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Abstract

Background—Despite the widespread household use of cleaning and personal hygiene products
containing antibacterial ingredients, their effects on the incidence of infectious disease symptoms
have not been studied.

Objective—To evaluate the effect of antibacterial cleaning and handwashing products for
consumers on the occurrence of infectious disease symptoms in households.

Design—Randomized, double-blind clinical trial.
Setting—Northern Manhattan inner-city neighborhood, New York.

Participants—238 primarily Hispanic households (1178 persons) that included at least one
preschool-age child.

Interventions—Households were randomly assigned to use either antibacterial or nonantibacterial
products for general cleaning, laundry, and handwashing. All products were commercially available,
but the packaging was blinded and the products were provided free to participants.

Measurements—Hygiene practices and infectious disease symptoms were monitored by weekly
telephone calls, monthly home visits, and quarterly interviews for 48 weeks.

Results—Symptoms were primarily respiratory: During 26.2% (717 of 2736) of household-months,
23.3% (640 of 2737) of household-months, and 10.2% (278 of 2737) of household-months, one or
more members of the household had a runny nose, cough, or sore throat, respectively. Fever was

present during 11% (301 of 2737) of household-months, vomiting was present in 2.2% (61 of 2737),
diarrhea was present in 2.5% (69 of 2737), and boils or conjunctivitis were present in 0.77% (21 of
2737). Differences between intervention and control groups were not significant for any symptoms
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(all unadjusted and adjusted relative risks included 1.0) or for numbers of symptoms (overall
incidence density ratio, 0.96 [95% CI, 0.82 to 1.12]).

Conclusions—The tested antibacterial products did not reduce the risk for symptoms of viral
infectious diseases in households that included essentially healthy persons. This does not preclude
the potential contribution of these products to reducing symptoms of bacterial diseases in the home.

Methods

Changing demographic and social patterns, such as more working parents, increased numbers
of meals eaten in restaurants, and more child-care outside of the home, are causing concomitant
changes in patterns of infectious diseases (1). For example, recent foodborne outbreaks have
resulted from widespread distribution of contaminated foods, such as meat or ice cream. Media
attention to such outbreaks and the resultant public concern about disease transmission may
be one reason for the burgeoning of various products that are labeled “antibacterial” and that
are readily available for personal hygiene and general cleaning.

These demographic and social shifts raise the question of the relative importance of home
hygienic practices in the prevention of infectious diseases. The home environment has been
implicated as one important source of spread of infectious diseases (2-4), and hygienic
interventions have resulted in reduced incidence, particularly in less-developed countries (5).
In the United States, several studies have demonstrated the effectiveness of hygienic
interventions in reducing transmission of infections in child-care centers and schools (6-9).
However, despite the fact that 75% of liquid and 29% of bar soaps available in the U.S.
consumer market contain antibacterial ingredients (10), their benefits in terms of reducing the
incidence of infectious diseases in households have not been demonstrated. In addition,
concerns have been raised about the potential for long-term use of such products to increase
resistance to antiseptics or cross-resistance with antibiotics (11,12). Therefore, we sought to
evaluate the effect of antibacterial cleaning and handwashing products on the occurrence of
infectious disease symptoms in households.

In this double-blind clinical trial, we randomly assigned households to one of 2 intervention
groups: those who used handwashing and household cleaning products with antibacterial
ingredients and those who used products without such ingredients. The interventions lasted for
48 weeks.

Sample and Setting

We conducted the study in an inner-city neighborhood in northern Manhattan, New York, with
a predominantly immigrant population in multigenerational households. Almost 30% of
residents spoke little or no English, and about 90% of the households had telephones (13). To
qualify for the study, a household unit had to include 3 or more persons with at least one
preschool-age child and had to have access to a telephone. In addition, household members
had to speak English or Spanish. In a preliminary survey (14) conducted in this neighborhood,
78.5% of 398 households reported infectious disease symptoms within the previous month,
and in 37.9% of these households, at least one person sought medical attention and received
specific treatment or antibiotics for an infectious disease symptom or symptoms. On the basis
of this pilot work, we concluded that a randomized clinical trial with sufficient statistical power
was feasible.

