

Administrator
File Attachment
2000b774coverv05b.jpg



Marcel Dekker, Inc. New York • Basel
TM

handbook
of topical 
antimicrobials
industrial applications 
in consumer products 
and pharmaceuticals

edited by
daryl s .  paulson
BioScience Laboratories, Inc.
Bozeman, Montana, U.S.A.

Copyright © 2002 by Marcel Dekker, Inc. All Rights Reserved.



ISBN: 0-8247-0788-5

Headquarters
Marcel Dekker, Inc.
270 Madison Avenue, New York, NY 10016
tel: 212-696-9000; fax: 212-685-4540

Eastern Hemisphere Distribution
Marcel Dekker AG
Hutgasse 4, Postfach 812, CH-4001 Basel, Switzerland
tel: 41-61-260-6300; fax: 41-61-260-6333

World Wide Web
http:/ /www.dekker.com

The publisher offers discounts on this book when ordered in bulk quantities. For more
information, write to Special Sales/Professional Marketing at the headquarters address
above.

Copyright © 2003 by Marcel Dekker, Inc. All Rights Reserved.

Neither this book nor any part may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopying, microfilming, and recording,
or by any information storage and retrieval system, without permission in writing from
the publisher.

ISBN 0-203-90925-9 Master e-book ISBN

 (Print Edition)

This edition published in the Taylor & Francis e-Library, 2005.

“To purchase your own copy of this or any of Taylor & Francis or Routledge’s
collection of thousands of eBooks please go to www.eBookstore.tandf.co.uk.”



Preface

Over the years, topical antimicrobials have become commonly used to help re-
duce the risk of infectious disease. From the humble beginnings of Semmelweis,
who showed that surgically associated infection could be significantly reduced
by simply washing one’s hands, to the fast microbial kills and long-lasting effects
of current topical antimicrobial products, the industry has progressed. Thus, this
text should be viewed as a contribution to an ongoing effort.

The book has several parts. The first consists of three overviews of the
topical antimicrobial industry. These include a philosophical view from the edi-
tor, the perspectives of a Food and Drug Administration (FDA) officer, and a
discussion of healthcare industry regulations. Part II is devoted to describing
aspects of the specific antimicrobial compounds used as active drugs in topical
antimicrobial products. The third part addresses various medical applications of
antimicrobial formulations used as healthcare personnel handwashes, surgical
washes/scrubs, and preoperative skin preparations, as well as several novel areas
of application. The fourth part presents discussions of concerns faced by topical
antimicrobial suppliers in assuring that the role of food handlers in infectious
disease transmission is reduced. Finally, Part V addresses specific testing con-
cerns, test methods, and the appropriateness of using certain test methods to as-
sess the value of specific products.

This book has taken several years to produce, and I thank the contributing
authors for their dedication, professionalism, and persistence in writing their vari-
ous chapters. I dedicate it to the following scientists who have been instrumental
in forming my views, and who have been guiding lights along the way. Carl
Bruch, Ph.D., was my mentor at Skyland Scientific Services. Elaine Larson, R.N.,
Ph.D., has been an inspiration to me since the beginning of my career in the early

iii



iv Preface

1980s. Mary Bruch and Arthur Peterson, Ph.D., the creative minds behind the
‘‘glove juice’’ procedure used in surgical scrub and healthcare personnel hand-
wash evaluations, were my motivation to enter this field and ultimately link mi-
crobiology with biostatistics. Finally, Albert Sheldon, Ph.D., has always been an
inspiration to me in his diligence to ensure that business interests do not override
good science.

I have been influenced by each of the chapter authors in this book and
appreciate their contribution to the field. I am indebted to the staff at BioScience
Laboratories, Inc., for keeping things running as I wrote and collected the chap-
ters. I am particularly indebted to John Mitchell, Ph.D., for his help in assembling
this book. Additionally, I owe a debt of gratitude to Ms. Tammy Anderson, who
provided valuable assistance in assembling and retyping every chapter for format-
ting and editing. I also thank the staff at Marcel Dekker, Inc., particularly Maria
Allegra and Brian Black.

Daryl S. Paulson
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Part I
Overview

Part I presents aspects of antimicrobial product evaluations from three im-
portant perspectives. First, a chapter on developing effective antimicrobial prod-
ucts provides a broad view approach in developing topical antimicrobials. These
views include marketing, science, and quality assurance. They include objective
aspects, including antimicrobial effectiveness, label claims, and quality control;
subjective aspects, such as perceived ease of use, feel, fragrance; and shared
professional beliefs, such as value of an iodophor, a chlorhexidine gluconate, or
triclosan products.

The second chapter is an FDA perspective on topical antiseptic drug prod-
ucts. While it is not an FDA monograph, it does provide valuable insight into
the Food and Drug Administration’s view of effective test evaluations.

The third chapter is another perspective of categorizing and, hence, evaluat-
ing topical antimicrobial products from an industry perspective.

It is strongly suggested that the reader carefully consider these three distinct
perspectives, yet recognize that they are not separate. They are related and, thus,
are perspectives which those working in the industry should consider.

1





1
Introduction to Topical
Antimicrobials and Their
Applications

Daryl S. Paulson
BioScience Laboratories, Inc., Bozeman, Montana

I. DEVELOPING EFFECTIVE TOPICAL ANTIMICROBIALS

The intense levels of competition present in the topical antimicrobial market, as
well as the ever-tightening U.S. Food and Drug Administration’s (FDA) product
performance standards, demand that antimicrobial manufacturers produce prod-
ucts that meet market requirements [1]. Present market requirements are not just
antimicrobial effectiveness; they also include low skin irritation potential, ease
of use, aesthetically pleasing, and various other ‘‘soft’’ attributes. If these have
been addressed, the product more than likely has been developed with adequate
care. But too often manufacturers ignore important factors and merely get a prod-
uct to market to compete with those of competitors. In the end, this approach
often fails; the product never really is accepted in the market [2]. Because the goal
is to introduce products into the market that will be successful, manufacturers are
urged to develop products from a multidimensional perspective. At least four
factors should be addressed: societal, cultural, personal objective, and personal
subjective to address human requirements. Let us look at this multidimensional
perspective in greater detail.

A. Societal Requirements

Societal requirements include conforming to regulating agencies standards such
as the FDA, the Federal Trade Commission (FTC), and the Environmental Protec-
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4 Paulson

tion Agency (EPA), as well as the rules, laws, and regulations they enforce. Be-
fore designing a product, it is critical to understand the current legal regulations
governing the product, the product’s antimicrobial components and their levels,
as well as product stability and toxicological concerns. For example, a New Drug
Application (NDA) is required in order to market a regulated drug product. For
over-the-counter (OTC) products, the active drug and its level must be both al-
lowable and within allowable ranges. Additionally, the FDA’s Tentative Final
Monograph for OTC products or the recommendations of the Cosmetic Toiletries
and Fragrance Association (CTFA) and the Soap and Detergent Association
(SDA) must be addressed.

B. Cultural Requirements

Cultural requirements are very important but are often ignored. Cultural and sub-
cultural requirements are shared values, beliefs, goals, and the world views of a
society or subgroup of society [3]. Shared values such as perceived antimicrobial
‘‘effectiveness’’ have great influence on consumers [5]. These values are gener-
ally of two types: manifest and latent. Manifest (surface) values are conscious
to the consumer. For example, a consumer buys an antimicrobial soap to be
‘‘cleaner’’ than s/he can be using a nonantimicrobial soap. But deeper and more
fundamental values are also present. These are referred to as latent values and
are generally unconscious to the consumers in that the consumer is not aware of
them. In this case, ‘‘cleaner’’ may mean to the consumer such things as being
accepted, valued, loved, and worthwhile as a person, spouse, and/or parent.

Most manifest and latent values we share can be magnified by manufac-
turers’ advertising campaigns [7]. For example, if a homemaker perceives that
s/he is taking better care of the children by having them use antimicrobial soaps
(a manifest value), and if s/he feels more valuable, more loveable, and/or more
needed by his/her family, etc. (latent values), s/he will be motivated to purchase
the product. Finally, much of what consumers believe to be true is not grounded
in objective reality [8]. Most of these beliefs are formed from their interpretation
of mass media reports, opinions of experts and explanations of phenomena from
various notorieties [6,9].

C. Personal Objective Attributes

These include the physical components of a product—its application, its anti-
microbial actions, or its irritation effects on skin and the environment (e.g., stain-
ing clothing, gowns, and bedding). It is important that products be designed with
the end-user in mind [2]. Hence, products must be easy to use and to open (if
in a container) and must be effective for their intended use (e.g., by food-servers,
home consumers, medical personnel, and surgical personnel).
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Personal Subjective Personal Objective
Perceived: irritation potential

need fragrance
value feel
ease of use drying feel

perceived quality

Cultural (intersubjective) Societal (interobjective)
general desire of the market for the laws, rules, mandates, regulations

product concerning antimicrobial topics
perceived need requirements

Figure 1 Interaction between values and behaviors.

D. Personal Subjective Attributes

This category includes the personal interpretation of cultural and subcultural
‘‘world views.’’ Relative to antimicrobials, these include subjective likes and
dislikes of characteristics such as the fragrance and feel of the product, the per-
ceived ‘‘quality’’ of the product, and other aesthetic considerations [7]. As with
cultural attributes, there are manifest and latent values in this category. Hence,
if one likes the ‘‘springtime’’ fragrance of a consumer bodywash product (mani-
fest), the latent or deeper value may be that it makes one feel younger and, there-
fore, more physically attractive and desirable.

These four attribute categories are presented in quadrant form in Figure 1.
Each quadrant interacts and is interdependent with the other three quadrants. For
example, cultural values influence personal values, and vice versa. Cultural and
personal values influence behavior and behavior influences values.

II. A CHRONIC PROBLEM: REDUCTIONISM

A chronic problem of product design, reductionism, occurs when personnel such
as engineers, chemists, microbiologists, statisticians, or lawyers focus solely on
the objective parameters (the two right quadrants) and therefore misinterpret sub-
jective parameters in objective terms: that is, they reduce the subjective domains
to objective ones. Equally problematic are marketing personnel, industrial psy-
chologists, and social scientists, who often focus their efforts in the subjective
domains and misinterpret objective domains in subjective terms. Reductionism
often is rooted in bias. Those who were trained in the physical sciences tend to
have incorporated an objective world view, while those trained in social sciences
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usually have a subjective one. Both world views are accurate, but only partially
so, and both must be recognized and integrated into the product’s development.
This in no way suggests that each specialist should work in all four quadrant
domains—that is unrealistic. Each should focus on his or her own domain (e.g.,
chemists in the two right quadrants, marketing in the two left quadrants). How-
ever, the person or group in charge of the product’s development must be con-
scious of all domains and integrate them into design of the product. With this in
mind, let us examine how the quadrant model may be of assistance in the design
of topical antimicrobial products.

III. PRODUCT CATEGORIES

There are three general categories of topical antimicrobial products recognized
by the FDA:

1. Healthcare personnel handwash formulations
2. Surgical scrub formulations
3. Preoperative skin-prepping formulations

However, the CTFA/SDA groups introduced what they term the Healthcare Con-
tinuum Model, expanding these three product categories to include three addi-
tional ones:

1. Antimicrobial bodywashes
2. Antimicrobial handsoaps
3. Foodhandler handsoaps

Whether these three additional categories will be formally recognized by the FDA
remains to be seen, but because they are anchored in personal and cultural values,
they are important. It is fair to say that most Americans want to feel clean and
be clean. This, to many, means using an antimicrobial bodysoap for showering
and bathing, as well as for handwashing.

Moreover, there is considerable pressure on government agencies to make
the food we eat safer. Consumers remember clearly the deadly problems created
by ingesting Escherichia coli O157/H7 in contaminated hamburger [9]. They
want governmental protection to prevent this from recurring [10,11].

IV. HEALTHCARE CONTINUUM MODEL

Now let us focus on the categories addressed by the Healthcare Continuum
Model. As stated previously, the FDA acknowledges the healthcare personnel



Introduction to Topical Antimicrobials and Their Applications 7

handwash, the surgical scrub, and the preoperative skin preparation evaluations.
The ‘‘foodhandler handwash’’ category exists, but exactly what federal body will
control it is not known. And least in the near future, it is doubtful if the FDA
will officially recognize the antimicrobial handsoaps and antimicrobial body-
washes. With this said, let us turn our attention to product development for each
product category.

V. PREOPERATIVE SKIN-PREPARATION CATEGORY

A. Personal Objective

Preoperative skin preparation solutions are designed to degerm an intended surgi-
cal site rapidly as well as to provide a high level of persistent antimicrobial activ-
ity—up to 6 hours—post–skin prepping [12]. In terms of the ‘‘quadrant’’ model
presented earlier (Fig. 1), these requirements belong to the personal objective
region (upper right quadrant).

The preoperative skin-preparation product should be truly convenient and
easy to use for the surgical staff consumers. Given two products with equal anti-
microbial efficacy, if one is easier to use (e.g., has a shorter skin-prep time, can
be more easily seen on the skin due to a coloring agent, and/or is a one-step
procedure), it will be preferred over the other product.

An often overlooked aspect is customer service. It is ironic that so many
firms spend large sums of money to assure that a product meets its intended
purpose, but meeting a customer’s needs is not accomplished. Orders are delayed
or lost, return phone calls are promised but not made, and so on. In short, the
customers are ignored. Tom Peters points out that customers who find it hard to
do business with manufacturers and vendors do not remain customers, even if
the products provided are ‘‘better’’ than those of competitors [13]. Service is
critically important.

B. Societal Requirements

The documentation requirements for getting a topical antimicrobial product ap-
proved to market in this country are fairly straightforward. For example, the prod-
uct must be manufactured under current Good Manufacturing Practices (cGMPs),
and laboratory testing of the product must be performed under Good Laboratory
Practices (GLPs). If the product is considered a drug, a New Drug Application
(NDA) or an Abbreviated New Drug Application (ANDA) must be filed. Regula-
tory agencies such as the FDA also require a battery of specific tests to be con-
ducted. These include such things as clinical trials, time-kill, and minimum inhi-
bition concentration (MIC) studies.
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C. Cultural Requirements

The products must be perceived as being of high quality. This perception is based
upon the ‘‘world view’’ of the culture, including shared values, beliefs, and goals,
as well as those of any subcuItures, when applicable [3].

Cultural and subcultural world views are not easily perceived by those be-
longing to that culture or subculture. For example, the traditional member of our
western, science-based culture may chuckle at New Age proponents who believe
in healing crystals, as well as being part of a larger eco-spiritual system. But
members of the scientific community in this country often extend the domain of
science to their belief systems and are not aware of it. Consider a statement made
by Candice Pert, an eminent neuroscientist who discovered the opiate receptors of
neuropeptides responsible for the brain’s production of morphine-like substances,
endorphins, which create the highs or euphoria associated with physical exercise:
‘‘Scientists by nature, are not creatures who commonly seek out or enjoy the
public spotlight. Our training predisposes us to avoid any kind of overt behavior
that might encourage two-way communication with the masses. Instead, we are
content to pursue our truth in windowless laboratories, accountable only to mem-
bers of our exclusive club’’ [14]. There is no evidence that this view is based
on scientific reason. The position has nothing to do with science, but everything
to do with the world view of Pert’s subculture, the scientific community.

Taking an example more relevant to topical antimicrobial product develop-
ment, if the product ingredients are viewed as artificial, when natural ingredients
are more valued, the introduction and acceptance of the product containing artifi-
cial ingredients is likely to be impaired. Also, social institutions within a cul-
ture—the family, religious groups, social groups, and political groups—are im-
portant, and manufacturers should take care not to alienate them with thoughtless
advertising. Shared beliefs and values concerning the firm that makes the product
are critical. If a manufacturer is perceived by consumers as a quality, caring firm,
it will be easier for it to introduce and sell new products than if it is perceived
otherwise.

Much of social reality is constructed—made up—by cultures [7]. The de-
gree to which reality is constructed, however, is bound by objective reality. What
we believe to be true or real is often only partially true or real.

Sociologists tell us that there are three stages in socially constructed reality:
externalization, objectivation, and internalization [3]. Externalization is the initial
stage, when a theory or opinion is accepted as tentatively being true. Objectiva-
tion is the next stage, when the theory or opinion is accepted as fact. Internaliza-
tion is when the accepted facts are incorporated into a person’s psyche as absolute
truth.

It is often easier to use socially constructed reality as an ally in marketing
programs than to educate people concerning truth. For example, with household
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antimicrobial products, when consumers view an advertisement that states the
product ‘‘kills 99.9% of all germs,’’ they believe that only a very small fraction
of the disease-causing microorganisms survive. The method of calculating the
percent log10 reduction uses a percent (linear) of an exponential distribution (non-
linear). Yet in truth, an error has been committed—that of applying a linear
‘‘proportion’’ measurement (% reduction in microorganisms) to an exponential
distribution. If the linear percent measurement was calculated on a linearized
exponential distribution, the common proportional interpretation would be cor-
rect, but the percent reduction in microorganisms far less than 99.9% [15]. But
it sounds better to consumers who will buy according to their constructed reality.

D. Personal Subjective

Individual members of a group (e.g., surgical staff) need to find value and con-
struct positive beliefs about a specific product if it is to be successful. Therefore,
the perspective is important. Individuals need to believe that the product was
designed with them in mind. Providing them specific examples, comparisons,
and test conclusions is a very effective way of externalizing, objectifying, and,
finally, internalizing the advertising. But one must be certain that the advertising
claims are supported and are grounded in objective reality [2,6,13]. Socially con-
structed reality is bounded in objective reality. So when people are told that a
product is easy to use, they must find this to be so when they use the product or
their beliefs will change to match the reality of their experience.

VI. SURGICAL SCRUB CATEGORY

A. Personal Objective

Surgical scrub formulations are designed to remove both transient and normal
(resident) microorganisms from the hand surfaces [16]. Surgical scrubs, to be
effective when used with or without a scrub brush, must demonstrate immediate,
persistent, and residual antimicrobial properties and must be low in skin irritation
effects when used repeatedly over a prolonged period of time. The product’s
immediate antimicrobial efficacy is a quantitative measurement of both the me-
chanical removal and immediate inactivation of microorganisms residing on the
skin surface [17]. The persistent antimicrobial effectiveness is a quantitative mea-
surement of its ability to prevent microbial recolonization of the skin surfaces,
either by microbial inhibition or by lethality. The residual efficacy is a measure-
ment of the product’s cumulative antimicrobial properties after it has been used
repeatedly over time. That is, as the antimicrobial product is used over time, it is
absorbed into the stratum corneum of the skin and, as a result, prevents microbial
recolonization of the skin surfaces.
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B. Societal Requirements

The documentation and legal requirements for surgical scrub products are similar
to those for preoperative skin preparations. In general, products must meet the
efficacy requirements of clinical trials utilizing human test subjects, as well as
a series of in vitro tests, including time-kill and minimum inhibition studies. The
actual requirements are presented in the FDA’s Tentative Final Monograph of
OTC products.

C. Cultural Requirements

In general, these are equivalent to those presented in the discussion of cultural
aspects of preoperative skin preparations.

D. Personal Subjective

These include those issues covered in the preoperative skin-preparation portion
of this chapter. However, because surgical staff members actually use the product
on themselves, the aesthetic attributes tend to be more important than with preop-
erative skin preparations. One important aspect of development in surgical scrub
formulations is a brushless application, which will certainly change the perspec-
tive of the presurgical wash process. It is important that relevant, but unknown
product attributes be identified by potential product users. This may include sub-
jective testing to evaluate the sensory attributes of the product—its container, its
packaging, and other aesthetic concerns—in order to engineer a more desirable
product [4]. Some of the areas of interest are presented in Table 1.

Developing a list of attributes from which panelists may select is challeng-
ing. One effective way of doing so is through the use of focus groups [4]. Focus
groups consist of a small number of surgical staff members [5–10] who literally

Table 1 Sensory Attributes

Sensory
evaluation Acceptance attributes Performance Image (nonantimicrobial)

1. Clear 1. Like appearance 1. Lather well 1. Effective
2. Opaque 2. Like fragrance 2. Feels good on hands 2. Unique
3. Strong smell 3. Like texture 3. Does not irritate hands 3. Good for hands
4. Light smell 4. Like feel after wash 4. Conditions hands 4. Won’t ruin gloves
5. No smell 5. Like overall 5. Removes oil from hands 5. Won’t irritate hands
6. Oily feel 6. Purchase intent 6. Feels clean 6. High-quality product
7. Dry feel
8. Soft feel
9. Lathers well
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sit down together and come up with attributes of surgical scrub product important
to them [17].

Once the subjective characteristics deemed important for success of a surgi-
cal scrub product have been determined, it is important to actually perform prefer-
ence testing by enrolling a number of different surgical staff personnel in a study
and having them subjectively evaluate several versions of a specific surgical scrub
product. Other considerations important to this category were covered in the pre-
operative skin-preparation section concerning personal subjective attributes.

VII. HEALTHCARE PERSONNEL HANDWASH CATEGORY

A. Personal Objective

Healthcare personnel handwash formulations are intended to quickly remove any
transient, pathogenic microorganisms picked up on the hands of a healthcare
provider from patient A and prevent their passage to patient B [18]. Hence, the
product is intended to break the disease transmission cycle at the level of the
contaminated healthcare worker’s hands by removing those microorganisms.

The product must demonstrate low skin irritation potential upon repeated
and prolonged use—20–30 washes per day for 5 consecutive days. Mildness
to the hands, however, is usually attained at the price of reduced antimicrobial
effectiveness. An optimal product formulation that provides substantive reduc-
tions in contaminative microorganisms, yet is gentle to the hands, must be devel-
oped.

Mildness can generally be built into the handwash in three ways [18]:

1. By proportionally reducing the irritating active ingredients such as
chlorhexidine gluconate, iodophors, or alcohol. For example, instead
of the customary 4% level of chlorhexidine gluconate (CHG) found in
surgical scrub formulations, a 1% or 2% formulation may be devel-
oped.

2. By adding skin conditioners or emollients. These tend to counteract
the irritating effect of antimicrobially active compounds, making the
product more gentle and mild to skin surfaces.

3. By using a combination of these two methods (i.e., a reduction in the
levels of active ingredient and the addition of emollients and skin con-
ditioners).

B. Societal Requirements

Again, the documentation and regulations required to market a healthcare person-
nel handwash are covered in the social requirements portion for preoperative-
prepping products.
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C. Cultural Requirements

The healthcare personnel handwash product must be perceived as a highly effec-
tive antimicrobial compound, capable of removing the microorganisms with
which healthcare personnel may become contaminated [18]. Important shared
beliefs/values for a healthcare personnel handwash formulation include the abil-
ity to inactivate certain pathogenic microorganism species perceived as being
important indices of the product’s antimicrobial effectiveness. Many of these
beliefs are not grounded in fact but, nevertheless, are important because they are
believed to be important. For example, the anaerobic bacterial species Clostrid-
ium difficile will not grow in the presence of free atmospheric oxygen. However,
this organism is capable of producing a spore, and most healthcare personnel
handwash formulations are not sporicidal. Many healthcare workers believe that
formulations should be able to inactivate C. difficile spores if the products are
to be used by healthcare personnel. Although disease transmission potential for
C. difficile is almost nonexistent, the perceived value of demonstrating product
effectiveness against C. difficile is great.

Another aspect perceived as valuable in healthcare personnel handwash
products is mildness to the hands. The product must not irritate the user’s hands
or make the user perceive the product as harsh. Most healthcare personnel—
particularly physicians—are very conscious of their hand-skin integrity. They do
not and will not use products that they perceive as harsh. The important attributes
to be determined include those presented in Table 1; hence, a focus group of 5–
10 representative healthcare personnel should meet for an extended period to
determine important attributes that must be built into the product.

D. Personal Subjective

Once general subjective characteristics important for the healthcare personnel
handwash product have been determined, it is necessary to actually perform pref-
erence testing [5]. The goal is to engineer a product that healthcare personnel
prefer over the competition. This is done by enrolling a number of healthcare
personnel as panelists to provide subjective evaluation of several configurations
of test product and possibly even those of competitors. Other important consider-
ations regarding personal subjective attributes have been provided in the preoper-
ative preparation section.

VIII. FOODHANDLER HANDWASHES

A. Personal Objective

The potential for foodhandlers to be vectors in the transmission of foodborne
disease is very significant [19,20]. Contaminating microorganisms are responsi-
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ble for outbreaks of infectious diseases passed from foodhandlers to consumers
via the food they eat. One of the most common sources of this is foodhandlers
contaminated with enteric microorganisms from hand contact with their own fe-
ces. A problem in the foodhandling arena is that many who handle food do not
wash their hands after defecation. In order to compensate for this, many food
establishments have required that foodhandlers wear barrier gloves [19]. A vinyl
or latex barrier glove that is intact (has no holes, rips, or punctures) will undisput-
edly provide protection from microbial transmission. But vinyl food-grade
gloves, those most frequently used in the food service industry, commonly have
preexisting pinhole punctures that compromise the barrier protection. Addition-
ally, food-grade vinyl gloves are easily ripped, torn, or punctured as personnel
perform their normal duties, and, in many cases, such damage remains unknown
to the wearer. Exposure to heat has also been reported to alter the integrity of
barrier gloves significantly, making them brittle and, thus, prone to breakage.
Hence, the actual protection provided by barrier gloves is often much less than
assumed. For example, in a study conducted at BioScience Laboratories, volun-
teer human subjects’ hands were inoculated with a strain of Escherichia coli [19].
The subjects then donned vinyl foodhandler gloves, each of which had four small
needle punctures. Within 5 minutes, the outside of the gloved hands was sampled
for microbial contamination. The results of this testing demonstrated that signifi-
cant numbers of E. coli can be transferred from the contaminated hands onto the
outer surfaces of the gloves if even small holes exist in the gloves.

Wearing gloves may actually serve to increase the potential for disease
transmission. As one wears vinyl or latex gloves for an hour or so, the microor-
ganism populations on the hands within increase dramatically because the gloves
prevent aeration of the hands, thereby increasing the levels of moisture, nutrients,
and various other factors necessary for the growth of microorganisms. This phe-
nomenon has long been known in the medical field, where mandatory handwashes
using antimicrobial soap are required prior to gloving. Logically, as population
numbers of both resident and contaminating microorganisms increase, so does
the potential for disease transmission. Hence, relying solely on barrier gloves to
prevent disease is not prudent.

Handwashing has been used for years to prevent foodborne illness [10,20].
Handwashing effectiveness is dependent on two factors: (1) the physical removal
of microorganisms and (2) the immediate inactivation of microorganisms through
contact with antimicrobial ingredients in the soap. But many antimicrobial ingre-
dients also have the ability to prevent transient microbial recolonization of hand
surfaces after handwashing by either microbial inhibition or lethality. If a nonanti-
microbial soap is used, only the mechanical removal of microorganisms is sig-
nificant.

In general, handwashing is very effective in removing contaminating mi-
croorganisms, if the handwash is performed correctly. But assuring that foodhan-
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dlers perform effective handwashes or wash their hands at all is difficult. First,
the hands of foodhandlers can be exposed to different soil loads. The hands may
be very greasy for those who work with pork products and high-fat ground beef.
Medium grease loads are usually encountered among foodhandlers working with
beef and chicken. Finally, for those working with salads and vegetable products,
the hands tend to be dry and chafed and not greasy at all.

If foodhandling personnel work exclusively with any one of the three food
categories mentioned above, the problem is more easily addressed by use of a
heavy degreaser for high-fat content exposure, a medium degreaser for medium
grease loads, and products with no degreaser for no grease loads, but an extra
supply of skin emollients to help hold moisture and oils on the skin. If the food-
handler works in all grease-level conditions, a medium degreaser soap will proba-
bly suffice, using skin conditioning/moisturizing creams between washes as
needed.

The antimicrobial activity of foodhandler products should be very high.
This is because foodhandlers tend to perform washes less thoroughly than do
healthcare personnel, often leaving dirt and grime under the fingernail beds,
which then may serve as a contamination source.

B. Societal Requirements

Currently, there is limited regulation of antimicrobial soap products used in the
food industry. The USDA’s ‘‘E’’ rating system is obsolete, as the regulatory
function has passed from the USDA to the FDA. There is at present no foodhan-
dler efficacy study design using human subjects that is accepted by the regulatory
agencies. Many manufacturers adopt a modification of the healthcare personnel
handwash using E. coli as the contaminating microorganism species, instead of
Serratia marcescens, the contaminating microorganism most commonly used in
those evaluations. The toxicological properties of handwash ingredients are very
important, because soap residues may be transferred from the hands of foodwork-
ers to the food they handle.

C. Cultural Requirements

In general, these are similar to the healthcare personnel handwash application;
the major difference is the high degree to which medical personnel value clean
hands. Foodhandlers often have no real shared values about clean hands. Washing
hands is just something they must do while on the job. This is probably because
foodhandler positions generally are not filled by professionals, but by individuals
at the lower socioeconomic level, young people, and, often, nonmotivated indi-
viduals.

To a large degree, culturally shared values of foodworkers will have to be
instilled by the food industry itself. This will include training (lower right quad-
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rant aspect), which will stimulate a value in ‘‘doing it right’’ (lower left quadrant
aspect). In addition, in order to reduce the potential for disease transmission from
fecal contamination, the following four steps will be useful in changing the shared
values/beliefs of these workers and the industry [10,19].

1. Both gloving and handwashing with an effective antimicrobial product
should be required for those performing high-risk tasks such as han-
dling, cooking, or wrapping food. While neither is failsafe, it is proba-
ble that, when used in combination, they will provide more protection
against disease transmission than either used alone. Observations in
testing performed in our laboratory showed that population numbers
of contaminative E. coli actually increased on the gloved hands when
glove changes were performed at 1- or 3-hour intervals. However, con-
current testing showed that a thorough handwash using an effective
antimicrobial product prior to gloving prevented significant growth of
the contaminative microbes on the hand surfaces over the course of 3
consecutive hours of wearing. The obvious conclusion is that, before
gloves are put on, a thorough handwash should be performed using an
effective antimicrobial soap. Even so, when feasible, no direct hand/
glove contact with food should occur, and sanitized serving tongs or
other utensils should be used for its manipulation.

2. Mandatory ongoing sanitation training and education should be pur-
sued for all employees. This is particularly necessary with inexperi-
enced and/or unmotivated workers. Emphatically, without the active
participation of employees, achieving adequate sanitation standards
will be very difficult.

3. A high degree of personal hygiene should be required of foodservice
personnel. Uniforms should be clean and changed often, employees
should bathe or shower regularly, and they should not perform high-
risk tasks when they are ill. High-risk tasks include hand/glove contact
with food.

4. A quality control program supervised by qualified personnel should
be initiated at each foodservice facility to monitor handwash/gloving
practices. Written standard operating procedures (SOPS) should be
drafted and all employees formally trained in handwashing/gloving
procedures. Training should be documented in employees’ training rec-
ords and handwashing procedures posted in a conspicuous place near
sinks used for handwashing.

D. Personal Subjective

Preference testing will be extremely valuable in this area to determine just what
types of product attributes foodhandlers prefer [11,18]. The goal is twofold: to
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build a product that foodhandlers will want to use and to build a product that is
preferred over those of competitors. Because relatively little is known concerning
the subjective preferences of foodhandlers, it is important that preference testing
be done by enrolling a reasonably large number of foodhandlers to evaluate vari-
ous products sequentially. For example, begin with fragrance. When one or two
preferred fragrances are identified, lathering characteristics can be added to the
evaluation. Then, with these attributes identified, the feel of the hands after wash-
ing can be evaluated. This type of interactive process can be conducted for all
other attributes deemed important.

IX. ANTIMICROBIAL HANDWASH AND BODYWASH

A. Personal Objective

Whether these categories become officially acknowledged by the FDA will not
matter, because consumers want antimicrobial hand and body soaps. The antimi-
crobials generally used in these types of products are parachlorometaxylenol
(PCMX), triclosan, and isopropyl alcohol, which have all been used for many
years. The antimicrobial hand soaps/body soaps must also be of low skin irrita-
tion potential.

Perhaps the biggest problem with antimicrobial hand soaps is that the vari-
ous claims some manufacturers present are misleading and even false. It is critical
that manufacturers take the responsibility for manufacturing products that per-
form well in both clinical trials and in vitro sensitivity testing.

B. Societal Requirements

Because FDA requirements do not exist for antimicrobial hand soaps, regulation
of quality is left to the industry, particularly the CTFA and SDA. These organiza-
tions have truly taken responsibility for setting realistic standards to which mem-
bers voluntarily conform. However, there appear to be some concerns, with vari-
ous manufacturers being unable to assure and verify their label and advertising
claims to the satisfaction of the FTC.

C. Cultural Requirements

There is a tremendous need for consumers to feel clean. These shared values,
due mainly to effective advertising campaigns, have convinced people that if
they use antimicrobial hand/body soaps they will be cleaner than if they do not.
Additionally, if they use antimicrobial bodywashes they will not offend others
with body odor.
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There is nothing wrong with cultural beliefs that antimicrobial soaps are
better, as long as manufacturers truly strive to live up to their stated labeling/
advertising claims, i.e., support their claims with data collected from valid, statis-
tically complete studies using human test subjects, as well as from in vitro micro-
organism sensitivity testing to the product.

D. Personal Subjective

Soap manufacturers have made a very strong campaign for antimicrobial soaps.
Manufacturers of these consumer products have frequently taken the time to un-
derstand personal subjective and cultural values and have used this understanding
to launch highly successful marketing campaigns.

X. CONCLUSION

It is important that, in developing topical antimicrobial products, a multidimen-
sional approach be taken. This will help ensure that the resultant product is de-
signed for the specific needs of the market and that those needs are met. In this
way, the product is more likely to have a long, useful, and profitable life.
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This chapter discusses the evolution of and regulatory requirements for assess-
ment of the efficacy of over-the-counter (OTC) antiseptic drug products. The
discussion begins with a summary of the salient concepts proposed in the 1974
Federal Register Notice of rule making and concludes with the 1994 Tentative
Final Monograph (TFM) [1,2]. The discussion also addresses the relationship
that exists between the OTC and New Drug Application (NDA) antiseptic drug
product regulatory process and how these processes influence each other. Finally,
the chapter concludes with a discussion of the technical issues facing the FDA
and the scientific community regarding protocol standardization, interpretation
of the data derived from these studies, and the relationship of these outcomes
with those in the clinical setting.

Healthcare antiseptic and topical antimicrobial are distinct terms used
throughout this document. Healthcare antiseptic is defined as a product used by
healthcare professionals and includes surgical hand scrubs, preoperative skin
preps, and healthcare personnel handwashes. The term topical antimicrobial in-
cludes healthcare antiseptics and products used as skin wound cleansers, skin
wound protectants, and antimicrobial soaps used on minor cuts, scrapes, and abra-
sions. This review addresses the efficacy requirements for healthcare antiseptics
only. It does not address the requirements for the assessment of safety or the
content and format requirements for labeling.
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I. INTRODUCTION

One of the most important contributions to modern medicine is Semmelweis’s
mandate that physicians’ examining fingers be washed with chlorine to prevent
puerperal (childbed) fever, thus resulting in decreased morbidity and mortality
in the maternity ward [3]. Semmelweis’s observation is one of several studies
providing the scientific evidence necessary to justify the adoption of topical anti-
microbial drug products in the general practice of medicine [4–6]. These studies
are significant because they demonstrate the effect of topical antimicrobial drug
products when used as intervention strategies in the reduction of the incidence
of clinical disease.

Commensurate with the discovery of topical antimicrobial drug products
is the development of in vitro and in vivo test methods designed to assess an
antiseptic’s potential utility in clinical settings. A thesis on in vitro methods de-
velopment is that published by Kroing and Paul, who describe the influences of
temperature, topical antimicrobial drug product concentration, and time on the
rate of kill of organisms under evaluation [7]. They demonstrate by modification
of these test parameters the influence on test results, thus preventing comparative
assessment of the activity of the various compounds under investigation. These
observations argue in favor of the establishment of standardized and controlled
experimental designs to provide reproducible results. Included in their proposal
is the need for neutralization of the topical antimicrobial drug product and devel-
opment of media that optimized growth of the surviving microorganism to in-
crease accuracy and reduce variability of the results obtained. The most noted
early example of the application of these principles is the work of Rideal and
Walker and of Chick and Martin in the development of the phenol coefficient
method of testing disinfectants (i.e., topical antimicrobial drug products) [8,9].
Recent examples of the application of these principles can be found in standard-
ized test methods developed by the Food and Drug Administration and the Ameri-
can Society for Testing and Materials (ASTM). These methods are commonly
used in assessing the efficacy of topical antiseptic drug products [2,10].

II. FDA REGULATORY PROCESS

The regulatory path followed for antiseptic product development is dependent
on the active ingredients under evaluation, the indication sought, and the intent
to market to healthcare professionals or consumers. One path is the over-the-
counter (OTC) Drug Review. The OTC drug review process is an ongoing review
of OTC drug products marketed prior to May 11, 1972. The review process will
result in the publication of a monograph describing the conditions of safety and
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effectiveness for the intended use. A second path is the New Drug Application
process. In this process, the active ingredient is either an antiseptic not addressed
in the Tentative Final Monograph (TFM) or, if addressed in the TFM, a product
that seeks a new indication or is terminal sterilized by ionizing irradiation. The
NDA product must also demonstrate safety and efficacy and is primarily mar-
keted for use by healthcare professionals. Irrespective of the paths taken, the
product must be labeled in compliance with OTC or new drug regulatory require-
ments.

A. Development of Efficacy Standards for OTC Topical
Antiseptic Drug Products

If the active ingredient is found in a product sold on the OTC market and the
product label makes drug claims of safety and effectiveness for specific uses,
then the agency must develop the conditions that allow assessment of these
claims. This process involves the establishment of an expert panel to evaluate
these claims. The Food and Drug Administration is required to publish, in the
Federal Register (FR), an advanced notice of proposed rule describing a proposal
to establish a monograph for such products. The final monograph (FM) describes
the types of claims allowed in labeling and the studies required to prove these
claims.

OTC regulations require establishment of an expert panel that reviews the
safety and effectiveness of the OTC drug category assigned to them. The panel
follows specific standards in its assessment of safety and effectiveness. FDA aids
the panel by publication of a notice requesting published and unpublished safety
and efficacy data and information pertinent to the designated category under eval-
uation. The data must include labels, a statement of identity, animal and human
safety data, and efficacy data. The panel then issues a report to the Commissioner
of the FDA describing the conditions for a drug category that is generally recog-
nized as safe and effective and not misbranded (Category I). The report also
includes a statement on all active ingredients, labeling claims or other statements,
or other conditions reviewed and excludes from the monograph products that are
not safe and/or effective or are misbranded (Category II). Finally, a statement
for active ingredients, labeling claims, or conditions for which safety and efficacy
cannot be established due to lack of sufficient evidence is recommended (Cate-
gory III).

The Commissioner reviews the conclusions and recommendations of the
panel and publishes an advanced notice of proposed rule making containing the
panel’s recommendations and proposed monograph that describes products con-
sidered Category I. The document also describes the safety and efficacy require-
ments that must be met to move products not included in the proposed monograph
into Category I.
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After reviewing all comments in response to the proposed order, a Tentative
Final Monograph is published that establishes conditions for OTC drugs consid-
ered safe and effective and not misbranded. Interested parties are invited to com-
ment on the TFM and information used to establish the FM. Upon publication
of the FM, all products not conforming to the safety and efficacy requirements
are removed from the market or evidence must be provided to prove that the
product now meets the requirements for safety and efficacy specified in the mono-
graph. This information must be submitted through the new drug approval pro-
cess, as discussed later in this chapter.

If an active ingredient is not addressed in the OTC FR notice, then two
options exist: (1) the manufacturer may submit a petition to amend the monograph
or (2) the product must be developed as a new drug as described in Section 505
of the Federal Food, Drug, and Cosmetic Act [11]. Currently, the NDA process
allows development of an antiseptic for the indications of surgical hand scrub,
healthcare personnel handwash, patient preoperative skin prepping, and skin
prepping prior to injection or catheterization.

1. Rule Making, A Proposed Monograph for Antiseptics

In 1972, the Commissioner of the FDA announced a proposal to review, by an
independent panel of experts, all OTC drugs for safety, effectiveness, and labeling
[12]. The 1972 Notice is a call for data from all topical antimicrobial drug product
manufacturers so that existent evidence can be used to assess the claims made
for these products and to support the safety and efficacy of these products for
their intended use. Subsequently, separate notices for OTC topical antimicrobial
drug product active ingredients intended for repeated use were issued and ad-
dressed in the OTC Topical Antimicrobial Products Federal Register publication
[13]. These notices develop the concept for the establishment of proposed require-
ments for safety and effectiveness that are to be included in the Code of Federal
Regulation under Part 333—Topical Antimicrobial Drug Products for Over-the-
Counter Drug Products [14].

FDA established the Advisory Review Panel on OTC Topical Antimicro-
bial Drug Products (Antimicrobial I Panel) in 1974 to review for safety and effi-
cacy the data for active ingredients found in OTC topical antimicrobial drug
products. Based on the recommendations of the Antimicrobial I Panel, FDA pub-
lished an advanced notice of proposed rule making to establish a monograph for
OTC topical antimicrobial drug products [1]. This FR Notice describes a pro-
posed monograph that establishes conditions under which OTC topical antimicro-
bial drugs are evaluated for safety and effectiveness and are not misbranded.
Application of these conditions by the panel allowed classification of antiseptics
into Categories II, III, and I.

To aid in the classification of active ingredients, the Antimicrobial I Panel
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adopted seven specific definitions for antimicrobial product categories (Table 1)
[1]. These definitions describe, based on intended use, the desired characteristics
for each product category and, in some instances, the type of evidence necessary
to meet the condition of the definition of efficacy. Also implied in these defini-
tions is the principle that ‘‘the reduction of the normal flora to as low a level as
possible will have a positive effect on the prophylaxis of disease’’ [1]. The suppo-
sition that reduction of the flora of the skin or hands results in the reduction of
disease, although intuitive to healthcare professionals, has not been supported by
adequate and well-controlled clinical studies.

Table 1 Product Categories Established by the Antimicrobial I Panel and Definitions
for Categorization of Topical Antimicrobial Products

Product categories Definitions of product categories

Skin topical antimicrobial A safe, nonirritating, antimicrobial-containing preparation
drug product that prevents overt skin infection. Claims stating or im-

plying an effect against microorganisms must be sup-
ported by controlled human studies that demonstrate pre-
vention on infection.

Patient preoperative skin A safe, fast-acting, broad-spectrum antimicrobial-con-
preparation taining preparation that significantly reduces the number

of microorganisms on intact skin.
Surgical hand scrub A safe, nonirritating, antimicrobial-containing preparation

that significantly reduces the number of microorganisms
on the intact skin. A surgical hand scrub should be
broad-spectrum, fast-acting, and persistent.

Healthcare personnel A safe, nonirritating preparation designed for frequent use
handwash that reduces the number of transient microorganisms on

intact skin to an initial baseline level after adequate
washing, rinsing and drying. If the preparation contains
an antimicrobial agent, it should be broad-spectrum,
fast-acting, and, if possible, persistent.

Skin wound cleanser A safe, nonirritating liquid preparation (or product used
with water) that assists in the removal of foreign mate-
rial from small superficial wounds and does not delay
wound healing.

Skin wound protectant A safe, nonirritating preparation applied to small cleansed
wounds that provides a protective (physical and/or
chemical) barrier and neither delays healing nor favors
the growth of microorganisms.

Antimicrobial soap A soap containing an active ingredient with in vitro and
in vivo activity against skin microorganisms.
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The Commissioner also concludes that regulations applicable to antiseptic
drug products be promulgated to assure application of the same safety and label-
ing standards as for cosmetic products. These recommendations are not discussed
further since they are not germane to the discussion of efficacy requirements for
topical antimicrobial drug products.

Antimicrobial Panel I Efficacy Guideline. The Antimicrobial I Panel also
recommends guideline and test methods to assess the efficacy of an active ingredi-
ent currently classified in Category III. The tests are used to assess the characteris-
tics of the product as defined by the proposed definitions (Table 1). Thus, tests
are included to assess the in vitro spectrum of activity of the active ingredient,
the determination of the possible emergence of resistance, and the development
of an adequate neutralization system. In vivo tests assess the qualitative and quan-
titative changes in transient and resident flora, methods for enumeration are rec-
ommended, and the utilization of principles in the design of adequate and well-
controlled clinical investigations are articulated (Table 2) [1]. These principles
must be considered and incorporated into the design of the specified protocols
used in evaluating the efficacy of topical antimicrobial drug products.

Determination of the skin flora (Other than on the hands). The develop-
ment of new sampling techniques provides methods to study, qualitatively and
quantitatively, the microbial flora of various parts of the body [15,16]. The panel
encouraged utilization of these methods in the evaluation of topical antimicrobial
drug products. The methods provide information that allows assessment of the

Table 2 Principles of Clinical Protocols Used in the Assessment of the Effectiveness
of Topical Antimicrobial Products and Their Active Ingredients

1. A precise statement of the objectives, research goals, and disease state studied.
2. The conduct of studies in laboratory settings.
3. Use of studies with randomization of panelist to each arm. Analysis to demonstrate

comparability of Antimicrobial I Panelist in each arm.
4. To account for the placebo effect noted with topical antimicrobial drug products,

the study should:
a. Include a vehicle arm or next best therapy identical in composition to the drug

under investigation
b. Reduce bias by the introduction of a double blinded study design
c. Define inclusion and exclusion criteria used in selecting study participants
d. Provide definition of outcome response variables
e. Consider study design (e.g., sample size, rationale, blinding, etc.)
f. Ensure completeness of the study by accounting for dropouts, missing data, and

how they are treated for evaluation of the final outcome
g. Consider statistical study design, analysis, and summary
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potential shifts of the microbial flora that were thought to occur during repeated
use of these products on the skin. Information obtained with these methods is
used to gain an understanding of the normal flora of the skin and the desirable
and undesirable effects that topical antimicrobial drug products are thought to
have on the skin flora.

Isolation of Gram negatives and other organisms from the skin. The Anti-
microbial I Panel is concerned with observation in the published literature that
uses of topical antimicrobial products with predominantly gram-positive spec-
trums of activity produce an environment, on repeated use, that selects for a
predominantly gram-negative microbial flora [17,18]. These undesirable ecologi-
cal shifts of the microbial flora encouraged the Antimicrobial I Panel to recom-
mend studies with subjects that are ‘‘carriers of gram-negative microorganisms’’
and antimicrobial drug products with predominately gram-positive spectrums.
The intent of these studies is to assess the potential for population shifts.

Effectiveness testing of a surgical hand scrub (glove juice test). Surgical
hand scrubs reduce the resident and eliminate the transient flora of the hands
of surgeons and surgical personnel, thus reducing the incidence of postsurgical
infections. These products also prevent proliferation of the transient flora re-
maining on the occluded hand for the duration of a surgical procedure. The defi-
nition of the indication surgical scrub, provided in Table 1, suggests that the
topical antimicrobial drug product reduces significantly the number of microor-
ganisms from the intact skin, is broad spectrum, fast-acting, and persistent. The
recommendation of the Antimicrobial I Panel is adoption of a strategy that allows
qualitative and quantitative characterization of these characteristics.

The protocol recommended is known as the surgical hand scrub glove juice
method. The glove ‘‘juice’’ protocol provides improvements over existing meth-
ods suggested by Price [19] and Cade [20] since their handwash basin method
can be manipulated by changing the routine, timing, and recovery of bacteria.
In addition, the Price and Cade basin method requires sampling of the wash water
and is not as desirable a measure of efficacy as the measuring of bacteria re-
maining on the hands. The instilling of sampling fluid into a glove-occluded hand
allows sampling of the microbial flora of the hand directly.

Based on the observations and suggestions of others [21,22], the Antimicro-
bial I Panel, consultants, and Bruch [23], developed the surgical hand scrub proto-
col that provides a more reproducible method of product assessment. The product
is used as described on the product label so that test results reflect conditions
of normal use. The protocol describes inclusion and exclusion criteria, 2-week
wash-out periods to allow normalization of the resident flora prior to baseline
assessments, sampling techniques, and time intervals for sampling and statistical
analysis. Entry into the study requires baseline counts of 1.5 � 106 to 4 � 106,
colony-forming units (CFUs) per hand after the hands have been washed with
bland soap.
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Enumeration is performed at specified time intervals by the glove juice
method. The method requires the donning of surgical gloves, instilling of sam-
pling fluid containing buffer, surfactants, and devoid of neutralizers. The gloved
hands are massaged, a sample of the glove fluid taken, serially diluted in neutral-
izer-containing blanks, and plated. Conversely, the glove is removed, inverted
into stripping fluid, and the hands rinsed with sampling solution. A sample is
taken and enumerated as previously described.

Efficacy is determined by a test of the assumption that the antimicrobial
produces a given log reduction at the 1-minute time interval when compared to
the same hand baseline count. The other hand is enumerated at hourly intervals
up to 6 hours to demonstrate continued suppression of the microbial flora below
the established baseline. The procedure is performed 11 times over a 5-day pe-
riod. Enumeration is performed at the first, second, and eleventh surgical scrub,
corresponding to days 1, 2, and 5 of the study. The surgical hand scrub is an
indication found in products intended for use by healthcare professionals in hospi-
tal-type settings.

Effectiveness testing of healthcare personnel handwash products. These
products are designed for use by healthcare professionals and are formulated to
prevent the transmission of resident and transient pathogens (e.g., nosocomial)
from the hands of the healthcare workers to patients during maintenance activi-
ties. Thus, the products are broad spectrum and fast-acting; they reduce the num-
ber of transient microorganisms on intact skin to an initial baseline level and, if
possible, are persistent. The product must also be nonirritating since it is used
multiple times per day.

The main effect of healthcare personnel handwash products is removal of
the transient bioburden acquired on the hands during daily activities. Therefore,
the protocol is designed to mimic this hand contamination process. Contamina-
tion is accomplished either by dipping of the hands into an overnight culture of
a marker organism or by allowing test panelists to handle heavily contaminated
material to simulate contamination of the hands during maintenance activities.
The latter method is the least desirable due to lack of reproducibility. Two marker
organisms—Serratia marcescens (pigmented strain) and Bacillus subtilis var.
niger—are suggested as candidates for artificial contamination. Once the hands
are contaminated and air-dried, the product is used as described on the label
and the hands evaluated by an undefined enumeration technique. The process of
contamination and washing is repeated 25 consecutive times, with enumeration
performed at every fifth interval.

The Antimicrobial I Panel also recommends the Cade [20] and Quinn [24]
handwash procedure to assess the efficacy of topical antimicrobial drug products
intended for healthcare personnel handwash use. This method provides a measure
of the microorganisms removed from the hands as opposed to those remaining
on the hands. Unfortunately, the panel did not provide efficacy requirements (e.g.,
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log reductions per unit of time) as a measure of successful outcome for the
healthcare personnel handwash indication.

Effectiveness testing of a patient preoperative skin preparation. Patient
preoperative skin preparations are designed for use by healthcare professionals
to prep the patient’s skin prior to invasive surgery. The product is routinely ap-
plied once and, by definition, must be a broad spectrum, fast-acting antimicrobial
that significantly reduces the number of resident and transient microorganisms
on intact skin of the patient.

The Antimicrobial I Panel did not provide a specific protocol for the assess-
ment of the efficacy of products intended for this use but did suggest the incorpo-
ration of certain concepts in assessing product efficacy. The sampling procedures
recommended are the cup scrubbing [25] or skin stripping techniques or any other
appropriate techniques that allow accurate quantitation of the microbial flora at
the test site. Any body site can be used but the genital area must be included.
Clearly, the panel is concerned with notable differences of the microbial flora
found in different parts of the human body.

Since the product must be fast-acting, the Antimicrobial I Panel recom-
mends enumeration 30 minutes after product use during conduct of the clinical
simulation study. In addition, since these products are used as ‘‘leave-on prod-
ucts’’ and are not washed off, as are surgical hand scrubs, the amount of active
ingredient carried over during enumeration is of concern. Thus, satisfactory dem-
onstration of the neutralization of any carryover antimicrobial during the enumer-
ation procedure is emphasized. Validation of the neutralization system is re-
quired.

The efficacy requirement is a three-log reduction at the test site evaluated.
However, it is not clear whether the required reduction is measured per milliliter
of sampling fluid or per square centimeter of skin surface area. Therefore, a clear
recommendation as a measure of effectiveness is not provided for the patient
preoperative skin preparation category.

Effectiveness testing of a skin wound cleanser. Skin wound cleanser is
a new category created by the Antimicrobial I Panel and defines products de-
signed for general removal of foreign material from small superficial wounds.
The Antimicrobial I Panel did not describe methods to assess efficacy of products
used as skin wound cleansers. However, the panel is concerned with the possible
delay of skin wound healing caused by these products and suggests animal models
and hydrometery studies in humans for this evaluation or until adequate human
testing procedures can be devised.

Effectiveness testing of a skin wound protectant. Skin wound protectants
are preparations applied to small clean wounds and function as protective physi-
cal or chemical barriers. The Antimicrobial I Panel suggests assessment of the
physical barrier by challenge of the barrier system with fluorescent particles and
measurement of the presence of the particles on the opposite side of the barrier.
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In principle, this model is considered appropriate for assessment of the barrier
capabilities of a product. The panel did not receive a proposal for evaluation of
the antimicrobial properties of products containing antiseptic active ingredients.

The Antimicrobial I Panel suggests evaluation of the barrier’s ability to
function as a supporting structure that enhances growth promotion of microorgan-
isms present in the wound. An animal wound model with wounds inoculated
with specific microorganisms is suggested as a means of assessing the potential
of the barrier to promote growth. Enumeration of the wound after product applica-
tion provides the evidence necessary to determine the effect of the barrier on
growth promotion.

Also suggested is a human model to assess the potential of the barrier to
encourage the growth of microorganisms. A punch biopsy or skin-stripped in-
duced wound is treated with the product and the wound monitored for growth
promotion of microorganisms.

Finally, the panel recommends monitoring of anaerobic species, especially
where occlusive dressings are used. A statement of effectiveness as measured by
the human or animal model was not provided for a product described as a skin
wound protectant.

Antimicrobial soap testing. An antimicrobial soap is a product that con-
tains an active ingredient and has in vitro and in vivo activity against microorgan-
isms residing on the skin. Therefore, the efficacy requirements must examine both
the in vitro and in vivo efficacy characteristics of the product. The Antimicrobial I
Panel did not provide specific recommendations for the assessment of these prod-
ucts but concluded that the Cade [20] and Quinn [24] handwashing procedures
could be applicable to these products. A statement describing the efficacy require-
ment was not provided.

In vitro Susceptibility testing. Five of the product categories (Table 1)
described by the Antimicrobial I Panel require assessment of the in vitro spectrum
of activity of the active ingredient and the finished formulation. The panel recom-
mends a method that allows estimation of the minimum inhibitory concentration
(MIC) of the test organism, but no protocol is recommended to accomplish this
assessment. Standardized conditions are recommended, as is a battery of meso-
philic clinical strains representing normal skin flora and skin pathogens. Viruses,
fungi, and dermatophytes are also suggested for evaluation of the spectrum of
the product. A definition of broad spectrum is not provided.

Also required are studies to assess the possible development of resistance
to the active ingredient using the serial passage of the test strain(s) in sublethal
concentration of the antimicrobial. Finally, the panel recommends the develop-
ment of techniques for the adequate neutralization of the antimicrobial under
investigation so that accurate assessment of in vitro product efficacy can be per-
formed.
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Topical Antimicrobial Drug Product Categories. The final task per-
formed by the Antimicrobial I Panel is classification of the active ingredient into
appropriate ‘‘product categories,’’ based on current knowledge of safety and ef-
ficacy. The panel reviewed all active ingredients using the standards for safety,
effectiveness and labeling established by regulation in its assessment. The results
are summarized in Table 3 and are provided as two columns for each category.
The column on the left of each category reflects the recommendation of the panel,
and that on the right the final recommendation of the Commissioner of the FDA
as described in a later section of this document. Hexachlorophene, fluorosalan,
and phenol at concentrations of greater than 1.5% (aqueous alcoholic) and tro-
bromsalan are classified as Category II for all topical antimicrobial product cate-
gories described in Table 1. These antimicrobials are not considered safe and/
or effective for the intended use(s). A majority of the active ingredients were
placed in Category III for most of the indications, suggesting that insufficient
data are available on the safety and/or efficacy of most of these antiseptics.

2. The Tentative Final Monograph

The FDA issued numerous TFMs for active ingredients found in OTC topical
antimicrobial drug products described in the 1974 proposed notice of rule making.
The TFM published in 1978 describes the tentative conclusions made by the
Commissioner regarding the safety and efficacy requirements for OTC topical
antimicrobial drug products designed for use by healthcare professionals in hospi-
tal-type settings.

OTC Topical Antimicrobial Products TFM. The next step in the FDA
regulatory review process is publication of the tentative final monograph that
establishes the conditions for safety, effectiveness, and proper labeling of OTC
topical antimicrobial drug products [26]. This TFM proposal is based on the
Commissioner’s review of the final report of the Antimicrobial I Panel and all
of the comments and reply comments provided in response to the promulgation
of this monograph. The proposal provides a restatement, for the purposes of clar-
ity, of the Antimicrobial I Panel’s recommendations and conclusion and provides
a detailed description of additional safety and efficacy-testing guidelines that
must be used in the assessment of Category III ingredients. Successful implemen-
tation of these requirements allows reclassification of the Category III active
ingredient to Category I status.

This notice also includes modifications of the in vitro and in vivo efficacy
testing requirements, the establishment of test methods to assess skin wound heal-
ing, and the physical barrier properties of ‘‘first-aid’’ products. In addition, the
definitions are modified to provide greater clarity of the desired characteristics
for these products and to reflect that some of these products are intended for use
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by healthcare professionals while others are intended for use by the general pub-
lic. The Commissioner considers the test methods described in the TFM final
unless the FDA receives a properly supported request to the contrary. Finally,
the notice provides information on the reclassification of the active ingredients
in Table 3 into Category II, III, and I. Each product category has two columns,
and the column on the right side represents the final decision of the Commis-
sioner. The column on the left represents the recommendation of the Antimicro-
bial I Panel.

The modifications made to the efficacy guidelines for most test protocols
are those that provide greater clarity to the methods (i.e., timing of procedures,
methods of enumeration, etc.). The modifications do not change, substantively,
the concepts or principles that must be incorporated into the study design to assure
the conduct of an adequate and well-controlled study. However, one change is
substantial in trial design: a requirement for the inclusion of a study arm that
allows efficacy assessment of the product’s vehicle and its contribution to the
overall effect of the finished product. Sorely lacking from the protocols, espe-
cially those that measure product effect by reduction of the microbial flora versus
a baseline, are quantitative endpoints that describe an acceptable measure of per-
formance. Two exceptions are the protocols for soaps used as deodorants and
the preoperative skin prepping products described later.

Tentative Final Monograph for Healthcare Antiseptic Drug Products; Pro-
posed Rule. On June 17, 1994, the FDA issued a proposed rule making in the
form of an amended tentative final monograph and establishes conditions under
which OTC topical ‘‘healthcare antiseptics’’ are generally recognized as safe and
effective and not mislabeled [27]. This document amends the 1978 TFM dis-
cussed previously by narrowing the scope of that document to include a proposed
TFM for topical healthcare antiseptics and addresses products designed for use
primarily by healthcare professionals. The categories include surgical hand
scrubs, healthcare personnel handwashes, patient preoperative skin preps, skin
preps prior to injection, and ‘‘antiseptic handwashes’’ for personal use in the
home. The antiseptic handwash is a new product category created by the FDA
and includes multiuse products intended for use in the home to help prevent cross-
contamination from one person to another, especially when caring for invalids or
ill family members. This product category has characteristics not unlike those
recommended for healthcare personnel handwash products but for use in the
household environment. Thus, these products must meet the same efficacy re-
quirements as healthcare personnel handwash products.

The product categories now classified as ‘‘first aid antiseptics’’ are ad-
dressed in a separate proposed rule for antimicrobials used as skin wound pro-
tectants, skin wound cleansers, and skin antiseptics [28]. The first aid antiseptics
are primarily used by consumers to clean superficial wounds and for the treatment
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of minor cuts, scrapes, and abrasions and are not addressed further in this chapter.
The intended uses of healthcare antiseptic products were carefully evalu-

ated and redefined as necessary to reflect the current thinking of the FDA. These
uses are based on the recommendations of the Antimicrobial I Panel, comments
submitted to the TFM, and the FDA’s own regulatory experiences with NDAs.
The TFM monograph for healthcare antiseptic drug products provides one of the
most comprehensive and detailed attempts at describing protocols and efficacy
requirements of products intended for use by healthcare professionals. The pre-
clinical efficacy requirements include an assessment of the in vitro spectrum of
activity and time-kill kinetic studies. The clinical assessment requires conduct
of the clinical simulation studies either for the healthcare personnel handwash,
surgical hand scrub, or patient preoperative skin prepping indications. The studies
performed are dictated by the indications desired on the product label.

Clinical Simulation Studies. These protocols allow assessment of each of
the characteristics of the proposed indications described in Table 4 [27] and in-
clude the basic principles articulated by the Antimicrobial I Panel (Table 2). The
design is also based on reviewer experiences gained from the development of
topical antibiotic and antimicrobial drug products through the NDA process. Ex-
amples of changes or recommendations include the incorporation of a positive
control to validate the performance of the study, a test product vehicle arm, and
proposed statistical methods of analysis to evaluate the data. Studies must be

Table 4 Product Categories and Definitions Established by the Commissioner of the
Food and Drug Administration for Healthcare Antiseptic Drug Products to Aid in Their
Categorization as Topical Antimicrobial Products

Product categories Definitions of product categories

Antiseptic handwash or healthcare An antiseptic containing preparation designed for
personnel handwash frequent use; it reduces the number of transient

microorganisms on intact skin to an initial base-
line level after adequate washing, rinsing, and
drying; it should be broad-spectrum, fast-act-
ing, and, if possible, persistent.

Patient preoperative skin prepara- A fast-acting, broad-spectrum, and persistent
tion antiseptic-containing preparation that signifi-

cantly reduces the number of microorganisms
on intact skin.

Surgical hand scrub An antiseptic-containing preparation that signifi-
cantly reduces the number of microorganisms
on the intact skin; it is broad-spectrum, fast-
acting, and persistent.
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double-blinded wherever possible and evaluator-blinded at a minimum. In addi-
tion, every effort is made to assure that variability is reduced and procedure
manipulations minimized to prevent the introduction of bias into the study. Also
included in the proposed protocols are the clinical efficacy requirements, mea-
sured as log reductions from preestablished baseline values that must be met to
demonstrate efficacy of the products for each indication. Finally, validation of
the neutralization system is performed using the methods and materials used in
the clinical simulation study.

3. Preclinical In Vitro Studies

The in vitro spectrum of activity study allows us to assess the potential utility
of an antiseptic by providing information that cannot be obtained from the re-
quired clinical simulation studies. A standardized method is used to assess the
MIC of the test product, vehicle control, and positive control versus a battery
of clinically relevant organisms [29]. The battery of organisms selected for this
assessment is based on the intended use of the product in professional healthcare
settings. Since healthcare antiseptic drug products are one aspect of the interven-
tion strategy developed to minimize the spread of nosocomial pathogens, it stands
to reason that the battery of pathogens evaluated must reflect, where possible,
this nosocomial population. The National Nosocomial Infectious Disease Surveil-
lance program monitors the prevalence rates of nosocomial infections in the
United States [30]. Thus the genera and species identified through this surveil-
lance program are the nosocomial species that must be reflected in the battery
of isolates used in the in vitro and time-kill assessment.

Since the components and/or composition of the formulation are known
to affect the in vitro efficacy of some antiseptic drug products, it is necessary to
evaluate the effect of excepients on the active ingredient [31]. Thus, the in vitro
study is performed with both the active ingredient and the finished product in
order to assess the effects of the formulation on the spectrum of activity.

The in vitro study in and of itself provides limited information and is but
one aspect of the evidence characterizing the potential effectiveness of the anti-
septic. It cannot be used exclusively to predict in vivo efficacy but does serve
to confirm the expected susceptibility of particular isolates [32,33]. The in vitro
spectrum of activity information developed for the product and submitted to the
agency is allowed in the product package insert but must be followed by the
statement: ‘‘The following in vitro data are available but their clinical signifi-
cance is unknown.’’

Also required is a study to assess whether the antiseptic is ‘‘fast-acting,’’
as described by the definition for an indication (Table 4). The time-kill kinetic
study is designed to measure the rate of kill by the antiseptic under controlled
conditions. The time-kill kinetic study is performed with a select group of gram-
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positive and gram-negative microbial species originally used in the in vitro spec-
trum of activity study. Valuable insights can be gleamed from this data by evalua-
tion of the concentrations required to produce bacteriostatic and/or bactericidal
responses. The relationship of the time-kill concentration used in the study and
the concentrations used in the clinical simulation studies can help define the utility
of the antimicrobial when used in the clinical setting. At the time of printing of
the FR Notice, standardized time-kill kinetic protocols were not available and
sponsors were encouraged to submit protocols for evaluation prior to initiation
of these studies. The FDA does encourage protocol designs that incorporate vari-
ables and concepts described for antibiotic drug products [34]. The American
Society for Testing and Materials, recognizing a need for a standardized method,
is developing a time-kill method to aid in the evaluation of antiseptic drug prod-
ucts [35].

Both the MIC and time-kill kinetic in vitro studies allow us to gain insights
into the potential utility of the antiseptic, insights that cannot be gained through
the clinical simulation studies alone. The in vitro studies are used in concert with
the clinical simulation studies to draw conclusions regarding the potential efficacy
of the product under investigation. Alone, each test is limited, but together they
help characterize the activity of the antiseptic as defined by definition and provide
information required for approval. The limitations of these protocols and assess-
ment of product efficacy are described below in Section III of this chapter.

The FR notice also requires studies to assess the potential for emergence
of resistance to the antiseptic under investigation. Investigation of this potential
was first suggested by the Antimicrobial I Panel, and in retrospect the recommen-
dation may have greater implications than previously envisioned. The issue of
resistance is described in detail later in this chapter. The proposed method de-
scribed requires serial passage of indicator organisms through increasing concen-
trations of the antiseptic. A standardized protocol to assess the emergence of
resistance is not available at the present time.

4. Assessment of the Efficacy of Topical Antimicrobial New
Drug Products

An active ingredient not described by the TFM (Table 3) should be assessed for
safety and efficacy under an investigational new drug (IND) application and all
pivotal studies submitted to the agency for review as an NDA. An example is
the bisguanide class of antimicrobial represented by chlorhexidine gluconate. In
addition, any OTC active ingredient that is terminally sterilized by ionizing radia-
tion must be submitted to the FDA as an NDA for assessment of safety and
efficacy for the desired indication(s).

The development and standardization of the protocols and the establish-
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ment of efficacy requirements described in the TFM are based on experiences
gained from the NDA review process using the bisguanide, chlorhexidine gluco-
nate, and terminally sterilized category II iodophors. These NDAs contain pre-
clinical and clinical data in support of the effectiveness for each of the indica-
tion(s) sought for the product. The studies are designed and performed to provide
evidence to support the characteristics desirable for each indication.

During the early stages of the antiseptic NDA review process, standardized
protocols did not exist for the assessment of the efficacy of topical antimicrobial
drug products. Each NDA was reviewed independently of others to determine
efficacy. However, a regulatory agency requires standardized and reproducible
methods by which to assess the efficacy of test products. Therefore, as the NDA
review process evolved, the clinical protocols used throughout the NDA review
process also evolved into the protocols now recommended in the TFM. The NDA
protocols are designed to incorporate the concepts articulated in the monographs
that supersede them.

Additionally, each study performed and submitted to the agency includes
a positive control: a product that is approved for the indication under evaluation.
This control is used to assess the reproducibility of clinical simulation studies.
During this time period, two antiseptic products were approved for marketing
through the NDA process. One of these is Hibiclens (4% chlorhexidine gluconate,
CHG). Since the FDA considered this product safe and effective for the approved
indications, the product was used as a control in all future evaluations of other
antiseptic products. Sufficient experience was gained with this 4% CHG product
using standardized protocols to establish efficacy requirements for future prod-
ucts. In addition, the test product under evaluation is not required to perform
better than or as well as the 4% CHG control product but is required to meet the
efficacy requirements established for the indication [27]. The FDA selected this
approach as opposed to head-to-head comparisons because the number of panel-
ists required to demonstrate differences between two antiseptics would be prohib-
itively large.

Once the FDA concludes that sufficient evidence is provided in an NDA
to justify approval of a product as a healthcare antiseptic, it is logical to conclude
that this product can be used as a control in a clinical simulation study designed
to assess the efficacy of other test products. In addition, by utilizing standardized
versions of the protocols used to approve the control product and by using the
approved products as one of the control arms of the study, we can assess the
performance characteristics of the test product in a reproducible manner. Using
this approach, the agency verifies the performance of the control product and
gains knowledge about the reproducibility of the protocol. The FDA’s Division
of Anti-infective Drug Products evaluates hundreds of studies in INDs and makes
recommendations to the Division of Over-the-Counter Drug Products regarding
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trial designs and efficacy requirements that must be used to assess the efficacy
characteristics of new test products. These requirements are described in the
TFM.

Irrespective of the indications sought, the applicant must submit the results
from preclinical in vitro spectrum of activity and time-kill kinetic studies. The
in vitro spectrum of activity study is performed with a standardized protocol
using 50 strains each of the genera and species described in the TFM [27,29].
The test product, the test product active ingredient, the test product vehicle, and
the control product are used in the evaluation. Sponsors of investigational new
antiseptic drugs suggest that this requirement needs reevaluation to determine
whether all these data are necessary. Based on data submitted to NDAs, the FDA
evaluated this proposal and concluded that the in vitro spectrum must be per-
formed with the test product and 50 strains of the genera and species listed in
the TFM. Data are also required for the test product active ingredient, the test
product vehicle, and the positive control, but only 10 strains of each genus and
species need to be used. The 10 strains must be a subset of the 50 strains originally
tested with the test product. The applicant is allowed to use this in vitro spectrum
of activity data in the product label, including however, the statement, ‘‘The
following in vitro data are available but their clinical significance is unknown.’’

Time-kill kinetic studies are required and are performed using a protocol
submitted by the sponsor and approved by the FDA. The principles described in
the TFM for the time-kill kinetic study must be incorporated into the design of
the protocol. For antiseptic products developed through the NDA process, the
FDA also suggests the use of the methods described by the National Committee
for Clinical Laboratory Standards [36].

Clinical simulation studies are also required. The sponsor must submit the
results of two adequate and well-controlled clinical simulation studies per indica-
tion before approval of the NDA is granted. The studies must use the protocols
and meet the efficacy requirements for the indication sought as described in the
TFM [27]. If the surgical hand scrub and the healthcare personnel handwash
indications are sought, then the FDA requires two adequate and well-controlled
surgical hand scrub studies and one healthcare personnel handwash study. If the
preoperative skin prepping indication is sought, then two adequate and well-con-
trolled studies are required. In any case, different investigators in different geo-
graphic regions of the country must perform the clinical simulation studies. Modi-
fication of the protocol is strongly discouraged due to the potential effect on
outcome.

The requirements for NDA products are identical to those described in the
TFM for preclinical and clinical assessment of efficacy. However, the NDA pro-
cess is more flexible in that as nosocomial patterns change and new efficacy
methods emerge, they are more easily incorporated into the regulatory process.
The OTC regulatory process does not have this flexibility.
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III. EFFICACY TESTING, LIMITATIONS,
AND CONTROVERSY

Effectiveness characteristics considered desirable in healthcare antiseptic drug
products are described in Table 4, and the requirements for assessment of efficacy
depend on the indication sought. The methods used to examine these product
characteristics are controversial since many methods are available to assess effi-
cacy and each may produce different outcomes with the same product. Also lack-
ing is interpretation of the data obtained from these test methods. The relationship
of the outcome measure of efficacy defined by the test method and its relevance
to the clinical setting is not well established. Efforts to close this gap are not
forthcoming. Consequently, the FDA must use methods at its disposal to assess
product efficacy. Thus, protocols whose purpose is to explore product characteris-
tics and to assess whether the product meets the minimum efficacy requirements
for an indication are recommended. Due to limitations associated with each of
these test protocols, they cannot be used independently of each other but must
be used in concert to gain an overall perspective of product efficacy. The in vitro
assays are used to define the use of the antiseptic in a specific instance while the
in vivo assays are used to define its use in a particular clinical setting. Ideally,
both approaches must produce similar results, but this may not always be the
case. Despite these limitations, preclinical and clinical simulation studies attempt
to provide predictive evidence of clinical efficacy.

A. In Vitro and Time Kill Kinetic Studies

A desired characteristic of healthcare antiseptic drug products is a broad micro-
bial spectrum that includes nosocomial pathogens encountered in product use
settings. Most in vitro spectrum-of-activity data originally submitted to the FDA
in response to the proposed rule making are obtained using nonstandardized
methods. Thus, an accurate characterization of the in vitro spectrum of activity
of an antiseptic active ingredient, or comparisons of the activity of active ingredi-
ents in a given class, or the effect of expedients found in the finished product on
activity cannot be performed. The use of nonstandardized methods also prevents
assessment of the changing patterns of susceptibility of nosocomial pathogens
to antiseptic active ingredients.

Thus, the FDA proposes the use of standardized methods to assess the
spectrum of activity of antiseptic active ingredients and the finished drug product
[29]. The justification for using a standardized method is its reproducibility. The
method allows comparison of data derived from different laboratories and the
evaluation of a large number of strains so that a current understanding of the
spectrum of activity can be defined for the antiseptic under investigation. Data
generated from standardized methods are also used to monitor changing suscepti-
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bility patterns over time, an aspect that is increasingly becoming more important
as reports of resistance to some antiseptics are emerging. The in vitro susceptibil-
ity-testing program must be proactive and designed to monitor changes in suscep-
tibility patterns as well as the incorporation of new nosocomial pathogens as they
emerge.

In some instances the proposed standardized method cannot be used with
a particular active ingredient or formulation due to technical reasons or neutraliza-
tion of the antiseptic. Therefore, a detailed discussion of the technical problem(s)
and data supporting the need to modify the standard method must be submitted
to the agency for evaluation and concurrence. An alternate and reproducible sus-
ceptibility test method must be provided for evaluation prior to use in assessing
the spectrum of an antiseptic.

In vitro susceptibility test methods have several limitations, and these are
evident when scientists attempt to use data derived from them to predict the
potential efficacy of an antiseptic in clinical settings. The MIC method measures
the effect of decreasing concentrations of antiseptic over a defined period of time
and measure inhibition of growth. The concentration of drug required to produce
the effect is defined as the MIC and is normally several hundred to thousands
of times less than the concentration found in the finished dosage form. Extrapola-
tion of this MIC information to predict clinical outcome clearly underestimates
the potential utility of the antiseptic.

The MIC study can be used to characterize the bacteriostatic/bactericidal
nature of the antiseptic by determining growth in wells above the established
MIC. If sampling reveals that growth in wells is no more than one- to twofold
higher than the MIC established for the drug, the antiseptic is considered bacteri-
cidal. If growth is threefold or more than the MIC, the antiseptic is considered
bacteriostatic.

The regulatory agency uses MIC data to gain an understanding of the rela-
tionship of the susceptibility patterns of the resident flora evaluated in the preclin-
ical in vitro studies and clinical simulation studies to other nosocomial pathogens
evaluated in the spectrum of activity studies. If the MICs of the organisms repre-
senting the nosocomial flora are similar to those represented by the resident flora
and the time-kill kinetic studies suggest a similar rate of kill, then we assume
that the product is likely to work in a nosocomial setting where these pathogens
are encountered.

Another characteristic desirable in antiseptics used by healthcare profes-
sionals is that they act as microbiologically lethal agents. The spectrum of activity
study does not allow evaluation of this characteristic since incubation exceeds
18 hours. However, the time-kill kinetic study does allow assessment of the rate
of kill of an antiseptic provided certain variables are controlled [34].

Several issues arise with the conduct and interpretation of time-kill kinetic
studies. The first is lack of standardization of the method as described in the
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TFM, but efforts are underway to address this issue [35]. Once we have an accept-
able method, the next issue is selection of a concentration for testing that is clini-
cally meaningful. The concentrations selected must be extrapolatable to concen-
trations found on the body site after the product is used as labeled. The TFM
suggests a 1:10 dilution ratio for surgical hand scrub and healthcare personnel
handwash products designed for use with water. However, such products may
also be used neat. In this circumstance, we would recommend testing of the prod-
uct in diluted form. In addition, new ‘‘leave-on’’ products are now seeking entry
into the market that contain an antiseptic ingredient and may be formulated with
an alcoholic vehicle. Other products are formulated as alcoholic gels and contain
no other active ingredient. Should time-kill kinetic studies be performed with
undiluted product for each of these scenarios? The agency does seek to have
time-kill studies performed with concentrations that are likely to reside on the
treated site, but how should that concentration be determined in each case?
Should it be based on the alcohol and thus tested neat? Or, for combination prod-
ucts, should the test be performed with the second antiseptic ingredient found in
the formulation? How should the concentration to be tested be selected? Must
that concentration be based on the whole hand (surgical hand scrub, healthcare
personnel handwash) or per centimeter square of skin surface area (preoperative
skin prep)? Careful consideration must be given to the intended uses of the anti-
septic, concentrations expected at the use site, and the anticipated duration of
exposure.

The FDA uses the in vitro preclinical time-kill data to make several assess-
ments of product characteristics. The first is to evaluate the relationship between
the MIC of an organism and the rate of kill when assessed at a specific concentra-
tion tested. For example, the agency reviewed in vitro MIC data for an antiseptic,
and the data suggest that species evaluated were susceptible to the action of the
antimicrobial at concentrations substantially lower than the antiseptic product
concentration. However, when a select subgroup of isolates with known MICs
were tested, the time-kill kinetic studies revealed that the rate of kill, conducted
with much higher concentration of drug than the MIC of the organism, was less
than expected. The antiseptic was bacteriostatic when measured at the time inter-
val normally used for a healthcare personnel handwash. Thus, the time-kill kinetic
study is capable of discerning a characteristic of the antiseptic not discernible by
the spectrum-of-activity study.

We then attempt to extrapolate the preclinical results to the clinical simula-
tion study. We assess the rate of kill as measured by the time-kill kinetic method
and that measured through the clinical simulation model. This extrapolation is
reasonable since the clinical simulation study is a time-kill kinetic study per-
formed on the skin.

The FDA must rely on the in vitro spectrum of activity studies and time-
kill kinetic studies to assess the potential utility of the antiseptic versus the genera
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and species encountered in the hospital setting. The limitations of the clinical
simulation studies described next justify the use of these techniques to help char-
acterize the antiseptic. In addition, the agency encountered instances where the
in vitro studies are the only source of information that demonstrates the contribu-
tion of individual active ingredients found in a formulation. There are instances
in the assessment of products with two antiseptics where the sponsors cannot
formulate separate test products, each containing the active ingredient alone for
use as independent arms of clinical simulation studies. The only methods avail-
able to assess the independent contribution of both active ingredients to the prod-
uct are the in vitro preclinical studies. In these situations, we must rely on the
preclinical studies to assess the contribution of each component to the overall
efficacy of the product.

B. Clinical Simulation Studies

The clinical simulation protocols recommended in the TFM are designed as stan-
dardized methods that mimic clinical and product use conditions. It is critical
that studies be performed exactly as described in the TFM protocols. Modification
of any of the test parameters influences the quantitative results and subsequently
the efficacy outcomes of the study. It is for this reason that the FDA scrutinizes
timing of critical events when pivotal studies are under review. For example, it
is critical that a timed glove juice sample taken during a surgical hand scrub or
a healthcare personnel handwash be placed immediately into a dilution blank
containing effective neutralizers. Depending on the antiseptic class under evalua-
tion and the concentration of the finished dosage form, failure to do so results
in false interpretation of efficacy because the antiseptic may continue to kill and
reduce the bacterial populations during this test interval. In addition, our scientific
investigation team visits the study site to ensure the use of good clinical practices
(GLPs) and to validate the conduct of the study.

The efficacy requirements established in the TFM also require comment.
These protocols are designed to monitor bacterial populations, and if a desired
reduction is achieved post-product use, we conclude the product is effective as
an antiseptic. However, the relationship of these outcomes and a corresponding
reduction in the incidence of nosocomial infections in the healthcare setting
where the products are used remains ill defined. The predictive values of these
surrogate test methods have not been validated. Healthcare professionals agree
that reduction of the resident flora and elimination of the colonizing or transient
flora is the desired endpoint. However, determination of that relevant endpoint
remains controversial. Yet despite these limitations, professional organizations
continue to develop test methods without considering their clinically predictive
value.
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It is essential to the well-being of patients and the healthcare community
that products purporting to reduce the nosocomial infection rates do so. It is just
as important that the scientific community help develop test methods to assess
antiseptic with justifiable endpoints. Should we expect the same efficacy out-
comes for products used in the home setting and those used in the clinical setting?
Should efficacy requirements monitor organisms remaining on the hands as op-
posed to reductions from established baselines? These are questions that must
be considered in the establishment of efficacy outcomes.

We must also realize that the clinical simulation models also test efficacy
against resident bacterial populations that are not representative of the species
encountered in a clinical setting. The subjects used in these studies are not
healthcare personnel, and their microbial flora may not represent the types or
numbers of organisms found on the hands of healthcare personnel. In addition,
the hands of healthcare personnel are more likely to encounter antibiotic-resistant
organisms that become transient or colonizers on their hands. Thus, the predictive
value of these test methods, given this difference, must also be considered in the
evaluation of test products.

The antiseptic drug–manufacturing industry is innovative and designs
product formulations to enhance ease of application and efficacy. Some of these
products form physical barriers impregnated with active ingredients as they dry.
Unfortunately, products of this type were not available when the TFM guidelines
were proposed, and they do pose special problems during the clinical simulation
trials. For example, film-forming products tested for preoperative skin prepping
require the development of diluent capable of penetrating though the film so that
quantitation of the microbial flora can be performed. This issue exemplifies the
need for flexibility in trial design and must allow for the introduction of new and
novel products. The TFM should provide language to address these concerns.

C. Neutralization

Validation of the neutralization system is one of the most critical, if not the most
critical, aspects of the preclinical and clinical studies. Recall that assessment of
the efficacy of a product in the time-kill kinetic study and the clinical simulation
studies is based on the measurement of a bacterial population from an established
baseline. Basically, these test methods are designed to capture a snap shot of the
time-kill profile so that when a sample is taken, immediate neutralization must
take place. Theoretically, this provides an accurate enumeration and subsequent
calculation of reduction from a predetermined baseline.

Validation of neutralization must be performed for each of the test protocols
under evaluation. One neutralization study may not allow proper characterization
of the neutralizer potential unless evidence is provided that shows that the neutral-
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izer concentration is capable of working under all tests conditions used in the
evaluation of the antiseptic. Validation of the neutralization system used for the
in vitro time-kill study is the easiest because the time-kill study is performed
with a known concentration of antiseptic per unit of test material. When a sample
is taken and enumerated, the concentration of antiseptic carried over per unit of
volume is known. Thus, validation of the neutralization system is performed with
the concentration of material found in the enumeration volume used in the time-
kill study.

Validation of the neutralization system used in the clinical simulation stud-
ies is problematic because the concentration of antiseptic selected in the evalua-
tion must represent the worst-case scenario for each study. How does one approxi-
mate the concentration encountered in the sampling solution of healthcare or
surgical hand scrub sample? Some sponsors perform clinical simulation pilot
studies and use these samples to validate the neutralizer. This approach has merit
but assumes that the sample taken from an individual is representative of the
worst-case scenario. That is, this approach may underestimate subjects with
greater carry-over of antiseptic in a sample and result in assumptions of greater
efficacy of the product. We must also consider that each indication may use a
different volume of product and duration of exposure. Further, the concentration
of antiseptic for leave-on products can be substantially greater than for products
traditionally used with water. Thus, the concentration used to validate the neutral-
izer requires thought. A possible approach is to define, using qualitative and quan-
titative chemical testing methods, the concentrations that are actually encountered
in these preclinical and clinical study samples and then to use these concentrations
in the neutralization validation process.

The organism used as a marker in the validation process also requires com-
ment. For the healthcare personnel handwash protocol, the marker organism, Ser-
ratia marcescens (ATCC #14756), would seem the logical choice. However, this
organism is resistant to antiseptic action and may exceed the neutralization poten-
tial by increased survival during the study. What organism(s) must we use for
the surgical hand scrub or preoperative skin prepping? Does validation of the
neutralization system with S. marcescens justify use of this neutralization system
in the surgical hand scrub or preoperative skin prepping study? The answer de-
pends on numerous factors such as the duration of exposure to the product, the
concentration used per exposure, and the concentration we expect to recover per
unit of skin or volume of sampling fluid. We must also select an organism that
is not overly sensitive to the antiseptic under investigation nor overly resistant
to the antiseptic, since both scenarios create difficulties in the interpretation of
data.

The temporal sequence of steps described by the protocol used to perform
the neutralization validation requires comment. The neutralization validation pro-
tocol and data submitted to the agency demonstrate that some studies are per-
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formed by the addition of the active ingredient into the neutralizer and then,
after a specified time period, the marker organism is added. This procedure may
introduce bias in favor of the product under evaluation if the time span between
addition of the antiseptic and the marker organism is delayed. The effect is depen-
dent on the antiseptic used, the concentration carried over in the enumeration
sample, and the indicator organism used. When clinical simulation studies are
performed as recommended in the TFM, the sample containing both the antiseptic
and the bacterial population under investigation is obtained simultaneously and
added to the neutralizer. The assumption is that quenching of the antiseptic is
immediate and allows survival of bacteria carried over in the sample to survive
and be enumerated. Thus, the agency requires the addition of the marker organism
into the neutralizer before addition of the antiseptic to assure that delays do not
unduly influence the results obtained from the neutralization validation experi-
ment. This sequence of events eliminates any bias associated with the introduc-
tion of the antiseptic into the neutralizer first.

D. Resistance to Antiseptics

Exhaustive reviews on the genetic and biochemical basis of resistance to antisep-
tics suggest that they may be conveniently divided into intrinsic and acquired
mechanisms of resistance [37–39]. Intrinsic resistance to antiseptics is an innate
characteristic of the bacterial genome and is exemplified by permeability barriers
such as the cell walls of gram-negative bacteria [31]. Acquired resistance to anti-
septics occurs by mutation of target sites or acquisition of genetic material by
conjugation, transformation, and transduction that increase the nonsusceptibility
of the microorganism to the action of the antiseptic [31].

Recent studies suggest that some antiseptics have defined target sites
[40,41] and, by mutation of these target sites, nonsusceptible microorganisms to
an antiseptic can be isolated [42,43]. These data suggest that if antibiotics also
have a mode of action similar to that of the antiseptic, an organism with reduced
susceptibility to the antiseptic may also confer resistance to an antibiotic. A re-
cently characterized mode of action of triclosan in Escherichia coli shows that
it binds to enoyl-acyl protein reductase, an enzyme involved in fatty acid synthe-
sis [40]. A similar mode of action is described for Mycobacterium smegmatis,
where strains that have missense mutations in enoyl reductase also resulted in
decreased susceptibility to triclosan and resistance to the antituberculosis drug
isoniazid [44]. Conversely, a resistant strain originally selected on isoniazid was
found to be nonsusceptible to triclosan. These studies demonstrate that both the
antiseptic and the antibiotic act on the same target site and that the emergence
of resistance to one compound may confer cross-resistance to the other.

Other studies reveal a mechanism of resistance to antiseptics mediated by
a multidrug efflux pump [45–47]. This mechanism mediates nonsusceptibility to
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the antiseptic and resistance to multiple antibiotics by mutation of the repressor/
operator region controlling efflux pump gene expression (marA) or by mutation
of the efflux pump structural gene resulting in reduced affinity to the antiseptic
[37,38].

Thus, laboratory studies have shown that the potential for cross-resistance
between antiseptics and some antibiotics exists, prompting professional organiza-
tions to question the lack of proven benefit in infection control by antimicrobial-
impregnated household products and the potential for the emergence of antisep-
tic-mediated resistance to useful antibiotics [48,49].

Clearly two distinct issues arise from these observations. The first is
whether the development of nonsusceptibility to antiseptics by nosocomial patho-
gens, skin flora, and other microorganisms results in decreased clinical efficacy
of the topical antiseptics used in healthcare settings. The second issue is whether
the emergence of resistance to the antiseptics will result in cross-resistance to
clinically useful antibiotics. The concern in the latter case is that the wide avail-
ability and use of antiseptics and the selection pressure they provide will count-
erselect for antibiotic resistant pathogens.

The FDA addressed these issues in January 1997 when it convened a panel
of experts representing the Division of Anti-Infective Drug Products Advisory
Committee and the Division of Over-the-Counter Drug Products Nonprescription
Drugs Advisory Committee [50]. The joint panel was charged with assessing the
impact of the use of topical antimicrobial wash products on the occurrence of
antibiotic and antiseptic resistance with respect to a new proposed classification
system for topical antimicrobial wash products [51]. The proposal, the Healthcare
Continuum Model, is a classification system that incorporates the three previously
described healthcare professional use product categories published in the 1994
TFM. The model also proposes for inclusion the categories of foodhandler hand-
wash, antimicrobial handwash, and antimicrobial bodywash. The concern of the
FDA with this proposal is that the three new categories (foodhandler handwash,
antimicrobial handwash, and antimicrobial bodywash) will increase the amount
of antiseptics in the environment. This increased exposure may result in the selec-
tion of microorganisms resistant to the antiseptic and subsequently cross-resistant
to antibiotics. Since the Healthcare Continuum Model does not address the issue
of resistance, the joint committee meeting was convened to address this issue.

