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Abstract

We conducted an exploratory serological survey to evaluate the exposure of Bornean

wild carnivores to several viruses common to domestic felids, at interface areas

between protected forest and industrial agriculture in the Kinabatangan floodplain

(Sabah, Malaysia). Blood samples, collected from wild carnivores (n = 21) and domes-

tic cats (n = 27), were tested for antibodies against feline coronavirus (FCoV), feline

panleukopenia virus (FPLV), feline herpesvirus (FHV) and feline calicivirus (FCV), using

commercial enzyme-linked immunosorbent assay (ELISA) test kits. Anti-FCoVantibod-

ies were detected in most species, including one flat-headed cat (Prionailurus planiceps,

[1/2]), leopard cats (Prionailurus bengalensis, [2/5]), Malay civets (Viverra tangalunga,

[2/11]) and domestic cats (Felis catus, [2/27]). Anti-FCV antibodies were present in all

domestic cats and one flat-headed cat, while anti-FPLV antibodies were identified in

Sunda clouded leopards (Neofelis diardi, [2/2]), domestic cats [12/27] and Malay civets

[2/11]. Anti-FHV antibodies were only detected in domestic cats [2/27]. Our findings

indicate pathogen transmission risk between domestic and wild carnivore populations

at the domestic animal–wildlife interface, emphasizing the concern for wildlife conser-

vation for several endangered wild carnivores living in the area. Special consideration

should be given to species that benefit from their association with humans and have

the potential to carry pathogens between forest and plantations (e.g., Malay civets and
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leopard cats). Risk reduction strategies should be incorporated and supported as part

of conservation actions in human-dominated landscapes.
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1 INTRODUCTION

Frequent encounters between domestic animals and wildlife, as a

result of human-mediated encroachment and fragmentation of wildlife

habitats, can be detrimental for wild populations, especially when

endangered (Nyhus, 2016). Because domestic animals often outnum-

ber wildlife hosts of shared pathogens, they can maintain the envi-

ronmental circulation of pathogens that can drive smaller populations

of wild animals to extinction. As an example, canine distemper virus

initially spreading from domestic dogs to lions almost drove the local

population to extinction in the Serengeti ecosystem (Cleaveland et al.,

1995). Even after widespread dog vaccination had reduced the infec-

tion in dogs, transmission to lions still occurred (Viana et al., 2015),

emphasizing the complexities of controlling an infection once spread

into natural protected areas.

In Sabah (Malaysian Borneo), oil palm plantations have become

part of the dominant landscape, impacting the behaviour, adaptabil-

ity and survival capacities of different wildlife species, particularly

those that require extensive and continuous habitat (Hearn et al.,

2019). The complex oil palm-dominated matrix favours the increasing

interaction between domestic and wild animals, as well as the risk of

pathogen transmission, especially for wild carnivores, which are sus-

ceptible to multi-host pathogens (Sepúlveda et al., 2014). The Kin-

abatangan floodplain, located in the east coast of Sabah, has sustained

decades of large-scale commercial logging and extensive land conver-

sion to industrial oil palm plantations, resulting in a heavily impacted

landscape with significant forest loss, fragmentation and degradation

(Abram et al., 2014). Nonetheless, the Lower Kinabatangan Wildlife

Sanctuary (LKWS) remains an important biodiversity hotspot in the

island of Borneo and a stronghold for many endangered and endemic

species. Four out of five Bornean felids can be found here (Hearn

et al., 2018), and three of them, that is, the Sunda clouded leopard

(Neofelis diardi), the leopard cat (Prionailurus bengalensis) and the flat-

headed cat (P. planiceps), have been observed using areas frequented

bydomestic dogs andcats (Figure1). Among these species, leopard cats

seem to have a higher tolerance to anthropogenic landscapes, as they

can be found inhabiting a broad range of habitat types, including dis-

turbedandundisturbed forests, rubberestates andoil palmplantations

(Rajaratman et al., 2007). Likewise, two species of civets, that is, the

Malay civet (Viverra tangalunga) and the common palm civet (Paradox-

urus hermaphroditus), are the most common viverrids roaming around

the boundaries between oil palm plantations and natural forest (Ross

et al., 2016).Due to their persistence in oil palm-dominated landscapes,

both leopard cats and civets are species that can potentially spread

pathogens to other wildlife, linking reservoir hosts to susceptible pop-

ulations of wild carnivores (Caron et al., 2015).

2 MATERIALS AND METHODS

To better understand the exposure of wild carnivores to pathogens

common in domestic felids, we conducted an exploratory serological

survey in the LKWS (5◦18′N-5◦42′Nand117◦54′E-118◦33′E) and sur-
rounding oil palm plantations. Immunological tests are a useful tool to

detect historical exposure to pathogens, as well as to assess the suc-

cess of vaccination programs. Commercial immunological kits, such as

enzyme-linked immunosorbent assays (ELISA), have provided valuable

preliminary information regarding the health status of wildlife, both in

captivity and free-ranging, and aremore easily adaptable to field condi-

tions (Franklin et al., 2007). The evaluation of diagnostic kits in domes-

tic cats and several wild cats species further suggests that the risk of

misinterpreting results due to species-specificity is low, when positive

reactions are higher than the cut-off point (Naidenko et al., 2018).

