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ABSTRACT

As COVID-19 has shown, pandemics and outbreaks of emerging infections such as Zika, Nipah,
monkeypox and antimicrobial-resistant pathogens, especially emerging zoonotic diseases,
continue to occur and may even be increasing in Southeast Asia. In addition, these infections
often result from environmental changes and human behaviour. Overall, public health
surveillance to identify gaps in the literature and early warning signs are essential in this
region. A systematic review investigated the prevalence of emerging zoonotic diseases over
11years from 2011 to 2022 in Southeast Asia to understand the status of emerging zoonotic
diseases, as well as to provide necessary actions for disease control and prevention in the
region. During the 2011-2022 period, studies on pigs, poultry, ruminants, companion animals
and wildlife in Southeast Asia were reviewed thoroughly to assess the quality of reporting
items for inclusion in the systematic review. The review was performed on 26 studies of pigs,
6 studies of poultry, 21 studies of ruminants, 28 studies of companion animals and 25 studies
of wildlife in Southeast Asia, which provide a snapshot of the prevalence of the emerging
zoonotic disease across the country. The findings from the review showed that emerging
zoonotic diseases were prevalent across the region and identified a few zoonotic diseases
associated with poultry, mainly stemming from Cambodia and Vietnam, as high priority in
Southeast Asia.

Clinical relevance: Appropriate prevention and control measures should be taken to mitigate
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the emerging zoonotic diseases in Southeast Asia.

1. Introduction

Livestock production is critical to human nutrition
and health in low- and middle-income countries
(LMICs) (Milton 2003). These animals play important
roles in society, providing income and food, but also
clothing, building materials, fertilizer, and draught
power. However, the presence of endemic and
emerging diseases, as well as other factors, impact
livestock negatively, jeopardizing their contributions.

Many new science-based policy reports continue
to focus on the global public health emergency
caused by the COVID-19 pandemic following the fast
spread of the infectious virus of possible zoonotic
origin (Wu et al. 2022). As of 19 August 2023, about
7 million people had died of COVID-19 worldwide.
This pandemic has had a staggering effect on the
global economy and countless other effects in both
developing and developed countries. The cost of
controlling and containing it has reached several tril-
lion US dollars.

Around 60% of all human diseases are zoonotic
and 75% of all emerging diseases are considered
zoonoses (Woolhouse and Gowtage-Sequeria 2005).
Historically, the emergence of new human diseases
from animals has been associated with major societal
change. For example, during the neolithic transition
from hunter-gathering to agricultural societies,
humans lived shorter lives, ate less and poorer-qual-
ity foods, were smaller in size and were sicker than
their hunter-gatherer ancestors (Larsen 1995). With
the advent of agriculture, the dramatic rise in popu-
lation and the settlement of people near their waste
led to increases in human disease; the domestication
of animals led to livestock pathogens jumping spe-
cies into people, where they became the probable
cause of diseases (Morand et al. 2014). These new
emerging disease outbreaks followed rapid intensifi-
cation of agricultural practices and systems to meet
increased demand for animal protein, and dramatic
changes in the ways animals were kept or farmed,
often without proper precautionary measures (Jones
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et al. 2013). This was a demand-driven process, asso-
ciated with increasing wealth and allowing people to
consume more animal-source foods.

Although the origin of COVID-19 is currently not
known, it may be associated with wildlife harvest,
trade practices and the intensification of wildlife
farming (Whitfort 2021). The latter is actively occur-
ring in several countries, in which wildlife breeding
and farming ventures have been established during
the recent past. Although wealthy consumers in
these countries tend to prefer wild-caught animals,
the meat from these farms is often consumed by the
rapidly growing middle-class in several parts of
the world.

The socioeconomic crises caused by the recent
outbreaks of COVID-19 (2019) (Huang et al. 2020);
(Gaffar Sarwar and Mesfer Al 2021), African swine
fever (2018) (Liu et al. 2020), avian influenza (2004) in
Asia (Webster et al. 2005) with the most recent
human case of avian influenza A(H3N8) and A(H5N1)
was reported in 2023 from China and Cambodia,
respectively (Venkatesan 2023). These diseases have
served to heighten awareness of the wide-ranging
negative impacts of infectious diseases on human
health, food safety, livestock trade, and livelihoods of
poor farming communities. All these diseases may
have a wildlife reservoir and may also involve domes-
tic animals. In addition to these outbreaks, continued
losses of livestock belonging mainly to smallholders
in Southeast Asia due to other transboundary animal
and emerging diseases have clearly revealed major
weaknesses in the public health and veterinary ser-
vices. This literature review aims to understand the
current status of emerging zoonotic diseases in
Southeast Asia, as well as to provide necessary
actions for disease control and prevention in
the region.

2. Materials and methods
2.1. Protocol and eligibility criteria

As summarized in Table 1, developing the protocol
for the search and evaluation of the articles was
included in the objective, data source, and inclusion
and exclusion criteria. Only articles in English and

Table 1. Establishing inclusion and exclusion criteria in this
study.

Inclusion criteria

Exclusion criteria

First screening
Original English research articles
(Peer-reviewed)
Published 2011-2022 (by 11th March)

Study not conducted in
Southeast Asia
Articles about avian
influenza?

Presenting prevalence, outbreaks data of Review articles
zoonotic/livestock
diseases
Second screening
Cross-sectional study
Random selection of individuals
Clear description of methods and results

2Avian influenze are defined as a regional priority transboundary ani-
mal diseases.

online databases were considered for this review. In
the first screening, the titles and abstracts were
examined thoroughly to see if they were suitable for
the present review. The second screening examined
the quality of the full publication based on different
inclusion and exclusion criteria (Table 1). All proce-
dures were performed independently by all the
authors (TTN, TNM, XSD and HSL). Each article was
classified as ‘Yes' or ‘No’ for inclusion. The first reason
for the exclusion of articles that passed the first
screening was the lack of information on how the
selection of farms and individuals was carried out.
Additionally, the second reason was poor random
selection at the farm level and of individual animals
such as targeted sampling of individuals showing
symptoms of the disease. If there was a conflict
between the four reviewers, the final decision was
made after a discussion among them.

2.2. Searching strategy and syntaxes

In the context of the present review, the term ‘emerg-
ing zoonotic diseases’ is to refer to diseases that are
either newly recognized, newly introduced or newly
evolved, or have recently and rapidly changed in
incidence or expansion in their geographical, host or
vector range and transmitted under natural condi-
tions from vertebrate animals to humans (Stevenson
and Halpin 2021). Databases are organized collec-
tions of resources of articles. The authors searched
for relevant articles in the PubMed, Web of Science
and Science Direct databases. The key syntaxes were
divided into three topics - (i) (livestock OR swine OR
pig OR cattle OR buffalo OR sheep OR goat OR poul-
try OR duck OR chicken OR pets OR dogs OR cats OR
rats); AND (ii) (Brunei OR Cambodia OR Indonesia OR
Laos PDR OR Malaysia OR Myanmar OR Philippines
OR Singapore OR Thailand OR Timor-Leste OR
Vietnam OR Southeast Asia); AND (iii) (zoonoses OR
zoonotic diseases).

The full lists of titles and abstracts were imported
into Endnote (version X7), and duplicates were man-
ually identified and removed. The last search was
performed on 11 March 2022. To ensure that the
search strategy captured all relevant articles, we
checked that known key articles were included in
the results. In the second screening, we also cross-
checked the grey literature on the reference lists of
the articles against our search results to make sure
we did not miss any relevant articles. The time span
under review was 2011-2022. The management pro-
grams used were Endnote and Excel 365.

2.3. Data collection

The data extraction template included the authors,
publication year, pathogen name, animal species,
diagnostic method, study area, sample size, number
of positive samples, prevalence, and 95% confidence
interval (Cl). In cases where several methods were
applied to one sample, the highest prevalence was



released. If the 95% Cl of the prevalence or the num-
ber of positive animals was absent in an article, this
information was derived using the data presented in
the article. The data from eligible publications were
reviewed and extracted into a Microsoft Excel file.
Lastly, the extracted dataset was independently
cross-checked against each original article by the
same four authors (TTN, TNM, XSD and HSL).

2.4. Synthesis of results

Descriptive statistics were summarized by species
like pigs, poultry, ruminants, companion animal and
wildlife with the following information: pathogen,
country, year of sampling, sample size, % positive,
diagnostic test, 95% Cl, author, and year.

3. Results
3.1. Zoonotic diseases in Southeast Asia

3.1.1. Article finding and screening

A total of 2,329 articles were retrieved from PubMed
(n=1043), Web of Science (n=994) and Science
Direct (n=292). In the first screening, 674 duplicates
were identified and removed, and 1,302 publications
were excluded due to not conducting in southeast
Asia (n=339) or due to focusing on influenza
(n=145). Also eliminated were review articles (n=91),
book chapters (n=4) and articles not related to the
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targeted diseases (n=723). Thus, a total of 358 arti-
cles were included in the full-text assessment (Figure
1). The list of articles (including titles, authors,
abstracts and years of publication) is attached in the
Annex (Excel) file.

Subsequently, a total of 358 full-text articles were
assessed in the second screening, where 263 articles
were excluded because of the full text being unavail-
able (n=23), the animal selection procedure being
unclear (n=156), or the results not being presented
clearly (n=84). Thus, 95 publications were included
in the final qualitative synthesis (Figure 1).

3.1.2. Descriptions of 358 articles

Most of the papers found were on studies conducted
in Thailand (111/358), followed by Malaysia (89/358),
Vietham (54/358), Indonesia (28/358), Cambodia
(17/358), the Philippines (19/358), Laos (15/358),
Myanmar (10/358) and Singapore (3/358), as depicted
in Figure 2. Of these articles, 12/358 were multi-coun-
try studies (Figure 2), and 14% (51/358) focused on
viral pathogens, 34% (120/358) on bacterial pathogens
and 52% (187/358) on parasitic pathogens (Figure 3).

3.2. Zoonotic diseases associated with domestic
pigs in Southeast Asia

The qualitative synthesis yielded 26 published
articles reporting on 35 studies related to pigs

Figure 1. Schematic flow chart of the literature selection for the review on zoonotic diseases in Southeast Asia.
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(Table 2). The three areas of research covered under
this topic were bacteria, viruses and parasites.
Specifically, diseases associated with pigs were as
follows: Japanese encephalitis, Hepatitis E, rotavirus
A, kobuviruses, Campylobacter, Streptococcus suis,
trichinellosis, erysipelas, Salmonella, cryptosporidio-
sis, cysticercosis/taeniasis, leptospirosis and toxo-
plasmosis. Out of these, nine studies (30% of the
total) were conducted in Cambodia, including 7
studies on parasites, 1 study on bacteria
(Campylobacter) and 1 study on viruses (Japanese
encephalitis). The largest number of studies was

conducted in Vietnam (14 studies, or 39%). Among
them, there were 3 studies on parasites, 7 studies
on bacteria and 4 studies on viruses. Subsequently,
there were 4 studies on bacteria, 1 study on viruses
and 1 study on parasites in Cambodia. There were
2 studies (5%) on viruses in Laos, and only 1 study
each (3%) in Indonesia (parasite), Malaysia (viruses)
and the Philippines (parasites). In summary, these
data highlighted the importance of zoonotic dis-
eases originating from pigs, with Cambodia and
Vietnam having the highest numbers of studies in
Southeast Asia.

Figure 2. Geographical distribution of studies on zoonotic pathogens in Southeast Asia.

Figure 3. Focus of studies on zoonotic pathogens in Southeast Asia.
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Table 2. List of studies focusing on zoonotic diseases in domestic pigs in Southeast Asia.

