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ABSTRACT. This study aimed to determine the incidence of leptospirosis and melioidosis in 
long-tailed macaques (Macaca fascicularis) in Thailand. Serum samples from 223 monkeys were 
subjected to the Lepto Latex Test and indirect hemagglutination (IHA) test to detect antibodies 
against Leptospira spp. and Burkholderia pseudomallei. The microagglutination test (MAT) was 
used to identify serovars of Leptospira spp. Conventional PCR for the LipL32 gene of L. interogans 
and the BPSS0120 and btfc-orf18 genes of B. pseudomallei was used for molecular detection. The 
overall seroprevalence of leptospirosis and melioidosis was 2.69% (95% confidence interval (CI): 
0.99–5.76%) and 14.35% (95% CI: 10.03–19.65%), respectively. Six samples that showed positive 
MAT results were also positive for IHA. The serovars of Leptospira were Ranarum (5/6), Shermani 
(6/6), and both (5/6). Conventional PCR for the LipL32 gene of Leptospira spp. was positive 
in 10.31% of the samples (95% CI: 5.56–13.51%). However, there were no positive results for 
BPSS0120 and btfc-orf18 in B. pseudomallei. Active infection was detected only for leptospirosis; 
however, it can be assumed that pathogen exposure occurred in this group of animals because 
immunity could be detected. The routes of infection and elimination pathways of both bacteria 
remain unclear, and the mechanism of protection in non-human primates needs to be elucidated 
in further studies. Moreover, this health issue should be considered to prevent human infections in 
monkeys and their environment.
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Leptospirosis and melioidosis are important anthropozoonotic diseases in Thailand. Leptospirosis is an infection caused by the 
spirochete bacterium Leptospira spp. Melioidosis is a severe infectious disease caused by the gram-negative rod-shaped bacterium, 
Burkholderia pseudomallei. Both diseases are considered emerging and re-emerging infectious diseases and are additionally 
considered as neglected tropical diseases in many regions of the world with tropical climates. In Thailand, leptospirosis and 
melioidosis are major endemic diseases, and frequent reports of outbreaks are associated with exposure to contaminated water [8, 
13, 15, 34]. Animals are often a source of pathogens. In Thailand, seroprevalence of Leptospira spp. has been found in companion 
animals, including hospitalized dogs, stray dogs, and stray cats [21, 24]. It has also been recorded in many species of livestock, 
including cattle, buffaloes, pigs, sheep, and goats [26, 33]. Interestingly, some studies have reported the presence of antibodies 
against different Leptospira serovars in 6.12% of terrapins [4]. Endemic areas of B. pseudomallei are Northern Australia and 
Southeast Asia, including Thailand [7, 16, 38]. Seroprevalence of melioidosis has been reported in dairy cattle, indigenous cattle, 
goats, and pigs [19, 32]. In humans, septicemia melioidosis mainly occurs in farmers during the rainy season and is a common 
cause of death in northeast Thailand [36].

Both pathogens infect humans and other animals, usually via direct contact with the source of the disease or indirect contact 
with a contaminated environment, such as the urine of an infected animal. Symptoms of leptospirosis and melioidosis in both 

Received: 20 September 2021
Accepted: 11 March 2022
Advanced Epub:   
 5 April 2022

 J. Vet. Med. Sci. 
84(5): 700–706, 2022
doi: 10.1292/jvms.21-0514

https://creativecommons.org/licenses/by-nc-nd/4.0/


LEPTOSPIROSIS AND MELIOIDOSIS IN MONKEY

J. Vet. Med. Sci. 84(5): 701700–706, 2022

humans and animals are characterized by non-specific signs of acute undifferentiated fever. Therefore, it is difficult to rule out 
other diseases that contribute to under-reporting and neglected disease status. However, these pathogens have not been investigated 
in non-human primates in Thailand. This might become a public health concern because non-human primates surround human 
settlements in the same environment, as some of them are free living near the urban areas of Thailand. However, they may release 
the pathogen into the human environment in the future. Therefore, this study aimed to investigate infections with Leptospira spp. 
and B. pseudomallei in free-living long-tailed macaques (Macaca fascicularis) in three regions of Thailand. These results may 
promote monkey health care and awareness of zoonosis transmission from monkeys to humans.

