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Abstract. Schoolchildren are commonly linked to influenza transmission. Handwashingwith soap has been shown to
decrease infections; however, improving handwashing practices using soap and water is difficult in low-resource set-
tings. In these settings, alternative hygiene options, such as hand sanitizer, could improve handwashing promotion to
reduce influenza virus infections. We conducted a cluster randomized control trial in 24 primary schools in Dhaka to
assess the effectiveness of hand sanitizer and a respiratory hygiene education intervention in reducing influenza-like
illness (ILI) and laboratory-confirmed influenza during June–September 2015. Twelve schools were randomly selected to
receive hand sanitizer and respiratory hygiene education, and 12 schools received no intervention. Field staff actively
followed children daily tomonitor for new ILI episodes (coughwith fever) through school visits and by phone if a child was
absent. When an illness episodewas identified, medical technologists collected nasal swabs to test for influenza viruses.
During the 10-week follow-upperiod, the incidenceof ILI per 1,000 student-weekswas22 in the intervention group versus
27 in the control group (P-value = 0.4). The incidence of laboratory-confirmed influenzawas 53% lower in the intervention
schools (3/1,000 person-weeks) than in the control schools (6/1,000 person-weeks) (P-value = 0.01). Hand sanitizer and
respiratory hygiene education can help to reduce the risk of influenza virus transmission in schools.

INTRODUCTION

Influenza-associated respiratory infections cause severe
illness and death worldwide. Globally, seasonal influenza–
associated excess mortality rates are estimated to be 4.0–8.8
per 100,000 individuals per year (290,000–646,000 respiratory
deaths per year), whereas 9,000–106,000 influenza-associated
respiratory deaths occur among children aged < 5 years
annually.1 The mortality and morbidity burden of acute re-
spiratory infections associated with influenza was estimated
to be higher in less developed regions, such asBangladesh.2,3

In Dhaka, the capital city of Bangladesh, the incidence of
childhood pneumonia associated with influenza was four per
100 child-years.4 During 2011–2012, the estimated mortality
burden of influenza-associated respiratory infections was
13 deaths per 100,000 among children aged < 5 years and
88 deaths per 100,000 among persons aged > 60 years in
Bangladesh.5

Schoolchildren commonly contribute to community-wide
influenza virus transmission.6 Epidemiological studies sug-
gest that in a typical epidemic, influenza affects school-
children first, then this population may transmit the virus
among familymembers and then to thegeneral community.7–9

High infection rates among children may be due to lower im-
munity and a large number of contacts from overcrowding at
schools inmany low-incomecountries, suchasBangladesh.10,11

Considering the potential effect of influenza virus infection on
children and subsequently their families, prevention strategies
in schools might reduce the individual and societal burden of
influenza.

Although annual vaccination is considered a primary
prevention strategy for influenza virus infection,12 seasonal
influenza vaccination has not been widely promoted in
Bangladesh or other lower income countries because of cost,
limited resources, and competing priorities in the health care
system.13 In the absence of vaccine and antiviral treatment,
handwashing with soap has been recommended as the pri-
mary and cost-effective prevention measure for influenza-
associated respiratory infection.14Several intervention trials in
low- and middle-income countries have concluded that in-
tensive handwashing promotion in school settings can reduce
diarrheal and respiratory disease incidence.15–19 A random-
ized controlled trial in Pakistan reported a statistically sig-
nificant effect of handwashing in protecting children from
respiratory infections.20 A study conducted in Egypt also re-
ported that handwashing, in combination with health mes-
sages, reduced the incidence of influenza-like illness (ILI) and
influenza virus infections among schoolchildren.21 In addition,
respiratory hygiene education regarding proper ways to
cover cough and sneeze is another feasible method to re-
duce influenza virus transmission in schools.22–24 A pilot
study conducted in four primary schools in Dhaka city on
coughing and sneezing into upper sleeve was found feasible
and acceptable.25

Although there is evidence that these behavior change in-
terventions can reduce infection, handwashing with soap and
practicing respiratory hygiene in Bangladesh are uncom-
mon. An observational study of respiratory hygiene practices
among schoolchildren in urban and rural Bangladesh showed
that students did not wash hands with soap and water after
respiratory events (coughing and sneezing) and observed that
85% of children coughed or sneezed into the open air.22 Al-
though several recent studies have demonstrated significant
improvement in handwashing behavior among students in
schools, in Bangladesh,26,27 handwashing with water may be
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difficult in school settings because water and soap supplies
are limited because of cost and availability.22,28 In a national
hygiene survey conducted in 2014, only 21%of the schools in
Bangladesh had a handwashing location where water and
soap were available.29 Hand sanitizer could be a useful public
health intervention for reducing influenza virus transmission. A
study conducted at three elementary schools in California
reported that in the absence of standard handwashing facili-
ties at schools, waterless alcohol-based hand sanitizerwas as
an effective alternative to water and soap for handwashing.30

