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Abstract:

Background: Acute respiratory infections and diarrheal diseases are major causes of morbidity and school
absenteeism among children in low-resource settings. Hand hygiene is a simple, cost-effective strategy to interrupt
transmission of these infections in schools.

Aim: To assess the impact of an intensive hand hygiene campaign on illness-related absenteeism and laboratory-
confirmed influenza among primary school children.

Methodology: A cluster randomized controlled trial was conducted among 512 children (Grades I-III) in
government elementary schools in Bihar, India. Schools were randomized to intervention or control groups. The
intervention included supervised handwashing with soap, hygiene education, and behavioral reinforcement over
12 weeks. Illness-related absenteeism, in-class illness, and laboratory-confirmed influenza were compared
between groups using school-level rates and relative risks.

Results: Overall illness-related absenteeism was significantly lower in the intervention group compared to
controls (RR 0.75; 95% CI: 0.64—0.88). Significant reductions were observed for influenza-like illness (RR 0.59),
diarrhea (RR 0.64), and conjunctivitis (RR 0.36). Laboratory-confirmed influenza was also significantly reduced
in the intervention group (30.0% vs. 48.5%; p =0.01).

Conclusion: Intensive hand hygiene promotion significantly reduced infectious illness and related absenteeism
among schoolchildren, supporting its effectiveness as a scalable school-based public health intervention.
Keywords: Hand hygiene, school children, absenteeism, influenza-like illness, diarrheal disease, randomized
controlled trial.
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Introduction

Acute respiratory infections (ARI) and diarrheal dis-
eases are some of the most predominant causes of
morbidity and mortality in the global world specifi-
cally in children in resource-restricted environ-
ments. The combination of these conditions explains
an impressive percentage of avoidable morbidity,
school absenteeism and childhood mortality.
Among the number of 5.5 million death cases related
to ARIs and diarrheal diseases world-over, most of
them are among children of low and middle-income
nations where access to health services and preven-
tion programs is not always available. To decrease
the burden of disease, as well as the social and edu-
cational impact in general, low-cost, scalable and
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behavior-driven preventive measures are of para-
mount importance in such situations.

ARIs cause the death of more than 4 million people
each year and cause more than 7 percent of all deaths
in the world [1]. A substantial percentage of ARIs
are triggered by viral pathogens, such as influenza A
and B viruses, and easily spread via respiratory
droplets and contaminated hands or surfaces. The vi-
ruses of influenza live throughout the year in most
places such as Egypt with the highest season coming
during winter seasons [2]. Even though the flu is
usually self-limiting when a healthy person con-
tracts it, it is a significant issue of public health as it
takes up to 3-5 million cases of severe illness and as
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many as 500,000 deaths annually throughout the
world [3] every year. Although adults aged over 65
years have the greatest number of excess deaths due
to the influenza infection, school-age children have
a high rate of infection and are central to maintaining
and increasing the spreading of the infection to the
community during seasonal epidemics [4] .

The unique factors influencing the dynamics of
transmission of the influenza virus in schoolchildren
include close interpersonal contact, the classroom
setting, and the insufficient compliance with hy-
giene measures. Infected children are able to pass on
influenza viruses into the family and the community
at large very efficiently thus becoming the agents of
spreading epidemics at a faster rate. Interventions
that might retard or prevent the spread of influenza
in children can therefore be of great help in dimin-
ishing the high rate and prevalence of transmission
that are typical of annual influenza pandemic [5].
Other than the health impacts, the illness caused by
influenza in school children is a significant cause of
absenteeism and absenteeism may disrupt learning,
lower academic achievement and cause other socio-
economic burden on families and communities.

Another significant cause of childhood illnesses and
death in the world and the second cause of deaths
among young children is the diarrheal disease. It
causes about 2 million deaths each year among chil-
dren below five years old [6,7] as well as. Even
though the greatest mortality burden is noted among
the younger children, school-age children still show
a high prevalence of diarrhea which has significant
lasting effects. Repeated and protracted diarrheal
disease may result in malnutrition, retarded cogni-
tive development, delayed physical growth and pre-
disposition to other diseases [8,9]. Also, diarrheal
diseases contribute greatly to illness-related school
absenteeism, which compromises education
achievement and results in poverty and poor health
cycles.

