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ABSTRACT

Livestock is a strategic part of the small-farm economy in Southeast Asia’s society, providing
food income, clothing, fertilizer, and draught power. However, incidences or outbreaks of
transboundary animal diseases (TADs) are due to converging factors such as the natural
hazards' aftermath, climate change, deforestation, urban growth, changing production
conditions, and market chains. Therefore, this affects productivity and impacts farmers’
livelihoods with small holdings. The literature review was carried out to understand the current
situation of TADs in Southeast Asia, identifying knowledge gaps to provide actions for disease
control and prevention in the region. We have attempted to summarise the scientific literature
in English on the prevalence data of TADs in Southeast Asia between 2011 and March 2022.
Relatively few studies evaluated the distribution of TAD, where most of the studies focused on
diseases that are important for international trade, such as avian influenza (Al), African swine
fever (ASF), classical swine fever (CSF), foot-and-mouth disease (FMD) and Newcastle disease
(ND). Traditional production systems have received little attention in such studies as they
belonged to mainly smallholders. The outbreaks of ASF and lumpy skin disease (LSD) in 2019
resulted in increased research activity between 2019-2022, while the other TADs were ignored
in this period. For new emerging TADs diseases such as ASF and LSD, there is only information
about the first detection without prevalence information. Therefore, further epidemiological
investigations are necessary to reduce the gaps in disease surveillance reporting systems and
support the prevention and reduction of further outbreaks.
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1. Introduction

Livestock production is critical to human nutrition and
health in low- and middle-income countries (LMICs)
(Milton 2003). Southeast Asia (SEA), the vast region of
Asia situated east of the Indian subcontinent and
south of China that includes 11 countries. And the
Association of Southeast Asian Nations (ASEAN) an
intergovernmental organization of ten Southeast Asian
countries, Timor-Leste is joining ASEAN soon. In SEA,
livestock represents a strategic part of the small-farm
economy in the region but contributes only 15% of
the agricultural gross domestic product (WOAH 2021).
These animals play important roles in society, provid-
ing income and food, clothing, building materials, fer-
tilizer and draught power (Gordon 2018). However,
the presence of endemic and emerging diseases, as
well as other factors (ecological and environmental
changes), impact them negatively, jeopardizing their
contributions.

Countries in SEA frequently experience disease
emergence due to a number of converging factors:
the aftermath of natural hazards, climate change,
deforestation, urban growth, and changing production
systems and market chains (Guha-Sapir and van
Panhuis 2009). Besides commercial farms, many publi-
cations indicated that backyard and smallholder pro-
duction systems are still popular in SEA (Samkol et al.
2015; Holt et al. 2019). The socioeconomic crises
caused by outbreaks of avian influenza in 2004 in Asia
(Webster et al. 2005) served to elevate the awareness
of the wide-ranging negative impacts of infectious
diseases on human health, food safety, livestock trade,
and the livelihoods of poor farming communities.
Globally and regionally, there have been incursions
and spread of other transboundary animal diseases
such as foot and mouth disease (FMD) (Edwards 2004),
classical swine fever (CSF), and African swine fever
(ASF) (Liu et al. 2020). The resultant losses of livestock
belonging mainly to smallholders have undoubtedly
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indicated a major disconnect and weakness in public
health and veterinary services. All these diseases may
have a wildlife reservoir and may also involve domes-
tic animals, for example, wild boar as an ASF virus
reservoir.

Transboundary animal diseases (TADs) are defined
as those diseases that are of significant economic,
trade and food security importance for a consider-
able number of countries, which can quickly spread
to other countries and reach epidemic proportions,
and where control/management, including exclusion,
requires cooperation between several countries (FAO
2004). They are more frequent in lower-middle and
low-income countries. Consequently, emerging or
re-emerging in these countries robs people of
income and food and has a very negative impact on
human health (Torres-Velez et al. 2019).

In SEA, livestock sectors, especially poultry, have
grown rapidly in the past decade (Delgado et al.
2001). This increase was predominantly driven by high-
income growth, rapid urbanization, and changes in
dietary patterns. However, they are currently con-
strained by TADs such as FMD, CSF, ASF, and avian
influenza, which cause high morbidity and mortality
rates in livestock. Livestock in SEA is raised mainly in
an extensive or backyard system (Del Rosario 2007)
and is linked to several emerging diseases and has
been identified as a risk factor for future emerging
infections (Biswas et al. 2009). In addition, animal and
human populations living in close proximity to each
other are one of the important risk factors for emerg-
ing infectious diseases in SEA. Moreover, hunting prac-
tices and the increasing trend of wildlife pets in
Southeast Asian countries in general also increase the
risk of this threat. Animal movement and the informal
livestock trade, within and between various countries
in the region, are the major means of transmitting
and spreading TADs (VanderWaal et al. 2020).

Rapid increases in the global human and farmed-
animal population, and enormous increases in the
international movement of people, animals, and live-
stock products expose our planet to increased risk of
the outbreak of epizootic and zoonotic diseases,
including potentially catastrophic pandemics such as
the recent COVID-19 (Wu et al. 2022). Around 60% of
all human diseases are zoonotic and so thus animal
disease outbreaks also pose the potential risk of
public health emergencies (Woolhouse and Gowtage-
Sequeria 2005). For instance, the recent COVID-19
outbreak may be associated with wildlife harvesting,
trade practices and the intensification of wildlife
farming (Whitfort 2021).

TADs have the possibility to cause negative socio-
economic and public health effects. It's necessary to
understand the risk factors contributing to the spread
of TADs. Further studies are also needed to improve the
efficacy and cost of diagnostics and prevention mea-
sures for these diseases. Moreover, TADs of viral origin
were prioritized for regional cooperation by ASEAN
countries such as HPAI, FMD, CSF etc. which may have
changed in the wake of the outbreak of ASF and LSD.
Control of TADs has a positive impact on the

livelihoods of poor farming communities, and on the
regional livestock trade. This literature review aims to
understand the current situation of TADs in SEA, identi-
fying knowledge gaps to provide required actions for
disease control and prevention in the region.

2. Materials and methods
2.1. Protocol and eligibility criteria

A protocol was developed for searching and evaluat-
ing publications, including the objective, data source,
and criteria for inclusion and exclusion (Figure 1). All
publications in English on the prevalence data of
TADs in Southeast Asia between 2011 and March
2022 language were considered. In the first screen-
ing, the titles and abstracts were checked to see if
these parts corresponded to the objective of this
review. The second screening evaluated the quality
of the full publication based on different inclusion
and exclusion criteria (Figure 1). While the initial
search resulted in many publications, a lot of them
were excluded from the first screening due to the
lack of information on the selection of farms and
individuals. The outbreaks of ASF and lumpy skin dis-
ease (LSD) in 2019 and 2020 resulted in tremendous
attention on these viruses, which could explain why
other TADs in Southeast Asia were ignored in epide-
miological research during this period.

All procedures were performed independently by
the three authors of this manuscript and classified as
‘Yes' or ‘N0’ for inclusion. If there was a disagreement
between the authors, the final collective decision
was made following discussion among themselves.

2.2. Search strategy and syntaxes

The TADs identified by the two major international ani-
mal health entities, the Food and Agricultural
Organization (FAO) and the World Organization for
Animal Health (WOAH) include African horse sickness
(AHS), avian influenza (Al), African swine fever (ASF),
bluetongue (BT), contagious bovine pleuropneumonia
(CBPP), classical swine fever (CSF), foot and mouth dis-
ease (FMD), hemorrhagic septicemia (HS), lumpy skin
disease (LSD), Middle East respiratory syndrome (MERS),
Newcastle disease (ND), peste des petits ruminants
(PPR), rinderpest (RP), Rift Valley fever (RVF), sheeppox/
goatpox (SP/GP), swine vesicular disease (SVD), and
vesicular stomatitis (VS). Of these, the diseases present
in Asia are ASF, BT, CBPP, CSF, FMD, HPAI, HS, LSD, ND,
PPR, and SP/GP (Clemmons et al. 2021). Al is classified
as low pathogenicity (LPAI) or high pathogenicity (HPAI)
based on the disease caused in domestic chicken and
the molecular difference between the two, which is
one amino acid change in the hemagglutinin (HA)
fusion cleavage site (Swayne 2009).

