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THE ROLE OF THE HOME ENVIRONMENT IN
THE TRANSMISSION OF INFECTIOUS DISEASES
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ABSTRACT: The purpose of this paper is to examine current health care
literature (1980–2000) regarding the microbiology of the home environ-
ment, to summarize evidence of transmission within the home, and to
assess effectiveness of cleaning practices and products. The home envi-
ronment, particularly the kitchen and bathroom, serves as a reservoir
of large numbers of microorganisms, particularly Enterobacteriacae, and
infectious disease transmission has been demonstrated to occur in 6–
60% of households in which one member is ill. Current food preparation
and cleaning practices provide multiple opportunities for intra-house-
hold member spread. Routine cleaning is often sufficient, but in cases of
household infection, may not adequately reduce environmental contami-
nation. The effectiveness of disinfectants varies considerably and de-
pends on how they are used as well as their intrinsic efficacy. The behav-
ioral aspects of infection prevention in the home (e.g., foodhandling and
cleaning practices) warrant increased public attention and education.
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INTRODUCTION

During the past few decades, research on the epidemiology of in-
fections has focused on hospitals, day care facilities, and schools, but little
attention has been paid to the home. Recent events, including widespread
media coverage of foodborne outbreaks and increased marketing of a vari-
ety of antibacterial products for personal hygiene and hard surface disin-
fection, have resulted in a resurgence of interest and public concern about
hygiene and cleanliness in the home.1 Hygiene refers to conditions or
practices by which people maintain or promote health by keeping them
and their surroundings clean. The question that persists is: How do house-
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hold cleanliness and personal hygiene affect the risk of infectious disease
transmission? The purpose of this paper is to examine current health care
literature (1980–2000) regarding the microbiology of the home environ-
ment, to summarize evidence of transmission within the home, and to as-
sess the effectiveness of cleaning and disinfecting practices and products
in controlling transmission. It is our intention that this information will
provide perspective regarding microbial risks in the home environment
and a basis for developing more appropriate strategies for home hygiene
based on what has been shown to effectively reduce infection risk rather
than on fear or speculation.

METHODS

Medline, the New York Public Library’s Health Center Resources
Database, and Columbia University’s on-line catalogue were searched for
research articles related to home hygiene during the years 1980–2000. Key
words included: home hygiene, domestic hygiene, food hygiene, and cross-
contamination. Open searches, using the same key words, also were con-
ducted on Internet search engines, including Yahoo and Excite. The
search was restricted to developed countries, and only to articles in En-
glish or with English abstracts. Excluded were articles pertaining to as-
sisted living facilities, nursing homes, schools, and hospitals.

THE MICROBIOLOGY OF THE HOME

Studies have shown that areas in the home, particularly the
kitchen, bathroom and possibly the laundry, can serve as reservoirs for
microbial colonization. Dirty dish rags, cloths and wet sponges have been
shown to spread microbial contamination throughout the kitchen.2–6

Changes in laundering processes have also made transmission of disease
via the washing machine a possibility.2–4,7

Despite the fact that globalization of food distribution and interna-
tional travel can transport microorganisms around the world in a matter
of hours, in England, Wales, and the Netherlands 80% of salmonella and
campylobacter infections are acquired in the home.8–9 Further, social and
demographic changes have increasingly led to the care of certain “at risk”
groups within the home, not only neonates and the elderly, but other per-
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sons with compromised immune systems as well. In the United States, 20%
of the population is estimated to fall into these categories.10

Kitchen

In one of the early studies of the domestic kitchen, De Wit et al.
used an indicator organism, Escherichia coli K12, to determine the extent
of cross contamination from frozen chickens. Cross-contamination oc-
curred in a large proportion of those kitchens surveyed and in many cases
the indicator organism persisted even after washing and rinsing of the
kitchen surfaces.11 Scott et al. measured numbers and types of bacteria at
various sites in more than 200 English homes. The highest counts were
isolated from wet areas such as U-tubes, kitchen sink, draining board,
cleaning cloths and mops, and dishcloths, and pseudomonads were iso-
lated in over 90% of the homes.2 In a subsequent study Enterobacteriaceae
were detected in 69% of the homes surveyed.4

Contaminated dishcloths and other cleaning utensils also may act
both as reservoirs and disseminators of pathogenic organisms.2,6 Although
drying reduces the number of organisms on clean, laminate surfaces, large
numbers of bacteria have been recovered from contaminated surfaces and
both clean and soiled cloths as much as 24 to 48 hours after drying.3 Thus,
drying alone is not sufficient to eliminate contaminating organisms. Fur-
ther, finger contact with contaminated surfaces and cloths resulted in the
transfer of large numbers of organisms to the hands.3 Cloths used for
cleaning and/or drying kitchen utensils may transfer contamination
throughout the kitchen especially when the same cloth is used for multiple
purposes. In some households, the same cloth is used to wash cooking and
eating cutlery and then to wipe down the drain board and counters.4 Since
plain soap does not necessarily kill microorganisms, soap and water clean-
ing of contaminated surfaces and hands may actually spread microbial con-
tamination in the environment.12

Speirs et al. sampled 46 kitchens including the following key sites:
worktop, chopping board, draining board, sinks, water tap handles, insides
of rubber gloves, refrigerator shelf, and dish washing cloth. They isolated
various enterobacteria including Enterobacter cloacae, Klebsiella pneumoniae
and Escherichia coli. In addition, Bacillus subtilis, Pseudomonas aeruginosa,
staphylococcal and micrococcal species were isolated. The highest counts
were found in the wet areas around the sink and the cloths used for wiping
and/or drying kitchen surfaces and appliances.4 In another study, the sink
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drain was the most contaminated site, harboring 5.9–6.2 log10 (>99.999%
reduction) of microorganisms.13

Enriquez et al. studied 140 cellulose sponges and 56 cotton dish-
cloths from households in four U.S. cities and isolated 23 and 13 different
bacterial species, respectively. Most commonly isolated were pseudomo-
nads, but salmonella was also isolated in 15.4% of the sponges and 13.8%
of the cloths. Other commonly isolated gram-negative bacteria included
species of enterobacter, serratia, and klebsiella.5 Salmonella can be trans-
ferred to sponges and towels and survive there, resulting in contamination
of other areas of the kitchen.6

Specific risk factors for domestic outbreaks of foodborne patho-
gens include improper food storage, undercooking, and cross-contamina-
tion, which may be responsible for 30% of salmonella outbreaks in the
home.14 During food preparation salmonella can be spread throughout the
workspace by such actions as whisking batter; bacteria have been found
one meter away from each side of the site. Powered cooking equipment
like the electric blender can also lead to widespread distribution, up to a
3–4 meter radius around the site. In experiments with chickens contami-
nated with salmonella and campylobacter, a variety of sites in the kitchen,
including cutting boards, sinks, handles, faucets, and work areas tested
positive after the usual meal preparation procedures were used.14,15

