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Exposure will be measured using paired population-based serological
surveys conducted at the beginning and end of the two-year cohort
study. Secondary outcomes will include the distribution and infection
rates of Aedes and Anopheles mosquito vectors, human risk behaviours
and clinical cases reported to health facilities. Longitudinal data on
human behaviour, contact with wildlife and GPS tracking of mobility
patterns will be collected throughout the study period. This will be
integrated with entomological surveillance to monitor densities and
pathogen infection rates of Aedes and Anopheles mosquitoes relative
to land cover. Within surrounding health clinics, continuous health
facility surveillance will be used to monitor reported infections and
febrile illnesses. Models will be developed to assess spillover and
transmission rates relative to specific land management practices and
evaluate abilities of surveillance systems to capture these risks.
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Introduction

Zoonotic and vector-borne diseases (ZVBD) are major causes
of morbidity and mortality globally. The processes driv-
ing ZVBD spillover and transmission risks are determined by
interactions between human and natural systems occurring
across spatial and temporal scales'. Landscape changes, includ-
ing land use and land cover changes such as deforestation
and agricultural development, alter the socio-ecological sys-
tems in which pathogens, disease hosts and insect vectors oper-
ate and interact. Such change can either increase or decrease
disease risks in different settings, with the potential to under-
mine control and elimination efforts and lead to outbreaks
with devastating human health and economic consequences’.
These rapidly changing environments challenge existing disease
surveillance systems to detect constantly evolving geographic
distributions of infection caused by changing human and envi-
ronmental systems. New approaches are needed to quan-
tify the resulting pathogen exposure caused by specific land
management practices to better target surveillance activities.

Globally, land use change is one of the major drivers of changes
in species distribution and pathogen spillover’. The impacts
of these phenomena are increasingly evident in Malaysia; a
country with one of the highest rates of landscape change glo-
bally with 34% of the land area of Borneo deforested in the
past four decades’. Historically, Malaysia has had a highly
malaria effective control programme, culminating in the near
elimination of nonzoonotic malaria species by 2020°. However,
deforestation has triggered the recent emergence of the
zoonotic malaria Plasmodium knowlesi in humans®’. Since
2004, incidence of reported P. knowlesi cases in Malaysia
increased over 50-fold, and P. knowlesi is now the main cause
of human malaria, with cases highly concentrated in Malaysian
Borneo®’. Malaysia is also experiencing exponential increases
in mosquito-borne arboviruses, with landscape change hypoth-
esised as the main driver of recent expansion'’. For example,
while dengue is commonly associated with increased urbani-
sation, the incidence of dengue in rural areas of Malaysia
is now approaching levels observed in urban centres'"'”. This
may be attributed to the importance of sylvatic dengue reser-
voirs in Malaysia. For example, pilot studies identified high
rates of dengue seropositivity in macaques (100%, 9/9) and
Aedes mosquitoes in rural areas, suggesting transmission
may be partially driven by zoonotic spillover (Fornace et. al,
unpublished;'”). Similarly, both chikungunya and Zika viruses
have been isolated in non-human primates in Borneo and spo-
radic outbreaks are reported in rural populations in Malaysia'*'¢.
This suggests landscape changes could alter the relative impor-
tance of sylvatic transmission with potential to generate con-
tradictory effects on human risks. For example, development
can lead to higher rates of human-to-human transmission but
reduced risk from zoonotic spillover. Together, these data
indicate landscape changes are substantially altering ZVBD
epidemiology within this region and highlight the need to
understand how specific land management practices impact
infectious disease risks.