Wild carnivores were captured within and around the LKWS

between 2019 and 2021. Sunda clouded leopards and civets were cap-

tured using cage traps, while leopard cats and flat-headed cats were

netted. All wild animals were immobilized using different anaesthesia

protocols for each species (Table 1). Health and body condition were

assessed prior to sample collection. Adult domestic cats were sam-

pled in plantation quarters with the permission and assistance of their

owners. Physical examination suggested that both wild and domes-

tic individuals were in good physical condition, and domestic cat own-

ers declared that their pets had never been vaccinated. Blood samples

were collected by venipuncture of the saphenous or cephalic veins and

centrifuged in the field within 2 h of collection. Plasma was stored in

the freezer until used for analysis. Plasma sampleswere tested for anti-

bodies against feline coronavirus (FCoV) (ImmunoComb, Biogal Galed

Lab. Acs. Ltd., Israel), feline panleukopenia virus (FPLV), feline herpes

virus (FHV) and feline calicivirus (FCV) (VacciCheck, Biogal Galed Lab.

Acs. Ltd., Israel). ImmunoComb has a reported specificity and sensi-

tivity of 100% in domestic cats (Addie et al., 2015), while VacciCheck

has a specificity of 91% for FCV, 96% for FHV and 98% for FPLV, and

a sensitivity of 90% for FCV, 93% for FHV, and 89% for FPLV (Mazar

et al., 2011). Although results provided by the kits are qualitative, reac-

tion intensity can be defined as ‘low’, ‘moderate’ and ‘high’ according to

themanufacturer’s instructions. These commercial kits have been pre-

viously tested in wild felids with satisfactory results (Naidenko et al.,

2018).
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F IGURE 1 Camera trap transects deployed at the boundary between forest and oil palm plantation estates, where both domestic andwild
carnivores have been frequently recorded

TABLE 1 Seroprevalence of pathogens in Borneanwild and domestic carnivores

Species IUCN N Anaesthesia protocola

FCoV

(1:20)

(%)

FPLV

(1:80)

(%)

FHV

(1:16)

(%)

FCV

(1:32)

(%)b

Sunda clouded leopard (Neofelis diardi) VU 2 Ket.–Med. (3–0.06) 0 100 0 0

Leopard cat (Prionailurus bengalensis) LC 5 Ket.–Med. (5–0.05) 40 0 0 0

Flat-headed cat (Prionailurus planiceps) EN 2 Ket.–Med. (5–0.06) 50 0 0 50

Malay civet (Viverra tangalunga) LC 11 Ket.–Zol.–Med. (2 –2–0.1) 18.2 18.2 0 0

Common palm civet (Paradoxurus
hermaphroditus)

LC 1 Ket.–Zol.–Xy. (1.5–2–1.5) 0 0 0 0

Domestic cat (Felis catus) – 27 – 7.4 44.4 7.4 100

Abbreviations: EN, endangered; FCoV, feline coronavirus; FCV, feline calicivirus; FHV, feline herpesvirus; FPLV, feline panleukopenia virus; IUCN, Interna-

tional Union for the Conservation of Nature; Ket., ketamine; LC, least concern;Med., medetomidine; VU, vulnerable; Xy., xylazine; Zol., zoletil.
aAnaesthesia protocols are given inmg/kg.
bBaseline titres to be considered as positive, according tomanufacturer’s instructions.

[Correction added on 11May 2022, after first online publication: “Ket.–Med. (5–0.06)” was changed to “LC” for Leopard cat under IUCN column.]

3 RESULTS AND DISCUSSION

Wild carnivores tested positive for three out of the four pathogens

studied (Table 1). All Sunda clouded leopards (n = 2), two Malay civets

(18.2%; n = 11]) and 12 domestic cats (44.4%; n = 27) tested positive

for antibodies to FPLV. [Correction added on 11 May 2022, after first

online publication: 44% was changed to 44.4% in the preceding sen-

tence.] One flat-headed cat (50%; n= 2), two leopard cats (40%; n= 5),

two Malay civets (18.2%) and two domestic cats (7.4%) tested posi-

tive for FCoV. All domestic cats and one flat-headed cat tested positive

for FCV, while only two domestic cats (7.4%) were infected with FHV.