The joint committees concluded that ‘‘at this time’’ the evidence suggests
that use of antiseptics as proposed will not have an adverse outcome on the contin-
ued efficacy of the antiseptic and that antiseptics have not currently contributed
to antibiotic resistance. The joint committee did recommend that the FDA con-
sider the feasibility of targeted surveillance studies to monitor change in the sus-
ceptibility of microorganisms from the proposed use settings. This proposal en-
forces the need for in vitro susceptibility testing to monitor the baseline
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susceptibility of nosocomial pathogens to the action of antiseptics and to use this
information to monitor change in nonsusceptibility of the pathogens.

IV. CONCLUSIONS

The ideal setting for assessment of the efficacy of antiseptics is the clinical set-
tings where these products are used. The desired outcome would be a reduction
of the nosocomial infection rates below that historically seen within the study
setting. However, many scientists suggest that these studies are not feasible, and
we are left with surrogate methods that are assumed to be predictive of an accept-
able outcome.

Surrogates are useful in the assessment of antimicrobial products, including
antiseptics, provided they are standardized, reproducible, and have known pre-
dictive value. The methods proposed in the TFM, although standardized and re-
producible, have not been validated to assess their clinical predictive value. In
fact, none of the standardized surrogate methods used in antiseptic drug product
development have been validated (TFM and ASTM reference). Thus, we are left
to extrapolate from the premise that reduction of the microbial flora is a desired
outcome, and if it is achieved, the product will be successful in the clinical setting.

I describe many of the limitations of this extrapolation of thought. Consid-
erable debate continues to exist in the scientific community as to the validity of
this extrapolation. In addition, the panelists, used as surrogates in the clinical
simulation studies, are not representative, microbiologically, of the individuals
in clinical settings further compounding the significance and interpretation of
these studies.

Therefore, we are left with assumptions that are based on deductive reason-
ing, and we logically conclude that these protocols allow characterizations of
desired product characteristics. Since the scientific community and the FDA gen-
erally agree on the characteristics for antiseptic healthcare products, protocols
have been developed that we believe are capable of measuring the desired charac-
teristics effectively. What is not agreed upon is the interpretation of the data
derived from these studies. The problem is fundamental and is based on the lack
of published information that allows correlation of the outcomes produced by
the test product in clinical settings and outcomes produced by these products in
surrogate models.

Existing data and experiences of experts must be considered when estab-
lishing the efficacy outcomes so that data derived from these methods provide
insight into the potential utility of these products in clinical settings. We must
continue to pursue this characterization of efficacy ‘‘value’’ so that we may have
assurances that products evaluated and approved through this regulatory process
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actually impact on the nosocomial rates of infection in clinical settings or in other
settings where these products are likely to be used.
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I. INTRODUCTION

It is commonly recognized that bacteria are ubiquitous in our environment. These
bacteria are associated with a variety of disease conditions; therefore, it is impor-
tant to hold the numbers of bacteria in check. As early as 1860, Semmelweis [1]
demonstrated that, by reducing the level of bacteria on the skin, through hand-
washing, a corresponding reduction in the incidence of infection could be ob-
served. Semmelweis recognized the advantage of using an antimicrobial product
over water or plain soap and water. Through the years, the use of antimicrobial
products in consumer and healthcare settings has grown. Antimicrobial wash
products play an important role in improving personal hygiene and can help in
the prevention of disease.

In the last 30 years the types and forms of antimicrobial products have
evolved and now include bar soaps, liquid soaps, lotions, hand dips, hand sani-
tizers, foams, and rub products. In the United States the importance and need for
antimicrobial products was recognized by an expert panel convened by the Food
and Drug Administration (FDA) in 1972, and in two Tentative Final Monographs
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(TFM) for Healthcare Antiseptic Drug products subsequently issued in 1978 and
1994 by the FDA [2]. In an attempt to provide a tool to bring clarity to the area
of antimicrobial wash products, a coalition of industry companies proposed the
Healthcare Continuum Model (HCCM).

The Healthcare Continuum Model provides a flexible framework for char-
acterizing use patterns and situational risks in order to establish efficacy require-
ments and appropriate labeling. The HCCM offers an initial six categories based
on professional healthcare, foodworker, and consumer use patterns and risks.
The six categories are preoperative skin preparation, surgical scrub; healthcare
personnel handwash, foodhandler (worker) handwash, antimicrobial handwash,
and antimicrobial bodywash.

The HCCM suggests an underlying philosophy of defining a product cate-
gory or indication based on a thorough understanding of use patterns and atten-
dant risks. Health hazards and characteristics of exposure are parameters of the
framework. The result in the marketplace would be products that have been for-
mulated for specific uses and thereby assure appropriate levels and types of active
ingredients for each scenario. All antimicrobial products are not used for the
same purpose, nor should they be. One of the results of implementation of the
HCCM would be to avoid the inappropriate use of products, which could result in
potentially negative consequences. Professional products, which are not typically
formulated for general use, may irritate, stain, or contain complex use directions
or warnings. This could result in a decrease in handwashing compliance. As a
result of the potential for adverse effects, the process of establishing a category
includes balancing the potential for disease acquisition or transmission with the
product effectiveness and type of active ingredient.

Characteristics for each identified use pattern should be consistent with the
specific risks associated with the use setting. These characteristics may include
antimicrobial effectiveness versus transient or resident bacteria, persistent effect,
speed of action, and spectrum of activity.

II. BACKGROUND

In a Centers for Disease Control and Prevention (CDC) study spanning the years
1980–1990, 62% of all nosocomial infections were attributed to bacterial patho-
gens [3]. An undefined number are due to bacteria transferred by and from the
hands and skin. Products such as preoperative skin preparations and surgical
scrubs have been used in hospital settings for the reduction of nosocomial infec-
tions. Products designed for these uses rapidly and dramatically reduce the levels
of resident bacteria on the hands or skin immediately prior to invasive surgical
procedures. By definition, they should exhibit a persistent effect. Persistence is
prolonged or extended antimicrobial activity which acts to prevent or inhibit the



Classification and Regulation of Topical Antimicrobial Products 51

growth or regrowth of organisms that remain on the skin after product use and/
or the establishment of transient organisms that may contact the skin after product
use. Healthcare personnel handwash products have been used by professional
healthcare providers to reduce the incidence of nosocomial infections as well as
to protect themselves or other patients from the transmission of microorganisms
and consequently disease from infected patients. These products are designed to
be used by the healthcare professional as many as 50–100 times per day. They
should be fast-acting, effective against transient bacteria, and, if possible, mild
to the skin.

Healthcare professionals and their patients represent a small but significant
segment of the population that require specific antimicrobial wash products. Bac-
teria can cause infections outside of the clinical setting. An increasing segment
of the population are seeking and using antimicrobial products designed as food-
handler handwash products. A study spanning the years 1983–1987 reports that
poor personal hygiene by foodhandlers or food service workers is the second
leading cause of foodborne illness [4]. Research supports the findings that the
U.S. population lacks basic food safety information/skills and engages in food-
handling and food-preparation practices that studies have linked to a significant
number of foodborne illness outbreaks [5]. Foodhandlers require specific antimi-
crobial wash products not only to address their own personal hygiene needs, but
also to protect those people who consume the food that they have prepared. Prod-
ucts designed for use by foodhandlers are used in restaurants, cafeterias, hotels,
schools, hospitals, federally inspected meat and poultry plants, prisons, and air-
line food-preparation facilities. Today, more people in our society are assuming
responsibility for food handling and preparation in the home and elsewhere [5].
Vulnerable sectors of the population more severely affected by foodborne illness
are also increasing in size, including immunocompromised persons (e.g., persons
with diabetes, cancer, chronic intestinal disease, organ transplants, or human im-
munodeficiency virus); and persons 65 years and older, a growing proportion of
the population who are at increased risk due to normal decline in immune re-
sponse. Foodhandler handwash preparations need to be fast-acting and effective
against transient microorganisms, including foodborne organisms, and, if possi-
ble, exhibit persistence.

Every day, consumers are changing diapers, caring for sick, elderly, or
invalid family members, preparing family meals, having contact with pets, gar-
dening and performing yard work, having contact with other people, healthy or
otherwise, attending daycare, attending school or work, and traveling and en-
joying recreational activities. Topical antimicrobial products are used by consum-
ers to provide a variety of end-user benefits. Antimicrobial handwash products
help control the transient bacteria consumers acquire from contact with the envi-
ronment. Consumers are constantly exposed to a variety of bacteria that have the
potential to cause infection [6–12]. The transfer of transient bacteria via hands
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is recognized as a major factor in the spread of disease. Antimicrobial handwash
products should have a broad spectrum of activity to reduce the number of these
bacteria on the hands, thus reducing the potential for transmission of disease
causing organisms. Additionally, antimicrobial activity should exhibit persis-
tence, if possible.

Antimicrobial bodywash products are used for whole body cleansing, to
reduce odor, and to help control bacteria, which may help prevent minor skin
infections. Products for bodywashing are used for self-health and act as an aid
in controlling the risk of pyogenic infection. Antimicrobial bodywash products
can control the number of resident and transient microorganisms on the skin
[13,14]. Antimicrobial bodywashes need to have an activity spectrum that will
target the gram-positive resident flora. They may, in some instances, also target
the gram-negative transient flora. A key characteristic of products in this category
is persistence to reduce and maintain the microbial flora of the skin below base-
line levels between washings.

III. THE HEALTHCARE CONTINUUM MODEL

Underlying the HCCM is a proposed framework for a system of broadly classify-
ing topical antimicrobial use patterns, establishing transmission risks and etiology
agents, and determining the pertinent characteristics of a topical formulation dic-
tated by the situational risks. The following section describes the six initial use
patterns proposed in the HCCM. The use pattern and attendant risks typical of
microbial flora are described. Based upon the HCCM philosophy, formulary attri-
butes and test methodology were proposed. Although the initial categories pro-
posed within the HCCM are well established use patterns, development of new
use patterns and new technology will drive the need to apply the flexible, underly-
ing principles of the model to establish new categories in the future.

IV. GENERAL POPULATION PRODUCTS: ANTIMICROBIAL
HANDWASH AND ANTIMICROBIAL BODYWASH

In everyday life, consumers encounter situations in which they are exposed to a
variety of bacteria that have the potential to cause infection. It is well recognized
that good personal hygiene can reduce the risk of infection. Antimicrobial washes
can play an important role in improving personal hygiene. Antimicrobial washes
are used for whole body cleansing, to reduce odor-causing bacteria, and to help
control bacteria that can cause skin infections.

The routine use of personal antimicrobial wash products is beneficial to
all. The potential benefits to consumers of antimicrobial washes, in addition to
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cleaning, are (1) to help reduce the incidence of pyogenic infections [15,16], (2)
to help remove transient organisms which are potentially pathogenic [17], and
(3) to reduce odor-causing bacteria [15]. Washing with antimicrobial washes or
with nonmedicated washes will remove some bacteria from the skin due to the
surfactancy of the base and the mechanical action of the washing procedure.
However, antimicrobial washes deposit an active ingredient on the skin that can
help control the number of organisms that survive and help prevent the coloniza-
tion of potential pathogens, such as Staphylococcus aureus. Washing with non-
medicated products does not provide this persistent antimicrobial activity.

Antimicrobial washes are available in many forms (bars, liquids, gels, etc.)
and usually contain a single antimicrobial ingredient. Products applied to the
hands during handwashing reduce transient organisms on the hands and can re-
duce the possibility of disease transmission. Ehrenkranz and Alfonso point out
that ‘‘a pervasive misconception in infection control circles is that simple hand-
wash reliably prevents hand transmission of transiently acquired bacteria’’ [14].
Antimicrobial bodywashes can play a role in the prevention of pyogenic infec-
tions and help control odor-causing bacteria. Whole body use of antimicrobial
products can control the number of organisms on the skin and has been demon-
strated, in laboratory studies, to reduce the number of potential pathogens on the
skin [18].

A. Antimicrobial Bodywash

Antimicrobial bodywashes are used to control the numbers of bacteria, where
appropriate [15]. Because the organisms of potential concern are primarily Gram-
positive, the activity of antimicrobial agents used in antimicrobial bodywashes
should be suitable for that use and so may be of limited spectrum. Most impor-
tantly, this will enable a proportion of the normal flora to remain.

B. Public Health Importance

Skin infections due to gram-positive organisms are recognized as a common and
significant public health problem [19,20]. These skin diseases are most commonly
caused by staphylococci and streptococci. They include pustules, folliculitis, im-
petigo, furuncles, and infection of cuts and scrapes. In addition to the staphylo-
cocci and streptococci, other gram-positive bacteria such as Corynebacterium
minutissimum can cause contagious skin infections like erythrasma.

According to data obtained from the National Disease and Therapeutic In-
dex (NDTI), on average from 1992 to 1994 there were approximately 2 million
diagnosis visits per year to dermatologists, pediatricians, and general or family
practitioners, and others for impetigo, pyoderma, and carbuncles/furuncles. It has
been estimated that up to 8% of visits to dermatology clinics are a result of some
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form of pyoderma [21,22]. Skin-related problems constitute about 6.8% of the
visits to general pediatric clinics [23]. Of these, about half are cutaneous infec-
tions, some of which can lead to frequent recurrence and intrafamilial spread. A
recent survey estimated that 5.5 million office visits per year are due to skin
infections. Children overwhelmingly constitute the population at greatest risk for
bacterial skin infection, with those under 9 years of age having the greatest inci-
dence [24]. The number of children worldwide with skin infections is estimated
to be in the millions and constitutes a significant load on medical services [24].

Atopic dermatitis affects approximately 10–20% of the population. Clinical
studies have shown that the skin flora of atopics is quantitatively and qualitatively
different from the skin of the normal population [25]. It has been reported that
these patients have increased numbers of skin flora and a higher frequency of
colonization with S. aureus, not only on their skin, but also in their nares [26].
Due to the chronic presence of this organism, it is not surprising that patients
with atopic dermatitis experience increased numbers of skin infections. In experi-
mental staphylococcal infections, there is a direct relationship between the num-
bers of staphylococci applied to normal skin and the likelihood that infection
will occur [17]. Many normal daily activities that result in minor cuts and scrapes
have the potential to become contaminated with these transferred S. aureus and
other organisms from environmental sources.

A survey of skin problems in the elderly identified skin infections in nonin-
stitutionalized patients ages 68 and older [27]. It was strongly suggested that skin
problems, including infections, were common. Also, bathing and shampooing
were often substantially limited, adversely effecting personal hygiene.

Zimakoff and colleagues pointed out the importance of reinfection on the
transmission of Staphylococcus within families and concluded that a residual
effect is desirable to help prevent reacquisition of staphylococci that are shed
into the household environment on sheets, towels, etc. [28]. Recently in the
United States, special occurrences affecting many households were shown to in-
crease the incidence of skin infections. Quinn et al. reported on medical care of
families affected by Hurricane Andrew in 1992 [29]. For 2 weeks following the
storm there were noted increases in pediatric dermatological infections, including
impetigo, wound infections, and cellulitis.

The breach or destruction of the skin defenses, as a result of abrasions,
cuts, burns, or the action of toxic chemicals, inevitably leads to increased coloni-
zation of the area by microorganisms. Thus, the likelihood of infection from the
reduced defense capacity is increased. However, less severe and often barely
detectable changes in the balance of the surface inhabitants of the skin can also
increase the susceptibility to infection. These changes can be induced by alter-
ations in host metabolism and other factors that modify the surface environment,
even though they do not sever the epidermis [30].
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Skin infection with streptococci covers a range from simple colonization
to primary and secondary infections. The skin provides an important portal of
entry for systemic infection by these organisms. Minor trauma to the skin not
prompting specific first aid attention, such as trivial cuts, abrasions, and scratches,
may allow streptococci to initiate infection [17]. Staphylococci and streptococci
are often found in mixed cultures from pyoderma lesions. There is still contro-
versy over which is the more important pathogen. Most streptococcal skin infec-
tions occur among children and their contacts under conditions of overcrowding
and poor hygiene, particularly in warm and humid parts of the world. Even in
developed parts of the world, streptococci are commonly isolated from many
clinical specimens. This is likely due to many factors, including the common
asymptomatic carriage of organisms, the minor nature of most infections that are
left untreated, and the opportunities for bacterial transmission that exist as people
work, live, and play together.

Antimicrobial wash products are used for whole body cleansing, to reduce
odor, and to help prevent minor skin infections. The efficacy of the ingredients
used in antimicrobial washes against the types of organisms outlined has been
well documented [31]. The regular use of these products results in the deposition
of a bacteriostatic residue, which can significantly reduce the carriage of these
organisms on the skin and play a role in the prevention of disease.

C. Antimicrobial Handwashes

There is consensus in the medical and scientific communities that transfer of
transient bacteria via hands is a major factor in the spread of disease [32]. Hands
can be viewed as unique in three respects. First, hands, more than any other part
of the body, are in constant contact with the environment and, as such, reflect
exposure to transient contaminants from many sources. Second, various parts of
the hand, such as the nail folds and interdigital spaces, provide specific microenvi-
ronments, which can support organisms with varying growth requirements. Third,
the flora of the skin of the hands are highly subject to modification because of
the exposure to a number of varied household activities.

The importance of the role of handwashing for infection control has been
thoroughly reviewed for settings outside the home [32,33]. Although there are
no definitive studies in the literature within home settings involving currently
marketed products, there are numerous studies suggesting a role for antimicrobial
washes in personal hygiene [31]. Regarding the absence of clearly definitive tri-
als, Larson has written [34]: ‘‘I’m not convinced that even the definitive study
for which we have been lobbying and waiting would, in fact, influence practice.
What we know now from natural experiments, epidemiological studies and exper-
imental models is that clean hands are associated with reduced risk of contact-
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spread infection in a variety of settings.’’ [34]. It can be argued, based on the
spread of disease among family members, that the added benefit of residual activ-
ity and of increased awareness of the need for handwashing reflected in the pur-
chase of antimicrobial consumer products has a role for their use in the home.

Everyone picks up germs from contact with the environment, and antimi-
crobial soaps help to control these germs. Broad-spectrum activity is preferable
because of the wide variety of potential sources of infection. However, rapid kill
is not necessary because all soaps remove a portion of the bioburden on the hands
through the detergency mechanism. Nonantimicrobial soaps do not provide the
long-lasting persistent effect of antimicrobial soaps [13,35]. Typical consumer
handwashing is incomplete. Rarely is it as thorough as in the hospital setting.
Because of the lower level of consumer handwashing efficiency, persistence is
desirable. Bartzokas et al. [36] reported that the efficacy of an antimicrobial hand-
wash preparation ‘‘was significantly augmented’’ with repeated handwashing.

The flora on the hands and influencing factors have been studied. The tran-
sient bacteria lie free on the skin or are loosely attached with dirt [37]. The
resident flora comprise a stable population in both size and composition. Washing
readily removes some transients, but the resident flora are removed more slowly.
Obviously, the flora that may be present on the hands as transients are greatly
influenced by the activity related to a source of contamination and the environ-
mental conditions. For the consumer, these include, among others, food prepara-
tion, contact with pets, gardening and yard work, contact with other people,
changing diapers, assisting ill persons, daycare, school, work, travel, and recre-
ation.

Surveys of the bacteria found in the home environment suggested four ma-
jor sites of household contamination: dry areas (e.g., floors, linens, furniture,
clothing), wet areas (e.g., baths, kitchens, sinks, toilets, drains), food, and people
[6,7,38,39,40]. In many homes, animals (e.g., pets, farm animals) and outside
work (gardening, yard work) should be included. Scott et al. [6] pointed out that,
although it is accepted that the risk of infection in the general community is
lower than that associated with hospitalized patients, increases in the number of
outbreaks of household food-poisoning cases had been observed. In that survey,
high bacteria counts were found mainly in wet areas associated with sinks, baths,
and diaper pails [6]. High bacteria counts also were frequently recovered from
washcloths, dishcloths, and cleaning towels. The survey included isolation for
Escherichia coli, pseudomonads, S. aureus, and streptococci. Marples and
Towers further established a model to study how contact transfer of Staphylococ-
cus can occur from objects [41]. Borneff et al. examined households for organ-
isms causing infectious enteritis and found 267 of 4683 samples contained staph-
ylococci [42]. These studies support the need for handwashing and the desirability
of antimicrobial soaps.
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The shift in recent years from home-based child care to group daycare
further extends the household environment because of the likelihood of transmis-
sion back to the family and subsequent intrafamilial spread [43–47]. Surveys of
the daycare center environment have found contamination of surfaces, toys, food
areas, diaper-changing areas, and the hands of children and adults [48–52].

A number of other activities encountered at work lead to exposures to po-
tentially harmful microorganisms. These include handshaking, exposure to ill
colleagues in meetings, contact with the public, sharing objects such as public
toilets, telephones, exercise equipment, and money, as well as other obvious situ-
ations such as those encountered by animal handlers or sanitation workers [17],
The Mayo Clinic points out that it is critical to wash hands after using the bath-
room, handling food, handling money, coughing, sneezing, etc. [53].

Black et al. first demonstrated the effectiveness of handwashing to prevent
diarrhea in daycare centers [9]. Following the initiation of a handwashing pro-
gram in several daycare centers, the incidence of diarrhea among children in
the study was significantly and consistently lower (approximately half) than the
incidence in the two control centers over the 35-week study period.

It is recognized that it is often difficult to attribute independent specific
effectiveness to an intervention-and-control program because they are inherently
multifaceted. For example, Butz et al. evaluated the effectiveness of an interven-
tion program in daycare homes that included handwashing education, the use of
vinyl gloves, disposable diaper changing pads, and an alcohol-based hand rinse
[54]. Symptoms of enteric illness were lower in the intervention homes, but it
was not possible to separate out the effects of each component of the intervention.

It can be demonstrated that antimicrobial washes reduce the numbers of
organisms on the skin to a greater extent than nonmedicated wash. In addition,
model systems have demonstrated the control of potentially pathogenic organisms
on the skin [55]. For handwashing to be effective, it is important that any product
also be acceptable for regular and frequent use by consumers: ‘‘As the value of
frequent handwashing is well established, the choice of soap brand should be
made with a view to encouraging frequent handwashing, while maintaining
healthy skin’’ [56]. Antimicrobial ingredients, deposited on the skin, can also be
of benefit when washing is perfunctory or inadequate, leaving behind organisms
that can cause infection or be transferred to other skin sites. Appropriate degerm-
ing for consumers also does not present the risk of removing resident flora to
the point of creating a flora shift. Aly and Maibach showed that prolonged use
of antimicrobial soap on skin did not lead to overgrowth of undesirable flora
[57]. Using this information collected on the antimicrobial handwash use pattern,
the model details suggested product attributes and test methodology.

The above discussion has clearly pointed out that improved hygiene can
help prevent skin infections and interrupt the transmission of infectious disease
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as transferred by the hands. Therefore, the regular use of an antimicrobial soap
for personal cleansing has a recognized role in the prevention of disease. Hand-
washing is repeatedly cited as the most important infection-control measure. It
is no less important in the home than in these villages and institutional studies
cited above.

D. Foodhandler Handwash

The importance of proper foodhandling during food preparation significantly con-
tributes to the prevention of foodborne illness. As new and more virulent forms
of bacterial pathogens appear, and as commercial preparation of food becomes
more prevalent, our national strategies for prevention and control of foodborne
disease will be increasingly tested.

Recent, well-publicized outbreaks of foodborne illness have reinforced the
need to review foodhandling practices and how they are regulated. Two regula-
tory initiatives of note were the 1993 Food Code published by FDA [58] and
the U.S. Department of Agriculture (USDA) regulation proposed in the Federal
Register [59]. Both recommended the development of a Hazard Analysis and
Critical Control Point (HACCP) system for foodhandling operations. HACCP
principles call for the study of any system of food manufacture or preparation
to determine the critical control points to protect food quality. HACCP has gained
widespread acceptance. These evaluations of food preparation and serving prac-
tices identify personal hygiene on the part of foodhandlers as a critical point.
The use of hand antimicrobials is cited as a measure available in a concerted
effort to break the chain of transmission of disease.

Formerly USDA provided oversight for the use of hand cleaning and sani-
tizing products for meat and poultry processing plants [60]. However, products
were only authorized by USDA if they were labeled for use in an inspected
facility [59]. Many antimicrobial products intended for use by foodworkers in
restaurants, hotels, schools, hospitals, and grocery stores were not considered for
or required to have USDA authorization. As USDA discontinued the program in
1998, the HCCM offers a framework for regulation of this diverse group of prod-
uct forms and use scenarios.

The cause of foodborne illness is widely recognized to be infection by
pathogenic microorganisms [61]. Although preventable, no segment of the popu-
lation is immune to the acute gastroenteritis caused by these pathogens. The exact
symptoms of food poisoning vary but may include vomiting, diarrhea, abdominal
pain, and fever and progress to the more severe blood clotting abnormalities,
arthritis, kidney failure, autoimmune disorders, and death [62].

As the U.S. population ages and the proportion of immunosuppressed indi-
viduals continues to rise, the risk of foodborne illness will become an even greater
threat [5]. This reinforces the need to prevent contamination of the nation’s food
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supply. The bacterial organisms typically responsible for food poisoning are
spread fecal-(food)-orally. The contamination may occur through an employee’s
hands transferring the contaminating organisms from raw food to noncontami-
nated food or prepared/cooked food, which is then consumed [63,64]. Bryan and
Doyle reported findings from investigations of two poultry-processing facilities:
‘‘[s]almonellae of the same serovars that were on incoming carcasses were found
on 30% of hands, 38% of rubber gloves, and 31% of wire gloves of workers’’
[33]. Microbial contamination may rapidly grow out of control when combined
with poor refrigeration, inappropriate storage, or improperly sanitized equipment.

Bacterial food poisoning may be caused in two ways: either by the direct
presence of bacteria in consumed food or by the production of a toxin that remains
in the food. The organisms primarily responsible for toxins are S. aureus, Bacillus
cereus, Clostridium botulinum, Clostridium perfringens, and Vibrio cholera.
Those primarily responsible for direct infection include Salmonella spp., Shigella
spp., Campylobacter jejuni, E. coli, Listeria monocytogenes, Vibrio spp., and
Yersinia enterocolitica. These organisms may be transiently acquired from the
soil, air, water, raw foods, hard surfaces, animals, or other contaminated food.
They may also represent normal skin inhabitants. With the organisms that pro-
duce toxins, it is even more important to prevent their initial contact with food,
since the bacteria may be killed by cooking while the toxin remains to affect the
unsuspecting consumer [33,65].

The most well-known and frequently diagnosed foodborne pathogen in the
United States is Salmonella. Some reports indicate that 25–64% of broiler chick-
ens in the United States are contaminated with this organism [67]. Typically
responsible for a short-lived gastroenteritis, which may be life-threatening in
high-risk populations (elderly, children, immunosuppressed individuals), the in-
fection may turn deadly if it enters the blood stream [62,68].

The CDC has released data derived from a composite review of several
national surveillance systems [5]. These figures indicate that 7–33 million cases
of foodborne illnesses occur each year, resulting in 7,000–10,000 deaths. The
figures indicate that 17% of these deaths involve meat/poultry products contami-
nated by pathogenic microorganisms. These deaths are preventable with the ap-
propriate precautions, including proper handwashing with an efficacious product.
These numbers are suspected to be inaccurately low due to the voluntary nature
of the programs and the innumerable cases that go undiagnosed and unreported.

Some estimates report that 70% of foodborne illnesses occur due to restau-
rant incidents and 20% occur due to home food preparation incidents. The CDC
reports that 20–30% of food-poisoning incidents are the direct result of consumer
mishandling of food [69]. With the dramatic increase in the number of restaurants
and their popularity in our society, this rate is expected to continue to rise.

Our risk of exposure due to cultural and societal changes is increasing.
This, coupled with the aging of the population and the increase in the percentage
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of immunocompromised citizens, contributes to the risk of foodborne illness.
Bean et al. reviewed cases of foodborne disease outbreaks reported to the CDC
[4]. These are cases from food service rather than food production. The article
states: ‘‘[f]or each year from 1983 to 1987, the most commonly reported food
preparation practice was improper storage or holding temperature, followed by
poor personal hygiene of the foodhandler.’’ They report that, of 127 total reports
of bacterial incidents in 1983, 13.4% concluded poor personal hygiene was a
contributing factor. The reports also noted from 1983 to 1987 that approximately
25% of cases were in the home, 32% in restaurants, 5% in schools, and 3% in
churches [4].

Restaino and Wind provide a survey addressing antimicrobial effectiveness
of handwashing for food establishments [70]. They conclude that washing re-
duces the number of viable organisms remaining (that would be available to con-
taminate handled food) and that use of an E2 (USDA antimicrobial wash cate-
gory) level product produces a measurably greater reduction as compared to
washing with plain soap. From this understanding of the hand-to-food transmis-
sion risks, the model offers specific test methodology to elucidate the minimum
performance characteristics.

E. Healthcare Personnel Handwash

Transmission is defined as the conveyance of disease from one person to another.
The transfer of transient bacteria via hands is recognized as a factor in the spread
of disease [71,72]. Nosocomial infections represent major sources of morbidity
and mortality for hospitalized patients and constitute a serious public health prob-
lem. These hospital-acquired infections add significantly to the impact of the
underlying diseases alone. The most complete study to date of the incidence of
nosocomial infection rates in the United States was the Study of the Efficacy of
Nosocomial Infection Control (SENIC) Project conducted by the CDC [73]. This
study covered patients hospitalized during 1970 and 1975–76. SENIC Project
estimates of the incidence of nosocomial infection rates at 6449 acute care hospi-
tals in the United States for the period 1975–76 were 5.7 infections per 100
admissions, 7.18 per 1000 patient-days, and over 2 million total for a 12-month
period. The same study estimated that the total rate of infection in 1983, including
nursing homes, could approach 4 million cases per year and that related deaths
placed nosocomial infections among the top 10 causes of death in the United
States. The epidemiology of nosocomial infections has been affected by the intro-
duction of the prospective payment system, which changed the economic basis
of U.S. healthcare delivery [74]. Patients admitted to hospitals today tend to be
more seriously ill or require sophisticated and, sometimes, high-risk procedures
only suitable for inpatients. They are also usually discharged earlier, and care is
often continued at home or in nursing facilities.
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The sites of nosocomial infection are diverse, and microorganisms transmit-
ted on the hands of healthcare workers may cause infection at these sites. The
extensive contact that patients have with healthcare workers and the high concen-
tration of organisms often present in wound drainage, catheter drainage bags,
urine, and feces makes them efficient disseminators of these flora, often to the
hands of the healthcare workers. Studies have shown that the major reservoir of
nosocomial infection in the hospital is the infected or colonized patient, and the
primary mode of transmission of organisms between patients is on the hands
of medical personnel [75]. Carriage of microorganisms on the hands has been
implicated in numerous nosocomial outbreaks [71]. Most transmittable infections
are transmitted by the hands of healthcare workers [76].

The importance of handwashing by medical personnel in the prevention
of nosocomial infections was recognized over 100 years ago [2]. The literature
concerning a causal link between handwashing and infection has been extensively
reviewed by Larson and coworkers [32,33,77]. Today, handwashing to remove
transient organisms acquired from patients or the environment and to prevent
cross-infection is generally regarded as one of the most fundamental infection-
control practices. Use of antimicrobial handwash products within this context is
similarly widely established. Several agencies and organizations have published
guidelines and standards regarding the use of topical antimicrobial products for
skin hygiene. These include the Association for Professionals in Infection Control
and Epidemiology (APIC) [78], the CDC [79], and the Association of Operating
Room Nurses (AORN) [80]. In general, these organizations propose a similar
approach to selection and use of antiseptic handwash products based upon infec-
tion control considerations.

Antimicrobial handwash products for use in the healthcare setting have
been routinely and widely available for decades. The history of these products
can be followed by examination of the evolution of active ingredients, regulatory
practice, and clinical standards. The modern use of antimicrobial healthcare per-
sonnel handwash products has been said to have begun with the use of hexachlo-
rophene following World War II. The decline in the use of hexachlorophene led
to the proposal and use of a number of alternate active ingredients for healthcare
personnel hand antisepsis. These included para-chloro-meta-xylenol (chloroxy-
lenol, or PCMX), triclosan, iodine and iodophors, alcohol, triclocarban, tribrom-
salan, cloflucarban, and others. Chlorhexidine gluconate (CHG) was widely used
in Europe and Canada and was introduced in the United States in the mid-1970s.

Healthcare personnel handwashes on the market today are predominantly
liquid detergent formulations with sufficient active antimicrobial ingredient levels
to achieve targeted organism reductions in both in vitro and in vivo tests as speci-
fied in the 1978 TFM. The most commonly used active ingredients are PCMX
(0.24–3.75%) and triclosan (up to 1%) [58]. Formulations are typically optimized
systems rather than plain soap to which an antimicrobial agent has been added.
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The trend in formulation of these products is toward low irritating systems using
mild surfactants, emollients, and moisturizers. Contrary to popular belief, antisep-
tics are not necessarily more irritating to the skin than plain soaps [81,82].

The distinguishing characteristics of a healthcare personnel handwash/anti-
septic focus on its intended use as a fast-acting, broad-spectrum antimicrobial
antiseptic designed for rapid removal and/or kill of transient skin microorganisms
encountered in a healthcare setting. These products are designed for very frequent
use, up to 50–100 times per workday. A persistent antimicrobial effect is a desir-
able characteristic but is not necessary since these products are used frequently
throughout the day.

F. Surgical Products: Preoperative Skin Preparations
and Surgical Scrubs

The definitive role of antimicrobial surgical scrubs and preoperative preparations
in reducing nosocomial infections has been consistently debated over the past 50
years. The nature of the relationship is a complex interaction that comprises the
condition of the patient, the transient and resident flora of the patient, the op-
erating room (OR) team, the sterility of the devices involved, and other factors
[71].

The hazardous microorganisms are primarily derived from the patient’s
own resident flora. In addition, patients in medical environments are frequently
exposed to a wider variety of pathogens and potentially more antibiotic-resistant
organisms than the general population.

During invasive procedures, the primary barrier function of skin is signifi-
cantly compromised. Examples of invasive procedures include surgery, catheter-
ization, and injection. There are a variety of situational risks associated with
invasive medical procedures [77]. For example, incisions into the skin during
surgery and placement of IV and other catheters provide the greatest risk of infec-
tion, while a lesser risk is realized during injection. The degree of effectiveness
of the products should be related to the severity of the risk of infection within
the use situation.

The 1994 TFM defined a patient preoperative preparation to be ‘‘fast-act-
ing, broad spectrum, and persistent antiseptic-containing preparation that signifi-
cantly reduces the number of microorganisms on intact skin.’’ The purpose of
surgical scrubs and preoperative skin preparations are similar [85]. Lowbury em-
phasized that ‘‘skin disinfection’’ eliminates the transient microorganisms and
reduces or kills the resident flora at the operative site [83]. A preoperative product
remains on the skin to offer antimicrobial protection during the procedure and
may be used to postoperatively cleanse the wound.

Current surgical scrub formulations typically contain the following active
ingredients: chlorhexidine gluconate, chloroxylenol, hexachlorophene, triclosan,



Classification and Regulation of Topical Antimicrobial Products 63

iodophors, and alcohol. Active ingredients found in preoperative preparations are
commonly formulated with chlorhexidine gluconate, iodine, alcohol, and iodo-
phors [78,84]. Although not covered under the current monograph, many new
products are now available which may prove to aid in the prevention of wound
infections when used in combination with the preoperative preparation.

In 1994, Larson put aside the controversy of definitively proving the infec-
tion prevention benefit of topical antimicrobial soaps and refocused attention in
a practical direction. She stated, ‘‘Although a definitive, double-blind clinical
trial of the effects of handwashing with an antiseptic product on nosocomial infec-
tion rates may not be feasible, it appears that, at least in certain high-risk situa-
tions, such antimicrobial products are beneficial. Two major dilemmas facing
Infection Control Practitioners in healthcare settings today, however, are when
to use antiseptic agents and which agents to use’’ [78].

The 1994 TFM defined a surgical scrub as ‘‘an antiseptic containing prepa-
ration that significantly reduces the number of microorganisms on intact skin; it
is broad spectrum, fast acting, and persistent’’ [58]. AORN states that the purpose
of the scrub is to ‘‘[r]emove debris and transient microorganisms from the nails,
hands, and forearms; reduce the resident microbial count to a minimum; and
inhibit rapid rebound growth of microorganisms’’ [85].

The nature of the use pattern of these products results in this category hold-
ing a high risk of infection for the patient; however, the category risk is of limited
scope due to the small percentage of the population who require surgery. The
Association of Operating Room Nurses has published practices that address when
to use surgical scrubs and preoperative preparations [85].

V. EFFECTIVENESS TEST METHODS

The purpose of surrogate endpoint test methods within this public health frame-
work is to demonstrate that a product is efficacious in reducing risks of infection
or acquisition of disease within a given situation. As such, the methods must
address the key performance criteria for the product under conditions that simu-
late use situation(s). The key performance parameter for topical antimicrobial
products is effectiveness against a spectrum of bacteria representative of those
encountered in the targeted situations. Depending on the situation and task, speed
of action and residual activity may also be key parameters.

In an OTC monograph, the characterization of an active ingredient is car-
ried out prior to finalization of the monograph. Minimum inhibitory concentration
(MIC) testing and other methods are used to determine the spectrum of antimicro-
bial activity. As a consequence, testing of an active ingredient to determine its
spectrum of activity in a formulation should not be necessary



64 Fischler et al.

Several general principles can serve as guidance for determining appro-
priate test methods.

Standardized, defined, and peer-reviewed test methodologies ensure reli-
ability, reproducibility and comparability of test results.

Appropriate methods should duplicate or simulate actual use conditions,
present a minimum of hazard to investigator and subject, be reasonably
economical, and be flexible enough to handle a variety of product forms.

Antimicrobial test methods should also utilize a reliable supply of standard-
ized microorganisms.

In situations where product form or ingredients interfere with a method,
use of an equivalent method should be allowed provided it meets the
general guidelines embodied in the original test method.

ASTM (American Society for Testing and Materials) methods are proposed
for testing because they embody the above principles. Use of ASTM procedures
ensures that periodic peer review of the methods will maintain their validity,
currency, and reproducibility.

To be consistent with an ingredient-based monograph approach, a regimen
incorporating both in vitro and in vivo tests is used to demonstrate the speed of
action and spectrum of activity of a final formulation and its ability to meet the
effectiveness criteria to support product claims and indications. The monograph
criteria should correspond to a reduction in risk in a given situation.

An active ingredient listed in an OTC monograph as effective and safe
(category I) has had the breadth of its efficacy attributes established during the
formal drug review process. Therefore, when such ingredients are used in product
formulations, only limited testing is needed to confirm the level of effectiveness
of the ingredient at the use concentration and to assess the impacts of other ingre-
dients in the formulation on its effectiveness. Supplemental methods may be used
to demonstrate attributes to support other truthful and not misleading statements,
not necessarily indications or label claims.

To demonstrate the speed of action and spectrum of activity of a final for-
mulation, an in vitro time-kill methodology is used. This is a suspension test
method that demonstrates that there is a reasonable expectation of antimicrobial
activity within a time frame that is relevant to the use situation for that product.

Specific in vivo tests are performed on final formulations in order to support
specific indications. The surrogate endpoint effectiveness criteria proposed for
these tests should be correlated to clinical performance, where possible, or statis-
tical risk models. The criteria should reflect the severity of the risk associated
with the performance of the task.
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A. Reduction of Transmission Primarily to Oneself
(Bodywash)

In vivo testing to support indications for products used to reduce the incidence
of minor skin infection must demonstrate either: activity against resident organ-
isms to reduce their numbers to a specified level or the maintenance of bacterial
levels remaining after washing to below initial levels. If a decrease in transient
skin microorganisms from the gut that are left on the hands after washing is
claimed, activity against transient organisms down to effective levels must be
demonstrated. The surrogate criteria are based on data from either clinical studies,
or microbial risk modeling.

In most cases, criteria for these products will overlap with the criteria for
products that interrupt transmission between individuals, and the methodology
and efficacy criteria should be the same. Appropriate methods include ASTM
E1174 (the Healthcare Personnel Handwash test), the Cade method, and the Cup
Scrub. Persistent activity could be demonstrated using the same methods.

B. Reduction of Transmission Between Individuals/
Fomites (Handwash)

In vivo testing must demonstrate that the drug product reduces the number of
transient organisms. The effect should be immediate and greater than or equal
to surrogate reduction criteria in order to support indications that the use of a
product reduces transient organisms on the hand. Efficacy criteria should be re-
flective of the risks encountered in various settings. They are based on clinical
or risk modeling data from studies that look at these specific scenarios. The
method of primary utility is ASTM E1174, the Healthcare Personnel Handwash
Method. This method allows for evaluation of various product forms and uses,
including waterless products. This method is flexible enough to allow the prod-
ucts to be tested under use conditions specified on the label.

In cases where activity against transient and resident flora on the hands
needs to be demonstrated, ASTM E1874, the Cup Scrub method, would be appro-
priate in addition to E1174.

C. Reduction of Transmission During Presurgical/
Surgical, Preinjection Procedures (Surgical Scrub,
Preop Prep)

In vivo testing must demonstrate the immediate and significant reduction of the
resident and transient flora, reflective of the highest potential for acquisition of
disease, and the increased risk associated with breaching the skin barrier. In some
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cases residual activity over a period of hours should also be demonstrated. ASTM
E1173, the Preoperative Preparation method, can be used to demonstrate the in
vivo activity of products labeled for preoperative skin preparations and for injec-
tion site preparation as well. This method samples primarily resident flora using
the Cup Scrub technique. It is flexible to allow evaluation of various product
forms under conditions of use. Substantiation of residual activity against resident
bacteria can also be demonstrated with this method. In cases where immediate
and persistent activity against transient and resident flora on the hands needs to
be demonstrated, ASTM E1115, the Surgical Scrub method would be appropriate.

VI. SUMMARY

The six categories proposed in the Healthcare Continuum Model illustrate the
underlying principles of defining performance attributes following a thorough
understanding of the use pattern, user population, and microbiology. Any model
as complex and detailed as the HCCM answers many old questions while stimu-
lating new questions: Are other use patterns in practice that should be included?
Should certain categories be combined or refined? Are there additional details
concerning the use patterns that need to be addressed? Should additional attri-
butes and test methodology be considered? The regulation of topical antimicro-
bial products remains a work in progress. The HCCM offers a flexible system
to quickly define additional categories to meet the challenges of emerging disease
and technology. We have pointed out only a few of the obvious questions that
remain and restated the need for a flexible, cohesive regulatory framework.
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Part II
Topical Antimicrobials

In Part II, we discuss various aspects of the topical antimicrobial products
currently in common use in the medical, food service, and consumer (personal
hygiene) markets. The antimicrobial products of primary interest include iodine
complexes (aqueous iodophors and tinctures), aqueous formulations and tinctures
of chlorhexidine gluconate, triclosan, and parachlorometaxylenol, alcohol formu-
lations, and quaternary ammonium products. Let us review some general aspects
of these topical antimicrobials.

I. IODINE COMPLEXES

Iodine in its pure form is relatively insoluble in water without a solubilizing
agent, but it dissolves well in various alcohols to provide an iodine tincture.
Tinctures of iodine are used primarily as antiseptics.

By far the most common form of iodine for use as a topical antimicrobial
is the iodophor. Iodophors, complexes of elemental iodine (tri-iodine) linked to
a carrier, have several advantages: (1) greater solubility in aqueous solution than
elemental iodine, (2) sustained release reservoir for the iodine, and (3) reduced
equilibrium concentrations of free elemental iodine.

The most commonly used iodophor is povidone iodine, a compound of 1-
vinyl-2-pyrrolidinone polymer with available iodine ranging between 9 and 12%.

Iodophors and tinctures of iodine provide excellent immediate antimicro-
bial action against a broad range of viruses, both gram-positive and gram-negative
bacteria, fungi, and various protozoa. In fact, almost all important human disease
microorganisms, including enteric bacteria, enteric viruses, protozoan trophozo-
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ites and cysts, mycobacteria, spores of Bacillus spp., and Clostridium spp. and
many fungal species are susceptible to free iodine. It should be noted, however,
that exposure times and concentrations of available iodine required vary from
microorganism to microorganism.

In topical application to skin surfaces (e.g., hands and body surfaces in the
inguinal, abdominal, anterior cubital, subclavian, and femoral regions), iodophors
and tinctures of iodine providing at least 1% available iodine demonstrate effec-
tive immediate and persistent antimicrobial properties.

II. CHLORHEXIDINE GLUCONATE

Chlorhexidine gluconate (CHG) was first synthesized in 1950 by ICI Pharmaceu-
tical in England. CHG has high levels of antimicrobial activity against a wide
variety of microorganism species but relatively low levels of toxicity to mamma-
lian cells. Additionally, CHG has a strong affinity for skin and mucous mem-
branes. As a result, CHG has been used as a topical antimicrobial for wounds, skin
prepping, and mucous membranes (especially in dentistry), where it provides, by
virtue of its proclivity for binding to the tissues, time-extended antimicrobial
properties. CHG also has value as a product preservative, including ophthalmic
solutions, and as a disinfectant of medical instruments and hard surfaces.

The antimicrobial activity of CHG is pH dependent, with an optimal use
range of 5.5–7.0, a nice match with the body’s usual range of pH. The relationship
between antimicrobial effectiveness of CHG and pH varies with the microorgan-
ism, however. For example, its antimicrobial activity against Staphylococcus
aureus and Escherichia coli increases with an increase in pH, but the reverse is
true for Pseudomonas aeruginosa.

Currently, there is much interest in alcohol tinctures of CHG. These
alcohol/CHG products may prove to be highly effective for use as preoperative
skin preps, surgical scrubs and healthcare personnel handwash formulations.
Additionally, tincture of CHG may be useful both as a preinjection and an
arterial/venous catheterization prep. Preparations of alcohol/CHG combine the
excellent immediate antimicrobial properties of alcohol with the persistence prop-
erties of CHG to provide a clinical performance superior to either alcohol or
CHG alone.

III. PARACHLOROMETAXYLENOL

Parachlorometaxylenol (PCMX) is one of the oldest antimicrobial compounds in
use, dating back to 1913. It has not been widely used as a surgical or presurgical
skin preparation because of its relatively low antimicrobial efficacy.
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The initial evaluations from the FDA listed PCMX as a Category III prod-
uct, meaning that there were not enough data to recognize it as both safe and
effective as a topical antimicrobial. Because of this, it has not been extensively
used in products for medical applications, such as surgical hand scrubs, preopera-
tive skin preparations, or healthcare personnel handwash formulations.

A number of studies conducted since 1980 have demonstrated PCMX to be
relatively safe for human use. After this determination, the number of companies
interested in developing PCMX for use in a topical antimicrobial product has
increased, and recent studies have shown PCMX to be an effective antimicrobial
compound.

Current over-the-counter PCMX formulations demonstrate varying degrees
of antimicrobial efficacy, depending upon the specific formulation. It is, at this
time, generally agreed that PCMX products provide fair to good antimicrobial
activity. Currently, PCMX products are formulated mainly for healthcare person-
nel handwash applications.

IV. ALCOHOLS

There is considerable debate concerning the antimicrobial effectiveness of alco-
hol used as a skin antiseptic. The antimicrobial efficacy of alcohol is highly de-
pendent upon the concentration used, as well as the moisture level of the micro-
bial environment treated. The short-chain, monovalent alcohols—ethanol and
isopropanol—are probably the most effective for skin disinfection, because they
are highly miscible with water, have low skin toxicity and allergenic potential,
are fast-acting and are microbicidal, as opposed to microbiostatic.

The microbicidal activity of the alcohols relative to microorganisms is
largely a function of their ability to coagulate cellular proteins. Protein coagula-
tion takes place on the cell wall and the cytoplasmic membrane, as well as among
the various plasma proteins. The literature suggests, however, that microbicidal
effects of alcohols are, too, a result of their leaching effects on lipids.

Alcohols generally are inactive against bacterial spores. And, although
there is much debate in the literature concerning the efficacy of alcohols against
viruses, there appears to be general agreement that enveloped, lipophilic viruses
are more susceptible to inactivation by alcohols than are ‘‘non-enveloped’’ vi-
ruses. Lastly, the fungicidal properties of alcohols vary among fungal species,
but, in general, alcohols demonstrate a relatively high degree of mycidal/-static
activity.

Although alcohols, as topical skin disinfectants, provide excellent immedi-
ate antimicrobial activity, they show little persistent activity. Once dried on the
skin surfaces, antimicrobial effects of an alcohol have ended. Hence, their value
as surgical hand scrub formulations and preoperative skin preparations where
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persistent antimicrobial properties are important, has been repeatedly challenged.
On the other hand, alcohols have been shown to provide adequate antimicrobial
results as healthcare personnel handwashes or preinjection skin preparations in
removing or killing transient microorganisms.

V. TRICLOSAN

Triclosan, like PCMX, provides varying degrees of antimicrobial efficacy, de-
pending upon the specific formulation and the species of challenge microorgan-
isms. Triclosan has been formulated for a wide range of applications and is cur-
rently used in healthcare personnel handwash formulations, in the food industry
in handwash products for food handlers, and extensively in consumer product
lines, including hand soaps, shower gels, and body cleansers. Triclosan, like
PCMX, provides fair to immediate antimicrobial action.

VI. QUATERNARY AMMONIUM COMPOUNDS

Quaternary ammonium chlorides (QACs) occupy a unique niche in the world of
antimicrobial compounds. Rather than being a single, well-defined substance, as
is the case for many antimicrobially active ingredients, QACs are composed of a
diverse, eclectic collection of substances that share a common molecular structure
containing a positively charged nitrogen atom covalently bonded to four carbon
atoms. This carbon/nitrogen structure is responsible for the name of these antimi-
crobial compounds and also plays a dominant role in determining their chemical
behavior.

The first reports of quaternary ammonium compounds with biocidal activity
appeared in 1916. Since that time, QACs have grown in popularity and been
utilized extensively as active ingredients in many types of products, including
household cleaners, institutional disinfectants, skin and hair care formulations,
sanitizers, sterilizing solutions for medical instruments, preservatives in eye drops
and nasal sprays, mouthwashes, and even in paper processing and wood preserva-
tives. As a group, QACs are effective across a broad spectrum of microorganisms,
including bacteria, certain molds and yeasts, and viruses. However, the specific
activity of QACs is as diverse as their range of chemical structures. QAC antimi-
crobial effectiveness is highly formulation dependent, because a variety of com-
pounds may affect QAC activity. Some components reduce the QAC efficiency,
while others may synergize their activity or expand the spectrum of affected
microorganisms. This fact has led to some confusion and apparent contradiction
in the published literature as to the actual effectiveness of QACs in their role as
antimicrobials.
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In addition to their antimicrobial activity, QACs also behave as surfactants,
assisting with foam development and cleansing action. They are also attracted
to the skin and hair, where small amounts remain bound after rinsing. This con-
tributes to a soft, powdery feel to the skin, unique hair-conditioning effects, and
long-lasting, persistent activity against microorganisms. These various attributes
and multifunctional roles of QACs appeal to formulators and are responsible for
their incorporation into many consumer products.
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I. ANTISEPSIS AND THE DEVELOPMENT OF IODINE
ANTIMICROBIALS

Antisepsis has its roots in an ancient effort to prevent food spoilage. Smoking
of meats, a process that inhibited bacterial-mediated suppuration, was effective
because creosote and other phenols inhibited bacterial and fungal growth. For
centuries preceding the development of the germ theory of disease and recogni-
tion of the pathogenicity of bacteria and other microbial organisms, chemical
treatment of wounds had been employed empirically to control suppuration. The
early uses of acidic solutions such as wine and vinegar and halogenated com-
pounds containing chlorine (bleaches) and iodine were empiric additions to
wound dressings for preventing tissue decay. Many germicidal solutions were in
clinical use centuries before microorganisms were discovered and subsequently
recognized to negatively impact surgical outcomes and wound healing. When
Lister recognized the biological roles of microbes in causing destruction of hu-
man tissue in wounds, it was a brief step to using antiseptics, beginning with
phenol, for the treatment of hands, surgical instruments, and patient skin. Because
the demonstration that sanitization of inert materials used for invasive procedures
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and aseptic surgical technique greatly improved clinical outcomes, clinicians
have come to recognize that a critical component of wound care is infection
control.

Skin and mucosal surfaces are normally coated with commensal organisms.
Preventing the transition from microbial colonization, a normal state of skin,
respiratory, and gastrointestinal surfaces, to microbial infection is important for
successful healing of wounds and avoiding systemic illness. It is generally ac-
cepted that optimal healing occurs when bacterial counts are no greater than 105

per gram of tissue [1]. Under normal healthy circumstances this limit is easily
maintained by the physical characteristics of skin and the immune system.
Wounds, in contrast, have a damaged surface layer in contact with commensal
microorganisms and often have an impaired vascular supply such that healing is
suboptimal and infection control is inefficient. Infections that develop in chronic
wounds such as ulcers are notoriously difficult to eradicate. Under these circum-
stances, the general objective of antiseptic therapy is to maintain control of micro-
bial activity by preventing microbial overgrowth; complete sterilization is neither
necessary nor practical. The goal of wound treatment with antiseptics is to de-
crease the rate and severity of wound infections while maintaining optimal wound
healing. The two processes are clearly linked, as infected wounds commonly
exhibit impaired healing due to the deleterious effects of bacterial products on
regenerating tissue.

Antiseptics are chemical agents that oppose suppuration and decay of living
tissue by killing offending microbes. Their clinical utility comes from their differ-
ential activity in killing microorganisms without greatly damaging host cells. The
general properties desired in an antiseptic include broad, potent antimicrobial
action with an ability to effectively penetrate necrotic tissue and eschar. Antisep-
tic therapy should not result in antimicrobial resistance, should not sensitize skin,
and should be nontoxic locally and systemically. A vast array of efficacious anti-
microbial compounds can exhibit some or all of these characteristics and has
been used clinically. These agents broadly include alcohols, boric and other acids,
carbolic acid and other phenols, mercury and other heavy metals, furans, hydro-
gen peroxide and other oxidizing agents, surfactants, and halogenated compounds
containing chlorine and iodine. Of these, iodine-containing solutions in particular
have retained popularity because of their high degree of efficacy while causing
minimal pain, stinging, or irritation [2,3].

Tincture of iodine was developed as an antiseptic early in the nineteenth
century and was employed to treat wounds during the Civil War. However, this
form of iodine was found to be quite unstable and overly reactive. Early problems
with elemental iodine, including stinging and irritation, allergic/anaphylactic re-
actions, low solubility, volatility, and poor absorption into tissue, were subse-
quently improved by complexing iodine with solubilizing agents.
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Figure 1 The structure of povidone-iodine.

II. THE BIOCHEMISTRY OF POVIDONE-IODINE

Povidone-iodine (Betadine® preparation, PVP-I) is a noncovalent complex (Fig.
1), formed by heating, between iodine and polyvinylpyrrolidone (povidone), a
synthetic high molecular weight polymer used previously as a plasma expander,
suspending agent, drug vehicle, and tableting aid. Povidone is a polymer that
binds iodine fairly tightly, acting as an iodine-solubilizing carrier that gradually
liberates free inorganic iodine in solution to skin and mucous membranes. The
microbicidal effect in this complex is due to iodine; polyvinylpyrrolidone alone
has no antibacterial activity [4]. Several buffered aqueous solutions of PVP-I
have been developed for a variety of indications. Preparations containing 10%
PVP-I typically yield 1% available iodine. Due to iodine complexing with povi-

Table 1 Properties of PVP-I as an Antimicrobial

Desired property PVP-I characteristics

Broad antimicrobial efficacy Broad-spectrum microbicide: kills bacteria includ-
ing antibiotic-resistant strains, fungi, mycobac-
teria, viruses, spores, and protozoa

Rapid and long-lasting activity Kills nearly all bacteria within seconds, more re-
sistant microorganisms within minutes; antimi-
crobial activity persists on skin for hours

Rare development of microbial Intrinsic resistance to PVP-I is extremely rare; no
resistance evidence that prolonged use generates re-

sistance
Good local tolerability Iodine in the form of PVP-I is not painful or irri-

tating, and does not sting; wound healing gener-
ally is not adversely affected

Well tolerated systemically Although well tolerated, elevated blood iodine lev-
els have been reported
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done, PVP-I retains high antimicrobial capacity yet is comparatively more stable
and less reactive than tincture of iodine, allowing iodine to be successfully used
on skin surfaces without irritation or sensitization and on mucosal surfaces such
as the oral cavity [5]. PVP-I is used in medical settings as a prophylactic and
therapeutic antimicrobial, as well as a disinfectant [6]. Due to its effectiveness
and general safety, PVP-I has been classified as category I (generally recognized
as safe and effective and not misbranded) by the U.S. Food and Drug Administra-
tion (FDA) for uses both as a first aid antiseptic and also as a topical antiseptic for
use in surgical hand scrub, patient preoperative skin preparation, and antiseptic
handwash of healthcare professionals [7]. A summary of the properties of PVP-
I in relation to desired characteristics for a topical antiseptic is presented in Table
1; each topic is discussed in depth in this chapter.

III. MECHANISM OF ACTION OF PVP-I AS AN
ANTIMICROBIAL

Elemental iodine is rapidly lethal (microbicidal) to bacteria, fungi, viruses, and
protozoa. In the absence of other organic matter that could compete for iodine
binding, iodine solution can kill most microorganisms within seconds and rare,
partially resistant organisms within minutes. PVP-I maintains a long duration of
antimicrobial action because of slow, continuous iodine release [8]. Binding to
organic matter is for the most part noncovalent, such that iodine later becomes
released and antimicrobial activity, though delayed, is not greatly diminished.
Iodine in commercial products is in great excess as an antimicrobial, thus pro-
tecting efficacy by means of mass action. In direct contrast to treatment with
antibiotics, microorganisms are not known to develop tolerance or resistance to
PVP-I.

Once released from PVP, elemental iodine has several forms in aqueous
solution, with the most effective microbicidal forms being molecular I2 and
hypoiodous acid (HOI) [9]. In these forms, iodine is highly reactive with sur-
rounding organisms via its strong oxidizing effects on functional groups of amino
acids, nucleotides, and fatty acids [10]. Particularly susceptible are -NH groups
of basic amino acids (lysine, arginine, histidine) and nucleotides, -SH groups of
the amino acid cysteine, phenol groups of tyrosine, and double bonds of unsatu-
rated fatty acids. Interaction of iodine with these groups in a cell results in rapid
partitioning and disintegration of the cytoplasm, enzyme denaturation, pro-
nounced coagulation of chromosomal material leading to nuclear denaturation,
membrane pore forming and other loss of integrity in the bacterial cell membrane
and fungal cell wall, and widespread loss of cytosolic material. Despite cell wall
structural damage, most cells do not undergo lysis or rupture. The physicochemi-
cal rather than a biological mechanism of action may explain why PVP-I does
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not generate resistance in microorganisms [11]. PVP-I damages isolated cells
more efficiently than cell clusters, in part explaining the high microbicidal activity
of PVP-1 in the absence of significant host tissue injury [12].

IV. FORMULATIONS OF PVP-I

PVP-I (Betadine® preparation, Purdue Frederick Company; Massengill Medi-
cated Douche®, SmithKline Beecham; Persist®, Becton Dickinson; DuraPrep®,
3M; CURlTY®, Kendall) is an aqueous solution that comes formulated with a
variety of detergents, emulsifiers, surfactants, and moisturizers, depending upon
the clinical use. PVP-I can be applied via short soaks or repeated applications
as free solutions. Available formulations of PVP-1 include those listed in Table
2.

V. SPECTRUM OF ANTIMICROBIAL ACTIVITY

The broad categories of microorganisms that are effectively killed by PVP-I in-
clude bacteria, fungi, viruses, and protozoa (Table 3) [13–22]. PVP-I kills both
growing species and their frequently inactive spores. PVP-I is active against the
broad diversity of microbial species that can contaminate surgical and chronic
wounds (it is similarly effective against gram-negative and gram-positive and
aerobic and anaerobic bacteria). Ranging from ‘‘bothersome’’ organisms such
as fungi associated with athlete’s foot to potentially lethal organisms such as
hemolytic bacteria, Mycobacterium tuberculosis, and HIV, the spectrum of PVP-
I activity is that of a broad-spectrum antimicrobial. As described in more detail
below, iodine-containing solutions such as PVP-I have efficacy against clinically
and epidemiologically significant new pathogens such as the methicillin-resistant
and vancomycin-resistant bacteria that are common in the hospital setting. Com-
pared to bacteriostatic antimicrobials, PVP-I is typically much more rapidly ac-
tive (kills most organisms within seconds) and has a much wider activity profile.
PVP-I is potent and results in relatively prolonged decontamination of skin due
to residual activity lasting several hours [8,9].

VI. CLINICAL USES OF PVP-I, GENERAL
CONSIDERATIONS

PVP-I is approved by FDA for hospital use in antiseptic handwashing of health-
care personnel, preoperative skin decontamination, and as a surgical hand scrub.
PVP-I is also approved for consumer use as a first aid preparation to reduce the
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chance of infection in minor cuts, scrapes, and burns. Other extended uses for
Betadine® PVP-I preparations are described in Table 2. Off-label uses are spe-
cifically not recommended because of either lack of documented efficacy or unac-
ceptable side effects. Use of PVP-I for irrigation of the gastrointestinal tract or
joint spaces is not recommended because efficacy in these settings has not been
demonstrated. Use of PVP-I in diluted form is contraindicated so that broad-
spectrum, maximum antimicrobial activity is ensured. Finally, PVP-I should not
be allowed to pool because prolonged contact can produce skin irritation.

An extensive literature describing the clinical utility of PVP-I presents
weight-of-the-evidence support for this antiseptic. Animal studies provided early
clear-cut evidence of efficacy because carefully controlled lesions could be cre-
ated in order to obtain comparable pretreatment groups. PVP-I was shown to
produce bacteriological control of rat wounds (decreased colony counts) with
low-, moderate- and high-virulence organisms [23]. In mice, bacteriological con-
trol was associated with an improved rate of neovascularization [24]; reepitheli-
alization, wound tensile strength, and complete healing time were either normal
[12,15,25] or minimally retarded [24] in a number of animal studies (for review,
see Ref. 26).

In contrast to well-controlled animal experimentation, human randomized
clinical studies typically suffer from problems such as variable inclusion/exclu-
sion criteria and poor comparability of treatment groups in terms of demographic
characteristics, underlying pathologies, treatment interventions, and outcome
measures. Nevertheless, PVP-I has been used for decades in surgical and chronic
care settings. Its longevity reflects a confidence in its universal spectrum of potent
antimicrobial activity, a mechanism of action other than those of antibiotics, and
its generally excellent safety profile. While the earlier clinical literature (1950s–
1980s) established the role of PVP-I for general infection control, the more recent
literature stresses the special uses of this antiseptic for control of the developing
opportunistic pathogens [27]. This is well illustrated by a recent supplement pub-
lication of Dermatology (vol. 195, suppl. 2, 1997) that includes several articles
supportive of the antimicrobial activities and clinical utilities of PVP-I in treating
nosocomial infections, antibiotic-resistant bacteria, and pathogenic viruses. FDA
has formally approved, through a new drug application (NDA) process, specific
products containing antimicrobials indicated for the following usage: preopera-
tive prepping and postoperative preventive cleansing of surgical sites; disinfec-
tion of wounds, decubitus and stasis ulcers, lacerations and abrasions, second-
and third-degree burns, and other skin and mouth infections; and use as a general
infection-control agent for hospital personnel in contact with at-risk patients. Use
of PVP-I in these types of indications is well described in case study reports.

The use of topical antiseptics makes clear intuitive sense based on our
understanding of microbial pathogenesis of human disease. It is generally ac-
cepted that spontaneous healing of wounds, acceptance of skin grafts, and avoid-
ance of systemic toxicity occurs best when bacterial counts are maintained at
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less than 105 per gram of tissue [1]. When this value is exceeded, there is impaired
leukocyte function, deficient reepithelialization, and slowed wound contraction.
While this balance is easily obtained by normal host defenses in healthy individu-
als without damaged skin lesions, bacterial overgrowth is common following
surgical injury to skin and in the setting of chronic cutaneous wounds. Bacteremia
associated with infected decubitus ulcers, a situation in which host defense mech-
anisms are particularly impaired due to poor circulation in the area of the ulcer
and the often debilitated state of the patient, can result in sepsis conditions with
as high as 55% mortality [28]. Chronicity of infection can also lead to additional
infectious complications that can be equally difficult to treat, such as osteomyeli-
tis. Whereas wound colonization (without true infection) is not considered an
indication for antimicrobial treatment, the presence of substantial inflammation
and frank infection presents a real risk of developing systemic toxicity that can
prevent successful wound healing and not infrequently be lethal. Wound infec-
tions are commonly polymicrobial, and therefore broad-spectrum empiric control,
as with PVP-I, becomes an advantage. As discussed in the following paragraphs,
the general categories of antiseptic-based therapy include preoperative decontam-
ination, prophylactic disinfection of acute skin lesions, and control of chronic
wound infections.

VII. PVP-I FOR PROPHYLACTIC PREOPERATIVE SKIN
DECONTAMINATION

PVP-I is most commonly used in the surgical setting to ensure preoperative de-
contamination, thus reducing the risk of surgical wound infection. The risk of
operative infection is minimized by decontamination of patient skin surfaces in
the area of the surgical procedure. The intent of such decontamination is to pre-
vent introduction of skin flora into normally sterile sites, e.g., through invasive
surgery, vascular catheter placement, or cerebrospinal space puncture. PVP-I is
able to remove resident bacterial flora and leaves an antimicrobial residue on the
skin capable of removing later transient contaminants. For these indications,
PVP-I surgical scrub with sudsing capacity provided by a detergent and foam
booster produces optimal preoperative decontamination. It has been well estab-
lished that PVP-I surgical scrub (two 2.5-min Scrubs) produces nearly complete
decontamination of surgical sites (98–100%) [29,31].

The recommended procedure for preoperative decontamination with PVP-
I, based on the use of Betadine® Surgical Scrub preparation, is as follows:

Wet area with water
Apply PVP-I scrub (1 mL is sufficient to cover an area of 20–30 square

inches)
Develop lather and scrub thoroughly for 5 minutes
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Rinse off with sterile gauze saturated with water
Paint with PVP-I solution, or spray area with PVP-I aerosol
Allow area to dry for approximately 2 minutes

As a consequence of pre- and perioperative skin decontamination with
PVP-I, the risk of postoperative infection is diminished. PVP-I decreases bacterial
contamination of surgical sites such that incisions predominantly have no bacte-
rial growth [32] and decreases the frequency of positive intraoperative wound
cultures [33]. Postoperative infection rates are low following scrub or spray with
PVP-I [4,34,35]. Surgical procedures involving the gastrointestinal tract are par-
ticularly susceptible to postoperative wound infection because of difficulty in
eradicating gram-negative enteric bacteria even after use of preoperative oral
antibiotics aimed at producing gut sterilization. PVP-I has been shown to be
effective in preventing surgical wound infections in this setting [36] and has been
shown to result in a much shorter postoperative stay (5 fewer days on average),
indirectly suggesting a decreased severity of infection [37]. Finally, PVP-I
mouthwash prior to dental extraction has been shown to reduce the positivity of
gingival cultures and to decrease the extent of bacteremia [38] effects, that can
be of critical importance, especially for patients at risk of endocarditis.

VIII. PVP-I FOR HANDWASHING

PVP-I is extensively used in the surgical setting to provide decontamination of
the hands of operative personnel (surgeons, nurses, and others). PVP-I surgical
scrub produces nearly complete decontamination of hands (98–100%) [29,30,39–
42]. This effect persists for up to 6 hours after PVP-I washing, and an initial
reduction in bacterial counts of 2–3 logs after the first washing can be increased
to an even greater cumulative reduction (�4 logs) after three daily treatments
[42,43]. The recommended procedure for preoperative handwashing with PVP-
I, based on the use of Betadine® Surgical Scrub preparation, is as follows:

Wet area with water
Pour 5 mL PVP-I on the palm of the hand and spread over both hands
Rub scrub thoroughly over all areas for 5 minutes; clean thoroughly under

fingernails; add water to develop copious suds
Rinse thoroughly under running water
Repeat above steps for another 5 minutes

IX. PVP-I AS A PROPHYLACTIC DISINFECTANT OF
SUPERFICIAL ABRASIONS AND LACERATIONS

PVP-I has been used for decades as a disinfectant for superficial skin lesions
such as abrasions and lacerations [2]. Due to the low incidence of quantifiable
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infectious complications in these situations, relatively large studies are required
to objectively determine the true benefit of such prophylactic treatment. In two
such large studies, PVP-I resulted in fewer infections in sutured wounds com-
pared to saline alone [44,45] and compared to topical antibiotics [46]. Combining
smaller prospective study results similarly has demonstrated the efficacy of PVP-
I [47]. The general clinical acceptance of such treatment also is illustrated by
numerous studies that fail to include an untreated control group when comparing
PVP-I with other topical antiseptics. Except in the rare instance of iodine sensitiv-
ity, PVP-I is nonstinging and nonirritating, characteristics that have greatly con-
tributed to its use in prophylactic infection control. In addition to prophylactic
use on skin, PVP-I also is used in preventing infection in the eye. PVP-I was
effective in preventing neonatal conjunctivitis (ophthalmia neonatorum) in one
study, with superior efficacy and less ocular toxicity than alternative prophylactic
treatments with antibiotics or silver nitrate [48].

X. PVP-I FOR MICROBIAL CONTAMINATION CONTROL
OF ULCERS AND BURNS

Wounds such as burns, decubitus ulcers, and stasis ulcers have impaired vascular
supply, localized ischemia, and devitalized tissue, all of which predispose to sec-
ondary infection. Localized wound infection causes pain and discomfort, pro-
longs spontaneous healing time, can prevent satisfactory surgical closures, and
can lead to systemic infection. Bacterial contamination, in particular for decubitus
ulcers, is likely to involve more than simple skin flora as these wounds are often
contaminated by urine and/or feces, especially in the elderly and bedridden. As
complete sterilization in these disorders is neither necessary nor practical, the
goal of antiseptic treatment is to avoid frank infection and risk of sepsis. PVP-
I therapy to exposed granulation tissue after initial debridement of necrotic tissue
dramatically diminishes bacterial colony counts (by several logs) and produces
excellent results for subsequent skin grafting [49]. Time to complete healing in
experimental human wounds is faster in PVP-I–treated wounds than in untreated
wounds, and PVP-I has proven as effective as triple antibiotic ointment in short-
ening deep abrasion reepithelialization time by 25% compared to nontreated con-
trols [17]. Clinical improvement has been demonstrated in a wide variety of types
of ulcers, including venous stasis, arterial, decubitus, and inflammatory (pemphi-
goid) [14,50]. PVP-I–treated ulcers have less leukocytoclastic vasculitis [51],
and patients require amputation for septic complications less often [52].

Treatment of burn patients, similar to the situation with ulcer treatment in
debilitated patients, is particularly difficult because of underlying immune impair-
ment and nutritional deficiencies. Such patients easily make the transition from
lesion colonization to infection and have reduced capacity to reverse sepsis once
it occurs. A review of the experience of over 1500 burn patients treated with



88 Ripa et al.

PVP-I at frequent intervals has demonstrated overall excellent results [53]. Bacte-
rial counts from burn sites in 100 PVP-I–treated patients in this study showed
45% sterility and no cultures above the 105 per gram tissue ‘‘danger limit.’’ Re-
peated, frequent application of PVP-I ointment, which was considered of great
importance in this patient population, was possible because PVP-I was extremely
well tolerated, could penetrate eschar, and minimized drying out of the burns.
This finding has been quantitatively confirmed by the demonstration that success-
ful control of bacterial growth and infection of burns depends directly upon the
frequency of PVP-I application (qid � bid or tid � qd or qod) [54]. Several
studies have shown that PVP-I effectively treats both superficial and deep burns,
maintaining low systemic infection rates, preserving intact eschar, and promoting
timely healing [54–58].

XI. COMPARISON OF PVP-I TO OTHER GENERAL
ANTISEPTICS

PVP-I exhibits a broad array of desirable attributes, including a broad spectrum
of microbicidal action, rapid activity (seconds for full kill), prolonged mainte-
nance of skin sterilization, and minimal skin irritation or sensitization. A variety
of other antiseptics exhibit some, but typically not all, of these attributes. As a
result, PVP-I microbicides are the leading antiseptics in U.S. hospitals today. In
vitro sensitivity studies have established that among antiseptics only PVP-I is
capable of killing all classes of pathogens responsible for nosocomial infections:
gram-positive and gram-negative bacteria, including antibiotic-resistant strains
and some spores (both bacterial and fungal), as well as viruses, fungi, mycobact-
eria, and protozoa.

Today, gram-negative strains comprise over one third of bacteria isolated
from hospital-acquired infections, and some commonly used antiseptics are inef-
fective against these organisms. With regard to in vivo comparative clinical effi-
cacy, most clinical studies with PVP-I have involved either silver compounds,
quaternary ammonium compounds, or chlorhexidine. PVP-I in many comparative
studies shows superior decontamination of hands and surgical sites [29,30,34].
Fingertip cultures taken both before (short-term effect) and after (long-term ef-
fect) surgical procedures demonstrate superior hand sterility attained by PVP-I
[34], greater decreases in bacterial contamination of ulcers [12], superior efficacy
against antibiotic-resistant bacteria such as methicillin-resistant Staphylococcus
aureus [59] and other gram-positive bacteria [42], and greater control of fungal
contaminants such as Candida albicans [12] than the alternative antiseptic(s).

PVP-I also has been reported to give better penetration of eschar [12,60]
and to maintain germicidal activity in the presence of blood, serum, or pus that
is superior to that of several other topical antimicrobials [30]. With regard to the
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potential for microorganisms to develop resistance to antiseptics, a variety of
gram-negative bacteria passaged in vitro and tested at each passage maintained
full susceptibility to PVP-I, whereas they developed resistance to other antimicro-
bials [61]. Very rare bacteria may have intrinsic iodine resistance [62], although
this does not appear to be a substantial problem given the continued evidence of
widespread efficacy over half a century of clinical use. Development of tolerance
with long-term clinical use (e.g., peritoneal dialysis) has not been observed [63].
Finally, subjective, visual, and objective (stratus corneum hydration measure-
ment) tests show PVP-I to be nonirritating in contrast to other antiseptics [3].

XII. AVOIDING ANTIBIOTICS WITH PVP-I

Although it is well accepted that a frankly infected wound often requires systemic
antibiotic therapy to cure the infection, avoid sepsis, and promote healing, it is
also recognized that antibiotic usage is to be avoided when possible. First, antibi-
otics often do not work well with many types of wounds, especially for chronic
granulating wounds. Due to poor circulation, especially in areas of ulceration,
systemic antibiotics may not reach infected tissue and can often be of limited
value in decreasing bacterial counts. Commonly, topical rather than systemic
antisepsis is the initial attempt at infection control in such situations. PVP-I and
other topical antiseptics do not require a good vascular bed and sufficient perfu-
sion for their activity as do systemic antibiotics. Nonantibiotic topical antiseptics
are equivalent or superior to topical antibiotics in minimizing infectious over-
growth of wounds [64].

Second, unnecessary antibiotic usage promotes the growing epidemic of
antimicrobial resistance that presently afflicts hospital and chronic care settings.
Antimicrobial resistance is a large and growing problem, both for the individual
patient and as a public health issue. For example, organisms such as Pseudomonas
and Serratia, which colonize wounds but rarely result in disease in the preanti-
biotic era, have evolved in response to widespread antibiotic usage into major
pathogens [65]. Attempts at controlling infection often require treatments with
one antibiotic after another in order to find a therapy to which the infectious
organism is sensitive. This process is time-consuming, expensive, and often pro-
longs treatment within the hospital. Recent studies of antibiotic resistance in bac-
terial isolates from ulcers demonstrate that 25–50% of isolates are resistant to
standard first- and second-line drugs [66,67]. In many instances, an antibiotic-
resistant organism is simultaneously resistant to multiple antibiotics of different
mechanistic classes [66]. Some of the most important current examples of antibi-
otic resistance are methicillin-resistant S. aureus (MRSA), Enterococcus, Esche-
richia coli, Pseudomonas aeruginosa, and vancomycin-resistant Enterococci
(VRE). MRSA in particular is a leading nosocomial pathogen causing wound
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infections and often bacteremia. These bacteria are almost completely resistant
as well to all other antibiotics in the therapeutic arsenal yet are fully sensitive
to PVP-I [6,11,15,27,59,68,69]. Topical antisepsis may therefore be the only
practical way to treat some wounds infected with multiple antibiotic-resistant
organisms [27]. Whereas there can be cross-resistance by pathogens to types of
antiseptics other than PVP-I [70], in most studies there has been no such demon-
stration with iodine solutions [11,61]. However, it has been reported that rare
antibiotic-resistant bacteria may not be fully sensitive to PVP-I when used at less
than the recommended concentration [27].

XIII. RISKS AND CONCERNS WITH PVP-I

Although PVP-I is well accepted and utilized by healthcare personnel and con-
sumers, there are some known side effects as well as some additional concerns
that are incompletely understood and currently unresolved. Known adverse ef-
fects of PVP-I include skin redness, swelling, pain and irritation, and rare in-
stances of allergic hypersensitivity. When these reactions occur, it is recom-
mended that use of the product be discontinued. Three unresolved concerns about
PVP-I are principally related to questions of efficacy and potential adverse effects
in the chronic setting and reflect the existence of either incomplete or contradic-
tory data. Regarding efficacy, it is possible that PVP-I, because of its high nonspe-
cific reactivity with proteins and lipids, may not function well in the presence
of pus, blood, or necrotic tissue. A second potential risk is that PVP-I could delay
wound healing: because of its nonspecific cytotoxic effects shown in vitro, it is
possible that useful inflammatory cells and reparative connective tissues might
be inadvertently damaged by PVP-I. Finally, a concern related to potential ad-
verse effects is for localized iodine hypersensitivity and systemic toxicity, in
particular, thyroid effects in the treated patient or, alternatively, hypothyroidism
in the fetus or newborn of a treated patient. Each of these issues is explored
below.

A. PVP-I Function in the Presence of Organic Substances

Chronic wounds such as burns and ulcers often contain substantial quantities of
organic substances that are capable of binding iodine. At issue is whether such
binding results in significant inactivation of PVP-I solutions. Early in vitro bind-
ing studies demonstrated that erythrocytes and free hemoglobin from lysed eryth-
rocytes (but not plasma) could bind appreciable iodine from PVP-I solution, and
it was suggested that PVP-I activity would be optimal in blood-free situations
[71]. Subsequent work confirmed the in vitro inhibition of PVP-I by organic
substances that bind iodine (necrotic tissue, pus, blood, fat, and glove powder)
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[72]. For example, bacterial killing in vitro in the presence of organic compounds
may require a considerably greater PVP-I concentration or longer contact time
to achieve bacterial killing equivalent to that observed in the absence of such
substances [73]. However, the clinical importance of this observation is uncertain
since PVP-I is used therapeutically with great excess. For example, although pus
in a 1:4 ratio with antiseptic decreases PVP-I potency by several logs, there is
still �99% immediate bacterial killing, and at a 1:1 ratio, there is 96–99% killing
with prolonged contact time (10–120 min). Other in vitro work similarly has
shown adequate activity of PVP-I in the presence of 5–10% blood or serum [74],
and in clinical use PVP-I has been reported to maintain acceptable germicidal
activity in the presence of these organic substances without requiring precleans-
ing of skin surfaces. Similarly, PVP-I was shown to be totally effective against
vaginal bacteria even in the presence of serosanguinous, mucoid, or pus-like dis-
charge [75].

B. PVP-I and Wound Repair

There is considerable current debate concerning the risk that PVP-I would inhibit
wound healing. Risks of all topical antiseptics include the potential for impaired
regeneration of healing tissue and impaired wound contracture and closure.
Wound treatment requires removing damaged tissue, reestablishing blood supply,
replacing destroyed tissue, and closing large open spaces to allow for reepitheli-
alization. Expressed concerns with PVP-I include cytotoxicity to useful inflam-
matory cells (granulocytes and monocytes) and inhibition of angiogenesis, fibro-
blast proliferation, fibroplasia, scar remodeling, and epithelial cell migration to
close the wound. These concerns derive primarily from a preclinical literature
demonstrating that PVP-I is cytotoxic to cultured fibroblasts and to leukocytes
in vitro (76–79). These findings may not be specific for PVP-I since other com-
mon topical antiseptics (hydrogen peroxide, acetic acid) appear to be equally
cytotoxic to both bacteria and fibroblasts. Cytotoxicity, decreased wound healing
rates, and impaired tensile strength of wounds have been demonstrated in vitro
and in rats with experimental wounds treated with PVP-I [80]. PVP-I has been
shown to inhibit the rate of wound reepithelialization in animals, although rates
of neovascularization were improved [24].

However, other studies have failed to identify such effects, and it is well
recognized that the relevance of in vitro wound healing studies to in vivo use in
humans may be very limited [26,81]. At low PVP-I concentrations such as would
be typical for retained iodine on and below skin outer surfaces, cell viability is
well maintained [77]. It is possible that in vitro toxicity is largely affected by
culture conditions. Culturing of skin from operating room specimens ( e.g., for
skin grafting) prepped with PVP-I yielded highly successful epithelial cell viabil-
ity and growth while ensuring very low loss of tissue due to microbial contamina-
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tion [82]. Compared to saline, PVP-I results in a smaller wound surface area that
remains open and no difference in days to full wound closure in those wounds
that completely heal [83]. Skin graft donor site wounds treated with PVP-I have
been shown to exhibit normal or improved healing [84]. In a recent review article
[26], it was concluded that PVP-I does not pose a significant risk to wound heal-
ing, although it was acknowledged that human in vivo experience is somewhat
mixed [80,83,84]. Most studies show either no long-term adverse effects (closure
rates and reepithelialization times unaffected by PVP-I) or improved rates of
healing compared to other traditional treatment regimens [84–86].

The weight of human clinical evidence supports the conclusion that healing
of human wounds is not adversely affected by therapeutic administration of PVP-
I [12,87,88]. FDA has concluded, after much debate and careful consideration,
that PVP-I should be considered ‘‘generally recognized as safe and effective’’
and that there is no evidence of delayed wound healing when PVP-I does not
contain surfactant [7]. Perhaps the best condensation of the limited high-quality
clinical literature relating to wound healing in the presence of iodine and other
topical antiseptics has been presented in a systematic review of debridement
methods conducted by the University of York, United Kingdom [89]. This sys-
tematic review included studies in which there was documentation of chronic
nonhealing wounds, treatment groups were well matched, and all treatments were
randomized and controlled. Cadexomer iodine, an antiseptic related to PVP-I,
was shown, in contrast to a variety of other traditional wound care treatments, to
produce superior rates of wound area reduction and/or complete wound healing,
indicating a lack of adverse effects by iodine on wound repair. However, the
human clinical literature regarding effects of PVP-1 on wound healing cannot
be considered conclusive, and the overriding conclusion of the Consensus Confer-
ence for the Care of Chronic Wounds (presented at the 1999 Wound Healing
Society Educational Symposium, Minneapolis, MN) was that there were insuffi-
cient clinical data from well-controlled ulcer healing trials to generate any defini-
tive clinical care guidelines and recommendations.

C. Local Irritation and Systemic Toxicity

Iodine solution in its earlier form without povidone (tincture of iodine) proved
suboptimum for chronic treatment of open wounds because of staining of the
skin, local irritation, and sensitization of skin. Experimentally, such problems are
avoided with PVP-I as solubility increases and chemical reactivity decreases due
to binding with povidone. A review of the safety literature evaluating PVP-I
concludes there is a lack of irritation as demonstrated by skin patch tests, sensiti-
zation assays, phototoxicity and allergenicity assays in humans, and eye and der-
mal Draize irritation assays in rabbits [17].
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Absorption of iodine from common treatment of cuts, scrapes, and burns
has been considered by the FDA. After evaluating PVP-I study data, FDA has
concluded that transient increases in iodine blood levels do not adversely affect
thyroid function [90]. However, there remains a risk regarding possible systemic
toxicity in the situation in which PVP-I would be applied repeatedly, over a
prolonged period, to a large surface area. Such conditions exist when treating a
major burn with PVP-I; in fact, serum and urine iodine levels can become pro-
nounced. Despite the risk that exposure to large quantities of iodine could cause
hyperthyroidism or induce a thyrotoxic crisis in susceptible individuals, thyroid
hormone abnormalities are not a major problem, and there is no evidence for
significant thyroid dysfunction [12,53,57]. It is believed that abnormal thyroid
measurements (low T3 and T4, increased TSH) in this setting are more likely
attributable to the stress of the underlying condition than PVP-I therapy [12].
Another clinical situation of concern is that PVP-I treatment of pregnant or lactat-
ing mothers could induce transient hypothyroidism in the fetus or in the newborn.
Although the literature is sparse and nondefinitive, it has been recommended that
PVP-I be avoided in such situations [12,91]. Transient neonatal hypothyroidism
also has been noted as a consequence of PVP-I use in the neonatal period for
insertion of intravenous lines and blood gas measurements [92].

Rare case reports have been published of metabolic abnormalities associ-
ated with the use of PVP-I, mostly in the setting of treatment of burns or large
volume irrigations [93–95]. In most instances these abnormalities include meta-
bolic acidosis and hyperosmolarity [12,93,94] and are seen in the setting of acute
renal failure. However, in general, systemic metabolic toxicity due to PVP-I ab-
sorption is believed to be extremely unusual [81]. Allergic reactions to PVP-I
have been noted in rare case reports, although cutaneous sensitization to povi-
done-iodine as assessed by a patch test is extremely low [2,88]. There also have
been reports (product complaints) that strong solutions of iodine can result in
thermal burns or skin irritation secondary to pooling.

XIV. CONCLUSION

PVP-I is a broad-spectrum microbicide with activity against a wide range of
bacterial, fungal, viral, and other pathogens. PVP-I activity is rapid and long-
lasting, and there is no evidence that microorganisms develop resistance to it
over time. PVP-I has excellent local tolerability and an absence of systemic toxic-
ity. The literature supports the conclusion that PVP-I has clinical efficacy for
preoperative prepping and postoperative cleansing of surgical sites, disinfection
of lacerations, abrasions, burns and chronic ulcers, and as a general agent for
infection control.
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I. INTRODUCTION

Quaternary ammonium chlorides (QACs) occupy a unique niche in the world of
antimicrobial compounds. Rather than being a single, well-defined substance, as
is the case for many such active ingredients, QACs are composed of a diverse,
eclectic collection of substances that share a common chemical motif, namely a
molecular structure containing a positively charged nitrogen atom covalently
bonded to four carbon atoms. This quaternary ammonium group is responsible
for the name of these antimicrobial compounds and also plays a dominant role
in determining their chemical behavior.

The first reports of quaternary ammonium compounds with biocidal activity
appeared in 1916 [1]. Since that time, QACs have grown in popularity and been
utilized extensively as active ingredients in many types of products, including
household cleaners, institutional disinfectants, skin and hair care formulations,
sanitizers, sterilizing solutions for medical instruments, preservatives in eye drops
and nasal sprays, mouthwashes, and even in paper processing and wood preserva-
tives. As a group, QACs are effective across a broad spectrum of microorganisms,
including bacteria, certain molds and fungi, and viruses. However, the specific
activity of QACs is as diverse as their range of chemical structures. QAC antimi-
crobial effectiveness is highly formulation and packaging dependent, since many
ingredients affect QAC activity. Some components reduce the QAC efficiency,
while others may synergize their activity or expand the spectrum of affected
microorganisms. This fact has led to some confusion and apparent contradiction
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in the published literature as to the actual effectiveness of QACs in their role as
antimicrobials.

In addition to their antimicrobial activity, QACs also behave as surfactants,
assisting with foam development and cleansing action. They are also attracted
to the skin and hair, where small amounts remain bound after rinsing. This con-
tributes to a soft, powdery afterfeel on skin, unique hair-conditioning effects, and
long-lasting, persistent activity against microorganisms. These various attributes
and multifunctional roles of QACs appeal to formulators and are responsible for
their incorporation into many consumer products.

The purpose of this chapter is to introduce the reader to the variety of QACs
available for use in topical antimicrobials and examine their efficacy in this role.
The intent is to help the reader gain an appreciation for the usefulness of QACs
and to introduce some of the unique attributes that should be considered for their
successful incorporation into skin care products.

II. CHEMICAL DIVERSITY OF QACS

It should be noted that quaternary amines represent a very large and diverse
group of chemical compounds, most of which are not considered in this chapter.
Quaternary nitrogen atoms are found in the chemical structures of many naturally
occurring substances in living cells, such as choline and others. These substances
are generally not toxic to microorganisms. The synthetic antimicrobial QACs
discussed here represent a relatively small subgroup of this larger class of chemi-
cal substances and do not occur naturally.

The first antimicrobial quaternary amines synthesized were rather simple,
with three methyl groups and one linear, saturated alkyl group attached to a sin-
gle, positively charged nitrogen atom (alkyltrimethylammonium chloride) (Fig.
1). The nonpolar ‘‘tail’’ and polar ‘‘head’’ regions make them similar to soap
molecules. However, since soap molecules contain anionic head groups, these
cationic molecules were dubbed ‘‘invert soaps.’’ Since that time, chloride is the
anion most often used to balance the nitrogen’s ionic charge; however, a plethora
of other counter anions are available today, including bromide, iodide, acetate,
methosulfate, ethosulfate, lactate, and benzoate, to name a few [2]. The most
common alkyl chain lengths in commercially available raw materials vary from
C8 to C22, with an even number of carbon atoms, due to the natural sources
from whence they are synthesized.