In a case control study of food preparation, salmonella was isolated
from dishcloths not only in case homes in which salmonella infection per-
sisted but also in control homes. Salmonella from dried foods that have
contact with moist foods, such as fruit or meat, can transfer within 5 sec-
onds to the wet foods. Within a few hours potentially infective doses can
be reached as the bacteria multiply under moist conditions.14

Temperature of the water used for “washing up” can also influence
microbial survival. For dishes washed by hand, the dishwashing water tem-
perature often is below 50°C at the start and will continue to drop during
the dishwashing process. This temperature is not high enough to destroy
most organisms. A few studies have demonstrated that when sterile cook-
ware was washed in water inoculated with salmonella or campylobacter,
transfer of the pathogen to the dishes occurred.6,14

Bathroom

Like the kitchen, the bathroom can be a reservoir of large numbers
of microorganisms, particularly in wet areas. In homes in which a family
member had salmonellosis, four of six toilets tested positive for salmonella
under the recess of the toilet bowl rim, an area difficult to reach with
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domestic toilet cleaners. In one toilet, salmonella was still present four
weeks after the infection, despite the use of cleansers. After artificial con-
tamination of the toilet, flushing led to contamination of the toilet seat
and lid, and in one instance salmonella was isolated from an air sample
taken after flushing.16

There is limited evidence of antibiotic-resistant organisms being
present in the home environment. In both the bathrooms and the kitchens
of 25 randomly selected homes in North Carolina, four of 58 enterococcal
isolates were vancomycin-resistant and one of 17 Escherichia coli isolates
was ampicillin-resistant. Klebsiella and enterobacter strains had the highest
frequency of resistance to ampicillin, and pseudomonal strains were uni-
formly susceptible to 4 of the 10 tested antibiotics. Rutala et al. concluded
that in comparison to organisms causing clinical infections in hospitals,
those isolated in homes are less likely to be antimicrobial resistant.13

Laundry

While the kitchen and the bathroom are logical places for the in-
troduction and transmission of pathogens, one area of the home that may
seem less likely to allow the survival and dissemination of microorganisms
is the washing machine. Various common laundering practices allow bacte-
ria at varying levels to remain in laundered items. Standard detergent
washing and rinsing practices do not always produce large reductions in
microbial contamination. Damp cloths that had been washed in detergent
and then stored at room temperature over a 24-hour period showed an
increase in contamination indicative of the survival and multiplication of
microbes. Drying was the most reliable method of decontamination when
carried out at a temperature of 80 °C for 2 hours.17

In a study to evaluate the survival of bacteria and enteric viruses
during washing and drying as performed in U.S. homes, sterile cotton
swabs were inoculated with Mycobacterium fortuitum, Salmonella typhimu-
rium, Staphylococcus aureus, E. coli, rotavirus SA1, hepatitis A virus, and ade-
novirus type 40. The contaminated swabs were then added to sterile cot-
ton underwear, T-shirts, and a pillowcase that contained an organic load
typical of homes. All test organisms survived the wash process; wash and
rinse cycles alone reduced enteric viruses by 87–98% and bacteria by
>99%. During the drying cycle, viruses were more resistant to killing than
bacteria. Drying was most effective, in decreasing order, for S. typhimu-
rium, S. aureus, and M. fortuitum. Detectable levels of E. coli were not found
after drying. Together, washing and drying reduced all bacteria by at least
99.99%, adenovirus type 40 by 99.91%, hepatitis A virus by 99.8% and
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rotavirus by 98.6%. The test organisms contaminated other laundry in the
machine, as well as the washing machine itself, which led to the contamina-
tion of subsequent loads of laundry.18

Using the Petrocci and Clarke (1969) method,19 several powder and
liquid laundry detergents that are now on the market were tested for activ-
ity against S. aureus and K. pneumoniae from wash water and fabric (Table
1; Personal Communication, J. Kain, Procter and Gamble, Cincinnati, OH,
August 2001) Sanitizing powder detergents reduced S. aureus and
K. pneumoniae in the laundry fabric by >99%. All other laundry detergents
were less active.

TABLE 1

Summary of Current Laundry Products Antimicrobial Performance
(USEPA Accepted Petrocci and Clarke Laundry Sanitizer Method19)

Staphylococcus Aureus Klebsiella Pneumoniae

Wash Water Fabric % Wash Water Fabric %

Product1 % Reduction2 Reduction % Reduction Reduction

Powders

Sanitizing Detergent

with Oxygen Bleach 99.99 99.98 99.93 99.99

Non-sanitizing Detergent

with Oxygen Bleach3 64.36 20.67 86.19 66.37

Non-sanitizing Detergent

(without Oxygen Bleach) 62.30 20.67 76.66 65.27

Liquids

Non-sanitizing Detergent

with Bleach Alternative 83.33 81.30 74.72 90.05

Non-sanitizing Detergent

with Bleach Alternative 42.22 30.49 75.00 92.17

1
Test products were all commercially available detergents with built in oxygen-based bleach

systems. All products were purchased at local grocery stores in the Cincinnati Ohio area during 1998.
No additional laundry additives, such as chlorine bleach, were tested either alone or in conjunction
with detergents.

2
Percent Reduction (% Reduction) refers to the calculated reduction in bacteria relative to

a water + 0.5% polysorbate 80 baseline control. Polysorbate 80 was added to the water as a non-toxic
surfactant control to improve the relevancy of organism removal characteristics of the control relative
to the high surfactancy test treatments.

3
A “sanitizing detergent with oxygen bleach” is one that meets US EPA criteria for sanitiza-

tion claims and a “non-sanitizing detergent with bleach” is a detergent that has a bleaching ingredient
that may also have antimicrobial properties but not at the concentration and in the formulation matrix
of this detergent and, therefore, does not meet US EPA’s criteria for sanitization claims. (Unpublished
data. D. J. Kain, Principal Scientist, The Procter and Gamble Company, Cincinnati, OH, 9/01).
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TRANSMISSION OF INFECTIONS IN THE HOME

Although there are large numbers of microorganisms present in
the home, it does not necessarily follow that this will result in infectious
disease transmission. In this section, routes of transmission and evidence
of actual transmission in the home are reviewed.

Routes of Transmission

Bacteria, viruses, and fungi exist throughout our environment and
can be transmitted to individuals through a variety of methods. Direct con-
tact includes person-to-person spread or contact with blood and other
body fluids, such as occurs in fecal-oral spread. Endogenous infection oc-
curs when an individual contaminates one region of the body with micro-
bial flora from another area. Other modes of transmission include contact
with droplets and airborne spread by droplet nuclei.20 Indirect contact is
transmission through a contaminated intermediate object. Usually, the in-
termediary is the hands. For example, a parent who changes a diaper of a
baby infected with shigella and proceeds to prepare a meal for the family
without handwashing could transmit the pathogen to the entire family.
Another example of indirect transmission is use of a cutting board to pre-
pare raw chicken and then to slice fresh fruits and vegetables. Common
source transmission is often responsible for E. coli O157:H7 outbreaks
caused by consuming undercooked, contaminated meat.

