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What’s Known on This Subject

Hand-hygiene interventions have reduced absenteeism in schools. Few data are avail-
able regarding the role of surface disinfection in reducing absenteeism.

What This Study Adds

This study shows that a school-based multifactorial intervention including using hand
sanitizers and surface disinfection reduced absenteeism from gastrointestinal illness in
elementary school students.

ABSTRACT

BACKGROUND. Students often miss school because of gastrointestinal and respiratory
illnesses. We assessed the effectiveness of a multifactorial intervention, including
alcohol-based hand-sanitizer and surface disinfection, in reducing absenteeism
caused by gastrointestinal and respiratory illnesses in elementary school students.

METHODS.We performed a school-based cluster-randomized, controlled trial at a single
elementary school. Eligible students in third to fifth grade were enrolled. Interven-
tion classrooms received alcohol-based hand sanitizer to use at school and quater-
nary ammonium wipes to disinfect classroom surfaces daily for 8 weeks; control
classrooms followed usual hand-washing and cleaning practices. Parents completed
a preintervention demographic survey. Absences were recorded along with the
reason for absence. Swabs of environmental surfaces were evaluated by bacterial
culture and polymerase chain reaction for norovirus, respiratory syncytial virus,
influenza, and parainfluenza 3. The primary outcomes were rates of absenteeism
caused by gastrointestinal or respiratory illness. Days absent were modeled as cor-
related Poisson variables and compared between groups by using generalized esti-
mating equations. Analyses were adjusted for family size, race, health status, and
home sanitizer use. We also compared the presence of viruses and the total bacterial
colony counts on several classroom surfaces.

RESULTS.A total of 285 students were randomly assigned; baseline demographics were
similar in the 2 groups. The adjusted absenteeism rate for gastrointestinal illness was
significantly lower in the intervention-group subjects compared with control sub-
jects. The adjusted absenteeism rate for respiratory illness was not significantly
different between groups. Norovirus was the only virus detected and was found less
frequently on surfaces in intervention classrooms compared with control classrooms
(9% vs 29%).

CONCLUSIONS.A multifactorial intervention including hand sanitizer and surface disinfection reduced absenteeism
caused by gastrointestinal illness in elementary school students. Norovirus was found less often on classroom surfaces
in the intervention group. Schools should consider adopting these practices to reduce days lost to common illnesses.
Pediatrics 2008;121:e1555–e1562

IN 2004, THERE were 36.4 million children of elementary school age (5–13 years) in the United States. Of these
children, 31.1 million were enrolled in elementary school.1 Children in this age group are at risk of developing

respiratory and gastrointestinal infections, most commonly caused by exchange of secretions and inadequate hand
hygiene.2 School-aged children are often absent because of these common infectious diseases.3 These absences also
result in lost time from work for parents and substantial costs related to physician visits and antibiotic prescriptions.4
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Several approaches to reducing infections are plausible.
Hand hygiene is generally accepted as the best means to
prevent the transmission of infections. Hand-washing
interventions have been shown to reduce absenteeism
among elementary school students.5 Alcohol-based hand
sanitizers are an effective alternative to hand-washing
and have the advantages that they do not require access
to a sink, are rapidly bactericidal as well as virucidal for
most respiratory and gastrointestinal pathogens, and are
faster to use and gentler on hands. Hand sanitizer use in
school settings has been shown to reduce absenteeism.6–8

Environmental disinfection is another approach to re-
ducing exposure to infections in school settings, because
the etiologic agents of some infectious diseases survive
on environmental surfaces for hours. Many available
disinfectants contain ingredients that rapidly kill bacteria
and viruses. A preschool-based intervention focused on
environmental cleaning and disinfection resulted in a
decrease in the total number of illnesses.9 Combining
school disinfection programs with a hand hygiene com-
ponent may further reduce absenteeism caused by com-
mon illnesses.

METHODS

Design
We performed a cluster-randomized, controlled trial to
assess the effectiveness of a multifactorial infection-con-
trol intervention, including alcohol-based hand sanitizer
and surface disinfection, in reducing absenteeism caused
by gastrointestinal and respiratory illnesses among ele-
mentary school students. We also sought to describe the
viral and bacterial contamination of common surfaces in
a typical elementary school classroom and to assess the
impact of an environmental disinfectant on the presence
of selected viruses and bacteria on these surfaces. We
hypothesized that combining school disinfection pro-
grams with a hand hygiene component would signifi-
cantly reduce absenteeism caused by gastrointestinal
and respiratory illness. The study was reviewed and
approved by the Children’s Hospital Boston Institutional
Review Board.

Participants
This study took place over an 8-week period (March to
May 2006) in a single elementary school system
(classrooms located in 2 buildings) located in Avon,
Ohio. These schools serve the same geographic area
and were selected based on an interest in participating
and a classroom arrangement that supported our in-
terventional study design. Eight third-grade class-
rooms located in 1 building (split into 4 teams of 2
classrooms each; each classroom within a team rotates
through a specified set of rooms for that team during
the school day), and 4 fourth-grade classrooms (1
team of 4 classes) and 3 fifth-grade classrooms (1 team
of 3 classes) located in another building participated in
the study. To be eligible for the study, a student had to
be a member of 1 of these classrooms. A written
recruitment letter that was cosigned by the classroom
teacher was distributed through the school to all of the

families of eligible students. A student’s parent or
guardian either provided written consent to partici-
pate or declined participation by means of an opt-out
postcard. If neither the opt-out card nor the consent
form was received, the child’s teacher or study per-
sonnel called the parent or guardian to remind them
to respond. Students also provided written assent to
participate. Teachers provided a separate written con-
sent to participate in the study. No eligible students
who expressed interest in participating were excluded.