In 1935, almost 20 years after the introduction of these relatively simple
aliphatic QACs, Dormagk reported that the substitution of a benzyl group on the
quaternary nitrogen increased antibacterial activity [3]. This second type of QAC,
namely alkyldimethylbenzylammonium chlorides (ADBACs), were the first class
of QAC to find acceptance and utilization as disinfectants in medical applications.
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Figure 1 Generalized chemical structures of quaternary ammonium chloride com-
pounds with antimicrobial activity.
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Soon thereafter, chemists added an ethyl group to the aromatic ring, further in-
creasing detergency action and antimicrobial activity.

A third class of QAC emerged 30 years later in 1965, when new synthetic
techniques were developed to allow the economically feasible formation of twin
chain or dialkyldimethylquaternary ammonium chlorides (DDACs) [4]. These
QACs exhibit even higher biocidal efficacy than their predecessors.

In 1938, a creative departure from the relatively simple alkyl groups substi-
tuted on the quaternary nitrogen resulted in an entirely different quaternary amine,
benzethonium chloride (BEC) [5]. The distinguishing feature of this rather com-
plex group is best described by BEC’s IUPAC name, N,N-dimethyl-N-[2-[2-[4-
(1,1,3,3-tetramethylbutyl)phenoxy]ethoxy]ethyl]benzene-methanaminium chlo-
ride [6]. As seen in Figure 1, this complex nitrogen substituent contains branched
hydrocarbons, phenoxy, and ethoxy components. Ethoxylation increases de-
tergency, and the complex nature of this group enhances the spectrum of activity
when compared to more traditional QACs. The unique chemical character of
BEC establishes it as a very different fourth class of QACs.

The chemical literature continues to describe new QACs with ever-increas-
ing diversity [7]. However, most of these have not yet found broad acceptance
or applications in topical antimicrobials and therefore will not be discussed here.

III. CHEMICAL PROPERTIES OF QACS

QACs are actually ammonium salts. Like acid salts, these quaternary ammonium
salts are colorless, odorless, crystalline solids that have high melting points. His-
torically, QACs are synthesized from a reaction between tertiary amines and alkyl
halides, resulting in an ammonium salt of the corresponding halide (normally
chloride). Since the four organic substituents are covalently bound to the nitrogen
atom, they do not readily dissociate in acid-base reactions as do simple amines.
Hence, QACs do not lose their positive ionic charge at elevated pH. Quaternary
amine functional groups are also recognized for their lack of reactivity and are
extremely stable at the relatively moderate temperatures and chemical environ-
ments associated with the manufacture of topical skin care products.

As seen in Figure 1, QACs have polar ‘‘heads’’ and nonpolar ‘‘tails,’’ a
general characteristic of all detergent molecules. The degree of solubility in vari-
ous solvents and detergency of QACs are both influenced by the nature of the
nonpolar tails. The shorter chains cause higher foaming and decrease solubility
in nonpolar solvents. Longer chains increase solubility in nonpolar solvents and
act as excellent emulsification agents. All QACs show excellent solubility in
water, alcohol, and acetone. Solubility in more nonpolar liquids such oils and
esters depends on the nature of the QAC. This variable solubility becomes more
important as QACs are incorporated into emulsions, where the size of their hy-
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drophobic substituents determines their partition coefficient and hence their dis-
tribution between the water and oil phases. Their effects on surface tension are
also dependent upon their substituents, which can play an important role at the
oil water emulsion interface.

QACs’ normally high solubility in water can be dramatically decreased by
anionic substances. For example, QACs are not compatible with traditional an-
ionic fatty acids found in soaps. The ionic attraction between these positively and
negatively charged groups causes precipitation of the two substances. Similarly,
divalent and trivalent anionic salts and negatively charged polymers such as poly-
acrylates form strong salt linkages with multiple QAC molecules, causing precipi-
tation or at the very least altering the concentration of total available, unbound
QAC. QACs also adhere to a variety of surfaces. This behavior is manifested in
their residual, persistent antimicrobial activity following application to the skin
or to various inanimate surfaces. Their affinity for protein, negative charges, and
nonpolar surfaces has been suggested by many as a basis for their purported
mechanisms of antimicrobial action. However, from a consumer standpoint, more
noticeable results of these surface phenomena include silky, conditioned hair with
reduced flyaway (static) and skin that feels soft and powdery following the appli-
cation of QACs.

IV. BENZALKONIUM CHLORIDE

Benzalkonium chloride, (BAK) is the most well known of all the QACs. It is
actually a mixture of alkybenzyldimethylammonium chlorides, differing only in
the length of their alkyl groups. While chain length of the various analogs in-
cludes C8 to C18, the actual distribution is clearly defined: not less than 40% C12

and 20% C14, with the sum of these two not to be less than 70% of the total [7].
Benzalkonium chloride is most often commercially available dissolved in water
or alcohol or mixtures thereof at either 50% or 80% active concentrations.

V. BENZETHONIUM CHLORIDE

Benzethonium chloride (BEC) is supplied as a white crystalline, odorless mate-
rial. Early in BEC’s history, a methylated derivative, methylbenzethonium chlo-
ride, was also available, but it has all but disappeared from use in the last two
decades. Both compounds are soluble in polar solvents such as water, low molec-
ular weight alcohols, and glycols and also in nonpolar solvents such as carbon
tetrachloride, tetrachloroethane, and benzene [8]. Aqueous solutions of benzetho-
nium chloride are stable within a pH range of 4–7 [9–11]. BEC offers better
detergency action than BAK and exhibits different antimicrobial activity.
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VI. SAFETY OF QACS

Assessment of QAC safety has been the subject of numerous studies. Almost
without exception, QACs have been determined to be safe for topical skin care
products. They rarely sensitize the skin or cause allergic reactions [12]. The Cos-
metic, Toiletries, and Fragrance Association (CTFA) has published safety re-
views on both benzalkonium and benzethonium chlorides [8,13]. In 1989 their
safety panel concluded that benzalkonium chloride was safe and did not sensitize
normal human skin at concentrations up to 0.1%. They also reported that it can
be safely used as an antimicrobial agent at concentrations up to 0.1%. Two years
later, the FDA published a tentative final monograph (21CFR333) recognizing
benzalkonium chloride as safe and effective at levels of 0.10–0.13% in first aid
antiseptics [14]. Benzalkonium chloride is not absorbed through the skin or muco-
sal linings. Cosmetic products containing benzalkonium chloride may be applied
to the skin, hair, and vaginal mucosa and may come in contact with the nasal
mucosa and eyes. Products containing benzalkonium chloride may be applied
several times daily over a period of several years [13].

The CTFA Final Report on the Safety Assessment of benzethonium chlo-
ride, published in 1985, concludes that this QAC is safe at levels of 0.5% in
cosmetic products applied to the skin [8]. It was noted that benzethonium chloride
produced mild skin irritation at 5% but not at lower concentrations. The report
also limits the maximum concentration of 0.02% of this ingredient for cosmetics
used in the eye area. The FDA’s tentative final monograph (21CFR333) for first
aid antiseptics specifies that benzethonium chloride’s safe and effective concen-
trations are 0.1–0.2% for these products [14]. Aqueous and alcohol solutions of
benzethonium chloride are not absorbed through the skin [15]. Oral LD50 values
of 368–654 mg/kg in rats have been reported [16]. Benzethonium chloride has
also been shown to be nonmutagenic in at least two different types of tests
[17,18].

VII. CHEMICAL STRUCTURE AND MECHANISM OF QAC
ANTIMICROBIAL ACTIVITY

Antimicrobial activity of QACs extends across a broad spectrum of microbes,
including bacteria, yeasts, molds, and viruses. This varies between organisms
and efficacy for each organism also depends upon the chemical nature of each
QAC.

Many investigators have offered explanations for QAC mechanisms of anti-
microbial action. Most theories center on the interactions between QACs and the
membranes of their target cells. The surfactant nature of these agents suggests
that they act as other membrane-active agents, perturbing homeostasis. However,
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the manner in which they interact with the membrane itself is not always clear.
Disruption of membrane integrity has been observed by monitoring the release
of intercellular materials following treatment by QACs [19,20]. Following expo-
sure to one QAC, gram-positive cells released cellular components more rapidly
than gram-negative bacteria. Potassium ions were released first, followed by
phosphates, then by larger molecular weight molecules.

The exact target of attack at the membrane surface is still contested. The
negatively charged phospholipids offer a natural target, due to electrostatic at-
traction. However, the detergent action of QACs works extremely well on nonpo-
lar oils and lipids as well as anionic lipids. QACs also have a strong affinity for
proteins. Subsequent denaturation of proteins or inhibition of important transport
proteins may be a primary or complementary mechanism of biocidal activity [8].

The activity of QACs against viruses may depend on both the affinity of
the QAC for the proteinaceous coat and the lipid nature of the viral envelope.
QACs are quite active against lipophilic viruses such as HIV, influenza, and her-
pes simplex 1 & 2. However, their activity is lower against nonlipophilic viruses
such as adenovirus or parvovirus [21].

In one study, the absorption of three QACs onto the surface of Candida
albicans blastospores at room temperature revealed that binding required from 30
seconds to 5 minutes, depending on the structure of the QAC. The Langmuirian
adsorption of all three agents resulted in a concentration-dependent formation of
drug-monolayers on the surface of the blastospore. Dissimilarities in total QAC
binding and binding kinetics between the different QACs were attributed to dif-
ferences in the orientations of both the cationic nitrogen atom and the accompa-
nying lipophilic portions of each QAC at the blastospore surface [22]. This selec-
tive interaction may eventually help understand the differential fungicidal
activities of commercial QAC-based disinfectants [23].

More evidence for the important role of the lipophilic portions of QACs
in determining biocidal activity is that the alkyl chain length of can dramatically
affect activity. The killing of C. albicans by a series of QACs with different
hydrocarbon chain lengths was reported to be closely related to the binding of
the compounds to the cells and damage of the cell membranes [24]. In addition,
binding to the cell surface was related to the critical micelle concentration for
each QAC. The investigators in this study proposed that interfacial micelle-like
aggregates form at the cell surface as a step in the binding process. The investiga-
tors also showed fundamental differences between binding to the yeast and bind-
ing to gram-negative bacteria.

Further experiments with bacteria reveal the dependence of activity on
chain length of alkyldimethylbenzylammonium chlorides [25]. Table 1 summa-
rizes these results, (Fig. 2) showing that as chain length increases from C8 to C14,
activity increases. However, as chain length increases beyond this point, activity
decreases.
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Table 1 Effect of Chain Length of Alkyldimethylbenzylammonium Chlorides on
Minimal Inhibitory Concentration

Minimal inhibitory concentration (ppm)

Alkyl chain Staphylococcus Salmonella Pseudomonas
length (carbon #) aureus typhosa aeruginosa

8 3000 4500 6000
9 800 1400 2500

10 450 300 1200
11 160 130 400
12 45 40 120
13 25 20 50
14 15 12 40
15 25 20 70
16 30 25 200
17 170 15 360
18 450 60 1000
19 330 90 1300

QACs dissolved in deionized water; 10-minute contact time.
Source: Ref. 25.

Figure 2 Influenza of alkyl chain length on MIC: graphic representation of data from
Table 1.
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A relatively new category of amphiphilic hydrolyzable QACs, alkanoylcho-
lines with hydrocarbon chains of 10–14 carbon atoms, were also comparable to
the activities of more traditional, nonhydrolyzable QACs of corresponding chain
length and increased with an increasing number of carbon atoms [26].

Temperature also affects the activity of QACs against Pseudomonas aeru-
ginosa and Escherichia coli. Tests of 18 proprietary disinfectant products used
in the food industry showed that their activity decreased as the temperature was
decreased from 20° to 10°C [27]. This may be related to temperature-induced
changes in QAC critical micelle concentration. Alternatively, changes in micro-
bial membrane fluidity may be responsible for the observed changes. More such
data with well-defined QAC composition and extended temperature ranges are
needed to understand the correlation between temperature and antimicrobial ac-
tivity of QACs.

VIII. EFFECTS OF FORMULA COMPOSITION
AND QAC ACTIVITY

One of the most challenging aspects of incorporating QACs into antimicrobial
products is avoiding activity-depleting effects of the matrix. Excipient ingredients
such as surfactants, emulsifiers, oils, preservatives, and even impurities in raw
materials can exert negative effects on activity. Alternatively, if formulated cor-
rectly, synergistic combinations with other ingredients can enhance activity.
Comparisons between QAC activity in deionized water and formulas involving
added ingredients must be interpreted cautiously. Of course, it also demands that
final product formulations be extensively tested to determine if QAC activity has
been adversely affected.

For example, anionic surfactants will bind to cationic QACs via electro-
static attractions, inactivating or even precipitating the QACs. Divalent inorganic
anions such as polyprotic acids or even sulfates will attract QACs, often forming
insoluble complexes. Bactericidal activity of QACs often increases at higher pH
values [28]. Some surfactants and emollients can capture QACs when present
above their critical micelle concentration. For example, lecithin and polysorbates
are well-known neutralizers of QACs (as well as parabens and phenols). These
two ingredients are listed as QAC neutralizers of choice for the required testing
method in the FDA’s Topical Antimicrobial Drug Product Tentative Final Mono-
graph [14]. They should obviously be avoided in formulating QAC-based antimi-
crobial products. High levels of a 12-mole nonylphenol ethoxylate negatively
affect the microbiological efficacy of certain QACs, such as dialkyldimethylam-
monium chlorides [21]. EDTA and other metal-sequestering agents enhance QAC
activity, as hard water can adversely affect activity of many QACs. An excellent
review of 49 combinations of various active ingredients with preservatives and
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excipients reveals that some ingredients enhance activity while some destroy
QAC action [29].

IX. SPECTRUM OF QAC ACTIVITY

QACs are efficacious, broad-spectrum antimicrobials used for a wide variety of
applications. In general, QACs exhibit excellent activity against bacteria, with
higher efficacy against gram-positive than gram-negative organisms [19]. It
should be remembered that such relative activity measurement is most often
linked to minimal inhibitory concentrations (MICs). Since commercially avail-
able products usually have QAC concentrations approximately 10–100 times the
MIC, these types of comparisons are often misleading and should be considered
carefully when comparing the activity of various QACs and their respective prod-
ucts.

Vancomycin-resistant enterococci (VRE) often contaminate the hospital
environment. QACs were found to be highly effective against eight strains of
VRE, using a quantitative suspension test method [30]. They are also effective
against Listeria spp. [31].

Disinfectant solutions containing QACs have been used for decades as
hard-surface cleaners. This is particularly interesting since microorganisms in
suspension are easier to kill than microbes that are dried on the surface. Russell
reported that it requires as much as 50 times more disinfectant to kill dried bacte-
ria than bacteria in a liquid suspension [32]. As hard-surface cleaners, QACs are
known for their activity against a host of viruses. The U.S. Environmental Protec-
tion Agency (EPA) allows for the validation of antiviral activity and for the label
claim describing such. However, the U.S. Food and Drug Administration (FDA)
does not currently have any published monographs providing for antiviral testing
or any associated claims for topical antimicrobials. This causes some confusion
among consumers who do not understand the labeling and associated claims al-
lowed by two different regulatory agencies. The key to proper label claims in
the United States is the site where the product is used: on hard, inanimate surfaces
antiviral claims are allowed; on skin, viral inactivation claims are not allowed.

This regulatory differentiation does not exist in third-world countries, espe-
cially where viral infections such as HIV represent a huge percentage of infec-
tions among their populations. Appropriate, nonmisleading antiviral label claims
for topical antimicrobial products are allowed in many countries outside the
United States. QACs are active against many viruses, such as HIV. During 1
minute of exposure, HIV is inactivated by QACs [33]. QACs and other active
ingredients were assessed against cell-free HIV in culture medium and cell-asso-
ciated HIV suspended in medium or whole human blood. QACs completely inac-
tivated cell-free HIV following a 1-minute exposure. However, cell-associated
HIV was more resilient, requiring exposure of 5 minutes or more for some disin-
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fectants. Other viruses are also inactivated by QACs, including various animal
viruses [34].

If the target microbes are covered or encapsulated under a protective layer
of organic soil, such as serum, blood, food residues, or fecal matter, they are
more difficult to kill. If the organic soil adsorbs the QAC, it reduces the amount
available for attacking the microorganism(s). Test procedures have been de-
scribed to evaluate activity in the presence of organic soil loads [35].

Occasionally, the clean surface itself may impede the action of active ingre-
dients. QACs may be adsorbed and thus inactivated by various fabrics, sponges,
and plastics [8]. One surface that could raise a serious concern is latex, used in
the manufacture of gloves worn in laboratories and hospitals. It has been shown
that QACs exhibit fast-acting antibacterial activity on surgical glove latex mate-
rial and on human skin [36].

X. EXAMPLE OF BROAD-SPECTRUM ANTIMICROBIAL
ACTIVITY FOR A BEC TOPICAL PRODUCT

Such a review of QACs in antimicrobial products would be incomplete without
examination of a representative commercially available product. As an example
of one such product, antimicrobial test data for Fresh Cleanse Lotion-Handwash
[37] is presented below. These antibacterial tests are required by the FDA to
support the claims for products labeled in the United States as either ‘‘First Aid
Antiseptic’’ or ‘‘Healthcare Professional Handwash’’ (HCPHW) [14,38]. This
lotion-handwash is a QAC-based formulation containing benzethonium chloride
as the active ingredient at a concentration of 0.2%. Since the formulation was
designed to function as either a leave-on antiseptic or as a rinse-off handwash,
testing for both label claims was required. The resulting data represents an excel-
lent study of how a specific QAC such as benzethonium chloride may be formu-
lated into an oil-in-water emulsion with numerous excipients so as to not impede
its activity and to illuminate the excellent antimicrobial activities available from
these versatile active ingredients. (Testing was conducted at BioScience Labora-
tories, Inc.)

In vitro time-kill studies against 50 strains of bacteria (including both labo-
ratory and clinical isolates) are required for certification of products labeled as
‘‘Health Care Personnel Handwash.’’ (Representative data are presented in Table
2.) Only single exposure times (usually 15 seconds) are shown due to space con-
straints. For compliance, at lease a 3-log reduction in bacteria is required, but,
it may be seen that in many cases that 5,6, or even 7 log reductions are observed
for this short exposure time. This broad spectrum of activity for benzethonium
chloride amply demonstrates QAC utility and efficacy in topical antimicrobial
products.

In addition to the in vitro testing of healthcare personnel handwash prod-
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Table 4 In vitro Inactivation of Viruses by 0.2% Benzethonium Chloride Handwash
Product

Exposure Percent
Virus Type time (sec) reduction

Herpes simplex Type 1 15 99.70
30 99.98
60 99.80

Human immunodeficiency Type 1 15 99.90
virus (HIV) 30 99.94

60 99.94
Influenza virus Type A2 15 99.94

30 99.94
60 99.98

Table 5 Transepidermal Moisture Gain/(Loss) Comparative Test

Percentages Day 1 Day 2 Day 3 Day 4 Day 5

0.2 Benzethonium 4.4 2.4 7.2 5.0 6.7
chloride

7.5 Iodine (9.9) 1.1 3.4 1.5 0.8
0.75 CHG (1.4) (6.4) (0.1) (1.9) (1.1)
1 PCMX (1.9) (1.9) (3.3) (3.3) (2.6)
4 CHG (4.1) (6.2) (4.7) (6.1) (3.6)
0.3 Triclosan (2.6) (17.9) (19.9) (16.9) (21.1)

100 handwashes/day conducted over a 5-day period.
Positive numbers indicate moisture content increase from baseline.
Negative numbers (shown in parentheses) indicate moisture content decreases from baseline.

Table 6 Skin Irritation Comparative Test of Fresh Cleanse Lotion-Handwash

0.2% Benzethonium
Chloride 0.75% CHG 0.3% Triclosan 1% PCMX 4% CHG 4% CHG

0.0 1.0 1.0 1.0 2.0 3.5

100 handwashes/day conducted over a 5-day period.
Test conducted at conclusion of the 5-day study.
Baseline (‘‘perfect skin’’), shown as 0.0. The higher the number, the higher the irritation.
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ucts, in vivo glove juice tests are also required. Following inoculation of the
hands with 5.0 mL of Serratia marcescens (ATCC#14756) with a concentration
of 105 CFU/mL, the number of bacteria must drop by 3 logs within 10 washings to
pass this test. This performance criterion was successfully met before the seventh
handwash cycle see Table 3.

Also of interest is the activity of this formulation against viruses. In vitro
inactivation of selected viruses demonstrates that QACs, especially benzethonium
chloride, may retain their virus-inactivating activity even in complicated matrices
(Table 4).

Often the perception of antibacterial handwashes used in a professional
setting is that they are harsh and irritating to the skin (often a well-earned reputa-
tion). Professional health care givers are required to wash their hands as many
as 100 times daily! If a product that is highly efficacious is also irritating to the
skin, it is likely that high-frequency washing compliance will suffer. Therefore,
it is important that such products be gentle, moisturizing, and not irritate the skin.
Tables 5 and 6 show data that compare these cosmetic aspects of Fresh Cleanse
Lotion-Handwash to randomly selected HCPHW products with non-QAC active
ingredients. While many such cosmetic aspects are formulation dependent, the
data do show that QAC products can be formulated with many desirable skin-
care attributes beyond antibacterial activity.

XI. CONCLUSIONS

Quaternary ammonium compounds represent a class of highly effective, versatile
substances for use as active ingredients in topical antimicrobial products. They
exhibit a broad spectrum of activity against bacteria, fungi, mold, and viruses.
The extent of their activity depends on the nature of the quaternary ammonium
compound, especially with respect to their alkyl substituents. Special care must be
exercised when formulating with this class of antimicrobials, since their activity is
affected by many of the ingredients found in skin-care products. Their added
attributes of foaming, emulsification, stability, and gentleness to the skin are help-
ful to formulation chemists and offer many possibilities for incorporation into
topical antimicrobial products.
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I. CHLORHEXIDINE GLUCONATE

Chlorhexidine gluconate (CHG) was first synthesized in 1950 by ICI Pharmaceu-
tical in England [1]. CHG was found to have high levels of antimicrobial activity,
but relatively low levels of toxicity to mammalian cells [1,2]. Additionally, CHG
has a strong affinity for skin and mucous membranes. As a result, it has been
used quite effectively as a topical antimicrobial for wounds, skin prepping, and
mucous membranes (especially in dentistry), where it provides, by virtue of its
proclivity for binding to the tissues, extended antimicrobial properties. CHG also
has value as a product preservative, including for ophthalmic solutions, and as
a disinfectant of medical instruments and hard surfaces.

CHG is a cationic molecule that is generally compatible with other cationic
molecules, such as the quaternary ammonium compounds [2]. Some nonionic
substances such as detergents, although not directly incompatible with CHG, may
inactivate the antimicrobial properties of CHG, depending upon the compound
and concentration levels. CHG is ‘‘incompatible’’ with inorganic anions, except
in very dilute concentrations, and may also be incompatible with organic anions
present in soaps containing sodium lauryl sulfate, and with a number of pharma-
ceutical dyes [3,4].

The antimicrobial activity of CHG is pH dependent, with an optimal use
range of 5.5–7.0, a nice consistent match with the body’s usual range of pH.
However, the relationship between antimicrobial effectiveness of CHG and pH
varies with the microorganism. For example, CHG’s antimicrobial activity
against Staphylococcus aureus and Escherichia coli increases with an increase
in pH, but the reverse is true for Pseudomonas aeruginosa.
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The antimicrobial activity of CHG against vegetative forms of both gram-
positive and gram-negative bacteria is broad and pronounced [5]. It is generally
inactive relative to bacterial spores, except when they are exposed to CHG at
elevated temperatures. Mycobacteria reportedly are inhibited, but not killed by
CHG in aqueous solutions. A variety of lipophilic viruses (e.g., herpes virus,
HIV, influenza virus, many respiratory viruses, and cytomegalovirus) are rapidly
inactivated by exposure to CHG. CHG, like many other topical antiseptics, does
not have significant antimicrobial activity against small protein-coated viruses,
such as many enteric viruses, poliomyelitis, and papilloma virus [5]. Finally,
many important pathogenic fungi, particularly those in the yeast phase, are sensi-
tive to CHG.

A. Antimicrobial Action

At relatively low concentration levels, CHG exerts bacteriostatic effects on many
bacterial species, both gram-negative and gram-positive. At higher concentration
levels, CHG generally demonstrates rapid bactericidal effects. However, the pre-
cise effectiveness in terms of time varies from species to species and as a function
of concentration of CHG.

The antimicrobicidal effects against microorganisms occur in a series of
steps related to both cytological and physiological changes, culminating in the
death of the bacterial cell. Chemically, CHG is attracted to bacterial cell walls
and is absorbed into certain phosphate-containing cell wall compounds, thereby
penetrating the bacterial cell wall, even in the presence of cell wall molecular
exclusion mechanisms. Once cell wall penetration has occurred, the CHG is at-
tracted to the cytoplasmic membrane. Upon penetration of the cytoplasmic mem-
brane, low molecular weight cellular components (e.g., potassium ions) leak out
of the membrane, and membrane-bound enzymes such as adenosyl triphospha-
tase (ATPase) are inhibited. Finally, the cell’s cytoplasm precipitates, forming
molecular complexes with phosphated compounds, including ATP and nucleic
acids [3].

As a rule of thumb, bacterial cells carry a total negative surface charge. It
has been observed that, at sufficient CHG concentration levels, the bacterial total
surface charge rapidly becomes neutral and then positive. The degree of change
in the bacterial surface change is directly related to the concentration levels of
CHG, but generally reaches a steady-state equilibrium within about 5 minutes
of exposure. The rapid electrostatic attraction between the cationic CHG mole-
cules and the negatively charged bacterial cell surface contributes to the rapid
reaction rate, i.e., the rapid bactericidal effects exerted by CHG.

CHG at antiseptic concentrations (0.5–4%) demonstrates a high degree of
antimicrobial activity, both -static and -cidal, on vegetative phases of gram-posi-
tive and gram-negative bacteria, but it has little sporicidal activity. While there
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have been concerns that prolonged use of CHG can lead to reduced sensitivity
and, ultimately, the development of resistant strains of bacteria, this concern has
not been verified, even after prolonged and extensive use. There is no evidence
that plasmid-mediated antimicrobial resistance, particularly common in gram-
negative bacteria, has developed. This has been borne out in studies of common
indicator species such as E. coli, P. aeruginosa, Serratia marcescens, and Proteus
mirabilis. Although several researchers have reported a reduced sensitivity to
CHG among certain methicillin-resistant strains of S. aureus (MRSA), at clinical-
use concentrations, this concern has not been substantiated. MRSA strains appear
to be as susceptible to CHG, as are non-MRSA strains.

In general, CHG is a highly effective antimicrobial in its immediate, persis-
tent, and residual properties [6]. Concentrations of CHG [4% to as low as 0.5%]
provide excellent immediate and persistent action, with the added benefit (when
used repeatedly over time) of good residual effects.

CHG, by virtue of its residual antimicrobial properties, may be clinically
useful in reducing the probability of surgical infections when used in full or
partial bodywashes prior to elective surgery [7]. If the product is used once a
day as a shower soap or washed directly onto the proposed surgical site over the
course of 3–5 days, the resident microbial population levels are reduced dramati-
cally. Logically, then, when a person undergoes surgery, the remaining microbial
populations residing on the proposed surgical site, having been significantly re-
duced, result in far fewer microorganisms to be eliminated by preoperative prep-
ping procedures and, therefore, available for infecting the surgical site.

Currently, there is much interest in alcohol tinctures of CHG. These
alcohol/CHG products may prove to be highly effective for use as fast-acting,
preoperative skin preps, as well as preinjection and prearterial/venous catheter-
ization preps. Preparations of alcohol/CHG in combination have reported high
immediate antimicrobial properties (presumably due to the alcohol) with the ben-
efit of persistent antimicrobial properties (due to the CHG) to provide a clinical
performance superior to either alcohol or CHG alone.

II. MEDICAL APPLICATIONS

A. Surgical Scrub Formulations

Four percent chlorhexidine gluconate (CHG) forms the basis for many common
presurgical scrubs in use today. These demonstrate high immediate degerming
properties and high persistent antimicrobial properties and show good residual
antimicrobial effects used both with and without a surgical scrub procedure.*

* A product’s immediate antimicrobial efficacy is a quantitative measurement of both the mechanical
removal of microorganisms by washing and the product’s ability to rapidly inactivate microorgan-
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Recently, certain manufacturers have developed effective 2% CHG surgical scrub
products.

In our evaluations with 4% CHG, adequate log10 reductions to meet FDA
requirements have been observed in wash procedures without the use of a scrub
brush. Several manufacturers have combined alcohol [�60%] with 1, 2, 3, and
4% CHG, also satisfying the current FDA requirements for a presurgical scrub
formulation without the use of a scrub brush.

CHG provides good protection against transmission of resident microbial
flora from the hands of surgical staff to a surgical wound, if a puncture or tear
to the gloves occurs. This is a challenge for any antimicrobial 6 hours after the
surgical gloves were donned, because that occlusive condition accentuates the
growth of normal skin bacteria, particularly Staphylococcus epidermidis. How-
ever, studies show that CHG effectively prevents significant regrowth [6]. Addi-
tionally, CHG has demonstrated remarkable broad-spectrum properties against
the bacteria listed in Table 1, as based on our laboratory results:

B. Preoperative Skin Preparation

Initially, CHG-based preoperative skin preparations experienced much resistance
from surgical staff, in that they were accustomed to observing a ‘‘yellow stain’’
on the proposed surgical skin site after prepping with an iodophor; CHG dried
clear. However, it is now common practice to add a highly visible dye to stain
the skin. And the product has the same broad antimicrobial spectrum as noted
in the 4% surgical scrub section.

A novel application of CHG is its use as a preoperative antimicrobial wash
prior to elective surgeries. In this endeavor, the patient is provided a CHG-im-
pregnated applicator to apply at the proposed operative site prior to undergoing a
surgical procedure. The purpose of this application is to capitalize on the residual
antimicrobial effects of the product. So, over the course of a 2- to 3-day applica-
tion period, the baseline counts at the proposed operative site are dramatically
reduced. This theoretically will pose a far less microbially populated area with
which the preoperative skin preparation must contend.

Additionally, certain manufacturers are exploring the potential benefit of
continuing the CHG application procedure after the surgery has been completed.
This interest has been stimulated by the positive results of using CHG-impreg-
nated wound dressings.

isms residing on the skin surface. The persistent antimicrobial effect is the product’s ability to
prevent microbial recolonization of the skin surfaces, either by microbial inhibition or lethality
after application of the product. The residual efficacy is a measurement of the product’s cumulative
antimicrobial properties after it has been used repeatedly over time.
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Table 1 Bacteria

Gram-negative bacteria
Acinetobacter species; various clinical isolates and ATCC#19606
Bacteroides species; various clinical isolates, including B. fragilis, and ATCC#25285
Candida species, clinical isolates, including C. albicans and ATCC#10231
Enterobacter species; various clinical isolates and ATCC#13048
Escherichia coli; various clinical isolates, including serotype 0157:H7 and

ATCC#11229 and #25922
Haemophilus influenzae; various clinical isolates and ATCC#49247
Klebsiella species; various clinical isolates of Klebsiella pneumoniae and

ATCC#11296
Proteus mirabilis; various clinical isolates and ATCC#7002
Pseudomonas aeruginosa; various clinical isolates and ATCC#15442 and #27853
Serratia marcescens; ATCC#14756

Gram-positive bacteria
Enterococcus faecalis; various clinical isolates and ATCC#29212
Enterococcus faecium; various clinical isolates and ATCC#51559
Micrococcus luteus; various clinical isolates and ATCC#7468
Staphylococcus aureus; various clinical isolates and ATCC#6538 and #29213
Staphylococcus epidermidis; various clinical isolates and ATCC#12228
Staphylococcus hominis; various clinical isolates and ATCC#27844
Staphylococcus haemolyticus; various clinical isolates and ATCC#29970
Staphylococcus pneumoniae; various clinical isolates and ATCC#33400
Streptococcus pyogenes; various clinical isolates and ATCC#19615
Staphylococcus saprophyticus; various clinical isolates and ATCC#15305

C. Healthcare Personnel Handwash

Recall that a healthcare personnel handwash is intended for use by healthcare
personnel between patient examinations, x-rays, CAT scans, phlebotomy, etc.,
so that they do not serve as a disease vector, transmitting patient A’s infectious
microorganisms to patient B. Healthcare personnel handwashes, like surgical
scrub products, have two primary ways of degerming the hands: physical removal
by the mechanical action of handwashing and the antimicrobial product’s lethal
effect on the contaminating microorganisms. In this respect, the healthcare per-
sonnel handwash need not be as antimicrobially active as a surgical scrub—that
is, it need not remove at least 3 logs of the normal skin flora, as well as the
transient microorganisms. The product, as tested according to FDA standards,
need only remove 3 logs of transient microorganisms. This, however, is not that
easy to do. Additionally, the product must have very broad antimicrobial proper-
ties, for healthcare personnel potentially will come into contact with a much wider
assortment of contaminative bacteria, fungi, and viruses than do surgical staff.

In some very important ways, then, it is even more desirable that suscepti-
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bility among a wide range of microorganisms be demonstrated for the healthcare
personnel handwash.

D. Precatheter Insertion Skin Preps

We have worked with various tinctures of CHG as precatheter insertion skin
preps, and they seem to provide both very rapid antimicrobial action and long-
term antimicrobial persistence (�48 hours) with one product application. This
can be very important, because if the normal flora (e.g., Staphylococcus epider-
midis) counts are kept to low levels, this should serve to reduce the risk of nosoco-
mial infection. Additionally, because the catheter need not be reinserted in a new
site as often, this could reduce not only the increased probability of infection,
but physical trauma to a vein as well.

E. Food Service

There has been interest shown in using CHG washes for food service personnel.
At this point, no real applications have been seen. However, in our work with
CHG, when E. coli are aliquotted into low-fat hamburger meat, we have seen an
apparent reduction in antimicrobial effectiveness of CHG, suggesting that the fat
load in hamburger interferes with its antimicrobial efficacy.

In summary, there appears to be much interest in developing CHG into
specific niche categories in the medical field. It will be interesting to see these
events unfold.
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I. ALCOHOLS

Alcohols have become ever more accepted as the primary skin antiseptic for
healthcare personnel hand sanitizer applications in both North America and Eu-
rope [1,2]. Additionally, alcohol-based ‘‘hand sanitizers’’ are well accepted for
use in degerming the hands of food servers/handlers and consumers at large [3].
Use of alcohols for sanitation is not new, and those containing 60–70% ethanol
or isopropanol have been used for years as hand antiseptics in both the medical
and food-handling environments.

Generally, alcohols are of limited value as sporicidals but have broad-
spectrum antimicrobial properties relative to both gram-positive and gram-
negative vegetative bacteria, as well as yeasts, fungi, and some viruses [4]. The
antimicrobial effects of alcohol are dependent on specfic concentrations, expo-
sure, and condition. Like many other topical antimicrobial compounds, alcohols
are considered to be nonspecific antimicrobials because they are active through
a multiplicity of toxic effect mechanisms [3,4]. This has important implications
for the spectrum, speed, and, ultimately, overall effectiveness of alcohols as disin-
fectants [5]. The predominant mode of action appears to stem from protein
coagulation/denaturation. Additionally, they disrupt the cell wall and/or cyto-
plasmic membrane of a cell, leading to cell lysis [6]. Relatively low concentrations,
about twice the minimum inhibitory concentration (MIC), can accomplish lysis.

Protein coagulation has also been reported occurring in microorganisms
at alcohol concentrations of 60–70%. In the absence of water, proteins are not
denaturated as readily as when water is present. This is likely why absolute etha-
nol is less bactericidal than are mixtures of alcohol and water. Coagulation of
cellular proteins leads to loss of cellular functions.
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The physicochemical properties of alcohols are associated with their chemi-
cal structure [3–5]. Factors such as water miscibility, solvency, surface tension,
vapor pressure, and protein denaturancy vary with chemical structure and help
explain corresponding variations in biological activity. Microbial resistance and
the development of alcohol-resistant bacterial strains is not a significant issue
with alcohols, especially at use-level concentrations employed for antisepsis and
disinfection [5].

II. ANTISEPTIC PROPERTIES OF ALCOHOLS

Alcohol is and has been widely used for the destruction of the vegetative forms
of microorganisms preceding such procedures as venipunctures, hypodermic in-
jections, finger pricks, and other procedures that break the intact skin [4]. It is
also widely used in some European countries and has been increasingly promoted
in the United States for use as a surgical hand scrub [5].

The antimicrobial action of isopropanol has been reported to be greater
than that of ethanol [4,5]. For example, by making counts of surviving bacteria
after 30 seconds of exposure to varying concentrations of alcohol, isopropanol
has been shown to be slightly more bactericidal than either ethanol or methanol
for Escherichia coli and Staphylococcus aureus.

III. VIRUSES

There is no general agreement in the literature regarding antiviral activity of
alcohols. It is well established that lipophilic, enveloped viruses are easier to
inactivate by alcohols and other general disinfectants than are ‘‘naked’’ viruses
[4,5]. Enveloped viruses extensively studied include vaccinia virus, togavirus,
influenza A virus, and rabies virus. Naked viruses also have been investigated
quite extensively, including picornaviruses, poliovirus, coxsackievirus, and echo-
virus. Enteroviruses, such as hepatitis A and B, and rotaviruses have been studied
for their resistance to chemical and physical influences, including the effective-
ness of alcohols.

IV. ALCOHOLS FOR SKIN DEGERMING

While it is not possible, nor probably desirable to sterilize the skin surfaces of
humans, the number of microorganisms residing on the skin can be greatly re-
duced. Skin bacteria are generally classified as ‘‘transient’’ and ‘‘resident’’ flora
[6]. Transient bacteria are those that do not normally live on the skin surface and
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are often loosely attached to the skin by lipid substances. Their removal is rela-
tively easy compared with removal of the resident, or ‘‘normal,’’ bacteria. Studies
of skin antiseptics generally are divided into those that assess effects on transient
flora and those that assess effects on resident flora. In the former, transient flora
are provided by contamination with a surrogate bacterium in studies of healthcare
personnel handwashes, general use handwashes, and foodhandler handwashes
[6,7]. Studies that assess effects on resident flora include those for preoperative
skin preparations, surgical scrubs, preinfection skin preparations, and precatheter
insertion skin preparations [6,7].

V. TRANSIENT MICROORGANISMS

In 1977, Rotter et al. developed a test method for the evaluation of healthcare
personnel handwash products [3,4], and a modification of this method has been
adopted by the German and Austrian governments [5]. The method includes arti-
ficial contamination of the hands with E. coli and decontamination with two 30-
second applications of 3 mL of 60% (by volume) isopropanol, as a standard for
comparison with any test product applied according to manufacturer’s directions.
European researchers have reported 4 or greater log10 reductions with all alcohols
tested, in comparison with 2–3 log10 reductions with soaps containing phenolic
antimicrobials, chlorhexidine gluconate (CHG), or povidone-iodine [8–10].

Marples and Towers developed a model to assess the transfer of organisms
by contact [11]. They contaminated a fabric-covered bottle with Staphylococcus
saprophyticus. Subjects grasped the contaminated bottle, then a sterile cloth-
covered bottle, and the microbial population transferred was determined. Wash-
ing human subjects’ hands with nonmedicated hand soap reduced transfer by
95%, whereas washing in 500 mL of 70% ethanol for 30 seconds reduced transfer
by 99.9%. Fifteen minutes after testing, the contaminating organism was still
present on the hands of subjects who washed with soap, but it was apparently
undetectable on alcohol-treated hands. Use of an alcohol-impregnated towelette
and application of a small volume (0.2 mL) of 80% ethanol resulted in reductions
of a lesser magnitude, 80% and 93%, respectively.

Reportedly, a bland soap handwash was ineffective in preventing transfer
by hand of gram-negative bacteria to catheters following brief contact with a
heavily contaminated patient source; an alcohol hand rinse was generally effec-
tive. Other studies have compared the effectiveness of 10% povidone-iodine,
70% isopropanol, and 2% aqueous CHG for the prevention of infection associated
with central venous and arterial catheters [5]. CHG resulted in the lowest inci-
dence of local catheter-related infection (2.3% vs. 7.1% and 9.3% for isopropanol
and povidone-iodine, respectively) and catheter-related bacteremia (0.5% vs.
2.3% and 2.6% for isopropanol and povidone-iodine, respectively [5].
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Additionally, in a survey overview on the effectiveness of handwashing
and hand disinfection for the removal of nosocomial pathogens from heavily
contaminated hands, 0.5% CHG in 70% isopropanol was most effective, followed
by 70% ethanol and, to a lesser extent, 40% isopropanol [5]. Comparison of the
efficacy of 62% ethanol, 70% isopropanol, and benzylalkonium chloride-based
hand sanitizers using the healthcare personnel handwash protocol indicated that
all three had equivalent efficacy at greater than 2-log reduction after the first
wash, whereas the benzylalkonium chloride hand sanitizer demonstrated residual
efficacy.

VI. RESIDENT SKIN MICROORGANISMS

A number of investigators have evaluated the effectiveness of alcohols as hand
rinses after short contact times. Morrison et al. compared three alcohol-based
hand rinses—including 70% isopropanol, 0.5% CHG in 70% isopropanol, and
a 60% isopropanol formulation containing evaporative retardant—in 14 subjects
[12]. The 60% isopropanol with evaporative retardant was associated with sig-
nificantly greater reductions after each of four consecutive handwashes. Simi-
larly, Larson has long reported the benefits of alcohol in the medical arena [5].
She reported significant reductions from baseline counts among subjects using
the evaporation-retarded formulation of isopropanol after a single 15-second ap-
plication. After using this formulation 15 times per day for 5 consecutive days,
subjects using either one of two alcoholic hand rinses, 70% isopropanol or 4%
CHG in detergent, had significant reductions in their colonizing flora, but the
two alcoholic hand rinses continued to be associated with the greatest reductions.
There was no significant change in bacterial counts among subjects using a non-
medicated control soap. In another study, Larson demonstrated a significant dose
response with two alcohol hand rinses: subjects using a 3 mL hand rinse had
significantly greater reductions in bacterial flora counts than did subjects using
a 1 mL rinse [13]. Based on these data, alcohols deserve serious consideration
for potential use as surgical scrubs and hand-degerming.

The sequential use of a chlorhexidine gluconate–containing detergent fol-
lowed by an alcoholic disinfectant reduced the release of resident skin bacteria
significantly better than did a sequence of unmedicated soap and alcohol used for
the same periods. Paulson compared five surgical hand-scrub preparations (4%
CHG brush, 2% CHG solution, povidone-iodine brush, parachlorometaxylenol
brush, and alcohol-impregnated brush) [14]. Only the CHG products demonstrated
antimicrobial effectiveness inall threeparameters (immediate,persistent, andresid-
ual). A comparison also was made between a 5-minute povidone-iodine scrub and
a 1-minute povidone-iodine scrub, followed by alcohol foam [15]. The total number
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of colonies was less after the 1-minute scrub with alcohol foam than after the stan-
dard 5-minute scrub for both 1-hour and 2-hour groups.

Larson and coworkers investigated both the effect of blood and the effect
of a protective foam on the antimicrobial activity of alcohol and other active
agents [16,17]. The effect of blood on the efficacy of 70% isopropanol, 0.5%
CHG in 70% isopropanol, 7.5% povidone-iodine in a detergent base, 4% CHG
in a detergent base, and a nonantimicrobial soap was evaluated in 71 subjects.
In the presence of blood, the two alcohol-containing products resulted in signifi-
cantly greater reductions in the number of colony-forming units (CFUs) than the
other products. In the absence of blood, 70% isopropanol was associated with
significantly greater reductions; soap resulted in a significantly lower reduction
[16]. The effects of a skin protectant on glove integrity and the efficacy of surgical
scrubs with 70% isopropanol, 4% CHG in a detergent base, 7.5% povidone-iodine
in a detergent base, and a nonantimicrobial soap (control) were determined. No
significant differences were found in CFUs on hands with or without protectant
immediately after scrubbing or at 2 hours after scrub on gloved or ungloved hands
[17]. The efficacy of alcohol hand rubs with two different kinds of handwashing
machines was studied in vivo [18]. It was concluded that an alcohol-based solu-
tion containing an effective antimicrobial detergent preceded by a soap wash is
necessary to reduce hand-surface bacteria to a satisfactory degree using these
techniques.

Contrary to popular opinion, alcoholic products seem to be quite acceptable
to users [19]. Newer formulations containing emollients eliminate the drying ef-
fects of alcohol on skin and significantly increase acceptability [3]. Intermittent
use of an alcohol hand gel containing emollients reduced the soap-induced skin
irritation of healthcare personnel, improved their skin condition (cracking, scal-
ing, and redness), and maintained normal skin hydration [3].

Although all methods were initially comparable, with bacterial reductions
of greater than 99%, recolonization of a test site was significantly reduced after
60 minutes when prepared with an alcohol and iodophor drape, compared with
the other methods. Jeng and Severin investigated the performance of a povidone-
iodine gel alcohol (5% povidone-iodine and 62% ethanol in gel form) as a 30-
second, one-time application preoperative skin preparation [20]. The povidone-
iodine gel alcohol formulation delivered rapid and persistent antimicrobial
activity against a broad spectrum of bacteria, both in vitro and in vivo, and was
found to be an effective skin preparation formulation for use in a single-step 30-
second application.

For persons who were allergic to iodine, CHG and isopropanol were re-
ported more efficacious than ‘‘green’’ soap and isopropanol. Further studies are
certainly required to determine whether CHG is superior to povidone-iodone or
tincture of iodine for this procedure.
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VII. ALCOHOLS USED TO PREVENT INFECTIONS

Murie and MacPherson compared postoperative wound-infection rates associated
with two hand-scrub techniques in the operating room [21]. They alternated
each month for 6 months between 0.5% chlorhexidine in 95% methanol and 4%
chlorhexidine in detergent. Among 226 patients—117 in one group and 109
in the other—no difference in infection rates was found. Additionally, the alco-
holic preparation was calculated to be five times less expensive, less time-con-
suming, and more acceptable to users. Dorif et al. compared the use of triple
dye versus alcohol for umbilical cord care in neonates in terms of impact on
staphylococcal infections in a newborn nursery over a 1-year period [22]. There
was no significant difference in infection rates (0.4% for newborns receiving
triple dye and 0.6% for those receiving alcohol treatments). The alcohol-treated
infants, however, had fewer cord complications and better healing of umbilical
stumps.

A study was carried out to determine the comparative efficacies of 4%
CHG in a detergent base and 60% isopropanol hand rinse (with optional use of
a bland soap) in reducing nosocomial infections in intensive care units (ICUs)
[23]. The authors concluded that the CHG product reduced the nosocomial infec-
tion rate more effectively than did use of alcohol and soap and attributed the
results, at least in part, to better handwashing compliance when the CHG product
was used. Alcohol preparations kill bacteria rapidly, theoretically permitting
briefer washing time. Voss and Widmer stated that alcoholic hand disinfection,
with its rapid activity, superior efficacy, and minimal time commitment, allows
100% healthcare worker compliance without interfering with the quality of pa-
tient care [24]. Alcohol preparations are inexpensive and can be used without a
sink, when sinks are unavailable, or when tap water is contaminated—a major
advantage in developing countries.

A randomized clinical trial comparing the effectiveness of an alcoholic
solution with that of the standard handwashing procedure used in clinical wards
and ICUs was carried out in a large public university hospital [25]. The alcoholic
solution resulted in significantly fewer CFUs recovered after the cleansing proce-
dure, and overall acceptance was rated as good by 72% of the healthcare workers.
These investigators concluded that the use of alcoholic solutions is effective and
safe and deserves more attention, especially in situations in which the compliance
rate is hampered by architectural problems or nursing work overload.

Recently, alcohols have been combined with CHG to form a tincture of
CHG to synthesize the benefits of both. Theoretically, the tincture should be
much faster-acting than CHG by itself and provide a longer-lasting persistent
antimicrobial effect than alcohol alone. The merits of this concept have not been
reported in challenge use with normal subject volunteers or in the actual clinical
setting as yet. The panoply of uses for alcohol, however, as a primary topical
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antimicrobial has not been totally explored, and new applications undoubtedly
will be witnessed in the future.
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Part III
Product Applications

Topical antimicrobials provide an important first line of defense against surgical
infections. Chapter 8 discusses microorganisms and disease, whereas Chapter 9
describes in some depth nosocomial infections. The following chapter discusses
nosocomial infections as they relate to postsurgical infections. Since staphylococ-
cal species, particularly coagulate-negative varieties, are so commonly associated
with postsurgical infections, certain aspects of them are covered in Chapter 12.
In the medical arena, research and development is ongoing in finding new ways to
prevent or at least reduce the incidence of postsurgical infections. One interesting
approach is to utilize chlordexidine gluconate or a preoperative wash prior to
elective surgeries as presented in Chapter 11. Theoretically, this should reduce
the normal resident microorganisms populations at the proposed surgical site.
However, the preoperative skin preparation performed just prior to surgery will
be used on very clean skin and should then sterilize the skin. Some argument
exists as to whether a chlorhexidine-based product can be useful in this endeavor.
Chapter 13 explores this aspect. Chapter 14 is a review section written by one
of the original scientists, Mary Bruch, who developed the glove juice sampling
procedure. Chapter 15 provides some suggestions for developing healthcare per-
sonnel handwash products.
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Microorganisms and Disease

Daryl S. Paulson
BioScience Laboratories, Inc., Bozeman, Montana

I. INTRODUCTION

The earth’s biosphere contains untold numbers and kinds of microorganisms.
Humans have an interaction with microorganisms that is dynamic and modified
by many factors. From the beginning of microbiology, with Van Leeuwenhoek’s
application of the microscope, small ‘‘animalcules’’—microbes—were sus-
pected of causing disease [1]. It was not until Koch published his classic paper
on anthrax that these suspicions were proven, through rigorous experimentation
as per Koch’s four postulates [2]. Although Koch’s postulates were for the deter-
mination of causation attributable to a single microbial species, the disease pro-
cess is often more complex, involving multiple etiologies [3].

Secondary infections often occur when a primary pathogen reduces the
immunological resistance of the patient, so that other microorganisms of limited
pathogenicity produce disease [4]. For example, a primary viral infection may
lead to a secondary bacterial infection. Staphylococcal pneumonia is rarely a
primary disease, but is often observed as a sequel to viral influenza. This predis-
position to a secondary infection is generally due to a stress disruption of both
cellular and humoral immunity and a suppression of phagocytosis due to a distinct
drop in the opsonization of antigen [5,6].

There are dual infections where a disease is the result of a synergistic rela-
tionship between two microorganism species. Such relationships are both com-
plex and more common than generally thought. A classic example of this is the
human disease of diphtheria [6]. While the disease is caused by Corynebacterium
diphtheriae, the toxin produced by this bacterium that accounts for its pathogenic-
ity is due to lysogenic conversion of the C. diphtheriae by a specific bacterio-
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phage. Only the bacteriophage-infected bacteria are capable of producing the
profound disease symptomology of diphtheria [3,7].

Microbial pathogenicity refers to the potential capacity of a microorganism
to cause disease, as applied to a species or group of microorganisms. Virulence
refers to the degree of pathogenicity within a species or group of microorganisms,
usually related to the minimum number of microorganisms required to elicit a
disease (infectious dose). Often avirulent and virulent strains will occur in the
same species.

While microorganisms may be introduced directly into a host’s tissue via
a cut, wound, puncture, burn, or insect inoculation, most infectious disease is
due to a microorganism penetrating the mucous membrane barrier of the respira-
tory tract, the gastrointestinal tract, or the urogenital tract. With very few excep-
tions, pathogenic microorganisms possess the capacity to adhere to and colonize
those mucous membranes and, in most cases, to penetrate them. The ability to
cause disease is further dependent upon the microorganism’s ability to evade and
resist the host’s immunological defense system. The pathogenicity of a micro-
organism group is rooted in a combination of multiple microorganism and host
factors.

II. INFECTION

For an infectious disease to manifest, at least five events generally occur [6]:

1. Encounter: The host must be physically exposed to the microorganism.
2. Entry: The microorganism must enter the host.
3. Spread: The microorganism must spread from the site of physical entry.
4. Multiplication: The microorganism must multiply in the host.
5. Damage: The microorganism and its metabolites and/or the host’s im-

mune response cause tissue damage.

The host is exposed to the microorganism in a variety of situations relevant
to topical antimicrobial compounds. The scenarios tending to infection described
below relate to the healthcare setting, but much the same sets of conditions are
involved in transmission of foodborne disease via the environmentally or fecally
contaminated hands of food handlers. Generally, there is (1) the exposure of
patients to pathogenic microorganisms via a healthcare worker’s contamination
by a different patient, worker, or environmental source; (2) the exposure of a
patient’s surgical site or a worker’s wound site to contaminated hands; and
(3) the contamination of a surgical, catheter, or injection site with the patient’s
own normal microbial flora [8,9].

In situation 1, the patient is exposed to pathogenic microorganisms from
a different patient via the contaminated hands of healthcare personnel. That is, the
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healthcare provider serves as a disease vector, transferring patient A’s pathogenic
microorganisms to patient B. It should be noted that the microorganisms trans-
ferred are transient pathogens, not normal microorganisms of the skin.

Situation 2 represents the exposure of a patient’s surgical site by the con-
taminated hands of surgical personnel. This generally occurs when a surgical
glove is torn or nicked, and the normal resident microorganisms of the caretaker’s
skin enter the patient at the surgical site [10]. The degree of infectious disease
is dependent upon the surgical site, the number of opportunistic microorganisms
transferred to the patient, and the immunological competence of the patient.

Situation 3 occurs as a result of the contamination of a surgical site, venous/
arterial catheter site, or an injection site with the patient’s normal skin microor-
ganisms. Contaminative (nosocomial) infections of surgical and catheter sites are
not uncommon and are dangerous because of entry of microorganisms into the
blood stream, potentially resulting in a bacteremia and septicemia. Patients who
are immunocompromised are at a greater risk of septicemia [4]. Injection site
infections are generally localized but can result in a septicemic condition.

III. SPREAD

Spread of pathogenic microorganisms from patient to patient via healthcare per-
sonnel hand contact can take a variety of forms [10]. It can be hand-to-hand
contact, such as shaking hands. Often, the contaminating bacteria are respiratory
or gastrointestinal in origin, but not exclusively. Most anatomical sites subse-
quently examined, particularly if they are anatomically or physiologically com-
promised, can become a spread site.

General infection resulting from direct contact with the hands of surgical
personnel or introduction of normal skin microorganisms through catheters is
facilitated by the blood and the lymphatic systems [6,11,12]. Spreading can be
passive or active, depending upon a microorganism’s motility and/or manufac-
ture of extracellular hydrolytic enzymes that allow them to break through ‘‘wall-
ing off’’ mechanisms of the inflammatory response. For example, streptococci
produce a protease that breaks up fibrin, a hyaluronidase that hydrolyzes hyal-
uronic acid (an important component of connective tissue), and a deoxyribonucle-
ase that causes the release of DNA from lysed white cells and reduces the viscos-
ity of pus.

IV. MULTIPLICATION

Once the microorganisms have spread from the entry site, they frequently multi-
ply to cause a systemic infection. Generally, there is a time lapse between the
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Figure 1 Incubation period of infectious microorganisms.

exposure and the manifestation of symptoms, referred to as the incubation period
(Fig. 1) [10].

V. IMMUNE SYSTEM

The ability of pathogenic microorganisms to multiply in the body is influenced
by the body’s immunological system. In normally functioning immune systems,
the body is able to generate a variety of ‘‘immune system’’ cells and antibody
molecules that are capable of detecting (‘‘recognizing’’) and eliminating an ap-
parently infinite variety of foreign substrates and microbial forms, which include
viruses, bacteria, and fungi.

Functionally, the immune system can be divided into two interrelated activ-
ities: recognition and response [5]. Immunological recognition is highly specific
in that it can distinguish one foreign macromolecule or pathogenic microorganism
from another. The immune system is also able to discriminate between ‘‘self ’’
and ‘‘not self’’ at the molecular level of cell structure. Once a foreign microor-
ganism or molecular form is recognized, the immune system mounts an immune
(‘‘effector’’) response through the participation of various immunological cells,
phagocytic cells, and certain molecular substrates [7]. The effector response then
may or may not effectively eliminate or neutralize the infectious microorganism
species or foreign molecular form. The immune system is able to translate the
recognition established at initial exposure to a foreign microorganism or molecule
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to subsequent exposures, because certain immunoactive cells retain ‘‘memory’’
of them. Upon a subsequent exposure, a heightened and more rapid immune
response is generated, which serves to eliminate the invader quickly and even
prevent a disease [8].

Often, however, an individual who is sick or a patient who has undergone
a surgical procedure is, to some degree, immunologically compromised. Hence,
the potential for morbidity and mortality through infectious disease is increased.

VI. MICROBIAL NUTRITION

At first glance, it would appear that the body offers a variety of rich mediums
for the support of microorganisms. Body fluids such as plasma contain sugars,
vitamins, minerals, and other substances on which bacteria and fungi can subsist
[7]. However, for microorganisms other than normal flora, life in or on the body
is not so simple. For example, if fresh blood plasma is incubated with challenge
microorganisms, microbial growth is generally nonexistent or sparse. This is be-
cause antimicrobial substances such as lysozyme and molecular constituents of
the complement system are inhibitory [5].

Bacteria require free iron for the synthesis of their cytochromes and other
enzymes. This also appears to be a limiting factor for growth of bacteria in the
body. Plasma, as well as a variety of other body fluids, contains very little free
iron, probably due to its avid binding to a wide range of proteins. In fact, the body
actually sequesters iron to defend itself against bacterial multiplication. When a
sufficient number of microorganisms has been detected within the body, iron-
binding proteins literally pour into plasma and other tissue fluids, as the body
strives to limit the free iron available to bacteria.

The range of nutritional requirements of microorganisms found as normal
microbial flora is a reflection of their ecological niches. For example, Staphylo-
coccus epidermidis, the predominant skin surface–colonizing bacterium, requires
several amino acids and vitamins that are common on the skin surfaces. However,
microorganisms common in both soil and water are much less fastidious. They
can achieve their organic requirements from simple carbon compound sources
widely available in the body, as well as in the natural environment. Both Esche-
richia coli and Pseudomonas spp. are examples of bacteria that can thrive on
very nutrient-minimal media [10].

VII. PHYSICAL FACTORS

Physical factors also affect microbial multiplication within the body. Important
physical factors include temperature range of an anatomical region of the body,
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osmotic pressure of fluids, and humidity. Microorganisms that are normal inhabi-
tants of the body, or those that can only live on the body, tend to have much
more limited tolerance to physical changes than ones also found commonly in
the environment, like Pseudomonas spp. [10].

VIII. ENDOGENOUS ‘‘OPPORTUNISTIC’’ INFECTION

Normally, endogenous commensal microorganisms cause no disease in human
hosts, because a dynamic balance exists between the host’s immunological de-
fense and the microorganism’s ability to cause disease [6]. Yet, if that balance
is upset, endogenous microorganisms take advantage of the situation. Thus, in
major or minor surgical wounds, staphylococci species such as S. aureus and S.
epidermidis can establish an infection [13].

Opportunistic infectious disease is increasingly prevalent, due particularly
to medical advances that prolong life in patients suffering disease (e.g., cancer,
diabetes, etc.) that would have killed them in earlier times or treatments that,
themselves (e.g., cancer therapy), compromise the immune system [6,8]. Oppor-
tunistic infections are also common following invasive diagnostic procedures and
treatments.

IX. ADHERENCE

In order for infectious disease to occur, microbial adherence to tissues and mem-
branes is necessary. Mucous membranes are exposed constantly to microorgan-
isms from the environment—from food, water, the air, dust, and other sources
[10]. Most of the microorganisms are bound and/or mechanically removed via
discharge of mucus from the upper respiratory tract, or via the urine, saliva, and
tears, or by entrapment and elimination in the intestinal contents before they have
the opportunity to multiply. Some adhere to inert bodily structures. For example,
Streptococcus mutans attaches to the enamel surface of the teeth (tartar, plaque)
in order to elicit dental caries [13].

Microorganisms attach to host cells via an often unique and specific pro-
cess. Microbial surface structures called adhesins react and combine with comple-
mentary receptor sites on host cells. The specific interaction is how individual
microbial strains demonstrate a predilection for a particular host body site [3].

Because the net charge for microorganisms and human cells is negative,
the repulsion generated, one would think, would prevent adhesion [3,8]. The
overall net charge between these cells, however, does not preclude localization—
attractive forces between them—particularly in areas where hydrophobic forces
override the repellent forces. The relatively weak hydrophobic forces can permit
attachment, but firm binding requires an interaction between ligands on the micro-
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organism and complementary receptor sites on the host cells. The mutual partici-
pation of a large number of these specific interactions results in firm attachment
between the microorganisms and host eukaryote cells.

Bacterial surface components that are, or contain, the adherence ligands
include fimbriae, fibrillae, surface polysaccharides, and specialized terminal
structures found, for example, on mycoplasma cells. These components of the
bacterial cell are referred to as adhesins. Let us look at them in a little greater
detail.

The surfaces of some gram-negative bacteria have structures called fim-
briae, also known as pili. Many of these structures have been identified as attach-
ment vehicles. Pili are, for the most part, composed of protein, so they tend to
react with specific proteinaceous sites based on host cells—amino acids, sequenc-
ing, and peptide configurations.

A number of gram-positive bacteria, as well as gram-negative, contain cell
surface hair-like projections termed fibrillae. In Streptococcus pyogenes bacteria,
these structures are composed of protein and lipoteichoic acid complexes. The
lipid portion of the lipoteichoic acid complex appears to be the ligand structure
that binds to the complementary protein or glycoprotein host cell sites. Myco-
plasma spp. and some filamentous bacteria are able to attach by their terminal
of attachment structures to host cells, specifically epithelial cells [6,8].

Not all attachment and adherence factors are positive to survival. Phagocy-
tosis of fimbriated bacteria is more efficient than of non–pili-containing cells,
apparently because phagocytic attachment is easier, a condition required for
phagocytosis [10]. Fimbrial adhesins, lectins (carbohydrate-binding proteins),
also mediate a tight bonding adherence between bacteria and host cells. Similar
adhesins exist in fungi, viruses, and protozoa. Generally, however, such host
advantages are more than offset by the increased virulence such attachment mech-
anisms provide bacteria.

X. SPREAD

Many microorganisms, including normal flora, remain on the epithelial cell sur-
face without invading underlying tissue. This type of colonization is generally
harmless. Most others do not gain access to deeper tissues unless injury is sus-
tained to the area [3].

Once microbial organisms gain entry and adhere within a human host, they
encounter host defenses in both humoral and cellular arms of the immune system
[6]. In order for the microorganism to spread, it must minimize the effectiveness
of the host’s immune system, given it is in normal working order.

Some bacteria produce nontoxic substances that inhibit both the humoral
and cellular components of the host’s immune system. Generally, microorgan-
isms first encounter host immunological phenomena at the epithelial tissues. A
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common immunoglobin frequently present at these sites is IgA, a secretory anti-
body. It does not activate, complement, or enhance phagocytosis via opsoniza-
tion, but it does inhibit bacterial adherence and is antiviral in many instances. It
is also reactive with certain bacteria to prevent their absorption into epithelial
tissue. However, some bacteria are capable of biochemically clearing and, there-
fore, inactivating the effects of IgA [3,10].

The human body contains a number of self-protection barriers, such as
blood and tissue microbicidal agents, including complement, lysozyme, beta-
lysins, and iron-binding host proteins [6]. However, because this is not the
focus of this book, we will look at other aspects of interest in the topical anti-
infective arena.
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Nosocomial Infection
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It has been estimated that every year between 5 and 10% of patients admitted
to hospitals in the United States and Europe will acquire an infection that was
not present before they were admitted to the hospital [1]. A number of these
nosocomial (hospital-acquired) infections lead to the patient’s death at one ex-
treme or, at the least, require additional antimicrobial chemotherapy. Among crit-
ically ill patients, the prevalence of hospital-acquired infection can reach 50%
in intensive care units, where patients remain for prolonged periods, often under-
going invasive therapeutic support, such as mechanical ventilation. Within hospi-
tals, the surgical and medical wards usually have the highest infection rates, while
pediatric and neonatal services have the lowest.

The Centers for Disease Control and Prevention (CDC) utilizes a subsid-
iary, the National Nosocomial Infection Surveillance (NNIS) program, to monitor
the incidence of nosocomial infection in the United States. Interestingly, the size
of the hospital or a medical school affiliation does not seem to matter; the rates
of infection across them are equivalent [2]. In point of fact, large hospitals that
treat many seriously ill patients, as well as large teaching hospitals, frequently
have the highest incidence of nosocomial infectious disease.

The majority of nosocomial infections seem to be endogenous, that is, the
infections are due to translocation of microorganisms from the patient’s own
normal flora. Examples include Escherichia coli infections from indwelling blad-
der catheterizations and Staphylococcus epidermidis infections from percutane-
ously inserted intravenous catheters [3]. The microorganisms migrate from their
muscosal or skin habitat along the external surface of the catheters and across
the meatal or skin barrier to gain access to the site of infection. Additionally, the
environment supporting commensal microorganism populations changes during
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hospitalization because of mucosal modifications (pH changes, surface receptor
changes, etc.) and the selective pressures of antibiotics, which enhance develop-
ment of antibiotic-resistant strains.

There is also the exogenous route of nosocomial infection caused by micro-
organisms harbored in the hospital setting. The harbor includes the environment
(bedding, sinks, toilets, walls, floors, etc.), other patients, and the hospital staff
[4]. Microorganisms are frequently transferred by cross-infection due to hand
contact between hospital staff and patients. Cross-infection has been estimated
to account for 10–20% of hospital-acquired infections [5]. Hand-body contact,
or contact spread, is a mode of nosocomial transmission that is particularly hard
to control because the pathogens are environmentally robust and generally more
resistant to antimicrobials.

Three principal factors play into the probability of a patient acquiring a
nosocomial infection [6,7]:

1. Physiological (including emotional/mental states) susceptibility of the
patient to the infectious opportunistic microorganism

2. The virulence of an infection-causing microorganism
3. The nature of the patient’s exposure to the infection-causing microor-

ganism

I. PHYSIOLOGICAL SUSCEPTIBILITY OF A PATIENT TO
AN INFECTIOUS OPPORTUNISTIC MICROORGANISM

In general, hospital patients have an increased susceptibility to infection [7].
Common chemotherapeutic treatments (e.g., corticosteroids, antineoplastic
agents, and antibiotics) individually and synergistically contribute to increased
susceptibility [8]. This is due mainly to immune system suppression and/or alter-
ing the patient’s normal flora, often with replacement by antibiotic-resistant hos-
pital microorganisms, as previously discussed.

Susceptibility is further enhanced by a patient’s emotional-mental state.
Seriously ill, older patients, patients in a great deal of pain, those with serious
chronic diseases, and those under emotional stresses of rejection by their peers,
financial difficulties associated with their disease, depression and/or anxiety, and
feeling not in control are all more susceptible to nosocomial infection [9].

Surgical procedures often result in nosocomial infections at the surgical
site due to the patient’s own normal resident, but opportunistic, skin microorgan-
isms (e.g., S. epidermidis), which will readily colonize the traumatized tissues.
Antibiotic-resistant microorganisms within the hospital environment may also
contaminate the surgical wound [10]. Other common medical procedures, such
as urinary and/or venous catheterization, as discussed previously, or endoscopy,
biopsy procedures, etc., often increase the susceptibility to nosocomial infection
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Table 1 Modes of Transmission of Nosocomial Pathogens

Mode of transmission Reservoir/source Examples of pathogens

Contact Patients/healthcare workers, Staphylococcus aureus
fomites, medical devices Enterococcus spp.

Enterobacteriaceae
Clostridium difficile
Respiratory syncytial virus
Rotavirus
Adenovirus
Candida spp.

Droplet spread Healthcare workers, patients Staphylococcus aureus
Respiratory syncytial virus
Influenza virus

Device-related Water/respiratory equip- Pseudomonas aeruginosa
ment, endoscopes Acinetobacter spp.

Stenotrophomonas malto-
philia

Medication-related Water/IV fluids, disinfec- Burkholderia cepacia
tants Acinetobacter spp.

Serratia marcescens
Transfusion, needlestick Patients/blood Hepatitis B virus

Hepatitis C virus
HIV, etc.

Transplantation Patients/donor tissues Cytomegalovirus
Toxoplasma gondii
Creutzfeld-Jacob agent

Airborne Patients Mycobacterium tuberculosis
Hot water/showers Legionella spp.
Soil/dust Aspergillus spp.

Foodborne Animals/food products Salmonella spp.
Water/enteral feeding Enterobacter spp.

Pseudomonas aeruginosa

by traumatizing tissues and/or breaching skin—or epithelial—barrier properties
[11] (Table 1).

II. VIRULENCE OF AN INFECTION-CAUSING
MICROORGANISM

Unfortunately, many of the hospital-acquired infections are caused by very viru-
lent microorganisms. This is due, in part, to the very nature of a hospital, serving
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as a collection point for treating the more serious infectious diseases. Virulence
is the ability of a microorganism to cause infectious disease in normal humans.
This situation is often manifested in a hospital where a good portion of the pa-
tients are immune-compromised by medical/surgical conditions and treatment
regimens, not to mention emotional stress.

III. NATURE OF PATIENT’S EXPOSURE

Patients are, for the most part, in a debilitated state in the hospital [12], and many
of the nosocomial infectious agents, particularly bacteria, are antibiotic-resistant,
even multiantibiotic-resistant. The microorganisms causing disease in patients
who are admitted for diagnosed infectious disease are, by definition, virulent [13].
Hence, the spread of nosocomial infection in the hospital setting is a serious and
ongoing problem.

Infectious disease can be spread from patient to patient via direct contact
with healthcare personnel, food, water, fomites (medical instruments/devices),
and airborne transmission. Considering the biological variables, nosocomial in-
fection most probably will never be eliminated, but it can be kept at a minimum
level by ongoing infection-control programs.

IV. COMMON NOSOCOMIAL INFECTIONS

As stated previously, one of the more common nosocomial infection sites is the
urinary system. Not surprisingly, the gram-negative E. coli is primarily responsi-
ble for these infections. However, significant numbers of urinary infections are
also caused by other gram-negative microorganisms, such as Klebsiella spp., Pro-
teus mirabilis and other Enterobacteriaceae, and Pseudomonas aeurginosa, as
well as gram-positive ones, such as Staphylococcus spp. and various enterococci.
The utilization of Foley urinal catheters increases the risk of urinary tract infec-
tions. It is estimated that as many as 20% of all short-term urinary catheterization
patients develop a urinary tract infection. In general, viruses are only minimally
associated with urinary tract infections.

Most microorganisms that cause endogenous hospital infections have been
shown to contaminate transiently the hands of healthcare workers and to be dis-
seminated in that way. Vehicles of cross-contamination infection also include
contaminated medical devices (thermometers, endoscopes, electrodes), infected
blood products, or transplanted tissues/organs [13].

Individual-to-individual spread of pathogens also follows the fecal-oral
route, secreted droplet paths, or airborne channels [6]. Pathogens routinely trans-
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mitted from person to person in the hospital setting include hospital-acquired
infectious agents, such as viruses [varicella-zoster virus, respiratory syncytial vi-
rus (RSV), influenza virus, herpes simplex virus, hepatitis A virus, rotavirus, and
adenovirus], bacteria (Staphylococcus aureus, Neisseria meningitidis, Haemophi-
lus influenzae, and Mycobacterium tuberculosis), and parasites (Cryptosporidium
spp.). The risk factors of disease in patients exposed to these agents include age,
immune function status, emotional state, adherence to aseptic techniques by hos-
pital staff, patient’s condition, number of patients sharing rooms, handwashing
practices, and effectiveness of antimicrobial products employed by the staff
[12,14].

V. SURGICAL SITE INFECTIONS

Two main complications after surgery are infection and the systemic inflamma-
tory response syndrome (SIRS), an activation of the inflammatory cascade. The
SIRS, a response often but not always seen accompanying infection [15], is a
systemswide inflammatory response to surgical trauma and injury and/or other
noninfectious insults to the patient that result in the activation of pro-inflamma-
tory cytokines and other biochemical mediators. Sepsis is defined as the systemic
inflammatory response with microbial infection and is considered severe when
organ dysfunction occurs [16]. The term septic shock is used when hemodynamic
abnormalities are present (e.g., lysis of red blood cells). Multiple organ dysfunc-
tion syndrome (MODS) is a term describing malignant failures in organ function
in acutely ill patients.

Sources of infection in surgery patients are primarily the surgical wounds
themselves [12,15]. Wound contamination may derive from the patient’s own
bacteria (e.g., S. epidermidis) or from the surgical team performing the surgery,
the hospital staff, or the environment, especially if prolonged support (antibiotics,
IVs, intubation, etc.) is required [3]. The most common causes of postsurgical
site infections are S. aureus and S. epidermidis [17]. There are also significant
postsurgical infection rates due to gram-negative rods (e.g., E. coli) particularly
in abdominal, bowel, or pelvic surgeries [7]. Candida spp. and enterococci are
also seen in many postsurgical infections because they are, to a large part, depen-
dent upon the source of transmission (punctured surgical gloves, patient’s normal
flora in close proximity to a surgical site, airborne microbial species, contamina-
tion to the site by healthcare personnel in charge of dressing, etc.).

Risk factors in surgical site infections include types of surgery (clean,
clean-contaminated, contaminated, or dirty), advanced age of patient, obesity,
malnutrition, extended hospitalization, diabetes, extended surgery time, immune
compromise, and inappropriate antibiotics used prophylactically to prevent post-
surgical infections [12].
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VI. ROLES OF INFECTION

Incidence of complications due to infection after surgery is estimated to be 20–
30% but is higher for patients requiring intensive care. It has been reported that
among surgical patients with stays longer than 30 days, 63% developed pneumo-
nia, 69% bacteremia, and 43% urinary infections [12]. The risk of developing
surgical infections is increased by the extent of the surgical procedure, the degree
of contamination at the surgical site, the psycho-physical state (organ function
level, degree of chronic illness, stress level, affect state, and world view), blood
loss/replacement during surgery, and the duration of the hypotensive state
[12,18].

The role of infection as a postsurgical concern has been rated minimal by
some and high by others, particularly as a cause of multiple organ failure
(MODS). Both types of MODS—rapid (within 72 hours of a surgical procedure)
and delayed (beyond 72 hours)—are associated with high infection rates—in the
delayed form, about 90% [10].

Most patients undergoing major and prolonged surgery develop a systemic
inflammatory response within a few days, which is a normal, adaptive phenome-
non. Generally, SIRS at a moderate level is beneficial to the patient but, at high
levels, is potentially harmful, even fatal [15,16]. Cardiac and vascular surgeries
with aortic cross-clamping are procedures that predispose a patient to potentially
severe SIRS, MODS, and acute respiratory distress syndrome (ARDS). The exact
incidence of SIRS and MODS after other types of surgeries (gastroenteric, ortho-
pedic, or urological) is not known.

Microbial translocation, particularly bacterial, is a possible cause of activa-
tion of SIRS. Surgical patients are at a high risk of bacterial translocation* sec-
ondary to enteric overgrowth, intestinal ischemia, bowel status, or hemorrhagic
shock. However, significance of bacterial translocation in the development of
MODS is unclear.

After the surgery and onset of SIRS, negative feedback systems tend to
limit or neutralize the auto-destructive inflammatory process. While this is bene-
ficial from a self-destructive perspective, it is often associated with major post-
surgical infections [19].

VII. ANTIBIOTIC-RESISTANT MICROORGANISMS

It has long been known that strains of microorganisms responsible for nosocomial
infections have evolved over the years in response to antibiotic therapies and

* Bacterial translocation is the passage of bacteria or their toxins from surgically involved tissues
(e.g., intestinal lumen) to other anatomical sites (e.g., heart and circulatory system, liver, spleen,
and lymph nodes).
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have become increasingly resistant to them [20]. The risk of acquiring a nosoco-
mial infection then increases with the length of hospital stay. After the massive
utilization of penicillin and sulfa drugs in the 1940s and 1950s, the first markedly
resistant microbial strain to appear was of S. aureus. With the narrow-spectrum
antimicrobials—cephalosporins and aminoglycosides—gram-negative rods such
as Klebsiella, Serratia, Enterobacter, and Pseudomonas are commonly resistant.
Additionally, there are now methicillin-resistant S. aureus (MRSA) and vanco-
mycin-resistant enterococci (VRE) strains with which to contend. It has also been
observed that patients’ normal microflora (e.g., viridans streptococci, saprophytic
Neisseria spp., and diptheroids) are replaced by resistant microorganisms found
in the hospital environment.

VIII. INFECTION-CONTROL PROGRAMS

Hospital infection-control programs, at least in theory, are designed to detect and
control the spread of nosocomial infections. Recall that nosocomial infections
are spread in at least four ways [12,13,21]:

1. Direct contact: food, contaminated instruments, or punctured surgical
gloves

2. Indirect contact: hand contact between patients and healthcare per-
sonnel

3. Droplet contact: exposure to droplets from coughing, etc. (�5 µm)
4. Aerosolized droplets: inhalation of droplets (�5 µm)

While handwashing, scrubbing, or prepping cannot prevent or influence all of
these, they will be the focus of this book.

The most important aspects for topical antimicrobials include:

1. Healthcare workers washing their hands with effective (validated) anti-
microbials and methods.

2. Surgical personnel performing adequate (validated) scrub procedures
with effective antimicrobials.

3. Adequate prepping of patients with effective and relevant antimicrobi-
als prior to injections, phlebotomy procedures, catheterization (venous,
arterial, or urethral), and surgical procedures.

IX. PREOPERATIVE SKIN PREP

In order to be effective, preoperative skin preparation formulations must degerm
an intended surgical site rapidly as well as provide a high level of bacterial inacti-
vation and persistent antimicrobial activity—up to 6 hours—post–skin prepping
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[22]. The preoperative skin preparations should demonstrate a broad spectrum
of antimicrobial activity against both gram-negative and gram-positive bacteria,
as well as fungi, by means of a valid time-kill study and a valid minimum inhibi-
tory concentration study per each tested microorganism. Although S. epidermidis
is the most prominent microorganism on the skin, it is by no means the most
threatening.

Many microorganisms produce a slime (glycocalyx), or biofilm, that pro-
tects them from phagocytes, other host immunological reactions, and many anti-
biotics. S. aureus, a much more virulent potential pathogen than S. epidermidis,
often ‘‘normally’’ colonizes the anterior nares, nasopharynx, perineal region, and
skin. Once provided entry via a surgical wound site, it is able to produce alpha,
beta, gamma, and delta toxins (hemolysins), which enhance its virulence by de-
struction of host cells, including red blood cells, monocytes, and platelets. The
enzyme leukocidin, secreted by S. aureus, is a potent toxin to phagocytes—neu-
trophiles, monocytes, and macrophages. Its secretion of clumping factors, coagu-
lase, and hyaluronidase enhance its survival in infected tissues [17]. Additionally,
protein A, a surface component of most S. aureus strains, competes with neutro-
phils for the Fc portion of IgG antibodies and, thereby, is antiphagocytic. Staph
infections are far worse in patients with diabetes, burn patients, and those who
have undergone extensive surgical procedures [14,17].

S. epidermidis is a normal, opportunistic microbial skin resident and is not
a threat until the skin is compromised by a surgical incision. Once the skin is
compromised, the microorganisms, being opportunistic, can enter the patient, rap-
idly colonize the wound, and spread throughout the body. They release exotoxins,
including hemolysins, and a variety of enzymes (7).

Invasive microorganisms enter cells in the vicinity of the patient’s surgical
site that are not naturally phagocytic [7]. Penetration of these cells is achieved
by specific attachment to the host cells by the microorganism and induction of
local rearrangement of the cytoskeleton through polymerization and depolymeri-
zation of actin [23].*

Ultimately, the microorganism is engulfed by a phagocyte, particularly
once opsonization (coating of surface proteins by host antibodies, stimulating
phagocytosis) has occurred. If the microorganism is resistant to phagocytosis,
the microorganism may be transported across superficial epithelial tissue to be
released in the subepithelial space—a process call transcytosis [7]. After trans-
cytosis, the underlying tissues can be invaded. This process can continue and
spread throughout the body.

* Actin is released through the tail of a nonmotile microorganism. The elongation process has suffi-
cient force to move microorganisms through cellular tissue. Actin remains stationary, the microor-
ganism moves. Microorganisms that are motile on the basis of actin include Listeria monocytogenes,
Shigella spp., and various viruses.
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Other microorganisms that can also be transient on the skin and cause post-
surgical infection are E. coli, Enterococcus species, P. aeruginosa, Enterobacter
species, Candida albicans, Klebsiella pneumoniae, and Proteus mirabilis [7,12].

Current FDA regulations require that preoperative prepping solutions be
evaluated in challenge by using 25 ATCC species and 25 clinical isolates of 22
species of bacteria/yeast, quite a challenge to a preoperative preparation formula-
tion. The ATCC microorganisms listed in the 1994 TFM are [24]:

Gram-negative: Acinetobacter spp., Bacteroides fragilis, H. influenzae, En-
terobacter spp., E. coli (ATCC ##11229 and 25922), Klebsiella spp.
(including K. pneumoniae), P. aeruginosa (ATCC ## 15442 and 27853),
P. mirabilis, and Serratia marcescens (ATCC #14756).

Gram-positive: staphylococci [S. aureus (ATCC #6538 and 29213), S. epi-
dermidis (ATCC #12228), Staphylococcus hominis, Staphylococcus
haemolyticus, and Staphylococcus saprophyticus], Micrococcus luteus
(ATCC #7468), and streptococci [Streptococcus pyogenes, Enterococcus
faecalis (ATCC #29212), Enterococcus faecium, and Streptococcus
pneumoniae].

Yeasts to be tested include Candida spp., particularly C. albicans.
Those products that have good biocidal action against these microorgan-

isms can be considered effective. Yet, surprisingly, many manufacturers of over-
the-counter (OTC) formulations do not have documented evidence of effective-
ness from in vitro studies [time-kill and minimum inhibitory concentration
(MIC)] to support their label claims for preoperative skin preps. In vivo studies
performed on human volunteers are designed to assure that the products are anti-
microbially effective within 10 minutes of application and are antimicrobially
persistent for up to 6 hours postapplication.

The kinds of antimicrobial products used most commonly as preoperative
preps are iodophors and chlorhexidine gluconate products.

X. PRECATHETERIZATION PREPS

The precatheterization (venous or arterial) skin preps are very similar to the pre-
operative skin preps in terms of efficacy requirements. And there is a definite
thrust in the industry for long-term precatheterization insertion preps—those that
remain effective for over 24 hours [22]. A substantial, yet underappreciated po-
tential exists for bloodstream infections originating at the vascular access site
[25]. More than one-half of all epidemics of nosocomial bacteremia or candide-
mia are caused by vascular access of some type, and these are, for the most part,
preventable.
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Figure 1 Intravascular portion of the cannula. (From Ref. 25.)

Nosocomial bloodborne infections in hospitalized patients are associated
with a two- to threefold increase in mortality. The origin of infection is usually
either cannula-related or infusate-related. Cannula-related infections include
those derived from percutaneous devices used for vascular access (e.g., needles,
hubs, and plastic catheters). Maki reports that between 5 and 25% of intravascular
devices are microbially colonized at the time of vascular withdrawal [25]. Large
numbers of microorganisms are observed on the intravascular portion of the can-
nula or its tip (Fig. 1).

Coagulase-negative Staphylococcus species, particularly S. epidermidis, are
the most common causes of catheter-related bacteremia [25]. Heavy colonization
of the skin-insertion site has been shown to be strongly correlated with catheter-
related bacteremia. In hemodialysis patients, the risk of S. aureus bacteremia is
six times greater than in nonhemodialysis patients. And numerous incidents of
intravascular infection have been traced to microbially contaminated topical dis-
infectants.

One of the most serious types of infection occurs when the blood clot bio-
film surrounding the intravascular portion of the cannula becomes microbially
colonized, leading to phlebitis, a bloodstream infection that usually persists after
the cannula has been removed. This is an extremely serious condition, particularly
in burn and ICU patients. Before leaving this topic, let us discuss cannula-related
infection in more detail.

XI. PERIPHERAL VENOUS CATHETERS

Small Teflon® or polyurethane catheters, as well as scalp-vein and butterfly nee-
dles inserted peripherally (e.g., anterior cubital region, including the forearm and
wrist), are currently associated with very low incidence of infection—about one
in 500.



Nosocomial Infection 151

XII. ARTERIAL CATHETERS

Arterial catheters are generally used to monitor blood O2 and CO2. The rate of
catheter-related bacteremia is about 1%.

XIII. UMBILICAL CATHETERS

For newborns, catheterization of the umbilical artery or vein is used to provide
vascular access. It is estimated that the bacteremia rate in this region is about
5%.

XIV. CENTRAL VENOUS CATHETERS

Central catheters have been shown to be the most important risk factor in nosoco-
mial Candida infections, which rival in seriousness any underlying disease. Cath-
eters inserted in the subclavian or internal jugular vein have an infection rate
of 3–5%—in some hospitals, 7–10%. Percutaneous inserted, noncuffed venous
catheters used in hemodialysis are associated with the highest infection rate, 10%.

XV. PREINSERTION TOPICAL PREPS

It is exceedingly important that the topical antimicrobial products used for these
indications are fast-acting and effective [22]. Unlike preoperative skin preps, the
invasive procedure is performed less than 10 minutes after prepping. So that the
skin can be sufficiently degermed, many manufacturers have been developing
combination drugs that are both fast-acting and have long-term antimicrobial
persistence. Alcohols (70% IPA) are commonly used in preps to provide immedi-
ate degerming of the skin, but these lose all antimicrobial activity upon evaporat-
ing [22]. To counter this down side, manufacturers have been adding iodophors
or chlorhexidine gluconate to ensure antimicrobial persistence—up to 48 hours
post–skin prepping.

XVI. PREINJECTION/PHLEBOTOMY SKIN PREPS

For the most part, there is considerably less risk of nosocomial infection for these
applications because the device is inside the patient’s body so briefly. It appears
that 70% alcohol alone is adequate for this application. However, other antimicro-
bials, such as povidone iodine and chlorhexidine gluconate, are also used.
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XVII. HEALTHCARE PERSONNEL HANDWASH

Healthcare personnel handwash formulations need to remove and/or destroy
quickly any transient microorganisms picked up on the hands of a healthcare
provider from patient A and prevent their passage to patient B [22]. The product is
intended to break this disease-transmission cycle at the level of the contaminated
healthcare workers’ hands by removing pathogenic microorganisms from their
hands.

Importantly, the product must demonstrate low skin irritation potential
upon repeated and prolonged usage—20–30 washes per day—over the course
of 5 consecutive workdays, or personnel are likely to comply poorly with hand-
washing requirements. This mildness, however, is usually attained at the price
of reduced antimicrobial efficacy [22].

The healthcare personnel handwash formulation must be antimicrobially
active against a broad spectrum of microorganisms (gram-negative and gram-
positive bacteria, fungi, and viruses) after only a 15- to 30-second exposure time,
and usually at a diluted strength. In efficacy testing, it is highly desirable that the
antimicrobial formulations be evaluated using the microorganisms that healthcare
personnel are most likely to contact.

All of the microorganisms used to evaluate surgical scrubs should be evalu-
ated at a use-dilution level for the healthcare personnel antimicrobial formulation.
This should also be an ongoing process for healthcare facility infection control
personnel. Clinical isolates should be periodically evaluated against the product
formulations used [22].

Additionally, when healthcare workers are palpating an infected area or
performing a procedure in a microbially contaminated anatomical region, latex
exam gloves should be worn, generally a standard procedure. Thereby, the hands
are never directly exposed to large populations of microorganisms. However, this
in no way reduces the need for antimicrobial efficacy in healthcare personnel
handwash formulations.

There are many actives used in healthcare personnel handwash formula-
tions, including 70% ethyl or isopropyl alcohol, iodophors, quaternary ammonias,
PCMX, triclosan, and chlorhexidine gluconate [22]. Recently, there has been
much interest in waterless healthcare personnel handwash formulations. These
are used by healthcare personnel when they do not have access to sinks and
running water [22]. Most of these products are alcohol-based, with many being
combinations of alcohol and chlorhexidine gluconate. It is very difficult for these
nonrinse products to not only provide large immediate reductions in contaminat-
ing microorganisms but to demonstrate persistent antimicrobial effects, that is,
upon recontamination with pathogenic microorganisms to continue effective de-
germing of the hands. All too often, with no water wash, the hands, upon being
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recontaminated, tend to experience a build-up of organisms, obviously an unde-
sirable situation.

XVIII. PRESURGICAL SITE WASHES

It has long been debated whether or not a preoperative skin preparation is ade-
quate in degerming the skin prior to making a surgical incision. The FDA has a
3 log10 reduction criterion, but in highly colonized areas of the skin (e.g., ingui-
nal), most individuals have microbial populations of over 1.0 � 105 cm2 [22].
Many surgeons recognize this problem, and, in order to promote greater degerm-
ing of the proposed surgical site, patients are requested to wash the area daily,
or more often, prior to a surgical procedure. The intent is to reduce the normal
microbial population at the presurgical site so that when the region is prepped
prior to surgery, the organisms then, being few in number, are virtually totally
removed from the skin.

