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Dengue is the most common and widespread mosquito-borne
arboviral disease globally estimated to cause >390 million infections version 1 ? ?
and >20,000 deaths annually. There are no effective preventive drugs 10 Aug 2022 view view
and the newly introduced vaccines are not yet available. Control of e
dengue transmission still relies primarily on mosquito vector control. 1.1Made Dwi Mertha Adnyana ", Airlangga

Although most vector control methods currently used by national
dengue control programs may temporarily reduce mosquito
populations, there is little evidence that they affect transmission. 2. Perran Ross =, The University of
There is an urgent need for innovative, participatory, effective, and

University, Surabaya, Indonesia

Page 1 of 30


https://wellcomeopenresearch.org/articles/7-206/v2
https://wellcomeopenresearch.org/articles/7-206/v2
https://wellcomeopenresearch.org/articles/7-206/v2
https://orcid.org/0000-0001-7604-3785
https://orcid.org/0000-0002-4351-5704
https://orcid.org/0000-0002-9852-3357
https://orcid.org/0000-0002-5355-0562
https://doi.org/10.12688/wellcomeopenres.18027.1
https://doi.org/10.12688/wellcomeopenres.18027.2
https://wellcomeopenresearch.org/articles/7-206/v2
https://wellcomeopenresearch.org/articles/7-206/v2#referee-response-71940
https://wellcomeopenresearch.org/articles/7-206/v2#referee-response-71941
https://wellcomeopenresearch.org/articles/7-206/v1
https://wellcomeopenresearch.org/articles/7-206/v2#referee-response-65114
https://wellcomeopenresearch.org/articles/7-206/v2#referee-response-63413
https://orcid.org/0000-0002-7167-7612
https://orcid.org/0000-0001-7645-7523
http://crossmark.crossref.org/dialog/?doi=10.12688/wellcomeopenres.18027.2&domain=pdf&date_stamp=2023-12-28

Wellcome Open Research Wellcome Open Research 2023, 7:206 Last updated: 02 FEB 2024

locally adapted approaches for sustainable vector control and
monitoring in which students can be particularly relevant contributors
and to demonstrate a clear link between vector reduction and dengue
transmission reduction, using tools that are inexpensive and easy to
use by local communities in a sustainable manner.

Methods

Here we describe a cluster randomized controlled trial to be
conducted in 46 school catchment areas in two townships in Yangon,
Myanmar. The outcome measures are dengue cases confirmed by
rapid diagnostic test in the townships, dengue incidence in schools,
entomological indices, knowledge, attitudes and practice, behavior,
and engagement.

Conclusions

The trial involves middle school students that positions them to
become actors in dengue knowledge transfer to their communities
and take a leadership role in the delivery of vector control
interventions and monitoring methods. Following this rationale, we
believe that students can become change agents of decentralized
vector surveillance and sustainable disease control in line with recent
new paradigms in integrated and participatory vector surveillance and
control. This provides an opportunity to operationalize
transdisciplinary research towards sustainable health development.
Due to the COVID-19 pandemic and political instability in Myanmar
the project has been terminated by the donor, but the protocol will be
helpful for potential future implementation of the project in Myanmar
and/or elsewhere.

Registration: This trial was registered in the ISRCTN Registry on 31
May 2022 (https://doi.org/10.1186/ISRCTN78254298).

Plain Language Summary

Dengue is a mosquito-borne disease, causing millions of infections
and thousands of deaths annually. Current control efforts focus on
reducing mosquito numbers, but there's little evidence of their impact
on disease transmission. New innovative and locally adapted
approaches are needed to sustain vector control. We describe a trial
protocol for Yangon, Myanmar, involving 46 schools, for reducing the
number of dengue cases and mosquitoes in schools and communities
though various interventions. Middle school students will play a
central role, becoming agents in transferring dengue knowledge to
their communities, leading vector control efforts. The idea is that
students can drive decentralized vector surveillance, aligning with
modern disease control approaches. This initiative offers a chance to
integrate diverse research disciplines for sustainable health
development. Unfortunately, due to the COVID-19 pandemic and
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political instability in Myanmar, the project could not be realized.
Despite this setback, the outlined protocol remains valuable for
potential future implementation in Myanmar or elsewhere,
emphasizing the importance of student involvement in community-
based disease control efforts.

Keywords
Dengue incidence, school, KAP, community engagement,
implementation fidelity, Aedes
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111783’ Amendments from Version 1

We have made minor clarifications in the manuscript based on
the comments from the reviewers. These mainly relate to giving
more details on study settings, vector control interventions
(Methods), justifying the choice of using guppy fish (Discussion),
and adding a few references.

Any further responses from the reviewers can be found at
the end of the article

Introduction

Dengue is the most common mosquito-borne arboviral disease
in the world with an estimated >390 million infections and
>20,000 deaths annually and about 2.5 billion people living in
risk areas'. Dengue is caused by a flavivirus (DENV) consisting
of four serotypes which offer no cross-protective immunity,
meaning that an individual can contract dengue fever up to
four times in a lifetime. Dengue and other arboviruses, such as
Zika and chikungunya, are transmitted primarily by the Aedes
aegypti mosquito vector, which breeds preferentially in artifi-
cial water containers near human habitation. Aedes albopictus
is considered a secondary vector, more abundant in rural areas.
Both vectors are day-biting mosquitoes’. A tetravalent dengue
vaccine has been developed but offers only incomplete
protection and is associated with adverse events in seronegative
individuals®. As there are no current therapeutic and preventive
drugs available’, vector control remains the primary method
to prevent DENV transmission. Vector control with a focus
on the most productive, and hence epidemiologically impor-
tant, mosquito breeding sites is cost-effective, especially in
resource-constrained settings and in disease hotspot areas™.
This requires a sound knowledge of local vector ecology, house-
hold water management practices, and spatial variations in
disease patterns.

The incidence of reported dengue doubles approximately every
decade’, with estimates being highly uncertain due to a range of
factors which change over time including diagnostic criteria,
access to health services and coverage and quality of surveillance
systems. In the 1960’s, dengue was present in nine countries,
but today occurs in at least 128 countries®. The global and
local driving forces responsible for this increase are rapid,
unplanned, and unregulated urban development, globalization,
population growth, climate, inadequate municipal services,
insecticide resistance, and lack of sustainable and integrated
interventions that account for the complexities of ecological
and social systems’”. Despite increased research and knowl-
edge about factors affecting transmission of arboviruses,
effective and sustainable disease control is still lacking.
Disease and vector control have long relied on vertically
structured single interventions with limited or nonexistent
community involvement without recognizing the importance
of complex adaptive social-ecological systems that includes
pathogen-vector-host-environment relationships™'®. There is a
compelling need for integrated, innovative, effective, and locally
adapted approaches for sustainable vector control. Engaging
schools and students and promoting ownership of disease
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control interventions have high potential for achieving sustain-
able change to reduce dengue transmission as engaged local
actors can sustain interventions after an externally funded
project terminates ensuring continuity of project outcomes.

Infectious diseases, such as those caused by arboviruses, are
likely to spread easily in schools due to frequent contact of
students with infective resident mosquitoes breeding in and
near the school'*". Students are disproportionately exposed to
the day-biting habits of Aedes mosquitoes compared to other
age groups. A study in Mexico revealed that students, teach-
ers, and other personnel were more likely to be exposed to
DENV-infected Ae. aegypti females on school premises'.
Schools also provide a cost-effective entry point for dengue
prevention and control that can enhance community-wide
vector control through knowledge transfer from schools to
communities'®. A combination of vector control tools and
pedagogical approaches can improve knowledge uptake as
well as knowledge and technology transfer from classrooms to
homes'®. This is important because dengue predominantly
affects children’, and vector control measures such as mosquito
source reduction require constant household and community
engagement.

Schools have been engaged in national dengue control programs
in several countries and school-based vector control trials have
been associated with increased dengue knowledge'”'®, improved
prevention/control practices in schools'""”, and contributed
to improved school and community-based vector control
activities'®. A trial in Colombia showed that schools receiving
sets of interventions targeting dengue (and diarrhea) risk
factors reduced mosquito breeding in the schools and signifi-
cantly improved knowledge in children'*”’ and their parents
[Sarmiento-Senior, 2022 submitted]. In Puerto Rico’' and in
Thailand”, primary school programs have succeeded in
increasing children’s knowledge of, and participation in, dengue
prevention and control. Similarly, a school-based dengue
control program in Honduras increased knowledge of both the
cause of dengue and the vector life cycle, leading to increased
participation in controlling larval breeding sites and the conse-
quent reduction of the number of sites'’. An ethnographic study
conducted in eastern Cambodia demonstrated partial adher-
ence in routine education activities and the need for approaches
to ensure the translation of knowledge into practice”. However,
a study among university students in the Philippines showed
that students were well aware of the types of mosquito larval
habitats but did not participate much in source reduction
activities™, 1i.e., school-based interventions are useful to
improve knowledge, but not necessarily practices. This reflects
the well-known gap between knowing and acting™.

School-based dengue interventions sometimes engage the wider
community as part of the intervention. Outcomes generally
relate to improved knowledge, attitudes, and practice (KAP)
scores, reduced entomological indices, or community empower-
ment. Few studies show an effect on epidemiological outcomes'®.
A World Health Organization (WHO)-funded pilot project
in Thailand using a combination of top-down and bottom-up
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approaches found that serologically-confirmed cases were
reduced in control areas’. Similarly, risk of dengue virus infection
in children was shown by serological evidence from interven-
tion sites in Mexico and Nicaragua®. Most studies reporting
encouraging results showed that interventions were rarely
sustainable'®”. The effectiveness of school-based measures in
sustainable reduction of vectors or dengue transmission in the
wider community remain to be documented.

