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Biosurveillance

The emergence of zoonotic diseases, or zoonoses,
infections transmitted between animals and humans,
is a growing global concern, particularly in ecologically
diverse regions such as Borneo. Environmental
changes, including habitat loss, climate variation, and
increased human animal contact, often drive these
diseases, leading to outbreaks that threaten both public
health and biodiversity. In response, biosurveillance
has become an essential tool for monitoring and
managing these risks. Within the One Health
framework, which emphasises the interconnectedness
of human, animal, and environmental health,
biosurveillance involves the systematic tracking
of diseases across sectors to enable early detection
and timely response. Understanding how these risks
manifest in regions like Borneo requires a closer look
at its ecological history and the evolving pressures on

its environment.

The rise of the sea levels from the last glacial age has
separated Sundaland into the island of Borneo isolating
it from the mainland archipelago." This separation
has led to unique ecological characteristics, with a
symbiotic relationship between wildlife and human
populations that has remained relatively balanced for
centuries.” However, we have observed that human
encroachment from anthropogenic factor over the
years through land-use change such as plantation
expansion and urban development, have disrupted
this equilibrium. These environmental changes had

resulted in increased interactions between humans,

livestock, and wildlife, resulting in a heightened risk

. . . 3
of zoonotic disease spillover events.

The COVID-19 pandemic

awareness of pathogen biosurveillance. The public

heightened global

now recognises its importance, rather than being
a concern limited to a small group of public health
professionals. Numerous sophisticated tools and
applications (apps) have since been developed
to detect emerging infections, allowing for rapid
response and containment. For example, the initial
framework established by the Global Initiative on
Sharing Avian Influenza Data (GISAID) for tracking
influenza mutations was expanded to include Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) genomic data enabling real-time surveillance.*
However, as the world recovers from the pandemic,
many of these hard-earned lessons are being
overlooked, particularly regarding the biosurveillance
of animal pathogens and zoonotic diseases. We realise
this gap is especially concerning in resource-poor and
developing regions where biosurveillance is often
deprioritised due to limited funding and competing
public health concerns. The Bornean states of Sabah
and Sarawak, with their rich biodiversity and growing
human-wildlife-livestock interactions, present a
prime example of why sustained investment in One

Health biosurveillance is essential.

One of the most well-documented zoonotic diseases
in Borneo is the simian Plasmodium knowlesi malaria,
which is a parasitic infection transmitted by the
Anopheles mosquitoes from macaques.” The two
primary reservoirs, Macaca fascicularis and Macaca

nemestrina, are widespread across Borneo, resulting
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in a potential increase in the likelihood of human
exposure.’ Several studies have shown that rural
communities and villages face a higher risk of simian
malaria infection.” Interestingly, P. knowlesi accounts
for the majority of malaria cases reported in Sabah.’
We find that the risk is particularly high in rural areas
where close interactions with wildlife are common.
With human settlements continuing to expand into
previously undisturbed territories, it is apparent that
the potential for zoonotic transmission will increase
undoubtedly.’

More recently, surveillance of bats in Sabah and
Sarawak has identified several novel SARS-like
coronaviruses. In Sabah, three alpha-coronaviruses
and two beta-coronaviruses were discovered in
insectivorous bats from the Madai and Batu Supu
caves. These caves are popular tourist destinations
in Sabah known for its breathtaking displays of
bat and swiftlet colonies.” Similarly, in Sarawak,
numerous novel coronaviruses have been identified,
none of which are closely related to known seasonal,
epidemic, or pandemic CoVs.” We believe that these
cases highlight the potential risks to visitors who may
come into direct contact with virus-contaminated
guano (bat droppings), bat urine or through bites and
scratches.

Additionally, in 2018, Sabah recorded its first
outbreak of highly pathogenic avian influenza
(HPAI) H5N1 in a commercial poultry farm." The
virus spread rapidly among farms from different
districts and localities which resulting in the culling
or death of 30,000 birds within a month." Although
not proven, the wide geographical spread was likely
due to the smuggling of birds to avoid action from
the authorities. Fortunately, no human cases were
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reported, although serological analysis detected viral
antibodies in several individuals, suggesting previous
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zoonotic transmission.

