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SUMMARY

Leptospirosis is a bacterial disease caused by pathogenic Leptospira spp. As a zoonotic disease, it can be passed
from animals to humans, causing infection in humans. However, a comprehensive compilation of serovars’ diagnosis
and distribution among infected hosts is still lacking. This review summarised these aspects within Southeast Asia to
guide future studies and prevention efforts in the region. The database search was conducted from January 2011 to
January 2021 using Scopus, PubMed, and Google Scholar. Studies on leptospirosis from all 11 Southeast Asia
countries (Brunei, Burma/ Myanmar, Cambodia, Indonesia, Laos, Malaysia, Philippines, Singapore, Thailand, Timor
Leste, and Vietnam) were obtained during this search. Data related to leptospirosis, including serovar types, human
and animal infections, and diagnostic methods, were extracted from relevant studies. The 155 studies reported in
Southeast Asia originated from Cambodia, Indonesia, Laos, Malaysia, Philippines, Thailand, and Vietnam. A total of
155 studies consisted of multiple tests: 87.1% (135/155) studies employed serological tests, with 71% (110/155)
studies that reported serovars; 65.2% (101/155) studies used molecular tests; and 30.3% (47/155) studies utilised
culture methods. The presence of circulating serovar within these countries indicates an endemic re-emerging disease.
This review highlights the potential for various host species to become infected and act as carriers of leptospirosis.
The importance of circulating serovars in epidemiological studies should be further investigated. There is an urgent

need for intervention and the development of improved diagnostic strategies, particularly in low-income countries.
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INTRODUCTION

Leptospirosis has become a significant and re-
emerging health problem around the world. This similar
public health issue is also prevalent in Southeast Asia
countries and is acknowledged as an endemic illness.
Outbreaks in Southeast Asia are closely associated with the
tropical climate, which facilitates the survival of
pathogenic Leptospira spp. (Munoz-Zanzi et al., 2020).
Surveillance data from 11 Southeast Asian nations
indicates a notable incidence of leptospirosis. Between
1970 and 2008, this region reported among the highest
global disease burdens, with an estimated morbidity
exceeding 50 cases per 100,000 population annually
(Costa et al., 2015).

The broad range of symptoms in infected humans can
vary from no symptoms to mild symptoms such as fever,
headache, conjunctival suffusion, myalgia, and jaundice,
to severe complications including  pulmonary
haemorrhage, kidney failure, and meningitis (Gancheva,
2017; Bhatia et al., 2015; Mendoza et al., 2013). In
Southeast Asia, leptospirosis is an undifferentiated fever,
which shares common symptoms with diseases like
dengue, hantavirus, malaria, rickettsioses, and influenza.
The similarity in symptoms among these diseases can lead
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to underdiagnosis and misdiagnosis, contributing to
fatalities due to delayed treatment. Clinical signs vary
depending on immunity, severity, stage of infection, and
infecting serovar (Ellis, 2015).

A confirmed diagnosis of leptospirosis depends on
laboratory tests, including serological, molecular, and
culture. Serological testing using MAT is the gold standard
for determining serovar-specific antibodies in hosts
(Budihal & Perwez, 2014). Understanding the
epidemiological distribution of serovars helps detect
disease patterns and provides insights into outbreaks in
highly affected regions. The serovars’ diversity reflects
Leptospira spp. interspecies interaction potentially
influences variation among animals. Previous research
indicates that specific serovars are host-specific,
highlighting the endemic nature of leptospirosis
(Bonhomme & Werts, 2022).

Environmental and social changes in Southeast Asia
over the past decade have significantly impacted
leptospirosis epidemiology and transmission. These
changes include alterations in landscapes. Livestock
practices, urbanisation, and the evolution of Leptospira
spp. have resulted in the emergence of new strains (Levett
& Picardeau, 2021). Additionally, a new Leptospira spp.
(L. kirschneri serogroup Pomona) has been reported in
symptomatic dogs (Bertasio et al., 2020). Isolation and
identification of Leptospira spp. from clinical samples help
accurately diagnose leptospirosis, while molecular
techniques are used to detect the presence of Leptospira
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Preventing leptospirosis outbreaks relies on
vaccination, yet challenges persist due to a limited
understanding of circulating serovars in endemic areas
(Guerra, 2013). The commercially available vaccine

currently includes serovar Australis, Autumnalis,
Canicola, Copenhageni, Hebdomadis,
Icterohaemorrhagiae, Lai, Linhai, Mozdok, and Pomona in
humans, while Canicola, Grippotyphosa, Hardjo

Icterohaemorrhagiae, Pomona, and Bratislava in animals,
but there are over 300 serovars documented (Xu & Ye,
2018; Klaasen et al., 2014; Srivastava, 2006). Therefore, it
is crucial to identify the serovars that typically result in
illness within a specific geographic area for developing
future vaccines. However, research on serovar present
among animals and humans in Southeast Asia remains
scarce. Additionally, while different serovars show
specificity for certain host species among animals, many
undiscovered mammals can potentially carry serovars
asymptomatically or are susceptible, often overlooked.
Diagnosing leptospirosis in hosts poses challenges, and
little is known about standard diagnostic practices for each
host species. Moreover, this review comprehensively
studied the serovar distribution and diagnostic practices
conducted from 2011 to 2021 in Southeast Asia. The result
can help raise public awareness about exposure risks and
prevention strategies against infected animals.

Geographical leptospirosis studies in Southeast Asia

The geographically selected studies of leptospirosis
among humans and animals in Southeast Asia were
defined as Brunei, Burma/ Myanmar, Cambodia,
Indonesia, Laos, Malaysia, Philippines, Singapore,
Thailand, Timor Leste, and Vietnam (Figure 1).

Sources of studies were obtained from the Scopus,
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Figure 1. Map of the Southeast Asia countries.

PubMed and Google Scholar. The search keywords
inclusive were “leptospirosis” OR “Leptospira” AND
“country name” from January 2011 until January 2021.
Data analysis steps were initiated with the search for
studies on leptospirosis or Leptospira spp. in those
countries, whereby unrelated titles were excluded.
Secondly, related titles were screened for abstracts from
each database. The eligibility of journals was included in
studies related to leptospirosis or Leptospira spp. and
laboratory diagnostic methods. The data report for
publication was manually included in Excel to remove
duplicates from three different databases. The included
journals were further classified into two categories;
diagnostic methods and serovars present.

Studies were selected based on their reporting of
serovar types involving humans or animals in leptospirosis
research and the use of diagnostic methods such as
serology (e.g., MAT), molecular techniques (e.g., PCR),
and bacterial isolation and identification. All the included
studies must have been conducted in Southeast Asia
countries and related to leptospirosis with a period of
publishing from January 2011 until January 2021.
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Figure 2. Accumulative numbers of positive detection and isolation of leptospirosis in humans and animals in

Southeast Asia.
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Prevalence of leptospirosis among Southeast Asia

Overall, a total of 1836 papers were reviewed from
three types of databases, including Scopus (n=443),
PubMed (n=488), and Google Scholar (n=945). Out of
these, only 155 studies (Supplementary Data Table 1) met
the criteria for leptospirosis in Southeast Asia. The
distribution of these studies by country was as follows:
5.8% (9/155) studies in Cambodia, 15.5% (24/155) studies
in Indonesia, 5.8% (9/155) studies in Laos, 36.1% (56/155)
studies in Malaysia, 12.3% (19/155) studies in the
Philippines, 20% (31/155) studies in Thailand and 5.8%
(9/155) studies in Vietnam.

Among the 155 studies related to leptospirosis, 20%
(31/155) involved multiple hosts. Of these studies, which
varied in sample sizes (Figure 2), the laboratory diagnostic
tests used for leptospirosis in humans and animals in
Southeast Asia were 87.1% (135/155) used serological
methods, 65.2% (101/155) used molecular methods and
30.3% (47/155) used culture methods. Additionally, 87.1%
(135/155) of the studies used MAT, but only 71%
(110/155) of the studies were recorded to state the positive
serovars in hosts (Supplementary Data Table 2).

All studies were analysed and categorised into
humans, companion animals, livestock and wild animals.
Humans infected with leptospirosis included travellers,
patients, occupational groups, and communities.
Companion animals were specifically cats and dogs.
Livestock consisted of ruminants such as cattle, sheep,
goats, buffalo and swine. Wild animals comprised animals
that lived on their own, such as wild rats, feral boars, bats,
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squirrels, mongooses, monkeys, and others. The study
employed multiple molecular techniques, namely
conventional PCR, multiplex PCR (mpPCR), nested PCR
(nPCR), real-time PCR (qPCR-single, duplex, triplex,
multiplex), reverse transcriptase PCR (RT-PCR) (Figure
3), which were utilized along with specific primers (Figure
4).

Microscopic Agglutination Test (MAT) in Southeast
Asia

Humans

In Southeast Asia, MAT, PCR, and culture methods
are commonly utilized to diagnose Leptospira spp.
infection. The documented studies showed that
seropositive by MAT in human cases within Southeast
Asia was prevalent in the Philippines (38.5%), Indonesia
(34%) and Malaysia (33.7%). These percentages varied
due to differences in total population among the countries.
Climate change and increased occupational exposure to
animals have contributed to the risk of leptospirosis
infection in Southeast Asia (Bradley & Lockaby, 2023;
Dhewantara et al., 2022; Schenning et al., 2019; Garba et
al., 2018; Villanueva et al.,, 2016a). This region
experiences a tropical climate known for intense rainfall
and frequent monsoons, which have led to more frequent
instances of flooding. The occurrence of leptospirosis is
often associated with flooding, as it creates optimal
conditions for Leptospira spp. survival and disease
transmission (Chadsuthi et al., 2021; Naing et al., 2019).
The environment may not be the primary source of
Leptospira spp., but it plays a role in infection
dissemination. Consequently, these countries experience
higher reported cases during the rainy season. For instance,
a study in Wajo district, Indonesia, found communities
exposed to floodwaters testing positive for leptospirosis
(Syamsuar et al., 2018).

Leptospirosis is associated with occupational
activities that involve potential exposure to infected
animals and contaminated environments. The article
search showed that workers such as sanitation workers,
shelter caretakers, dog handlers, plantation workers, wet
market workers, abattoir workers, farmers, rangers,
military personnel and town service workers are at high
risk of exposure. Insufficient personal protective
equipment (PPE) increases the risk of Leptospira spp.
entering through wounds. For instance, in Malaysian palm
oil farms, high rat populations have led to transmission of
Leptospira spp. to workers handling thorny fruit (Mohd
Ridzuan et al., 2016). Similarly, slaughterhouse workers in
the Philippines face heightened exposure to infected
animal fluids (Tabo et al., 2018). In Indonesia, analysis of
farmer blood serum and livestock urine has revealed a
significant occupational association with leptospirosis
(Pawitra et al., 2021).

The low seroprevalence in human leptospirosis cases
could be attributed to underreporting. Medical
practitioners might overlook leptospirosis symptoms,
resembling common diseases in Southeast Asia such as
dengue, meningitis, influenza, or hepatic disease (Ilham et
al., 2020). Although medical history provided by patients
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is essential, patients may not always accurately describe
their past clinical experiences. Therefore, even though
obtaining a follow-up sample between 7 to 14 days after
the initial sample is challenging, it remains necessary to
confirm the infection. The limited sample size is causing
difficulty in assessing the Leptospira spp. Seroprevalence
in epidemiological studies can be affected by small sample
numbers that may inadequately represent disease burdens
in studies area. A study indicates that low prevalence is
attributed to small sample size (Ngbede et al., 2012), while
others have noted that small sample result in seronegative
findings (Grimm et al., 2020). Some study designs use
small sample sizes due to cost or time constraints, yet many
fail to justify these limitations (Vasileiou et al., 2018).
Small sample sizes may reduce the ability to detect
leptospirosis within populations, necessitating carefully
interpreting the result as it can affect the data quality
(Ersbell & Ersbell, 2003). The availability of different host
species may also influence variation in sample sizes. For
example, studies involving wildlife animals face
challenges in trapping due to their elusive behaviours and
low population densities in some species (Branco &
Redgrave, 2020; Gil-Sanchez et al., 2020).

Animals

Antibodies against leptospirosis were prevalent in
companion animal populations, with high detection rates
in the Philippines (56.5%), Vietnam (28.5%), and
Malaysia (22.5%). Reported seropositivity among
livestock has risen in the Philippines (60.6%), followed by
Malaysia (25.4%). Poor hygiene and vaccination practices
by smallholder farmers, due to high costs and lack of
information on animal vaccination, have contributed to
leptospirosis outbreaks among livestock (Villanueva et al.,
2016a, 2016b). Vaccines currently available may not cover
all strains of Leptospira spp., necessitating the
development of locally specific vaccines (Mgode et al.,
2021). Vaccinated dogs may remain susceptible to other
serovars. This shows that the vaccination can be less
effective due to the absence of serovars prevalent in those
particular regions or countries. While the speculation that
cats may be resistant to leptospirosis and there is currently
no vaccination available for cats, the finding of antibodies
detected without symptoms underscores the importance of
further investigation. Wild animals in the Philippines
(80%), Thailand (62%), and Malaysia (42.9%) exhibit high
MAT positivity, likely due to extensive exposure to
pathogenic Leptospira spp. in their free-living habitats.
The attraction of wild animals such as rats to areas with
poor food waste management increases environmental
contamination through Leptospira spp. shedding.

Serovar distribution in humans

This review examines the serovar distribution of
Leptospira spp. in humans across Southeast Asia, where
humans are incidental hosts infected through contaminated
environments or direct contact with animals. In Cambodia,
serovars such as Autumnalis, Rachmati, and Sejroe were
detected (Nagai et al., 2020; Hem et al., 2016). Infections
with hoarseness and diarrhoea are likely contracted from a
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history of swimming in pools in leptospirosis-endemic
areas (Nagai et al.,, 2020). Serovar Sejroe was more
commonly found in communities in Kampong Cham,
Cambodia, where residents frequently come into contact
with remaining water bodies during and after the rainy
season (Hem et al., 2016).

In Indonesia, the most identified serovar was
Bataviae, particularly in flood-prone areas with high rat
populations, which are the major source of contamination
(Manyullei et al., 2021; Syamsuar et al., 2018; Gasem et
al., 2015). Infection with Bataviae led to severe pulmonary
haemorrhage causing pneumonia, along with other
symptoms including fever, dry cough, dyspnoea, icteric
sclerae, gum bleeding, calf tenderness, and conjunctival
suffusion (Gasem et al., 2015).

In Laos, humans were infected with a range of
serovars, including Canicola, Copenhageni, Hebdomadis,
Mwalok, Krematos, and Poi, all of which are classified as
pathogenic Leptospira spp. Individuals infected with the
serovars Krematos and Poi in Laos experienced symptoms
such as an enlarged spleen and congested bulbar
conjunctivae (Yaita et al., 2013).

Serovar Sarawak (IMR LEP 175) was the main
serovar in Malaysia, found in various regions and affecting
high-risk groups, such as sanitation workers, army
personnel, dog handlers, zoo rangers, market workers,
cattle farmers, food handlers, town service workers, oil
planter worker (Philip et al., 2021; Jeffree et al., 2020; Goh
et al., 2019; Nadia et al., 2019; Rahman et al., 2018;
Samsudin et al., 2018; Zainuddin et al., 2017; Ridzuan et
al., 2016; Suut et al., 2016; Thayaparan et al., 2015). These
individuals are particularly vulnerable due to their close
contact with animals and water sources. The presence of
wild animals in farms, zoos, and shelters also poses a
significant risk for leptospirosis transmission.

Serovars Poi was frequently reported in the
Philippines, especially in post-flood areas and high-risk
occupational groups (Tabo et al., 2018; Gloriani et al.,
2016a; Anacleto et al., 2014). An infected individual
presented with both icteric and non-icteric acute kidney
injury (AKI) after being infected with serovar Poi
(Anacleto et al., 2014).

