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ABSTRACT

Introduction: Nonhuman primates (NHPs) can transmit zoonotic diseases to humans because of their close genetic relation-
ship, facilitating the cross-species transmission of certain pathogens. In Thailand, Macaca is the most common NHP genus and
their inhabits area are in close proximity of human, particularly in urban and suburban areas, where frequent interactions with
humans increase the risk of pathogen transmission. The risk is influenced by factors such as the type of pathogen, the mode of
transmission (e.g. direct contact or vector-borne), and the density of human and macaque populations in the regions. This study
aims to investigate potential zoonotic infections in free-ranging macaques residing in human-monkey conflict areas.
Methods: From 2014 to 2023, 2703 macaques across 29 provinces in Thailand were tested for 18 pathogens using PCR, RT-PCR,
or real-time PCR. The associations between disease occurrence, demographic variables, and sample types of macaques were
analysed using univariable and multivariable regression.

Results: The overall pathogen infection percentage was 35.7% (965/2703). Simian foamy virus (SFV) had the highest infection
percentage at 52.5% (759/1446), followed by Herpesviridae at 41.4% (353/852), Plasmodium spp. at 1.8% (14/758), and hepatitis B
virus at 0.1% (2/1403). Significant differences were observed among different sampling sites, macaque age groups, and species in
infection proportion of SFV, and Herpesviridae.

Conclusions: Identifying the pathogens carried by macaques is crucial for preparing for potential disease epidemics and

outbreaks.

1 | Introduction

Approximately 72% of emerging infectious disease events
are caused by zoonotic diseases, the majority of which are
transmitted by wildlife. The most common pathogens are
bacteria or rickettsia (54.3%), followed by viruses or prions
(25.4%), protozoa (10.7%), fungi (6.3%) and helminths (3.3%)
(Jones et al. 2008). Over 20% (77/365 species) of nonhuman

primate (NHP) species are zoonotic hosts (Han, Kramer, and
Drake 2016). Zoonotic diseases can be prevalent in NHPs
given their close genetic relationship with humans (genetic ho-
mology of 75.0%-98.5%) (Jiang et al. 2023). This close genetic
similarity increases the risk of pathogen spillover between
NHPs and humans, facilitating the transmission of infectious
diseases across species boundaries. In Thailand, the most
common NHP genus is Macaca, with six species endemic in
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Summary

« With 72% of emerging infectious diseases attributed
to wildlife-transmitted pathogens, zoonotic transmis-
sion between humans and NHPs is predominant be-
cause of their genetic similarity to humans.

The close proximity between macaque habitats and
human settlements has heightened the risk of zo-
onotic disease transmissions. This study identified 18
pathogens in 2703 macaques across 29 provinces in
Thailand to determine the infection rates and assess
the association between macaque demographics and
zoonotic risk.

A total of 35.7% of free-ranging macaques harbour po-
tential zoonotic pathogens posing substantial health
risks to humans were identified. Notable differences
in Simian foamy virus and Herpesviridae detection
proportions were observed among macaque demo-
graphics including age groups, species and sampling
sites.

the country, namely, the crab-eating or long-tailed macaque
(Macaca fascicularis), northern pig-tailed macaque (M. leo-
nine), southern pig-tailed macaque (M. nemestrina), rhesus
macaque (M. mulatta), assam macaque (M. assamensis), and
stump-tailed macaque (M. arctoides) (Malaivijitnond 2005;
Roos et al. 2014). A nationwide survey conducted in 2023
by the Wildlife Research Division, Department of National
Parks, Wildlife and Plant Conservation, Thailand found
that 64,055 monkeys resided in 306 human-monkey conflict
zones outside conservation areas, including recreation parks,
tourist sites, temples, and other areas near human commu-
nities. Specifically, the population consisted of 59,840 crab-
eating macaques (93.42%), 1365 pig-tailed macaques (2.13%),
1310 rhesus macaques (2.04%), 1174 stump-tailed macaques
(1.83%), 306 assam macaques (0.48%), and 60 unclassified ma-
caques (0.09%).