Intervention
Clustered randomization was used to assign classrooms
to intervention or control groups, with the team as the
unit of randomization. This randomization scheme was
selected because classes in each team share classroom
space within the school, and students on a given team
were, therefore, likely to be correlated. Randomization
was also stratified by team size; because the 2 teams
representing the fourth and fifth grades were larger than
the 4 third-grade teams, we ensured that each group
would contain 1 larger team and 2 smaller teams. The
allocation sequence was generated by computer, and
teams were assigned to study groups by a study investi-
gator (Dr Shih).

In each intervention classroom, teachers were
given a container of disinfecting wipes (Clorox Disin-
fecting Wipes [The Clorox Company, Oakland, CA];
active ingredient, 0.29% quaternary ammonium chlo-
ride compound) to disinfect the students’ desks once
daily (after lunch). The individual containers of wipes
were labeled by assigned classroom. All of the disin-
fecting wipes containers were placed on a shelf in the
classroom. Teachers were instructed by the research
team on how to use the wipes properly. The individ-
ually labeled empty containers were collected once
every 3 weeks from the classroom to assess adherence.
In addition, each intervention classroom was provided
with prelabeled 1.7-oz containers of alcohol-based
hand sanitizer (AeroFirst nonaerosol alcohol-based
foaming hand sanitizer [DEB SBS Inc, Stanley, NC, for
The Clorox Company]; active ingredient, 70% ethyl
alcohol). Students were instructed by study personnel
on proper hand-hygiene techniques using the sani-
tizer. Students were asked to use the hand sanitizer
before and after lunch, after use of the restroom (on
return to the classroom; hand hygiene with soap and
water occurred in the restroom, because sanitizers
were not placed there), and after any contact with
potentially infectious secretions (eg, after exposure to
other ill children or shared toys that had been
mouthed). A receptacle was placed in each classroom
to collect empty bottles of hand sanitizer, and new
hand sanitizer was distributed at the beginning of each
week. Teachers in the intervention classrooms were
responsible for encouraging the use of the disinfecting
wipes and hand sanitizer according to study protocol.
Teachers were also responsible for proper collection of
empty product containers and distribution of new
product. In control classrooms, the usual baseline
cleaning procedures and hand hygiene practices were
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followed; disinfecting wipes were not used in these
classrooms, and the students in these classrooms did
not use alcohol-based hand sanitizer at school.

Students whose families declined to participate were not
asked to use hand sanitizer and were not questioned re-
garding family characteristics or illnesses (and their ab-
sences recorded as part of usual school procedure were
excluded from analysis). Classroom cleaning, disinfection,
and microorganism sampling occurred as planned in the
designated classrooms.

Data Collection and Illness Definitions
Existing school policy requires that a parent or guard-
ian call to report absences for their children. All of the
student absences were recorded in the usual fashion
by the school employee who normally answers this
dedicated telephone line. This employee was blinded
to the group assignment of the child. In addition to
recording the name of the child and the date of the
absence, this individual recorded the reason for the
absence on a standardized form, from which the ab-
sence was classified as respiratory or gastrointestinal
illness related (or not illness related) according to
protocol-specified definitions. A respiratory illness
was defined as an acute illness that included �1 of the
following symptoms: runny nose, stuffy or blocked
nose, cough, fever or chills, sore throat, or sneezing. A
gastrointestinal illness was defined as an acute illness
that included �2 watery or much looser-than-normal
bowel movements and stools over a 24-hour period
and/or vomiting. These definitions were adapted from
those used in previously published studies of respira-
tory and gastrointestinal illness transmission.10,11

Swabs for bacteria and viruses from 3 types of class-
room surfaces (desktops, computer mice, and water
fountains) were obtained once per week during the first
5 study weeks. Four desktops from each classroom were
selected at random and sampled each week. In addition,
1 water fountain and 2 computer mice in each classroom
were also sampled once weekly. All of the samples were
collected by the teachers, who received training from
study personnel on sample collection. Surface samples
were obtained by swabbing each individual surface with
a sterile polyester fiber-tipped transport system collec-
tion swab moistened in transport medium (BBL Culture-
swabs [Becton Dickinson and Company, Sparks, MD]).
All of the samples were delivered overnight to the Uni-
versity of Arizona laboratory on ice and frozen at �80°C
until assayed. The laboratory used for this study was
chosen because it has experience processing swabs from
environmental surfaces for viral pathogens in previous
research studies.12

Outcomes
The primary outcome was the absenteeism rate caused
by respiratory or gastrointestinal illness during the
study period. The absenteeism rate was measured as
the number of school days missed during the study
period specifically caused by reported respiratory or
gastrointestinal illness, divided by the total number of

school days eligible during the study period. Second-
ary outcomes included bacterial colony counts and the
presence of selected viruses on designated classroom
surfaces.