Year of
Pathogen Country sampling Sample size % positive  Diagnostic test 95% Cl References
Ascaris suum Cambodia 2011 30 13.3 FECT 44-31.6 (Inpankaew et al.
2015)
Gnathostoma hispidum Cambodia 2011 30 6.67 FECT 1.2-235 (Inpankaew et al.
2015)
Capillaria Cambodia 2011 30 6.67 FECT 1.2-235 (Inpankaew et al.
2015)
Fasciolopsis buski Cambodia 2011 30 30 FECT 15.4-49.6 (Inpankaew et al.
2015)
Taenia Cambodia 2019 242 11.2 ELISA 7.5-15.8 (Soderberg et al. 2021)
Trichinella Cambodia 2019 242 2.5 ELISA 0.9-5.4 (Soderberg et al. 2021)
Japanese encephalitis Cambodia 2019 197 92.9 ELISA 88.1-95.9 (Henriksson et al.
2021)
Campylobacter Cambodia 2011-2013 162 6.79 Culture 3.6-12.1 (Osbjer et al. 2016)
Campylobacter Cambodia 2011-2013 162 11.73 PCR 7.4-17.9 (Osbjer et al. 2016)
Taenia solium Cambodia 2014-2015 620 4.68 ELISA 3.2-6.7 (Adenuga et al. 2018)
Cryptosporidium Indonesia 2019 205 6.34 PCR 3.6-10.8 (Resnhaleksmana et al.
parvum 2021)
Japanese encephalitis Laos 2008-2009 727 74.70 HI 71.5-77.9 (Conlan et al. 2012)
Hepatitis E Laos 2008-2009 722 21.10 ELISA 18.1-24.0 (Conlan et al. 2012)
Japanese encephalitis Malaysia 2015-2016 45 46.70 ELISA 0.724-1.652  (Kumar et al. 2018b)
Trichinella Philippines 2017 555 0.54 ELISA 0.11-1.57 (Lagrimas et al. 2021)
Salmonella Thailand 2014 82 41.46 Culture 30.9-52.9 (Patchanee et al. 2016)
Leptospira Thailand 2013-2016 152 3.95 Culture 1.6-8.8 (Kurilung et al. 2017)
Leptospira Thailand 2013-2016 152 7.89 PCR 43-13.7 (Kurilung et al. 2017)
Hepatitis E Thailand 2014-2015 3478 1.58 PCR 1.2-2.1 (Intharasongkroh et al.
2017)
Cryptosporidium Thailand 2015-2016 245 20.82 PCR 16.1-26.6 (Thathaisong et al.
2020)
Streptococcus suis Thailand 2016-2017 88 85.23 PCR 75.7-91.6 (Boonyong et al. 2019)
Japanese encephalitis Vietnam 2009 43 100 ELISA 89.8-100 (Lindahl et al. 2013)
Campylobacter Vietnam 2012 61 57.38 Culture 44.1-69.7 (Carrique-Mas et al.
2014)
Hepatitis E Vietnam 2012 774 19.12 PCR 16.4%-22.1% (Berto et al. 2018)
Rotavirus A Vietnam 2012 730 32.74 PCR 29.4-36.3 (Pham et al. 2014)
Leptospira Vietnam 2016 1959 8.17 MAT 6.99-9.47 (Lee et al. 2017)
Leptospirosis Vietnam 2017 2000 21.05 MAT 19.28-22.90 (Lee et al. 2019)
Japanese encephalitis Vietnam 2017 2000 73.45 ELISA 73.73-86.41  (Lee et al. 2019)
Taenia Vietnam 2018 399 10.28 PCR 7.6-13.8 (Nguyen, Dermauw,
et al. 2020)
Kobuviruses Vietnam 2012-2014 682 29.33 PCR 26.0-32.9 (Van Dung et al. 2016)
Hepatitis E Vietnam 2013-2014 293 8.19 PCR 5.3-11.9 (Berto et al. 2018)
Burkholderia Vietnam 2018-2019 1125 6.3 ELISA 5-7.9 (Norris et al. 2020)
pseudomallei
Streptococcus suis Vietnam 2019-2020 174 2.30 PCR 0.6-5.8 (Nguyen, Luu, et al.
2021)
Hepatitis E Vietnam 2018-2019 475 58.53 ELISA 53.95-62.70  (Lee et al. 2020)
Trichinella Vietnam N/A 558 5.6 ELISA 3.9-79 (Thi et al. 2013)

Cl: confidence interval; N/A: not available; PCR: Polymerase Chain Reaction; ELISA: Enzyme-linked immunosorbent assay; MAT: Modified agglutination
test; FECT: formalin-ether concentration technique; HI: hemagglutination-inhibition.

3.3. Zoonotic diseases associated with poultry in
Southeast Asia

As depicted in Table 3, six of the articles reporting
on 10 studies that were included in the qualitative
synthesis were related to poultry. Out of these, 4
studies (40%) were conducted in Cambodia, includ-
ing 4 studies on bacteria (Campylobacter). Most of
the studies were conducted in Vietnam (5 studies, or
50%), comprising 4 studies on bacteria and 1 study
on parasites. Subsequently, there was 1 study (10%)
on viruses in Thailand. Specifically, the study investi-
gating Campylobacter found the highest prevalence
in poultry in Cambodia. Taken together, Salmonella,
Streptococcus suis, Echinostome and Opisthorchis
viverrine were the most common pathogen. The
data indicated that only a few zoonotic diseases
associated with poultry, mainly stemming from
Cambodia and Vietnam, were identified as high pri-
ority in Southeast Asia.

3.4. Zoonotic diseases associated with ruminants
in Southeast Asia

As shown in Table 4, twenty-one of the articles that
were included in the qualitative synthesis were related
to ruminants as described in 35 studies. Out of these, 11
studies (31%) were conducted in Thailand and another
11 (31%) in Laos; 4 (11%) in Malaysia; 3 (9%) in Indonesia;
and 2 (6%) each in Cambodia, the Philippines and
Vietnam. Diseases associated with ruminants were as
follows: Campylobacter, Q fever, brucellosis, enterohaem-
orrhagic E. coli, listeriosis, bovine tuberculosis, chla-
mydiosis, cryptosporidiosis, cysticercosis/taeniasis,
salmonellosis, toxoplasmosis, fascioliasis, and giardiasis.

3.5. Zoonotic diseases associated with companion
animals in Southeast Asia

As depicted in Table 5, twenty-eight of the articles
that were included in the qualitative synthesis were



6 (&) T.T.NGUYENETAL.

Table 3. List of studies focusing on zoonotic diseases in poultry in Southeast Asia.

Year of
Pathogen Country sampling Species Sample size % positive  Diagnostic test 95% Cl References
Campylobacter Cambodia 2011-2013  Chicken 353 24.65 Culture 20.3-29.5  (Osbjer et al. 2016)
Campylobacter Cambodia 2011-2013  Chicken 353 56.09 PCR 50.7-61.3  (Osbjer et al. 2016)
Campylobacter Cambodia 2011-2013  Duck 101 4.95 Culture 1.8-11.7  (Osbjer et al. 2016)
Campylobacter Cambodia 2011-2013  Duck 101 23.76 PCR 16.1-33.4  (Osbjer et al. 2016)
Echinostome Thailand 2011-2012  Duck 90 56.67 PCR 45.8-66.9  (Saijuntha et al. 2013)
Campylobacter Vietnam 2012 Chicken 100 24.00 Culture 16.3-33.8  (Carrique-Mas et al.
2014)
Campylobacter Vietnam 2012 Duck 83 18.07 Culture 10.8-28.4  (Carrique-Mas et al.
2014)
Opisthorchis Vietnam 2013-2015 Duck 178 34.30 PCR 20.7-40.4  (Dao et al. 2016)
viverrine
Salmonella Vietnam 2011 Chicken 1000 459 Culture 42.8-49.0 (Ta et al. 2012)
Streptococcus suis  Vietnam 2018 Chicken 59 33.90 Culture 19-80 (Nhung et al. 2020)

Cl: confidence interval; PCR: Polymerase Chain Reaction.

related to companion animals as described in 54
studies. Out of these, 22 studies (47%) were con-
ducted in Thailand. Subsequently, 5 studies (11%)
were conducted in Malaysia; 10 studies (22%) in
Cambodia; 3 studies (7%) each in the Philippines and
Laos; 2 studies (4%) in Indonesia; and 1 (2%) study
in Vietnam. Diseases associated with dogs and cats
in this review include rabies, pasteurellosis, Q fever,
leptospirosis, salmonellosis, roundworms, hookworms,
and giardiasis.

3.6. Zoonotic diseases associated with wildlife in
Southeast Asia

This report further investigates the role of wildlife in
zoonotic diseases in Southeast Asia. Specifically, 25
of the articles that were included in the qualitative
synthesis were related to wildlife as described in 36
studies (Table 6). Out of these, 12 studies (33%) were
conducted in Vietnam; 8 studies (22%) in Malaysia; 7
studies (19%) in Thailand; 4 studies (11%) in Laos; 2
studies (6%) in Indonesia; and 1 study (3%) each in
Cambodia, Myanmar and the Philippines.

4. Discussion

To the best of our knowledge, this systemic literature
review was the first conducted on emerging zoo-
notic diseases between 2011 and 2022 in Southeast
Asia. It is well known that animal brucellosis is
endemic in Southeast Asia (Suresh et al. 2022). This
disease is associated with economic losses and sig-
nificant impacts on human health. Brucellosis in
humans can present as an acute or chronic infection.
Livestock keepers in Timor-Leste rely on small-scale
farming systems (Smith et al. 2019). While there have
not been any studies published on human brucello-
sis in this region, it is known that the activities of
abattoir workers are associated with a high risk of
infection. There is a high rate of abortion during late
gestation in cattle and buffalo, and in rural areas,
there is also a high rate of abortion in humans and
low fertility among farmers. In line with cultural tra-
ditions, abortions are blamed on black magic or
superstitious powers. Therefore, literature relating to
brucellosis in Timor-Leste is limited. The number of

cattle is expected to continue to increase worldwide,
thus the role and impact of cattle on the future of
public health will likely remain compelling in
Southeast Asia.

Bovine tuberculosis (TB) is an illness characterized
by pneumonia, enlarged lymph nodes and signs of
weakness. There are different strains, but Mycobacterium
bovis is the most common, with most infections occur-
ring in cattle. The organism can also affect other
domestic animal species but cattle are the main reser-
voir for the pathogen and also the main source of
infection for humans. In Laos, TB is endemic and is
recognized as a major health risk (Lassausaie et al.
2014). However, the current prevalence in humans is
unknown. Notably, the literature on tuberculosis in
Laos is also very limited. Laotians consume raw meat
regularly (Suwansrinon et al. 2007). For example, the
national dish, ‘larb; is prepared by mixing different
types of raw meat, blood and intestines. It may be
made from raw chicken, beef, duck, fish or pork, is
very popular in rural areas, and, as with other dishes,
is often made from home-slaughtered animals. In
addition, Laotians also often prefer raw meat in large
community events. In some areas of Laos, people also
consume blood and raw milk. In addition to risks
associated with consumption, occupational risks are
present for those in close contact with animals in
Laos. An example is abattoir workers who are at high
risk due to frequent exposure to blood from slaugh-
tered animals in an environment with poor hygiene
measures (Suwansrinon et al. 2007).

Among the zoonoses diseases in this review, viral
diseases such as Japanese encephalitis can infect
pets and be transmitted to humans. Cutaneous con-
tamination with Leptospira spp. is also emerging/
re-emerging pathogens that can be transmitted by
our pets, as well as flu-like illness pathogens such as
brucellosis (Chomel 2014). Parasitic and fungal
pathogens, such as rickettsia, echinococcosis, giardi-
asis or sporotrichosis, are also re-emerging or emerg-
ing pet-related zoonoses (Rahman et al. 2020).
Therefore, this report highlighted the role of small
companion animals in zoonotic disease risk in
Southeast Asia.

Notably, there is no available information that the
government of Brunei conducts surveillance of
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Table 4. List of studies focusing on zoonotic diseases in ruminants in Southeast Asia.