MATERIALS AND METHODS

Ethical statement
This study was approved by the Animal Ethics Committee of Kasetsart University, Thailand (Approval No. ACKU60-VET-049).

Sample collection
Blood samples were randomly collected from wild monkeys (Macaca fascicularis) free-living near urban areas in three regions 

of Thailand during catching for castration and health checks. A total of 223 blood samples were obtained from 214 males and nine 
females aged between 2 and 4 years. The samples included 19 from the southern region (Tang Kuan Mountain, Maung Songkhla 
District), 87 from the central region (Hua Hin District, Prachuap Khiri Khan), and 117 from the eastern region (Laem Chabang, 
Chon Buri) (Fig. 1). Serum and DNA samples were obtained from all blood samples in the laboratory of the Faculty of Veterinary 
Science, Prince of Songkla University. DNA extraction was performed using a commercial Blood DNA Isolation Kit (Geneaid, 
Teipei, Taiwan), according to the manufacturer’s instructions, and kept at −20°C until molecular detection.

Serological assessment
Lepto latex test according to the instructions of the Department of Medical Sciences, Ministry of Public Health, Thailand, 

which has a sensitivity and specificity of 94% and 93%, respectively (http://webdb.dmsc.moph.go.th/ifc_nih/a_nih_2_003c.
asp?info_id=1007, accessed December 2, 2021), was used to screen for antibodies against Leptospira infection. The long-tailed 
macaque antibody response to B. pseudomallei was detected by an indirect hemagglutination test (IHA) using a melioidosis-IHA 
kit (Department of Medical Sciences, Ministry of Public Health, Thailand). The cutoff titer for animals was ≥1:160 [23], defined as 
a melioidosis-seropositive result.

Microagglutination test (MAT)
Positive sera from the Lepto Latex Test were subjected to the microagglutination test (MAT) at the National Institute of Animal 

Health, Thailand to evaluate antibodies against 24 Leptospira serovars at a titer ≥1:100. The Leptospira serovars included in this 
study were Autumnalis, Ballum, Bratisalava, Bataviae, Canicola, Celledoni, Cynopteri, Djasiman, Grippotyphosa, Hebdomatis, 
Icterohaemorrhagiae, Javanica, Louisiana, Manhao, Mini, Panama, Pomona, Pyrogenes, Ranarum, Shermin, Sejroe, Shermani, 
Tarrassovi, and Pathoc.

Fig. 1. Sampling areas and the number of samples: 19 from the Southern region (Tang Kuan Mountain, Maung Songkhla district), 
87 from the Central region (Hua Hin district, Prachuap Khiri Khan), and 117 from the Eastern region (Laem Chabang, Chon Buri).
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Molecular analysis
DNA samples were subjected to PCR amplification to detect the LipL32 gene of Leptospira spp. as previously described [28] 

(Table 1). The reaction was prepared in 12 µl and included 5.0 µl of master mix with Taq polymerase (KAPA®, Tokyo, Japan), 0.25 
µl of each primer, 4.0 µl of ultra-pure water, and 2.0 µl of the DNA template. The PCR cycle consisted of an initial denaturation 
step at 95°C for 5 min followed by 35 cycles of denaturation at 94°C, 1 min at 60°C, and extension at 72°C. The final extension 
phase was conducted at 72°C for 7 min. The PCR products were electrophoresed on 2% agarose gels at 100 V for 30 min to 
identify 423-bp fragments. The PCR reaction for detecting B. pseudomallei was performed using specific primer pairs, according 
to a previous study [37] (Table 1). The DNA amplification reactions were performed in a 20-µl volume, containing 1x TopTaq 
Master Mix Kit (Qiagen, Hilden, Germany), 10 pmol of each primer, and 100–200 ng of template DNA that was extracted from the 
monkey blood samples. The cycling conditions consisted of an initial denaturation step at 94°C for 5 min, followed by 35 cycles 
of denaturation at 94°C, 1 min at 60°C, and extension at 72°C. The product extension phase was prolonged to 5 min at 72°C in 
the last cycle. The PCR products of B. pseudomallei were visualized by gel electrophoresis on 2% agarose gels. The pattern of the 
PCR amplicon was either 350 bp for the BPSS0120 gene target in the YLF cluster or 115 bp for the btfc-orf18 target in the BTFC 
cluster.