Hand sanitizer is a good option for the settings where water
andsoaparenot readily available or limited, and, as it is easy to
use, itmay help to facilitate handwashing behavior of students
in school settings. However, in low-income settings, limited
research has been conducted on the behavioral and health
impact of hand sanitizer use.31 If hand sanitizer is found to
effectively reduce transmission of respiratory pathogens in
Bangladesh, the government could consider supplying hand
sanitizer at a minimum during a pandemic situation as a pri-
mary preventivemeasure ormore consistently throughout the
school year to reduce the illness during seasonal epidemics.
In this study, we evaluated the effectiveness of a behavior

change intervention with hand sanitizer and respiratory hy-
giene messages in school settings to reduce the incidence of
influenza virus infections among schoolchildren in Dhaka,
Bangladesh.

MATERIALS AND METHODS

Research design. We conducted a cluster-randomized
controlled trial to assess the effectiveness of waterless
alcohol-based hand sanitizer in combination with respiratory
hygiene education in reducing ILI and laboratory-confirmed
influenza among primary schoolchildren in Bangladesh over
a single influenza season. The primary outcomes measured

were ILI and laboratory-confirmed influenza virus infection.
The study was conducted in 2015 during a 10-week period
during the influenza season, June–September. A 6-week
school vacation period from the 3rd week of June to the 3rd
week of July was excluded from our analysis.
Settings.We conducted this study in 24 randomly selected

primary schools in Dhaka. Primary schools in Bangladesh
provide education to children aged 5–10 years (nursery–grade
5). We randomly generated 24 global positioning system
(GPS) coordinates within a 5-km radius of the International
Center for Diarrheal Disease Research, Bangladesh (icddr,b)
campus, located in the middle of Dhaka (Figure 1). Field staff
visited each GPS point and identified the nearest primary
school. We included both government and private schools
that had at least 100 enrolled students. We excluded schools
that offered education above grade 5 because of differences
in student populations, as well as schools that had pre-
viously received a hand or respiratory hygiene intervention.
If the school was eligible for inclusion, field staff sought
written consent from the headmaster/mistress of the school
to participate in the study. If the school did not consent or if
the school did not meet the inclusion criteria, field staff
identified the next nearest primary school (Figure 2). We did
not provide any incentives to any schools to participate in
the study.
Sample size calculation. Influenza-like illness incidence

was the outcome used for our power calculations. We as-
sumed the ILI incidence among schoolchildren in Dhaka to
be 20 per 100 person-years ðλ0Þ, based on an estimated in-
cidence of ILI in children aged 6–10 years in Managua,
Nicaragua, of 24 per 100 person-years.32 We anticipated that
the intervention group would have an incidence of 10 ILI epi-
sodes per 100 person-years ðλ1Þ. We considered an equal
number of intervention schools and control schools to reduce
10% ILI incidence with 80% statistical power ðZβÞ and 5%

FIGURE 1. Locationof schools selected for either the interventionor control armswithin a 5-km radiusof InternationalCenter forDiarrhealDisease
Research, Bangladesh (icddr,b) campus in Dhaka, Bangladesh. This figure appears in color at www.ajtmh.org.

HAND SANITIZER AND RESPIRATORY HYGIENE IN BANGLADESH 1447

http://www.ajtmh.org


significance level ðZα=2Þ. We used the following equation to
calculate the appropriate sample size33:

y¼
�
Zα=2 þZβ

�2ðλ0 þ λ1Þ
ðλ0 � λ1Þ2

,

c¼ 1þ �
Zα=2 þ Zβ

�2�ðλ0 þ λ1Þ
y

þ k2
�
λ20 þ λ21

���ðλ0 þ λ1Þ2,

where y = person year, c = cluster, and k = between-cluster
variation.
Based on these assumptions, we determined that 12,220

person-weeks of follow-up per study arm would be needed.
We enrolled 12 schools per arm with > 100 students each and
followedstudentswithin theschools for 10weeks.Accounting
for a design effect of 1.5, a requiredminimumof 1,081 person-
weeks of follow-up per school was needed. The minimum
number of person-weeks for the schools in each armwould be