Publications were searched for in PubMed, Web of
Science, and Science Direct Core Collection databases in
accordance with PRISMA-established guidelines. The
keywords used were divided into three parts as follows:
(i) (livestock OR swine OR pig OR cattle OR buffalo OR
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Figure 1. Inclusion and exclusion criteria for the first and second screening.

sheep OR goat OR poultry OR duck OR chicken OR pets
OR dogs OR cats OR rats); AND (i) (Brunei OR Cambodia
OR Indonesia OR Laos OR Malaysia OR Myanmar OR the
Philippines OR Singapore OR Thailand OR Timor-Leste
OR Vietnam OR Southeast Asia); AND (iii) (food and
mouth disease OR African swine fever OR classical
swine fever OR lumpy skin disease OR high pathogenic
avian influenza OR transboundary animal disease). The
full lists of article titles and abstracts were imported
into Endnote (version X7), and duplicates were identi-
fied and removed manually.

2.3. Data collection process

The data extraction template included the authors,
publication year, pathogen name, animal species, sam-
ple level, diagnostic method, sensitivity/specificity of
the diagnostic test, study area, sample size, number of
positive samples, prevalence, and 95% confidence inter-
val (Cl). In cases where several methods were applied
to one sample, the highest prevalence was released. If
the 95% ClI of the prevalence or the number of positive
animals was absent in an article, this information was
derived using the data presented in the article.

2.4. Synthesis of results

Descriptive statistics were summarized by species
like pigs, poultry, and ruminants, with the following
information: pathogen, country, year of sampling,
species, sample level, sample size, number positive,
diagnostic test, test sensitivity/specificity, apparent
prevalence (AP), 95% Cl, and author (year).

3. Results
3.1. Study selection

A total of 481 publications were retrieved from
PubMed, Web of Science, and Science Direct. In the
first screening, 124 duplicates were identified and

removed, and some publications were excluded due
to not being conducted in SEA (n=73), review publi-
cations (n=21), or not being related to the targeted
diseases (n=227). Thus, a total of 36 publications
were included for full-text assessment in the second
screening, where 10 publications were excluded
because of an unclear animal selection procedure
(n=7), the same data being presented in two publi-
cations (n=1), or the results not being presented in
a clear way (n=2). 26 publications were finally
included (Figure 2). Nearly two-thirds of these 26
publications were based on studies conducted in
Laos (n=8) and Vietnam (n=7). The remaining 11
publications targeted other countries (Timor-Leste,
n=3; Indonesia and Thailand, n=2; Cambodia,
Malaysia, Myanmar, and SEA, n=1) (Figure 3).

3.2. Diseases in pigs

Eleven out of twenty-six publications that were
included in the qualitative synthesis were related to
pigs (Table 1).

Out of these, six publications investigated ASF
(n=6) but only one study gave information on preva-
lence; the rest just provided information about the
first detection. The outbreaks of ASF in SEA since 2019
resulted in enormous attention on ASF, therefore
many studies have focused on ASF since 2019. Four
publications showed evidence of the first detection in
Vietnam (Nga et al. 2020), Laos (Matsumoto et al.
2020), Indonesia (Dharmayanti et al. 2021), and
Malaysia (Khoo et al. 2021). The authors concluded
that ASFV in Malaysia was similar to ASFV in Indonesia,
Vietnam and China (Khoo et al. 2021). In Vietnam, the
ASFV strain isolated from the first outbreaks was 100%
similar to the genotype Il (p72) isolates from Georgia
in 2007 and China in 2018 (Nga et al. 2020).
Phylogenetic and sequences analysis of the ASFV in
the samples from both North Sumatra and West Java
in Indonesia were identical and also identical to
another genotype Il ASFV from domestic pigs in
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Figure 2. Schematic flow chart of the literature selection for the review on transboundary animal diseases in South-East Asia.

Vietnam, China and Russia, indicating a common
source of infection belonging to the p72 genotype Il
and serogroup 8 (Dharmayanti et al. 2021). There was
evidence of ASF in Laos from mid-2019 (Matsumoto
et al. 2020). The author used ASF samples submitted
to the Laos National Animal Health Laboratory
between June and December 2019 to evaluate the
pen-side rapid diagnostic tests. This study gives proof
of the use of low-cost rapid ASF diagnostic tests in
the field where resources may be limited (Matsumoto
et al. 2020).

Even though there was neither prevalence nor
first detection information on ASF in other Southeast
Asian countries such as the Philippines and Cambodia,
there was evidence of ASF in these countries
(Lokhandwala et al. 2019; WOAH 2019). One article
indicated the detection of ASFV in free-ranging wild
boars in SEA (Denstedt et al. 2021). The authors indi-
cated an extensive overlap between wild boar habi-
tats and domestic pig areas around villages bordering
forests in Vietnam, Laos and Cambodia, creating a high-
risk interface for viral spillover between domestic pig
and wild boar populations (Denstedt et al. 2021).
This study is the first report of ASF in wild boars in
SEA, a probable spillover from domestic pigs. In
addition, it is still unknown whether wild boars can
maintain the virus in a wild boar-habitat cycle in SEA
as is the case in Europe, or whether they play an epi-
demiological role in transmitting the virus back to
domestic pigs. Therefore, the authors highlighted the
importance of early reporting and monitoring of ASF
in wild boars to enable the implementation of appro-
priate biosecurity measures, and identifying the ASF

transmission pathways from domestic pigs within the
Southeast Asian context to reduce the impact of ASF.

Out of six ASF publications, only one targeted
Timor-Leste with an AP of 13.53% at the animal level
and village-level prevalence of 16/48=34% (95% ClI
22-48%) (Phillips et al. 2021). In this study, the LAMP
assay was proven to be a robust, highly specific and
sensitive laboratory test for ASF suitable for use in the
field and where there are limited laboratory facilities.
Timor-Leste confirmed an outbreak of ASF in
September 2019 (Phillips et al. 2021). Pigs are the sec-
ond most common type of livestock kept by villagers
in Timor-Leste and represent a traditionally important
source of income for householders. The results of the
prevalence survey allowed delineation of the extent of
the ASF incursion and the introduction of a disease
response strategy to limit the spread of ASF and assist
in the recovery of the pig population in Timor-Leste.

Of the remaining publications, four targeted CSF
(n=4, AP 9,0-31,3%) (Sawford et al. 2015; 2015; Holt
et al. 2019; Chumsang et al. 2021), and two focused on
FMD (n=2, AP = 1,3-19,5) (Holt et al. 2019; Siengsanan-
Lamont et al. 2021), with one of these publications
covering both FMD and CSF (Holt et al. 2019). The
prevalence of CSFV antibodies among backyard pigs in
Chiang Mai, Thailand, in 2016-2017 was indicated at
14% (95% Cl: 9-20) at the swine level by a cross-sec-
tional serological study (Chumsang et al. 2021). In the
other two studies, CSFV seroprevalence was estimated
at 17.5% and 34.4% from cross-sectional surveys in four
islands of Indonesia and three districts of Timor-Leste
(bordering Indonesia), respectively (Sawford, do Karmo,
et al. 2015; Sawford, Geong, et al. 2015).
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Figure 3. The geographical distribution of studies on transboundary animal diseases in Southeast Asia.

Table 1. List of studies focused on transboundary animal diseases in pigs in Southeast Asia.