Myanmar is a low-income country in Southeast Asia with a
population of approximately 52 million, of which 6.1 million
are children <five years of age. Dengue is a priority disease in
Myanmar”’. The number of dengue hemorrhagic fever (DHF)
cases in Myanmar varies from year to year, with particularly
high numbers in Yangon, Mandalay, and Ayeyarwaddy. More
than 10,000 cases are recorded each year, causing on average
60 deaths®. The number of dengue cases quadrupled between
1970 and 2015%7. Outbreaks were recorded in 2009 (22,400
cases), 2013 (20,255 cases and at least 75 deaths), and 2015
(43,845 cases and 140 deaths)”. A dengue outbreak occurred
in 2017 with 31,000 cases and 192 deaths at the national
level. In 2019, Myanmar also experienced an outbreak of
chikungunya, with several cases recorded in travelers to the
country’’. In Myanmar, there are more than 45,000 schools
with eight million students, making up approximately 17% of
the population”. Most cases of dengue in Myanmar, occur in
children under 15 years old, especially those in the 5-9-year
age group™. At the time of planning this study, one objec-
tive of the National Strategic Plan for Dengue Prevention and
Control of Myanmar was to develop a comprehensive inte-
grated training manual and guidelines including community and
school-based vector control”’. This has led to the Aedes-free
school program, which includes educational and practical
activities.

Considering the global increase in dengue, effective dengue
control should not rely on traditional insecticide-based,
silver-bullet, top-down approaches’*. Simple single-intervention

approaches as practiced in the past were not success-
ful, for example larval source reduction or fogging.
Suitable combinations of site-specific, effective, acceptable,

and sustainable interventions need to be assessed for each
situation®®. Therefore, we developed the current project for
urban communities in Yangon, Myanmar. We aim to reduce
dengue incidence and entomological risk factors, and improve
knowledge, attitudes, and prevention practices by applying inno-
vative combinations of school-driven non-insecticidal vector
control tools, educational and knowledge transfer approaches by
enhancing the school curriculum, building teachers’ capacity;
and communicating behavioral change and transfer of knowl-
edge following previous guidelines and recommendations-%7-%,
A process evaluation will be conducted to supplement and
strengthen the impact evaluation and to understand the proc-
esses and mechanisms of the interventions that can help explain
impact or lack thereof.

Methods

Objectives and hypotheses

The overall objective of this trial is to assess the impact of
student-driven interventions on dengue incidence, mosquito
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indices and dengue knowledge, attitudes and prevention

practices in schools and communities.

The specific project objectives are to

1. Reduce dengue incidence in schools and communities.

2. Reduce entomological indices in schools and communi-
ties.

3. Improve knowledge of dengue, entomology, and vector
control in students and their parents.

4. Engage students, teachers and relevant stakeholders in
community vector control and monitoring.

5. Facilitate improved teaching capabilities by training of
teachers and enhancing the dengue school curriculum.

6. Determine implementation fidelity and adaptation of
interventions through process evaluation.

The main hypothesis of the study is that the dengue incidence
rate will be lower in the intervention arm compared to the
control arm. Other hypotheses are that mosquito indices will be
lower; and that there will be improvements in the knowledge,
attitudes and practices (KAP) regarding dengue risk reduction
and community engagement in vector control activities in
the intervention arm compared to the control arm.

Trial design

This cluster randomized controlled trial (RCT) is designed to
study the effect of integrated entomological and educational
interventions on dengue incidence, adult dengue mosquito
density and KAPs regarding dengue risk reduction among
students and parents in two townships in Yangon, Myanmar. The
rationale for a cluster design is that interventions are area-wide
in character, since they will be implemented in schools, rather
than targeting individuals. It is not feasible to randomize some
individuals within a school to one intervention and other indi-
viduals to another. Schools (clusters) will be randomized
into an intervention arm and a control arm.

Study setting and participants

The study is planned to be conducted in South Dagon and
Shwepyithar townships in Yangon Region, Myanmar (Figure 1).
These townships were selected out of the 45 in Yangon
because of high dengue incidence and absence of other dengue
projects. The population in South Dagon is ca. 307,000 and
in Shwepyithar ca. 287,000. During 2013-2018 there were
a total of 1,465 reported dengue cases (mean 244/year) and
15 deaths in South Dagon and 1,420 cases (237 cases/year) and
eight deaths in Shwepyithar. These two townships represented
approximately 12% of all reported dengue cases in Yangon
Region during this period. There are 46 middle schools and
high schools in these two townships, 20 in South Dagon and
26 in Shwepyithar. In 2019, there were an average of 250 sixth
grade students per school. 40 high or middle schools will be
included in the study (Table 1). In each school approximately
40 sixth grade students (1-2 classes) will be selected based
on feasibility, logistics, and willingness to participate. Each
school and its catchment area (buffer zone) will be mapped.
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Myanmar

Yangon Region

Shwe Pyi Thar

‘Ward Boundary

e Middle and High School

Figure 1. Map of study sites in Yangon, Myanmar. Data Source: Ministry of Education, Myanmar.

Table 1. Eligibility criteria.

Schools

Students

Inclusion criteria

High and middle schools in selected townships in
Yangon.

Schools that have at least 40 6" grade students.

Approval by headmaster of school through signed
informed consent and Letter of Agreement.

Approval by relevant teachers by signed informed
teacher consent.

Students who will start 6™ grade in June Year 1.
Signed informed assent.

Signed informed consent by parents.

Exclusion criteria

- Schools with other ongoing dengue interventions.

Schools with classes with fewer than 40 6™ grade
students

- International schools not using the national
curriculum and Burmese as language of instruction.

- Boarding schools.

- Students who are seriously ill and not considered
physically fit to participate.
- Students whose parents do not provide consent.
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Non-overlapping school catchment areas that include students’
households represent the study clusters. Eligibility criteria
are described in Table 1. The delineation of school catch-
ment area will consider mosquito flight distance from schools,
but also providing sufficient buffer zones between adja-
cent catchment areas to avoid contamination between inter-
vention and control schools. It is anticipated that a minority
of students (<10%) will live in a different school catchment
area within the two study townships. Due to the current health
and security situation in Myanmar, the project has been termi-
nated by the donor, but the protocol forms a basis for future
implementation in Myanmar or elsewhere.

Interventions

The interventions consist of integrated sets of vector control
and educational/knowledge transfer interventions that will
be implemented simultaneously. The justification for imple-
menting sets of interventions instead of single interventions
is the growing consensus that single interventions are not
sufficient to control vector borne diseases because of the com-
plexity of the transmission systems and their components*.
Vector control tools must also be integrated with educational
interventions and knowledge transfer to achieve sustainable
change. Interventions will be implemented in schools and com-
munities by students and teachers with project staff oversee-
ing the quality and coverage of the interventions as part of the
process evaluations (see below). Interventions will commence
at the start of the school year (June Year 1). No interventions
will be implemented in the control arm. However, schools and
communities may receive control activities carried out by the
national dengue control program. These schools also receive
standard dengue control instructions from the School Health
Division.

The vector control intervention has four components: (1) Adult
mosquito mass trapping using commercial oviposition traps
(Gravid Aedes Trap (BG-GAT)* and locally produced traps
(plastic bottles) constructed by students will be placed in both
schools (10 per school) and a ample of 40 students’ households
(one per household). Homemade traps will also be distrib-
uted to the communities by students. (2) Larval control using
larvivorous guppy fish (Poecilia reticulata). Guppy fish will
be placed in suitable water storage containers in schools and
households. Guppy fish production facilities (5 jars per school)
will be set up in intervention schools, and students will learn
how to manage these, propagate new fish, and distribute
fish to their households and communities. (3) Prevention of
mosquito breeding using tightly fitting lids or covers for water
storage containers made of tarpaulin or other locally pro-
duced materials. These will be distributed to all intervention
schools and 40 associated households per school. (4) Source
reduction by weekly solid waste management and cleanup
campaigns by students around their schools and households.
This intervention require provision of garbage bags, protective
gear and other material.

The education and knowledge transfer intervention has two
components: (1) Dengue curriculum enhancement and capacity
building for teachers, consisting of a participatory approach to
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transformative education. Teachers and representatives from
the Ministry of Health and Sports (MOHS) and the Ministry
of Education (MOE), together with the research team, will
review the current school curriculum and teacher’s manual,
identify potential entry points, and co-create new teachers’
manuals, lesson plans, and activities in line with the project’s
focus on participatory, inquiry and place-based education**.
This approach can be deployed to solve community problems
by engaging students and school staff and combined with an
adapted Communication for Behavioral Impact (COMBI)*
strategy will contribute to knowledge diffusion from schools
to communities and improvement of health education outcomes.
Activities will cover theoretical sessions on dengue disease,
entomology, biology, vector control, and ecology combined
with extra-curricular practices, such as field studies on mosquito
ecology, breeding habitats, and mapping; mosquito reproduc-
tive biology (life cycle) experiments; adult mosquito trap crea-
tion; guppy-mosquito predator-prey interaction experiments;
and larvae and adult surveillance. The enhanced dengue cur-
riculum will subsequently be evaluated by teachers and adapted
accordingly to ensure applicability and sustainability. (2) Com-
munication for behavioral change and transfer of knowledge.
The COMBI-approach® will be adapted to the current school
settings, which will result in the development of key messages
and communication materials through a school-community
collaboration. Science fairs and dengue days will be organized
once a year to provide a platform for hands-on student experi-
ments and projects, display acquired knowledge, and encourage
knowledge and perception sharing between students, teachers,
parents, and the wider communities. During the fairs, exhibi-
tion of vector control techniques, personal protection, student-led
surveillance programs, and role-playing games involving
students, parents, and teachers will be showcased to foster
knowledge sharing and stimulate concerted actions for decentral-
ized dengue surveillance and control. Community engagement
will be carried out by students through school assignments and
group work. Participatory epidemiology mapping activities
and scenario building will be facilitated once per term where
researchers, social science facilitators, teachers, and students
collaborate on creating spatial representations of breeding
sites and behaviors influencing transmission risk around the
school areas. This will result in a map representing dengue
epidemiological dynamics, as well as lead to the identification
of a set of relevant, acceptable strategies for dengue prevention
and control*.

Outcomes
The primary outcome is dengue incidence rates in communities
(Table 2)

The secondary outcomes are:
1) Dengue incidence rates in schools.
2) Mosquito adult index in schools and households.
3) Breteau index in schools and households.

