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Abstract

Background Borneo, the third largest island in the world, is facing a significant burden of emerging and re-emerging
vector-borne diseases due to rapid changes in primary tropical rainforests and urban landscapes. These vector-

borne diseases include the endemic epidemic cycles that occur in the more populated and urbanized areas, as well
as the possible transmission through enzootic and sylvatic transmission cycles that occur mainly in the overlapping
landscapes or among the indigenous population in the forest. The island will be changed significantly in the future
due to the increase in human activities, especially mega events such as the relocation of the Indonesian capital

to Nusantara in East Kalimantan Borneo, increasing urbanization, agriculture, hydropower projects, ecotourism activi-
ties in Sabah, North Borneo, and Sarawak, Central and South Borneo. Therefore, an overview of the current situation
of vector-borne diseases is crucial for the next possible epidemic preparedness.

Methods This study conducted the PRISMA-ScR scoping review and formulated a set of research questions to iden-
tify current trends in vector-borne diseases in Borneo. These questions aim to identify which diseases have been
studied, what geographical areas have been covered by the research, how the One Health approach—encompassing
human, animal and environmental factors—is integrated, and what gaps and challenges exist in addressing these
diseases.

Results A total of 2241 references were screened for eligibility and 117 articles were selected for review. The majority
of the materials focused on mosquitoes and malaria, and the One Health elements focused mainly on humans.

Conclusions This review has identified the most and least studied vector-borne diseases and highlighted some

of the gaps in knowledge and research on vector-borne diseases on the island of Borneo. Future studies should par-
ticularly focus on other neglected diseases such as Zika, chikungunya, Japanese encephalitis, filariasis and tick-borne
diseases. In addition, advanced surveillance systems will be developed to improve early detection and response
specifically for remote regions where vector-borne diseases are endemic or emerging.
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Borneo is an island in Southeast Asia shared by Indo-
nesia (Kalimantan), Malaysia (Sabah and Sarawak) and
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are impacting ecosystems where endemic, epidemic and
enzootic cycles of vector-borne diseases exist [2, 3]. In
particular, the crossing of borders of forests or rural areas
by humans can lead to a spillover of enzootic transmis-
sion from natural hosts to humans and cause zoonotic
and sylvatic transmission [4]. Recent outbreaks of vec-
tor-borne diseases such as Zika [5] and the emergence
of zoonotic malaria [6] show how difficult it is to control
this infectious disease with current practices in Borneo.
According to a report by the World Health Organization
(WHO), only one part of the island of Borneo, Kaliman-
tan, already has the second highest number of malaria
cases in Asia and the Pacific after India [7]. For example,
in 2018, Jeffree et al. [8] reported two indigenous cases
of ZIKV infection from the residential area of Kota Kina-
balu, Sabah, North Borneo, indicating spillover from
the forest area to the urban area; Ali et al. [9] reported
ZIKA-positive cases in both Aedes albopictus vectors and
humans from Miri Sarawak, a mixed suburban and for-
est area. Additionally, Lempang et al. [10] investigated
and reported the emerging and increasing cases of pri-
mate malaria in Kalimantan Indonesia, which poses great
challenges to the region in controlling malaria cases.
Although the governments of the three countries have
set a target to eliminate malaria by 2030, the number of
cases has remained relatively stable, and the emergence
of zoonotic malaria has further complicated the situation.
In addition, other vector-borne diseases caused by sand-
flies, ticks, fleas and lice have generally been relatively
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neglected, despite being labelled by the WHO as the
most prevalent vector-borne diseases in the world [11,
12].

The threat from zoonotic pathogens and emerging
infections is clear. These threats are exacerbated and
accelerated by the increasing impact of various factors,
such as environmental change and habitat loss due to
human activities (see Fig. 1). Some of the major human
activities in the Bornean rainforest include deforestation
due to the relocation of the Indonesian capital, urbani-
zation, hydropower development and the intensification
of ecotourism in the two Malaysian states of Sabah and
Sarawak. These activities subsequently affect the rain-
forest ecosystem, especially the health of the animals
whose habitat is likely to change. It is, therefore, time
to recognize the interconnectedness between humans,
animals, and the environment, especially in the trans-
mission and spread of vector-borne diseases. The One
Health approach recognizes that human, animal, and
environmental health are interconnected and emphasizes
the need for collaboration between different sectors to
address public health challenges [13]. Such approaches
use integrated, interdisciplinary methods that recognize
the interrelationships between humans, animals (includ-
ing wildlife, livestock, aquatic organisms, and domestic
animals) and environmental factors (including the natu-
ral and built environment and climate change), with the
aim of improving outcomes for human, animal, and eco-
system health.

Environmental health }—»‘ Environmental driver

‘ Human driver ‘ ‘Human health

‘ Agricultural activities ‘

‘ Logging activities ‘

’ Poaching activities ‘

Ecotourism

Urbanization
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ecosystem
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Fig. 1 lllustration of the impact of human activities on the environment and animal health according to the One Health paradigm
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The aim of this review was to examine the literature
on vector-borne disease studies on the island of Borneo,
particularly in recent years when zoonotic and sylvatic
transmission has increased significantly, and to identify
the gaps in knowledge and research. The aim of this study
is to summarize the materials in a table for future docu-
mentation, to illustrate the geographical area covered or
less covered, to analyse the research topic of the literature
in Borneo based on the One Health concept and finally
to highlight some gaps and challenges in disease manage-
ment in Borneo.

Methods

This scoping review was conducted in accordance with
the PRISMA-ScR guidelines [14], which contain 22
checklist items. Most of the items were adopted in this
study, namely rationale, objectives, eligibility criteria,
search strategies, selection of evidence sources, data
collection, results and discussion. In this study, a series
of research questions were formulated to identify cur-
rent trends in vector-borne diseases in Borneo. These
questions aim to identify which diseases have been
researched, which geographical areas are covered by
research, how the One Health approach—encompassing
human, animal and environmental factors—is integrated,
and what gaps and challenges exist in addressing these
diseases. To answer these questions, this study estab-
lished eligibility criteria for the selection of relevant stud-
ies. The inclusion criteria focused on original research
such as surveillance studies and epidemiological studies
on vector-borne diseases in Borneo published in peer-
reviewed journals and in English, Malay and Indonesian
within the last five years. This study focused on studies
dealing with diseases such as malaria, dengue, Zika and
chikungunya as well as vectors such as mosquitoes, ticks,
lice and sandflies. Exclusion criteria were opinion arti-
cles, non-peer-reviewed papers, systematic reviews and
studies that did not focus on Borneo or did not address
relevant vector-borne diseases.