Despite extensive research identifying environmental risk
factors and landscape change impacts on vector populations
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(e.g. 17-19), ZVBD risks resulting from specific land use
patterns are rarely quantified and, as a result, ZVBD risks
rarely inform land planning decisions. Developing action-
able predictions of disease risks is challenging due to the com-
plex, nonlinear relationships characterising landscape change
effects on coupled human-environment systems”. Coupled
human-environment systems, also called socio-ecological sys-
tems, refer to systems with feedbacks between environmental
and societal dimensions. For example, while human activities
shape landscapes, these environments in turn influence human
mobility, behaviour and economic status'™?'. Assessing impacts
of these environmental changes requires integrating data on
human behaviour, ecology and pathogen transmission. This may
be further challenged by the limited detection of infections
within human populations due to variations in health-seeking
behaviour, misdiagnosis and frequent asymptomatic infections.
Serological surveillance provides new opportunities to meas-
ure previously undetected exposure to multiple pathogens
simultaneously”. By measuring long-lived antibody responses,
these methods substantially increase the probability of detect-
ing rare events and can be used to estimate transmission
intensity over time or across different ecological types’****. Inte-
grating serological data with detailed field studies can lead to
new insights on how land management impacts transmission.

This study will investigate the effects of land management on
ZVBD risks within large-scale experimental land use study,
the Stability of Altered Forest Ecosystems (SAFE) project
in Malaysian Borneo (SAFE Project) The SAFE project uses an
experimentally fragmented landscape (100km?) and sampling
within conservation areas (1020km?) and oil palm plantations
(30km?) to monitor the effects of tropical forest modification
on biodiversity and ecological processes across varying spa-
tial and temporal scales (Figure 1%°). This study will build on
this experimental ecosystem to examine how specific forest
management practices and agricultural developments influence
ZVBD spillover and transmission risks.

Aims and objectives

The overall aim of this study is to assess how land use impacts
human exposure to malaria, dengue and arboviruses (Chikun-
gunya and Zika viruses) in Malaysian Borneo. This will
quantify how specific land management patterns impact
socio-ecological systems to drive pathogen spillover and trans-
mission risks. The primary outcome of this study will be the
change in magnitude in antibody responses in individuals
working and residing within forests, plantations, farms and
rural villages surrounding the SAFE Project. Exposure will be
measured by the presence of antibodies to pathogen-specific
antigens. As secondary objectives, this study will collect data
on distribution and infection levels of mosquito vectors, assess
human behaviours and measure the incidence of malaria, den-
gue and arbovirus infections from clinically reported cases.
Specific objectives include:

1) To determine the incidence and serological exposure
to malaria, dengue and selected arboviruses in human
populations residing and working within in the region
surrounding the SAFE Project;
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Figure 1. A. Forest cover change in Malaysian Borneo and the Southern Philippines, B. SAFE Project experimental forest modification site.

2) To characterise human behaviour and movement
patterns influencing pathogen exposure risks;

3) To describe the spatiotemporal distribution of Anoph-
eles and Aedes mosquito vectors relative to land type
and wildlife reservoir abundance; and

4) To estimate human exposure to malaria, dengue and
arboviruses associated with specific land management
practices.

Protocol

Study design

This study will be a prospective longitudinal cohort study to
evaluate exposure to malaria, dengue and other arbovirus infec-
tions in human populations living and working in the vicin-
ity of the SAFE Project in Tawau District, Sabah, Malaysia.
Exposure to selected ZVBDs will be assessed using paired
cross-sectional serological surveys at the start and end of the
two-year study period. During this period, continuous health
facility surveillance will record reported febrile illnesses and
household locations. Throughout the study, randomly selected
individuals residing in the study area will be asked to par-
ticipate in questionnaire surveys and GPS tracking studies.
Longitudinal entomological sampling will be conducted to
evaluate the density of Anopheles and Aedes mosquito vectors
relative to habitat. The full study design is outlined in Figure 2.

Study site

This study will be conducted in populations residing near
the SAFE Project in Tawau District in Malaysian Borneo
(Figure 1A). The SAFE Project site encompasses a gradient of
habitat modification including old growth rainforest, logged
rainforest, logged and fragmented rainforest and intensive
agriculture (oil palm). These habitat modification levels addi-
tionally incorporate different land use and disturbance intensi-
ties, such as different logging frequencies within forests and
various plantation ages and canopy cover levels. Fragmented
forest sites include six replicate blocks containing a total of 42
experimental circular forest fragments of 1, 10 or 100 hectares
and embedded in a matrix of heavily damaged, salvage-logged
forest (Figure 1B). Across these sites, a fractal sampling design
was established to collect biodiversity and ecological data
across spatial scales”. This includes a network of camera traps
and extensive data on Aedes and Anopheles mosquito ecology
(e.g. 19,26,27).