Zoonotic diseases are a significant concern in macaques,
with many infectious agents posing potential risks. These
include viruses (such as herpes B virus, Ebola virus, hep-
atitis virus, lyssa virus, monkeypox virus, simian retrovi-
ruses, West Nile virus and Zika virus), bacteria (such as
Burkholderia, Campylobacter, Leptospira, Mycobacterium and
Salmonella), protozoa (Hepatocystis and Plasmodium) and
gastrointestinal parasites (Vonfeld et al. 2022; Wachtman
and Mansfield 2012; WOAH 2021). Pathogenic transmis-
sion can occur through direct contact (biting, scratching, or
contact with faecal matter) or indirectly via vectors or inter-
mediate hosts. In Asian countries, most studies on zoonotic
pathogens in Macaca species have focused on vector-borne
protozoa, especially Hepatocystis and Plasmodium, followed
by gastrointestinal parasites, viruses, bacteria, and fungi.
No studies have investigated various pathogens in the same
study (Patouillat et al. 2024). Similarly, in Thailand, several
reports have identified diseases in macaques. However, these
investigations have only focused on a few specific diseases
and were only conducted in areas where macaques are found
(Balasubramaniam et al. 2021; Juttuporn, Hengpraprom, and
Rattananupong 2023; Kaewchot et al. 2022; Kosoltanapiwat

et al. 2022). Herein, we investigated 18 potential zoonotic in-
fections in 2703 free-ranging macaques residing in 29 prov-
inces across Thailand. Because macaque habitats in study
areas are located close to human settlements, human-monkey
encounters frequently occur, increasing the risk of potential
zoonotic disease transmission. Therefore, identification of the
pathogens carried by macaques is crucial to prevent possible
epidemics and outbreaks.

2 | Materials and Methods
2.1 | Sampling Data

This study was conducted using data collected from the data-
base of the Monitoring and Surveillance Center for Zoonotic
Diseases in Wildlife and Exotic Animals (MoZWE), Faculty
of Veterinary Science, Mahidol University, Nakhon Pathom,
Thailand, from 2014 to 2023. In total, 2703 healthy macaques
underwent basic physical (body temperature, body condition
score, weight, and clinical signs) examination and specimen
collection of oral and/or rectal swabs and/or EDTA blood.
The study population included 2603 crab-eating macaques
(M. fascicularis), 55 assam macaques (M. assamensis), 35 rhe-
sus macaques (M. mulatta), and 10 southern pig-tailed ma-
caques (M. nemestrina). These macaques were sampled from 87
human-monkey conflict areas, which included residential area,
Buddhist temples, schools and markets, in 29 provinces in each
region across Thailand (Figure 1). These areas are defined as
human-monkey conflict zones because of their close proxim-
ity to human settlements, which encourages frequent and prob-
lematic interactions between monkeys and communities. This
definition was established by the Wildlife Research Division,
Department of National Parks, Wildlife and Plant Conservation,
which collected the samples and submitted them to MoZWE.
Pathologic data and other details on the specimens collected
(sampling area, species, sex and age) were also retrieved from
the MoZWE database without collecting any additional samples
from animals.

2.2 | Disease Detection

The samples collected from macaques were analysed using
polymerase chain reaction (PCR) or reverse transcription PCR
(RT-PCR) or real time-PCR for 18 pathogens (16 viruses, 1 bac-
terium and 1 protozoan), with a total of 9765 tests conducted.
Details of the tests and the number of tested samples in each
pathogen are shown in Data S1 and Table 1. The amount of
template DNA or RNA used during each conventional PCR
or real-time PCR assay was 25-100ng. A positive control was
included in each PCR run to ensure the accuracy of the am-
plification process. Several measures were implemented to pre-
vent contamination, including the use of filter tips and separate
workstations for sample preparation, PCR setup and post-PCR
analysis. Reagent blank control was also included in each PCR
run to monitor for contamination. Furthermore, all surfaces
and equipment were routinely decontaminated using RNase
AWAY Surface Decontaminant (Thermo Fisher Scientific, MA,
USA) to remove nuclease and nucleic acid residues and thus mi-
nimise the risk of crossover.
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FIGURE1 | Geographic distribution of the macaque habitat sampling sites. Each sampling site is categorised by macaque species (a) and location

type (b). All sampling areas are in close proximity to human settlements.