Although we did not find any data published between 1980–2000
regarding viral contamination in the home, viruses are a major cause of
common illnesses and can survive in the home environment. Worldwide,
respiratory syncytial virus (RSV) is the primary cause of childhood viral
respiratory infection.20 RSV is transmitted via inanimate objects and direct
contact with infected persons.21 The virus is capable of surviving for a num-
ber of hours on inanimate objects and surfaces, providing ample opportu-
nities to contaminate the hands of caregivers. Contaminated hands can
indirectly spread the virus to others in the home, including the caregivers
if they touch their eyes or nose without handwashing. While barrier pre-
cautions have proven effective in lowering the rates of transmission in a
hospital setting, Goldmann asserts that it is entirely probable that careful
handwashing after contact with infected infants would have been equally
effective.20

Perhaps more widespread than RSV among people of all ages is
the common cold. Children can expect to average 4 to 8, and adults, three
to five episodes per year. There are more than 100 serologic types of rhi-
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novirus, and contracting one type provides no immunity against another.20

Influenza is spread via airborne nuclei droplets, but the most likely route
of transmission of rhinovirus is contaminated hands.22

In the United States, the second most common community infec-
tion is gastroenteritis. An important cause of gastroenteritis is rotavirus,
which is transmitted by the fecal-oral route and possibly through respira-
tory spread and contaminated hands and surfaces. Rotavirus has been im-
plicated in outbreaks in hospitals, daycare centers, schools, and nursing
homes. There is the potential for transmission of rotavirus within the
home since it is present on hands, various surfaces and objects.23 Other
gastrointestinal pathogens, such as hepatitits A virus, parvovirus, adenovi-
rus, and other enteroviruses follow a similar transmission pattern as rotavi-
rus.24,25 Hepatitis A, for example, has been implicated in numerous food-
borne outbreaks and in various settings such as hospitals, day-care centers,
and schools.26 It is commonly spread via contaminated food and water. In
laboratory experiments, Bidawid et. al simulated cross contamination of
fresh lettuce with hepatitis A from fingers of adult volunteers.27

Potential Transmission

The potential for cross-contamination in the kitchen has already
been briefly discussed. When not properly cleaned and/or disinfected,
countertops, cutting boards, and other kitchen surfaces provide an opti-
mum milieu for survival of microbes.11 According to the Centers for Dis-
ease Control and Prevention, between 1983–1992 the primary food prepa-
ration practices contributing to foodborne disease were improper storage
temperatures and poor personal hygiene of the food handler,28 and these
faulty practices are common in the home. In a study of kitchens in 40
Australian homes, daily practices were videotaped over the course of 1 to
2 weeks. The most common unhygienic practices viewed included infre-
quent and poor handwashing technique, lack of handwashing prior to pre-
paring meals, pets in the kitchen, hand contact with the face, mouth, nose,
and hair during food preparation, and an all-purpose towel for hands and
dishes. In addition to these lapses in hygiene, deli meat was left outside
the refrigerator and uncovered for 2 hours; a dish towel that had fallen to
the floor and been stepped on was subsequently used to wipe off the
counter; and a dishtowel was also used to cover cooked meat and thereby
cross-contaminate it.29 Practices caught on film in American homes did not
differ substantially from their Australian counterparts. The same towel
used to wipe up raw meat juice was then used to dry washed hands. In
only 1 in 4 homes were raw meat and seafood properly stored on the
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bottom shelf of the refrigerator so as to prevent dripping liquids from
contaminating other foods; 35% of those preparing meatloaf undercooked
it, 42% undercooked the chicken, and 17% did not completely cook the
fish.30

Further, the American Society for Microbiology conducted a tele-
phone survey of more than 7,000 people in the United States. Eighty-one
percent of respondents claimed to wash their hands prior to handling or
eating food. After petting an animal, 48% reported that they do not wash
their hands, nor do 33% after coughing or sneezing, or 22% after handling
money.31 In a telephone survey conducted in Australian homes, 40% of
respondents allowed raw meat to thaw at room temperature, 85% cooled
cooked food to room temperature prior to refrigeration, and close to 70%
did not know the right temperature for refrigeration of perishables.32 In
addition, 1 in 4 respondents did not recognize handwashing as important
in the reduction of cross-contamination and foodborne illness.32

Based on these findings, it is likely that everyday activities in the
home will result in microbial spread. A study of the transfer of Serratia
rubidea and the virus PRD-1 from common household articles to the
hands confirmed that infection is possible from daily contact with contami-
nated objects.33 Transmission of the bacterium and the virus were demon-
strated on telephone receivers, faucet handles, and sponges, and transfer
to hands was highest from hard, nonporous surfaces.34 If a small amount
of stool from a person infected with salmonella were transferred from the
individual’s contaminated hands to the receiver, the next user could pick
up >105 colony-forming units (CFU) on his/her fingertips, and could trans-
fer >3.5 × 104 CFU, or 35% of the total, to the mouth, a dose sufficient to
cause disease.33 After wringing out a household sponge, 105–106 bacteria
and viruses were found on the hands of test subjects.34

In another study, bacteriophage [phis] X174 was applied to door
handles and the hands of volunteers. Test persons touched the handles
and shook hands with the volunteers. The hands of the test persons were
then sampled for the virus. Both skin surfaces and contaminated door
handles were efficient sources for transfer. Up to 14 people became con-
taminated after touching the same door handle, and subsequent transmis-
sion was traced to six additional people from these primary contacts.35

Evidence of Transmission in Homes

Each year 76 million Americans develop food poisoning,29 and
about 20% of reported foodborne illnesses occur in the home.30 Ninety
percent of salmonella infections are thought to be associated with the
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home environment.28 In the UK, cross-contamination has been implicated
in about 6% of foodborne outbreaks within the home, while poor hand
hygiene is responsible for about 4%.36 In addition, it has been estimated
that cross-contamination in the home contributed to 14% of salmonellosis
outbreaks.36

In a household in which one person has been sick with salmonella,
it has been estimated that there is a 60% chance that at least one other
member of the household will also be infected.8 Both hands and inanimate
surfaces are responsible for the cross-contamination that leads to secondary
infections in the home. Other bacteria and viruses transmitted via the fecal-
oral route most likely spread throughout the home in the same manner.

In another study, the home environment was implicated in the
spread of salmonellosis among children under four years of age.37 Isolates
were obtained from children infected with salmonella and samples were
taken from multiple locations in the home. Pulsed-field gel electrophoresis
patterns showed identical serotypes from the index case and the home
environment. Isolates which exhibited identical serotypes were found in
locations such as vacuum cleaner, dirt surrounding front door, and refrig-
erator shelf as well as in household members and pet animals. Children
can carry the infections acquired in nursery schools or play groups into
the home, where up to 50% of household members may become infected
via cross-contamination.8

In a study of an outbreak of diarrhea caused by E. coli O157 in
New Jersey, 80% of contaminated hamburgers were consumed in the
home.38 While the home may not have been the primary source of contam-
ination, proper cooking may have prevented the spread of the organism.