In this study, a keyword and Boolean logic search strat-
egy was used, applying bibliometric methods and search-
ing the databases with Boolean logic for the keyword
“vector-borne diseases” according to the WHO [11],
namely “malaria’, “dengue’, “Zika” and three emerging
diseases—“chikungunya’;, “lymphatic filariasis” and “Japa-
nese encephalitis” In addition, the vector is also used as
a keyword in this study, i.e. “mosquito’;, “tick’; “sand fly’,
“lice” or “flea” The keywords used for the query were
based on the WHO [5, 11] and the epidemics/early epi-
demics reported by the health authorities in Borneo,
Malaysia, Brunei and Indonesia, i.e. “mosquito’, “tick’
“lice’; “flea’, “sand fly’, which are vectors, and “malaria’,

“dengue’;, “Zika’, “ Japanese encephalitis’,
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chikungunya’,
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“lymphatic filariasis” The query was combined with the
Boolean operation AND/OR, with the scope of “Borneo”
and “>2017” The abstracts and titles of the articles were
independently assessed by each author of the respective
article. If the abstract, title, or both related to the study
of vector-borne diseases in Borneo, they were considered
for further reading; otherwise, they were filtered out. Fol-
lowing this procedure, an article was selected only if all
the authors agreed on its relevance to vector-borne dis-
eases in Borneo. In the next step, the articles address-
ing the three components of the One Health approach
were considered, and the topic was assigned to the cor-
responding article. Due to the focus on Plasmodium
knowlesi as the causative agent of zoonotic malaria, most
of the literature was heavily focused on this pathogen
and did not fully fulfil the criteria of this study. In this
study, materials related to the research questions were
selected. Some of them, mainly related to genetic analy-
sis, e.g. P knowlesi genetic diversity analysis [15, 16], and
modelling, e.g. serological assessment of risk factors for
malaria exposure [17, 18], have been moved to Appen-
dix 1 (Genetic and modelling perspective for P. knowlesi-
related materials).

The selection criteria for the research articles were
set to include papers published between 2017 and 2023.
The selection of the initial year 2017 is due to the dura-
tion suitable to capture mega events on the island of Bor-
neo, such as the control of human movements during the
COVID pandemic [19], the reopening of ecotourism, the
construction of a hydropower plant and the relocation
of the capital of Indonesia. These events contributed to
two main causes that were considered: the emergence of
zoonotic malaria and the increase in human activities in
the forest region, such as urbanization and deforestation
in the states of Sabah and Sarawak in Malaysia and the
relocation of the capital from Indonesia to Kalimantan
Borneo. The scientific databases Google Scholar, PubMed
and Scopus were searched to compile a comprehensive
bibliography of research papers on vector-borne dis-
eases in Borneo literature. The selection of databases was
based on three main arguments: (1) the peer-review pro-
cess of the articles to be included in the database, which
ensures the quality and reliability of the selected articles.
(2) PubMed was the main database for most publications
on infectious diseases, including vector-borne diseases.
(3) The Google search engine was able to capture some
of the important literature published in non-indexed
databases.

Results

Figure 2 shows the number of studies selected on the
basis of the methods described in Sect. 2. To account
for the highly neglected vector-borne diseases, 62
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Fig. 2 Results of the relevant articles after the selection procedure

studies dealing only with P. knowlesi and mainly address-
ing genetic and modelling aspects, e.g. investigations of
Plasmodium cytoplasm or receptors and interaction with
the host, epidemiological modelling, were separated as a
second curated document as Appendix 1. Nevertheless,
these 62 studies were analysed together and presented
in the following section. A further 55 articles were sum-
marized in this study that answered three of the research
questions, including the link to the One Health approach,
which are summarized in Table 1. The table also lists the
literature with the respective vector, species, pathogen,

diseases, study location (e.g. where the vector or patho-
gen sample was obtained) and the element of the One
Health approach.

Vector-borne diseases in Borneo

As far as the vector is concerned, the mosquito was the
most frequently investigated, namely in 86% of the avail-
able literature (Fig. 3). Among the mosquito-borne dis-
eases, malaria was the most frequently studied disease,
accounting for 72% of the total literature on vector-borne
diseases found in this study (Fig. 4).
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Table 1 Summary of the literature review on vector-borne diseases based on the species of vector, pathogen and location Borneo
and the components of the One Health approach

References Year Location Vector Species Pathogen Diseases One Health
Naserrudin et al. 2023 Sabah Mosquito NA NA Malaria Human
[61]
Turkiewicz et al. 2023 Sabah Mosquito NA P knowlesi Malaria Human
[64]
Ahmedetal. [57] 2023 Sarawak Mosquito NA P knowlesi Malaria Human
Pramasivan et al. 2023  Sarawak Mosquito An. balabacensis P knowlesi Malaria Vector
[63] An. cracens
An.introlatus
An. latens
Lauetal. [74] 2023 Sarawak Tick Ixodes granulatus  Rickettsia heilongji- - Tick-borne Animal (rodent)
Haemaphysalis angensis
hystricis, Haema- Ehrlichia sp.
physalis shimoga, ~ Anaplasma sp.
Dermacentor Bartonella spp.
compactus,
Dermacentor steini
and Dermacentor
atrosignatus
Kazim et al. [80] 2023 Sabah Louse Ischnocera NA NA Animal (domestic
Amblycera and wild animal)
Rhynchophthirina
Kazim et al. [81] 2022 Sabah Louse Anoplura NA NA Animal (domestic
and wild animal)
Lau etal. [75] 2022 Sarawak Tick Haemaphysalis Babesia spp NA Animal (rodent)
shimoga
Chuaetal. [77] 2022 Sabah Mosquito An.balabacensis NA Malaria Vector
Sugiartoetal.[7] 2022 Kalimantan Mosquito NA NA Malaria
Sugiarto et al.[37] 2022 Kalimantan Mosquito NA P vivax Malaria Human
P ovale
P malariae
Payus and Sentian 2022 Sabah Mosquito NA NA Malaria Environment
[62]
Dian et al. [60] 2022 Sabah, Sarawak Mosquito NA NA Malaria Animal (primate)
Gregory et al. [3] 2022 Sabah Mosquito Ae. albopictus NA NA Environment/vector
Lauetal. [22] 2022 Sarawak Mosquito Ae. albopictus NA Dengue Vector
Fornaceetal.[52] 2022 Sabah Mosquito NA NA NA Human/ environ-
ment
Chan et al. [86] 2022 Sabah Mosquito NA NA lymphatic filariasis  Human
and toxoplasmosis
Nada-Raja et al. 2022 Sabah Mosquito NA NA Malaria Animal (monkey)
[88]
Isnadi et al. [89] 2022 Sabah Mosquito NA NA Malaria Animal (monkey)
Messina etal.[90] 2022 Sabah Mosquito NA NA Malaria Animal (bird)
Sasmono et al. [83] 2021 Kalimantan Mosquito NA dengue dengue Human
Kaur et al. [84] 2020 Sabah Mosquito NA dengue dengue Human
Lau et al. [76] 2020 Sarawak Tick Ixodes granulatus  Borrelia miyamotoi - Lyme disease Animal (rodent)
B.yangtzensis
Brown et al. [58] 2020 Sabah Mosquito An. balabacensis NA NA Animal (primate)
Jeyaprakasam 2020 Southeast Asia Mosquito NA NA NA Human
etal. [65]
Ang et al. [13] 2020 Sarawak Mosquito An. Balabacensis P inui NA Vector
An. donaldi P, fieldi
P.cynomolgi
P knowlesi
Brown et al. [30] 2020 Sabah Mosquito An. Balabacensis P knowlesi NA Environment
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Table 1 (continued)
References Year Location Vector Species Pathogen Diseases One Health
Murphy et al. [66] 2020 Sabah Mosquito Ae. aegypti NA NA Human