A problem, however, is that not all antimicrobial compounds have residual
properties. Residual antimicrobial properties are those properties achieved by the
antimicrobial compound binding to the stratum corneum. Hence, as the product is
usedrepeatedly, it increaseson theskinand is not removedbyperspiringorwashing.

Of the various products containing iodophors, alcohols, parachlorometa-
xylenol, triclosan, quaternary ammonia, or chlorhexidine gluconate, only those
with chlorhexidine gluconate have demonstrated this residual antimicrobial prop-
erty. There have been arguments as to whether a CHG product will provide sig-
nificant added protection against infection. According to the literature, CHG
products must be applied to the presurgical site at least 2 days prior to being
preoperatively prepped. Additionally, antimicrobial effects are noted using the
CHG up to 5 days prior to a surgery. Use more than 5 days out appears not to
provide an effect.

In summary, nosocomial infections are extremely important in the hospital
setting, and the development and proper utilization of effective topical antimicro-
bials is a first-line and crucial aspect of preventing them.
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Despite advances in surgical procedures, increased understanding of wound pa-
thologies, widespread use of broad-spectrum antibiotics, and more effective topi-
cal antimicrobial skin preps and dressings, postsurgical infection remains a source
of morbidity and mortality for surgical patients [1]. It has been estimated that
2–5% of all surgical patients per year (approximately 16 million) develop a post-
surgical infection. Postsurgical infections account for about 24% of all nosoco-
mial infections, the second most common—urinary infections being the first.
Postsurgical site infections prolong the hospital stay by 7.4 days on average. The
total added cost, including indirect costs, may exceed $10 billion per year [2].

The incidence of surgical site infections traditionally has been stratified
by the National Nosocomial Infection Surveillance (NNIS) system. Participating
hospitals are categorized by size and medical school affiliation. Surgical site
wounds are classified by the degree of microbial contamination at the operative
site. The classification scheme is as follows [1,3]:

Clean sites: surgical sites in which no inflammations were encountered,
and the alimentary, genital, respiratory, or urinary systems were not oper-
atively involved. Clean wounds are also closed wounds, and, if neces-
sary, drainage is closed.

Clean-contaminated sites: alimentary, genital, respiratory, or urinary opera-
tive sites that are without unusual contamination. Specifically, surgery
involving the appendix, biliary tract, vagina, or oropharynx are catego-
rized in this group.

Contaminated sites: surgeries involving open, fresh, accidental trauma, or
surgeries with major aseptic technique violation or much leakage of con-
tents from the intestinal tract. Such sites include infected biliary tracts
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with infected bile, infected urinary tracts, or those from general surgical
procedures that are inflamed, but not purulent.

Direct infection sites: old traumatic wounds with devitalized tissue, foreign
bodies, or fecal contamination, or sites that are also purulent.

In practice, there is disagreement as to the relevance of these categories,
to correlating postsurgical infection rates with surgical site category. The general
problem is that clean sites often progress to postsurgical infections. Other vari-
ables enter the picture, including degerming efficacy of the presurgical preps
used, contamination originating from surgical personnel, and contamination of
surgical instruments.

I. INFECTION

From a clinical perspective, a surgical site is infected when purulent drainage is
present at the incision site. Generally, local swelling, erythema, tenderness, and
elevated skin temperatures at the site are noted. Many hospitals require that puru-
lent exudate from the incision site and/or drainage tube be cultured. This enables
infection-control personnel to trend infection locale and microbial species as part
of a program to control nosocomial infection rates (surveillance and epidemiol-
ogy) and to track antibiotics to which the cultured microorganisms are sensitive.
The microorganisms most commonly responsible for postsurgical infections are
shown in Table 1 [1].

Table 1 Microorganisms Commonly Isolated from
Surgical Site Infections (1990–1992)

Microorganism Percentage

Escherichia coli 8
Coagulase-negative Staphylococcus spp. 14

(e.g., S. epidermidis)
Enterococcus spp. 12
Pseudomonas aeruginosa 8
Staphylococcus aureus 19
Enterobacter spp. 7
Candida albicans 3
Klebsiella pneumoniae 3
Proteus mirabilis 3
Streptococcus spp. 3
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Staphylococcus aureus and coagulase-negative Staphylococcus spp. (e.g.,
Staphylococcus epidermidis) are the microorganisms most commonly isolated
from clean surgical processes that subsequently become infected. In surgical sites
involving the gastrointestinal tract, the respiratory tract, or the female reproduc-
tive tract, multiple microbial species are generally involved (mixed etiology),
usually including microorganisms (anaerobic and aerobic) endogenous to the sys-
tem surgically involved.

In recent years, antibiotic-resistant strains of bacteria, both gram-positive
and gram-negative, increasingly have been involved in surgical site infections.
Because an increasing number of patients are immunocompromised, fungi, espe-
cially Candida albicans and Candida tropicalis, are more common in surgical
site infections [4]. Also, incidence of surgical site infections due to unusual mi-
croorganisms is increasing, e.g., Rhizopus rhizopodiformis infections due to con-
taminated adhesive dressing tape [5]. Moreover, recent research has shown that
the role of anaerobes in mixed infections has probably been greatly underesti-
mated due primarily to insensitive techniques of sampling and culturing [6].

Microbial surgical site infections are due to endogenous microorganisms
of the patient and/or exogenous sources.

II. ENDOGENOUS ETIOLOGY

The patient’s own resident microflora, which are opportunistic, account for the
majority of surgical site infections. Coagulase-negative staphylococci, as well as
S. aureus, account for the majority of these infections [1]. As long as the skin
integrity is not compromised, these organisms do not usually cause infections.
However, because they become pathogenic when introduced into unnatural envi-
rons (so-called privileged sites), much care must be taken to use preoperative
skin preparations that are effective. Better yet, for elective surgical procedures,
patients should be instructed to use an effective presurgical wash at home for
several days prior to surgery. Such preparations greatly reduce the microbial pop-
ulations at the proposed surgical site prior to prepping [4,7].

III. EXOGENOUS ETIOLOGY

The hands of surgical staff members often have been implicated in surgical infec-
tions due to direct (hand–to–surgical site) contact. Usually, the surgical gloves
have become compromised—ripped, torn, or punctured—or have preexisting
punctures, allowing skin microorganisms to pass from the occluded, gloved hands
to the surgically involved tissues [8]. In order to reduce the probability of this
source of infection, it is important that the surgical staff perform an effective
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presurgical scrub using a hand-cleansing product proven to be antimicrobially
effective.

Exogenous contamination also can derive from the hair and scalp of the
surgical staff members [8], as well as the nares, oropharynyx, and skin of the
face and neck [1,2,5]. The hospital environment also provides a potential source
for surgical infections but is considered of relatively lower risk. The use of effec-
tive disinfectants for wet-mopping the floors of operating rooms between surger-
ies is a wise practice [2]. The air itself can also be a significant contributor to
surgical infections, usually related to ‘‘clean’’ surgical procedures.

IV. IMPORTANT RISK FACTORS IN SURGICAL
SITE INFECTIONS

In 1965, a study by Altemeir and Culbertson determined the risk factors associ-
ated with surgical infections: surgical infection risk (1) varies directly in propor-
tion to the dose level of the microbial contaminants, (2) varies directly with the
virulence of the microorganism(s), and (3) varies inversely with the immunologi-
cal competence of the patient in controlling microbial invaders [9].

A surgical site in poor condition—one that is poorly vascularized, contains
damaged tissue, is contaminated with foreign bodies, or contains necrotic tis-
sue—is at a higher risk of infection given the same microbial contamination.
Surgical-site integrity is also influenced by underlying disease in the patient and
surgical trauma (skill of the surgeon) [10]. Other factors include:

1. Length of hospitalization
2. Preoperative shave
3. Length of operation
4. Surgical procedure
5. Other infection in the patient
6. Abdominal drain

A. Length of Hospitalization

Studies over the years have consistently demonstrated the negative effects of
prolonged hospital stays [11]. The longer the stay, the greater the probability of
a postsurgical infection. While the exact mechanism of this phenomenon is not
known, several factors are involved. The longer the patient requires hospitaliza-
tion in general, the more the patient has been compromised by the stress of under-
lying disease and trauma from the surgery and, hence the more taxed will be
the patient’s immune system. Generally, during the hospital stay, the number of
procedural interventions allowing microbial access to areas of the body not
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normally disposed to microbial access is higher than for outpatients. This also
is true of chemotherapeutic interventions that adversely affect the patient’s im-
munological resistance (e.g., corticosteroid therapy) or alter the normal resi-
dent microflora (e.g., antibiotic therapy) [1]. Research has shown that patients
hospitalized for cardiovascular surgery very quickly became colonized with
coagulase-negative staphylococci and that these microorganisms were often re-
sponsible for surgical-site complications (e.g., prosthetic valve endocarditis) [12].

B. Preoperative Shave

While not conclusive, shaving a proposed skin site prior to surgery appears actu-
ally to increase the risk of postsurgical infections. In a study of 406 randomly
selected patients, the infection rate after shaving was 5.6%, compared with 0.6%
when hair was removed by a depilatory [13]. When no hair was removed the
infection rate was also 0.6%.

The infection rate is also dependent upon when the shave is performed, at
least when a razor is used. The infection rate of patients razor-shaved just prior
to surgery was 3.1%, compared with a rate of 7.1% when shaving was performed
within 24 hours of surgery. In patients razor-shaved more than 24 hours prior to
surgery, the infection rate was greater than 20%.

In another study a similar pattern was observed [14]. Razor-shaving pro-
duced the highest infection rate, 2.5%. Clipping the area only resulted in an infec-
tion rate of 1.7%. Patients who were shaved with an electric razor showed an
infection rate of 1.4%, and those who were not shaved or clipped at all had the
lowest infection rate of 0.9%.

Hamilton and Lone applied a scanning electron microscopic procedure to
understand this phenomenon [15]. Electron micrographs of razor-shaved individ-
uals revealed frank skin cuts, the clipping of hair produced less skin trauma,
and depilatory agents caused no injury to the skin. The increased infection rates
observed were likely the result of compromise to the natural barrier function of
the skin.

C. Length of Surgical Procedure

The length of a surgical procedure has long been known to be an important factor
in postsurgical infection rates: the longer the surgery, the greater the risk of post-
surgical infection. Cruse and Foord observed the relationship between infection
rate in clean surgical wounds and time in surgery (Table 2) [14].

Controlled efficacy studies have shown that, after skin prepping (abdominal
area and inner aspect of the thigh at the groin), significant recolonization is pres-
ent several hours thereafter. However, this phenomenon is very product- and
application-dependent. Currently, 4% chlorhexidine gluconate and 10% povidone
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Table 2 Relationship Between Infection Rates in Clean Surgical Wounds and Time
in Surgery

Length of surgery, hr 1 2 3
Incidence of postsurgical infection 1.3% 2.7% 3.6%

iodines seem to provide the greatest persistent antimicrobial effects. Yet new
products worth exploring are constantly being developed [4].

An important consideration is the microbial colony counts on the gloved
hands of surgical staff members. Numbers of bacteria increase as time passes
after the surgical scrub procedure as a result of the occlusion by the gloves. A
break or tear in the gloves several hours after the surgery begins can increase
dramatically the size of an opportunistic pathogen inoculum into a surgical site
[8]. Again, antimicrobial efficacy of a surgical scrub is not only product-depen-
dent, but depends strongly, too, on quality and length of the scrub procedure.
The two product formulations currently most effective are 10% povidone iodine
and 4% chlorhexidine gluconate. Chlorhexidine gluconate has a theoretical ad-
vantage when surgical staff members have been scrubbing with the product for
at least 2 consecutive days. The CHG binds to the stratum corneum and keeps
the microbial bioburden down, even decreasing it over a period of continuous
use.

Other aspects of prolonged surgeries that may be contributory to postsurgi-
cal infection are (1) increased tissue damage from drying, prolonged retraction,
and surgical manipulation, (2) more suture required to close the surgical wound
layers, as well as increased trauma from electrocoagulation, and (3) increased
immunological trauma from both blood loss and systemic shock [10].

D. Surgical Technique

The skill of the surgeon also plays a key role in incidence of postsurgical infec-
tions [16,17]. As can be imagined, technique will relate directly to the degree of
surgical wound trauma and, therefore, the susceptibility of the wound to infection.
Surgeon-related iatrogenic infection is minimized by good control of bleeding,
gentle retraction and handling of tissue, not inadvertently entering a viscus, and
minimization of dead spaces. The number of specific procedures a surgeon has
performed correlates directly with the incidence of infection.

E. Presence of Other Infection

The presence of other infections prior to surgery has been linked to an estimated
threefold increase in postsurgical infections [18].
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F. Abdominal Drains

While surgical drains are useful, they also present potential access for infectious
organisms. Studies have shown that in a significant number of cases, S. aureus
and S. epidermidis are present in samples from the interior of these drains [14].

G. The Patient Factor

Patient demographic characteristics are also important in the development of
postsurgical infections. Of the many facets that may predispose to postsurgical
infections, advanced age is a primary risk factor. Other facets include immuno-
competence, obesity, and general health status of the patient [14].

V. PREVENTION OF SURGICAL-SITE INFECTIONS

Two areas in critical need of further study are the effectiveness of patient preoper-
ative preparations and of surgical scrub products and procedures.

A. Patient Preoperative Preps

It is important that a preoperative skin prep be effective in greatly reducing the
populations of normal skin flora, as well as numbers of contaminative microor-
ganisms at the proposed surgical site. At dry skin sites, the microbial populations
generally average about 1 � 103 CFU/cm2. At moist skin sites, average microbial
counts are about 1 � 105 CFU/cm2. There is, however, tremendous variability
between humans at these sites.

Currently, the FDA requires that preoperative skin preps reduce the micro-
bial populations on the skin of moist sites (e.g., inguinal crease at the upper,
innermost aspect of the thigh) by 3 log10 within 10 minutes of prepping and that
populations not exceed baseline counts for 6 hours. At dry sites (e.g., abdomen),
a 2 log10 reduction in microorganisms from the baseline number is expected
within 10 minutes of prepping, and counts cannot exceed baseline within 6 hours.

Hence, if a patient had 1 � 106 microorganisms per cm2 at the proposed
operative site, as long as the population did not exceed 106 after 6 hours, the
preparation could be marketed. Clearly, an increased risk of infection can be
inferred, the longer the surgery and the greater the population of microorganisms
a patient generally harbors at the operative site.

The most commonly used antimicrobial compound that displays strong re-
sidual antimicrobial properties is chlorhexidine gluconate (CHG) [4,7]. When
products containing CHG are used on the skin repeatedly over time, the bacterial
populations decline progressively to levels much lower than the preuse baseline.
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Such residual activity is not observed nearly as graphically following use of povi-
done iodine, parachlorometaxylenol (PCMX), triclosan, or quaternary ammo-
nium products. The duration of the skin, the pressure applied, the method (e.g.,
circumferentially outward or back and forth), and the amount of product used
are all important variables in the skin preparation’s efficacy.

B. Preoperative Shower Wash

One easy and potentially effective adjunct to a preoperative skin prep is a preoper-
ative shower wash [7] that provides residual antimicrobial properties, i.e., upon
repeated and prolonged use the product binds to the skin, thereby maintaining
reduced population levels. Then, when the preoperative skin prep is applied, the
baseline counts are already much reduced, and the prep nearly sterilizes the re-
gion. As mentioned, CHG-based products are at the forefront of residual activity.

C. Surgical Scrub Wash

For a product to qualify as a surgical scrub, the FDA requires following a series
of 11 surgical scrubs with the product over the course of 5 consecutive days,
log10 microbial reductions of 1 log10 after day 1, 2 log10 after day 2, and 3 log10

after day 5 within one minute following the first scrub on each of those days.
Moreover, the microbial counts cannot exceed baseline counts in samples taken
after 6 hours of glove occlusion on any of the 3 test days on which sampling
occurs.

A hypothetical scenario has been raised concerning this. Given that there
are 1 � 105 CFU of resident microflora per hand, if a patient has the first surgery
on a Monday (first scrub of week by the surgeon) versus on a Friday (at least
11 consecutive scrubs intervening), a 102 difference in microbial population
would be present. This, theoretically, could greatly affect the risk of a surgeon’s
hands contaminating a surgical site. What about a senior surgeon performing only
several surgeries a week? What risk factor would be presented?

These scenarios are not written to negate the requirements of the FDA, for
the efficacy requirements are truly burdensome for the agency. Instead, these
should be addressed by infection-control practitioners at the hospital level. Un-
doubtedly, the tendency of many surgeons will be to ignore such concerns. Sev-
eral manufacturers, however, have come up with novel ways to address these
concerns. The first is to include an antimicrobial agent on the inside of the sur-
geon’s gloves to help control regrowth of microbial populations after the scrub
has been completed. Other manufacturers supply an antimicrobial cream for use
on the hands after the scrub to provide increased antimicrobial action. The use
of such novel approaches could control microbial counts more effectively—an
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important benefit, particularly for extended surgical procedures. But while these
options are of interest, they are still in the research-and-development stage. One
problem to be overcome, however, is the potential incompatibility of a surgical
scrub compound with a product applied to the hands or impregnated into the
gloves. If one product neutralizes—inactivates—the other, a serious contamina-
tion problem could occur.

Until better topical antimicrobials are produced, the field must rely on
heavy antimicrobial therapy for the prevention of postsurgical infections. Marton
and Burke demonstrated that about 90% of the patients they sampled had opportu-
nistically pathogenic microbial contamination, including S. aureus, at the surgical
site at the time of closure. This is a sobering fact. But heavy-duty antibiotic
therapy can hardly be the final answer, with the increase in Clostridium difficile
colonization of the large intestine in postsurgical patients as a result of elimination
of the normal flora, and the ever-growing problem of antibiotic-resistant strains
of bacteria harbored in the hospitals themselves.
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I. INTRODUCTION

Surgical site infection (SSI) is among the most commonly reported forms of
nosocomial infection and has been estimated to account for 14–16% of all noso-
comial infections among hospital inpatients [1]. These infections have been docu-
mented to produce increased lengths of hospital stay (averaging 8.2 days in one
study) as well as significant additional treatment costs estimated to be in the bil-
lions of dollars [2,3]. In addition, even though the full impact of the risk of SSIs
for the increasing numbers of ambulatory surgeries has not been completely studied,
at least one recent study indicates that the rate for SSIs for outpatient surgeries
may be of similar magnitude to that reported for inpatient procedures [4].

Preoperative bathing to help prevent SSIs aid has been practiced since the
late nineteenth century and has two identified purposes: (1) physical cleansing
and the removal of dirt, debris, microorganisms, and other residues and (2) anti-
sepsis to reduce the total amount of microbial flora in and surrounding the surgi-
cal site. This practice, using various antimicrobial formulations, is often recom-
mended prior to particularly invasive procedures such as cardiac surgery [5,6],
and manufacturers of antimicrobial cleansers formulated for topical use often
include procedures on their labeling for this purpose.

Surprisingly, however, the value of preoperative bathing in reducing SSIs
has not yet been completely established scientifically, even though the practice
would appear to have a sound basis with respect to skin microbiology and the
fact that the majority of SSIs are associated with skin flora. One recent review
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that examined 13 different articles on the effect of preoperative bathing regimens
on SSI rates concluded that ‘‘evidence of the value of preoperative whole body
patient bathing with an agent such as chlorhexidine (CHG) is weak and this prac-
tice is likely to be cost effective only in situations of high patient compliance
and high risk’’ [7]. Nevertheless, some clinical studies have produced evidence
that preoperative bathing is beneficial in reducing SSI rates, and the practice
continues [8–11].

In recent years, povidone iodine (PVPI) and CHG have been the prevalent
antimicrobial agents used for preoperative skin disinfection and are often the
antimicrobials of choice for preoperative full body shower washing, but other
antimicrobials such as triclosan are also used. Some studies evaluating the effi-
cacy of CHG in reducing SSIs in very large patient populations have shown little
or no significant differences in the rates of postsurgical infection between groups
of patients using CHG-containing formulations and those using nonantimicrobial
soaps for whole body bathing [12–14]. The infection rates reported for the treat-
ment groups in these different studies was quite broad and ranged from 2.4 to
51.2%, and the numbers of showers or baths taken by the patients prior to surgery
was three or less. In 1993, Paulson reported the results from a small study evaluat-
ing the efficacy of a 4% CHG formulation as a full-body shower wash and showed
that use of this formulation over a 5-day period produced significantly reduced
bacterial counts (p � 0.05) on both the abdominal and inguinal regions of the
body [15]. In this study, five volunteers completed a 14-day microbial stabiliza-
tion period, a 7-day baseline period, and a 5-day test period. Subjects followed
a standard protocol, performed five shower washes, and were sampled at both
the abdominal and inguinal regions immediately after the shower wash as well
as at 3 and 6 hours later on days 1, 2, and 5. The results from this study showed
very dramatic reductions from the baseline bacterial counts for both the inguinal
and abdominal sites (Figs. 1 and 2). Paulson recognized the ambiguous nature
of the results reported for CHG in the literature and concluded that a 1- or 2-
day presurgical application period with CHG may be too short to establish the
levels of residual antimicrobial effect necessary to be of value in reducing post-
surgical infection rates. This conclusion needs to be further examined in a large-
scale clinical trial, however.

At present, typical use instructions for a commercial CHG formulation are
as follows:

The patient should wash the entire body, including the scalp, on two consec-
utive occasions immediately prior to surgery.

Each procedure should consist of two consecutive thorough applications
of the CHG-containing formulation followed by thorough rinsing.

If the patient’s condition allows, showering is recommended for whole-
body bathing.
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Figure 1 Effects of a 5-day antimicrobial body wash regimen from a sampling of the
inguinal region using a product containing 4% chlorhexidine gluconate (CHG). Data
shown are the numbers of organisms per cm2 given as log10 values at different sampling
times after the body wash was completed on days 1, 2, and 5 (n � 5). (Data from Ref.
15.)

The recommended use procedure is:
Wet the body, including hair.
Wash the hair using 25 mL of the formulation and the body with an-

other 25 mL of the formulation.
Rinse.
Repeat.
Rinse thoroughly after second application.

Figure 2 Effects of a 5-day antimicrobial body wash regimen from a sampling of the
abdominal region using a product containing 4% chlorhexidine gluconate (CHG). Data
shown are the numbers of organisms per cm2 given as log10 values at different sampling
times after the body wash was completed on days 1, 2, and 5. The number of subjects
was five (n � 5). (Data from Ref. 15.)
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Even though manufacturers of antimicrobial products have provided in-
structions for whole body use, there is currently no established consensus protocol
in healthcare practice settings for preoperative whole body showering or bathing,
with or without using an antimicrobial formulation. When written standards
mention preoperative antiseptic showering, there is generally no procedure
mentioned, rather only an abbreviated note to the fact that the procedure is ad-
vised or required. For example, the most recent guidelines for SSI prevention by
the Centers for Disease Control and Prevention (CDC) contain the following
statement: ‘‘Require patients to shower or bathe with an antiseptic agent on at
least the night before the operative day’’ [16]. The U.S. Food and Drug Adminis-
tration’s (FDA) Tentative Final Monograph for Antiseptic Drug Products does
not clearly address preoperative showering or bathing procedures and describes
the ‘‘patient preoperative skin preparation’’ as simply a preventive preparation
aimed at reducing the patient’s skin colonization before the incision is made
[17].

There is still a clear need to better characterize and define the area of anti-
septic body washes for preoperative purposes. There are at least three areas where
research effort may hold promise for future improvements in this area:

1. Improvement in the statistical design of large-scale clinical trials such
that there are few confounding variables and enough power to detect
a statistically significant difference between test populations.

2. Better defining the minimum required performance characteristics of
preoperative antimicrobial showering or bathing regimens to include
log reduction minimums and the spectrum of required antimicrobial
activity.

3. Development of vastly improved antimicrobial formulations that have
broad-spectrum activity, high-level disinfection capability, and persis-
tence such that log reductions that meet or exceed performance mini-
mums can be obtained with a very high frequency of occurrence.

Future significant advancements in whole body preoperative showering or
bathing will likely include much more sophisticated study designs compared to
those of the past. These designs will take into consideration issues related to the
areas for improvement described above and will also very likely include anal-
ysis of the types of organisms giving rise to different types of SSIs as well as
antibiotic- and/or antiseptic-resistant microbes. For this reason, the following dis-
cussion regarding the microbiology that defines the need for as well as the success
and failure of antiseptic body washes is particularly germane to any discussion
of this topic.
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II. MICROBIOLOGY OF ANTISEPTIC BODY WASHES

Employing an antiseptic body wash affords the surgery patient an opportunity
to participate in the process and to impact positively the outcome as it relates to
surgical site infections. Presurgical washing should remove any dirt and organic
debris, reduce the resident and transient microflora beyond that achieved by only
prepping the surgical site, and therefore reduce the rate of cutaneous infection [18].

The casual observer would not necessarily recognize skin as being soiled,
not realizing that a square-inch patch of skin may harbor 100,000 (105) or more
microorganisms. Residential flora varies in number and species from site to site
on the body, as well as by geographical location and time of year. Although
generally commensal with the human body, residential flora may become a source
of infection from immune response–related consequences of surgery. Where skin
is oilier, Propionibacteria may establish populations as high as 107 cfu/cm2. Cory-
nebacteria prefer moist skin with populations between 105 and 108 cfu/cm2, while
drier surfaces support 103–104 cfu/cm2 gram-positive cocci [19]. Microorganisms
reside not only on the skin surface, but also deep within the keratinized layers
of the stratum corneum and inside structures such as hair follicles, oil glands, and
sweat ducts. Their presence in these locations increases the difficulty of removing
microorganisms prior to surgery. A variety of transient organism species may be
deposited on the skin during contact with contaminated materials or items. These
organisms generally do not colonize and may include Escherichia coli, Staphylo-
coccus aureus, Enterococcus spp., and Pseudomonas spp., among many others.
The distinction between transient and residential flora blurs, as incidences of
persistent colonization of transient organisms (thereby becoming residential flora)
have been reported [20]. At times it becomes difficult to distinguish exogenous
contamination from endogenous contamination by transient host flora. Extended-
duration surgical procedures, prolonged healing, and reinoculation or coloniza-
tion, or regrowth of suppressed organisms, increase the risk of infection. Further-
more, microorganisms within the skin structures are shielded from topical antimi-
crobials and can provide a reservoir for repopulation [21,22].

Agents that have been used frequently for surgical site preparation (see
Table 1) include alcohols, iodophors, or chlorhexidine gluconate (CHG) [23].
These antimicrobial agents vary with regard to efficacy, irritation, or toxicity.
Alcohols (70–90%) are the most rapid acting, with excellent coverage for gram-
positive, gram-negative, and mycobacteria species. In addition, they are active
against many fungi and viruses and, with the exception of some drying effect on
the skin, are safe and generally nontoxic. Iodophors (0.5–10%) are nearly as
efficacious as the alcohols and have a rate of kill characterized as intermediate.
However, organic matter adversely affects their efficacy, and they are known to
induce significant skin irritation. CHG (0.5–4%), like iodophors, is characterized
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by an acceptable antimicrobial range and rapidity of action that is intermediate.
It provides excellent residual activity, but is noted for significant ototoxicity,
keratitis, and eye injury and should not be instilled into the ears or eyes or em-
ployed near these areas. Occasionally, other antimicrobials such as triclosan and
parachlorometaxylenol (PCMX) have been employed in this process. Neither has
the exceptional antimicrobial range observed with the alcohols, and resistance to
gram-negative rods has been reported for each agent (triclosan, E. coli; PCMX,
P. aeruginosa) [24–26].

III. PERFORMANCE AND REGULATORY ASPECTS
OF ANTIMICROBIAL BODY WASHES

Even though regulatory aspects of the required safety and efficacy for antimicro-
bial body wash products is currently not very well defined, it seems plausible
to consider the minimum performance requirements for a patient preoperative
preparation described in the FDA’s tentative final monograph for topical antimi-
crobial products as a possible benchmark for defining the desired minimum per-
formance requirements for a preoperative antimicrobial shower or bath product
[17]. These minimums require that the product achieve an initial 3 log10 reduction
from a baseline of at least 105 cfu/cm2 of skin surface from an inguinal test site
immediately prior to surgery. The performance of topical antiseptics used for
preoperative showering or bathing has not yet been evaluated in relation to this
regulatory-defined minimum, and the only association that any antiseptic preoper-
ative shower formulation has sufficient efficacy to reduce SSI rates has not been
defined in the literature but rather has been verbally communicated as a successful
recommendation for the lowering of SSI rates in outbreak investigations.

In contrast, an example of recent data obtained from the initial testing of a
novel, alcohol-based, antimicrobial formulation that meets the FDA’s monograph
criteria is shown in Figure 3. Products that can meet such a performance minimum
may very well show promise in subsequent large-scale, well-controlled clinical
trials.

Another consideration in the design of new antimicrobial product formula-
tions, the design of large-scale clinical trials, as well as for the development of
a systems approach to preoperative antimicrobial bathing and showering is the
compatibility of other topical products used in conjunction with the preparative
process. For example, it is well established that common ingredients in body
creams and lotions may inactivate antimicrobial agents such as CHG [27]. In the
very near future, healthcare professionals may inquire how important it is that
the antiseptic chosen for the patient’s preoperative shower and the antiseptic em-
ployed for the intraoperative skin prep be compatible? Are there other potentially
deleterious chemical reactions to be concerned about? What is the current science
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Figure 3 Test data for two different antimicrobial body wash treatments, povidone io-
dine (7.5%, PVPI) or a novel alcohol-based formulation (TSPN), followed with a preoper-
ative preparation of like composition painted onto the test subjects immediately following
the time � 0 hours sampling. Note that with the PVPI-based treatment regimen, the mini-
mum 3 log10 reduction from baseline microbial counts at 0.17 hours (10 min) is not ob-
tained, whereas with the TSPN system the required reduction is obtained at both the 0.17-
hour sampling as well as the 6-hour (end of typical surgical procedure) sampling. The
average baseline microbial count for the subjects in this study was 5.4 log10 organisms per
cm2 (n � 13).

related to compatibility concerns? Is the chosen antiseptic shower agent intended
for a large-scale clinical trial compatible with other commonly used topical prod-
ucts, such as body lotions, creams, perfumes, colognes, and/or sunscreens? What
about the presence of organic debris? How much inactivation is tolerable with
currently available antiseptic agents such that negating the beneficial effect of
reducing the number of microorganisms on the skin prior to surgery is avoided?

Systems approaches to antiseptic product line development and use enable
the compatibility issue to be engineered out of the product during development,
allowing compatible products to achieve the desired outcome by design rather
than by chance. Thus, from a perioperative perspective, the preoperative antisep-
tic shower agent would initiate the skin flora reduction and the intraoperative
skin prep antiseptic would continue to add persistence, decreasing regrowth of
normal flora. A systems approach to product design and use seems a clear best
practice when the selection process is objective evaluation with informed decision
and intense in-service training for all users during the implementation.

In developing a standardized procedure for the patient’s antiseptic preoper-
ative shower, Bjerke et al. identified some aspects to consider [28]:

1. What antiseptic should be selected, based on what criteria/attributes?
As to the choice of antiseptic, FDA under the 1994 Tentative Final
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Monograph for Antiseptic Drug Products reserves the term ‘‘antisep-
tic’’ for a product with antimicrobial activity that has been shown to
prevent skin infections in a controlled clinical trial. The antiseptic
choice is based on data collected in groin and abdomen sites: in the
abdominal area, a 2 log10 reduction of the microbial flora and suppres-
sion of bacterial growth within 10 minutes of application and no return
to baseline flora count until 6 hours postapplication; in the groin area,
a 3 log10 reduction of microbial flora from baseline and suppression
of bacterial regrowth within 10 minutes of application and no return
to baseline flora count until 6 hours postapplication. FDA believes that
persistence of the antimicrobial effect would suppress the growth of
residual skin flora not removed by preoperative prepping as well as
transient microorganisms inadvertently added to the operative field dur-
ing the course of surgery and reduce the risk of SSI. In this same mono-
graph, FDA further defines ‘‘patient preoperative skin preparations’’
as a fast-acting, broad-spectrum, persistent antiseptic-containing prepa-
ration that significantly reduces the number of microorganisms on in-
tact skin [17].

An evolution of antiseptics has influenced perioperative practices. Histori-
cally, antiseptic agents progressed from the era of alcohol and carbolic acid to
hexachlorophene (HCP) and PCMX, then povidine iodine (PVP-I), followed by
CHG agents [29]. Each agent possesses advantages and cautions, requiring
knowledge for proper use. Now newer formulations of these antiseptics as well
as advanced technologies offer an enhanced, prolonged, persistent efficacy with
low toxicity to the patient when used properly. These products focus on patient
safety. Of note is the reemergence of alcohol products that are waterless and
water-aided and are available in rinses and gel media. Also, compatible antiseptic
product lines are being identified and marketed. Thus, healthcare workers face
the importance of reviewing in vitro and in vivo product data plus clinical perfor-
mance of these agents. Product evaluation remains an essential process for selec-
tion of an antiseptic.

2. How and when is the antiseptic dispensed to the patient? The selected
antiseptic of choice for preoperative cleansing is dispensed to the pa-
tient generally in the surgeon’s office or at the preadmission clinic prior
to the day of surgery in the quantity and/or media for accomplishing
the showering frequency. While an impregnated sponge makes it an
economical and easy dispenser of the antiseptic for patient use, 4-oz.
liquid containers are given to the patient along with specific multimedia
instructions for use.

3. How often should the patient use the antiseptic shower product—once
or twice? Because most antiseptics only improve the more they are
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used, one would conclude ‘‘the more, the better.’’ However, patient
compliance will suffer if the use instructions are not fully explained
and/or demonstrated and realistic. It has been suggested that two to
three applications are ideal to reduce colonization of the skin. Note: If
the surgical prep agent is the same antimicrobial as the antiseptic
shower agent, then the patient will continue the additive and cumula-
tive effect.

4. When are the best times to accomplish preoperative antiseptic show-
ers? At a minimum, the night before and the morning of surgery are
the best times.

5. Is the whole body cleaned or just the anticipated incisional site? Proto-
cols should follow the label claims for use. Generally, one should start
at the incisional site and work outward, covering the neck down to the
feet, paying particular attention to the incisional site, avoiding the head
area, and cleansing the highly colonized areas last.

6. What kind of multimedia educational materials are available, or does
the facility need to create their own? It is a facility choice to commer-
cially purchase or create its own educational materials. Clear and con-
cise instructions are imperative for patient safety in the use of these
agents. Manufacturers should provide a patient-education and direc-
tion-for-use program with their products.

7. Is surgeon support key to this initiation, or does this fall into a nursing
purview? As a perioperative team, all healthcare professionals should
agree to and complete their specific role in this preventive initiative
for quality surgical care, SSI-free outcome, and patient safety.

8. Who verifies completion of this patient responsibility, and how/where
is it documented? Generally, the perioperative nurse in preadmission
and circulator make the inquiries and record the findings on the surgical
checklist.

Incorporating the answers to the above inquiries, the following is a sug-
gested antiseptic preoperative shower/bedbath procedure:

1. A perioperative nurse orally instructs the patient and his support system
in the rationale for an antiseptic preoperative shower. As a partner of
the perioperative team, the patient is asked to reduce the transient and
resident colonization of microbes on his skin surface with an antiseptic
and, thus, lower the endogenous source for a potential surgical site
infection.

2. Written directions with an illustration of a human being are given to
the patient as reinforcement of the verbal information and as a refer-
ence when the patient is at home performing the shower. This illustra-
tion is marked as to what anatomical area is to be cleaned with the
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antiseptic and what anatomy is cleaned normally. Note: Chin to toes
is generally cleaned with the antiseptic. Some of the antiseptics are
contraindicated in eyes, ears, and mucous membranes; read the antisep-
tic manufacturer’s directions and follow accordingly.

Unless these are incisional sites, the following directions are ap-
propriate: the hair is shampooed once with the patient’s shampoo. The
face is washed at night and in the morning with the patient’s own soap.
Oral hygiene is performed at night and in the morning with the patient’s
own toothpaste.

The antiseptic preoperative shower/bedbath is performed the
night before the operation with the designated antiseptic. A clean wash-
cloth or disposable sponge is used each time to apply the antiseptic.
The intended incisional site is cleaned with extra strokes, being careful
not to denude the skin resulting in case cancelation. Rinse the antiseptic
off. Thoroughly towel dry before donning clean bedtime clothes.

Repeat this activity the morning of the operation, using another
clean washcloth or disposable sponge to apply the designated antisep-
tic. Don clean street clothes if an ambulatory patient is going to the
facility for same day admission or outpatient surgery. Note: If patient
is hospitalized and bedridden, perioperative team members perform the
antiseptic bedbath the night before and the morning of surgery, using
the designated antiseptic and a clean washcloth or disposable sponge
each time. Place a clean patient gown on the patient after each bedbath.

3. Upon admission to the operating room, the perioperative nurse inquires
if the patient accomplished the antiseptic preoperative shower of the
designated anatomical area the night before and the morning of sur-
gery. The rationale is to verify that this preventive measure was accom-
plished as directed.

4. Tabulate the results and report them on a continuous basis, charting
historical performance as well as the relationship to controlling or re-
ducing the incidence of SSIs.

IV. CONCLUSIONS

The effectiveness of preoperative showering or bathing in reducing skin microbial
colony counts is accepted to the extent that infection-control authorities support
this practice [30]. However, the actual impact on the reduction of SSIs as well
as the cost effectiveness of this practice remains to be proven conclusively. In
order to accomplish this, improvements in study design and antiseptic formula-
tion and the development of sound protocols need to be accomplished. It is also
very important to realize that the patient also plays a very important role in this
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activity, as it is his or her essential responsibility to completely accomplish the
regimen prior to surgery. It is likely that improvements in this area will come
as incremental steps rather than large-scale change, so perseverance, research,
and patience will be necessary to establish preoperative antimicrobial showering
or bathing as a required practice. Careful and complete product evaluation for
efficacy as well as safety will be essential to the process change desired, and
industry must work very closely with clinicians and regulatory officials to provide
the necessary proof that their formulations perform at least minimally as required
prior to their large-scale use. The introduction of new, systems-oriented technolo-
gies allowing seamless antimicrobial protection for the patient’s skin prior to
surgery that combines ease of use with cumulative antimicrobial effectiveness
and that results in significantly improved patient outcomes will likely be the stan-
dard for best practice in preoperative preparations in the near future.
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Some Aspects of Human Disease
and Staphylococcus Species

Daryl S. Paulson
BioScience Laboratories, Inc., Bozeman, Montana

I. INTRODUCTION

Staphylococcus species are prominent pathogenic microorganisms encountered
in postsurgical infections of normal individuals, in immunocompromised pa-
tients, and in elderly hospitalized medical patients [1]. Staphylococcus species
were among the earliest pathogenic bacteria characterized, and, aside from hospi-
tal-acquired infections, they are the most common cause of localized suppurative
infections in humans.

Staphylococci are gram-positive, spherical cells ranging in size from about
0.5 to 1.5 µm in diameter. They are often characterized microscopically by their
grape cluster–like morphological appearance. Staphylococcal growth is optimal
under aerobic conditions, but they are facultative anaerobes. Their optimum
growth temperature ranges between 30 and 37°C. Staphylococcus species are
nonmotile and non–spore forming [2,3]. Table 1 displays distinctive biochemical
characteristics of six species of medical importance.

Staphylococcus species are relatively more resistant to heat, as well as vari-
ous topical disinfectants and topical antimicrobials, than are most other patho-
genic bacteria [4,5]. For example, many species of bacteria are killed when ex-
posed to 60°C temperature for 30 minutes. However, comparable microbial
reductions in Staphylococcus spp. may require exposure to a temperature of 80°C
for 1 hour. And unlike many other pathogenic microorganisms, Staphylococcus
spp. will grow at 45°C, are relatively resistant to drying, and can remain viable
for extended periods of time.
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The majority of Staphylococcus spp. will grow in the presence of 10%
NaCl, and some will grow in as high as 15% NaCl. This has particular relevance
in the food industry, where salting is a way of preserving food.

Staphylococcus spp., particularly S. aureus, are prone to develop antibiotic
resistance [1]. The staphylococci are, by nature, not highly fastidious in growth
requirements, and they grow readily on general medium. Their growth is most
profuse on blood agar, commonly used for isolation and differentiation. They
will readily grow aerobically on synthetic mediums containing amino acids and
vitamins, but anaerobic growth requires the addition of uracil and a fermentable
carbon source, such as pyruvate. A variety of carbohydrates are used aerobically,
with production of acid (see Table 1). Glucose is fermented anaerobically, with
lactic acid being the primary end product.

The production of coagulase is diagnostically important for S. aureus.
Hence, S. aureus strains are coagulase-positive, and all the other strains are re-
ferred to as coagulase-negative [6].

II. STAPHYLOCOCCUS AUREUS AND NOSOCOMIAL
INFECTION

Over the years, incidence of hospital-acquired S. aureus infections has increased.
It is the causative agent in about 50% of the catheter-related bacteremias, the
majority of hospital-acquired infections from the insertion of prosthetic devices,
and the majority of cases of septic arthritis and osteomyelitis [7].

III. COLONIZATION

The major reservoir of S. aureus in humans is apparently the anterior nares. Car-
riage there influences carriage at other anatomical sites, including the mucous
membranes, perineum, and axillae. Individuals have been shown to harbor S.
aureus continuously or intermittently (about 90% of a sampled population will
demonstrate S. aureus intermittently) [3]. Factors that promote colonization in-
clude respiratory infection, prolonged hospitalization, diabetes, intravenous drug
use, hemodialysis, corticosteroid treatment for allergies, cold weather exposure,
and dermatological conditions such as atopic dermatitis and eczema. Patients in
the upper age brackets, even when hospitalized, seem to have no higher rate of
colonization. However, individuals using antibiotics over time are noted to be
more frequently colonized by S. aureus. And once a person is colonized, the
strain may be passed from person to person via hand contact or even shed skin
squames. Colonization by S. aureus is a significant risk to later being auto-
infected during a surgical procedure and/or device implantation [1]. Surgical site
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infections are known to be more prevalent in those colonized by S. aureus than
in those who are not, particularly when the colonization density is greater than
1 � 106 colony-forming units per anatomical site.

Once S. aureus comes into contact with a new human host, it must be able
to attach to a tissue or organ surface, a determining step as to whether infection
occurs or not. In attachment, an interaction occurs between bacterial structural
proteins on the bacterial cell wall and complementary sites on a human eukaryote
cell.* Attachment is mediated by surface protein groups on the bacterial cell
called microbial surface components recognizing adhesive matrix molecules
(MSCRAMMs). Apparently there are three main groups of MSCRAMMs, de-
pending on whether they bind to fibronectin, fibrinogen, or collagen [5].

S. aureus can be blocked from binding to host tissues by antigen-specific
antibodies. But staph–host protein interaction may prevent the immune system
from bacterial antigen recognition. The binding of various tissue substrates to
the bacterial cell may also occur due to electrostatic charges. S. aureus has a net
negative charge due to its protein A and ribotal teichoic acid. Hence, the preven-
tion of infection by the host is enhanced if antibodies block one or more receptors
of protein. Staphylococcus adherence to fibrin clots is increased with the presence
of fibronectin, and bonding to fibronectin is mediated by two similar fibronectin
proteins, FnBPA and FnBPB, that have specific ligand-binding areas that recog-
nize the N or C terminus of fibronectin. When fibronectin coats surfaces, the N-
terminal end enhances binding with certain strains of S. aureus. These strains
are more likely to cause surgically induced endocarditis, for example, because
fibronectin is deposited on valvular endothelial cells traumatized by surgical in-
tervention.

Similar interactions between other surfaces and S. aureus can facilitate in-
fection. Fibrinogen-coated catheters enhance S. aureus binding and, hence, intra-
venous site infections. Staphylococcal clumping factor—a surface protein—
binds to fibrinogen. S. aureus bind to leperin and other glycosaminoglycans via
two basic bacterial cell wall proteins. Glycosaminoglycans are linked with pro-
teins to form proteoglycans and are found in relation to connective tissue, base-
ment membranes, and eukaryote cell surfaces. While these will bind to leperin-
ized catheters, the bonding appears not to be specific. S. aureus also produces a
slime coat, but later in the growth cycle, and, hence, it is doubtful if it augments
attachment, which occurs early in the growth cycle.

Currently, there are numerous known exoproteins produced by S. aureus,
of which some are not only toxic, but considered virulence factors. These antigens
cause activation of subpopulations of T cells with a subsequent production of
cytokines, which may overwhelm the immune system, preventing concerted and

* In a surgical wound, the microorganisms can be implanted directly onto organs and tissues, usually
mediated by bacterial cell attachment to plasma proteins within the wound itself.



186 Paulson

coordinated antigen-antibody processing. This may elicit enterotoxins (A, B,
C1,2,3, D, E), as well as toxin-1, associated with toxic shock syndrome. The net
effect is tissue damage due to cytokine activity [8].

Often, less intense reactions are encountered. The epidermolytic, exfolia-
tive toxins A and B attack the epidermidis causing epidermal necrosis (e.g.,
Staphylococcus-scalded skin syndrome) [9]. Membrane-damaging toxins at in-
fection sites (e.g., α-toxin, α-hemolysin) are a major factor in tissue damage after
bacterial adherence has occurred. Other exoproteins, such as proteases, collage-
nase, hyaluronidase, and lipase, act as virulence enhancers but do not actively
destroy host tissues.

IV. DRUG RESISTANCE

Penicillin, discovered in 1929 by Fleming, was first used therapeutically in 1941.
The penicillin family of antibiotics, known as β-lactams, have been used exten-
sively and successfully to treat bacterial infections, including Staphylococcus spp.
The first reported bacterial resistance to β-lactams occurred in the 1940s, when
extracts of bacteria were shown to neutralize the antimicrobial properties of peni-
cillin. Soon after, strains of S. aureus were reported resistant to penicillin, in that
they produced an enzyme capable of neutralizing penicillin called penicillinase
(now termed β-lactamase). Currently, this form of resistance is common in as
many as 93% of all S. aureus clinical isolates. Many coagulase-negative Staphy-
lococcus spp. (CoNS) also produce β-lactamase and so are resistant to the penicil-
lins as well [10].

The primary target of β-lactam antibiotics is the penicillin-binding proteins
(PBPs), bacterial enzymes anchored in the cytoplasmic membrane that are in-
volved in the final stages of peptidoglycan synthesis. They are responsible for
the polymerization of peptide moieties of the peptidoglycan chains cross-linked
in S. aureus species. Penicillin reduces the peptidoglycan cross-linkage, inhib-
iting new septum initiation. The actual lethal target of β-lactams has never been
identified.

Staphylococcus spp. have various means of becoming resistant to β-lactam
antibiotics. They can do so by mutation or, more efficiently and clinically rele-
vant, by acquiring a foreign DNA element coding for methicillin resistance [5].
The MEC determinant confers to the staphylococci an intrinsic resistance to all
β-lactams, including most cephalosporins and carbapenems.

The first methicillin-resistant S. aureus (MRSA) strain was isolated in 1960,
just after the introduction of methicillin into clinical use. MRSA strains reside
in environments where there is constant, strong antibiotic pressure (i.e., hospitals
and clinics). A further property of MRSA is a tendency to accumulate additional
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unrelated resistance determinants and incorporate them into their genome. Their
adaptability and ready response to antibiotic selection has led to resistance to
almost all commonly used antibiotics, except vancomycin. This is a serious prob-
lem, and the emergence of multiple drug–resistant S. aureus represents a conse-
quential response to the selective pressure imposed by antimicrobial chemother-
apy [11].

Aminoglycoside antibiotics, such as gentamicin, kanamycin, streptomycin,
and neomycin, inhibit protein synthesis by binding to the 30S ribosomal subunit.
Aminoglycosides have been used widely to treat staphylococcal infections and
are still often useful, in combination with other antistaphylococcal agents. How-
ever, resistance to aminoglycosides among staphylococci is well documented.

Chloramphenicol is a bacteriostatic agent that binds to the 50S ribosomal
subunit and inhibits the transpeptidation in protein synthesis. While this agent is
not widely used to treat staphylococcal infection, resistance to chloramphenicol is
due to inactivation of the antibiotic by chloramphenicol acetyltransferase enzyme
(CA7). Macrolides, such as erythromycin and oleandomycin; lincosamides, such
as lincomycin and clindamycin; and streptogramin antibiotics also have a bacte-
riostatic effect on Staphylococcus spp. by binding to their 50S ribosomal subunit,
arresting protein synthesis, but resistance to these antibiotics is also prevalent.
Rifampin has also been used to treat staphylococcal infections, but when used
alone, resistant strains quickly arise.

In conclusion, multidrug-resistant staphylococci are recognized worldwide
as major nosocomial pathogens. Until a better molecular genetic understand-
ing of the mechanisms of resistance is achieved, novel chemotherapeutic strate-
gies and prudent treatment regimens must be sought to reduce this organism’s
impact.
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Full-Body Shower Wash: Efficacy
Evaluation of a 4% Chlorhexidine
Gluconate

Daryl S. Paulson
BioScience Laboratories, Inc., Bozeman, Montana

Before surgical procedures are performed, it is standard that the proposed opera-
tive site be prepared with an effective antimicrobial to reduce the microbial popu-
lations residing on the skin and, thereby, the potential for surgery-associated in-
fection. Povidone iodine and chlorhexidine gluconate (CHG) have been the two
most prevalent antimicrobial choices for preoperative patient skin preparation
over the years. In efficacy trials using human volunteers whose baseline counts
exceed 105 microorganisms/cm2 on moist skin sites, both antimicrobial products
commonly demonstrate at least a 3 log10 reduction in resident skin flora within
10 minutes of skin preparation [1]. When a formulation contains at least 60%
alcohol, these reductions are observed within seconds.

Because normal resident microbial populations of skin in the abdominal
and thoracic regions average �103 organisms/cm2, the vast majority of these
flora are removed during the antimicrobial skin-preparation process. At such ana-
tomical sites as the inguinal region, however, where microbial counts average
approximately 105 organisms/cm2, the preoperative patient preparation alone may
not be adequate to reduce significantly the possibility of postsurgical infection.
In these anatomical areas with particularly high microbial counts, significant
numbers of microorganisms may remain on the prepared skin site—organisms
that can potentially cause postoperative infections, especially in immunocom-
promised patients.

Use of antimicrobials, particularly CHG, in a whole-body disinfection regi-
men is not new. The results and effectiveness of the procedure, however, are

189
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unclear. Seeburg and coworkers investigated the merits of CHG as a shower bath
and reported that the procedure significantly reduced S. aureus colonization in
postsurgical patients [2]. Brandberg and Andersson reported that a shower wash
with nonmedicated soap increased the aerobic bacterial populations, but shower
baths with CHG produced significant reductions in all microorganisms [3]. Hayek
and Emerson also reported favorable results with CHG in reducing infection rates
in postsurgical patients [4]. Rotter and associates reported that no significant re-
ductions in postsurgical infection rates were observed when CHG was used as
a preoperative whole-body shower wash [5]; these findings were similar to the
findings of Ayliffe and coworkers [6].

In the study reported here, the objective was to evaluate the antimicrobial
effectiveness of a 4% CHG used as a full-body shower wash by charting its effect
on skin flora of two anatomical sites over the course of a 5-day application period.
A test design was developed that would measure the immediate, persistent, and
residual effects of the CHG product used in this study. The immediate antimicro-
bial effects are due to both the mechanical removal of washing and the immediate
inactivation by the antimicrobial of microorganisms residing on the skin surface.
The persistent antimicrobial effectiveness is a measure of the antimicrobial prod-
uct’s ability to prevent microbial recolonization on the skin surfaces, either by
inhibition or by lethality. Finally, the residual antimicrobial efficacy is the mea-
surement of the CHG product’s cumulative antimicrobial properties after it has
been used repeatedly [7].

I. METHODS

The study design for evaluating the CHG product applied during the shower wash
combined aspects of both the surgical scrub evaluation and the preoperative skin
preparation evaluation used for U.S. Food and Drug Administration product effi-
cacy evaluations [8]. Five healthy human subjects at least 18 years of age but
not older than 70 years were recruited. Insofar as possible, subjects were of mixed
age, sex, and ethnic background.

The rationale for using a relatively small number of subjects was that it is
more difficult to detect a significant antimicrobial effect with small sample sizes
than with large sample sizes. That is because the statistical power is less than
with small samples, and differences must be large to be recognized as such.
Hence, small sample tests often err by concluding that no difference exists be-
tween groups when one actually does. If a significant difference was noted, it
would be even more significant when a large study was conducted.

All subjects were free of clinically evident dermatitis and of injuries to the
skin areas being sampled. No subject admitted to the study was using topical or
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systemic antimicrobial agents or any other medication known to affect the normal
microbial populations of the skin.

Once the five subjects were admitted to the study, a 14-day pretrial period
was observed. During this time, subjects avoided the use of medicated soaps,
lotions, shampoos, deodorants, chlorinated water baths, and ultraviolet light tan-
ning beds, as well as skin contact with solvents, acids, and bases. This regimen
permitted stabilization of the normal microbial flora populations on the skin.

A 7-day baseline period followed the pretrial period. Baseline skin sam-
pling was conducted on days 1, 3, and 5 at both the abdominal and inguinal
regions.

A 5-day test period followed. Subjects used two separate 4% CHG-impreg-
nated sponges per shower. Each subject applied water to the sponge, ad libitum,
working up a lather by squeezing the sponge repeatedly. Standing away from
the direct shower flow, the subjects washed their entire bodies with the CHG-
lathered sponge for approximately 60 seconds. No lather was allowed to come
into contact with anatomical areas above the base of the neck. This was to avoid
possible toxic effects to the eardrums or eyes, should contact occur. Each subject
wore a shower cap, which covered the ears completely. The CHG later was rinsed
from the subject by means of the shower flow; the shower wash procedure was
then repeated with a second CHG-impregnated sponge. Immediately after the
shower procedure, each subject dried his or her body with a supplied sterile, soft,
absorbent terry towel. Each subject was then sampled at both test sites at time
0 (within 10 minutes of showering) and again at 3 and 6 hours after the shower
wash. Identical samplings were conducted on test days 1, 2, and 5. The abdominal
sample was taken from the region extending approximately 1 inch to the left and
right of the umbilicus. The inguinal region was sampled at the upper, most inner
aspect of the thigh. A sterile gauze material, secured with adhesive tape, was
used to protect the sampling sites from transient microorganism contamination.
The gauze bandage was removed for the 3- and 6-hour skin samplings and then
reapplied. No additional showers or baths were performed during the 5-day test
period by any of the subjects.

At the sampling times, a sterile stainless steel cylinder (inside area � 3.56
cm2) was held firmly to the skin area to be sampled. Five milliliters of sterile
stripping fluid, consisting of 0.1% Triton X-100 in 0.1 mol/L phosphate-buffered
saline solution (pH 7.8), was added to the cylinder, and the skin area inside the
cylinder was massaged in a circumferential manner with a sterile rubber police-
man for 2 minutes. One-milliliter aliquots of this solution (10-fold dilution) were
removed and plated—with 100, 101, 102, 103, and 104 dilutions, as appropriate—
in triplicate on trypticase soy agar containing 1.0% Tween 80 and 0.3% lecithin
as neutralizers.

The agar plates were incubated at 30°–35°C for 48–72 hours. Only those
plates yielding between 30 and 300 colonies were used in this evaluation.
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II. RESULTS

All five subjects completed this study with no adverse skin irritations (edema,
erythema, or rash) noted. Three of the five subjects were women; none of these
reported any vaginal irritation during the course of the 5-day CHG shower proce-
dure. (see Figs. 1 and 2 and Tables 1 and 2 for summary statistics).

The Student’s t-test was used in this evaluation to determine the level of
treatment observation significance, compared with the baseline measurement. Be-
cause multiple 95% t-tests were used in this evaluation, the t-test table values
were adjusted for the multiple estimates by means of modified α values, α*, as
described by Dixon and Massey [9]: α* � 1 � (1 � α)k, where k is the number
of confidence levels performed in the study.

Figure 1 Antimicrobial effects of CHG, abdominal region.
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Figure 2 Antimicrobial effects of CHG, inguinal region.

Table 1 Antimicrobial Effects of CHG, Abdominal
Region

Time Day 1 Day 2 Day 5

0 hr 2.13 1.32 0.5
3 hr 1.24 1.08 0.62
6 hr 1.66 0.85 0.5
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Table 2 Antimicrobial Effects of CHG, Inguinal
Region

Time Day 1 Day 2 Day 3

0 hr 4.57 3.6 2.08
3 hr 2.6 1.84 0.49
6 hr 3.66 2.32 1.21

A. Abdominal Region

As can be seen in Figure 1 and Table 1, the CHG shower wash provided signifi-
cant bacterial reduction during the course of the 5-day study. A significant imme-
diate antimicrobial effect was noted within 10 minutes of the shower wash on
each of the three sampling test days, relative to the baseline measurement (p �
0.05). Additionally, statistically significant persistent antimicrobial effects re-
mained through the 3- and 6-hour postshower periods (decreases from the base-
line measurement) for each of the three sampling days (p � 0.05). A statistically
significant residual effect was also noted (p � 0.05). As the study progressed,
greater microbial reductions from the baseline were achieved.

B. Inguinal Region

From the data in Figure 2 and Table 2, it can be seen that the CHG shower wash
used during the course of the 5-day test period also demonstrated statistically
significant immediate, persistent, and residual antimicrobial properties (p �
0.05).

III. DISCUSSION

This study suggests that a CHG shower wash used over the course of a 5-day
period significantly reduces the normal skin flora colonizing both the abdominal
and inguinal areas. Similar and compatible findings were noted by Brandberg
and Andersson [3] in both male and female subjects, as well as by Seeburg and
associates [2], who were interested in the antistaphylococcal effectiveness of a
shower bath with CHG. Hayek [4] reported similar positive results. Rotter and
colleagues [5] and Ayliffe and associates [6], on the other hand, reported no
significant benefits from preoperative full-body washes in reducing postsurgical
infection rates. Perhaps the ambiguity concerning the antimicrobial efficacy of
the full-body shower wash can be partially explained by this study. As Figures
1 and 2 and Tables 1 and 2 display, the full-body, CHG shower wash probably
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should be performed for 3–5 consecutive days, if it is to be effective on the basis
of residual properties that retard recolonization of the skin microflora to normal
levels. The effectiveness of the CHG full-body shower wash depends mainly on
the residual antimicrobial effect, which increases the more consecutive days the
antimicrobial is used. On the basis of this study, at least three, but preferably five
consecutive daily washes are required to keep the normal skin flora populations
significantly lower than the baseline levels through a 24-hour period, as is neces-
sary to provide value in reducing postsurgical infection rates.

The reason for the ambiguity of results of assessment of the CHG full-
body shower wash reported in the literature may be attributed to statistical vari-
ability. A 1- or 2-day presurgical application period is simply too brief to establish
the necessary levels of residual antimicrobial activity to be of value in reducing
postsurgical infection rates. It will be interesting to see what data other investiga-
tions produce, when the full-body shower wash procedure is employed over a
period of 3–5 consecutive days.

A more effective way of delivering the antimicrobial may not be via a
shower, but direct application to the proposed surgical site via a ‘‘sponge bath’’
type of application. This would provide at least two advantages. First, because
the topical antimicrobial would not have to be diluted as in a shower, the concen-
tration could be less—say 2% or 1%—and still be effective. Additionally, the
drug would be less likely to come into contact with eyes or eardrums, eliminating
a safety concern.

In conclusion, a regimen using the topical antimicrobial application may be
useful to extend the application after the surgical procedure has been completed.
Research is needed in this area to discover its potential merits.
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Surgical Preparation and Site
Access: Testing’s Stepchild

Mary Bruch
Micro-Reg, Inc., Hamilton, Virginia

I. INTRODUCTION

The testing of preoperative skin-preparation products has had the characteristics
of a stepchild. More attention to demonstration of antimicrobial effectiveness
has been focused on handwashing and surgical scrubbing. Now, with rapidly
developing technology, attention has been focused on the preparation of access
sites for new medical devices. Many of the effectiveness and testing consider-
ations apply to skin preparations for use of these devices. This chapter will discuss
where we are, how we got here, and where we hope to go.

The emphasis on asepsis in the operating theater began with Lister, who
worried about many environmental factors causing postsurgical infections in his
patients. It is not clear whether Lister knew of Semmelweis’s work or not, but
they certainly were moving in the same direction [1]. As we examine the issues,
the effectiveness and testing of surgical scrubs can be looked at as opposite sides
of a coin. Both these procedures are designed to prepare the patient for surgery
and reduce the number of bacteria to which the patient is exposed. Since Lister’s
work to develop aseptic surgery, the superficial bacterial flora seems to be the
only element in the operating room that is not sterilized and is the least susceptible
to control.

In the convergence of ideas that resulted in the development of aseptic
surgery, Semmelweis (1846) was inspired to show that the transmission of
‘‘childbed’’ fever could be stopped with handwashing. This breakthrough was
made prior to Pasteur’s identification, in 1861, of the role of bacteria in infection.
We do not know if Lister (1865) communicated with Pasteur to learn of his

197
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reported use of 5% carbolic acid (phenol) to treat sewage. Lister realized that
treatment of surfaces, including the patient, could reduce postsurgical morbidity
and mortality and change the approach to surgery, which then had to be done
quickly to decrease a patient’s exposure to excessive exogenous microorganisms.

We must pause, also, to thank Professor Gustav Neuber of Kiel, Germany,
who used great insight and originality to incorporate Lister’s ideas into what was
the prefiguring of today’s operating room (OR) suites [2]. Finally, as the last part
of the convergence, Robert Koch (1878), using his own postulates, concluded
that bacteria could cause wound infection.

Beck [3] has suggested that, even with the slow progress of developing
modern surgical techniques, the basic concepts of infection prevention remain
the same: cautery, washing with water and wine (alcohol), the renewed use of
alcohol, and the procedure of irrigation and delayed wound closure (originated
by Lister and revived by Dakin) [4,5].

II. WHERE THE BACTERIA ARE

Before we discuss how to test removal and destruction of the microbial skin flora,
we must determine where the bacteria reside and how bacterial populations are
maintained on the skin [6,7]. Gibbs and Stuttard [8] have described the skin as
uneven in topology and thickness (Table 1), ridged, with openings of pores and
ducts (Fig. 1). The skin may act as a physical barrier, though not as a chemical
barrier. Both apocrine and eccrine secretions are vital to the microbial population,
as well as repopulation after the removal of superficial flora.

The skin’s surface is constantly changing as a result of growth and shedding
skin squames. The breakdown products from cell maturation and death, in addi-
tion to fluids bathing the skin (i.e., sebum and perspiration), are the nutritional

Table 1 Regional Variations in the
Thickness of the Stratum Corneum

Thickness
Skin region µ(cm � 10�4)

Abdomen 15.0
Volar forearm 16.0
Back 10.5
Forehead 13.0
Scrotum 5.0
Back of hand 49.0
Palm 400.0
Plantar (sole) 600.0



Surgical Preparation and Site Access 199

Figure 1 Diagrammatic cross section of skin, appendages, and glands.

source for the bacteria residing on the skin. The skin is normally slightly acidic
with a variable pH that can help control the resident flora in conjunction with
the dry skin atmosphere. The arid locales of the skin surface usually do not sup-
port gram-negative bacteria. They do exist in the axillae and groin, where the
moisture level is higher. Marples and Noble have extensively described the type
and location of the microbial flora normally residing on the skin [9,10]. There
have been various estimates of the location and numbers of population distribu-
tion. Selwyn and Ellis have dealt with this problem by studying the work of others
and drawing their own conclusions, stating that not all microbial populations are
superficial and that 20–50% are deep microbial flora [11,12]. Reybrouck has
described this deep fraction as the ‘‘hidden flora’’ [13].

The microbial flora of the skin is part of any risk/benefit consideration for
use of topical antimicrobials. Mainly aerobic microorganisms are distributed over
the surface of the body and are very numerous in particular areas of the body,
including groin, axillae, and under fingernails and nail folds. The bacterial count
on the skin seems to maintain an equilibrium between removal, death, and repop-



200 Bruch

ulation from the deep flora. Washing and scrubbing can delay the repopulation
a few hours, at least, and removes large numbers of the skin bacteria, which are
reestablished almost completely within 24 hours.

Dr. Phillip Price, a researcher at the University of Utah, began to investigate
the microbial flora of the hands, beginning with his own hands, and the effect
of handwashing on skin flora. In the late 1930s he examined methods of removing
bacteria from the skin [4]. He believed that repeated handwashing removes a
fractional population each time and that a straight-line reduction occurred. This
did not prove exactly true, but he discovered that a fractional reduction does take
place with repeated washing in a series of basins [13]. As a result of his findings,
the terms ‘‘transient’’ and ‘‘resident’’ flora have become parts of our vocabulary.
He is credited with defining transient flora as that array or organisms picked up
from contact with the environment or contact with humans. Because it does not
normally reside on the skin, it can be easily removed. Resident flora he defined
as those microorganisms comprising the normal flora firmly attached to the skin
and difficult, if not impossible, to remove. Much attention has been paid to tran-
sient flora by infection-control practitioners because these are the microorganisms
most often involved in infection. Price also defined a third category, the deep
flora, heretofore generally ignored, but recently becoming an increasingly impor-
tant group of the skin’s microflora, because it is the deep flora that repopulates
the surface of the skin.

In considering skin or site preparation for an operative technique, the goal
is to eliminate as many of both transient and resident organisms as possible,
usually accomplished by extended exposure times and vigorous washing applica-
tions. However, it is now clear that rigorous agitation causes the deep resident
flora to be distributed onto the skin surface. Understanding the location and relo-
cation of the flora and its function in repopulation of the skin is necessary to
achieving the effectiveness of antimicrobials.

Regardless of the fact that surgical scrubbing and skin treatment in prepara-
tion for surgery has involved the use of active antimicrobials since Semmelweis,
the prevailing concept was that the effect on the microbial flora was more signifi-
cant the longer and harder the scrub was done. The logic is understandable, espe-
cially up until 1937 when Price conducted his studies. Until then, the extent and
location of the skin flora was largely unexamined. The idea of extraordinary
cleanliness, grounded in prevalent religious attitudes of the time, fostered the
early recommendations of long scrubbing and prepping times. Now we know
that the excessive scrubbing does remove the transient flora, but it also has the
secondary effect of causing increased shedding of superficial dead skin cells
called squames. The squames carry bacteria attached to the skin cells or aggrega-
tion of cells from the stratum corneum. Until the introduction of antimicrobial/
detergent (or soap), handwashing or skin preparation for surgery occurred in two
steps: washing/cleansing and disinfection. Not until the 1950s was this changed
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with the introduction of Phisohex and Betadine (registered trademarks of Purdue
Frederick, Inc. and Sterling-Winthrop), containing iodophor and hexachloro-
phene, respectively.

The microbial flora of the skin is part of any risk/benefit consideration for
use of topical antimicrobials. Mainly, aerobic microorganisms are distributed
over the surface of the body and are very numerous in particular areas, including
the groin, axillae, and under fingernails and nail folds. The bacterial count on
the skin seems to maintain an equilibrium between removal, death, and repopula-
tion from the deep flora. Washing and scrubbing can delay the repopulation a
few hours and removes large numbers of the skin bacteria, which are reestab-
lished almost completely within 24 hours.

If we are to determine a more effective approach to removing microflora,
yet emphasize a gentler approach to effective scrubbing and prepping skin with
less irritation and abrasion, then we need to look at the object of our attack: the
skin. What is this cloak of skin with which we defend our body against the outside
world, but which can also react with symptoms so painful and alarming that we
are immediately focused on obtaining relief? Yet, the skin does harbor a mi-
croflora that must be selectively controlled. To this end, we must discuss the
structure of the skin, where bacteria are located, and the physical/chemical struc-
ture of the skin, especially the stratum corneum (the topmost skin layer).

The organizational structure of the skin layers is diagrammatically repre-
sented in Figure 2. The relative thickness of the epidermis and dermis is shown.
If the skin layers are drawn in a diagrammatic way, the orderly layers of cells
forming the viable (live) epidermis are seen. The dead, dry, scaling cells of the
stratum corneum have a structure that is likened to ‘‘bricks and mortar.’’

The bricks are the stratum corneum cells, which are shown as closely placed
interlocking cells. The mortar is a little more complicated, but together they form

Figure 2 Layers of the epidermis.
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the barrier properties of the skin. The viable epidermis is not a significant barrier
to penetration. The integrity of the stratum corneum is broken with hair follicles
and sweat glands. These are the sites from which the bacteria grow and repopulate
the skin. As can be seen in Figure 1, the mouth of the eccrine gland and the base
of the hair follicle are the inaccessible locations of the ‘‘deep’’ flora. Even if the
skin surface is aggressively decontaminated with alcohol and few or no colonies
are found upon sampling, the deep flora is still there. Conventional skin sampling
will not detect these bacteria. Microbial colonies will soon reestablish on the skin
surface.

Skin microbiology has been not only neglected, but the source of significant
controversy; much of which concerns the location of the skin bacteria and the
issues of skin antisepsis and disinfection. Selwyn has listed ‘‘what and where are
the target organisms’’ as the primary question. He has also shown the inaccessible
location of the resident flora in the opening and depths of the hair follicle.

The location and proportion of the normal, ‘‘deep’’ flora has been estimated
from almost all surface to the major portion—hidden. Selwyn’s own conclusion
was 20–50% hidden. As discussed previously, it was Price who originally defined
the ‘‘deep’’ flora [4,13,14], and Reybrouck who termed it the ‘‘hidden’’ flora
[15]. Today, we realize that the boundaries of the transient and resident flora are
not as clear as we might have once believed and that some transient organisms
can establish themselves and be carried as part of the resident flora. We recognize
that the hidden flora grows and reestablishes the population of organisms previ-
ously removed or washed off the skin [16].

The superficial flora can be removed quite efficiently and when sampled
for microbial count, can even show an extremely low or zero count, but only for
a short time. We cannot sterilize the skin, nor will we ever know the total micro-
bial flora present. The measurements that we make in testing skin antimicrobials
are based only on the fraction removed or released from the skin.

The accuracy with which this can be measured forms the basis for the
stating of initial count in the studies reported in the literature. To make it even
more frustrating, the bacteria on the skin are not evenly distributed over the skin
surface, but in reality are present in microcolonies. When a sampling yields mi-
crocolonies, the bacterial count is underestimated, and when procedures for sam-
pling dislodge and break up these small colonies, the bacterial count is exagger-
ated. The superficial skin organisms shed as squames reflect the remains of these
colonies. Because a squame may contain a number of bacteria, the squames on
surfaces and, particularly, floating in the air can initiate infection if they find a
hospitable environment [17,18].

The basal layer provides a supply of cells that move up through the viable
epidermis, changing form as they traverse the layers. Cells become flattened and
elongated. They become progressively drier and contain protein matrices (ker-
atin).
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The function of the stratum corneum is to develop from the viable epider-
mis, become keratinized as part of the barrier function of this layer, and ultimately
to be shed. This journey is diagrammatically presented in Figure 3. If a room is
occupied by people, there are skin squames on environmental surfaces and in
the air. The drying dead skin cells of the stratum corneum are shed into the air
or into water with movement, rubbing, scratching, and bathing. Particle sizes
range from a few cells to visible flakes (like soap flakes). Bacteria are shed and
can be attached or unattached to shed squame cells.

The scrubbing process itself causes release of skin squames, most with
bacteria attached. Antimicrobial products reduce the shedding squames and via-
ble bacteria compared to soap alone. Meers and Yeo have shown that handwash-
ing causes a shower of skin squames in the air [17].

Many chemicals are more soluble in lipids than in water. The lipid layer
of the stratum corneum will dissolve and can absorb chemicals placed on the
surface of the skin. In fact, this characteristic is important in transdermal delivery
of drugs, for example, the skin patch for drug delivery, and in what has been
termed substantivity or persistence of the applied antimicrobial.

The formulation, use, and effectiveness testing of preoperative preparations
has long been a neglected area of antimicrobial use. Now, with ever-expanding
numbers of devices requiring skin preparation for use, this area demands more
attention to define appropriate use and testing. As we have noted, our use of skin

Figure 3. Diagram of progress of a basal cell through the epidermal layers to shedding
as a stratum corneum cell.
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preparation began with Lister, and this tradition has not changed significantly
since implementation of detergents and alcohols. Newer techniques of preserving
an aseptic atmosphere have been successful on one hand but fail on another.
An excellent example of this dichotomy is the use of adhesive surgical drapes.
Rhodeheaver has discussed the problems of adhesive tape transferring bacteria
to the site and transferral of bacteria under these drapes to the wound edge [6].
Aly et al. have demonstrated that bacterial growth under wound dressings is pos-
sible [7]. The adhesive drape protects that area around the intended incision site,
but their use may actually enhance the repopulation of the skin by resident bacte-
ria after skin-site preparation by stimulating perspiration and transfer of bacteria
to the wound site. As demonstrated, some positive advances have also created
negative results.

As a result, we have gradually come to know that, barring ‘‘gentle flaming
of the skin’’ (Pasteur), we cannot sterilize the skin. With this recognition, we
are perpetually confronted by the residual flora that remains after antimicrobial
application. When are these organisms a risk, how many remain, and how rapidly
do the residual organisms repopulate the site? Although sterility of the operative
or access sites would be the most desirable, testing and sampling methods can
direct new work, innovation, and attention to these procedures.

The skin has a microbial flora all of the time, but it changes in variety and
numbers determined by many factors such as climate, season, sex, and age. As
we have discussed, part of this flora is hidden from direct access, while part is
easily acquired and removed. Many imagine and picture the skin with the flora
evenly distributed over the surface. This is clearly not the case; not only is a
fraction of the flora hidden, but that portion distributed on the skin surface exists
in microcolonies of different sizes and not in a unicellular, even fashion, nor are
the microcolonies evenly distributed.

To test the effectiveness of a product, the microflora must be examined
before and after the application of a test product. The critical decision is how to
sample the skin so that the sample is representative.

For a number of years, the cup scrub method has been considered the
‘‘gold’’ standard. Some discussion of other sampling methods is warranted, espe-
cially when the relative sampling efficiency is measured by comparison to a
method for recovering as much as 100% is possible (Selwyn). In this forum,
standardized swabbing and the cub scrub were essentially equivalent.

A multitude of sampling techniques for the skin have been published over
the last decades. We have become somewhat nearsighted in the last few years
in concentrating on the cup scrub method as the only credible sampling technique.
I want to look more closely at this.

Selwyn has examined our view of the skin microflora and how to sample
it with some clarity [11,12]. He has asked questions about the flora and how to
evaluate it. Selwyn deals with a subject that is clearly critical in infection control
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but is often ignored. When antiseptics are applied in testing methods, we declare
that the activity is directed against either resident or transient flora, when, in fact,
both are almost always present.

Selwyn and Ellis have published an important discussion of where the mi-
croflora is located and a comparison of a number of different techniques [11,12].
They used a culture of a full thickness skin biopsy to estimate their 100% count
and then compared this with the results from a variety of different sampling
techniques. They describe conclusions about the location of and numbers in the
skin microflora. Those conclusions were that the total bacterial count per square
centimeter ranged from 1,000 to 400,000, and that 20–50% percent are located
deep in the crevices of the skin and hair follicles. They also stated that Staphylo-
coccus aureus is never a resident on skin (nares and perineum excluded). Further,
skin preparation can be achieved in 30 seconds to 2 minutes, rather than requiring
the long exposures that had previously been favored.

Selwyn and Ellis emphasize, and I strongly concur, that pertinent questions
include: What and where are the target microorganisms? and What are the charac-
teristics of the available chemical agents and how do we evaluate them in vivo?

Their results further reveal the effect of agitating and rubbing the skin dur-
ing sampling because the most efficient sampling techniques were the ‘‘cylinder
scrub’’ (cup scrub) and standardized swabbing (rigorous). These two methods
recovered 4–15% and 3–20%, respectively, compared to the numbers from skin
biopsy as 100%. The techniques of tape transfer, contact plates, and velvet block
gave under 1% of the 100% control. Clearly, the latter three methods sample the
surface layer, presenting a picture of what flora is there and, again, as we must
recognize, what the intent of the sample is in the testing.

Survival of ‘‘resident’’ bacteria occurs even when rigorous disinfection of
the skin occurs prior to sampling. Also, Sidney Selwyn has described the dilem-
mas associated with the skin microflora, as well as published an examination of
the efficiency of sampling methods. If his data are reexamined, the efficiency of
sampling is poor with any method as far as sampling the complete flora of the
skin is concerned.

Perhaps we should look at sampling methods that are internally consistent,
rather than constantly refer comparisons to a variable pretest count. Because we
can never know the exact count, or even a good estimate, of the total flora, it is
difficult to draw absolute conclusions. The best hope is to prove that a selected
method removes a consistent fraction at each sampling. An older method with
some use history in England is the velvet block [19]. A wooden block is tightly
covered with velvet and sterilized. Even contact is made with the skin to sample,
and the block is then pressed onto a solid agar plate and developed colonies
enumerated. The block is then repeatedly stamped onto the hard agar surface as
is now done with replicate plating. Cardboard plugs have been another technique
used to sample skin and operative sites and is similar to the velvet block. The
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end of the plug is pressed onto the skin and then repeatedly onto an agar surface.
Seeberg et al. have performed studies using this technique [20].

Geelhoed [21] has published preoperative studies utilizing contact (Rodac-
type) plates to sample sites before and after surgery. His results will be discussed
later. This is another surface-sampling technique used extensively to sample hard
surfaces where there is no underlying reservoir resupplying the surface. The con-
tact plate will show microcolonies and give a picture of the skin surface flora.
Clearly this method samples only surface microcolonies on the skin. By this
method, a picture of microcolony distribution on an area of skin can be seen.
These superficial colonies often may be important in situations such as preopera-
tive preparation, when these bacteria may be organisms that migrate to an open
surgical wound, especially if occlusive drapes or dressings are used.

All sampling methods have negative and positive attributes [8]. Sampling
methods can be divided into techniques that actually remove some or all of the
stratum corneum, such as tape-stripping, removal of layers of skin with a Castro-
viejo keratome, excision with a full thickness biopsy, or at autopsy. Direct sam-
pling in vivo of the skin is desirable in that the skin is being directly examined.
In comparative tests with washing procedures, the numbers of bacteria recovered
are usually higher. Often the direct sample recovers microcolonies while washing
techniques are assaying single bacteria removed from the skin. Clearly, if a com-
parison of products is made, the surface sampling methods show the same order
of removal as washing methods.

Finger imprint and streaks have had a period of popularity, but in recent
years, there has been a concentration on washing methods [22]. Most often it
has been the cup scrub method (as published by Williamson, Kligman, and Mar-
ples) [23–25]. The focus has been on how high the numbers are and how effi-
ciently the bacteria are removed [23]. Washing methods measure only the organ-
isms removed and a comparison with what is assumed to be the total population.
In the 1950s and 1960s, these contact methods were often used but have now
been discarded. In his closer look, Selwyn has revealed that what we have adopted
as our best method is only about 15% efficient, while surface techniques like
contact methods in situ are about 1% or less efficient.

There has long been an approach in this type of testing that the only sam-
pling technique is the one giving the highest recovery, usually one that involves
scrubbing and washing, which we now recognize works up the resident or ‘‘hid-
den’’ flora to varying degrees. When this analysis is the goal of the test, these
sampling procedures are appropriate. (This author’s intent is to advise careful
examination of the test design and sampling methods. Skin sampling of any kind
is a dicey process and further has been plagued with inconsistencies and variation
[26].) Some of the more static in situ surface methods show more consistent
results. There is a basic inconsistency to the task of sampling in that we wish to
sample the surface and the deep flora before and after application of the test
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prep, but techniques in situ ignore the deep flora, and more rigorous hand scrub
techniques remove some variable fraction of the deeper microflora. These recov-
ered counts are compared to pretreatment values, but the total count of the popula-
tion is unknown.

Ayliffe et al. compared sampling with washing techniques (wash bowl and
glass beads) and the finger streak method (five fingers drawn across an agar plate)
[27]. The results were similar in the assessment of the effectiveness of reduction
in bacterial count of four products and a control. These results do confirm that
the finger streak method shows more variation than the washing methods. How-
ever, it is reasonable to examine the attributes of surface sampling methods, espe-
cially when they follow removal of superficial transient flora prior to sampling.
In situations where there is interest in the superficial flora or the time for and
ease of sampling are important, this method or other similar methods for in situ
sampling such as contact plates or tape stripping should be considered. Smylie
et al. have described the finger streak [28].

We must clearly define how to test and what the results mean. In the past
there has been significant confusion about reduction where organisms are applied
and passively dried on the skin. Results can be quite different if the artificial
inoculum is rubbed into the skin [29]. Often the testing can be divided into several
layers. One must test reduction in normal flora before and after treatment with cup
scrub or swabbing without ignoring identification of surface, if this is indicated. In
contrast, the testing can be done after artificially contaminating the skin with a
cultured inoculum followed by treatment and sampling by a variety of techniques
involving washing and/or surface sampling.

Marples published a method of expanding the flora on the skin using an
occlusive plastic wrap, such as Saran wrap, for a number of hours [30]. Gram-
negatives will grow with increased humidity. The suppressive effect on growth
of the flora can be tested when applied prior to wrapping. Sampling of test areas
were done using the cup scrub technique and assayed for bacterial count. Because
many dressings for site access and drapes for prepping are at least semi-occlusive,
the occlusion may be maintained for shorter periods. This procedure could be
adapted to show the effects of dressings and drapes. For example, one might
envision a probability model that could assess the contribution of the prepop
prep, the use of adhesive incise drapes or impregnated ones, the use of a surgical
scrub, and the use of presurgical bathing.

Presurgical body bathing, both as a bath and a shower, has enjoyed periods
of vogue and disregard. From Lister to the present, the contamination of the
surgical wound during and after the surgical procedure has been the subject of
speculation and clinical concern.

Glove wearing, surgical draping, air filtration, presurgical hand scrubbing,
and preoperative skin preparation have contributed extensively to the reduction
in surgical wound infection. In highly infection-prone surgeries, such as hip joint



208 Bruch

replacement, the use of ultra-clean air (laminar flow) and space suit–type clothing
have contributed further to the reduction in postsurgical infections.

But what part does the patient’s own skin flora contribute to these infec-
tions? It is clear that the patient’s skin flora enters the surgical wound and that
subsequent infection depends upon multiple presurgical and surgical precautions
and prophylactic procedures.

The presurgical bathing of the patient once or multiple times with active
antimicrobial agents has been advocated and used during the last 10–20 years.
Cruse’s large study has fixed the value of presurgical bathing in the minds of
many surgeons and infection control personnel [31]. This study utilized a hexa-
chlorophene wash (3%) as a presurgical bath and showed a positive correlation
between body bathing and postsurgical infection. However, the study has been
criticized by researchers as poorly constructed for statistical analyses.

As the popularity of surgical patient bathing increased, several European
and Scandinavian studies were published [20,32,33]. Some of these focused on
specific areas of the body and on reduction of numbers of the skin microflora.
Effects in orthopedic surgery have been the focus in some of these studies.

Seeberg et al. studied total body disinfection using a chlorhexidine solution
three consecutive times for a 5-minute period (showered and dried) [20]. Subjects
were exposed to two applications prior to admission and one shower immediately
after admission. This work shows reduction of microbial flora, especially S.
aureus. Lowbury and Lilly [34] and Davies et al. [35] had already shown that
chlorhexidine solutions reduced bacterial flora prior to surgery.

Some restrictions on the time of showering should be imposed because of
Meer’s work, showing a 17-fold increase in the release of skin particles (squames)
with viable bacteria after showering [17,18]. The restriction should be imple-
mented to prevent such an increase immediately before surgery.

Brote and Nilehn [32], Jepsen [36], and Thomsen et al. [37] concluded that
the post-operative contamination of the surgical wound may not be as important
as previously believed. The resident flora of the patient present at the end of
surgery may be a primary source of contamination. The authors stated that only a
few organisms are transferred to the wound during surgery. (There is a theoretical
difference of opinion here.) Dr. Rhodeheaver of the University of Virginia Medi-
cal School states that, under occlusive dressings, the surface of the wound may
be bathed with bacteria-laden fluid.

Several investigators, including Brandberg and Andersson [33], have
shown that showering with a nonantimicrobial soap actually increases the level
of the microbial flora. Earlier studies by Cruse and Ford [31] and Dineen [38]
had recognized and established the patient’s own skin as an importance source
of postoperative wound infection.

In their large study, Brandberg and Andersson [33] examined prepping
alone (showering and washing with Hibiscrub®) and prepping with 0.5 chlorhexi-
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dine gluconate in 70% alcohol compared with this same prep plus three to eight
presurgical showers with a 4% chlorhexidine gluconate product added in vascular
surgery cases. There was a 17.5% infection rate reported in the nontreated group
and 8% in the chlorhexidine group. However, the obvious reduction seen in the
averages is not statistically significant, so that a practitioner may want to make
his or her own conclusion(s) about the usefulness of presurgical bathing in this
setting. With low infection rates, reliable studies require extremely large numbers
of patients to make valid statistical conclusions.

Most recently, Rotter et al. [39] reported a prospective multicenter, double-
blind, placebo-controlled study. Two immediately consecutive presurgical baths
with a 4% w/v chlorhexidine gluconate solution were tested. Twenty-five millili-
ters of detergent was applied all over the body (including the face, around the
eyes, and, in the second bath, a shampoo). The authors concluded that the bathing
of patients twice prior to surgery with an antimicrobial detergent with chlorhexi-
dine did not reduce the incidence of infection of clean wound procedures as
shown with extensive statistical analysis.

Reports of still other recent preoperative bathing studies do show correla-
tions with reduction in postoperative infection [40–42]. With all the statistical
innuendo, methodological differences, and types of surgery, it is impossible to
come to a firm conclusion regarding the effect of total body bathing with an
antimicrobial soap on infection.

Controversy over alteration of the microbial flora of the skin flared in the
FDA Over-the-Counter (OTC) Review of Antimicrobial Drugs, especially with
reference to total body exposure to antimicrobial/deodorant soaps. The relation-
ship of routine bathing (rinsing) with these soaps with infection was implied in
several studies [43–45] and shown conclusively in the study by Taplin [46] in
Costa Rica in a population with a high infection rate utilizing a 2% solution of
chlorhexidine in water (therefore, 2% available chlorhexidine).

Two distinct approaches have been taken in the attempts to show a positive
effect for the surgical patient: (1) the reduction of postsurgical infection and (2)
the reduction of microbial flora, either on the whole body or in heavily contami-
nated areas such as the groin and axillae, or of specific microorganisms, such as
S. aureus or S. epidermidis.

Whatever attitude practitioners may have formed concerning the value of
presurgical bathing, if they choose to use an antimicrobial active ingredient in a
bath or shower, a specific protocol must be developed incorporating the informa-
tion reviewed above.

It does seem clear that if the antimicrobial is used, there is a reduction in
the microbial skin flora.

When implementing presurgical bathing, the physician must decide (1) how
many baths to use, (2) how much attention to pay specific areas, (3) when to
stop the bathing prior to surgery, and (4) whether to shampoo or not. More than
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one presurgical bath is recommended for greater suppression of the microbial
skin flora. The number of baths should be determined by the practitioners. Three
to five baths would provide greater residual action and decrease the body’s micro-
bial load.

The analyses of published presurgical bathing studies with antimicrobial
washing products yield variable results. It is essential to recognize whether the
intent and design of the study is to show a statistical reduction in postsurgical
wound infections or to determine the reduction of the microbial flora of the skin.
Both types of studies have been published.

The data accumulated from studies with very large patient numbers indicate
that bathing does not significantly reduce the postsurgical infection rate [39].
When other studies are factored in, the answer is that there is possibly a reduction.
It is the superficial skin flora that contaminates the patient’s own surgical wound.
It is this population that moves across the skin under surgical dressings (often
when wet). That is the population of interest to us. This is certainly not the source
of all bacterial wound contamination. The surgical staff and the air in the op-
erating theater are also common sources [47].

Ideally, clinical investigation should produce data showing that preopera-
tive preparation of the surgical patient or treatment of access sites results in the
reduction of postsurgical or posttreatment infection. Unfortunately, attempts to
show the preventive effects of surgical scrubbing or prepping have not produced
clear-cut results (E. Larson, personal communication). Much of the clinical inves-
tigation has relied on recovery of skin bacteria from the sites before and after
applications. Infection rates have been recorded, but showing differences, espe-
cially between test products, is practically impossible. When infection rates are
low, many hundreds if not thousands of subjects would be required to show a
difference in the number of infections from changes in one parameter. It must
be reiterated that this is a multifactorial cause.

The intent of skin preparation is to remove as much of the bacterial flora
as possible prior to incision or access. As development of new and/or novel
enhancements to the scrub or paint are produced, it is unavoidable that combina-
tions are and will be used. The preparation procedure itself should be tested but
often the parts are tested to see their contribution, for example, by Geelhoed
[21,48,49].

Many clinical evaluations have been done, often using sampling methods
in the operative setting that primarily portrayed surface contamination of the skin
or wound. It is interesting to note that the results are quite similar.