Serovar Canicola was commonly detected in humans
in Thailand, associated with symptoms of fever, severe
myalgia, mild headache and acute hepatitis (Rodriguez-
Valero et al., 2018; Saitoh et al., 2015; Calvo-Cano et al.,
2014). This suggests potential exposure to infected dogs,
which are primary carriers of this serovar. In contrast,
serovar Icterohaemorrhagiae was more commonly
identified in southern Thailand, likely due to the variety of
host species in the region (Chusri et al., 2012).

In Vietnam, several serovars, including Hebdomadis,
Pomona, and Saxkoebing, were reported in locations such
as Thao Binh, Ha Tinh, and Can Tho, while Bataviae and
Hurstbridge were more commonly found in the Mekong
delta (Tran et al., 2021; Loan et al., 2015). Additionally,
Australis and Autumnalis were detected in patients who
had been camping in Hue in central Vietnam (Mishima et
al., 2013).

The diversity of serovars in the region is likely
influenced by both local geographical and demographic
factors, as the survey was conducted in the Mekong Delta,
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situated by the river, while Hue is located in a mountainous
forest region.

Serovar distribution in animals

Leptospirosis is a significant concern in Southeast
Asia, especially within livestock populations, where
various serovars have been reported. Serovar such as
Hardjo,  Icterohaemorrhagiae, = Bangkinang, and
Hebdomadis have been detected in cattle across Indonesia
(Widiasih et al., 2021; Suprayoga et al., 2021; Noach &
Noach, 2020). Serovar Hardjo, in particular, is commonly
serovar maintained by cattle, where it has adapted over
time, resulting in relatively low pathogenicity in this host.
However, infection with Hardjo can result in production
losses, including decreased milk output, premature births,
and abortion in cattle (Ellis, 2015). In Indonesia, Hardjo
infections are mainly linked to contaminated water
sources, which pose a risk to cattle and other livestock in
the region. Similarly, serovar Harjo was also reported in
cattle in Malaysia and Vietnam (Mai et al., 2021; Abdul
Rahman et al., 2020; Daud et al., 2018a).

In the Philippines, serovar Hardjo has also been
reported in buffalo, where these non-vaccinated animals
living in contaminated environments are particularly
vulnerable to leptospirosis (Villanueva et al., 2018). In
contrast, serovar Poi is more commonly associated with
cattle and pigs in the Philippines (Tabo et al., 2018;
Gloriani et al., 2016b). Antibodies of this serovar have
been exhibited in abattoir workers who are regularly
exposed to infected animal fluids in slaughterhouses (Tabo
et al., 2018). With years of exposure, these workers are at
high risk of contracting leptospirosis from these animals,
indicating that livestock can be a source of infection in
humans.

In Thailand, serovars such as Shermani, Ranarum,
and Sejroe have been detected across five livestock
species, including cattle, water buffalo, sheep, goats, and
pigs (Chadsuthi et al., 2017; Pumipuntu & Suwannarong
2016; Suwancharoen et al., 2013; Wongpanit et al., 2012).
The similar serovars detected in water buffalo and cattle
suggest that transmission may occur due to shared pastures
and water sources. Additionally, serovar Sejroe has been
reported in humans, livestock and rodents in Thailand
since 2000, indicating the potential for cross-species
transmission (Wangroongsarb et al., 2002; Suwancharoen
et al.,, 2000). Other serovar, like Tarassovi, have been
detected in cattle and buffalo in Thailand, as well as in
buffalo in the Philippines and pigs in Vietnam. Serovar
Hebdomadis has also been detected in cattle and buffalo in
Vietnam and in cattle in Indonesia (Mai et al., 2021; Noach
& Noach, 2020).

Similar serovars in multiple countries suggest that
shared environmental factors, livestock management
practices, and possibly cross-border animal movement
contribute to the spread of leptospirosis. Moreover, both
humans and livestock can become infected from the same
source, such as wild animals (e.g., rats) or companion
animals, emphasising the need for a One Health approach
to address the issue. This cross-species transmission
highlights the interconnectedness of human, animal, and
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environmental health, essential for effectively preventing
the spread of leptospirosis in Southeast Asia.

Serovars Bataviae and Icterohaemorrhagiae have
been commonly reported in companion animals across
Indonesia, Malaysia and Thailand (Rahman et al., 2021;
Goh et al., 2021; Alashraf et al., 2020a; Alashraf et al.,
2020b; Goh et al., 2020; Goh et al., 2019; Alashraf et al.,
2019; Mulyani et al., 2017; Lau et al., 2017; Khor et al.,
2016; Lau et al., 2016). The frequent occurrence of these
serovars is likely due to high-risk exposure to common
reservoir hosts, particularly rats, which are the primary
carriers of both serovars. The presence of rats is associated
with risk factors for leptospirosis in cats and dogs, likely
due to their hunting habits. Reported cases of leptospirosis
in sheltered animals can be attributed to food provided for
companion animals in shelters, which attract rats. Indirect
transmission  through exposure to contaminated
environments should also be considered, as companion
animals are free roaming. In addition, serovar Bataviae,
which is not covered by vaccines, poses a risk to
companion animals. Both serovars Bataviae and
Icterohaemorrhagiae are virulent and responsible for
causing renal manifestation (Sharun et al., 2019; Bakoss et
al., 1965). Natural behaviours such as urination and faecal
marking facilitate the transmission of leptospirosis since
companion animals live close to humans (Neilson, 2003;
Simpson, 1997). Infected companion animals, even
asymptomatic ones, can potentially transmit leptospirosis
to humans, as evidenced by similar serovar found in
humans, dogs and cats (Alashraf et al., 2020a). As a result,
companion animals may act as intermediaries, spreading
leptospirosis to humans.

Studies in  this  review  showed  that
Icterohaemorrhagiae can be found in both vaccinated and
non-vaccinated companion animals, as the antibodies
produced by the vaccine may still be present after
vaccination (Goh et al., 2022; Martin et al., 2014). While
serovar Canicola is known as a common serovar in dogs,
this serovar reported only in Indonesia, Malaysia and
Thailand, with its lower prevalence in dogs is possibly
related to limited exposure to source of infection
(Altheimer et al., 2020; Goh et al., 2019; Mulyani et al.,
2017; Benacer et al., 2017; Lau et al., 2016; Pumipuntu &
Suwannarong, 2016). In contrast, serovar Tarassovi was
reported in both cats and dogs in Indonesia, but only
Bataviae and Icterohaemorrhagiae were reported in dogs
(Mulyani et al., 2018; Mulyani et al., 2017). The small
sample size of cats evaluated in that study could explain
the absence of serovar Bataviae and Icterohaemorrhagiae.
It cannot be ruled out that unexamined cats were infected
with these serovars if a larger sample of cats had been
included.

Despite the absence of studies on cat seroprevalence
in the Philippines between 2011 and 2021, serovar Manilae
is a serovar commonly found in dogs in the country
(Villanueva et al., 2018; Gloriani et al., 2016b). Moreover,
the serovars reported in companion animals in Vietnam
were varied, including serovar Hardjo, Patoc and
Castellonis (Mai et al., 2021). This variation may result
from exposure to infected cattle and swine, as the study
was conducted in areas where livestock have the same
serovars.
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Anti-leptospiral has been detected in wild animals
across Southeast Asia of various types of species such as
Geoffroy’s side-neck turtle, crested porcupine, Weddell's
saddle-back tamarin (Leontocebus weddelli), emperor
tamarin (Saguinus imperator), captive neotropical felids,
black-tailed prairie dogs, fox squirrel, hispid cotton rats
and feral swine (Aliaga-Samanez et al., 2021; Coppola et
al., 2020; Oliveira et al., 2016; Montiel-Arteaga et al.,
2015; Ullmann et al., 2012). This reveals their potential
role as a reservoir for pathogenic Leptospira spp. Wild
animals are recognised as reservoirs of Leptospira spp.,
often carrying the bacteria asymptomatically.

In Malaysia, serovar Sarawak (IMR LEP 175) has
been frequently identified in wild animals, including
rodents, squirrels, bats, mongooses, and orangutans (Nadia
et al., 2019; Thayaparan et al., 2015; Thayaparan et al.,
2014; Benacer et al., 2017). In contrast, serovars
Copenhageni and Pomona are commonly reported in the
Philippines (Gloriani et al., 2016b; Villanueva et al.,
2016b; Zamora & Gloriani 2015). In Thailand, serovar
Ballum was detected in feral boars, likely reflecting their
interactions with other wild animals in captivity and their
ground-feeding behaviour, which increases the risk of
leptospirosis exposure in contaminated environments
(Prompiram et al., 2019). Serovar Louisiana has been
found in Vietnam in rats (Mai et al., 2021; Loan et al.,
2015). These findings highlight the diversity of serovars
and animal species involved in leptospirosis transmission
across Southeast Asia. Despite the region’s shared tropical
climate, which links most leptospirosis cases to flooding
and the rainy season, the presence of infected wildlife
plays a critical role in human transmission.

The studies reviewed here highlight several
limitations in the existing literature. First, many studies
focus on a single species without considering reservoir
animals, with only a few including multiple hosts. A more
comprehensive approach that involves humans, animals,
and the environment (e.g., water and soil) would provide a
clearer understanding of transmission dynamics. Such
studies would allow for comparisons of serovars across
humans, animals and the environment, helping to identify
transmission routes in specific regions. Therefore, the
interactions between hosts in leptospirosis transmission
required further investigation. Secondly, many studies
reviewed that use MAT do not report or interpret either
serovar panels, seropositivity, or the prevalence of each
serovar. Lastly, surveillance studies conducted in humans
in hospitals may not accurately represent the situation, as
the infected patients might not be from the area of origin.
Therefore, future studies are suggested to include
information on the origin of infection to identify and record
cases in that specific area accurately.

Polymerase Chain Reaction (PCR) in Southeast Asia
Humans

High rates of PCR-positive human cases in Thailand
(21.8%) and the Philippines (18.9%) show that PCR
effectively detects Leptospira spp. DNA early in infection.
However, these high prevalence rates may be attributed to
poor community hygiene practices, especially basic soap
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hand-washing, which occur due to a lack of awareness of
preventing leptospirosis (Dung et al., 2022; Peltzer &
Pengpid, 2014). Moreover, limited knowledge about signs
and symptoms of leptospirosis leads to delays in
individuals seeking timely medical care, particularly in
low-income or rural areas where people with mild
symptoms like fever often may not seek healthcare
promptly.

Animals

Leptospira spp. DNA was reported at high levels in
both companion animals (10.8%) and wild rats (20.9%) in
Malaysia. Leptospirosis in companion animals was
underestimated due to the perceived low prevalence (Lau
et al.,, 2016), resulting in inadequate research in other
Southeast Asia countries. In reported studies, animal
handlers, caretakers or owners were found to have
antibodies against Leptospira spp. in their blood, likely due
to unknowingly being exposed to infected animals
(Benitez et al., 2021; Alashraf et al., 2020a; Goh et al.
2019). This situation poses transmission risks, as cats and
dogs in the same study were reported to have antibodies
against the same leptospiral serovars. Despite these
carriers showing no symptoms, cats and dogs have been
identified as shedding Leptospira spp. in their urine (Goh
et al., 2021; Alashraf et al., 2020b). This underscores the
need for increased awareness. PCR’s sensitivity allows the
detection of Leptospira spp. even in carrier animals,
preventing further spread to humans and other animals
(Martins et al., 2012). The prevalence of this DNA in
livestock (11.7%) was high in the Philippines.
Leptospirosis in the livestock industry causes economic
loss since it reduces the productivity of animals (Carvalho
et al., 2024; Tiwari et al., 2013). The risk factors associated
with the prevalence of leptospirosis in livestock in the
Philippines may be linked to factors such as age, animal
groups, species and sources, farming practices, drinking
water sources, and interaction with other animals (Tabo et
al., 2018; Villanueva et al., 2016a).

Types of PCR

Over time, researchers have developed various types
of PCR methods, including conventional PCR, multiplex
PCR (mpPCR), nested PCR (nPCR), real-time PCR
(qPCR-single, duplex, triplex, multiplex), reverse
transcriptase PCR (RT-PCR). The choice of PCR method
depends on factors like availability, cost, and purpose of
the study. Conventional PCR was the most used technique
among Southeast Asia countries, as indicated by a total of
27.7% of studies conducted across Cambodia, Indonesia,
Malaysia, Philippines and Thailand. Conventional PCR,
valued for its cost-effectiveness and simplicity in DNA
amplification, gained widespread use in animal and human
diagnosis across Southeast Asia. Moreover, qPCR has
been reported in Vietnam and Laos. Although its benefits
include rapid results, high sensitivity, reduced
contamination risk, and elimination of the need for gel
electrophoresis, qPCR requires expertise and is costlier to
perform (Pinto et al., 2022; Schreier et al., 2013).
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Types of primer

The widely applied primers in Southeast Asian
studies were LipL.32 (27.1%) and 16S rRNA (19.4%). This
preference for 16S rRNA is due to its conserved gene,
which has a low mutation rate compared to other genes
(Bartos et al., 2024; Janda & Abbott, 2007). According to
a report, 16S rRNA has been confirmed as a stable gene
(Beltran et al., 2022). While 16S rRNA does not
differentiate between classes of Leptospira spp., the
predominance of LipL32 as a primer is justified by its
abundance in the outer membrane of pathogenic
Leptospira spp. (Di Azevedo & Lilenbaum, 2021). Various
other primers have been utilised, including rrs, 16S rDNA,
23S rRNA, SecY, gyrB, Ifb1, flaB, and rpoB (Philip et al.,
2021; Gunawan et al.,, 2020; Jeffree et al., 2020;
Tantibhedhyangkul et al., 2020; Rozo et al., 2020; Blasdell
et al., 2019; Koizumi et al., 2019; Obusan et al., 2019;
Schonfeld et al., 2019; Kudo et al., 2018; Woods et al.,
2018; Tubalinal et al., 2018; Azhari et al., 2018; Kurilung
et al.,, 2017; Della Rossa et al., 2016; Iwasaki et al., 2016;
Loan et al.,, 2015; Saitoh et al., 2015; Jittimanee &
Wongbutdee, 2014; Cosson et al., 2014; Goarant et al.,
2014; Mueller et al., 2014; Roque et al., 2012).

Isolation and Identification of leptospirosis in humans
and animals

Isolating Leptospira spp. through culture definitively
confirms disease presence. Culture provides valuable
information for genomic studies, identifying serovars, and
studying virulence for vaccine development in prevention
and epidemiology studies (Duan et al., 2020; Xu & Ye,
2018; Marquez et al., 2017; Koizumi & Watanabe, 2009).
Despite its low sensitivity, culture has 100% specificity
(Adler, 2015). The Philippines reported the highest human
isolation rate at 21.7%, with Malaysia leading among
companion animals (3.8%), Thailand among livestock
(4.5%), and the Philippines among wild animals (40.7%).