Ae. albopictus

Culex
Supriyonoand Tan 2020 Sarawak, Kali- Mosquito Mansonia annu- Brugia malayi Lymphatic Vector
[67] matan lifera filariasis

Aedes albopictus

Culex tritaeniorhyn-

chus
Kamaruddinetal. 2020 Sarawak Tick and louse flea  Haemaphysalis sp. ~ NA NA Animal (cat)
[78] Haemaphysalis sp.

Felicola subro-

stratus

Ctenocephalides

felis

Ctenocephalides

felis orientis

Lynxacarus

radovskyi

Otodectes cynotis
Sasmono etal. [85] 2019 Kalimantan Mosquito NA dengue dengue Human
Stark et al. [87] 2019 Sabah Mosquito NA NA Malaria Animal (monkey)
Davidson et al. [59] 2019 Sabah Mosquito NA NA NA Environment/vector
Fornaceetal. [68] 2019 Sabah Mosquito NA NA NA Environment
Sato et al. [69] 2019 Sabah Mosquito NA NA NA Human
Husninaetal.[70] 2019 Kalimantan Mosquito NA NA Dengue Environment
Mao et al. [79] 2019 Sabah Tick Amblyomma NA NA Animal (snake)

helvolum
Brown et al. [71] 2018 Sabah Mosquito NA NA NA Environment/vector
Chuaetal.[72] 2017 Sabah Mosquito An. balabacensis Simian Plasmo- Vector

dium spp.

Young et al. [73] 2017 Sarawak Mosquito Aedes Dengue virus Dengue Environment

Anopheles

Armigeres

Culex

Lutxia
Ng et al. [20] 2017 Sarawak Tick and louse Ixodes granulatus, — NA NA Animal (rodent)

Haemaphysalis sp.

Hoplopleura sp
Feilen et al. [24] 2017 Kalimantan Sandfies NA NA NA Animal (proboscis

monkey)

Hastriter et al. [82] 2017 Sarawak Flea Lagaropsylla turba ~ NA NA Animal (earwig)

Smit

i.e. the topic was not mentioned or studied or analysed in the articles

NA not available

7% of tick-borne diseases and 6% of louse-borne dis-
eases were covered by species and pathogen screen-
ing studies, which are crucial for establishing baseline
information for future surveillance. In most of these
studies, samples were collected from rodents [20-23],
which are highly anthropophilic and often act as animal
hosts that transmit diseases to humans. There are two
studies on these ectoparasites in the literature on fleas,
but none of them investigated the possible causative
agent.

There is only one study on sandflies in Borneo that
relates to the nesting and sleeping habits of proboscis
monkey [24]. This may be because relatively little has
been reported on sand fly borne diseases, such as leish-
maniasis in Borneo. The most comprehensive study on
Borneo was published in 1961 by Laurence and Fairchild
[25], although there are more recent studies on sand flies
and pathogen surveillance in neighboring countries, such
as Peninsular Malaysia [26], Thailand [27] and the Philip-
pines [28].
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Coverage area in Borneo

To summarize the study sites of reviewed articles, the
first author created a visualization, shown in Fig. 5,
which aims to describe the region of studies covered by
the literature reviewed in this study. Most of the studies
reviewed in this study focused on urban and suburban
areas. Some of them conducted experiments to compare
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the biodiversity of vectors in different landscapes and
then covered some protected forests [29]. Few of these
studies investigated human exposure to zoonotic malaria
vectors in Sabah, Malaysian Borneo [30], or rodent and
tree shrew ectoparasite fauna in different habitats of
Sarawak [31].

Figure 5 also shows the distribution of literature focus-
ing on the island of Borneo. Notably, many of the studies
focused on similar areas due to reported cases or exist-
ing endemic transmission. This could be because there
are many remote areas where it is difficult to collect data,
although efforts are ongoing. Several major cities were
mentioned in this study, such as the new capital of Indo-
nesia, Nusantara, Kuching Sarawak and Kota Kinabalu
Sabah. Figure 5 shows the areas covered by the research
areas of the analysed articles.

One Health approach

The One Health approach was not new in the fight
against vector-borne diseases, but by emphasizing human
well-being, many other factors were severely neglected.
This approach was reintroduced after several zoonotic
outbreaks, such as those involving Zika and COVID-19
[13, 32], and has drawn the attention of researchers and
practitioners to the balance of the three elements of the
One Health approach.

Louse-borne disease, 3

‘W Flea-borne disease, 1

Malaria, 84

Fig. 4 The composition of the literature is based on diseases. The chart has been labelled with the type of disease, followed by the number

of literatures
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Kota Kinabalu, Sabah

Nusantara
(Capital of
Indonesiain
August 2024)

of the cities on the island of Borneo

For different vector-borne diseases, the components
of the One Health approach are weighed differently.
For example, tick-borne diseases such as Lyme disease
always involve an animal host before the disease is trans-
mitted to humans [33], so understanding the disease is
also critical to its management. Figure 6 illustrates the

Fig.5 The red dots represent the places of study mentioned in the literature reviewed, and the white circles and text boxes indicate some

composition of the literature analysed according to the
One Health approach. Sixty-two per cent of the mate-
rial focused on the human component, either on clinical
treatment, molecular studies or surveillance to prevent
the transmission of pathogens to humans. Second was
animal health, which accounted for 28% of the literature
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Fig. 6 The composition of the literature is based on the elements

of the One Health approach. The chart was labelled with the t
followed by the number of the literature. There were some articles
that focused on more than one element of the One Health approach
and were considered related elements

and focused mainly on possible zoonoses, ectoparasites
and the vector itself. Wildlife was probably the key to
vector-borne diseases in Borneo, where most diseases
originated from wildlife (e.g., Zika). Therefore, for future
studies on enzootic or zoonotic diseases or spillover ani-
mals, the type of animal involved was also indicated in
Table 1.

The environment was probably the most important
element on which human and animal health are most
dependent. For example, climate change affects the fre-
quency of rainfall and thus habitat availability [34]; tem-
perature increases the growth rate of vectors such as
mosquitoes [35]; and the migration of animals (rodents
and monitor lizards [36]) carrying vectors such as ticks,
mites, and lice to habitats more suitable for humans.
Twelve of the literature focuses on the environmental
element that has been least researched. Within this lit-
erature, nine articles focus on landscape changes that
significantly affect the spread of vectors and thus disease
transmission.