Over the past few decades, India has made a lot of
progress in the reduction of the rate of infant mortal-
ity; nonetheless, diarrheal diseases have become a
could-not issue in terms of the societal health. They
are the cause of 13.9 percent of the mortality of chil-
dren under the age of five years of age, which high-
lights the necessity of effective preventive measures.
Much of the rise in the observed decreases in the
death rates of cases of diarrhea has been due to in-
creased case management such as the use of oral re-
hydration therapy on a large scale, better accessibil-
ity of health services and better water supply and
sanitation infrastructure. With these developments,
the total frequency of diarrheal diseases has not
changed significantly, which means that treatment-
based interventions are not enough to curb the
spread and avoid illnesses [10]. Given that fecal-oral
transmission pathways are critical to the spread of
the disease, therefore, preventive measures to break
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the chain are of utmost importance in order to de-
crease the disease burden.

It is commonly known that hand hygiene is one of
the most efficient and feasible interventions to pre-
vent the spread of respiratory and enteric pathogens
in the community and school environment. Hand hy-
giene can be effectively used through regular wash-
ing of hands with soap or application of alcohol-
based hand sanitizers that can go a long way in con-
taining the spread of infectious agents that are trans-
mitted through hands. It has been shown that in
many cases, hand hygiene leads to significant de-
creases in the instances of diarrheal diseases [11].
Hand hygiene directly attacks one of the main ave-
nues of disease transmission by eliminating or deac-
tivating the pathogens that have been obtained dur-
ing the process of contact with contaminated sur-
faces, food, or people.

Besides its established use in the prevention of diar-
rheal diseases, hand hygiene has also been highly
suggested in the control of respiratory diseases such
as those that have pandemic potential. In outbreaks
of severe acute respiratory syndrome and the influ-
enza A (HIN1) 2009 pandemic, hand hygiene was
stressed as one of the important nonpharmaceutical
interventions to mitigate the transmission both in
healthcare and the community [12]. Educational in-
stitutions, especially schools, are some of the most
suitable sites where such interventions can be put in
place, considering that there is a high concentration
of children, close contact and the same contact is
likely to spread an infectious disease.

Even though there is a lot of evidence regarding the
efficacy of hand hygiene, it is not always easy to
promote sustainable compliance with the correct
practices among schoolchildren. Some of the barri-
ers are inaccessibility to handwashing facilities, in-
sufficiency of supplies of soap or sanitizers,
knowledge, and consistent reinforcement of hand
hygiene habits. There is a potential that intensive
hand hygiene programs, which integrate education,
physical infrastructures support, and reinforcement
over behavior, can be used to overcome these obsta-
cles. The incidence of typical infectious diseases
and, by extension, illness absenteeism in schoolchil-
dren can be minimized by the influence of such cam-
paigns in the development of the habit of hand hy-
giene.

Absenteeism due to illness is a major but less well-
regarded consequence of the spread of infectious
disease in school. Absenteeism will not only indi-
cate the burden of illness, but a proxy indicator of
the effectiveness of preventive interventions. Any
decline in absenteeism can translate into gains in ed-
ucational continuity, academic performance and
lower family-side indirect costs including lost work-
ing days by caregivers. Moreover, a lower number
of sick days because of contagious diseases could
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mean that there was less transmission in the school
and the neighborhood.

Since the ARIs and diarrheal diseases among chil-
dren are heavy burdens, and schoolchildren are the
primary drivers of disease transmission, and hand
hygiene as a preventive measure has been proven to
be effective there is a strong necessity to strictly test
the intensive hand hygiene interventions in schools.
The objectives of this study were to measure the ef-
fectiveness of an intensive hand hygiene interven-
tion campaign in reducing the incidence of absentee-
ism caused by illness and the incidence of labora-
tory-confirmed influenza among schoolchildren in
India. By focusing on both health and educational
outcomes, this study aims to contribute evidence to
inform public health and school-based policies de-
signed to reduce infectious disease transmission and
improve child health through simple, cost-effective
interventions.