Within the area surrounding the SAFE Project, the human popu-
lation is rural and includes forestry and plantation camps, vil-
lages and a larger town with multiple small government clinics
and one district hospital. All target ZVBD have been reported
in this region, including increasing numbers of human P. knowl-
esi cases since 2015%. As with all of Malaysia, no indigenous
non-zoonotic malaria cases have been reported since 2018°. All
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Figure 2. Workflow of study activities.

target diseases are notifiable and there are active vector-borne
disease control and elimination programmes within this region.
The climate is equatorial and tropical with monthly variations
but no clear seasonal patterns in rainfall or vector-borne disease
reports®.

Study participants

The study population will include communities within the vicin-
ity (less than 50km) of the SAFE Project in Tawau, Sabah,
Malaysia. To define this population, a complete census will be
conducted to record basic demographic data and household
GPS coordinates for all individuals residing within this area.
Throughout the study period, this census will be updated monthly
to reflect individuals moving into or out of this area.

Inclusion criteria

Individuals will be eligible for this study if they reside within
the defined study area. Residence is defined as spending more
than 30 continuous days within the study area prior to the sur-
vey activity. For example, individuals moving into the study
area will be eligible for inclusion into GPS tracking or sero-
logical survey activities once they have resided within the study
site for 30 days.

Exclusion criteria

Individuals will be excluded from this study if they do not reside
in the area, do not consent or are under the age of 3 months.
For GPS tracking studies, individuals will be excluded if they
are under the age of 8 years old.
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Withdrawal criteria

Subjects can choose to withdraw at any time. If the subject
chooses to withdraw from the study after previously providing
consent, their specimens will be destroyed and data will not be
used for analysis unless permission is explicitly given. A subject
can withdraw consent at any time by contacting the study team
(see ethical considerations).

Sample size

Sample sizes have been calculated to detect a change in the
magnitude of antibody responses from two paired samples col-
lected at the beginning and the end of this study. Based on pre-
vious estimates of 5% annual seroconversion rates (SCR) to
P, knowlesi, 3% to dengue within rural Sabah, Malaysia,
expected low incidence of other arbovirus infections (Table 1)
and 5% probability of type-1 errors, McNemar’s test estimated
645 paired samples could identify a 2.5% annual increase in
seropositivity with >95% power”'*”. As relatively high loss
to follow up is expected during the study period due to popula-
tion movement, the sample size for serological surveys will be
870, including a 20% loss to follow up and 15% non-response
rate.

Study procedures
This study will consist of a two-year cohort study with parallel
ecological monitoring of environmental variables and mos-
quito densities. The study activities and proposed timelines are
outlined in Figure 3.

Prior to commencing any activities, meetings will be held
with community leaders and members to introduce the study
and answer any questions. Additional meetings and commu-
nity sensitisation activities will be conducted with the SAFE
Project staff and key stakeholders, such as plantation and for-
estry workers. Based on these meetings, a study area will be
defined with a complete list of kampungs (villages). Kampung
lists will include villages as well as plantation and forestry
camps. Following initial meetings, all households within the
study areas will be enumerated and assigned a unique identi-
fication code linked to the household GPS coordinates. If no
household members are present at the time of enumeration,
fieldworkers will consult with the head of the village and may
revisit the household or attempt to contact residents by phone.

Results from this census will be employed to identify the sam-
ple population using a two-stage sampling design. At the first
stage, kampungs (the primary sampling unit) will be selected
from updated kampung lists obtained from the census. Kampung
selection will be stratified based on indicators of land cover into
three strata: forest areas, plantation camps and residential vil-
lages. At the second stage, a fixed number of households will
be randomly selected from each kampung using a random
selection function in R statistical software to select household
prior to survey activities. All individuals above the age of 3
months in these selected households will be asked to participate
in the cohort study, with a total sample size of 870 individu-
als (approximately 220 households). For children under 18,
permission will be requested from parents or guardians (see
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Table 1. Previously reported annual seroconversion rates (SCR) for selected ZVBDs.