Context

Household cleaning products containing antibacterial ingredients are widely available and
popular. Although manufacturers use claims of health benefits to market these products,
evidence linking the use of antibacterial products to health outcomes has been lacking.
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Contribution

This innovative trial found no difference in episodes of infectious disease symptoms over
one year in 228 inner-city households randomly assigned to use antibacterial household
cleaning products or identically packaged products without antibacterial ingredients.

Implications

These findings highlight the need to better educate consumers about the use and limitations
of household antibacterial cleaning products.

-The Editors

Intervention

Procedures

Recruitment was by word of mouth, referral, and English- and Spanish-language flyers
(preapproved by the institutional review board) posted throughout the community. Participants
were recruited by an experienced, trained interviewer who resided in the community and who
was a native Spanish speaker.

We determined sample size by power analysis. With 100 households for each intervention
group and a household incidence of infectious disease symptoms of about 35% per month, on
the basis of the pilot study, it would be possible to detect an absolute difference between the
2 intervention groups of 20 percentage points or more (for example, from 35% to 15%) with
a power of 80% and an «a value of less than 0.05 (15). We recruited an additional 19% above
this desired sample size to account for potential loss to follow-up and dropouts. A total of 238
households were randomly assigned, and 224 (94.1%) completed the entire 48 weeks of data
collection. Fourteen households (5.9%) did not complete the entire study period, 9 (64.3%)
because the household moved out of the study area, 3 (21.4%) because the household did not
continue to use the products, and 2 (14.3%) because the household was inadvertently supplied
with the wrong product (Figure 1).

Criteria for selecting products to be tested were as follows: The products had to be readily
available over the counter; have the same or similar formulation, except for the presence or
absence of an antibacterial ingredient; be representative of a particular category of product so
that results could be generalized to other similar products; and be developed by reputable
companies known for good manufacturing practices. Antibacterial was defined as the presence
of triclosan, quaternary ammonium compounds, hypochlorite, or another recognized
microbicidal agent in amounts greater than preservative levels. Also, the product label had to
include the term antibacterial or disinfectant.

Households randomly assigned to the antibacterial group were provided with the following: a
liquid kitchen spray and “all-purpose” hard-surface cleaner containing a quaternary ammonium
compound, liquid handwashing soap containing triclosan, and a laundry detergent containing
oxygenated bleach. The nonantibacterial group received parallel products with similar
compositions that did not contain antibacterial ingredients. Both intervention groups were
provided with the same liquid dishwashing detergent and bar soap, neither of which contained
antibacterial ingredients.

The study was approved by the Columbia Presbyterian Medical Center Institutional Review
Board. After we obtained written informed consent, households were randomly assigned to
one of the intervention groups; the master key code was retained by the biostatistician. All
products were provided without cost, were packaged identically with a generic label indicating
their use, and were delivered to the household monthly. On the initial home visit, we collected
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baseline data on home hygiene practices and the presence of infectious disease symptoms
within the previous month for each household member by using our Home Hygiene Assessment
Form.

We made a weekly telephone call and a monthly home visit to each household. During the
monthly visit, we assessed adherence to the product regimens by weighing the remainder of
products with a postal scale and inspecting the home for the presence of other products. Every
3 months, we assessed symptoms in individual household members, and the Home Hygiene
Assessment Form was readministered to determine whether any hygienic practices had
changed. We conducted an average of 226 interviews each week. For most of the households
(98.8%), at least 20 weekly interviews were completed, and for 89.0% of households, 45 or
more weekly interviews were completed.

Data were collected by 3 interviewers who received extensive training using a written
orientation manual, practice sessions with return demonstrations, and inter-rater reliability
assessments. The interviewers and project director were native Spanish speakers; 3 were
physicians, and the fourth was a trained community health worker. Initially and on a random
monthly basis, each interviewer was accompanied by the project director on 10% of the home
visits for ongoing quality control.