FDA in its OTC drug review that began in 1972 has a suggested protocol
for patient preparation for surgery in its latest publication of the Tentative Final
Monograph (TFM). This is a trial using subject volunteers but is not considered
a clinical trial since the target evaluation is reduction in microbial flora in a
confined test situation [52,53]. [Parts of the protocol will be discussed, but see
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Ref. 53 for complete details.] The American Society for Testing Materials
(ASTM) is a consensus group that develops standard test methods. They have
published several versions of a STM for preoperative testing, and currently the
E 35.15 Subcommittee on Antimicrobial and Antiviral Agents have revised a
method for both preoperative prep and site access prep combined that is in the
balloting process and was published in 2001.

The cup scrub (cylinder-scrub or detergent wash) method has had several
progenitors, but Williamson and Kligman [23] published the most current and
used version. Changes in the method have been made by Marples, [24] and the
method has even been automated by Bibel and Lovell [22].

The assumption has been made in protocols that the detergent method is
best because the counts are highest compared to contact methods. Yet in a schizo-
phrenic bent, most truly clinical examinations of effectiveness have been per-
formed using contact methods. It must be stressed that, as with the detergent
wash method, improvements can be made in contact methods. If fact, the develop-
ment of an automated procedure, the Thran Gun [51], for dispensing detergent
onto the skin for sampling and vacuuming up the solution after contact, has al-
ready been produced. The author’s emphasis on sampling is designed to focus
attention on what criteria of effectiveness should be accepted for a preoperative
or site-access preparation.

As currently regulated by FDA, these products are drugs and are considered
an OTC drug product or are the subject of a new drug application (NDA). In
hospital usage today, the products used in skin preop prep and for access sites
are iodophors, iodophors in alcohol, alcohol, and, occasionally, a chlorhexidine
detergent scrub product. The individual products in this group of products are
regulated differently. All of the products with the most commonly used antimicro-
bials were the subject of review by the FDA’s OTC panels. Because of the nature
of the OTC Review, the standards and test methods are ones that were in vogue
when these ingredients were initially tested; although testing with many different
techniques has been performed, they will not all meet NDA test requirements.
However, according to the rules of OTC Review, these products are legally mar-
keted while in different categories in the Review until a Final Monograph is
published (Proposed Monograph, 1974 [52]; Tentative Final Monograph, 1994
[53].

As currently constituted, the protocol published in the TFM requires that
a reference 4% chlorhexidine (CHG) detergent scrub product be included in the
test and that a statistically assessed 3 log reduction is required to claim effective-
ness for a preop prep. When testing is performed using this protocol, the CHG
product will often meet the 3 log reduction, but not always and not on all three
sampling days.

The iodophors and alcohol as well as many popular antimicrobial ingredi-
ents were included in the OTC Review, and chlorhexidine was not. If effective-
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ness studies with these ingredients are examined, it will be observed that Lowbury
and his colleagues have performed many studies with chlorhexidine products in
England, where it is commonly used for skin disinfection (European designation
for antisepsis). Their use is in distinct contrast to U.S. practices for surgical prepa-
ration. The mode of application can be important. Lowbury et al. have reported
[54–56] that if the antiseptic product is applied using gloved fingers to rub it
into the skin, it is more effective than if it is applied with gauze (standard proce-
dure) or sprayed on.

The activity of the ingredients may be different. When iodophors and alco-
hol are tested after topical application (handwashing and prep testing), the initial
reduction is approximately 2 log. Depending on product, application and protocol,
the results may vary 0.5 log [57–61; G. Mulberry, Hilltop Biolabs, personal com-
munication]. Alcohol can be more complicated. Many European countries use
alcohol for handwashing and prepping.

Rotter et al. [62–64] published a test method examining alcohols for effec-
tiveness as handrubs (see Ref. 65 for a CEN Directive based on Rotter’s method).
Rotter used 60% isopropyl alcohol as a control and has shown that n-propanol
formulations are the most effective. Often, a 3 log or higher reduction can be
shown in the handwashing setting in which test organisms are applied to the skin
but not routinely. The problem then becomes one in which the most widely used
products do not meet the criteria described for preop prep in the TFM, which is
also used for testing new drug entities for NDA approval.

What is at the heart of these differences? Some chemicals, such as chlorhex-
idine, are substantive to the skin, that is, the chemical attaches to cells of the
stratum corneum. Residual activity of the chemical affects the time and extent
of repopulation of the skin after treatment, but the exact mechanism is unknown.
Iodophors (or other halogen products) and alcohol are not retained by the skin,
but do affect the repopulation by significantly affecting the total count. Other
OTC reviewed ingredients, e.g., chlorxylenol (PCMX) and triclosan, have been
formulated for skin preparation and are also substantive. These chemicals are
absorbed by the skin within approximately 6 hours after application but have
activity when present in the skin [66]. Because absorption is a diffusion reaction,
the concentration may vary, especially if a second application is made.

The majority of collected data with products containing substantive ingredi-
ents have been obtained using chlorhexidine. When ingredients such as an iodo-
phor, iodine, CHG, or other single ingredients are combined with alcohol, the
activity is enhanced and may show some persistent residual effect from the added
chemical. The immediate action of substantive chemicals may not be rapid on
initial contact.

Van Abbe [67] has stated that the dermatologist-coined term ‘‘substantiv-
ity’’ conveys the idea of prolonged association between a material and a substrate,
an association that is greater or more prolonged than would be expected with



Surgical Preparation and Site Access 213

simple mechanical deposition. The skin of the surgical patient is a source of
wound contamination, either from outside sources or from the patient.

Ulrich and Beck [57] described a study with several regimens including
alcohol with an iodophor-impregnated film. The traditional scrubs with iodophors
were effective (2–3 log) on skin contaminated with specific organisms. The
newer procedure had a significant reduction in the time required for patient prep,
with the highest microbial reduction, illustrating the effects that can be achieved
with a process instead of a single product prep.

Geelhoed and Sharpe [48] also performed a similar study (using contact
plate sampling) with essentially the same design and results with the group treated
with alcohol wipes and an impregnated film showing the highest reduction in
numbers at wound closure but not statistically different from the conventional
scrub groups. He does analyze the savings in time and cost when the alcohol-
film procedure was used.

These incise drapes and, in fact, impregnated drapes are still used in surgery.
Edlich [68] has furthered the view that drapes cause bacterial growth and believed
that adding iodine to the drape did not improve a bad situation. As with many
elements in surgical site preparation, there are mixed reviews. Edlich reviews
many elements that contribute to surgical sepsis and, in doing so, emphasizes
the multifactorial nature of infection following surgery or site-access prep. Beck
et al. [69] has also weighed in on this procedure.

Ayliffe [58,60] has published summaries of results from hand sampling
from testing surgical scrubs and skin treatment and reiterates the in vivo clinical
use of contact plates for sampling body sites. Again, there is reinforcement of
an approximate 2 log reduction with iodophors and with chlorhexidine.

Lowbury in England probably has published the most studies on chlorhexi-
dine for topical use as a surgical scrub and as preop skin preparation [70–76].
When one examines these publications, there is great variety in methodology
over the years. Detergent scrub products and tinctures containing chlorhexidine
have been available and used for many years before their availability in the United
States. Currently, there is no tincture product with CHG for skin preparation use
in the United States. Lowbury, in considering whether topical antimicrobials are
effective clinically in the prevention of infection, reported that when the Bir-
mingham Accident Hospital had made changes in their antimicrobial use, they
found a near statistically significant reduction in major sepsis.

Raahave in Scandinavia has also published studies with clinical relevance
that include use of CHG and combinations, loading of bacteria in wounds, and use
of velvet pads and contact plates for sampling [77–79]. He also assessed the much-
discussed use of clinical outcome investigation with topical antimicrobials. With-
holding antimicrobial use in a clinical trial was considered unethical. He also dis-
cussed injection-site disinfection as a marginal decision, but one that could be con-
sidered an ‘‘insurance policy’’ because he also recognized its ritualistic aspects.
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Access-site preparation has been ignored as a separate effectiveness study.
Instead, the results of handwashing, preop preparation, and general skin disinfec-
tion studies have been the source—often intuitive—for regimens for preparation
of the patient for insertion, injection, indwelling catheters, or any new devices
as they are developed. ASTM is attempting to delineate a test method that is
useful for testing the effectiveness of these prep products. Some additional issues
with access sites that should be considered: length of exposure, repeated applica-
tion, presence of blood or other body fluids, occlusion of skin, whether required
or optional, and physical limitations of the site.

The pursuit of large clinical trials in which antimicrobial agents are com-
pared to placebo is probably not financially or ethically supportable, and it is this
situation in which relatively smaller numbers of subjects can be justified. The
expectation is that the antimicrobial will be effective and usually many studies
have already demonstrated it. If two or more treatment regimens are compared,
say for reduction in infection rates, the numbers required become very large, in
the thousands, as suggested by Allen [80]. There seems to be a catch 22 to exam-
ining infection as a clinical outcome when withholding treatment cannot be justi-
fied and comparative studies engender size problems in situations where changes
in already very low infection rates are nearly impossible to find reliably.

In the end, finding a reliable, reproducible skin-sampling method selected
with a clear understanding of what the sampling achieves may provide the best
answers to the question of effectiveness. Over the years, authors have consistently
concluded that microbial reduction does give information concerning effective-
ness in the clinical setting. Certainly, both FDA and ASTM are developing test
methods to ensure that products are effective and yet maintain reasonable size
and investment from a sponsor when compared to the outcome information.

New ideas and new products are necessarily based on the past history of
development. Today there is a new challenge. Because antimicrobial chemicals
are toxic to microorganisms, they have properties that may also produce toxic
residues. Antiseptic disinfectant use is critically important in today’s health envi-
ronment. The volume of chemicals used is not economically rewarding enough
to stimulate the development of new antimicrobial chemicals. Today the chal-
lenges to be met by chemical disinfectants or sterilants have been magnified by
the burgeoning development of new medical devices fabricated with mixed mate-
rials requiring chemical disinfection/sterilization themselves and for use in prepa-
ration of the patient. It is unlikely that new antiseptic chemicals will be available,
so the ones in current use must be used with innovation and originality in formula-
tion or in combinations of chemicals and processes.

Modern surgical techniques have changed the environment of the surgical
field and the risks the patients face from the surgical wound. Lister’s original
intent of trying to make the patient’s skin as germ-free as the air and the various
surfaces is not realistic when the effect of currently used prep regimens are exam-



Surgical Preparation and Site Access 215

ined. We do not need to persist in the old regimens and techniques for prepping
simply as a ritual. The time frame for actual prepping has decreased significantly
due, in large part, to increased cost pressures. The use of presurgical bathing has
changed the regimen of many surgeons, especially in orthopedics. The use of
adhesive drapes at the surgical site can significantly change the skin environment
during surgery, where the surgical wound is made through the adhesive drape.
These conditions may change the environment and bacterial population under
the drape [66,68], not always to the advantage of the patient. We are entering
an era where more than one product will be important in the prevention of post-
surgical wound infections or at least in reducing the potential for infection of
these wounds. Mary Marples [9] is notable for coining the term ‘‘ecology’’ of
the human skin and for her early recognition of the variety and changeability of
the flora that has affected our current views of its place, influence, and control.
Noble has added to her early work in describing the flora of isolated body areas
[10].

As we have observed, the sebaceous glands are prominent in the cross
section of skin and are primary in the bacterial repopulation of the skin and as
the site of the ‘‘hidden’’ microflora (Reybrouck). Using the term ‘‘microflora’’
reflects the understanding that we are interested in bacteria primarily, but that
other microbes can be present.

Variation from person to person is a single note that sounds throughout the
studies that have been cited. There is significant individual variation in the level
of organisms on the skin, which in turn can vary depending on many environmen-
tal factors. The number and location of microcolonies vary, as does the thickness
(Table 1) and level of microflora in various locations of the body.

Clearly some methods sample the superficial ‘‘transient’’ flora with little of
the deeper resident flora. Those employing more agitation and surfactant solution
sample a higher percentage of the total flora, but this sample still is only a minor
fraction of what is present. The resident, deep flora remaining repopulates; the
only questions are how long it takes and to what level the count is restored.
Whether surface numbers or resident flora is more important depends on the
particular method; whether single cells or microcolonies are sampled depends on
the sampling method chosen so that microcolonies may be recognizable when
agar plates are read. Much of the clinical testing from contact methods and in
vivo studies have used surface sampling, often because of the exigencies of sam-
pling the patient immediately prior to surgery and after the surgical procedure
in the operating room.

FDA has suggested a protocol for study and a criteria for preoperative
preparation; however, there have been no criteria for tests for preparation of ac-
cess sites except for reference to a 1 log reduction for preparation of an injection
site. Especially for site preparation, the level of the natural, normal flora of the
area of the body under test for effectiveness must be considered. The authors
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mentioned above, as well as others—especially in orthopedic surgery and for
presurgical bathing—have defined the numbers and types of organisms present.

An average number with statistical limits of bacteria per unit area of skin
has to determine the criteria set for reduction. A similar rationale must be applied
to setting the requirement for reduction in a test for preoperative preparation.
We have a significant contradiction; on one side there are NDA products like
chlorhexidine that have shown a 3 log reduction in a wet environment, especially
after multiple uses. When many studies are examined, the results swing from
approximately 2 to 3 log. On the other side are many ingredients in the OTC
Review that are routinely used for prepping in hospitals and that in formulated
products achieve a �2 log reduction, although there are not as many published
tests [66]. For example, when British and European studies are examined, the
results with iodophors (and some other ingredients) are for all practical purposes
equivalent.

The goal of this chapter is to emphasize that tests must be carried out with
an informed choice of protocol and sampling method to which criteria of effec-
tiveness are applied and that can be met when data are statistically analyzed. The
importance of the antimicrobial application to the skin as the isolated single step
in prevention of postsurgical infection no longer applies. Process and regimen
are the watchwords now.

In the final analysis, ease of implementation and frequency and care in
execution determine the protection of the patient. Looking at all these studies,
one has to feel that the more things change, the more they stay the same—that
things are not so very different from Semmelweis’s copper basin, Lister’s and
Neuber’s surgical operating room, or the techniques of Dakin/Carrel or Cole-
brook and Maxted in the clinical prevention of infection.
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I. INTRODUCTION

The practice of surgery is an ancient medical art that derives its name from the
Latin word chirurgia, derived from the Greek cheiros (hand) and ergon (work).
Thus, due to the very nature of their work, surgical professionals realize the
importance of their hands to their livelihood as well as that of their patients.
Surgical team members are also generally knowledgeable and appreciate the im-
portance of good surgical handwashing practices in caring for their patients, as
well as in infection control, and ascribe to some regimen for hand antisepsis that
has been proven effective by research and practical experience. In these days
of growing concern over transmission of diseases caused by drug-resistant and
increasingly pathogenic microorganisms, surgical personnel, as well as other
healthcare practitioners, should not be too surprised that implementation of
proven handwashing procedures that are in compliance with recommended stan-
dards and guidelines is considered by many infection control professionals to be
a cornerstone to addressing this growing challenge. Most hospitals today have
formalized infection control procedures designed to establish and monitor in-
house infection control practices. Due to this increasing need for vigilance in our
infection control practices, handwashing standards and guidelines, which had
their basis in medicine in the nineteenth century, are still being reviewed and
updated, even as we move into the twenty-first century.
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Historically, handwashing for antiseptic purposes had its beginning only
150 years ago. The Hungarian obstetrician Ignaz Philipp Semmelweis (1818–
1865) is credited with discovering how antiseptic handwashing can reduce patient
mortality from handborne infectious agents. Despite resistance to his findings and
publications by hospital and medical authorities in the mid-1800s, Semmelweis
strongly enforced his hand antiseptic practices and reduced maternal mortality
from puerperal fever in wards under his direction approximately 90% from 13.7
to 1.3% in a 3-year period (1846–1848) [1]. Ironically, Semmelweis died in
Vienna in his mid-40s from an infection contracted possibly from an operation
he had performed (in those days, surgical gloving was an unknown practice).
Furthermore, his death occurred just at the time when such notables in hospital
sanitation and infection control as America’s Oliver Wendell Holmes, Britain’s
Baron Joseph Lister and Florence Nightingale, and France’s Louis Pasteur were
beginning to make their marks in infection control. Fortunately, the contributions
of Semmelweis were not forgotten, and his work is now considered to have pro-
vided the scientific basis for modern antiseptic handwashing practice.

Surprisingly, however, theories of antisepsis, including those related to hand-
washing practices, were initially met with resistance by most of the medical com-
munity of the mid-1800s, and it was not until the late 1800s that the discoveries
of Semmelweis, Lister and others became widely accepted. By the end of the
nineteenth century, Lister had introduced the use of carbolic acid to cleanse the
hands prior to surgery, and the commercial development of antimicrobial agents
specially formulated for handwashing followed thereafter. Since their introduc-
tion, the use of antimicrobial handwashing agents has been shown repeatedly to
be more effective than plain soap in reducing the number of microbes on the
skin [2–5].

Historically, the introduction of the scrub brush into the presurgical hand-
cleansing regimen, in combination with the use of antiseptic agents, is not well
documented. One may suppose, however, that brushes have been around hand-
wash basins for many decades for use in the removal of dirt, body fluid, and
tissue contaminants that were evident on the hands and under the nails before
and after surgery. All one can be certain of is that when antimicrobial handwash-
ing agents, such as those containing povidone-iodine (PVPI) and hexachloro-
phene (HCP), became available commercially in the United States during the
1940s and 1950s, and those containing chlorhexidine gluconate (CHG) in the
1970s, the surgical scrub brush was there and had become part of surgical scrub
regimens that are still in use today.

An interesting article published in the American Journal of Surgery by
Engelsher in 1966 introduced a surgical scrub brush of a flexible, tubular design
made of monofilamentous polypropylene to conform anatomically to the parts
of the hand that it was intended to clean [6]. In this article, Engelsher notes that
the literature of that time contained many articles describing techniques for proper
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preparation of the hands prior to surgery, including time and motion studies. It
is further stated that the actual abrasive action of the bristles was the most impor-
tant factor in producing surgically clean hands and that ‘‘ while soap and other
antiseptic detergents supplement scrubbing, the abrasive action of the bristles in
removing imbedded particles of dirt, dead epithelial tissue, and other potentially
virulent debris remains the most difficult operation.’’ This article disparages the
brushes used at that time in a manner that does not seek to replace the brush,
but rather to make improvements to its design, indicating that the ‘‘stock-model’’
brush was designed generations before and was ‘‘adopted’’ by but not ‘‘adapted’’
for surgeons.

By the late 1980s and 1990s, formalized guidelines and recommended prac-
tices for handwashing were published by professional organizations, such as the
Association for Professionals in Infection Control and Epidemiology, Inc. (APIC)
and the Association of Operating Room Nurses (AORN), clearly supporting the
routine use of antimicrobial handwashing agents when indicated by the degree
of microbial contamination [7,8]. By that time, surgical scrub procedures clearly
assumed the use of the brush in recommended practice. In some regimens, a
sponge was allowed if the contamination was not too great, but clearly the brush
was well entrenched in the established standards of practice for surgical scrubbing
at that time. Manufacturers of antiseptic agents intended for use at the scrub sink
readily supported these guidelines and developed prepackaged scrub brushes and
sponges that had been impregnated with their antiseptic products. Alternatively,
a surgical team member could elect to place a metered dose of an antiseptic of
their choice from a pump-style container and use a disposable, nonimpregnated
scrub brush supplied at the scrub sink. Disposable scrub brushes were even made
out of polypropylene to make the brush more flexible and conforming with the
hand surface, although the tubular design proposed by Engelsher apparently never
caught on.

From the discussion above, it can be seen that in the classical or traditional
sense, an effective scrub includes the use of an antiseptic detergent solution stored
in a wall-mounted container and dispensed onto a scrub brush or impregnating
a scrub brush/sponge that is easily accessible at the scrub sink. Popular antiseptic
detergents are formulations containing either 4% chlorhexidine or 7.5% povi-
done-iodine. The scrub area, or bay, is located remote from the operating theater,
and the scrub sinks and water taps are located such that the hands and forearms
can be scrubbed without touching any potentially contaminated surface, the taps
being activated by the elbow, foot, or a light sensor. Although debate continues
as to the most effective method of presurgical hand-scrubbing, there is agreement
that this procedure should include an initial scrub of 5 minutes and subsequent
‘‘scrubs’’ of 2 minutes.

The excessive use of a scrub brush may encourage desquamation, and hence
it is used lightly and only during the initial scrub. The fingers and hands are
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considered as having four planes, and each plane is scrubbed sequentially from
the fingertips to just below the elbows, keeping the hands elevated to allow water
to drain away from the fingers.

For example, the standardized surgical scrub procedure recommended by
the AORN in 1995 should include, but not be limited to the following actions
[8]:

Moisten hands and forearms and wash using an approved surgical scrub
agent, then rinse before beginning the surgical scrub procedure to loosen
surface debris and transient microorganisms.

Clean subungual areas under running water using a nail cleaner to remove
microorganisms typically residing in these areas.

Apply an antimicrobial agent with friction to wet hands and forearms in
order to mechanically remove dirt and microorganisms.

Visualize the hands and arms as having four sides and scrub each side
effectively in order to ensure that all areas of the hands and arms are
exposed to mechanical cleaning and chemical antisepsis.

Hold hands higher than the elbows and away from the surgical attire to
prevent contamination of the surgical attire and to allow water to run
from the cleanest area down the arm.

The brush or sponge used should be discarded appropriately to prevent
cross-contamination of the surgical scrub area.

Care should be taken to avoid splashing water onto the surgical attire to
avoid subsequent contamination of the sterile surgical gown by strike-
through moisture.

Over the years, the use of the scrub brush has been challenged in the scien-
tific literature and some alternatives have been proposed. For example, in 1969
Berman and Knight proposed that the use of the brush may act to increase the
transfer of bacteria from the hands to the surgical wound by removal of the outer
layer of the epidermis and subsequent exposure of the underlying bacterial flora
of the deeper layers [9]. These authors did not, however, attempt to prove their
hypothesis with any sort of controlled clinical or preclinical study.

In 1978, using two different iodophor formulations or a plain soap followed
by an alcohol foam, Galle et al. demonstrated that one hour after scrubbing a
shorter, no-brush scrub procedure with any of the antiseptics used was as effective
in reducing bacterial populations on the hands as was performance of a longer,
standard, two-brush method [10]. These authors went on to conclude that the
reduced scrub time would allow substantial financial savings to be realized, as
well as reduce the likelihood of skin trauma and dermatitis.

When a waterless, alcoholic hand gel or lotion type of product is used for
presurgical antisepsis following an initial brushless handwash to remove dirt and
debris, the following steps have been incorporated into the procedure.
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Maintain the nails with no more than a 1 mm free edge. Clean under the
nails with a nail pick

Apply alcohol gel to hands that are clean and dry (washed previously with
an antimicrobial or nonantimicrobial soap, if necessary to remove dirt
and debris).

Place a palmful of the alcohol-based product into the palm of a hand, dip
the fingernails of the opposive hand into the product, and work it under
the nails.

Spread the remaining product over the hand and up to just above the elbow.
Repeat the product application process for the other hand.
After the both hands and arms are done, apply another palmful of the prod-

uct to both hands just prior to surgical gloving.

In 1997 Loeb et al. reported results from a small randomized trial compar-
ing surgical scrubbing with a brush to the use of an antiseptic soap without a
brush, using the glove juice sampling procedure to obtain quantitative hand mi-
crobial counts [11]. The antiseptic soap used in this comparative, randomized,
crossover trial was a 4% chlorhexidine formulation containing isopropyl alcohol,
and the scrub time was 5 minutes for both treatments. These authors concluded,
similarly to Galle et al., that for a short period (45 min) immediately following
scrubbing with antiseptic soap with a brush, there was no significant difference
in the reduction of hand bacterial counts. This study also included a simple cost
analysis showing that the cost associated with the use of brushes can be significant
to a healthcare institution and that a 58% savings is possible with the use of
antiseptic soap alone. They, like Galle et al., hypothesized that skin irritation
may be reduced with the elimination of the brush, but they did not produce any
data to support this hypothesis.

Another study reported by Decker et al. in 1978 evaluated the use of a 90-
second ‘‘jet wash’’ procedure compared to the more conventional, 10-minute,
two-brush scrubbing procedure in a clinical setting [12]. These authors concluded
that the 90-second jet wash was more effective in degerming the hands than was
the 10-minute conventional scrub with a brush and noted other potential advan-
tages of the new method, such as the amount of time saved and reduced skin
irritation.

Obviously, significant time savings from preparative tasks like surgical
hand-scrubbing in high-cost and sometimes high-volume areas, such as the op-
erating room and emergency room environments, can positively impact effi-
ciency. Such increased efficiency has potential for significantly increasing the
number of surgeries that can be performed in a week, as well as for reducing the
worsening of trauma associated with even momentary delays while surgical staff
is in preparation. For example, if a surgical team performs six or seven procedures
in a day and adheres to a 10-minute scrub regimen, they are spending about one
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hour a day just in the process of hand antisepsis. Reducing this time even to half
would increase their availability for at least one additional procedure over a
week’s time. In fact, this is precisely what surgical teams, as well as infection
control practitioners, have worked to accomplish over recent years. Nowadays,
it is quite unlikely that you would observe many surgical team members taking
10 minutes out of their busy schedules for surgical scrubbing, when products are
available with package labeling that requires much less than 10 minutes of scrub-
bing to obtain optimal hand antisepsis.

Time savings, however, is just a beginning. More recently, the issue of
reducing skin irritation and hand dermatitis has become a focus, and new surgical
hand antisepsis products are being introduced that claim to help improve hand
condition. Some researchers have developed procedures for the evaluation of
hand condition before and after the implementation of an improved handwashing
regimen, which might include the introduction of a new product formulation or
elimination of the use of the scrub brush [13,14].

In 1998 the first commercial surgical scrub formulation developed specifi-
cally for application without a brush or sponge was introduced [15]. The labeling
of this scrub formulation used the term ‘‘brushless’’ in association with a new
type of surgical scrub formulation and scrub regimen, conveying the message
that it was possible to formulate a ‘‘stand-alone’’ surgical scrub product for use
without a brush that demonstrated hand antiseptic performance and persistence
characteristics comparable, and in many ways superior to current products in-
tended for use with a brush. A 3-minute application of the new formulation using
the new brushless procedure resulted in antiseptic efficacy superior to both 4%
chlorhexidine gluconate and 7.5% povidone-iodine formulations applied in accor-
dance with the scrub regimens provided in their label directions, using 6-minute
or 10-minute scrub procedures, respectively.

The brushless procedure recommended for use with a brushless scrub for-
mulated as a ‘‘stand-alone’’ product for use with water follows.

Clean under nails with a nail pick. Nails should be maintained with a 1
mm free edge, or less.

Wet hands and forearms.
Dispense a palmful of product into one hand. Spread on both hands and

forearms, paying particular attention to the nails, cuticles, and interdigital
spaces, rubbing into the skin for 1 minute and 30 seconds, and then
rinsing.

Repeat, as above, with one additional application of a palmful of the
product.

The commercial introduction of a specially formulated, brushless surgical
scrub into a market of relatively old products that were intended for use with the
brush fueled increased questioning among various researchers as to the necessity
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of the brush in surgical scrubbing. It increased, too, the commercial interest in
the development and introduction of other hand disinfection products into the
operating room market that are to be used without a brush [14,16,17]. Some of
these formulations are actually waterless alcohol hand rubs that sanitize the hands
and also contain ingredients to help slow or prevent microbial regrowth, but these
have not been formulated with surfactants to be used in combination with water
to remove dirt, tissue, and other debris, while at the same time providing surgical
antisepsis and cleanliness comparable to that provided by a surgical scrub with
a brush. In some cases, the removal of dirt and debris prior to the use of a water-
less alcohol product may be accomplished using a nonantimicrobial soap in a
two-step process [17]. It is important to note, however, that the use of the term
‘‘brushless’’ in conjunction with a surgical scrub formulation was intended to
apply only to product formulations that could function in a ‘‘stand-alone’’ manner
as the primary surgical scrubbing agent. Therefore, a complete surgical scrub
formulation containing antiseptic agents, as well as surfactants, that can be used
effectively with water to remove the dirt, debris, body fluids, etc., as well as
provide effective and persistent antisepsis over a 6-hour period should not be
confused with waterless, alcohol-based products that claim to be reentry surgical
hand disinfectants. This can be confusing, because although alcohol may be the
principal ingredient in both types of formulations, one must make a distinction
between a brushless surgical scrub and a reentry hand disinfectant by careful
examination of the product labeling and use directions.

Although much of the current activity in the introduction of brush-free
products is being driven by the need to address such long-standing concerns as
improving hand condition, reducing the amount of time required for scrubbing,
and increasing compliance with good infection control practice, another very im-
portant concern is rapidly emerging: the need for healthcare facilities, worldwide,
to significantly reduce their generation of medical waste.

Surgical brushes represent a significant amount of nonbiodegradable medi-
cal waste that adds to the waste stream going to commercial landfills or incinera-
tors, if these cannot be separated out for recycling. Even recycling carries with
it a cost that adds to the cost of the brush, as noted by Loeb et al. [11]. Due to
increasing concern about expenses associated with handling medical waste, it is
quite possible that elimination of surgical scrub brushes from the medical waste
stream may, alone, be enough reason for a facility to switch to stand-alone brush-
less surgical hand scrubs. Along this same train of thought, a relatively recent
article by McCuaig discussed considerations and tests conducted in the develop-
ment of surgical preparative procedures for use by space station astronauts [18].
In this article, McCuaig describes the use of surgical hand antiseptics that are
prepackaged with a brush. Although such products might be used in a micrograv-
ity or weightless environment, problems of the weight and space they represent
to a payload specialist and to the crew members who need every bit of available
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room in the space station are significant. Then, of course, there is the problem
of medical waste disposal. Clearly, the elimination of the surgical scrub brush
will have significant impact on both our present and our future endeavors.

II. MICROBIOLOGY OF HAND ASEPSIS-RELATED TO
BRUSHLESS SCRUBBING

Two expected outcomes of handwashing or surgical scrubbing include the re-
moval of soil and debris and the reduction in the microflora populations on the
hands. The contaminating flora are often categorized as being either ‘‘transient’’
or ‘‘ resident,’’ in accordance with the following definitions:

Transient flora—noncolonizing organisms isolated from the skin, but not
consistently present. These may include gram-negative bacteria, such as
Escherichia coli, that survive poorly on the skin.

Resident flora—organisms considered to be permanent residents on the
skin including coagulase-negative staphylococci, diphtheroids, Propioni-
bacterium and Acinetobacter species, as well as some members of the
Klebsiella-Enterobacter group.

Like soil and debris, the transient flora can be removed by mechanical
friction with plain soap-and-water washing [19]. For the general public, plain
soaps are considered adequate for this purpose. However, the hands of healthcare
workers are a major source of pathogens associated with nosocomial infections,
and those involved with routine exposure to blood and body fluids have greater
need for antimicrobial soaps. The use of these products in handwashing and the
wearing of gloves have proven effective in reducing infection rates in some sce-
narios [20,21].

Halstead’s efforts in developing surgical gloves 100 years ago were
prompted by the realization that surgical scrubbing was accompanied by damage
to the skin [22]. The problems associated with poor skin condition following
repeated surgical scrubs or handwashes are acknowledged even now as a major
reason for noncompliance with hand hygiene protocols for healthcare workers.
Hand dermatitis has a reported prevalence of approximately 30% for nurses, as
compared to 5.2% for males and 10.6% for females in the general population
[23].

Skin damaged by handwashing or surgical scrubbing is attributable to re-
peated use of soaps and detergents, the traumatic and harsh mechanical action
associated with scrub brushes, and seasonal or climatic changes. The repeated
use of any soap or detergent product removes lipids from and disrupts the stratum
corneum, resulting in a deterioration of the skin’s primary barrier function. This
process is exaggerated by scrubbing with a brush or other types of harsh mechani-
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cal action and can result in significant damage to the skin. Changes in skin pH
have been noted with repeated handwashing; this can alter the skin’s natural
antimicrobial properties. When these kinds of insults are coupled with the skin-
drying conditions of a winter climate, it is understandable that poor skin condition
becomes a deterrent to hand hygiene compliance. Recently, a major approach to
reducing skin damage is to reduce surgical scrub times [24].

In a healthcare environment, dermatological problems have been associated
with alterations in hand flora, resulting in higher rates of colonization rates by
Staphylococcus aureus, often multiple drug–resistant strains. In addition, hand
dermatitis has been associated with nosocomial transmission of these organisms
[25,26]. Larson et al. investigated the relationship between damaged skin and
changes in hand flora [27]. This prospective study of 40 nurses (20 with and 20
without hand irritation) revealed that those with damaged hands were signifi-
cantly more likely to have S. aureus, gram-negative bacteria, enterococci, and
yeast isolated from their hands. While not typically part of the normal hand flora,
S. aureus was found to colonize 20% of the hands of those with damaged skin.
Larson concluded that changes in the hand flora of caregivers are undesirable,
given the demonstrable shift toward organisms that pose a risk for nosocomial
infections.

Approximately 107 skin cells are shed into the air daily by each individual,
with 10% of these bearing viable bacteria. Therefore, roughly 106 populations
of microbes leave the skin each day and are available for colonization on inani-
mate objects or the skin of others [28]. With damaged skin, there is a potential
shift toward populations of opportunistic or, frankly, pathogenic hand flora, and
consequently damaged skin poses a significant risk to those with whom these
healthcare workers come into contact.

Lilly et al. reported that, even with the use of antiseptic preparation, reduc-
tions in flora counts beyond an equilibrium level are not attainable [29]. More
recently, others have shown that with the appropriate approach that provides both
persistent and residual effects, hand flora can be reduced to near the detection
limits of the assays without significant damage to the skin [15]. Such an outcome
would appear to be in the best interest of both the healthcare provider and the
patient, as it maintains the healthy skin environment that prevents potentially
hazardous shifts in microbial flora, while significantly reducing the numbers and
types of organisms present and, therefore, available for transmission.

It is well documented that proper handwashing can result in statistically
significant reductions in patient morbidity and mortality from nosocomial infec-
tion and that handwashing with antimicrobial agents significantly reduces the
number of potential pathogens carried on the hands [7]. Despite this evidence,
recent studies indicate that handwashing practices are less than optimal in some
healthcare facilities and recommend stronger mandates and monitoring of hand-
washing practice [30,31]. Although reports that knowledgeable healthcare prac-
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titioners disregard handwashing guidance in favor of more casual handwashing
practices may be surprising to some, it must be recognized that antiseptic hand-
washing, including the surgical scrub, is a very repetitive, tedious, mundane and
sometimes painful task that can easily be overlooked for other, more challenging
and appealing tasks. Furthermore, in these times of increasing managed health-
care requirements and budget-cutting, many healthcare practitioners are experi-
encing increased workloads—increased patient-to-provider ratios and increased
focus on documentation—that reduce the opportunity and time available for mun-
dane tasks like thorough handwashing. In such circumstances, it is really not that
surprising that proper handwashing may take a back seat to other activities in a
practitioner’s daily routine.

III. CURRENT PROGRESS TOWARDS BRUSHLESS
TECHNOLOGIES

Interestingly, since the introduction of CHG-containing products in the early
1970s, major advances in surgical scrub formulation in the United States have
been essentially nonexistent. Similarly, in Europe, various ethyl, isopropyl, and
n-propyl alcohols have been used for surgical hand antisepsis for many years
with excellent results and without the introduction of many significant new for-
mulations [6].

In the United States, the surgical scrub procedure, as discussed earlier, is
a highly regimented practice that has as its primary objectives: (1) removal of
dirt, debris and body fluid contaminants, (2) achievement of the highest possible
level of microbial decontamination, and (3) maintenance of this level of decon-
tamination to the greatest possible degree for the duration of surgical procedures
that may last several hours. Surgical scrub formulations designed to accomplish
these objectives in a brushless fashion require that much consideration be given
to both the selection of the antimicrobial product to be employed, as well as
establishing the optimum technique for its application. And considerable effort
should be focused on obtaining the shortest scrubbing time possible, per the con-
siderations described previously, including staff time constraints and the desire
to reduce skin trauma or exposure to potential allergens, while at the same time
achieving an adequate level of surgical antisepsis [32].

In the United States, some operating rooms currently stock more than one
antimicrobial product for surgical scrubbing, e.g., products containing povidone
iodine (PVPI, 7.5%), chlorhexidine gluconate (CHG, usually 4%), or parachloro-
metaxylenol (PCMX, typically 3.75%). Other products, such as those containing
hexachlorophene (HCP, 3%) and triclosan (up to 2%), can be found in use as
surgical scrubs in some operating rooms. However, they tend to be available for
personnel having skin sensitivity to one or more of the other, more widely used
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Table 1 Some Examples of Commercial Formulations Marketed for Brushless
Surgical Hand Antisepsis

Trade name Active ingredients Application type

Triseptin® Ethyl alcohol—70% Water aided
Avagard® Ethyl alcohol—61% w/w Waterless

Chlorhexidine gluconate—1% w/w
Techni-Care® Para-chloro-meta-xylenol—3% Water aided
Alcare® Ethyl alcohol—62% Waterless

products. These products are generally labeled for use with water, a nail pick,
and a scrub brush and may have a wide variety of manufacturer’s suggested
application procedures and times.

In contrast, alcohol-based preparations used in Europe are often used alone
or after washing with soap and water or simply with water. Alcohols are recog-
nized as having greater immediate antimicrobial action than any of the other
antimicrobial ingredients and are typically used for surgical preparation of the
hands by rubbing on 3–5 mL of product until dry and repeating these applications
for about 5 minutes [1,6]. Unfortunately, alcohols have not been widely used in
the United States as surgical scrub ingredients because, despite their excellent
immediate and thorough antimicrobial action, they do not have any significant
detergency for the removal of organic debris or antimicrobial persistence in the
stratum corneum and also tend to be very drying to the hands.

Many of today’s new, brushless, surgical antisepsis formulations described
earlier in this chapter seek to combine the substantial antimicrobial benefits of
alchohol with some other antimicrobial ingredient or other technology that pro-
vides persistant antimicrobial action in the stratum corneum. Some of these for-
mulations also include emollients to reduce the drying effect of alcohol, and some
also contain surfactants that allow the product to be used in combination with
water to remove dirt and debris, as well as to provide a source of moisture that
can be trapped and retained by humectants and emollients. Table 1 provides some
examples of commercial surgical hand antisepsis products that have been mar-
keted for use without a brush.

The principal characteristics of the ‘‘ideal’’ surgical scrub product can be
divided into four general categories: (1) antimicrobial action, (2) safety, (3) per-
sonnel acceptance, and (4) economics. Each of these characteristics is discussed
below in further detail.

The ideal handwashing agent would have a broad spectrum of antimicrobial
activity against pathogenic organisms to include gram-negative and gram-posi-
tive bacteria, fungi, viruses, yeasts, bacterial spores, etc. This agent would work
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very rapidly and would have a duration of action such that it could be used both
as a routine handwashing agent and a surgical scrub. In situations where econom-
ics or limited availability of selection are issues, departures from the ideal situa-
tion might include acceptance of a reduced spectrum of activity, if coverage still
includes those classes of organisms known to be most prevalent in the particular
use scenario. Another tradeoff could be accepting a decreased rapidity of antimi-
crobial action if the product is to be used for surgical scrubbing, where duration
of action is felt to be more important. Surfactancy for removal of blood and
organic matter contaminants could also be a tradeoff when use would be in situa-
tions where these types of contaminants occur infrequently and to a minimal
degree.

Based on historical concerns with other products, the ideal handwashing
agent would be nonirritating, and nonsensitizing, show little or no percutaneous
absorption, have no appreciable ocular or ototoxicity, be safe for use over large
portions of the body and for use on infants, have excellent shelf-life stability
characteristics, and not be damaging to the environment. Product safety is one
area where any perceived tradeoffs must be weighed very carefully, as concern
for personal safety generally outweighs concern for ideal antimicrobial action.
Tradeoffs can occur where the use can be clearly defined or limited to specific
applications (as with the use of hexachlorophene-containing products) and con-
trolled or monitored in some fashion. And in some locations, such as California,
environmental waste issues are an increasingly significant concern.

Probably most important to achieving personnel compliance in using a new
surgical scrub product is its acceptance by the user population. A product that
has ideal antimicrobial action and an excellent safety profile is of little value to
good infection control if the user population fails to support its use. Although it
is hard to predict all possible reasons why a product might be rejected by the
healthcare user population, from past experience some factors are obvious. These
include drying or irritation of the skin, poor foaming action, difficulty in rinse-
off, disagreeable odor, staining or discoloring of the stratum corneum, difficulty
in donning surgical gloves following use, and poor packaging. Tradeoffs, if nec-
essary, must be carefully weighed against their perceived importance to the user
community.

Although some healthcare managers might support the notion that eco-
nomic considerations outweigh or drive all other aspects of a desirable product,
it could be argued in today’s liability-oriented healthcare environment that prod-
ucts with clearly demonstrated and quantifiable advantages in one or more of the
three categories described above provide important benefits that outweigh strict
cost/benefit comparisons, for example, the typical cost difference between PVPI
and CHG products versus the fact that CHG is known to exhibit better antimicro-
bial persistence than does PVPI. Where human lives are concerned and a tangible
benefit can be demonstrated and quantified for an antiseptic handwashing product,
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very few people, if any, would support an increase in mortality or morbidity for
purely economic reasons. To date, however, the mortality/morbidity data for most
handwashing studies, including those done in surgical wards, have not demon-
strated any particular antiseptic handwashing agent to be superior enough to pro-
vide an argument on that basis. It is conceivable, however, that in the next few
decades, our increasing concern regarding infection control may lead to products
and practices that repeatedly demonstrate statistically significant benefit over
plain soap handwash and between products.

In June 1994, the U.S. Food and Drug Administration (FDA) issued via
the Federal Register an important new document entitled ‘‘Topical antimicrobial
drug products for over-the-counter human use: tentative final monograph for
health care antiseptic drug products-proposed rule’’ [33]. This monograph pro-
posed for the first time specific regulations designed to establish minimum antimi-
crobial performance characteristics for healthcare antiseptic drug products, in-
cluding surgical scrubs intended for over-the-counter (OTC) use. In preparation
of this document, after consideration of the available data, the FDA found that
only alcohol and PVPI had sufficient safety and efficacy data to be classified as
Category I, ‘‘safe and effective for OTC use’’ [33]. In contrast, the FDA found
that healthcare antiseptic drug products, including surgical scrubs, based on CHG
would continue to be considered new drugs, marketable only following approval
of New Drug Applications (NDAs). Similarly, the FDA concluded that products
containing PCMX and triclosan were to be considered Category III, requiring
additional data to demonstrate their safety and effectiveness for use as surgical
scrubs. Other FDA findings of note included reaffirmation that HCP-containing
products were to remain available by prescription only due to safety consider-
ations (i.e., neurotoxicity findings in humans and animals following use on large
areas of or on broken skin) and are to be classified as Category II.

The FDA monograph, furthermore, sets forth quantifiable in vitro and in
vivo performance characteristics for surgical scrubs, including (1) demonstration
of in vitro activity against a broad spectrum of microorganisms, both laboratory
and clinical isolates, by means of minimum inhibitory concentration and time-
kill kinetic studies; (2) demonstration that microorganisms are unlikely to develop
resistance to the formulation; and (3) demonstration of minimum in vivo efficacy
in terms of quantifiable performance parameters for hand baseline counts (1.5
� 105 log10 microbial colony-forming units [CFU] per hand), immediate log10

reduction from baseline microbial counts (at least one log10 reduction from base-
line at one minute postscrubbing on the first day of use), and antimicrobial persis-
tence (at least a 3 log10 reduction from baseline at 1 minute after 5 days of use).
Although these minimum performance characteristics appear less stringent than
one might expect, relative to the desirability of removing essentially all of the
baseline population of microbes from the hand, these criteria are surprisingly
difficult for most current products to meet consistently. From the literature, 7.5%
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Figure 1 Example performance data for a brushless surgical hand scrub formulation
containing alcohol (TSN) that meets the FDA’s current tentative monograph criteria in
terms of initial (Day 1) use over a six-hour period. Antimicrobial average log reductions
are shown, respectively, relative to the performance of typical 7.5% povidone iodine
(PVPI) and 4% chlorhexidine gluconate (CHG) formulations that were tested in accor-
dance with their label instructions using a brush.

PVPI–containing products typically demonstrate a minimal ability to just meet
these requirements, whereas products containing 4% CHG demonstrate slightly
higher initial reductions, typically about 2–3 log10 immediately after scrubbing,
and more persistent effects, about 1–2 log10 at 6 hours [7]. Alcohols typically
show the greatest immediate log reductions (3–4 log10) but return to baseline
levels due to recolonization of the skin prior to 6 hours postscrubbing [7].

Examples of the performance that might be expected from a brushless sur-
gical scrub formulation that meets the FDA’s tentative monograph criteria in
terms of both the initial (day 1 out to 6 hours) and repetitive use (over a 5-day
period) requirements are presented in Figures 1 and 2 versus the performance of
typical PVPI and CHG formulations used with a brush. It is also important to
note that, at present, the FDA monograph does not address the formulation or
required testing of the new category of surgical reentry hand disinfectants now
being introduced into the operating room. Future revision of the FDA monograph
may address these products, but until then, companies wishing to introduce these
types of products should consult with the FDA prior to marketing, and infection
control practitioners and operating room directors should require the manufac-
turer to provide documentation that the formulation has been tested and meets
FDA criteria for approval before adopting any new surgical hand antiseptic
product.
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The selection of principal antimicrobial agents for use in a surgical scrub
formulation would seem to be a relatively simple process based on the years of
experience with the use of a variety of different antimicrobial agents. There are,
however, factors to be considered, even when the selection involves well-
established products. One example might be the skin-sensitizing or irritant poten-
tial of active ingredients. PVPI is well known to produce skin reactions in some
individuals [7]. Another example would be the likelihood that the active ingredi-
ents might be neutralized under actual use conditions. This is demonstrated by
the fact that the antimicrobial effectiveness of iodine- and CHG-containing prod-
ucts may be reduced or neutralized in the presence of organic matter and hard
water constituents, nonionic and anionic surfactants, and certain emollients used
in soaps and hand creams [34]. Still other examples would be the generally re-
duced persistance of antimicrobial action of PVPI formulations on the skin, as
compared to that of CHG formulations, and the greater immediate reduction in
skin microflora following handwashing with alcohol-containing products relative
to that of products containing only PVPI or CHG [7]. These examples are but a
few of the factors that should be considered when selecting a surgical scrub prod-
uct for use in a particular environment and in the development of more advanced
formulations for future use. Some of the brushless hand antiseptics being intro-
duced into the operating room are completely new, patented formulations, but
many are actually alcohol hand gels that may or may not have an additional, more
traditional antimicrobial such as CHG or PVPI added to enhance persistence.

Figure 2. Example performance data for a brushless surgical hand scrub formulation
containing alcohol (TSN) that meets the FDA’s current tentative monograph criteria in
terms of repetitive use over a five-day period. Antimicrobial average log reductions are
shown, respectively, relative to the performance of typical 7.5% povidone iodine (PVPI)
and 4% chlorhexidine gluconate (CHG) formulations that were tested in accordance with
their label instructions using a brush.
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Surgical team members beginning in this millennium now have a choice
to stay with older formulations that were not specifically designed and tested for
use without a brush or to adopt new ‘‘brushless’’ technologies. It would appear
that these brushless formulations can reasonably be expected to exceed the mini-
mum performance criteria specified in the FDA’s tentative monograph and also
to have many characteristics of an ‘‘ideal’’ antimicrobial handwashing product.
By rethinking the approach to formulating a surgical hand scrub product with
brushless use in mind, product development scientists have several options as to
how surgical scrub formulations could be advanced. For example, new antimicro-
bial ingredients are being patented that may find their way into new surgical
scrub formulations; two-step systems could be developed employing a brushless
scrub with a gentle surfactant-containing formulation containing a substantive
agent like CHG, followed by use of an alcohol-based hand product; or novel
formulations based on alcohols that also have components to aid in the removal
of dirt and debris, as well as impart antimicrobial persistence and skin emollience
[35].

As mentioned above, hand condition is an important consideration in the
formulation of new surgical scrub formulations and plainly is an important factor
in personnel compliance and infection control [7]. Some recent articles have ex-
amined the importance of hand condition in depth and concluded that cleansing
processes that damage the condition of the hands may actually help to colonize
the hands with microorganisms and become a means of spreading disease. Re-
sponding to the need for many healthcare professionals to improve hand condi-
tion, Larson recently proposed recommendations specifying shorter, less trau-
matic handwashing regimens, including reduced use of brushes or other harsh
mechanical action in clinical areas such as operating rooms, neonatal, and trans-
plant units [28]. Product developers and manufacturers of surgical scrub products
must now respond to ever-increasing user demands for new products that prevent
hand dryness and skin eczema in addition to providing superior antimicrobial
performance [36].

IV. CONCLUSIONS

It is becoming quite apparent as we move into a new millennium that the use of
the brush in the surgical scrub procedure will become outmoded by the introduc-
tion of new brushless technologies. What course these technologies will take and
how surgical team members respond to them remains to be seen. In addition to
brushless application and improvement of hand condition, these technologies will
have to address very real concerns regarding the emergence and transmission of
increasingly drug-resistant and pathogenic microorganisms, as well as the long-
standing compliance concerns of infection control practitioners.
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In a world where healthcare systems attempt to deal with increasingly strict
cost containment criteria, time-management requirements, and environmental im-
pact concerns, the adoption and use of brushless products for routine surgical
scrubbing will likely occur as an insignificant but necessary change. It is certain,
however, that this is a change that will be rooted in sound science and will be
supported by well-qualified experts in infection control.

From the above, it is clear that due both to more stringent regulatory and
to market-driven requirements, surgical scrub products being considered for in-
troduction into the surgical suites of the next millennium will have to be improved
relative to the standards of the past. Features such as improved antimicrobial
efficacy and persistence, decreased application time, elimination of the need for
use of a brush, and the incorporation of more ‘‘skin-friendly’’ ingredients will
likely be important considerations in the design of these new products.
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16
Fundamental Steps in Designing
a Healthcare Personnel Handwash

Daryl S. Paulson
BioScience Laboratories, Inc., Bozeman, Montana

I. INTRODUCTION

The importance of effective antimicrobial handwashing has been known through-
out the healthcare field for many years. Accurate and reliable determinations
of the microbial populations residing on the hands are critical in evaluating the
effectiveness of both handwash products and methods. Only when one is sure
of reliable hand sampling methods can he or she attempt to assess the benefits
of a personnel handwash product in terms of microbial reductions [1].

Proper research design is also crucial in gathering accurate information.
There are a number of ways to perform these evaluations using quantitative re-
search designs, and it is vital that investigators be familiar with the selection of
designs at their disposal [2].

A. Types of Organisms

Microorganisms that reside on the hand surfaces are classified in two general
categories. The first category consists of organisms that are accidentally ‘‘picked
up’’ by personnel and are ‘‘transient’’ in that they reside on the hands only tempo-
rarily. The second consists of those microorganisms that permanently reside on
the hand surfaces—the normal skin flora [1].

For healthcare personnel, transient, pathogenic microorganisms are the
more significant. Contaminant microorganisms are responsible for infectious dis-
ease outbreaks passed from healthcare personnel to patients via hand contact.

For an antimicrobial product to be effective, it should afford both immedi-
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ate and persistent microbial effects [1,3]. Immediate antimicrobial effects depend
upon two attributes: the mechanical removal of contaminating microorganisms
and the topical antimicrobial compound’s ability to kill microorganisms upon
contact. The persistent antimicrobial effect—the ability of the handwash to keep
the microbial population at a low level after washing—is mainly dependent upon
the type of antimicrobial product used.

Immediate antimicrobial effectiveness depends upon the amount of the an-
timicrobial hand sanitizer used, the type used, the amount of time spent washing
the hands, the mechanical pressure and friction exerted in the wash, and the tem-
perature of the water. Even when a very effective handwash regimen has been
developed, healthcare personnel must comply with the wash regimen for it to be
successful.

B. Antimicrobial Compounds

Several effective antimicrobial products are commonly available.

1. Iodophors

Iodines and iodophors have been used as antimicrobial agents for years and are
effective against most of the microorganisms encountered [4]. They present good
immediate and persistent antimicrobial properties, as well as effectiveness in re-
moving both normal and contaminant microorganisms. However, upon frequent,
repeated, and prolonged use, they tend to irritate hands.

2. Chlorhexidine Gluconate

Chlorhexidine gluconate has been used in the medical field for a number of years.
It has good immediate and persistent antimicrobial effects against both normal
and contaminant microorganisms. Additionally, it has the added benefit of a ‘‘re-
sidual’’ effect; that is, as the product is used repeatedly over time, it binds to the
skin, retarding microbial growth on the hands [4].

As with iodophors, chlorhexidine gluconate may irritate hands upon re-
peated or prolonged use at the 4% level. At lower levels (2, 1, or 0.5%), however,
irritation is generally not a problem.

3. Triclosan

Triclosan is a general purpose antimicrobial that is effective against many com-
monly encountered microorganisms [3]. Although it does not demonstrate the
degree of antimicrobial effectiveness of the iodophors or chlorhexidine gluco-
nates, it is effective against transient or contaminant microorganisms. Triclosan
has both immediate and persistent antimicrobial effects as well as a low level of
skin irritation potential.
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4. Parachlorometaxylenol

Parachlorometaxylenol (PCMX), like triclosan, is a general purpose antimicrobial
compound. It is effective against many microorganism types encountered in the
healthcare field, but like triclosan, it does not display the high degree of antimi-
crobial efficacy that the iodophors and chlorhexidine gluconate do. It generally
is mild to the skin, even when used repeatedly over time.

5. Alcohols

Solutions containing over 60% isopropyl or ethyl alcohol tend to provide very
effective and immediate antimicrobial effects. However, they have no persistent
antimicrobial properties, and without added emollients, they tend to irritate the
skin upon repeated use.

C. Relationship Between Infection and Soaps

Let us discuss briefly aspects of infectious disease and the role antimicrobial hand
soaps play in their prevention. In order for infectious diseases to occur, five events
must take place [5]:

1. The microorganisms must come into contact with a person.
2. The microorganisms must enter a person.
3. The microorganisms must spread from the entry site.
4. The microorganisms must multiply within the person.
5. By a combination of the microbial enzymes and toxins, as well as a

person’s immune system, or both, tissue damage occurs.

An effective handwash disrupts the process after event 1 by removing contami-
nating microorganisms from the hand surfaces. While not all of the microorgan-
isms are removed, as long as they are reduced to a number lower than the level
required to cause disease in normal humans, no disease follows.

When the anti-infective properties of antimicrobial hand soaps are dis-
cussed, it is necessary to understand what types of microorganisms should be
addressed. The microorganisms that normally reside on the hand surfaces pose
little threat of disease transmission from person to person [7]. There are, of
course, situations in which resident microorganisms cause disease. An infected
cut is an example of this. However, in this case, washing serves to degerm the
infected area, cleansing it of dead cells and exudate.

The principal threat of infectious disease is due to ‘‘transient,’’ pathogenic
microorganisms, temporarily colonizing hand surfaces. This occurs as a result of
hand contact with contaminated substances such as mucus, blood, soil, urine,
feces, and food. The contaminant microorganisms can infect the person or be
passed onto others via hand contact.
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II. EFFECTIVE ANTIMICROBIAL SOAP

Two areas of primary concern when evaluating antimicrobial hand soaps are the
immediate degerming effectiveness and the persistent antimicrobial effectiveness
[1]. Immediate antimicrobial efficacy relates to the effectiveness of the soap in
both the mechanical removal of contaminating microorganisms due to the hand-
wash procedure and the immediate inactivation of the microorganisms through
contact with the active antimicrobial ingredient(s) in the soap. The persistent
antimicrobial effectiveness is the product’s ability to prevent, either by microbial
inhibition or lethality, transient microbial recolonization of the skin surfaces after
handwashing [1].

A. Evaluating Antimicrobials

To measure these areas of concern accurately and precisely is difficult [2]. Effi-
cacy evaluations, then, must be well defined and stated clearly before conducting
them.

To determine what microorganism types are susceptible to the antimicro-
bial soap product, as well as the rates of microbial inactivation, in vitro tests
should be conducted. These include time-kill kinetic evaluations, minimum inhi-
bition concentration evaluations, and microbial sensitivity tests. However, in or-
der to determine the actual effectiveness, human-use studies must be conducted.
There are three common ways of evaluating antimicrobial hand soaps: (1) the
health care personnel handwash evaluation, (2) the modified Cade handwash pro-
cedure, and (3) the general-use handwash evaluation.

B. Health Care Personnel Handwash Evaluations

This study is utilized when evaluating antimicrobial products intended for use
as healthcare personnel handwashes [1,8]. A test product, a vehicle product (test
product without the active antimicrobial), and a reference product are customarily
used in this evaluation.

At least a 7-day ‘‘washout’’ period is enforced, during which the subjects
are not permitted to use antimicrobial products (including antibiotics) or expose
their hands to strong acids or bases or any other compounds known to affect
microbial populations. On the test day, subjects are inoculated with a marker
microorganism, Serratia marcescens, the colonies of which appear red when
plated on tryptic soy agar. This allows them to be distinguished from other micro-
organisms found on the skin that appear white or yellowish on the agar. The
hands are then sampled using the glove juice procedure.

This first inoculation/sampling procedure constitutes the baseline measure-
ment. The hands are again inoculated with Serratia marcescens, followed by a
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handwash using the assigned product. Following this, the glove juice sampling
procedure is again employed.

The inoculation/wash procedure is repeated 10 consecutive times. Glove
juice samples are taken after inoculation/wash cycles 1, 3, 7, and 10. The agar
plates are then incubated at 25 	 2°C for approximately 48 hours. This evaluation
enables one to measure the microbial population counts on the hands after washes
1, 3, 7, and 10, compared to the baseline average value. To be acceptable as a
healthcare personnel handwash, per FDA specifications, the product must demon-
strate at least a 2 log10 reduction from baseline after the first wash and at least
a 3 log10 reduction at wash 10.

C. Modified Cade Handwash Procedure

The number of subjects recruited varies, but it is common to enroll 55–65 sub-
jects. At least a 7-day washout period is observed, as are the product-use restric-
tions described in the healthcare personnel handwash procedure. This is followed
by a baseline measurement period. On the first day of the baseline period, subjects
wash their hands five consecutive times with a nonmedicated soap.

Microbial samples are collected from washes 1 and 5, using a ‘‘sterile basin
wash’’ procedure, which entails subjects washing their hands with the bland soap
in a polyethylene container, such as a plastic freezer storage bag, containing 1
liter of sterile water. After washing, the wash water is well mixed and sample
aliquots are plated on tryptic soy agar. The agar plates are incubated at 30–35°C
for approximately 48 hours.

For days 2 and 3 of the baseline period, the subjects wash their hands, ad
libitum, outside the laboratory with the bland soap and use it for bathing and
showering. On day 4, those 45–50 subjects having the highest baseline hand
counts from day 1 remain in the study; the others are dismissed. On day 5, sub-
jects again wash their hands with the bland soap, as on day 1. Samples from
washes 1 and 5 are again collected, as described previously, to complete the
baseline period, and subjects continue using the bland soap outside the lab for
all handwashing, as well as bathing and showering, on days 6 and 7. On day 1
of the test period, subjects return to the laboratory and again wash their hands
five consecutive times with bland soap, with samples at washes 1 and 5. The
subjects then perform supervised handwashes with their test product at the labora-
tory starting 30 minutes after the fifth bland wash. They wash three times with
the test product, with at least 1 hour between washes. After these washes have
been completed, the 50 subjects are issued test product samples, Laboratory and
Home Handwash Log Forms, and use instructions.

The subjects wash three times daily at home, each wash no less than 1 hour
apart, for the test period 2 and continue washing 3 times daily for the next 9
days (test days 3–11). These washes are documented on the Laboratory and Home
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Wash Log Forms. Subjects also use their test product for any additional hand-
washes and for bathing and showering.

On day 12, subjects turn in their assigned test products and then wash five
consecutive times with a bland soap. Samples are again collected using the sterile
basin wash procedures for washes 1 and 5.

Ordinarily, the first wash samples collected from the baseline period are
pooled, and likewise for the fifth washes. The first test wash sample is then com-
pared to the pooled wash 1 baseline period. The fifth test wash is compared to
the pooled wash 5 baseline period.

D. General Use Handwash Evaluation

Normally, 10–20 subjects are recruited for each product evaluated. A control
product is sometimes used. During a washout period of at least 7 days, subjects
are not permitted to use antimicrobial products or expose their hands to known
compounds that have antimicrobial properties. The remaining study procedures
are identical to those of the healthcare personnel handwash previously described,
but the total number of washes is 5–10, with glove juice samples collected at
baseline and after wash 1 and wash 5, and after wash 10 if 10 washes are used.
The microbial sample counts taken after the test washes are then compared to
the baseline values.

E. Optimal Evaluation Design

The optimal study design should be practical, yet provide accurate and reliable
results based upon transient microorganism reductions, not resident ones. The
healthcare personnel handwash is designed to evaluate the antimicrobial efficacy
of products used in the healthcare field and, therefore, is excessively stringent
for evaluating consumer product antimicrobial soaps.

The modified Cade handwash procedure is suboptimal, particularly in that
the antimicrobial efficacy is evaluated primarily in terms of reductions in normal
microbial flora, which is not appropriate for evaluating consumer antimicrobial
hand soaps. Additionally, it measures the residual antimicrobial effectiveness of
the test product, not the immediate effects.* Finally, a control product is rarely
used, so assuring the validity of the study is not possible.

The optimum design for evaluating consumer antimicrobial hand soaps is
a combination of the healthcare personnel handwash evaluation and the general

* Residual effectiveness is a measurement of the product’s antimicrobial effects when utilized repeat-
edly over time. The antimicrobial is absorbed into the skin and, as a result, prevents recolonization
of the skin by microorganisms. It is a measurement used in evaluating surgical scrub products, not
consumer antimicrobial soaps.
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use handwash evaluation. It is practical, accurate, and reliable, as well as based
upon the removal of transient microorganisms over the course of at least five
repeated inoculation/wash cycles. It is conducted exactly as the healthcare per-
sonnel handwash evaluation, except with the following changes: a test and control
product are used; the control product is the test product without the antimicrobial
compound; usually, instead of 10 consecutive handwashes, five are conducted;
samples are collected for baseline and after product use washes 1 and 5. This
design enables measurement of the immediate degerming effects (first wash), as
well as the effects after five consecutive inoculation/wash cycles to assure that
there is no cumulative build-up of microorganisms at wash sample 5. Additional
inoculation/wash cycles and samples will add no predictive value to the evalua-
tion.

A minimum of 15 subjects per group is recommended, as is the use of a
control product. Hence, if one test product is used, a minimum of 30 subjects
should be employed (15 for the test product and 15 for the control product). This
is a statistically adequate number, in most cases, to detect true differences be-
tween the test and control products after washes 1 and 5, as well as the microbial
reduction counts from baseline after washes 1 and 5.* A caveat is that the baseline
standard deviation value must be less than 0.5 log. If the standard deviation is
greater, it will be difficult to detect a true difference between the test and control
products after washes 1 and 5. It will also be more difficult to detect true microbial
reductions from the baseline values after wash samples 1 and 5. Hence, using a
larger sample size is in the best interest of the product manufacturers.

The required log reduction values of the antimicrobial soap intended for
general consumer use are hotly debated. It is this author’s opinion that the reduc-
tion values should be at least 1 log10 from the baseline value after wash 1 and
1.5 log after wash 5.

It is necessary that antimicrobial soap product manufacturers take an active
role in accurately and precisely measuring the antimicrobial effects of their anti-
microbial hand soaps. It is necessary that they be evaluated under simulated wash
conditions employing human subjects. Finally, it is important that other con-
cerned parties are not only welcome to present their evaluative concerns, but that
they do.

* The sample size determination is based on the formula:

n � S2�(Zα/2 � Zβ)2

D2 �
where: n � sample size; S � known standard deviation of samples taken; Zα/2 � 1.96; Zβ � 0.842;
and D � clinical difference of significance (20%). For an in depth discussion of sample sizes, consult
the forthcoming Applied Statistical Designs for the Researcher (DS Paulson, Marcel Dekker, in press
2003).
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III. ANTIMICROBIAL EFFICACY EVALUATION

Before choosing an antimicrobial product for routine use, it is important to evalu-
ate its antimicrobial effects. A skin-sampling method that accurately measures the
number of microorganisms on the hands is required. Because the most common
function of handwashes is to remove contaminant microorganisms, a common
means of measuring a product’s effectiveness is to contaminate the hands artifi-
cially and then use the product to remove those microorganisms. The ‘‘glove
juice’’ sampling method is the method of choice for determining the number of
microorganisms present on the hands. Sterile, powder-free, latex surgical gloves
are placed over the subject’s hands, and about 75 mL of sterile saline, with or
without neutralizers, are put into the glove. The wrist is secured, and the hand
is massaged through the glove for about 60 seconds. Aliquots of the ‘‘glove
juice’’ are removed, plated on agar and incubated until the colonies have grown
sufficiently. To get an accurate and reliable estimate of how effective an antimi-
crobial product is in removing contaminant microorganisms, S. marcescens is
used as a ‘‘marker’’ microorganism. Because S. marcescens colonies appear red
when plated on tryptic soy agar, they can easily be distinguished from other
microorganisms residing on the hands. Any nonred colonies appearing on the
agar plates are not counted. The employment of S. marcescens prevents biasing
the results by inadvertently ‘‘mixing up’’ the normal and marker microorganisms.

A. Experimental Designs

There are two types of experimental validity [2]: internal and external.

1. Internal Validity

Internal validity is experimental design validity. In particular, it deals with the
way the study is carried out, how sample data are collected, and how the study
is controlled, especially with respect to investigator bias. It is well known that
investigators often have a ‘‘vested interest’’ in realizing that the products they
employ are successful. This bias must be taken into account. Fortunately, internal
validity can be controlled by using proper experimental design procedures (e.g.,
randomizing, blocking, and blinding the study) [9–12]. Although there are a num-
ber of aspects of internal validity, two of the most common are historical and
instrumentation validity.

Historical validity assures that no event occurs between sample time mea-
surements that biases the study results [13]. An example of negation of historical
validity occurred with a group of subjects participating in preference testing of
several hand-cleansing product attributes. Unknown to the investigator, the study
participants continued using their personal hand soaps at home during the course
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of the study. It was discovered that the subjects unconsciously compared the test
products to their own personal hand soaps, thus biasing the study [2].

Instrumentation validity is achieved by assuring that no biasing event oc-
curs that could affect the ‘‘measuring instruments’’ used in the experiment. For
example, a person measuring the efficacy of a hand soap preservative used agar
plates (a measuring instrument) to judge the preservative’s antimicrobial efficacy.
Unknown to the researcher, who used different agar medium lots, the agar lots
were significantly different in nutritional characteristics, affecting their abilities
to support microbial growth. The differences in the bacterial growth were attrib-
uted to the antimicrobial preservatives but were really caused by the differing
lots of agar medium.

2. External Validity

External validity refers to the extent the results of a specific study can be general-
ized to include the population at large (population validity) or general environ-
mental conditions (environmental validity). No experimental design has built-in
controls for assuring external validity [1,2].

An easy way to assure external validity of a study is to conduct the study
independently at different geographic locations. If consistent results are observed
and the same conclusions drawn by different investigators, the external validity
of the study is probably satisfactory. Let us now turn our attention to experimental
designs, both quantitative and qualitative.

B. Quantitative Research Designs

The vast majority of quantitative research designs utilize statistics [2]. Hence, it
is critical to select appropriate statistical models (e.g., linear regression, analysis
of variance, analysis of covariance, Student’s t-test, or others) that complement
the experimental design [9–14]. Let us now briefly address the types of statistical
models available, both parametric and nonparametric.

1. Parametric Statistics

Parametric statistics, including the Student’s t-test, linear regression, analysis of
variance, and analysis of covariance, utilize parameters (e.g., the mean [average],
variance, and/or standard deviation) in evaluating data (102.915, l � 10�5,
7.23914, etc.). These data can be ranked, as well as subdivided into infinite inter-
vals. To be considered ‘‘interval’’ data, they must be assessable in terms of some
sort of standard physical measurement. Height, weight, blood pressure, alcohol
content, and number of deaths are all interval data. Subjective perception of preg-
nancy, death, prestige, and social stress do not present a ‘‘natural’’ interval cate-
gory, even though research designs frequently (and in error) categorize them as
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interval. Extreme caution must be observed in cases when quantitative designs
are used to measure qualitative data [2]. Common parametric models follow.

The Student’s t-test, probably the most common parametric statistical
model, is used to compare two groups of data—for example, to compare test
group data to a specific value or to compare data from two groups (e.g., a test
and a control group or two test groups). It can be used as a ‘‘one-tail’’ test, to
determine if one group of data is ‘‘better’’ or ‘‘worse’’ than another, or as a
‘‘two-tail’’ test, to determine simply if the data ‘‘differ.’’

Analysis of variance (ANOVA) is also a common parametric statistic for
comparing data from more than two groups [2]. There are a number of variants
of this model, depending upon the number and combination of groups, categories,
and levels one desires to evaluate. Common ones include one-factor, two-factor,
and three-factor designs, as well as crossover and nested designs.

Regression analysis is used to predict a response or dependent variable (y)
from the value of an independent variable (x) [2]. Regression models are com-
monly used in product stability evaluations of attributes such as color, clarity,
or fragrance.

2. Nonparametric Statistics

Nonparametric statistics do not utilize parameters (mean, variance, or standard
deviation) in evaluating data [9–11]. However, they can be applied to interval
data and noninterval data, both nominal and ordinal. Nominal data can be
grouped, but not ranked. Data such as right/left, male/female, yes/no, and 0/1
are nominal data. Ordinal data can be both grouped and ranked. Examples include
good/bad, poor/average/excellent, lower class/middle class/upper class, and
low/medium/high levels of drugs.

Nonparametric statistics are often applied to interval data when sample
sizes are very small. When using very small sample sizes, the variable data distri-
bution often cannot be assured to be ‘‘normal,’’ a requisite for using parametric
statistics. A normal, ‘‘bell curve’’ distribution is not a requirement of nonpara-
metric models. Hence, they are preferred in this area over parametric models.
Common nonparametric models follow.

The Mann-Whitney test statistic is the nonparametric analog of the Stu-
dent’s t-test and is used to compare data from two groups [9]. Unlike the paramet-
ric Student’s t-test which assumes a normal ‘‘bell-shaped’’ distribution, the
Mann-Whitney statistic requires only that the sample data collected are randomly
selected.

The Kruskal-Wallis model is the nonparametric analog of a one-factor
ANOVA model. It is used to compare multiple groups of one factor. For example,
suppose one wants to evaluate the antimicrobial effects of five different hand
soaps; the Kruskal-Wallis model could be employed for this evaluation.
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IV. CONCLUSION

It is important that antimicrobial products be evaluated for efficacy. There are a
number of ways to perform these evaluations using quantitative research designs
and statistical models. It is also vital that investigators be familiar with a selection
of qualitative designs. This will prevent the researcher who has only one tool—
a hammer—from viewing everything as a nail.
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Part IV
Food

Topical antimicrobial handwashes and hand sanitization are very important
in the food service industry. Important, also, is gloving. Chapter 19 addresses
gloving and handwashing, and Chapter 20 provides research data from various
studies. Chapter 21 discusses quality assurance issues, and Chapter 22 offers
another perspective on the wash/glove controversy.
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Handwashing, Gloving, and
Disease Transmission by
the Food Preparer

Daryl S. Paulson
BioScience Laboratories, Inc., Bozeman, Montana

I. INTRODUCTION

One of the most controversial issues in the food industry is the ‘‘bare hands’’
legislation that prohibits bare-hand contact with ready-to-eat foods. Advocates of
this legislation argue that because vinyl gloves provide a microbiologically impen-
etrable physical barrier between food workers’ hands and the food they handle,
and because a significant number of food workers do not wash their hands ade-
quately to remove potentially pathogenic microorganisms, wearing gloves should
be mandatory. On the other hand, opponents argue that an effective handwash is
sufficient and glove-wearing is not necessary because the wash removes the dis-
ease-causing microorganisms from the hands. Additionally, they argue that relying
on a glove barrier to prevent disease is unwise because tears and rips to gloves
are common. The tears and rips will readily allow microorganisms to pass through
the gloves and onto the food. Both views are correct, but only partially so.

A. Microorganisms of Concern

Generally, infectious diseases are spread in the food service environment in two
ways: (1) hand contact with one’s own infected feces and passage of microbial
contaminants to prepared foods as a result of inadequate handwashing and (2) han-
dling of microbially contaminated objects (e.g., money, counters, soiled clothing,
raw meats) and subsequent contamination of foods provided to the consumer [1].

255
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Table 1 Organisms Identified in Foodborne
Outbreaks, New York State, 1975–1998

No. of
Agent outbreaks

Hepatitis A 28 (24.57%)
Norwalk-like virus 21 (25.93%)
Staphylococcus aureus 6 (7.41%)
Shigella sonnei 5 (6.17%)
Salmonella typhimurium 5 (6.17%)
Salmonella enteritidis 4 (4.94%)
Group A streptococcus 4 (4.94%)
Giardia spp. 2 (2.47%)
Salmonella paratyphi 1 (1.23%)
Salmonella javiana 1 (1.23%)
Vibrio cholerae 1 (1.23%)
Shigella flexneri 1 (1.23%)
Cryptosporidium parvum 1 (1.23%)
Yersinia enterocolitica 1 (1.23%)

Total 81 (100%)

In discussing disease transmission, it is useful to specify the types of micro-
organisms of concern. Table 1 presents the microorganisms most commonly in-
volved in foodborne illnesses in New York State from 1975 to 1998 [2].

Other microorganisms, such as enterotoxigenic strains of Escherichia coli,
have been responsible for significant foodborne disease outbreaks in other parts
of the United States.

Microorganisms that normally colonize hand surfaces pose little threat of
infectious disease [3]. There are situations, such as an infected cut, in which
normal, resident microorganisms may cause disease; in such situations, however,
washing serves to degerm the infected area, cleansing it of dead cells and exuda-
tive material [4].

B. Etiology of Infectious Disease

For infectious diseases to be spread, the following five events must take place [5]:

1. The contaminating microorganisms must be physically transmitted to
others. This can occur when, for example, food workers contaminate
their hands during defecation and pass the disease-causing microorgan-
isms to consumers via hand-to-food contact.

2. The contaminating microorganisms must physically enter a person.
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This can easily occur when food contaminated by enteric (intestinal)
disease-causing microorganisms is ingested.

3. The contaminating microorganisms must spread from the anatomical
site of entry to other areas of the body—from the mouth to the intesti-
nal tract—via food consumption.

4. The contaminating microorganisms must be able to multiply within
the person. For example, Salmonella spp. and related microorganisms
attach to the walls of the intestinal tract and subsequently colonize it.

5. Tissue damage must occur as a result of a combination of the microbial
enzymes and toxins, as well as a person’s immune response.

An effective handwash or intact barrier gloves disrupt the disease process
after Event 1, either by removing the contaminating microorganisms from the
hand surfaces or by imposing a physical barrier that prevents microorganisms
from being transmitted from hands to foods [1].

II. DISEASE TRANSMISSION TO PATRONS VIA
CONTAMINATED HANDS OF FOOD WORKERS

Let us begin with the situation of infected food workers who may transmit infec-
tious diseases by directly contacting food with contaminated hands.

A. Barrier Gloves

The main purpose of barrier gloves is to prevent pathogenic microorganisms
found on the food workers’ hands from being transmitted to patrons via bare-
hand contact with food. A vinyl or latex barrier that is intact (no holes, rips, or
punctures) will provide protection from microbial transmission of hand-contami-
nating microorganisms. However, vinyl food-grade gloves frequently have preex-
isting pinhole punctures that compromise the barrier protection [6]. Further, food-
grade vinyl gloves can easily be ripped, torn, or punctured while personnel per-
form their normal duties, and in many cases such damage remains unknown to
the wearer [7]. Additionally, heat has been reported to alter significantly the integ-
rity of barrier gloves, making them brittle and, hence, more prone to breakage.
In practice, then, the actual protection provided by barrier gloves is likely much
less than many people assume.

In a study conducted at our laboratory facility, volunteer human subjects’
hands were inoculated with a strain of E. coli. The subjects then donned vinyl
food-server gloves having four small needle punctures in each. Within 5 minutes,
sampling of the outside of the gloved hands showed that E. coli had been trans-
ferred from the hands onto the outer surfaces of the gloves.
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Wearing gloves may actually increase the potential for disease transmis-
sion. As one wears vinyl or latex barrier gloves over a period of time, microorgan-
isms residing on the skin are provided a physical environment more favorable
to growth than ungloved hands offer. This is because the gloves occlude the
hands, thereby increasing the levels of moisture, nutrients, and other factors es-
sential to microorganism growth [5,8]. This phenomenon has long been known
in the medical field, in which antimicrobial handwashes are required prior to
gloving. In studies conducted in our laboratory, we have observed that the popula-
tion numbers of resident bacteria increase and that transient microorganisms, al-
though not increasing in number, could maintain viability longer on gloved hands
than on bare hands. It appears that normal resident bacteria may crowd out the
transient ones, over time, via more efficient growth and attachment characteristics
[9]. Hence, relying solely on barrier gloves, without accompanying handwashes,
to prevent disease is not prudent.

B. Handwashing

Two quantitative antimicrobial parameters are important when discussing hand-
washing: immediate and persistent antimicrobial effectiveness [1,8]. Immediate
antimicrobial effectiveness is the effectiveness of the handwash in terms of both
the mechanical removal of contaminating microorganisms and the immediate in-
activation of microorganisms through contact with the antimicrobial ingredient in
the soap, lotion, or gel. Persistent antimicrobial effectiveness is the antimicrobial
compound’s ability to prevent transient microbial recolonization of the hand sur-
faces after handwashing because of either microbial inhibition or the compound’s
lethality.

A good handwash, then, has been shown in testing in our laboratory to be
very effective in removing contaminating microorganisms. Assuring that food
workers perform an effective handwash is another story.

III. RECOMMENDATIONS AND COMMENTS

Toward reducing the potential for disease transmission from food workers to
patrons, I will make the following four recommendations:

1. Both gloving and handwashing should be required for those performing
high-risk tasks such as handling, cooking, or wrapping food. Better yet,
no direct hand/glove contact with the food should occur, with sanitized
serving tongs or other utensils being used where possible.

2. Mandatory and ongoing sanitation training must be provided for all
food workers.



Disease Transmission by the Food Preparer 259

3. High levels of personal hygiene must be enforced. Employees with an
infectious disease (e.g., colds, flu, etc.) should not be allowed to have
direct contact with food, with or without barrier gloves.

4. Monitoring and enforcement of, and accountability for, the three above
recommendations must be maintained.

Comment 1: Both glove-wearing and handwashing with an effective antimi-
crobial product prior to gloving should be required for those workers performing
high-risk tasks involving direct hand/glove contact with food. Although neither
is fail-safe, it is probable that, when used in conjunction, they will provide more
protection against disease transmission than either used alone.

In a recent study at our facility, it was observed that gloving without per-
forming a handwash supported prolonged survival of E. coli populations. When
an effective handwash was performed prior to gloving, however, no prolonged
growth promotion of the contaminative microbes was observed on the hand sur-
faces over the course of 3 consecutive hours of wearing.

It is recommended, therefore, that when gloves are worn, the gloving should
be preceded by an effective handwash. It can be argued that, even when a hand-
wash of only marginal quality is performed, when an effective antimicrobial soap
is used, its antimicrobial properties (immediate and persistent), in combination
with the glove barrier, will provide improved protection from disease transmis-
sion.

Comment 2: Sanitation training and education should be an ongoing and
continuous effort, particularly with inexperienced and/or unmotivated workers.
Unquestionably, in the absence of active participation of employees, achieving
adequate sanitation standards will be very difficult.

Comment 3: A high degree of personal hygiene should be required of food
workers. Employees should wear clean uniforms that are changed often, should
bathe or shower often, and should not perform high-risk tasks when ill. High-
risk tasks include any hand/glove contact with food or with materials that come
into direct contact with food.

Comment 4: A quality control program supervised by qualified personnel
should be initiated at each individual food service facility to monitor and enforce
the handwash/glove sanitation practices.

IV. BEHAVIORAL ASPECTS

At a meeting of the National Advisory Committee on Microbiological Criteria
for Foods,* Dr. Dale Morse of the New York State Department of Health pre-

* Bare-Hand Contact of Ready-to-eat Foods at Retail, Sept. 21–24, 1999. Washington Plaza Hotel,
Washington, DC.
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sented very sobering data concerning microbial contamination of food due to
fecal contamination by food servers. His data indicated that, after New York
State’s prohibition of the touching of ready-to-eat food by bare hands, the inci-
dence of foodborne disease dropped.

Does this mean that gloves are necessarily always safer than bare hands?
Not if an employee performs an adequate handwash with an effective antimicro-
bial product, but it does suggest that such handwashes commonly did not occur.
Hence, corrective measures that must be implemented by the food service indus-
try are behavioral. And human behavior depends upon motivation, which de-
pends upon values and meaning—both cultural (shared) and individual.

A. Shared Values

Shared values are ‘‘cultural,’’ or intersubjective, values [2,10]. Culture includes
shared values not only of nations, but also of an industry and of the members
of a company. The importance of handwashing, gloving, and use of utensils to
prevent microbial transfer to patrons must be a shared value among the members
of the culture [11]. It must have emotional meaning. The establishment of a set
of values (e.g., to wash one’s hands) can be effective coming from management
in the form of policy. However, the policy must treat employees with dignity,
with clear communication, with fairness, and with due process [12]. The policy
will then be translated into shared values that matter.

Sociologists and social psychologists tell us that cultural values (as well as
shared beliefs, goals, and views) have meaning on at least two levels [13,14]. At
the surface or manifest level, shared meaning and value is concrete [14]. Regarding
handwashing, it means to remove microorganisms from the hands after defecating,
or else infections can be passed on to food consumers. If an employee is tired,
sick, or harried, surface values are all too easily dismissed by rationalization and
justification [15]. That is, a person constructs a reason for not washing the hands
properly or not washing them at all, for example, ‘‘There wasn’t any soap,’’ or ‘‘I
forgot,’’ or ‘‘John didn’t wash his hands either.’’ This is not meant to be judgmental,
but to describe human behavior in terms of known psychological phenomena.

If shared meaning can be transferred to a deeper level, justification and
rationalization are less likely to occur [16,17]. In such a case, one washes his or
her hands because it is important to feel part of a team, larger than the individual
self. At this level, meaning binds individuals to one another. With deeper, shared
values, an individual is less likely to violate the rules [16].

Deeper shared values are instilled in employees when they not only under-
stand but feel personally that handwashing is important, not just another piece
of red tape or another hoop to jump through. Additionally, the reinforcement of
shared values must be an ongoing process, with positive, active managerial sup-
port of the in-house hygiene program.
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B. Personal Values

In addition to shared values, there are personal ones, which are likewise impor-
tant. Unfortunately, in order to attain individual compliance with the handwash-
ing codes, managers often take a ‘‘police state’’ stance toward handwashing [12]:
‘‘If you don’t wash your hands, you’ll be fired.’’ This, although initially effective,
most probably will not be effective over the long run, particularly if nonhand-
washing is used as a way to ‘‘passively aggress’’ an employer [12,16]. If an
employee feels betrayed or ‘‘screwed over’’ by an employer, he may semicon-
sciously respond by not washing his hands, to lash out at the employer [18].

To counter and/or prevent passive/aggressive behavior, the workplace must
be psychologically safe enough for employees to voice their concerns and vent
their frustrations [19], and food service employees must not feel psychologically
belittled or threatened in doing so [20]. Additionally, if employees are viewed
merely as tools, all too often they go through the surface motions without really
thinking or caring about their actions, because they know they are, after all, only
tools [12].

C. Integration

The science we discussed initially—prevention of disease transfer from employ-
ees to patrons—must be linked to human behavior, which, as we also discussed,
includes the shared group and personal values that create meaning and are the
basis for intentional behavior. A break in any of these three links blocks the
desired behavior from occurring, but a strengthening of any of them promotes
strength in the others (Fig. 1) [26]. Clearly, changes in behavior require leadership
from management, and, fortunately, the same motivating behavior required to
train and manage employees successfully can be applied equally effectively to
a handwashing program.

Figure 1 Behavior aspects of good handwashing practices.
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V. DISEASE TRANSMISSION VIA CONTAMINATED
OBJECTS

Let us now turn our attention to the situation in which disease is transmitted to
patrons from food workers’ hands that have become contaminated from direct
contact with the work environment.

A. Etiology

The five events required for disease transmission discussed earlier (microorgan-
isms transmitted to a person, microorganisms enter a person, microorganisms
spread from entry site, microorganisms multiply within a person, tissue damage
results) are likewise relevant to this situation, but because the contaminative pro-
cess is one of ‘‘picking up’’ microorganisms from the work environment (money,
countertops, wash sinks, clothing, nasal secreta, etc.) and passing them on via
hand/glove contact with food, merely washing the hands before gloving or wear-
ing barrier gloves will not prevent this process [22]. The ‘‘clean’’ hands/gloves
become contaminated from the environment and provide a potential vehicle for
disease transmission [1,6,7]. Hence, hands need to be washed and/or gloves
changed frequently. Additionally, an effective program for disinfection of the
work environment must be established [1,3,23].

B. Recommendations and Comments

The four recommendations that follow will contribute to reducing the potential
for this type of disease transmission.

1. Handwashing and barrier glove-changing should be frequent.
2. An effective environmental disinfection/sanitation program must be

established.
3. Restriction of tasks among workers must be practiced to prevent cross-

contamination.
4. A program of sanitation training must be provided on a continuous

basis.

Comment 1: Instead of merely requiring employees to wash and glove after
using the toilet, employees must be encouraged to wash their hands and/or change
their barrier gloves frequently. This is particularly true when workers move from
one work task to another. For example, if an employee works at the potato fryer,
then goes on a break, it should be mandatory that his hands be properly washed
and a glove change performed prior to returning to the work station.

Comment 2: Countertops, refrigerator handles, floors, tables, and other equip-
ment should be cleaned frequently with an effective, hard-surface disinfectant. This
process will inactivate and remove contaminating pathogenic microorganisms.
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Comment 3: Responsibility for specific tasks must be clearly identified among
members of the workforce to prevent cross-contamination. Those employees working
directly with food (cooking, wrapping, dispensing, etc.) should not have direct hand
contact with patrons, handle money, or pass food over a common counter.

Comment 4: Environmental air, countertops and other hard surfaces, and
wash sinks should be sampled on a regular basis to determine both species and
population numbers of microorganisms in these areas [1,22]. Normal environ-
mental population numbers should be established, monitored, and controlled. One
of the most effective ways to monitor microbial population numbers is to utilize
quality control charts for each sampling area [24]; that is, environmental samples
taken at the various sites (e.g., wash sink, soap tray, wash sink water control
knobs, service counter A, etc.) should be analyzed [1].

C. Control Chart Methodology

Control chart methods are very valuable in monitoring and controlling microbial
contamination within a food establishment [24,25]. A control chart is a simple
graph on which the microbial population numbers at a specific environmental
site (sink, countertop, etc.) are recorded over time [24,25]. The control chart’s
vertical axis most commonly is scaled to microbial population numbers (Fig. 2).
It is termed a mean control chart because the center horizontal line represents
the average target value of the process being measured.

The upper and lower tolerance levels are customarily placed at 	3 standard
deviations from the mean, based on the data generated. The tolerance limits
should be tighter than the specification limits (i.e., allowable health code micro-
bial limits). Then, if sample results begin to exceed the tolerance limits, the prob-
lem can be corrected before specification limits are exceeded.

An example of how this works may be useful: three separate random sam-
ples (obtained by pressing Rodac plates onto the countertop randomly) are taken

Figure 2 Mean chart of microbial counts per square of countertop after cleaning.
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Table 2 Microbial Counts per Square Foot of Countertop After Cleaning

Week 1 2 3 4 5 6

150 285 72 352 225 63
272 195 195 495 132 395
171 162 87 168 151 195

�� 198 214 118 338 169 218

The grand average (average of six weekly averages) is �
�

� 209, with a standard deviation of 66.76.
The standard deviation in control chart methodology customarily does not divide the variability
∑ (�� � �

�)2 by n � 1 but, instead, by n [24].

from a stainless steel countertop each week for 6 weeks (Table 2). Results ob-
tained with the three samples per week are then averaged and plotted on a mean
control chart (Fig. 3). The microbial tolerance levels are set using an internal
quality control standard of, for example, 300 	 150 microorganisms per square
foot. Hence, the set upper tolerance limit is 450 microorganisms per square foot,
and the lower tolerance limit is 150. The lower limit is a mathematical convention
and is not really applicable to any loss of sanitation control. Additionally, swab
samples of the countertop are taken and plated on selective media to screen for
coliform bacteria (E. coli, Shigella spp., and Salmonella spp.) [10,22,26].

Figure 3 Mean control chart format.
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Table 3 Range Values of Countertop

Week 1 2 3 4 5 6
122a 123 123 327 93 332

a Range � highest � lowest (e.g., for week 1, 272 � 150 � 122).

The grand average (average of the six weekly averages) is �� � 209, with
a standard deviation of 66.76. The data from Table 2, as presented in Figure 3,
demonstrate that the environmental cleaning process is within set corporate lim-
its, as well as within regulatory code. Exceeding the lower tolerance level is of
no practical concern, because it more than meets the governmental standard.

D. Range Control Chart Methodology

The range chart is simply a graph on which the range (highest value minus the
lowest value) of a sample set is plotted. Using the data from Table 2, we can
generate the values presented in Table 3.