Statistical analysis
Raw data were used to summarize the positive results and were analyzed as a percentage with both binomial and normal 

approximations to the proportion. The total number of positive samples was divided by the total number of samples with 95% 
confidence intervals (CI) on a free website (https://sample-size.net/confidence-interval-proportion). The Fisher exact test was used 
to identify significant differences between proportions using the social science statistics website (https://www.socscistatistics.com/
tests/fisher/default2.aspx, accessed December 2, 2021).

RESULTS

Serological assessments identified that 48 of 223 serum samples contained antibodies against Leptospira spp. (21.52%, 95% 
CI: 16.32–27.51%) by the Lepto Latex Test. The overall seropositivity by MAT was 2.96% (95% CI: 0.99–5.76%). Of 223 serum 
samples, 32 contained antibodies against B. pseudomallei (14.35%, 95% CI: 10.03–19.65%) by IHA. Regarding the region, 
leptospirosis seropositivity was identified in the southern 21.05% (95% CI: 6.05–45.57%), central 22.99% (95% CI: 14.64–
33.25%), and eastern 20.51% (95% CI: 13.61–28.97%) regions. Melioidosis seropositivity in the southern, central, and eastern 
regions was 15.79% (95% CI: 3.38–39.58%), 25.29% (95% CI: 16.58–35.75%), and 5.98% (95% CI: 2.44–11.94%), respectively. 
The results of this study showed that all cases positive by MAT (6) were positive for IHA. Therefore, overall co-seropositivity for 
leptospirosis and melioidosis was 2.96% (95% CI: 0.99–5.76%), including 3.45% (95% CI: 0.72–9.75%) in the central region, 
and 2.56% (95% CI: 0.53–7.31) in the eastern region (Table 2). The analysis by Fisher exact test revealed that the difference in 
proportion between the southern and central regions (P=1.0) and between the southern and eastern regions (P=0 .0567) was not 
significantly different. However, co-infection between the central and eastern populations was significantly different (P=0.043).

In total, 48 positive samples from the Lepto Latex Test were subjected to MAT to detect antibodies against Leptospira spp. at a 

Table 1. Primer set for detecting Leptospira spp. and Burkholderia pseudomallei

Pathogen Primer name Primer order Product length 
(bp) Reference

Leptospira spp. LipL32 F 5′ CGC GCT GCA GTT ACT TAG TCG CGT CAG AAG 3′ 423  [17]
R 5′CCA ACAGATGCAACGAAAGATCCT 3′

B. pseudomallei BPSS0120 F 5-TGA CCC ATT CAG GCA AGG GAT TCT-3 350  [18]
R 5-TCC GTC CTG TTC GGT GAT TTC GAT-3

btfc-orf18 F 5-GTC GAT TTC GGC TGC GAA ACA ACA-3 115
R 5-ATG CCG TCG CAA CCA TTG ATG ATG-3

Table 2. Total percentage of positive samples detected by serological tests; indirect hemagglutination test (IHA) detected antibodies 
against Burkholderia pseudomallei, Lepto Latex test, and microagglutination test (MAT) detected antibodies against Leptospira spp.