Discussion

The large number of malaria studies may be due to a pos-
sible resurgence of human malaria [37], and the emer-
gence of zoonotic malaria (due to the species P knowlesi,
Plasmodium cynomolgi, Plasmodium fieldi and Plasmo-
dium inui) in Borneo is being closely monitored [38].
Therefore, intensive studies have been conducted to learn
more about transmission, especially the problem of spill-
overs from wildlife species where zoonotic transmission
becomes sylvatic [39, 40]. Although dengue ranks second
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in the literature, the number of studies is relatively small
compared to Peninsular Malaysia and neighboring coun-
tries such as Thailand and the Philippines. The large dif-
ference in the number of studies on malaria could be due
to the unique landscape of Borneo, which still consists of
many undeveloped areas such as protected forests and
rural areas that provide an ideal habitat for Anopheles
mosquitoes. However, rapid changes in land use in Bor-
neo, particularly rapid urbanization [41, 42] and increas-
ing forest disturbance from various activities, such as
logging, poaching and ecotourism [43], are reflected
in the increase in dengue cases in Borneo. The highly
neglected mosquito-borne diseases such as Zika virus
(with only one study [44]) should be emphasized. The
first outbreak of indigenous Zika virus in Sabah, Malay-
sian Borneo, and Chikungunya (no literature in this study
period) nevertheless posed a significant threat to Bor-
neo. However, the relative paucity of literature on other
vector-borne diseases could be due to several factors. To
understand vector-borne disease transmission, the land-
scape and land use of Borneo needed to be understood.
The island was once covered with dense rainforests and
swampy coastal areas fringed by mangrove forests and a
mountainous interior. As much of the terrain was virtu-
ally impassable and unexplored, surveillance work was
made difficult [29]. With increasing urbanization and
demand for electricity, deforestation and forest modifi-
cation increased, ultimately increasing human contact
with the native host and vector and, most importantly,
zoonotic transmission. Therefore, some of the gaps and
challenges also were summarized in this study.

Gaps and challenges
Highly neglected vector-borne diseases
There is a notable gap in the understanding and manage-
ment of vector-borne diseases other than malaria. For
example, efforts to monitor and control Zika and Chi-
kungunya are very limited. Recent studies on Zika virus
have highlighted the high prevalence of Zika virus in the
serum of the local community [45]. Similarly, there has
been an outbreak of Chikungunya in neighboring land-
scapes such as Peninsular Malaysia in 2007 [46] and Pen-
ang Malaysia in 2022 [47]. It is worth noting that people
from Peninsular Malaysia frequently travel to Borneo and
thus pose a high risk of transmission to Borneo. Indeed,
Hotez et al. [48] mentioned the prevalence of sylvatic
transmission of flaviviruses, including JE, which is already
endemic in Borneo and requires consistent monitoring.
In addition, Borneo has many sandy riverbanks, wet
beaches, seashores, and wetlands that serve as habitats
for sandflies. Some reports have noted the large num-
ber of sandflies in certain parts of Borneo, such as Miri
Sarawak [49]. However, both the vector and the disease
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have been largely neglected. Although cases of leishma-
niasis have been reported in Malaysia, it was introduced
by an immigrant [50]. The most comprehensive study on
Borneo was published in 1961 by Laurence et al. [25],
although more recent studies on sandflies and pathogen
surveillance have been conducted in neighboring land-
scapes such as Peninsular Malaysia, Thailand and the
Philippines.

The challenges in controlling other vectors in Borneo
may be due to limited resources and prioritization. Cases
of Zika, Chikungunya, leishmaniasis/sandfly fever and
tick-borne diseases are relatively under-diagnosed and
under-monitored compared to cases of malaria and den-
gue. Another reason could be the asymptomatic nature
of some of these diseases. Insufficient information about
these vectors and diseases hinders the ability of public
health practitioners to respond effectively to outbreaks
and implement preventive measures.

Exploring other areas to understand the impact of human
activities on the spread and distribution of vectors and
pathogens

Human activities such as deforestation are probably
the main reason for the displacement of native wildlife
to other areas [51]. These wild animals serve as natu-
ral hosts and reservoirs for many pathogens that can be
transmitted to humans. If the landscape changes, the
vector responsible for the disease could also change its
ecology and behaviour. Therefore, it is crucial that more
areas be surveyed for vectors and pathogens, especially
those areas that are to be urbanized or converted to agri-
cultural land. Nevertheless, there are currently no guide-
lines or regulations for the assessment of vectors, except
for the assessment of biodiversity in the area (including
protected or endangered species). The second reason is
that in resource-limited or geographically remote areas,
it is a major challenge to effectively reach and monitor
vector populations. These hard-to-reach areas may lack
adequate infrastructure, health facilities or transport net-
works, making it difficult to conduct comprehensive sur-
veillance and research activities. As mentioned in Ong
et al. [29], these remote areas require support from elec-
tricity to recharge the traps and a freezer to preserve the
pathogen’s nucleic acid for screening.

As a result, there is limited understanding of the
dynamics of vectors and pathogens in these regions,
complicating efforts to control disease transmission and
implement targeted interventions. For example, Fornace
et al. [52] conducted a longitudinal study in Kudat Sabah
in northern Borneo, covering most of the local com-
munity area. However, further efforts are still needed
to identify Plasmodium in Anopheles mosquitoes and
determine the biodiversity of both the pathogen and the
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vector. In addition, Young et al. [53] and Adrus et al. [31]
conducted surveys of rodent ectoparasites collected in
Kuching Sarawak and surrounding areas. However, stud-
ies suggest that other major cities in Sarawak should also
be surveyed to obtain a more comprehensive picture of
their distribution. However, to understand the boundary
between sylvatic and human transmission, more informa-
tion is needed on inland forests, coasts and islands. This
could be due to limited logistical capabilities and facili-
ties, such as freezers, that can maintain the cold chain
for pathogen screening. To minimize this gap, innovative
approaches, and increased investment in strategies to
reach and engage populations in remote or marginalized
areas are needed.