Pathogen Site
P knowlesi Northern Sabah, Malaysia’
P. falciparum*
P vivax*
Dengue
Chikungunya = Cebu, Philippines®

Zika Malaysia'®
Philippines*

SCR or Incidence

0.051 (0.048-0.054) serological exposure within past year
SCR: 0.006 (0.005-0.006)

SCR: 0.004 (0.008-0.022)

SCR: 0.028 (0.019-0.042)

3.1 (3.0-4.0) outbreaks/year; 0.22 seroprevalence

Unknown, sporadic cases, historical transmission

* Nonzoonotic species no longer reported in Malaysia but indicative of malaria transmission rates

Year1

Activities

Year 2 Year 3

1. Household census

2. Cross-sectional
serological survey (year 1)

3. Longitudinal social and
ecological studies

4. Cross-sectional
serological survey (year 2)

5. Analysis, publication
and feedback

Figure 3. Timeline for study activities.

ethical considerations). Two cross-sectional serological surveys
will be conducted at the start and end of the cohort study.

Selected households will be visited and all individuals who
have resided in the household for the previous month will
be asked to participate in the serological surveys. The study
will be explained by a trained research fieldworker and writ-
ten informed consent will be obtained during a household visit.
Consenting individuals will be interviewed on demographic
characteristics, movement patterns, travel history, health seek-
ing behaviour and land use practices. Electronic forms of ques-
tionnaires will be designed using Open Data Kit or similar
software and data will be collected using encrypted electronic
tablets. A combination of village meetings and call-backs will
be used to trace non-responders.

Samples will only be collected during the two serological sur-
veys. A trained fieldworker will perform finger prick blood sam-
pling to collect a maximum of 500ul of whole blood using an
EDTA micro-container and three blood spots (20ul each) on
filter paper’’. All blood samples will be processed and stored
for serological analysis of exposure to malaria, dengue and

arboviruses. EDTA blood samples will be centrifuged and
plasma separated for serological assays with the cellular
fraction retained for molecular analysis of infection. Blood
smears for malaria parasites or malaria rapid diagnostic tests
(RDTs) will also be prepared for all consenting individuals.
Febrile individuals or individuals with a history of fever within
the past 24 hours will have results assessed within 48 hours
to ensure any infected individual receives appropriate treat-
ment. Subjects with positive tests will be referred to the local
district referral hospital (Tawau District Hospital) where they
have free access to treatment and management as per stand-
ard Malaysian Ministry of Health guidelines. All other par-
ticipants will be provided with their study code and contact
information for the study team if they have any questions about
their results.

Sero-epidemiological methods will be used to detect human
antibodies to pathogen-specific antigens. These antibodies
reflect exposure to previous infection and can be used to char-
acterise disease transmission (e.g. 22,24,32,33). This will use a
custom-developed antigen panel on a multiplex bead assay
to measure the magnitude of short- and long-term antibody
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responses to specific pathogens”*. Plasma will also be assayed
to assess exposure to other infectious diseases of interest to the
Malaysian Ministry of Health. Assays will be conducted in
Malaysia with a subset of samples run for quality control
at the London School of Hygiene and Tropical Medicine in
London, UK. Specimens will be stored at -20°C, following
human tissue storage procedures established by the Universiti
Malaysia Sabah.