12,972 person-weeks, providing adequate power to detect
possible differences.
Interventions. We randomly allocated all enrolled schools

into one of two groups using a computer-based random
number generator and randomly assigned each group to one
of twoarms: an intervention arm (12 schools) andacontrol arm
(12 schools). Control schools did not receive any of the hand
sanitizer or hand and respiratory hygiene education in-
tervention during the study period. However, at the end of the
study period,we provided educationalmaterials to each of the
enrolled students that included a plastic ruler containing
messages on handwashingwith soap and respiratory hygiene
etiquette. Intervention schools received a two-component
intervention: 1) hand sanitizer placed in each classroom and
outside toilets at each school and 2) hand and respiratory
hygiene education. We used hand sanitizer that was manu-
factured by a local pharmaceutical company and was avail-
able commercially in Bangladesh (price: US$ 5.75/L). This

FIGURE 2. Study flow diagram.
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hand sanitizer contained about 63% ethyl alcohol. We de-
livered the hand sanitizer in colorless, transparent 1.5-L local
plastic bottles and affixed them to the wall in all classrooms
and outside of all toilets in the intervention schools. Field staff
refilled the bottles at the schools as needed throughout the
intervention period. All children were encouraged to use the
hand sanitizer at five key times during the day: 1) when en-
tering into the classroom; 2) after sneezing, coughing, or
blowing their nose; 3) after using the toilet/washroom; 4) be-
fore eating any food; and 5) when leaving the school at the end
of the day.
We implemented a previously developed respiratory hy-

giene behavior change intervention for elementary schools in
Bangladesh that reduced the proportion of students who
coughed and sneezed in the open air (from 92% to 47%) and
increased the proportion of students who coughed and
sneezed into their upper sleeve (from 0% to 39%) after
4 weeks of the intervention.25 In the intervention schools, we
provided hand and respiratory hygiene education, including
what to do if their handswere dirty, why students shouldwash
their hands, benefits of washing hands and of using hand
sanitizer, and the procedure for washing hands using hand
sanitizer. We also taught students to cover their mouth and
nose with the upper part of their sleeve while coughing and/or
sneezing.
We integrated our respiratory hygiene messages into the

school’s hygiene curriculum. Following the recommendations
from the headmaster/headmistress and members of school
management committees, we identified potential teachers in
each intervention school who were responsible for dissemi-
nation of the intervention messages throughout the interven-
tion period. We trained the selected teachers on intervention
messages and behavior change communications over 2 days.
These selected teachers communicated thesemessageswith
other teachers in their schools. All teachers in intervention
schools also received on-site training on the use of hand
sanitizer, as well as on how to prevent respiratory secretions
fromspreading by covering theirmouth and nose by the upper
part of their sleeve. In addition, a video clip that has been
previously developed by icddr,b scientists based on respira-
tory hygiene practice was delivered during behavior change
communication sessions to the students. Behavior change
materials (available in the Supplemental Appendix) demon-
strating sneezing and coughing into the sleeve and how to use
hand sanitizer were distributed and placed around the in-
tervention schools. Classroom teachers conveyed interven-
tion messages three times per week during their regular
hygiene education classes. In these health education classes,
they emphasized the use of hand sanitizer at key times and
encouraged children to practice proper respiratory hygiene
behaviors. Classroom teachers also used hand sanitizer in the
classroom to encourage students.
Data collection.Baseline survey.We conducted a baseline

survey in all participating schools before randomization.
During the baseline survey, trained field-workers collected
information about the number of classes and the class size,
physical structure of the classes, and handwashing facilities
available at schools. After obtaining consent from the school
headmaster/headmistress, field-workers collected current
student information from the school register. Each school’s
headmaster/headmistress assisted field staff to prepare and
sendan informational letter to informanddescribe the study to

parents of students and to request contact names, phone
numbers, and physical addresses for each child. Using
computer-generated random numbers, we randomly se-
lected 15% of children from each classroom and school to
conduct a household survey to determine economic sta-
tus and living conditions. For example, if a school had five
classrooms with 20 children each, three children from each
classroomwere selected for the household survey for a total
of 15 children at the school. After obtaining written informed
consent, trained field-workers collected household data
about parent’s occupation, assets, household size, venti-
lation, bedroom size, and fuel used for cooking through an
in-person interview.
Structured observation. Field staff conducted structured

observations at 12 participating schools (six intervention
schools and six control schools) for approximately 5 hours per
school to observe handwashing and respiratory hygiene be-
haviors of the children at the baseline and at the end of the
intervention. Two field staff members visited each randomly
selected school in the morning, stayed for 2–3 hours (total
5 hours by two field staff), and sat in two different locations in a
classroomor outside the classroomwhere they could observe
the entrance to the toilets and handwashing facilities, in-
cluding the hand sanitizer dispenser. They used a structured
observation data collection form to record observations of the
children’s handwashing and respiratory hygiene behaviors
during school hours.
ILI surveillance and sample collection. Field staff visited