Because cleaning and hygiene practices within the home would probably affect the dependent
variable, infectious disease symptoms, we collected extensive data on cleaning and hygiene
practices at baseline and at quarterly intervals. The Home Hygiene Assessment Form is a 31-
page interview booklet that includes questions about demographic characteristics and illness
(age, sex, ethnicity, country of birth, hours per week spent outside the home, type of work for
adults, school or child-care arrangements for children, state of health, and presence of chronic
diseases), home hygiene practices (54 items), and other relevant household factors (numbers
and ages of household members, size of living space, presence of pets and visitors, type of
building, and heating and cooling systems). We also asked participants about their attitudes
and beliefs about how “germs” are spread and what they did to prevent infections in their home.
The components of the instrument were originally derived from a literature search, focus groups
of consumers, and a panel of environmental sanitation experts. The Home Hygiene Assessment
Form was tested extensively for validity and reliability (16). Whenever possible, direct
observations were made to confirm self-reports.

Measurement of Dependent Variable (Infectious Disease Symptoms)

The presence of infections was assessed symptomatically. We instructed participants to call
their interviewer if any member of the household had vomiting, diarrhea, fever, sore throat,
cough, runny nose, skin infection, or conjunctivitis (“pinkeye”). We provided each household
with a supply of single-use thermometers (Tempa-DOT, 3M Health Care, St. Paul, Minnesota)
and gave instructions for their use.

In the weekly telephone call from the interviewer, we also solicited information on symptoms.
If participants reported a cough, they were queried by a physician about whether it could be
due to allergies or asthma. The cough was recorded only when other noninfectious causes were
ruled out. Sore throat was not recorded for children younger than 3 years of age. If one or more
symptoms were present, the informant was asked whether medical attention was sought,
whether any treatment and antibiotics were administered, and whether the symptom or
symptoms resulted in missed work or school.
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We assessed the reliability and validity of the self-reports of symptoms as follows. For the first
100 reports of illness, an on-call physician verified the presence of the symptom or symptoms
by direct observation in a home visit. In 93 of 100 reports, the physician was able to directly
confirm the presence of the reported symptom. In addition, in 3 of these 100 home visits, a
symptom that had not been reported by a participant was identified by the interviewer. Thus,
the sensitivity and specificity of the first 100 self-reports of symptoms were 0.93 and 0.97,
respectively. We considered this an acceptable level of reliability, and for the remainder of the
study, we did not continue to have on-call staff verify every symptom report; however,
symptoms present at the monthly home visits were confirmed by direct observation. No
treatment was provided during the study; if symptoms were judged to warrant attention,
participants were referred to their primary care provider or to a local urgent-care clinic.

Statistical Analysis

Data were entered by an independent data entry firm (CDPS, Inc., Milford, Ohio). Members
of the research team remained blinded to the household study group until after analyses were
completed. The primary outcome of the study was the presence of at least one infectious disease
symptom within the household for each one-month period. For the design of intention-to-treat
analysis, all households randomly assigned to the 2 groups were included.

We performed chi-square or Student t-tests to compare the characteristics of the antibacterial
and nonantibacterial groups for each hygienic practice and demographic variable, as well as
the health status of household members at baseline. Unadjusted relative risks and 95% Cls
were calculated for each symptom. We then performed logistic regression analysis by using
the SUDAAN software program (Research Triangle Institute, Research Triangle Park, North
Carolina) (17). The generalized estimating equations approach was used because it accounts
for intracorrelated binary data at each time point (18-20). The estimated relative risk was
generated by adjustment for potential confounders, including the number of children younger
than 6 years of age, the number of people who rated their health as poor or fair or who had
chronic conditions, the number of people who spent 40 or more hours outside the household
per week, the size of the household, and any factors that differed substantially between the
intervention groups in the univariate analyses.