Bacterial count was measured as the median total
heterotrophic bacterial count in colony-forming units
(CFUs) per milliliter on the described surfaces. Standard
microbiologic culture techniques were used to identify
bacteria. Specific organisms of interest were also as-
sessed, including Staphylococcus aureus (both methicillin-
susceptible and methicillin-resistant strains).

The frequency of viral contamination of surfaces was
measured as the presence of 4 viruses (parainfluenza
virus 3, influenza A, respiratory syncytial virus, and
norovirus) on the described surfaces as detected by re-
verse-transcription polymerase chain reaction (RT-PCR).
Samples were extracted from the collection swabs and
homogenized using a vortex mixer followed by viral
RNA extraction. Viral RNA was then isolated using
nested RT-PCR or multiplex heminested RT-PCR.

Statistical Analysis
Absenteeism rates (number of ill days per student) were
modeled as Poisson variables. Generalized estimating
equations were used to compare absenteeism rates be-
tween intervention and control groups, accounting for
potential correlations among students on the same team.
This comparison was performed first in an unadjusted
analysis and was then adjusted (using multivariable re-
gression models) for potential confounders, including
gender, race, health status, family size, and hand sani-
tizer use in the home. Bacterial counts on classroom
surfaces were compared between intervention and con-
trol groups using Wilcoxon rank-sum tests. The presence
of virus on classroom surfaces was compared between
intervention and control groups using Fisher’s exact test.
Statistical analyses were performed by using SAS 9.1
(SAS Institute, Inc, Cary, NC). Two-sided P values of
�.05 indicated statistical significance.

Sample size was fixed based on the number of stu-
dents available in the participating classrooms. Power
was then calculated based on this sample size. Four
teams of 2 classes each from third grade, 1 team of 4
classes from fourth grade, and 1 team of 3 classes from
fifth grade participated in the study. Three teams total (2
third-grade teams plus 1 of the larger teams [either
fourth or fifth grade]) were randomly assigned to each
study group (intervention or control). Assuming that
there were, on average, 25 students per class, the team
size was 25 � 2 � 50 for the third grade, 25 � 4 � 100
for the fourth grade, and 25 � 3 � 75 for the fifth grade;
therefore, there were �50 � 50 � 80 � 180 students in
each group. Based on previous unpublished studies, the
absenteeism rate in the control group was anticipated to
be 2%. Assuming that there were 40 eligible days per
student during the study period (5 days per week over 8
weeks) and that the correlation of illness burden among
students in the same team was 0.01,13 using the average
team size of 60, this study with 3 teams per treatment
group would have had 97% power to detect a 50%
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decrease in absenteeism and 86% power to detect a 40%
decrease.

RESULTS
A total of 363 students in 15 different classrooms were
eligible to participate and received letters about the

study. A total of 285 of these students provided written
informed consent and were randomly assigned (Fig 1).
No students were lost to follow-up or discontinued the
intervention during the study period.

Baseline demographic characteristics were similar in
the intervention and control groups (Table 1). Most
families were white and non-Hispanic and in excellent
or very good health at baseline. The most common fam-
ily size was 4 to 5 household members. Alcohol-based
hand sanitizers were currently being used in the homes
of approximately half of the families in each group.

Table 2 displays the number of absences for gastroin-
testinal and respiratory illness during the study period.
Twenty-four percent of the students in the control group
missed �1 day because of a gastrointestinal illness, com-
pared with 16% of the students in the intervention

TABLE 1 Baseline Demographic Characteristics

Demographic Variable Control
(N � 144
Families)a

Intervention
(N � 146
Families)a

Pb

Gender, n (%) .64
Male 70 (49) 65 (45)
Female 74 (51) 79 (55)

Race, n (%) .47
White 125 (87) 130 (90)
Black 4 (3) 1 (1)
Other 13 (9) 10 (7)

No. of people currently living in
home, n (%)

.83

�3 22 (15) 17 (12)
4–5 96 (67) 109 (75)
�6 26 (18) 19 (13)

Household member health status,
n (%)

.09

Excellent 80 (56) 97 (67)
Very good 55 (38) 40 (28)
Good 8 (6) 8 (6)
Fair 1 (1) 0 (0)
Poor 0 (0) 0 (0)

Current hand-sanitizer use in
home, n (%)

.81

Yes 68 (47) 70 (49)
No 76 (53) 73 (51)

a Numbers may not sum to group totals for all of the variables because of missing responses.
b Data are from the Fisher’s exact test or Cochran-Armitage trend test.

Assessed for eligibility 
(n = 363 students) 

Excluded (n = 78) 
      Refused to participate (n = 63) 
     No contact made (n = 15) 

Allocated to 
   intervention (n = 146) 
(3 teams, 7 classrooms)

Allocated to 
   control (n = 139) 
(3 teams, 8 classrooms)

Lost to follow-up (n = 0) 

Discontinued intervention (n = 0) 

Lost to follow-up (n = 0) 

Discontinued intervention (n = 0) 

Analyzed (n = 146) 

Excluded from analysis (n = 0)

Analyzed (n = 139) 

Excluded from analysis (n = 0)

Randomly assigned
 
 

(n = 285)

FIGURE 1
Participant flow diagram.