Region Total samples
IHA Lepto Latex Test MAT

No of positive % (95% CI) No of positive % (95% CI) No of positive % (95% CI)
Southern 19 3 15.79% (3.35–39.58) 4 21.05% (6.05–45.57) 0 0
Central 87 22 25.29% (16.58–35.75) 20 22.99% (14.64–33.25) 3 3.45% (0.72–9.75)
Eastern 117 7 5.98% (2.44–11.94) 24 20.51% (13.61–28.97) 3 2.56% (0.53–7.31)
Total 223 32 14.35% (10.03–19.65) 48 21.52% (16.32–27.51) 6 2.69% (0.99–5.76)
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titer of >1:100; only 6 samples were above this cutoff. The test identified Ranarum (5/6), Shermani (6/6), and both (5/6) serovars 
of Leptospira spp. Five samples infected with both serovars were from the eastern region (3) and central region (2). The remaining 
one, infected with only Shermani, was from the central region. No serovars were found at a titer of >1:100 by MAT from the 
southern region, likely because of the small number of samples.

Molecular detection revealed positive results for LipL32 at 423 bp in 2% gel electrophoresis. The overall positive result rate 
was 10.31% (23/223) (95% CI: 16.58–35.75%). The most positive results were found in the southern region (21.05%, 95% CI: 
6.05–45.57%), followed by the eastern region (11.97%, 95% CI: 6.70–19.26%), and central region (5.75%, 95% CI: 1.89–12.90). 
There were no positive PCR results for BPSS0120 and btfc-orf18 in B. pseudomallei (Table 3).

DISCUSSION

In Thailand, there have been no reports of seroprevalence and DNA detection of leptospirosis and melioidosis in non-human 
primates. In this study, the seroprevalence of leptospirosis and melioidosis was 2.69% and 14.35%, respectively. Active infection 
was identified for leptospirosis by detecting the LipL32 gene in approximately 10.31% of cases; however, active infection of 
melioidosis by detecting the BTFC and YLF genes was not identified. The overall seropositivity of leptospirosis was lower than that 
of melioidosis. This might be because the antibody from the active infection was not established at the time of sampling.

In comparison, the differentiation between the Lepto Latex Test and MAT results. It indicates that the sensitivity of the Lepto 
Latex Test is quite low compared with the standard sensitivity (MAT), possibly because the sample was randomly collected only 
once. Moreover, human bias may have occurred, according to the evaluation based on visual inspection. According to a previous 
study on human patients in Thailand, the sensitivity and specificity of the Lepto Latex Test were 94.1% and 97.0%, respectively; 
however, for the first sera obtained from the patients, the sensitivity of the test for acute infection in sera was only 17.6% [25]. The 
application of a latex agglutination assay to detect human leptospirosis in the Netherlands indicated a mean overall sensitivity of 
82.3% and a mean overall specificity of 94.6% [30].

Interestingly, this result demonstrated the co-seropositivity of leptospirosis and melioidosis to be 8.97%. The detection of 
seropositivity and active infection of leptospirosis was higher than that of melioidosis. This might be because many species of 
animal reservoirs harbor Leptospira spp., such as rodents, cats, dogs, cattle, goats, and sheep [5, 12, 24]. This pathogen can easily 
spread in the environment, especially in the humid and flooded areas of Thailand. According to a previous report in 2020, the 
proportion of human cases of leptospirosis in the southern region increased from the previous year (36.5% to 55.6%), with the 
most frequent occurrence in Southern Thailand [10]. Human melioidosis has been reported to result in 2,800 deaths yearly in 
Thailand [15]. From January 1, 2021, to August 7, 2021, the number of patients with melioidosis reached 1,426 with one death, 
mostly found in the northeastern region, followed by the north, central, and southern regions [11]. This might be related to the fact 
that seroprevalence and active infection of leptospirosis was higher than that of melioidosis in long-tailed macaques in Southern 
Thailand. Both pathogens spread during the rainy season and are often found contaminating the water where animals are living 
[6, 35]. Therefore, it should be encouraged to evaluate the status of both diseases in wild monkeys that are freely ranging near the 
urban area because they might play an important role as a reservoir.