Methodology

Study Design: A randomized controlled trial (RCT)
was conducted to evaluate the impact of an intensive
hand hygiene campaign on illness-related absentee-
ism among school children. Schools were random-
ized into intervention and control groups. The pri-
mary outcome was illness-related absenteeism due
to influenza-like illness (ILI), while secondary out-
comes included absenteeism due to diarrhea and
conjunctivitis, in-class reported illness, and labora-
tory-confirmed influenza.

Study Area: The study was conducted under the su-
pervision of the Department of Community Medi-
cine, Bhagwan Mahavir Institute of Medical Sci-
ences (BMIMS), Pawapuri, Nalanda, Bihar, India.

Study Duration: The duration of the study was one
year.

Sample Size: The total sample size was 512 school
children from selected elementary schools. The sam-
ple size was determined to detect a minimum 20%
reduction in illness-related absenteeism in the inter-
vention group compared to the control group, with
80% power and 95% confidence, while accounting
for clustering at the school level.

Study Population: The study population consisted
of school children studying in the first three primary
grades of selected government elementary schools.
Although the hand hygiene intervention was imple-
mented across the entire school, data collection was
restricted to children from grades I-III to maintain
uniformity and reliability of reporting.

Data Collection: Absenteeism data were collected
daily from school attendance registers and classified
as illness-related or non-illness-related as per school
records. Teachers and school nurses verified absen-
teeism records and contacted parents of absent chil-
dren on the first day of illness to document
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symptoms using a structured absenteeism data col-
lection form.

In-class illness episodes were recorded when stu-
dents reported symptoms during school hours and
were referred to the school health clinic. Standard-
ized illness definitions were used for identifying ILI,
diarrhea, and conjunctivitis.

Inclusion Criteria

e School children enrolled in grades I to III

¢  Students attending selected intervention or con-
trol schools

e  Children whose parents or guardians provided
written informed consent

Exclusion Criteria

e  Children absent due to non-medical reasons

e Students with chronic illnesses likely to influ-
ence absenteeism

e Children whose parents did not provide consent
for participation or laboratory testing

Procedure: Intervention schools implemented an
intensive hand hygiene promotion campaign, in-
cluding supervised hand washing with soap and wa-
ter at least twice daily for approximately 45 seconds.
Educational materials such as posters, student activ-
ity booklets, songs, and parent information leaflets
were used. Teachers and school nurses were trained
to supervise hand hygiene practices and collect data.

Control schools continued routine practices during
the study period and were monitored only for data
collection.

Children presenting with ILI symptoms (fever
>38°C with cough or sore throat) were evaluated by
trained nurses, and nasal swabs were collected for
laboratory testing when consent was available.

Statistical Analysis: To account for the cluster ran-
domized design, absenteeism and illness rates were
calculated at the school level. Rates were expressed
as the number of illness episodes per 100 student-
weeks. As the data were not normally distributed,
median rates between intervention and control
schools were compared using the Wilcoxon rank-
sum test. A p-value <0.05 was considered statisti-
cally significant. Statistical analysis was performed
using standard statistical software.”

Result

Table 1 describes the baseline characteristics of the
512 study participants, equally distributed between
the intervention and control groups (256 each). The
mean age was comparable between the intervention
group (7.9 + 1.1 years) and the control group (8.0 +
1.2 years), with no statistically significant difference
(p=0.48). Gender distribution was also similar, with
males comprising 51.2% in the intervention group
and 50.4% in the control group (p = 0.86), and
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females accounting for 48.8% and 49.6%, respec-
tively. The distribution across grades was well bal-
anced between groups, with Grade I students consti-
tuting 34.0% in the intervention and 34.8% in the
control group (p = 0.87), Grade II comprising 33.6%
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versus 33.2% (p = 0.93), and Grade III accounting
for 32.4% versus 32.0% (p = 0.92). Overall, Table 1
demonstrates that the intervention and control
groups were comparable at baseline, with no signif-
icant differences in age, sex, or grade distribution.