However, the low success rate or negative results in
isolating Leptospira spp. in other studies may be
influenced by the type of sample collected during different
phases of infection. Leptospira spp. exhibit varying
presence in different bodily fluids across infection stages.
Leptospires are typically more abundant in the blood
during the early stages of infection and may transition to
the urine as the infection progresses (second week) (Al-
Orry et al., 2016; Sykes et al., 2022). Therefore, the timing
of sample collection is critical to ensure accurate detection
of the bacteria. Samples collected too early or too late may
not contain sufficient leptospires for detection, leading to
false-negative results. Contamination is a significant factor
that inhibits the growth of Leptospira spp. It can generally
be reduced by media of specimen filtration using a 0.45 pm
membrane filter and subsequent subculturing into fresh
media supplemented with 5-Fluorouracil (Gorman et al.,
2022; Nervig & Ellinghausen, 1978). Fastidious
Leptospira spp. require selective media for growth.
Researchers developed EMJH (Johnson & Gary, 1963;
Johnson & Harris, 1967), Fletcher (Lim, 2011), and
Korthof (Terpstra, 2003) media to mimic a suitable
environment that supports Leptospira spp. growth.
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Moreover, pathogenic Leptospira spp. are challenging to
culture due to their fastidious nature, requiring high
concentration (10° above) and media adaptation (Narkkul
et al., 2020). Studies show Javanica grows better in EMJH
than Korthof (Villanueva et al., 2014, 2010). Media
preparation is crucial due to this bacterium are sensitivity
to pH and nutrient levels. Other factors that could
contribute to success may be antibody reactions or
antibiotic administration before the laboratory test,
limiting the ability to culture. Further identification was
approached by molecular or serology. Data indicates
various methods, including molecular sequencing,
phylogenetic analysis, MLST, PFGE, BLAST, RAPD-
PCR, LAMP, WGS and MLVA, while serology involves
hyperimmune sera. L. interrogans, L. borgpetersenii, L.
kirschneri, L. kmetyi, L. weilli, and L. noguchii has been
identified as the predominant Lepfospira spp. in Southeast
Asia.

CONCLUSION

This review highlights diagnostic methods used
among Southeast Asia countries. Serovars circulating in
humans and animals are diverse within Southeast Asia.
This information provides a better understanding of
potential circulating serovars among host infected in the
region. Including local serovars in the MAT panel is
recommended for future studies. Leptospirosis diagnosis
in Southeast Asia is still underreported. To address this
issue, active surveillance can help determine the current
situation and prevalence of leptospirosis incidence and
burden in the country. The combination of serological,
molecular, and identification techniques, including MAT,
PCR, and bacterial isolation, could help confirm the
diagnosis of leptospirosis.  Additionally, future
developments of methods that are highly sensitive,
specific, economical, rapid, and easy to conduct are
encouraged.
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Supplementary Data

Table 1. Studies on leptospirosis in Southeast Asia.

COUNTRIES REFERENCES

CAMBODIA  Chheng et al., 2013; Cosson et al., 2014; Hem et al., 2016; Ivanova et al., 2012; Koizumi et al.,
2022; Kudo et al., 2018; Mueller et al., 2014; Nagai et al., 2020; Rozo et al., 2020.

INDONESIA  Anwar et al., 2020; Chu et al., 2017; Gasem et al., 2016; Gasem et al., 2020; Goarant et al., 2014,
Gunawan et al., 2020; Khariri, 2019; Kutsuna et al., 2015; Lokida et al., 2016; Manyullei et al.,
2021; Mulyani et al., 2018; Mulyani et al., 2017; Noach & Noach, 2020; Pawitra et al., 2021;
Punjabi et al., 2012; Ristiyanto et al., 2018; Riyadi & Sunarno, 2019; Schonfeld et al., 2019;
Sumanta et al., 2015; Suprayoga et al., 2021; Syamsuar et al., 2018; Tunjungputri et al., 2017;
Widiasih et al., 2021; Widjajanti et al., 2017.

LAOS Chansamouth et al., 2016; Cosson et al., 2014; Dittrich et al., 2018; Dittrich et al., 2015; Mayxay et

al., 2015; Tanganuchitcharnchai et al., 2012, Ter et al., 2021, Weiss et al., 2016, Woods et al., 2018,
Yaita et al., 2013.

MALAYSIA  Abdul Rahman et al., 2020; Affendy et al., 2020; Alashraf et al., 2020a; Alashraf et al., 2020b;
Alashraf et al., 2019; Alia et al., 2019; Atil et al., 2020; Azhari et al., 2018; Benacer et al., 2013;
Benacer et al., 2016; Benacer et al., 2017; Blasdell et al., 2019; Daud et al., 2018a; Daud et al.,
2018b; Goh et al., 2019; Goh et al., 2020; Goh et al., 2021; Hin et al., 2012; ITham et al., 2020;
Jeffree et al., 2020; Khor et al., 2016; Latifah et al., 2012; Lau et al., 2016; Lau et al., 2017,
Mohamad Ikbal et al., 2019; Mohd Taib et al., 2020; Mohd-Taib et al., 2020; Nadia et al., 2019;
Neela et al., 2019; Ng et al., 2021; Philip et al., 2020; Philip et al., 2021; Pui et al., 2017; Rafizah
etal., 2013; Rahman et al., 2018; Rahman et al., 2021; Rakesh et al., 2020; Rao et al., 2021; Rao et
al., 2020; Ridzuan et al., 2016; Sabri et al., 2019; Samsudin et al., 2018; Sara et al., 2020; Shafei et
al., 2012; Suut et al., 2018; Suut et al., 2016; Tan et al., 2014; Thayaparan et al., 2014; Thayaparan
et al., 2015a; Thayaparan et al., 2015b; Thayaparan et al., 2016; Yong & Koh, 2013; Yusof et al.,
2019; Zainuddin et al., 2017; Zin et al., 2019.

PHILIPPINES Anacleto et al., 2014; Chavez et al., 2019; Gloriani et al., 2016a; Gloriani et al., 2016b; Iwasaki et
al., 2016; Kitashoji et al., 2015; Obusan et al., 2019; Roque et al., 2012; Tabo et al., 2018; Tomacruz
et al., 2019; Tubalinal et al., 2018; Van Dijck et al., 2016; Villanueva et al., 2016b; Villanueva et
al., 2018; Villanueva et al., 2014; Zamora & Gloriani 2015.

Altheimer et al., 2020; Boonsilp et al., 2011; Calvo-Cano et al., 2014; Chadsuthi et al., 2017;
Christen et al., 2015; Chusri et al., 2012; Della Rossa et al., 2016; Hinjoy et al., 2019; Hinjoy et al.,
2017; Jittimanee & Wongbutdee, 2014; Krairojananan et al., 2020; Kurilung et al., 2017; Luvira et

THAILAND  al., 2019; Ngasaman et al., 2020; Paungpin et al., 2020; Prompiram et al., 2019; Pumipuntu &
Suwannarong, 2016; Rodriguez-Valero et al., 2018; Saitoh et al., 2015; Schmidhauser et al., 2013;
Sonthayanon et al., 2013; Sprifiler et al., 2019; Suwancharoen et al., 2013; Suwancharoen et al.,
2016; Tantibhedhyangkul et al., 2020; Temeiam et al., 2020; Thongdee et al., 2019; Van et al.,
2017; Wongbutdee & Jittimanee, 2016; Wongpanit et al., 2012; Yatbantoong & Chaiyarat, 2019.

VIETNAM Koizumi et al., 2019; Lee et al., 2017; Lee et al., 2019; Le-Viet et al., 2019; Loan et al., 2015; Mai
et al., 2021; Mishima et al., 2013; Tran et al., 2021; Van Hiep et al., 2014.

Supplementary Data
Table 2. The serovar distribution detected in humans, companion animals, livestock and wild animals in Southeast
Asia region.

HUMANS
COUNTRIES SEROVAR PANEL SEROPOSITIVE REFERENCES
CAMBODIA Australis, Autumnalis, Bataviae, Autumnalis, Canicola, (Nagai et al., 2020;
Canicola, Castellonis, Celledoni, Djasiman, Hem et al., 2016)
Copenhageni, Cynopteri, Djasiman, Icterohaemorrhagiae,
Grippotyphosa, Hardjo, Hebdomadis, Javanica, Louisiana,
Icterohaemorrhagiae, Javanica, Pyrogenes, Rachmati,
Louisiana, Mini, Panama, Pyrogenes, Sarmin, Sejroe, Tarassovi
Sejroe, Sermani, Sermin, Tarassovi
INDONESIA Andaman,  Australis, Autumnalis, Bangkinang, Bataviae, (Manyullei et al., 2021;

Ballum, Bangkinang, Bataviae, Bataviae, Canicola, Riyadi, & Sunarno,
Canicola, Celledoni, Cynopteri, Djasiman, Hebdomadis, 2019; Schonfeld et al.,
Djasiman, Grippotyphosa, Hardjo, Icterohaemorrhagiae, Mini, 2019; Syamsuar et al.,
Hebdomadis, Icterohaemorrhagiae, Rama, Robinsoni, Sejroe 2018; Lokida et al.,
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Javanica, Kremastos, Manhao, Mini,
Patoc, Poi, Pomona, Pyrogenes,
Rachmati, Rama, Robinsoni, Sarmin,
Semaranga, Tarassovi

2016; Gasem et al.,
2016; Kutsuna et al.,
2015)

LAOS Not stated Canicola, Copenhageni, (Dittrich et al., 2015;
Hebdomadis, Kremastos, Yaita et al., 2013)
Mwalok, Poi
MALAYSIA Australis, Autumnalis, Ballum, Australis, Autumnalis, (Philip et al., 2021;
Bangkinang, Bataviae, Biggis, Birkini, Ballum, Bataviae, Canicola, Jeffree et al., 2020; Goh
Canicola, Celledoni, Copenhageni, Celledoni, Copenhageni et al.,, 2019; 2020;
Coxi, Cynopteri, Djasiman, Fugis, (IMR LEP 803/11), Alashraf et al., 2020a;
Grippotyphosa, Hardjobovis, Copenhageni, Cynopteri, Sara et al., 2020; Nadia
Hardjoprajitno, Hebdomadis, Djasiman, Fugis, etal.,2019; Neelaetal.,
HOSHAS, Icterohaemorrhagiae, IMR  Grippotyphosa, Hardjo, 2019; Ab Rahman etal.,
LEP 1(Melaka), IMR LEP 115 Hardjobovis (IMR LEP 27), 2018; Daud et al,
(Terengganu), IMR LEP 175 (Sarawak), Hardjoprajitno, Hebdomadis, 2018a; Samsudin et al.,
IMR LEP 22 (Lai), IMR LEP 27 Icterohaemorrhagiae, 2018; Zahiruddin et al.,
(Hardjobovis), IMR LEP 803/11 Javanica, Lai, Langkawi, 2017; Mohd Ridzuan et
(Copenhageni), Javanica, Jonsis, Lai, Malaysia, Melaka (IMR LEP al., 2016; Suut et al.,
Malaya, Malaysia, Panama, Patoc, 1), Panama, Patoc, Pomona, 2016; Thayaparan etal.,
Pomona, Pyrogenes, Sejroe, Pyrogenes, Sarawak (IMR 2015; Rafizah et al,
Semaranga,  Shermani, Tarassovi, LEP 175), Sejroe, Shermani, 2013; Shafei et al.,
Whitcombi Tarassovi, Terengganu (IMR  2012)
LEP 115)
PHILIPPINES Andaman, Anhoa, Australis, Andamana, Anhoa, Bataviae, (Tabo et al., 2018;
Autumnalis, Ballum, Bataviae, Canicola, Copenhageni, Baterna et al., 2017;
Canicola, Carlos, Copenhageni, Hurstbridge, Dijck et al, 2016;
Cynopteri, Djasiman, Grippotyphosa, Icterohaemorrhagiae, Iwasaki et al, 2016;
Hardjo, Hebdomadis, Hurstbridge, Javanica, Losbanos, Gloriani et al., 2016b;
Icterohaemorrhagiae, Javanica, Manilae, Patoc, Poi, Pomona, Kitashoji et al., 2015;
Losbanos, Louisiana, Manhao 3, Pyrogenes, Ratnapura, Anacleto et al., 2014;
Manilae, Mini, Panama, Patoc, Poi, Saopaulo, Sejroe, Mendoza et al., 2013)
Pomona, Pyrogenes, Ratnapura, Semaranga, Tarassovi
Saopaulo, Sarmin, Sejroe, Semaranga,
Shermani, Tarassovi
THAILAND Australis, Autumnalis, Ballico, Ballum, Australis, Autumnalis, (Luvira et al., 2019;
Bataviae, Bratislava, Canicola, Bratislava, Canicola, Rodriguez-Valero etal.,
Castellonis, Celledoni, Grippotyphosa, Hardjo, 2018; Calvo-Cano et
Copenhageni, Cynopteri, Djasiman, Hebdomadis, al., 2014; Chadsuthi et
Grippotyphosa, Hardjo, Hebdomadis, Icterohaemorrhagiae, al., 2017; Saitoh et al.,
Icterohaemorrhagiae, Javanica, Javanica, Panama, Pomona, 2015; Schmidhauser et
Manhao, Mini, Panama, Patoc, Poi, Pyrogenes, Sejroe, Shermani al., 2013; Chusri et al.,
Pomona, Pyrogenes, Rachmati, 2012)
Ranarum, Sarmin, Sejroe, Shermani,
Tarassovi, Wolffi
VIETNAM Australis, Autumnalis, Bataviae, Australis, Autumnalis, (Tran et al., 2021; Loan
Bratislava, Canicola, Bataviae, Canicola, etal.,2015; Van Hiep et
Castellonis, Celledoni, Copenhageni, Copenhageni, Cynopteri, al.,, 2014; Mishima et
Cynopteri, Djasiman, Grippotyphosa, Hardjo, Hebdomadis, al., 2013)
Hardjo, Hardjobovis, Hebdomadis, Hurstbridge,
Hurtbridge, Icterohaemorrhagiae, Icterohaemorrhagiae,
Javanica, Louisiana, Mini, Panama, Javanica, Louisiana,
Patoc, Pomona, Pyrogenes, Panama, Patoc, Pomona,
Saxkoebing, = Shermani, Tarassovi, Pyrogenes, Saxkoebing,
Tonkini, Vughia, Wolffi Tonkini
LIVESTOCK
COUNTRIES SEROVAR PANEL SEROPOSITIVE REFERENCES