There is a strong focus on animal and human elements,
while the environment has been severely neglected
Traditional approaches to the study of vector-borne dis-
eases have often focused on the interactions between
pathogens, vectors and human hosts, overlooking the
crucial role of environmental factors. Environmental con-
ditions such as climate, land use, habitat destruction and
urbanization have significant impacts on the occurrence,
spread and dynamics of vector-borne diseases. However,
there is a tendency to neglect the environmental dimen-
sion and focus on animal and human health aspects.
For example, White and Razgour [54] have shown that
changing land use significantly alters the distribution of
long-tailed macaques, bringing this natural host of Plas-
modium spp. closer to humans. Another challenge in
studying the environmental element of One Health could
be the derivation and collection of data. This means that
the relationship between the environmental factors and
the vector or transmission can be investigated before the
environmental variables are defined. Defining the vari-
ables is a challenge that depends on the research ques-
tion to be answered but is often time consuming and
costly. For example, Brown et al. [30] collected blood
samples and interviewed people in a village individually
to understand host behaviour (e.g., farming activities)
in relation to exposure to zoonotic Anopheles mosqui-
toes; therefore, a well-defined first-hand research ques-
tion was crucial. Byrne et al. [55] collected the larvae of
Anopheles mosquitoes and used remote sensing data to
collect environmental data and investigate the risk fac-
tors for Anopheles mosquito breeding sites. With further
advances in remote sensing, more data can be collected,
which ultimately requires proper data management and
more robust modelling, such as machine learning [56].
More environmental data and robust modelling should
help us understand and address the complex environ-
mental factors that cause vector-borne diseases. Finally,
this study emphasized the importance of incorporating
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the environmental perspective into vector-borne disease
research, policy, and practice.

Conclusion and future directions
The literature on vector-borne diseases in Borneo from
2017 to 2023 was reviewed and discussed. Malaria is the
most studied disease in the region. Nevertheless, there
are still gaps in malaria research, and further studies are
needed to confirm the possible transboundary differences
in human activities in forested areas or, more impor-
tantly, the possibility of human-to-human transmission.
Under the One Health approach, further details should
be defined to guide assessment and surveillance. The
concept of One Health has gained traction in the pub-
lic health debate. However, there is still a need for more
specific guidelines and standards for practical implemen-
tation in the context of surveillance and control of vector-
borne diseases. Defining clear indicators, methodologies
and benchmarks within the One Health framework is
crucial for guiding assessment and surveillance activities,
facilitating interdisciplinary collaboration and providing
information for evidence-based interventions. To address
this gap, concerted action is needed to develop compre-
hensive guidelines that consider the complex interactions
between human, animal and environmental health in the
context of vector-borne diseases.

Therefore, some possible future directions are pre-
sented below in this study:

1. More research on surveillance of Zika virus, den-
gue fever (different serotypes), chikungunya, JE and
Hanipah virus using next-generation sequencing
(NGS) or real-time qPCR multiplexing techniques
that can detect multiple viruses in one (pooled) sam-
ple.

2. Develop surveillance systems that specifically target
flaviviruses in regions where they are endemic or
emerging to improve early detection and response.

3. Provide resources for capacity-building initiatives to
enable local communities to effectively monitor and
respond to vector-borne diseases.

4. Establish a One Health assessment and surveillance
framework that includes specific indicators, meth-
odologies and benchmarks for assessing the inter-
connectedness of human, animal and environmental
health.

5. Conduct pilot studies to demonstrate the practi-
cal application of One Health principles in address-
ing specific vector-borne diseases or environmental
health problems.

6. Continuously review and update One Health Guide-
lines based on new scientific knowledge, technologi-
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cal advances and lessons learned from interdiscipli-
nary collaboration.

7. More robust models and tools, including machine
learning, should be developed to assess the impact of
environmental factors such as climate change, land
use and habitat degradation on vector populations
and disease spread.

8. Promote collaboration between environmental sci-
entists, public health professionals and policy makers
to develop holistic approaches to disease prevention
and control.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512936-024-05132-5.

[ Supplementary Material 1. }

Author contributions

Song-Quan Ong: conceptualization, methodology, software, validation, formal
analysis, investigation, data curation, writing—original draft, writing—review
& editing, visualization, supervision, project administration, funding acquisi-
tion. Ag. Shazmeer Bin Ag Safree: conceptualization, methodology, validation,
writing—review & editing. Nur Badriah Binti Asmail @ Ismai: conceptualization,
validation, writin—review & editing.

Funding
There is no funding for this work.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Received: 2 June 2024 Accepted: 7 October 2024
Published online: 11 November 2024

References

1. Gaveau DL, Sloan S, Molidena E, Yaen H, Sheil D, Abram NK, et al. Four
decades of forest persistence, clearance and logging on Borneo. PLoS
ONE. 2014;169:101654.

2. van de Straat B, Sebayang B, Grigg MJ, Staunton K, Garjito TA, Vythilingam
|, et al. Zoonotic malaria transmission and land use change in Southeast
Asia: what is known about the vectors. Malar J. 2022;21:109.

3. Gregory N, Ewers RM, Chung AYC, Cator LJ. Oil palm expansion increases
the vectorial capacity of dengue vectors in Malaysian Borneo. PLoS Neg|
Trop Dis. 2022;16:e0009525.

4. Pereira Dos Santos T, Roiz D, Santos de Abreu FV, Luz SLB, Santalucia M,
Jiolle D, et al. Potential of Aedes albopictus as a bridge vector for enzootic
pathogens at the urban-forest interface in Brazil. Emerg Microbes Infect.
2018;7:191.

5. WHO. Zika virus. Geneva: World Health Organization; 2022. https://www.
who.int/news-room/fact-sheets/detail/zika-virus.


https://doi.org/10.1186/s12936-024-05132-5
https://doi.org/10.1186/s12936-024-05132-5
https://www.who.int/news-room/fact-sheets/detail/zika-virus
https://www.who.int/news-room/fact-sheets/detail/zika-virus

Ong et al. Malaria Journal

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

(2024) 23:337

Woolley SD, Beeching NJ, Lalloo DG, Rajahram GS. Is the rise of simian
zoonotic malarias a public health problem caused by humans? A review
of simian malaria in humans. JID One Health. 2023;1:100002.

Sugiarto SR, Baird JK, Singh B, Elyazar I, Davis TM. The history and current
epidemiology of malaria in Kalimantan, Indonesia. Malar J. 2022;21:327.
Jeffree SM, Dony JJ, Ahmed K. The first outbreak of autochthonous Zika
virus in Sabah, Malaysian Borneo. Int J Infect Dis. 2018;73:213.

Ali R, Azmi RA, Ahmad NW, Abd Hadi A, Muhamed KA, Rasli R, et al. Ento-
mological surveillance associated with human Zika cases in Miri Sarawak,
Malaysia. Am J Trop Med Hyg. 2020;102:964-70.

Lempang ME, Dewayanti FK, Syahrani L, Permana DH, Malaka R, Asih

PB, et al. Primate malaria: an emerging challenge of zoonotic malaria in
Indonesia. One Health. 2022;14:100389.

. WHO. Vector-borne diseases. Geneva: World Health Organization. 2020.

https//www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
Socha W, Kwasnik M, Larska M, Rola J, Rozek W. Vector-borne viral diseases
as a current threat for human and animal health—one health perspec-
tive. J Clin Med. 2022;11:3026.

Mackenzie JS, Jeggo M. The one health approach-why is it so important?
Trop Med Infect Dis. 2019;4:88.

Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al.
PRISMA extension for scoping reviews (PRISMA-ScR): checklist and expla-
nation. Ann Intern Med. 2018;169:467-73.