TABLE 2 Absences for Gastrointestinal and Respiratory Illness

No. of Absences for
Specified Illness

Control Students
(N � 139), n (%)

Intervention Students
(N � 146), n (%)

Gastrointestinal illness
0 105 (76) 123 (84)
1 21 (15) 15 (10)
2 9 (6) 5 (3)
3 3 (2) 2 (1)
5 0 (0) 1 (1)
7 1 (1) 0 (0)

Respiratory illness
0 104 (75) 106 (73)
1 19 (14) 22 (15)
2 10 (7) 10 (7)
3 5 (4) 5 (3)
4 1 (1) 3 (2)
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group. The number of days absent because of gastroin-
testinal illness during the 8-week study period ranged
from 0 to 7 days (median: 0 days) per student in the
control group and 0 to 5 days (median: 0 days) per
student in the intervention group. Twenty-five percent
and 27% of students in the control and intervention
groups, respectively, missed �1 day because of a respi-
ratory illness. The number of days absent because of
respiratory illness during the study period ranged from 0
to 4 days (median: 0 days) per student in each group.

Compared with the control group, the unadjusted
absenteeism rate for gastrointestinal illness was signif-
icantly lower in the intervention group (rate ratio:
0.86 [95% confidence interval (CI): 0.79 – 0.94]; P �
.01). The unadjusted absenteeism rate for respiratory
illness was not different between the groups; the in-
tervention to control group rate ratio was 1.07 (95%
CI: 0.92–1.24; P � .39). Predictors of absenteeism
included in the multivariable models are shown in
Table 3. After adjusting for race, health status, family
size, and current hand-sanitizer use in the home, the
absenteeism rate for gastrointestinal illness remained
significantly lower in the intervention group com-
pared with the control group (rate ratio: 0.91 [95% CI:
0.87– 0.94]; P � .01). The adjusted absenteeism rate
for respiratory illness was not different between the
groups; the rate ratio was 1.10 (95% CI: 0.97–1.24;
P � .12).

Complete microbiologic sampling data were available
for 3 of the planned 5 sampling weeks (weeks 1, 2, and
4; in weeks 3 and 5, the samples were picked up late for
shipping and could not be processed by the laboratory).
Norovirus was the only virus detected on classroom
surfaces during the study (Table 4). In comparing all of
the samples across the entire study period, norovirus

was detected on significantly fewer surfaces in interven-
tion classrooms when compared with controls (9% of
intervention classroom samples were positive vs 29% of
control samples; P � .01). When comparing specific
surfaces tested, norovirus was significantly less frequent
on computer mice and desks in week 1. A similar trend
was also seen for water fountains during week 1, but the
difference was not statistically significant; the number of
water fountain samples was smaller than other surface
samples because each classroom only contained a single
water fountain.

The results of the bacterial sampling are displayed
in Table 5. Overall, the median colony count on class-
room surfaces was 60 CFU/mL in the control group
and 50 CFU/mL in the intervention group (P � .11).
In weeks 1 and 2, the bacterial colony count was

TABLE 3 Predictors of Absenteeism

Covariatea Absenteeism for
Gastrointestinal Illness,
Rate Ratio (95% CI)

P Absenteeism for
Respiratory Illness,
Rate Ratio (95% CI)

P

Study arm
Intervention 0.91 (0.87–0.94) �.01 1.10 (0.97–1.24) .12
Control 1.00b NA 1.00 NA

Race
White 1.06 (0.74–1.51) .75 0.79 (0.52–1.18) .24
Other 1.00 NA 1.00 NA

Health status
Excellent 0.93 (0.79–1.11) .43 0.75 (0.64–0.87) �.01
Other 1.00 NA 1.00 NA

Family size
�3 1.00 NA 1.00 NA
4–5 1.10 (0.92–1.32) .30 1.10 (0.81–1.50) .55
�6 1.13 (0.93–1.38) .20 0.89 (0.67–1.19) .44

Current hand-sanitizer
use in home

Yes 0.96 (0.85–1.10) .56 0.87 (0.74–1.02) .08
No 1.00 NA 1.00 NA

NA indicates not applicable.
a Analyses were adjusted for race (white versus other), health status (excellent health versus
other), family size (�3 vs 4–5 versus �6), and current sanitizer use in home (yes versus no).
b Reference groups for calculating rate ratios are indicated by a rate ratio of 1.00.

TABLE 5 Bacterial Colony Counts on Classroom Surfaces

Week Surface Median HPC in CFU/mL Pa

Control Intervention

Total for study All samplesb 60 50 .11
Week 1 All samples 180 90 .01

Computer mouse 225 100 .04
Desks 220 90 .01
Water fountains 40 70 .22

Week 2 All samples 30 10 .03
Computer mouse 30 40 .68
Desks 30 0 .01
Water fountains 10 10 .68

Week 4 All samples 65 135 .30
Computer mouse 160 55 .58
Desks 60 140 .14
Water fountains 20 190 .99

HPC indicates heterotrophic plate count.
a Data are from the Wilcoxon rank-sum test.
b The total numbers of samples for the study were 147 for the control group and 153 for the
intervention group.