Year of Sample

Pathogen Country sampling Species size % positive Diagnostic test 95% Cl References

Campylobacter Cambodia 2011-2013 Cattle 207 0.97 Culture 0.17-3.8  (Osbjer et al. 2016)

Campylobacter Cambodia 2011-2013 Cattle 207 531 PCR 2.8-9.6 (Osbjer et al. 2016)

Brucellosis Indonesia 2019-2020 Dairy 588 5.78 Rose Bengal test 4.1-8.1 (Yanti et al. 2021)

Brucellosis Indonesia 2019-2020 Dairy 588 5.10 Complement fixation 3.5-73 (Yanti et al. 2021)

test
Escherichia coli Indonesia 2013 Cattle 238 6.30 Culture 3.7-104  (Suardana et al.
0157:H7 2017)

Coxiellosis Laos 2016-2017 Goat 1458 410 ELISA 3-5 (Burns et al. 2018)

Brucella Laos 2016-2017 Goat 1458 1.40 ELISA 0.8-2.2 (Burns et al. 2018)

Trichostrongylid Laos 2010 Goat 14 92.86 Culture 64.2-99.6 (Sato et al. 2014)

Trichostrongylid Laos 2010 Cattle 1 27.27 Culture 7.3-60.6  (Sato et al. 2014)

Q fever Laos 2013-2015 Cattle 526 247 ELISA 1.4-43  (Douangngeun
et al. 2016)

Brucellosis Laos 2013-2015 Cattle 526 0.57 ELISA 0.15-1.8  (Douangngeun
et al. 2016)

T. saginata Laos 2006 Bovine 905 46.40 ELISA 43.2-49.7  (Vongxay et al.
2012)

Q-fever Laos 2006 Bovine 905 4.00 ELISA 2.7-53  (Vongxay et al.
2012)

Leptospirosis Laos 2006 Bovine 905 3.10 ELISA 1.9-4.2 (Vongxay et al.
2012)

Tuberculosis Laos 2006 Bovine 905 1 ELISA 03-1.6  (Vongxay et al.
2012)

Brucellosis Laos 2006 Bovine 905 0.20 ELISA 0.0-0.5  (Vongxay et al.
2012)

Cryptosporidium Malaysia 2008-2009 Calves 120 2333 PCR 21.5-32.7 (Muhid et al. 2011)

Fascioliasis Malaysia 2017-2018 Cattle 308 14.61 Microscopic 11.0-19.2  (Ahmad-Najib et al.
2021)

Bartonella bovis Malaysia 2013 Cattle 304 3.29 PCR 1.7-6.2  (Kho et al. 2015)

Leptospirosis Malaysia 2013 Cattle 420 81.7 MAT 63.5- 80.1 (Daud et al. 2018)

Coxiella burnetiid  Philippines 2016-2019 Cattle 512 1.37 PCR 0.6-29  (Galay et al. 2020)

Coxiella burnetiid Philippines 2016-2019 Water buffalo 108 2.78 PCR 0.7-8.5 (Galay et al. 2020)

Leptospira Thailand 2013-2016 Cattle 131 0.76 Culture 0.04-48  (Kurilung et al.
2017)

Leptospira Thailand 2013-2016 Cattle 131 12.21 PCR 7.4-194  (Kurilung et al.
2017)

Babesia Thailand 2016 Cattle 279 30.47 PCR 25.2-36.3  (Jirapattharasate
et al. 2017)

Bartonella Thailand 2021 Buffalo 156 16.03 IFAT 10.65-22.74 (Boonmar et al.
2021)

Coxiella burnetiid Thailand 2012-2013 Dairy 988 4.55 ELISA 3.4-6.1 (Doung-Ngern et al.
2017)

Coxiella burnetiid ~ Thailand 2012-2013  Goat 516 3.49 ELISA 2.1-5.6 (Doung-Ngern et al.
2017)

Coxiella burnetiid ~ Thailand 2012-2013  Sheep 48 2.08 ELISA 0.1-12.5  (Doung-Ngern et al.
2017)

Cryptosporidium Thailand 2017 Dairy cow 500 7.00 IFAT 5.0-9.7 (Inpankaew et al.
2017)

Cryptosporidium Thailand 2017 Dairy cow 500 7.60 PCR 5.5-104  (Inpankaew et al.
2017)

Fasciola gigantica  Thailand 2010-2012 Cattle 55 67.27 PCR 53.2-79.0 (Phalee and
Wongsawad,
2014)

Fasciola Thailand 2016-2019 Bull 1501 2.47 Microscopic 1.8-3.4 (Kaewnoi et al.
2020)

Fascioliasis Vietnam 2014-2015 Cattle 572 23.43 Fecal sedimentation ~ 20.1-27.2  (Nguyen et al.
2017)

Giardia duodenalis  Vietnam 2014-2015 Calves 412 13.83 Microscopic 10.8-17.5 (Nguyen et al.
2016)

Cl: confidence interval; PCR: Polymerase Chain Reaction; ELISA: Enzyme-linked immunosorbent assay; MAT: Modified agglutination test; FECT: forma-

lin-ether concentration technique; IFAT: indirect fluorescent antibody test.

zoonotic disease. That could be a possible reason
that there was no published data available on emerg-
ing zoonotic diseases in Brunei. On the contrary,
there is publicly evidence that the government of
Singapore has a One health framework for the sur-
veillance and reporting of zoonotic disease. However,
to date no reported case was recorded through the
surveillance system (Lysaght et al. 2016). Furthermore,
livestock farming is the principal source of livelihood
for most countries in Southeast Asia except Singapore
and Brunei (Hassan 2014). As a result, it may be

explained that we could find any evidence regarding
the zoonotic diseases in Singapore in the period
2011-2022.

It should be noted that rabies is incurable and
has the highest fatality rate of any zoonosis (Lavan
et al. 2017). Rabies was first reported in Indonesia in
1889 and it is currently endemic in 33 provinces.
Indonesia’s national strategic plan highlights the
importance of control and eradication of the disease
as a national priority. Indonesia is identified as hav-
ing the fourth-highest number of human rabies



8 (&) T.T.NGUYENETAL.

Table 5. List of studies focusing on zoonotic diseases in companion animals in Southeast Asia.

Year of Sample

Pathogen Country sampling  Species size % positive Diagnostic test 95% Cl References

Trematodes Cambodia 2012 Dog 94 2.13 PCR 0.37-8.2  (Schér et al. 2014)

Giardia duodenalis Cambodia 2012 Dog 94 2.13 PCR 0.37-8.2  (Schar et al. 2014)

Strongyloides Cambodia 2013-2016 Dog 29 75.86 PCR 56.1-89.0 (Jaleta et al. 2017)
stercoralis

A. ceylanicum Cambodia 2012 Dog 90 94.44 PCR 87.0-98.0 (Inpankaew et al. 2014)

Giardia duodenalis Cambodia 2011 Dog 50 4,00 FECT 0.7-14.6  (Inpankaew et al. 2015)

Entamaeba Cambodia 2011 Dog 50 2.00 FECT 0.1-12.0  (Inpankaew et al. 2015)

Toxocara canis Cambodia 2011 Dog 50 8.00 FECT 2.6-20.1  (Inpankaew et al. 2015)

Strongyloides Cambodia 2011 Dog 50 8.00 FECT 2.6-20.1 (Inpankaew et al. 2015)
stercoralis

Echinostomes Cambodia 2011 Dog 50 18.00 FECT 9.0-31.9 (Inpankaew et al. 2015)

Toxoplasma Cambodia N/A Dog 103 50.49 IFAT 40.5-60.4  (Nguyen, Kengradomkij,
gondii et al. 2021)

Toxascaris leonina Indonesia 2018-2019 Cat 120 10.83 Microscopic 6.1-18.1  (Rabbani et al. 2020)

Toxascaris leonina Indonesia 2018-2019 Cat 120 18.33 Microscopic 12.1-26.7 (Rabbani et al. 2020)

Rickettsia Laos N/A Dog 60 5.00 PCR 1.3-148  (Nguyen et al. 2020)

Brucella Laos N/A Dog 60 15.00 PCR 7.5-27.1  (Nguyen et al. 2020)

Leptospira Laos N/A Dog 60 1.67 PCR 0.09-10.1  (Nguyen et al. 2020)

Ancylostoma Malaysia N/A Dog 82 47.56 Microscopic 41.4-54.95 (Mahdy et al. 2012)

Rickettsia felis Malaysia 2010 Dog 209 2.87 PCR 1.2-6.4  (Mokhtar and Tay, 2011)

Japanese Malaysia 2015-2016 Cat 90 5.60 ELISA 8.22-22.98 (Kumar et al. 2018a)
encephalitis

Japanese Malaysia 2015-2016 Dog 45 80 ELISA 68.31-91.69 (Kumar et al. 2018a)
encephalitis

Toxoplasma Malaysia 2013-2014 Dog 222 23.42 ELISA 17.8-29.2  (Watanabe et al. 2020)
gondii

Taenia Philippine 2017 Dog 200 3.00 direct smear, flotation, 2.31-3.69 (Urgel et al. 2019)

sedimentation
Ancylostoma Philippine 2017 Dog 200 38.00 direct smear, flotation, 37.3-38.7 (Urgel et al. 2019)
sedimentation

Anaplasma Philippines N/A Dog 248 22,58 PCR 17.6-28.4 (Galay et al. 2018)

Babesia Philippines N/A Dog 248 7.66 PCR 4.8-11.9 (Galay et al. 2018)

Leptospira Thailand 2013-2016 Dog 58 6.90 Culture 2.2-17.5  (Kurilung et al. 2017b)

Leptospira Thailand 2013-2016 Dog 58 10.34 PCR 43-21.8  (Kurilung et al. 2017b)

Ancylostoma Thailand 2019 Dog 299 26.42 Microscopic 21.6-31.9 (Kladkempetch et al.
ceylanicum 2020)

Ancylostoma Thailand 2019 Dog 58 96.55 PCR 87.0-99.4 (Kladkempetch et al.
ceylanicum 2020)

Bartonella Thailand 2021 Cat 513 2.53 PCR 1.36-4.29 (Saengsawang et al.

2021)

Brucella Thailand 2019 Dog 16 12.5 ELISA 2.2-39.6  (Ngamkala et al. 2020)

Dirofilaria repens  Thailand 2019 Dog 8003 0.44 Microscopic 0.3-0.61  (Jitsamai et al. 2021)

Opisthorchis Thailand 2014 Dog 197 40.1 latex agglutination 39.4-40.8 (Pumidonming et al.
viverrini test 2017)

Opisthorchis Thailand 2014 Cat 180 33.89 latex agglutination 33.2-34.6  (Pumidonming et al.
viverrini test 2017)

Leptospira Thailand 2014-2018 Dog 370 3243 Lepto-latex test 27.7-37.5 (Ngasaman et al. 2020)

Leptospira Thailand 2014-2018 Dog 370 0.54 PCR 0.1-2.2 (Ngasaman et al. 2020)

Leptospira Thailand 2014-2018 Cat 64 10.94 Lepto-latex test 49-21.8 (Ngasaman et al. 2020)

Leptospira Thailand 2014-2018 Cat 64 7.81 PCR 29-18.0 (Ngasaman et al. 2020)

Leptospira Thailand 2016-2017 Cat 260 6.15 PCR 3.7-10.0  (SpriBler et al. 2019)

Leptospira Thailand N/A Dog 273 440 PCR 2.0-6.8  (Altheimer et al. 2020)

Leptospira Thailand N/A Dog 273 0.37 Culture 0.01-1.1  (Altheimer et al. 2020)

Leptospira Thailand N/A Dog 273 12.09 MAT 8.2-16.0  (Altheimer et al. 2020)

Leptospira Thailand N/A Dog 252 44.05 ELISA 37.9-50.2  (Altheimer et al. 2020)

Toxoplasma Thailand 2019 Dog 318 7.86 MAT 4.9-10.8 (Huertas-Lopez et al.
gondii 2021)

Toxoplasma Thailand 2019 Cat 321 18.70 MAT 14.4-23.0 (Huertas-Lopez et al.
gondii 2021)

Toxoplasmosis Thailand 2016-2017 Cat 260 6.54 IFAT 4.0-104 (Inpankaew et al. 2021)

Giardia duodenalis Vietnam 2016-2017 Dog 209 8.61 Microscopic 5.3-13.5 (Nguyen et al. 2018)

Trichinella Vietnam N/A Dog 125 4,00 ELISA 1.5-9.6  (Thi et al. 2013)

Cl: confidence interval; N/A: not available; PCR: Polymerase Chain Reaction; ELISA: Enzyme-linked immunosorbent assay; MAT: Modified agglutination
test; FECT: formalin-ether concentration technique; IFAT: indirect fluorescent antibody test.

cases after India, Bangladesh and Myanmar, with
150-300 cases reported yearly in Indonesia (World
Health Organization 2016). In 2008, Bali experienced
an outbreak of rabies leading to many human fatal-
ities (Putra et al. 2013). In response to this outbreak,
a mass culling of stray dogs was implemented, along
with mass vaccination of owned dogs. Initial efforts
did not control the outbreak and by 2010, rabies
cases had spread across all nine regencies in Bali

(Putra et al. 2013). It was recognized that an under-
standing of the relationship between dogs and peo-
ple, along with cultural understanding, was required
to make the control program effective. The program
needed to include local community knowledge, par-
ticularly of behaviours towards dogs. It is clear that
a complex relationship between dogs and humans,
which contributes to the spread of rabies (Widyastuti
et al. 2015). For example, in some regions and
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Table 6. List of studies focusing on zoonotic diseases in wildlife in Southeast Asia.