4) Knowledge, attitudes and practice scores in students
and parents.
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5) Behavioral assessment of students and parents on
dengue control and prevention.

6) Engagement assessment among students, parents and
teachers in vector control activities.

Sample size

The required sample size was estimated based on the primary
outcome, dengue incidence in communities. Since the numbers
of dengue cases in each school catchment area were unknown,
the sample size is necessarily an estimate. This estimate was
attained by using township level data from the two selected
study townships. There was a total of 2,885 dengue cases in
South Dagon and Shwepyithar townships during 2013-2018
giving an average of 480 cases/year during this period.
Dividing the number of cases with the number of middle
and high schools in these two townships gives a conservative
estimate of 480/46=10.5 cases per school catchment area per
year. We plan to recruit a minimum of about 40 students per
school per year. The calculations would assume that in the
control, the incidence is 10.5 dengue cases per 40 person-years
of observation i.e., incidence rate of 0.26 dengue cases per
person-year of observation and expect this to drop to approxi-
mately 0.18 dengue cases per person-year of observation in
the intervention (i.e., 7.35 dengue cases per 40 person-years
of observation). Using a cluster randomized design with 46
schools (23 schools per arm) and 10.5 cases per school catch-
ment area at baseline, with 0=0.05 this study has more than
80% power to detect an approximate 30% reduction in the
dengue incidence rates between the control and the intervention
arms. This estimate assumed an intra-cluster correlation coef-
ficient (ICC) of 0.01. An intra-cluster correlation coefficient
(ICC) for the dengue outcome is not available in the literature.
We therefore used the next best available estimates, based on
our previous assessment of ICCs for malaria prevalence and
incidence in Myanmar which are low in this country, on
average 0.003 (95% CI 0.000-0.010)*. Although malaria is
a different vector-borne disease with different transmission
pattens in different settings, we think that the ICCs for malaria
in Myanmar probably are the most realistic we can get and
provide better estimates than unfounded guesses. The ICC is
context-specific (location, spatial scale, etc.) and is preferred
for studies with binary outcomes, such as this trial. As an addi-
tional guide, a reduction in dengue incidence by 25-30% would
be consistent with the objectives of both the WHO Global
Strategy for dengue prevention and control 2012-2020* and
the WHO Global Vector Control Response 2017-2030". Lack
of data on adult mosquitoes in the study area precluded a
sample size calculation for the quantitative secondary outcomes
on adult mosquitoes. However, the number of adult mosquitoes
in the area is expected to be large?, thus giving substantial
power to detect differences between the two arms. All 46
schools will be included in the study, using an equal cluster size
of 23 schools per arm. Both arms (intervention and control)
will be represented in each township. The power calculations
were performed in Stata 16.

Recruitment
A series of project information, sensitization, and recruitment
meetings will be held with relevant township administrators;
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school principals, teachers, and other school staff; and par-
ents and students. Schools, teachers, students, and parents will
be enrolled at these meetings. Participants will be informed that
participating in the project is voluntary. Consent and assent pro-
cedures will be carried out during these meetings and letters of
agreement between schools and the project signed. Additional
meetings to inform healthcare workers in hospitals and health
centers and training on how to collect patient data following
Good Clinical Practice (GCP) guidelines will also be carried out.

Randomization and blinding

Allocation of interventions will be done after baseline collec-
tions (described below). Of the 46 eligible schools, 23 will be
allocated to the intervention arm and 23 to the control arm. This
will be accomplished by an open public lottery event. At this
event, representatives from each school will attend, includ-
ing regional and township health and educational representa-
tives, teachers, parents, and students. Information about dengue
and the goals of the project will be given. The reasons for rand-
omization, its procedures, and the concepts of intervention and
control will be explained. Attendees will also have a chance
to ask questions about dengue, vector control, health seek-
ing behaviors, personal experiences of dengue, and specific
details about the project. The lottery will be carried out as
follows. Small pieces of paper, indistinguishable from one
another, numbered from 1 to 46, will be folded and placed in
non-transparent envelopes and mixed in a bowl. Each number
represents a cluster (school) and a list of the schools with
their respective number will be consulted during the process.
A large screen with the numbered list of school names will
be shown above the bowl, visible to everyone. A person not
involved in the study, and accepted by all participants, will be
selected to make the draw. Two flip boards with large sheets
of paper will be placed on either side of the bowl with the
heading ‘Intervention’ and ‘Control’ (in Burmese). The first
number drawn (representing a specific school) will be assigned
to the Intervention arm, the next number/school drawn will
be assigned to the Control arm, and so on. Following the
draw, the implications of being in either of the two arms will be
discussed and the roles of participants, health volunteers, and
sub-district hospital staff will be reviewed. By following this
lottery scheme, the interventions are allocated at the same
time as the sequence is generated, obviating the need for
allocation concealment. At this meeting we will take care
not to provide any information about planned dengue control
interventions that will be used in the trial to participants from
the control arm to minimize contamination between the groups.

The study is unblinded for both participants and data collectors
due to the nature of the intervention, e.g., it is not feasible
to use placebo interventions of larvivorous fish.

Data collection

Disease surveillance. The primary outcome will be assessed
by passive case detection in communities and in schools. The
number of dengue cases in communities will be assessed during
the study period (Figure 2) through all hospitals and health
centers in the two townships. These will be supported by
monthly visits and provision of rapid diagnostic test (RDT)
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TIMEPOINT - Year Year1 Year2
Month Jan | Feb | Mar | Apr |May (June | Jul | Aug | Sep | Oct | Nov | Dec| Jan | Feb |Mar | Apr |May | Jun | Jul
School year shaded (school start in June) <
Enrolment Post-allocation data collections C(I:lste
ENROLMENT:
Eligibility screen - schools .'_"x
Request student & parent participation e P x
Informed consent ¢ P x
Allocation X
INTERVENTIONS
Vector control ¢ l}x i s 4
Education & knowledge transfer o |"X
ASSESSMENTS
Baseline variables
Dengue incidence in schools (SRs) X
Dengue incidence in households (SRy) X
Mosquito collections (Al & BI) X
Knowledge, attitudes & practices X
Behavioral assessment X
Outcome variables
Dengue incidence in community (DI) ¢ =x
Dengue incidence in schools (SRy) X X
Mosquito collections (Al & BI) X X X
Knowledge, attitudes & practices (KAP) X X X
Behavioral assessment (BA) X X X
Engagement (E) X X X
Other variables
Process evaluation - vector control X X X X
Process evaluation - education & knowledge transfer X X X X
School infrastructure survey X
Household infrastructure survey X
Trial close out X

Figure 2. Time schedule of enrolment, interventions, and pre- and post-allocation data collections based on Standard Protocol

Items: Recommendations for Interventional Trials (SPIRIT) check

list*®. Arrows indicate continuous activities. Dashed arrow indicates

that some of the vector control interventions will continue until June Year 2. Primary and secondary outcome measures in parentheses; see

Table 2 for further details.

kits by the project. Cases of fever in participating schools will
be monitored during school hours. In both communities and
schools, fever cases with dengue-like illness fitting the WHO
case definitions using clinical symptoms (fever, severe joint
and muscle pain, intense headache, rash, etc.) will be recorded
and RDTs performed using an antibody/antigen RDT (SD
BIOLINE Dengue Duo NS1/IgG/IgM test kit, Standard

Diagnostic Inc., Korea). Students and staff in schools will be
referred to a nearby participating hospital, clinic, or school
health medical offices for confirmation using RDTs as above.
Written informed consent will be taken from each person who
agrees to participate in the study. The RDT cassette will be used
for confirmation of dengue virus and serotype using polymerase
chain reaction (PCR).
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The secondary disease outcomes will be assessed by sero-
prevalence assessments in schools and households at baseline
(June Year 1) and at two follow-ups (four and eight months after
baseline) and seroconversions between these two time points.
In each school, a total of 40 students, teachers and staff (20
randomly selected 6% grade students, 20 randomly selected
students in grade 1-5 based on feasibility and financial reasons)
will be asked to provide a finger prick blood sample for a
dengue RDT. Similarly, seroprevalence will be assessed in
40 households per school catchment area of which 20 will be
students’ households and 20 randomly selected households in
each school catchment area. One randomly selected person
(any age >1 year old) in each household will be selected. Thus,
there will be 20%23 = 460 individuals in each group (6 graders,
grades 1-5, student households and other households) which
permits detection of a 30% difference in seroconversion
between the two study arms allowing for a 10% dropout rate,
with 80% power and 5% significance. The presence of dengue
antibodies (IgG and IgM) will be confirmed by a finger prick
blood sample of 10uL and a rapid diagnosis test (RDT) kit (SD
BIOLINE Dengue IgG/IgM, Standard Diagnostic Inc., Korea).
A seroconversion will be determined when an RDT negative
person becomes positive in a subsequent collection. Written
informed consent will be taken. Data on potential confounders,
e.g., age, sex, residence, travel history, and previous dengue
history will be collected for each person using a short case
report form (CRF).