TABLE 4 Norovirus Detection on Classroom Surfaces

Week Surface No. (%) of Samples in
Which Norovirus
Was Detected

Pa

Control Intervention

Total for study All samplesb 47 (29) 12 (9) �.01
Week 1 All samples 28 (51) 2 (4) �.01

Computer mouse 10 (63) 0 (0) �.01
Desks 14 (45) 1 (4) �.01
Water fountains 4 (50) 1 (14) .28

Week 2 All samples 0 (0) 0 (0) NA
Computer mouse 0 (0) 0 (0) NA
Desks 0 (0) 0 (0) NA
Water fountains 0 (0) 0 (0) NA

Week 4 All samples 19 (39) 10 (28) .36
Computer mouse 5 (36) 1 (10) .34
Desks 10 (36) 6 (30) .76
Water fountains 4 (57) 3 (50) .99

NA indicates not applicable.
a Data are from Fisher’s exact test.
b Total number of samples for the study are 160 for the control group and 134 for the interven-
tion group.
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significantly lower in the intervention group when
compared with controls; no difference was seen in
week 4. Colony counts on desks were significantly
lower in the intervention group in weeks 1 and 2, and
colony counts on computer mice in the intervention
group were lower during week 1. Bacterial counts
were never significantly higher in the intervention
group during any week or for any surface examined.
We also looked specifically for S aureus in cultures;
during the study, 6 samples grew S aureus (3 each from
the control and intervention groups); only 1 of these
isolates was methicillin resistant.

Over the course of the study, 7175 disinfecting wipes
(205 canisters of 35 wipes each) and 70 bottles of hand
sanitizer were used. With 8 study weeks and 7 interven-
tion classrooms, the product usage averaged 897 wipes
used per week (128 wipes per classroom per week) and
8.75 bottles of hand sanitizer used per week (1.25 bottles
per classroom per week). No adverse events were re-
ported during the study.

DISCUSSION
We found that a multidisciplinary infection-control in-
tervention, consisting of surface disinfection plus alco-
hol-based hand-sanitizer use, reduced the absenteeism
rate for gastrointestinal illness in elementary school
classrooms. The absenteeism rate for respiratory illness
was not reduced by this intervention.

Gastrointestinal illnesses are extremely common and
have important consequences. It has been estimated that
the number of intestinal infectious diseases in the United
States may approach 100 million cases annually, and
these illnesses cost $23 billion per year in health care
expenditures and lost productivity.14 Any intervention
that can reduce these infections will, therefore, have
substantial impact on both public health and resource
use. School-aged children frequently have exposures to
peers with gastrointestinal illnesses, and inadequate
hand-hygiene practices place them at risk of acquiring
these infections. A 10% to 15% reduction in absentee-
ism, the effect size seen in our study, would correspond
with a substantial number of additional days in school
that are currently being lost to these illnesses.

Waterless hand-hygiene agents, including alcohol-
based hand rubs, reduce the time required to perform
hand hygiene and provide a convenient alternative to
hand-washing with soap and water when immediate
access to a sink is not available.15–17 These agents are
rapidly bactericidal and virucidal for the pathogens that
most frequently cause respiratory and gastrointestinal
illnesses in school-aged children, and several studies
have suggested that these products can reduce illnesses
in school settings.6,7,18,19

There are fewer published data regarding surface dis-
infection in group settings for children. A study of an
infection-control program, including environmental
cleaning and disinfection, was performed in a specialized
preschool for children with Down syndrome; parents
reported that their children had fewer total illnesses
during the intervention year as compared with a prein-
tervention year.9 Kotch et al20 performed a cluster-ran-

domized trial of a multicomponent hygienic interven-
tion in child care centers. The intervention included
training about disinfection of toilet and diapering areas,
toys, sinks, and floors (in addition to hand-washing,
laundering of linens and clothing, and hygienic food
preparation techniques). The program was effective in
reducing the most severe episodes of diarrhea but did
not reduce respiratory illnesses.

We found that norovirus was detected less fre-
quently on classroom surfaces in the intervention
group compared with the control group. Norovirus is
transmitted by hands through the fecal-oral route,
directly from person to person, or through contami-
nated food or water. Experience from outbreak set-
tings suggests that environmental contamination also
plays a major role in norovirus infection.21–23 Until
recently it has been difficult to study the activity of
antiseptics and disinfectants against norovirus because
of the inability to cultivate the virus in cell lines.24

Evidence of efficacy of various products usually has
been based on activity against feline calicivirus, which
is used as a surrogate for norovirus, but it remains
unclear how well these efficacy data apply to human
norovirus. Recently, a group of researchers created a
new cell culture model that supports the infectivity
and replication of human norovirus25; this break-
through holds promise for providing insight on the
molecular biology of this organism.

The Centers for Disease Control and Prevention cur-
rently recommends that chlorine bleach (at a concentra-
tion of �1000 ppm) be used to disinfect environmental
surfaces in the setting of norovirus infections.26 Most
quaternary ammonium products are believed not to
have significant activity against norovirus,27–32 because
the virus is nonenveloped. However, a recent study of a
quaternary ammonium compound showed it to have
equivalent virucidal effectiveness against feline calicivi-
rus (log10 reduction: 6.6) as a sodium hypochlorite so-
lution at a concentration of 1000 ppm.33 In laboratory
testing, the wipes used in our study achieved a 1.58-log
reduction against feline calicivirus (E. Shaheen, PhD,
The Clorox Company, written communication, 2007),
suggesting that the product does have some activity (al-
though not enough to achieve complete inactivation,
which is the requirement of the Environmental Protection
Agency for a disinfectant to be granted a claim against an
organism).