On the other hand, the neighbouring Bornean state
of Sarawak remains a hotspot for rabies, accounting
for 97.99% of cases in Malaysia from 2015 to 2023."”
The ongoing outbreak has led to 76 human fatalities
out of 83 confirmed human rabies cases in Sarawak.
Controlling the disease remains challenging due to
persistent rabies infections among free-roaming and
unvaccinated domestic dogs, which continue to serve
as the primary reservoirs. Due to the geographical
location, Sabah, which shares its borders with the
rabies-endemic regions of Sarawak and Kalimantan,
has no choice but to intensify its surveillance and
vaccination programmes to keep the deadly disease
at bay. It is difficult to prevent diseased animals
from traversing between these borders. Thus, we
commend the efforts of the Sabah Department
of Veterinary Services (DVS) for its vigilance on
border surveillance by expanding vaccination efforts
and keeping the state rabies-free. However, we
believe ongoing surveillance is essential since the
porous borders may make it difficult to fully contain
the virus among dogs and wildlife. In this regard, the
close relationships among the various regulatory and
monitoring agencies in Sabah, Sarawak, Kalimantan

and Brunei is needed.

It is also important to consider the role of the
sylvatic cycle in the maintenance and transmission
of certain pathogens, such as rabies and dengue virus.
In addition to domestic animals, rabies can persist in
wildlife populations, with various species acting as
maintenance hosts depending on the region. While

dogs remain the primary concern in Sabah, we cannot
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ignore the potential role of wild animals such as bats
and other small carnivores in sustaining the virus.
Likewise, dengue, though commonly associated
with urban environments, also exists in a sylvatic
cycle involving non-human primates and forest-
dwelling mosquitoes. Understanding these cycles
and the involvement of wildlife hosts is critical for
comprehensive biosurveillance, especially in regions
like Borneo where human activities increasingly

overlap with wildlife habitats.

In addition, novel local strains of the avian Infectious
Bronchitis Virus (alBV) and Newecastle Disease
Virus (NDV) have significantly impacted the poultry
industry in Sabah,” rendering existing vaccines
less effective. Furthermore, new genotypes of Fowl
Adenovirus (FAdV) have also been detected which
were previously absent from the state. We have
also seen many cases of Infectious Bursal Disease
Virus (IBDV), Chicken Anemic Virus (CAV) and
other bacterial and parasitic pathogens infecting
birds. While these pathogens are non-zoonotic, the
poultry industry plays an important role in ensuring
food security, and inevitability impacting the local

economy.

Beyond terrestrial wildlife, marine species are
also facing viral threats. Our recent study on
Mabul Island revealed an increased prevalence of
fibropapillomatosis, a disease associated with chelonid
alphaherpesvirus 5 (ChHV5),” which causes tumor
growth on the skin, eyes, and internal organs of sea
turtles. We initially detected green turtles, and new
evidence shows cross-species infection in hawksbill
and olive ridley turtles. Molecular and phylogenetic
analyses were used to confirm the presence of ChHV5
even in clinically healthy sea turtles, highlighting the

IeJSME 2025 Vol 19 (1): 02-08

virus as an emerging conservation threat. Prolonged
infected individuals with fibropapillomatosis often do
not survive without human intervention. Thus, the
need for surveillance, even in the pristine clear waters
of Mabul and surrounding islands, is essential for

conservation purposes of these endangered species.

Another notable disease, the African Swine Fever
(ASF), has become a significant concern in Sabah.
Although ASF is not zoonotic and poses no direct
threat to human health, it has led to high fatality
rates in wild bearded pigs (Sus barbatus) and backyard
pigs.""" This has led to substantial economic losses
for local farmers, especially in rural areas. As the
disease continues to spread across Borneo, urgent
measures are needed to contain its transmission,
particularly among wild bearded pigs, which are
classified as Vulnerable by the International Union
for Conservation of Nature (JUCN). We also need
to be cognisant of the fact that the Southeast Asian
region, which is home to 11 endemic pig species, is
crucial for biodiversity and faces further ecological

risks if ASF remains uncontrolled."”

Sabah and its neighbouring states also experience
a high prevalence of melioidosis, a bacterial
infection which is caused by the soil-dwelling
bacterium Burkholderia pseudomallei.”® A nationwide
serosurveillance study found that Sabah had one of the
highest seroprevalence rates of B. pseudomallei in the
country.” Melioidosis cases have also been reported
in many non-human primates such as, orangutans,
pig-tailed macaques, spider monkeys and gibbons.”"'
This indicates potential human-wildlife transmission
and consequently highlights a significant public
health risk from human encroachment into wildlife

territories.
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Beyond these zoonotic threats, the Bornean states
must also address other common infectious diseases.
For example, the bacterial pathogen Leptospira spp.
which is commonly carried by rats, is a persistent
issue due to its transmission through contaminated
water.” Similarly, the rodent-borne Bartonella
pathogen is a major threat and is surprisingly
found prevalent in urban areas of Sarawak.” Both
these rodent-borne pathogens are a major cause of

concern as they affect both humans and wildlife.