21



J. Vet. Malaysia (2024) 36 (2): 13-30

INDONESIA Australis, Ballum, Bangkinang, Hardjo, (Widiasih et al., 2021;
Bataviae, Canicola, Celledoni, Icterohaemorrhagiae, Suprayoga et al., 2021;
Cynopteri, Djasiman, Grippotyphosa, Bangkinang, Hebdomadis, Noach & Noach, 2020)
Hardjo, Hebdomadis, Mini
Icterohaemorrhagiae, Javanica,
Manhao, Mini, Pomona, Pyrogenes,
Rachmati, Rama, Robinsoni, Sarmin,
Tarassovi
MALAYSIA Australis, Autumnalis, Ballum, Australis, Autumnalis, (Abdul Rahman et al.,
Bangkinang, Bataviae, Biggis, Birkini, Ballum, Bataviae, Canicola, 2020; Daud et al.,
Canicola, Celledoni, Copenhageni, Celledoni, Copenhageni, 2018b)
Coxi, Cynopteri, Djasiman, Fugis, Cynopteri, Djasiman,
Grippotyphosa, Hardjobovis, Grippotyphosa, Hardjobovis,
Hardjoprajitno, Hebdomadis, Hardjoprajitno, Hebdomadis,
HOSHAS, Icterohaemorrhagiae, IMR Icterohaemorrhagiae,
LEP 1(Melaka), IMR LEP 115 Javanica, Lai, Malaysia,
(Terengganu), IMR LEP 175 (Sarawak), Melaka (IMR LEP 1), Patoc,
IMR LEP 22 (Lai), IMR LEP 27 Pomona, Pyrogenes,
(Hardjobovis), IMR LEP 803/11 Sarawak (IMR LEP 175),
(Copenhageni), Javanica, Jonsis, Lai, Tarassovi, Terengganu (IMR
Malaya, Malaysia, Panama, Patoc, LEP 115)
Pomona, Pyrogenes, Sejroe,
Semaranga,  Shermani, Tarassovi,
Whitcombi
PHILIPPINES  Australis, Autumnalis, Canicola, Autumnalis, Copenhageni, (Villanuevaetal.,2018;
Copenhageni, Cynopteri, Cynopteri, Hardjo, Tabo et al, 2018;
Grippotyphosa, Hardjo, Hebdomadis, Hebdomadis, Hurstbridge, Gloriani et al., 2016a;
Hurtsbridge, Icterohaemorrhagiae Strain  Villanueva et  al,
Icterohaemorrhagiae, Losbanos, Ictero No. 1, 2016b)
Louisiana, Manilae, Mini, Patoc, Poi, Icterohaemorrhagiae Strain
Pomona, Pyrogenes, Ratnapura, RGA, Los Banos, Louisiana,
Saopaulo, Sejroe, Semaranga, Manilae, Mini, Patoc, Poi,
Shermani, Tarassovi Pomona, Pyrogenes,
Ratnapura, Saopaulo, Sejroe,
Semaranga, Shermani,
Tarassovi
THAILAND Australis, Autumnalis, Ballum, Autumnalis, Ballum, (Yatbantoong &
Bataviae, Bratislava, Canicola, Bataviae, Bratislava, Chaiyarat, 2019;
Celledoni, Cynopteri,  Djasiman, Canicola, Cynopteri, Chadsuthi et al., 2017,
Grippotyphosa, Hebdomadis, Djasiman, Hebdomadis, Pumipuntu &
Icterohaemorrhagiae, Javanica, Icterohaemorrhagiae, Suwannarong, 2016;
Louisiana, Manhao, Mini, Panama, Javanica, Louisiana, Min, Suwancharoen et
Patoc, Pyrogenes, Ranarum, Sarmin, Mini, Pomona, Pyrogenes, al.,2013; Wongpanit et
Sejroe, Shermani, Tarassovi Ranarum, Sarin, Sejroe, al., 2012)
Shermani, Tarassovi
VIETNAM Australis, Autumnalis, Bataviae, Canicola, Hebdomadis, (Mai et al.,2021; Lee et
Bratislava,  Canicola,  Castellonis, Castellonis, Patoc, Australis, al., 2019; Lee et al.,
Celledoni, Copenhageni, Cynopteri, Autumnalis, Bataviae, 2017; Van Hiep et al.,
Djasiman, Grippotyphosa, Hardjo, Bratislava, Canicola, 2014)
Hardjobovis, Hebdomadis, Grippotyphosa,
Icterohaemorrhagiae, Javanica, Icterohaemorrhagiae,
Louisiana, Mini, Panama, Patoc, Javanica, Panama, Patoc,
Pomona, Pyrogenes, Saxkoebing, Pyrogenes, Tarassovi,
Shermani, Tarassovi, Vughia, Wolffi Australis, Autumnalis,
Javanica, Mitis, Tarassovi,
Patoc, Pyrogenes
COMPANION ANIMALS
COUNTRIES SEROVAR PANEL SEROPOSITIVE REFERENCES
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INDONESIA Australis, Ballum, Bataviae, Canicola, Bataviae, Canicola, (Mulyani et al., 2019;
Celledoni, Cynopteri, Grippotyphosa, Celledoni, Cynopteri, Mulyani et al., 2017)
Hardjo, Icterohaemorrhagiae, Javanica, Icterohaemorrhagiae,
Pomona, Pyrogenes, Rachmati, Pyrogenes, Rachmati,
Tarassovi Tarassovi
MALAYSIA Andaman, Australis, Autumnalis, Australis, Autumnalis, (Abdul Rahman et al.,
Ballum, Bataviae, Canicola, Celledoni, Ballum, Bataviae, Canicola, 2021; Goh et al., 2021;
Copenhageni, Cynopteri, Djasiman, Hardjo, Hardjobovis, Alashraf et al., 2020b;
Grippotyphosa, Hardjo, Hardjobovis, Icterohaemorrhagiae, Goh et al., 2020; Goh et
Hebdomadis, Icterohacmorrhagiae, Javanica, Lai, Malaysia, al.,, 2019; Alashraf et
Javanica, Lai, Malaysia, Patoc, Pomona, Pomona al., 2019; Benacer et al.,
Pyrogenes, Shermani, Tarassovi 2017; Lau et al., 2016;
2017; Khor et al., 2016)
PHILIPPINES  Australis, Autumnalis, Canicola, Autumnalis, Manilae, Patoc  (Villanueva et al., 2018;
Copenhagenti, Grippotyphosa, Gloriani et al., 2016a)
Hardjo, Hebdomadis,
Icterohaemorrhagiae, Losbanos,
Manilae, Patoc, Poi,
Pomona, Pyrogenes, Ratnapura,
Semaranga, Tarassovi
THAILAND Anhoa, Australis, Autumnalis, Anhoa, Autumnalis, (Altheimer et al., 2020;
Ballum, Bataviae, Bratislava, Broomi, Bataviae, Canicola, SpriBller et al., 2019;
Canicola, Celledoni, Coxi, Cynopteri, Celledoni, Copenhageni, Pumipuntu &
Djasiman, Grippotyphosa, Djasiman, Suwannarong, 2016)
Haemolytica, Hebdomadis, Icterohaemorrhagiae, Patoc,
Icterohaemorrhagiae, Javanica, Khorat, Sejroe
Louisiana, Manhao, Mini, Paidjan,
Panama, Patoc, Pomona, Pyrogenes,
achmati, Ranarum, Sarmin,
Saxkoebing, Sejroe, Shermani,
Tarassovi
VIETNAM Australis,  Autumnalis, Bataviae, Castellonis, Hardjobovis, (Mai etal., 2021)
Bratislava,  Canicola,  Castellonis, Hebdomadis, Javanica,
Celledoni, Copenhageni, Cynopteri, Louisiana, Patoc
Djasiman, Grippotyphosa, Hardjobovis,
Hebdomadis, Icterohaemorrhagiae,
Javanica, Louisiana, Mini, Panama,
Patoc, Pomona, Pyrogenes, Shermani,
Tarassovi, Vughia, Wolffi
WILD ANIMALS
COUNTRIES SEROVAR PANEL SEROPOSITIVE REFERENCES
MALAYSIA Australis, Autumnalis, Ballum, Australis, Autumnalis, (Nadiaetal.,2019; Suut
Bangkinang, Bataviae, Biggis, Birkini, Bataviae, Celledoni, etal., 2018; Thayaparan
Canicola, Celledoni, Copenhageni, Fugi, et al, 2013; 2014
Copenhageni, Coxi, Djasiman, Fugis, Hardjoprajitno, Hebdomadis, 2015)
Grippotyphosa, Hardjo, Hardjobovis, Icterohaemorrhagiae,
Hebdomadis, HOSHAS, Javanica, Lai, Langkawi,
Icterohaemorrhagiae, Javanica, Jonsis, Patoc, Pomona, Pyrogenes,
Lai, IMR LEP 1(Melaka), IMR Lepto Sarawak (IMR LEP 175),
115 (Terengganu), IMR LEP 175 Tarassovi, Terengganu (IMR
(Sarawak), Malaya, Panama, LEP 115)
Patoc, Pomona, Pyrogenes, Sejroe,
Shermani, Tarassovi, Whitcombi
PHILIPPINES  Australis, Autumnalis, Canicola, Autumnalis, Canicola, (Gloriani et al., 2016a;
Shermani, Copenhageni, Cynopteri, Copenhageni, Copenhageni, Villanueva et al., 2016;
Grippotyphosa, Hardjo, Hebdomadis, Hebdomadis, Zamora & Gloriani,

Hurtsbridge, Icterohaemorrhagiae,
Losbanos, Louisiana, Manilae, Mini,
Patoc, Poi, Pomona, Pyrogenes,

Icterohaemorrhagiae,  Poi,

Pomona

2015)
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Ratnapura, Saopaulo, Sejroe,
Semaranga, Tarassovi

THAILAND Autumnalis, Ballum, Bataviae, Autumnalis, Ballum, (Prompiram et al,
Bratislava, Canicola, Bataviae, Bratislava, 2019)
Celledoni, Cynopteri, Djasiman, Canicola, Celledoni,
Grippotyphosa, Hebdomadis, Cynopteri, Djasiman,
Icterohaemorrhagiae, Javanica, Hebdomadis, Javanica,
Louisiana, Manhao, Mini, Panama, Manhao, Mini, Pomona,
Patoc, Pomona, Pyrogenes, Ranarum, Pyrogenes, Ranarum,
Sarmin, Sejroe, Shermani, Tarassovi Shermani, Tarassovi

VIETNAM Australis, Autumnalis, Bataviae, Copenhageni, Cynopteri, (Mai et al., 2021; Loan
Bratislava, Canicola, Icterohaemorrhagiae, etal., 2015)
Castellonis, Celledoni, Copenhageni, Javanica, Louisiana, Pomona
Cynopteri, Djasiman, Grippotyphosa,
Hardjo, Hardjobovis, Hebdomadis,
Hurtbridge, Icterohaemorrhagiae,
Javanica, Louisiana, Mini, Panama,
Patoc, Pomona, Pyrogenes, Saxkoebing,
Shermani, Tarassovi, Tonkini, Vughia,
Wolffi

REFERENCES Atil, A., Jeffree, M. S., Syed Abdul Rahim, S. S., Hassan, M. R., Lukman,

Abdul Rahman S. M., Khairani Bejo, S., Zakaria, Z., Hassan, L., & Azri
Roslan, M. (2020). Seroprevalence and Distribution of Leptospiral
Serovars in Livestock (cattle, Goats, and Sheep) in Flood-prone
Kelantan, Malaysia. J. Vet. Res. 65: 53-58.

Adler B. (2015). History of leptospirosis and Leptospira. Curr. Top.
Microbiol. Immunol. 387: 1-9.

Affendy, N. B., Desa, M. M., Amran, F., Sekawi, Z., & Masri, S. (2020).
Isolation and molecular characterisation of Leptospira interrogans
and Leptospira borgpetersenii from small mammals in Selangor wet
markets. Int. J. Infect. Dis. 101: 534.

Alashraf AR, Khairani-Bejo, S., Khor, K. H., Radzi, R., Megat Abdul
Rani, P. A., Goh S. H., Abdul Rahman, M. S., Roslan, M. A., Ismail,
R., Lau, S. F. (2020a). Serological detection of anti-Leptospira
antibodies among animal caretakers, dogs and cats housed in animal
shelters in peninsular Malaysia. Sains Malays. 49:1121-1128.

Alashraf, A. R., Lau, S. F., Khairani-Bejo, S., Khor, K. H., Ajat, M.,
Radzi, R., Roslan, M. A., & Abdul Rahman, M. S. (2020b). First
report of pathogenic Leptospira spp. isolated from urine and kidneys
of naturally infected cats. PloS one. 15:1-13.

Alashraf, A. R., Lau, S. F., Khor, K. H., Khairani-Bejo, S., Bahaman, A.
R., Roslan, M. A., Rahman, M. S. A., Goh, S. H., & Radzi, R. (2019).
Serological Detection of Anti-Leptospira Antibodies in Shelter Cats
in Malaysia. Top Companion Anim. Med. 34: 10-13.

Alia, S. N., Joseph, N., Philip, N., Azhari, N. N., Garba, B., Masri, S. N.,
Sekawi, Z., & Neela, V. K. (2019). Diagnostic accuracy of rapid
diagnostic tests for the early detection of leptospirosis. J Infect Public
Health. 12: 263-269.

Aliaga-Samanez, G. G., Lescano, J., Quevedo Urday, M. J., Salvatierra
Rodriguez, G. S., Erkenswick Watsa, M., Calderon Escalante, J. E.,
& Erkenswick, G. A. (2022). First detection of antibodies against
Leptospira among free-ranging neotropical non-human primates in
the Peruvian Amazon lowland rainforest. Transbound Emerg. Dis.
69: 1458-1465.

Al-orry, W., Arahou, M., Hassikou, R., & Mennane, Z. (2016). A review
of laboratory diagnosis and treatment of leptospirosis. Int J Pharm
Pharm Sci. 8: 7-13.

Altheimer, K., Jongwattanapisan, P., Luengyosluechakul, S.,
Pusoonthornthum, R., Prapasarakul, N., Kurilung, A., Broens, E. M.,
Wagenaar, J. A., Goris, M. G. A., Ahmed, A. A., Pantchev, N.,
Reese, S., & Hartmann, K. (2020). Leptospira infection and shedding
in dogs in Thailand. BMC Vet Res. 16: 1-13.

Anacleto, F. E., Jr, Collado, A. B., & Wyson, A. M. (2014). Profile of
acute kidney injury in pediatric leptospirosis. Ren Fail. 36: 1090-
1094.

Anwar, M. R., Manyullei, S., Sjahril, R., Daud, A., Mallongi, A., &
Hidayanty, H. (2020). Relationship of the Environmental Condition
with the Presence of Leptospira in Rats in Flood Prone Areas in
Makassar City. Saudi J Nurs Health Care. 3: 228-233.

24

K. A, & Ahmed, K. (2020). Occupational Determinants of
Leptospirosis among Urban Service Workers. Int J Environ Res
Public Health. 17: 2-8.

Azhari, N. N., Ramli, S. N. A., Joseph, N., Philip, N., Mustapha, N. F.,
Ishak, S. N., Mohd-Taib, F. S., Md Nor, S., Yusof, M. A., Mohd Sah,
S. A., Mohd Desa, M. N. B., Bashiru, G., Zeppelini, C. G., Costa, F.,
Sekawi, Z., & Neela, V. K. (2018). Molecular characterisation of
pathogenic Leptospira sp. in small mammals captured from the
human leptospirosis suspected areas of Selangor state, Malaysia.
Acta Trop. 188: 68-77.

Bakoss, P., Osman, F. B., Heldt, N., Chadli, A., & Kchouk, M. (1965).
Study of experimental Leptospira icterohaemorrhagiae infections in
dogs. Arch. Inst. Pasteur Tunis. 42: 71-84.

Barto§, O., Chmel, M., & Swierczkova, 1. (2024). The overlooked
evolutionary dynamics of 16S rRNA revises its role as the "gold
standard" for bacterial species identification. Sci Rep. 14: 1-9.

Baterna, R. A., Digman, A. N. A., Fugaban, J. I. 1., Mondoy, M. U., &
Capeding, M. R. Z. Combination of MAT and PCR for the early
diagnosis of human leptospirosis in the Philippines. Research
Institute for Tropical Medicine. 1.

Beltran, O. G., Torres Higuera, L. D., Rodriguez Bautista, J. L., & Patifio
Burbano, R. E. (2022). Evaluation of the genetic stability of
Leptospira reference strains maintained under two conservation
methods. Nova. 20: 65-79.

Benacer, D., Mohd Zain, S. N., Amran, F., Galloway, R. L., & Thong, K.
L. (2013). Isolation and molecular characterization of Leptospira
interrogans and Leptospira borgpetersenii isolates from the urban rat
populations of Kuala Lumpur, Malaysia. Am J Trop Med Hyg. 88:
704-709.

Benacer, D., Mohd Zain, S. N., Sim, S. Z., Mohd Khalid, M. K.,
Galloway, R. L., Souris, M., & Thong, K. L. (2016). Determination
of Leptospira borgpetersenii serovar Javanica and Leptospira
interrogans serovar Bataviae as the persistent Leptospira serovars
circulating in the urban rat populations in Peninsular Malaysia.
Parasit Vectors. 9: 1-11.

Benacer, D., Thong, K. L., Ooi, P. T., Souris, M., Lewis, J. W., Ahmed,
A. A., & Mohd Zain, S. N. (2017). Serological and molecular
identification of Leptospira spp. in swine and stray dogs from
Malaysia. Trop Biomed. 34: 89-97.