Corporate limits on the range are set, for example, at an average of 200
microorganisms per square foot, with 300 as the upper limit. Customarily, no
requirements exist for the lower limit on the range, because it is irrelevant to the
topic of excessive microbial contamination, the issue of concern. Figure 4 pre-
sents the plotted range chart.

E. Using the Control Charts

Standard quality control manuals provide detailed information on setting up and
evaluating control charts. Generally, three situations can be detected and cor-
rected using the mean and range charts in tandem:

Figure 4 Range chart of microbial counts from countertop.
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Figure 5 Mean control and range charts: Example 1.

1. Mean control chart values drift and, eventually, if corrective action is
not taken, may eventually exceed tolerance limits; range chart data do
not shift (no trend apparent) (Fig. 5).

2. The mean control chart does not show a shift (trend), but the range
chart does (Fig. 6).

Figure 6 Mean control and range charts: Example 2.
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Figure 7 Mean control and range charts: Example 3.

3. Both the mean and range charts show significant shifts over time
(Fig. 7).

F. Shift in Mean Chart/Range Chart Constant
(Example 1, Fig. 5)

In this situation, the mean chart indicates that microbial count averages have
increased over the 7 weeks plotted. Perhaps the cleaning agent is ineffective, the
exposure time to the disinfectant is too short, the active ingredient in the disinfec-
tant is degrading too quickly, or there is a seasonal increase in microorganisms.
However, because the variability of the microorganisms is constant, according
to the range chart, it is doubtful that variability in the cleaning process is the
problem.

G. Mean Chart Constant/Range Chart Shifting
(Example 2, Fig. 6)

In this situation, the Range Control Chart data suggest either a spotty, hasty clean-
ing process that has not covered the countertop uniformly or faulty microbial
sampling procedures. Notice that as the weeks go by, the range increases, i.e.,
the variability in the cleaning process is increasing. Because the mean chart is
constant, the environmental sanitation program is probably still adequate (e.g.,
disinfectant is effective, there is no seasonal increase in microorganisms, etc.).
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H. Both the Mean and Range Charts Shift
(Example 3, Fig. 7)

In this situation, the environmental cleaning process is out of control; the micro-
bial population countertop levels are increasing, as is the variability between
samples. This indicates (mean chart) that the disinfectant may no longer be useful
in the way it is being used and/or that a seasonal increase in contaminative micro-
organisms is occurring. Moreover, the range chart suggests that the cleaning pro-
cedure is disinfecting some countertop areas more effectively than others—for
example, the procedure may be too hasty. Further, there may be a problem with
the microbial sampling procedures if cleaning thoroughness and uniformity are
thought to be satisfactory.

V. CONCLUSION

What has been presented here is only a general outline for a hand and workplace
sanitation program. The responsibility lies with managers, quality control person-
nel, and other investigators to ‘‘flesh out’’ this program with specific technical
requirements that are appropriate to their particular work environments and that
will assure that patrons are served food that is safe to eat.
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Handwashing and Gloving for Food
Protection: Examination
of the Evidence

Eleanor J. Fendler, Michael J. Dolan, and Ronald A. Williams
GoJo Industries, Inc., Akron, Ohio

I. INTRODUCTION

Handwashing has been universally accepted as a means of reducing contact trans-
mission of microorganisms for more than a century. The effectiveness of hand-
washing as a primary infection-control measure in healthcare has been reviewed
and extensively documented [75,76]. Its effectiveness as a means of preventing
the transmission of microorganisms to food via the hands is well established in
the foodservice industry [85,88]. The U.S. Food and Drug Administration (FDA)
Food Code 37 introduced in 1993 requires double handwash, use of a nail brush,
and no-hands contact with ready-to-eat food. These requirements reflect the prem-
ise that the use of a physical barrier (gloves) on the hands of food-handling per-
sonnel prevents the transfer of pathogens to food. However, it is questionable
whether there is sufficient scientific evidence to support these requirements. To
answer this question, a review of the published literature related to all aspects
of handwashing and gloving was undertaken.

II. METHODS

Published studies related to gloving were sought in three areas: (1) the medical
literature, including healthcare, infection control, and dermatology, (2) the micro-
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biology literature, and (3) food industry literature, including scientific and trade
publications. Information sources used include the following:

1. Dialog search of technical databases
2. Dialog search of trade and industry database
3. Literature review publications and books
4. Bibliography of literature on gloves, E. D. Leach, Associated Enter-

prises, Inc., 1994

Articles reviewed were classified in the references into seven major head-
ings according to their primary focus: (1) Food—articles on the general problems
of food protection [1–32]; (2) Food Code/Regulatory—articles related to the
Food Code and Regulatory issues [33–45]; (3) Microbiology–Skin—articles re-
porting studies of the microflora of the skin under various conditions [46–63];
(4) Microbiology–Efficacy—articles reporting the efficacy of handwashing and
gloving in microbial control [64–93]; (5) Microbiology–Gloves—articles related
to microorganisms and gloves [94–110]; (6) Gloves–Leakage—articles reporting
the methods of testing, incidence, and consequences of glove leakage [111–137];
and (7) Gloves–Contact Dermatitis and Allergy—articles reporting the dermato-
logical consequences of glove contact and skin occlusion [138–226].

III. RESULTS

A. Medical Literature

Extensive medical literature on the effectiveness of handwashing/gloving regi-
mens exists dating from the demonstration of the importance of antisepsis by
Semmelweis in 1847 and Lister in 1867. Literature on the relationship between
handwashing and risk of infection from microbes has been reviewed by Larson
[75,76] for the period from January 1879 to June 1993. This literature clearly
demonstrates the effectiveness of handwashing in the reduction of nosocomial
infections and the value of handwashing as a primary infection control measure.
In 1980, the Centers for Disease Control and Prevention (CDC) began developing
a series of guidelines entitled Guidelines for the Prevention and Control of Noso-
comial Infections and in 1985 released the Guideline for Handwashing and Envi-
ronmental Control [69]. These publications reflect the importance of compliance
with handwashing/gloving regimens; however, several studies show that compli-
ance, in general, is poor. The CDC Isolation Guidelines are a reflection of poor
handwashing compliance in healthcare facilities. The effectiveness of universal
precautions and body substance isolation practices tend to validate the use of
gloves in conjunction with a handwashing regimen. Gloves alone have never
demonstrated effective control of microbial transmission.
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In addition to demonstrating the effectiveness of handwashing and gloving
in preventing microbial transmission, the medical literature serves to identify and
define issues related to the practice of glove use, such as compliance, importance
of handwashing, single use, glove quality standards, leakage/puncture, and
irritation/allergy. Recommendations and guidelines for handwashing and gloving
regimens have been established and endorsed by regulatory agencies for health
care settings [69,76,91]. These guidelines specify thorough handwashing and
hand antisepsis with antimicrobial-containing soaps or detergents or with alcohol-
based hand rubs whenever hands are soiled and before and after patient contact.

Guidelines for glove use specify the following [76]:

a. Gloves should be used as an adjunct to, not a substitute for, hand-
washing.

b. Gloves should be used for hand-contaminating activities. Gloves
should be removed and hands washed when such activity is completed,
when the integrity of the gloves is in doubt, and between patients.
Gloves may need to be changed during the care of a single patient, for
example, when moving from one procedure to another.

c. Disposable gloves should be used only once and should not be washed
for reuse.

d. Gloves made of other materials should be made available for personnel
with sensitivity to usual glove material (such as latex).

Research indicates that gloves should be changed after 3–5 minutes when used
for prolonged procedures requiring high levels of stress [102,106].

Glove quality standards have been established by the FDA based on a sam-
pling scheme and a quality assurance test known as the ‘‘1000 mL water leak
test’’ described in the Code of Federal Regulations, 21 CFR 800.20 [127]. The
Final Rule was published in December 12, 1990, and became effective March
12, 1991. The acceptable quality level is a maximum failure rate of 2.5% for
surgeons’ gloves and of 4.0% for patient examination gloves as determined in
this water leak test.

Since the recent widespread increase in glove use due to the implementation
of universal precautions and body substance isolation, problems associated with
glove use, such as leakage and contact dermatitis, have become more evident.
Considerable attention and research have been devoted to glove integrity and
leakage both before and during use [111–137]. Numerous investigations have
revealed a high frequency of defects (up to 60%) in unused latex and vinyl gloves
as determined by air inflation–visual detection, air inflation–submersion, electri-
cal conductivity, and fluorescein dye detection.

It is important to note that these high initial defect rates are for presumably
high-quality surgical and exam gloves and that the defect rate increases sharply
with use [122–126]. Penetration and leakage of gloves destroy their barrier effec-
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tiveness to prevent transmission of microorganisms [129–131,133,135]. Yangco
and Yangco found that 96.4% of unused gloves allowed the passage of infected
fluids [137]. Conclusions and recommendations from these studies include more
stringent guidelines for manufacture with verification of compliance and more
careful observation of elements of ‘‘universal precautions,’’ such as changing
gloves after each patient contact and good handwashing before and after using
gloves.

The dramatic increase in the number of individuals using gloves following
the adoption of the CDC ‘‘universal precautions’’ 16 years ago coincides with
an explosion of reports in the medical literature of hypersensitivity reactions to
latex products. During this same time period, the reported cases of irritant contact
dermatitis, allergic reactions to plastic gloves and glove powder, and occupational
asthma precipitated by glove powders and airborne latex allergens rose sharply
among healthcare workers and patients.

It is now widely recognized that natural and synthetic latex, rubber addi-
tives, plastics (PVC, vinyl), organic pigments in gloves, and glove powders cause
allergic contact dermatitis and contact urticaria. (Definitions of dermatological
terms are given in Table 1.) Up to 30% of frequent glove wearers are believed
to have some degree of acquired hypersensitivity to latex chemicals or proteins
and various additives in synthetic gloves [161]. In addition to allergic contact
dermatitis, protective disposable gloves can result in irritant contact dermatitis

Table 1 Definitions of Dermatological Terms

Term Definition

Allergic contact dermatitis Sensitization or allergic contact dermatitis is a delayed,
immunologically mediated response to a chemical. Ini-
tial contact with the chemical does not appear to have
any effect on the skin, but after a short delay (ca. 5
days) reexposure to the chemical causes an acute in-
flammatory reaction with an homogeneous ‘‘rash.’’

Irritant contact dermatitis Irritant dermatitis is a nonimmunological, local inflamma-
tory response at the site on single, repeated, or continu-
ous contact with a chemical. It results in erythema (red-
dening of the skin) and edema (accumulation of fluid),
which is often irregular or patchy in nature.

Contact urticaria Irritant dermatitis is a nonimmunological, local inflamma-
tory response at the site on single, repeated, or continu-
ous contact with a chemical. It results in erythema (red-
dening of the skin) and edema (accumulation of fluid),
which is often irregular or patchy in nature.
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and skin barrier damage [161,208]. Gloves have been shown to result in reduced
protective barrier properties of the stratum corneum due to the physical and chem-
ical effects of skin occlusion [173,194,208]. Skin occlusion by hypoallergenic
nonlatex gloves for short exposure periods (6 hours/day for 3 days) was found
to have a significant negative effect on the barrier function of surfactant-compro-
mised skin but no effect on normal skin over the same time period [201]. How-
ever, longer-term exposure (6 hours/day for 14 days) resulted in a significant
negative effect on the barrier function of normal skin [202]. It was concluded
that occlusion by gloves may be a substantial factor in the pathogenesis of cumu-
lative irritant contact dermatitis [201,202]. Glove usage has also been found to
result in all of the clinical types of irritant dermatitis classified by Lammintausta
and Maibach [185]: (1) acute irritant dermatitis (primary irritation), (2) irritant
reactions, (3) delayed acute irritant dermatitis, (4) cumulative irritant contact der-
matitis, (5) traumatic irritant dermatitis, (6) pustular and acneiform dermatitis,
(7) nonerythematous irritation, and (8) subjective irritation.

B. Microbiology Literature

The microbiological literature relevant to handwashing and gloving practices in-
cludes studies of the transient and resident microflora of the skin, the effects
of glove occlusion on skin microflora (Table 2), hand and glove carriage, the
transmission of microbes, and the antimicrobial effectiveness of handwashing
agents and regimens. The microflora of normal skin including that of food han-
dlers has been well documented [49,54,57,59,62,63]. These resident microbes
present in normal skin are generally nonpathogenic and are not responsible for
healthcare-related or foodborne illness. Hands and contaminated gloves, how-

Table 2 Classification of Glove Reactions

Reaction Ref.

Barrier reduction and increased penetration of irritants/ 173, 194, 201, 202, 208
allergens by occlusion

Irritation form occlusion, friction, and maceration 208
Allergic reactions to glove materials (natural and synthetic 159

latex, plastic, polymer additives, dyes, glove powder)
Contact dermatitis 213
Contact urticaria, angioedema, and anaphylaxis 208
Penetration of irritants through gloves 208
Others: endotoxin reactions, ethylene oxide, chemical 208

leukoderma
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ever, are a primary vector for transmission of transient microbes, both patho-
genic and nonpathogenic, acquired from the environment [58,61].

Occlusion of skin by gloves affects the microbial flora on hands by greatly
increasing growth rates and populations [47,48,50,59]. Price found that ‘‘beneath
rubber gloves, bacteria remaining on the skin multiply rapidly, their numbers
doubling every forty (40) minutes if the hands are dry or every fifty (50) minutes
if the gloves have been put on wet. If gloves are worn long enough, the cutaneous
[transient] flora may increase until it exceeds by far the ordinary flora. I found
that on one occasion the bacterial count of my hands and arms had increased to
more than 31,000,000’’ [59]. Microbiological studies have also shown that viable
bacteria emerge through pinholes in surgeons’ gloves [56].

An enormous number of studies have been devoted to the antimicrobial
effectiveness of handwashing products and their role in preventing the transmis-
sion of pathogenic microorganisms [55,56,71,72,75,76,79]. The literature clearly
demonstrates that antimicrobial handwashing agents shown can be highly effec-
tive in killing pathogens and can provide residual antimicrobial activity over a
period of several hours. The importance of handwashing when using gloves is
widely recognized and accepted in the healthcare field [55,76]. Antimicrobial
and antiseptic products have been found to result in greater reduction in microor-
ganisms after 3 hours of wearing gloves than immediately following the antiseptic
treatment, whereas microbial counts increased when hands were washed with
nonantimicrobial soap [56].

C. Food Industry Literature

Although the healthcare setting has been the primary focus of attention for re-
search and field studies of antimicrobial efficacy, some studies have been carried
out that demonstrate the effectiveness of handwashing with antimicrobial prod-
ucts in the food industry [65–68,69,74,77,80,82–85,87–90,92]. New York State
instituted the first statewide policy of ‘‘no bare-hand contact with ready-to-eat
foods’’ [41]. The state’s rationale for this policy, considered to be radical by many
in both government and industry, was described by Guzewich in a presentation
at the 1995 annual meeting of the International Association of Milk, Food and
Environmental Sanitarians. The policy is based on correcting the problem caused
by food workers working when they are ill, not properly washing their hands,
and preparing ready-to-eat food, thereby spreading bacterial and viral diseases
[14,15]. In spite of the ‘‘no bare-hand contact with ready-to-eat food’’ policy in
the Food Code, there is no direct information on the effectiveness of hand hygiene
and gloving regimens in the food industry. All of the information available to
date is anecdotal. Additionally, no clean epidemiology data have been found.
The recent Idaho hepatitis case serves as a clear illustration. The food industry
also lacks glove quality standards. Studies indicate that the gloves used in food
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service are generally of poor quality and have higher leakage rates than gloves
used in healthcare. Although there is a keen awareness of the importance of food
protection and the risks of microbial contamination and transmission, there is
also a low general awareness of the importance of hand hygiene regimens by
food handlers. Education and training programs and measures to promote compli-
ance are needed in the food industry.

IV. DISCUSSION

The premise that the use of a physical barrier (gloves) on the hands of food-
handling personnel prevents transfer of pathogens to food is intuitively attractive.
At first glance it appears to be a simple solution, and it can be effective when
practiced as part of a hand hygiene regimen, as evidenced by the healthcare expe-
rience. There are, however, numerous disadvantages and complications involved
in the use of gloves for food protection from contamination by food handlers.
Counterintuitive effectiveness issues arise from gloving misuse practices, such
as the lack of compliance with single use and a low frequency of changing gloves.
Effectiveness is also compromised by poor glove quality and the resulting high
defect and leakage rates. Considering the glove to be protective can lead to low
handwashing compliance and accelerated microbial growth on the occluded
(gloved) hands. The glove functions as a second skin and can easily become
contaminated from the activities of well or ill workers. Gloves, unlike hands
washed with antimicrobial skin cleansers with persistence, lack the ability to
continue killing microbes on contact. Other disadvantages of gloving, in addition
to the questionable effectiveness, is the cost and the clumsiness of some manipu-
lations when wearing gloves. An additional complication of gloving is the high
potential for allergic reactions (contact dermatitis and urticaria) to latex and plas-
tic gloves in food handlers and customers alike. Occlusion of the skin by gloves
not only leads to enhanced microbial growth but also results in a decrease in skin
barrier function and irritant contact dermatitis.

From this literature review, it appears that the current status of gloving is
the following:

1. Gloving is a well-established infection control practice in healthcare
environments.

2. Gloving is generally recognized as an adjunct to, not a replacement
for, handwashing.

3. The value of gloving in food-handling settings is assumed but has not
been proven.

4. Indirect data are available that indicate the potential for health hazards
from gloving.
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5. A total regimen for hand hygiene needs to be considered, and standards
need to be established to ensure safe food handling.

V. CONCLUSION

This literature review clearly demonstrates that there is insufficient scientific evi-
dence to support the premise that the use of a physical barrier (gloves) on the
hands of food-handling personnel prevents the transfer of pathogens to food and,
consequently, to support the requirement for no-hand contact with ready-to-eat
food. It is our recommendation that gloving studies be performed under food
service conditions to establish data to support the most effective hand hygiene
regimens for food protection and minimized risk of health hazards.
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I. INTRODUCTION

The potential for food workers to be a factor in transmitting foodborne disease
continues to be significant; however, the most effective method to break the con-
tamination vector between food workers and consumers is a topic of intense de-
bate. One view maintains that food workers must eliminate bare-hand contact
with ready-to-eat food (by the use of gloves, utensils, etc.) to ensure protection,
while the other position holds that a well-managed handwashing and sanitizing
program is sufficient to ensure protection. Previously, we explored the evidence
for these widely differing opinions via a review of the published literature relating
to all aspects of handwashing and gloving [2], which clearly demonstrated that
there is insufficient evidence to support the premise that use of gloves on the
hands of food workers prevents the transfer of microorganisms to food and conse-
quently to support the requirement for no hand contact with ready-to-eat food.
The present study was carried out to establish data under simulated food service
conditions to support the most effective hand hygiene regimens for food protec-
tion and minimized risk of health hazards.

Disease transmission via the hands from food workers to consumers can
involve various types of microorganisms. ‘‘Resident’’ microorganisms that nor-
mally colonize the skin pose little threat of infectious disease [3,4]. There are
situations, e.g., an infected cut, in which resident microorganisms may cause
disease. In such situations, however, washing serves to degerm the infected area,
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cleansing it of dead cells and exudate material [5]. The threat comes instead from
‘‘transient‘‘ pathogenic microorganisms that temporarily reside on the skin of
the hands. Transient microbial contamination occurs when a person makes hand
contact with contaminated materials such as mucus, blood, soil, urine, feces, or
food. In the food industry, contamination usually occurs through contact with
excretions or infected areas of one’s self or others, most commonly through hand
transmission. Additionally, food workers can contaminate the food they prepare
or serve others through hand contact with microbially contaminated materials
such as money, raw and discarded food, tableware, countertops, soiled clothing,
and other items in the work environment. Both of these types of transmission
are examined in this study.

First, consider the situation of infected food workers who pass their infec-
tious diseases by directly contacting food with contaminated hands. For infectious
diseases to be spread to others via a carrier, several events must take place. The
first two of these events are:

1. The contaminating microorganisms must be physically transmitted to
others. This can occur when food workers contaminate their hands dur-
ing defecation and pass the disease-causing microorganisms to con-
sumers via hand contact.

2. The contaminating microorganisms must physically enter a person.
This is particularly easy when the food has been contaminated by en-
teric (intestinal) disease-causing microorganisms.

An effective handwash or intact barrier gloves disrupt the disease process after
event 1 by either removing the contaminating microorganisms from the hand
surfaces or using a physical barrier to prevent them from being transmitted to
the prepared food.

To evaluate the effectiveness of handwashing compared to gloving, a two-
phase study was designed. The first phase evaluated the ability of hand-contami-
nant bacteria to penetrate compromised vinyl glove barriers. The second phase
evaluated the microbial contamination level picked up on the hands from han-
dling contaminated hamburger.

II. METHODS

A. Materials

Ambidextrous disposable polyethylene gloves were used throughout the studies.
Hand cleansing and sanitization were carried out using an antibacterial lotion
soap and an alcohol (gel) hand sanitizer. Ground beef, buns, vegetables, and paper
wrap were used in the simulated food handling.
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Before the initiation of this study, the protocol study description was given
to the subjects and informed consent forms were completed. The protocol, in-
formed consent form, and any other supportive materials relevant to the safety
of the subjects were reviewed and approved by an institutional review board
(IRB). No subject was admitted into the study who was using topical or systemic
antimicrobials or any other medication known to affect the normal microbial flora
of the skin.

The 7 days prior to the test portion of the study comprised the pretest period.
During this time subjects avoided the use of medicated soaps, lotions, deodorants,
and shampoos, as well as avoiding skin contact with solvents, detergents, acids,
and bases. They avoided contact with products on the restricted list. Subjects
were provided a personal hygiene kit containing nonantimicrobial products to be
exclusively used during the course of this study. Subjects also avoided using UV
tanning beds and bathing in chlorinated pools and/or hot tubs. This regimen al-
lowed for stabilization of the normal microbial populations residing on the hands.

B. Glove Juice Sampling Method

Following the prescribed procedure [1], powder-free sterile gloves were put on.
At the designated sampling time, 75.0 mL of sterile stripping fluid (SSP) were
instilled into the glove. The wrist was secured, and an attendant massaged the
hand through the glove in a standardized manner for 60 seconds. Aliquots of the
glove juice (dilution 100) were removed and serially diluted in Butterfield’s buf-
fered phosphate diluent (BBP).

Duplicate spread plates were prepared from each dilution using MacCon-
key’s agar. The plates were incubated at 30–35°C for 24–48 hours. Those plates
providing colony counts between 25–250 were preferentially utilized in this
study. If no plates provided counts in the 25 to 250 range, the plates closest to
that range were counted and used in determining the number of viable microor-
ganisms. If 100 plates gave an average count of zero, the average plate count was
expressed as 1.00. This was done because the log10 of zero is undefined, but the
log10 of 1.00 is zero. The number of viable bacteria recovered was obtained from
the formula 75 � dilution factor � mean plate count for the two plates.

A statistical analysis—two-factor analysis of variance (ANOVA)—was
performed on the collected data. The significant level was set at 0.05. The opti-
mum levels of two test configurations evaluated were determined, as well as
which glove type to use in the remainder of the study (Phases 1 and 2).

1. Phase 1

Nineteen human subjects were utilized in this evaluation segment. Punctured
gloves were simulated by introducing four holes into the fingertips of the glove
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with a 21-gauge hypodermic needle. Subject treatment was randomized. Subjects
underwent a 7-day pretrial restriction period in which they avoided skin contact
with products and/or processes known to affect the normal microbial populations
of the skin.

On the day of the evaluation, the subjects’ hands were inoculated with 5
mL of 9.50 � 108 CFU/mL Escherichia coli (ATCC #11229). After air-drying
the inoculated hands for approximately one minute, technicians placed the as-
signed test glove configuration on the subject, taking precautions to avoid con-
taminating the outer surface of the glove. Sterile latex gloves were then placed
over the test gloves, and one of the gloved hands, randomly selected, was sampled
(zero time sample) using the glove juice sampling procedure. If the hand selected
for time zero time sampling bore a punctured-glove configuration, the punctures
were taped prior to the sampling. Subjects then proceeded to their assigned activ-
ity (or nonactivity) for one hour. Four test configurations were used, each with
five subjects:

Test Configuration # 1 (Inactive/intact). The subjects assigned to this con-
figuration remained ‘‘inactive’’ (sitting in a chair reading), wearing an
‘‘intact’’ glove for one hour.

Test Configuration #2 (inactive/punctured). The subjects remained ‘‘inac-
tive,’’ wearing a ‘‘punctured’’ glove for one hour.

Test Configuration #3 (active/intact). The subjects were ‘‘active’’ (per-
formed food service activities; specifically, handling buns and vegetables
and folding paper wrap), wearing an ‘‘intact’’ glove for one hour. The
vegetables were prescreened for E. coli and other coliform contamina-
tion.

Test Configuration #4 (active/ punctured). The five subjects were ‘‘active’’
(performed food service activities; specifically, handling buns and vege-
tables and folding paper wrap), wearing a ‘‘punctured’’ glove for one
hour.

All subjects were sequestered and closely monitored in the laboratory dur-
ing the duration of the test. The subjects were sampled, using the glove juice
sampling method, one hour after donning the test barrier glove. After the samples
were collected, the subjects were required to perform a supervised surgical scrub
with a 4% chlorhexidine gluconate (CHG) solution for 4 minutes, then wash their
hands with 70% isopropyl alcohol for one minute and air-dry the hands for an
additional 5 minutes.

A statistical analysis was performed on the collected data. The 0.05 level
of significance was utilized in a two-factor analysis, the ANOVA design of which
is given in Table 1. The results from Phase 1 are shown in Table 2.
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Table 1 Two-Factor Analysis-of-
Variance Design

B1 B2

A1 n � 5 n � 5
A2 n � 5 n � 5

Where: A � activity level B � glove status
A1 � inactive B1 � intact
A2 � active B2 � punctured

2. Phase 2

Thirty subjects were randomly assigned to an evaluation segment (five subjects to
each of the six test configurations). Subjects underwent a 7-day pretrial restriction
period during which they avoided skin contact with products and/or processes
known to affect the normal microbial populations of the skin.

Assay of the ground beef for E. coli, prior to its experimental use revealed
loads of 1.30 � 103 to 2.00 � 104 CFU per ounce of ground beef. The ground
beef was then inoculated with aliquots of an E. coli (ATCC #11229) suspension
to provide a final E. coli concentration of 1.1 � 105 to 9.6 � 105 CFU per ounce
of ground beef.

The five subjects assigned to each test configuration performed a simulated
food service task (kneading ground beef) over the course of three consecutive,
1-hour periods.

Test Configuration #5 (bare hands/no washing). No handwashing was con-
ducted by these subjects during the 3-hour course of the study. A baseline

Table 2 Effect of Glove Condition and Activity on Microbial
Penetration Through Gloves

Microbial level on test glove,
mean log10 (S.D.)

Test configuration Zero hour One hour

#1 Inactive/Intact 2.05 (1.43) 0.00 (0.00)
#2 Inactive/Punctured 0.48 (1.08) 0.87 (1.21)
#3 Active/Intact 1.87 (1.29) 0.47 (0.94)
#4 Active/Punctured 1.24 (1.21) 0.85 (1.16)
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(premarker bacteria exposure) sample of the hands as well as sampling
at the end of the test period was conducted.

Test Configuration #6 (gloved hands/no washing and no glove changes).
No glove changes or handwashes were conducted over the 3-hour course
of the study. A baseline (premarker bacteria exposure) sample of the
hands and of the test glove outer surfaces as well as sampling at the end
of the 3-hour test period were conducted.

Test Configuration #7 (bare hands/hourly washing). Subjects washed their
hands with only the assigned antimicrobial soap product immediately
before beginning the simulated food service tasks (time 0), as well as at
hours 1, 2, and 3. A baseline (premarker bacteria exposure) sample of
the hands as well as sampling at the end of the 3-hour test period were
conducted.

Test Configuration #8 (bare hands/hourly washing and sanitizing). Sub-
jects washed their hands with the assigned antimicrobial soap followed
by a hand sanitizer application immediately before beginning the simu-
lated food service tasks (time 0), as well as hours 1, 2, and 3. A baseline
(premarker bacteria exposure) sample of the hands as well as sampling
at the end of the test period were conducted.

Test Configuration #9 (gloved hands/hourly glove changes, and no hand-
washing). Subjects changed their gloves at hourly intervals but did not
wash their hands between the glove changes. A baseline (premarker bac-
teria exposure) sample of the hands and outer glove surfaces was con-
ducted. Additionally, a sample of the hands and outside glove surfaces
was conducted at the end of the marker bacteria exposure period.

Test Configuration # 10 (gloved hands/hourly glove changes and hand-
washing between changes). Subjects changed their gloves at hourly inter-
vals and washed their hands between glove changes with the assigned
product. A baseline (premarker bacteria exposure) sampling of the outer
glove surfaces was conducted. Also, a sampling of outside glove surfaces
was conducted at the end of the 3-hour marker bacteria exposure period.

After the samples were collected, subjects performed a surgical scrub with
a 4% CHG product for 4 minutes and then washed their hands with 70% isopropyl
alcohol for one minute and air-dried them for an additional 5 minutes. Note: All
hand sampling was conducted utilizing the glove juice sampling method.

A statistical analysis was performed on the collected data. The 0. 05 level
of significance was utilized. A two-factor ANOVA statistic was used to compare
bare hand and outer glove microbial count differences between the zero- and 3-
hour samples times.
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Figure 1 Glove study concept of phase 1.

III. RESULTS

A. Phase 1

The concept underlying Phase 1 of the study is illustrated in Figure 1. All values
obtained for Phase 1 were obtained from the 10° dilution. If plates yielded no
counts, the log10 value was designated 0.00 and used in the statistical analysis.
The glove juice sampling procedure can detect microorganism populations only
down to a log10 value of 1.57 because of the multiplication of the average plate
count by 75 mL (log10 [75 � 0.5] � 1.57). As the data demonstrate, the test
gloves housed within the latex gloves, regardless of test configuration, yielded
contaminative bacteria at zero- and 1-hour sampling.

B. Phase 2

The concept underlying Phase 2 of the study is illustrated in Figure 2. The results
from Phase 2 are presented in Table 3. A two-factor ANOVA model was used
to compare times and product configurations. Figure 3 graphically displays the
data obtained from the surfaces directly exposed to the inoculated ground beef
for each product configuration.

IV. DISCUSSION

A. Phase 1

Although the counts were not high, clearly the E. coli contaminated some of the
outer surface of the test gloves whether the subject was engaged in food prepara-
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Figure 2 Glove study concept of phase 2.

Table 3 Microbial Levels of Escherichia coli from Contaminated Ground Beef
Using Different Washing/Gloving Regimens

Microbial level on hands/outside of gloves,
mean log10 (S.D.)

Configuration
(regimen) Time 0 Time 3 Time3 � Time 0

#5 Bare hands/No Hands 0.53 (0.86) 6.25 (0.53) 5.72
washing

#6 Gloved hands/No Hands 0.21 (0.65) 2.39 (2.65) 2.18
washing and no Gloves 0.00 (0.00) 5.70 (1.00) 5.70
glove changes

#7 Bare hands/Hourly Hands 0.65 (1.40) 4.16 (1.43) 3.51
washing

#8 Bare hands/Hourly Hands 0.00 (0.00) 0.80 (1.21) 0.80
washing and sani-
tizing

#9 Gloved hands/ Hands 0.16 (0.50) 3.04 (1.75) 2.88
Hourly glove Gloves 0.00 (0.00) 6.06 (0.31) 6.06
changes and no
handwashing

#10 Gloved Hands/ Hands 0.91 (1.49) 1.77 (2.37) 0.86
Hourly glove Gloves 0.00 (0.00) 5.60 (0.86) 5.60
changes and hand-
washing between
changes

A two-factor ANOVA model was used to compare times and product configurations.
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Figure 3 Data obtained from the surfaces directly exposed to the inoculated ground
beef for each product configuration.

tion activities or not. Admittedly, the variables producing these results were sev-
eral, but significantly, all potential sources of contamination in this test bear direct
relevance to use of gloves by food handlers as barriers to transmission of infec-
tious agents. For example, bacteria could have moved from the contaminated
hand to the glove surface via breaches, whether experimentally created or because
of defects in the manufacturing of the gloves. Indeed, results of preliminary test-
ing of glove integrity, using the FDA Water Leak Test and the Glove-Check
method, indicated that manufacturing defects in the vinyl gloves commonly used
in food preparation were remarkably high (unpublished data, GoJo Industries,
Inc.). Second, the test gloves may have been contaminated with E. coli during
the process of their application by the technician, despite extreme measures to
prevent this. The dire implications for the sterility of gloves donned by a food
handler after using the toilet without a handwash are obvious. Finally, E. coli
contaminating the food handled by subjects in the ‘‘active’’ test configurations
may have penetrated the latex outer gloves through manufacturing defects, such
as pinholes. Although unpublished data (GoJo Industries, Inc.) show latex gloves
to be superior to vinyl gloves commonly used by food handlers, manufacturing
defects are occasionally present. Hence, in all cases, the presence of bacteria on
the surfaces of test gloves suggest that their value as ‘‘barriers’’ to disease is
equivocal.

These results clearly have implications for gloving policies in the food
industry. Use of gloves alone provides insufficient protection from transmission
of pathogenic disease-causing microbes from food workers to consumers. Phase
2 of this study was carried out to determine the relative effectiveness of various
handwashing and gloving regimens in preventing transmission.
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Figure 4 Microbial levels of E. coli on hands from contaminated ground beef using
different washing/gloving regimens.

Analysis of the data for the different handwashing and gloving regimens
was carried out using a two-factor ANOVA model. Both the time and product
factors as well as the product versus factor interaction term were significant (p �
0.05). The interaction is significant because each product began at the same base-
line microbial level, but the levels were different from one another at the 3-hour
study completion time.

As illustrated graphically in Figure 4, bare hands/no washing (#5), gloved
hands/no washing (#6), gloved hands/hourly washing (#9), and gloved hands/
hourly glove changes and handwashing between changes (#10) are equivalent in
microbial levels picked up from the inoculated ground beef (p � 0.05). Notably,
results for bare hands/hourly washing (#7) and bare hands/hourly washing and
sanitizing (#8) were statistically less than the results for the other four groups
just mentioned (p � 0.05), with #8 (bare hands/hourly washing and sanitizing)
being more highly statistically significant than regimen #7 (without the sani-
tizing).

The significantly lower microbial levels on the hands for regimens #7 and
#8 as compared with that on hands with no washing (#5) and on the outer surfaces
of the gloves (#6, #9, and #10) can be attributed to the residual antimicrobial
activity from binding of the active in the antimicrobial handwashing product to
the skin (Fig. 4).

The microbial values obtained (Table 3) from the hands for the regimens
employing gloves, (#6, #9, and #10), clearly demonstrate that the polyethylene
barrier gloves were unable to prevent contamination of the hands over the 3-hour
course of the study. However, the microbial level found on the hands was lower
when handwashing was employed between glove changes (#10) . This is also
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probably a consequence of the residual antimicrobial activity of the handwashing
product on the hand. In conclusion, bare hands with a regimen of hourly hand-
washing and sanitizing provided significantly higher hand sanitization levels than
any of the five other regimens, including those employing gloves.

V. CONCLUSION

The choice of and compliance with an effective regimen is essential for food
protection. It is clear that a policy where gloves are employed to provide no bare-
hand contact with ready-to-eat food is not a panacea and may only serve to pro-
vide a dangerous, false sense of security. Caution should be exercised in the
selection of the most effective regimen for food protection. Additional studies
should be conducted in food industry settings to validate the most effective regi-
men of hand sanitization for food protection.
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A Suggested Method for Evaluating
Foodhandler/Processor Handwash
Formulations

Daryl S. Paulson
BioScience Laboratories, Inc., Bozeman, Montana

I. INTRODUCTION

For years, limited effort has been directed toward assuring the antimicrobial ef-
fectiveness of handwashing products used by food-processing and food-prepara-
tion personnel [1]. However, in recent years, the high public profile accorded
recurrent outbreaks of serious Escherichia coli O157:H7 infection, as well as
notable incidents of food contamination by other microorganisms throughout the
country, has been of considerable concern to food industry sanitarians, politi-
cians, and governmental regulatory agencies.

Although there are numerous ways for consumers to become infected with
disease-causing microorganisms—contaminated countertops, undercooked, mi-
crobe-laden meat, etc.—the primary focus of this chapter is microbially contami-
nated employees’ hands [2]. A significant number of food-associated disease out-
breaks are due to microorganisms picked up on the employees’ hands and then
passed to consumers via hand/glove contact with food. Perhaps the most common
occurrence of this phenomenon is when food handlers are contaminated by enteric
microorganisms from contact with their own feces or the feces of others (usually
via hand-to-hand or fomes-to-hand transmission) and fail to remove these micro-
organisms via an effective handwash [3]. The contaminant microorganisms are
then passed to the food they are preparing and, in turn, passed to consumers
through its consumption. On the other hand, microorganisms that reside perma-
nently on the hand surfaces, the normal skin flora, rarely pose any threat of infec-
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tious disease to oneself or others [4,5]. These microorganisms are more important
in food spoilage, particularly in partially prepared foods such as precooked
chicken and fish.

The topical antimicrobial handwash products manufactured for removal of
contaminant microorganisms are generally both chemically and antimicrobially
very much like those used by healthcare personnel to wash between patient exam-
inations. Food service handwash products, however, should also effectively re-
move the ‘‘organic load’’ of food ingredients and fat. This is a critical point, one
that can limit and even prevent products very efficacious as healthcare personnel
handwashes from also being used as food handler/processor handwashes [6].

We at BioScience Laboratories, Inc. have developed an approach to testing
the antimicrobial effectiveness of food handler handwash products in a worst-
case situation, which we believe will provide accurate, precise, and reliable data.
It is based on the current Healthcare Personnel Handwash Evaluation published
in the FDA’s Tentative Final Monograph (TFM) with two exceptions [7]. First,
Escherichia coli (ATCC #11229) is substituted for Serratia marcescens (ATCC
#14756) as the hand-contaminating microorganism, and second, the hands are
inoculated not by pipette transfer, but by hand-kneading E. coli–contaminated
hamburger. This provides a worst-case simulation of the food industry’s hand-
cleansing requirements.

II. MATERIALS AND METHODS

Test solutions and media include the following:

Sterile stripping suspending fluid (SSF) [8].
Product neutralizing fluid with 0.1% Triton X-100 and other appropriate

product neutralizers to inactivate the antimicrobial action of the product
collected from the hands during the glove juice sampling procedure. Oth-
erwise, the antimicrobial compound is incubated with the microorgan-
isms, giving the product many hours to be in contact with the microor-
ganism. This would tend to portray the product as being more effective
than it really is.

Butterfield’s phosphate buffer solution (BPB) for use as the diluent in the
serial dilution schema [8].

MacConkey agar containing appropriate test product neutralizers for use
in selectively culturing the E. coli.

Tryptic soy broth (TSB) is suggested for use in neutralization assay and for
preparing the E. coli inocula to be distributed into the ground hamburger.

High-fat hamburger (20–25% fat) is used to provide an organic load, mak-
ing it more difficult for the product to remove the marker contaminative
microorganisms.
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III. TEST METHODS

A. Subjects

A sufficient number of overtly healthy subjects over the age of 18, but under the
age of 70, should be recruited into the study to ensure that at least 18 subjects
per product evaluated complete the study. A reference product should be included
in the study design to assure the internal validity of the study—i.e., that the
reference product provides the same efficacy in this study as it has demonstrated
in the past [9]. Insofar as possible, to ensure an unbiased sampling, subject groups
should be of mixed sex, age, and race. All subjects’ hands must be free of clini-
cally evident dermatoses, injuries to the hands or forearms, open wounds, hang-
nails, and/or any other disorders that may pose a health threat to the subject.
Standard institutional review board (IRB) procedures and protocols should be in
place and used throughout this evaluation.*

B. Product Neutralization

Prior to performing this evaluation, antimicrobial product neutralizers (inactiva-
tors) should be evaluated and confirmed effective for inactivating the antimicro-
bial compounds but not, themselves, inhibiting microbial growth. The American
Society for Testing and Materials (ASTM) document entitled ‘‘Standard Prac-
tices for Evaluating Inactivators of Antimicrobial Agents Used in Disinfectant,
Sanitizer, Antiseptic, or Preserved Products (ASTM E 1054-91)’’ provides the
methodology for this test. A standard, one-way (factor) analysis of variance
(ANOVA) model using a 95% confidence interval (α � 0.05) or a series of
Student’s t-tests corrected for repeated use can be employed to assure statistically
significant results from the assay.†

C. Pretest Period

A 7-day pretest period is adequate to assure elimination of any antimicrobial
action residual from use of medicated personal hygiene products. During this
period, subjects should be instructed to avoid using medicated hand soaps, hand
wipes, hand gels, lotions, deodorants, and shampoos, as well as skin contact with
solvents, detergents, acids, and bases or any other products known to affect the
normal microbial populations of the skin. Each subject participant should be sup-

* IRB oversight and approval, an FDA requirement, assures the safety of the human subjects em-
ployed in a test protocol.

† When multiple t-tests are performed, the estimated t-table values need to be modified at the α term.
The formula for this is α* � 1 � (1 � α)k, where k � number of t-tests performed, α � standard
alpha value, and α* � adjusted alpha value [10].
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plied a personal hygiene kit containing nonmedicated soap, shampoo, deodorant,
hand/skin lotion, and rubber gloves. The rubber gloves should be worn when
contact with antimicrobials, solvents, detergents, acids, or bases cannot be
avoided by the participant. Subjects should use the items in this kit for all relevant
personal hygiene needs throughout their participation in the study. Finally, partic-
ipants should avoid using ultraviolet (UV) tanning beds and swimming or bathing
in biocide-treated pools or hot tubs.

IV. ESCHERICHIA COLI CONTAMINATION

A. Inoculum Preparation

To prepare the E. coli (ATCC #11229) inoculum, a 10 mL tube of tryptic soy
broth should be inoculated with a loopful of a stock culture and incubated at
30 	 2°C for 24 	 2 hours. After the incubation period, 1.0 mL of the 10.0 mL
broth culture should be aseptically transferred to a 2-L flask containing 1 L of
sterile TSB, which is then incubated for 20 	 2 hours at 30 	 2°C and checked
for purity. The resulting culture is used to inoculate each 4 oz. (113 g) raw ham-
burger patty to achieve a contaminant level of approximately 5.0 � 108 CFU/
patty. The inoculated hamburger is then kneaded for 2 minutes by a gloved techni-
cian to distribute the E. coli uniformly throughout the patty. The hamburger
should be quantitatively assayed for recoverable, viable E. coli counts at the be-
ginning and end of the use period. That the raw hamburger often will have a
bioburden prior to its inoculation is accommodated by this step.

B. Subject Safety

For their safety, the human subjects should not be permitted to leave the labora-
tory test area for any reason, once testing begins, since their hands will be contam-
inated with E. coli. Additionally, subjects should be required to wear protective
laboratory aprons and be instructed not to touch their garments, faces, or any
other body parts with their contaminated hands during the testing period.

C. Test Period

Each subject will be employed for 4–5 hours on the test day. Each subject should
be required to clip his or her fingernails to a free edge of �1 mm. All jewelry
will be removed from the hands and arms prior to beginning the test period.

D. Practice Wash

A practice wash should be performed using a nonmedicated, bland soap em-
ploying the wash procedure to be used in testing. The practice wash will ensure
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that each subject understands and is capable of repeatedly performing the wash
procedure. The temperature of the water used for this and all subsequent wash
cycles should be controlled at 40 	 2°C.

E. Baseline Bacterial Count

On the test day, each human subject will handle and knead a hamburger patty
contaminated with E. coli for 2 minutes. This constitutes the bacterial inoculation
of the hands. This first inoculation cycle is used to provide ‘‘baseline’’ inocula-
tion recovery levels using the glove juice sampling procedure. It should be fol-
lowed with a 30-second handwash using nonmedicated soap. The subject will
repeat this procedure two additional times for a total of three baseline measure-
ments, which are then averaged.

F. Inoculation/Wash Procedures

After completion of the baseline sampling, each subject will manipulate an inocu-
lated hamburger patty and then wash with the assigned test antimicrobial product
according to label or supplied instructions. This will be followed by the glove
juice sampling procedure.

Each subject will complete this inoculation/wash procedure a total of 10
consecutive times, with a minimum of 5 and a maximum of 15 minutes between
procedures. The glove juice sampling procedure will be performed after
inoculation/wash cycles 1, 3, 7, and 10.

G. Wash Procedure

Following product application and hand-sampling, the subjects will be required
to perform a supervised 1-minute hand rinse with 70% ethanol, with an air-dry,
followed by a 4-minute wash with a 4% chlorhexidine gluconate (CHG) or 10%
povidone-iodine solution, and a water rinse to remove any residual E. coli (ATCC
#11229) from the hands.

H. Glove Juice Sampling Procedure

Following the prescribed wash, powder-free, loose-fitting sterile latex gloves are
placed on the subject’s hands. At the designated sampling times, 75 mL of sterile
stripping suspending fluid without product neutralizers are instilled into the sam-
pling gloves. The wrists are secured, and an attendant massages the hand through
the glove in a uniform manner for 60 seconds. A 5.0 mL aliquot of the glove
juice (dilution 10°) is removed and serially diluted in sterile stripping suspending
fluid with product neutralizers and Butterfield’s phosphate buffer solution.
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I. Bacterial Counts

Duplicate spread plates are prepared from each of these dilutions using MacCon-
key agar containing tested antimicrobial product neutralizers and incubated at
30 	 2°C for approximately 48 hours. Escherichia coli (ATCC #11229) will
produce purple colonies on MacConkey agar, and only those colonies should be
counted. Those plates providing E. coli (ATCC #11229) colony counts between
25 and 250 should preferentially be utilized as the data source. The estimated
number of viable microorganisms recovered from each hand is obtained from
the following formula (11):

R � 75�∑xi

n � 10�D

where:

R � estimated number of bacteria
75 � amount of stripping fluid dispersed into each sampling glove

� average of the duplicate agar plate counts∑xi

n
D � dilution level counted

Because the R-value represents an exponential mathematical distribution, statisti-
cal analysis should be conducted on a linearized data distribution. This is achieved
by using an R′ value in place of R, where R′ � log10 R.

J. Statistical Analysis

A pre-post experimental design is utilized to evaluate and compare the antimicro-
bial effectiveness [12,13]. For example, such a design for two test products and
one reference product would appear as follows:

Preproduct Application Samples Postproduct Application Samples

R(1) O(1)BL (1)BL (1)BL A(1) O(1)1 O(1)3 O(1)7 O(1)10

R(2) O(2)BL (2)BL (2)BL A(2) O(2)1 O(2)3 O(2)7 O(2)10

R(3) O(3)BL (3)BL (3)BL A(3) O(3)1 O(3)3 O(3)7 O(3)10

where R(1) � subjects randomly assigned to 1 of 3 products; A(1) � independent
variables (1 is test product 1, 2 is test product 2, and 3 is reference product);
O(1) i � dependent variables � microbial counts at baseline (BL) and after the
i th product use (washes 1, 3, 7, and 10).
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Prior to performing a statistical analysis, exploratory data analysis should
be performed on the data. Stem-leaf ordering, letter value displays, and box plots
are generated to assure the data collected approximate the normal distribution
[14]. If this is the case, a series of Student’s t-tests (adjusted for multiple compari-
sons) are conducted using the 0.05 level of significance for Type I (α) error.

K. Reliability

We have determined that, when using at least 18 subjects per product, the data
variability or standard deviation (S) is 	 0.5 log.* Hence, 18 subjects are enough
to ensure that Type I (α) error can be set at 0.05 and that Type II (β) error will
not be excessive. Recall that Type I error is the probability of concluding the
product is effective when it is not. This error, the most critical of the two, is
controlled by setting α at the 0.05 level or less. Type II error (manufacturers’
risk) is the probability of concluding that a product is not effective when it is.
If any doubts exist as to maintaining the sampling variability at �0.5 log, increas-
ing the subject sample sizes will be helpful.

V. OPTIONAL SKIN IRRITATION

It is important to understand the skin irritation potential of the product [15]. If
it causes irritation to the hands, it simply will not be used. Detergents irritate the
skin by damaging the stratum corneum, impairing its ‘‘barrier’’ functions, usually
by removing normal skin oils [3]. Additionally, they may be toxic to living epi-
dermis and the dermis cells. Increased levels of cytokines, which are associated
with skin allergies and irritation, have been observed in skin lymphatic fluids,
following skin exposure to sodium lauryl sulfate, an extremely common anionic
detergent.

The most commonly observed irritation effects include (1) soap effect,
where the skin appears shiny and wrinkled, (2) roughness, where the skin looks

* Using the formula equation [3]:

n � S2 �(zα/2 � zβ)2

D2 �
where n � sample size per product; S � known standard deviation of samples for log10 microbial
populations per cm2; Zα/2 � alpha level at 0.05 � 1.96 for two-tail test; Zβ � power of the statistic
(80%) � 0.842; D � clinical difference of significance to be ruled out (20%). A 20% reduction
from baseline of the control or reference product at a specific sampling time is considered adequate
for detecting significance.
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and feels rough, with fine scaling present, (3) redness, (4) swelling, and (5) cracks
and fissues [16]. Usually these effects appear in combination at different sites
on the skin and at different degrees of severity.

Although visual scoring of hand irritation indices are simple and generally
are effective in providing important information concerning irritation potential,
transepidermal water loss rate and skin moisture content (corneometer) measure-
ments are better (more accurate and precise) for such evaluations. These measure
the barrier function of the stratum corneum, a main indicator of skin irrita-
tion [16].

A. Skin Irritation Evaluations

A topical antimicrobial product can be usefully evaluated for its irritation poten-
tial, compared to that of competitors’ products in a multiple product study. One
can link the skin irritation and antimicrobial evaluations together or perform the
skin irritation study as a free-standing evaluation. For the latter approach, the
investigator must recruit a set number of human volunteers who meet protocol
and the institutional review board (IRB) requirements for participating in the
study. The subjects should be placed on a restricted ‘‘conditioning’’ products
regimen for 7 days, just as in the antimicrobial efficacy study. This has the ef-
fect of bringing all subjects’ skin conditions to a common state and eliminating
the biasing influences of extraneous products on outcomes for the tested prod-
uct(s). The subjects’ hands can then be ‘‘baseline’’ graded for dryness, swelling,
chaffing, rash, redness, cracking, fissures, etc. Depending on the study’s intent, a
visual examination or instrumented measurements of water loss and skin moisture
content can be performed to provide these baseline values.

The subjects then use the product(s) in a standardized manner for 10–50
washes per day over the course of 1–4 days. Following every wash, every fifth
wash, or some other predetermined standard interval, the hands are evaluated
visually and/or instrumentally.

When using transepidermal water loss or corneometer instrumentation,
standard parametric statistics—t-tests or ANOVA—can be applied to the data.
However, nonparametric statistical models are more appropriate than parametric
ones for analyzing data from visual grading, a subjective rating system [17].
Nonparametric statistics apply rank/order processes that do not utilize parameters
(mean, standard deviation, and variance) in evaluating data and also have the
advantage that data need not be normally distributed, as is required for parametric
statistics [18]. Thus, when using small sample sizes such as may be encountered
in pilot studies where the data distribution cannot be assured to be ‘‘normal,’’
nonparametric statistics are preferred [3].

Common nonparametric models include:
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1. The Mann-Whitney statistic: This test is the nonparametric analog of
the Student’s t-test [19]. It is used to compare two product groups to
one another. Unlike the parametric Student’s t-test, which must assume
a normal (bell-shaped) distribution, the Mann-Whitney statistic re-
quires only that the sample data collected be randomly selected.

2. Kruskal-Wallis model: This is the nonparametric analog of a one-factor
ANOVA model [16,20]. It is used to evaluate multiple groups in terms
of one factor—for example, the comparative irritation effects of five
different hand soaps.

VI. CONCLUSION

It is important, then, in manufacturing topical antimicrobial products for use in
the food industry that they be tested modeling environmental conditions (e.g.,
organic fat load). This will assure that the products sold are effective in degerming
the hands. Moreover, it is important to know the irritation potential of the product
so it can be designed as not only effective, but also nonirritating to the skin of
the user.
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V
Consumer Products

The first chapter in this section, Chapter 21, presents an argument for the appro-
priateness of using the healthcare personnel handwash evaluation procedure—the
one used in medical applications—to evaluate general consumer antimicrobial
products that will not be used in the medical sector. Chapter 22 presents alterna-
tive ways for evaluating consumer topical antimicrobial products. Chapter 22
points to the concern that consumer topical antimicrobial products, to be effec-
tive, need antimicrobial properties, as well as skin care properties. The final chap-
ter (Chapter 23) highlights characteristics important in the endeavor to develop
consumer topical antimicrobial products.
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21
Appropriateness of the Healthcare
Personnel Handwash Test in
Assessing Efficacy of Consumer
Handwashing Products

Bruce H. Keswick, Kathy F. Wiandt, and Ward L. Billhimer
The Procter & Gamble Company, Cincinnati, Ohio

I. INTRODUCTION

The Healthcare Personnel Handwash Test (HCPHWT) was originally proposed
to evaluate products specifically intended for use in healthcare settings [1] and
has become the standard evaluation tool for consumer antimicrobial products.
Consumers have many distinct and unique habits and practices that differ from
those found in the healthcare setting. The purpose of this chapter is to discuss
variables that can affect the performance of the test and its utility for evaluating
handwashing products used by consumers.

II. THE HEALTHCARE PERSONNEL HANDWASH TEST

The HCPHWT was designed to model a hospital setting where hospital personnel
come into contact with many patients and the frequency of handwashing is high
following potential exposures to pathogenic bacteria. The purpose of the
HCPHWT is to measure the reduction of transient bacteria after an initial contam-
ination and the continuing reduction of the transient bacteria following multiple
washes and contaminations.

The American Society for Testing and Materials (ASTM) published a Stan-
dard Test Method (EI174–94) for evaluating health care personnel handwash

315
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formulations [2]. It is based on the HCPHWT design proposed in the OTC mono-
graph [1]. This method is generally recognized as the industry standard and is
the method described in this chapter.

In the HCPHWT, the subjects’ hands are contaminated with a suspension
of Serratia marcescens. This species of bacteria produces a red pigment on agar
that distinguishes it from the other bacterial flora on the hands. In this test, the
subjects’ hands are contaminated 11 times, treated with test product 10 times,
and sampled 3 times to simulate a day’s activities.

For the base count, the subjects’ hands are contaminated with 5.0 mL of
S. marcescens (107–109 organisms). Immediately following contamination, bac-
teria are sampled using a glove juice/plastic bag sampling procedure. The glove
juice/plastic bag sampling procedure involves donning rubber gloves or affixing
plastic bags to the subjects’ hands and adding 50–75 mL of stripping solution
containing adequate neutralizers to the glove or bag. The hands are massaged
for 1 minute and an aliquot of the solution is removed for analysis.

To determine the efficacy of a test product, subjects’ hands are recontami-
nated with S. marcescens. After completing the contamination step, subjects per-
form a wash procedure with the product being tested. Organisms on the sub-
jects’ hands are then removed using the sampling procedure within 5 minutes of
treatment. Hands are sampled again after the subjects complete a total of 10
contamination/treatment regimens. Aliquots of the subjects’ sampling solutions

Figure 1 One-wash healthcare personnel handwash test.
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Table 1 Log10 Reduction After First and Tenth Washes with an Antimicrobial Agent

Number Baseline CFUa Postwash CFUa Differencea Percent
of washes Treatment (log10) (log10) (log10) reduction

1 Hibiclens® 7.24 	 0.10 4.31 	 0.31 2.94 	 0.29 99.88
10 Hibiclens® 7.24 	 0.10 3.61 	 0.35 3.63 	 0.31 99.98

N � 12 subjects.
a Mean colony forming units (CFU) 	 SD.

are diluted, plated, and incubated. Following incubation, the number of colony
forming units (CFUs) is enumerated (Figure 1). Antibacterial activity is deter-
mined by comparing the number of bacteria removed from the hands after one
and ten treatments with the product to the number of bacteria removed from
unwashed hands.

Table 1 shows results of a HCPHWT conducted on a healthcare formulated
product [3]. The data demonstrate that the bulk of bacteria are removed during
the first wash.

The 1994 Tentative Final Monograph (TFM) proposed that the HCPHWT
should be used to evaluate the effectiveness of antibacterial handsoaps [4]. For a
product to be considered effective, it should produce a 2 log10 reduction within 5
minutes of the first wash and a 3 log10 reduction following the tenth wash. The need
for increased removalof bacteriabetween the firstand tenth washwas notexplained.
However, any increase in removal could demonstrate a residual effect of the soap.

III. VARIABLES THAT CAN AFFECT THE OUTCOME
OF THE TEST

In a modification of the HCPHWT, certain variables such as the procedure for
inoculating hands twice with bacteria, glove juice extraction sampling efficiency,
cross-contamination of hands during the wash process, wash and rinse times,
neutralization of the active ingredient, subungual areas, and air-drying can impact
the outcome of the HCPHWT. Studies that have been conducted to develop an
understanding of these parameters and their effects on the outcome of the
HCPHWT will be described. All of these variables will be discussed in the con-
text of using this method for evaluation of consumer products.

A. Inoculating Hands Twice with Bacteria

In a modification of the HCPHWT, hands are inoculated and sampled two times.
The first inoculation and sampling are performed to determine a ‘‘baseline’’
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count, and the second inoculation is performed prior to washing hands with the
product and sampling to assess product efficacy. The efficacy of the product then
is determined by comparing the counts after washing to the baseline count (first
inoculation) and not to the actual number of bacteria placed on the hands immedi-
ately prior to washing with the product (second inoculation). It is assumed that
the number of bacteria placed on the hands before washing is not significantly
different from that of the first inoculation. Each inoculation step involves a degree
of human error, which can potentially increase variability. Increased variability
in the method can, in turn, decrease the sensitivity of the method and thus require
an increase in the number of subjects needed to accurately assess the efficacy of
a handwashing agent.

We devised a test to determine if the variability of the assay could be re-
duced by inoculating hands once with bacteria [4]. Eight subjects were enrolled
in the study. The subjects conducted a practice wash with an unmedicated soap
to clean their hands and learn the washing protocol. The subjects’ hands were
then contaminated with 5 mL of a suspension of S. marcescens (107–109 organ-
isms). One hand of each subject was sampled to obtain a baseline specimen and
the other hand was held in the air. The sampled hand was rinsed with water
following the baseline sample and thoroughly dried. The subjects then washed
their hands for 45 seconds with a bar soap containing an antimicrobial ingredient
(1.5% 3,4,4′-trichlorocarbananilide, TCC). Both hands were then sampled using
the plastic bag sampling procedure. The results from this study demonstrated that
the antibacterial bar soap reduced the bacterial count by 2.5 log. The variability
in the baseline counts was less than the previous study conducted according to the
ASTM guidelines . Baseline recovery was 5.74 1og10 with a standard deviation of
0.413. For the test in which the traditional recovery was conducted, the baseline
counts were higher (7.94 1og10), with a standard deviation of 0.603. In conclusion,
inoculating hands once and performing baseline and test sampling on alternate
hands reduced variability.

B. Inoculating Hands with a Large Volume

The HCPHWT suggests inoculation of the hands with 5 mL of the bacterial cul-
ture. Dosing the hands with such a large volume affects the consistency of bacte-
rial loading from subject to subject and can result in loss of inoculum ‘‘down
the drain.’’ Experiments have been performed in which hands were dosed with
three separate 1.5 mL aliquots (for a total of 4.5 mL) [5]. Each aliquot of the
suspension was added to the subjects’ hands, and they were instructed to rub the
smaller aliquot on all surfaces (below the wrists) for approximately 20 seconds.
The suspension was allowed to dry for approximately 30 seconds. This process
was repeated two times. Following the final application, the hands were allowed
to air dry for approximately 1 minute. Baseline count data from such studies
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Table 2 Survey of Baseline Counts of HCPHWT Studies Conducted 1993–1997

Inoculum Log10 count (mean and
Study dose method standard deviation)

A Single 7.51 	 10.192
B Single 8.00 	 0.602
C Single 7.94 	 0.604
D Single 7.60 	 0.423
E Single 6.64 	 0.385
F Split 7.60 	 0.453
G Split 7.10 	 0.186
H Split 6.93 	 0.159
I Split 7.34 	 0.163
J Split 7.15 	 0.105
Range—Single Standard Deviation 0.192–0.604
Median—Single Standard Deviation 0.423
Range—Split Standard Deviation 0.105–0.453
Median—Split Standard Deviation 0.163

suggest that the variability is nearly one-third that observed in previous studies
where the single dose method has been used. A survey of 10 HCPHWT stud-
ies conducted between 1993 and 1997 included five single-dose inoculation stud-
ies (Table 2). The survey revealed that the range of standard deviations for the
log10 baseline counts from the single dose studies was 0.192–0.604 while the
range of standard deviations for the log10 baseline counts from the split inoculum
studies was 0.105–0.453. The median standard deviation for the single dose and
the split inoculum group was 0.423 and 0.163, respectively [5]. ASTM has con-
curred with our recommendation and is currently in the process of revising the
standard method to include inoculation with three 1.5 mL aliquots [6].

C. Extraction Efficiency and Cross-Contamination
of Hands During the Wash

The glove juice method is considered to be an aggressive sampling technique;
however, results of experiments described above suggest that it does not recover
100% of bacteria placed on the skin. We conducted a study to specifically deter-
mine the extraction efficiency of the glove juice/plastic bag sampling procedure
[7]. In addition, the transfer of bacteria from one hand to the other as a result of
the wash process was determined. Subjects first washed their hands with soap to
remove bacteria and practice the protocol. Following the wash protocol, the sub-
jects’ hands were rinsed with ethanol. A sterile glove was then placed on one
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hand of each of the subjects. The glove was used to prevent exposing the skin
surface of the hand to bacterial contamination. Next, hands were inoculated with
106 organisms of S. marcescens. The nongloved hand was sampled three succes-
sive times using the glove juice/plastic bag method, and removal of the marker
bacteria was determined. For the next part of the study, the exposed hand was
rinsed to remove any excess stripping solution. Both hands were then recontami-
nated (one hand was still covered with the glove). The glove was then removed.
After being washed with a nonmedicated soap, both hands were sampled using
the glove juice/plastic bag method.

The results from this study demonstrated that each subsequent sample from
the bag juice method recovered bacteria . The bacterial recovery from each sam-
ple was 6.38, 4.08, and 3.54 log, respectively. The efficiency of the baseline
recovery was 88.2%. The efficiency of the first sampling was 66.7%. Additional
extractions did not appreciably increase the percent recovery (albeit the inoculum
actually increased as the number of contaminations increased) . There is an oppor-
tunity to increase the bacterial recovery or identify a different recovery method
for the HCPHWT. After the final contamination and wash, 3.56 and 2.18 log of
bacteria were recovered from the nongloved and gloved hand, respectively. This
indicates that bacteria are transferred from one hand to the other during hand-
washing, emphasizing the need for handwash products that prevent transfer and/
or have residual activity.

D. Wash and Rinse Times

The wash and rinse procedure outlined in the standard method recommends dis-
pensing 5 mL of product or the amount specified by the manufacturer onto the
hands [2,4]. Hands should then be lathered for 30 seconds and rinsed for 30
seconds. A parallel-designed study was conducted to determine the impact of
handwashing time on subsequent germ removal [8]. Ninety subjects were enrolled
into a preconditioning period. Those who returned to the test site were evaluated
for participation in the study, qualified to participate in the study, and conducted
a practice wash for 15 seconds and a rinse for 30 seconds. The subjects’ hands
were then rinsed with alcohol and contaminated with the marker organism S.
marcescens. One hand was sampled via the glove juice method. Following base-
line sampling, the subjects’ hands were rinsed with water, alcohol, dried, and
then recontaminated and washed with 5 mL of test product. The subjects lathered
for 10, 20, or 30 seconds, or 1, 2, or 10 minutes. After being rinsed for 30 seconds,
the subjects’ hands were sampled as described above. The results are listed in
Table 3. As shown, the number of bacteria removed by the glove juice method
was not affected by lathering time.

These data suggest that the wash time over 10 seconds in the HCPHWT
does not influence the efficacy of the hand soap. Rinse time, product amount,
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Table 3 Log10 Reductions Provided in HCPHWT with Variable Lather Times

Baseline CFU Postwash CFU Difference
Lather time (log10) (log10) (log10)

10 sec 8.94 6.51 2.43
20 sec 9.16 6.89 2.27
30 sec 9.94 6.63 2.31
1 min 8.75 6.59 2.16
2 min 9.94 6.72 2.22
10 min 9.10 6.49 2.61

8.97 	 0.34a 6.64 	 0.151a 2.33 	 0.43a

N � 15 subjects for each time point.
Rinse time was held constant at 30 seconds.
CFU � Colony-forming units.
a Mean 	 SD.

and other wash parameters may have a greater influence on the test than the
actual ‘‘wash’’ times. The wash and rinse times examined in this HCPHWT are
not reflective of the consumer wash experience consisting of about 7 seconds
lathering and 8 seconds rinsing [9]. A second study was conducted using the
HCPHWT incorporating a range of wash and rinse times. This study was con-
ducted to assess the performance of plain soap and water in the HCPHWT under
consumer-relevant wash and rinse times. Thirty subjects were enrolled into this
study. Five subjects were used to evaluate a single test product (Babysan®) and
one of six wash procedures (Table 4).

Subjects conducted a practice wash and rinse. The subjects’ hands were
then rinsed with alcohol and contaminated with the marker organism S. marces-
cens. The hands were sampled via the glove juice method. Following baseline

Table 4 Wash and Lather Time Procedures

Wash Lather time Rinse time
procedure (sec) (sec)

A 5 2
B 5 8
C 5 16
D 15 2
E 15 8
F 15 16
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sampling, the subjects’ hands were rinsed with water, alcohol, dried, and then
recontaminated and washed with 2 mL of test product. The subjects lathered their
hands for 5 or 15 seconds and rinsed for 2, 8, or 16 seconds. The subjects’ hands
were sampled as described above. The results are listed in Table 5. As shown,
the number of bacteria removed by plain soap was not affected by lathering time
or rinse time. These studies demonstrate that equivalent bacteria are removed
from the hands using different handwash procedures; however, while all the pro-
cedures removed approximately 2 log10 of bacteria, there were 5 log remaining
on the hands postwash. The HCPHWT evaluates the reduction of bacteria from
the hands but does not address the amount of bacteria left behind.

E. Neutralization

As outlined, the HCPHWT recommends neutralization and references the ASTM
E1054-913 standard for ‘‘Evaluating Inactivators of Antimicrobial Agents Used
in Disinfectant, Sanitizer, Antiseptic or Preserved Products’’ [10]. The ASTM
method for neutralization gives general guidelines but does not specify steps
needed to actually neutralize product in a handwash test. Furthermore, the
HCPHWT indicates that neutralization may be accomplished by the 75 mL dilu-
tion factor without adding neutralizers to the stripping solution. Without the pres-
ence of neutralizers, the antimicrobial agent can continue acting in the samples
up until bacteria are counted and falsely inflate the benefit provided by the antimi-
crobial agent. Benson et al. conducted an in vitro HCPHWT to determine whether
neutralizers should be added to the stripping solution [11]. In this study, pieces
of pigskin were contaminated with S. marcescens and washed 5 times with a 4%
chlorhexidine gluconate handwashing product. When tests were performed with
and without neutralizers in the dilution blanks but with adequate neutralizers in
the stripping solution, there were no significant differences in numbers of bacteria
surviving after five washes or each wash . When the tests were conducted without
neutralizers in the stripping solution, significant differences were seen between
the first and fifth washes. The skin sampled with neutralizing stripping solution
achieved a 1.9 log reduction after the first wash and a 2.3 log reduction after
the fifth wash. The pigskin sampled with the nonneutralizing sampling solution
achieved a 3.2 log reduction after the first wash and a 6.1 log reduction after the
fifth wash. The results of these studies indicate that adequate neutralization in
the stripping solution is necessary to reflect the true activity of an antimicrobial
ingredient.

F. Subungual Areas as Reservoirs for Bacteria

Several investigators have shown that the subungual regions of the hands serve
as a reservoir for bacteria [12–14]. McGinley et al. measured the number and
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types of bacteria remaining on hands of healthcare workers after six consecutive
washes [13]. The base of each digit (five sites), palmar surface (three sites), mid-
dorsal surface (one site), interdigital spaces (four sites), outer surface of each
fingernail (five sites), and the subungual spaces of each finger (five sites) were
sampled. Serial sampling of each site yielded no significant differences in the
bacterial recovery from the first to the sixth sample. The number of bacteria
recovered from the subungual region was significantly higher than that of all
other sites, suggesting that the subungual region was the source of continual
bacterial shedding.

Leyden et al. studied the contribution of the subungual region to the contin-
ual shed of normal flora using the glove juice extraction method [14] . The nail
beds on one hand were sealed with an acrylic polish and the nail beds on the
other hand were not. The hands were serially scrubbed with a plain detergent six
consecutive times. Whereas the bacteria recovered from the hands with sealed
nail beds demonstrated a decay curve, the hands with ‘‘open’’ nail beds recovered
bacteria continually. Furthermore, product treatments reduced the level of normal
flora of the hands significantly when the subungual regions were sealed but not
when they were open. Leyden et al. concluded that since the subungual flora was
not likely to be a significant factor in the transfer of bacteria, the glove juice
extraction method may not be appropriate for evaluating agents designed to de-
germ the skin surface.

The subungual experiments conducted by McGinley and Leyden demon-
strates the impact of subungual areas on normal flora population estimates of the
hands. We conducted a study to determine if the subungual areas serve as a
reservoir for marker bacteria when using the glove juice extraction method to
evaluate liquid soap products [15].

Eight subjects were enrolled into the study. The nail beds on one hand of
each subject were sealed with acrylic nail polish, while those of the other hand
were kept open. For the base count, the subjects’ hands were inoculated with E.
coli. Immediately following the contamination step, the organisms on the sub-
jects’ hands were sampled using a plastic bag sampling procedure. The subjects’
hands were sampled two more times using this procedure to determine the effi-
ciency of recovery of bacteria.

For the test procedure, subjects’ hands were contaminated with the test
organisms. Subjects treated their hands once with a liquid soap product. They
washed their hands for 30 seconds and rinsed for 15 seconds. Afterward, hands
were sampled three times using the plastic bag sampling procedure. Aliquots
of the three sampling solutions were diluted, plated, and incubated. Following
incubation, the number of CFUs was enumerated. Antibacterial activity was de-
termined by comparing the number of bacteria removed from the hands after
washing once with the test product to the number of bacteria removed from un-
washed hands.

Sequential extractions from the hands continued to yield E. coli (Fig. 2).
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(A)

(B)

Figure 2 (A) Effect of sealing nail beds on recovery of transient bacteria: baseline
comparison between sealed and unsealed nails. (B) Effect of sealing nail beds on recovery
of transient bacteria: product comparison between sealed and unsealed nails.

However, fewer organisms were recovered with each additional extraction. The
recovery technique was equally efficient for both sealed and unsealed nail beds,
regardless of the number of extractions. Under the conditions of this study, no
significant differences in bacterial counts from hands with sealed or unsealed
subungual areas were observed after any of the extractions. In addition, sealing
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the subungual areas of the hands had no significant impact on the performance
of any of the test products (regardless of the number of extractions performed),
suggesting that, in contrast to normal flora, the subungual areas did not serve as
a reservoir for marker bacteria when sampling using the glove juice method.
Leyden et al. concluded that the glove juice extraction method continuously re-
covers normal flora from the nail bed regions and can impact evaluation of prod-
uct performance. Our data suggest that for protocols using a marker organism,
the subungual region does not impact the recovery of the organism or the evalua-
tion of product performance.

G. The Effect of Air-Drying and Resident Time
of Sampling

The effects of air-drying and desiccation on organisms can impact the final results
of the HCPHWT. We conducted a small pilot study to determine the efficiency
of the sampling process and to understand why many organisms remain on the
hands [16]. Hands were contaminated with S. marcescens and allowed to air-dry
for 4–8 minutes before sampling. Baseline counts were reduced by over 1 log in
the 4- to 8-minute drying period, demonstrating that the time between collecting
samples and conducting the test procedures can greatly influence the results of
the HCPHWT. A standard air-drying time needs to be incorporated into the
HCPHWT to provide consistency of the method. Such a standard should apply
to the baseline as well as the posttreatment sampling.

IV. DRAWBACKS OF HCPHWT FOR ASSESSING
EFFICACY OF HANDWASHING IN CONSUMERS

The HCPHWT was designed to assess the efficacy of products for use by health-
care workers, who wash their hands after frequently contacting potentially in-
fected patients. The method is not ideal for assessing efficacy of consumer prod-
ucts because it does not encompass the myriad of sources of contamination in
consumers or model their handwashing habits and frequency.

A. Source of Contamination

The Cosmetic, Toiletry, and Fragrance Association (CTFA) and the Soap and
Detergent Association (SDA) have identified nine situations in which consumers
have the potential to acquire bacteria that could lead to infection [17]. These
include changing diapers, home hospice care, preparation of family meals, con-
tact with pets, gardening or yard work, and travel and recreation. Many of these
activities involve bacterial contamination in the presence of an organic load.
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In consumers, the potential is high for transfer of bacteria to people from
objects or other people. Jiang et al. demonstrated the rapid transfer of contami-
nants from objects to the hands in a daycare setting [18]. In this study, toy balls
were introduced with DNA markers on them. The DNA markers were used to
represent the spread of potentially pathogenic organisms. The study showed that
within 24 hours of introduction of the probes, 62% of the hands of infants and
teachers were contaminated. Hand touching was attributed as one of the major
factors in the spread of the marker DNA, suggesting that bacteria are also spread
in this manner.

The HCPHWT employs inoculation with a standard culture in a liquid
(broth) medium, in the absence of an organic load. The HCPHWT guidelines
specify the use of standard American Type Culture Collection (ATCC) organisms
grown for 24 	 4 hours [2]. However, wild strains of organisms transferred from
consumer sources such as fecal matter may behave differently than a laboratory
culture that has been maintained on standard media. The amount of organics
present in the inoculum could increase survival of transient organisms by pro-
tecting them from cellular dehydration or by coating the cells and serving as a
barrier from the active ingredients. Also, organic load could potentially inactivate
an antimicrobial agent through protein binding or effectively blocking active sites
on the molecule. While the broth culture in the HCPHWT provides some organic
materials, it is at such a low level that it does not adequately model consumer-
soiling situations where organic loads may be higher such as grease and feces
from diapers, for example.

Broth inoculation is performed in the HCPHWT for standardization and
logistical ease. However, placement of the organism in a high-moisture environ-
ment could potentially affect the product’s active system by increasing solubiliza-
tion and bioavailability. We conducted a pilot study to determine the impact of
inoculum source on the effectiveness of an antibacterial product. Bacteria were
transferred from a wet source, a dry surface, or a moist surface [19]. A technician
wiped one of the subjects’ hands for 15 seconds with an antibacterial hand prod-
uct containing benzalkonium chloride prior to bacterial inoculation. The other
hand was not treated to serve as a control. The palm surface of the first group
of subjects was contaminated with 1.5 mL of a suspension of E. coli. The broth
culture represented a wet inoculum source similar to the HCPHWT inoculum
(high level wet). The fingertips of the second group of subjects were contaminated
by rubbing them across a glass surface that had been treated with E. coli. The
glass slide represented a dry surface. The third group of subjects contaminated
their fingertips by rubbing them on an agar surface previously inoculated with
E. coli. The agar plate represented a moist surface. The fingertips of the final
group were inoculated by placing 10 µL of the E. coli suspension on each finger-
tip. This represented a wet source area–specific inoculum (lower level wet). An
assigned fingertip on each hand was sampled within 1 minute of inoculation using
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Table 6 Bacterial Recovery Immediately After Treatment

No treatment Hand wipe
bacteria recovered bacteria recovered Standard Difference

Method of inoculation (log10) (log10) deviation (log10) p-value

1.5 mL of broth cul- 6.2 5.2 0.808 1.0 0.067
ture on whole hand

Wet transfer–place- 6.4 6.1 0.808 0.3 0.5213
ment of inoculum
on the fingertip

Moist transfer 4.3 3.2 0.808 1.1 0.058
Dry transfer 2.5 3.9 0.808 �1.4 0.0142

an agar imprint method [20]. Another fingertip was sampled 15 	 1 minutes
after inoculation to determine the residual effects of the product.

For sample analysis, the agar was removed from the imprint plates and was
placed into a sterile centrifuge tube containing an extraction buffer. The sample
was vortexed to adequately remove the organisms from the agar surface. Aliquots
of the subjects’ sampling solutions were diluted, plated, and incubated. Following
incubation, the number of CFUs were enumerated.

The results of the immediate and the 15-minute post-treatment study are
listed in Tables 6 and 7. The data indicate that moisture level of the inoculum
source can influence bacterial counts and impact results of studies designed to
test efficacy of an antibacterial product. Furthermore, the consistency of the re-
sults declines as subjects acquire bacteria from sources other than a broth culture.
Because consumers are often exposed to bacteria by touching contaminated ob-
jects, use of a broth inoculate may not always be appropriate when assessing the

Table 7 Bacterial Recovery 15 Minutes After Treatment

No treatment Hand wipe
bacteria recovered bacteria recovered Standard Difference

Method of inoculation (log10) (log10) deviation (log10) p-value

1.5 mL of broth cul- 4.3 2.2 0.790 2.1 0.0023
ture on whole hand

Wet transfer—place- 3.6 2.8 0.790 0.8 0.1370
ment of inoculum
on the fingertip

Moist transfer 1.3 0.4 0.790 0.9 0.1425
Dry transfer 2.8 2.2 0.790 0.6 0.3685
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efficacy of products designed for consumers. The conditions of use for such prod-
ucts need to be considered as well to establish the appropriate exposure scenario.

B. Handwashing Habits

The HCPHWT models the behavior of healthcare workers, so it is based on the
worker-patient relationship whereupon a worker contacts a patient (the bacterial/
viral source) and then immediately washes his or her hands. Consumers typically
are in contact with a wide variety of bacterial sources during the day and do not
wash their hands after each encounter. They may not wash their hands if they
do not perceive them as being dirty. Studies have shown that consumers wash
their hands at certain intervention times (i.e., after using the restroom, preparing
meat, wiping the kitchen countertop with a sponge, or removing laundry from
the washer). While the U.S. Centers for Disease Control and Prevention (CDC)
guidelines recommended that healthcare workers wash their lathered hands for
at least 10 seconds followed by adequate rinsing [24], observation studies referred
to earlier suggest that consumers typically wash and rinse their hands for a total
of less than 8 seconds [9].

After washing their hands, consumers usually dry them with a towel, paper
towel, or air-dryer. The HCPHWT does not incorporate a hand-drying step in
the protocol. This allows for consistency within the method; however, omitting
this from the protocol ignores a commonly performed step as part of the hand-
washing process. This parameter needs to be accounted for when evaluating effi-
cacy of antibacterial products because towel drying will physically remove bacte-
ria from the hands [21,22]. Ansari et al. compared the removal of rotavirus and
E. coli from hands using three different hand-drying protocols and four different
handwashing agents [22]. Fewer organisms were found on hands that were dried
than on those that were not. Thus, when evaluating the efficacy and the benefits
provided by antimicrobial handwashes, the method should incorporate a pre-
scribed hand-drying technique. The incorporation of towel drying may introduce
high levels of variability to a standardized method; however, typical behavior
when consumers use the product should be part of any protocol in order to accu-
rately ascertain the overall advantages from the wash product.

The type of product form to be evaluated in the HCPHWT can affect the
outcome of the test. The HCPHWT was specifically designed to evaluate tradi-
tional rinse-off products for healthcare workers. This method may not be appro-
priate for other types of hand cleaners. Alternative products to soap and water
such as hand sanitizers and towelettes are being marketed to consumers. These
product forms are generally used when soap and water are not available. The
appropriate way to evaluate the efficacy of ‘‘leave-on’’ alternative hand hygiene
products is being debated. The European community is recommending the CEN
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hand rub method [23], while the United States continues to evaluate all antibacte-
rial products using the HCPHWT. A hand product that can be used where there
is no soap and water available may be beneficial to consumers. Therefore, it is
important for investigators to use a method that models intended uses of alternate
products and accurately evaluates their efficacy.

V. SUMMARY

The HCPHWT has been the traditional evaluation tool for antibacterial soap prod-
ucts in the United States. This is a controlled, clinical method with a historical
database. Although it was intended to model in the healthcare setting, it has been
used as the basis to support marketed claims for antibacterial soap products for
both consumer and professional use. The above discussions demonstrate that the
HCPHWT method does not provide control for many of the variables that can
influence the performance of test products ( especially consumer products). Con-
sequently, use of this test may not adequately evaluate the efficacy of products
intended for use by consumers. A need exists for additional test methods specifi-
cally designed to evaluate consumer products while modeling real-world condi-
tions.
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Development of Methods to
Evaluate Efficacy of Handwashing
Products for Consumers
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I. INTRODUCTION

The purpose of this chapter is to discuss the need for and the development of
methods to evaluate the efficacy of handwashing in the consumer product realm.
Studies to assess how, where, and to what extent consumers acquire bacteria will
be described. Examples will be provided that demonstrate how data derived from
such studies can be used to estimate the level of risk associated with bacterial
exposure in the nonhealthcare setting. Newly developed methods that are more
reflective of the consumer’s handwashing experience will also be described.

II. CONSUMER DATA THAT SUPPORT DEVELOPMENT
OF NEW METHODS

The first step in developing a consumer-relevant handwashing model is to identify
how consumers are exposed to and transfer bacteria. As shown below, the impor-
tance of developing a consumer-relevant model is underscored by the increasing
potential for contamination due to societal changes and food importation and
the ability of consumers to transfer large numbers of bacteria when conducting
seemingly innocuous activities.

333
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A. Impact of Societal Trends on Consumer Infection

Sattar et al. discussed the impact of changing social trends on infectious diseases
in industrial nations [1]. These investigators observed that in the last 20 years,
as healthcare costs have risen, acute-care hospital admissions have decreased
dramatically. During this time period, the number of days per hospital stay de-
creased from 12 to 5 days. Consequently, the number of patients in home care
and thus the potential for infectious disease spread in the home have increased.

Jackson and coworkers have found that up to 99% of foodborne infections
in the developed world go unreported [2]. The Council for Agricultural Science
and Technology estimates that in the United States, between 6.5 and 30 million
infections per year are foodborne [3]. Increased importation and consumption
of noncooked/minimally cooked fresh fruits and vegetables are associated with
increased risk of illness and outbreaks.

Sattar and associates also hypothesize that social changes caused by dual
income families may be responsible for spread of infectious diseases in industrial-
ized countries [1]. Three fourths of all American children younger than 5 years
old are in some form of childcare. This amounts to 13 million preschoolers and
6 million babies. This setting enhances transmission of pathogens between chil-
dren who have not fully developed immunity to many infectious diseases. In-
creased mobility of the society and worldwide travel also translate to higher po-
tentials for exposures to exotic diseases and the carriage of such diseases back
home.

B. Sources of Consumer Contamination

In a study conducted by Scott et al., sites in over 200 homes were surveyed for
bacterial recovery [4]. These investigators found that many sites in the home
(particularly wet sites in the kitchen and bathroom) can harbor potentially patho-
genic bacteria that may cause human infections. In an additional study, Scott et
al. established the survival rates and the potential for cross-contamination of bac-
teria from laminated surfaces and cloths to fingertips [5]. The investigators found
that bacteria could survive and be transferred to the hands up to 24 hours after
contamination of the surface. This research demonstrates that consumers can en-
counter and transfer bacteria from their environment.

Rusin and coworkers have conducted three critical studies in order to under-
stand bacterial acquisition and transfer potential to the mouth. The first of these
studies measured microbial load on the hands following the day-to-day activities
of ‘‘typical’’ consumers [6]. The hands of study participants were sampled after
preparing a meal including a vegetable or fruit salad and meat; exiting a public
restroom; cleaning the bathroom sink, toilet, and kitchen sink; doing laundry; or
petting a household dog or cat. The hands of children returning from school
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or daycare were also sampled. Participating subjects conducted the activity and
answered a survey designed to define various parameters associated with the
activities.

With the exception of children returning home from school, participants
disinfected their hands with alcohol before performing the designated activity.
A record of handwashing was recorded following exiting a public bathroom.
After the subjects completed the assigned activity, both hands were sampled by
swabbing the palm side of the hands and hand size was recorded. Samples were
collected, placed on ice, and returned to the laboratory for analysis. Samples were
analyzed using standard microbiological procedures. The total number of bacteria
and the number of coliforms and fecal coliforms were recorded. The summary
statistics are listed in Table 1.

Rusin found the activities resulting in bacterial contamination of the hands
to rank in descending order of contaminating potential as follows: (1) meal prepa-
ration, (2) cleaning the house, (3) petting a dog or cat, (4) returning home from
school, (5) doing laundry, and (6) exiting a public restroom. The handling of raw
chicken correlated with lower bacterial numbers than ground beef and other
meats. The use of cleaning products with bleach did not result in lower bacterial
loads on the hands after household cleaning. This may be due to contamination
by cleaning with a kitchen sponge. However, hand contamination by handling
laundry was reduced by the use of hot water, small washer loads, and detergent
containing bleach. The petting of a dog resulted in only a 0.44 log greater bacterial
contamination than petting a cat. Bathing of a pet did not reduce bacterial counts.
There was a positive correlation between bacterial numbers and percent of time
the animal spent outdoors.

These results suggest that everyday activities (especially meal preparation
and household cleaning) can result in considerable contamination of the hands.
The variation in the amount of bacteria acquired on the hands is very large. This

Table 1 Bacterial Recovery After Performance of Everyday Activities

Subjects Bacteria recovered Minimum Maximum
Activity (N) (log10)a (log10) (log10)

Meal preparation 20 5.01 	 0.33 2.1 7.9
Exiting a public restroom 21 3.53 	 0.10 2.7 4.6
Household cleaning 20 4.50 	 0.33 2.7 9.5
Laundry 20 3.99 	 0.30 2.4 8.9
Handling a pet (dog or cat) 20 4.46 	 0.21 3.2 7.8
Children returning from 20 4.24 	 0.27 3.2 8.9

school or daycare

a Mean 	 SE.
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variation is demonstrated by observing the minimum and the maximum log recov-
ered on the hands conducting similar activities. While precautions such as hand-
washing or disinfection are important to interrupt cross-contamination in the
home, potential microbial contamination hazards or ‘‘hot spots’’ may not always
be obvious to the consumer. Consumers generally perceive a potential microbial
risk associated with toileting and will wash their hands before exiting the rest-
room. The 20 participants exiting public restrooms in the Rusin study indicated
they had washed their hands after using the toilet. The bacterial counts from their
hands were relatively low (maximum log10 count 4.6). In contrast, handling wet,
clean laundry does not present an obvious microbial risk to the consumer since
they generally perceive the laundry to be clean and free of contaminants. How-
ever, Rusin demonstrated that, in fact, the microbial counts on the hands recently
in contact with ‘‘clean’’ laundry can have nearly twice the level (maximum log10

count 8.9) observed on the hands after exiting a public restroom.
A second study conducted by Rusin et al. characterized the transfer effi-

ciency of a pool of known microorganisms from different objects to hands [7].
The transfer rates from common objects that had been seeded with a known
inoculum were established in these studies. Surfaces of the objects were prepared
by inoculation with a pool of Serratia rubidea, Micrococcus luteus, and coliphage
PDR-1. The study participants conducted an alcohol rinse and a soap-and-water
control wash prior to handling the contaminated objects (fomites) listed below:

Sponge/Dishcloth—Subjects wrung out a sponge/dishcloth for 10 sec-
onds.

Laundry—Subjects transferred a load of laundry to the dryer.
Faucet handle—Participants turned the faucet on and off two times.
Carrot—Participants cut a carrot into pieces.
Hamburger—Participants prepared four hamburger patties from one

pound of inoculated hamburger meat.
Phone receiver—Subjects held an inoculated receiver as if answering a

phone for 30 seconds.

Following transfer, the subjects’ hands were air-dried for 1 minute. Hands were
then sampled by swabbing the entire palm side of the hand, and the size of the
hands was recorded. Samples were diluted, plated, and incubated using standard
microbiological procedures. Following incubation, the number of colony-forming
units (CFUs) or plaque-forming units (PFUs) was enumerated and the transfer
efficiency for each organism from the object to the hand was determined. The
results from this study are presented in Tables 2 through 4.

These data indicate that under controlled conditions, bacteria/bacterio-
phage are transferred to the hands from objects. In most cases, transfer efficien-
cies are extremely low (in terms of percent); however, the number of organisms
that transfer to the hands from commonly contacted items are relatively high in
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Table 2 M. luteus Transfer from Fomites to Hands

Bacteria on Bacteria recovered Transfer
Type of fomite fomite (log10)a from the hand (log10)a efficiency (%)b

Dishcloth 10.44 6.42 0.01
Sponge 9.58 5.50 0.01
Faucet 5.65 5.11 40.03
Carrot 9.05 5.84 0.07
Hamburger 9.79 5.23 0.02
Phone 6.13 5.71 41.81
Laundry—100% 9.73 5.70 0.04
Laundry—50:50 9.39 5.51 0.02

a Mean.
b Inverse log of bacteria recovered from hand 
 inverse log of bacteria on fomite � 100.

some cases (i.e., 5–6 log10 bacteria). The study shows that consumers can come
into contact with potentially infectious organisms while performing seemingly
innocuous tasks. These organisms can cross-contaminate other sources, people,
or the carriers themselves.