Year of Sample %
Pathogen Country sampling Species size positive  Diagnostic test 95% Cl References
Coronaviruses Cambodia 2010-2013 Bat 1059 576 PCR 45-74  (Lacroix et al. 2017)
Ebola Indonesia 2005-2006 Primate 353 18.41 ELISA 14.6-22.9 (Nidom et al. 2012)
Japanese Indonesia 2015-2018 Bat 373 563 PCR 3.6-86  (Diptyanusa et al. 2021)
encephalitis
Coronaviruses Laos 2010-2013 Bat 906 3.53 PCR 2.5-5.0  (Lacroix et al. 2017)
Bandicota indica Laos 2020 Rodent 310 31.29 Microscopic 26.2-36.8  (Sithay et al. 2020)
Bandicota savilei Laos 2020 Rodent 310 1032 Microscopic 7.3-144  (Sithay et al. 2020)
Leopoldamys Laos 2020 Rodent 310 5839  Microscopic 52.7-63.9 (Sithay et al. 2020)
edwardsi
Leptospira Malaysia 2011-2012 Rat 300 6.67 Culture 4.2-10.3  (Benacer et al. 2013)
Trichostrongylus Malaysia 2016-2017 Macaques 21 52.38 Direct smear, 30.3-73.6  (Choong et al. 2019)
flotation,
sedimentation
Mycobacterium Malaysia 2019-2020 Wild boars 30 16.67 ELISA 7.3-33.5 (Lekko et al. 2021a)
tuberculosis
Mycobacterium Malaysia 2019-2020 Wild boars 12 75.00 PCR 46.8-91.1 (Lekko et al. 2021b)
tuberculosis
Mycobacterium Malaysia 2019-2020 Macaques 30 33.33 PCR 19.2-51.2 (Lekko et al. 2021b)
tuberculosis
Taenia Malaysia 2018-2019 Rat 89 28.09 PCR 19.3-38.8  (Tijjani et al. 2020)
taeniaeformis
Plasmodium Malaysia 2016 Macaques 103 62.14 PCR 52.0-71.4 (Amir et al. 2020)
Rickettsiae Malaysia 2008-2011 Rat 95 13.68 PCR 7.8-226 (Tay et al. 2014)
Coronaviruses Myanmar 2016-2018 Bat 759 6.32 PCR 4.7-8.4 (Valitutto et al. 2020)
Campylobacter Philippines 2015 Bat 91 549 PCR 2.0-12.9 (Hatta et al. 2016)
Bartonella Thailand 2011 Deer 247 3.64 Culture 1.8-7.0 (Pangjai et al. 2018)
Chlamydia Thailand 2017 Crocodile 138 9130 PCR 85.0-95.2  (Paungpin et al. 2021)
Gongylonema Thailand 2014 Rat 98 36.80 Microscopic 29.1-49.2 (Ribas, Saijuntha, Agatsuma,
neoplasticum Thongjun, et al. 2016)
Raillietina sp. Thailand 2014 Rat 98 34.70  Microscopic 25.4-45.0 (Ribas, Saijuntha, Agatsuma,
Thongjun, et al. 2016)
Capillaria hepatica  Thailand 2014 Rat 98 64.29  Microscopic 53.9-73.5 (Ribas, Saijuntha, Agatsuma,
Thongjun, et al. 2016)
Salmonella Thailand 2014 Rat 110 49.09 PCR 39.5-58.7  (Ribas, Saijuntha, Agatsuma,
Prantlovd, et al. 2016)
Trypanosoma Thailand 2015 Rat 100 21.00 PCR 13.8-30.5 (Molee et al. 2019)
Kobuviruses Vietnam 2012-2014 Wild boars 45 4222 PCR 28.0-57.8 (Van Dung et al. 2016)
L. interrogans Vietnam 2017-2018 Rat 144 11.81 Culture 7.2-185  (Koizumi et al. 2019)
L. interrogans Vietnam 2017-2018 Rat 88 26.14 PCR 17.6-36.8  (Koizumi et al. 2019)
Leptospira Vietnam 2012-2013 Rat 241 18.26 MAT 13.7-23.8 (Loan et al. 2015)
Leptospira Vietnam 2012-2013 Rat 275 582 PCR 3.5-9.5 (Loan et al. 2015)
Hantavirus Vietnam 2012-2013 Rat 275 6.91 PCR 43-10.8 (Van Cuong et al. 2015)
Hantavirus Vietnam 2006-2009 Rat 1066 5.63 ELISA 44-72  (Luan et al. 2012)
Bartonella Vietnam 2010, 2013, Rodent 133 31.58 PCR 23.9-40.3 (Anh et al. 2021)
2014, and
2018
Rickettsia Vietnam 2010, 2013, Rodent 133 2481 PCR 17.9-33.2  (Anh et al. 2021)
2014, and
2018
Leptospira Vietnam 2010, 2013, Rodent 133 18.05 PCR 12.1-25.9 (Anh et al. 2021)
2014, and
2018
Trichinella Vietnam 2010-2013  Wild boars 62 323 PCR 0.8- 4.8 (Thi et al. 2014)
Trichinella Vietnam 2010-2013 Rat 820 2.80 PCR 13.7-32.3 (Thi et al. 2014)

Cl: confidence interval; N/A: not available; PCR: Polymerase Chain Reaction; ELISA: Enzyme-linked immunosorbent assay; MAT: Modified agglutination

test.

ethnic groups, people regard free-roaming or stray
dogs as a blessing and keep them in the house as a
religious obligation. Many people also believe that
washing the wound after a dog bite is unimportant,
and instead believe that allowing the dog to lick the
wound will help in healing. In addition, (Widyastuti
et al. 2015) reported that while most people were
supportive of the control program, a subset of the
population with specific religious beliefs were
opposed to dog culling. An island-wide mass dog
vaccination campaign commenced in October 2010
and continued over subsequent years, resulting in a
decrease in the number of rabies cases in both dogs
and humans (Putra et al. 2013). This could explain
why few rabies cases are detected in Indonesia.

In the literature, the Nipah virus is identified as a
recently emerged pathogen from the family
Paramyxoviridae. The family has two zoonotic
viruses, the Hendra virus and the Nipah virus, both
classed as henipahviruses. The clinical signs of the
Nipah virus in humans include fever, encephalitis,
and respiratory and pulmonary disorders, which can
lead to death (Ochani et al. 2021). The natural res-
ervoir of the Nipah virus is pteropid bats. A recent
report has also demonstrated that the fruit bat spe-
cies (Pteropus) is regarded as the nature reservoir of
the Nipah virus, which is a virus of concern for
future epidemics and also seems to be spilling over
from its animal reservoir to humans (Joshi et al.
2023). The bats do not show clinical signs but may
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excrete the virus in urine, saliva and blood. Spill-
over effects can occur to other species such as pigs
and horses, which may then act as intermediate
hosts. Transmission may occur through ingestion of
contaminated food, direct contact with infected
body fluids (human or animal) or through droplet
or aerosol exposure. Nipah virus was first identified
in Malaysia in 1998 (Chua 2003) when it was asso-
ciated with an outbreak among pig farmers and
abattoir workers. In 2014, a major outbreak of a
probable henipavirus was associated with two vil-
lages in the Philippines (Ching et al. 2015). A strong
association was identified with direct exposure to
infected horses. This included exposure to contami-
nated body fluids during slaughter and/or
consumption of undercooked horse meat. Human-
to-human transmission was also reported. This case
study identifies the potential for transmission of
pathogens from infected horses (or other spill-over
hosts) and people (Ching et al. 2015).

Pathogens associated with zoonotic diseases
may be broadly described as bacterial, viral, para-
sitic or fungal. While viral zoonoses are more com-
monly considered in large-scale events (ebola,
coronaviruses), bacterial and parasitic zoonotic
pathogens are implicated commonly on a local
scale. Overall, diseases associated with wildlife in
this review are giardiasis, leptospirosis, Q fever,
ebola virus, rabies virus, West Nile virus and hanta-
virus. The data from the studies suggested that
zoonotic diseases are mostly associated with wild-
life in Southeast Asia.

In addition, wildlife has been an important source
of infectious diseases transmissible to humans. Some
environmental changes drive virus spillover from
wildlife, including: (i) Species in global decline
because of exploitation and habitat loss share more
viruses with people; (ii) Exploitation of wildlife
through hunting and the live wild animal trade cre-
ate the perfect epidemiologic setting for spillover;
(iii) Declines in habitat for wild mammals, due to
deforestation, development and conversion to crop-
land, increase disease distribution and animal-human
interactions.

It should be noted that a low number of reports
on pig diseases were recorded in Southeast Asia. It
may come from a few local veterinary journals
reporting results that may not be indexed in the
databases searched. Besides, relatively few studies
were found to evaluate the distribution of both
domestic and wildlife diseases in Southeast Asia.
Notably, the concept of One Health has become the
international standard for zoonotic disease control,
which emphasizes a multi-sectoral and transdisci-
plinary understanding and approach to prevent and
mitigate the threat of communicable diseases (Ng
et al. 2020). Therefore, further epidemiological inves-
tigation using One health approach is necessary to
reduce the gaps in disease surveillance and report-
ing systems as well as to support the prevention and
reduction of further outbreaks.

5. Conclusion

Taken together, this review provides the current sta-
tus of emerging zoonotic diseases in Southeast Asia,
as well as suggesting the necessary actions for dis-
ease control and prevention in the region. Prevention
of zoonotic diseases requires general and specific
knowledge of pathogens, disease characteristics and
transmission. In addition, there is a need for familiar-
ity with potential control measures and the capacity
to coordinate activities across human and animal
health environments.

Acknowledgments

We are grateful to all reviewers for their constructive com-
ments and valuable suggestions.

Authors contributions

TTN, T.N.M, S.D.X, HNV, FU, HS.L collected the data, per-
formed statistical analysis, and drafted the manuscript.
TT.N, TN.M and H.S.L. conceived and participated in the
design of the study, wrote the manuscript, and reviewed
the manuscript. All authors read and approved the submit-
ted version.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

This work was funded by the Ministry of Agriculture, Food
and Rural Affairs (MAFRA), Republic of Korea and research
fund of Chungnam National University. In addition, this
work was supported by the National Research Foundation
of Korea (NRF) grant funded by the Korean government
(MIST) (No. 2021R1A6A1A03045495)

ORCID

Thanh Trung Nguyen http://orcid.org/0000-0002-6880-8757
Thi Ngan Mai http://orcid.org/0000-0001-7685-6305

Sinh Dang-Xuan http://orcid.org/0000-0002-0522-7808
Hung Nguyen-Viet http://orcid.org/0000-0003-1549-2733
Fred Unger http://orcid.org/0009-0009-2423-8914

Hu Suk Lee http://orcid.org/0000-0002-8731-9836

Data availability statement

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

References

Adenuga A, Mateus A, Ty C, Borin K, Holl D, San S, Duggan
V, Clark M, Smith GJD, Coker R, et al. 2018. Seroprevalence
and awareness of porcine cysticercosis across different
pig production systems in south-central Cambodia.



Parasite Epidemiol Control. 3(1):1-12. doi: 10.1016/j.pare-
pi.2017.10.003.

Ahmad-Najib M, Wan-Nor-Amilah WAW, Kin WW, Arizam MF,
Noor-Izani NJ. 2021. Prevalence and Risk Factors of Bovine
Fascioliasis in Kelantan, Malaysia: a Cross-Sectional Study.
Trop Life Sci Res. 32(2):1-14. doi: 10.21315/tlsr2021.32.2.1.

Altheimer K, Jongwattanapisan P, Luengyosluechakul S,
Pusoonthornthum R, Prapasarakul N, Kurilung A, Broens
EM, Wagenaar JA, Goris MGA, Ahmed AA, et al. 2020.
Leptospira infection and shedding in dogs in Thailand.
BMC Vet Res. 16(1):89. doi: 10.1186/512917-020-2230-0.

Amir A, Shahari S, Liew JWK, de Silva JR, Khan MB, Lai MY,
Snounou G, Abdullah ML, Gani M, Rovie-Ryan JJ, et al.
2020. Natural Plasmodium infection in wild macaques of
three states in peninsular Malaysia. Acta Trop. 211:105596.
doi: 10.1016/j.actatropica.2020.105596.

Anh LTL, Balakirev AE, Chau NV. 2021. Investigation of mul-
tiple infections with zoonotic pathogens of rodents in
northern Vietnam. J Vector Borne Dis. 58(1):47-53. doi:
10.4103/0972-9062.321750.

Benacer D, Mohd Zain SN, Amran F, Galloway RL, Thong KL.
2013. Isolation and molecular characterization of
Leptospira interrogans and Leptospira borgpetersenii iso-
lates from the urban rat populations of Kuala Lumpur,
Malaysia. Am J Trop Med Hyg. 88(4):704-709. doi:
10.4269/ajtmh.12-0662.