Year of Sample Number
Pathogen Country  sampling Species  Sample level size  positive Diagnosis test Test Se/Sp Prevalence  95%Cl Author (Year)
ASF Timor-Leste 2019  Pigs Survey 436 59  LAMP 0.98/0.999 13,53 10.54-17.19 (Phillips et al.
2021)
ASF Vietnam 2019  Pigs First oubreak, 2 2 PCR NA NA NA (Nga et al.
case report 2020)
ASF Laos 2019  Pigs Evidence of 107 57  Pen-side rapid 0.65/0.76 NA NA (Matsumoto
present test et al. 2020)
ASF Indonesia  2019-2022 Pigs Outbreak 29 16 Real-time PCR NA NA NA (Dharmayanti
investigation et al. 2021)
ASF Malaysia 2021  Pigs First detection 14 14 Real-time PCR NA NA NA (Khoo et al.
2021)
ASF Laos 2019, 2020 wild boar Passive 5 4 Real-time PCR NA NA NA (Denstedt et al.
reporting 2021)
ASF Vietnam 2019,  wild boar Passive 3 2 Real-time PCR NA NA NA (Denstedt et al.
2020 reporting 2021)
ASF Cambodia 2019, 2020 wild boar Passive 10 0 Real-time PCR NA NA NA (Denstedt et al.
reporting 2021)
CSF Indonesia 2010  Pigs Cross-sectional 2160 341  ELISA 0.98/0.99; 15.8 14.3-17.4 (Sawford et al.
study 0.91/1 2015)
CSF Laos 2011 Pigs Cross-sectional 631 80 ELISA NA 12.6 10.23-15.59 (Holt et al.
study 2019)
CSF Timor-Leste 2013 Pigs Cross-sectional 720 225  ELISA 0.91/1 313 27.9-34.8 (Sawford et al.
study 2015)
CSF Thailand ~ 2016-2017 Pigs Cross-sectional 237 21 ELISA NA 9.0 6.0-13.0 (Chumsang
study et al. 2021)
FMD Laos 2011 Pigs Cross-sectional 609 119  ELISA NA 19.5 16.5-23.0 (Holt et al.
study 2019)
FMD Laos 2019-2020 Pigs Surveillance 597 8 ELISA 0.917/0.995 13 0.7-26  (Siengsanan-
Lamont

et al. 2021)
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A total of 1,280 sera in six provinces of Laos were
collected and tested for FMD non-structural protein
(NSP) antibodies to indicate natural infections from
March to December 2019 (Siengsanan-Lamont et al.
2021). This study sampled cattle, buffaloes, and pigs
and found the seropositivity rate for FMD NSP anti-
bodies to be 44.6%, 35.0% and 1.3%, respectively
(Siengsanan-Lamont et al. 2021). Serotype-specific
antibody ELISA for 44 NSP antibody-positive samples
revealed evidence of FMD serotypes O and A virus
circulation in Laos. The passive abattoir survey pro-
vided information on the FMD virus's previous expo-
sure, the geographic locations of the animals, and
FMD virus circulation, which is crucial to an effective
control program.

The same study investigated antibodies of CSF
and FMD in pigs in representative upland and low-
land provinces in Laos and found an AP of CSF
(11.2%), FMD O (17.2%), and FMD Asia 1 (3.5%) (Holt
et al. 2019). Vaccination coverage for FMD and CSF
was low and there was a lack of national funding for
livestock disease control in 2011.

3.3. Diseases in poultry

Seven publications on poultry were included in the
qualitative synthesis, all of them targeting chickens
and ducks (Table 2).

Three of the publications investigated Newcastle
disease (ND) (n=3, AP of 12.6-86.9% at the animal
level and 4.9-35.3 at the flock level) (Serrdo et al.
2012; Pauly et al. 2019; Van et al. 2020). The

publications on NDV were from 2008 to 2019. In
Laos, despite serological evidence of NDV circulation
(86.9%) with no difference in seroprevalence between
juvenile and adult birds, virus RNA was detected in
none of the 123 swab samples (Pauly et al. 2019).
Another disease of global importance among
poultry is Al Six publications investigated Al and
HPAI with AP of 0.4-27.5% and 0-3.25% at the ani-
mal level and 4.9% at the flock level for HPAI, respec-
tively (Trevennec et al. 2011; Serrao et al. 2012; Phan
et al. 2013; Thanh et al. 2017; Tran et al. 2020; Van
et al. 2020). Most of the Al studies were conducted
in Vietnam. One study targeted 2005 ethnic minority
households in Northern Ha Giang Province, located
on the Chinese border, where the seroprevalence of
Al virus was estimated at 7.2% (Trevennec et al.
2011). The H5 and H9 subtypes had a seroprevalence
of 3.25% and 1.12%, respectively (Trevennec et al.
2011). Another study was conducted at live bird mar-
kets/slaughter points in five provinces in the Red
River, Mekong Delta, and central Vietnam in January
and May 2011. It indicated the highest prevalence
(6.6%) of Al in the Mekong Delta and no H5N1
detection in the two Red River provinces (Phan et al.
2013). The prevalence of Al virus among chicken and
duck samples was 27.5% and 24.8%, respectively
(Tran et al. 2020). In this study, 402 positive chicken
samples with A/H5 contained 99% nucleotide similar-
ity with the H5N6 reference strain, suggesting that
while the presence of LPAI virus was predominant,
potential risks of the appearance of HPAI virus in the
east-west boundary in Vietnam should be a concern

Table 2. List of studies focused on transboundary animal diseases in poultry in Southeast Asia.

Year of Sample Number Author
Pathogen  Country  sampling Species Sample level  size  positive Diagnosis test Test Se/Sp Prevalence  95%Cl (Year)
ND Timor-Leste 12/2008- Chicken Animal 1674 211 Haemaggluti- nation NA 12.6 10.5-14.7 (Serrdao
8/2009 inhibition (HI) et al.
test 2012)
ND Timor-Leste 12/2008- Chicken Flocks 300 106  Haemaggluti- nation NA 353 29.9-40.7 (Serrdo
8/2009 inhibition (HI) et al.
test 2012)
ND Laos 2015 Chicken Seroprevalence 123 107  ELISA NA 86.9 79.4-92.2  (Pauly
et al.
2019)
ND Vietnam 2017~ Chicken Animal 75 ELISA NA 65.3 53.4-75.7 (Van et al.
2019 2020)
Al (HPAI) Vietnam 2005- Chicken Case study 1601 Seroneutralization NA 3.25 2.39-4.11 (Trevennec
2006 test et al.
2011)
Al (HPAI) Vietnam 2012 Ducks  Duck level 12480 Real-time RT-PCR 1.0/1.0 0.67 0.53-0.83 (Phan et al.
2013)
Al (HPAI) Vietnam 2016- Ducks  Animal 156 Real-time RT-PCR NA 0 0-3.0 (Thanh
2017 et al.
2017)
Al (HPAI) Vietnam 2016- Chicken Animal 96 Real-time RT-PCR NA 0 0-4.8 (Thanh
2018 et al.
2017)
Al (HPAI) Vietnam 2017- Chicken Flocks 61 RT-PCR NA 49 1.3-146 (Van et al.
2019 2020)
Al Vietnam 2005- Chicken Case study 1601 155  ELISA 0.987/0.9872 9.68 8.3-11.3 (Trevennec
2006 et al.
2011)
Al Timor-Leste 2009 Chicken Animal 1134 ELISA NA 0.4 0.0-0.7 (Serrao
et al.
2012)
Al Vietnam 2017 Chicken Animal 200 Real-time RT-PCR NA 27.5 21.6-34.3 (Tran et al.
2020)
Al Vietnam 2017 Ducks  Animal 202 Real-time RT-PCR NA 24.48 19.1-31.4 (Tran et al.

2020)




and studied further (Tran et al. 2020). The presence
of various strains of LPAI, a new strain of H5N6 HPAI,
and the potential risks of these strain recombinants
in the bordering area suggested that HPAI is being
spread silently across geographical areas (Tran et al.
2020). Another study indicated that the circulation of
subtype H5 influenza viruses on smallholder poultry
farms was low (0/378 samples) in Ca Mau, Vietnam in
2016 (Thanh et al. 2017).