The final study conducted by Rusin et al. was to determine the transfer rate
of bacteria from hands to the mouth [7]. Twenty healthy male and female subjects
participated in the study. Two of the study participants’ fingertips were dosed
with a pool of S. rubidea, M. luteus, and PDR-1 coliphage (106 CFU/mL). The
subjects placed one of their fingertips on the center of their lower lip for 10
seconds. The fingertip that touched the lip and the area of contact on the lower

Table 3 Coliphage PRD-l Transfer from Fomites to Hands

Bacteria on Bacteria recovered Transfer
Type of fomite fomite (log10)a from the hand (log10)a efficiency (%)b

Dishcloth 9.85 5.47 0.01
Sponge 10.44 5.98 0.01
Faucet 4.90 4.22 33.47
Carrot 7.97 4.95 0.12
Hamburger 8.77 3.93 0.00
Phone 4.44 4.21 65.80
Laundry—100% 8.73 3.16 0.00
Laundry—50:50 8.34 2.27 0.00

a Mean.
b Inverse log of bacteria recovered from hand 
 inverse log of bacteria on fomite � 100.
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Table 4 S. rubidea Transfer from Fomites to Hands

Bacteria on Bacteria recovered Transfer
Type of fomite fomite (log10)a from the hand (log10)a efficiency (%)b

Dishcloth 10.34 4.94 0.00
Sponge 11.06 6.02 0.00
Faucet 5.60 4.74 27.59
Carrot 8.97 5.37 0.04
Hamburger 9.91 4.64 0.00
Phone 5.84 5.27 38.47
Laundry—100% 9.79 3.92 0.00
Laundry—50:50 9.01 3.16 0.00

a Mean.
b Inverse log of bacteria recovered from hand 
 inverse log of bacteria on fomite � 100.

lip were sampled by swabbing. The additional fingertip that was inoculated was
swabbed to determine the amount of original inoculum. After the sampling was
completed, the samples were diluted, plated, and incubated using standard micro-
biological procedures. Following incubation, the number of CFUs and PFUs was
enumerated and the transfer efficiency for each organism from the hand to the
mouth was determined. As shown in Table 5, all three organisms consistently
transferred from the fingertip to the lip.

This controlled laboratory study demonstrated that bacteria can readily
transfer to the mouth at significant levels. There is evidence that survival of bacte-
ria posttransfer on the hands provides multiple opportunities for oral exposure
of bacteria. This study begins to quantify and establish rates in which bacteria
acquired from the environment can transfer orally via the hands.

Table 5 Bacterial Transfer from Hands to Mouth

Bacteria
Inoculum placed Bacteria recovered from Transfer

on the finger recovered from fingertip after efficiency
Organism (log10)a lip (log10)a transfer (log10)a (%)b

M. luteus 6.39 5.23 5.50 38.73
coliphage PDR-1 5.78 4.22 4.53 33.90
S. rubidea 6.66 4.73 5.06 33.97

a Mean.
b Inverse log of bacteria recovered from hand 
 inverse log of bacteria on fomite � 100.
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C. Summary

Experiments conducted by Rusin et al. [6,7], which identified the occurrence of
bacterial load on the hands, the transfer efficacy from objects, and the transfer
of microorganisms to the mouth provide insight into the impact of bacterial con-
tact in the consumer realm. These studies provided information on the bacterial
‘‘hazards’’ associated with daily activities. Methodologies for evaluating con-
sumer handwash products should try to dimensionalize the scenarios and high-
risk situations for the consumer, such as everyday activities involving food prepa-
ration (as demonstrated with hamburger, carrot, sponge, dishcloth, and faucet)
or incidental contact from typical contacts in society (i.e., phone use, using public
restrooms, going to school or daycare, caring for a family pet, and home care).

The National Advisory Committee’s Hazard Analysis and Critical Control
Point (HACCP) program has been endorsed as an effective and rational means
of assuring food safety from harvest to consumption [8]. The basic principles
used to develop a HACCP plan include hazard analysis, verification procedures,
critical control point identification, establishing critical limits, monitoring proce-
dures, corrective actions, verification procedures, and record keeping and docu-
mentation. This same approach could be loosely applied to the identification and
control of microbiological ‘‘hazards’’ encountered by consumers in their environ-
ment.

More research needs to be performed to better understand consumers’ ‘‘typ-
ical’’ intervention points after contact with the environment. Unlike the health-
care setting, in which healthcare workers contact contaminated sources such as
a patients and ‘‘should’’ wash their hands, consumers generally wash their hands
only when they perceive them as being dirty. Consumers need to be better edu-
cated about how they can contact bacteria and when they should wash their hands.
Many consumers may not wash their hands frequently enough to significantly
reduce risk of bacterial transfer or infection. Increased use of antimicrobial prod-
ucts with persistent activity could reduce risk of contamination especially in situa-
tions where frequent handwashing is not practical or the use of alternative forms
such as hand sanitizers allow for washing away from sinks.

III. PROMISING METHODS FOR ASSESSING THE
BENEFITS OF HANDWASHING IN CONSUMERS

Literature published since the late 1800s describes the link between handwashing
and the control of infections [9,10]. Good hygiene practices with antimicrobial
products may be one way to counteract social trends that increase the potential
for infections in consumers. As shown in Chapter 21, the use of the Health Care
Personnel Handwash Test (HCPHWT) [11] to simulate consumer exposure to
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bacteria and evaluate the effect of antimicrobials may produce unreliable results.
Methods used to demonstrate the benefits of antimicrobial soaps need to encom-
pass the associated microbial risks that consumers encounter from conducting
daily activities. The following are examples of methods that incorporate these
risks.

A. Epidemiological Trials/Controlled Models
of Deliberate Infection

The benefits of a handwashing intervention can be determined by conducting an
epidemiological trial to show a reduction in illness. Several studies investigating
the effects of handwashing on disease transmission have been conducted in envi-
ronments that are conducive to the spread of disease [12–17]. Black et al. exam-
ined the effect of handwashing on diarrheal illness among daycare children [18].
Similar studies could be conducted to assess efficacy of consumer antimicrobial
products. However, such studies may be costly and are often difficult to control.

Another approach to demonstrate the benefits of a handwashing product is
using controlled clinical challenge models. These challenge models are conducted
using a known organism to cause infection and a reduction in the disease serves
as the endpoint. Such models have traditionally been used to evaluate the effi-
ciency of vaccines [19]. More recently similar approaches have also been used
to evaluate antiviral agents [20,21]. These studies generally involve fewer partici-
pants than an epidemiological trial and can be adequately controlled. Because
challenge of human subjects with bacteria such as Shigella or Salmonella presents
certain serious risks, safer bacterial models would need to be developed to dem-
onstrate the efficacy of consumer products. Performance of a deliberate infection
trial could be avoided by determining the removal and/or kill benefits provided
by a product and understanding the attack rates and the infectious dose of a
bacterium. These data could then be used to mathematically estimate risks and
benefits.

B. Quantitative Microbial Risk Assessment

The efficacy of handwashing in reducing exposure to bacteria can be assessed
using the Quantitative Microbial Risk Assessment (QMRA) model described by
Haas and associates [22]. QMRA has successfully been used in a number of
fields and is especially valuable when clinical testing is impractical. The general
framework for conducting a risk assessment is to characterize the health hazards
associated with exposure to the microorganisms(s), quantify the exposure, and
determine the dose response for infection. An estimate of risk is made by em-
ploying an exponential risk model to dose-response and exposure data. The effi-
cacy of a handwashing intervention is subsequently gauged by its potential to
reduce that risk.
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Rose et al. applied the QMRA methodology to estimate the effectiveness
of antibacterial soaps in reducing skin infections caused by S. aureus [23]. Health
hazards associated with exposure were primary skin infections including impe-
tigo, folliculitis, furuncles, carbuncles, sweat gland infections, erysipelas, and
erythema (primarily caused by Staphylococcus and Streptococcus). At-risk popu-
lations included children, the elderly, diabetics, and those with certain disease
states such as atopic dermatitis. S. aureus was chosen to be modeled because of
both relevancy and availability of data. A study by Singh et al., which determined
the bacterial kinetics and infection rates of S. aureus, was used to assess the dose
response [24]. The exposure assessment was determined by measuring S. aureus
die-off and regrowth kinetics on skin after use of germicidal and control soaps.
Risk of infection was then quantified by employing an exponential risk model
to both growth curves integrated over a 24-hour exposure period.

There was a nearly 20-fold reduction in predicted skin infections when an
antibacterial soap was used instead of nonantimicrobial control soap. This num-
ber was then compared to actual epidemiological studies, in which skin infections
were reduced by almost twofold when using an antibacterial bar soap. Both the
QMRA and the epidemiology study indicated that antibacterial soaps can reduce
skin infections.

Rose et al. also used QMRA to assess reduction of risk of Shigella infection
from diaper changing and disease transmission in daycare centers provided by
handwashing with an antibacterial soap [25]. The exposures to the bacteria were
based on oral fecal transmission data, and the dose-response assessment was
based on infectivity data of Shigella provided by Crockett et al. [26] and results
of HCPHWT studies conducted to quantify the reduction of S. marcescens after
handwashing. The results of this QMRA model indicated that the use of a well-
formulated antimicrobial soap might reduce the risk of infection 1000-fold com-
pared to 100-fold for a control soap.

As shown by Rusin et al., a considerable number of bacteria can be trans-
ferred to hands by handling wet laundry [6]. The QMRA model also has been
used to assess risk for exposure to Shigella by contaminated laundry [27]. Expo-
sure data were obtained from studies designed to determine efficacy of bacterial
transmission from laundry to hands and from hands to mouth [6,7]. The dose-
response assessment was based on previously obtained infectivity data [26] and
results of studies performed to determine the ability of detergents to reduce Kleb-
siella in laundry [27]. Based on these data, it was estimated that use of laundering
agents with or without sanitizing agents reduced the risk of acquiring a bacterial
disease through laundering by 99% or 90%, respectively.

C. Summary

Epidemiological trials have been performed that demonstrate the benefits of hand-
washing in the control of disease. Their regular use in assessing the efficacy of
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antimicrobials is limited by complex logistics, their cost, and potential variability.
The QMRA has been utilized to demonstrate the benefits of handwashing in pre-
venting skin infections with S. aureus and contamination from Shigella at daycare
centers. It also has been used to assess the efficacy of detergents in eliminating
bacteria from laundry. Currently, use of the QMRA is limited by the lack of
exposure, transmission, and/or dose-response data. With adequate data, the
QMRA could be a valuable tool to assess risk of bacterial contamination and
efficacy of handwashing products in consumers.

IV. NEW METHODS THAT MODEL CONSUMER
SCENARIOS OF CONTAMINATION
AND HANDWASHING

In 1995, the Cosmetic, Toiletry, and Fragrance Association (CTFA) and the Soap
and Detergent Association (SDA) developed the Health Care Continuum Model
(HCCM) [28]. This model was presented to the Food and Drug Administration
(FDA) as a means to classify and regulate topical antimicrobial products. The
HCCM proposed six categories of classification based on use and health impact.
The six categories include preoperative skin preparations, surgical scrubs,
healthcare personnel handwashes, foodhandler handwashes, antimicrobial hand-
washes, and antimicrobial body washes. ‘‘Antimicrobial handwashes’’ are ‘‘in-
tended to help control the bacteria consumers acquire from the environment.’’
The HCCM also identified nine situations in which consumers have the potential
to acquire bacteria that could lead to infection. These are shown in Table 6.

These activities are associated with the potential for infections. Methods
to assess the efficacy of handwashing in consumers should factor in the level of
contamination, the potential for transfer from conducting various activities, and
when and how consumers wash their hands.

A. Use of Agar Plates to Assess Potential for Transfer
Pre- and Post-wash

In consumer situations, bacteria are able to transfer from the hands to other
sources. The degree of transfer is not accurately determined by the glove juice
sampling technique used in the HCPHWT, since hands are fully immersed into
a buffer and massaged to remove bacteria. The actual transfer potential of bacteria
from hands to an object can be determined using agar contact plates [29,30]. In
this method, palmar surfaces of hands and/or fingers are pressed against plated
agar. The amount of bacteria that transfers onto the agar is then quantified using
image analysis. Namura and coworkers used a full-hand touch plate method to
quantify the number of bacteria that remained on hands before and after scrubbing
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with antimicrobials commonly used to sterilize hands in hospitals [29]. In a study
described by Charbonneau et al., this method was used to determine the efficacy
of sanitizers in removing bacteria acquired by handling raw meat [30]. In both
studies, reliable results were obtained with relatively few subjects.

B. Meal Preparation Test

We conducted two randomized, blinded clinical studies to determine the impact
of handwashing with three different products on bacterial transfer under condi-
tions found in a domestic kitchen [31]. In both studies, bacteria were transferred
to the hands by handling ground beef that had been contaminated with 5 � 107

E. coli. For the first study, hands were sampled before and after being washed
using the glove juice technique. In the second study, hands were sampled by
placing a 25 cm2 agar imprint plate on the palms for 10 seconds. The efficacy
of each product was determined by comparing the mean CFUs (first study) or
area of bacterial growth determined by image analysis (second study) before and
after treatment. The results of the studies are summarized in Tables 7 and 8.

Both studies showed that organisms were consistently transferred from
ground beef to the hands and that viable bacteria remained on the hands after
washing. Results generated using the agar imprint study revealed that the re-
maining bacteria were transferable. According to the glove juice study, each prod-
uct was equally effective in removing bacteria. By contrast, slight differences in
efficacy were noted in the agar imprint study. Higher percentage reductions were
observed in the glove juice test than the agar imprint study. This suggests that
the glove juice method may not always accurately assess the potential for bacte-
rial transfer by consumers and may overestimate the effectiveness of handwash-
ing agents.

Table 7 Effect of Handwashing on Bacteria Transferred by Handling Ground Beef:
Glove Juice Extraction

Change from baseline
Baseline Final

Test product N samplinga samplinga Mean % reduction

Healthcare personnel
handwash 11 7.3 	 0.20 4.0 	 0.80 3.3 	 0.89 99.9

Unmedicated soap 11 7.3 	 0.24 4.0 	 0.58 3.3 	 0.57 99.9
Food service ap-

proved hand
sanitizer/cleanser 11 7.2 	 0.50 4.3 	 0.60 3.0 	 0.31 99.9

a Mean colony-forming units 	 standard deviation (log10).
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Table 8 Effect of Handwashing on Bacteria Transferred by Handling Ground Beef:
Agar Contact Plate Detection

Change from baseline
Baselinea Finala

Test product N (pixels/mm) (pixels/mm) Meana % reduction

Healthcare personnel
handwash 5 1735.1 	 44.3 29.1 	 15.3 1706.0 	 47.7 98.3

Unmedicated soap 5 1754.1 	 35.5 2.3 	 0.9 1751.9 	 35.1 99.9
Food service ap-

proved hand
sanitizer/cleanser 5 1713.0 	 13.9 64.7 	 31.7 1648.3 	 36.6 96.2

a Mean 	 standard deviation.

In contrast to the traditional HCPHWT, the inoculation method used in this
study involved an exposure scenario that is commonly encountered during meal
preparation (i.e., high levels of bacteria associated with high organic loads). Un-
der high organic (grease) conditions that a consumer might encounter during
routine cooking, known effective active ingredients were only as effective as a
well-formulated unmedicated product containing surfactants designed to disperse
this type of organic material. Considering these results, it is worth exploring other
consumer scenarios.

C. Potential of Hands to Cause Cross-Contamination

In the meal preparation test described above, we examined the ability of hands
to transfer bacteria from meat to a surface (agar). The results showed that transfer-
able bacteria remain on the hands after washing. The purpose of the next study
was to determine the level of organisms that can be transferred from one food
to another via the hands [32]. This method was designed to show the importance
of consumers’ hands in the transfer of bacteria in the foodhandling setting as
well as the effectiveness of handwashing in reducing transfer.

Following a practice wash with a liquid-soap product, subjects handled a
fresh, whole chicken for 45 seconds. After hands were air-dried for 1 minute,
subjects handled a 50 g sample of irradiated-sterilized ground beef for 1 minute.
They then decontaminated their hands by washing with soap and water and rins-
ing with alcohol. Subjects then handled another chicken. They lathered their
hands for 30 seconds with one of the products being evaluated, rinsed for 15
seconds, and dried with a paper towel. Next, they handled another sample of
sterile ground beef for 1 minute. Samples of ground beef taken before and after
handling were placed into a sterile stomacher bag containing 450 mL of buffer
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Table 9 Bacteria Transferred from Chicken to
Sterile Ground Beef by Hands Before Washing

Bacteria
Subject number transferred (log10)

1 4.70
2 4.56
3 4.28
4 4.08
5 3.89
6 4.37
7 4.03
8 4.19
9 4.15
Mean 	 SD 4.25 	 0.24

SD � standard deviation.

and were mixed for 2 minutes. Samples of the solutions were serially diluted and
plated in agar. Bacteria (log10) were enumerated after a 24-hour incubation period
(Tables 9 and 10).

As shown in Table 9, bacteria were consistently transferred from the
chicken to sterile ground beef by unwashed hands. These bacteria were natural
contaminants of the chicken. The number of bacteria transferred to the beef was
reduced (but not eliminated) by washing with a food service–approved hand sani-

Table 10 Effect of Washing Hands After Handling Chicken on Bacterial Transfer
to Sterile Ground Beef

Bacteria transferred after
washing with food Bacteria transferred

Subject service approved hand Subject after washing with
number sanitizer/cleanser (log10) number plain soap and water (log10)

1 3.33 2 3.88
3 3.75 4 3.05
5 3.17 6 3.99
7 2.96 8 3.00
9 3.16
Mean 	 SD 3.27 	 0.27 Mean 	 SD 3.48 	 0.45

SD � standard deviation.
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tizer or plain soap and water after handling the chicken. The fact that reliable
results were obtained with few subjects indicates that this methodology could be
a powerful tool in assessing the benefits of handwashing in foodhandlers and
consumers.

D. Residual Efficacy Test

Data from numerous tests show that bacteria remain on the hands after handwash-
ing. Use of antibacterial agents that remain on the skin after washing may produce
further reductions. Aly and Maibach have developed a method to evaluate the
residual efficacy of topical antibacterial products against various skin pathogens
[33]. This method involves inoculating the skin with bacteria, treating the site
with an antimicrobial agent or a vehicle, and enumerating bacteria after 5 hours
of occlusion. Finkey et al. and Scala et al. have used this method to evaluate the
efficacy of antimicrobial soaps after repeated applications [34,35]. However, how
quickly or how long the antimicrobial acts cannot be addressed using the standard
method.

To determine the rate and duration of action of antibacterial soaps, we
modified the conventional procedure by inoculating forearms with S. aureus ei-
ther immediately or 24 hours after subjects had washed multiple times (seven or
nine, respectively) over 3 days [36]. Surviving organisms were harvested after
various intervals of occlusion (30 minutes, 2 hours, and 5 hours). In these experi-
ments, subjects served as their own control by washing one forearm with an
antibacterial soap bar containing 1.5% TCC and the other with an unmedicated,
vehicle soap bar. Occluded sites were sampled for organisms using the cup-scrub
technique [37,38]. In both studies, number of CFUs (log10) was determined after
48 hours of culture (Table 11). As shown, the antibacterial soap containing 1.5%
TCC was significantly more effective than the vehicle in controlling the growth
of S. aureus on the skin. The antimicrobial was effective in reducing bacteria for
up to 5 hours. This effect was noted even after the bacterial challenge was given
24 hours after the final wash.

E. Consumer Realistic Residual Efficacy Test

Although the residual efficacy test described above is an improved means of
assessing the residual effect of antimicrobials, it is not optimized for use in con-
sumer situations where high levels of bacteria are contacted from sources that
are not perceived to be contaminated and hands are not washed frequently. For
instance, in the kitchen, bacteria are commonly transferred to hands by use of
sponges [6,7]. After using sponges, consumers often do not wash their hands.
Therefore, the kitchen sponge is an ideal source of bacteria for a consumer-rele-
vant test.
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We utilized a cellulose sponge that had been inoculated with E. coli and
S. aureus (3.6 � 108 and 1.98 � 108 CFU/mL, respectively) to test the residual
activity of two antibacterial soaps [39]. Prior to inoculation, the sponge (8 cm �
12 cm) was placed into a sterile stomacher bag and rehydrated for 4 hours with
modified Letheen broth (Difco Manufacturing, Detroit, MI). This step was per-
formed to neutralize preservatives in the sponge. The sponge was assayed for
the level of bacterial contamination at the beginning and end of the study by
removing an aliquot of liquid from the sponge and serially diluting and plating
the sample.

Before gently pressing their fingers onto the sponge for 10 seconds, subjects
either washed their hands three times (at least 1 hour apart) with a liquid test
product or wiped them for 10 seconds with a towelette product. At time points
of 10, 30, and 60 minutes after contamination, one fingertip of each hand was
sampled using a fingertip extraction procedure in which a small test tube was
affixed to the fingertip and inverted 20 times. Aliquots of the sample solutions
were diluted, plated, and incubated using standard microbiological procedures.
Following incubation (24 	 4 hours), the number of surviving CFUs was deter-
mined (Table 12). As shown, both E. coli and S. aureus transferred to subjects’
hands from the sponge. It appears that both products may be more effective
against E. coli than S. aureus. However, this finding may also be explained by
the fact that E. coli do not survive well on skin [40,41].

F. Continued Method Development

New methods that we have described are particularly well suited to study both
the potential for bacterial contamination during meal preparation and how hand-
washing interferes with this process. However, additional methods need to be
developed that are relevant for other exposure scenarios. When developing meth-

Table 12 Residual Effect of Two Antimicrobial Products on Bacteria Transferred
to Fingers from a Sponge

Test product N Time (min) E. coli (log10)a S. aureus (log10)a

Antimicrobial towelette 12 10 3.6 	 0.161 5.7 	 0.046
30 3.5 	 0.161 5.7 	 0.046
60 3.1 	 0.161 5.7 	 0.046

Antimicrobial liquid 12 10 4.2 	 0.161 5.8 	 0.046
soap 30 3.7 	 0.161 5.8 	 0.046

60 3.6 	 0.164 5.7 	 0.047

a Mean colony-forming units 	 standard deviation.
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Table 13 Needs for Assessing Efficacy of Handwashing Agents for Various
Consumer-Related Activities

Activity Method needs

Meal preparation This method needs to incorporate a high inoculum level
(6–8 log10) [6,7] and organism composition, similar
to those found in food. Organic load needs to be pres-
ent. Current methods, such as the meal preparation
test and the sponge test, reflect these situations.

Diaper changing Methods to reflect these situations need to incorporate
At-home sick care inoculum levels of 5–8 log10 of bacteria [6,7] and or-
Attending daycare ganism composition, similar to those found in feces

or other body excretions. Organic load needs to be
present. Current methods do not encompass all of
these situations.

Travel and recreation Methods to reflect these situations need to incorporate a
Attending school or work moderate inoculum count 4–6 log10 [6,7]. Survey
General contact with people work to understand the organic load acquired during

these activities needs to be conducted and incorpo-
rated into methods to reflect these activities.

Gardening/yard work To develop a method that reflects these situations, sur-
Contact with pets vey work needs to be done to understand the level

and type of bacteria. Further work needs be done to
establish the typical soiling acquired from these activ-
ities.

odologies it is necessary to incorporate the organism type and soiling level that
best fits the activity. As shown in Table 13, additional methods need to be devel-
oped to reflect situations that are encountered by the consumer.

One way to demonstrate the potential benefit of consumer antimicrobial
products is to develop scenario-specific tests that are more reflective of situations,
the activity, and the product use. One remaining question to be answered in order
to evaluate products fairly and appropriately is if exposure is accurately repre-
sented by mimicking the level of bacteria and type of bacteria encountered or if
subjects need to be exposed to the actual source of the bacteria.

V. SUMMARY

Methods other than the HCPHWT should be used to evaluate the efficacy of
handwashing products intended for general consumers. Different product forms
(i.e., wipes and sanitizers) and uses need to be evaluated in a method that has
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been developed for these specific forms and the situations in which they are
used. We have developed methodologies that are appropriate for determining the
efficacy of products in removing bacteria encountered during situations similar
to meal preparation, where there are high levels of contamination and high or-
ganic loads. This does not cover all relevant scenarios. Other scenarios should
also be considered to properly evaluate the performance of these consumer prod-
ucts under a wide variety of hand-soiling and bacterial levels. Clearly, the first
step in developing methods to demonstrate product effectiveness in any situation
would be to conduct studies to show that the surrogate method is a relevant
representation of the situation.

Our experiments have shown that none of the products tested totally elimi-
nated transferable bacteria from hands. This suggests that handwashing as cur-
rently practiced is not adequate and that antibacterial agents that produce a higher
level of removal of bacteria and provide a residual effect need to be developed.
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Importance of Skin Care
Attributes in Developing
Topical Antimicrobials
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Just casually looking on the shelves of discount, department, and grocery stores,
one will find a plethora of personal care products claiming to have high skin-
moisturizing abilities or, at least, to be nonirritating to the skin. Unfortunately,
many of these claims are not grounded in valid data, and, worse, consumers over
the long run will not use a product that irritates their skin.

If the maxim ‘‘80% of consumers buy from only 20% of the product lines’’
is correct, what do those 20% of product lines have that the other 80% fail to
provide? These products offer consumers what they need, want, and demand.
Therefore, capturing a greater market share, in most cases, is merely a matter of
figuring out what consumers want and building a product that meets the criteria.
This is clearly not a job just for marketing. Instead, it requires a unified, integrated
systems approach to formulating, manufacturing, and marketing the product. This
is a concerted effort in which different in-house groups work in a coordinated,
effective manner—a system that requires formulators to blend a product with
attributes desired by consumers; manufacturing personnel who accurately and
precisely produce that product; and a marketing group that ‘‘gets the word out’’
regarding the product’s ability to meet consumer wants [1]. Finally, consumers
who use the product must find that it fits their needs.

Notice that this system relies on not one information perspective, but
three—the physical attributes of the product, such as the ability to moisturize
the skin and the ease of product use; consumers’ subjective preferences (visual,
tactile, fragrance, and tacit beliefs); and the beliefs, values, and perceptions con-
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cerning a product shared by target consumers. As long as the information system
collects valid data from these three perspectives, incorporates them into the prod-
uct development, and consumers realize it, it can be a winner, not just one of
the many ‘‘me, too’’ products.

I. IMPORTANT FUNCTIONS

The following is a brief discussion of important functions formulators, manufac-
turers, and marketing personnel must address to produce a successful product. It is
important that product formulators have the ability to develop the type of product
desired by consumers, which is a challenge in itself. It is crucial first, however,
that formulators know what consumers really desire.

Generally, the product must be formulated to hydrate the skin very quickly
and have moisturizing effects lasting minimally several hours. The product must
be physically and chemically stable under a variety of environmental conditions
(e.g., extreme hot and cold climate conditions) and must not come ‘‘out of solu-
tion,’’ becoming visibly layered, or break down, leaving a ‘‘funny’’ odor on the
body after use [2].

Hence, it is important that product stability testing, package integrity test-
ing, and preservative effectiveness testing answer those questions. Finally, formu-
lators need to assure that the raw ingredients they use are nonirritating or, better
yet, hypoallergenic.

Manufacturers must produce, on a large scale, the products that formulators
blend on a small scale—usually a challenging task. Ingredients must be guaran-
teed chemically pure, and the manufacturing process must be under strict quality
control to assure that the product produced is what is expected.

While formulators are usually expected to formulate what marketing re-
quests, that may not be the best approach. Marketing personnel often have a
general idea of what consumers want, but to target consumers’ wants more accu-
rately, it is wise to go directly to potential consumers to find out from them. Two
of the three informational perspectives can be collected through surveys (shared
values) and product component preference testing (individual, subjective values).
The third perspective (objective) is accomplished by evaluating the skin of human
test subjects before, during, and after using the product. Collecting relevant and
valid information from these three perspectives is critical, but the amount of data
needed depends on the size of the market, what is already known about the mar-
ket, market sales potential, and return-on-investment potential. The data collected
from the three perspectives must then be integrated into the product design in
order to meet consumer wants in shared values, individual, subjective prefer-
ences, and objective product performance requirements.
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In one case, a company that manufactures a very high-end hand moisturizer
did not observe these procedures. Instead, it performed an in-depth market survey
throughout the U.S. to determine the shared values of the target consumer group.
From this market survey, they learned what the target group, as a whole, valued.
Additionally, product performance was evaluated through a number of skin
moisturization evaluations employing human subjects using different moisturizer
combinations. Based on these two sources of information, a high-end ‘‘Upper
Manhattan‘‘ product was developed. It incorporated the information gained from
the market survey accurately, and the product was very effective in rehydrating
(moisturizing) the skin and also in retaining moisture over the course of several
hours postapplication. But the product has not been a large success for the com-
pany.

Upon reviewing the collected data and performing an analysis, we discov-
ered a very significant piece of missing information—the individual subjective
preferences. So we sampled a panel of human subjects from a pool of target
consumers and discovered that, upon repeated and prolonged use of the product,
the consumer’s subjective perception of using it was that it left a ‘‘greasy feeling’’
on the hands. The bottom line was that, while the product met the shared values
of the target consumer group and the objective physical attributes desired, the
personal subjective preferences of consumers were not met.

II. SUCCESSFUL PRODUCT DEVELOPMENT

Let us now examine in closer detail the three facets—objective product perfor-
mance, subjective preference, and shared values—and what each entails.

With regard to objective performance, there are two general aspects of skin
physiology that an effective moisturizing product must meet. The first is that it
must rehydrate the skin by coating it with an oily film that holds in moisture.
Second, it must continue to protect the skin over time by keeping the water mois-
ture level on the skin’s surface high enough to prevent significant dehydration
[3]. A common way of meeting these goals is to add various nonirritating emol-
lients to a number of potential moisturizing formulations and evaluate them using
human volunteers in a small-scale pilot study. Two general approaches can be
taken, depending upon whether the product is intended primarily to moisturize
or rehydrate damaged skin or primarily to protect the skin from irritation from,
for example, repeated hand washing. For moisturization studies, subjects with
visible, measurable skin damage (e.g., redness and chaffing) can be recruited and
enrolled in a study designed specifically to evaluate the degree to which different
product formulations rehydrate the skin over time. In the second approach—
protection against skin irritation—subjects with normal skill can be recruited and
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enrolled in a study where they wash repeatedly with irritating soaps (20–40 times
per day over the course of several days) and treat the skin with different product
formulations. The product formulations are evaluated based on their ability to
prevent or, more likely, retard progression of skin irritation using statistical anal-
ysis.

The traditional way of evaluating skin irritation is through visual examina-
tion based on four indices: dryness (chafing), redness (erythema), swelling
(edema), and rash, each at four severity levels. Often, however, only the first two
indices—dryness and redness—are employed. Visual examination is very telling
of skin irritation, but it does not evaluate the actual ability of the skin to hold
moisture in, nor measure the actual moisture level of the skin. Two other methods,
both instrumentational, are better for assessing these parameters by measuring
actual skin moisture content and rate of transepidermal water loss [3].

When the barrier functions of the skin, mainly due to the covering of oils,
is compromised, moisture leaves the skin at a higher rate than observed in normal
skin. Measurement of transepidermal water loss, conducted using a tewameter,
is not as straightforward as one might like, particularly because there are multiple
reasons for variation in transepidermal water loss, including anxiety, stress,
amount of fluid intake, alcohol consumption, smoking, diet (particularly salt in-
take levels), tiredness, sleep cycle changes, colds, flu, and emotional states.
Hence, it is often very difficult to capture meaningful data using this measure-
ment. It has been found, however, that sequestering subjects on-site at least 12
hours before testing and supplying a controlled diet, including liquid intake, can
provide for much more reliable data in detecting transepidermal water loss from
compromised and/or treated skin, but this is expensive to do. One way we have
worked around this is to use adequately large sample sizes to achieve the statisti-
cal power required to differentiate products.

The total moisture content of the skin can be measured using a corneometer.
We have found it to portray accurately the skin condition in many useful applica-
tions. For example, in studies designed to demonstrate the rehydration of dam-
aged skin, it provides accurate measurements for evaluating a product’s ability
to ‘‘hold the water in,’’ once the product has been applied, useful even with small
sample sizes. The corneometer readings also tend to correlate well with visual
skin grading/scoring, with the added benefit of providing quantitative measure-
ments enabling rate and rate change estimates so that predictions can be made
using parametric statistical models instead of relying on differences detected by
qualitative visual grading and using nonparametric methods. This greatly en-
hances the power of the evaluation.

When using the tewameter and corneometer, we have found that several
controls should be in place to provide the best results. First, the humidity of the
environment where subjects are sequestered and where the measurements take
place need to be held constant throughout the course of the study. Second, in
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order to reduce extraneous environmental nuisance variables, which can cause
fluctuations, air drafts caused by movement of personnel and building heating/
cooling equipment, the tewameter/corneometer and the subjects’ hands, when
measurements occur, need to be housed within a closed environmental system.
We do this by employing a plexiglass environmental cabinet.

As previously stated, it is important that preference of individual consum-
ers, a subjective measurement, be known. When the product is developed, indi-
vidual consumers/users need to feel that it was made for them because, in actual-
ity, it was. Ideally, consumers need to feel it is ‘‘their’’ moisturizer and identify
the product as part of their world, perceptions very desirable for a moisturizing
product company.

There are two effective and equally important ways of assessing subjective
preference. The first method involves selecting panelists who match the target
consumer population and having them participate in the preference testing of
several prototypes of the product. The second method involves providing the
product prototype to panelists; they then smell it, shake it, use it, etc., and describe
what they like or do not like about the product.

Probably the most fundamental way of evaluating subjective attributes is
to assemble a group of subjects that meet target consumer group characteristics
and have them evaluate the product in terms of, for example, its ease of use, feel,
clarity, color, and appearance. Table 1 provides a list of several important sensory
attributes.

Please note that each of these perceptions is what psychologists call ‘‘sur-
face structure questions’’ [1,4]. For example, if a person believes the product is
too oily, the ‘‘too oily’’ phase is the surface or apparent structure. But underlying
this surface structure is what is known as a deep structure, or the underlying

Table 1 Subjective Moisturizer Perceptual Attributes

Skin-softening ability
Degree of ‘‘oily feeling’’ after use
Fragrance characteristics
Perception while applying the product
Perception of skin before and after use
Moisturizing ability
What makes the product unique or special
Perception of what others will notice after use (e.g., fragrance, soft skin, etc.)
Perception of self after use (confidence level of being observed closely by partners,

friends, strangers)
Perception of type of person who would use the product
Identification with the product
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reason. ‘‘Too oily’’ from this deeper structural perspective can mean ‘‘undesir-
able as a lover, less lovable, not good enough’’ or whatever. Connecting surface
structures to the deeper structures can provide a very strong motivational tool
and can help assure that a product will be a success through using that information
in subtly suggestive ads, packaging, etc.

The second way to gain valuable, often missed, preference testing informa-
tion is to have panelists explore a prototype product and evaluate it without struc-
tured questions or rating scales, such as how it feels, how it goes on the skin,
how it looks, etc. The key is to keep the evaluation process open-ended. This
will help manufacturers get out of their preconceived ‘‘product box’’ and acquire
novel information. To uncover greater information, the panelists can be inter-
viewed with such questions as: How was it for you to use the product? What
was your experience? How did you feel later about the product? How do you
feel when you apply the product(s)? What did you first notice after applying it?
How do you feel about it now?

The power of group perception goes a long way in assisting in the sale of
a product, particularly if role models are seen using the product. For example,
if Cindy Crawford is shown using a particular moisturizer, the surface message
is ‘‘to be beautiful and exciting like her, use this moisturizer.’’ The implied,
deeper message, however, is that a person will be more valued and more lovable
for having beautiful skin, like the glamorous Cindy Crawford.

Additionally, the shared values of the group tend to position the consumer
on the status hierarchy. For example, if one uses a discount, generic product, that
will tend to promote the feeling of being a less glamorous person. However, if
one uses a high-end cosmetic department store product, that will promote the
image of a very sophisticated, well-groomed person.

Shared values tend to bind the limits of what is acceptable and valued to
specific degrees. Using a moisturizing product that has a ‘‘goaty’’ fragrance, no
matter how effective it is, will not be accepted in terms of shared group values.
One that smells ‘‘young, clean, and zesty’’ will be highly valued, however, partic-
ularly by a culture obsessed with ‘‘youth.’’ Finally, shared surface and deep val-
ues can be magnified by advertising campaigns. For example, if a person per-
ceives that she is taking better care of herself by using a specific moisturizer (a
surface value), and if she feels more valuable, more loved, and/or more needed
by her family (deep values), she will be motivated to purchase the product.

Figure 1 portrays the relationship between the three fundamental perspec-
tives. A break anywhere in the circular flow will hinder the product’s market
success.

It is far easier to launch a product that conforms to consumer group needs
and meets personal shared values and beliefs than to try to reeducate the market
to accept other values. As time goes on, however, the product itself will influence
the perceptions of groups, as well as personal users.

Generally, the initial concern in product development is to satisfy general
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Figure 1 Integration of the three market perspectives.

group values, beliefs, and perceptions of a product. The group sets general con-
straints as to what is and what is not acceptable. Within the group-constructed
constraints are personal, subjective values, beliefs, and likes/dislikes. It is critical
that one not view these three perspectives as separate. They are distinct, but not
separate. They are interrelated and interdependent.

There is tremendous opportunity for marketing effective and desired skin-
moisturizing products, but vision is needed. For example, markets wide open to
moisturizers include food service/processing antimicrobial handwash formula-
tions and consumer and medical topical antimicrobial products. The key is to
stay close to targeted customers and listen, listen, listen.
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I. INTRODUCTION

Many antimicrobial efficacy evaluations of topical antimicrobial products involve
measurements of microbial population reductions at a specific time point after
exposure to the product. To determine this accurately, the antimicrobial action
of the product must be stopped at the time specified for sample, and it is for this
action that neutralizer systems are employed. The validity of the neutralizer sys-
tem must be established prior to performing the antimicrobial efficacy test. This
concern for neutralizer validity has long been known, and a number of methods
have been proposed for validating neutralizer systems [1–5]. Each of the methods
focuses on two major concerns: (1) the neutralizer system must demonstrably
neutralize the antimicrobial properties of the product, and (2) the neutralizer sys-
tem must be proven nontoxic to the test microorganism(s). Few validation meth-
ods apply techniques of statistical analysis to the determination of their validity
[5]. The purpose of this chapter is to incorporate statistical processes of analysis
into a neutralizer validation system, as a means of providing more accurate and
reliable outcomes.

Topical antimicrobial efficacy tests comprise test methods similar to those
outlined in the Food and Drug Administration’s Tentative Final Monograph for
Healthcare Antiseptic Drug Products: time-kill kinetic studies; effectiveness test-
ing of a surgical hand scrub; effectiveness testing of an antiseptic handwash or
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healthcare personnel handwash; and effectiveness testing of a patient preoperative
skin preparation [6]. The validation method proposed here can be applied to these
and modifications of these topical antimicrobial efficacy tests. Statistical methods
will be used in the design of the validation study and applied to analysis of the
data.

II. DESIGN OF THE VALIDATION STUDY

Application of statistical analysis to the neutralization data will permit a re-
searcher to make reliable conclusions about the efficacy of a neutralizer system.
The relevance of the statistical analysis depends entirely on the design of the
experiment. The neutralization study design is grounded in four basic phases to
be applied to one or more microorganism species to be tested.

Phase 1—A population of the challenge microorganism is exposed to a
noninhibitory medium such as trypticase soy broth or a phosphate-buf-
fered saline solution and then assayed for number of microorganism.
This will establish the initial or baseline population of the challenge mi-
croorganism against which numbers resulting from other phases of test-
ing will be compared.

Phase 2—The initial population of the challenge microorganism is exposed
to the antimicrobial product at use-strength for a specific time and then
assayed for number of surviving microorganisms. This is the positive
control phase to establish that the product actually exhibits antimicrobial
activity that must be neutralized.

Phase 3—The initial population of the challenge microorganism is exposed
to the neutralizer system alone and then assayed for number of surviving
microorganisms. This phase tests whether the neutralizing system is toxic
to the test microorganism. Nontoxicity is demonstrated by no statistically
significant difference between the counts from this phase and Phase 1.

Phase 4—The test product is dispersed into the neutralizer system, fol-
lowed immediately by exposure to the initial population of the challenge
microorganism. This phase tests whether the neutralizer system effec-
tively neutralizes the antimicrobial activity of the product. Effective neu-
tralization is demonstrated if the counts from this phase and Phase 1 are
not significantly different.

III. PROPOSED NEUTRALIZER SYSTEM

There are three general approaches to neutralizing that can be utilized: to employ
chemical inactivators that interact directly with the antimicrobial agent and elimi-
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Table 1 Neutralizing Solution Ingredients

11.67 g Lecithin
100 mL Polysorbate 80
10.1 g Na2 HPO4

0.4 g K2 HPO4

5.0 Sodium thiosulfate pentahydrate (Na2 S2 O3E5H2 O)
10 g Tamol
1 L Deionized water

Preparation: Suspend 11.67 g lecithin and 100 mL polysorbate 80
in 1 liter of hot deionized water; boil and stir for thirty (30) minutes.
Add 10.1 g Na2 HPO4, 0.4 g K2 HPO4, 1.0 mL Triton �-100, 5.0 g
sodium thiosulfate pentahydrate (Na2 S2O3E5H2 O), and 10 g Ta-
mol and mix thoroughly. Adjust final pH to 7.8–7.9 with 0.1 N
sodium hydroxide or 0.1 N hydrochloric acid.

nate its killing action, dilution of the antimicrobial agent to a sublethal level, and
membrane filtration to separate the antimicrobial agent from the microorganism
physically [4,5,8]. The most commonly employed neutralizer systems incorporate
the first two of these approaches—dilution of the antimicrobial product in a liquid
medium containing chemical inactivators. Membrane filtration is also used but
is time-consuming and very costly by comparison.

This chapter presents neutralization procedures for six topical antimicrobial
compounds [9]: chlorhexidine gluconate (CHG), iodine (tinctures and povidone-
iodine), alcohols (ethyl and isopropyl), triclosan, parachlorometaxylenol
(PCMX), and quaternary ammonium compounds (QAC).

In the past, numerous formulas have been developed for neutralization of
these compounds. Here, I present a single neutralizer system that is effective for
all, there by simplifying the testing and analysis of products containing them.
The neutralizing solution I suggest (Table 1) contains chemical inactivators suit-
able for each of the above six antimicrobial compounds [10–15], and these in
conjunction with dilution will effectively neutralize products containing them.
For triclosan, chemical inactivators will also be required in the plating medium,
i.e., 0.5% (v/v) Tween 80 and 0.07% (w/v) lecithen.

IV. STATISTICAL ANALYSIS

If one formulates the neutralizer correctly, all that is left is a valid statistical
comparison of the data. I find it expeditious to use a procedure presented by
Paulson [16], which simplifies the statistical analysis into a series of six steps:
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Step 1: Formulate the null hypothesis (H0) and an alternative hypothesis
(HA); that is, formulate the claim and its negation to serve as the two
alternatives being considered (‘‘mutually exclusive’’).

Step 2: Choose a sample size, n, and a risk factor, the probability of Type
I error.

Step 3: Choose the test statistic to be used, as appropriate for the sample
data.

Step 4: Formulate a decision rule; that is, decide what the evidence must
show in order to either support or disprove the test hypothesis.

Step 5: Collect the sample data and perform the statistical calculations.
Step 6: Apply the decision rule and make the decision based upon statistical

results.

For validation of the neutralizing system, the null and alternative hypothesis
can be easily determined (Step 1). The null hypothesis (H0) is that there is no
significant difference between the initial microbial population recovered from
Phase 1 and the test microbial populations recovered from the other phases. The
alternative hypothesis (HA) is that a difference does exist between the initial mi-
crobial population recovered from Phase 1 and the test microbial population re-
covered from the other phases.

Steps 2 and 3 should be considered together. An appropriate sample size
can be calculated for the chosen test statistic, adjusting for the risk factors and
using a basic understanding of the data to be collected (variability of the data).
For the validation, a pooled, two-sample Student’s t-test can be used to discern
any differences between results of Phase 1 and the other four phases. The proce-
dures for performing a pooled, two-sample Student’s t-test are presented in many
statistical books and will not be reviewed in this chapter [16,17]. The data col-
lected are from a natural population and must be transformed to a linear scale
for use in the Student’s t-test by transforming the data to log10 values [18]. The
chance of committing Type I error (α) should be small. That is, there should be
little chance of rejecting a true null hypothesis, saying there is a significant differ-
ence between the two sets of data when in fact there is not. When validating
neutralizing systems, a researcher must also take into consideration that a chance
exists, too, of accepting a false null hypothesis, stating that there is no significant
difference between the two sets of data when in fact there is. This is a Type II
error (β). It would be disastrous if an ineffective neutralizing system were deter-
mined to be effective in the neutralization validation. For this test, the α and β
will be small so that the chance of committing either type of error will also be
small. With small α and β, the researcher will be able to accept or reject a neu-
tralizing system with reasonable certainty. A common, accepted value of α for
biological data is 0.05 (1 in 20 chance of committing Type I error). Because
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Type II error is also important in this validation, a β of 0.10 (1 in 10 chance of
committing type II error) will be used for the analysis.

An appropriate sample size, or number of replicates, can be calculated for
the type of statistical test by using the α and β error, the minimal detectable
difference between two test procedures, and the variability (standard deviation)
of data determined from previous neutralization system validations. The statisti-
cal test chosen to detect if there was a significant comparative increase or decrease
in microorganism populations is the two-tailed, pooled Student’s t-test. Both and
values have been determined, 0.05 and 0.10, respectively. The minimal detectable
difference is the minimal difference between samples from two procedures that
the researcher would consider as significant and would want to be assured of
detecting. Minimal differences that have been published are 0.15, 0.20, and 0.30
log10 differences between data from Phase 1 and those from other phases
[4,19,20]. The 0.15 log10 difference will be used for this validation, because it is
the most conservative and is from a validation test that involves multiple samples
(replication) and a statistical analysis [4]. The final requirement, variability of
the data, will be difficult to establish, especially because many researchers will
be performing this validation for the first time. If past data are unavailable, then
an option is to use an excessive sample size (at least 10) and use the data from that
validation to determine an appropriate sample size for future validation studies.

The required sample size for performing a pooled, two-sample Student’s
t-test is calculated from the formula [17]:

n �
2S2

p

δ2
(tα,(2),ν � tβ,(1),v)2

where:
n � sample size for each procedure

Sp � pooled sample standard deviation (variability)
δ � minimal detectable difference between the two tests

tα,(2),v � critical value of Student’s t distribution at α/2 for v degrees of freedom
tβ,(1),v � critical value of Student’s t distribution at β/1 for v degrees of freedom

α � 0.05 (″/2 � 0.025 for a two-tailed test)
β � 0.10
v � 2(n � 1)

It was already mentioned that the sample size would be difficult to calculate
in the absence of previous studies to draw on for data variability. Acceptable
standard deviations can be calculated for any sample size by transforming the
calculation and setting the sample size to various numbers.

Sp � √ nδ2

2(tα,(2),v � tβ,(1),v)2
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Table 2 Required Standard
Deviations

Sample size Required
(replicates) standard deviation

15 0.122
14 0.117
13 0.113
12 0.108
11 0.103
10 0.098

9 0.092
8 0.086
7 0.079
6 0.072
5 0.064
4 0.055
3 0.043

Table 2 lists sample sizes from 3 to 15 and the corresponding standard
deviations. For example, a researcher performing a validation using 15 replicates
for each procedure has obtained a pooled standard deviation of 0.082. When the
researcher performs another validation, as per Table 2, the sample size can be
reduced to 8 replicates as long as the pooled standard deviation for that test
remains at or below 0.082. Table 2 can also be used for instances when the
variability of the data is small or nonexistent. If the researcher performing the
validation using 8 replicates obtains data where variability is less than 0.082,
then there is a possibility of the statistical test reporting a significant difference
between procedures. In this case, and only in this case, if the difference between
the two tests is less than the 0.15 (minimal detectable difference), then the re-
searcher could conclude that there is no difference between the two procedures.

The decision rule, Step 4, is based on the significance level (″) of 0.05. If
the t-test performed calculates a t value of less than the tabled t value at ″ �
0.05, then the null hypothesis, no detectable difference between samples, will be
accepted. If the t-test performed calculates a t value greater than the tabled
t value at ″ � 0.05, then the null hypothesis will be rejected—there is a significant
difference between samples.

The final two steps can now be performed. For Step 5, perform the valida-
tion, collect the data, and perform the statistical analysis. Once that is complete,
Step 6 then is performed, applying the decision rule established in Step 4 to the
results of the statistical analysis.
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V. VALIDATION METHOD

A. Apparatus, Reagents, and Materials

All specific conditions of the antimicrobial efficacy test must be duplicated in the
validation. All equipment, types of media, incubators, and temperatures should be
identical to those applied in the antimicrobial efficacy test. Even the technician
who will be performing the antimicrobial efficacy test should also perform the
validation of the neutralization system.

B. Test Microorganism(s)

The populations of the test inocula used in the validation should be kept to a
minimum to allow plating directly from the neutralizing system with the highest
concentration of antimicrobial product that will be used in the antimicrobial effi-
cacy evaluation. A high-inoculum population would require diluting for enumera-
tion. The diluting would prevent the researcher from determining if neutralization
occurred immediately with the neutralizing system or from dilution of the product
[4,5,8].

A validation of the neutralizing system must be performed with the micro-
organism(s) evaluated in the antimicrobial efficacy evaluation. Some evaluations
involve testing of numerous microorganisms (time-kill evaluation) or microor-
ganisms sampled from the skin of human subjects. In either case it would be
impractical and nearly impossible to perform a validation for every microorgan-
ism. For antimicrobial efficacy evaluations such as the time-kill evaluation, repre-
sentatives of gram-negative and gram-positive microorganisms and a yeast should
at least be evaluated [6], preferably strains that are the most sensitive to the
antimicrobial(s) being evaluated. For studies involving sampling of microorgan-
isms from human subjects (surgical scrub or preoperative prep evaluations),
Staphylococcus epidermidis, a common skin bacterium, should be used for the
validation [21].

The procedures used to prepare the challenge suspension for the antimicro-
bial efficacy evaluation must be used to create the suspensions for the validation.
Such methods involve creating a broth culture of the microorganism, transferring
the broth culture to an agar plate, and using the plate culture to create a standard-
ized population of the microorganism in a phosphate-buffered saline solution.
The microorganism suspension must be diluted to a level that will permit plating
directly from the test solutions. For example, dilute a challenge microorganism
suspension to a concentration of 3.0 � 103–3.0 � 104 CFU/mL. This concentra-
tion is for validation studies that will use 0.1 mL of the diluted challenge microor-
ganism suspension transferred to 9.9 mL of test solution, followed by plating of
1.0 mL of the test suspension. This will result in plates with colony counts of
30–300 CFU per plate.
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C. Procedures

The following is a suggested method for performing a neutralizing system valida-
tion and is presented for the researcher to adapt to their specific antimicrobial
efficacy evaluation. The procedures are intended for a neutralizing system using
chemical inactivators, in combination with dilution of the antimicrobial product.
The challenge microorganism suspension is appropriately 3.0 � 103–3.0 � 104

CFU/mL.

Phase 1—Test Microorganism Population Control

Add 0.1 mL of the test microorganism suspension to 9.9 mL of a noninhibitory
solution and mix thoroughly. Immediately following mixing, plate 1.0 mL of the
suspension in duplicate, using an agar medium appropriate for growth of the
microorganism and the plating procedure to be used in the antimicrobial efficacy
evaluation (i.e., pour-plating or spread-plating). Allow the suspension to stand
for the maximum time that will be allowed prior to plating in the antimicrobial
efficacy evaluation. After the exposure time has elapsed, plate 1.0 mL of the
suspension, in duplicate, using a agar medium appropriate for growth of the test
microorganism and the plating procedure to be used in the antimicrobial efficacy
evaluation. Repeat this procedure until the number of samples required is com-
pleted.

Phase 2—Antimicrobial Product Control

Add 0.1 mL of the test microorganism suspension to 9.9 mL of the antimicrobial
product and mix thoroughly. Immediately following mixing, plate 1.0 mL of the
suspension, in duplicate, using the same medium and plating procedures as in
Phase 1. Allow the mixture to stand for exposure period observed in Phase 1.
After the exposure time has elapsed, plate 1.0 mL of the suspension, in duplicate,
using the same medium and procedures as in Phase 1. Repeat this procedure until
the number of samples required is completed.

Phase 3—Neutralizing System Control

Add 0.1 mL of the test microorganism suspension to 9.9 mL of the neutralizing
solution and mix thoroughly. Immediately following mixing, plate 1.0 mL of the
suspension, in duplicate, using the same medium and plating procedure used
in the previous phases. Allow the suspension to stand for the same exposure per-
iod observed in the previous phases. After the exposure time has elapsed, plate
1.0 mL of the suspension, in duplicate, using the same medium and plating proce-
dures as in the previous phases. Repeat this procedure until the number of samples
required is completed.
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Phase 4—Neutralizing System Effectiveness

Add 1.0 mL of the antimicrobial product to 8.9 mL of the neutralizing fluid and
mix thoroughly. The antimicrobial product is added to the neutralizing solution
because the act of neutralizing many antimicrobials requires a chemical reaction,
and chemical reactions do take time. If the microorganism suspension added to
the neutralizing fluid prior to adding the antimicrobial product, the product would
likely be able to interact with the microorganism prior to being neutralized. Im-
mediately following mixing of the neutralizing fluid and the antimicrobial prod-
uct, add 0.1 mL of the challenge microorganism suspension to the 9.9 mL of
neutralizing solution/antimicrobial product solution and mix thoroughly. Imme-
diately following mixing, plate 1.0 mL of the suspension, in duplicate, using
the same medium and plating procedure used in the previous phases. Allow the
suspension to stand for the same exposure period observed in previous phases.
After the exposure time has lapsed, plate 1.0 mL of the suspension, in duplicate,
using the same medium and plating procedures as in previous phases. Repeat
this procedure until the number of samples required is completed.

Prior to performing this validation, the researcher should first decide the
appropriate dilution ratio of antimicrobial product to the neutralizing fluid. What
has been presented is a 1:10 dilution of antimicrobial product to neutralizing
fluid. For most antimicrobial efficacy evaluations, especially the time-kill evalua-
tion, this is the highest concentration of product to neutralizer that must be vali-
dated. The researcher should take time to calculate the largest amount of antimi-
crobial product that will be neutralized during the antimicrobial efficacy
evaluation and use that amount of product for Phase 4.

For antimicrobial efficacy evaluations involving human subjects, the 1:10
dilution ratio is far greater than the amount of product that would need to be
neutralized during actual testing. For these evaluations, product can be applied
to alcohol-treated skin of the subjects, removed with the relevant sampling proce-
dure, and exposed to the neutralizing system, followed by addition of the test
microorganism suspension, as stated for Phase 4. Phase 3 can also be modified
in a similar manner, lacking only the application of the product. The test microor-
ganism is then added to check for inhibition. Assaying the sampled neutralizing
fluid without adding the test microorganism will provide a check for residual
skin flora following the alcohol decontamination procedure. And note that for an
in vivo neutralization study, all regulations pertaining to the protection of the
human subjects must be followed [22,23].

D. Data Collection

All plating should be performed at least in duplicate. Incubate the plates from
all procedures at the same temperature and for the same time, as detailed in the
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antimicrobial efficacy evaluation. Following incubation, remove the plates and
count the colonies. For each replicate from each procedure, calculate the average
colony-forming units per plate and perform a log10 transformation of the average.
These log10 population values will be used in the statistical analysis.

E. Analysis of the Results

The outline of the statistical analysis has already been presented in Sec. IV. All
comparisons will be performed using the two-sample Student’s t-test.

First, compare the log10 population values obtained from the immediate
and the maximum exposure time from the test microorganism population control
(Phase 1). Further analysis cannot be performed if these populations are signifi-
cantly different. A significant difference indicates that the maximum exposure
time is too long and should be shortened for testing. If the populations from the
maximum exposure time are greater than the immediate populations, then the
microorganism populations had sufficient time to replicate. If the populations
from the maximum exposure time are less than the immediate populations, then
the microorganism population was losing viability.

After the initial comparison, compare the log10 population values from the
other phases to the log10 population values from the immediate test microorgan-
ism population control (Phase 1). For a successful outcome, the immediate and
the maximum-exposure-time log10 population values from the antimicrobial prod-
uct control (Phase 2) should differ significantly from those of the test microorgan-
ism population control. This will demonstrate that the product was actually anti-
microbial, and that the outcome of Phase 4 will be relevant.

The immediate and maximum-exposure-time log10 population values from
the neutralizing system control (Phase 3) should not differ significantly from
those of the test microorganism population control, thereby demonstrating that
the neutralizing system was not toxic to the test microorganism.

The immediate and maximum-exposure-time log10 population values from
the neutralizing system effectiveness (Phase 4) should not differ significantly
from those of the test microorganism population control, thereby demonstrating
that the neutralizing system was effective in neutralizing the antimicrobial action
of the product.

VI. CONCLUSION

This chapter presented a statistically based method for validating neutralizing
systems used in topical antimicrobial efficacy evaluations. This method should
be performed prior to performing a topical antimicrobial efficacy evaluation so
that the researcher can be assured that the neutralizing system to be used will,
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in fact, neutralize the antimicrobial products being evaluated. Failure to validate
the neutralizing system will always put the results of the topical antimicrobial
efficacy evaluation in question and could possible disqualify the evaluation from
use in support of the efficacy of the product. By assuring neutralization, the re-
searcher will always be able to proceed into testing confident of producing valid
antimicrobial efficacy data.
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I. INTRODUCTION

Almost a century has passed since Lister introduced the concept of asepsis with
chemical antimicrobials. Today’s aseptic technique, however, is not much differ-
ent from that of Lister’s era, namely, the application of preoperative skin prepara-
tion (POSP) on the body surface of the patients and the practice of surgical scrub-
bing (SS) and sterile gloving by surgeons and operating room (OR) nurses before
surgery. However, evolution has taken place during recent decades in the synthe-
sis of new antimicrobial chemicals and in the methods of application. The sur-
geons and OR nurses now have more antimicrobials of different chemical fami-
lies to choose from than at any other time. The methods of qualification of POSP
and SS are carefully governed by regulatory agencies, and the methods of applica-
tion are described in detail by organizations such as the Association of Periopera-
tive Registered Nurses (AORN).

Changes have accelerated in recent years in the design, formulation, and
packaging of POSP and SS. For example, the concepts of polymer film-forming
POSP with disposable applicator, brushless and waterless SS with emollient or
lotion, and the combination of alcohol with other effective antimicrobials, etc.,
have been introduced into the POSP and SS market. To a certain extent, these
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new products changed the scenario of OR practice, as the old rules have gradually
become insufficient to certify these new products and to govern their application.

The basic microbiological methodology proposed by the U.S. Food and
Drug Administration (FDA) is relatively simple and straightforward. The bio-
assay methodology that measures the survival of microorganisms before and after
treatment with test products, both in vitro and in vivo, is well known to the
microbiological community and does not even need validation. Overnight, how-
ever, this same methodology has been found to be inadequate for evaluating, for
example, water-insoluble products or products that are only partially water solu-
ble because of incompatibility with water-based bioassay systems. Appropriate
methods must be submitted to the regulatory agency to accommodate the new
needs of testing.

This chapter focuses on issues involving testing methodology and provides
some suggestions addressing the inadequacies. New methods, standards, and re-
quirements, as well as certain simplifications of existing methods, are presented
for discussion and consideration of future modification of the regulations in order
to meet the testing needs of today, and those of tomorrow.

II. REVIEW OF THE POSP EFFICACY TEST
REQUIREMENTS

The efficacy test requirements are described in the Federal Register Monograph
published in 1994 [Tentative Final Monograph (TFM)] [1]. The following is a
dissection and summary of the content of POSP efficacy test requirements in the
TFM.

A. General Test Criteria

The general test criteria describe in vitro testing requirements for the antiseptic
ingredient, the vehicle, and the final formulation. The proposed testing methods
of Minimum Inhibitory Concentration study are described in the National Com-
mittee for Clinical Laboratory Standards (NCCLS) Manual M7, and the American
Society for Microbiology time-kill study [2]. Researchers are encouraged to sub-
mit alternative test methods for approval.

1. Antimicrobial Spectrum of Activity: Minimum Inhibitory
Concentration Study

Test Product. For products containing ingredients as listed in
§333.412(a), (b), (c), (d), or (e) of the TFM, the undiluted final formulation, the
vehicle, and the active ingredient are tested.
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Test Method. A minimal inhibition concentration (MIC) method, as de-
scribed in NCCLS-M7, is used.

Challenge Microorganisms. The antimicrobial spectrum of activity of the
test products must be broad, versus 25 ATCC strains of 20 species of bacteria
and 2 species of yeasts listed in §333.470(a)(1)(ii) of the TFM, plus 25 fresh
clinical isolates of these same species of bacteria and yeasts. The challenge micro-
organisms include members of normal flora in humans, common environmental
contaminants, or systemic pathogens.

2. Time-Kill Kinetic Study

Test Product. For products containing ingredients as listed in
§333.412(a), (b), (c), (d), or (e) of the TFM, the active ingredient, the vehicle,
and the final formulation are to be tested. A 10-fold dilution of the final formula-
tion is required, but there is no dilution requirement for the active ingredient or
the vehicle.

Test Method. Microorganisms are exposed to the test materials for pro-
posed time intervals of 0, 3, 6, 9, 12, 15, 20, and 30 minutes. At the end of the
exposure period, an appropriate neutralizing agent is used to quench antimicrobial
activity chemically and/or by dilution. Microorganism populations before and
after the treatment are enumerated to calculate the antimicrobial activity of the
test product, expressed in a log10 reduction format.

Challenge Microorganisms. The same microorganisms specified for the
MIC test are to be tested.

3. Test for Potential for Emergence of Microbial Resistance

This test determines the evolution of a point mutation by a sequential passage
of a challenge microorganism through increasing concentrations of the antimicro-
bial in the culture medium or a survey of the published literature to determine
whether resistance has been reported for the antimicrobial agent.

B. Specific Test Criteria

The specific test criteria relate to in vivo testing of final formulation on human
volunteer subjects.

1. Test Product

For products containing ingredients as listed in §333.412(a), (b), (c), (d), or (e)
of the TFM, the undiluted finished product is to be tested, along with a positive
control.
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2. Test Method

Establishment of a Test Subject List. An Institutional Review Board
(IRB) is convened to review the study protocol for subject safety. After IRB ap-
proval of the study, sufficient human volunteers per product being tested are
enrolled in the study, per acceptability criteria outlined in the protocol. The num-
ber of subjects required for testing is calculated as specified in the TFM,
§333.470(b)(1)(iii)(F), and these are randomized to the products. All subjects are
informed of the study descriptions, sign informed consents, and complete a wash-
out period prior to participation in testing.

Test Organisms and Testing Sites. The skin normal flora of a dry skin
site (usually the abdomen) and a moist skin site (usually the inguinal) are evalu-
ated with a positive control product. A detergent scrub cup technique with appro-
priate neutralizing agent is used for sampling before and after treatment.

Sample Schedule. The baseline is obtained from untreated abdominal and
inguinal sites at ‘‘0’’ time. Samples are taken from both treated testing sites of
one third of the test subjects 10 minutes posttreatment, one third 30 minutes
posttreatment, and remaining one third 6 hours posttreatment.

Efficacy Requirement. For products labeled according to §333.460(b)(1),
a 2 log10 reduction of normal flora per cm2 in abdominal testing site and 3 log10

reduction per cm2 of inguinal testing site 10 minutes posttreatment are required.
The number of the surviving organisms must not exceed the baseline for 6 hours
following product application. For products labeled according to §333.460(b)(2),
a 1 log10 reduction per cm2 on a dry skin test site within 30 seconds of product
application is required.

III. CRITIQUES ON THE POSP TESTING REQUIREMENTS

A. General Test Criteria: In Vitro Test Requirements

1. MIC Study

The results of MIC tests rely highly on the testing conditions such as testing
media [3,4]. A comparison to the positive control provides relative information
about antimicrobial activity. The MIC test in the monograph requires 25 strains
of 20 species of ATCC bacteria and 25 of two species of ATCC fungi and equiva-
lent fresh clinical isolates. The microorganisms specified represent the resident
microbial flora most commonly encountered under actual use conditions of the
test product, various common environmental species, and transient microbial flora
most likely to be encountered by healthcare professionals in clinical settings [1].
The number of strians of the organisms used was not rationalized. The manufac-
turers may have practical difficulties collecting the required number of freshly
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isolated clinical strains. In addition, the list of the organisms, however, does not
specify the use of antibiotic-resistant strains. Although no correlation between
antibiotic resistance and antimicrobial resistance has been conclusively demon-
strated, it is desirable to include antibiotic-resistant strains among the listed or-
ganisms, as this would entail no extra effort in conducting the test.

2. Time-Kill Kinetic Study

Product Requirements. The time-kill study requires testing a 10-fold dilu-
tion of the final formulation. The rationale for this requirement is not explained
in the TFM, but it may be based on concern for a safety margin—that if the 10-
fold dilution of the product performs well, the full-strength product would provide
greater safety. However, the intended use of the finished POSP product is in its
full, undiluted strength. In the entire ‘‘use life,’’ the POSP product is not applied
in a diluted form. Although once dried on the patient’s skin the product may be
rehydrated and diluted by surgical irrigation solutions during surgery, this is only
after the product has completed its mission as a POSP, as it is so defined. A 10-
fold dilution of a full-strength, ready-to-use product may change physicochemical
characteristics such as pH, viscosity, ionic strength, and the composite interactive
relationship among ingredients in the formulation. The composite relationship
may be vital for some designed antiseptic functions of the testing product.

The importance of the dilution issue is especially pronounced in testing of
iodophor products. The antiseptic action of iodophor relies on the free iodine
released from, for example, polyvinylpyrrolidone (PVP) polymer in an aqueous
environment. A 10% PVP-I solution, for example, has 1% available iodine, but
only releases approximately 1 ppm free iodine. However, it is the free iodine
that is responsible for the antisepsis [5]. Dilution of PVP-I from 10- to 100-fold
dilution controversially results in a greater concentration of free iodine and thus
more effective antisepsis, creating a bias, which overestimates the true product
efficacy [6,7].

Furthermore, there are new POSP products on the market using alcohol as
the major active ingredient. Alcohol in concentrations from 60 to 90% (v/v) is
an excellent antiseptic [8]. A 70% (v/v) alcohol-based POSP, once diluted 10-
fold to 7% (v/v), will fail to show appreciable antimicrobial efficacy. Therefore,
testing results would be biased to underestimate the true testing product efficacy.
Such artificial bias is not desirable, whether true efficacy is over- or underesti-
mated.

Exposure Time Requirement. The rationale for the timed exposure re-
quirement of ‘‘0, 3, 6, 9, 12, 15, 20, and 30 minutes’’ in the TFM is ‘‘because
the time frames of greatest interest for antiseptic drug products intended for
healthcare personnel handwash, surgical hand scrub, and patient preoperative skin
preparation use are 1 to 30 minutes’’ [§333.470(a)(1)(iv)(D)]. Since 1994, when
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the TFM was published, the efficiency and effectiveness of POSP product formu-
lations and application designs have been significantly improved. A product that
requires 10 minutes to eliminate the entire challenge inoculum of 105 or 106 cells/
mL is hardly considered worthy in the marketplace. More often than not the
testing product can reduce 5 log10 microorganisms or more within a minute, and
it is not uncommon for some products to achieve that in 15–30 seconds. With
demonstration of antiseptic action in less than one minute, to test the product
over multiple extended exposure times makes little sense.

Requirements of Testing Organisms. Whereas the purpose of the MIC
test is to demonstrate the broadness of the antimicrobial spectrum of a product,
the purpose of the time-kill testing is to demonstrate how rapidly a product can
kill at a specific concentration. In the analysis of time-kill efficacy, it is the bacte-
rial resistance to the specific chemical, not the broad spectrum, that is important.
If the test product can eliminate the most resistant organisms under testing condi-
tions, other less resistant organisms likely would also be inactivated. The use of
a biological indicator (BI) to monitor the quality of sterilization is a well-known
concept in sterilization technology [9]. It uses the spores most resistant to a spe-
cific sterilization agent as an indicator in the sterilization process, with the ratio-
nale that if the most resistant spores are killed, the less resistant organisms are
also eliminated. This concept may be adaptable to the evaluation of POSP and
SS as follows.

vegetative biological indicator. Basically, all POSP product designs
aim at a maximal antiseptic activity with minimum exposure time, although re-
cent trends also include sustained activity. In sterilization technology, the BI
system increases the safety margin of product sterility and improves cost-effec-
tiveness.

Most antimicrobials are not designed for sporicidal activity, so if the con-
cept of BI is adapted, a vegetative cell system must be used instead of spores.
The vegetative biological indicator (VBI) should consist of lyophilized cultures
instead of spore-bearing carriers. Instead of using a battery of ATCC organisms
and fresh clinical isolates, a ‘‘most’’ resistant organism or a cluster of three to
four ‘‘most’’ resistant organisms are lyophilized and passed only one passage in
specific medium prior to use as VBIs. The VBI system is a useful alternative,
especially to the fresh clinical isolates. Different strains of each clinical isolate
are collected from hospital clinical laboratories by different repository labora-
tories with different procedures. The organisms, therefore, are not standardized
cultures. The collection is not well characterized and is not maintained with stan-
dardized procedures or maintained by lyophilization. The VBI approach, with
large-batch lyophilized cultures, not only makes the standardization of the testing
organisms possible, but it is also cost-effective, beneficial especially to smaller
companies that may be able to produce excellent products but cannot afford the
extensive testing as currently required.



POSP and SS Drugs 383

In order to apply the VBI system to the POSP efficacy evaluation, a data-
base of vegetative organism resistance to specific families of antimicrobial chemi-
cals must be established. Some of the organisms, such as Enterococcus faecalis
and Enterococcus faecium, are known to be relatively resistant to iodophor, and
Pseudomonas is more resistant to quaternary ammonium compounds, etc., but
the choice of the organism does not have to be limited to human pathogens, as
the emphasis of the VBI is the resistance to specific chemical agent. That is, they
are simply indicator organisms with the most resistance to the testing chemical(s)
or chemical group(s).

safety assurance level. With the VBI, the safety of the efficacy can
be determined by safety assurance level (SAL), a concept widely appreciated in
sterilization technology. SAL requirements set up safety standards to be met by
the industry. If a SAL requirement is 5, then a 5 log10 reduction must be achieved
within the constraint of the testing conditions and time of exposure in order to
meet the product safety requirement.

d value. Another concept in sterilization technology, the D value [10],
can also be ‘‘borrowed’’ for POSP evaluation. D value (time required to reduce
90% of challenge microorganisms under specific testing conditions) characterizes
product efficacy.

The D value concept is in harmony with the philosophy of the TFM, which
intends to provide information as to ‘‘how rapidly the antimicrobial product pro-
duces its effect’’ [§333.470(a)(1)(iv)]. The D value is also useful for product end
users to compare the efficacy rating of the product. For example, a chlorhexidine
gluconate (CHG) product reduces 1 log10 of a VBI in 15 seconds and eliminates
all 5 log10 of the challenge microorganisms in 1.25 minutes, producing a straight
slope characterized as D/15s � 5D/1.25m (D value � 15s; 5 log10 reduction of
SAL of 5 in 1.25 minutes). This permits evaluation of comparative quality of
various products at a glance. A code of D/15s � 5D/2m, on the other hand,
would suggest that the chemical may not be as potent, thus a survival tailing
results, although the initial reduction kinetics are the same as for the previous
example. Furthermore, a formulation with a D value of one minute and elimina-
tion of 5 log10 in 5 minutes (D/1m � 5D/5m) is a relatively weak antiseptic.
Figure 1 illustrates the D-value concept.

In summary, with application of a defined VBI, the SAL requirement, and
the D value, the POSP efficacy can be characterized, the tests are simplified, and
the relevant comparisons between products or with a standard are facilitated.

B. Specific Testing Criteria

The in vivo efficacy test uses an aqueous solution to retrieve the microorganisms
that survive after the application of the test product. If the test product is not
soluble in water or is only partially water soluble, complicating complete recov-
ery of the surviving microorganisms, then the test method, unless validated, may
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Figure 1 D values.

become inadequate for accurate evaluation. The ineffectiveness in recovering
surviving cells after the treatment may grossly overestimate the true efficacy of
the product.

IV. PROPOSITION OF A NEW REQUIREMENT FOR
POSP TESTS—THE REQUIREMENT OF METHOD
VALIDATION

The information most urgently needed to fortify the test requirements described
in the TFM is probably the validation of the methodology. In the manufacturing
environment, it is compulsory that the methods be validated before implementa-
tion. For in vitro tests, TFM does not dictate the test method that must be used.
In evaluating some products, such as the products that are not water soluble or
only partially water soluble, the conventional methods may not be adequate. First,
the products would precipitate in an aqueous in vitro assay system, making re-
trieval of the surviving microorganisms difficult or impossible, rendering an oth-
erwise perfect method invalid for product evaluation. Therefore, regardless of
the methods of choice, these methods must be validated before implementation.
The same approach should also be used for in vivo tests. For example, the in
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vivo test method in the TFM requires using an aqueous solution to retrieve the
surviving microorganisms after treatment. When some products form water-insol-
uble or only partially water-soluble films on skin after drying, the test method may
be unable to retrieve the surviving microorganisms under the dry film, resulting in
zero colony recovery and an erroneous conclusion that all test microorganisms
were killed, hence 100% efficacy. For these products, alternative methods must
be devised and validated. Below are some suggestions for validating the testing
method for these products.

A. Methodology Validation Using Spore Challenge

Spores are not killed by the antimicrobials listed in §333.412 of the TFM under
the testing conditions specified. Spore challenge, therefore, can be applied as a
tool to validate a chosen method [11,12]. In a time-kill test, for example, by
comparing for retrieval efficiency of the spores added to the test product and to
saline, one could validate the efficiency of the chosen method in retrieval of
surviving microorganisms. If the chosen method fails to retrieve spores effi-
ciently, then it cannot retrieve vegetative cells either and, hence, is not a valid
method to use. If the relative spore-recovery rate from the test product is less
than 100%, then its potency should be discounted from the recovery rate in order
to reflect the true efficacy. Table 1 shows, through method validation, how a
traditional method described in the TFM effectively evaluates some formulations
but is inadequate for others.

Table 1 shows that the very same bioassay method can recover inoculated
spores from experimental formulation A, but not from B. The failure of spore
recovery from formulation B indicates that the methodology is not suitable for
evaluating B in an efficacy test when vegetative cells are used, because it would
overestimate the true efficacy of formulation B.

Table 1 Method Validation Using Spore Challenge

Log spore recovery/
mL 	 STDa

(N � 10) p-value

Saline 4.143 	 0.49
Expt. formulation A (partially water-soluble) 4.158 	 0.52 �0.05
Expt. formulation B (water-insoluble) 0.125 	 0.02 �0.05

a 20 µL of B. subtillis spores were added to 10 mL partially water-soluble (A), water insoluble (B)
experimental iodophor POSP formulations and saline. The spores are enumerated in an aqueous assay
system.
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Table 2 Methodology Validation: In Vivo Spore Recovery from Dry Film of
Experimental POSP

Log spore recovery/
cm2 	 STDa

Spore inocula (N � 10) p-value

On bare skin 3.21 	 0.21
On skin, covered by partially water-soluble 3.17 	 0.23 �0.05

formulation A dry film
On skin, covered by water-insoluble formulation 0.21 	 0.02 �0.05

B dry film

a Ten microliters of B. subtilis spores in 70% alcohol containing log 3.45 spores were inoculated on
human skin in an area approximately the size of a dime and allowed to dry. An experimental POSP
was applied to the inoculated skin in an area approximately the size of a quarter and allowed to dry
to a film. The spores were then recovered by the cup scrub method described in the TFM and enumer-
ated. Spores inoculated on skin without application of POSP was used as a control. Efficiency of
spore yield from bare skin is 3.21 � 100/3.45 � 93.04%.

Table 3 Free Iodine Study: Chemical Analysis of Free Iodine from Extracts of Dry
Film of POSP Experimental Formulations

Free iodine from dry film extracts (ppm)

Sample 0–3 3–6 6–24 hoursa

Formulation A (water-soluble) 1.24 5.70 �0.07b

Formulation B (partially water-soluble) 1.70 2.00 2.70
Expt. formulation C (water-insoluble) �0.07c �0.07c �0.07c

50 mL of experimental POSP formulations were added to sterile bottles and dried with a gentle air
flow while continuously rolled on a bottle roller. After completely dried, 50 mL saline was added
to the bottles to extract free iodine for 3 hours. The extract was then transferred to a sterile storage
bottle. Additional 50 mL fresh saline were added to POSP bottles, and the extraction procedure
continued. Samples of 0–3, 3–6, and 6–24 hours were collected. Aliquots of samples were chemically
analyzed for free iodine, and paired aliquots were tested for bacterial activity (see Table 4).
a Extraction time period.
b After 6 hours of extraction, all free iodine was extracted from water-soluble formulation B. No free
iodine could be extracted from 6–24 hours.
c Detection limit � 0.07 ppm.
Free iodine control: PVP-I (7% in water) � 1.70 ppm.
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Table 4 Free Iodine Study: Microbiological Analysis of the Extracts from Dry Film
of POSP Experimental Formulations

Log reduction/mL

S. aureus E. coli
ATCC #6538 ATCC #11229

Sample time 15 30 15 30 seconds

A—soluble 0–3 hra �5.68 �5.68 �5.81 �5.81
A—soluble 3–6 hra �5.68 �5.81 �5.81 �5.81
A—soluble 6–24 hra �1.00b �1.00b �1.00b �1.00b

B—partially soluble 0–3 hra �5.68 �5.68 �5.81 �5.81
B—partially soluble 3–6 hra �5.68 �5.68 �5.81 �5.81
B—partially soluble 6–24 hra �5.68 �5.68 �5.81 �5.81

C—insoluble 0–3 hra �1.00 �1.00 �1.00 �1.00
C—insoluble 3–6 hra �1.00 �1.00 �1.00 �1.00
C—insoluble 6–24 hra �1.00 �1.00 �1.00 �1.00

An aliquot of free iodine extract from Table 3 was tested for bactericidal activity. A � water-soluble
formulation, B � partially water-soluble formulation; and C � experimental water-insoluble formula-
tion.
a Extraction time period.
b Free iodine was exhausted in water-soluble formulation B film in 6 hours. No free iodine could be
extracted from 6–24 hours.

Spore challenge can also be used to validate test methods for in vivo evalua-
tion. Table 2 shows the very same method, capable of recovering spores from
the dry film on skin from one POSP experimental formulation, but not from the
other. If vegetative cells were the targets of the evaluation, again, the surviving
cells not recovered will be misinterpreted as killed. For formulation B of Table
2, therefore, the traditional method of the TFM is inadequate for efficacy evalua-
tion. An alternative method must be used but should be similarly validated before
implementation. Once validated, the exact same validated method should be used
for efficacy testing without modification.

B. Efficacy Estimate Using Chemical Analysis

In correlation with the microbiological validation, chemical analysis of the active
ingredient also becomes an important tool to validate the testing methodology.
After all, it is the effective dose of chemical that kills the microorganisms. For
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most chemicals, the analysis of the active agent is relatively straightforward.
However, for some chemicals, such as iodophors that contain elemental iodine
bound to macromolecules such as PVP, the chemical analysis may be more in-
volved. The iodine molecules bound to PVP are not effective antimicrobially
unless they are released from PVP as free iodine [5]. Do water-insoluble or par-
tially water-soluble iodophor POSP products, in liquid form or in dry film, release
free iodine? Can an iodophor product, either in liquid or in dry film, without
the chemical evidence of free iodine, demonstrate antimicrobial activity? Until
recently, no studies have been available to examine the release of free iodine
from the samples directly extracted from PVP-I POSP dry film in correlation
with the antimicrobial activity [12]. Tables 3 and 4 demonstrate some aspects of
the complicated nature of the iodophor formulations and provide some answers
to the questions such as those posed above. Free iodine was extracted from the
dry films of skin preparations, and the extracts were then tested microbiologically
and chemically. The data in Tables 3 and 4 clearly show that the free iodine in
the extracts found chemically is closely correlated to the antimicrobial activity.
Such chemical analyses of antimicrobials under conditions of testing, therefore,
can be additional tools to validate the test method.

V. REVIEW OF SS EFFICACY TEST REQUIREMENTS

A. General Test Criteria

In vitro testing requirements for SS products are similar to those for POSP—
the antiseptic ingredient, the vehicle, and the final formulation. Researchers are
encouraged to submit alternative test methods for approval by the FDA.

1. Antimicrobial Spectrum of Activity: MIC Study

Test Product. For products containing ingredients as listed in
§333.412(a), (b), (c), (d), or (e) of the TFM, the undiluted final formulation, the
product vehicle, and the active ingredient should be tested.

Test Method. A minimal inhibition concentration method, as described
in NCCLS-M7, is used.

Challenge Microorganisms. The antimicrobial spectrum of activity of the
test products must be broad, using 25 strains of 20 species of ATCC bacteria
and two species of ATCC fungi listed in §333.470(a)(1)(ii) of the TFM, plus 25
strains of fresh clinical isolates of these same species bacteria and yeasts. The
challenge microorganisms represent members of normal flora in humans, com-
mon environmental contaminants, or systemic pathogens.
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2. Time-Kill Kinetic Study

Test Product. For products containing ingredients as listed in
§333.412(a), (b), (c), (d), or (e) of the TFM, the active ingredient, the vehicle, and
the final formulation are to be tested. A 10-fold dilution of the final formulation is
required, but there is no dilution requirement for the active ingredient or the
vehicle.

Test Method. Microorganisms are exposed to the test materials for pro-
posed times of 0, 3, 6, 9, 12, 15, 20, and 30 minutes. At the end of the exposure
period, an appropriate neutralizing agent is used to quench antimicrobial activity
chemically and/or by dilution. Microorganism populations before and after the
treatment are enumerated to calculate the antimicrobial activity of the test prod-
uct, expressed in a log10 reduction format.

Challenge Microorganisms. The same microorganisms specified for the
MIC test are to be tested.

3. Test for Potential for Emergence of Microbial Resistance

This involves determination of the evolution of a point mutation by a sequential
passage of a challenge microorganism through increasing concentrations of the
antimicrobial in the culture medium, or a survey of the published literature to
determine whether resistance has been reported for the antimicrobial agent.

B. Specific Test Criteria

The specific test criteria relate to in vivo efficacy testing of final formulation,
along with an active control, on human volunteer subjects.

1. Test Product

For products containing ingredients as listed in §333.412(a), (b), (c), (d), or (e)
of the TFM, the undiluted final formulation is to be tested, along with a positive
control.

2. Test Method

Establishment of a Test Subject List. An institutional review board is con-
vened to review the study protocol for subject safety. After IRB approval of the
study, sufficient human volunteers per product being tested are enrolled in the
study per acceptability criteria outlined in the protocol. The number of subjects
required for testing is calculated as specified in the TFM, §333.470(b)(1)(F), and
these are randomized to the products. All subjects are informed of the study
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descriptions, sign informed consents, and complete a washout period prior to
participation in testing.

Preparation. Appropriate scrubbing and handwashing using the methods
described in the TFM.

Test Microorganisms and Efficacy Requirement. The normal skin flora
of the hands is evaluated following use of the test product, and a positive control
product is also tested.

Sampling Procedure. The glove juice method is used to evaluate the effi-
cacy. Bacteria, pre- and posttreatment, are enumerated. Products are required to
‘‘reduce the number of bacteria 1 log10 on each hand within one minute of product
use, and the bacterial cell count on each hand must not subsequently exceed
baseline within 6 hours on the first day, produce a 2 log10 reduction of the micro-
bial flora on each hand within one minute of product use by the end of the second
day of enumeration, and produce a 3 log10 reduction of the microbial flora on
each hand within one minute of product use by the end of the fifth day.’’ The
samples are retrieved and assayed in appropriate neutralizing agent after treat-
ment.

VI. CRITIQUES OF SS TESTING METHODOLOGY

A. General Test Criteria: In Vitro Test Requirements

1. Time-Kill Kinetic Study

In practice, SS is used in conjunction with tap water. It is therefore appropriate
to test SS finished product in vitro with a 10-fold dilution.

2. Neutralization

In testing some SS formulations containing emollients or lotions, it is often found
that the neutralizing agent in the first of the 1:10 series dilution tubes may not
be sufficient to neutralize the active ingredient completely. The neutralizing
power of the neutralizing agent in the first 1:10 dilution tube is affected by the
emollient or lotion materials in the formulation. In order to neutralize the residual
chemicals completely, the product must be further diluted immediately into the
second 1:10 dilution tube, and the survivor numbers must be enumerated from
the second dilution tube and beyond. Table 5 compares the results of time in
residence of inoculated bacteria in the first dilution tube in evaluating SS prod-
ucts. If the samples stayed in the first 1:10 dilution tube longer than 20 minutes,
the cells were inactivated by residual antimicrobial activity not completely neu-
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Table 5 Neutralization of SS Testing Producta

CFU/mL

Neutralization method E. coli S. aureus

Inoculum 3.54 � 106 6.92 � 105

First dilution tube for �20 minutes �1.00 � 101 �1.00 � 101

First dilution tube for �15 seconds 3.52 � 103 6.39 � 102

a Surgical scrub formulation containing experimental parachlorometaxylenol (PCMX) scrub formula-
tion with emollient and lotion. Bacteria were added to the formulation for 2 minutes and then assayed.
At the end of incubation, the reaction materials were diluted 1:10 in specific neutralizing solutions
and allowed to sit for appropriate time lengths and then assayed with a further 1:10 series of dilutions.
Colony counts were taken from the second dilution tube instead of the first one.

tralized by the neutralizing agent. This would result in an overestimate of the
true efficacy.

Furthermore, some of the new formulations may contain ingredients that
cannot be neutralized by conventional neutralizing agents. For example, experi-
mental formulations with alcohol, fatty acids, and compound containing zinc in
lotion complex cannot be neutralized by conventional neutralizing agents con-
taining lecithin and polysorbate 80. Some compounds with zinc are thought to
be preservatives with sustained bacteriostatic activity. Attempts to neutralize zinc
by a chelating agent such as EDTA in lotion systems was not successful (unpub-
lished data). Even a dilution method described above cannot accurately assess
the efficacy of the formulations. Therefore, unless a validated method of neutral-
ization and bioassay is developed, the efficacy of the formulations could be over-
estimated.

B. Special Test Criteria

In clinical testing it is required that the performance of a SS product must improve
during the course of testing. On the first day of a test, a 1 log10 reduction must
be achieved in one minute, whereas in the second and fifth days, 2 log10 and 3
log10 reductions must be achieved in one minute, respectively. Among the antimi-
crobial chemicals, only CHG at appropriate concentration demonstrates such an
immediate, persistent, and residual activity. The residual activity is thought to
be due to skin absorption [13]. Frequent use of CHG would therefore result in an
accumulative antimicrobial efficacy [14]. Iodophor also demonstrates a residual
activity due to skin absorption [15], although a relatively short-lived one. Other
chemicals, however, do not show appreciable residual activity. Therefore, there
is no reason why the efficacy of the fifth day of those chemicals should be any
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different from that of the first day. With the current requirement, it is not surpris-
ing that many of the surgical scrub products containing antimicrobial actives
other than CHG cannot achieve the required efficacy [13,16].

VII. CONCLUSION

The Tentative Final Monograph is a good guideline to regulate testing of POSP
and SS products. The value of the document is apparent. As the title implies, the
document is a tentative proposal, and, therefore, will be subject to modification
over time to meet the needs of the industries, as deemed necessary. This chapter
critically reviewed the testing methodology requirements of the TFM and sug-
gested some solutions to remedy certain aspects of the testing methodology that
may be found inadequate to meet current and/or future needs. Some of these
recommendations may open the doors of discussion in the industry and technical
community. It is hoped that such discussions may result in a perfected document
to meet the change of the industries and the demand of the new era.
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Skin-Sampling Techniques

Barry Michaels
Georgia-Pacific Corporation, Palatka, Florida

I. INTRODUCTION

The human skin has been identified as an important source and reservoir of not
only harmless resident microbial species, but also those responsible for various
types of pathogenic conditions, processes, and infectious diseases. Various tech-
niques have been developed to determine both qualitative and quantitative param-
eters regarding the microorganisms residing on and in the human skin [1,2]. In
addition, testing of antimicrobial skin products sometimes requires that data be
generated on efficacy against both nonresident transient skin contaminants and
resident species. Yet all sampling methods have limitations.

The skin of the hands represents a specific anatomical area to which a
variety of methods and perspectives have been applied to study contamination,
soap product efficacy, and handwashing process effectiveness. Many consider
the fingertip region of the hand an important area where transmission of bacteria
occurs during food preparation or in health care environments [3–5]. This part
of the hand has been an important focus of specific test sampling methods.