To determine whether the use of antibacterial products had a cumulative effect, we also tested
in separate regression models the interaction of treatment with the number of months that each
group used the assigned products. In addition, we used Poisson regression models to examine
the number of different symptoms reported by each household, and the incidence density ratio
comparing the number of symptoms in the antibacterial and nonantibacterial groups was
estimated. Finally, using chisquare analyses, we examined the effect of the intervention among
persons (not at the household level) who might be at particular risk for infection—those with
poor health or chronic disease, children who were 5 years of age or younger or were attending
daycare, and adults working outside the household for 40 or more hours per week.

Role of the Funding Source

Results

The funding source had no role in the design, conduct, or reporting of the study or in the decision
to submit the manuscript for publication.

Participant Characteristics

Initially, 238 households with 1178 members were enrolled. Over the 48 weeks, 22 households
had some minor variation in members as persons entered or left; a total of 2737 household-
months were studied. Most household members (51.9%) were 19 years of age or younger,

Ann Intern Med. Author manuscript; available in PMC 2007 November 20.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Larson et al.

Page 6

98.3% were Hispanic, and 53.2% were born outside of the United States. Most (83%)
considered themselves in good health, and 12.1% had one or more chronic conditions, such as
diabetes or asthma (Table 1). Most households lived in large, multiple-unit buildings (90.8%
and 94.1% in the antibacterial and nonantibacterial groups, respectively). The mean number
of household members was 4.97 for both groups (range, 3 to 13 members). Differences in any
demographic variable between the 2 randomly assigned groups were not significant.

Home Hygiene Practices

In most households (58.8%), one person prepared 11 or more meals per week at home. Few
(2.2%) had automatic dishwashers, and 34.5% used a commercial or shared laundry facility
(the remainder owned their own washing machines). The treatment groups were homogeneous;
differences in any cleaning or personal hygiene practices observed or reported during the study
were not significant.

Rates of Infectious Disease Symptoms

A mean of 32.7% of households (range, 25.3% to 42.2%) had one or more members with
infectious disease symptoms monthly. The most common symptoms were respiratory: During
26.2% (717 of 2736) and 23.3% (640 of 2737) of household-months, household members had
a runny nose or cough, respectively, and during 10.2% of household-months (278 of 2737)
household members had a sore throat. Fever was present during 11% (301 of 2737) of
household-months, vomiting was present in 2.2% (61 of 2737), and diarrhea was present in
2.5% (69 of 2737). Skin symptoms (boils or conjunctivitis) occurred in 0.77% (21 of 2737) of
household-months.

Differences between treatment groups in rates of any symptom by household-month were not
statistically significant (33.1% and 32.3% in the antibacterial and nonantibacterial groups,
respectively). Over the 48 weeks, both unadjusted and adjusted relative risks for each symptom
showed no significant effect of antibacterial product use on infectious disease symptoms (Table
2). No interaction of treatment effect with number of months using the products was found in
logistic regression analyses for any of the symptoms. Furthermore, differences in number of
symptoms reported over the study period (Figure 2) were not significant between the treatment
groups.

The antibacterial and nonantibacterial groups did not differ significantly for any symptom
among individuals or among the following subgroups: children 5 years of age or younger (P
> 0.2 forall comparisons), children attending daycare (P > 0.2 for all comparisons), and persons
who worked outside the home for 40 or more hours per week (P > 0.10 for all comparisons).
However, persons with chronic disease or poor health in the antibacterial group were
significantly more likely than those in the nonantibacterial group to have fever (11.5% and
4.4%, respectively; P = 0.01), runny nose (21.2% and 9.3%, respectively; P = 0.007), and
cough (21.6% and 6.6%, respectively; P <0.001). Among all persons, the cumulative incidence
of infectious disease symptoms for the antibacterial and nonantibacterial groups was 38.0%
and 32.1%, respectively (P = 0.19).