Mosquito collections. Mosquitoes will be collected in each
of the selected 46 schools and in at least five of the 20 selected
households per school at baseline (June Year 1) and at three
follow-ups (four, eight, and 12 months after baseline). In each
school, adult mosquitoes will be collected using battery-driven
aspirators for 15 minutes indoors (classrooms, canteen, toilets)
and 15 minutes outdoors (at typical student gathering points,
e.g., in vegetation). In each school, all breeding sites will be
inspected and the following recorded: number of total contain-
ers, number of wet containers, number of containers positive
for mosquito immatures (all genera and species), container
type, and location (indoors/ outdoors). Mosquito larvae will
be collected from all positive containers using regular sweep
nets, dippers or strainers. Pupae will be collected using the
pupal-demographic survey method’ and the single water-surface
sweep-net procedure for large containers®. Mosquito collections
in households will be done in the same way, except that adult
mosquitoes will be aspirated for 10 minutes indoors (living
room, bedroom, toilet, kitchen) and 10 minutes outdoors (e.g.,
in vegetation). In addition, entomological monitoring, one
continuous week each month, will be done using BG-GAT
ovitraps (glue strips) in both schools and households and. Traps
will be managed by students as part of the enhanced school
health curriculum and hands-on activities and will be com-
pared with data collected by project teams. After the one week,
mosquitoes on glue strips will be collected by project staff and
identified. Species composition of mosquito larvae will be
determined (Ae. aegypti, Ae. albopictus, Culex, Anopheles, and
‘Others’). Aedes pupae will be identified and sexed using
published keys™. Adult mosquitoes will be sorted by sex and
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identified to species level (Ae. aegypti, Ae. albopictus, Culex
spp. and ‘Others’) using a stereomicroscope. Presence of blood
and blood digestion status (Sella’s stages) of female mosquitoes
will be determined by external examination of abdomens.
Dissection will be done in a sample of Ae. aegypti and Ae
albopictus to assess their parity status. A commercially available
DENV NS1 ELISA kit, the Platelia Dengue NS1 Ag kit
(Bio-Rad Laboratories; Catalogue no. 72830), will be used to
detect DENV in a sample of collected mosquitoes. Heads and
thoraces of individual adult mosquitoes will be stored sepa-
rately in 1.5 mL Eppendorf tubes. The abdomens will be pooled
(five-10 mosquitoes per pool depending on catches) and stored
in 1.5 mL Eppendorf tubes. Mosquitoes will be stored in
-20°C. Virus detection will be performed on pooled and indi-
vidual specimens using real-time RT-PCR (qPCR) and primers
and probes targeting all four DENV serotypes”'. Positive samples
will be submitted to a second run specific qPCR to determine
the DENV serotype™.

Knowledge, attitudes, and practices (KAP). KAP measure-
ments regarding dengue and vector control in students, parents,
and teachers, will be assessed using pretested surveys on elec-
tronic forms on computer tablets. Endpoint sum KAP scores on
a scale from 1-10, where 10 indicates the highest score, will be
calculated for students and parents. KAP surveys will be done
at baseline (June Year 1) and at three follow-ups (four, eight,
and 12 months after baseline). Additional methods to assess
changes in KAP and behaviors include key informant inter-
views, focus group discussions, in-depth interviews, and obser-
vations. Data for the behavioral models (below) will be collected
through validated constructs included in the KAP surveys.

Behavioral assessment. Despite the widespread applica-
tion of KAP measurements, a common limitation is that these
assume all behaviors to be rational and requiring a high level of
cognitive effort. KAP measurements fail to take into account
irrational determinants of human behavior such as heuristics
(i.e., adaptive-thinking approaches when making decisions in
complex situations) and cognitive biases (i.e., cognitive pitfall
where people make systematic reasoning errors resulting
from reliance on mental shortcuts) stemming from behavioral
economics. Behavioral economics is a discipline combining
both economics and psychology, which aims to provide an
alternative perspective to the assumption that behavior is gov-
erned by rational decision making, as exemplified in traditional
economics®. The behavioral assessment will be conducted to
include relevant factors (e.g., heuristics, biases) influencing
dengue prevention, in addition to the factors captured by the
KAP measurement. These factors will be identified through
the literature and formative research. Results from the behav-
ioral assessment will be used to develop a more comprehensive
model to understand and predict people’s behavior in relation
to dengue control and prevention. Results and models will be
compared between intervention and control arms and between
pre- and post- intervention groups. This will allow estimation
of direct and indirect effects of the interventions on vector con-
trol behaviors. Data for the models will be based on validated
constructs, representing the identified behavioral factors,
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included in the KAP surveys. Constructs are abstractions that are
created and validated by researchers in order to conceptualize
a latent variable, which is correlated with scores on a given
measure, although not directly observable. The scores of each
measure will be recorded on a six-point bipolar scale (e.g.,
good-bad), or on a six-point Likert scale in which the respond-
ents will present their opinion on a scale ranging from
strongly disagree to strongly agree and adjusted for children’s
cognitive skills’**. Structural equation modeling will be used
to validate and measure the model parameters (see data analysis).

Engagement assessment. Degree of engagement among
students, parents, and teachers in vector control activities will
be assessed using a set of qualitative methods, including
photovoice™, in-depth interviews, and focus group discussions.
In the photovoice sub-study students will take photographs that
reflect their experiences and perspectives, engaging them in
dialogue on community health issues and reaching influencers
and key stakeholders to catalyze social and behavioral change.
Thus, students will develop an understanding of perspec-
tives and understanding of mosquitoes, vector control, and
any behavioral changes in relation to vector control activities,
including unanticipated changes or consequences as a result of
participation in the intervention. A group of approximately 10
students in four intervention schools, two in each township,
will be invited to participate. Students will be trained in how to
use cameras and on ethical issues associated with taking photos,
and subsequently asked to generate photo assignments related
to dengue and the dengue control interventions. A facilitator
will moderate group discussions with participants whereby
‘trigger’ photographs are selected through a structured activity
using a Freirean-based inductive questioning technique’” used
to catalyze critical dialogue to encourage reflection and gener-
ate new understanding of the issue students choose to highlight

Wellcome Open Research 2023, 7:206 Last updated: 02 FEB 2024

in their photographs. Teachers’ engagement will be assessed
through in-depth interviews (approximately 23 teachers both
pre- and post-intervention to include all intervention schools).
Additionally, there will be two focus group discussions con-
ducted post-intervention. With teachers, the following topics
will be discussed: 1) roles and responsibilities in vector control
education/activities; 2) school outreach activities; and 3) opera-
tional or social challenges of education and knowledge transfer
to the wider community. Parental engagement will be assessed
using in-depth interviews held during parent-teacher meetings
(approximately 46 parents, two parents per intervention school).
This will gauge the effect of the intervention on bi-directional
knowledge flow and engagement between schools, households
and the wider community. In particular, interview guides for
parents will explore five areas relating to community engage-
ment and the social context of the education and knowledge
transfer interventions: 1) personal history (migration, poverty,
conflict); 2) perceived health problems (dengue/fever concepts);
3) perceptions of vector control activities; 4) involvement in
the school outreach interventions; and 5) perspectives and
experiences related to community engagement for vector control
and prevention throughout the whole intervention®.

Process evaluation. A systematic process evaluation in the
intervention arm will be conducted to assess implementation
fidelity and adaptation, as well as perception of the dengue
control interventions. Implementation fidelity, i.e., the extent
to which the intervention was implemented as intended will be
assessed, as will adaptation, i.e., the extent to which partici-
pants introduce changes to the original components/activities
of the intervention to address contextual needs and challenges™.
The conceptual framework for implementation fidelity devel-
oped by Carroll et al.® will be applied using specific process
evaluation measures (Table 3). Implementation fidelity will be

Table 3. Process evaluation measures.

Measure Description

The extent to which the
vector control activities
were implemented as
intended at schools and
in households

Implementation fidelity of the
vector control interventions

The extent to which the
education/ knowledge
transfer activities were
implemented as intended
by teachers

Implementation fidelity of the
education/knowledge transfer
interventions

Reflection and adaptation of
the intervention components

To develop an
understanding of
perceptions and
experiences related to
the education/ knowledge
transfer interventions

Unit Frequency Details

of data

collection
Sum scores on a 4 times: Assessed by
scale from 1-10, ~Jul. Year 1 observation and using
where ten indicates ' index scorecards
the highest score - Nov. Year 1,

- Mar. Year 2,

- Jun. Year 2.
Sum scores on a 4 times: Assessed by
scale from 1-10, -Jul. Year 1 observation and using
where ten indicates ' index scorecards, as
the highest score, = NOV-Year 1, el as through logbook
logbooks and - Mar. Year 2, data collection
qualitative data -Jun. Year 2.
Logbooks, 2 times: Assessed using
qualitative data “Nov. Year 1, teachers’logbooks and
and code book. ' qualitative methods:

- Mar. Year 2,

in-depth interviews and
focus group discussions
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assessed using an index score (ranging from 1 to 10) comprising
variables that assess intervention exposure, dose, adherence,
quality of delivery, program adaptation, and responsiveness.
Index score cards will be developed for both the vector con-
trol and education/knowledge transfer interventions. The vector
control interventions will be assessed through observation in
school premises and households during four visits after
implementation of the interventions (Figure 2). The first three
visits will be performed during the trial year, a follow-up visit
will measure sustainability of the vector control activities.
The index score cards for measuring vector control fidelity
will include measurements of lid coverage, guppy fish and trap
maintenance and waste management.

The education and knowledge transfer interventions will be
measured through observation using video recordings as to
minimize social desirability and observer bias. The recordings
will take place at four key time points: first when MOE and
MOHS representatives deliver the enhanced curriculum to the
teachers; then two times in the school context, when teachers
deliver the curriculum to the students; and finally, a follow-up
measurement of sustainability and adaptation, when the
representatives of the MOE and MOHS deliver the curriculum
to a new group of teachers for the upcoming schoolyear. As
described above, the curriculum, and associated teachers’ manu-
als, will be developed through a participatory approach which
will result in the development of the core components of the
education/knowledge transfer intervention. Accordingly, the
instruments to measure implementation fidelity of these inter-
ventions will be developed based on these core components and
included in the index score card. The score card scores will be
compiled into a comprehensive implementation fidelity index,
similar to what has been used in water, sanitation and hygiene
interventions®'. Teachers will be trained in using a logbook for
documenting their experiences with the curriculum and the
manual, to be able to record their own implementation fidelity
and adaptation from the educational/knowledge transfer inter-
ventions. The logbook assessment will focus on the dynamics
of the educational interventions, the teachers’ roles, adaptation
to changes brought about by activities, implementation fidelity
moderating factors (i.e., comprehensiveness of policy descrip-
tion, strategies to facilitate implementation, quality of delivery,
and participant responsiveness), barriers, and facilitators of
the implementation, and any unintended effects®. Notes from
the logbooks will be compiled into a manual that will serve
as adaptation guidelines for the following years.