The use of communal laundry facilities also has been correlated
with the transmission of microbes and higher rates of infectious disease
symptoms among household members.39 In this study, a variety of home
hygiene practices in 398 households were examined, including personal
hygiene, food handling and general cleaning and laundry practices. In a
logistic regression analysis of these potential risk factors only communal
laundry practices (p = 0.009) and lack of bleach (p = 0.04) were signifi-
cantly associated with increased risk of infectious illnesses among house-
hold members.

In households in which one member had a primary infection of
Campylobacter jejuni, 15% of household contacts were symptomatic during
the same time period. While most instances were attributed to a common
source, intrafamilial spread of infection was implicated in 6/21 (28.6%)
cases.40 A Welsh study concluded that the secondary household transmis-
sion rate for sporadic Shiga toxin-producing E. coli O157 (STEC O157)
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infection was between 4% and 15%.41 In another study, colonization of
one family member with S. aureus had no bearing on the observed carriage
rate of another family member. When both child and guardian were colo-
nized with methicillin resistant S. aureus, however, the same strain was
most often seen, indicating that transmission between household members
probably occurred.42

Recently, risk models such as the Hazard Analysis and Critical Con-
trol Point (HACCP) and Quantitative Microbial Risk Assessment (QMRA)
based on early detection and prevention of future health risks within the
home and community have been proposed.12,43,44

CLEANING AND DISINFECTION PRODUCTS

Cleaning refers to the mechanical removal of dirt and soil from an
object or area. Disinfection, on the other hand, is the chemical destruc-
tion, inactivation, or killing of microbes. Detergents and water are the pre-
ferred products for cleaning; products containing substances such as alco-
hol, bleach, quaternary ammonium compounds , and phenolics can be
disinfectants depending on the formulation and use of the product. Under
normal conditions, cleaning is adequate for households, but in some cir-
cumstances such as an outbreak or the handling of potentially contami-
nated food, disinfection may be indicated.

Laboratory Studies

In a study designed to test the effectiveness of a variety of house-
hold products against several enteric bacterial pathogens, commercial
products containing ammonia resulted in a 4–6 log reduction and pheno-
lic and alcohol based products were associated with a reduction of 4 logs.
Baking soda and vinegar were generally ineffective (<3 log reduction). The
commercial disinfectants inactivated both antibiotic-susceptible and resis-
tant bacteria.46 In another study, only bleach was effective against S. aureus,
Salmonella typhi, and E. coli. While concentrated ammonia and vinegar
were effective against S. typhi and E. coli, none of the other products—
borax, ammonia, baking soda, vinegar, or dishwashing detergent—demon-
strated antimicrobial activity against S. aureus.47

Four disinfecting agents were evaluated for their ability to prevent
the transfer of a human rotavirus from stainless steel disks to the fingers
of volunteers: disinfectant spray (0.1% o-phenylphenol and 79% ethanol),
domestic bleach (6% sodium hypochlorite diluted to 800ppm of free chlo-
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rine), quaternary ammonium-based product (7.1% quaternary diluted 1:
128 in tap water), and a phenol-based agent (14.7% phenol diluted 1:256
in tap water). Viral reductions on disks treated with the disinfectant spray
were >99.9%, 97.9% for bleach, 95% for phenolic, 54.7% for quaternary,
and 52.3% with tap water. Virus was not detected on the fingers that had
contact with disks treated with disinfectant, bleach, and phenolic, but con-
tact with tap water or quaternary-treated disks resulted in transfer of 5.6%
and 7.6% of the residual virus, respectively.23 The same products were
tested against rhinovirus. After 1 to 10 minutes of contact with the virus,
the alcohol and phenolic-based disinfectant spray reduced virus infectivity
by >99.9%. Virus was not detected on the fingers of volunteers who had
contact with the treated disks. Bleach reduced the viral load by 99.7% after
10 minutes of contact, and once again no detectable virus was transferred
to fingers. The quaternary-based product inactivated only 14.7% of the
virus, and the phenolic only 62.3%. Contact with the quaternary-based
treated disk resulted in the transfer of 8.4% of the residual infectious virus,
while the phenolic-treated disks resulted in the transfer of 3.3%.48

A particularly impressive study was one in which 8 volunteers
licked dried human rotavirus that had not been treated with anything, and
all became infected. An alcohol and phenolic-based disinfectant spray ap-
plied to the virus interrupted the transfer of the virus; none of the 14
volunteers who consumed the spray-treated virus became infected,
whereas 13 of 14 who ingested the unsprayed virus became infected.49

Studies of the Home Environment

Disinfection in the home is dependent not just on the product, but
also on how it is applied. During a 30 week study in Arizona, 15 homes
were supplied with a variety of disinfectant products, but no specific use
instructions were given. Subsequently, most of the disinfectants were re-
moved, specific ones were introduced, and a cleaning schedule was estab-
lished. While the greatest reductions in coliforms occurred after initial
introduction of products, introduction of the cleaning schedule led to
even greater microbial reductions in the 14 kitchen and bathroom sites
studied.50 These results are consistent with the findings of an earlier study
demonstrating that disinfectants used in a timely manner after contamina-
tion by food or hands reduced further contamination.51

Kitchen. Studies in the UK have demonstrated that cleaning with
detergent and hot water alone did not significantly reduce campylobacter
and salmonella from contaminated kitchen areas. However, when cleaning
was supplemented with hypochlorite there was a significant reduction in
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the number of bacteria from contaminated sites. In addition, detergent
and water washing of dishware was only effective if followed by a rinsing
process.15 In fact, soap and water can actually increase contamination in
the home when not followed by rinsing.52 This suggests that when rinsing
is impractical or not feasible, cleaning alone may be insufficient and disin-
fection may be indicated. In the UK, antibacterial dishwashing liquid has
been shown to effectively reduce numbers of recoverable microorganisms
on dishes, but not on used sponges.53,54

Zhao et al., inoculated raw chicken with an indicator organism, En-
terobacter aerogenes. The same cutting board was then used to prepare
chicken and chop raw vegetables, and 103–104 CFU of bacteria was trans-
ferred to the vegetables. Treating the cutting board with a kitchen disinfec-
tant after preparing the chicken reduced the transmission of bacteria to
almost undetectable levels.55 Disinfection in conjunction with paper towel
wiping are reported to be the best procedure for cleaning surfaces contam-
inated with raw meat.56

Laundry. Standard laundry practices have changed over the years,
and may also contribute to the transmission of microbes in the home.
People less frequently hang their clothing and linens outside where the
sunlight can aid in denaturing many of the microbes, and ironing, which
allows steam to penetrate and reduce the microbial load in the fabric, has
become less common. Finally, lower water temperatures with smaller vol-
umes of water are used for washing.7,8 Jaska and Fredell (1980) found no
significant differences between a phosphate or a phosphate substitute de-
tergent on S. aureus survival on laundered fabrics and reported that the
most important predictor of bacterial reduction in the laundry was the
water temperature.57