Throughout the two-year study, rolling cross-sectional sur-
veys of individuals residing within selected kampungs will be
conducted to characterise movement patterns and disease pre-
vention practices. Consenting, randomly selected individuals
will be interviewed on occupational activities, mobility, travel
history and health behaviours. Individuals aged 8 years and
over will be asked to participate in GPS tracking studies. These
individuals will be selected from the communities included
within serological surveys, with final sample sizes to be con-
firmed based on demographic distribution of study participants.
During these studies, participants will be given a GPS tracking
device (e.g. QStarz BT-Q1000XT or a mobile phone) and asked
to wear the GPS device at all times outside of the house, includ-
ing on trips overnight. The device will be programmed to
record a GPS location every minute for a minimum sam-
pling period of two weeks, with participants informed about
GPS tracking data, interviewed about the use of GPS tracking
devices and data downloaded and manually checked by study
personnel'’. During this period, a research assistant will regu-
larly visit to check the device and change batteries. These data
will be used to develop predictive spatiotemporal maps of
human space use relative to habitat.

Additionally, to assess health seeking behaviour through-
out this two-year period, continuous health facility monitor-
ing will be established at health facilities serving the study area.
This will capture anonymised data on the numbers of febrile
patients attending the clinic daily, number of diagnosed infec-
tions and the residence locations of these cases. These data are
routinely captured as part of Malaysia’s vector-borne disease
surveillance systems. Additionally, consenting health facility
attendees will be asked to provide more detailed information
on their household location and movement patterns®. These
data will be collected at clinics by health facility staff using
encrypted tablets with offline satellite maps to report and geolo-
cate the residences and workplaces of health facility attendees
seeking treatment for febrile illnesses®. Other explanatory vari-
ables, including demographic information and occupational
activities, will be collected using online questionnaires. Data
will be integrated into models of infection rates and used to
assess the sensitivity of passive surveillance systems.

Ecological studies of the surrounding area will be conducted
in parallel to cohort activities. Detailed data on land cover,
topography and the distribution of wildlife populations will
be obtained from the SAFE Project. Throughout the study
period, longitudinal entomological sampling will be conducted
to evaluate the density of Anopheles and Aedes mosquito
vectors across the study site. The primary outcome of the
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entomological surveillance will be the abundance of host-seeking
vectors, which will be used to develop predictive spatiotem-
poral models of vector density. Additionally, mosquitoes will
be assayed for pathogen presence with molecular methods.
Locally validated methods of trapping host-seeking vectors
using a Mosquito Magnet trap with an attractant, carbon dioxide
and counterflow technology to attract and capture mosquitoes
(Mosquito Magnet; Woodstream Corporation Inc., Lancaster,
USA) will be used to collect Aedes and Anopheles vectors;
this method has shown strong correlation with human land-
ing catches in this region’**. For Aedes species, sticky traps
will be used to increase the probability of detecting infected
mosquitoes”. No human landing catches will be used to
collect mosquitoes due to ethical considerations.

Entomological sampling locations will be positioned across the
study site to capture the spatial distribution of mosquito abun-
dance. The study site encompasses plantation and village areas
as well as old growth and degraded forests with varying levels
of fragmentation”. Entomological sampling will be conducted
at eight separate locations for two days/nights at monthly inter-
vals throughout the study. To determine the locations of entomo-
logical sampling sites, we will use a simulation-based approach
designed to optimise habitat fragmentation studies*’. This
approach extends commonly used geostatistical survey designs,
in which survey locations are positioned to maximise predic-
tive abilities and minimise survey effort by leveraging spa-
tial autocorrelation between survey points* . Geostatistical
sampling designs will be adapted to maximise habitat differ-
ences between sampling locations by integrating metrics on land
cover, fragment size and distance from forest edges®. Previ-
ously collected mosquito sampling data from the SAFE Project
(e.g. 19,26) will be used to refine and validate simulations.

Statistical analysis plan

For the primary outcome, paired serological data on the
magnitude of antibody responses will be used to calculate
pathogen-specific forces of infection within the study area®.
Models classifying serological exposure will be informed by
extensive training datasets on serological responses of exposed
and unexposed populations within this region (e.g. 7,34). These
will use Bayesian latent modelling approaches to estimate the
(unobserved) true incidence of infections from imperfectly
detected serological measurements and reported incidence of
infections at health facilities. Additionally, risk factor analysis
will be used to identify key demographic, behavioural and
spatial risk factors for individual-level seropositivity against spe-
cific pathogens within this population, using random effects
to adjust for clustering within households and villages.