Azlan UW, Lau YL, Fong MY. Genetic diversity and clustering of the rhop-
try associated protein-1 of Plasmodium knowlesi from peninsular Malaysia
and Malaysian Borneo. Korean J Parasitol. 2022;60:393-400.

Ng YL, Lau YL, Hamid MH, Jelip J, Ooi CH, Mudin RN, et al. Genetic
polymorphism of the thrombospondin-related apical merozoite

protein (TRAMP) of Plasmodium Knowlesi in Malaysia. Parasitol Res.
2023;122:195-200.

Yunos NE, Sharkawi HM, Hii KC, Hu TH, Mohamad DS, Rosli N, et al. Spatio-
temporal distribution and hotspots of Plasmodium knowlesi infections in
Sarawak, Malaysian Borneo. Sci Rep. 2022;12:17284.

Chong ET, Goh LP, Yap HJ, Yong EW, Lee PC. Risk association, linkage
disequilibrium, and haplotype analyses of B-like globin gene polymor-
phisms with malaria risk in the Sabah population of Malaysian Borneo.
Genes. 2022;13:1229.

Ong SQ, Ahmad H, Mohd Ngesom AM. Implications of the COVID-

19 lockdown on dengue transmission in Malaysia. Infect Dis Rep.
2021;13:148-60.

Ng YL, Hamdan NES, Tuen AA, Mohd-Azlan J, Chong YL. Co-infections of
ectoparasite species in synanthropic rodents of western Sarawak, Malay-
sian Borneo. Trop Biomed. 2017,34:723-31.

Lau KW, Chen CD, Low VL, Lee HL, Azidah AA, Sofian-Azirun M. Adulticide
resistance status of Aedes albopictus (Diptera: Culicidae) in Sarawak state,
Malaysia. J Med Entomol. 2021,58:2292-8.

Lau KW, Low VL, Chen CD, Sofian-Azirun M. Genetic diversity of Aedes
albopictus (Skuse) in Sarawak, Malaysia and other regions of the world. J
Appl Entomol. 2022;146:615-25.

Blasdell KR, Morand S, Laurance SG, Doggett SL, Hahs A, Trinh K, et al.
Rats and the city: implications of urbanization on zoonotic disease risk in
Southeast Asia. Proc Natl Acad Sci USA. 2022;119:e2112341119.

Feilen KL, Marshall AJ. Multiple ecological factors influence the location
of proboscis monkey (Nasalis larvatus) sleeping sites in West Kalimantan,
Indonesia. Int J Primatol. 2017,38:448-65.

Quate LW, Fairchild GB. Phelebotomic sand flies of Malaya and Borneo.
Pac Insect. 1961;3:203-22.

Shahar MK, Hassan AA, Lee HL, Salmah MC. Studies of phlebotomine
sand fly (Diptera: Psychodidae) populations in limestone areas and caves
of Western Malaysia. SE Asian J Trop Med Public Health. 2011;42:83-93.
Renaux Torres MC, Pellot C, Somwang P, Khositharattanakool P, Vongphay-
loth K, Randrianambinintsoa FJ, et al. Phlebotomine sand flies (Diptera,
Psychodidae) from Pha Tong cave, Northern Thailand with a description
of two new species and taxonomical thoughts about Phlebotomus Stan-
toni. PLoS Negl Trop Dis. 2023;17:€0011565.

Léger N, Depaquit J, Gay F. Description of the sandfly species Chinius
samarensis n. sp. (Psychodidae; Diptera) from the Philippines. Pathog
Glob Health. 2012;106:346-51.

Ong SQ, Dawood MM, Rahman H, Alias MF, Moideen MA, Lee PC, et al. A
protocol and training guidelines for mosquito sampling in remote areas
with limited power supply. MethodsX. 2024;12:102563.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Page 12 of 13

Brown R, Chua TH, Fornace K, Drakeley C, Vythilingam |, Ferguson

HM. Human exposure to zoonotic malaria vectors in village, farm

and forest habitats in Sabah, Malaysian Borneo. PLoS Negl Trop Dis.
2020;14:e0008617.

Adrus M, Jazman NAM, Azizi RNAR, Ahamad M, Tajuddin AM. Ectopara-
sites fauna of rodents and scandents at different habitats of Sarawak,
Malaysia. Serangga. 2021;26:26-46.

Acharya KP, Subramanya SH, Neupane D. Emerging pandemics: lesson
for one-health approach. Vet Med Sci. 2021,7:273-5.

Rocha SC, Velasquez CV, Aquib A, Al-Nazal A, Parveen N. Transmission
cycle of tick-borne infections and co-infections, animal models and
diseases. Pathogens. 2022;11:1309.

Rahman HA. Climate change scenarios in Malaysia: engaging the
public. Int J Malay Nusant Stud. 2018;1:55-77.

Brower V. Vector-borne diseases and global warming: are both on an
upward swing? Scientists are still debating whether global warm-

ing will lead to a further spread of mosquitoes and the diseases they
transmit. EMBO Rep. 2001;2:755-7.

Fong IW, Fong IW. Animals and mechanisms of disease transmission.
Emerging Zoonoses. Berlin: Springer; 2017. p. 15-38.

Sugiarto SR, Natalia D, Mohamad DS, Rosli N, Davis WA, Baird JK, et al. A
survey of simian Plasmodium infections in humans in West Kalimantan,
Indonesia. Sci Rep. 2022;12:18546.

Ang JXD, Kadir KA, Mohamad DSA, Matusop A, Divis PCS, Yaman K,

et al. New vectors in northern Sarawak, Malaysian Borneo, for the
zoonotic malaria parasite, Plasmodium knowlesi. Parasit Vectors.
2020;13:472.

Ruiz Cuenca P, Key S, Lindblade KA, Vythilingam |, Drakeley C, Fornace
K. Is there evidence of sustained human-mosquito-human transmis-
sion of the zoonotic malaria Plasmodium Knowlesi? A systematic
literature review. Malar J. 2022;21:89.

Johnson E, Sunil Kumar Sharma R, Ruiz Cuenca P, Byrne |, Salgado-Lynn
M, Suraya Shahar Z, et al. Landscape drives zoonotic malaria preva-
lence in non-human primates. Elife. 2024;12:RP88616.

Hasan AR, Nair PL. Urbanisation and growth of metropolitan centres in
Malaysia. Malaysian J Econom Stud. 2014;51:87-101.

Fajar M. Measuring urban expansion in Samarinda city, East Borneo,
Indonesia. Master’s thesis. University of Adelaide. 2016.

World Wildlife Fund (WWF). Borneo: Treasure Island at Risk. Status of
Forest, Wildlife and related Threats on the Island of Borneo. https://
wwfeu.awsassets.panda.org/downloads/treasureislandatrisk.pdf.
Accessed 18 Sep 2024.