2.3 | Statistical Analysis

Descriptive statistics were used to analyse the specimens col-
lected from macaque populations. Binary logistic regression
was used to assess the crude associations between disease
prevalence and each independent variable, including demo-
graphic information of macaques (sampling region, age, sex,
species) and sample type. Outcomes were expressed as odds
ratios (OR) and 95% confidence intervals (CI). Variables with
a p value<0.05 from univariable analysis were included in
the multivariable analysis. Multiple logistic regression was
performed to identify independent predictors of outcomes.
Model fit was evaluated using the Hosmer-Lemeshow test.
Multicollinearity among predictors was assessed using vari-
ance inflation factors. Binary logistic regression analysis was
conducted using SPSS software (version 29). Furthermore,
the geographic distribution of the macaques’ sample collec-
tion and the prevalence of positive pathogens detected in each
sampling area categorised using equal intervals were visual-
ised using QGIS v 3.8.3, a free and open-source geographic
information system. A Sankey diagram was constructed
using R program version 4.4.1. (R Foundation for Statistical
Computing, Vienna, Austria) to illustrate the flow path of in-
dividual samples from macaques.

3 | Results

The overall proportion of pathogen infection was 35.7%
(965/2703), with the highest infection proportion attributed
to simian foamy virus (SFV) at 52.5% (759/1446), followed by
Herpesviridae at 41.4% (353/852), Plasmodium spp. at 1.8%

(14/758), and hepatitis B virus (HBV) at 0.1% (2/1403) (Table 1).
Notably, of the 759 SFV-positive macaques, 131 (17.3%) were
coinfected with other pathogens. Among the coinfected ma-
caques, 120 were infected with Herpesviridae and SFV, 9 were
infected with Plasmodium spp. and SFV, and 2 were infected
with HBV and SFV. The samples flow path is shown in Figure 2.

SFV and Herpesviridae have spread across macaque populations
throughout Thailand (Figure 3). In univariable analysis, SFV
was 15.67 times more likely to be detected in NHP in the north-
ern region compared with the central region (OR: 15.67; 95% CI:
3.72-66.01), representing the highest observed risk. In contrast,
the eastern region was significantly 48% less likely to detect SFV
compared to the central region (OR: 0.52; 95% CI: 0.35-0.78).
Herpesviridae was significantly 2.91 times more likely to be de-
tected in the southern region compared with the central region
(OR: 2.91; 95% CI: 1.95-4.32) (Table 2). Adult macaques were
significantly 1.3 times more likely to be infected with SFV (OR:
1.3; 95% CI: 1.02-1.65) compared with the unknown age group,
whereas subadult macaques had a lower likelihood of infection
(OR: 0.73; 95% CI: 0.55-0.98). The likelihood of infection with
SFV (OR: 15.52; 95% CI: 3.71-64.91) and Herpesviridae (OR:
3.39; 95% CI: 1.60-7.19) was higher in M. mulatta (thesus ma-
caque) compared to M. fascicularis (crab-eating macaque). In
total, 2703 macaques were assessed in this study, including 1472
males, 746 females and 485 macaques without sex information.
The odds of SFV and Herpesviridae infection between male and
female macaques did not differ significantly (p>0.05) on uni-
variable regression (Table 2).

Variables associated with SFV and Herpesviridae infec-
tions, identified through univariable regression, were further
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TABLE1 | Number of samples and pathogen detections by year.
Number of samples tested in each year®
Pathogen 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Total
Dengue virus — — 51 54 — — — — — — 105
Ebola virus and 49 51 81 — — — — — — — 181
Marburg virus
Hantavirus 50 51 — — — — — — — — 101
Hepatitis A virus 50 51 51 54 — — — — — — 206
Hepatitis B virus 50 51 81 156 262 648 (2) 100 — 40 15 1403 (2)
Hepatitis C virus 50 51 51 — — — — — — — 152
Hepatitis E virus 50 51 51 — — — — — — — 152
Herpes B virus 50 51 114 198 — 649 122 — 20 15 1219
Herpes simplex 50 50 11 102 — — — — 20 — 233
virus
Herpesviridae — 51 81 185 262 (68)° — 100 (58) 173 — — 852 (353)
(@4 63)° (120)
Japanese — — 64 54 — — — — — — 118
encephalitis virus
Lyssavirus 50 51 53 54 262 150 221 70 125 — 1036
Monkeypox virus — — — — — — — — — 15 15
Nipah virus 50 51 51 — — — — — — — 152
Simian foamy — — — — 262 (186) 649 (367) 342 173 (70) 20 — 1446
virus (130) 6) (759)
Zika virus — — 131 150 90 — — — — — 371
Mycobacterium — — — — 262 649 342 — 12 — 1265
Spp.
Plasmodium spp. — — — — — 648 (14)° — — 110 — 758 (14)