One longitudinal study to monitor the prevalence
of antibodies against both ND virus and Al virus in
chickens was conducted in four districts of Timor-
Leste during three sampling periods from December
2008 to August 2009 (Serrao et al. 2012). None of
the birds enrolled in the study was vaccinated
against ND or Al. The bird-level ND seroprevalence
was 12.6%. Only four samples tested Al positive in a
total of 1,134 samples, indicating a bird-level sero-
prevalence level for Al of 0.4% (Cl 0.0-0.7%). These
Al-positive samples were further tested for subtypes
H5N1, H5N3, H7N3, and H9N2, but all tested nega-
tive, suggesting that the influenza antibodies in
those four birds resulted from exposure to LPAI
viruses of different H subtypes (Serrao et al. 2012).
The other study targeted both ND and Al in
Vietnamese small-scale chicken flocks and confirmed
severe HPAI H5N1 infection in three flocks, one of
which had previously been vaccinated with an inject-
able inactivated H5N1-based vaccine (Van et al.
2020). Overall, the majority of the studies on poultry
(n=7) were conducted on ND and Al in Vietham and
Timor-Leste.
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3.4. Diseases in ruminants

A total of eight publications on ruminants were
included, most of them related to FMD (Table 3).
Five of the publications investigated FMD with an
AP of 13.0-44.6% at the animal level and a vil-
lage-level prevalence of 65.8-79% (Bellet et al. 2012;
Singanallur et al. 2020; van Andel et al. 2020;
Siengsanan-Lamont et al. 2021; MacPhillamy et al.
2022). One of these studies also sampled buffaloes,
cattle, and pigs (Siengsanan-Lamont et al. 2021). Two
a publications showed evidence of the first detection
of LSD in Vietham and Thailand (Arjkumpa et al.
2021; Tran et al. 2021). Only one study investigated
PPR in Laos, with an AP of 2.2% (95% Cl: 1.4-3.2)
(Burns et al. 2019). Overall, the majority of the stud-
ies on ruminants (n=8) were conducted on FMD and
LSD and most of the FMD studies were targeted at
Laos. Results from another two studies in Cambodia
and Myanmar that evaluated the village-level sero-
prevalence confirmed the strong enzootic transmis-
sion of FMD in these countries because of the high
prevalence (Bellet et al. 2012; van Andel et al. 2020).
For LSD, two studies provided information about
the first detection of LSD in Vietnam and Thailand.
LSDV isolated in the first outbreak in Vietham was
100% identical to viruses isolated in China (2019)
based on the p32 and RP030 genes and very close
to the virus isolated in Russia (2017) based on the
p32, RP030, thymidine kinase, and ORF103 genes
(Tran et al. 2021). In Thailand, an LSD outbreak
involving beef cattle farms in the Northeastern

Table 3. List of studies focused on transboundary animal diseases in ruminants in Southeast Asia.

Year of Sample Number Diagnosis
Pathogen Country sampling Species Sample level size  positive test Test Se/Sp  Prevalence  95%Cl  Author (Year)
FMD Cambodia 2010  Cattle, Village-level 38 25 ELISA 0.926/0.961 65.8 48.6-79.9 (Bellet et al.
buffalo seroprevalence 2012)
FMD Myanmar ~ 2012-  Cattle village-level 160 126 ELISA 1/0.95-0.99 79 72-84  (van Andel
2016 seroprevalence et al.
2020)
FMD Laos 2017-  Goats Animals 591 77 ELISA NA 13.0 10.3-15.7 (Singanallur
2018 et al.
2020)
FMD Laos 2019  Cattle Cross-sectional 498 219 ELISA 1/0.998 44.0 39.6-48.5 (MacPhillamy
study et al.
2022)
FMD Laos 2019  Goats Cross-sectional 19 4 ELISA 1/0.998 21.1 7.0-46.1 (MacPhillamy
study et al.
2022)
FMD Laos 2019  Buffalo Cross-sectional 104 45 ELISA 1/0.998 433 33.7-53.3 (MacPhillamy
study et al.
2022)
FMD Laos 2019-  Buffalo Animal. 214 75 ELISA 0.917/0.995 35.0 29.0-41.7 (Siengsanan-
2020 Surveillance Lamont
et al.
2021)
FMD Laos 2019- Cattle Animal. 469 209 ELISA 0.917/0.995 44.6 40.1-49.1 (Siengsanan-
2020 Surveillance Lamont
et al.
2021)
LSD Vietnam 2020  Cattle Oubreak, first 1 1 real-time NA NA NA (Tran et al.
information PCR 2021)
LSD Thailand 2021 Cattle Oubreak, first 1888 10 Clinical NA NA NA (Arjkumpa
information signs, et al.
real-time 2021)
PCR,
isolation
PPR Laos 2016-  Goats Animals 1072 23 ELISA NA 2.2 1.4-3.2 (Burns et al.
2017 2019)
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Region on 29 March 2021 was suspected to be the
first occurrence of LSD (Arjkumpa et al. 2021).
Phylogenetic analysis of the LSDV fusion protein
gene showed that the sequence of the Thai isolate
was similar to the currently circulating isolates from
Russia/2019, India/2019 and Kenya/2019, sharing
99.8%-100% nucleotide identity (Arjkumpa et al.
2021). The Thai Department of Livestock Development
has implemented considerable control measures,
including strict quarantine and movement control
measures, zoning, surveillance outside/within the
protection zone, vector control, and disinfection in
the outbreak area (Arjkumpa et al. 2021).

Only one study showed serological evidence of
PPR in SEA, an economically important transbound-
ary viral disease of sheep and goats (Burns et al.
2019). A total of 1,072 serum samples were collected
across five provinces in Laos and tested for antibody
response to PPRV ELISA, resulting in an AP of 2.2%
(Burns et al. 2019).

3.5. Transmission risk factors and prevention
measures

Transmission risk factors

Out of 11 publications related to pigs, there were
five publications that included information about
transmission risk factors of CSF and FMD in Indonesia,

Laos, Timor-Leste and Thailand (Table 4). Older pigs,
penned housing in the dry season, CSFV vaccination
status, the sudden death of pigs in the last 12months,
sickness in the last three months, and using artificial
insemination for breeding were associated with CSFV
status (Sawford et al. 2015; 2015; Holt et al. 2019;
Chumsang et al. 2021). Age, using sanaam (a com-
munal area where pigs are kept for some time of the
year), penned housing in the dry season and geo-
graphical location (high density and transit routes for
transboundary animal movement) were related to
FMD (Holt et al. 2019; Siengsanan-Lamont et al. 2021).

For poultry, three of seven publications had infor-
mation about transmission risk factors of Al and HPAI
in chickens and ducks in Vietnam (Trevennec et al.
2011; Phan et al. 2013; Van et al. 2020). Age, number
of inhabitants in the village, distance to the national
road, the trader selling directly to the public, and
ducks bought by a trader on the same day coming
from more than one farm were associated with Al
and HPAI in Vietnam (Table 4). Three of the eight a
publications included information on transmission
risk factors of FMD in ruminants in Laos, which were
age, sex, geographical location (high density and
transit routes for transboundary animal movement),
and animal having had a suspected case of FMD
(Singanallur et al. 2020; Siengsanan-Lamont et al.
2021; MacPhillamy et al. 2022).

Table 4. Summary of transmission risk factors on transboundary animal diseases in pigs, poultry and ruminants in Southeast

Asia.
Pathogen Country Species Risk factors OR/RR 95%Cl Author (Year)
CSF Indonesia Pigs Age (= 12months) 2.52 1.40-4.54 (Sawford et al. 2015)
Vaccinated for CSFV 3.17 1.68-5.98
CSF Laos Pigs Housing in dry season 0.28 0.08-0.80 (Holt et al. 2019)
(penned)
CSF Timor-Leste Pigs Age (= 24 months) 3.76 1.65-8.54 (Sawford et al. 2015)
Vaccinated for CSFV 2.53 1.28-5.02
Sudden death of pigs in the 2.39 1.15-4.99
last 12 months
Sick in the last three months 0.18 0.04-0.96
CSF Thailand Pigs Using artificial insemination 7.7 1.49-39.9 (Chumsang et al.
for breeding 2021)
FMD Laos Pigs Housing in dry season 0.27 0.11-0.67 (Holt et al. 2019)
(penned)
Using sanaam 3.34 1.23-9.32
FMD Laos Pigs, cattle, Less than 1year old 2.5 14-44 (Siengsanan-Lamont
buffalo Khammouane Province to 45 1.1-18.7 et al. 2021)
Champasak Province
Xiengkhouang Province to 24 1.4-4.1
Champasak Province
HPAI Vietnam Chickens Age of chickens NA NA (Van et al. 2020)
Al Vietnam Chickens Number of inhabitants in the +24.9% NA (Trevennec et al.
village 2011)
Regression residuals of the -1% NA
distance to the national
road
HPAI Vietnam Ducks Trader sells directly to the 1.88 1.03-3.45 (Phan et al. 2013)
public
Ducks sold by trader 243 1.33-4.47
originate from >1 farms
Ducks aged >6-12months 5.01 1.95-12.8
FMD Laos Goats Age 13-24months 9.97 3.32-29.89 (Singanallur et al.
Age >24months 12.68 3.99-40.30 2020)
Sex (female) 0.29 0.10-0.83
FMD Laos Cattle, buffalo Animal has had suspected 1.96 1.06-3.65 (MacPhillamy et al.

case of FMD

2022)

OR: odd ratio; RR: relative risk; Cl: confident interval.