Discussion

Approximately one fourth of visits to primary care providers are associated with infections;
the estimated cost is more than $120 billion yearly (21). Most of these infections are not
“serious” in that they do not result in an increased mortality rate, but even minor infections
create a large burden of illness. Rhinoviruses, for example, cause more illness than any other
virus in all age groups (22), and upper respiratory infections account for the largest proportion
of outpatient visits for infections (23). Half of the children in the United States develop infection
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with respiratory syncytial virus by the age of one year, and nearly 90 000 children are
hospitalized yearly for this infection (24). Approximately 1 of 78 children is hospitalized with
rotavirus infection by 5 years of age (25,26), and rotavirus accounts for more than 30 000
outpatient visits yearly among young children in the United States (27). In addition, respiratory
infections (32%) and gastroenteritis (38%) were the principal causes for admission of 1599
children in one British hospital (28).

Because the home environment harbors high levels of microbial contamination (29,30) and
evidence shows that microorganisms can be readily transmitted between the ambient
environment and humans (31-34), one might speculate that antibacterial products could result
in a microbiologically cleaner environment, which could translate to less human infection. On
the other hand, the evidence to date has been primarily indirect or circumstantial.

Relationship between Personal Hygienic Practices and Risk for Infection

A large body of evidence shows a causal link between handwashing and risk for infection (5,
35), but most of the evidence is from developing countries, multifactorial intervention studies,
or hospitals. Hands are the primary source of the spread of various viruses that cause upper
respiratory infections (36-38). Although several studies in group settings showed a reduced
risk for infectious disease transmission when hand hygiene interventions were implemented
(6,8,9,39), data on the relationship between personal hygiene practices in the home and the
transmission of disease are lacking (40).

In 11 studies reviewed by Keswick and colleagues (41), antibacterial soaps were associated
with a significant reduction in rates of superficial cutaneous infections. In one double-blind
trial of 50 patients with atopic dermatitis, those who bathed with an antibacterial soap had
greater improvement in skin lesions and reduced colonization with Staphylococcus aureus
compared with those using a plain soap (42).

Studies conducted several decades ago demonstrated that showering and bathing with
nonantibacterial soap increased dispersal of skin bacteria into the air and ambient environment
(43,44). Skin microflora vary among persons but are remarkably consistent for each person
over time. Even when a person does not bathe for many days, the flora reach a stable equilibrium
(45,46). In a recent study, 140 newborns were randomly assigned to bathing with water only
or with mild soap. Differences in the types or numbers of flora before bathing, 1 hour after
bathing, and 24 hours after birth were not significant, and soap had minimal effect on
subsequent colonization (47). The authors concluded that there was little justification for using
soap to wash newborns. Thus, while the role of personal hygiene in reducing infections has
been demonstrated in specific groups (for example, persons with dermatologic problems,
hospitalized patients, or persons in developing countries with suboptimal hygiene or public
services), there is a paucity of data to demonstrate an advantage of antibacterial soaps for the
general, healthy public.

Relationship between Antibacterial Environmental Cleaning and Risk for Infection

Although disinfectants, such as phenolic compounds or bleach, are effective (48-50), the
resulting protection is relatively brief (51). In one study comparing ammonia, baking soda,
borax, vinegar, a liquid dishwashing detergent, and bleach, only bleach was effective against
S. aureus, Salmonella typhi, and Escherichia coli (52). Absenteeism and respiratory infections
were reduced with a comprehensive infection control program that included environmental
disinfection in a specialized preschool (6), and upper respiratory infections were reduced in 8
extended-care facilities with a similar intervention (53). However, we could find no definitive
evidence that use of antibacterial products for environmental cleaning reduced the risk for
infections in the home or hospital setting, despite the fact that some investigators have found
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that use of detergent alone may actually seed the environment with more microorganisms
(54-56).

Any potential benefit of using antibacterial products for home hygiene must be weighed against
the theoretical risk for antiseptic or antibiotic resistance. While there is no evidence that this
has or will occur with the use of products containing small amounts of triclosan, in vitro tests
have confirmed that some biological mechanisms allow such cross-resistance to occur in
specific organisms (57).