To assess the role of land management practices on spillover
and transmission, separate spatially and temporally explicit
component models will be developed for human and ecologi-
cal factors impacting pathogen risks. Empirical data will be
used to develop predictive spatiotemporal models for human
space use (measured as time per grid cell location from GPS
tracking data), healthcare coverage (probability of attending
health facilities within a given time) and Anopheles and Aedes
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vector abundance (from entomological catch data). Models will
explore methods of accounting for observation biases and spa-
tial and temporal autocorrelation when relevant (Figure 4).
Models will be assessed through posterior predictive checks
and fit with test and training datasets, validating with independ-
ent data when possible. For all predictive models, remote sens-
ing derived environmental covariates, including land cover
and meteorological factors, will be assessed for inclusion as
explanatory factors. Each component model will be fit sepa-
rately first before exploring modelling approaches to estimate
pathogen flow through different populations relative to land
management practices*.

All data analysis will be performed using R statistical
software®. Hierarchical Bayesian modelling approaches will
be implemented in open-source software such as Integrated
Nested Laplace Approximation (INLA) using R statistical
programming language*.

Ethical considerations and permissions

This study will be conducted in compliance with ethical prin-
ciples outlined in the Declaration of Helsinki and Malaysian
Good Clinical Practice Guidelines. All procedures will require
approval from the Malaysian National Ethics Committees and
relevant Institutional Review Boards. Additionally, permis-
sion will be required from the Sabah Biodiversity Council
to conduct entomological sampling and access environmental
data. Access to the SAFE Project site will require protocol
review and permission from the SAFE research network through
an established review process.

For human studies, written informed consent or assent will
be obtained from all study participants. The English versions
of information sheets and consent forms will be translated to
Bahasa Malaysia and the back translations will be submitted
to the Malaysian Research Ethics Committee. Written informed
consent will be obtained from all eligible adult participants
and the parents or guardians of child participants (< 18 years
old) prior to the collection of information. In order to explain
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the study, the information and consent forms will be read
out to the participant or the participant’s guardian in Bahasa
Malaysia or English and they will be invited to ask ques-
tions. If they agree, the participant or the guardian will sign the
consent form. If the participant is illiterate, thumbprints will
be used for the consent form. Assent will also be gained on a
separate form for appropriate adolescents under the age of 18
using the same signature and thumbprint methods. If the poten-
tial participant does not give consent or does not meet the study
inclusion criteria then the reason for non-participation will
be documented in the recruitment log. Separate consent will
be obtained for serological sampling for the cohort study and
GPS tracking activities.

The risks associated with participating in this study are mini-
mal. Serological surveys will involve finger prick blood sam-
pling (<500ul) taken from all consenting participants. While
mild discomfort may be felt during and after the finger prick,
this presents minimal risks to participants. Blood will be col-
lected by trained personnel to ensure safety. All participants
will benefit from knowing whether they have malaria infec-
tions. Participants with positive tests will be referred to local
hospital clinics where they will be treated free of charge. Addi-
tionally, this study will provide a better understanding of the
diseases being assessed to inform future surveillance and
control activities.

Data management and confidentiality

A primary ethical consideration for this study is maintaining
data privacy and confidentiality. Study codes will be used to
identify all participants and households. Electronic forms of
questionnaires will be designed using ODK or a similar soft-
ware program. Data will be collected using encrypted tablets
and transferred to a central data repository. Data will be pass-
word protected and encrypted and all information on partici-
pants will remain confidential. Secured network file systems,
which will be institutionally maintained with regular auto-
mated backups, will be utilised to store electronic data. All data
involving human participants will be stored on secure servers

« Land use and planning records

Land use/ land cover change

+ Satellite-based remote sensing estimates ofland cover,
forest structure, fragmentation, metrics of change