Prevention measures

From the ASF result survey, Timor-Leste has imple-
mented a staged disease response that includes some
movement controls, improving biosecurity awareness
and practices amongst village pig owners, further
sampling to ascertain the effectiveness of the imple-
mented disease control measures, and further research
and training to enable the most effective use of avail-
able laboratory resources and in-country animal health
staff (Phillips et al. 2021). Passive reporting has proven
an effective method of detecting ASF in wild boars.
Systematic long-term surveillance to monitor ASF in
wild boars, including both passive reporting and tar-
geted study designs, is needed to further investigate
the prevalence and potential circulation of ASFV in
wild boars throughout Cambodia, Laos, Vietham and
the rest of SEA (Denstedt et al. 2021). Further investi-
gation into sustainable low-cost control strategies for
CSF and FMD in Laos is encouraged, with farmers
engaging and promoting good biosecurity practices
by increasing awareness of disease transmission and
prevention (Holt et al. 2019). In addition, the results of
CSFV circulated among backyard pigs in Chiang Mai,
Thailand, suggest that effective control measures need
to be prepared and implemented, including the strict
regulation of pig imports as a source of the viruses,
along with effective animal quarantine, policies and
appropriate vaccination programs (Chumsang et al.
2021). Using syndromic surveillance with sample col-
lection in targeted areas, choice of diagnostic tests,
and possible use of surveillance involving data sub-
mission by mobile phones were recommended for an
effective monitoring system for not only FMD but also
for other zoonotic, transboundary diseases (Siengsanan-
Lamont et al. 2021).

In poultry, to reduce the risk and improve effec-
tive control of HPAI as well as AlV infection, improved
biosecurity, bird containment, separation of poultry
species and sick birds, tailored vaccination programs,
continuous surveillance, and improving the quality of
day-old chicks are warranted (Pauly et al. 2019; Van
et al. 2020). In addition, the survey of larger farm-
level studies over time should be implemented as a
tool to evaluate progress in HPAI control (Phan et al.
2013; Thanh et al. 2017). Due to the potential risk of
the appearance of the HPAI virus in the east-west
boundary in Vietnam, further studies should be con-
ducted and prevention activities implemented in
Vietnam as well as other Asian countries (Tran et al.
2020). The first ND and Al survey in Timor-Leste has
provided valuable information that will strengthen
veterinary services and surveillance work in this
young country (Serrao et al. 2012).

For ruminants, the results on FMD prevalence in
Myanmar suggest that verbal reports should be inte-
grated into active FMD surveillance programs in devel-
oping countries (van Andel et al. 2020). Continued
sero-surveillance for FMD in goats is recommended to
improve our understanding of their role in the epide-
miology of FMD in the region and to extend support to
FMD control decisions, particularly regarding vaccina-
tion (Singanallur et al. 2020). Laos requires ongoing
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support from donor agencies to improve the current
animal disease surveillance system and implement
effective FMD control strategies (MacPhillamy et al.
2022). The results of PPR surveillance in goats in Laos
suggest that further surveillance is needed for this
country to participate in the global eradication of PPRV
and to ensure that the Laos veterinary sector can
respond to a PPR crisis (Burns et al. 2019).

4. Discussion

TADs are highly contagious epidemic diseases that
can spread extremely rapidly, irrespective of national
borders. They cause high rates of death and disease
in animals, resulting in serious socio-economic and
sometimes public health consequences while consti-
tuting a constant threat to the livelihoods of live-
stock farmers.

In pigs, seroprevalence estimates for CSFV varied
widely across areas. The findings indicate that infection
with CSFV remains a significant concern. Effective con-
trol measures need to be prepared and implemented,
and these should include the strict regulation of pig
imports along with effective animal quarantine and
appropriate vaccination policies (Chumsang et al. 2021).
Moreover, Manggarai Barat, a district of Flores Island,
had antibody CSFV-positive pigs but no clinical cases
had been reported in this area (Sawford et al. 2015).
Therefore, further research involving antigen detection
and in-depth investigation of suspected cases over a
period of time is needed (Sawford et al. 2015; 2015).
Due to limited study areas and time periods in FMD
studies, it is difficult to determine whether these results
are representative of SEA as a whole.

Besides CSF and FMD, ASF has been present in
many SEA countries such as Vietnam, Indonesia,
Malaysia, Laos, Cambodia and Timor-Leste since 2019
(Matsumoto et al. 2020; Nga et al. 2020; Dharmayanti
et al. 2021; Khoo et al. 2021; Phillips et al. 2021). Even
though there is no publication on ASF in the the
Philippines and Cambodia, there is evidence of ASF in
these countries (Lokhandwala et al. 2019; WOAH 2019).
No papers have been published to evaluate the preva-
lence of ASF despite the survey program in 2019 in
Timor-Leste (Phillips et al. 2021). After the incursion in
mainland China in 2018, ASFV has spread rapidly
throughout numerous Southeast Asian countries since
early 2019. Systematic long-term surveillance to monitor
ASF is needed to further investigate the prevalence and
potential circulation of ASFV in pigs throughout SEA to
reduce the gaps in disease surveillance and reporting
systems as well as to support the prevention and
reduction of further outbreaks. The completion of a
prevalence survey to inform any jurisdictional response
agency on disease distribution is a crucial step in plan-
ning any response to a new disease incursion. Swine
disease control in SEA needs to be enhanced if pig pro-
duction is to survive in the long term, especially with
regard to ASF (Kedkovid et al. 2020).

Most of the studies on poultry diseases in the cur-
rent review targeted Al or ND, especially in Vietnam,
and the most recent publications for both pathogens
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were in the period 2017 to 2019. One of the studies
indicated that chickens in Timor-Leste were exposed
to ND virus but no evidence of infection with HPAI
viruses was detected (Serrdo et al. 2012). Another
study in Laos suggested that applying an ELISA with
a broader host range would be important to assess
the role of ducks in NDV epidemiology (Pauly et al.
2019). The study targeting both ND and Al confirmed
that besides vaccination, it was necessary to step up
on-farm biosecurity practices because these vaccines
are widely available (Van et al. 2020).

Subtype H5N1 avian influenza viruses, with both
high pathogenicity and low pathogenicity, have been
enzootic in Vietnam since 2001. One Al study indi-
cated that the number of inhabitants in a village and
the distance to the main national road were the
most influential risk factors for AIV infection in
Vietnam, and high-risk clusters were located along
the road leading to China. The author suggested that
AlV spread through commercial poultry exchanges
and a possible introduction of AIV from southern
China (Trevennec et al. 2011). The results of other Al
studies in Vietnam recommended that market sur-
veys be implemented over time as a tool to evaluate
progress in HPAI control (Phan et al. 2013). Due to
the potential risks of the appearance of the HPAI
virus in the east-west boundary in Vietnam, further
studies should be conducted and prevention activi-
ties implemented in Vietham as well as in other
Asian countries (Tran et al. 2020). These findings sug-
gested that HPAI is being spread silently across geo-
graphical areas. This issue may be partly attributable
to the lack of encouragement for reporting and con-
tainment efforts. Additionally, there is either no com-
pensation or limited compensation available, and
implementing biosecurity measures may not be fea-
sible for smallholders. Previous studies in Laos and
China reported that the new H5N6 HPAI virus was a
reassortment of H5N1 and H6NG6 viruses (Wong et al.
2015; Jiao et al. 2016). Other studies indicated that
the circulation of subtype H5 influenza viruses was
low in the Mekong Delta region in 2016, suggesting
that larger farm-level studies should be planned
(Thanh et al. 2017). All the publications focused on
two diseases of global importance, Al and ND, indi-
cating that these diseases continue to be a threat to
the livestock industry in SEA.