each school every other dayduring the intervention period and
screened students for new ILI episodes with assistance from
teachers and by visiting each classroom. Primarily, school-
teachers asked students during the first session of the day
about any symptomsdeveloped among students in their class
and notified the field staff assigned to that school. The field
staff visited classrooms with ill children and verified the in-
formation provided by the teachers, and again asked all stu-
dents about any respiratory symptoms. If a child reported ILI
symptoms, the field staff talked to their parent/guardian over
phone to confirm symptoms and also measured temperature
using a thermometer to determine if the child reported having
fever. An ILI episode was defined asmeasured fever ³ 38�Cor
subjective fever and cough. If a childwas absent, the field staff
followed up by phone to identify the reason for absenteeism
and todetermine if the childmet the ILI casedefinition. If a child
in a participating school had an ILI episode, a trained medical
technologist visited the child’s household to obtain consent
from the child’s parent/guardian and collect a nasal swab from
the child within 48 hours of symptom onset. If it was outside
the 48-hour window, the sample was not collected.
In addition, on the same days as ILI surveillance, field staff

measured the level of hand sanitizer in the morning and in the
afternoon to calculate the amount of hand sanitizer used per
day per school and enrolled children.
Laboratory testing. Nasal swabs were transported in virus

transport media to icddr,b virology laboratory on the same
day of sample collection and stored in −70�C freezers. Total
nucleic acid was extracted from the nasal swabs, and labo-
ratory personnel performed real-time reverse transcriptase–
polymerase chain reaction using fluorescent Taqman probes
to detect influenza A and B and their subtypes using primers
and probes designed by the CDC, Atlanta, as described
previously.34,35
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Statistical analyses.We counted handwashing practice as
the number of instances when a student washed their hands
with water, and water and soap, or used hand sanitizer at rec-
ommended key times. We observed the total number of
handwashing opportunities, and handwashing instances were
counted during the observation period. We calculated the
percentageofhandwashingpracticesbydividing thenumberof
handwashing instances by the total number of handwashing
opportunities. One child could have several instances of proper
handwashing practice recorded during the intervention period.
We calculated the difference in difference (DID) for handwash-
ing events during the recommended key times, for coughing
and sneezing into open air, and for coughing and sneezing into
upper arm using the number of instances counted during the
observation period between control and intervention schools
through regressionanalysis, andaccounted for theschool-level
clustering effect. We also calculated the amount of sanitizer
used per enrolled children per day at each school.
Wecalculated the incidence of ILI and laboratory-confirmed

influenza virus infections per 1,000 student-weeks during the
study period for both the control and intervention groups. To
calculate incidence in each group (control and intervention),
we calculated person time contribution by each students in
the selected schools. Student-week was calculated by the
periodof intervention (from thebeginningof the intervention till
the end of the intervention) for each student. Maximum con-
tribution time was 10 weeks. As the intervention was only for
10weeks and in themiddle of the academic year, therewas no
dropout. We estimated the incidence rate ratio (IRR) of ILI and
laboratory-confirmed influenza virus infections to compare
the intervention and control groups using univariate Poisson
regression and included the school-level cluster effect to
estimate the adjusted CI (95% CI) and P-value. Univariate
models were used to identify factors associated with ILI and
laboratory-confirmed influenza virus infections that were
statistically significant (P-value £ 0.05). Multivariable Poisson
regression analysis was used to adjust for risk factors that
were statistically significant in univariate analysis to estimate
an adjusted IRR (AIRR) of ILI and considered school-level
cluster as a clustering effect. Analyses were performed using
the statistical program STATA® version 13.0 (Stata Corp.,
College Station, TX). The analytical plan of this randomized
controlled trial was not preregistered.

RESULTS

We enrolled 10,855 students in the study (intervention
schools: 5,077children and control schools: 5,778 children),
for 108,550 student-weeks of observation (Figure 2). The av-
erage number of children per school was 423 (SD: 244) in the
intervention schools and 482 (SD: 331) in the control schools.
Regarding handwashing facilities at the baseline, 10 schools
in the intervention group and 12 schools in the control group
had water and only one school in each group had soap
available for handwashing. The remaining two intervention
schools did not have water at the handwashing stations
(Table 1). Household information was collected from 1,560
households (872 households from intervention group and 688
households from control group). The household size, monthly
household expenses, and ventilation in the bedroom were
similar between families of enrolled children in the intervention
and control schools (Table 2). There were some reported