Studies using feline calicivirus also suggest that norovi-
rus may be killed less efficiently by alcohol than by routine
hand washing.34 We cannot prove that the demonstrated
reduction in norovirus exposure was the cause of the de-
crease in absenteeism from gastrointestinal illness in our
study; it is possible that other gastrointestinal pathogens
(such as rotavirus, which is known to be killed reliably by
alcohol35,36) were contributors to a reduction in days lost to
gastrointestinal illness. However, reducing exposure to no-
rovirus in the classroom would still be a potentially valu-
able outcome given the propensity of norovirus to be
spread via environmental surfaces.

The lack of significant effect against respiratory ill-
ness in this study is similar to the pattern seen in a
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previous study on the effectiveness of hand sanitizer
use in reducing illness transmission in the homes of
families with children enrolled in out-of-home child
care.11 There are several possible explanations why
these types of interventions have failed to prevent
respiratory illness. It is possible that any contribution
of droplet transmission might have reduced our ability
to show an impact of hand hygiene and surface disin-
fection. However, most common respiratory viruses
are transmitted primarily by contact via the hands,37–40

making this explanation less plausible. A more likely
explanation is the difference in the frequency and
types of events during which transmission of gastro-
intestinal or respiratory infections is likely to occur.
Gastrointestinal illness is caused by episodic exposure
around defecation and subsequent lack of hand hy-
giene, whereas respiratory virus exposure is virtually
constant and requires more fastidious and generalized
attention to hand hygiene, which is difficult for most
individuals to sustain during the course of a busy day.
Because we did not directly monitor timing or fre-
quency of hand sanitizer use by individuals in this
study, we cannot determine whether this hypothesis
was truly the reason for our inability to reduce absen-
teeism from respiratory illness. Although our product
usage data verify that hand sanitizer was being used in
the intervention classrooms, the amount of use may
not have been high enough to prevent transmission of
respiratory infections.

Any school-based intervention requires time and re-
sources, and this intervention is no exception. Hand
sanitizers and surface disinfectants are readily available
commercially at a reasonable price and could easily be
obtained by school officials. The more critical require-
ment for a successful intervention is the time commit-
ment of teachers and school administrators. In our ex-
perience, school staff members are very invested in
education about hand hygiene and illness prevention for
young children. Incorporating further infection control
education (such as teaching about surface disinfection)
into such preexisting education is likely to be the most
efficient way to expand such learning opportunities.

This study has several limitations. Because our
study design was not factorial, we are not able to
determine the relative contributions of hand hygiene
and surface disinfection to achieving a reduction in
absenteeism from gastrointestinal illness. However,
previous studies have shown each approach to be
effective individually,6–9 and combined interventions
could be more effective based on the ability to inter-
rupt transmission through different mechanisms. We
believe that multifaceted interventions such as ours
are feasible and are frequently more appealing than
isolated interventions to those who implement such
programs outside of research settings (eg, in schools or
other group settings for children). Because illness def-
initions were symptom based instead of microbiolog-
ically confirmed, the possibility for misclassification
exists. We made no attempt to verify parental report-
ing of reason for absence, but we have no reason to
believe that misclassification would have been differ-

ent between the 2 groups, and the individual record-
ing absences for the study was blinded to group as-
signment. In addition, because we did not perform
diagnostic tests on ill children, we cannot definitively
state that the observed reduction in absenteeism is
linked to the observed reduction in environmental
pathogens. However, unknown confounders that
might otherwise have contributed to the reduced ab-
senteeism should have been distributed equally in the
2 groups by our randomized design. Although we did
track overall usage of hand sanitizer and disinfecting
wipes, we did not directly observe usage patterns, so
we cannot address timing of usage in relation to spe-
cific exposures. Finally, because this study took place
in a single school system, the results may not be
generalizable to other schools where demographics or
infrastructure are substantially different.

CONCLUSIONS
We have shown that a multifaceted intervention that
included alcohol-based hand sanitizer use and disinfec-
tion of common classroom surfaces reduced absenteeism
from gastrointestinal illness among elementary school
students. The intervention did not impact absenteeism
from respiratory illness. In addition, norovirus was de-
tected less frequently on classroom surfaces in the group
receiving the intervention. Schools should consider in-
corporating these simple infection-control interventions
in the classroom to reduce the number of days lost
caused by common illnesses.

ACKNOWLEDGMENTS
Study funds, hand sanitizer, and disinfecting wipes were
provided by The Clorox Company (Oakland, CA). The
sponsor did not participate in data analysis or article
preparation and did not have approval rights over the
publication.

We are indebted to Charles P. Gerba, PhD, Stephanie
A. Boone, PhD, and Sonia Frankem at the University of
Arizona for processing our specimens. We gratefully ac-
knowledge the students and families who participated in
the study and the teachers and administration at the
Avon Heritage North and South Elementary Schools. We
also thank Sharon Wong of the Clinical Research Pro-
gram at Children’s Hospital Boston for help with cre-
ation of our database.

