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Summary

The Guideline for Hand Hygiene in Health-Care Settings provides health-care workers (HCWs) with a
review of data regarding handwashing and hand antisepsis in health-care settings. In addition, it
provides specific recommendations to promote improved hand-hygiene practices and reduce
transmission of pathogenic microorganisms to patients and personnel in health-care settings. This
report reviews studies published since the 1985 CDC guideline (Garner JS, Favero MS. CDC
guideline for handwashing and hospital environmental control, 1985. Infect Control 1986;7:231—43)
and the 1995 APIC guideline (Larson EL, APIC Guidelines Committee. APIC guideline for
handwashing and hand antisepsis in health care settings. Am J Infect Control 1995;23:251—69) were
issued and provides an in-depth review of hand-hygiene practices of HCWs, levels of adherence of
personnel to recommended handwashing practices, and factors adversely affecting adherence. New
studies of the in vivo efficacy of alcohol-based hand rubs and the low incidence of dermatitis
associated with their use are reviewed. Recent studies demonstrating the value of multidisciplinary
hand-hygiene promotion programs and the potential role of alcohol-based hand rubs in improving
hand-hygiene practices are summarized. Recommendations concerning related issues (e.g., the use
of surgical hand antiseptics, hand lotions or creams, and wearing of artificial fingernails) are also
included.
Part I. Review of the Scientific Data Regarding Hand Hygiene
Alcohols

The majority of alcohol-based hand antiseptics contain either isopropanol, ethanol, n-propanol, or a

combination of two of these products. Although n-propanol has been used in alcohol-based hand rubs
in parts of Europe for many years, it is not listed in TFM as an approved active agent for HCW
handwashes or surgical hand-scrub preparations in the United States. The majority of studies of
alcohols have evaluated individual alcohols in varying concentrations. Other studies have focused on
combinations of two alcohols or alcohol solutions containing limited amounts of hexachlorophene,
quaternary ammonium compounds, povidone-iodine, triclosan, or chlorhexidine gluconate
(61,93,100—119).
The antimicrobial activity of alcohols can be attributed to their ability to denature proteins (120).
Alcohol solutions containing 60%—95% alcohol are most effective, and higher concentrations are
less potent (120—122) because proteins are not denatured easily in the absence of water (120). The
alcohol content of solutions may be expressed as percent by weight (w/w), which is not affected by
temperature or other variables, or as percent by volume (vol/vol), which can be affected by
temperature, specific gravity, and reaction concentration (123). For example, 70% alcohol by weight
is equivalent to 76.8% by volume if prepared at 15ºC, or 80.5% if prepared at 25ºC (123). Alcohol
concentrations in antiseptic hand rubs are often expressed as percent by volume (19).

Alcohols have excellent in vitro germicidal activity against gram-positive and gram-negative
vegetative bacteria, including multidrug-resistant pathogens (e.g., MRSA and VRE), Mycobacterium
tuberculosis, and various fungi (120—122,124—129). Certain enveloped (lipophilic) viruses (e.g.,
herpes simplex virus, human immunodeficiency virus [HIV], influenza virus, respiratory syncytial virus,
and vaccinia virus) are susceptible to alcohols when tested in vitro (120,130,131) (Table 1). Hepatitis
B virus is an enveloped virus that is somewhat less susceptible but is killed by 60%—70% alcohol;
hepatitis C virus also is likely killed by this percentage of alcohol (132). In a porcine tissue carrier
model used to study antiseptic activity, 70% ethanol and 70% isopropanol were found to reduce titers
of an enveloped bacteriophage more effectively than an antimicrobial soap containing 4%
chlorhexidine gluconate (133). Despite its effectiveness against these organisms, alcohols have very
poor activity against bacterial spores, protozoan oocysts, and certain nonenveloped (nonlipophilic)
viruses.

Numerous studies have documented the in vivo antimicrobial activity of alcohols. Alcohols effectively
reduce bacterial counts on the hands (14,121,125,134). Typically, log reductions of the release of test
bacteria from artificially contaminated hands average 3.5 log10 after a 30-second application and
4.0—5.0 log10 after a 1-minute application (1). In 1994, the FDA TFM classified ethanol 60%—95%
as a Category I agent (i.e., generally safe and effective for use in antiseptic handwash or HCW handwash products) (19). Although TFM placed isopropanol 70%—91.3% in category IIIE (i.e., insufficient
data to classify as effective), 60% isopropanol has subsequently been adopted in Europe as the
reference standard against which alcohol-based hand-rub products are compared (79). Alcohols are
rapidly germicidal when applied to the skin, but they have no appreciable persistent (i.e., residual)
activity. However, regrowth of bacteria on the skin occurs slowly after use of alcohol-based hand
antiseptics, presumably because of the sublethal effect alcohols have on some of the skin bacteria
(135,136). Addition of chlorhexidine, quaternary ammonium compounds, octenidine, or triclosan to
alcohol-based solutions can result in persistent activity (1).