+ Questionnaire data on human activities

Macaque Mosquito Human space use Human Detection by health

populations populations »  GPStracking infection facility

« Cameratraps + Longitudinal catches « Connectivity + Febrileillnesses + Clinical records

+  Human __,|* Meteorology «— |* Houseandroad | __ |« Antibody __,|* Health seeking
observations + Hydrology . Iocatlon_s . responses — behaviour

« Infectionrates + Ecosystemstructure + Population density +  Immunity + Surveillance methods

«  Habitat (blood meal « Socioeconomic « Disease control + Diagnostic tests
suitability availability, predation) factors measures » Asymptomatic infections

Figure 4. Key data inputs into modelling pathogen flow from wildlife through to detection at health facilities.
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accessible only to study personnel. Data will be collated after
securing informed consent and destroyed if consent is with-
drawn. Data will be anonymised as much as possible, coding
and removing personal identifiers. GPS locations of house-
holds and GPS tracking data from individuals will be treated as
identifiable information and access will be limited to designated
study personnel who will be required to maintain confidenti-
ality. No personal information will be shared with third par-
ties and any maps or spatial data published will be modified
so it cannot be linked to participants.

All electronic and paper data access will be restricted to
authorised study personnel only. Data, including laboratory
notebooks, will be archived according to Universiti Malaysia
Sabah policies and kept for a minimum of ten years. All elec-
tronic data, including spatial data, will be stored on secured
servers for a minimum of ten years. Data collection, documen-
tation, storage and preservation will follow the University of
Glasgow Good Management of Research Data Policy and will
be stored on systems compliant with the ISO27001 Informa-
tion Security management standards. Details of blood samples
will be entered into existing computerised databases on sup-
ported network file systems complying with the UK Human
Tissue Act.

Dissemination

All study results will be published in open access journals and
presented to the Ministry of Health and other relevant organisa-
tions in Sabah, Malaysia. Summaries of research findings will
be presented to local stakeholders and communities involved
within this study. While ethical considerations preclude shar-
ing identifiable data on human populations, other datasets
(e.g. mosquito data) will be shared through publicly avail-
able research data repositories maintained by the University of
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Glasgow and SAFE Project. All statistical code developed dur-
ing this project will be shared through GitHub repositories
and published as supplements to publications to ensure repro-
ducibility. Research outputs and tools will also be shared to
wider audiences through networks such as the Health GeoLab
Collaborative and Asia Pacific Malaria Elimination Network.

Conclusions

This study will be the first to describe disease transmission and
exposure within a large-scale experimental landscape. This
will examine how specific land management practices impact
zoonotic and vector-borne disease dynamics, developing methods
for characterising health impacts of environmental changes
in socio-ecological systems. This study should provide new
insights into mechanisms driving disease emergence in chang-
ing landscapes and identify future surveillance and control
priorities.

Study status

This study is currently under review with relevant ethics com-
mittees, with study activities planned to commence in September
2022, conditional on COVID restrictions.

Data availability
Underlying data
No underlying data are associated with this article.

Extended data
Zenodo: SAFE Sampling area borders. https://doi.org/10.5281/
zenodo.36978044

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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This is a well-written and intriguing protocol of public health relevance today. The unique
opportunity afforded by an experimental landscape is a major benefit and the authors created a
comprehensive, multi-pronged approach to analysis. This protocol submission describes a
longitudinal observation cohort over two years that will incorporate a serosurvey in ~870 people
for NVBD pathogens at beginning and end (plus demographic and risk factor data), monthly
entomological collections, subset of mobility studies for both humans and macaques, and
collection of population-level health records recording case counts of febrile illness, etc.
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annual increase. Given the increasing dengue burden in Sabah as laid out by Murphy et al., 2020, it
highly likely that most of the population has developed multitype immunity. Meaning that of the
870 persons sampled, unless they are all children under age 10, they will likely not be arboviral-
naive and it will make it much more difficult to follow their antibody responses and the study
would be drastically underpowered for arboviruses. However, this would depend to some extent
on the planned assay but I cannot tell from the draft what multiplex bead array will be used as the
references are all for Plasmodium infection - not arboviruses. However, with only 500ul of whole
blood collected - this won't render enough sera to do serotype-specific neutralization assays that
would allow for quantitative titers. I presume the serological analysis is a pan-dengue assay (not
serotype-specific) for IgM or IgG. This approach may work for Zika or Chik since most of the
population may be naive, but I think you will be hard pressed to calculate an FOI from serological
data from 870 people, the vast majority may be immune to at least one serotype. I agree this work
with your naive population. My questions are:

o What percent of your enrolled population will be naive?