Berto A, Pham HA, Thao TTN, Vy NHT, Caddy SL, Hiraide R,
Tue NT, Goodfellow |, Carrique-Mas JJ, Thwaites GE, et al.
2018. Hepatitis E in southern Vietnam: seroepidemiology
in humans and molecular epidemiology in pigs. Zoonoses
Public Health. 65(1):43-50. doi: 10.1111/zph.12364.

Boonmar S, Saengsawang P, Mitsuwan W, Panjai D, Kidsin
K, Sansamur C, Wichianrat I. 2021. The first report of the
seroprevalence of antibodies against Bartonella spp. in
water buffaloes (Bubalus bubalis) from South Thailand.
Vet World. 14(12):3144-3148. doi: 10.14202/vetworld.
2021.3144-3148.

Boonyong N, Kaewmongkol S, Khunbutsri D, Satchasataporn
K, Meekhanon N. 2019. Contamination of Streptococcus
suis in pork and edible pig organs in central Thailand. Vet
World. 12(1):165-169. doi: 10.14202/vetworld.2019.165-169.

Burns R, J, L, Douangngeun B, Theppangna W, Khounsy S,
Mukaka M, Selleck PW, Hansson E, Wegner MD, Windsor
PA, Blacksell SD. 2018. Serosurveillance of Coxiellosis
(Q-fever) and Brucellosis in goats in selected provinces
of Lao People’s Democratic Republic. PLOS Negl Trop
Dis. 12(4):e0006411. doi: 10.1371/journal.pntd.0006411.

Carrique-Mas JJ, Bryant JE, Cuong NV, Hoang NV, Campbell
J, Hoang NV, Dung TT, Duy DT, Hoa NT, Thompson C,
et al. 2014. An epidemiological investigation of
Campylobacter in pig and poultry farms in the Mekong
delta of Vietnam. Epidemiol Infect. 142(7):1425-1436.
doi: 10.1017/50950268813002410.

Ching PKG, de los Reyes VC, Sucaldito MN, Tayag E,
Columna-Vingno AB, Malbas FF, Jr, Bolo GC, Sejvar JJ,
Eagles D, Playford G, et al. 2015. Outbreak of henipavirus
infection, Philippines, 2014. Emerg Infect Dis. 21(2):328-
331. doi: 10.3201/eid2102.141433.

Chomel BB. 2014. Emerging and re-emerging zoonoses of
dogs and cats. Animals. 4(3):434-445. doi: 10.3390/
ani4030434.

Choong SS, Mimi Armiladiana M, Ruhil HH, Peng TL. 2019.
Prevalence of parasites in working pig-tailed Macaques
(Macaca nemestrina) in Kelantan, Malaysia. J Med
Primatol. 48(4):207-210. doi: 10.1111/jmp.12416.

Chua KB. 2003. Nipah virus outbreak in Malaysia. J Clin Virol.
26(3):265-275. doi: 10.1016/51386-6532(02)00268-8

VETERINARY QUARTERLY 1

Conlan JV, Vongxay K, Jarman RG, Gibbons RV, Lunt RA,
Fenwick S, Thompson RCA, Blacksell SD. 2012. Serologic
study of pig-associated viral zoonoses in Laos. Am J Trop
Med Hyg. 86(6):1077-1084. doi: 10.4269/ajtmh.2012.11-0195.

Dao TT, Abatih EN, Nguyen TT, Tran HT, Gabriél S, Smit S,
Le PN, Dorny P. 2016. Prevalence of Opisthorchis viverri-
ni-like fluke infection in ducks in Binh Dinh Province,
Central Vietnam. Korean J Parasitol. 54(3):357-361. doi:
10.3347/kjp.2016.54.3.357.

Daud A, Fuzi NMHM, Arshad MM, Kamarudin S, Mohammad
WMZW, Amran F, Ismail N. 2018. Leptospirosis seroposi-
tivity and its serovars among cattle in Northeastern
Malaysia. Vet World. 11(6):840-844. doi: 10.14202/vet-
world.2018.840-844.

Diptyanusa A, Herini ES, Indarjulianto S, Satoto TBT. 2021.
The detection of Japanese encephalitis virus in
Megachiropteran bats in West Kalimantan, Indonesia: a
potential enzootic transmission pattern in the absence
of pig holdings. Int J Parasitol Parasites Wild. 14:280-286.
doi: 10.1016/j.ijppaw.2021.03.009.

Douangngeun B, Theppangna W, Soukvilay V, Senaphanh
C, Phithacthep K, Phomhaksa S, Yingst S, Lombardini E,
Hansson E, Selleck PW, et al. 2016. Seroprevalence of Q
fever, brucellosis, and bluetongue in selected provinces
in Lao People’s Democratic Republic. Am J Trop Med
Hyg. 95(3):558-561. doi: 10.4269/ajtmh.15-0913.

Doung-Ngern P, Chuxnum T, Pangjai D, Opaschaitat P,
Kittiwan N, Rodtian P, Buameetoop N, Kersh GJ,
Padungtod P. 2017. Seroprevalence of Coxiella burnetii
antibodies among ruminants and occupationally ex-
posed people in Thailand, 2012-2013. Am J Trop Med
Hyg. 96(4):786-790. doi: 10.4269/ajtmh.16-0336.

Galay RL, Manalo AAL, Dolores SLD, Aguilar I, PM, Sandalo
KAC, Cruz KB, Divina BP, Andoh M, Masatani T, Tanaka T.
2018. Molecular detection of tick-borne pathogens in
canine population and Rhipicephalus sanguineus (sensu
lato) ticks from southern Metro Manila and Laguna,
Philippines. Parasit Vectors. 11(1):643. doi: 10.1186/
s13071-018-3192-y.

Galay RL, Talactac MR, Ambita-Salem BV, Chu D, M, M,
Costa L, Salangsang C, MA, Caracas DKB, Generoso FH,
Babelonia JA, Vergano, et al. 2020. Molecular detection
of Rickettsia Spp. and Coxiella Burnetii in Cattle, Water
Buffalo, and Rhipicephalus (Boophilus) Microplus Ticks in
Luzon Island of the Philippines. Trop Med Infect Dis.
5(2):54. doi: 10.3390/tropicalmed5020054.

Gaffar Sarwar Z, Mesfer Al S. 2021. Origin and impact of
COVID-19 on socioeconomic status. In: Vijay, K, editor.
SARS-CoV-2 origin and COVID-19 pandemic across the
globe. Rijeka: IntechOpen. p. 13.

Hassan L. 2014. Emerging zoonoses in domesticated live-
stock of Southeast Asia. Encycl Agriculture Food Syst.
2014:68-81. doi: 10.1016/B978-0-444-52512-3.00216-3.

Hatta Y, Omatsu T, Tsuchiaka S, Katayama Y, Taniguchi S,
Masangkay JS, Puentespina R, Eres E, Cosico E, Une Y,
et al. 2016. Detection of Campylobacter jejuni in rectal
swab samples from Rousettus amplexicaudatus in the
Philippines. J Vet Med Sci. 78(8):1347-1350. doi: 10.1292/
jvms.15-0621.

Henriksson E, Soderberg R, Strom Hallenberg G, Kroesna K,
Ly S, Sear B, Unger F, Tum S, Nguyen-Viet H, Lindahl JF.
2021. Japanese encephalitis in small-scale pig farming in
rural Cambodia: pig seroprevalence and farmer
awareness. Pathogens. 10(5):578. doi: 10.3390/patho-
gens10050578.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G,
Xu J, Gu X, et al. 2020. Clinical features of patients infect-


https://doi.org/10.1016/j.parepi.2017.10.003
https://doi.org/10.1016/j.parepi.2017.10.003
https://doi.org/10.21315/tlsr2021.32.2.1
https://doi.org/10.1186/s12917-020-2230-0
https://doi.org/10.1016/j.actatropica.2020.105596
https://doi.org/10.4103/0972-9062.321750
https://doi.org/10.4269/ajtmh.12-0662
https://doi.org/10.1111/zph.12364
https://doi.org/10.14202/vetworld.
https://doi.org/10.14202/vetworld.
https://doi.org/10.14202/vetworld.2019.165-169
https://doi.org/10.1371/journal.pntd.0006411
https://doi.org/10.1017/S0950268813002410
https://doi.org/10.3201/eid2102.141433
https://doi.org/10.3390/ani4030434
https://doi.org/10.3390/ani4030434
https://doi.org/10.1111/jmp.12416
https://doi.org/10.1016/S1386-6532(02)00268-8
https://doi.org/10.4269/ajtmh.2012.11-0195
https://doi.org/10.3347/kjp.2016.54.3.357
https://doi.org/10.14202/vetworld.2018.840-844
https://doi.org/10.14202/vetworld.2018.840-844
https://doi.org/10.1016/j.ijppaw.2021.03.009
https://doi.org/10.4269/ajtmh.15-0913
https://doi.org/10.4269/ajtmh.16-0336
https://doi.org/10.1186/s13071-018-3192-y
https://doi.org/10.1186/s13071-018-3192-y
https://doi.org/10.3390/tropicalmed5020054
https://doi.org/10.1016/B978-0-444-52512-3.00216-3
https://doi.org/10.1292/jvms.15-0621
https://doi.org/10.1292/jvms.15-0621
https://doi.org/10.3390/pathogens10050578
https://doi.org/10.3390/pathogens10050578

12 (&) T.T.NGUYENETAL.

ed with 2019 novel coronavirus in Wuhan, China. Lancet.
395(10223):497-506. doi: 10.1016/S0140-6736(20)30183-5.

Huertas-Lopez A, Sukhumavasi W, Alvarez-Garcia G,
Martinez-Subiela S, Cano-Terriza D, Almeria S, Dubey JP,
Garcia-Bocanegra |, Cerén JJ, Martinez-Carrasco C. 2021.
Seroprevalence of Toxoplasma gondii in outdoor dogs
and cats in Bangkok, Thailand. Parasitology. 148(7):843—
849. doi: 10.1017/5S0031182021000421.

Inpankaew T, lJiyipong T, Sunanta C, Kengradomkij C,
Pinyopanuwat N, Jittapalapong S. 2017. Prevalence and
molecular characterization of bovine Cryptosporidium
from dairy cows in Northern Thailand. Acta Parasitol.
62(4):772-774. doi: 10.1515/ap-2017-0092.

Inpankaew T, Murrell KD, Pinyopanuwat N, Chhoun C, Khov
K, Sem T, Sorn S, Muth S, Dalsgaard A. 2015. A survey
for potentially zoonotic gastrointestinal parasites of dogs
and pigs in Cambodia. Acta Parasitol. 60(4):601-604. doi:
10.1515/ap-2015-0083.

Inpankaew T, Sattasathuchana P Kengradomkij C,
Thengchaisri N. 2021. Prevalence of toxoplasmosis in
semi-domesticated and pet cats within and around
Bangkok, Thailand. BMC Vet Res. 17(1):252. doi: 10.1186/
$12917-021-02965-z.

Inpankaew T, Schar F, Dalsgaard A, Khieu V, Chimnoi W,
Chhoun C, Sok D, Marti H, Muth S, Odermatt P, et al.
2014. High prevalence of Ancylostoma ceylanicum hook-
worm infections in humans, Cambodia, 2012. Emerg
Infect Dis. 20(6):976-982., doi: 10.3201/eid2006.131770.

Intharasongkroh D, Sa-Nguanmoo P, Tuanthap S, Thongmee
T, Duang-In A, Klinfueng S, Chansaenroj J, Vongpunsawad
S, Theamboonlers A, Payungporn S, et al. 2017. Hepatitis
E virus in pork and variety meats sold in fresh markets.
Food Environ Virol. 9(1):45-53. doi: 10.1007/s12560-016-
9258-0.

Jaleta TG, Zhou S, Bemm FM, Schér F, Khieu V, Muth S,
Odermatt P, Lok JB, Streit A. 2017. Different but overlap-
ping populations of Strongyloides stercoralis in dogs and
humans—Dogs as a possible source for zoonotic stron-
gyloidiasis. PLOS Negl Trop Dis. 11(8):e0005752. doi:
10.1371/journal.pntd.0005752.

Jirapattharasate C, Adjou Moumouni PF, Cao S, Iguchi A,
Liu M, Wang G, Zhou M, Vudriko P Efstratiou A,
Changbunjong T, et al. 2017. Molecular detection and
genetic diversity of bovine Babesia spp., Theileria orien-
talis, and Anaplasma marginale in beef cattle in Thailand.
Parasitol Res. 116(2):751-762. doi: 10.1007/500436-016-
5345-2.