The temperature of the water used for washing does not seem to
affect the bacterial counts in the fabric in the presence of sodium hypo-
chlorite bleach; that is, both hot and cold water in combination with the
bleach cycle are equally successful in reducing bacteria counts,58,59 but in
the absence of bleach, warmer washing temperatures (55°C) are more ef-
fective60 and colder temperatures may increase the cross-contamination
rate of articles washed together.61 Hence, attaining maximal bacterial re-
ductions in both the machine and fabrics depends both on bleach and the
water temperature.58–60,62 Although relying on wash water temperatures to
achieve meaningful bacterial reductions is impractical in North America
since water heaters are typically set at 120&scedil;C, sodium hypochlorite
bleaches for compatible fabrics and newer laundry products containing
oxygenated bleach which can be used on colored fabrics will achieve such
reductions.
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Bathroom. In the bathroom, splashing and aerosol droplets are re-
sponsible for transfer of some contamination from toilets and sinks to
surrounding areas in the bathroom, but a chlorine block effectively re-
duced the level of contamination in the toilet. Surrounding areas, how-
ever, were not affected by the chlorine, suggesting that direct shedding or
hand contact was responsible for contamination of the toilet seat, handle,
and floor.63

A summary of studies of the activity of various household cleaning
and disinfecting products are summarized in Table 2. This body of re-
search suggests that a product containing an ingredient with disinfectant
properties, such as alcohol, bleach or a phenolic, may be indicated for
home use if a household member is ill with an infectious disease or in
other high-risk situations.

Hand Hygiene

Reviews of studies linking hand hygiene and reduced risk of infec-
tion have been recently published.64,65 The major benefits of hand hygiene
for the general public is for prevention of infectious agents found tran-
siently on hands and spread by the fecal-oral route and from the respira-
tory tract.22,66 In general, non-antimicrobial soaps are adequate to reduce
such transient flora, but in 11 experimental studies reviewed by Keswick
et al., use of antimicrobial soaps was associated with significant reductions
in rates of superficial cutaneous infections. Another 15 experimental stud-
ies reviewed demonstrated a reduction in bacteria on the skin with use of
antimicrobial soaps, but none of these studies assessed rates of infection
as an outcome.67

Increasing public awareness stimulated by several highly publicized
and serious outbreaks from commercially prepared foods has raised ques-
tions about food safety and the appropriate hygienic practices of food han-
dlers. This concern extends to others such as child care providers, educa-
tors, sales personnel, and homemakers who have physical contact with
members of the public. Despite public awareness, however, hand hygiene
as practiced by the general public does not meet recommended stan-
dards—members of the public wash too infrequently and for very short
periods of time.68

A single recommendation for hand hygiene practices in the home
is probably inappropriate. Hand hygiene is clearly indicated before and
after behaviors that are associated with microbial contamination, especially
including toileting, diapering, and preparing or eating food.

Options for hand hygiene include plain soap and water or use of
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TABLE 2

Studies of the Effectiveness of Cleaning and Disinfecting Products
Against Household Microbes, 1980–2000

Agent Antimicrobial Activity

Detergent and Hot Effective against campylobacter and salmonella when

Water followed by rinsing15, 52

Antibacterial Dishwash- Kills Escherichia coli, Salmonella enteritidis PT4, Staphylo-

ing Liquid coccus aureus, Bacillus cereus on dishes, but not used

sponges53

Ammonia Effective against E. coli and Salmonella typhi (log re-

duction was not reported)47

Eliminated 4 to ≥ 6 logs of S. aureus, Salmonella choler-

aesuis, E. coli O157:H7, Pseudomonas aeruginosa46

Eliminated �15% of rhinovirus type 1448

Vinegar Effective against E. coli and S. typhi47

Eliminated <3 logs of S. aureus and E. coli46

Baking Soda Eliminated <3 logs of S. aureus, S. choleraesuis,

E. coliO157:H7, P. aeruginosa46

Bleach Effective against S. aureus, S. typhi, E. coli,47 Pseudomo-

nas,80 Enterococcus,81 Klebseilla,82 Enterobacter,82 Legio-

nella,83 Salmonella, Campylobacter and other coli-

forms21, 50

Effective against Mycobacterium tuberculosis83

Effective against Human Coronavirus, Parainfluenza

virus, and Cosackie B virus;84 Parvovirus;85 Foot and

Mouth Disease;86 Hantavirus;87 Rubella virus;88

Adenovirus Type 5;84 Hepatitis A virus;89 Hepatitis

B virus, Hepatitis C virus and HIV;90 HSV-1 and

HSV-2;90 Rotavirus;82 and Polio virus90

Effective against Giardia lamblia73

Effective against Aspergillus niger,91 Trichophyton menta-

grophytes,92 Streptomyces spores and mycelia93

Effective against Rhinovirus83

Phenolic Reduction of �95% of rotavirus and >60% of rhino-

virus type 1423, 48

Lysol brand disinfectant Spraying on surfaces reduced culture adapted human

spray rotavirus greater than 5 log10
49
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an antiseptic. Generally, plain soaps do not kill microorganisms but rather
wash them off with friction and rubbing, removing the majority of micro-
organisms. For general home use when household members are healthy,
plain soaps are often considered to be sufficient.69

Many antiseptic products are available over-the-counter, and are
often labeled “antibacterial." These are detergent-based, requiring a tradi-
tional handwash with water. Non detergent-based antiseptic products are
waterless hand rinses, gels or wipes, which usually contain alcohol. They
are also readily available to the public over the counter, can be used when
no running water or towels are available, and, similar to antiseptic hand
washes, have rapid and broad spectrum activity and excellent microbicidal
characteristics. Such products, however, are not a substitute for handwash-
ing when the hands are physically soiled, since they are not good cleaning
agents.70,71 Alcohol-based products may be most beneficial in circum-
stances where immediate antimicrobial activity is needed after encounters
that result in a high probability of contamination and where soap, running
water, and/or clean towels are not readily available.

Because the skin is the most important and first-line barrier to in-
fections, it is vital that the skin of the hands be kept as intact and healthy
as possible. The skin’s water content, humidity, pH, intracellular lipids,
and rates of shedding each play a role in retaining the protective barrier
properties of the skin, and these factors are affected by hand hygiene.
For example, changes in skin pH associated with handwashing may pose a
concern since some of the antibacterial characteristics of the skin are asso-
ciated with its normally acidic pH. Some soaps can result in longstanding
changes in skin pH, reduction in fatty acids, and, subsequently, changes in
the microbial flora.72,73 Hence, some hand hygiene practices such as fre-
quent washing with detergents can result in skin dryness, irritation, crack-
ing and other problems.

Moisturizers prevent dehydration, damage to barrier properties,
desquamation, and loss of skin lipids, restore the water-holding capacity
of the keratin layer, and increase the width of corneocytes.74,75 They may
even help to prevent the transmission of microorganisms from the
hands.76,77 For those individuals with dry or damaged skin on the hands, it
is important to use emollients or lotions to replace lost fatty acids and
keep the hands hydrated.