These results indicate that the overall seroprevalence of leptospirosis in monkeys is lower than that in other animals, such as 
cats, cattle, pigs, and goats. As previously reported, the seroprevalence of animal leptospirosis in Thailand was 32.48% in stray 
dogs, 10.93% in stray cats, 9.9–12.5% in cattle, 30.5% in buffaloes, 10.8% in pigs, 4.7% in sheep, and 7.9% in goats [8, 9, 16]. 
These macaques inhabit endemic areas. Therefore, this might imply that DNA detection is increasing. Moreover, the results of 
this study indicate that macaques can play a role in leptospirosis transmission to other species and humans. Using MAT at a cutoff 
titer of ≥1:100, we identified that the seroprevalence in wild monkeys in Thailand was 2.96%. In Japan, antibodies against L. 
interrogans were found in 2.9% of samples from monkeys [2]. In rescue monkeys in a wildlife rehabilitation center in Colombia, 
the attack and motility rates of leptospirosis were approximately 27% and 71%, respectively, and L. interrogans sequence type 17 
from rats was identified as the source of infection [34]. In African green monkeys, 48% were positive for Leptospira antibodies by 
MAT and 4% by DNA detection in kidney samples [27]. Moreover, seroprevalence is higher than that in humans (23.7%), buffaloes 
(24.8%), cattle (28.1%), and pigs (11.3%) [5].

Based on the present study, all monkeys were seropositive for Leptospira, but an active infection status (detected of DNA) was 

Table 3. Total percentage of positive sample by molecular detection; BPSS0120 and btfc-orf18 PCR 
detected Burkholderia pseudomallei and LipL32 PCR detected Leptospira spp.

Region Total samples
BP PCR LipL32 PCR

No of positive Total % (95% CI) No of positive Total % (95% CI)
Southern 19 0 0 4 21.05% (6.05–45.57)
Central 87 0 0 5 5.75% (1.89–12.90)
Eastern 117 0 0 14 11.97% (6.70–19.26)
Total 223 0 0 23 10.31% (6.65–15.07)
CI, confidence interval.
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low. This might be because the timing of sample collection was not the period of bacteremia or because they were resistant to the 
pathogen. However, these monkeys may also play an important role in disease transmission to humans. The serovars identified 
in monkeys used in this study were Ranarum and Shermani. This finding coincides with a previous study that identified the most 
common serovar in humans and pigs as Shermani and Ranarum/Shermani in cattle in all regions of Thailand [5]. In northeastern 
Thailand between 2001 and 2012, Leptospira interrogans serogroup Autumnalis was the major infection in patients [36]. The 
serovar Icterohaemorrhagiae, which is the most prevalent serovar reported in Rattus spp. worldwide [3], was not detected in this 
study. A previous study identified 19 different serovars of Leptospira in animals in Thailand, including Anhoa, Australis, Ballum, 
Bataviae, Bratislava, Broomi, Canicola, Copenhageni, Coxi, Grippotyphosa, Haemolytica, Icterohaemorrhagiae, Khorat, Paidjan, 
Patoc, Pyrogenes, Rachmati, Saxkoebing, and Sejroe [1]. In neighboring countries, Malaysia has detected more than 30 serovars 
of Leptospira in a variety of domestic and wild animal species [14]. MAT titers of 1:20 to 1:160 were used to detect Leptospira 
sp. antibodies in pet cats, found in about 5.4% (95% CI: 3.0–8.6%) of cases, including the serovars Autumnalis, Anhoa, Celledoni, 
Djasiman, Copenhageni, Icterohaemorrhagiae, and Patoc [31]. Leptospiral infection in non-human primates in Thailand may be 
related to humans because the same serovars were found. This may be because the forest areas were cut off into parts. The living 
area of the monkeys was near the urban community, and they were treated with humans. The colony became large with a high 
number of monkeys. The lack of proper population control is another factor contributing to the increase in the number of monkeys. 
This resulted in a lack of food and in their invasion of human homes for food. Humans and monkeys live in the same environment 
and share diseases that can infect mammals. However, this study did not send positive samples for sequencing analysis in the cases 
of active infection.