Jitsamai W, Kamkong P, Asawakarn S, Taweethavonsawat P.
2021. Emergence of Dirofilaria repens (Spirurida: onchocer-
cidae) in dogs in Eastern Thailand. Vet World. 14(11):2851-
2854. doi: 10.14202/vetworld.2021.2851-2854.

Jones BA, Grace D, Kock R, Alonso S, Rushton J, Said MY,
McKeever D, Mutua F, Young J, McDermott J, et al. 2013.
Zoonosis emergence linked to agricultural intensification
and environmental change. Proc Natl Acad Sci U S A.
110(21):8399-8404. doi: 10.1073/pnas.1208059110.

Joshi J, Shah Y, Pandey K, Ojha RP, Joshi CR, Bhatt LR,
Dumre SP, Acharya PR, Joshi HR, Rimal S, et al. 2023.
Possible high risk of transmission of the Nipah virus in
South and South East Asia: a review. Trop Med Health.
51(1):44. doi: 10.1186/541182-023-00535-7.

Kaewnoi D, Wiriyaprom R, Indoung S, Ngasaman R. 2020.
Gastrointestinal parasite infections in fighting bulls in
South Thailand. Vet World. 13(8):1544-1548. doi:
10.14202/vetworld.2020.1544-1548.

Kho K-L, Koh F-X, Jaafar T, Hassan Nizam QN, Tay S-T. 2015.
Prevalence and molecular heterogeneity of Bartonella

bovis in cattle and Haemaphysalis bispinosa ticks in
Peninsular Malaysia. BMC Vet Res. 11(1):153. doi: 10.1186/
$12917-015-0470-1.

Kladkempetch D, Tangtrongsup S, Tiwananthagorn S. 2020.
Ancylostoma ceylanicum: the neglected zoonotic para-
site of community dogs in Thailand and its genetic di-
versity among Asian Countries. Animals. 10(11):2154. doi:
10.3390/ani10112154.

Koizumi N, Miura K, Sanai Y, Takemura T, Ung TTH, Le TT,
Hirayama K, Hasebe F, Nguyen HLK, Hoang PVM, et al.
2019. Molecular epidemiology of Leptospira interrogans
in Rattus norvegicus in Hanoi, Vietham. Acta Trop.
194:204-208. doi: 10.1016/j.actatropica.2019.02.008.

Kumar K, Arshad SS, Selvarajah GT, Abu J, Toung OP, Abba
Y, Bande F, Yasmin AR, Sharma R, Ong BL, et al. 2018a.
Prevalence and risk factors of Japanese encephalitis vi-
rus (JEV) in livestock and companion animal in high-risk
areas in Malaysia. Trop Anim Health Prod. 50(4):741-752.
doi: 10.1007/s11250-017-1490-6.

Kumar K, Arshad SS, Selvarajah GT, Abu J, Toung OP, Abba
Y, Yasmin AR, Bande F, Sharma R, Ong BL. 2018b.
Japanese encephalitis in Malaysia: an overview and
timeline. Acta Trop. 185:219-229. doi: 10.1016/j.actatrop-
ica.2018.05.017.

Kurilung A, Chanchaithong P, Lugsomya K, Niyomtham W,
Wuthiekanun V, Prapasarakul N. 2017. Molecular detec-
tion and isolation of pathogenic Leptospira from asymp-
tomatic humans, domestic animals and water sources in
Nan province, a rural area of Thailand. Res Vet Sci.
115:146-154. doi: 10.1016/j.rvsc.2017.03.017.

Lacroix A, Duong V, Hul V, San S, Davun H, Omaliss K, Chea
S, Hassanin A, Theppangna W, Silithammavong S, et al.
2017. Genetic diversity of coronaviruses in bats in Lao
PDR and Cambodia. Infect Genet Evol. 48:10-18. doi:
10.1016/j.meegid.2016.11.029.

Lagrimas RD, Gonzales RMC, Briones JCA. 2021. Low levels
of Trichinella spp. antibodies detected in domestic pigs
at selected slaughterhouses with farm-based exposure
assessment in Bulacan, Philippines. Vet Parasitol.
297:109308. doi: 10.1016/j.vetpar.2020.109308.

Larsen CS. 1995. Biological changes in human populations
with agriculture. Annu Rev Anthropol. 24(1):185-213.
doi: 10.1146/annurev.an.24.100195.001153.

Lassausaie J, Bret A, Bouapao X, Chanthavong V,
Castonguay-Vanier J, Quet F, Mikota SK, ThEOrET C,
Buisson Y, Bouchard B. 2014. Tuberculosis in Laos, who is
at risk: the mahouts or their elephants? Epidemiol Infect.
143(5):922-931. doi: 10.1017/50950268814002180.

Lavan RP, King Al, Sutton DJ, Tunceli K. 2017. Rationale and
support for a One Health program for canine vaccina-
tion as the most cost-effective means of controlling zoo-
notic rabies in endemic settings. Vaccine. 35(13):1668-
1674. doi: 10.1016/j.vaccine.2017.02.014.

Lee HS, Dao DT, Bui VN, Bui NA, Le TD, Nguyen-Viet H,
Grace D, Thakur KK, Hagiwara K. 2020. Prevalence and
phylogenetic analysis of hepatitis E virus in pigs in
Vietham. BMC Vet Res. 16(1):333. doi: 10.1186/s12917-
020-02537-7.

Lee HS, Khong NV, Xuan HN, Nghia VB, Nguyen-Viet H,
Grace D. 2017. Sero-prevalence of specific Leptospira se-
rovars in fattening pigs from 5 provinces in Vietnam.
BMC Vet Res. 13(1):125-125. doi: 10.1186/512917-017-
1044-1.

Lee HS, Thanh TL, Ly NK, Nguyen-Viet H, Thakur KK, Grace
D. 2019. Seroprevalence of leptospirosis and Japanese
encephalitis in swine in ten provinces of Vietham. PLOS


https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1017/S0031182021000421
https://doi.org/10.1515/ap-2017-0092
https://doi.org/10.1515/ap-2015-0083
https://doi.org/10.1186/s12917-021-02965-z
https://doi.org/10.1186/s12917-021-02965-z
https://doi.org/10.3201/eid2006.131770
https://doi.org/10.1007/s12560-016-9258-0
https://doi.org/10.1007/s12560-016-9258-0
https://doi.org/10.1371/journal.pntd.0005752
https://doi.org/10.1007/s00436-016-5345-2
https://doi.org/10.1007/s00436-016-5345-2
https://doi.org/10.14202/vetworld.2021.2851-2854
https://doi.org/10.1073/pnas.1208059110
https://doi.org/10.1186/s41182-023-00535-7
https://doi.org/10.14202/vetworld.2020.1544-1548
https://doi.org/10.1186/s12917-015-0470-1
https://doi.org/10.1186/s12917-015-0470-1
https://doi.org/10.3390/ani10112154
https://doi.org/10.1016/j.actatropica.2019.02.008
https://doi.org/10.1007/s11250-017-1490-6
https://doi.org/10.1016/j.actatropica.2018.05.017
https://doi.org/10.1016/j.actatropica.2018.05.017
https://doi.org/10.1016/j.rvsc.2017.03.017
https://doi.org/10.1016/j.meegid.2016.11.029
https://doi.org/10.1016/j.vetpar.2020.109308
https://doi.org/10.1146/annurev.an.24.100195.001153
https://doi.org/10.1017/S0950268814002180
https://doi.org/10.1016/j.vaccine.2017.02.014
https://doi.org/10.1186/s12917-020-02537-7
https://doi.org/10.1186/s12917-020-02537-7
https://doi.org/10.1186/s12917-017-1044-1
https://doi.org/10.1186/s12917-017-1044-1

One. 14(8):e0214701-e0214701. doi:
pone.0214701.

Lekko YM, Che-Amat A, Ooi PT, Omar S, Mohd-Hamdan DT,
Linazah LS, Zakaria Z, Ramanoon SZ, Mazlan M, Jesse
FFA, et al. 2027a. Detection of Mycobacterium tuberculo-
sis complex antibodies in free-ranged wild boar and
wild macaques in selected districts in Selangor and re-
evaluation of tuberculosis serodetection in captive Asian
elephants in Pahang, Peninsular Malaysia. J Vet Med Sci.
83(11):1702-1707. doi: 10.1292/jvms.21-0144.

Lekko YM, Che-Amat A, Ooi PT, Omar S, Ramanoon SZ,
Mazlan M, Jesse F, F, A, Jasni S, Ariff Abdul-Razak MF.
2021b. Mycobacterium Tuberculosis and Avium complex
investigation among Malaysian free-ranging wild boar
and wild macaques at wildlife-livestock-human interface.
Animals. 11(11):3252. doi: 10.3390/ani11113252.

Lindahl JF, Stahl K, Chirico J, Boqvist S, Thu H, TV,
Magnusson U. 2013. Circulation of Japanese encephalitis
virus in pigs and mosquito vectors within Can Tho city,
Vietnam. PLOS Negl Trop Dis. 7(4):e2153-e2153. doi:
10.1371/journal.pntd.0002153.

Liu J, Liu B, Shan B, Wei S, An T, Shen G, Chen Z. 2020.
Prevalence of African Swine Fever in China, 2018-2019.
J Med Virol. 92(8):1023-1034. doi: 10.1002/jmv.25638.

Loan HK, Van Cuong N, Takhampunya R, Kiet BT, Campbell J,
Them LN, Bryant JE, Tippayachai B, Van Hoang N, Morand
S, et al. 2015. How important are rats as vectors of lepto-
spirosis in the Mekong Delta of Vietham? Vector Borne
Zoonotic Dis. 15(1):56-64. doi: 10.1089/vbz.2014.1613.

Luan VD, Yoshimatsu K, Endo R, Taruishi M, Huong VT, Dat
DT, Tien PC, Shimizu K, Koma T, Yasuda SP, et al. 2012.
Studies on hantavirus infection in small mammals cap-
tured in southern and central highland area of Vietnam.
J Vet Med Sci. 74(9):1155-1162. doi: 10.1292/jvms.11-
0567.

Lysaght T, Lee TL, Watson S, Lederman Z, Bailey M, Tambyah
PA. 2016. Zika in Singapore: insights from One Health
and Social Medicine. Singapore Med J. 57(10):528-529.
doi: 10.11622/smedj.2016161.

Mahdy MA, Lim YA, Ngui R, Siti Fatimah MR, Choy SH, Yap
NJ, Al-Mekhlafi HM, lbrahim J, Surin J. 2012. Prevalence
and zoonotic potential of canine hookworms in Malaysia.
Parasit Vectors. 5(1):88. doi: 10.1186/1756-3305-5-88.

Milton K. 2003. The critical role played by animal source
foods in human (Homo) evolution. J Nutr. 133(11 Suppl
2):38865-3892S. doi: 10.1093/jn/133.11.3886S.

Mokhtar AS, Tay ST. 2011. Molecular detection of Rickettsia
felis, Bartonella henselae, and B. clarridgeiae in fleas from
domestic dogs and cats in Malaysia. Am J Trop Med
Hyg. 85(5):931-933. doi: 10.4269/ajtmh.2011.10-0634.

Molee P, Sakulsak N, Saengamnatdej S. 2019. Detection of
Trypanosoma spp. in Bandicota indica from the Thai-
Myanmar border area, Mae Sot District Tak Province,
Thailand. Asian Pac J Trop Med. 12(10):457. doi:
10.4103/1995-7645.269907.

Morand S, Mcintyre KM, Baylis M. 2014. Domesticated ani-
mals and human infectious diseases of zoonotic origins:
domestication time matters. Infect Genet Evol. 24:76-81.
doi: 10.1016/j.meegid.2014.02.013.

Ng QX, De Deyn M, Loke W, Yeo WS. 2020. Yemen's Cholera
epidemic is a one health issue. J Prev Med Public Health.
53(4):289-292. doi: 10.3961/jpmph.20.154.

Muhid A, Robertson I, Ng J, Ryan U. 2011. Prevalence of
and management factors contributing to Cryptosporidium
sp. infection in pre-weaned and post-weaned calves in
Johor, Malaysia. Exp Parasitol. 127(2):534-538. doi:
10.1016/j.exppara.2010.10.015.

10.1371/journal.

VETERINARY QUARTERLY 13

Ngamkala S, Angkawanish T, Nokkaew W, Thongtip N.
2020. Serological study on brucellosis in captive ele-
phants (Elephas maximus) and stray dogs in North
Thailand. Vet World. 13(9):1992-1997. doi: 10.14202/vet-
world.2020.1992-1997.