Several recent reviews regarding hand and skin hygiene have been
published. For additional information, the reader is referred to refer-
ences.78,79

Since hands serve as one primary mode of fecal-oral and respira-
tory transmission, specific indications for use of antiseptic hand products
in the general public occur when:



Lori J. Kagan, Allison E. Aiello, and Elaine Larson 263

• There is close physical contact with individuals at high risk for in-
fection (e.g., neonates, the very old, or immunosuppressed);

• An individual is infected with an organism and may potentially
transmit the agent by the direct contact route (diarrhea, upper res-
piratory infection, skin infections) or in close physical contact
(touching) with infected individuals;

• An individual is working in a setting in which infectious disease
transmission is likely (food preparation, crowded living quarters
such as chronic care residences, prisons, child care centers, and
preschools).

SUMMARY

The purpose of this paper was to examine research literature from
the last twenty years to determine the potential role of the home environ-
ment in the transmission of infectious disease. Kitchens, bathrooms, and
washing machines harbor a wide range of potential pathogens, and rou-
tine practices within these areas of the home can either prevent or facili-
tate cross-contamination within the home. The potential for transmission
of microbes in the home exists, and several studies have demonstrated
that transmission does occur. Hence, even though infectious risks in the
home may be less than in healthcare settings such as the hospital or nurs-
ing home, they are certainly present. Commercial disinfectants and clean-
ing products vary in their ability to remove microbes from household sur-
faces, but successful strategies for reducing microbial risks in the home
include both adequate cleaning practices and appropriate use of cleaning
and disinfection products. Care should be taken to use these products
according to instructions in order to maximize removal. In general, these
products clearly have a role as part of an overall hygiene strategy within
the home. Lastly, the behavioral aspects of infection prevention in the
home such as food handling practices, warrant increased public attention
and education.

REFERENCES

1. Tomes N. The Gospel of Germs: Men, Women and the Microbe in American Life. Cambridge: Harvard
University Press, 1998.

2. Scott E, Bloomfield SF, Barlow CG. An investigation of microbial contamination in the home. J
Hyg (London) 1982;89:279–293

3. Scott E, Bloomfield SF. The survival and transfer of microbial contamination via cloths, hands
and utensils. J Appl Bacteriol 1990;68:271–278.



264 JOURNAL OF COMMUNITY HEALTH

4. Speirs JP, Anderton A, Anderson JG. A study of the microbial content of the domestic kitchen.
Intern J Environmen Health Research 1995;5:109–122

5. Enriquez C, Enriquez-Gordillo R, Kennedy D, Gerba C. Bacteriological Survey of Used Cellulose
Sponges and Cotton Dishcloths from Domestic Kitchens. Dairy, Food Environmen Sanitation 1997;
17:20–24

6. Humphrey TJ, Martin KW, Slader J, Durham K. Campylobacter spp. in the kitchen: spread and
persistence. J Appl Microbiol. 2001; 90 Suppl:115S-120S.

7. Sattar SA, Tetro J, Springthorpe VS. Impact of changing societal trends on the spread of infec-
tions in American and Canadian homes. Am J Infect Contr 1999;27:S4-S21.

8. Scott E. Hygiene issues in the home. Am J Infect Contr 1999;27:S22-S25.
9. Sockett PN, Cowden JM, Baigue SL, Ross D, Adak GK, Evans H. Foodborne disease surveillance

in England and Wales; 1989–1991. Commun Dis Rep Rev 1993:R159–173. London: Public Health
Laboratory Service, pp 3–12.

10. Bloomfield SF, Stevens D. Hygiene in the domestic setting: the international situation. Ann Ig
2000;12:189–204.

11. de Wit JC, Broekhuizen G, Kampelmacher EH. Cross-contamination during the preparation of
frozen chickens in the kitchen. J Hyg (Lond) 1979; 83:27–32

12. Bloomfield SF, Scott, E. A risk assessment approach to use of disinfectants in the community.
Res Clin Forums 1997;19:37–47

13. Rutala W, Weber D, Barbee S, Gergen M, Sobsey M. Evaluation of antibiotic resistant bacteria
in home kitchens (abstract). Infect Contr Hosp Epidemiol 2000; 21:132

14. Humphrey T. Can consumers prevent the spread of foodborne pathogens in domestic kitchens?
Proceedings of Euroconference, “Hygiene and Health". Paris: Institute Pasteur, January 25–27, 2001
(no page numbers).

15. Cogan TA, Bloomfield SF, Humphrey TJ. The effectiveness of hygiene procedures for prevention
of cross-contamination from chicken carcases in the domestic kitchen. Lett Appl Microbiol 1999;
29:354–358.

16. Barker J, Bloomfield SF. Survival of Salmonella in bathrooms and toilets in domestic homes
following salmonellosis. J Appl Microbiol 2000;89:137–144

17. Scott E, Bloomfield SF. Investigations of the effectiveness of detergent washing, drying and chem-
ical disinfection on contamination of cleaning cloths. J App l Bacteriol 1990; 68:279–283.

18. Gerba C, Watson S, Kennedy D. Cross contamination and survival of enteric pathogens in laun-
dry. Proceedings of Euroconference, “Hygiene and Health". Paris: Institute Pasteur, January 25–27,
2001 (no page numbers).

19. Petrocci AM, Clarke P. Proposed test method for antimicrobial laundry additives. J Assoc Official
Analy Chemists 1969; 52:836–842

20. Goldmann D. Transmission of viral respiratory infections in the home. Pediatr Infect Dis J 2000;
19:S97-S102

21. Hall CB, Douglas RG. Modes of transmission of respiratory syncytial virus. J Pediatr 1981;99:
100–103.

22. Gwaltney JM, Moskalski PB, Hendley JO. Hand-to-hand transmission of rhinovirus colds. Ann
Intern Med 1978;88:463–467.

23. Sattar SA, Jacobsen H, Rahman H, Cusack TM, Rubino JR. Interruption of rotavirus spread
through chemical disinfection. Infect Control Hosp Epidemiol 1994; 15:751–756.

24. Dennehy PH. Transmission of rotavirus and other enteric pathogens in the home. Pediatr Infect
Dis J 2000; 19:S103-S105.

25. Fleet GH, Heiskanen, P., Reid, I., Buckle, K.A.,. Foodborne viral illness—status in Australia.
J Food Microbiol 2000; 59:127–136

26. Barker J, Stevens D, Bloomfield SF. Spread and prevention of some common viral infections in
community facilities and domestic homes. J Appl Microbiol 2001; 91:7–21

27. Bidawid S, Farber JM, Sattar SA. Contamination of foods by food handlers: experiments on
hepatitis A virus transfer to food and its interruption. Appl Environ Microbiol 2000; 66:2759–2763

28. Collins JE. Impact of changing consumer lifestyles on the emergence/reemergence of foodborne
pathogens. Emerg Infect Dis 1997; 3:471–479

29. Jay LS, Comar D, Govenlock LD. A video study of Australian domestic food-handling practices.
J Food Prot 1999; 62:1285–1296.