For ruminants, most of the research has been con-
ducted on FMD. Three publications targeted FMD in
ruminants in Laos from 2017 to 2020 (Singanallur
et al. 2020; Siengsanan-Lamont et al. 2021; MacPhillamy
et al. 2022). The prevalence reported in goats in the
2017-2018 period was nearly two times lower than
the prevalence reported in the study in 2019
(Singanallur et al. 2020; MacPhillamy et al. 2022). The
prevalence reported in cattle was similar to the prev-
alence reported in buffalo in 2019 (MacPhillamy et al.
2022). Contrariwise, another study conducted between
2019 and 2020 showed that the prevalence reported
in cattle was higher than the prevalence reported in
buffaloes (Siengsanan-Lamont et al. 2021). Data col-
lected between 2012 and 2016 in southern Laos

revealed an FMD seroprevalence of more than 50% in
adult ruminants while an active survey in Xiengkhouang
Province in 2017 demonstrated 33.2% seroprevalence
(Siengsanan-Lamont et al. 2021). The results from
these studies showed that the change in prevalence
between 2017 and 2020 needs to be followed up by
further epidemiological studies in order to take appro-
priate action to prevent further infection. Pigs are the
amplifying hosts, cattle are indicator hosts, and small
ruminants are maintenance hosts of FMDV which may
have an impact on the epidemiology of FMD.

In Southeast Asian countries, FMD outbreaks may
have been controlled and prevented due to the exe-
cution of vaccination campaigns under the South-
East Asia Foot and Mouth Disease (SEAFMD) program,
now known as the South-East Asia and China Foot
and Mouth Disease (SEACFMD) campaign. On the
other hand, even though FMD is ranked second on
the list of priority diseases, it seems that livestock
owners see no benefit in reporting it since the dis-
ease causes low direct losses. Therefore, studies on
FMD are of little interest.

No publications were found in the current review
with prevalence information on LSD. After the first
detection in Thailand, another study used clinical
symptoms to identify 293 LSD outbreak farms in four
different districts between March and the first week
of April 2021 in the same country (Arjkumpa et al.
2021). Enhancing and strengthening strategies to
control the potential further spread of LSD is urgent.
Follow-up epidemiological studies are necessary to
gain a better understanding of the disease’s charac-
teristics and transmission dynamics.

Of the 26 publications included in the analysis,
only one study targeted PPR highlights. The sampled
Laos goat population is highly likely to be naive to
PPRV and therefore at risk of an outbreak, possibly
due to the transboundary incursion of livestock from
PPR-endemic China. However, further study is required
to provide evidence of a PPR-free status in small rumi-
nants, especially in support of global PPR eradication
programs (Burns et al. 2019). Because there was only
one study investigating PPR, there is a clear need for
further epidemiological research to determine how
widespread the disease is in the ruminant population
and to understand the associated risk factors.

There was no information about the presence of
other TADs such as BT, CBPP, HS and SP/GP in SEA
during the search period of this review. Therefore, a
further epidemiological investigation 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.

Of the 26 publications included in the analysis, six
focused on Al, an important TAD that can infect
humans. Most of these Al publications were con-
ducted in Vietnam indicating that Al is still a major
concern for poultry livestock in Vietnam.

Another reason for discrepancies in the numbers
of published papers in each country could be that
some TADs seem to be under surveillance and vacci-
nation under control or livestock owners do not see



any benefit in reporting certain diseases. Therefore, a
further epidemiological study is necessary to reduce
the gaps in disease surveillance and reporting sys-
tems as well as to support the prevention and reduc-
tion of further outbreaks.

The popularity of backyard and smallholder pro-
duction systems in SEA contributes to the high risk
of TAD outbreaks in livestock due to the lower bios-
ecurity level (Thanh et al. 2017; Nga et al. 2020; Van
et al. 2020; Chumsang et al. 2021; Phillips et al. 2021)
as well as challenges in movement control. Moreover,
anthropogenic elements play an important role in
the transmission of TADs which are often omitted.
For example, there are approximately three million
households in Vietham involved in pig production, of
which more than 70% are smallholders. The first case
of ASF was diagnosed on a small farm and during
the first epidemic year, most of the cases were on
small farms (Mai et al. 2022). Therefore, it is neces-
sary to enhance knowledge and awareness of biose-
curity practices for the control of TADs among
smallholder farmers.

The current review has the limitation of only
including publications published in English. However,
the relatively low number highlights the need for
more research to be carried out on TADs in SEA.

5. Conclusion

Relatively few studies were found to evaluate the
distribution of TADS in SEA; most focused on import-
ant diseases for international trade such as FMD, CSF,
ASF, Al, and ND. Also, the traditional production sys-
tems have received little attention due to livestock
belonging mainly to smallholders. This affects pro-
ductivity and impacts the livelihoods of these farm-
ers. In addition, the socio-economic impacts of TADs
can be complex and extend beyond the immediate
effects on directly affected producers. These impacts
include effects on prices and markets, trade, food
security and nutrition, health and the environment,
and financial costs. It is necessary for stakeholders to
collaborate at regional and sub-regional levels, com-
bining their specific strengths to achieve the capac-
ity required to address priority TADs using the One
Health approach.

For new emerging TADs such as ASF and LSD, there
is only information about the first detection. Therefore,
further epidemiological investigation is necessary to
reduce the gaps in disease surveillance and reporting
systems as well as to support the prevention and
reduction of further outbreaks. Therefore, a high level
of political commitment and innovative approaches
are necessary, and the ASEAN platform can be utilized
for this purpose. For example, regional cooperation in
the surveillance, prevention, and control of viral
Transboundary Animal Diseases (TADs), particularly
those designated as priorities, is essential. Establishing
a vaccine bank for TADs of regional importance, such
as HPAI, FMD, PPR, and LSD, would be a strategic
approach to negotiating better prices, ensuring qual-
ity control, and synchronizing vaccination strategies.

VETERINARY QUARTERLY 1

Acknowledgements

We would like to thank Mwenda Terry, from International
Livestock Research Institute for editing a draft of this
manuscript.

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 govern-
ment(MIST) (No. 2021RTA6A1A03045495.

ORCID

Thi Ngan Mai http://orcid.org/0000-0001-7685-6305

Thanh Trung Nguyen http://orcid.org/0000-0002-6880-8757
Sinh Dang-Xuan http://orcid.org/0000-0002-0522-7808

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

Data availability statement

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

References

Arjkumpa O, Suwannaboon M, Boonrawd M, Punyawan |,
Laobannu P, Yantaphan S, Bungwai A, Ponyium V,
Suwankitwat N, Boonpornprasert P, et al. 2021. First emer-
gence of lumpy skin disease in cattle in Thailand, 2021.
Transbound Emerg Dis. 68(6):3002-3004. doi: 10.1111/
tbed.14246.

Arjkumpa O, Suwannaboon M, Boonrod M, Punyawan |,
Liangchaisiri S, Laobannue P, Lapchareonwong C, Sansri
C, Kuatako N, Panyasomboonying P, et al. 2021. The first
lumpy skin disease outbreak in Thailand (2021): epide-
miological features and spatio-temporal analysis. Front
Vet Sci. 8:799065. doi: 10.3389/fvets.2021.799065.

Bellet C, Vergne T, Grosbois V, Holl D, Roger F, Goutard F.
2012. Evaluating the efficiency of participatory epidemiolo-
gy to estimate the incidence and impacts of foot-and-
mouth disease among livestock owners in Cambodia. Acta
Trop. 123(1):31-38. doi: 10.1016/j.actatropica.2012.03.010.

Biswas PK, Christensen JB, Ahmed SS, Das A, Rahman MH,
Barua H, Giasuddin M, Hannan AS, Habib MA, Debnath NC.
2009. Risk for infection with highly pathogenic avian influ-
enza virus (H5N1) in backyard chickens, Bangladesh. Emerg
Infect Dis. 15(12):1931-1936. doi: 10.3201/eid1512.090643.

Burns RJL, Douangngeun B, Theppangna W, Mukaka M,
Wegner MD, Windsor PA, Blacksell SD. 2019. Peste des
Petits Ruminants (PPR) virus serological surveillance in
goats in Lao PDR: issues for disease eradication in a low-
resource disease-free setting. Transbound Emerg Dis.
66(2):939-947. doi: 10.1111/tbed.13109.

Chumsang S, Na Lampang K, Srikitjakarn L, Pringproa K.
2021. Seroprevalence of the viral pig diseases among
backyard pigs in Chiang Mai, Thailand. Prev Vet Med.
190:105330. doi: 10.1016/j.prevetmed.2021.105330.


https://doi.org/10.1111/tbed.14246
https://doi.org/10.1111/tbed.14246
https://doi.org/10.3389/fvets.2021.799065
https://doi.org/10.1016/j.actatropica.2012.03.010
https://doi.org/10.3201/eid1512.090643
https://doi.org/10.1111/tbed.13109
https://doi.org/10.1016/j.prevetmed.2021.105330

12 (&) T.N.MAIETAL

Clemmons EA, Alfson KJ, Dutton JW.3rd. 2021. Transboundary
animal diseases, an overview of 17 diseases with poten-
tial for global spread and serious consequences. Animals.
11(7):2039. doi: 10.3390/ani11072039.