Additional Considerations

One of the advantages of community-based studies is the opportunity to track patterns of
infection. To our knowledge, even though antibacterial cleaning and handwashing products
are used extensively in U.S. homes (10,58), this is the first randomized, double-blind clinical
trial to examine the effects of these products in the home. Although microbiological cultures
were not obtained during the study, cultures would probably have not provided sufficient
confirmatory evidence because confirmation of viral infection would have required serial
serologic tests to follow antibody levels. In addition, the multiple serotypes of some common
viruses, such as rhinovirus, would have made interpretation difficult. Our primary concern was
measuring the public health effect rather than determining causative agents, and we therefore
chose to assess infections symptomatically because symptoms measured the burden of illness
on the household.

The occurrence of infectious disease symptoms in our study was slightly lower than that in the
pilot study, probably because of a Hawthorne effect (that is, households knew that their cleaning
practices were being studied) or because the products were provided at no charge. These factors
would probably increase the frequency and thoroughness of cleaning. Although this would
reduce the overall incidence of infections, it would probably have no effect on the relative
differences between the antibacterial and nonantibacterial groups. The statistical power of this
study was essentially the same as that estimated in the original power calculation because the
a priori calculation was based on an anticipated sample size of 100 and the final sample in this
study was 18% larger than anticipated. On the basis of an a posteriori calculation, we could
detect a 15% or greater difference in rates of symptoms between the treatment groups with a
power of 80% and a 2-sided P value of 0.05 or less (PASS, version 2002, NCSS, Kaysville,
Utah). The maximum observed difference in our study was less than 1% between treatment
groups, which is probably clinically insignificant.

The types of infections most likely to be influenced by environmental cleaning (for example,
gastrointestinal disease) may be bacterial in origin (59). Because gastrointestinal symptoms
were not as common as respiratory symptoms in our study, it is possible that the interventions
chosen for our study may be better suited for limiting nonrespiratory symptoms. It is likely
that the respiratory symptoms most common in our study were of viral origin. Gubareva and
colleagues (60) recently demonstrated that influenza transmission in families is generally the
result of secondary transmission and is not from other community sources. Although the active
ingredients in the products that we selected for the study may have some antiviral efficacy,
none were designed or claimed to deliver antiviral efficacy under expected patterns and
concentrations of use. We cannot explain why some infectious disease symptoms were
significantly more common in persons with poor health or chronic disease who used
antibacterial products than in persons not using such products, but this observation warrants
additional research.
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Study Limitations

Our study had several limitations. Because it was conducted in a crowded urban setting with
primarily Hispanic households, the results may not be generalizable to suburban households

with smaller family sizes. A decrease in household size could reduce the bioburden below a

threshold at which use of antibacterial-containing consumer products could become effective.
One would expect, therefore, that if an effect of antibacterial products were present, it would
be more readily detected in the larger households participating in this study. In addition, the

proportion of respondents who reported that they were in fair or poor health in this study (17%)
was slightly higher than the national self-assessment data for Hispanic persons from 1997 to

2000 (61).

Although verbal and written instructions were provided, we cannot guarantee that participants
actually used the products as directed. The weekly telephone calls and monthly visits to
households as well as the provision of free products probably increased product use, potentially
biasing the study toward having fewer infectious disease symptoms in both groups because of
generally increased levels of cleanliness.

Conclusions

Our findings do not support the conclusion that use of antibacterial products reduces the risk
for primarily viral infections in households of healthy persons. However, this does not preclude
their potential contribution in reducing bacterial symptoms or their potential usefulness in
specific instances, such as when household members are immuno-suppressed or have skin or
gastrointestinal infections. This suggests that manufacturers and care providers need to educate
consumers about the appropriate use and limitations of household antibacterial products.
Additional research is indicated to better understand potential health benefits associated with
increased use of cleaning products, regardless of whether the products contain antibacterial
ingredients.
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Figure 1.

Profile of randomized, clinical trial.
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Figure 2. Percentage of households with infectious disease symptoms for each household-month
Poisson regression is adjusted for the number of children younger than 6 years of age, the
number of people who rated their health as poor or fair or who had chronic conditions, the size
of the household, and the number of people who spent 40 hours or more outside of the house
per week. The incidence density ratio comparing the number of infectious disease symptoms
in the 2 treatment groups was 0.96 (Cl, 0.82 to 1.12).
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