30. Andersen J. Food safety mistakes caught on tape: Food and Drug Administration: Associated
Press, 2000. Accessed 6/21/00 at web site: http: //ipn.intelihealth.com/ipn/ihtIPN

31. ASM. America’s dirty little secret-Our hands. Vol. 2001: American Society for Microbiology.



Lori J. Kagan, Allison E. Aiello, and Elaine Larson 265

Clean hands campaign., 2000. Accessed 5/15/01 at web site: http://www.washup.org/
page03.htm

32. Jay LS, Comar D, Govenlock LD. A national Australian food safety telephone survey. J Food Prot
1999; 62:921–928.

33. Rusin P, Gerba C, Maxwell S. Studies show that some diseases could easily be transmitted from
common articles in the home and community. Proceedings of The 100th General Meeting of the
American Society for Microbiology. Los Angeles, CA: American Society for Microbiology, 2000. Ac-
cessed on 5/25/00 on website: http://www.asmusa.org/pcsrc/gm2000/10004.html

34. Rusin P, Maxwell S, Gerba C. Comparative transfer efficiency of bacteria and viruses from com-
mon fomites to hands and from the hand to the lip. Proceedings of the 100th General Meeting of the
American Society for Microbiology. Los Angeles, CA: American Society for Microbiology, 2000. Ac-
cessed on 5/25/00 on website: http://www.asmusa.org/pcsrc/gm2000/10004.html (Session Q-
84, p. 83).

35. Rheinbaben F, Schunemann S, Gross T, Wolff MH. Transmission of viruses via contact in ahouse-
hold setting: experiments using bacteriophage straight phiX174 as a model virus. J Hosp Infect
2000; 46:61–66.

36. Bloomfield SF, Scott E. Cross-contamination and infection in the domestic environment and the
role of chemical disinfectants. J Appl Microbiol 1997;8 3:1–9

37. Schutze GE, Sikes JD, Stefanova R, Cave MD. The home environment and salmonellosis in chil-
dren. Pediatr 1999;103:E1.

38. Mead PS, Finelli L, Lambert-Fair MA, Champ D, Townes J, Hutwagner L, Barrett T, Spitalny K,
Mintz E. Risk factors for sporadic infection with Escherichia coli O157:H7. Arch Intern Med 1997;
157:204–208.

39. Larson E, Duarte CG. Home hygiene practices and infectious disease symptoms among house-
hold members. Public Health Nurs 2001;18:116–127.

40. Oosterom J, den Uyl CH, Banffer JR, Huisman J. Epidemiological investigations on Campylobacter
jejuni in households with a primary infection. J Hyg (Lond) 1984; 93:325–332.

41. Parry SM, Salmon RL. Sporadic STEC O157 infection: secondary household transmission in
Wales. Emerg Infect Dis 1998; 4:657–661.

42. Shopsin B, Mathema B, Martinez B, Campo M, Alcabes P, Kreiswirth B. Familial carriage and
transmission of S. aureus colonizing children and their guardians. In: Third Annual Symposium of
Molecular Epidemiology. 1999. New York: New York Academy of Medicine (no page numbers)

43. Jones M. Application of HACCP to identify hygiene risks in the home. Intern Biodeter Biodegrad
1998;41:191–199.

44. Haas C, Rose J, Gerba C. Quantitative microbial risk assessment New York: John Wiley & Sons,
Inc, 1999.

45. Rosenberg S. Consumer and market use of antibacterials at home. Pediatr Infect Dis J 2000;19:
S114-S116.

46. Rutala WA, Barbee SL, Aguiar NC, Sobsey MD, Weber DJ. Antimicrobial activity of home disin-
fectants and natural products against potential human pathogens. Infect Control Hosp Epidemiol
2000;21:33–38.

47. Parnes C. Efficacy of sodium hypochlorite bleach and “alternative” products in preventing trans-
fer of bacteria to and from inanimate surfaces. Environ Health 1997;Jan/Feb 14–20.

48. Sattar SA, Jacobsen H, Springthorpe VS, Cusack TM, Rubino JR. Chemical disinfection to inter-
rupt transfer of rhinovirus type 14 from environmental surfaces to hands. Appl Environ Microbiol
1993;59:1579–1585.

49. Ward RL, Bernstein DI, Knowlton DR, Sherwood JR, Young EC, Cusack TM, Rubino JR, Schiff
GM. Prevention of surface-to-human transmission of rotaviruses by treatment with disinfectant
spray. J Clin Microbiol 1991; 29:1991–1996.

50. Rusin P, Orosz-Coughlin P, Gerba C. Reduction of faecal coliform, coliform and heterotrophic
plate count bacteria in the household kitchen and bathroom by disinfection with hypochlorite
cleaners. J Appl Microbiol 1998; 85:819–828.

51. Josephson KL, Rubino JR, Pepper IL. Characterization and quantification of bacterial pathogens
and indicator organisms in household kitchens with and without the use of a disinfectant cleaner.
J Appl Microbiol 1997; 83:737–750.

52. Scott E, Bloomfield SF, Barlow CG. Evaluation of disinfectants in the domestic environment
under ‘in use’ conditions. J Hyg (Lond) 1984; 92:193–203.

53. Kusumaningrum H, Beumer R. Effect of Antibacterial dshwashing liquid on food-borne patho-
gens. In: Preventing Infectious Intestinal Disease in the Domestic Setting: A Shared Responsiblity. A



266 JOURNAL OF COMMUNITY HEALTH

joint conference by the International Scientific Forum on Home Hygiene and the Public Health
Laboratory Service. Central Public Health Laboratory, London:, 2000. Accessed 5/15/01 at web
site: http://www.ifh-homehygiene.org/infect/inf00.htm

54. Kusumaningrum H, Beumer R. Growth and survival of pathogens and competitive microorgan-
isms on domestic sponges. In: Preventing Infectious Intestinal Disease in the Domestic Setting: A Shared
Responsiblity. A joint conference by the International Scientific Forum on Home Hygiene and the
Public Health Laboratory Service. Central Public Health Laboratory, London:, 2000. Accessed
5/15/01 at web site: http://www.ifh-homehygiene.org/infect/inf00.htm

55. Zhao P, Zhao T, Doyle MP, Rubino JR, Meng J. Development of a model for evaluation of micro-
bial cross-contamination in the kitchen. J Food Prot 1998; 61:960–963.

56. Gangar V, Meyers E, Roering A, Johnson H, Curiale M, Michaels B. The dynamics of surface
cleaning and sanitization. In: Preventing Infectious Intestinal Disease in the Domestic Setting: A Shared
responsibility. A joint conference by the International Scientific Forum on Home Hygiene and the
Public Health Laboratory Service. Central Public Health Laboratory, London:, 2000. Accessed
5/15/01 at web site: http://www.ifh-homehygiene.org/infect/inf00.htm

57. Jaska JM, Fredell DL. Impact of detergent systems on bacterial survival on laundered fabrics.
Appl Environ Microbiol 1980; 39:743–748.

58. Smith J, Neil K, Davidson C, Davidson R. Effect of water temperature on bacterial killing in
laundry. Infect Contr 1987;8:204–209.