2Numbers in parentheses indicate the number of positive samples.
bpositive samples were sequenced for species identification.

analysed using multiple logistic regression. Notably, after ad-
justing for all other variables, both SFV and Herpesviridae were
significantly more likely to be detected in macaques from the
northern region compared to the central region. SFV showed
an adjusted odds ratio (aOR) of 25.32 (95% CI: 5.92-108.33),
while Herpesviridae had an aOR of 4.22 (95% CI: 1.89-9.43).
Additionally, Herpesviridae detection was more likely in the
southern region than in the central region (aOR: 3.04; 95% CI:
1.02-4.59). SFV was more likely to be identified in pooled blood
and swab samples than in individual swabs. Regarding age,
adult macaques were significantly more likely to be infected
with SFV (aOR: 1.88; 95% CI: 1.44-2.44) than those of unknown
age. Conversely, Herpesviridae infections were less likely in
adults compared with individuals of unknown age (aOR: 0.57;
95% CI: 0.40-0.82). The infections were also significantly less
likely in M. assamensis (assam macaque) compared with M. fas-
cicularis (aOR: 4.22; 95% CI: 1.89-9.43) (Table 3).

Univariable and multivariable analyses were omitted for
Plasmodium spp. and HBV because of sample imbalance or

disproportionate event distribution across the testing outcomes.
Plasmodium spp. was restricted to the southern (Stun and Krabi
Provinces, 6.78%, 8/118) and central (Bangkok and Saraburi
Provinces, 2.32%, 6/259) regions of Thailand, with the signifi-
cantly highest prevalence occurring in the southern provinces
(Figure 3 and Data S2). HBV was identified in one sample
from the central region (Bangkok Province, 0.26%, 1/379) and
one from the northeastern region (Si Sa Ket Province, 0.52%,
1/193); however, the difference was not statistically significant
(Figure 3 and Additional file 2).

The positive samples from Plasmodium spp. and Herpesviridae
were sequenced for species identification by Sanger sequencing.
Ten of fourteen Plasmodium spp. specimens were P. inui, while
the remaining samples were P. coatneyi. For Herpesviridae, out
of a total of 353 samples, 159 were identified as macacine her-
pesvirus 4 (McHV-4) or cercopithecine herpesvirus 15 in the
genus Lymphocryptovirus, 13 as retroperitoneal fibromatosis-
associated herpesvirus (RFHV) in the genus Rhadinovirus.
However, 181 samples were not sequenced for species
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identification (Table 4). Some sequences of Plasmodium- and

Herpesviridae-positive samples were deposited in GenBank

with the following accession numbers: PQ482493-PQ482495 for
Plasmodium and MH938751-MH938806 for Herpesviridae.

4 | Discussion

In Thailand, most habitats of free-ranging macaques outside
conservation areas are close to human communities, potentially
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increasing the risk of transmission of infectious diseases be-
tween macaques and humans. In this study, the overall infec-
tion proportion of potential zoonotic diseases was 35.7%. Of this,
SFV had the highest infection proportion (52%). Prevalence of
SFV in Macaca can vary between 10% and 100% (Meiering and
Linial 2001). In Cambodia, the prevalence of SFV was 48% as
determined by serological surveillance and 17% based on PCR
detection (Ayouba et al. 2013). By contrast, seroprevalence in
Thailand and Singapore was 87% and 100%, respectively (Jones-
Engel et al. 2007), whereas molecular detection by PCR was 57%
and 90% in Thailand and Singapore, respectively (Jones-Engel
et al. 2007; Kaewchot et al. 2022). The seroprevalence of SFV
was higher than that detected by PCR because serological tests
can indicate long-term exposure of the virus, whereas the PCR
results may vary based on the timing of sample collection rel-
ative to viral shedding. Our study demonstrated that SFV was