differences in assets available at home between families of
children in intervention and control schools, including the type
of fuel used for cooking, ownership of land, and the bedroom
size at the household level (Table 2).
Handwashing and respiratory hygiene behavior. At the

baseline, observed handwashing events during the recom-
mended key times were similar between the schools (inter-
vention: 15% and control: 16% [P-value = 0.7]). In 97% of
observed handwashing events, only water was used (Table 3).
At the end of the intervention, observed handwashing with
soap or sanitizer at key times was more common in the inter-
vention schools than in the control schools. Among the total
opportunities for handwashing at key times observed by field
staff during the structured observations at the end of the in-
tervention (intervention schools: total 921 opportunities and
control schools: total 802 opportunities), 604 (66%) school-
children in the intervention group washed their hands and 171
(21%) schoolchildren in the control group washed their hands
(DID = 45%; 95% CI = 21%, 69%). During this structured
observation period, hand sanitizer was used in 91% of the
observed handwashing events in the intervention schools at
the end of the intervention period (Table 3). The average
consumption of hand sanitizer per child per day was 4.3 mL
(95% CI = 1.5 mL, 7.1 mL), with an estimated cost in Ban-
gladesh Taka 2 (US$0.03) per day per child. At the baseline,
the proportion of coughing and sneezing into open air was
77% (74/96) in intervention schools and 56% (85/151) in
control schools. At the end of the intervention, coughing and
sneezing into open air among the students at intervention
schools decreased to 37% (47/127) during observation
(DID = −63%; 95% CI = −98%, −27%). The proportion of in-
stanceswhenproper coughor sneeze etiquettewas observed
was 33% (n = 42) in the intervention group compared with 2%

TABLE 1
School and student characteristics at baseline of intervention and
control schools in Dhaka city, 2015

Intervention Control

Student characteristics
Mean (SD),
N = 5,077

Mean (SD),
N = 5,778

Average students per school 423 (244) 482 (331)
Nursery 48 (22) 43 (25)
Grade 1 72 (39) 97 (73)
Grade 2 84 (52) 114 (100)
Grade 3 86 (57) 89 (63)
Grade 4 74 (51) 68 (38)
Grade 5 60 (44) 70 (79)

Average of student per school
according to gender

Boys 200 (117) 223 (161)
Girls 223 (129) 256 (171)

School characteristics n (%), N = 12 n (%), N = 12

Handwashing location
Indoors (< 10 steps from classroom) 7 (58) 7 (58)
Indoors (> 10 steps from classroom) 4 (33) 4 (33)
Outdoors (> 10 steps from

classroom)
1 (8) 1 (8)

Handwashing facilities available at the
handwashing location

Water 10 (83) 12 (100)
Soap 1 (8) 1 (8)

Hand/respiratory hygiene taught in the
school curriculum

Yes 8 (67) 9 (75)
No 4 (33) 3 (25)
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in the control group at the end of the intervention period (DID =
33%; 95% CI = 33%, 33.1%).
Incidence of ILI and laboratory-confirmed influenza.We

identified 2,686 ILI episodes during the 10-week observation
period across all schools. Of these episodes, 1,560 were
identified in control schools (58%) and 1,126were identified in
intervention schools (42%). In the first 3 weeks of the inter-
vention period, the number of weekly ILI episodes per school
was similar between intervention and control, but as the in-
tervention progressed, the number of ILI episodes identified
among students at intervention schoolswas lower than that at
control schools (Figure 3). Across the observation period, 924
students in the intervention schools (18%) had at least one ILI
episode: 769 students (15%) had one episode and 155 stu-
dents (3%) hadmore than one episode. By comparison, 1,214
students in control schools (21%) had at least one ILI episode:
955 students (17%) had one episode and 259 students (4%)
had more than one episode. The incidence of ILI was 22 per
1,000 student-weeks among children in the intervention
schools and 27 per 1,000 student-weeks among children in
the control schools (Table 4). The incidence of ILI per 1,000
students-weekswas 18% lower in the intervention group than
in the control group, but the difference was not statistically

TABLE 2
Student household characteristics at baseline (N = 1,560)

Description

Intervention
(N = 688)

Control
(N = 872)

n (%) n (%)

Source of household income
Formal employment/service 405 (59) 479 (55)
Self-employment 27 (4) 43 (5)
Casual/contract job 57 (8) 95 (11)
Day labor 102 (15) 93 (11)
Rikshaw/van puller 46 (7) 99 (11)
Driver, motor vehicle 51 (7) 63 (7)