In addition, focus group discussions and in-depth interviews
with parents and students will be conducted to develop an
understanding of perceptions and experiences related to the
education/ knowledge transfer intervention. The total number
of discussions will be guided by the principle of data satura-
tion, but there will be at least five focus groups (during two
time points) with parents and students, respectively; and 20
in-depth interviews to elicit more nuanced data on emerging
themes stemming from the focus groups. Qualitative data will
be transcribed in the language in which it was conducted,
translated into English and back translated to ensure accu-
racy. Findings from the quantitative and qualitative data will
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be triangulated to provide a comprehensive overview of the
implementation process.

School and household surveys. School infrastructure surveys
will be conducted at baseline in all schools to determine number
of students, teaching and non-teaching staffing capacity person-
nel, existing health activities, facilities (e.g., classrooms, water
and sanitation and hygiene facilities). A household survey will
be conducted in all households of the participating students.
It comprises a household questionnaire with the number of
people living in the house (household roster), and their age,
sex, level of education, occupation, and whether each inhabit-
ant is a permanent member of the household. In addition, data
will be collected on room occupancy, household assets, socio-
economic status, type and quality of house structure (roof, walls,
ceilings, and floors), sanitation facilities, household water
management practices, source of drinking and non-drinking
water, solid waste collection and disposal, hygiene practices
domestic animals, and mosquito control activities. The house-
hold roster will be updated at each entomological data visit. The
geographical coordinates of each school, participating student’s
households and school catchment areas will be mapped using
handheld Global Navigation Satellite System (GNSS) devices
and satellite imagery combined in a Geographical Information
Systems (GIS).

Climate and environment. Data on rainfall, temperature, and
humidity will be collected by measurements in schools, as well
as from nearby meteorological stations. Household densities
(crowding) in school surroundings and school catchment areas
will be collected from annotation of satellite images, as will land
use including the presence of non-residential areas, vegetation,
and water bodies.

Data management

Unique identification numbers will be given to each participat-
ing school, teacher, student, and household. Each household
member will also receive a project ID number. Data will gener-
ally be collected using pre-programmed tablets. A detailed Data
Management Plan (DMP) has been developed using ‘FAIR’
principles for Horizon 2020 projects (i.e., data are Findable,
Accessible, Interoperable and Re-usable)®”. Data will be stored
in a password protected, anonymized database, which will only
be accessible by the study team. Any documentation contain-
ing information about patients or biological specimens will
be kept in a locked cupboard at the Malaria Consortium office
in Yangon. Automated data quality checks will be built into
the data collection system with further checks at the time of
data extraction and analysis. Spatial data on household loca-
tions, mosquito collection sites, and climate will be stored in
a spatial geodatabase. This will be supported by a project data
manager based in Yangon and supported by the MORU Clini-
cal Trials Support Group and Epidemiology Departments in
Bangkok.

Data monitoring committee
The formation of a data monitoring committee was assessed
not to be required, because the trial is considered low risk for
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participants and of short duration. For the same reasons interim
analyses and stopping guidelines were not included in the study.

Adverse events monitoring and reporting (harms)

No enhanced risks are expected for the participants in this
project, whether physical, mental, or social. There is no compen-
sation for study participants (including expenses and access to
medical care).

The proposed interventions are environmentally friendly and
do not include drugs, vaccines, insecticides, or other chemical
substances. Certified nurses, doctors, technicians, or trained
project staff will used single-use sterile safety lancets to take
blood samples from participants. These lancets are designed to
minimize pain during blood sampling and reduce the risk of
needle injury by immediate retraction of the needle after use.
The interventions are therefore considered safe for humans
and have no negative consequences for the external environ-
ment. International concerns have been raised whether release
of guppy fish might escape into the environment and negatively
affect native biodiversity®. In this project, guppies will be dis-
tributed to isolated water storage containers and are not likely
to escape into the environment. There are few, if any, studies
showing that the risk of guppy escape into local ecosystems
as a result of vector control is high and detrimental to aquatic
ecosystems. Furthermore, the National Guidelines for Dengue
Prevention and Control in Myanmar recommend the use of

larvivorous fish as a dengue larvae control strategy®.

Auditing
There will be no formal auditing of this trial.

Data analyses
Effect of intervention on primary outcome

1. Dengue incidence rate in communities (DI). The total
cumulative number of dengue cases in the communities
will be recorded passively through patients presenting
at collaborating public hospitals and health centers
in the two townships. Each case will be confirmed by
dengue antigen/antibody RDTs. Each case that resides
in the school catchment areas will be noted as such.
The denominator will be the estimated population in each
school catchment area. Data analysis for the primary
outcome will be a comparison of the overall difference
in incidence rate of confirmed dengue cases between
the intervention and non-intervention school catchment
areas with sub-analyses comparing the monthly inci-
dence over time, before, during and after the interventions
to examine the timing of any intervention impact.
Incidence data will be collected continuously over a
one-year period. At the cluster level, analysis will be
by intention to treat, i.e., taking the trial arm as that to
which, each cluster was randomized. At the individual
level, people will be taken to have the allocation of the
arm in which they are resident at the time of any data
contributed. A flowchart showing numbers of clusters,
and average numbers of households per cluster,
over time will be constructed in accordance with
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Consolidated Standards of Reporting Trials (CONSORT)
guidelines®. For the primary analysis, missing data
may occur if complete clusters decline to continue in
the trial. In this case, the cluster will still be included as
long as any data on the primary outcome are available.
This does introduce a risk of bias in estimating effec-
tiveness, if loss of clusters is related to performance
of the interventions. Dengue incidence in communities
will be analyzed using a Poisson regression model. A
negative binomial regression will be considered if there
will be over-dispersion in the Poisson distribution. The
response variable will be the number of dengue cases
per cluster and the exposure will be the person-time
at risk. Hence, the analysis will yield rate ratios.
Multilevel models will not be used for this outcome since
the number of cases may be too small for them to be
fitted robustly. Statistical significance will be declared
at 5% significance level. The 95% confidence intervals
will be calculated and reported where applicable. A
detailed statistical analysis plan (SAP) will be developed
prior to database lock.

Effect of intervention on secondary outcomes

2. Seroconversion rates in schools (SR,). The proportion
of dengue antibody seroconversion in schools will be
calculated as the number of seroconversions between
the baseline and subsequent follow-ups at four and
eight months after the implementation of the interven-
tions divided by observation-days of school populations.
The definition of seroconversion is when a participant
has converted from being IgG (or IgM) negative dur-
ing one sampling event to being IgG (or IgM) positive
during a second sampling event. Dengue incidence based
on seroconversions will be analyzed using a Poisson
regression model. A negative binomial regression will
be considered if there will be over-dispersion in the
Poisson distribution. The response variable will be the
number of dengue cases per cluster and the exposure
will be the person-time at risk. Hence, the analysis
will yield rate ratios. Multilevel models will not be
used for this outcome since the number of cases may be
too small for them to be fitted robustly.

3. Seroconversion rates in households (SR,). The
proportion of dengue antibody seroconversion incidence
in a selection of 40 households per school catchment
area will be calculated and analyzed in the same way
as for schools.

4. Mosquito Adult Index in schools (AIS). This the number
of adult female Ae. aegypti and Ae. albopictus (com-
bined) per school or per house collected both indoors
and outdoors for 15 minutes at each location (30 min
total collection time) using a battery-driven mechanical
aspirator. Collections will occur at baseline and once
every four months in all schools. A negative binomial
regression will be done with the number of mosquitoes
as the outcome variable and number of school-visits as
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the exposure (denominator) variable, i.e., the logarithm
of the number of schools as the ‘offset’. A logarithmic
link function will be used. Hence, the exponential
of the coefficient for arm will be the between-arm
ratio in Adult Index (AI) according to the response
variable used. Additional analyses of the Al will be
done by including the baseline value as an additional
covariate. Due to the potential skewness of these values,
this will be done by categorizing the index as zero, or
above or below the median of the positive values.

Mosquito Adult Index in households (AIy). This is
the same as Al except that collections in households
will be done for 10 minutes indoors and outdoors,
respectively (20 min total collection time). Collections
will occur at baseline and once every four months in
five selected households per cluster. This index will be
calculated and analyzed in the same way as Al,.

Breteau Index in schools (BI)). The BI is the number
of containers with Aedes immatures/100 schools. It
will be calculated at baseline as well as for each of the
three follow up time points. This index will be analyzed
similarly to the Adult Index.

Breteau Index in households (BI,). This BI is the
number of containers with Aedes immatures/100 houses.
It will be calculated at baseline as well as for each
of the three follow up time points. This index will be
analyzed similarly to the Adult Index.

Knowledge, attitudes and practice scores in students
(KAP,). These are based on sum scores on a scale from
1-10, where ten indicates the highest score. Scores
will be calculated at baseline and at each of the three
follow up time points. The total score for each of the
three KAP components will be added, and the result-
ing value expressed on a scale from O to 10. The aver-
age KAP scores for each school will be calculated
over all surveys done in the intervention period. These
school-level averages will serve as the response variable
for a statistical analysis using linear regression. The
explanatory variable will be whether or not the school
received the intervention.

Knowledge, attitudes and practice scores in parents
(KAP,). These scores will be calculated at baseline
as well as for each of the follow up time points and
analyzed in the same way as explained above.

10. Behavioral assessments (BA; and BA ). A behav-

ioral model will be developed based on the latent vari-
ables collected through the survey and validated with
structural equation modeling. The model will be evalu-
ated, and a model fit determined, using the follow-
ing indices: the Comparative Fit Index (CFI) and the
Tucker Lewis Index (TLI) (CFI/TLI > 0.90), the Root
Mean Square of Approximation (RMSEA) (<0.08)
and the Standard Root Mean Square Residual (SRMR)
(<0.10)*. Two multi-group analyses will be performed
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using two control variables: control vs. intervention
arm and pre- vs. post- intervention. To do so, measure-
ment invariance will be tested and compared through
Chen’s cut-off points for the Comparative Fit Index
(CFI) and McDonald’s Non-Centrality Index (NCI)*.
To test change in fit between nested models suggested
thresholds of 0.005 for ACFI and 0.010 for ANCI
will be used

11. Engagement assessment with students (E/). The
photovoice sub-study contribute to developing an
understanding of students’ degree of engagement and
perceptions and experiences of being a participant in
the intervention through photographs as well as quali-
tative data including photo discussion sessions. The
approach to data analysis will be inductive and include
thematic analysis of the transcribed photo discussion
sessions involving the students as co-researchers
through member checking of the code book to ensure
inter-coder reliability. This process is often used to
assess the trustworthiness of qualitative research
findings®.