Additionally, in the agricultural sector, livestock, and
particularly cattle, remain vulnerable to Foot-and-
Mouth Disease Virus (FMDV)* which poses significant
economic threat. Meanwhile, rickettsial infections,
including tick-borne Rickettsia spp. and scrub
typhus”” emerge as growing concerns for both human
and animal health in Sabah. Parasitic diseases also
warrant greater attention within the biosurveillance
framework, particularly toxoplasmosis, caused by
Toxoplasma gondii. This parasite is known for its ability
to infect a wide range of animals, including humans,
and is commonly associated with both domestic and
wild cat species. However, to date, we have not found
specific evidence of toxoplasmosis in wild felids in
Sabah, and published data on its prevalence in Borneo
remains limited. Given the widespread presence of
felids in both urban and forested environments in
Sabah, monitoring the prevalence of toxoplasmosis
could provide valuable insights into environmental
contamination and public health risks. Identifying
and using suitable sentinel species, such as rodents or
certain bird species, could help in tracking the spread

of T. gondii and other pathogens.
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Poaching remains a pressing issue in Sabah as it
is difficult for the small number of enforcement
officers to oversee vast geographical areas. Stricter
enforcement and tighter control over hunting
licenses are needed. Furthermore, many have
observed wildlife bush meat, including those from
protected species, sold in tamu (local wet markets),
albeit discretely. These animal meats, potentially
carrying zoonotic diseases,” are consumed as
delicacies or for their purported medicinal properties.
In this regard, pangolins are of particular concern
since they are frequently trafficked for their meat
and scales. Fortunately, a recent screening of Sabah’s
pangolins did not detect any zoonotic viruses.”
However, it is essential to curb illegal poaching and

wildlife trade to prevent potential public health risks.

The construction of the Pan-Borneo Highway,
which spans across Sabah and Sarawak, has already
led to deforestation and fragmentation of forest
reserves, particularly in ecologically sensitive areas.
By opening up previously inaccessible regions, the
highway increases the likelihood of human-wildlife
interactions, poaching activities, and the spread of
zoonotic diseases due to greater disturbance of natural
habitats. Species such as Bornean pygmy elephants
and wild boar are particularly affected, as their
habitats are bisected by new road networks, forcing

them into closer contact with human settlements.

Looking ahead, further disruption is anticipated
with the planned relocation of Indonesia’s capital
to Nusantara in East Kalimantan, which is expected
to cause significant ecological changes to wildlife
habitats in the island of Borneo. This coupled with

increasing urbanisation, agricultural expansion,
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hydropower projects, and ecotourism activities in
Sabah and Sarawak will pose significant challenges in
the coming years.” These large-scale developments are
expected to intensify human-wildlife conflicts, habitat
loss and disease spillover.” We believe addressing
these challenges requires proactive measures from
all stakeholders, including strengthened cross-
border collaboration, enhanced biosurveillance, and

sustainable land-use policies.

Although there are biosurveillance systems in
place that involve government agencies, academic
institutions, and field monitoring activities, their
efficacy is hampered by issues like inadequate
financing, a lack of coordination, and outdated
equipment. Increased integration within a One Health
paradigm may improve the efficacy of biosurveillance
in general. An effective and well-coordinated One
Health biosurveillance system is necessary to reduce

the hazards associated with new zoonotic threats.

The following strategies should be prioritised:

Genomic-based  Surveillance and  Artificial
Intelligence (AI): Using next-generation sequencing
technologies,  environmental DNA  (eDNA)

monitoring and Al-driven analytics, to monitor new

infections.

Education and Community Engagement: Imparting
knowledge about zoonotic illnesses and dangers
to local populations including those in the rural

communities who are most vulnerable.

Improved enforcement networks to prevent poaching
and wildlife trade: Strengthening engagements

between various local governmental enforcement
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agencies and non-governmental

(NGOs).

organisations

Conservation-Based Approaches: Using sustainable
land-use planning to minimise human-wildlife
interactions and concurrently safeguard hotspots for

biodiversity.

Policy Integration and Funding: Promote funding for
activities incorporating One Health ideas into local
health policy, agricultural practices and conservation

strategies.

In conclusion, Sabah’s rich biodiversity coupled
with human activities through land-use changes
makes it particularly vulnerable to zoonotic threats.
We believe the way forward is to strengthen the
One Health approach by forming strategic alliances
between different federal and state authorities and
non-governmental organisations, many of whom are

financially limited.

We suggest creating an interdisciplinary task force
comprising public health practitioners, pathologists,
conservation  biologists, molecular geneticists,
virologists, medical doctors, Al experts and social
scientists will be vital as we head towards a post-
pandemic era. This task force would facilitate cross-
sector collaboration and harness advancements in
genomics, artificial intelligence, and sustainable
environmental practices to safeguard both public

health and biodiversity in Sabah and beyond.
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