Jeffree SM, Dony JJF, Ahmed K. The first outbreak of autochthonous
Zika virus in Sabah, Malaysian Borneo. Int J Infect Dis. 2018;73:297.
Khoo HY, Lee HY, Khor CS, Tan KK, Bin Hassan MR, Wong CM, et al.
Seroprevalence of Zika virus among forest fringe communities in
peninsular Malaysia and Sabah: general population-based study. Am J
Trop Med Hyg. 2022;107:560-8.

AbuBakar S, Sam IC, Wong PF, MatRahim N, Hooi PS, Roslan N.
Reemergence of endemic Chikungunya, Malaysia. Emerg Infect Dis.
2007;13:147-9.

Manjit Kaur. Measures taken to keep dengue and chikungunya at bay.
https://www.thestar.com.my/metro/metro-news/2022/04/01/measu
res-taken-to-keep-dengue-and-chikungunya-at-bay. Accessed 18 Sep
2024.

Hotez PJ, Bottazzi ME, Strych U, Chang LY, Lim YA, Goodenow MM,

et al. Neglected tropical diseases among the Association of Southeast
Asian Nations (ASEAN): overview and update. PLoS Negl Trop Dis.
2015;9:e0003575.

Margaret Ringgit. Resolve sand fly problem at Miri beaches right away.
https://www.newsarawaktribune.com.my/resolve-sand-fly-problem-at-
miri-beaches-right-away/. Accessed 18 Sep 2024.

Azian MN, Hakim SL, Khadri MS, Yusri MY, Adela JI, Noor M, Nurhainis OS,
Karnan G, Shamilah H. Leishmaniasis in peninsular Malaysia: the role of
immigrant workers and the vector. S E Asian J Trop Med Public Health.
2016;47:607-16.

Bodo T, Gimah BG, Seomoni KJ. Deforestation and habitat loss: human
causes, consequences and possible solutions. J Geogr Res. 2021;4:22-30.
Fornace K, Manin BO, Matthiopoulos J, Ferguson HM, Drakeley C, Ahmed
K, et al. A protocol for a longitudinal, observational cohort study of
infection and exposure to zoonotic and vector-borne diseases across a


https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
https://wwfeu.awsassets.panda.org/downloads/treasureislandatrisk.pdf
https://wwfeu.awsassets.panda.org/downloads/treasureislandatrisk.pdf
https://www.thestar.com.my/metro/metro-news/2022/04/01/measures-taken-to-keep-dengue-and-chikungunya-at-bay
https://www.thestar.com.my/metro/metro-news/2022/04/01/measures-taken-to-keep-dengue-and-chikungunya-at-bay
https://www.newsarawaktribune.com.my/resolve-sand-fly-problem-at-miri-beaches-right-away/
https://www.newsarawaktribune.com.my/resolve-sand-fly-problem-at-miri-beaches-right-away/

Ong et al. Malaria Journal (2024) 23:337

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

land-use gradient in Sabah, Malaysian Borneo: a socio-ecological systems
approach. Wellcome Open Res. 2022,7:63.

Young Kl, Buenemann M, Vasilakis N, Perera D, Hanley KA. Shifts in mos-
quito diversity and abundance along a gradient from oil palm plantations
to conterminous forests in Borneo. Ecosphere. 2021;12:¢03463.

White RJ, Razgour O. Emerging zoonotic diseases originating in mam-
mals: a systematic review of effects of anthropogenic land-use change.
Mamm Rev. 2020;50:336-52.

Byrne I, Aure W, Manin BO, Vythilingam |, Ferguson HM, Drakeley CJ, et al.
Environmental and spatial risk factors for the larval habitats of Plasmo-
dium knowlesi vectors in Sabah, Malaysian Borneo. Sci Rep. 2021;11:11810.
Ong SQ, Ab Majid AH, Li WJ, Wang JG. Application of computer vision
and deep learning models to automatically classify medically important
mosquitoes in North Borneo, Malaysia. Bull Entomol Res. 2024;114:302-7.
Ahmed MA, Baruah P, Saif A, Han JH, Al-Zharani M, Wazid SW, et al. In
silico analysis reveals high levels of genetic diversity of Plasmodium
Knowlesi cell traversal protein for ookinetes and sporozoites (PkCelTOS) in
clinical samples. Trop Med Infect Dis. 2023;8:380.

Brown R, Salgado-Lynn M, Jumail A, Jalius C, Chua TH, Vythilingam |,
Ferguson HM. Exposure of primate reservoir hosts to mosquito vectors in
Malaysian Borneo. EcoHealth. 2022;19:233-45.

Davidson G, Chua TH, Cook A, Speldewinde P, Weinstein P. Defining the
ecological and evolutionary drivers of Plasmodium Knowlesi transmission
within a multi-scale framework. Malar J. 2019;18:66.

Dian ND, Rahim MAFA, Chan S, Idris ZM. Non-human primate malaria
infections: a review on the epidemiology in Malaysia. Int J Environ Res
Public Health. 2022;19:7888.

Naserrudin NA, Yong PPL, Monroe A, Culleton R, Baumann SE, Sato S, et al.
Seeing malaria through the eyes of affected communities: using photo-
voice to document local knowledge on zoonotic malaria causation and
prevention practices among rural communities exposed to Plasmodium
Knowlesi malaria in northern Borneo Island. Malar J. 2023;22:166.

Payus C, Sentian J. Satellite imagery system in malaria transmission
resulting from the land use/land cover change. Glob J Environ Sci Manag.
2022;8:545-60.

Pramasivan S, Low VL, Jeyaprakasam NK, Liew JWK, Ngui R, Vythilingam

. Cryptic diversity and demographic expansion of Plasmodium Knowlesi
malaria vectors in Malaysia. Genes (Basel). 2023;14:1369.

Turkiewicz A, Manko E, Oresegun DR, Nolder D, Spadar A, Sutherland

CJ, et al. Population genetic analysis of Plasmodium Knowlesi reveals dif-
ferential selection and exchange events between Borneo and Peninsular
sub-populations. Sci Rep. 2023;13:2142.

Jeyaprakasam NK, Liew JWK, Low VL, Wan-Sulaiman WY, Vythilingam .
PlasmKnowlesiowlesi infecting humans in southeast Asia: what's next?
PLoS Negl Trop Dis. 2020;14:0008900.

Murphy A, Rajahram GS, Jilip J, Maluda M, William T, Hu W, Reid S, Devine
GJ, Frentiu FD. Incidence and epidemiological features of dengue in
Sabah, Malaysia. PLoS Negl Trop Dis. 2020;14:e0007504.

Supriyono S, Tan S. DNA of Brugia malayi detected in several mosquito
species collected from Balangan district, south Borneo province, Indone-
sia. Vet World. 2020;13:996-1000.