Household size (member), mean (SD) 5.0 (1.6) 4.9 (1.5)
Monthly household expenditure (USD)
£ 10,000 BDT (< 120) 98 (14) 144 (17)
10,001–20,000 BDT (120–240) 514 (75) 630 (72)
20,001–30,000 BDT (240–360) 59 (9) 82 (9)
> 30,000 BDT (> 360) 17 (2) 16 (2)

Availability of assets
Electricity 688 (100) 872 (100)
Wardrobe/almirah 412 (60) 385 (44)
Table 297 (43) 342 (39)
Chair/bench 338 (49) 360 (41)
Wristwatch/wall clock 399 (58) 485 (56)
Bed 583 (85) 712 (82)
Chouki 163 (24) 193 (22)
Radio 14 (2) 24 (3)
Electric fan 679 (99) 860 (99)
Television 588 (85) 740 (85)
Bicycle 63 (9) 47 (5)
Motorcycle 11 (1) 8 (1)
Refrigerator 234 (34) 229 (26)
Sewing machine 136 (20) 99 (11)
Mobile phone 676 (98) 843 (97)

Type of fuel used for cooking
Wood/charcoal/kerosene 88 (13) 59 (7)
Gas/electricity 600 (87) 813 (93)

Household-owned land 462 (67) 487 (56)
Windows and doors in bedrooms
³ 3 walls with a window or door 145 (21) 161 (18)
2 walls with a window or door 9 (1) 10 (1)
1 wall with a window and door 398 (58) 499 (57)
Only one door and no windows 136 (20) 202 (23)
BDT = Bangladesh taka.
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significant, evenafter adjusting for gender (AIRR:0.8, 95%CI=
0.5, 1.3, P-value = 0.4) (Table 5).
Amongstudentsmeeting the ILI casedefinition, 1,197 (total:

45%, intervention group: 45%, and control group: 44%) were
tested for influenza viruses. Because of resource constraint,
we were not able to test all samples. Among the children who
were tested for influenza viruses, the incidence of influenza
virus infection was lower in the intervention schools (3.0 per
1,000 student-weeks) than in the control schools (6.2 per
1,000 student-weeks) (Table 4). We did not identify any stu-
dents with multiple influenza virus infections during the study
period. The incidence per 1,000 student-weeks of laboratory-
confirmed influenza among children in the intervention schools
was 53% lower than the incidence among children in the

control schools, and the differencewas statistically significant
(IRR: 0.5, 95% CI = 0.3, 0.8; P-value = 0.01) (Table5).

DISCUSSION

This study suggests that the respiratory hygiene interven-
tion that included cough etiquette and proper use of hand
sanitizer with hygiene education regarding when and how
to use hand sanitizer was associated with a reduction in
laboratory-confirmed influenza among schoolchildren in ur-
ban Bangladesh. However, the study did not find an effect of
these interventions on the ILI incidence.
Our study findings are consistent with previous studies

where intensive use of hand sanitizer with hygiene education
was successful in reducing respiratory illnesses caused by
influenza and diarrheal disease among schoolchildren in
other settings.30,36–40 Our study found a 53% reduction in the
incidence of influenza virus infections among children who
received hand sanitizer along with respiratory hygiene edu-
cation. This finding was similar to the 52% reduction in in-
fluenza A virus infections found in a study conducted among
elementary schoolchildren in Pittsburgh that used hand san-
itizer and cough hygiene40 and to a study conducted in Egypt
that found a 47% reduction in laboratory-confirmed influenza
virus infections among schoolchildren using soap and wa-
ter.21 A meta-analysis suggests that handwashing alone
confers no benefit for preventing influenza, but a combination
of hand hygiene with face masks was found to have statis-
tically significant efficacy against laboratory-confirmed in-
fluenza although it might not have focused exclusively on
schools.41 Therefore, it is possible that we found a significant
difference in the incidence of laboratory-confirmed influenza
between groups because the intervention was a combination
of hand sanitizer use and respiratory hygiene.

FIGURE 3. Number of influenza-like illness (ILI) episodes by week
and study group in Dhaka, Bangladesh, June–September 2015 (N =
10,855). Note: Schools were on vacation from the 3rd week of June
through the 3rd week of July 2015. This figure appears in color at
www.ajtmh.org.