more likely to be detected in pooled oral and blood samples
compared with individual swab samples, a pattern consistently
supported by the odds ratios observed in both univariable and
multivariable analyses. These results suggested that pooling
samples likely increased the viral load, thereby enhancing the
sensitivity for virus detection compared to individual samples.
Previous studies have detected proviral DNA of SFV from mul-
tiple organs and blood of infected NHPs, indicating widespread
latent infection. High levels of viral RNA have also been found
in the oral mucosa, which is the main site of SFV replication.
High viral shedding in saliva facilitates highly efficient trans-
mission among NHP populations (Falcone et al. 1999; Murray
et al. 2008). Moreover, SFV infection is predominant in adults,
a development stage associated with increasing aggression (Al-
Hakim et al. 2023), indicates that their behaviour poses a risk
for exposure. The virus in the saliva can be passed on through

TABLE 2 | Univariable analysis of the associations between demographic variables, sample types and disease occurrence in macaques.

SFV Herpesviridae
Variable p value OR (95% CI) p value OR (95% CI)
Region
Northern <0.001* 15.672 (3.721-66.008) 0.067 1.606 (0.967-2.666)
Northeastern 0.006* 1.572 (1.139-2.169) 0.005* 1.970 (1.221-3.179)
Eastern 0.001* 0.520 (0.349-0.776) 0.010* 1.888 (1.166-3.058)
Western 0.580 1.088 (0.808-1.464) 0.937 0.981 (0.616-1.564)
Southern 0.498 0.905 (0.677-1.209) <0.001* 2.906 (1.954-4.322)
Central — Ref. — Ref.
Sample type
Blood 0.999 0.000 (0.000-c0) 0.998 0.000 (0.000—c0)
Swab <0.001* 0.295 (0.192-0.453) 0.589 0.891 (0.586-1.354)
Pool — Ref. — Ref.
Age
Juvenile 0.999 0.000 (0.000-o0) 0.999 1.87E+ 09 (0.000-c0)
Subadult 0.038* 0.734 (0.548-0.984) 0.150 0.621 (0.324-1.189)
Adult 0.032* 1.297 (1.022-1.647) <0.001* 0.564 (0.418-0.762)
Unknown — Ref. — Ref.
Sex
Male 0.113 1.542 (0.902-2.633) 0.150 0.749 (0.505-1.111)
Female 0.266 1.367 (0.788-2.372) 0.947 1.015 (0.651-1.583)
Unknown — Ref. — Ref.
Species
M. assamensis N/A N/A 0.011* 0.438 (0.231-0.829)
M. mulatta <0.001* 15.517 (3.709-64.915) 0.001* 3.392 (1.600-7.195)
M. nemestrina 0.471 0.627 (0.176-2.231) 0.927 0.942 (0.264-3.367)

M. fascicularis

Ref.

Ref.

Abbreviations: N/A =data not available; Pool = pooled blood and swab samples; Ref. =reference; Swab =oral or nasal or rectal swab.

*Indicates statistical significance (p value <0.05).
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the wound caused when an infected macaque bites another. SFV
should be considered as a significant zoonotic agent because SFV
infection has been reported worldwide in 1%-3% of individuals
who worked with NHPs in zoos, primate centers, laboratories
and bushmeat hunters (Betsem et al. 2011; Heneine et al. 1998;
Jones-Engel et al. 2008; Sandstrom et al. 2000). In South and
Southeast Asian countries, the overall prevalence of SFV in hu-
mans living or working around nonhuman primates was 2.6%
(8/305), with 3 confirmed SFV-positive cases found in Thailand
(Jones-Engel et al. 2008). In detail, two SFV infection cases in
Thailand involved individuals with a history of being bitten or
scratched by macaques (M. nemestrina and M. assamensis). In
one case, an infected patient reported that an M. assamensis in-
dividual would enter his home a few times a year because of his
proximity to a Buddhist temple where free-ranging macaques
lived. However, he had no history of bites or scratches by ma-
caques (Jones-Engel et al. 2008); thus, the infection may have
occurred via contact with contaminated materials.