Table 1: Baseline characteristics of study participants in intervention and control groups (N = 512)
Characteristic Intervention (n = 256) Control (n = 256) p value
Mean age (years) + SD 79+1.1 80=+1.2 0.48
Male sex, n (%) 131 (51.2) 129 (50.4) 0.86
Female sex, n (%) 125 (48.8) 127 (49.6) —

Grade I, n (%) 87 (34.0) 89 (34.8) 0.87
Grade I1, n (%) 86 (33.6) 85(33.2) 0.93
Grade II1, n (%) 83 (32.4) 82 (32.0) 0.92

Table 2 shows the incidence of illness-related absen-
teeism among school children in the control and in-
tervention groups during the study period. Overall
illness-related absence episodes were higher in the
control group (176 episodes; median rate 6.9, IQR
4.1-9.4) compared to the intervention group (134
episodes; median rate 5.2, IQR 3.0-7.5), indicating
a reduction in absenteeism in the intervention arm.
Absences due to influenza-like illness were also
lower in the intervention group, with 25 episodes
and a median rate of 1.0 (IQR 0.4—1.8), compared to
44 episodes and a median rate of 1.7 (IQR 0.8-2.6)

in the control group. Similarly, diarrhea-related ab-
senteeism decreased from 36 episodes with a median
rate of 1.4 (IQR 0.5-2.3) in the control group to 24
episodes with a median rate of 0.9 (IQR 0.3—1.7) in
the intervention group. The most marked reduction
was observed for conjunctivitis-related absenteeism,
which declined from 27 episodes and a median rate
of 1.1 (IQR 0.4-1.9) in the control group to only 9
episodes with a median rate of 0.4 (IQR 0.0-1.0) in
the intervention group, demonstrating a clear bene-
ficial effect of the intervention on reducing illness-
related school absences.

Table 2: Incidence of absences caused by illness among school children in control and intervention
groups during the study period (N = 512)

Absence caused | Control (n =256) | Intervention (n = 256) | Reduction (%) | p value
by illness No. episodes Median rate (IQR) No. episodes Median rate (IQR)
Overall illness 176 6.9 (4.1-94) 134 5.2 (3.0-7.5)
Influenza-like ill- | 44 1.7 (0.8-2.6) 25 1.0 (0.4-1.8)
ness (ILI)
Diarrhea 36 1.4 (0.5-2.3) 24 0.9 (0.3-1.7)
Conjunctivitis 27 1.1 (0.4-1.9) 9 0.4 (0.0-1.0)

Table 3 summarizes the in-class reported illness ep-
isodes among school children during the study pe-
riod. Any in-class illness was reported in 23.8% of
students in the control group compared with 21.9%
in the intervention group, with no statistically signif-
icant difference (p = 0.61). Similarly, influenza-like
illness (ILI) symptoms were noted in 14.1% of con-
trol students and 10.9% of intervention students (p =
0.27), while diarrheal symptoms were reported in

8.2% and 5.9% of students, respectively (p = 0.31),
indicating no significant reduction. In contrast, con-
junctivitis symptoms were significantly lower in the
intervention group (3.1%) compared to the control
group (7.0%), and this difference reached statistical
significance (p = 0.04), suggesting a beneficial ef-
fect of the intervention specifically in reducing con-
junctivitis-related illness.

Table 3: In-class reported illness episodes among school children during the study period (N = 512)
Type of illness Control (n =256) Intervention (n = 256) p value
Any in-class illness, n (%) 61 (23.8) 56 (21.9) 0.61
ILI symptoms, n (%) 36 (14.1) 28 (10.9) 0.27
Diarrheal symptoms, n (%) 21(8.2) 15(5.9) 0.31
Conjunctivitis symptoms, n (%) 18 (7.0) 8(3.1) 0.04

Table 4 shows the comparison of laboratory-con-
firmed influenza among students presenting with in-
fluenza-like illness (ILI) in the control and interven-
tion groups. Among 256 students in each group, a
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higher number of ILI cases was observed in the con-
trol group (44) compared to the intervention group
(25). Of those with ILI, influenza testing coverage
was comparable between groups, with 75.0% tested
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in the control group and 80.0% in the intervention
group (p = 0.64). Influenza A positivity was signifi-
cantly higher in the control group (9/33; 27.3%) than
in the intervention group (4/20; 20.0%) (p = 0.04),
while influenza B positivity was also significantly
greater in the control group (21.2%) compared to the
intervention group (10.0%) (p = 0.03). Overall, any
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influenza positivity was detected in nearly half of the
tested ILI cases in the control group (48.5%) versus
30.0% in the intervention group, a difference that
was statistically significant (p = 0.01). These find-
ings indicate that the intervention was associated
with a significant reduction in laboratory-confirmed
influenza among students with ILI.