TABLE 4
Incidence rate of ILI and laboratory-confirmed influenzaamongchildren of participated schoolsduring the 10-weekobservation period fromJune to
September 2015

Description

ILI Laboratory-confirmed influenza

Control Intervention Control Intervention

n/T (IR per 1,000
student-week; 95% CI)

n/T (IR per 1,000
student-week; 95% CI)

n/T (IR per 1,000
student-week; 95% CI)

n/T (IR per 1,000
student-week; 95% CI)

Total children 1,560/57,780 (27; 17–42) 1,126/50,770 (22; 17–29) 43/6,890 (6; 4–10) 15/5,080 (3; 2–4)
According to gender*
Boys 607/26,770 (23; 14–36) 446/24,010 (19; 14–24) 18/2,610 (7; 4–13) 8/1,910 (4; 2–8)
Girls 953/30,730 (31; 20–48) 680/26,740 (25; 19–33) 25/4,280 (6; 4–10) 7/3,170 (2; 1–4)

According to grade of students
Nursery 144/5,120 (28; 15–53) 77/5,770 (13; 8–24) 5/540 (9; 2–30) 1/300 (3; 1–16)
Grade 1 310/11,690 (27; 16–43) 169/8,690 (19; 14–28) 4/1,040 (4; 1–12) 1/650 (2; 1–11)
Grade 2 335/13,640 (25; 15–42) 250/10,040 (25; 18–35) 6/1,330 (5; 2–9) 2/1,110 (2; 1–6)
Grade 3 316/10,690 (30; 20–43) 228/10,260 (22; 15–32) 6/1,500 (4; 2–7) 4/1,040 (4; 2–8)
Grade 4 267/8,190 (33; 24–44) 222/8,830 (25; 20–31) 10/1,430 (7; 3–14) 4/1,070 (4; 1–10)
Grade 5 188/8,450 (22; 10–50) 180/7,180 (25; 19–33) 12/1,050 (11; 8–17) 3/910 (3; 1–10)

According towealth status (household)†
Poorest 51/2,140 (24; 14–41) 20/1,320 (15; 8–29) 0/240 (0) 0/110 (0)
Below middle 35/1,510 (23; 14–38) 24/1,230 (20; 11–34) 0/150 (0) 0/120 (0)
Middle 55/1,820 (30; 14–67) 34/1,250 (27; 19–39) 2/300 (7; 2–23) 0/130 (0)
Upper middle 50/1,870 (27; 13–55) 22/1,300 (17; 9–34) 1/290 (3; 1–24) 1/120 (8; 1–58)
Rich 41/1,380 (30; 19–47) 35/1,780 (20; 13–30) 3/190 (16; 6–44) 1/210 (5; 1–27)

According to cooking fuel at household†
Wood/kerosene/charcoal 15/590 (25; 15–44) 16/880 (18; 9–38) 0/70 (0) 0/50 (0)
Gas/electricity 217/8,130 (27; 15–46) 119/6,000 (20; 15–26) 6/1,100 (5; 3–11) 2/640 (3; 1–11)
IR = incidence rate; ILI = influenza-like illness; T = total student-week; n = total episodes of ILI/influenza positive.
* Information missing for 30 children (28 children in the control schools and two children in the intervention schools).
† Only 15% of children were surveyed at the household level.
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Increased handwashing practices among primary school
students over the study time period and high uptake of hand
sanitizer use in the intervention schools in our study indicate
that hand sanitizer intervention with hygiene messages was
acceptable to and feasible for schoolchildren. However, we
were not able to assess whether the hand and respiratory
hygiene program would be sustainable or could continue
without donor support. Although providing all schools in
Bangladesh with an adequate supply of hand sanitizer would
be difficult, such an intervention could reduce the economic
loss associated with influenza illnesses. Bhuiyan et al.42 re-
ported that influenza-associated illness caused an estimated
169 million dollars of economic loss in 2010 in Bangladesh.
Furthermore, because we integrated our hygiene mes-
sages into the regular school hygiene curriculum and trained
teachers to teach behavior change communication sessions,
webelieve the intervention implementation approachcould be
sustainable, as teachers within schools directly communicate
respiratory hygiene messages regularly to the students.
However, continuations of the interventions require periodic
training of teachers to remind them of the intervention mes-
sages and to train new teachers.
Previous studies have shown that schoolchildren have a

tendency to adopt new health behaviors into their daily life
following educational campaigns at school.15 Hand hygiene
programs including health education and use of hand sanitizer
in the classroom have been found to be cost-effective. Spe-
cifically, there was cost savings associated with a reduction in
absenteeism in a previously reported randomized control tri-
al.43 In an effort tomake our interventionmore sustainable, we
used locally sourced hand sanitizer, which may reduce the
cost to maintain this intervention. Although the cost of the
intervention per day per child is minimal, maintaining this type
of intervention remains a challenge for schools in Bangladesh,
especially government schools, where there is no separate
budgetary allocation for operation and maintenance of the
school sanitation and hand hygiene from the Ministry of Ed-
ucation. Only a small amount of funding is allocated for
schools from the local government, and schools do not re-
ceive these funds on a regular basis. Future prevention efforts
could explore the feasibility of including hand sanitizer with
hygiene messages in the overall influenza prevention strategy
in Bangladesh.
There are several important limitations in this study. First,