The intensity of positive reactions varied among studied species and

viruses. Positive reaction against FCoVwas high in twoout of the seven

domestic cats, while the other five showed low reaction. Low reaction

for FCoV was also observed in two leopard cats, one flat-headed cat

and two Malay civets. For FPLV, out of the 17 positive domestic cats,

seven indicated high reaction, five were moderate and the other five

presented low reaction. One Sunda clouded leopard and one Malay

civet presented moderate reaction to FPLV, while the other sampled

individuals from these species had a low reaction to the virus. While

domestic cats had a low reaction to FHV, all of them, including one flat-

headed cat, had a high reaction to FCV.

In this serological survey, only one of the flat-headed cats tested

positive for both FCoV and FCV, while the two Sunda clouded leopards

presented antibodies against FPLV. Infection with FCoV is of concern,

particularly in endangered populations, as it can result in fatal feline

infectious peritonitis. Feline coronavirus is shed in faeces, and cats can

become infected by ingesting or inhaling the virus. Feline calicivirus

is extremely contagious, especially in areas with high feline densities

(Lenghaus et al., 2001), as reflected by the seropositivity of all domestic
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cats in this study. Feline panleukopenia virus is highly contagious and

has been reported in felids, procyonids and viverrids (Inthong et al.,

2019). It has also been associated with high morbidity and mortality,

especially in young individuals (Steinel et al., 2001). On the other hand,

FHV is relatively fragile and short-lived outside felines, so the external

environment is not a long-term source of infection. Since all individuals,

wild and domestic, were reported in good physical condition and with

no clinical signs, our results only demonstrate viral circulation among

carnivores, and no actual active disease.

Although theuseof commercial kits havebeen shown tobeeffective

in a wide range of wild felid species and recommended as an adequate

alternative for diseasemonitoring and sero-surveillance (Franklin et al.,

2007; Naidenko et al., 2018), there is still a risk of misinterpreting

results when titre levels are low. The existence of endogenous par-

voviruses in several mammal species (Kapoor et al., 2010) and the anti-

genic diversity of coronaviruses (Kennedy et al., 2001), might favour

cross-reactivity, especially for FPLV and FCoV. Our study highlights

special concern for the high reaction of one flat-headed cat to FCV,

as well as moderate reactions of one Sunda clouded leopard and one

Malay civet to FPLV. Although low reactions should be taken cautiously

due to the likelihood of cross-reactivity, the sero-prevalence found in

domestic cats in the area suggests that the presence of these viruses in

the carnivore community should not be readily dismissed. So far, there

is no evidence on the performance of commercial ELISA test kits for

viverrids, such as Malay and common palm civets. However, as some

members of this family are susceptible to FPLV (Demeter et al., 2009;

Steinel et al., 2001), viverrids should still be considered as a group of

concern in areas where their interaction with domestic felids is high,

especially since viral shedding can occur from asymptomatic individu-

als (Lorusso et al., 2019;Meli et al., 2013).

Our results provide the first data on exposure of Bornean wild car-

nivores to various viruses common to domestic felids with which they

overlap. Among Bornean felids, the flat-headed cat is the least stud-

ied and it is listed as endangered, while the conservation status of the

Sunda clouded leopard is reported as vulnerable. Flat-headed cats have

been reported using oil palm plantations in the Kinabatangan flood-

plain (González-Abarzúa et al., 2021). In fact, one individual sampled

in this study was captured within an oil palm estate, while the other

was trapped at a plantation edge. The elusive nature and low densi-

ties of these two speciesmake incidental observations like these highly

valuable. Most importantly, our findings highlight an underestimated

effect of oil palm plantations on the native community of carnivores,

through the risk of infectious disease transmission from domestic ani-

mals due to increased inter-species interactions and habitat overlap.

They also evidence the importance of including animal health and wel-

fare programs as part of the management protocols of oil palm compa-

nies. Although serosurveys do not allow for the identification of active

infection during sampling, they underline the importance of establish-

ing continuousmonitoring for diseases at the domestic animal–wildlife

interface, and provide a relevant baseline in areaswhere these data are

lacking.

During this study, we detected the presence of one Sunda clouded

leopard roaming around the boundaries between oil palm and adja-

cent forest. While this species is more likely to avoid anthropogenic

habitats (Hearn et al., 2018), all the other carnivores involved in the

study, including domestic cats, have been reported using both forest

and oil palm plantations, making them potential carriers of pathogens

to more vulnerable species, including Sunda clouded leopards, flat-

headed cats, smooth-coated and hairy-nosed otters (Lutrogale perspicil-

lata, Lutra sumatrana), amongother eight species of carnivores reported

in the area under different conservation status. The design and imple-

mentation of preventive medicine programs, as part of oil palm plan-

tation management strategies, can assist the responsible ownership of

domestic carnivores within estates and minimize pathogen spillover

to vulnerable wildlife. By incorporating continuous infectious disease

monitoring of wild and domestic carnivores, conservation initiatives

can additionally support the long-term survival of populations living in

interface areas.
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