Fornace KM, Brock PM, Abidin TR, Grignard L, Herman LS, Chua TH, et al.
Environmental risk factors and exposure to the zoonotic malaria parasite
Plasmodium Knowlesi across northern Sabah, Malaysia: a population-
based cross-sectional survey. Lancet Planet Health. 2019;3:2179-86.

Sato S, Tojo B, Hoshi T, Minsong LIF, Kugan OK, Giloi N, et al. Recent inci-
dence of human malaria caused by Plasmodium knowlesi in the villages
in Kudat peninsula, Sabah, Malaysia: mapping of the infection risk using
remote sensing data. Int J Environ Res Public Health. 2019;16:2954.
Husnina Z, Clements ACA, Wangdi K. Forest cover and climate as poten-
tial drivers for dengue fever in Sumatra and Kalimantan 2006-2016: a
spatiotemporal analysis. Trop Med Int Health. 2019;24:888-98.

Brown R, Hing CT, Fornace K, Ferguson HM. Evaluation of resting traps

to examine the behaviour and ecology of mosquito vectors in an area

of rapidly changing land use in Sabah, Malaysian Borneo. Parasit Vectors.
2018;11:346.

Chua TH, Manin BO, Daim S, Vythilingam |, Drakeley C. Phylogenetic
analysis of simian Plasmodium spp. infecting Anopheles Balabacensis
Baisas in Sabah, Malaysia. PLoS Negl Trop Dis. 2017;11:€0005991.

Young KI, Mundis S, Widen SG, Wood TG, Tesh RB, Cardosa J, et al.
Abundance and distribution of sylvatic dengue virus vectors in three

Page 13 of 13

different land cover types in Sarawak, Malaysian Borneo. Parasit Vectors.
2017;10:406.

74. Lau ACC, Mohamed WMA, Nakao R, Onuma M, Qiu'Y, Nakajima N,
et al. The dynamics of the microbiome in Ixodidae are shaped by tick
ontogeny and pathogens in Sarawak, Malaysian Borneo. Microb Genom.
2023;9:mgen000954.

75. Lau AC, QiuY, Moustafa MAM, Nakao R, Shimozuru M, Onuma M.
Nakajima Net al. Detection of a Babesia sp. genotype closely related to
marsupial-associated Babesia spp. in male Haemaphysalis shimoga from
Sarawak, Malaysian Borneo. J Vet Med Sci. 2022,84:1469-73.

76. Lau ACC, Qiu'Y, Moustafa MAM, Nakao R, Shimozuru M, Onuma M, et al.
Detection of Borrelia burgdorferi Sensu Lato and relapsing fever Borrelia
in feeding Ixodes ticks and rodents in Sarawak, Malaysia: new geographi-
cal records of Borrelia Yangtzensis and Borrelia miyamotoi. Pathogens.
2020;9:846.

77. ChuaTH, Manin BO, Fornace K. Life table analysis of Anopheles balabacen-
sis, the primary vector of Plasmodium knowlesi in Sabah, Malaysia. Parasit
Vectors. 2022;15:442.

78. Kamaruddin NC, Adrus M, Ismail WN. Prevalence of ectoparasites on a
stray cat population from Town of Knowledge KotaSamarahan, Sarawak,
Malaysian Borneo. Turkish J Vet Anim Sci. 2020;44:1212-21.

79. Mao JJ, Norval G, Robbins RG, Te Wong S. An instance of Boiga den-
drophila dendrophila (Boie, 1827)(Reptilia: Colubridae) being parasitized
by Amblyomma helvolum Koch, 1844 (Acari: Ixodidae), with comments
about the attachment sites of this tick species. Acarologia. 2019;59:115-9.

80. Kazim AR, Houssaini J, Tappe D, Heo CC. An annotated checklist of the
chewing lice (Phthiraptera: Ischnocera, Amblycera, Rhynchophthirina)
from domestic and wild mammals in Malaysia. Zootaxa. 2023;5263:40-60.

81. Kazim AR, Houssaini J, Tappe D, Heo CC. An annotated checklist of suck-
ing lice (Phthiraptera: Anoplura) from domestic and wild mammals in
Malaysia, with lists of hosts and pathogens. Zootaxa. 2022;5214:301-36.

82. Hastriter MW, Miller KB, Svenson GJ, Martin GJ, Whiting MF. New record of
a phoretic flea associated with earwigs (Dermaptera, Arixeniidae) and a
redescription of the bat flea Lagaropsylla signata (Siphonaptera, Ischnop-
syllidae). Zookeys. 2017,657:67-79.

83. Sasmono RT, Sutjianto A, Santoso MS, Sriwedari K, Yohan B, Mayasanti E,
et al. Molecular epidemiology of dengue in North Kalimantan, a province
with the highest incidence rates in Indonesia in 2019. Infect Genet Evol.
2021;95:105036.

84. Kaur N, Rahim SSSA, Jaimin JJ, Dony JJF, Khoon KT, Ahmed K. The east
coast districts are the possible epicenter of severe dengue in Sabah. J
Physiol Anthropol. 2020;39:19.

85. Sasmono RT, Kalalo LP, Trismiasih S, Denis D, Yohan B, Hayati RF, et al.
Multiple introductions of dengue virus strains contribute to dengue
outbreaks in East Kalimantan, Indonesia, in 2015-2016. Virol J. 2019;16:93.

86. Chan YL, Patterson CL, Priest JW, Stresman G, William T, Chua TH, et al.
Assessing seroprevalence and associated risk factors for multiple infec-
tious diseases in Sabah, Malaysia using serological multiplex bead assays.
Front Public Health. 2022;10:924316.

87. Stark DJ, Fornace KM, Brock PM, Abidin TR, Gilhooly L, Jalius C, et al. Long-
tailed macaque response to deforestation in a Plasmodium knowlesi-
endemic area. EcoHealth. 2019;16:638-46.

88. Nada-Raja T, Kadir KA, Divis PCS, Mohamad DSA, Matusop A, Singh
B. Macaca fascicularis and Macaca nemestrina infected with zoonotic
malaria parasites are widely distributed in Sarawak, Malaysian Borneo. Sci
Rep. 2022;12:10476.

89. Isnadi MF, Priya SP, Chua TH. Pathological features of Plasmodium Knowlesi
malaria infection in humans and macaques. Malaysian J Biochem Mol
Biol. 2022;25:58-67.

90. Messina S, Edwards DP, Van Houtte N, Tomassi S, Benedick S, Eens M, et al.
Impacts of selective logging on haemosporidian infection and physi-
ological correlates in tropical birds. Int J Parasitol. 2022;52:87-96.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Vector-borne diseases on Borneo island: a scoping review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Results
	Vector-borne diseases in Borneo
	Coverage area in Borneo
	One Health approach
	Discussion
	Gaps and challenges
	Highly neglected vector-borne diseases
	Exploring other areas to understand the impact of human activities on the spread and distribution of vectors and pathogens
	There is a strong focus on animal and human elements, while the environment has been severely neglected

	Conclusion and future directions
	References