Benitez, A. D. N., Monica, T. C., Miura, A. C., Romanelli, M. S.,
Giordano, L. G. P., Freire, R. L., Mitsuka-Bregano, R., Martins, C.
M., Biondo, A. W., Serrano, 1. M., Lopes, T. H. C. R., Reis, R. B.,
Gomes, J. F., Costa, F., Wunder, E., Ko, A. 1., & Navarro, I. T.
(2021). Spatial and Simultaneous Seroprevalence of Anti-Leptospira
Antibodies in Owners and Their Domiciled Dogs in a Major City of
Southern Brazil. Front Vet Sci. 7: 1-15.

Bertasio, C., Boniotti, M. B., Lucchese, L., Ceglie, L., Bellinati, L.,
Mazzucato, M., Furlanello, T., D'Incau, M., & Natale, A. (2020).



J. Vet. Malaysia (2024) 36 (2): 13-30

Detection of New Leptospira Genotypes Infecting Symptomatic
Dogs: Is a New Vaccine Formulation Needed?. Pathogens. 9: 1-19.

Bhatia, M., UmapathyB, L., & Navaneeth, B.V. (2015). Evaluation Of
Diagnostic Utility Of Modified Faine’s Criteria In Leptospirosis-
Experience From A Tertiary Care Hospital. Natl. J. Integr. Res. Med.
6: 20-26.

Blasdell, K. R., Morand, S., Perera, D., & Firth, C. (2019). Association
of rodent-borne Leptospira spp. with urban environments in
Malaysian Borneo. PLoS Negl Trop Dis. 13: 1-17.

Bonhomme, D., & Werts, C. (2022). Host and Species-Specificities of
Pattern Recognition Receptors Upon Infection with Leptospira
interrogans. Front Cell Infect Microbiol. 12: 1-17.

Boonsilp, S., Thaipadungpanit, J., Amornchai, P., Wuthiekanun, V.,
Chierakul, W., Limmathurotsakul, D., Day, N. P., & Peacock, S. J.
(2011). Molecular detection and speciation of pathogenic Leptospira
spp. in blood from patients with culture-negative leptospirosis. BMC
Infect Dis. 11: 1-9.

Bradley, E. A., & Lockaby, G. (2023). Leptospirosis and the
Environment: A Review and Future Directions. Pathogens. 12: 1-26.

Branco, T., & Redgrave, P. (2020). The Neural Basis of Escape Behavior
in Vertebrates. Annu Rev Neurosci. 43: 417-439.

Budihal, S. V., & Perwez, K. (2014). Leptospirosis diagnosis:
competancy of various laboratory tests. J Clin Diagn Res. 8: 199—
202.

Calvo-Cano, A., Aldasoro, E., Ramirez, M., Martinez, M., Requena-
Mendez, A., & Gascon, J. (2014). Two cases of laboratory-confirmed
leptospirosis in travellers returning to Spain from Thailand,
September 2013. Euro Surveill. 19: 1-3.

Carvalho, H. G. A. C,, Silva, D. M., Rodrigues, G. R. D., Gameiro, A. H.,
Dos Santos, R. F., Raineri, C., & Lima, A. M. C. (2024). Estimation
of economic losses due to leptospirosis in dairy cattle. Prev Vet Med.
229:1-8.

Chadsuthi, S., Bicout, D. J., Wiratsudakul, A., Suwancharoen, D.,
Petkanchanapong, W., Modchang, C., Triampo, W., Ratanakorn, P.,
& Chalvet-Monfray, K. (2017). Investigation on predominant
Leptospira serovars and its distribution in humans and livestock in
Thailand, 2010-2015. LoS Negl Trop Dis. 11:1-18.

Chadsuthi, S., Chalvet-Monfray, K., Wiratsudakul, A., & Modchang, C.
(2021). The effects of flooding and weather conditions on
leptospirosis transmission in Thailand. Sci Rep. 11: 1-12.

Chansamouth, V., Thammasack, S., Phetsouvanh, R., Keoluangkot, V.,
Moore, C. E., Blacksell, S. D., Castonguay-Vanier, J., Dubot-Pér¢s,
A., Tangkhabuanbutra, J., Tongyoo, N., Souphaphonh, P.,
Sengvilaipaseuth, O., Vongsouvath, M., Phommasone, K.,
Sengdethka, D., Seurbsanith, A., Craig, S. B., Hermann, L., Strobel,
M., & Newton, P. N. (2016). The Aetiologies and Impact of Fever in
Pregnant Inpatients in Vientiane, Laos. PLoS Negl Trop Dis. 10: 1-
16.

Chavez, J. R., Danguilan, R. A., Arakama, M. 1., Garcia, J. K. G., So, R.,
& Chua, E. (2019). A case of leptospirosis with acute respiratory
failure and acute kidney injury treated with simultaneous
extracorporeal membrane oxygenation and haemoperfusion. BMJ
Case Rep. 12: 1-6.

Chheng, K., Carter, M. J., Emary, K., Chanpheaktra, N., Moore, C. E.,
Stoesser, N., Putchhat, H., Sona, S., Reaksmey, S., Kitsutani, P., Sar,
B., van Doorn, H. R., Uyen, N. H., Van Tan, L., Paris, D. H.,
Blacksell, S. D., Amornchai, P., Wuthiekanun, V., Parry, C. M., Day,
N. P, ... Kumar, V. (2013). A prospective study of the causes of
febrile illness requiring hospitalization in children in Cambodia. PloS
one. 8: 1-11.

Christen, J. R., Savini, H., Pierrou, C., Boisnault, G., Fournier, P. E.,
Kraemer, P., & Simon, F. (2015). Two Cases of Leptospirosis in
French Travelers Returning from Koh Samui, Thailand. J Travel
Med. 22: 419-421.

Chu, J. T., Hossain, R., Silverblatt, F. J., Hyle, E. P., & Turbett, S. E.
(2017). Case 22-2017. A 21-Year-Old Woman with Fever,
Headache, and Myalgias. N Engl J Med. 377: 268-278.

Chusri, S., Sritrairatchai, S., Hortiwahul, T., Charoenmak, B., &
Silpapojakul, K. (2012). Leptospirosis among river water rafters in
Satoon, southern Thailand. J Med Assoc Thai. 95: 874-877.

Coppola, F., Cilia, G., Bertelloni, F., Casini, L., D'Addio, E., Fratini, F.,
Cerri, D., & Felicioli, A. (2020). Crested Porcupine (Hystrix cristata
L.): A New Potential Host for Pathogenic Leptospira Among Semi-
Fossorial Mammals. Comp Immunol Microbiol Infect Dis. 70: 1-4.

Cosson, J. F., Picardeau, M., Mielcarek, M., Tatard, C., Chaval, Y.,
Suputtamongkol, Y., Buchy, P., Jittapalapong, S., Herbreteau, V., &
Morand, S. (2014). Epidemiology of Leptospira transmitted by
rodents in southeast Asia. PLoS Negl Trop Dis. 8: 1-10.

25

Costa, F., Hagan, J. E., Calcagno, J., Kane, M., Torgerson, P., Martinez-
Silveira, M. S., Stein, C., Abela-Ridder, B., & Ko, A. L. (2015).
Global Morbidity and Mortality of Leptospirosis: A Systematic
Review. PLoS Negl Trop Dis. 9: 1-19.

Daud, A. B., Mohd Fuzi, N. M. H., Wan Mohammad, W. M. Z., Amran,
F., Ismail, N., Arshad, M. M., & Kamarudin, S. (2018a).
Leptospirosis and Workplace Environmental Risk Factors among
Cattle Farmers in Northeastern Malaysia. Int J Occup Environ Med.
9: 88-96.

Daud, A., Fuzi, N. M. H. M., Arshad, M. M., Kamarudin, S., Mohammad,
W. M. Z. W.,, Amran, F., & Ismail, N. (2018b). Leptospirosis
seropositivity and its serovars among cattle in Northeastern
Malaysia. Vet World. 11: 840-844.

Della Rossa, P., Tantrakarnapa, K., Sutdan, D., Kasetsinsombat, K.,
Cosson, J. F., Supputamongkol, Y., Chaisiri, K., Tran, A.,
Supputamongkol, S., Binot, A., Lajaunie, C., & Morand, S. (2016).
Environmental factors and public health policy associated with
human and rodent infection by leptospirosis: a land cover-based
study in Nan province, Thailand. Epidemiol Infect. 144: 1550-1562.

Dhewantara, P. W., Riandi, M. U., & Wahono, T. (2022): Effect of
climate change on the geographical distribution of leptospirosis risk
in western Java, Indonesia. IOP Conf. Series: Earth and
Environmental Science. pp. 1-7.

Di Azevedo, M. 1. N., & Lilenbaum, W. (2021). An overview on the
molecular diagnosis of animal leptospirosis. Lett Appl Microbiol. 72:
496-508.

Dittrich, S., Boutthasavong, L., Keokhamhoung, D., Phuklia, W., Craig,
S. B., Tulsiani, S. M., Burns, M. A., Weier, S. L., Dance, D. A. B.,
Davong, V., Vongsouvath, M., Mayxay, M., Phetsouvanh, R.,
Newton, P. N., & Woods, K. (2018). A Prospective Hospital Study
to Evaluate the Diagnostic Accuracy of Rapid Diagnostic Tests for
the Early Detection of Leptospirosis in Laos. Am J Trop Med Hyg.
98: 1056-1060.

Dittrich, S., Rattanavong, S., Lee, S. J., Panyanivong, P., Craig, S. B.,
Tulsiani, S. M., Blacksell, S. D., Dance, D. A., Dubot-Pérés, A.,
Sengduangphachanh, A., Phoumin, P., Paris, D. H., & Newton, P. N.
(2015). Orientia, rickettsia, and Leptospira pathogens as causes of
CNS infections in Laos: a prospective study. Lancet Glob Health. 3:
el04-e112.

Duan, J., Zhao, Y., Zhang, X., Jiang, H., Xie, B., Zhao, T., & Zhao, F.
(2020). Research status and perspectives for pathogenic spirochete
vaccines. Clin Chim Acta. 507:117-124.

Dung, L. P., Hai, P. T., Hoa, L. M., Mai, T. N. P., Hanh, N. T. M., Than,
P.D., Tran, V. D., Quyet, N. T., Hai, H., Ngoc, D. B., Thu, N. T, &
Mai, L. T. P. (2022). A case-control study of agricultural and
behavioral factors associated with leptospirosis in Vietham. BMC
Infect Dis. 22: 1-8.

Ellis W. A. (2015). Animal leptospirosis. Curr Top Microbiol Immunol.
387:99-137.

Ersbell, A. K., & Ersbell, B. K. (2003). Epidemiological studies based on
small sample sizes--a statistician's point of view. Acta Vet Scand
Suppl. 98: 127-140.

Gancheva, G. I (2017). Comparative analysis of pediatric and adult
leptospirosis in Pleven region, Bulgaria. Sci J Clin Med. 6: 91-97.

Garba, B., Bahaman, A. R., Bejo, S. K., Zakaria, Z., Mutalib, A. R., &
Bande, F. (2018). Major epidemiological factors associated with
leptospirosis in Malaysia. Acta Trop. 178: 242-247.

Gasem, M. H., Farida, H., Ahmed, A., Severin, J. A., Suryanto, A.,
Isbandrio, B., Verbrugh, H. A., Hartskeerl, R. A., & Van den Broek,
P. J. (2016). Are pathogenic Leptospira species agents of
community-acquired pneumonia? Case reports of leptospirosis
presenting as pneumonia. J Clin Microbiol. 54: 197-199.

Gasem, M. H., Hadi, U., Alisjahbana, B., Tjitra, E., Hapsari, M. M. D. E.
A. H., Lestari, E. S., Aman, A. T., Lokida, D., Salim, G., Kosasih,
H., Merati, K. T. P., Laras, K., Arif, M., Lukman, N., Sudarmono, P.,
Lisdawati, V., Lau, C. Y., Neal, A., & Karyana, M. (2020).
Leptospirosis in Indonesia: diagnostic challenges associated with
atypical clinical manifestations and limited laboratory capacity.
BMC Infect Dis. 20: 1-11.

Gil-Sanchez, J. M., Barea-Azcén, J. M., Jaramillo, J., Herrera-Sanchez,
F. J., Jiménez, J., & Virgds, E. (2020). Fragmentation and low
density as major conservation challenges for the southernmost
populations of the European wildcat. PLoS One. 15: 1-21.

Gloriani, N. G., Villanueva, S. Y. A. M., Yanagihara, Y., & Yoshida, S.
I. (2016a). Post-flooding surveillance of leptospirosis after the
onslaught of typhoons Nesat, Nalgae and Washi in the Philippines.
Southeast Asian J Trop Med Public Health. 47: 774-786.



J. Vet. Malaysia (2024) 36 (2): 13-30

Gloriani, N. G., Villanueva, S. Y. A. M., Yanagihara, Y., & Yoshida, S.
1. (2016b). Identification of prevalent Leptospira serovars infecting
water buffaloes, cows, dogs, pigs, and rats in the Philippines.
Southeast Asian J Trop Med Public Health. 47: 766-73.

Goarant, C., Colot, J., Faelchlin, E., Ponchet, M., Soupé-Gilbert, M. E.,
Descloux, E., & Gourinat, A. C. (2014). An exotic case of
leptospirosis imported into an endemic area. Travel Med Infect Dis.
12: 198-200.

Goh, S. H., Ismail, R., Lau, S. F., Megat Abdul Rani, P. A., Mohd
Mohidin, T. B., Daud, F., Bahaman, A. R., Khairani-Bejo, S., Radzi,
R., & Khor, K. H. (2019). Risk Factors and Prediction of Leptospiral
Seropositivity Among Dogs and Dog Handlers in Malaysia. Int J
Environ Res Public Health. 16: 1-11.

Goh, S. H., Khor, K. H., Ismail, R., Megat Abdul Rani, P. A., Mohd
Mohidin, T. B., Bahaman, A. R., Khairani-Bejo, S., Radzi, R.,
Alashraf, A. R., Sabri, A. R., & Lau, S. F. (2020). Detection and
distribution of anti-Leptospiral antibody among dogs and their
handlers. Trop Biomed. 37: 1074-1082.

Goh, S. H., Khor, K. H., Lau, S. F., Khairani-Bejo, S., & Sabri, A. R.
(2022). Post-Vaccination Leptospiral Antibody Titers among Pet
Dogs in Malaysia. Int. J. Vet. Sci. 11: 151-158.

Goh, S. H., Khor, K. H., Radzi, R., Lau, S. F., Khairani-Bejo, S., Abdul
Rahman, M. S., & Roslan, M. A. (2021). Shedding and Genetic
Diversity of Leptospira spp. From Urban Stray Dogs in Klang
Valley, Malaysia. Top Companion Anim Med. 45: 1-7.

Gorman, M., Xu, R., Prakoso, D., Salvador, L. C. M., & Rajeev, S.
(2022). Leptospira enrichment culture followed by ONT
metagenomic sequencing allows better detection of Leptospira
presence and diversity in water and soil samples. PLoS Negl Trop
Dis. 16: 1-14.

Grimm, K., Rivera, N. A., Fredebaugh-Siller, S., Weng, H. Y., Warner,
R. E., Maddox, C. W., & Mateus-Pinilla, N. E. (2020). Evidence of
Leptospira serovars in wildlife and Leptospiral DNA in water
sources in a natural area in East-Central Illinois, USA. J Wildl Dis.
56:316-327.

Guerra M. A. (2013). Leptospirosis: public health perspectives.
Biologicals. 41: 295-297.

Gunawan, G., Wibawa, T., Wijayanti, M. A., & Anastasia, H. (2020).
Detection of Leptospira spp. in kidney tissues isolated from rats in
the Napu and Bada Highlands of Poso District, Central Sulawesi
Province. Jurnal Vektor Penyakit. 14: 17-26.