In all regions of Thailand, a previous melioidosis infection was observed. A study of animal melioidosis from 2006 to 2015 
estimated incidence rates in northeastern, northern, eastern, central, southern, and western areas at about 9.05, 1.87, 1.60, 0.57, 
0.53, and 0.36 per 100,000 populations, respectively [19]. A retrospective study estimated the incidence of melioidosis in animals 
in Thailand between 2006 and 2010, with the highest incidence in goats (1.63/100,000/year), followed by pigs and cattle [20]. 
In non-human primates, melioidosis has been diagnosed in many species in other countries, such as in stump-tailed macaque 
monkeys (Macaca arctoides), cynomolgus monkeys (Macaca fascicularis), and rhesus macaques (Macaca mulatta) [18, 19, 39]. 
However, there have been no reports of wild monkeys in Thailand. The incidence has been reported in non-human primates in zoos 
at approximately 28%. The highest prevalence of the disease has been reported in a zoo in northeastern Thailand, followed by a 
zoo in southern Thailand, at approximately 47% and 38%, respectively [17]. The rates reported in this study were lower than those 
of previous studies because they were not captive monkeys. Importantly, active infection was not detected, and the patients were 
asymptomatic despite seropositivity.

According to the results of this study, the co-seroprevalence for leptospirosis and melioidosis was 8.97%, indicating that 
both diseases circulate in the same environment. However, a comparison among the regions found that only the co-infection 
rate in the central region was significantly different from the co-infection rate in the eastern region. The co-infection rate in the 
eastern region was low, possibly because the monkeys live near Laem Chabang Port, which is not an urban area with a crowded 
population as in the central and southern regions. Moreover, it might be correlated with the human cases report, which found that 
the rate of leptospirosis and melioidosis among the population in Southern and Central region was higher than that in the Eastern 
region (Department of Disease Control, Ministry of Public Health, Thailand). Co-infection with leptospirosis and melioidosis 
was previously reported in professional rescuers and villagers involved in rescue operations in Malaysia. At that time, 4 cases 
were confirmed as melioidosis co-infected with leptospirosis [22]. In another case report of coinfection, the DNA sequences of 
Leptospira sp. and B. pseudomallei were detected in a diabetic 40-year-old woman with a history of visits to a freshwater camping 
site in northern Malaysia [29]. The incidence of both infections usually increase during the wet season. Non-human primates may 
contact with contaminated soil or water while finding food on the ground. The Leptospira serovars that were identified in six 
monkeys were the same serovars detected in humans; therefore, this might be a close species or one living in the same environment 
as humans.

Therefore, wild long-tailed macaques in Thailand may act as reservoirs for Leptospira spp. and B. pseudomallei, because they 
live freely near urban areas. They may play an important role in the spread of disease to the environment and other species of 
animals, including humans. Hence, wildlife organizations should focus on healthcare in long-tailed macaque herds. Vaccination 
is difficult because there is no vaccine for melioidosis and vaccines are not cost-effective for leptospirosis. As these monkeys live 
in tourist attractions, travelers should be aware of and protect themselves from infection. To prevent the risk of infection, people 
should wear protective footwear and gloves, and wash their hands after contacting with animals and before eating. To prevent 
leptospirosis, rubbish, food scraps, and junk should be cleaned to keep rodents away. When traveling into the monkey’s territory, 
they should not be fed in order to prevent cross-contamination with the pathogen.

From these results, it can be inferred that Leptospira spp. and B. pseudomallei exposure occurred in one group of these animals 
because antibodies could be detected even without showing signs or symptoms. This provides information on a new possible 
reservoir of mammalian species that maintains these diseases in these three areas. Infected monkeys play an important role in 
human infection, which may affect public health, the economy (tourism), and conservation efforts. The routes of infection and the 
elimination pathways of both bacteria are still unclear, and understanding the protective mechanism active in non-human primates 
as well as the serovars of Leptospira spp. needs to be elucidated in further studies.
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