12. Engagement assessment with parents and teachers
(E,,). The degree of engagement in interventions in
parents and teachers will be assessed using quali-
tative methods. The approach to data analysis will
combine inductive and deductive elements, using deter-
minants and typologies of community engagement’’".
Analytical categories will be developed from the initial
research questions and also emerge during the analysis
process. Using NVivo, identified categories will be
operationalized as codes in a flexible coding scheme.
The content of the codes will be discussed exten-
sively between independent coders, and subsequently
used to develop themes and to explore patterns.

Process evaluation

Implementation fidelity scores for both the vector
control interventions and the education/knowledge transfer
interventions will range from 1-10, where 10 indicates
the highest score when implementation of the interven-
tions were executed as intended. The qualitative data
collected from teachers’ self-report logbooks will be
analyzed using an inductive approach. Principal component
analysis will be conducted using implementation fidelity
data and outcomes performance from different imple-
mentation units of the intervention to estimate the impact
of intervention variability on the results.

Reflection and adaptation. Qualitative data from in-depth
interviews and focus group discussions will be ana-
lyzed using an inductive approach. In addition, feedback
sessions with participants including teachers, parents and
students will be held to share the code book of the themes
generated during analysis to ensure a participatory proc-
ess, as well as to increase the accuracy and enhance
the quality of the data analysis.
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Discussion

The global increase in dengue during many decades and
the difficulties to control the disease are likely caused by
multi-factor determinants in complicated relationships that
differ from location to location, depending on physical, environ-
mental, socioeconomic, behavioral and cultural factors. Since
traditional insecticide-based or single-intervention approaches
have not appeared to be successful, we think it is important
to test and assess different combinations of hard (physical) and
soft (behavioral, educational) interventions that are unique to
specific locations. Even though new vector control interven-
tions have been developed and showing positive results, such
as the release of Wolbachia-infected mosquitos’, success will
likely be higher if integrated with soft interventions. Such
approaches would harmonize with international vector-borne
disease control frameworks and recommendations!>*¢-374946,
In order to assess how the interventions were implemented
we will implement comprehensive process evaluation and
implementation fidelity approaches. This will allow detection of
potential weak points in the implementation process.

This trial will evaluate a novel combination of vector control
and educational interventions to control dengue in urban set-
tings in Myanmar. The trial differs from many other dengue
control trials in that it combines several unique vector control
interventions combined with educational and communication
approaches in a school-community context. It focuses on vector
control tools that do not rely on insecticides to which mos-
quitoes will eventually develop resistance and thus render the
intervention unsustainable. The combination of vector control
interventions targets both adult and immature stages of the
mosquito aiming at reducing oviposition through container cov-
ers and clean up campaigns, increasing immature predation
by larvivorous fish, and trapping adult mosquitoes using mass
trapping designs. Much research is currently ongoing to develop
sustainable mosquito mass trapping designs as viable options for
vector control”. The justification of using guppy fish comes
from recent evidence of from trials in Cambodia. Both imma-
ture entomological indices and population abundance of adult
female Aedes mosquitoes were reduced in two community-
driven integrated vector control interventions which included
guppy fish, gravid-ovitraps, solid waste management, commu-
nity education and engagement, and pyriproxyfen’*”>. We believe
that environmental risks, e.g., reduced biodiversity, of using
guppy fish can be reduced by proper education on how to apply
fish in containers in students’ homes. There is also an inter-
esting educational component for students to understand bio-
logical concepts through fish breeding and development in
school breeding aquaria.

Disease control interventions should be integrated and anchored
in community processes, where schools could play important
roles by engaging students, parents and teachers. By improving
and/or adjusting school health curricula to include vector and
disease control sessions, knowledge and behavioral change could
be disseminated to communities by students'®’®. Knowledge,
attitudes, and self-efficacy of students for dengue prevention
and control can be improved by using educational games,
cartoons, observations, lectures and information campaigns'®.
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Since there is a lack of randomized controlled trials to assess
the effect of school-based educational interventions on dengue
and risk behaviors'®, our trial would contribute to this gap in
knowledge. Health authorities in Myanmar are developing
integrated training manuals and guidelines for community and
school-based vector control, including the Aedes-free school
program?’.

Dengue transmission dynamics exhibit strong spatial and
temporal variations’~’. Therefore, it is always difficult to
assess the effect of dengue control interventions as they
may fall in years with low and insufficient number of cases.
Although we cannot predict future outbreak patterns, we have
selected townships with the highest number of cases during
the preceding years and where no other dengue interventions
have been implemented. A longer intervention period would
increase the likelihood of an outbreak year and avoid interepi-
demic periods, however, this will also reflect in costs and fea-
sibility constraints. Another, limitation inherent in dengue
research is the presence of relatively high proportions of asymp-
tomatic cases, who, of course, will not show up in clinics and in
national statistics.

Ethics policies

This trial is registered as ISRCTN78254298 in the ISRCTN
Registry on 31 May 2022, https://www.isrctn.com/
ISRCTN78254298. The trial was approved by the Institutional
Review Board 1, Office no. 4, NayPyiTaw, Union of Myanmar,
(IRB 1/ 2019-7; 12/06/2020) and the Regional Committee for
Medical and Health Research Ethics, Section B, South-East
Norway (REK) (2019/814/REK sgr-gst C; 26/06/2019). Any
protocol amendments will be submitted to these committees and
the ISRCTN trial registry will be updated. All trial participants
will be engaged in a process of documented informed consent
and assent before participating in any study activities. Project
staff and MOHS staff trained in informed consent procedures
will request participants to give informed consent to take part
in the study, and in case of children, informed assent in addi-
tion to consent from parents or guardians. Preliminary sen-
sitization meetings will identify potential schools, principals
and teachers that are positive in participating in the project,
therefore avoiding issues with principal and teacher dissent.
Potential problems with dissent by students or student par-
ents can be avoided since the 6" grade student population is so
large that there are sufficient classes and students to enroll in
the project. There are six written informed consent procedures
(can be requested from corresponding author): 1) Consent for
school participation by school headmaster, 2) consent from
teachers, 3) assent from students, 4) consent from parents,
5) consent for requesting a blood sample (taken each time a
blood sample is required), signed by participants aged 18 years
or older and by legal representative, parent or guardian if par-
ticipant is 10 years or younger, and 6) informed assent for
requesting a blood sample (taken each time a blood sample
is required) signed by participants aged 10-17 years. All con-
sent and assent forms explain the risks and benefits of the study.
For participants who cannot read, the entire informed con-
sent form will be read and explained by the project staff in
the presence of a community witness. After consenting, these
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people will mark an inked thumb impression on the form, and
the witness will be asked to sign it. Consent and assent
forms approved and stamped by the MOHS are used in
accordance with the ethics committees’ guidelines. Project staff
will follow the standard operating procedures (SOPs) devel-
oped in the project regarding data collections and guides to
obtain consent. All consent forms and project information sheets
will be provided in Myanmar language. Participants will be
given enough time to ask for clarification and consider if they
wish to participate, and they will be offered to have the infor-
mation read out to them if they prefer. Participants who cannot
read or write will consent by a thumbprint. Participants less
than 10 years old will not sign a consent or assent form, but
parents or guardians will sign the consent form on their behalf.
An age-appropriate project information sheet is available for
young participants. Participants will keep the information
sheet, while the researchers will keep the signed consent forms.
Participants have the right to withdraw from the study before,
during or after the data collection activity, up to the comple-
tion of the report summarizing the analysis of the data col-
lected. This manuscript contains no individual person’s data,
so consent for publication is not required.

Confidentiality

To ensure participants’ confidentiality, a code will be assigned
to each participant, which will be used instead of individuals’
names on data collection tools, in transcripts, reports and field
diaries. No information that can be used to identify individu-
als will be transcribed or reported. An electronic master list
of names and codes will be kept, which will be filed in a
restricted location on Malaria Consortium’s intranet. Hard copies
of consent forms or attendee lists will be kept in a secure,
locked location in the Malaria Consortium office in Yangon. All
confidential materials will be accessible to senior members of
the study team. No files relating to the activity will be left on
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the laptops or other devices used by the temporary researchers
or the audio-recorders. Audio-recordings will be deleted once
reports summarizing the findings have been finalized. The
data custodian for data related to each work package will be the
heads of work packages. All data collection activities related
to the social and KAP components will be conducted in safe
and private spaces, ensuring that, as much as possible, par-
ticipants cannot be overheard by non-participants. The KAP
surveys will be conducted in schools and at participants’ house-
holds. Data collected on cases with fever presenting to health
facilities and tested for dengue will be anonymized.

Ancillary and post-trial care

The trial is deemed minimal risk to study participants. There-
fore, there are no provisions for ancillary or post-trial care, or
for compensation to those who suffer harms from trial partici-
pation, beyond the existing private or social security system.
The original project sponsor (NMBU) had a specialist insur-
ance policy which would operate in the event of any participant
suffering harm as a result of their involvement in the
research.

Data availability
No data are associated with this article.
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With relatively few approaches to control the transmission of dengue virus by Aedes mosquitoes,
there is a need to educate the public about the risks that mosquitoes pose to human health and
ways for them to participate in suppressing their populations. There are a lack of studies
investigating the impact of community engagement programmes on the incidence of dengue, and
studies tend to focus on a single intervention rather than integrated approaches. Here, the
authors have designed an intervention to equip school students with knowledge to contribute to
the suppression of dengue in their own communities. Unfortunately, the current project appears
to have been terminated by the donor, but the protocols are detailed and comprehensive and
should be useful for others designing similar interventions in the future. I have one major concern
about the use of guppies in the intervention (see below), but otherwise have only a few general
suggestions for the authors to consider.