> Is the bead-based assay serotype specific for IgG and IgM and how do you account for the
cross-reactivity from multiple endemic flaviviruses?

How will JEV vaccination status or timing of Sabah impact either the baseline survey or
following up magnitude of change in antibodies?
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o If you could detect a serotype-agnostic change in antibody magnitude in a person who
initially dengue-monotypic with your assay, is 24 months too large of time window and
antibodies from a heterotypic infection will have decreased back to resting state?

My only other comment is that two days of mosquito trapping per month for two years at eight
sites may result in a very low number of infected Aedes mosquitos. We find it very rare to actually
find infected pools even when collecting in the midst of dengue epidemics (even in hospitals with
viremic patients everywhere being bitten). I would temper any expectations that this will yield
much data in terms of infection, but may certainly help with abundance measures although we
know that this can be wildly inconsistent and variable (but even better - can you assess host-vector
contact via serology).

The mobility studies and ecological studies are fascinating, and I certainly don't have the expertise
to comment on them. The continuous health facility monitoring - we have challenging making
more granular conclusions from these data sources - but I agree it is important to capture.

Overall, I believe this is an excellent protocol with a few details to be provided regarding arboviral
Sero-epidemiology.

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

Is the study design appropriate for the research question?
Partly

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: Dengue, Aedes, mosquito saliva, Sero-epidemiology, metagenomics

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.

Reviewer Report 22 February 2022
https://doi.org/10.21956/wellcomeopenres.19556.r48775
© 2022 Wells K. This is an open access peer review report distributed under the terms of the Creative Commons

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.
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Konstans Wells
Department of Biosciences, Swansea University, Swansea, UK

This protocol presented by Dr Kimberly Fornace and an interdisciplinary and highly experienced
team describes a planned observational cohort study to explore possible exposure to selected
zoonotic pathogens and changes the antibody response over a one year of a human population
residing in a tropical forest production landscape in Malaysian Borneo. Health facility monitoring
data will be used to report febrile iliness incidences. In addition, mosquito vectors will be collected
in the field in order to describe spatiotemporal changes in their occurrence and infection status.

The study is proposed to investigate the human population near the Stability of Altered Forest
Ecosystems project area (SAFE: https://www.safeproject.net), a study area of ~7,200 ha of forest
fragments and a Virgin Jungle Reserve logged forest of Ulu Segama Forest Reserve.

This is a very timely project and hopefully this will be a great source of insights of how of the socio-
ecological conditions may affect vector-borne disease spread in tropical forest landscapes and
how exposure risk can be minimized.

Considerable thought has been put into this protocol and most sampling procedures have been
described in sufficient detail to provide an informative overview of this study. However, I found
the description of the study area slightly confusing, given that the area of the SAFE project differs
from the much larger area from which relevant data of the residential human population and
health clinics can be sampled.

To allow a broader readership to benefit from this protocol, I would welcome more detailed
information on the expected spatial extent of the study area from which the various data types will
be collected and also more details of how various data types will be matched.
Some clarifications might include:
o Arevision of Figure 1B to show the location of major focal villages and health clinics and
better put the 7,200 ha of the SAFE project site in context of a study area of ~50km around
this site.

Details of the planned sampling design for mosquitos (the current version states that
sampling will be conducted across the study site, which is a large undertaking).

Details on the data origin and sampling design for camera trap and “macaque populations”
data as mentioned in Figure 4.

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

Is the study design appropriate for the research question?
Partly

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

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