REFERENCES
1. US Census Bureau. Enrollment status of the population 3 years

old and over, by sex, age, race, Hispanic origin, foreign born,
and foreign-born parentage: October 2004. Available at: www.
census.gov/population/socdemo/school/cps2004/tab01-01.xls.
Accessed December 5, 2005

2. Goldmann DA. Transmission of infectious diseases in children.
Pediatr Rev. 1992;13(8):283–293

3. Neuzil KM, Hohlbein C, Zhu Y. Illness among schoolchildren
during influenza season: effect on school absenteeism, parental
absenteeism from work, and secondary illness in families. Arch
Pediatr Adolesc Med. 2002;156(10):986–991

4. Neuzil KM, Mellen BG, Wright PF, Mitchel EF Jr, Griffin MR.
The effect of influenza on hospitalizations, outpatient visits,

PEDIATRICS Volume 121, Number 6, June 2008 e1561
 by on August 10, 2008 www.pediatrics.orgDownloaded from 

http://pediatrics.aappublications.org


and courses of antibiotics in children. N Engl J Med. 2000;
342(4):225–231

5. Master D, Hess Longe SH, Dickson H. Scheduled hand washing
in an elementary school population. Fam Med. 1997;29(5):
336–339

6. Dyer DL, Shinder A, Shinder F. Alcohol-free instant hand
sanitizer reduces elementary school illness absenteeism. Fam
Med. 2000;32(9):633–638

7. Hammond B, Ali Y, Fendler E, Dolan M, Donovan S. Effect of
hand sanitizer use on elementary school absenteeism. Am J
Infect Control. 2000;28(5):340–346

8. White C, Kolble R, Carlson R, et al. The effect of hand hygiene
on illness rate among students in university residence halls.
Am J Infect Control. 2003;31(6):364–370

9. Krilov LR, Barone SR, Mandel FS, Cusack TM, Gaber DJ,
Rubino JR. Impact of an infection control program in a spe-
cialized preschool. Am J Infect Control. 1996;24(3):167–173

10. Lee GM, Salomon JA, Friedman JF, et al. Illness transmission
in the home: a possible role for alcohol-based hand gels. Pedi-
atrics. 2005;115(4):852–860

11. Sandora TJ, Taveras EM, Shih MC, et al. A randomized, con-
trolled trial of a multifaceted intervention including alcohol-
based hand sanitizer and hand-hygiene education to reduce
illness transmission in the home. Pediatrics. 2005;116(3):
587–594

12. Boone SA, Gerba CP. The occurrence of influenza A virus on
household and day care center fomites. J Infect. 2005;51(2):
103–109

13. Roberts L, Smith W, Jorm L, Patel M, Douglas RM, McGilchrist
C. Effect of infection control measures on the frequency of
upper respiratory infection in child care: a randomized, con-
trolled trial. Pediatrics. 2000;105(4 pt 1):738–742

14. Garthright WE, Archer DL, Kvenberg JE. Estimates of inci-
dence and costs of intestinal infectious diseases in the United
States. Public Health Rep. 1988;103(2):107–115

15. Bischoff WE, Reynolds TM, Sessler CN, Edmond MB, Wenzel
RP. Handwashing compliance by health care workers: the im-
pact of introducing an accessible, alcohol-based hand antisep-
tic. Arch Intern Med. 2000;160(7):1017–1021

16. Harbarth S, Pittet D, Grady L, et al. Interventional study to
evaluate the impact of an alcohol-based hand gel in improving
hand hygiene compliance. Pediatr Infect Dis J. 2002;21(6):
489–495

17. Pittet D. Improving adherence to hand hygiene practice: a
multidisciplinary approach. Emerg Infect Dis. 2001;7(2):
234–240

18. Morton JL, Schultz AA. Healthy Hands: use of alcohol gel as an
adjunct to handwashing in elementary school children. J Sch
Nurs. 2004;20(3):161–167

19. White CG, Shinder FS, Shinder AL, Dyer DL. Reduction of
illness absenteeism in elementary schools using an alcohol-free
instant hand sanitizer. J Sch Nurs. 2001;17(5):258–265

20. Kotch JB, Weigle KA, Weber DJ, et al. Evaluation of an hy-
gienic intervention in child day-care centers. Pediatrics. 1994;
94(6 pt 2):991–994

21. Cheesbrough JS, Green J, Gallimore CI, Wright PA, Brown
DW. Widespread environmental contamination with Norwalk-
like viruses (NLV) detected in a prolonged hotel outbreak of
gastroenteritis. Epidemiol Infect. 2000;125(1):93–98

22. Evans MR, Meldrum R, Lane W, et al. An outbreak of viral

gastroenteritis following environmental contamination at a
concert hall. Epidemiol Infect. 2002;129(2):355–360

23. Centers for Disease Control and Prevention. Outbreaks of gas-
troenteritis associated with noroviruses on cruise ships–United
States, 2002. MMWR Morb Mortal Wkly Rep. 2002;51(49):
1112–1115