59. Christian R, Manchester J, Mellor M. Bacteriological quality of fabrics washed at lower-than-stan-
dard temperatures in a hospitallaundry facility. J Appl Environ Microbiol 1983;45:591–597.

60. Legnani P, Leoni E. Factors affecting the bacteriological contamination of commercial washing
machines. Zentralblatt fur Hyg Umweltmedizin 1997; 200:319–333.

61. Davis S, Ainsworth P. The disinfectant action of low-temperature laundering. J Consum Stud Home
Econ 1989;13:61–66.

62. Belkin N. Aseptics and aesthetics of chlorine bleach: Can its use in laundering be safely aban-
doned? Am J Infect Contr 1998:149–151.

63. Scott E, Bloomfield SF. A bacteriological investigation of the effectiveness of cleaning and disin-
fection procedures for toilet hygiene. J Appl Bacteriol 1985;59:291–297.

64. Larson E. A causal link between handwashing and risk of infection? Examination of the evidence.
Infect Control Hosp Epidemiol 1988; 9:28–36.

65. Bryan JL, Cohran J, Larson EL. Hand washing: a ritual revisited. Crit Care Nurs Clin NA 1995; 7:
617–625.

66. Kimel LS. Handwashing education can decrease illness absenteeism. J School Nurs 1996; 12:14–16,
18.

67. Keswick BH, Berge, C.A., Bartolo, R.G., Watson, D.D. 1997. Antimicrobial soaps: their role in
personal hygiene IN Aly R, Beutner KR, Maibach H. Cutaneous infection and therapy. New York:
Marcel Dekker, Inc, 49–82.

68. Editors. ASM inagurates nationwide public education effort. ASM News. 1996; 62:547–548.
69. Larson EL. APIC guideline for handwashing and hand antisepsis in health care settings. Am J

Infect Contr 1995; 23:251–269.
70. Ali Y, Dolan, M.J., Fendler, E.J., Larson, E.L. Alcohols. In: Block SS (ed). Disinfection, Sterilization

and Preservation, 5 ed. 2001. Philadelphia: Lippincott, Williams and Wilkins, 229–254.
71. Larson EL, Aiello AE, Bastyr J, Lyle C, Stahl J, Cronquist A, Lai L, Della-Latta P. Assessment of

two hand hygiene regimens for intensive care unit personnel. Criti Care Med 2001;29:944–951.
72. Korting HC, Kober M, Mueller M, Braun-Falco O. Influence of repeated washings with soap and

synthetic detergents on pH and resident flora of the skin of forehead and forearm. Results of a
cross-over trial in health probationers. Acta Dermato-Venereol (Stockh) 1987; 67:41–47.

73. Hoffler U, Gloor M, Peters G, Ko HL, Brautigan A, Thurn A, Pulverer G. Qualitative and quanti-
tative investigations on the resident bacterial skin flora in healthy persons and in the non-affected
skin of patients with seborrheic eczema. Arch Dermatol Res 1980; 268:297–312.

74. Grunewald AM, Gloor M, Gehring W, Kleesz P. Efficacy of barrier creams. In Elsner P, Maibach
HI (eds). Irritant dermatitis. New clinical and experimental aspects. Curr Probl Dermatol. vol. 23.
1995. Basel:Karger, 187–197.

75. Lachapelle JM. Efficacy of protective creams and/or gels. In Elsner P, Lachapelle JM, Wahlberg
JE, Maibach HI (eds). Prevention of contact dermatitis. Curr Probl Dermatol. vol. 25. 1996. Basel:
Karger, 182–192.

76. Gillespie WA, Simpson, K. , Tozer, R.C. Staphylococcal infection in a maternal hospital: epidemi-
ology and control. Lancet 1958;2:1075–1078.



Lori J. Kagan, Allison E. Aiello, and Elaine Larson 267

77. McBride ME, Montes LF, Knox JM. The persistence and penetration of antiseptic activity. Surg
Gynecol Obstetr 1968; 127:270–274.

78. Larson E. Skin hygiene and infection prevention: more of the same or different approaches? Clin
Infect Dis 1999; 29:1287–1294.

79. Larson E. Hygiene of the skin: when is clean too clean? Emerg Infect Dis 2001; 7:225–230.
80. Rutala WA, Cole EC, Thomann CA, Weber DJ. Stability and bactericidal activity of chlorine

solutions. Infect Contr Hosp Epidemiol 1998; 19:323–227.
81. Bloomfield SF, Arthur M., Looney E., Begun K., Patel H. Compatitive testing of disinfectant and

antiseptic products using proposed European suspension testing methods. Lett Appl. Microbiol
1991; 13:233–237.

82. Berman D, Rice EW, Hoff JC. Inactivation of particle-associated coliforms by chlorine and mono-
chloramine. Appl Environmen Microbiol 1988; 54:507–512.

83. Skaliy P, Thompson TA, Gorman GW, Morris GK, McEachern HV, Mackel DC. Laboratory stud-
ies of disinfectants against Legionella pneumophila. Appl Environmen Microbiol 1980; 40:697–700.

84. Sattar SA, Springthorpe VS, Karim Y, Loro P. Chemical disinfection of non-porous inanimate
surfaces experimentally contaminated with four human pathogenic viruses. Epidemiol Infect 1989;
102:493–505.

85. Churn CC, Bates RC, Boardman GD. Mechanism of chlorine inactivation of DNA-containing
parvovirus H-1. Appl Environ Microbiol 1983; 46:1394–1402.

86. Sellers RF. The inactivation of foot-and mouth disease virus by chemicals and disinfectants. Vet-
erin Rec 1968;83:504–506.

87. Childs JE, Kaufmann AF, Peters CJ, Ehrenberg RL. Hantavirus infection—southwestern United
States: interim recommendations for risk reduction. Centers for Disease Control and Prevention.
MMWR—Morbidity & Mortality Weekly Report 1993; 42:1–13.

88. Lloyd-Evans N, Springthorpe VS, Sattar SA. Chemical disinfection of human rotavirus-contami-
nated inanimate surfaces. J Hyg 1986; 97:163–173.

89. Rutala WA, Weber DJ. Uses of inorganic hypochlorite (bleach) in health-care facility. ClinMicrob-
iol Rev 1997; 10:597–610.

90. Weber DJ, Barbee SL, Sobsey MD, Rutala WA. The effect of blood on the antiviral activity of
sodium hypochlorite, a phenolic, and a quaternary ammonium compound. Infect Contr Hosp Epi-
demiol 1999; 20:821–827.

91. Yang CY. Comparative studies on the detoxification of aflatoxins by sodium hypochlorite and
commercial bleaches. Appl Microbiol 1972; 24:885–890.

92. Best M, Springthorpe VS, Sattar SA. Feasibility of a combined carrier test for disinfectants: stud-
ies with a mixture of five types of microorganisms. Am J Infect Contr 1994; 22:152–162.

93. Whitmore TN, Denny S. The effect of disinfectants on a geosmin-producing strain of Streptomy-
ces griseus. J Appl Bacteriol 1992; 72:160–165.