Del Rosario B, Aquino A, Tidon A, Gerpacio R. 2007.
Livestock sector training needs assessment report for
South  Asia. https://cgspace.cgiar.org/server/api/core/
bitstreams/caca0d8c-dd7c-4170-942d-278b08abffe2/
content

Delgado C, Rosegrant M, Steinfeld H, Ehui S, Courbois C.
2001. Livestock to 2020: the next food revolution. Outlook
Agric. 30(1):27-29. doi: 10.5367/000000001101293427.

Denstedt E, Porco A, Hwang J, Nga NTT, Ngoc PTB, Chea S,
Khammavong K, Milavong P, Sours S, Osbjer K, et al.
2021. Detection of African swine fever virus in free-rang-
ing wild boar in Southeast Asia. Transbound Emerg Dis.
68(5):2669-2675. doi: 10.1111/tbed.13964.

Dharmayanti NI, Sendow |, Ratnawati A, Settypalli TBK,
Saepulloh M, Dundon WG, Nuradji H, Naletoski I, Cattoli
G, Lamien CE. 2021. African swine fever in North Sumatra
and West Java provinces in 2019 and 2020, Indonesia.
Transbound Emerg Dis. 68(5):2890-2896. doi: 10.1111/
tbed.14070.

Edwards JR. 2004. Strategy for the control of foot-and-
mouth disease in Southeast Asia (SEAFMD). Dev Biol
(Basel). 119:423-431.

FAO. 2004. The global framework for the progressive con-
trol of transboundary animal diseases (GF-TADs). [ac-
cessed Dec 18 2018]. http://www.fao.org/3/a-ak136e.pdf.

Gordon 1J. 2018. Review: livestock production increasingly
influences wildlife across the globe. Animal. 12(s2):s372-
$382. doi: 10.1017/s1751731118001349.

Guha-Sapir D, van Panhuis WG. 2009. Health impact of the
2004 Andaman Nicobar earthquake and tsunami in
Indonesia. Prehosp Disaster Med. 24(6):493-499. doi:
10.1017/51049023x00007391.

Holt HR, Inthavong P, Blaszak K, Keokamphe C, Phongmany
A, Blacksell SD, Durr PA, Graham K, Allen J, Donnelly B,
et al. 2019. Production diseases in smallholder pig sys-
tems in rural Lao PDR. Prev Vet Med. 162:110-116. doi:
10.1016/j.prevetmed.2018.11.012.

Jiao P, Cui J, Song Y, Song H, Zhao Z, Wu S, Qu N, Wang N,
Ouyang G, Liao M. 2016. New Reassortant H5N6 highly
pathogenic avian influenza viruses in Southern China,
2014. Front Microbiol. 7:754. doi: 10.3389/fmicb.2016.00754.

Kedkovid R, Sirisereewan C, Thanawongnuwech R. 2020.
Major swine viral diseases: an Asian perspective after
the African swine fever introduction. Porcine Health
Manag. 6:20. doi: 10.1186/s40813-020-00159-x.

Khoo CK, Norlina D, Roshaslinda D, Iti Suraya Hani MM,
Zunaida B, Mohd Hasrul AH, Pauzi NAS, Roslina H, Aizah
Hanim MS, Leow BL. 2021. African swine fever in back-
yard pigs of Sabah state, East Malaysia, 2021. Trop
Biomed. 38(4):499-504. doi: 10.47665/tb.38.4.095.

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.

Lokhandwala S, Petrovan V, Popescu L, Sangewar N, Elijah C,
Stoian A, Olcha M, Ennen L, Bray J, Bishop RP, et al. 2019.
Adenovirus-vectored African Swine fever virus antigen
cocktails are immunogenic but not protective against in-
tranasal challenge with Georgia 2007/1 isolate. Vet
Microbiol. 235:10-20. doi: 10.1016/j.vetmic.2019.06.006.

MacPhillamy 1, Young J, Earp F, Khounsy S, Windsor P,
Toribio JA, Bush R. 2022. Foot-and-mouth disease sero-
prevalence and reporting behaviours in nine northern
provinces in Lao PDR: the current situation and chal-

lenges for control. Transbound Emerg Dis. 69(2):645-659.
doi: 10.1111/tbed.14031.

Mai NT, Tuyen LA, Van Truong L, Huynh LTM, Huong PTL,
Hanh VD, Anh VV, Hoa NX, Vui TQ, Sekiguchi S. 2022.
Early-phase risk assessments during the first epidemic
year of African swine fever outbreaks in Vietnamese
pigs. Vet Med Sci. 8(5):1993-2004. doi: 10.1002/vms3.852.

Matsumoto N, Siengsanan-Lamont J, Gleeson LJ, Douangngeun
B, Theppangna W, Khounsy S, Phommachanh P, Halasa T,
Bush RD, Blacksell SD. 2020. Evaluation of the diagnostic
accuracy of an affordable rapid diagnostic test for African
Swine Fever antigen detection in Lao People’s Democratic
Republic. J Virol Methods. 286:113975. doi: 10.1016/j,jvirom-
et.2020.113975.

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.

Nga BTT, Tran Anh Dao B, Nguyen Thi L, Osaki M,
Kawashima K, Song D, Salguero FJ, Le VP. 2020. Clinical
and pathological study of the first outbreak cases of
African Swine Fever in Vietnam, 2019. Front Vet Sci.
7:392. doi: 10.3389/fvets.2020.00392.

Pauly M, Snoeck CJ, Phoutana V, Keosengthong A, Sausy A,
Khenkha L, Nouanthong P, Samountry B, Jutavijittum P,
Vilivong K, et al. 2019. Cross-species transmission of
poultry pathogens in backyard farms: ducks as carriers
of chicken viruses. Avian Pathol. 48(6):503-511. doi:
10.1080/03079457.2019.1628919.

Phan MQ, Henry W, Bui CB, Do DH, Hoang NV, Thu NT,
Nguyen TT, Le TD, Diep TQ, Inui K, et al. 2013. Detection
of HPAI H5N1 viruses in ducks sampled from live bird
markets in Vietnam. Epidemiol Infect. 141(3):601-611.
doi: 10.1017/5s0950268812001112.

Phillips DE, Mee PT, Lynch SE, da Conceicdo F, Bendita da
Costa Jong J, Rawlin GT. 2021. Use of field based loop
mediated isothermal amplification (LAMP) technology
for a prevalence survey and proof of freedom survey for
African swine fever in Timor-Leste in 2019. Front Vet Sci.
8:672048. doi: 10.3389/fvets.2021.672048.

Samkol P, Sath K, Patel M, Windsor PA, Holtenius K. 2015.
Survey of smallholder beef cattle production systems in
different agro-ecological zones of Cambodia. Trop Anim
Health Prod. 47(7):1299-1306. doi: 10.1007/s11250-015-
0863-y.

Sawford K, do Karmo A, da Conceicao F, Geong M, Tenaya
IW, Hartawan DH, Toribio JA. 2015. An investigation of
classical swine fever virus seroprevalence and risk factors
in pigs in Timor-Leste. Prev Vet Med. 122(1-2):99-106.
doi: 10.1016/j.prevetmed.2015.09.012.

Sawford K, Geong M, Bulu PM, Drayton E, Mahardika GN,
Leslie EE, Robertson |, Gde Putra AA, Toribio JA. 2015.
An investigation of classical swine fever virus seropreva-
lence and risk factors in pigs in East Nusa Tenggara,
eastern Indonesia. Prev Vet Med. 119(3-4):190-202. doi:
10.1016/j.prevetmed.2015.02.002.

Serrdo E, Meers J, Pym R, Copland R, Eagles D, Henning J.
2012. Prevalence and incidence of Newcastle disease
and prevalence of avian influenza infection of scaveng-
ing village chickens in Timor-Lesté. Prev Vet Med. 104(3-
4):301-308. doi: 10.1016/j.prevetmed.2011.12.018.