The second most prevalent pathogenic agents identified in this
study were species under Herpesviridae, specifically, McHV-4

and RFHV. McHV-4 is closely related to and shares similar
genomic organisation and biological properties with Epstein—
Barr virus (EBV) in humans. It causes naturally occurring
infections in both Old and New World monkeys (Kaewchot
et al. 2019; Kamperschroer, Tartaro, and Kumpf 2014;
Ohta 2023). Similar to EBV infection in humans, McHV-4 in-
fection in macaques is typically asymptomatic or causes only
mild symptoms and often resolves on its own in individuals
with normal immune systems (Ohta 2023). However, experi-
mental infection with McHV-4 in immunocompromised rhe-
sus macaques has been associated with the development of
various clinical conditions similar to those in EBV infection
in immunosuppressed humans (Carville and Mansfield 2008).
Based on the data, McHV-4 tends to be more virulent in im-
munocompromised animals. In this study, we also detected
RFHV in macaques. A previous report found that distinct
RFHV variants occur in each macaque species (Kaewchot
et al. 2019). Macaque RFHYV is closely related to human her-
pesvirus-8, which may be a necessary cofactor for the devel-
opment of Kaposi's sarcoma in humans (Rose et al. 1997).
Even though McHV-4 and RFHV have equivalent human

TABLE 3 | Multivariable analysis of the associations between demographic variables, sample types, and disease occurrence in macaques.

SFV Herpesviridae
Variable p value aOR (95% CI) p value aOR (95% CI)
Region
Northern <0.001* 25.318 (5.917-108.329) <0.001* 4.218 (1.887-9.429)
Northeastern 0.021* 1.521 (1.066-2.172) 0.084 1.578 (0.940-2.650)
Eastern 0.009* 0.583 (0.388-0.874) 0.124 1.486 (0.897-2.460)
Western 0.080 1.315 (0.967-1.789) 0.855 0.957 (0.598-1.532)
Southern 0.765 0.955 (0.707-1.290) <0.001* 3.043 (2.017-4.592)
Central — Ref. — Ref.
Sample type
Blood 0.999 0.000 (0.000-c0) Excluded Excluded
Swab <0.001* 0.295(0.187-0.465) Excluded Excluded
Pool — Ref. Excluded Excluded
Age
Juvenile 0.999 0.000 (0.000-00) 0.999 9.33E +08 (0.000-00)
Subadult 0.391 1.149 (0.837-1.578) 0.195 0.606 (0.284-1.293)
Adult <0.001* 1.875 (1.437-2.445) 0.002* 0.571 (0.399-0.816)
Unknown — Ref. — Ref.
Species
M. assamensis N/A N/A 0.002* 0.202 (0.072-0.565)
M. mulatta N/A N/A N/A N/A
M. nemestrina 0.552 0.672 (0.182-2.488) 0.660 0.742 (0.197-2.804)

M. fascicularis

Ref.

Ref.

Abbreviations: N/A =data not available; excluded =data not included in the multivariable analysis because univariable analysis did not show significant results;

Pool =pooled blood and swab samples; Ref. =reference; Swab =oral or nasal or rectal swab.

*Indicates statistical significance (p value <0.05).
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TABLE 4 | Pathogens detected in this study.
Number of sample (% positive)
Pathogen Species Positive Negative Total
Hepatitis B virus 2(0.1) 1401 1403 (0.1)
Simian foamy virus 759 (52.5) 687 1446 (52.5)
Herpesviridae McHV-4 159 (18.7) 499 852 (41.4)
RFHV 13(1.5)
Not identified 181 (21.2)

Plasmodium P. inui 10 (1.3) 744 758 (1.8)

P. coatneyi 4(0.5)

pathogens, no evidence of human McHV-4 and RFHYV infec-
tions has been reported. Furthermore, our study found that
the likelihood of Herpesviridae infection was lower in adult
macaques compared to those of unknown age, while the odds
of infection in juveniles were comparable to those in individu-
als of unknown age. A previous study suggested that juvenile
macaques were more susceptible to RFHV than older individ-
uals possibly because of their relatively immunocompromised
state (Giddens et al. 1985; Lu et al. 2023). However, the limited
data on the unknown age group in our study prevents a defin-
itive conclusion.