Hem, S., Ly, S., Votsi, 1., Vogt, F., Asgari, N., Buchy, P., Heng, S.,
Picardeau, M., Sok, T., Ly, S., Huy, R., Guillard, B., Cauchemez, S.,
& Tarantola, A. (2016). Estimating the Burden of Leptospirosis
among Febrile Subjects Aged below 20 Years in Kampong Cham
Communities, Cambodia, 2007-2009. PloS one. 11: 1-12.

Hin, H. S., Ramalingam, R., Chunn, K. Y., Ahmad, N., Ab Rahman, J.,
& Mohamed, M. S. (2012). Fatal co-infection--melioidosis and
leptospirosis. Am J Trop Med Hyg. 87: 737-740

Hinjoy, S., Kongyu, S., Doung-Ngern, P., Doungchawee, G., Colombe,
S. D., Tsukayama, R., & Suwancharoen, D. (2019). Environmental
and Behavioral Risk Factors for Severe Leptospirosis in Thailand.
Trop Med Infect Dis. 4: 1-12.

Hinjoy, S., Wacharapluesadee, S., lamsirithaworn, S., Smithsuwan, P., &
Padungtod, P. (2017). Zoonotic and vector borne agents causing
disease in adult patients hospitalized due to fever of unknown origin
in Thailand. Asian Pac. J. Trop. Dis. 7: 577-581.

Ilham, N. E., Joseph, N. S. M., Bahtiar Affendy, N., Mohd Taib, N.,
Vasantha, K. N., & Masri, S. N. (2020). The importance of using a
right test method in diagnosing leptospirosis. Trop Biomed. 37: 357-
362.

Ivanova, S., Herbreteau, V., Blasdell, K., Chaval, Y., Buchy, P., Guillard,
B., & Morand, S. (2012). Leptospira and rodents in Cambodia:
environmental determinants of infection. Am J Trop Med Hyg. 86:
1032-1038.

Iwasaki, H., Chagan-Yasutan, H., Leano, P. S., Koizumi, N., Nakajima,
C., Taurustiati, D., Hanan, F., Lacuesta, T. L., Ashino, Y., Suzuki,
Y., Gloriani, N. G., Telan, E. F., & Hattori, T. (2016). Combined
antibody and DNA detection for early diagnosis of leptospirosis after
a disaster. Diagn Microbiol Infect Dis. 84: 287-291.

Janda, J. M., & Abbott, S. L. (2007). 16S rRNA gene sequencing for
bacterial identification in the diagnostic laboratory: pluses, perils,
and pitfalls. J Clin Microbiol. 45: 2761-2764.

Jeffree, M. S., Mori, D., Yusof, N. A., Atil, A. B., Lukman, K. A.,
Othman, R., Hassan, M. R., Suut, L., & Ahmed, K. (2020). High
incidence of asymptomatic leptospirosis among urban sanitation
workers from Kota Kinabalu, Sabah, Malaysian Borneo. Sci Rep. 10:
1-8.

26

Jittimanee, J., & Wongbutdee, J. (2014). Survey of pathogenic Leptospira
in rats by polymerase chain reaction in Sisaket Province. J Med
Assoc Thai. 97 Suppl 4: S20-S24.

Johnson, R. C., & Gary, N. D. (1963). Nutrition Of Leptospira Pomona.
1. Fatty Acid Requirements. J Bacteriol. 85: 976-982.

Johnson, R. C., & Harris, V. G. (1967). Differentiation of pathogenic and
saprophytic letospires. I. Growth at low temperatures. J Bacteriol.
94:27-31.

Khariri. (2019). Survey of mouse diversity as an animal carrying
Leptospira bacteria in Central Java Province. Pros Sem Nas Masy
Biodiv Indon. 5:42-45.

Khor, K. H., Tan, W. X., Lau, S. F., Mohd Azri, R., Rozanaliza, R., Siti,
K. B., & Abdul Rani, B. (2016). Seroprevalence and molecular
detection of leptospirosis from a dog shelter. Trop Biomed. 33: 276-
284.

Kitashoji, E., Koizumi, N., Lacuesta, T. L., Usuda, D., Ribo, M. R., Tria,
E. S., Go, W. S., Kojiro, M., Parry, C. M., Dimaano, E. M.,
Villarama, J. B., Ohnishi, M., Suzuki, M., & Ariyoshi, K. (2015).
Diagnostic Accuracy of Recombinant Immunoglobulin-like Protein
A-Based IgM ELISA for the Early Diagnosis of Leptospirosis in the
Philippines. PLoS Negl Trop Dis. 9: 1-13.

Klaasen, H. L., van der Veen, M., Sutton, D., & Molkenboer, M. J.
(2014). A new tetravalent canine leptospirosis vaccine provides at
least 12 months immunity against infection. Vet Immunol
Immunopathol. 158: 26-29.

Koizumi, N., Miura, K., Sanai, Y., Takemura, T., Ung, T. T. H., Le, T.
T., Hirayama, K., Hasebe, F., Nguyen, H. L. K., Hoang, P. V. M.,
Nguyen, C. N., Khong, T. M, Le, M. T. Q., Hoang, H. T. T., &
Ohnishi, M. (2019). Molecular epidemiology of Leptospira
interrogans in Rattus norvegicus in Hanoi, Vietnam. Acta Trop. 194:
204-208.

Koizumi, N., Morita, M., Pheng, V., Wann, C., Masuoka, H., Higa, Y.,
Wada, T., Hirayama, K., Ohnishi, M., & Miura, K. (2022). Rat trade
and leptospirosis: Molecular epidemiology of Leptospira species in
rats exported from Cambodia to Vietnam. Transbound Emerg Dis.
69: 1641-1648.

Koizumi, N., & Watanabe, H. (2009). Leptospirosis. Vaccines for
Biodefense and Emerging and Neglected Diseases. 1291-1308.

Krairojananan, P., Thaipadungpanit, J., Leepitakrat, S., Monkanna, T.,
Wanja, E. W., Schuster, A. L., Costa, F., Poole-Smith, B. K., &
McCardle, P. W. (2020). Low Prevalence of Leptospira Carriage in
Rodents in Leptospirosis-Endemic Northeastern Thailand. Trop Med
Infect Dis. 5: 1-12.

Kudo, Y., Vansith, K., Rin, E., Uchida, K., Kodama, S., Fukui, T.,
Masuda, S., & Masuzawa, T. (2018). Molecular Epidemiological
Survey of Leptospira Infection of Wild Rodents in the Urban
Settlement of Cambodia. Vector Borne Zoonotic Dis. 18: 144-150.

Kurilung, A., Chanchaithong, P., Lugsomya, K., Niyomtham, W.,
Wauthiekanun, V., & Prapasarakul, N. (2017). Molecular detection
and isolation of pathogenic Leptospira from asymptomatic humans,
domestic animals and water sources in Nan province, a rural area of
Thailand. Res Vet Sci. 115: 146-154.

Kutsuna, S., Kato, Y., Koizumi, N., Yamamoto, K., Fujiya, Y., Mawatari,
M., Takeshita, N., Hayakawa, K., Kanagawa, S., & Ohmagari, N.
(2015). Travel-related leptospirosis in Japan: a report on a series of
five imported cases diagnosed at the National Center for Global
Health and Medicine. J Infect Chemother. 21: 218-223.

Latifah, 1., Abdul Halim, A., Rahmat, M. S., Nadia, M. F., Ubil, Z. E.,
Asmah, H., Shafariatul Akmar, I., Picardeau, M., Siti Haslina, O., &
Nasir, M. A. (2017). Isolation by culture and PCR identification of
LipL32 gene of pathogenic Leptospira spp. in wild rats of Kuala
Lumpur. Malays J Pathol. 39: 161-166.

Latifah, 1., Rahmat, M. S., Hayarti, K. B., Paramasvaran, S., Azizah, M.
R., Imran, F., & Normaznah, Y. (2012). Prevalence of leptospiral
DNA among wild rodents from a selected area in Beguk Dam Labis,
Segamat, Johor, Malaysia. Malays J Pathol. 39: 161-166.

Lau, S. F., Low, K. N., Khor, K. H., Roslan, M. A., Bejo, S. K., Radzi,
R., & Bahaman, A. R. (2016). Prevalence of leptospirosis in healthy
dogs and dogs with kidney disease in Klang Valley, Malaysia. Trop
Biomed. 33: 469-475.

Lau, S. F., Wong, J. Y., Khor, K. H., Roslan, M. A., Abdul Rahman, M.
S., Bejo, S. K., Radzi, R., & Bahaman, A. R. (2017). Seroprevalence
of Leptospirosis in Working Dogs. Top Companion Anim Med. 32:
121-125.

Lee, H. S., Khong, N. V., Xuan, H. N., Nghia, V. B., Nguyen-Viet, H., &
Grace, D. (2017). Sero-prevalence of specific Leptospira serovars in
fattening pigs from 5 provinces in Vietnam. BMC Vet Res. 13: 1-7.



J. Vet. Malaysia (2024) 36 (2): 13-30

Lee, H. S, Thanh, T. L., Ly, N. K., Nguyen-Viet, H., Thakur, K. K., &
Grace, D. (2019). Seroprevalence of leptospirosis and Japanese
encephalitis in swine in ten provinces of Vietnam. PLoS One. 14: 1-
13.

Levett, P. N., & Picardeau, M. (2021). International Committee on
Systematics of Prokaryotes Subcommittee on the taxonomy of
Leptospiraceae Minutes of the closed meeting, 10 July 2019,
Vancouver, British Columbia, Canada. Int J Syst Evol Microbiol. 71:
1-3.

Le-Viet, N., Le, V. N,, Chung, H., Phan, D. T., Phan, Q. D., Cao, T. V.,
Abat, C., Raoult, D., & Parola, P. (2019). Prospective case-control
analysis of the aetiologies of acute undifferentiated fever in Vietnam.
Emerg Microbes Infect. 8: 339-352.

Lim V. K. (2011). Leptospirosis: a re-emerging infection. Malays J
Pathol. 33: 1-5.

Loan, H. K., Van Cuong, N., Takhampunya, R., Kiet, B. T., Campbell, J.,
Them, L. N,, Bryant, J. E., Tippayachai, B., Van Hoang, N., Morand,
S., Hien, V. B., & Carrique-Mas, J. J. (2015). How important are rats
as vectors of leptospirosis in the Mekong Delta of Vietnam?. Vector
Borne Zoonotic Dis. 15: 56-64.

Lokida, D., Budiman, A., Pawitro, U. E., Gasem, M. H., Karyana, M.,
Kosasih, H., & Siddiqui, S. (2016). Case report: Weil's disease with
multiple organ failure in a child living in dengue endemic area. BMC
Res Notes. 9: 1- 4.

Luvira, V., Silachamroon, U., Piyaphanee, W., Lawpoolsri, S., Chierakul,
W., Leaungwutiwong, P., Thawornkuno, C., & Wattanagoon, Y.
(2019). Etiologies of Acute Undifferentiated Febrile Illness in
Bangkok, Thailand. Am J Trop Med Hyg. 100: 622-629.

Mai, L. T. P., Dung, L. P., Than, P. D., Dinh, T. V., Quyet, N. T., Hai, H.,
Mai, T. N. P., Hanh, N. T. M., & Ly, N. K. (2021). Leptospira
infection among human-close-contact animals in different
geographical areas in Vietnam. Sci Prog. 104: 1-12.

Manyullei, S., Amgam, H., & Rahmadanti, S. I. (2021). Identification of
Leptospira Serovar in Leptospirosis Suspect Serum in Manggala
Subdistrict, Makassar City. Macedonian Journal of Medical
Sciences. 9: 407-410.

Marquez, A., Djelouadji, Z., Lattard, V., & Kodjo, A. (2017). Overview
of laboratory methods to diagnose Leptospirosis and to identify and
to type leptospires. Int Microbiol. 20: 184-193.

Martin, L. E., Wiggans, K. T., Wennogle, S. A., Curtis, K.,
Chandrashekar, R., & Lappin, M. R. (2014). Vaccine-associated
Leptospira antibodies in client-owned dogs. J Vet Intern Med. 28:
789-792.

Martins, G., Brandéo, F. Z., Hamond, C., Medeiros, M., & Lilenbaum,
W. (2012). Diagnosis and control of an outbreak of leptospirosis in
goats with reproductive failure. Vet J. 193: 600-601.

Mayxay, M., Sengvilaipaseuth, O., Chanthongthip, A., Dubot-Péres, A.,
Rolain, J. M., Parola, P., Craig, S. B., Tulsiani, S., Burns, M. A.,
Khanthavong, M., Keola, S., Pongvongsa, T., Raoult, D., Dittrich, S.,
& Newton, P. N. (2015). Causes of Fever in Rural Southern Laos.
Am J Trop Med Hyg. 93: 517-520.

Mendoza, M. T., Roxas, E. A., Ginete, J. K., Alejandria, M. M., Roman,
A. D., Leyritana, K. T., Penamora, M. A., & Pineda, C. C. (2013).
Clinical profile of patients diagnosed with leptospirosis after a
typhoon: a multicenter study. Southeast Asian J Trop Med Public
Health. 44: 1021-1035.

Mgode, G. F., Mhamphi, G. G., Massawe, A. W., & Machang'u, R. S.
(2021). Leptospira Seropositivity in Humans, Livestock and Wild
Animals in a Semi-Arid Area of Tanzania. Pathogens. 10: 1-12.

Mishima, N., Tabuchi, K., Kuroda, T., Nakatani, 1., Lamaningao, P.,
Miyake, M., Kanda, S., Koizumi, N., & Nishiyama, T. (2013). The
first case in Japan of severe human leptospirosis imported from
Vietnam. Trop Med Health. 41: 171-176.

Mohamad Ikbal, N., Bhassu, S., Simarani, K., Uni, S., Chan, C., & Omar,
H. (2019). Prevalence and genetic divergence of Leptospira
interrogans and Leptospira borgpetersenii in house rats (Rattus
rattus) from Peninsular Malaysia. Asian Pac J Trop Med. 12: 463-
471.

Mohd Ridzuan, J., Aziah, B. D., & Zahiruddin, W. M. (2016). Work
Environment-Related Risk Factors for Leptospirosis among
Plantation Workers in Tropical Countries: Evidence from Malaysia.
Int J Occup Environ Med. 7: 156-163.

Mohd Taib, N., Ahmad, H., Soh, K. L., Md Shah, A., Amin Nordin, S.,
Than Thian Lung, L., Abdullah, M., Chong, C. W., & Sekawi, Z.
(2020). Significant Clinical Presentation of Leptospirosis in Relation
to Sociodemographic and Risk Factors in a Tertiary Hospital,
Malaysia. Vector Borne Zoonotic Dis. 20: 268-274.

27

Mohd-Taib, F. S., Ishak, S. N., Yusof, M. A., Azhari, N. N., Md-Lasim,
A., Md Nor, S., Mohd-Sah, S. A., & Neela, V. K. (2020).
Leptospirosis: An insight into community structure of small
mammal's host in urban environment. Trop Biomed. 37: 142-154.

Montiel-Arteaga, A., Atilano, D., Ayanegui, A., Ceballos, G., & Suzan,
G. (2015). Risk factors associated with prevalence of antibodies to
Leptospira interrogans in a metapopulation of black-tailed prairie
dogs in Mexico. J Wildl Dis. 51: 28-35.

Mueller, T. C., Siv, S., Khim, N., Kim, S., Fleischmann, E., Ariey, F.,
Buchy, P., Guillard, B., Gonzalez, I. J., Christophel, E. M., Abdur,
R., von Sonnenburg, F., Bell, D., & Menard, D. (2014). Acute
undifferentiated febrile illness in rural Cambodia: a 3-year
prospective observational study. PLoS One. 9: 1-10.