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(6):432-435. doi: 10.1089/vbz.2019.2549.

Nguyen HM, Theppannga W, Vongphayloth K, Douangngeun
B, Blacksell SD, Robinson MT. 2020. Screening of ecto-
parasites from domesticated dogs for bacterial patho-
gens in Vientiane, Lao PDR. Zoonoses Public Health.
67(8):862-868. doi: 10.1111/zph.12753.

Nguyen TTM, Dermauw V, Noh J, Chien NH, Dao T, TH,
Nguyen TGT, Van Hul A, Dorny P. 2020b. Occurrence of
Taenia species in pigs in slaughterhouses in Phu Tho
province, northern Vietnam. J Helminthol. 94:e201. doi:
10.1017/50022149X20000863.

Nhung NT, Yen NTP, Cuong N, Kiet BT, Hien VB, Campbell J,
Thwaites G, Baker S, Geskus R, Ashton P, et al. 2020.
Carriage of the zoonotic organism Streptococcus suis in
chicken flocks in Vietnam. Zoonoses Public Health.
67(8):843-848. doi: 10.1111/zph.12711.

Nguyen NT, Le TC, Vo MDC, Van Cao H, Nguyen LT, Ho KT,
Nguyen QN, Tran VQ, Matsumoto Y. 2017. High preva-
lence of cattle fascioliasis in coastal areas of Thua Thien
Hue province, Vietnam. J Vet Med Sci. 79(6):1035-1042.
doi: 10.1292/jvms.16-0331.

Nguyen NTT, Luu YTH, Hoang TD, Nguyen HX, Dao TD, Bui
VN, Gray GC. 2021. An epidemiological study of
Streptococcus suis prevalence among swine at industrial
swine farms in Northern Vietnam. One Health. 13:100254.
doi: 10.1016/j.onehlt.2021.100254.

Nguyen TT, Kengradomkij C, Inpankaew T. 2021. Detection
of antibodies to Toxoplasma gondii among owned dogs
in Cambodia. Food Waterborne Parasitol. 22:e00103. doi:
10.1016/j.fawpar.2020.e00103.

Nguyen ST, Fukuda Y, Nguyen DT, Dao HT, Le DQ, Bui KL,
Tada C, Nakai Y. 2018. Prevalence, genotyping and risk
factors of Giardia duodenalis from dogs in Vietnam. J
Vet Med Sci. 80(1):92-97. doi: 10.1292/jvms.17-0498.

Nguyen ST, Fukuda Y, Nguyen DT, Tada C, Nakai Y. 2016.
Prevalence and first genotyping of Giardia duodenalis in
beef calves in Vietham. Trop Anim Health Prod.
48(4):837-841. doi: 10.1007/5s11250-016-1013-x.

Nidom CA, Nakayama E, Nidom RV, Alamudi MY, Daulay S,
Dharmayanti IN, Dachlan YP, Amin M, Igarashi M,
Miyamoto H, et al. 2012. Serological evidence of Ebola
virus infection in Indonesian orangutans. PLOS One.
7(7):e40740. doi: 10.1371/journal.pone.0040740.

Norris MH, Tran HTT, Walker MA, Bluhm AP, Zincke D, Trung
TT, Thi NV, Thi NP, Schweizer HP, Unger F, et al. 2020.
Distribution of serological response to Burkholderia pseu-
domallei in Swine from three provinces of Vietnam. Int J
Environ Res Public Health. 17(14):5203. doi: 10.3390/
ijerph17145203.

Ochani R, Asad A, Yasmin F, Shaikh S, Khalid H, Batra S,
Sohail MR, Mahmood SF, Ochani R, Hussham Arshad M,
et al. 2021. COVID-19 pandemic: from origins to out-
comes. A comprehensive review of viral pathogenesis,
clinical manifestations, diagnostic evaluation, and man-
agement. Infez Med. 29(1):20-36.

Putra AA, Hampson K, Girardi J, Hiby E, Knobel D, Mardiana
IW, Townsend S, Scott-Orr H. 2013. Response to a rabies


https://doi.org/10.1371/journal.pone.0214701
https://doi.org/10.1371/journal.pone.0214701
https://doi.org/10.1292/jvms.21-0144
https://doi.org/10.3390/ani11113252
https://doi.org/10.1371/journal.pntd.0002153
https://doi.org/10.1002/jmv.25638
https://doi.org/10.1089/vbz.2014.1613
https://doi.org/10.1292/jvms.11-0567
https://doi.org/10.1292/jvms.11-0567
https://doi.org/10.11622/smedj.2016161
https://doi.org/10.1186/1756-3305-5-88
https://doi.org/10.1093/jn/133.11.3886S
https://doi.org/10.4269/ajtmh.2011.10-0634
https://doi.org/10.4103/1995-7645.269907
https://doi.org/10.1016/j.meegid.2014.02.013
https://doi.org/10.3961/jpmph.20.154
https://doi.org/10.1016/j.exppara.2010.10.015
https://doi.org/10.14202/vetworld.2020.1992-1997
https://doi.org/10.14202/vetworld.2020.1992-1997
https://doi.org/10.1089/vbz.2019.2549
https://doi.org/10.1111/zph.12753
https://doi.org/10.1017/S0022149X20000863
https://doi.org/10.1111/zph.12711
https://doi.org/10.1292/jvms.16-0331
https://doi.org/10.1016/j.onehlt.2021.100254
https://doi.org/10.1016/j.fawpar.2020.e00103
https://doi.org/10.1292/jvms.17-0498
https://doi.org/10.1007/s11250-016-1013-x
https://doi.org/10.1371/journal.pone.0040740
https://doi.org/10.3390/ijerph17145203
https://doi.org/10.3390/ijerph17145203

14 (&) T.T.NGUYENETAL.

epidemic, Bali, Indonesia, 2008-2011. Emerg Infect Dis.
19(4):648-651. doi: 10.3201/eid1904.120380.

Smith D, Cooper T, Pereira A, Jong J. 2019. Counting the
cost: the potential impact of African swine fever on
smallholders in Timor-Leste. One Health. 8:100109. doi:
10.1016/j.0nehlt.2019.100109.

Osbjer K, Tano E, Chhayheng L, Mac-Kwashie AO, Fernstrom
LL, Ellstrom P, Sokerya S, Sokheng C, Mom V, Chheng K,
et al. 2016. Detection of Campylobacter in human and
animal field samples in Cambodia. APMIS. 124(6):508-
515. doi: 10.1111/apm.12531.

Pangjai D, Intachinda S, Maruyama S, Boonmar S, Kabeya
H, Sato S, Petkanchanapong W, Wootta W, Wangroongsarb
P, Boonyareth M, et al. 2018. Isolation and phylogenetic
analysis of Bartonella species from Rusa deer (Rusa timo-
rensis) in Thailand. Comp Immunol Microbiol Infect Dis.
56:58-62. doi: 10.1016/j.cimid.2017.12.005.

Patchanee P, Tansiricharoenkul K, Buawiratlert T,
Wiratsudakul A, Angchokchatchawal K, Yamsakul P, Yano
T, Boonkhot P, Rojanasatien S, Tadee P. 2016. Salmonella
in pork retail outlets and dissemination of its pulsotypes
through pig production chain in Chiang Mai and sur-
rounding areas, Thailand. Prev Vet Med. 130:99-105. doi:
10.1016/j.prevetmed.2016.06.013.

Paungpin W, Thongdee M, Chaiwattanarungruengpaisan S,
Sariya L, Sirimanapong W, Kasantikul T, Phonarknguen R,
Darakamas P, Arya N. 2021. Coinfection of Chlamydia
spp. and herpesvirus in juvenile farmed Siamese croco-
diles (Crocodylus siamensis) in Thailand. Vet World.
14(7):1908-1914. doi: 10.14202/vetworld.2021.1908-1914.

Phalee A, Wongsawad C. 2014. Prevalence of infection and
molecular confirmation by using ITS-2 region of Fasciola
gigantica found in domestic cattle from Chiang Mai
province, Thailand. Asian Pac J Trop Med. 7(3):207-211.
doi: 10.1016/51995-7645(14)60022-5.

Pham HA, Carrique-Mas JJ, Nguyen VC, Ngo TH, Nguyet LA,
Do TD, Vo BH, Phan VT, Rabaa MA, Farrar J, et al. 2014.
The prevalence and genetic diversity of group A rotavi-
ruses on pig farms in the Mekong Delta region of
Vietnam. Vet Microbiol. 170(3-4):258-265. doi: 10.1016/j.
vetmic.2014.02.030.

Pumidonming W, Salman D, Gronsang D, Abdelbaset AE,
Sangkaeo K, Kawazu S-l, Igarashi M. 2017. Prevalence of
gastrointestinal helminth parasites of zoonotic signifi-
cance in dogs and cats in lower Northern Thailand. J Vet
Med Sci. 78(12):1779-1784. doi: 10.1292/jvms.16-0293.

Rabbani IA, Mareta FJ, Kusnoto, Hastutiek P, Lastuti NDR,
Mufasirin, Suharsono, Sardjana IKW, Sukmanadi M,
Suwanti LT. 2020. Zoonotic and other gastrointestinal
parasites in cats in Lumajang, East Java, Indonesia. Infect
Dis Rep, 12, 8747-8747. doi: 10.4081/idr.2020.8747.

Resnhaleksmana E, Wijayanti MA, Artama WT. 2021. A po-
tential zoonotic parasite: Cryptosporidium parvum trans-
mission in rats, pigs and humans in West Lombok,
Indonesia. Afr J Infect Dis. 15(2):44-51. doi: 10.21010/
ajid.v15i2.8.

Rahman MT, Sobur MA, Islam MS, levy S, Hossain MJ, El
Zowalaty ME, Rahman AT, Ashour HM. 2020. Zoonotic
diseases: etiology, impact, and control. Microorganisms.
8(9):1405. doi: 10.3390/microorganisms8091405.

Ribas A, Saijuntha W, Agatsuma T, Prantlovd V,
Poonlaphdecha S. 2016. Rodents as a source of salmo-
nella contamination in wet markets in Thailand. Vector
Borne Zoonotic Dis. 16(8):537-540. doi: 10.1089/
vbz.2015.1894.

Ribas A, Saijuntha W, Agatsuma T, Thongjun C, Lamsan K,
Poonlaphdecha S. 2016. Helminths in rodents from wet

markets in Thailand. Helminthologia. 53(4):326-330. doi:
10.1515/helmin-2016-0036.

Saengsawang P, Kaewmongkol G, Inpankaew T. 2021.
Molecular detection of Bartonella spp. and hematologi-
cal evaluation in domestic cats and dogs from Bangkok,
Thailand. Pathogens. 10(5):503. doi: 10.3390/patho-
gens10050503.

Saijuntha W, Duenngai K, Tantrawatpan C. 2013. Zoonotic
echinostome infections in free-grazing ducks in Thailand.
Korean J Parasitol. 51(6):663-667. doi: 10.3347/
kjp.2013.51.6.663.

Sato MO, Sato M, Chaisiri K, Maipanich W, Yoonuan T,
Sanguankiat S, Pongvongsa T, Boupha B, Moji K, Waikagul
J. 2014. Nematode infection among ruminants in mon-
soon climate (Ban-Lahanam, Lao PDR) and its role as
food-borne zoonosis. Rev Bras Parasitol Vet. 23(1):80-84.
doi: 10.1590/51984-29612014011.

Schar F, Inpankaew T, Traub RJ, Khieu V, Dalsgaard A,
Chimnoi W, Chhoun C, Sok D, Marti H, Muth S, et al.
2014. The prevalence and diversity of intestinal parasitic
infections in humans and domestic animals in a rural
Cambodian village. Parasitol Int. 63(4):597-603. doi:
10.1016/j.parint.2014.03.007.

Sithay P, Thongseesuksai T, Chanthavong S, Savongsy O,
Khaminsou N, Boonmars T, Laummaunwai P. 2020.
Zoonotic helminthiases in Rodents (Bandicota indica,
Bandicota savilei, and Leopoldamys edwardsi) from
Vientiane Capital, Lao PDR. Am J Trop Med Hyg.
103(6):2323-2327. doi: 10.4269/ajtmh.20-0778.

Soderberg R, Lindahl JF, Henriksson E, Kroesna K, Ly S, Sear
B, Unger F, Tum S, Nguyen-Viet H, Strém Hallenberg G.
2021. Low prevalence of Cysticercosis and Trichinella in-
fection in pigs in rural Cambodia. Trop Med Infect Dis.
6(2):100. doi: 10.3390/tropicalmed6020100.