Table 4: Laboratory-confirmed influenza among students with influenza-like illness (ILI)
Variable Control (n =256) Intervention (n = 256) p value
Students with ILI, n 44 25 —
Tested for influenza, n (%) 33 (75.0) 20 (80.0) 0.64
Influenza A positive, n (%) 9(27.3) 4 (20.0) 0.04
Influenza B positive, n (%) 7(21.2) 2 (10.0) 0.03
Any influenza positive, n (%) 16 (48.5) 6 (30.0) 0.01

Table 5 compares illness-related absenteeism rates
between the control and intervention groups and
demonstrates a statistically significant reduction in
absenteeism following the intervention. Overall ill-
ness absenteeism decreased from 6.9 in the control
group to 5.2 in the intervention group, correspond-
ing to a relative risk (RR) of 0.75 (95% CI: 0.64—
0.88; p <0.001). Influenza-like illness (ILI)-related
absenteeism was also significantly lower in the in-
tervention group (1.0) compared to the control group
(1.7), with an RR of 0.59 (95% CI: 0.39-0.87; p <

0.001). Diarrhea-related absenteeism showed a
modest but significant reduction from 1.4 to 0.9
(RR: 0.64; 95% CI: 0.44-0.94; p = 0.02). The most
pronounced reduction was observed for conjunctivi-
tis-related absenteeism, which declined from 1.1 in
the control group to 0.4 in the intervention group,
yielding an RR of 0.36 (95% CI: 0.19-0.66; p <
0.001). Overall, these findings indicate that the in-
tervention was effective in significantly reducing
absenteeism due to multiple illness categories.

Table 5: Comparison of illness-related absenteeism rates between control and intervention groups
QOutcome Control | Intervention Relative Risk (95% CI) | p value
Overall illness absenteeism 6.9 52 0.75 (0.64-0.88) <0.001
ILI-related absenteeism 1.7 1 0.59 (0.39-0.87) <0.001
Diarrhea-related absenteeism 1.4 0.9 0.64 (0.44-0.94) 0.02
Conjunctivitis-related absenteeism 1.1 0.4 0.36 (0.19-0.66) <0.001

Discussion

The comparability of the intervention and control
groups during the age, sex, and grade distribution in
the present study contributes to the internal validity
of the results obtained and promotes the idea that the
differences in illness-related absenteeism are due to
the intensive camp of hand hygiene and is not caused
by the existing demographic differences. The same
methodological rigor has also been noted in the pre-
vious school-based trials showing that balanced
baseline properties are important when assessing
nonpharmaceutical interventions (Bowen et al.,
2007; Guinan et al., 2002) [13,14].”

The present research showed a decrease of 25 per-
cent in the total illness absenteeism in the interven-
tion group (RR 0.75, 95% CI 0.643-0.88). The de-
crease is similar but a little higher than the 21% de-
crease reported in prior interventions of hand hy-
giene at schools in other developing country set-
tings, where absenteeism decreases were between 15
and 22 percent (Aiello et al., 2008; Rabie and Curtis,
2006) [15,16]. But the extent of decrease in this
study is smaller in comparison to the 42% decrease
which was reported in a cluster-randomized trial
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study that was done in Chinese primary schools, and
which prestigiously covered a continuous supply of
soap and scheduled handwashing schedules
throughout schooling (Bowen et al., 2007) [13]. This
discrepancy is possibly caused by the differences in
the intensity of interventions, presence of hygiene
resources and the presence of adherence monitoring
systems among settings.

One of the most striking results of the current study
is the 41% decrease in absenteeism caused by influ-
enza-like illness (ILI), which is higher than the de-
creases that were observed in some of the commu-
nity-based meta-analyses. Aiello et al. (2008) [15]
and Rabie and Curtis (2006) [16] have documented
the pooled effects of hand hygiene on respiratory ill-
ness between 16 and 21% after hand hygiene inter-
ventions, a much lesser impact compared to this one.
Equally, a less impressive decrease of about 21% of
respiratory illness-related absenteeism was regis-
tered in the Chinese school-based study (Bowen et
al., 2007) [13]. The enhanced protection of the pre-
sent study can be explained by the organization and
repetition of handwashing promotion, where chil-
dren are motivated to wash their hands repeatedly
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throughout the school day, interrupting the transmis-
sion of respiratory viruses more efficiently.

