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Hypothesis: Impregnated school uniforms reduce the incidence of dengue
infections in school children
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a b s t r a c t

Dengue infection causes a significant economic, social and medical burden in affected populations in over
100 countries in the tropics and sub-tropics. Current dengue control efforts have generally focused on
vector control but have not shown major impact. School-aged children are especially vulnerable to infec-
tion, due to sustained human–vector–human transmission in the close proximity environments of
schools. Infection in children has a higher rate of complications, including dengue hemorrhagic fever
and shock syndromes, than infections in adults. There is an urgent need for integrated and complemen-
tary population-based strategies to protect vulnerable children. We hypothesize that insecticide-treated
school uniforms will reduce the incidence of dengue in school-aged children. The hypothesis would need
to be tested in a community based randomized trial. If proven to be true, insecticide-treated school uni-
forms would be a cost-effective and scalable community based strategy to reduce the burden of dengue
in children.

! 2011 Elsevier Ltd. All rights reserved.

Introduction

Dengue viruses are the most widespread geographically of the
arboviruses and are found in tropical and subtropical areas where
2.5 billion to 3 billion people are at risk of infection [1]. Not only
are dengue outbreaks increasing in numbers, but the disease is also
extending to new geographical areas [2]. Dengue inflicts a signifi-
cant health, economic, and social burden on the populations of
endemic areas. Globally, the number of disability-adjusted life
years (DALYs) per million population lost to dengue is estimated
to be between 528 and 621 per million population [3]. Each year
an estimated 50–100 million dengue infections occur, with several
hundred thousand cases of dengue hemorrhagic fever (DHF) and
some 20,000 deaths.

Dengue in children

Children carry the main burden of morbidity and mortality [4].
Dengue is often more severe in children and associated with a
higher risk for dengue hemorrhagic fever [5]. Infection in children
causes large disruptions in schooling, and parental wage earning,
which in turn has large direct impacts on nutrition and overall

family health [6]. For example, in Northern Thailand, it has been
estimated that dengue contributes 465.3 DALYs per million
population per year among school-aged children in Northern Thai-
land, which accounts for 15% of all DALY loss from febrile illness
in this age group [7]. One investigator stated that, ‘‘In Thailand,
over the past 40 years, 65% of reported cases were confined to
the 5–14 years age group. The reason for this is likely to be an
increase in mosquito breeding and an epidemic of dengue in
schools.’’ [8] Reducing the incidence of dengue in school children
will not only reduce morbidity and mortality but also reduce the
number of school days lost, increase school performance and
reduce the economic burden on parents.

Vector control

Dengue viruses are transmitted by mosquitoes of the genus
Aedes, subgenus Stegomyia (e.g., Aedes aegypti and A. albopictus).
A. aegypti is well established in much of the tropical and subtrop-
ical world and is the main epidemic vector [1]. As a peridomiciliary
mosquito, A. aegypti is well adapted to urban life and typically
breeds in clean, stagnant water (e.g., rain water) and thrives in
proximity to humans. In the absence of an effective drug or
vaccine, the main strategic intervention to reduce dengue trans-
mission is vector control. Integrated vector management can
reduce vector densities considerably, but its effect on dengue activ-
ity remains poor [9]. Routine interventions against the immature
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stages of the vector have proved ineffective [10]. Novel community
based approaches have been investigated such as using insecticide-
treated covers for water storage jars [11], larvivorous fish [12] and
predacious copepods as biological control agents in water contain-
ers [13]. However, questions remain as to their scalability, sustain-
ability, and cost-effective delivery, alone or in combination.

Insecticide treated fabrics have emerged as a key component of
arboviral disease control efforts, in particular for the control of ma-
laria. Insecticide treated bednets have been shown to be a successful
intervention for the control of malaria [14]. Although insecticide-
treated bed-nets are the most cost effective community based inter-
vention to reduce malaria due to the dawn/dusk and night biting
activities of malaria-carrying mosquitoes, their use has no or little
impact on dengue incidence due to the differing mosquito feeding
patterns. Window curtains and domestic water container covers
treated with insecticide can reduce densities of dengue vectors to
low levels and potentially affect dengue transmission [15]. Addi-
tional novel approaches using insecticide treated materials need
to be evaluated for the control of dengue. Personal clothing would
potentially be an excellent target as clothes are worn during day
times. There have been a variety of programs that have applied
insecticide technology to personal clothing, but this has been lim-
ited to military and recreational markets, and not community based
protection. There is an urgent need for integrated and complemen-
tary population-based strategies to protect vulnerable children.

The hypothesis

We hypothesize that insecticide-treated school uniforms will
reduce the incidence of dengue infections in school-aged children.

Rationale for our hypothesis: as children spend a considerable
amount of their day at school, it is likely that schools are primary
sites for exposure to the day-time biting Aedes mosquitoes. Several
authors have suggested schools to be one of the main sites of infec-
tion [16–19] and schools should therefore be a key target for con-
trol. From a pragmatic point of view, schools would be an easier
target rather than dispersed populations. School uniforms are a
cultural norm in most developing countries, worn throughout the
day on an almost daily basis.

The question arises why have impregnated school uniforms not
been used to date? Traditionally it has always been thought that
dengue is mainly acquired in and around homes [20,21]. Further-
more, until recently the main age groups affected by dengue were
small children before school commencement [21]. However, there
is a shift in age towards older children observed in many dengue
endemic countries [16].

Evaluation of the hypothesis

As no studies exist on impregnated school uniforms, our
hypothesis needs to be tested with a large scale community based
double-blind randomized controlled trial. The study should be con-
ducted in highly endemic areas during the high transmission sea-
son. Outcome parameters should not only be the incidence of
laboratory confirmed dengue infections in school-aged children
but also entomological indices at school premises.

Consequences of the hypothesis and discussion

If our hypothesis proves to be true that impregnated school uni-
forms reduce dengue infections in children, this would be a simple,
safe and cost-effective intervention, that is sustainable through
community-based programs. Such a strategy will not only have po-
tential savings from money saved (out of pocket and health sys-
tem) for treatment of illness, but it also has the potential of
improving human development in children by reducing loss of
school days and enhancing school performance. This approach
has the advantages of being very cost-effective, making wide-
spread implementation feasible in countries with limited re-
sources, and making this intervention easily ‘‘scaled-up for
impact.’’
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