There has been much success with engaging communities in conjunction with releases of
Wolbachia-infected mosquitoes around the world. In some World Mosquito Program projects for
instance, school students have been recruited to rear and release Wolbachia-carrying mosquitoes,
where they are an active participant in dengue control programmes. Consider citing this an
example of successful community engagement as part of a dengue control intervention (e.g.
Costa et al. 2020 10.12688/gatesopenres.13153.2)".

I am not convinced by the justification for the inclusion of larvivorous guppy fish in the study. Even
if there is no risk of escape into the environment, I am not aware of much evidence for their
effectiveness (see El-Sabaawi et al. 2016 10.1098/rsbl.2016.0590)2. The authors state in the
adverse events monitoring section that “guppies will be distributed to isolated water storage
containers and are not likely to escape into the environment.” but this is in direct contrast to the
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methods within the intervention section, which states that students will be taught how to
propagate the fish and that they will be provided for distribution to their households and
communities. This would all but guarantee that they will escape into the environment. I suggest
removing this component of the intervention.

Methods - Cluster sizes are based on the size of the catchment, but is there any other justification
for this? Is this an appropriate size and distribution given what we know about the dispersal ability
and life cycle of dengue mosquitoes?

Methods - Aside from source reduction, will students be educated about ways to avoid day-biting
mosquitoes such as repellents and covering exposed skin?

Interventions - The interventions are broad in scope but limited in detail. Will the authors attempt
to ensure that the interventions are applied consistently across the treatment sites? For the vector
control interventions the authors only list the four types of intervention and provide no additional
information about the quantity and distribution of the traps and source reduction deployments.
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Response to Reviewers for: School and community driven dengue vector control and
monitoring in Myanmar: Study protocol for a cluster randomized controlled trial 16
December 2023 Reviewer 2 With relatively few approaches to control the transmission of
dengue virus by Aedes mosquitoes, there is a need to educate the public about the risks
that mosquitoes pose to human health and ways for them to participate in suppressing
their populations. There are a lack of studies investigating the impact of community
engagement programmes on the incidence of dengue, and studies tend to focus on a single
intervention rather than integrated approaches. Here, the authors have designed an
intervention to equip school students with knowledge to contribute to the suppression of
dengue in their own communities. Unfortunately, the current project appears to have been
terminated by the donor, but the protocols are detailed and comprehensive and should be
useful for others designing similar interventions in the future. I have one major concern
about the use of guppies in the intervention (see below), but otherwise have only a few
general suggestions for the authors to consider. There has been much success with
engaging communities in conjunction with releases of Wolbachia-infected mosquitoes
around the world. In some World Mosquito Program projects for instance, school students
have been recruited to rear and release Wolbachia-carrying mosquitoes, where they are an
active participant in dengue control programmes. Consider citing this an example of
successful community engagement as part of a dengue control intervention (e.g. Costa et
al. 2020 10.12688/gatesopenres.13153.2)1. Thanks for the suggestions. Community
engagement is an important integral part of our intervention with specifically defined
outcomes for students, parents and teachers (Table 2). We agree that Wolbachia is a
suitable dengue intervention and recent results from trials show significant reductions in
dengue cases in Indonesia (Utarini et al. 2021) and Colombia (Velez et al. 2023). However, a
Wolbachia intervention requires are lot of preparatory work, for example mosquito
producing facilities and community sensitization, which were not in place at the time our
study was conceived. Furthermore, these trials, as well as the study of Costa et al., had not
been completed when our study was developed. The purpose of our protocol was to
propose a suitable, relatively simple and easily implemented integrated multi-method
intervention in these settings. Implementers of future interventions might want to choose
interventions that are more suited for their specific settings under future technological and
knowledge advancements. Utarini A, Indriani C, Ahmad RA, Tantowijoyo W, Arguni E, Ansari
MR, Supriyati E, Wardana DS, Meitika Y, Ernesia I, Nurhayati I, Prabowo E, Andari B, Green
BR, Hodgson L, Cutcher Z, Rancés E, Ryan PA, O'Neill SL, Dufault SM, Tanamas SK, Jewell NP,
Anders KL, Simmons CP; AWED Study Group. Efficacy of Wolbachia-Infected Mosquito
Deployments for the Control of Dengue. N Engl ] Med. 2021 Jun 10;384(23):2177-2186. Velez
ID, Tanamas SK, Arbelaez MP, Kutcher SC, Duque SL, Uribe A, Zuluaga L, Martinez L, Patifio
AC, Barajas J, Mufioz E, Mejia Torres MC, Uribe S, Porras S, Almanza R, Pulido H, O'Neill SL,
Santacruz-Sanmartin E, Gonzalez S, Ryan PA, Denton JA, Jewell NP, Dufault SM, Simmons CP,
Anders KL. Reduced dengue incidence following city-wide wMel Wolbachia mosquito
releases throughout three Colombian cities: Interrupted time series analysis and a
prospective case-control study. PLoS Negl Trop Dis. 2023 Nov 30;17(11):e0011713. Iam not
convinced by the justification for the inclusion of larvivorous guppy fish in the study. Even if
there is no risk of escape into the environment, I am not aware of much evidence for their
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effectiveness (see El-Sabaawi et al. 2016 10.1098/rsbl.2016.0590)2. The authors state in the
adverse events monitoring section that “guppies will be distributed to isolated water
storage containers and are not likely to escape into the environment.” but this is in direct
contrast to the methods within the intervention section, which states that students will be
taught how to propagate the fish and that they will be provided for distribution to their
households and communities. This would all but guarantee that they will escape into the
environment. I suggest removing this component of the intervention. Thanks for this
suggestion. There is recent evidence of guppy fish effectiveness against mosquito larvae in
containers from studies in Cambodia. We are aware of objections against the use of guppy
fish for mosquito control due to potential environmental impacts. However, the evidence
brought forward by El-Sabaawi et al. (2016) and other authors do not provide unambiguous
conclusions. Therefore, we have initiated a systematic review to answer the question
whether anthropogenic introductions of guppy fish impact faunal species diversity and
abundance in natural aquatic habitats (Sasanami et al 2021). The review is ongoing. We
have added the following sentence in the Discussion: “The justification of using guppy fish
comes from recent evidence of from trials in Cambodia. Both immature entomological
indices and population abundance of adult female Aedes mosquitoes were reduced in two
community-driven integrated vector control interventions which included guppy fish,
gravid-ovitraps, solid waste management, community education and engagement, and
pyriproxyfen 78 79, We believe that environmental risks, e.g., reduced biodiversity, of using
guppy fish can be reduced by proper education on how to apply fish in containers in
students’ homes. There is also an interesting educational component for students to
understand biological concepts through fish breeding and development in school breeding
aquaria.” Bigio J, Braack L, Chea T, Set S, Suon S, Echaubard P, Hustedt |, Debackere M,
Ramirez B, Prasetyo DB, Bunleng S, Wharton-Smith A, Hii J. Entomological outcomes of
cluster-randomised, community-driven dengue vector-suppression interventions in
Kampong Cham province, Cambodia. PLoS Negl Trop Dis. 2022 Jan 25;16(1):e0010028. doi:
10.1371/journal.pntd.0010028. Hustedt JC, Doum D, Keo V, Ly S, Sam B, Chan V, Alexander
N, Bradley J, Liverani M, Prasetyo DB, Rachmat A, Shafique M, Lopes S, Rithea L, Hii J. Field
Efficacy of Larvivorous Fish and Pyriproxyfen Combined with Community Engagement on
Dengue Vectors in Cambodia: A Randomized Controlled Trial. Am ] Trop Med Hyg. 2021 Sep
7;105(5):1265-1276. doi: 10.4269/ajtmh.20-1088. Sasanami, M., Hustedt, J., Alexander, N. et
al. Does anthropogenic introduction of guppy fish (Poecilia reticulata) impact faunal species
diversity and abundance in natural aquatic habitats? A systematic review protocol. Environ
Evid 10, 33 (2021). Methods - Cluster sizes are based on the size of the catchment, but is
there any other justification for this? Is this an appropriate size and distribution given what
we know about the dispersal ability and life cycle of dengue mosquitoes? Our power
calculations used township-level dengue incidence to establish a cluster size of 23 schools
per study arm. The recruited schools in the townships include non-overlapping catchment
areas, which will be carefully mapped. The size of catchment areas will be selected based on
mosquito flight distance and other practical considerations. Optimally, there should be
sufficient buffer zones between catchment areas to avoid contamination between
intervention and control schools. To address this comment we have clarified the text in the
“Study setting and participants” section as follows: “The delineation of school catchment
area will consider mosquito flight distance from schools, but also providing sufficient buffer
zones between adjacent catchment areas to avoid contamination between intervention and
control schools.” Methods - Aside from source reduction, will students be educated about
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ways to avoid day-biting mosquitoes such as repellents and covering exposed skin? Yes, this
would be basic information that's already included in the Aedes-free school program of
Myanmar and would also be included in the educational part of the project. We have added
“personal protection” in the education and knowledge transfer component in the
Intervention section. Interventions - The interventions are broad in scope but limited in
detail. Will the authors attempt to ensure that the interventions are applied consistently
across the treatment sites? For the vector control interventions the authors only list the four
types of intervention and provide no additional information about the quantity and
distribution of the traps and source reduction deployments. Yes, this is covered in the
process evaluation where implementation fidelity and adaptation will assess how well
interventions are implemented and if they were adapted by the users in any way (see Table
3). Details of the vector control interventions were not included in the original manuscript to
reduce space and too much detail. We have a set of SOPs and descriptions of the vector
control interventions and their deployment. We have added more detailed information in
the vector control paragraph in the Interventions section. Is the rationale for, and
objectives of, the study clearly described? Yes Is the study design appropriate for the
research question? Yes Are sufficient details of the methods provided to allow replication by
others? Partly Are the datasets clearly presented in a useable and accessible format? Not
applicable References 1. Costa GB, Smithyman R, O'Neill SL, et al.: How to engage
communities on a large scale? Lessons from World Mosquito Program in Rio de Janeiro,
Brazil. Gates Open Res. 2020; 4 109 PubMed Abstract | Publisher Full Text 2. El-Sabaawi RW,
Frauendorf TC, Marques PS, et al.: Biodiversity and ecosystem risks arising from using
guppies to control mosquitoes. Biol Lett. 2016; 12 (10):PubMed Abstract | Publisher Full Text
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This research aims to reduce the entomological index, including the incidence of dengue virus
infection, by involving students in schools and the community. Overall this article is quite
interesting, however there are several parts that need to be corrected to clarify the content of the
article.
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Abstract

"There are no effective vaccines or preventive drugs" this statement needs to be corrected,
vaccines related to dengue have been developed and licensed (one of them is Dengvaxia® (CYD-
TDV) how to respond to this?