SpriBler F, Jongwattanapisan P, Luengyosluechakul S,
Pusoonthornthum R, Prapasarakul N, Kurilung A, Goris
M, Ahmed A, Reese S, Bergmann M, et al. 2019.
Leptospira infection and shedding in cats in Thailand.
Transbound Emerg Dis. 66(2):948-956. doi: 10.1111/
tbed.13110.

Suardana IW, Widiasih DA, Nugroho WS, Wibowo MH,
Suyasa IN. 2017. Frequency and risk-factors analysis of
Escherichia coli O157: h7 in Bali-cattle. Acta Trop.
172:223-228. doi: 10.1016/j.actatropica.2017.05.019.

Suresh KP, Patil SS, Nayak A, Dhanze H, Rajamani S,
Shivamallu C, Cull CA, Amachawadi RG. 2022. Prevalence
of brucellosis in livestock of African and Asian conti-
nents: a systematic review and meta-analysis. Front Vet
Sci. 9:923657. doi: 10.3389/fvets.2022.923657.

Suwansrinon K, Wilde H, Burford B, Hanvesakul R, Sitprija V.
2007. Human trichinellosis from Laos. J Travel Med.
14(4):274-277. doi: 10.1111/j.1708-8305.2007.00136.X.

Stevenson M, Halpin K. 2021. Emerging and endemic zoo-
notic diseases: surveillance and diagnostics. Rev Sci
Tech. 40(1):119-129. doi: 10.20506/rst.40.1.3212.

Ta YT, Nguyen TT, To PB, Pham da X, Le HT, Alali WQ, Walls
I, Lo Fo Wong DM, Doyle MP. 2012. Prevalence of
Salmonella on chicken carcasses from retail markets in
Vietnam. J Food Prot. 75(10):1851-1854. doi:
10.4315/0362-028X.JFP-12-130.

Tay ST, Mokhtar AS, Low KC, Mohd Zain SN, Jeffery J, Abdul
Aziz N, Kho KL. 2014. Identification of rickettsiae from
wild rats and cat fleas in Malaysia. Med Vet Entomol.
28(Suppl 1):104-108. doi: 10.1111/mve.12075.

Thathaisong U, Siripattanapipong S, Inpankaew T,
Leelayoova S, Mungthin M. 2020. High prevalence of
Cryptosporidium infection caused by C. scrofarum and C.


https://doi.org/10.3201/eid1904.120380
https://doi.org/10.1016/j.onehlt.2019.100109
https://doi.org/10.1111/apm.12531
https://doi.org/10.1016/j.cimid.2017.12.005
https://doi.org/10.1016/j.prevetmed.2016.06.013
https://doi.org/10.14202/vetworld.2021.1908-1914
https://doi.org/10.1016/S1995-7645(14)60022-5
https://doi.org/10.1016/j.vetmic.2014.02.030
https://doi.org/10.1016/j.vetmic.2014.02.030
https://doi.org/10.1292/jvms.16-0293
https://doi.org/10.4081/idr.2020.8747
https://doi.org/10.21010/ajid.v15i2.8
https://doi.org/10.21010/ajid.v15i2.8
https://doi.org/10.3390/microorganisms8091405
https://doi.org/10.1089/vbz.2015.1894
https://doi.org/10.1089/vbz.2015.1894
https://doi.org/10.1515/helmin-2016-0036
https://doi.org/10.3390/pathogens10050503
https://doi.org/10.3390/pathogens10050503
https://doi.org/10.3347/kjp.2013.51.6.663
https://doi.org/10.3347/kjp.2013.51.6.663
https://doi.org/10.1590/s1984-29612014011
https://doi.org/10.1016/j.parint.2014.03.007
https://doi.org/10.4269/ajtmh.20-0778
https://doi.org/10.3390/tropicalmed6020100
https://doi.org/10.1111/tbed.13110
https://doi.org/10.1111/tbed.13110
https://doi.org/10.1016/j.actatropica.2017.05.019
https://doi.org/10.3389/fvets.2022.923657
https://doi.org/10.1111/j.1708-8305.2007.00136.x
https://doi.org/10.20506/rst.40.1.3212
https://doi.org/10.4315/0362-028X.JFP-12-130
https://doi.org/10.1111/mve.12075

suis among pigs in Thailand. Parasitol Int. 77:102122. doi:
10.1016/j.parint.2020.102122.

Thi NV, De NV, Praet N, Claes L, Gabriél S, Dorny P. 2013.
Seroprevalence of trichinellosis in domestic animals in
northwestern Vietnam. Vet Parasitol. 193(1-3):200-205.,
doi: 10.1016/j.vetpar.2012.11.023.

Thi NV, Nguyen VD, Praet N, Claes L, Gabriél S, Huyen NT,
Dorny P. 2014. Trichinella infection in wild boars and
synanthropic rats in northwest Vietnam. Vet Parasitol.
200(1-2):207-211. doi: 10.1016/j.vetpar.2013.11.011.

Tijjani M, Majid RA, Abdullahi SA, Unyah NZ. 2020.
Detection of rodent-borne parasitic pathogens of wild
rats in Serdang, Selangor, Malaysia: a potential threat to
human health. Int J Parasitol Parasites Wildl. 11:174-182.
doi: 10.1016/j.ijppaw.2020.01.008.

Urgel MFM, Ybaiez RHD, Ybafiez AP. 2019. The detection of
gastrointestinal parasites in owned and shelter dogs in
Cebu, Philippines. Vet World. 12(3):372-376. doi:
10.14202/vetworld.2019.372-376.

Valitutto MT, Aung O, Tun KYN, Vodzak ME, Zimmerman D, Yu
JH, Win YT, Maw MT, Thein WZ, Win HH, et al. 2020.
Detection of novel coronaviruses in bats in Myanmar. PLOS
One. 15(4):20230802. doi: 10.1371/journal.pone.0230802.

Van Cuong N, Carrique-Mas J, Vo Be H, An NN, Tue NT, Anh
NL, Anh PH, Phuc NT, Baker S, Voutilainen L, et al. 2015.
Rodents and risk in the Mekong Delta of Vietnam: sero-
prevalence of selected zoonotic viruses in rodents and
humans. Vector Borne Zoonotic Dis. 15(1):65-72. doi:
10.1089/vbz.2014.1603.

Van Dung N, Anh PH, Van Cuong N, Hoa NT, Carrique-Mas
J, Hien VB, Sharp C, Rabaa M, Berto A, Campbell J, et al.
2016. Large-scale screening and characterization of en-
teroviruses and kobuviruses infecting pigs in Vietnam. J
Gen Virol. 97(2):378-388. doi: 10.1099/jgv.0.000366.

Venkatesan P. 2023. Avian influenza spillover into mam-
mals. Lancet Microbe. 4(7):e492. doi: 10.1016/52666-
5247(23)00173-8.

Vongxay K, Conlan JV, Khounsy S, Dorny P, Fenwick S,
Thompson RC, Blacksell SD. 2012. Seroprevalence of ma-
jor bovine-associated zoonotic infectious diseases in the

VETERINARY QUARTERLY 15

Lao People’s Democratic Republic. Vector Borne Zoonotic
Dis. 12(10):861-866. doi: 10.1089/vbz.2011.0850.

Watanabe M, Sadiq MB, Mulop NIA, Mohammed K, Rani
PAM, Fong LS, Aziz NA, Kamaludeen J, Ramanoon SZ,
Mansor R, et al. 2020. Prevalence of Toxoplasma gondii
antibodies in stray dogs from various locations in West
and East Malaysia. Korean J Parasitol. 58(5):487-492. doi:
10.3347/kjp.2020.58.5.487.

Webster RG, Guan Y, Poon L, Krauss S, Webby R, Govorkovai
E, Peiris M. 2005. The spread of the H5N1 bird flu epi-
demic in Asia in 2004. Arch Virol Suppl. 19:117-129. doi:
10.1007/3-211-29981-5_10.

Whitfort A. 2021. COVID-19 and wildlife farming in China:
legislating to protect wild animal health and welfare in
the wake of a global pandemic. Journal of Environmental
Law. 33(1):eqaa030-84. doi: 10.1093/jel/eqaa030.

Widyastuti, M.D.W. Bardosh, K.L. Sunandar, Basri, C,
Basuno, E. Jatikusumah, A. Arief, R.A., Putra, AAG.,
Rukmantara, A. Estoepangestie, AT.S. Willyanto, 1.,
Natakesuma, LLK.G., Sumantra, P, Grace, D. Unger, F,
Gilbert, J., 2015. On dogs, people, and a rabies epidemic:
results from a sociocultural study in Bali, Indonesia.
Infect Dis Poverty, 4, 30. doi: 10.1186/s40249-015-0061-1.

Woolhouse ME, Gowtage-Sequeria S. 2005. Host range and
emerging and reemerging pathogens. Emerg Infect Dis.
11(12):1842-1847. doi: 10.3201/eid1112.050997.

World Health Organization (WHO). 2016. Strategic frame-
work for elimination of human rabies transmitted by
dogs in the South-East Asia Region. https://www.who.
int/publications/i/item/strategic-framework-for-elimina-
tion-of-humanrabies-transmitted-by-dogs-in-the-south-
east-asia-region

Wu Q, Li Q, Lu J. 2022. A One Health strategy for emerg-
ing infectious diseases based on the COVID-19 out-
break. J Biosaf Biosecur. 4(1):5-11. doi: 10.1016/j.
jobb.2021.09.003.

Yanti Y, Sumiarto B, Kusumastuti TA, Panus A, Sodirun S.
2021. Seroprevalence and risk factors of brucellosis and
the brucellosis model at the individual level of dairy cat-
tle in the West Bandung District, Indonesia. Vet World.
14(1):1-10. doi: 10.14202/vetworld.2021.1-10.


https://doi.org/10.1016/j.parint.2020.102122
https://doi.org/10.1016/j.vetpar.2012.11.023
https://doi.org/10.1016/j.vetpar.2013.11.011
https://doi.org/10.1016/j.ijppaw.2020.01.008
https://doi.org/10.14202/vetworld.2019.372-376
https://doi.org/10.1371/journal.pone.0230802
https://doi.org/10.1089/vbz.2014.1603
https://doi.org/10.1099/jgv.0.000366
https://doi.org/10.1016/S2666-5247(23)00173-8
https://doi.org/10.1016/S2666-5247(23)00173-8
https://doi.org/10.1089/vbz.2011.0850
https://doi.org/10.3347/kjp.2020.58.5.487
https://doi.org/10.1007/3-211-29981-5_10
https://doi.org/10.1093/jel/eqaa030
https://doi.org/10.1186/s40249-015-0061-1
https://doi.org/10.3201/eid1112.050997
https://www.who.int/publications/i/item/strategic-framework-for-elimination-of-humanrabies-transmitted-by-dogs-in-the-south-east-asia-region﻿
https://www.who.int/publications/i/item/strategic-framework-for-elimination-of-humanrabies-transmitted-by-dogs-in-the-south-east-asia-region﻿
https://www.who.int/publications/i/item/strategic-framework-for-elimination-of-humanrabies-transmitted-by-dogs-in-the-south-east-asia-region﻿
https://www.who.int/publications/i/item/strategic-framework-for-elimination-of-humanrabies-transmitted-by-dogs-in-the-south-east-asia-region﻿
https://doi.org/10.1016/j.jobb.2021.09.003
https://doi.org/10.1016/j.jobb.2021.09.003
https://doi.org/10.14202/vetworld.2021.1-10

	Emerging zoonotic diseases in Southeast Asia in the period 20112022: a systematic literature review
	ABSTRACT
	1. Introduction
	2. Materials and methods
	2.1. Protocol and eligibility criteria
	2.2. Searching strategy and syntaxes
	2.3. Data collection
	2.4. Synthesis of results

	3. Results
	3.1. Zoonotic diseases in Southeast Asia
	3.1.1. Article finding and screening
	3.1.2. Descriptions of 358 articles

	3.2. Zoonotic diseases associated with domestic pigs in Southeast Asia
	3.3. Zoonotic diseases associated with poultry in Southeast Asia
	3.4. Zoonotic diseases associated with ruminants in Southeast Asia
	3.5. Zoonotic diseases associated with companion animals in Southeast Asia
	3.6. Zoonotic diseases associated with wildlife in Southeast Asia

	4. Discussion
	5. Conclusion
	Acknowledgments
	Authors contributions
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References