In the present study, P. inui (1.3%) and P. coatneyi (0.5%) were
found in M. fascicularis from the central and southern parts of
Thailand, with a significantly higher prevalence in macaque
samples from the southern region. These results were consis-
tent with previous reports, which indicated that Plasmodium
infections in macaques have been observed across Thailand,
predominantly in the southern region (Fungfuang et al. 2020;
Putaporntip et al. 2010; Seethamchai et al. 2008). Although the
primers used in this study have been used to successfully de-
tect the two most common zoonotic malaria species, P. knowlesi
and P. cynomolgi (Braima et al. 2024), we did not find these
Plasmodium species in our study. This could be attributed
to the low prevalence of Plasmodium species in Thailand
(Narapakdeesakul et al. 2023) and may be influenced by dif-
ferences in the sensitivity of the tests and the primers used in
each study. The overall prevalence of Plasmodium detected
in this study was 1.8%, which is lower than that reported in
previous studies. In Thailand, 6.9% (40/580) of M. fascicularis
and M. nemestrina were infected with Plasmodium, as detected
by nested PCR. Among these macaques, P. inui (5.5%) was the
most prevalent species, followed by P. cynomolgi (1%) and P.
knowlesi (0.3%) (Narapakdeesakul et al. 2023). By contrast, a
study in Southeast Asia using nested PCR found a Plasmodium
prevalence of 64.1% in M. fascicularis, with P. cynomolgi
(53.3%) being the most dominant species, followed by P. coat-
neyi (20.4%), P. inui (12.3%), P. fieldi (3.4%) and P. knowlesi
(0.4%) (Zhang et al. 2016). In Southeast Asia, simian malaria,
P. knowlesi, P. cynomolgi, P. coatneyi and P. inui are potential
agents of zoonotic malaria, which can be transmitted from ma-
caques to humans through infected-mosquito (Anopheles) bites
(Dian et al. 2022). Malaria infection in macaques presents a
potential public health risk to the local population. Therefore,

vector control should be incorporated into strategies for the
prevention, reduction, and elimination of simian malaria trans-
mission to humans.

HBYV infection had the lowest pathogen prevalence (0.1%) in this
study. The partial S gene of HBV-positive samples was sequenced
by Kaewchot et al. (2022), who found that the positive samples
showed 100% similarity to HBV sequences from Thai orang-
utans. Interspecies transmission between humans and apes
(orangutans, gorillas, chimpanzees, and gibbons) is well docu-
mented (Grethe et al. 2000; Lanford et al. 2000). In contrast with
apes, Old World monkeys, including baboons and macaques,
were regarded as unsusceptible hosts for human HBV infection
or vice versa (Miiller et al. 2018). However, macaques infected
with HBV have been reported in wild M. fascicularis living in
Mauritius Island with 26% prevalence (Dupinay et al. 2013). The
whole genome sequence of M. fascicularis HBV showed greater
than 98% similarity to that of human HBYV, indicating the sim-
ian variety might have been transmitted from humans (Dupinay
et al. 2013).

One limitation of this study is that healthy macaques were
tested, which may limit the understanding of the relationship
between health status and disease prevalence. To strengthen the
robustness of our findings, future investigations should analyse
various health statuses, including symptomatic and asymptom-
atic individuals, thereby enabling a more nuanced analysis of
disease prevalence and its epidemiological implications for ma-
caque populations. Furthermore, although age significantly in-
fluenced the likelihood of SFV and Herpesviridae infection in
macaques, approximately 49% of individuals lacked age data,
limiting our ability to accurately assess age-related infection pat-
terns within this population. Finally, although substantial asso-
ciations were observed between a higher likelihood of SFV and
Herpesviridae infection and M. mulatta, the majority of samples
were collected from M. fascicularis, with limited samples from
M. leonina and M. arctoides. A larger sample size across all ma-
caque species found in Thailand would yield valuable informa-
tion for identifying potential reservoir species.

In conclusion, our study found that 35.7% of free-ranging ma-
caques harbour potential zoonotic pathogens that pose signifi-
cant health risks to humans. This crucial finding underscores
the need for control measures in areas where macaques and
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human populations coexist. Recommended interventions in-
clude regular health checks and monitoring of macaque popula-
tions and humans (especially those who come into close contact
with macaques), public education on the risks and preventive
measures associated with close contact with macaques, and
strict enforcement of hygiene and sanitation practices in areas of
human-macaque interactions.
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