Mulyani, G. T., Hartati, S., Santoso, Y., Kurnia, P. A., & Wirapratiwi, D.
K. (2017). Kejadian leptospirosis pada anjing di Daerah Istimewa
Yogyakarta. J. Vet. 18: 403-408.

Mulyani, G. T., Raharjo, S., Purnomo, A. B., Santoso, Y., & Kurnia, D.
K. W. (2018). Feline leptospirosis in Yogyakarta and its surrounding/
Leptospirosis pada Kucing di Yogyakarta dan Sekitarnya. J. Vet. 19:
1-5.

Munoz-Zanzi, C., Groene, E., Morawski, B. M., Bonner, K., Costa, F.,
Bertherat, E., & Schneider, M. C. (2020). A systematic literature
review of leptospirosis outbreaks worldwide, 1970-2012. Rev Panam
Salud Publica. 44: 1-9.

Nadia, A. S., Md-Zain, B. M., Dharmalingam, S., Fairuz, A., & Hani-
Kartini, A. (2019). Serological survey of Leptospirosis in high-risk
rangers and wild animals from ex-situ captive centers. Tropical
biomedicine. 36: 443-452.

Nagai, R., Yamamoto, K., Shiojiri, D., Kutsuna, S., Kato, Y., Koizumi,
N., & Ohmagari, N. (2020). Multiple Pulmonary Nodules in
Leptospirosis. Intern Med. 59:2941-2944.

Naing, C., Reid, S. A., Aye, S. N., Htet, N. H., & Ambu, S. (2019). Risk
factors for human leptospirosis following flooding: A meta-analysis
of observational studies. PLoS One. 14: 1-15.

Narkkul, U., Thaipadungpanit, J., Srilohasin, P., Singkhaimuk, P.,
Thongdee, M., Chaiwattanarungruengpaisan, S., Krairojananan, P.,
& Pan-Ngum, W. (2020). Optimization of Culture Protocols to
Isolate Leptospira spp. from Environmental Water, Field
Investigation, and Identification of Factors Associated with the
Presence of Leptospira spp. in the Environment. Trop Med Infect
Dis. 5: 2-11.

Neela, V. K., Azhari, N. N., Joseph, N., Mimie, N. P., Ramli, S. N. A.,
Mustapha, N. F., Ishak, S. N., Mohd-Taib, F. S., Yusof, M. A., Desa,
M. N. M., Bashiru, G., & Sekawi, Z. (2019). An outbreak of
leptospirosis among reserve military recruits, Hulu Perdik, Malaysia.
Eur J Clin Microbiol Infect Dis. 38: 523-528.

Neilson J. C. (2003). Feline house soiling: elimination and marking
behaviors. Vet Clin North Am Small Anim Pract. 33: 287-301.
Nervig, R. M., & Ellinghausen, H. C., Jr (1978). Viability of Leptospira
interrogans serotype grippotyphosa in swine urine and blood.

Cornell Vet. 68: 70-77.

Ng, H. R., Cheong, M. Y., & Mustapha, M. (2021). Ocular leptospirosis
in four patients: A diagnostic dilemma. Med J Malaysia. 76: 569-572.

Ngasaman, R., Saechan, V., Prachantasena, S., Yingkajorn, M., &
Sretrirutchai, S. (2020). Investigation of Leptospira Infection in
Stray Animals in Songkhla, Thailand: Leptospirosis Risk Reduction
in Human. Vector Borne Zoonotic Dis. 20: 432-435.

Ngbede, E. O., Raji, M. A., Kwanashie, C. N., Okolocha, E. C., Gugong,
V. T., & Hambolu, S. E. (2012). Serological prevalence of
leptospirosis in cattle slaughtered in the Zango abattoir in Zaria,
Kaduna State, Nigeria. Vet Ital. 48: 179-184.

Noach, S. M. C., & Noach, Y. R. (2020). Prevalence rate and causes of
leptospirosis serovar on cattle at Giwangan's abattoir of Yogyakarta.
Journal of Tropical Animal Science and Technology. 2: 37-42.

Obusan, M. C. M., Villanueva, R. M. D., Siringan, M. A. T., Rivera, W.
L., & Aragones, L. V. (2019). Leptospira spp. and Toxoplasma
gondii in stranded representatives of wild cetaceans in the
Philippines. BMC Vet Res. 15: 1-14.

Oliveira, J. P., Kawanami, A. E., Silva, A. S. L., Chung, D. G., & Werther,
K. (2016). Detection of Leptospira spp. in wild Phrynops
geoffroanus (Geoffroy's side-necked turtle) in urban environment.
Acta Trop. 164: 165-168.

Paungpin, W., Chaiwattanarungruengpaisan, S., Mongkolphan, C.,
Wiriyarat, W., & Thongdee, M. (2020). Genotyping of the causative
Leptospira in symptomatic dogs in Thailand. Korean J. Vet. Res. 60:
1-7.

Pawitra, N. A. S., Diyanah, N. K. C., Prasasti, N. C. [, Hadi, N. M. I, &
Alamudi, N. M. Y. (2021). Leptospirosis transmission in Ponorogo



J. Vet. Malaysia (2024) 36 (2): 13-30

District of East Java, Indonesia. Indian J Forensic Med & Toxicol.
15:1926-1931.

Peltzer, K., & Pengpid, S. (2014). Oral and hand hygiene behaviour and
risk factors among in-school adolescents in four Southeast Asian
countries. Int J Environ Res Public Health. 11: 2780-2792.

Philip, N., Bahtiar Affendy, N., Ramli, S. N. A., Arif, M., Raja, P.,
Nagandran, E., Renganathan, P., Taib, N. M., Masri, S. N., Yuhana,
M. Y., Than, L. T. L., Seganathirajah, M., Goarant, C., Goris, M. G.
A., Sekawi, Z., & Neela, V. K. (2020). Leptospira interrogans and
Leptospira kirschneri are the dominant Leptospira species causing
human leptospirosis in Central Malaysia. PLoS Negl Trop Dis. 14:
1-14.

Philip, N., Lung Than, L. T., Shah, A. M., Yuhana, M. Y., Sekawi, Z., &
Neela, V. K. (2021). Predictors of severe leptospirosis: a multicentre
observational study from Central Malaysia. BMC Infect Dis. 21: 1-
6.

Pinto, G. V., Senthilkumar, K., Rai, P., Kabekkodu, S. P., Karunasagar,
I, & Kumar, B. K. (2022). Current methods for the diagnosis of
leptospirosis: Issues and challenges. J Microbiol Methods. 195: 1-8.

Prompiram, P., Poltep, K., & Sangkaew, N. (2019). Antibody reaction of
leptospirosis in asymptomatic feral boars, Thailand. Veterinary
World. 12: 1884—1887.

Pui, C. F,, Bilung, L. M., Apun, K., & Su'ut, L. (2017). Diversity of
Leptospira spp. in Rats and Environment from Urban Areas of
Sarawak, Malaysia. J Trop Med. 2017: 1-8.

Pumipuntu, N., & Suwannarong, K. (2016). Seroprevalence of Leptospira
Spp. in Cattle and Dogs in Mahasarakham Province, Thailand. J
Health Res. 30: 223-226.

Punjabi, N. H., Taylor, W. R. J., Murphy, G. S., Purwaningsih, S.,
Picarima, H., Sisson, J., Olson, J. G., Baso, S., Wangsasaputra, F.,
Lesmana, M., Oyofo, B. A., Simanjuntak, C. H., Subekti, D., Corwin,
A. L., & Richie, T. L. (2012). Etiology of acute, non-malaria, febrile
illnesses in Jayapura, northeastern Papua, Indonesia. Am J Trop Med
Hyg. 86: 46-51.

Rafizah, A. A., Aziah, B. D., Azwany, Y. N., Imran, M. K., Rusli, A. M.,
Nazri, S. M., Nikman, A. M., Nabilah, 1., Asma', H. S., Zahiruddin,
W. M., & Zaliha, L. (2013). A hospital-based study on seroprevalence
of leptospirosis among febrile cases in northeastern Malaysia. Int J
Infect Dis. 17: €394-e397.

Rahman, M. H. A. A., Hairon, S. M., Hamat, R. A., Jamaluddin, T. Z. M.
T., Shafei, M. N., Idris, N., Osman, M., Sukeri, S., Wahab, Z. A.,
Mohammad, W. M. Z. W., Idris, Z., & Daud, A. (2018).
Seroprevalence and distribution of leptospirosis serovars among wet
market workers in northeastern, Malaysia: a cross-sectional study.
BMC Infect Dis. 18: 1-5.

Rahman, S. A., Khor, K. H., Khairani-Bejo, S., Lau, S. F., Mazlan, M.,
Roslan, A., & Goh, S. H. (2021). Detection and characterization of
Leptospira spp. in dogs diagnosed with kidney and/or liver disease
in Selangor, Malaysia. J Vet Diagn Invest. 33: 834-843.

Rakesh S.S, Ismail H, H, J. M., Noorul Emilin, & Siti Rahmah. (2020).
Situational Analysis of Leptospirosis in Sik, Kedah, Malaysia: 2014
-2017. IIUM Medical Journal Malaysia, 20: 49-54.

Rao, M., Amran, F., Kamaruzaman, A. A., Hakim Esa, H. A., Abdul
Hameed, A., & Mohamed Shabery, N. A. (2021). Case Report: Fatal
Human Leptospirosis Caused by Leptospira interrogans Genotype
ST149. Am J Trop Med Hyg. 104: 216-218.

Rao, M., Fairuz Amran, Nurul Atigah, Halim, N., & Mohammad, R.
(2020). Socio-demographic, laboratory and clinical features of
patients admitted for leptospirosis to two major hospitals in East
Malaysia (2011-2014). Southeast Asian J Trop Med Public Health.
50: 886—892.

Ridzuan, J. M., Aziah, B. D., & Zahiruddin, W. M. (2016). Study on
Seroprevalence and Leptospiral Antibody Distribution among High-
risk Planters in Malaysia. Osong Public Health Res Perspect. 7: 168-
171.

Ristiyanto, R., Farida D. Handayani, Arief Mulyono, Arum S. Joharina,
Tri Wibawa, Setyawan Budiharta, & Supargiono. (2018).
Leptospirosis case finding for development of leptospirosis
surveillance in Semarang city, central java, Indonesia. Vektora. 10:
111-116.

Riyadi, A. Y. P., & Sunarno, S. (2019). Metode Diagnosis Penyakit
Leptospirosis Dengan Uji Microscopic Agglutination Test. Media
Bina Ilmiah. 14: 2077-2086.

Rodriguez-Valero, N., Morifiigo, H. M., Martinez, M. J., Peir6, A.,
Oliveira, 1., Bodro, M., Gémez-Junyent, J., Gascon, J., & Muiioz, J.
(2018). Leptospirosis in Spanish travelers returning from Chiang
Mai: A case series. Travel Med Infect Dis. 23: 77-79.

28

Roque, V. L. A., Adiao, K. J. B., Parungao-Balolong, M. M., Balolong
Jr, E. C,, & 1II, F. M. H. (2012). Binary (lipL32 and gyrB) gene
marker analysis detects pathogenic Leptospira interrogans in a
captured Rattus norvegicus in Marikina City, Philippines. Philippine
Sci Letters. 5: 40-45.

Rozo, M., Schully, K. L., Philipson, C., Fitkariwala, A., Nhim, D., Som,
T., Sieng, D., Huot, B., Dul, S., Gregory, M. J., Heang, V., Vaughn,
A., Vantha, T., Prouty, A. M., Chao, C. C., Zhang, Z., Belinskaya,
T., Voegtly, L. J., Cer, R. Z., Bishop-Lilly, K. A., Duplessis C.,
Lawler J.V., Clark, D. V. (2020). An Observational Study of Sepsis
in Takeo Province Cambodia: An in-depth examination of pathogens
causing severe infections. PLoS Negl Trop Dis. 14: 1-23.

Sabri, A. R., Khairani-Bejo, S., Zunita, Z., & Hassan, L. (2019).
Molecular detection of Leptospira sp. in cattle and goats in Kelantan,
Malaysia after a massive flood using multiplex polymerase chain
reaction. Trop Biomed. 36: 165-171.

Saitoh, H., Koizumi, N., Seto, J., Ajitsu, S., Fujii, A., Takasaki, S.,
Yamakage, S., Aoki, S., Nakayama, K., Ashino, Y., Chagan-
Yasutan, H., Kiyomoto, H., & Hattori, T. (2015). Leptospirosis in the
Tohoku region: re-emerging infectious disease. Tohoku J Exp Med.
236: 33-37.

Samsudin, S., Sakinah, S. N. S., Malina, O., Norliza, B. A., Noh, M. A.,
Fairuz, A., Jamaluddin, T. Z. M. T., Hamat, R. A., Zahiruddin, W.
M., Mohd Nazri, S., Sukeri, S., Aziah, B. D., Zawaha, 1., Zainudin,
A. W., Munirah, N. A., Desa, M. N., Neela, V., & Masri, S. N.
(2018). Seroprevalence of Leptospiral antibodies among market
workers and food handlers in the central state of Malaysia. Trop Med
Int Health. 23: 327-333.

Sara, Y. S., Aziah, B. D., Azwany, Y. N., Nazri, S. M., Zahiruddin, W.
M., Nabilah, A., Asma’, H. S., Zaliha, 1., & Fairuz, A. (2020).
Seroprevalence of Leptospirosis among Army Personnel in
Northeastern Malaysia. Adv Infect Dis. 10: 37-45.

Schmidhauser, T., Curioni, S., & Bernasconi, E. (2013). Acute interstitial
nephritis due to Leptospira grippotyphosa in the absence of Weil's
disease. Can J Infect Dis Med Microbiol. 24: ¢26-e28.

Schonfeld, A., Jensen, B., Orth, H. M., Tappe, D., Feldt, T., &
Héussinger, D. (2019). Severe pulmonary haemorrhage syndrome in
leptospirosis in a returning traveller. Infection. 47: 125-128.

Schenning, M. H., Phelps, M. D., Warnasekara, J., Agampodi, S. B., &
Furu, P. (2019). Correction to: A Case-Control Study of
Environmental and Occupational Risks of Leptospirosis in Sri Lanka.
Ecohealth. 16: 1-10.

Schreier, S., Doungchawee, G., Chadsuthi, S., Triampo, D., & Triampo,
W. (2013). Leptospirosis: current situation and trends of specific
laboratory tests. Expert Rev Clin Immunol. 9: 263-280.

Shafei, M. N., Sulong, M. R., Yaacob, N. A., Hassan, H., Mohd, W.,
Daud, A., Ismail, Z., & Abdullah, M. R. (2012). Seroprevalence of
leptospirosis among town service workers in northeastern state of
Malaysia. Int J Collab Res Intern Med Public Health. 4: 395-403.

Sharun, K., Anjana, S., Dhivahar, M., Ambily, V. R., & Pillai, U. N.
(2019). Diagnosis and treatment of canine leptospirosis due to
serovar Bataviae—a case report. Comp. Clin. Pathol. 28: 1829-1833.

Simpson, Barbara Sherman. (1997). Canine Communication. Vet Clin
North Am Small Anim Pract. 27: 445-464.

Sonthayanon, P., Chierakul, W., Wuthiekanun, V., Limmathurotsakul,
D., Amornchai, P., Smythe, L. D., Day, N. P., & Peacock, S. J.
(2013). Molecular confirmation of co-infection by pathogenic
Leptospira spp. and Orientia tsutsugamushi in patients with acute
febrile illness in Thailand. Am J Trop Med Hyg. 89: 797-799.