Methods used to sample the microbial status of human skin can be conve-
niently grouped into four main categories in which eight principal test methods
are employed. Each of these methods may be performed with modifications, some
of which link and integrate two or more of these methods. They include:

A. Methods Involving Skin/Stratum Corneum Removal

Biopsy/skin scraping
Adhesive tape stripping

395
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B. Nondestructive Direct Sampling

Swabbing
Agar contact-plate
Glove/bag juice techniques

C. Washing Methods

Scrub method
Handwashing collection method

D. Other

Air sampling (for shedders)
Fingernail region

Sampling methods should be selected based on whether the sample is de-
signed to represent the overall microbial status of the hand or a particular part
of the hand. In antimicrobial effectiveness studies, hands are typically inoculated
with up to 108 indicator bacteria. This is a higher number than might be encoun-
tered when examining normal flora or when looking for specific pathogenic spe-
cies important for diagnostic purposes. In each of these cases, individual test
methods may have specific advantages based on their detection characteristics.

II. METHODS INVOLVING SKIN/STRATUM
CORNEUM REMOVAL

A. Biopsy/Skin Scraping

The use of a keratotome [6–9], designed only to remove stratum corneum, yields
slightly better results than tape stripping. An underlying defect in these methods
is that repeat sampling of the same site is difficult and skin physiology is changed
in the process of sample collection; thus, samples from adjacent sites are required,
increasing population variability. Biopsy of skin tissue has been used to determine
microbial counts. In cases where skin pathology is encountered, more definitive
information is required [10–12]. Early skin microbiology experiments frequently
employed cadaver skin for experimental purposes. Techniques have been de-
scribed utilizing pickled dehydrated animal skins to test antibacterial activity of
soap products [13]. Woodroffe [9] used small pieces of skin taken from freshly
killed pigs’ feet to measure the substantiality of antimicrobial compounds. Al-
though convenient, the shortcomings of this technique are apparent, as it does
not involve living human skin with an intact biofilm [14]. Ultimately, the value
of the data derived through use of skin samples obtained at autopsy is question-
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able [15], and the primary use of biopsy is for diagnostic or treatment purposes
[12,16,17]. Occasionally, biopsies are used to validate results from other sam-
pling methods [18]. Unfortunately, with skin sampling methods that involve re-
moval of stratum corneum, the dynamic aspects of skin are severely affected or
lost, making comparative studies difficult.

B. Adhesive Tape–Stripping Technique

The tape-stripping method initially described by Rockl et al. [19,20] appears to
be a valuable and versatile tool for providing information on the distribution of
bacteria in and on the skin [19–21]. The tape method has been used as a reliable
inexpensive diagnostic tool for quantitative determination of, for example, Pityro-
sporum yeast [22], Candida spp. [23], Enterobius spp. [24], and Trichophyton
spp. [25]. The tape method was found to be more sensitive than swab testing,
skin scraping, and direct impression techniques for the determination of quantita-
tive and distribution data of Malassezia spp. on canine skin [26].

Whereas the tape-stripping method aids in enumerating bacterial colonies,
the handwashings collection and scrub methods result in a dispersal of bacterial
colonies [27]. Use of tape stripping has allowed for exploration of the microbial
anatomy of normal human skin by employing plasmid profiles through use of
agarose gel electrophoresis [28]. Results of this technique suggest that the reser-
voir for normal resident skin flora is located below the stratum corneum, perhaps
in hair follicles and ducts of sebaceous glands. Tape stripping has also been used
to characterize the effectiveness of microelectrical currents at reducing microbial
counts in subsurface skin layers as compared to controls [29].

Care should be taken to utilize sterile adhesive tape, available for this type
of sampling [30], as adhesive tape has been identified as a potential source of
pathogenic bacteria in hospitals [31,32]. By sequential stripping with cellophane
tape, 15–25 keratinized layers of stratum corneum can be sampled for the pres-
ence of subsurface coagulase-negative staphylococci [33]. Adhesive tape used to
collect and identify gunshot powder residue has also been used to extract human
DNA for matching identification and attribution of specimen [34]. High-perfor-
mance liquid chromatography (HPLC) has been used to measure urocanic acid
in sun-exposed and shielded skin [35], as well as free long-chain sphingoid base
distribution in layers of stratum corneum [36].

Various methods have been investigated to quantify the amount of stratum
corneum removed by tape stripping [37]. Use of differential transparency mea-
surements of sequentially stripped stratum corneum has been used to develop a
profile of stripped layers [38,39]. Weighing and quantification of the sodium
hydroxide soluble protein fraction, along with spectrophotometric protein analy-
sis of the tape, has been used successfully to provide information regarding layer
composition obtained through sequential strippings [40,41]. Because of furrows
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in the skin, it has been found that cells derived from different layers may end
up on one tape strip [42].

Tape stripping is damaging to the skin and produces a certain degree of
trauma to the epidermal layers. The degree of trauma has been measured by laser-
doppler imaging [43], changes in capacitance measurements [44,45], and ionic
mobility [46]. The most evident physiological changes concern impairment of
barrier function as measured by transepidermal water loss (TEWL) [47–50].
TEWL can increase up to 40-fold that of baseline values, leading to tape-induced
dermatitis [47]. Damage caused by tape stripping has been found to increase
prostaglandin E2 and interleukin-1α over threefold [51], initiate mitotic bursts,
and increase cellular migration rates as a regenerative response [52–55]. Topical
drug delivery has been investigated in skin with the penetration barrier removed
by tape stripping [56]. If this method is employed utilizing the same skin area
repeatedly to obtain baseline readings and determine treatment effects, as is occa-
sionally described [57], then results may be compromised. The use of adjacent
skin surfaces for comparison of baseline readings and skin surface treatments
can provide acceptable data, although statistically less precise than other methods
due to increased sample variability [14].

III. NONDESTRUCTIVE DIRECT SAMPLING

A. Swabbing

Swabbing techniques have been extensively utilized and are subject to a great
many variations [27,58–61]. This method permits sampling, quantitative evalua-
tion, and identification of microorganisms on only small areas of skin. Surface
organisms and a variable proportion of subsurface organisms are obtainable when
using this technique [62]. This method consists of swabbing a defined area for
a measured period of time and counting bacteria by either streaking or dispersing
microorganisms in suspending fluids. Swabbing time, pressure, and swab head
moisture level all affect microbial recovery [63]. Variability in counts is also
affected by site selection [27], with palm, dorsum, fingertips, wrist, and finger
sides all having differing microhabitats. This shortcoming has been partially com-
pensated for by either pooling swabs from each of these areas or sequentially
swabbing these areas [64].

Moist swabs have been found to ‘‘pick up’’ more bacteria than dry swabs,
with pick-up being significantly influenced by swab sampling pressure. Since
heavier pressures pick up more microorganisms than light pressures, pressure
consistency during execution is important when this method is used for compara-
tive purposes. Moistening fluid may consist of either sterile water, saline, 1%
peptone, or tryptone soya nutrient broth. Nonionic detergents may also be added
to maximize dispersion, with pH adjusted to provide optimal release [65] from
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surfaces. Calcium alginate, rayon, and cotton swabs have each been found to
have slightly different pick-up characteristics [27]. Choosing a liquid moistening
agent seems to be less important than the pressure applied during sampling [27].

B. Agar Contact-Plate Method

This is a simple and inexpensive method that yields accuracy and good reproduc-
ibility [62,66]. It is commonly used for fingerprint impressions [5,67–74]. Hand
dorsum impressions [75], palm impressions [73], and finger and palm impressions
[76] have also been used. This method is good for the screening of gross microbial
hand contamination, particularly during hospital infectious disease outbreaks
[62].

Fingertip cultures have been used successfully to evaluate the effectiveness
of various surgical scrub techniques involving the fingertip to elbow scrub [77].
Here, the fingertip is used as an indicator for measuring the success of the entire
regimen. The fingertip count has been used to sample for fecal coliform bacteria,
and thus is an indicator for fecal–oral transmission potential [78] and for evalua-
tion of antiseptic creams against these types of contaminants [79]. When used
for testing effectiveness of antimicrobial products on fingertip contamination,
suitable quenching agents are required in agar [14]. With the contact plate
method, limitations include that it is not quantitative, as colonies may be very
difficult to count and identify due to their proximity to each other. In testing
the effectiveness of antimicrobial compounds on marker organisms, selective or
differential culture media is often used to distinguish them from normal flora.

A variation of this is the finger streak method, in which the fingertip is
drawn across an agar plate, providing better distribution of colonies to obtain
counts and species characterization [80–82]. A drawback of the finger streak
method is the inconsistency in microbial counts due to variations in skin sweating,
in which inaccurate conclusions may be obtained from test results [79,83]. Dry
swabbing seems to yield results similar to those obtained using the contact-plate
method. In some instances, the contact-plate method has been found superior to
other methods due to the increased sensitivity for detection of low numbers of
the target organism [84].

C. Glove/Bag Juice Techniques

The glove or bag juice technique is a variation of earlier work that employed
samples from used gloves [72,85,86] or glove fluid [87,88] for relative data on
microbial counts and population structure. Eventually, stripping liquids were
placed in gloves for gloved hand samples [89,90]. The bag juice method is a
simple variation utilizing a polyethylene or stomacher bag in place of the glove
[91,92]. The hand is placed in a loose glove or bag with 50–75 mL of stripping
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liquid containing nonionic surfactants. A laboratory worker then massages the
gloved or bagged hand for a period of one minute. The fingers, fingertips, and
palm (but not the back of the hand) are rubbed through the wall of the bag or
glove, after which time a quantity of liquid is removed, diluted, and plated [2,62].

Studies performed comparing the glove juice, swab, and finger contact-
plate (finger press) methods to obtain microbial counts on the entire hand have
concluded that at higher levels of accuracy, lower levels of variation are found
with the glove juice method when high initial inoculum levels are used [76]. It
should be noted that at low inoculum levels (200 CFU), all three methods yielded
similar results. This method was codified by American Society for Testing Mate-
rials [93] and further adopted by the FDA for use of proof of antimicrobial soap
efficacy [94]. Some investigators prefer bags rather than gloves because of more
uniformity in sample mixing, whereas others contend that gloves provide a better
ability to remove bacteria from individual fingers. Despite the overall acceptance
of this method for skin sampling, complaints of inaccuracy due to variations
caused by the degree of skin sweating or small glove punctures have been made
[14,83]. The glove juice technique [95] has had wide acceptance for testing anti-
microbial hand soap, surgical scrubs, and healthcare personnel handwash prod-
ucts, as evidenced by the adoption by the American Society for Testing Materials
[96,97]. This method has also been accepted by the FDA as the standard for
healthcare personnel handwash and surgical scrub products [98,99].

IV. WASHING METHODS

A. The Cup Scrub Method

The removal of bacteria from skin, an important aspect of wash and scrub proce-
dures, is dependent on mechanical factors such as the degree of scrubbing [10]
and/or chemical aspects [14]. Surfactant action coupled with optimal alkaline pH
has been shown to favor effective bacterial removal [100–102]. This method
utilizes a Teflon spatula or rubber policeman within a premoistened (with skin-
stripping solution) enclosed area [93]. A cup or ring (1.5–4.0 cm in diameter)
is held down on to the skin surface while the Teflon spatula is used to rub the
skin. The stripping solution is drawn off, diluted, and plated. This method seems
to have been first described by Colebrook and Maxted [103] and modified by
Williamson and Kligman [65], Story [104], and later Shaw [27]. Bacteria on skin
surfaces are well dispersed, and counts tend to identify individual cells rather
than colonies or clumps that may be picked up using the impression plate method
or tape stripping [27]. Although the so-called scrub cup or more appropriately
named cylinder-sampling method [2] has the potential to increase microbial re-
covery rates over swab testing and is lacking in reproducibility, it has been used
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satisfactorily in antimicrobial efficacy studies [105]. Because of the need for two
laboratory technicians to execute this test method, its usefulness is limited. This
technique has also been used to obtain microbial counts and flora samples in
cattle where ballotini beads were used to break down squame and bacterial micro-
colonies [106]. It should be noted that prolonged shaking with beads can decrease
bacterial viability.

By combining swab and scrub test methods on the same site, differential
identification of both surface and subsurface microorganisms can be obtained
[60]. A study by Chevalier [18] compared results of the scrub method to results
of aerobic counts obtained from biopsies with remarkable similarity in data sets.
From detailed studies using the scrub test method, the percentage of different
species and types can be calculated for various parts of the body [107]. Due to the
aggressiveness of this method, skin damage inevitably occurs and some studies of
the human skin, under dynamic conditions, are precluded.

Another variation of this technique is rubbing fingertips against the bottom
of a Petri dish or scrubbing fingertips against glass beads contained in a bowl or
tube [108,109]. Both methods yield similar results and were found useful for
finger contamination sampling.

B. The Handwashings Collection Method

The handwashings collection method was first described by Price [10] and later
practiced by others [110–112] and eventually modified by Cade [113,114]. It
consists of scrubbing the skin with a brush for a predetermined period of time
and rinsing the area into a known volume of liquid. Each washing is held in a
separate wash basin. Microbial counts from serial scrubbings are performed and
cumulative serial counts are used to chart decreases in microbial counts with each
washing. The plotted data are fit to a standard curve to provide a total number of
bacteria on hands.

This method is time consuming, with up to one week needed for full recov-
ery of skin populations. Because a certain percentage of bacteria is removed with
each scrubbing, controlled data can be obtained by limiting scrubbing time. Wash
fluid can be collected after wash periods either with or without the use of a scrub
brush [72,85,115–120].

The modified Cade handwashing procedure uses handwashing in five sterile
polyethylene wash basins or large zip-lock freezer storage bags [1]. Only samples
from washes 1 and 5 are sampled and plated, saving time over the full Price or
Cade technique.

Fingertip washing has also been used [121–123]. Fingertip washing or fin-
gertip impression techniques work well for identification of contact contamina-
tion and potential dissemination of specific microbial species [72].
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V. OTHER METHODS

A. Air Sampling

Air sampling has been identified as a useful technique to measure shedding of
bacteria attached to loose skin squames [124,125]. Certain individuals shed sig-
nificant quantities of bacteria (especially staphylococci) into the air and can be
a danger in hospital areas where immune impairment or lack of immune system
development places patients at risk [126]. Air samplers impinge microorganisms
onto selective agar surfaces where, after removal from impinger, they can be
identified following growth [127]. Standardized methods have been developed
which monitor microbial counts from persons in small rooms during various time
periods at different levels of activity [66,124]. Bacterial counts have been shown
to increase after handwashing [128]. As shedding of bacteria in conjunction with
skin squames has been associated with up to an 18-fold increase due to handwash-
ing with particularly drying soap products [129], air sampling is seen as a valuable
tool for evaluating these effects.

B. Fingernail Region–Sampling Techniques

One problem with both the handwashings collection method and the glove or
bag juice method is the fact that microorganisms residing in the fingernail region
are counted and characterized as part of the whole hand count. While this has
been described as a drawback of the glove juice method, it is by no means thor-
ough enough to be used for testing of sanitizers designed for disinfection of the
fingernail region. This region with the subungual space and nail folds is a com-
mon site of transient contamination and colonization. It is a microhabitat very
different from other skin surfaces found on the hands. Since over 90% of the
bacteria on the hands are found in this region [3,4], then counts taken using both
of the above-mentioned sampling techniques run the risk of obscuring the finer
details of microbial ecology taking place on skin surfaces. Where samples from
multiple sites of the hands show bacterial counts from 102 to 103 per area, subun-
gual spaces may contain numbers up to 2 orders of magnitude higher [3,4,130].
In addition to the inability of the glove juice method to adequately remove marker
bacteria from that region, only two sampling sites (each hand) are available,
whereas a specifically designed test method can provide 10 sites [131]. This
allows possible testing of a larger number of products with multiple sampling
sites with theoretically fewer volunteers. The method developed by Mahl employs
an electric toothbrush [131]. Efficacy of this method has been described as close
to 100% when using Bacillus subtilis spores. Individual toothbrush heads can be
used for each fingernail, as used heads can be sanitized by use of 70% ethyl
alcohol for 10 minutes or disinfected with 1000 ppm freshly reconstituted hypo-
chlorite solution for 10 minutes followed by rinsing in sterile distilled water and
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air-drying or steam autoclave or ethylene oxide. This method has been formalized
by American Society for Testing Materials [132] with use of either S. marcescens
or B. subtilis spore suspension. The nail region of each finger is inoculated with
0.02 mL of marker organism and allowed to dry in front of a small electric fan.
After treatment with antimicrobial product, the electric toothbrush is used for a
1-minute period using 7 mL of collecting fluid in separate petri plates.

REFERENCES

1. DS Paulson. A proposed evaluation method for antimicrobial hand soaps. Soap/
Cosmetics/Chemical Specialties June:64–67, 1996.

2. DS Paulson. Topical Antimicrobial Testing and Evaluation. New York: Marcel
Dekker, 1999.

3. JB Hann. The source of the ‘‘resident’’ flora. Hand 5:247–252, 1973.
4. KJ McGinley, EL Larson, JJ Leyden. Composition and density of microflora in

the subungual space of the hand. J Clin Microbiol 26:950–953, 1988.
5. AZ Sheena, ME Stiles. Efficacy of germicidal handwash agents in hygienic hand

disinfection. J Food Prot 45:713–720, 1982.
6. R Castroviejo. Electro-keratotome for the dissection of lamellar grafts. Am J Op-

thalmol 47:226, 1959.
7. H Blank, EW Rosenberg, I Sarkany. An improved technique for obtaining uni-

formly thin sheets of skin. J Invest Dermatol 36:303, 1961.
8. H Baxby, RCS Woodroffe. The location of bacteria in skin. J Appl Bacteriol 28:

316, 1965.
9. RCS Woodroffe. A respirometer technique for extimating germicidal activity on

skin. J Hyg Cambr 61:283, 1963.
10. PB Price. The bacteriology of normal skin; a new quantitative test applied to a

study of the bacterial flora and the disinfectant action of mechanical cleansing. J
Infect Dis 63:301–318, 1938.

11. R Marks, ND Ramnarain, B Bhogal, NT Moore. The erythrasma microorganism
in situ: studies using the skin surface biopsy technique. J Clin Pathol 25[9]:799–
803, 1972.

12. MH Brownstein, AD Rabinowitz. The invisible dermatoses. J Am Acad Dermatol
8[4]:579–588, 1983.

13. LJ Vinson, EL Ambye, AG Bennett, WC Schneider, JJ Travers. In vitro tests for
measuring antibacterial activity of toilet soap and detergent bars. J Pharm Sci 50:
827, 1961.

14. BM Gibbs, LW Stuttard. Evaluation of skin germicides. J Appl Bact 30[1]:66–77,
1967.

15. EJL Lowbury. Removal of bacteria from the operation site. In: Skin Bacteria and
Their Role in Infection. New York: McGraw-Hill, 1965.

16. GP Wormser, G Forseter, D Cooper, J Nowakowski, RB Nadelman, H Horowitz,



404 Michaels

I Schwartz, SL Bowen, GL Campbell, NS Goldberg. Use of a novel technique of
cutaneous lavage for diagnosis of Lyme disease associated with erythema migrans.
JAMA 268[10]:1311–1313, 1992.

17. AB Fleischer Jr, SR Feldman, RE White, B Leshin, R Byington. Procedures for
skin diseases performed by physicians in 1993 and 1994: analysis of data from the
National Ambulatory Medical Care Survey. J Am Acad Dermatol 37(5 Pt 1):719–
724, 1997.

18. J Chevalier, GM Mercier, A Cremieux. Evaluation of a standard scrubbing method
for the recovery of aerobic skin flora. Ann Inst Pasteur Microbiol 138[3]:349–358,
1987.

19. H Rockl, E Muller. Studies on the localization of bacteria in the skin. Arch Klin
Exp Derm 209:13, 1959.

20. DM Updegraff. A cultural method of quantitatively studying the microorganisms
in the skin. J Invest Dermatol 43:129, 1964.

21. DM Updegraff. Methods for determining the distribution of bacteria in the skin. J
Am Oil Chem Soc 44[8]:481–483, 1967.

22. JR Wikler, P de Haan, C Nieboer. The ‘tape-method’: a new and simple method
for quantitative culture of Pityrosporum yeasts. Acta Derm Venereol 68[5]:445–
449, 1988.

23. RS Barnetson, LJ Milne. Skin sampling for Candida with adhesive tape. Br J Der-
matol 88[5]:487–491, 1973.

24. MA Kvitko, AN Robster, RG Pavlenko. Experience in using an adhesive tape in
an examination for enterobiasis. Med Parazitol (Mosk) 48[6]:72–73, 1979.

25. LJ Milne, RS Barnetson. Diagnosis of dermatophytoses using vinyl adhesive tape.
Sabouraudia 12[2]:162–165, 1974.

26. RA Kennis, EJ Rosser, NB Oliver, RW Walker. Quanitity and distribution of Ma-
lassezia organisms on the skin of clinically normal dogs. J Am Fet Med Assoc
208(7):1048–1051, 1996.

27. CM Shaw, JA Smith, ME McBride, WC Duncan. An evaluation of techniques for
sampling skin flora. J Invest Dermatol 54:160–163, 1970.

28. E Brown, RP Wenzel, JO Hendly. Exploration of the microbial anatomy of normal
human skin by using plasmid profiles of coagulase-negative staphylococci: search
for the reservoir of resident skin flora. J Infect Dis 160(4):644–650, 1989.

29. L Bolton, B Foleno, B Means, S Petrucelli. Direct-current bactericidal effect on
intact skin. Antimicrob Agents Chemother 18(1):137–141, 1980.

30. JA Fairclough, CG Moran. The use of sterile adhesive tape in the closure of arthros-
copic puncture wounds: a comparison with a single layer nylon closure. Ann R
Coll Surg Engl 69(3):140–141, 1987.

31. DM Berkowitz, WS Lee, GJ Pazin, RB Yee, M Ho. Adhesive tape: potential source
of nosocomial bacteria. Appl Microbiol 28(4):651–654. 1974.

32. DA Redelmeier, NJ Livesley. Adhesive tape and intravascular-catheter-associated
infections. J Gen Intern Med 14(6):373–375, 1999.

33. JO Hendly, KM Ashe. Effect of topical antimicrobial treatment on aerobic bacteria
in the stratum corneum of human skin. Antimicrob Agents Chemother 35(4):627–
631, 1991.



Skin-Sampling Techniques 405

34. C Torre, S Gino. Epidermal cells on stubs used for detection of GSR with SEM-
EDX: analysis of DNA polymorphisms. J Forensic Sci 41(4):658–659, 1996.

35. K Shibata, Y Nishioka, T Kawada, T Fushiki, E Sugimoto. High-performance liquid
chromatographic measurement of urocanic acid isomers and their ratios in naturally
light-exposed skin and naturally shielded skin. J Chromatogr B Biomed Sci Appl
695(2):434–438, 1997.

36. N Flamand, P Justine, F Bernaud, A Rougier, Q Gaetani. In vivo distribution of
free long-chain sphingoid bases in thehuman stratum corneum by high-performance
liquid chromatographic analysis of strippings. J Chromatogr B Biomed Appl
656(1):65–71, 1994.

37. Y Yamamoto, T Yamamoto. Volume of the epidermal stratum corneum stripped
with adhesive tape. Iyodenshi To Seitai Kogaku 13(6):360–361, 1975.

38. F Klaschka, M Norenberg. A device for the measurement of the horny layer trans-
parency. The stripping method. Arch Dermatol Res 254(3):313–325, 1975.

39. F Klaschka, M Norenberg. Individual transparency patterns of adhesive-tape strip
series of the stratum corneum. Int J Dermatol 16(10):836–841, 1977.

40. E Marttin, MT Neelissen-Subnel, FH De Haan, HE Bodd’e. A critical comparison
of methods to quantify stratum corneum removed by tape stripping. Skin Pharmacol
9(1):69–77, 1996.

41. F Dreher, A Arens, JJ Hostynek, S Mudumba, J Ademola, HI Maibach. Colorimet-
ric method for quantifying human stratum corneum removed by adhesive-tape strip-
ping. Acta Derm Venereol 78(3):186–189, 1998.

42. RG van der Molen, F Spies, JM van’t Noordende, E Boelsma, AM Mommaas, HK
Koerten. Tape stripping of human stratum corneum yields cell layers that originate
from various depths because of furrows in the skin. Arch Dermatol Res 289(9):
514–518, 1997.

43. HN Mayrovitz, SG Carta. Laser-doppler imaging assessment of skin hyperemia as
an indicator of trauma after adhesive strip removal. Adv Wound Care 9(4):38–42,
1996.

44. A Triebskorn, M Gloor, F Greiner. Comparative investigations on the water content
of the stratum corneum using different methods. Dermatologica 167(2):64–69,
1983.

45. J Palenske, VB Morhenn. Changes in the skin’s capacitance after damage to the
stratum corneum in humans. J Cutan Med Surg 3(3):127–131, 1999.

46. YN Kalia, F Pirot, RO Potts, RH Guy. Ion mobility across human stratum corneum
in vivo. J Pharm Sci 87(12):1508–1511, 1998.

47. H Hofman, H Maibach. Transepidermal water loss in adhesive tape induced derma-
titis. Contact Dermatitis 2(3):171–177, 1976.

48. RC Scott, GJ Oliver, PH Dugard, HJ Singh. A comparison of techniques for the
measurement of transepidermal water loss. Arch Dermatol Res 274(1–2):57–64,
1982.

49. H Tagami, K Yoshikuni. Interrelationship between water-barrier and reservoir
functions of pathologic stratum corneum. Arch Dermatol 121(5):642–645, 1985.

50. PG van der Valk, HI Maibach. A functional study of the skin barrier to evaporative
water loss by means of repeated cellophane-tape stripping. Clin Exp Dermatol
15(3):180–182, 1990.



406 Michaels

51. DM Reilly, MR Green. Eicosanoid and cytokine levels in acute skin irritation in
response to tape stripping and capsaicin. Acta Derm Venereol 79(3):187–190,
1999.

52. OP Clausen, T Lindmo. Regenerative proliferation of mouse epidermal cells fol-
lowing adhesive tape stripping. Micro-flow fluorometry of isolated epidermal basal
cells combined with 3H-TdR incorporation and a stathmokinetic method (col-
cemid). Cell Tissue Kinet 9(6):573–587, 1976.

53. OP Clausen, E Thorud. Perturbation of cell cycle progression in mouse epidermis
prior to the regenerative response. J Invest Dermatol 75(2):129–132, 1980.

54. E Proksch, J Brasch, W Sterry. Integrity of the permeability barrier regulates epider-
mal Langerhans cell density. Br J Dermatol 134(4):630–638, 1996.

55. J Welzel, KP Wilhelm, HH Wolff. Skin permeability barrier and occlusion: no
delay of repair in irrritated human skin. Contact Dermatitis 35(3):163–168, 1996.

56. C Gunther, A Kecskes, T Staks, U Tauber. Percutaneous absorption of methylpred-
nisolone aceponate following topical application of Advantan lotion on intact, in-
flamed and stripped skin of male volunteers. Skin Pharmacol Appl Skin Physiol
11(1):35–42, 1998.

57. HH Woodworth, PM Newgard. Measurement of Skin Contamination. California:
Stanford Research Insititute, 1963.

58. ME McBride, WC Duncan, JM Knox. Physiological and environmental control of
gram negative bacteria on skin. Br J Dermatol 93:191–199, 1975.

59. R Aly, HI Maibach. Effect of antimicrobial soap containing chlorhexidine on the
microbial flora of skin. Appl Environ Microbiol 31:931–935, 1976.

60. CA Evans, RJ Stevens. Differential quantitation of surface and subsurface bacteria
of normal skin by the combined use of the cotton swab and the scrub methods. J
Clin Microbiol 3:576–581, 1976.

61. VJ Tucci, AM Stone, C Thompson, HD Isenberg, L Wise. Studies of the surgical
scrub. Surg Gynecol Obstet 145(3):415–416, 1977.

62. EL Larson, MS Strom, CA Evans. Analysis of three variables in sampling solutions
used to assay bacteria of hands: type of solution, use of antiseptic neutralizers, and
solution temperature. J Clin Microbiol 12(3):355–360, 1980.

63. JA Ulrich. Technics of skin sampling for microbial contaminants. Health Lab Sci
1:133, 1964.

64. JM Dunsmore. The effect of hand washing on the bacteria of skin. Aust J Dairy
Techonol 27:137–141, 1972.

65. P Williamson, AM Kligman. A new method for the quantitative investigation of
cutaneous bacteria. J Invest Dermatol 45(6):498–503, 1965.

66. JA Ulrich. Dynamics of bacterial skin populations. In: Skin Bacteria and Their Role
in Infection. New York: McGraw-Hill, 1965.

67. R Berman, R Knight. Evaluation of hand antisepsis. Arch Environ Health 18:781–
783, 1969.

68. NE Dewar, DL Gravens. Effectiveness of septisol antiseptic foam as a surgical
scrub age. Appl Microbiol 26(4):544–549, 1973.

69. A Gross, L Cofone, MB Huff. Iodine inactivating agent in surgical scrub testing.
Arch Surg 106(2):175–178, 1973.

70. G Reybrouck, H van de Voorde. The meaning of the results of four national disin-



Skin-Sampling Techniques 407

gectant testing techniques (author’s transl). Zentralbl Bakteriol (Orig B) 160(6):
541–550, 1975.

71. PC Galle, HD Homesley, AL Rhyne. Reassessment of the surgical scrub. Surg
Gynecol Obstet 147(2):215–218, 1978.

72. G Reybrouck. Handwashing and hand disinfection. J Hosp Infect 8:5–23, 1986.
73. HE Eitzen, MA Ritter, ML French, TJ Gioe. A microbiological in-use comparison

of surgical hand-washing agents. J Bone Joint Surg (Am) 61(3):403–406, 1979.
74. ML Rotter. Hygienic hand disinfection. Am J Infect Control 5(1):18–22, 1984.
75. A Gross, WJ Selting, DE Cutright, SN Bhaskar. Evaluation of two antiseptic agents

in surgical preparation of hands by a new method. Am J Surg 126(1):49–52, 1973.
76. DS Paulson. Evaluation of three microorganism recovery procedures used to deter-

mine handwash efficacy. Dairy Food Environ Sanita 13:520–523, 1993.
77. C Poon, DJ Morgan, F Pond, J Kane, BR Tulloh. Studies of the surgical scrub.

Aust NZ J Surg 68(1):65–67, 1998.
78. JV Pinfold, NJ Horan, DD Mara. The faecal coliform fingertip count: a potential

method for evaluating the effectiveness of low cost water supply and sanitation
initiatives. J Trop Med Hyg 91:67–70, 1988.

79. J Murray, RM Calman. Control of cross-infection by means of an antiseptic hand
cream. Br Med J i:81, 1955.

80. HG Smylie, CU Webster, KL Bruce. pH index and safer surgery. Br Med J ii:606,
1959.

81. HG Smylie, JR Logie, G Smith. From Phisohex to Hibiscrub. Br Med J 4(892):
586–589, 1973.

82. GA Ayliffe, K Bridges, JR Babb, HA Lilly, EJ Lowbury, J Varney, MD Wilkins.
Comparison of two methods for assessing the removal of total organisms and patho-
gens from the skin. J Hyg (Lond) 75(2):259–274, 1975.

83. LW Stuttard. Release of bacteria from surgeon’s hands. Br Med J i:591, 1961.
84. J Brown, LW Wannamaker, P Ferrieri. Enumeration of beta-haemolytic strepto-

cocci on normal skin by direct agar contact. J Med Microbiol 8(4):503–511,
1975.

85. EJ Lowbury, HA Lilly. Gloved hand as applicator of antiseptic to operation sites.
Lancet 2(7926):153–156, 1975.

86. A Cremieux, H Guiraud-Dauriac, J Duval, G Otterbein, J Guilbaud, B Epardeau,
A Guillemart. Multicenter study in actual situations of the activity of an antiseptic
in the surgical washing of hands. Pathol Biol (Paris) 32(5 Pt 2):599–603, 1984.

87. A Rosenberg, SD Alatary, AF Peterson. Safety and efficacy of the antiseptic chlor-
hexidine gluconate. Surg Gynecol Obstet 143(5):789–792, 1976.

88. AF Peterson, A Rosenberg, SD Alatary. Comparative evaluation of surgical scrub
preparations. Surg Gynecol Obstet 146(1):63–65, 1978.

89. MW Casewell, I Phillips. Hands as route of transmission for Klebsiella species.
Br Med J 2:1315–1317, 1977.

90. R Aly, HI Maibach. Comparative study on the antimicrobial effect of 0.5% chlor-
hexidine gluconate and 70% isopropyl alcohol on the normal flora of hands. Appl
Environ Microbiol 37(3):610–613, 1979.

91. CA Bartzokas, JECorkill, T Makin. Evaluation of the skin disinfecting activity and
cumulative effect of chlorhexidine and triclosan handwash preparations on hands



408 Michaels

artificially contaminated with Serratia marcescens. Infect Control 8(4):163–167,
1987.

92. E Larson, K Mayur, BA Laughon. Influence of two handwashing frequencies on
reduction in colonizing flora with three handwashing products used by health care
personnel. Am J Infect Control 17(2):83–88, 1989.

93. ASTM E 1173–87. Standard Test Method for Evaluation of a Pre-operative Skin
Preparation. Philadelphia: American Society for Testing Materials, 1987, pp. 729–
731.

94. Food and Drug Adminstration (FDA). Topical antimicrobial drug products for over-
the-counter human use: tentative final monograph for health-care antiseptic drug
products. Fed Reg 59(116):31402–31452, 1994.

95. RN Michaud, MB McGrath, WA Goss. Application of a gloved-hand model for
multiparameter measurements of skin-degerming activity. J Clin Microbiol 3(4):
406–413, 1976.

96. ASTM E 1327–90. Standard Test Method for Evaluation of Health Care Personnel
Handwash Formulations by Utilizing Fingernail Regions. Philadelphia: American
Society for Testing Materials, 1995, pp. 1–4.

97. ASTM E 1115–86. Standard Test Method for Evaluation of Surgical Hand Scrub
Formulations. ASTM Standards Materials Environ Microbiol 1:201–204, 1987.

98. Food and Drug Adminstration (FDA). OTC topical antimicrobial product, drug and
cosmetic product monograph. Fed Reg 39(179):33102–33141, 1974.

99. Food and Drug Adminstration (FDA). OTC topical antimicrobial product mono-
graph. Fed Reg 43(4):1210–1249, 1978.

100. L Arnold. Relationship between certain physico-chemical changes in the cornifield
layer and the endogenous bacterial flora of the skin. J Invest Dermatol 5:207–223,
1942.

101. H Blank, MH Coolidge. Degerming the cutaneous surface. I. Quaternary ammo-
nium compounds. J Invest Dermatol 15:249, 1950.

102. P Williamson. Quantitative estimation of cutaneous bacteria. In: Skin Bacteria and
Their Role in Infection. New York: McGraw-Hill, 1965.

103. L Colebrook, WR Maxted. Antisepsis in midwifery. J Obstet Gynaec Br Commonw
40:966, 1933.

104. P Story. Testing of skin disinfectants. Br Med J ii:1128, 1952.
105. J Chevalier, A Cremieux. Comparative study on the antimicrobial effects of Hex-

omedine and Betadine on the human skin flora. J Appl Bacteriol 73(4):342–348,
1992.

106. DH Lloyd. Evaluation of a cup scrub technique for quantification of the microbial
flora on bovine skin. J Appl Bacteriol 56(1):103–107, 1984.

107. A Cremieux, JL Cazac. Evaluation of normal aerobic skin flora (author’s transl)
Ann Microbiol (Paris) 131B(1):59–68, 1980.

108. EJ Lowbury, HA Lilly. Disinfection of the hands of surgeons and nurses. Br Med
J 2:1445–1450, 1960.

109. ML Rotter, W Koller. Test models for hygienic handrub and hygienic handwash:
the effects of two different contamination and sampling techniques. J Hosp Infect
20(3):163–171, 1992.



Skin-Sampling Techniques 409

110. WD Pohle, LS Stuart. The germicidal action of cleaning agents—a study of a modi-
fication of Price’s procedure. J Infect Dis 67:275–275, 1940.

111. EF Traub, CA Newhall, RJ Fuller. Studies on the value of a new compound used
in soap to reduce the bacterial flora of the human skin. Surg Gynec Obstet 79:205,
1944.

112. CV Seastone. Surg Gynec Obstet 84:355, 1947.
113. AR Cade. Antiseptic soaps a simplified in vivo method for determining their de-

germing efficiency. Soap Sanit Chem 26:35–38, 1950.
114. F Heiss. Cade-test with a new soap. Asthet Med (Berl) 18(12):223–232, 1969.
115. H Reber, M Muntener, K Neck, U Lips. Test methods for surgical hand disinfection

(author’s transl). Zentralbl Bakteriol (Orig B) 160(6):601–627, 1975.
116. J Charrel, MJ Gevaudan, MN Mallet, A Blancard, P Gevaudan. Evaluation de pou-

voir bactericide de huit antiseptiques destines au lavage de type chirurgicale des
mains. Rev Epidemiolo Sante Publique 25:297–313, 1977.

117. JD Jarvis, CD Wynne, L Enwright, JD Williams. Handwashing and antiseptic-con-
taining soaps in hospital. J Clin Pathol 32(7):732–737, 1979.

118. ME Reverdy, A Martra, J Fleurette. Effectiveness of 9 soaps and/or antiseptics
on hand flora after surgical-type washing. Pathol Biol (Paris) 32(5 Pt 2):591–595,
1984.

119. C Savage, H Leclerc, ME Reverdy, J Fleurette, H Guiraud-Dauriac, A Cremieux,
B Joly, R Cluzel, G Garrigue. Multicenter study of the antimicrobial activity of
antiseptics on the hands. Pathol Biol (Paris) 32(5 Pt 2):581–584, 1984.

120. ME Stiles, AZ Sheena. Efficacy of germicidal hand wash agents in use in a meat
processing plant. J Food Prot 50(4):289–295, 1987.

121. M Rotter, W Koller, G Wewalka. Povidone-iodine and chlorhexidine gluconate-
containing detergents for disinfection of hands. J Hosp Infect 1:149–159, 1980.

122. DGHM (German Society for Hygiene and Microbiology). Richtlinien für die Prü-
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I. INTRODUCTION

Topical agents intended for the decontamination of skin have routinely been ex-
amined for their antibacterial properties, and indeed this has often been assumed
to be all that is necessary. Viral contamination of skin has not been widely recog-
nized, and, therefore, neither is the need for topical antiviral agents. While patho-
genic viruses are not a part of the normal resident microflora of the body, they
are shed for varying periods by those infected with them. Shedding of virus gener-
ally begins prior to the onset of clinical symptoms and lasts for several days, or
occasionally weeks, after recovery. It is also important to note here that most
cases of viral infections remain asymptomatic while silently shedding infectious
viruses into their surroundings and can, therefore, be a source of serious disease
for others.

Symptomatic viral infections remain a leading cause of morbidity and mor-
tality [1]. Indeed, the relative significance of viral infections has been increasing
as we successfully combat common bacterial diseases. Many societal changes
are also making us more vulnerable to attack by viruses [2], and in the absence
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of safer chemotherapy and vaccines, measures such as handwashing remain an
effective means of prevention against many types of viral pathogens.

Since all viruses are obligate parasites, suitable living hosts in the form of
either intact animals, embryonated eggs, or cell cultures are essential to detect
and measure their viability in the laboratory. This need for a living host adds
considerably to the expense and time when assessing the activity of topicals
against viruses.

Topicals are applied chiefly to the hands for antisepsis, especially in clinical
settings, and because hands are considered to be major vehicles for virus spread,
this chapter will concentrate on the importance of virus spread by hands. This
does not preclude the activity of similar agents applied to other areas of skin but
simply recognizes the predominance of hands as vehicles for most enteric and
respiratory viruses that are not predominantly airborne.

This chapter will critically assess the published information on the methods
available as well as the conditions and criteria needed to assess the virus-eliminat-
ing activity of antiseptics, particularly handwash agents, and then discuss why
and which viruses may be suitable as surrogates to determine the activity of
handwash agents against human pathogenic viruses. The reader is referred to a
recent review on the basic properties of viruses and their relative significance as
human pathogens [3].

II. VIRUSES AND THEIR SPREAD BY HANDS

Infectious virus particles have been recovered from naturally contaminated hands
of caregivers, from fomites, and from environmental surfaces [4]. The actual
amount of virus discharged from infected individuals varies considerably, de-
pending on the type of infecting agent and the stage of the infection. On contami-
nated hands, viruses can survive from a few minutes to at least several hours
[4]. Although virus survival on many types of inanimate surfaces and objects is
frequently much longer [4], viruses, which are particularly sensitive to drying,
may survive better on the skin than when dried onto surfaces, depending on the
ambient relative humidity.

To initiate an infection, sufficient numbers of infectious particles of a given
virus must first enter the body of a susceptible host at an appropriate site. Since
virus particles are discharged from an infected host in various body secretions
and excretions, transmission of viral infections requires direct or indirect contact
with such contamination and the deposition of its required dose at a suitable
portal of entry.

What is the smallest number of viable virus particles needed to infect a
susceptible host? This question cannot be answered categorically, but limited
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studies with human and animal hosts have shown that this number may be as
low as 1–10 infectious units [5]. Whether or not this is universally true, it would
be prudent to assume the infectious dose of viruses to be quite small.

Human hands could act as vehicles for many types of viruses [4], and, by
corollary, regular and proper decontamination of hands could reduce the risk of
spread of such infectious agents. But the link between hands and the spread of
viral infections is based mainly on circumstantial evidence and on limited experi-
mental studies using human subjects [4]. This lack of direct evidence is not sur-
prising in view of the general difficulties in working with viruses, the seasonal
nature of most viral infections, as well as our inability to distinguish between
simultaneous spread of a particular infectious agent by hands and other vehicles
in a given setting.

We know even less about the relative importance of hand decontamination
in interrupting the spread of viral infections under field settings because of obvi-
ous problems in designing and conducting such investigations. Other major im-
pediments in this regard have been the absence of a proper regulatory framework
and the lack of availability of proper quantitative protocols to determine the rela-
tive effectiveness of handwashing agents in the removal and or inactivation of
viruses on human hands. Only in recent years have standardized test methods
become available to generate information on the ability of viruses to survive on
human hands [4], to be transferred to and from hands during casual contact [4],
and the potential of topical agents to rid hands of viral pathogens [4,6].

Hands are among the most obvious surfaces to become contaminated by
infected individuals; this is true whether the contamination is of self or a care-
giver. The nature and extent of such contamination will depend on the site of
infection, the degree and nature of the discharge medium from the host, as well
as the personal habits of the infected individual and the hygienic facilities avail-
able. The degree of contamination can vary widely. For example, some enteric
viral infections can produce a profuse and almost explosive diarrhea, which may
be difficult to contain. Addressing such an infection in wards or facilities for
bedridden or mentally handicapped patients can be quite difficult.

Regular and frequent interactions between hands and their surroundings
suggests that transfer of contaminating virus can occur readily between the con-
tact points. Such transfer of infectious virus to and from hands upon casual con-
tact with objects or other animate or inanimate surfaces can be demonstrated to
occur readily in experimental settings [4,6,7]. Several studies have shown that
clean hands can readily become contaminated when objects or surfaces with in-
fectious virus on them are touched or handled [6]. The reverse has also been
shown to be true. Transfer of a rhinovirus was observed in 15 of 16 trials in
which a plastic surface, contaminated 1–3 hours previously, was touched by a
volunteer [8]. Individuals with acute rhinovirus colds were shown to deposit in-
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fectious rhinovirus particles on objects they touched [9]. Infectious rhinovirus
particles could be recovered from fingertips of volunteers who handled objects
such as doorknobs previously touched by virus-contaminated (donor) hands,
and rhinovirus transfer also has been shown to occur by direct hand-to-hand
contact [10].

Studies using human subjects have also established that self-inoculation
with rhinovirus- and rotavirus-contaminated fingers can lead to infection [11,12].
Whether or not sufficient virus can be exchanged and subsequently acquired by
the susceptible host obviously depends on a range of factors. Virus transfer can
be promoted by moist conditions, as well as by increased friction and pressure
[13]. Presumably, increased frequency of contact will also promote virus acquisi-
tion and transfer; for example, a caregiver with frequent contacts among daycare
participants may inadvertently transfer viruses from one child to another, possibly
simply by hand contact. Although significant numbers of viral particles can be
transferred when contamination levels are high, generally, the percentage of virus
transferred during experimental contacts has been shown to be fairly low. This
suggests that the further along the chain of contacts the susceptible host is from
the point of primary contact with the virus, the lower the risk that an infection
will result, and vice versa.

III. IMPORTANCE OF HAND ANTISEPSIS

Topical antimicrobials are used for a variety of purposes in infection control, and
there is also increasing recognition of their potential as prophylactics against
sexually transmitted viral infections [14,15]. However, their principal application
in dealing with viruses is in ‘‘hygienic handwashing,’’ a term that refers to decon-
tamination of hands to eliminate transient microflora. Consequently, this chapter
will focus on methods to evaluate the virus-eliminating activity of chemicals and
formulations used primarily for the decontamination of the intact skin of hands.
With the exceptions discussed below, we are unaware of any attempts to standard-
ize methods to assess the virucidal potential of topicals applied on mucous mem-
branes; the limited information available in this regard comes from the use of
experimental animal models [16].

Although the main focus of this chapter is the carriage, transfer, and decon-
tamination of viruses on intact skin, it is necessary to mention the possibility
of inapparent parenteral exposure to viruses through compromised skin. This is
especially important for caregivers when their skin becomes damaged through
frequent handwashing and when they may be exposed to bloodborne viruses.
Whether or not hand decontamination could prevent virus infection in these cir-
cumstances will depend on the exact conditions prevailing on a case-by-case
basis.
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IV. DESIGNING AND PERFORMING TESTS
AGAINST VIRUSES

No test for antiviral activity can predict the effectiveness of products used in the
field, but properly designed tests can assess the potential of topical products to
rid hands of contaminating viruses. As detailed below, several factors (Table 1)
are crucial in the proper assessment of the activity of topicals against viruses.

A. Test Virus(es)

As yet, there are no generally recognized surrogates for testing the activity of
topicals against viruses, and this encourages the practice of testing a given formu-
lation against as many viruses as possible and listing them all on the product
label. This is particularly true in the United States, where label claims can only
be made against individually tested viruses. Such an approach (1) makes product
development unnecessarily expensive and time-consuming, (2) encourages the
use of the pathogenic viruses themselves (e.g., HIV or hanta viruses), which are
unsafe to handle and may cause undue risk of laboratory-acquired infections,
(3) results in the listing of easy-to-kill (enveloped) viruses, such as HIV, on
product labels, thus gaining an unjust market advantage, (4) encourages label
claims against viruses (e.g., influenza viruses), which may not be amenable to
control through the use of chemical germicides, and (5) makes product compari-

Table 1 Factors Important in Assessing the
Activity of Topicals Against Viruses

Culture and infectivity assay of test virus(es)
Test virus(es) to be used
Nature of in vitro carrier to be used
Volunteers to be selected for testing
Nature and level of soil loading
Diluent, if required, for the test product
Time used for the initial drying of the inoculum
Contact between virus and test germicide
Neutralization of virucidal activity
Procedure for the elimination of cytotoxicity
Method for quantitating virus infectivity
Number of test and control carriers/volunteers
Number of product lots to be tested
Product performance criterion
Essential controls
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sons difficult because of the use of nonstandardized viral strains and variations
in test protocols.

Such testing should be conducted using properly selected surrogates pro-
vided the test conditions are rigorous enough. As can be seen from Table 2,
certain types of viruses possess many of the characteristics desired in a surrogate,
and it should be possible to select one or two of them for testing the capacity of
hygienic handwashing in eliminating viruses from experimentally contaminated
hands. With the anticipated eradication of poliomyelitis in the next 3–5 years,
there are moves already underway to phase out the experimental use of all types
of polioviruses [17].

In some investigations on the interruption of transmission of viral infections
by chemical germicides, the hands of volunteers were contaminated with viruses
naturally shed in body fluids [9,11]. Such an approach is feasible only when the
virus titer is high and the clinical specimen containing it has been thoroughly
screened for other extraneous and potentially harmful agents. However, the use
of virus-positive clinical specimens is unsuitable in standard test protocols be-
cause such material can vary greatly not only in the infectivity titer of the virus
but also in its soil loading.

Some studies on chemical germicides against viruses have used bacterio-
phages (or phages), which are viruses of bacteria that are relatively inexpensive
and easy and safe to work with [18–20]. However, although such testing alone
would not be sufficient for product registration and marketing purposes, it could
provide for the manufacturer an inexpensive and rapid method of screening a
large number of potential formulations.

B. Culture and Infectivity Assay of Test Virus(es)

The use of experimental animals in testing the activity of chemical germicides
in general against viruses is considered neither necessary nor desirable [21]. Es-
tablished and well-characterized cell lines are the recommended host system. In
some cases, such as when working with adenoviruses [22], it is advisable to carry
two cell lines: one for the preparation of virus pools and the other to assay for
its infectivity. The use of embryonated eggs may be needed in rare cases, such
as for the production of high-titered pools for influenza viruses.

In working with chemical germicides, an accurate measure of the degree
of loss in virus infectivity is essential. Therefore, assay systems that detect and/or
measure the presence of viral proteins, nucleic acids, or enzymes without de-
termining viral infectivity are considered unsuitable [21]. It must also be remem-
bered here that no matter what host system is used, inability to detect infectious
virus particles in it does not necessarily mean the complete absence of infectivity
for the natural host.
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C. Nature and Level of Soil Loading

In nature, viruses are always shed in an organic matrix and such ‘‘organic or soil
load’’ can interfere with the activity of a germicidal chemical either by interacting
with it and reducing its effective concentration or by preventing its access to the
target virus through physical protection. Therefore, any proper test against viruses
must simulate the presence of such soil. In practice, there are wide variations in
the nature and levels of substances used, and, as far as we are aware, no substance
or a combination thereof can be regarded as a universal soil load. Bovine serum
(5–10%) is commonly used for this purpose, but it is relatively expensive, not
readily available, and may contain specific or nonspecific virus inhibitors. While
substances such as feces [23] have been used in testing the virucidal activity of
chemical germicides, they are inherently variable and thus unsuitable as a soil
load for standardized test protocols to assess the potency of the germicidal chemi-
cals. They may, however, have some value in secondary test methods to further
examine the potential for field effectiveness.

We have recently developed a soil load that appears to be suitable for work-
ing with a variety of test organisms, including viruses [24]. It consists of mucin
in combination with low molecular weight (peptides) and high molecular weight
protein (albumin) mixture. The concentrations are designed to provide a challenge
approximately equivalent to 5–10% serum in testing for virucidal or other types
of germicidal activity.

D. Diluent for Test Germicide

Many topicals require the addition of water to prepare their use dilution, but
product labels often do not clearly specify the type of water to be used for this
purpose. Normally, one would use tap water for this purpose, but label claims
for germicidal activity may be based on distilled water as the product diluent.
Current regulations in the United States assume that distilled water is used and
do not require that this be stated on the label. Consumers are usually unaware
of the need to use distilled water.

Even when distilled water is meant to be used, most users do not have
ready access to it, and in the vast majority of cases tap water becomes the practical
diluent; germicides with marginal virucidal activity may work when diluted in
distilled water, but not when tap water is used as the diluent [25].

Even though tap water may represent a stronger challenge, its quality, as
well as the nature and levels of disinfectants in it, varies both temporarily and
geographically. In view of this, water with a standard level of hardness in it (e.g.,
200–400 ppm CaCO3) makes for a more desirable diluent in tests for virucidal
activity.
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E. Carriers

Topicals are intended for use on human skin. Therefore, they should be tested
on a suitable surface. Many studies on topicals have used hard surface carriers,
or even suspension tests, and extrapolated the results on product potency to hu-
man skin. We do not believe this to be a valid approach because skin may present
a greater challenge than a hard inanimate surface [26] and a much greater chal-
lenge than suspension tests. Mucous membranes may present an even greater
challenge.

F. Replicates for Test and Control Carriers

The expensive and labor-intensive nature of work with viruses limits the number
of replicates in tests for virucidal activity. Nevertheless, enough replicates must
be included to make the results statistically meaningful. This requires some
knowledge of the degree of reproducibility of the assay methods, and because
viruses require a host system, the results tend to be inherently more variable than
is observed for bacteria, for example. In general, methods that determine virus
plaque- or focus-forming units are more accurate than most-probable-number
(MPN) assays. Each measure of reduction in virus infectivity by a germicide is
obtained by comparison with controls not exposed to test formulation. Therefore,
it is crucial to include sufficient numbers of such controls to obtain an accurate
mean value against which each test carrier can be assessed.

G. Drying of Virus Inoculum

Unlike testing on inanimate surfaces, the virus inoculum on an animate surface
such as skin may never be totally dry. Therefore, the objective is to challenge
the inoculum by waiting until it looks visibly dry, keeping in mind the fact that
viruses differ in their ability to withstand drying [27]. It is also essential to include
a control that measures the virus titer after drying and to use it as the baseline
to calculate the loss in virus titer after exposure to the test or control solution.

H. Time for Virus-Germicide Contact

The handwashing guidelines from the U.S. Centers for Disease Control and Pre-
vention (CDC) recommend that caregivers lather their hands for at least 10 sec-
onds [28]. Surveys in hospitals have found caregivers to spend, on an average,
no more than 8 seconds washing their hands [29]. While contact times of 15–
60 seconds have been used in recent studies on handwash agents [30], we believe
that the contact between the challenge virus and the test formulation for in vivo
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testing of such products should not be longer than 10–15 seconds. This will
require some skill and organization on the part of the experimenter to properly
apply such short contact time in the testing. Contact times longer than these in
a test protocol would be meaningless in predicting the performance of a hygienic
handwash agent in the field. In case a surgical scrub or preoperative skin prep
is to be tested against viruses, an appropriate extension in the contact time may
be justified.

I. Neutralization of Virucidal Activity

For accurate and meaningful results, the virucidal activity of the test formulation
must be arrested immediately and effectively at the end of the contact time
without the process itself killing the virus or enhancing cytotoxicity. This can
be achieved by either the addition of a neutralizer or by dilution of the virus-
germicide mixture, or by a combination of both [31,32]. Whichever approach is
adopted, its effectiveness must be properly validated before the test results can
be accepted.

The following are salient among the many factors to consider in choosing
a suitable chemical neutralizer:

1. No one substance or a combination thereof is known that can success-
fully neutralize all known ingredients of germicide formulations.

2. If used, a neutralizer must be shown to be free of any deleterious effects
on the test virus(es) and also must be proven to be devoid of cytotoxic-
ity and interference with virus infectivity assay.

3. Any steps to arrest virucidal action must not dilute the eluates such
that the detection and quantitation of infectious virus in them becomes
difficult.

4. The selected neutralizer(s) must act quickly to avoid any increase in
the contact time between the test virus and the germicide.

5. It must be readily available and standardizable.
6. It must not alter virus infectivity or host-cell susceptibility.

While a 100-fold dilution of the virus-germicide mixture soon after the end
of the contact time has proven effective in dealing with most types of germicidal
chemicals [32], this procedure requires that the volume of the diluent be kept
relatively small to allow for the titration of most of the eluate.

In some studies using carrier tests, the dried virus inoculum is scraped from
the surface of the carriers prior to the addition of a neutralizer [33]. This effec-
tively can turn the carrier test into a suspension test. Therefore, the neutralizer
must be added to the carriers and or the eluting fluid before virus is eluted/
scraped.
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J. Elimination of Cytotoxicity

The need for living hosts for the detection and measurement of virus infectivity
introduces the serious and sometimes difficult-to-deal-with issue of cytotoxicity.
The considerations involved in the successful elimination of cytotoxicity are
somewhat similar to those enumerated above for neutralizing virucidal activity.

In many instances, a given chemical may or may not be effective against
the test virus while being toxic to the cells employed to detect residual virus
infectivity remaining after treatment. Such cytotoxicity can seriously interfere
with the interpretation of test results, and can often be assessed simply by micro-
scopic examination for visual cell damage of the cell culture system for up to
24 hours after addition of the residual virus-disinfectant mixture. Such apparent
absence of cytotoxicity can be misleading because host cell monolayers may
appear to be undamaged but be unable to support virus replication. Even when
toxicity appears to be visibly removed, subtle effects on the cells, and potentially
on their ability to support virus replication, may remain. Failure to culture infec-
tious virus and virus kill can be confounded, and this needs to be examined
through a low-level virus challenge to test the functionality of the assay system.
Proper demonstration of a lack of cytotoxicity to the detection system will include
separate determinations that low levels of virus can still be detected in untreated
cell cultures after the virus itself has been exposed to the residual level of test
product remaining at the end of the test—positive virus control—and, similarly,
that prior exposure of the cell cultures to residual levels of disinfectant product
does not interfere with the detection of low numbers of untreated viruses—posi-
tive cell control. Moreover, germicides with fixative properties can effectively
kill host cells without detaching them or producing any apparent damage to them.
In such cases it may be possible to observe cytotoxicity in a dilution that was
not detected in the undiluted test sample. Cell culture monolayers, which are
the host system of choice for virus infectivity assays, are also most affected by
cytotoxicity, while whole animals and embryonated eggs are likely to be more
resilient in this regard.

Gel filtration [34,35] or centrifugation [36,37] of virus-germicide mixtures
may be effective in the removal of cytotoxicity, but such steps invariably extend
the contact of the virus with the test germicide by several minutes or more and
put into question the accuracy and relevance of claims for virucidal activity of
topicals. A 10- to 100-fold dilution of the virus-germicide mixture at the end of
the contact time is one simple and potentially widely applicable approach to re-
ducing cytotoxicity [32]. This approach, however, requires relatively high-titered
pools of the test virus and may not work on its own for chemicals that are highly
cytotoxic. For highly cytotoxic formulations, simple dilution of the reaction mix-
ture may be insufficient [38], and the use of additional steps such as gel fil-
tration [35,39], dialysis [40], and ultrafiltration [41–43] may be required. As
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stated above, the most serious limitation to these approaches is that they all inevi-
tably extend the contact time between the virus and the test formulation.

K. Quantitation of Virus Infectivity

Any good test for virucidal activity must incorporate a measurement of infectivity
of the challenge virus. This is essential to determine the level of loss in viral
infectivity for the host system used. In many tests for virucidal activity, only
very small fractions (often only 1–10%) of the test sample eluates are titrated
for infectious virus, and the absence of infectivity in the host system may be
taken as evidence of the formulation’s effectiveness. The limit of detection for
the assay system is rarely quoted, but when no infectious virus is detected, the
results should be quoted as ‘‘less than’’ the theoretical detection limit. For a
higher level of confidence in the results, it is desirable to titrate most or all of
the test sample eluates. In order to save time and materials, ultrafiltration can be
used to reduce the volume of the eluates using filters that allow very little protein
binding.

L. Number of Product Lots to be Tested

For a higher level of confidence in the test results, it is considered necessary to
evaluate more than one product lot of a given germicide for virucidal activity, and
several standards require at least three lots to be tested for government registration
purposes.

M. Other Essential Controls

The need for cell cultures for tests with viruses requires the incorporation of
controls over and above those necessary for working with bacteria. In addition
to cell culture controls to demonstrate lack of contamination and virus controls
to demonstrate a functioning assay system, the level of input virus and the loss
in virus infectivity upon the drying of the inoculum on the carrier need to be
measured. In some cases, these measurements are only made once and the data
used with a series of tests. However, it is recommended that, for proper accuracy,
such measurements should be included with every test due to inherent variations
in cell cultures and viruses. When there is a need to separate virus kill from
simple mechanical removal of the test virus during the test, it is recommended
that a control also be included to determine the mechanical removal of the test
virus; standard hard water should be used for this purpose in place of the test
topical product. For any claim of topical antisepsis, reduction in the virus titer
on treatment with the test product must be substantially higher than that obtained
with the standard hard water treatment alone.
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An often-ignored complication of titrating viral infectivity, particularly in
cell culture systems, is that germicide residues, even in diluted eluates, may in-
crease or decrease the susceptibility of the host cells to the test virus. In case of
decreased susceptibility, the host system could overestimate the activity of the
tested germicides by not being able to detect the presence of low levels of infec-
tious virus in the inoculum (see above discussion of cytotoxicity). An increase
in the level of infectivity could also occur due to either unmasking of more viral
receptors on the host cell surface or deaggregation of viral clumps. For the results
to be considered valid, controls must, therefore, be included to rule out the pres-
ence of such interference. The best way to approach this for a cell culture host
system is to first expose the cell monolayer to a noncytotoxic level of the test
germicide and subsequently challenge the cells to the test virus diluted to give
countable infectious foci such as plaques. If the number of infectious foci in such
preexposed monolayers is not statistically significantly different from that in the
monolayers treated with a control fluid, the product can be assumed to be free
from such interference.

N. Product Performance Criteria

The true relationship between the germicidal activity of a product and its ability
to prevent the spread of infections in the field is not known and remains difficult
to determine. Therefore, performance criteria for potency testing of germicidal
chemicals are a matter of policy and practicality rather than being based on sound
public health science. Nevertheless, such arbitrary criteria have a long history and
provide a valuable means of registering suitable products. In tests for bactericidal
activity, it is generally feasible to measure viability reductions of 5–6 log10. When
working with viruses, it is more usual to aim for 3–4 log10 reductions in infectivity
titer on hard surfaces. For topical products, it is often not practical to set such
high performance criteria. However, some agents such as alcohol are widely doc-
umented to routinely produce kills of greater than 2 log10.

Product performance criteria are normally set by regulatory agencies, and
they may differ from one jurisdiction to another. Some national or international
standards also specify the level of reduction in the viability titer of the test organ-
ism for the evaluated product to meet the requirements of that standard. The
Canadian General Standards Board [44], for example, requires products for use
on environmental surfaces and medical devices to show a �3 log10 reduction
(beyond the level of cytotoxicity) in the level of infectious virus to meet its re-
quirements. Certain regulatory agencies also specify that, in addition to showing
the specified level of log10 reduction in the infectivity titer, no infectious virus
be detectable in the highest dilution of the virus-germicide mixture titrated. How-
ever, in North America, no standards exist for virucidal inactivation by topicals,
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and further discussions are needed to establish practical criteria whereby topical
products can be considered to be safe and effective against viruses.

V. METHODS TO ASSESS THE ACTIVITY OF TOPICALS
AGAINST VIRUSES

There has been considerable progress in this area of research in the past decade,
and several standard (Table 3) and experimental procedures are now available
to assess the activity of topicals against viruses. The following is an analysis of
the relative advantages and disadvantages of the general classes of published
protocols.

A. Suspension Tests and Testing Using
Inanimate Carriers

In many instances, the activity of a hygienic handwash agent is determined using
a simple suspension test [45] or inanimate carriers (Table 4). In most suspension
tests, one part of the virus is mixed with nine parts of the handwash agent and
the mixture held at 20°C or room temperature (22 	 2°C) for as long as 10
minutes before being titrated for infectious virus.

In carrier tests, the virus inoculum is first applied to and dried on an inani-
mate carrier such as metal, plastic, or glass, and the product under test is then
placed on the dried inoculum and left to act on it at room temperature for 1–10
minutes [23,32]. At the end of the contact time, the virus-product mixture is
eluted from the carrier and titrated for infectious virus. As a rule, the carrier test
is more stringent when compared to a suspension test, because the test product
must act on the virus in the dried inoculum, and products that pass the suspension
test may or may not pass the carrier test.

Neither the suspension nor the in vitro carrier methods give results that are
truly predictive of a handwash agent’s activity on human skin. Furthermore, these
tests are generally conducted at ambient temperatures, whereas the temperature
of the skin is around 33°C. The contact time of even one minute is too long for
testing handwash agents, because most caregivers apply them on their hands for
no more than 4–8 seconds [29], even though 10 seconds is the time recommended
by the CDC in their handwashing guidelines [28]. Also, the level of moisture on
it is quite different from that encountered on nonporous inanimate surfaces, and
the surface topography of the skin gives a level of protection for applied virus
that cannot be simulated by inanimate surfaces.
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Table 4 Chronological Listing of In Vitro Studies on the Activity of Topicals
Against Viruses

Topical(s) tested Viruses tested Ref.

Suspension test
Chlorhexidine Herpes hominis, poliovirus type 2 46

(Sabin), adenovirus type 2
Aqueous iodine Rhinovirus 47
Alcohols Rotavirus, astrovirus, echovirus 11 48
Betadine, hexol, hibitane, hibiclens, Rotavirus SA11 49

ethanol
Povidone-iodine, chlorhexidine diglu- Poliovirus type 1 (Sabin) 41

conate
Listerize Herpes simplex virus types 1 & 2 50
Zilactin® Herpesvirus type 1 51
Chloroxylenol (PCMX) HIV-1 52
Povidone-iodine, ethanol, isopropanol, Poliovirus 1 (Sabin) 53

chlorhexidine, hydrogen peroxide
Chlorhexidine gluconate, povidone- Vaccinia orthopoxvirus, herpes virus 38

iodine, carbanilide, benzylkonium KOS 1
chloride

Bleach, Lysol, povidone-iodine, hibi- Respiratory syncytial virus 54
clens, osyl, ethanol, Listermint

Levermed HDI (a hand disinfectant HIV strains RF & IIIB 37
gel)

Povidone-iodine, chlorhexidine gluco- Adenovirus, mumps virus, rotavirus, 55
nate, benzylkonium chloride, alkyl coxsackievirus, herpesvirus, rubella
diaminoethylglycine hydrochloride virus, measles virus, influenza vi-

rus, HIV
Chloroxylenol, benzalkonium chlo- Coxsackievirus, adenovirus type 25, 45

ride, cetrimide/chlorhexidine HSV-1, polio virus type 1 (Sabin),
coronavirus

Dishwashing detergents, antibacterial Respiratory syncytial virus 56
hand soaps

Antimicrobial hand soaps Vaccinia virus 43
Benzylkonium chloride, hydrogen per- Adenovirus type 5 57

oxide, acetic acid
Carrier test using stainless steel disks

Products containing ingredients such Coxsackievirus B3, HPIV-3, HCV 58
as ethanol, povidone-iodine, chlor- 229E, adenovirus type 5
hexidine gluconate, etc.



428 Ansari and Sattar

B. Tests Using Human Subjects

Table 5 presents a summary of in vivo studies for testing the activity of topicals
against viruses. Such protocols are based mainly on the use of either the whole
hand [59,60,64], fingertips [69], or fingerpads [64,68].

1. The Whole-Hand Method

In the whole-hand method [64,74], generally 0.5 mL of the test virus is placed
on the palm surface of the hands, and the hands are rubbed together to spread
the contamination. The hands are then allowed to air-dry. To obtain the base titer
of the virus at the end of this procedure, 20 mL of an eluent is poured over the
hands while they are being rubbed together to recover as much of the virus as
possible. To test a handwash agent, the contaminated and dried hands may be
wetted in water to simulate pretreatment rinse and then receive 0.5–5 mL of the
test product on the palm surface of one of the hands, and the hands are rubbed
together for between 10 seconds and several minutes to simulate the normal lath-
ering procedure. They are then washed in water, dried, and the virus eluted either
from the entire surface of both hands or by dipping only the fingertips in �20.0
mL of an eluent. Depending on the level of cytotoxicity of the product under
test, the eluate may require the removal/neutralization of cytotoxicity prior to
virus titration in cell culture.

In our view, the whole-hand method has the following weaknesses when
used to test handwash agents against viruses:

1. There is potential for virus wash-off during the pre- and posttreatment
tap water rinse.

2. The virus initially placed on one of the hands is spread over the entire
surface of both hands during the application of the handwash agent
and at the time of sampling, and if only fingertips are immersed in the
recovery medium, this leads to virus recovery from a small fraction of
the contaminated surface. This is particularly important in dealing with
formulations with strong detergent activity but weak virucidal activity,
because they spread the inoculated virus over a much wider area of
the hand during the lathering procedure.

3. The volume (about 20 mL) of the recovery medium is too large to
allow for the detection of infectious virus in all or most of it without
a virus concentration step.

4. In any given sitting, the volunteer can be used to test either the control
or only one of the products against a single type of virus.

5. Incorporation of the paper towel–drying step as an integral part of the
test procedure makes it difficult to account for the true extent of virus
elimination by the handwash agent itself.
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6. At the end of the experiment, it is difficult to ensure the proper decon-
tamination of the hands of the volunteers because of the large surface
area and hard-to-reach interdigital and subungual spaces.

7. Relatively large volumes (�0.5 mL) of high-titered virus pools must
be used here, and this makes the method expensive and limits its use
and its ability to detect high levels of virus inactivation.

8. In most cases, viral contamination is picked up by the palm surface of
the hand; therefore, the use of the whole hand may be quite relevant
to testing the bactericidal activity of surgical scrubs and products for
preoperative skin antisepsis [76], but not for dealing with viruses.

2. The Fingertip Method

In the fingertip method [70], 20 µL of the virus suspension is placed on the palm
surface of each fingertip and rubbing together of opposing fingers for 40 seconds
to spread the inoculum. The fingers are then dried for 80 seconds and moistened
under running tap water. The test product (5 mL) is poured into the cupped hands
and rubbed for 30 seconds over the entire surface of both hands simulating normal
handwashing. The hands are then rinsed for 15 seconds in running tap water and
dried for 15 seconds using paper towels. For virus recovery, the tips of fingers
and thumbs are immersed and rubbed together for 1 minute in a bowl containing
20 mL of a cell culture medium and glass beads. The recovery medium and
controls are titrated for infectious virus. This protocol is subject to most of the
same limitations as described above for the whole-hand method.

3. The Fingerpad Method

Keeping the above-mentioned factors in mind, we developed the fingerpad proto-
col [64,68] to avoid many of the cited difficulties. It has also been used by other
investigators [26,70] and is now a standard of ASTM [74]. Table 6 lists the types
of viruses that have been tested using this method. Figure 1 gives the main steps
in the procedure.

In the fingerpad method test areas on the fingerpads of washed and decon-
taminated hands of the test subject(s) are demarcated by pressing them over the
mouth of an empty plastic vial. Test virus (10 µL), with a suitable soil load, is
then placed at the center of the demarcated area on each of the thumbs, and the
inoculum on the thumbpads is immediately eluted in 1 mL of a suitable eluent
to serve as the virus ‘‘input’’ control. A similar inoculum is placed on each of
the other digits, and the fingerpads are allowed to dry for 20–25 minutes under
ambient conditions until the inocula are visibly dry. In determining the length
of the drying period on the fingerpads, it is valuable to understand the kinetics
of the virus decay. Experiments with a relatively stable virus (rotavirus) suggest
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Table 6 Quantitative In Vivo and Ex Vivo Methods Developed at the University of
Ottawa and Their Application in Studies on the Survival and Germicide Inactivation of
Viruses

In vivo Ex vivo Ex vivo
Virus tested (fingerpads) (human skin) (umbilical cord)

Rotavirus (Wa) � � �
Rhinovirus type 14 � � �
Adenovirus type 4 � � �
Herpesvirus type 2 � � �
Hepatitis A virus (HM-175) � � �
Influenza virus type A (PR8) � � �
Parainfluenza virus type 3 � � �
Poliovirus type 1 (Sabin) � � �
Coxsackievirus type 3 � � �
Feline parvovirus � � �

that 60 minutes may be a more appropriate drying time than 20 minutes, because
the percentage of virus transfer is higher at 20 minutes and the virus may not be
properly dry. However, many viruses can decay quite rapidly on human skin,
and after 60 minutes very few infectious virus particles may remain. Another
factor that may influence the drying time is the nature and consistency of the
soil load. That is why it is important to use a standardized soil load with predeter-
mined drying times under ambient conditions.

Two randomly selected fingerpads are then eluted at the end of the drying
period to determine the amount of infectious virus surviving the drying and the
loss in virus infectivity due to drying; this virus titer serves as the ‘‘baseline’’
for any loss in virus infectivity as a result of any subsequent treatment. The dried
inocula on at least two randomly selected fingerpads are exposed for the required
contact time (normally no longer than 10 seconds) to 1 mL of the control or test
formulation. The remaining fingerpads can be used to determine the degree of
mechanical removal with standard hard water or serve for comparison with other
handwash agents. Using the fingerpads allows replicates within the same experi-
ment and can also test in parallel different products against the same virus or
one product against more than one virus. We consider this statistical efficiency
to be one of the most important points in favor of using the fingerpads. It is also
a closed system, allowing for the determination of virus removal/inactivation at
every major step of the handwash procedure.

Virus remaining on the treated area of the fingerpad after treatment can be
recovered without any rinsing to determine virus inactivation alone or after rins-
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ing it in water contained in a tube or bottle to determine the combined effect of
inactivation and removal. Similarly, the virus on the rinsed area can be recovered
without any drying or after drying it with paper, cloth, or warm-air drying in
order to determine what effect the drying of washed hands has in the overall
handwashing procedure. The controls and test eluates are titrated for virus infec-
tivity using an appropriate permissive cell line.

The fingerpad procedure is, therefore, capable of assessing, separately, vi-
rus elimination after exposure to the handwash agent, posttreatment water rinse,
and the drying of washed hands. At the end of the experiment, the volunteer’s
fingerpads are pressed over tissue soaked in a product known to inactivate the
virus under test. The volunteer is then required to wash his or her hands thor-
oughly with an ordinary liquid soap and running tap water before leaving the
laboratory.

The virus elution procedure in this protocol, which includes scraping of
the fingerpad against the inside lip of the plastic elution vial after the treatment
of the contaminated area with the product under test and after the posttreatment
water rinse, can recover as much as 90% of the infectious virus remaining on
the fingerpads at the end of the drying period. Through this action, friction is
regularly applied during the test procedure. Although the purpose of this scraping

Figure 1 Procedure for fingerpad test. (A) The panelist washes hands with nongermi-
cidal soap and water and dries them with paper towel. About 5 mL of 70–75% (v/v)
ethanol is placed on the hands and they are rubbed together till dry. (B) Each digit is
pressed against the mouth of a cryovial (8 mm inside diam.) to demarcate the target area.
(C) 10 µL of virus with soil load is placed at center of each demarcated area. Inoculum
from thumbpads is eluted immediately (H below) to act as ‘‘input’’ control for virus.
(D) Inoculum on fingerpads allowed to become visibly dry (20–25 minutes). Two ran-
domly selected fingerpads are eluted immediately (H below) at the end of drying (‘‘base-
line’’ control). (E) Dried inoculum on at least two randomly selected fingerpads is exposed
to 1 mL of test product or control fluid in a cryovial for desired contact time, with speci-
fied number of full inversions; skin scraped against inside lip of vial to collect as much
fluid as possible. For waterless handwash agents or to determine virus elimination after
exposure to the product alone, fingerpads can be eluted (H below) without further treat-
ment. (F) To simulate posttreatment rinsing of hands, fingerpads are exposed to 1–15 mL
of water for 5–10 seconds. Virus can be eluted (H below) at this stage or after drying of
hands. (G) To determine virus removal after the drying of washed hands, they can be
dried in air or with paper or cloth towel for specified time and virus recovered from them.
(H) To elute virus, the digit is placed on the mouth of a cryovial with 1 mL of eluent and
subjected to 20 full inversions; skin is scraped against inside lip of vial to collect as much
fluid as possible. The eluates and controls are titrated for virus and log10 reductions calcu-
lated.
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is to recover as much of the fluid as possible from the fingerpad, we consider
this degree of friction to be sufficient, because any other kind of friction step is
always difficult to standardize and may therefore compromise the reproducibility
of a protocol. More rigorous friction is perhaps only important in dealing with
reductions in resident flora by surgical scrubs because such bacteria may actually
grow in the crevices in the skin. This is not the case with viruses and other
transient microflora. Furthermore, during hygienic handwashing the friction that
is applied is at best very gentle and may not in itself play an important role in
the activity of topicals against viruses. The experiments of Schürmann and Eggers
[59] have clearly demonstrated that the lubricating effect of ‘‘soapy’’ handwash-
ing agents reduces the impact of friction applied normally during the lathering of
hands and that the rubbing of hands with sand was required to properly dislodge
poliovirus from the skin of experimentally contaminated hands.

The fingerpad protocol is a simple, reproducible, and quantitative method
to study the survival of viruses and bacteria on human hands and their transfer
between hands and inanimate objects and to assess the activity of handwash
agents against viruses and bacteria. This protocol can be controlled better than
the methods using the whole hand and presents a much lower risk to study partici-
pants. It has now been used in our laboratory to test a variety of handwash agents
against a human rhinovirus, a human rotavirus, hepatitis A virus, a human adeno-
virus, a human parainfluenzavirus, a poliovirus, as well as Escherichia coli and
Staphylococcus aureus [22,64,68,73]. In fact, in one study [68] we used a mixture
of hepatitis A virus and poliovirus type 1 (Sabin) for simultaneous testing of a
variety of handwash agents against the two viruses.

4. Ex Vivo Tests Using Animate Carriers

Because of safety reasons, the in vivo methods mentioned above cannot be used
for working with formulations where the safety of the chemical ingredients is
unknown and/or with high-risk infectious agents such as HIV. To overcome this,
we have developed ex vivo methods using either human skin removed during
cosmetic surgery or pieces of human umbilical cord as detailed below and applied
them to study the virucidal activity of topicals (Table 4).

Testing Using Human Skin Fragments. Pieces of skin removed during
cosmetic surgery can be kept metabolically active in the lab for several hours,
and disks cut from them can be mounted on stainless steel holders for use in
pathogen survival and inactivation studies [73]. This method has already been
used to work with human herpesvirus 2 and human adenovirus type 4 [72,76].
However, the supply of human skin can be unpredictable, and, when available,
it would come mostly from females of a certain age group. Therefore, the behav-
ior of pathogens on such carriers may not be truly representative of the general
population.
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Whereas the skin of a variety of experimental animals can be or has been
used in testing hygienic handwash agents against viruses of human origin, we
are not aware of any systematic efforts to develop such a model for general
application; the use of such substrates is subject to many limitations when com-
pared to human skin and may be suitable only as a screening mechanism for
product testing. The advent of in vitro culture of human keratinocytes offers
interesting possibilities for screening and testing of topicals but suffers from high
costs and difficulties of standardization. Such skin fragments are also difficult to
manipulate and may not truly represent the topography of mature intact skin.

Testing Using the Umbilical Cord as a Model for Mucous Membranes.
The topography, moisture level, microbial ecology, and surface temperature of
mucous surfaces are quite different from those of skin. It would, therefore, be
safe to assume that the behavior of microbial pathogens on mucous membranes
may also be different from that on skin. Each of these differences may also influ-
ence the germicidal activity of an antiseptic applied to mucous membranes.

What little information that is available on the activity of topicals against
viruses on mucous membranes comes from experiments using animals [13,14].
Ethical considerations, costs, and the general difficulties of working with animals
models severely limit a wider application of such test protocols, especially in the
initial development and screening of formulations. The recent introduction of the
human umbilical cord as a surrogate for mucous membranes is an attempt at
addressing this gap [3], and preliminary experiments with this model show its
potential for application in studies on virus survival and inactivation on mucous
membranes [72].

Human umbilical cord tissue is relatively readily available in most loca-
tions, and the ability to fragment it into multiple similar carriers allows for repli-
cates and statistical efficiency in experimental design. Ethical clearance and in-
formed consent for its use in experimentation are required.

Testing Using Animal Skin. Human skin is unique in the thickness of its
stratum corneum, density of hair follicles, and the nature of its sweat glands [77].
Pieces of skin from animals such as pigs are frequently used in testing the activity
of topicals against bacteria [78], but only limited published information is avail-
able on the application of this model to viruses [26].

5. Other Substrates as Carriers

Whereas skin from human cadavers, membranes made out of collagen, cultured
corneal fibroblasts [79], and human skin grown in vitro [80] could also be used
as substrates in testing the activity of topicals against viruses, they all suffer from
a variety of limitations. For example, the viability and barrier integrity of cadav-
eric skin are compromised [77], layers of cultured cells are too fragile for the
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handling required in a germicidal test, and collagen membranes are devoid of
any of the characteristics of viable skin.

VI. POLICY AND RESEARCH NEEDS

There are many issues here that need clear answers. Some of these may represent
policy matters, whereas others will require further data through properly con-
ducted research.

A. Is In Situ Inactivation of Viruses by Handwash
Products Necessary?

The available data show that many products now on the market cannot inactivate
nonenveloped viruses, but such viruses may be able to be removed by detergent
and/or flushing action. Based on the limited data we have obtained so far and
in view of other published studies, alcohols and alcohol-containing products stand
out as superior to most other formulations. If requirement for virucidal activity
is made mandatory in order to register an antiseptic claim for handwash agents,
then many products now sold as handwashes may not be able to meet such a
claim. Some products that can kill nonenveloped viruses on the skin are likely
to be unsafe for regular and repeated use in hygienic handwashing and will most
likely be disqualified on grounds of toxicity. On the other hand, plain alcohols
have been very widely used in Europe, usually in conjunction with emollient(s),
for many years now with relatively few problems. Moreover, nonenveloped vi-
ruses clearly pose a hazard to the young, the elderly, and the immunocompro-
mised, and a clear and obvious means to permit antiseptic choice for caregivers
and others would be beneficial. The discharge of infectious virus particles re-
leased from hands being washed should not be a major concern because it would
represent an extremely small proportion of infectious virus input in the waste-
water stream from the flushing of toilets, for example.

One possible compromise here would be to develop an index based on the
performance of a neutral agent that only mechanically removes viruses from
hands. In the past, nonmedicated soaps have often been used for this purpose.
However, soaps on the market differ widely, especially in properties such as pH
and detergent action. Tap water also differs at different geographical locations.
Therefore, a simple, safe, and readily available solution such as standard hard
water (e.g., with 200 ppm hardness) could be used to establish the reference
point for this index. Product efficacy claims could then be allowed at a certain
differential above the mechanical virus removal with hard water. Manufacturers
could publish the performance index of their formulation on the label to aid in
product selection. To prevent minor differences in indices being used as a sales
feature, a simple product classification scheme could be developed.
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B. What Should Be the Criterion of a Product’s Potency
as a Hygienic Handwash Agent for the Purposes
of Its Registration?

In many in vitro carrier test protocols for chemical germicides [33,34], a product
must reduce the infectivity titer of the test virus by at least 4 log10 to be considered
effective. This is too high a requirement for most hygienic handwash agents to
meet in vivo tests using the whole-hand method or the fingerpad protocol. Alco-
hols and alcohol-based products often achieve virus reduction levels between 2
and 3 log10. On the other hand, water or soap and water, as well as many other
products, may achieve only up to 1 log10 reduction in contaminating virus. Per-
haps a level of virus reduction of no less than 1 log10 above that achieved for
mechanical removal may be considered as appropriate for allowing an effective-
ness claim for handwash or other topical products against viruses. Any such crite-
rion is arbitrary by nature, but the ultimate objective here is the reduction of
the risk of disease spread through hands without discouraging compliance with
handwashing.

C. Is Testing of Various Components in a Formulation
Necessary?

Testing of individual components for their virus-killing/removal potency using
suitable test protocols may be feasible with some formulations, whereas with
others it may be virtually impossible. For example, the addition of certain chemi-
cals is sometimes needed simply to dissolve or emulsify an antimicrobial compo-
nent in a product. Therefore, a policy that treats products differently would be
difficult to justify and implement. The current requirement for listing only the
active ingredients on the product label needs to be reviewed because many cate-
gories of ‘‘inert’’ ingredients are capable of potentiating the actives in a formula-
tion. This is a particularly important consideration when dealing with the antiviral
activity of handwash agents, because a product with a good surfactant could
reduce the virus titer on experimentally contaminated hands by its detergent ac-
tion alone and the ‘‘active ingredient’’ in the formulation may indeed be quite
inert in its activity against the test virus. We would therefore prefer to see the
entire formulation tested in a manner in which it is recommended for use.

D. Should the Testing Determine Virus Elimination
by the Product Alone or by the Process of Hand
Decontamination as a Whole?

In carrier tests to determine the virucidal activity of other types of chemical ger-
micides, there is no provision to include any virus loss due to precleaning of an
object or its posttreatment rinsing. In the case of semi-critical medical devices,
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such as flexible fiber-optic endoscopes, precleaning, and posttreatment rinsing
are integral parts of the disinfection process. On the other hand, precleaning and
rinsing may or may not occur in the chemical disinfection of environmental sur-
faces. In the case of hygienic handwashing, one normally prewets hands with
tap water, rinses them again in water to wash off the handwash agent, and then
dries them using one of several possible means. Our studies have shown that
there is an incremental reduction in the infectivity titer of the virus on hands at
least after the posttreatment water rinse and the drying of washed hands [64,81].
The fingertip [69] and whole-hand [64] methods described earlier determine virus
reduction only as a combined action of all the steps in the handwashing process.
Is this appropriate? Does such an approach really determine the virus-eliminating
potential of a product, or does it assess the efficiency of the handwashing/drying
process as a whole? How does this approach then compare the potency of conven-
tional handwashing agents with products meant for ‘‘waterless’’ washing of
hands?

E. Would Multitiered Testing of Topicals Against Viruses
Be Desirable?

Any suspension and/or in vitro carrier tests on hygienic handwash agents should
be only for the preliminary screening of the formulations for their antiviral activ-
ity. However, we have observed that products such as ethanol may work more
efficiently on human hands than on inanimate materials. We believe that this is
related to the level of moisture and, possibly, the temperature of human skin.
The next level could be ex vivo tests using cultured human skin or fragments of
human foreskin: neither of these may properly simulate human skin in the assess-
ment of handwash agents. In our view, the only required level of testing for
product registration should be based on the fingerpad protocol using suitably
rigorous surrogates and properly selected adult human volunteers. Discretionary
testing with additional viruses increases unnecessarily the risk to the study partici-
pants, the confusion of the user community, and the costs to manufacturers. With
the possible exception of papillomaviruses, the use of experimental animals in
the routine testing of hygienic handwash agents is considered both unnecessary
and potentially invalid. It should, therefore, be avoided as far as possible, but in
some cases it may be necessary to validate in animal models the efficacy of
topicals designed for use on mucous membranes.

VII. CONCLUDING REMARKS

Viruses continue to be important pathogens, but in spite of their considerable
impact on human health, our understanding of the actual mechanisms of spread
of many viral infections in hospitals and other such settings remains weak. This
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makes it difficult to design and apply proper strategies to prevent and control
nosocomial outbreaks of viral infections. Hands are universally recognized as
vehicles for the spread of a number of viruses, but compliance with handwashing,
proper handwashing techniques, and perhaps the use of ineffective handwash
agents continue to undermine the full potential of infection control measures in
this regard. The ease with which washed hands can pick up infectious viruses
upon contact with contaminated environmental surfaces and objects [6] suggests
that the emphasis on handwashing should be combined with an awareness of the
need for proper and regular decontamination of those surfaces and objects that
come in frequent contact with washed hands.

Globally, viruses cause millions of cases of morbidity and mortality in hu-
mans every year, and thus far the development of chemotherapy against them
has met with very limited success. Also, many enteric and respiratory infections
due to viruses remain refractory to prevention by vaccination. Therefore, interrup-
tion of the spread of viral infections through practices such as regular and proper
washing of hands continues to be essential for personal hygiene and general pub-
lic health. But the use of handwash agents without proven activity against viruses
may only create a false sense of security. There is, therefore, an urgent need to
develop and introduce scientifically sound test methods and a suitable regulatory
framework to allow manufacturers to make reasonable label claims against vi-
ruses to give the needed confidence in such claims.

The distinction between resident and transient microflora of the skin is
particularly important when dealing with viruses and hygienic handwash agents
because, apart from herpes-, pox-, and papillomaviruses in infected individuals,
human skin is not known to carry viruses (with the possible exception of bacterio-
phages) as members of its resident flora. As far as we are aware, postexposure
antisepsis of wounds is important in rabies only. In contrast to this, many types
of viruses can be picked up by hands where they may survive for up to a few
hours. There is limited direct, but plenty of strong circumstantial evidence for
the role of hands as vehicles for human pathogenic viruses. Use of handwashing
agents with broad-spectrum activity against viruses has proven helpful in pre-
vention and control of outbreaks of respiratory and enteric infections caused
by viruses.

Our findings have clearly demonstrated that transfer of infectious virus par-
ticles to and from hands can readily occur on contact with other animate and
inanimate surfaces [68,82]. This suggests that touching or handling virus-contam-
inated objects with washed hands can lead to their immediate recontamination.
Proper disinfection of environmental surfaces [83] and washing of hands [69]
with certain types of agents can interrupt virus transfer to clean surfaces. It is
therefore important to remember that handwashing and environmental surface
decontamination reinforce each other, particularly in critical-care areas and food-
handling establishments.

The safety and testing requirements for topical antiseptics should fall some-
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where in between antiviral drugs and other types of chemical germicides. Even
though the topic of chemical germicides in general has been the subject of several
conferences and symposia in the past two decades, the specific issue of the activ-
ity of topicals against viruses still remains to be discussed. The U.S. Food and
Drug Administration’s (FDA) tentative final monograph on topical antimicrobials
[84] does not mention viruses at all, while FDA’s Center for Food Safety and
Applied Nutrition [85] regards enteric viruses as important targets for preventing
the spread of infections by the hands of foodhandlers.

Regulators, manufacturers, and users alike are seeking information and di-
rections, respectively, for the registration, marketing and purchase of hygienic
handwash agents. Therefore, this issue needs addressing through research and
development, as well as a dialogue between the stakeholders, in order to bring
safe and effective products to the market. We hope that this chapter will serve
as a springboard for further discussions in this regard. Efforts currently underway
to harmonize test requirements for chemical germicides at the regional and inter-
national levels could eventually compromise the quality of the products if less
stringent test protocols are adopted. This points to the need for the development
and introduction of test methodology based on solid scientific grounds and sound
reasoning rather than political expediency.
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