"We believe that students can be change agents for decentralised vector surveillance and
sustainable disease control" What is your main conclusion from this protocol? and what
implications can you recommend from this research later on, especially in areas with a high
dengue burden?

Introduction.

"the incidence of reported dengue doubles about every decade" how big is this 2-fold increase? is
the value constant or does it change? explicitly explained

"One of the objectives of Myanmar's National Strategic Plan for Dengue Prevention and Control is
to develop a comprehensive integrated training manual and guidelines, including community and
school-based vector control"what programmes have been implemented by the local government
so far? Whether there has been a significant change or no change at all, it is important to state
this to support this sentence.

"Simple single intervention approaches as practiced in the past have not been successful" what
was the planned single intervention programme?

The method.
Is the researcher considering using focal fogging in the region? Do households and/or
communities use insecticides and larvicides irregularly or even unwisely? this is one of the

predictors that will interfere with this research, so it is important to consider.

Sample size - "the number of adult mosquitoes in the area is expected to be large" this does need
to be expressed in numbers to minimise ambiguity.

Climate and environment - "Data on rainfall, temperature and humidity" in addition to these data,
it is important to consider wind speed, barometric pressure, standardised precipitation index and

sunshine duration, which also contribute to increased vector breeding in an area.

"non-residential areas, vegetation and water bodies" what data is collected or recorded on these
variables, especially water bodies such as rivers, ditches, drainage? Explain in detail.

Discussion

"Dengue transmission dynamics show strong spatial and temporal variation" what approach do
you use? because in some areas this statement is not supported.

"Although we cannot predict future outbreak patterns, we have selected townships with the
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highest number of cases in previous years and where no other dengue interventions have been
implemented" temporal-spatial patterns, including identifying factors that play a very important
role in events in the region.

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Vector borne disease, eco-epidemiology, tropical and infectious disease,
epidemiology, prevention and control of dengue

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 19 Dec 2023
Hans Overgaard

Response to Reviewers for: School and community driven dengue vector control and
monitoring in Myanmar: Study protocol for a cluster randomized controlled trial 16
December 2023 Reviewer 1 This research aims to reduce the entomological index,
including the incidence of dengue virus infection, by involving students in schools and the
community. Overall this article is quite interesting, however there are several parts that
need to be corrected to clarify the content of the article. Abstract "There are no effective
vaccines or preventive drugs" this statement needs to be corrected, vaccines related to
dengue have been developed and licensed (one of them is Dengvaxia® (CYD-TDV) how to
respond to this? Thank you, this text was written before the roll-out of the new dengue
vaccines. We have amended the text to the following: “There are no preventive drugs and
the newly introduced vaccines are not yet widely available. Control of dengue transmission
still relies primarily on mosquito vector control.” "We believe that students can be change
agents for decentralised vector surveillance and sustainable disease control" What is your
main conclusion from this protocol? and what implications can you recommend from this
research later on, especially in areas with a high dengue burden? In the protocol we present
a study design and rationale for the belief described above. With the research we hope to
generate evidence of impact from engaging students as change agents. Introduction.
"the incidence of reported dengue doubles about every decade" how big is this 2-fold
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increase? is the value constant or does it change? explicitly explained In the text we state
“incidence of reported dengue doubles approximately every decade”, and cite a research
study (reference 7) which presents this evidence. We emphasise that this is a rough
approximation. Estimates of disease incidence rely on a range of factors which change over
time including diagnostic criteria, access to health services and coverage and quality of
surveillance systems. These vary greatly within and between countries and lead to wide
uncertainties which are amplified at the global level. We have edited the text to explain this
more explicitly: “, with estimates being highly uncertain due to a range of factors which
change over time including diagnostic criteria, access to health services and coverage and
quality of surveillance systems.” "One of the objectives of Myanmar's National Strategic Plan
for Dengue Prevention and Control is to develop a comprehensive integrated training
manual and guidelines, including community and school-based vector control" what
programmes have been implemented by the local government so far? Whether there has
been a significant change or no change at all, it is important to state this to support this
sentence. Thank you. This sentence refers to the National Strategic Plan for 2016-2020
which was in place when this study was planned. We have edited the text to clarify this: “At
the time of planning this study, one objective of the National Strategic Plan for Dengue
Prevention and Control of Myanmar was to develop a comprehensive integrated training
manual and guidelines” We do not have access to the updated National Strategic Plan, as it
has not been made publicly available, and do not know what has been implemented by the
local government since then. "Simple single intervention approaches as practiced in the
past have not been successful" what was the planned single intervention programme?
Thank you, we have added the following text: “, for example larval source reduction
or fogging,” Methods Is the researcher considering using focal fogging in the region? Do
households and/or communities use insecticides and larvicides irregularly or even unwisely?
this is one of the predictors that will interfere with this research, so it is important to
consider. Thank you, our intervention described in this protocol does not include focal
fogging. Fogging is not an advisable intervention, since there is little evidence of a mosquito
control effect. In addition, more insecticide use will inevitably lead to insecticide resistance.
This is why our intervention does not include any insecticides. In response to the second
question: the majority of insecticides for vector control used in households and
communities are generally delivered by governmental vector control authorities and usually
in response to an outbreak. Larvicides are probably less used on private initiatives. Sample
size - "the number of adult mosquitoes in the area is expected to be large" this does need to
be expressed in numbers to minimise ambiguity. We do not have data on numbers of
mosquitoes currently in the study area and these numbers were not used in the sample size
calculation. We planned to collect this data (for the first time) at baseline and follow-up as
outcome measures for the trial. Therefore we don't need to express them in numbers, as
suggested. Climate and environment - "Data on rainfall, temperature and humidity" in
addition to these data, it is important to consider wind speed, barometric pressure,
standardised precipitation index and sunshine duration, which also contribute to increased
vector breeding in an area. Thank you for the suggestion. We selected rainfall, temperature
and humidity as they are easily measured, currently available from climate stations in
Myanmar and have the strongest evidence for an association with dengue incidence. Wind
speed, barometric pressure and sunshine duration are not routinely available and are not
aware of evidence for a strong association with dengue incidence. Standardised
Precipitation Index is not measured, it is calculated from rainfall data. "non-residential
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areas, vegetation and water bodies" what data is collected or recorded on these variables,
especially water bodies such as rivers, ditches, drainage? Explain in detail. The full sentence
in the Climate and environment section says: “Household densities (crowding) in school
surroundings and school catchment areas will be collected from annotation of satellite
images, as will land use including the presence of non-residential areas, vegetation, and
water bodies.” Thus, the answer to the question is from satellite remote sensing images.
Such data are freely available online. Discussion "Dengue transmission dynamics show
strong spatial and temporal variation" what approach do you use? because in some areas
this statement is not supported. Thank you for this comment. In most areas, including
Myanmar, dengue transmission intensity varies greatly between locations and over time.
We based this statement on published literature. There are many examples and we have
added the following references to support this statement: Zaw W, Lin Z, Ko Ko J,
Rotejanaprasert C, Pantanilla N, Ebener S, Maude RJ. Dengue in Myanmar: Spatiotemporal
epidemiology, association with climate and short-term prediction. PLoS Negl Trop Dis. 2023
Jun 5;17(6):e0011331. doi: 10.1371/journal.pntd.0011331 Medina JRC, Takeuchi R, Mercado
CEG, de Los Reyes CS, Cruz RV, Abrigo MDR, Hernandez PMR, Garcia FB Jr, Salanguit M,
Gregorio ER Jr, Kawamura S, Hung KE, Kaneko M, Nonaka D, Maude R}, Kobayashi J. Spatial
and temporal distribution of reported dengue cases and hot spot identification in Quezon
City, Philippines, 2010-2017. Trop Med Health. 2023 May 25;51(1):31. doi: 10.1186/s41182-
023-00523-x. Phanitchat T, Zhao B, Haque U, Pientong C, Ekalaksananan T, Aromseree S,
Thaewnongiew K, Fustec B, Bangs MJ, Alexander N, Overgaard HJ. Spatial and temporal
patterns of dengue incidence in northeastern Thailand 2006-2016. BMC Infect Dis. 2019 Aug
23;19(1):743. doi: 10.1186/s12879-019-4379-3. PMID: 31443630; PMCID: PMC6708185.
"Although we cannot predict future outbreak patterns, we have selected townships with the
highest number of cases in previous years and where no other dengue interventions have
been implemented" temporal-spatial patterns, including identifying factors that play a very
important role in events in the region. We don't understand this comment. Is the rationale
for, and objectives of, the study clearly described? Yes Is the study design appropriate for
the research question? Yes Are sufficient details of the methods provided to allow
replication by others? Yes Are the datasets clearly presented in a useable and accessible
format? Yes Competing Interests No competing interests were disclosed. Reviewer
Expertise Vector borne disease, eco-epidemiology, tropical and infectious disease,
epidemiology, prevention and control of dengue I confirm that I have read this submission
and believe that I have an appropriate level of expertise to confirm that it is of an
acceptable scientific standard, however I have significant reservations, as outlined above.
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