Sprifler, F., Jongwattanapisan, P., Luengyosluechakul, S.,
Pusoonthornthum, R., Prapasarakul, N., Kurilung, A., Goris, M.,
Ahmed, A., Reese, S., Bergmann, M., Dorsch, R., Klaasen, H. L. B.
M., & Hartmann, K. (2019). Leptospira infection and shedding in
cats in Thailand. Transbound Emerg Dis. 66: 948-956.

Srivastava S. K. (2006). Prospects of developing Leptospiral vaccines for
animals. Indian J Med Microbiol. 24: 331-336.

Sumanta, H., Wibawa, T., Hadisusanto, S., Nuryati, A., & Kusnanto, H.
(2015). Genetic variation of Leptospira isolated from rats catched in
Yogyakarta Indonesia. Asian Pac J Trop Med. 8: 710-713.

Suprayoga, T., Kurniasih, K., & Widayanti, R. (2021). Detection of cattle
leptospirosis in Yogyakarta based on serology, molecular, and
histopathological tests. Adv. Anim. Vet. Sci. 9: 274-279.

Suut, L., Azim Mazlan, M. N., Arif, M. T., Katip, T., Nor Aliza, A.R., &
Haironi, Y. (2018). Serovar diversity of Leptospira sp. infecting wild
rodents in Sarawak, Malaysia. Trop Biomed. 35252-258.

Suut, L., Mazlan, M. N., Arif, M. T., Yusoff, H., Abdul Rahim, N. A.,
Safii, R., & Suhaili, M. R. (2016). Serological Prevalence of



J. Vet. Malaysia (2024) 36 (2): 13-30

Leptospirosis Among Rural Communities in the Rejang Basin,
Sarawak, Malaysia. Asia Pac J Public Health. 28: 450-457.

Suwancharoen D, Indrakamhang P, Neramitmansook P, Tangkanakul W.
(2000). Serological survey of Leptospiral antibody in livestock in 5
northeastern provinces. J Thai Vet Med Assoc 51: 9-18.

Suwancharoen, D., Chaisakdanugull, Y., Thanapongtharm, W., &
Yoshida, S. (2013). Serological survey of leptospirosis in livestock
in Thailand. Epidemiol Infect. 141: 2269-2277.

Suwancharoen, D., Sittiwicheanwong, B., & Wiratsudakul, A. (2016).
Evaluation of loop-mediated isothermal amplification method
(LAMP) for pathogenic Leptospira spp. detection with leptospires
isolation and real-time PCR. J Vet Med Sci. 78: 1299-1302.

Syamsuar, A. D., Maria, 1. L., Hatta, M., & Widyastuti, D. (2018).
Identification of Serovar Leptospirosis in Flood-prone Areas Wajo
District. Indian J Public Health Res Dev. 9: 325-329.

Sykes, J. E., Reagan, K. L., Nally, J. E., Galloway, R. L., & Haake, D. A.
(2022). Role of Diagnostics in Epidemiology, Management,
Surveillance, and Control of Leptospirosis. Pathogens. 11:1-24.

Tabo, N. A., Villanueva, S. Y. A. M., & Gloriani, N. G. (2018).
Prevalence of Leptospira-agglutinating antibodies in abattoir
workers and slaughtered animals in selected

Tan, X. T., Amran, F., Chee Cheong, K., & Ahmad, N. (2014). In-house
ELISA screening using a locally-isolated Leptospira in Malaysia:
determination of its cut-off points. BMC Infect Dis. 14: 1-5.

Tanganuchitcharchai, A., Smythe, L., Dohnt, M., Hartskeerl, R.,
Vongsouvath, M., Davong, V., Lattana, O., Newton, P. N., &
Blacksell, S. D. (2012). Evaluation of the Standard Diagnostics
Leptospira IgM ELISA for diagnosis of acute leptospirosis in Lao
PDR. Trans R Soc Trop Med Hyg. 106: 563-566.

Tantibhedhyangkul, W., Wongsawat, E., Chongtrakool, P., Tiengrim, S.,
Thaipadungpanit, J., & Suputtamongkol, Y. (2020). Case Report:
Recovery of Pathogenic Leptospira spp. from Routine Aerobic
Blood Culture Bottles. Am. J. Trop. Med. Hyg. 103: 1834-1837.

Temeiam, N., Jareinpituk, S., Phinyo, P., Patumanond, J., & Srisawat, N.
(2020). Development and Validation of a simple score for diagnosis
of Leptospirosis at outpatient departments. PLoS Negl Trop Dis. 14:
1-17.

Ter, S. K., Rattanavong, S., Roberts, T., Sengduangphachanh, A.,
Sihalath, S., Panapruksachat, S., Vongsouvath, M., Newton, P. N.,
Simpson, A. J. H., & Robinson, M. T. (2021). Molecular Detection
of Pathogens in Negative Blood Cultures in the Lao People's
Democratic Republic. Am J Trop Med Hyg. 104: 1582-1585.

Terpstra, W. J., World Health Organization, & International leptospirosis
society. (2003). Human leptospirosis: Guidance for diagnosis,
surveillance and control. World Health Organization. pp. 1-109.

Thayaparan, S., Robertson, 1. D., & Abdullah, M. T. (2014). Leptospiral
agglutinins in captive and free ranging non-human primates in
Sarawak, Malaysia. Vet. World. 7: 428-431.

Thayaparan, S., Robertson, I. D., & Abdullah, M. T. (2015a). Serological
and molecular detection of Leptospira spp. from small wild
mammals captured in Sarawak, Malaysia. Malaysian Journal of
Microbiology. 11: 93-101.

Thayaparan, S., Robertson, 1. D., Fairuz, A., Suut, L., Gunasekera, U. C.,
& Abdullah, M. T. (2015b). Seroepidemiological study of
leptospirosis among the communities living in periurban areas of
Sarawak, Malaysia. Med J Malaysia. 70: 288-294.

Thayaparan, S., Robertson, 1., Amraan, F., Su’ut, L., & Abdullah, M. T.
(2016). Serological prevalence of leptospiral infection in wildlife in
Sarawak, Malaysia. Borneo J Res Sci Technol. 2: 71-74.

Thongdee, M., Chaiwattanarungruengpaisan, S., Lekcharoen, P.,
Yimchoho, N., Buathong, R., & Wiriyarat, W. (2019). A Novel
Genotype of Leptospira interrogans Recovered from Leptospirosis
Outbreak Samples from Southern Thailand. Jpn J Infect Dis. 72: 343-
346.

Tiwari, R., Sharma, M. C., Mishra, K. K., & Singh, B. P. (2013).
Economic impacts of infectious diseases of livestock. Indian J Anim
Sci. 83: 84-88.

Tomacruz, I. D., Sandejas, J. C., Berba, R., & Sacdalan, D. R. (2019).
Behavioural change: a rare presentation of leptospirosis. BMJ Case
Rep. 12: 1-5.

Tran, V. D.,Mai, L. T. P., Thu, N. T., Linh, B. K., Than, P. D., Quyet, N.
T., Dung, L. P., Mai, T. N. P., Hanh, N. T. M., Hai, H., Duong, T. N.,
& Anh, D. D. (2021). Seroprevalence and serovar distribution of
Leptospirosis among healthy people in Vietnam: Results from a
multi-center study. Clinical Epidemiology and Global Health. 10: 1-
5.

Tubalinal, G. A. S., Balbin, M. M., Villanueva, M. A., Domingo, C. Y.
J., & Mingala, C. N. (2018). Evaluation of LAMP for detection

29

and/or screening of Leptospira spp. infection among domestic
animals in the Philippines. J Adv Vet Anim Res. 5: 459-465.

Tunjungputri, R. N., Gasem, M. H., van der Does, W., Sasongko, P. H.,
Isbandrio, B., Urbanus, R. T., de Groot, P. G., van der Ven, A., & de
Mast, Q. (2017). Platelet dysfunction contributes to bleeding
complications in patients with probable leptospirosis. PLoS Negl
Trop Dis. 11: 1-18.

Ullmann, L. S., Hoffmann, J. L., de Moraes, W., Cubas, Z. S., dos Santos,
L. C., da Silva, R. C., Moreira, N., Guimaraes, A. M., Camossi, L.
G., Langoni, H., & Biondo, A. W. (2012). Serologic survey for
Leptospira spp. in captive neotropical felids in Foz do Iguagu,
Parana, Brazil. ] Zoo Wildl Med. 43: 223-228.

Van Dijck, C., Van Esbroeck, M., & Rutsaert, R. (2016). A 54-year-old
Philippine sailor with fever and jaundice. Acta Clin Belg. 71: 319-
322.

Van Hiep, M., Khang, D. N., Cao, V., Dang-Trinh, M. A., Thuy, N. N.,
Van Nha, N., Lapar. L., Gilbert. J., & Alonso, S. (2014). A survey to
investigate leptospirosis transmission in pig farming households.
International Livestock Research Institute, Vietnam/Kenya. 1.

Van, C. D., Doungchawee, G., Suttiprapa, S., Arimatsu, Y., Kaewkes, S.,
& Sripa, B. (2017). Association between Opisthorchis viverrini and
Leptospira spp. infection in endemic Northeast Thailand. Parasitol
Int. 66: 503-509.

Vasileiou, K., Barnett, J., Thorpe, S., & Young, T. (2018). Characterising
and justifying sample size sufficiency in interview-based studies:
systematic analysis of qualitative health research over a 15-year
period. BMC Med Res Methodol. 18: 1-18.

Villanueva, M. A., Mingala, C. N., Balbin, M. M., Nakajima, C., Isoda,
N., Suzuki, Y., & Koizumi, N. (2016a). Molecular epidemiology of
pathogenic Leptospira spp. among large ruminants in the Philippines.
J Vet Med Sci. 78: 1649-1655.

Villanueva, M. A., Mingala, C. N., Gloriani, N. G., Yanagihara, Y., Isoda,
N., Nakajima, C., Suzuki, Y., & Koizumi, N. (2016b). Serological
investigation of Leptospira infection and its circulation in one
intensive-type water buffalo farm in the Philippines. Jpn J Vet Res.
64: 15-24.

Villanueva, S. Y. A. M., Baterna, R. A., Cavinta, L. L., Yanagihara, Y.,
Gloriani, N. G., & Yoshida, S. L. (2018). Seroprevalence of
Leptospirosis among Water Buffaloes, Pigs, and dogs in Selected
Areas in the Philippines, 2007 to 2008. Acta Med Philipp. 52: 109-
117.

Villanueva, S. Y., Ezoe, H., Baterna, R. A., Yanagihara, Y., Muto, M.,
Koizumi, N., Fukui, T., Okamoto, Y., Masuzawa, T., Cavinta, L. L.,
Gloriani, N. G., & Yoshida, S. (2010). Serologic and molecular
studies of Leptospira and leptospirosis among rats in the Philippines.
Am J Trop Med Hyg. 82: 889-898.

Villanueva, S. Y., Saito, M., Baterna, R. A., Estrada, C. A., Rivera, A. K.,
Dato, M. C., Zamora, P. R., Segawa, T., Cavinta, L. L., Fukui, T.,
Masuzawa, T., Yanagihara, Y., Gloriani, N. G., & Yoshida, S.
(2014). Leptospira-rat-human relationship in Luzon, Philippines.
Microbes Infect. 16: 902-910.

Wangroongsarb, P., Petkanchanapong, W., Yasaeng, S., Imvithaya, A., &
Naigowit, P. (2002). Survey of leptospirosis among rodents in
epidemic areas of Thailand. J Trop Med Parasitol. 25: 55-8.

Weiss, S., Menezes, A., Woods, K., Chanthongthip, A., Dittrich, S.,
Opoku-Boateng, A., Kimuli, M., & Chalker, V. (2016). An Extended
Multilocus Sequence Typing (MLST) Scheme for Rapid Direct
Typing of Leptospira from Clinical Samples. PLoS Negl Trop Dis.
10: 1-11.

Widiasih, D. A., Lindahl, J. F., Artama, W. T., Sutomo, A. H.,
Kutanegara, P. M., Mulyani, G. T., Widodo, E., Djohan, T. S., &
Unger, F. (2021). Leptospirosis in Ruminants in Yogyakarta,
Indonesia: A Serological Survey with Mixed Methods to Identify
Risk Factors. Trop Med Infect Dis. 6: 1-9.

Widjajanti, W., Antastasia, H. and Rosmini, R. (2017). Kewaspadaan
Dini Kasus Leptospirosis di Provinsi Sulawesi Tengah. Jurnal
Vektora. 9: 59-68.

Wongbutdee, J., & Jittimanee, J. (2016). Detection of Leptospira in Rats
Trapped from Households in Phraroj Village, Muang Sam Sip
District, Ubon Ratchathani Province Using Polymerase Chain
Reaction Technique. ] Med Assoc Thai. 99: S17-S21.

Wongpanit, K., Suwanacharoen, D., & Srikram, A. (2012). Serological
survey of leptospirosis in Thai swamp buffalo (Bubalus bubalis) in
Sakon Nakhon province, Thailand. Nat. Sci. 46: 736 — 741.

Woods, K., Nic-Fhogartaigh, C., Arnold, C., Boutthasavong, L., Phuklia,
W., Lim, C., Chanthongthip, A., Tulsiani, S. M., Craig, S. B., Burns,
M. A., Weier, S. L., Davong, V., Sihalath, S., Limmathurotsakul, D.,
Dance, D. A. B., Shetty, N., Zambon, M., Newton, P. N., & Dittrich,



J. Vet. Malaysia (2024) 36 (2): 13-30

S. (2018). A comparison of two molecular methods for diagnosing
leptospirosis from three different sample types in patients presenting
with fever in Laos. Clin Microbiol Infect. 24: 1017.e1-1017.e7.

Xu, Y., & Ye, Q. (2018). Human leptospirosis vaccines in China. Hum.
Vaccin. Immunother. 14: 984-993.

Yaita, K., Suzuki, T., Yoshimura, Y., & Tachikawa, N. (2013).
Leptospirosis: a Japanese traveler returned from Laos. Intern Med.
52:1439.

Yatbantoong, N., & Chaiyarat, R. (2019). Factors Associated with
Leptospirosis in Domestic Cattle in Salakphra Wildlife Sanctuary,
Thailand. Int J Environ Res Public Health. 16: 1-11.

Yong, L. S., & Koh, K. C. (2013). A case of mixed infections in a patient
presenting with acute febrile illness in the tropics. Case Rep Infect
Dis. 2013: 1-3.

Yusof, M. A., Mohd-Taib, F. S., Ishak, S. N., Md-Nor, S., Md-Sah, S. A.,
Mohamed, N. Z., Azhari, N. N., Neela, V., & Sekawi, Z. (2019).
Microhabitat Factors Influenced the Prevalence of Pathogenic
Leptospira spp. in Small Mammal Host. Ecohealth. 16: 260-274.

Zainuddin, M. A., Ismail, N., Hassan, S. A., Shafei, M. N., Abdullah, M.
R., Mohamad, Z. W., Yaacob, N. A., Nikman, A. M., Daud, A., &
Maizurah, O. (2017). Seroprevalence of leptospirosis among town
service workers in Kelantan, Malaysia. Southeast Asian J Trop. Med.
Public Health. 48: 1222-1229.

Zamora, P.R. F. C., & Gloriani, N. G. (2015). Serologic Characterization
of Leptospira among Rats Trapped in Selected Public Markets in
Iloilo City, Philippines. Acta Med Philipp. 49: 69-73.

Zin, N. M., Othman, S. N., Abd Rahman, F. R., & Abdul Rachman, A. R.
(2019). Evaluation of IgM LAT and IgM ELISA as compared to
microscopic agglutination test (MAT) for early diagnosis of
Leptospira sp. Trop Biomed. 36: 1071-1080.

30



	Review articles