Siengsanan-Lamont J, Douangngeun B, Theppangna W,
Khounsy S, Phommachanh P, Kamolsiripichaiporn S,
Udon R, Seeyo KB, Selleck PW, Matsumoto N, et al. 2021.
Seroepidemiology of foot and mouth disease using pas-
sive surveillance techniques in selected provinces of Lao
PDR. Trop Anim Health Prod. 53(2):303. doi: 10.1007/
s11250-021-02734-y.


https://doi.org/10.3390/ani11072039
https://cgspace.cgiar.org/server/api/core/bitstreams/caca0d8c-dd7c-4170-942d-278b08abffe2/content
https://cgspace.cgiar.org/server/api/core/bitstreams/caca0d8c-dd7c-4170-942d-278b08abffe2/content
https://cgspace.cgiar.org/server/api/core/bitstreams/caca0d8c-dd7c-4170-942d-278b08abffe2/content
https://doi.org/10.5367/000000001101293427
https://doi.org/10.1111/tbed.13964
https://doi.org/10.1111/tbed.14070
https://doi.org/10.1111/tbed.14070
http://www.fao.org/3/a-ak136e.pdf
https://doi.org/10.1017/s1751731118001349
https://doi.org/10.1017/s1049023x00007391
https://doi.org/10.1016/j.prevetmed.2018.11.012
https://doi.org/10.3389/fmicb.2016.00754
https://doi.org/10.1186/s40813-020-00159-x
https://doi.org/10.47665/tb.38.4.095
https://doi.org/10.1002/jmv.25638
https://doi.org/10.1016/j.vetmic.2019.06.006
https://doi.org/10.1111/tbed.14031
https://doi.org/10.1002/vms3.852
https://doi.org/10.1016/j.jviromet.2020.113975
https://doi.org/10.1016/j.jviromet.2020.113975
https://doi.org/10.1093/jn/133.11.3886S
https://doi.org/10.3389/fvets.2020.00392
https://doi.org/10.1080/03079457.2019.1628919
https://doi.org/10.1017/s0950268812001112
https://doi.org/10.3389/fvets.2021.672048
https://doi.org/10.1007/s11250-015-0863-y
https://doi.org/10.1007/s11250-015-0863-y
https://doi.org/10.1016/j.prevetmed.2015.09.012
https://doi.org/10.1016/j.prevetmed.2015.02.002
https://doi.org/10.1016/j.prevetmed.2011.12.018
https://doi.org/10.1007/s11250-021-02734-y
https://doi.org/10.1007/s11250-021-02734-y

Singanallur NB, Nampanya S, MacPhillamy |, Soukvilay V,
Keokhamphet C, Bush RD, Khounsy S, Dhand NK,
Windsor P, Vosloo W. 2020. Serological evidence of foot-
and-mouth disease infection in goats in Lao PDR. Front
Vet Sci. 7:544. doi: 10.3389/fvets.2020.00544.

Swayne DE. 2009. Avian influenza. Hoboken, NJ: John Wiley
& Sons.

Thanh NTL, Vy NHT, Xuyen HTA, Phuong HT, Tuyet PN, Huy
NT, Nguyen-Van-Yen B, Lam HM, Boni MF. 2017. No evi-
dence of on-farm circulation of Avian Influenza H5
Subtype in Ca Mau Province, Southern Vietnam, March
2016-January 2017. PLOS Curr. 9:ecurrents.outbreaks.c81
6d7333370d68f8a0da33f69168986. doi: 10.1371/currents.
outbreaks.c816d7333370d68f8a0da33f69168986.

Torres-Velez F, Havas KA, Spiegel K, Brown C. 2019.
Transboundary animal diseases as re-emerging threats
— impact on one health. Semin Diagn Pathol. 36(3):193-
196. doi: 10.1053/j.semdp.2019.04.013.

Tran HTT, Truong AD, Dang AK, Ly DV, Nguyen CT, Chu NT,
Hoang TV, Nguyen HT, Nguyen VT, Dang HV. 2021. Lumpy
skin disease outbreaks in Vietnam, 2020. Transbound
Emerg Dis. 68(3):977-980. doi: 10.1111/tbed.14022.

Tran QA, Le Thi H, Thi Thanh Le X, To Long T. 2020. The
presence of poultry influenza strains in two live bird mar-
kets near the East-West Boundary of Vietnam. Biomed Res
Int. 2020:1487651-1487655. doi: 10.1155/2020/1487651.

Trevennec K, Chevalier V, Grosbois V, Garcia JM, Thu HH,
Berthouly-Salazar C, Peiris JS, Roger F. 2011. Looking for
avian influenza in remote areas. A case study in Northern
Vietnam. Acta Trop. 120(3):160-166. doi: 10.1016/j.acta-
tropica.2011.07.010.

van Andel M, Jones G, Buckle K, Phiri B, McFadden A, Dacre |,
Bingham P, Heuer C, Abila R, Win HH, et al. 2020. Estimating
foot-and-mouth disease (FMD) prevalence in central
Myanmar: comparison of village headman and farmer dis-

VETERINARY QUARTERLY 13

ease reports with serological findings. Transbound Emerg
Dis. 67(2):778-791. doi: 10.1111/tbed.13397.

Van NTB, Yen NTP, Nhung NT, Cuong NV, Kiet BT, Hoang
NV, Hien VB, Chansiripornchai N, Choisy M, Ribas A,
et al. 2020. Characterization of viral, bacterial, and para-
sitic causes of disease in small-scale chicken flocks in
the Mekong Delta of Vietnam. Poult Sci. 99(2):783-790.
doi: 10.1016/j.p5j.2019.10.033.

VanderWaal K, Paploski IAD, Makau DN, Corzo CA. 2020.
Contrasting animal movement and spatial connectivity
networks in shaping transmission pathways of a geneti-
cally diverse virus. Prev Vet Med. 178:104977. doi:
10.1016/j.prevetmed.2020.104977.

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. 2005(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. J Environ Law. 33(1):57-
84. doi: 10.1093/jel/eqaa030.

WOAH. 2019. African Swine Fever, Philippine.

WOAH. 2021. Sustainable Development Goals and livestock
systems.

Wong FY, Phommachanh P, Kalpravidh W, Chanthavisouk C,
Gilbert J, Bingham J, Davies KR, Cooke J, Eagles D,
Phiphakhavong S, et al. 2015. Reassortant highly patho-
genic influenza A(H5N6) virus in Laos. Emerg Infect Dis.
21(3):511-516. doi: 10.3201/eid2103.141488.

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.

Wu Q, Li Q, Lu J. 2022. A one health strategy for emerging
infectious diseases based on the COVID-19 outbreak. J
Biosaf Biosecur. 4(1):5-11. doi: 10.1016/j.jobb.2021.09.003.


https://doi.org/10.3389/fvets.2020.00544
https://doi.org/10.1371/currents.outbreaks.c816d7333370d68f8a0da33f69168986
https://doi.org/10.1371/currents.outbreaks.c816d7333370d68f8a0da33f69168986
https://doi.org/10.1053/j.semdp.2019.04.013
https://doi.org/10.1111/tbed.14022
https://doi.org/10.1155/2020/1487651
https://doi.org/10.1016/j.actatropica.2011.07.010
https://doi.org/10.1016/j.actatropica.2011.07.010
https://doi.org/10.1111/tbed.13397
https://doi.org/10.1016/j.psj.2019.10.033
https://doi.org/10.1016/j.prevetmed.2020.104977
https://doi.org/10.1007/3-211-29981-5_10
https://doi.org/10.1093/jel/eqaa030
https://doi.org/10.3201/eid2103.141488
https://doi.org/10.3201/eid1112.050997
https://doi.org/10.1016/j.jobb.2021.09.003

	Transboundary viral diseases of pigs, poultry and ruminants in Southeast Asia: a systematic review
	ABSTRACT
	1. Introduction
	2. Materials and methods
	2.1. Protocol and eligibility criteria
	2.2. Search strategy and syntaxes
	2.3. Data collection process
	2.4. Synthesis of results

	3. Results
	3.1. Study selection
	3.2. Diseases in pigs
	3.3. Diseases in poultry
	3.4. Diseases in ruminants
	3.5. Transmission risk factors and prevention measures
	Transmission risk factors
	Prevention measures


	4. Discussion
	5. Conclusion
	Acknowledgements
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References