24. Duizer E, Schwab KJ, Neill FH, Atmar RL, Koopmans MP, Estes
MK. Laboratory efforts to cultivate noroviruses. J Gen Virol.
2004;85(Pt 1):79–87

25. Straub TM, Honer zu Bentrup K, Orosz-Coghlan P, et al. In
vitro cell culture infectivity assay for human noroviruses.
Emerg Infect Dis. 2007;13(3):396–403

26. Centers for Disease Control and Prevention. Norovirus in
healthcare facilities fact sheet. Available at: www.cdc.gov/
ncidod/dhqp/id�norovirusFS.html. Accessed June 1, 2007

27. Doultree JC, Druce JD, Birch CJ, Bowden DS, Marshall JA.
Inactivation of feline calicivirus, a Norwalk virus surrogate. J
Hosp Infect. 1999;41(1):51–57

28. Gulati BR, Allwood PB, Hedberg CW, Goyal SM. Efficacy of
commonly used disinfectants for the inactivation of calicivirus
on strawberry, lettuce, and a food-contact surface. J Food Prot.
2001;64(9):1430–1434

29. Keswick BH, Satterwhite TK, Johnson PC, et al. Inactivation of
Norwalk virus in drinking water by chlorine. Appl Environ
Microbiol. 1985;50(2):261–264

30. Kennedy MA, Mellon VS, Caldwell G, Potgieter LN. Virucidal
efficacy of the newer quaternary ammonium compounds. J Am
Anim Hosp Assoc. 1995;31(3):254–258

31. McDonnell G, Russell AD. Antiseptics and disinfectants: activ-
ity, action, and resistance. Clin Microbiol Rev. 1999;12(1):
147–179

32. Vipond IB. The role of viruses in gastrointestinal disease in the
home. J Infect. 2001;43(1):38–40; discussion 40–31

33. Jimenez L, Chiang M. Virucidal activity of a quaternary am-
monium compound disinfectant against feline calicivirus: a
surrogate for norovirus. Am J Infect Control. 2006;34(5):
269–273

34. Waters V, Ford-Jones EL, Petric M, Fearon M, Corey P,
Moineddein R. Etiology of community-acquired pediatric viral
diarrhea: a prospective longitudinal study in hospitals, emer-
gency departments, pediatric practices and child care centers
during the winter rotavirus outbreak, 1997 to 1998. The Pedi-
atric Rotavirus Epidemiology Study for Immunization Study
Group. Pediatr Infect Dis J. 2000;19(9):843–848

35. Sattar SA, Jacobsen H, Rahman H, Cusack TM, Rubino JR.
Interruption of rotavirus spread through chemical disinfection.
Infect Control Hosp Epidemiol. 1994;15(12):751–756

36. Ward RL, Bernstein DI, Knowlton DR, et al. Prevention of
surface-to-human transmission of rotaviruses by treatment
with disinfectant spray. J Clin Microbiol. 1991;29(9):
1991–1996

37. Gwaltney JM, Jr, Hendley JO. Rhinovirus transmission: one if
by air, two if by hand. Am J Epidemiol. 1978;107(5):357–361

38. Gwaltney JM Jr, Moskalski PB, Hendley JO. Hand-to-hand
transmission of rhinovirus colds. Ann Intern Med. 1978;88(4):
463–467

39. Hendley JO, Wenzel RP, Gwaltney JM Jr. Transmission of
rhinovirus colds by self-inoculation. N Engl J Med. 1973;
288(26):1361–1364

40. Musher DM. How contagious are common respiratory tract
infections? N Engl J Med. 2003;348(13):1256–1266

e1562 SANDORA et al
 by on August 10, 2008 www.pediatrics.orgDownloaded from 

http://pediatrics.aappublications.org


DOI: 10.1542/peds.2007-2597 
 2008;121;e1555-e1562 Pediatrics

Thomas J. Sandora, Mei-Chiung Shih and Donald A. Goldmann 
 Infection-Control Intervention

Elementary School Students: A Randomized, Controlled Trial of an 
Reducing Absenteeism From Gastrointestinal and Respiratory Illness in

 & Services
Updated Information

 http://www.pediatrics.org/cgi/content/full/121/6/e1555
including high-resolution figures, can be found at: 

 References

 http://www.pediatrics.org/cgi/content/full/121/6/e1555#BIBL
at: 
This article cites 38 articles, 16 of which you can access for free

 Rs)3Peer Reviews (P
Post-Publication

 http://www.pediatrics.org/cgi/eletters/121/6/e1555
Rs have been posted to this article: 32 P

 Subspecialty Collections

 http://www.pediatrics.org/cgi/collection/infectious_disease
 Infectious Disease & Immunity

following collection(s): 
This article, along with others on similar topics, appears in the

 Permissions & Licensing

 http://www.pediatrics.org/misc/Permissions.shtml
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://www.pediatrics.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

 by on August 10, 2008 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org/cgi/content/full/121/6/e1555
http://www.pediatrics.org/cgi/content/full/121/6/e1555#BIBL
http://www.pediatrics.org/cgi/eletters/121/6/e1555
http://www.pediatrics.org/cgi/collection/infectious_disease
http://www.pediatrics.org/misc/Permissions.shtml
http://www.pediatrics.org/misc/reprints.shtml
http://pediatrics.aappublications.org