The effectiveness of the intervention is also sup-
ported by lab-confirmed influenza results. Labora-
tory-confirmed influenza was found in 30.0 of the
intervention and 48.5 of the control group of chil-
dren in this study, and it was shown that this is a rel-
ative reduction of about 38. This observation is con-
trary to those done in homes where mixed hand hy-
giene and facemask intervention led to the decrease
of influenza transmission which was not significant
(Cowling et al., 2009) [17]. The differences in study
design, exposure intensity and compliance may be
the reason behind these differences because school-
based interventions are aimed at dense contact net-
works in which sustained behavioral reinforcement
might have more benefits.

The level of absenteeism due to diarrhea decreased
in this study (36) is in tandem with scientific reviews
and controlled trials. According to Curtis and Cairn-
cross (2003) [18], incidences of diarrheal disease
were reduced by 30% as a result of handwashing
with soap and Cochrane review produced a range of
30-35 percent reduction in incidences in communi-
ties. This difference in reduction which was slightly
higher in the present study may be attributed to su-
pervised handwashing sessions and repeated health
education messages. However, a controlled trial that
used alcohol-based hand sanitizers as the main
source of hand hygiene with no special focus on
soap-and-water handwashing found smaller changes
in absenteeism caused by diarrhea (White et al.,
2001) [19] which results are valuable in highlighting
the significance of soap-based hand hygiene prac-
tices in the prevention of enteric infections.

Interestingly, the current study also had more ILI-
related absenteeism reduction (41%) as compared to
diarrhea-related absenteeism (36%), unlike in some
past studies that had found higher diarrheal results
as compared to respiratory illnesses (Curtis and
Cairncross, 2003; Bowen et al., 2007) [18,13]. This
difference could be due to the context-related trans-
mission dynamics, seasonal, or greater awareness of
respiratory hygiene related to the raised concern of
influenza at the time of the study. The persistence of
threats of avian influenza in Egypt could have in-
creased the adherence to hand hygiene practices re-
garding prevention of respiratory infections (Kan-
deel et al., 2010) [20].

The strongest impact was recorded on conjunctivi-
tis-related absenteeism which was reduced by 64
percent in intervention groups. Such significant de-
cline is in line with the biological possibility of eye
infections spread by hand, and this decrease is in line
with previous results indicating that conjunctivitis is
very sensitive to hand hygiene (Guinan et al., 2002)
[14]. This outcome has not been quantified
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separately in few previous studies, so this finding
was a valuable addition to literature.

In-class illness reporting techniques had only mod-
erate decreases and in many cases they were not sta-
tistically significant, although other studies have
also reported similar tendencies which would also
imply that the hand hygiene interventions may be
more effective in reducing the severity and duration
of illness rather than preventing the onset of mild
symptoms (Bowen et al., 2007) [13]. In general, the
results of this paper support the current literature that
intensive hand hygiene interventions can be used to
decrease illness-related absenteeism in schoolchil-
dren and also show greater impact on laboratory-
confirmed influenza and conjunctivitis than several
prior studies. These findings confirm the generaliza-
bility of structured hand hygiene programs as a cost-
effective prevention effort in schools, especially in
areas susceptible to respiratory and enteric infec-
tious disease.

Conclusion

This research paper illustrates that an aggressive
campaign on hand hygiene had significant effect on
curbing sickness related absenteeism among school
going kids. There was a similarity between the inter-
vention and control groups at the baseline, which re-
inforced the validity of the realized results. The chil-
dren who were exposed to the hand hygiene cam-
paign had a reduced number of absences because of
general sickness and specific illnesses like respira-
tory diseases, gastrointestinal diseases, and eye dis-
eases. Other areas of reduction included in-class ill-
ness reporting, especially in conjunctivitis, which
implies a reduced spread inside the school. Moreo-
ver, laboratory results were in favor of a reduced in-
cidence of confirmed influenza infections in the in-
tervention group of students. In general, the results
indicate that comprehensive and long-term hand hy-
giene education in schools is a valuable approach to
the promotion of public health to prevent infectious
diseases and related absenteeism in children.
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