the study team, schoolchildren, their parents, and teachers
were not blinded to the intervention. It is, therefore, possible
that underreporting of illness in the intervention schools may
have contributed to information bias. However, regular school
visits, monitoring by the principal investigator or field super-
visors, the use of a standardized case definition to identify
illness, and equal proportion of ILI cases that were assessed
for influenza may have reduced possible information and

reporting bias. Although it is not possible to confirm that re-
spiratory illnesses were not missed, the proportion of re-
spiratory specimens testing positive for influenza viruses was
consistent with routine surveillance during this period in
Bangladesh. A second limitation was the use of an observer in
the classroom that may have influenced student behavior.44

Observed handwashing may have increased more in in-
tervention schools than in control schools, as the children
in the intervention schools knew they were supposed to be
washing their hands, whereas the children in the control
schools might not have. The children may also have been
more likely to use the hand sanitizerwhile being observed. The
observed proportion of handwashing with soap or sanitizer in
this study should therefore be interpreted as the upper limit of
handwashing.Moreover, the impact on the objective outcome
suggests that the intervention did have some impact of
handwashing behavior. A third limitation is that we do not
know how much of the benefit may have been due to the
altered coughingor sneezingbehavior andhowmuchwasdue
to improved handhygiene. Becauseweevaluated a combined
intervention, we cannot evaluate their separate effects. Be-
cause the behavior change intervention related to proper re-
spiratory hygiene would not require ongoing financial support
for purchasing sanitizer, further studies might explore evalu-
ating respiratory hygiene messaging alone. Another limitation
is the short duration of observation (a total of 10 weeks of
observation), whichmay have led to an underestimation of the
intervention effect because of theweeks required for students
to adopt a new habit or an overestimation because if contin-
ued, the practices might wane. To monitor for true behavior
change, period observations would need to be conducted
among the children and the schools thatwere part of this study.
In addition, for some of our interventions, continued availability
of hand sanitizer would be required for sustained handwashing
behavior change. Moreover, the disruption to ILI surveillance
during the school break is another limitation, as this period
typically coincides with peak influenza circulation activity. This
may have resulted in underestimation of the occurrence of in-
fluenza virus infections and limited our ability to fully evaluate
the effectiveness of our interventions as there was a 6-week
lapse in intervention messaging. However, we evaluated
school-level intervention, and given the short incubation period
of influenza viruses, we likely did not miss many infections that
occurred just before the school break. Last, schools in Dhaka
may not be representative of all schools across Bangladesh or
schools in other countries, as schools in Dhaka are compara-
tively more crowded than those in rural areas. However, the
participating schools are representative of most schools in
Dhaka regarding infrastructures, the number of student per
schools, and handwashing facilities available at schools.29

Despite the study limitations, our findings suggest that
hand sanitizer can be used as an alternative hygiene method

TABLE 5
Incidence rate ratio (IRR) of ILI and laboratory-confirmed influenza among students in intervention and control schools

Outcome

IR per 1,000 student-weeks

IRR (95% CI) P-value AIRR* (95% CI) P-valueIntervention Control

ILI 22 27 0.8 (0.5, 1.3) 0.4 0.8 (0.5, 1.3) 0.4
Laboratory-confirmed influenza 3 6 0.5 (0.3, 0.8) 0.01 N/A –

AIRR=adjusted incidence rate ratio; ILI = influenza-like illness; IR = incidence rate;N/A=not applicable. Note:Wedid not findany factors thatwere statistically significant for laboratory-confirmed
influenza in univariate analyses.
* Adjusted for gender.
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to soap and water for handwashing and hygiene in school
settings to reduce the incidence of influenza virus infection,
especially in low-resource settings, as soap and water are not
typically available in schools. In Bangladesh, where there is no
annual vaccination policy for seasonal influenza, the use of
hand sanitizer in combination with hand and respiratory hy-
giene education could play an important role in the prevention
of influenza virus infections among at-risk schoolchildren.
Hand sanitizer may help to reduce the burden of influenza in
low-income countries, particularly in a setting where water is
scarce. Schoolchildren are likely important for community
transmission of influenza, so considering the possible
secondary benefits of preventing influenza among school-
children, this set of interventions could be cost-effective.
Further studies are needed to understand the sustainability
and cost of these interventions.
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