Alcohols, when used in concentrations present in alcohol-based hand rubs, also have in vivo activity
against several nonenveloped viruses (Table 2). For example, 70% isopropanol and 70% ethanol are
more effective than medicated soap or nonmedicated soap in reducing rotavirus titers on fingerpads
(137,138). A more recent study using the same test methods evaluated a commercially available
product containing 60% ethanol and found that the product reduced the infectivity titers of three
nonenveloped viruses (i.e., rotavirus, adenovirus, and rhinovirus) by >3 logs (81). Other
nonenveloped viruses such as hepatitis A and enteroviruses (e.g., poliovirus) may require 70%—80%
alcohol to be reliably inactivated (82,139). However, both 70% ethanol and a 62% ethanol foam
product with emollients reduced hepatitis A virus titers on whole hands or fingertips more than
nonmedicated soap; both were equally as effective as antimicrobial soap containing 4% chlorhexidine
gluconate in reducing reduced viral counts on hands (140). In the same study, both 70% ethanol and

the 62% ethanol foam product demonstrated greater virucidal activity against poliovirus than either
non-antimicrobial soap or a 4% chlorhexidine gluconate-containing soap (140). However, depending
on the alcohol concentration, the amount of time that hands are exposed to the alcohol, and viral
variant, alcohol may not be effective against hepatitis A and other nonlipophilic viruses. The
inactivation of nonenveloped viruses is influenced by temperature, disinfectant-virus volume ratio, and
protein load (141). Ethanol has greater activity against viruses than isopropanol. Further in vitro and
in vivo studies of both alcohol-based formulations and antimicrobial soaps are warranted to establish
the minimal level of virucidal activity that is required to interrupt direct contact transmission of viruses
in health-care settings.

Alcohols are not appropriate for use when hands are visibly dirty or contaminated with proteinaceous
materials. However, when relatively small amounts of proteinaceous material (e.g., blood) are
present, ethanol and isopropanol may reduce viable bacterial counts on hands more than plain soap
or antimicrobial soap (142).

Alcohol can prevent the transfer of health-care—associated pathogens (25,63,64). In one study,
gram-negative bacilli were transferred from a colonized patient’s skin to a piece of catheter material
via the hands of nurses in only 17% of experiments after antiseptic hand rub with an alcohol-based
hand rinse (25). In contrast, transfer of the organisms occurred in 92% of experiments after
handwashing with plain soap and water. This experimental model indicates that when the hands of
HCWs are heavily contaminated, an antiseptic hand rub using an alcohol-based rinse can prevent
pathogen transmission more effectively than can handwashing with plain soap and water.

Alcohol-based products are more effective for standard handwashing or hand antisepsis by HCWs
than soap or antimicrobial soaps (Table 3) (25,53,61,93,106—112,119,143—152). In all but two of the
trials that compared alcohol-based solutions with antimicrobial soaps or detergents, alcohol reduced
bacterial counts on hands more than washing hands with soaps or detergents containing
hexachlorophene, povidone-iodine, 4% chlorhexidine, or triclosan. In studies examining antimicrobialresistant organisms, alcohol-based products reduced the number of multidrug-resistant pathogens
recovered from the hands of HCWs more effectively than did handwashing with soap and water
(153—155).
Alcohols are effective for preoperative cleaning of the hands of surgical personnel (1,101,104,113—
119,135,143,147,156—159) (Tables 4 and 5). In multiple studies, bacterial counts on the hands were
determined immediately after using the product and again 1—3 hours later; the delayed testing was
performed to determine if regrowth of bacteria on the hands is inhibited during operative procedures.
Alcohol-based solutions were more effective than washing hands with plain soap in all studies, and
they reduced bacterial counts on the hands more than antimicrobial soaps or detergents in the
majority of experiments (101,104,113—119,135,143,147,157—159 ). In addition, the majority of
alcohol-based preparations were more effective than povidone-iodine or chlorhexidine.

The efficacy of alcohol-based hand-hygiene products is affected by several factors, including the type
of alcohol used, concentration of alcohol, contact time, volume of alcohol used, and whether the
hands are wet when the alcohol is applied. Applying small volumes (i.e., 0.2—0.5 mL) of alcohol to
the hands is not more effective than washing hands with plain soap and water (63,64). One study
documented that 1 mL of alcohol was substantially less effective than 3 mL (91). The ideal volume of
product to apply to the hands is not known and may vary for different formulations. However, if hands
feel dry after rubbing hands together for 10—15 seconds, an insufficient volume of product likely was
applied. Because alcohol-impregnated towelettes contain a limited amount of alcohol, their
effectiveness is comparable to that of soap and water. (63,160,161).

