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Summary

The O/Middle East-South Asia (ME-SA)/Ind-2001 lineage of foot-and-mouth disease

virus (FMDV) is endemic in the Indian subcontinent and has been reported in the Mid-

dle East and North Africa, but it had not been detected in South-East Asia (SEA) before

2015. This study reports the recent incursions of this viral lineage into SEA, which

caused outbreaks in Vientiane Capital of Lao People’s Democratic Republic (PDR) in

April 2015, in Dak Nong, Dak Lak and Ninh Thuan Provinces of Vietnam from May to

October 2015, and in Rakhine State of Myanmar in October 2015. Disease investiga-

tions were conducted during the outbreaks and followed up after laboratory results

confirmed the involvement of FMDV O/ME-SA/Ind-2001 sublineage d (O/ME-SA/Ind-

2001d). Affected host species included cattle, buffalo and pig, and all the outbreaks

resolved within 2 months. Animals with clinical signs were separated, and affected pre-

mises were disinfected. However, strict movement restrictions were not enforced, and

emergency vaccinations were only implemented in Vientiane Capital of Lao PDR and

Dak Nong and Ninh Thuan Provinces of Vietnam. Clinical samples were collected from

each outbreak and examined by nucleotide sequencing of the FMDV viral protein 1

coding region. Sequence analysis revealed that the O/ME-SA/Ind-2001d isolates from

Lao PDR and Vietnam were closely related to each other and similar to viruses previ-

ously circulating in India in 2013. Viruses collected from Myanmar were divergent from

viruses of the same sublineage recovered from Lao PDR and Vietnam but were closely

related to viruses present in Bangladesh in 2015. These findings imply that at least two

independent introductions of O/ME-SA/Ind-2001d into SEA have occurred. Our study

highlights the transboundary nature of foot-and-mouth disease (FMD) and reinforces

the importance of improved FMD surveillance and promotion of safer cross-border

trade in SEA to control the risk of introduction and spread of exotic FMDV strains.
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1 | INTRODUCTION

Foot-and-mouth disease (FMD) is a highly contagious vesicular dis-

ease that affects cloven-hoofed animals. The disease is endemic in

large parts of Asia and Africa (OIE, 2017; Rweyemamu et al., 2008)

and is caused by foot-and-mouth disease virus (FMDV), which

is easily transmitted through movements of infected livestock or

their products, contaminated fomites, persons and aerosols.
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Foot-and-mouth disease viruses exist as seven immunologically dis-

tinct serotypes (O, A, C, Asia 1, Southern African Territories [SAT] 1,

SAT 2 and SAT 3), and each serotype can be divided into a variety

of genetically and antigenically distinct topotypes and within a topo-

type, into lineages (Knowles & Samuel, 2003; Samuel & Knowles,

2001). Globally, the circulation of FMDVs can be subdivided into

seven regional pools, which contain distinct virus strains that evolve

independently from viruses normally found in other pools (Paton,

Sumption, & Charleston, 2009; Sumption, Domenech, & Ferrari,

2012). Trans-pool spread of FMDV into new regions may cause sig-

nificant epidemics and challenge local and international control

strategies.

In South-East Asia (SEA) that is within Pool 1, FMD is endemic

in mainland countries (Cambodia, Lao People’s Democratic Republic

[PDR], Myanmar, Peninsula Malaysia, Thailand and Vietnam) (OIE,

2017; Rweyemamu et al., 2008). Serotypes O and A are prevalent

every year, while serotype Asia 1 is detected only sporadically (de

Carvalho Ferreira et al., 2017; OIE, 2017; Tum, Robertson, Edwards,

Abila, & Morzaria, 2015). Foot-and-mouth disease poses substantial

economic burdens on small- and large-scale livestock producers

(Nampanya et al., 2015, 2016; Shankar, Morzaria, Fiorucci, & Hak,

2012; Young et al., 2016). Regional control of FMD is exacerbated

by the frequent movements of susceptible livestock across interna-

tional boundaries, the majority of which are poorly regulated and

represent substantial risks of transboundary spread of the disease

(Di Nardo, Knowles, & Paton, 2011; Nampanya et al., 2013; Pool-

khet et al., 2016). Previous studies have shown close genetic rela-

tionships between FMDVs recovered from various countries in SEA

(Abdul-Hamid et al., 2011; Khounsy et al., 2009; Knowles et al.,

2012; Le, Vu, Duong, Than, & Song, 2016; Le, Nguyen, Lee et al.,

2010), and good agreement between the proposed pathways of

FMDV dissemination and livestock movements (Di Nardo et al.,

2011; Qiu, Rodtian, Widders, & Abila, 2016). In mainland SEA, vacci-

nation against FMD is usually limited to cattle and buffaloes in tar-

geted districts that are considered as FMD hot-spot or high-risk

areas except for Thailand, where routine vaccinations are imple-

mented in large ruminants almost across the country and in some

large intensive pig farms (Cleland, Chamnanpoodb, Baldock, & Glee-

son, 1995; Gleeson, 2002; OIE-SEACFMD, 2016a).

Serotype O is the most frequently detected FMDV serotype in

SEA and has three distinct cocirculating topotypes: the indigenous

SEA topotype (O/SEA/Mya-98 lineage), the CATHAY (pig-adapted)

topotype and the Middle East-South Asia (ME-SA) topotype (Abdul-

Hamid et al., 2011; Brito et al., 2017; de Carvalho Ferreira et al.,

2017). The ME-SA topotype originated from the Indian subconti-

nent (Pool 2) and is composed of several lineages, such as PanAsia,

PanAsia-2, Iran-2001 and Ind-2001 (a, b, c, and d sublineages)

(Knowles & Samuel, 2003; Subramaniam et al., 2015). Of these, only

the O/ME-SA/PanAsia and O/ME-SA/PanAsia-2 lineages have pre-

viously been detected in SEA (Abdul-Hamid et al., 2011; Knowles,

Samuel, Davies, Midgley, & Valarcher, 2005). However, the O/ME-

SA/Ind-2001 lineage has recently caused increasing concerns due to

its multiple transregional movements. It has spread to some of the

Gulf States of the Middle East including Saudi Arabia and the Uni-

ted Arab Emirates in 2013 (Knowles et al., 2016), and Bahrain in

2015 (WRLFMD, 2015). This viral lineage has also been reported

from North African countries including Libya in 2013 (Valdazo-Gon-

zalez, Knowles, & King, 2014), Tunisia and Algeria in 2014 (Knowles

et al., 2016), and Morocco in 2015 (Bachanek-Bankowska et al.,

2016).

The OIE South-East Asia and China FMD (SEACFMD) Campaign,

which was initiated in 1997, seeks to coordinate FMD surveillance,

control and prevention activities in SEA, China and Mongolia (OIE-

SEACFMD, 2016a). The programme encourages and supports Mem-

ber Countries to investigate and report FMD outbreaks, and pro-

motes FMD risk control activities. Under the SEACFMD surveillance

framework, the d sublineage of O/ME-SA/Ind-2001 (O/ME-SA/Ind-

2001d) was detected from field outbreaks which occurred in 2015

in Vientiane Capital of Lao PDR (April), in three southern provinces

(Dak Nong, Dak Lak and Ninh Thuan) of Vietnam (May–October),

and in Rakhine State of Myanmar (October), representing the first

detections of this strain in SEA. The objectives of this study were to

describe the findings from outbreak investigations conducted in the

three affected countries, and to determine the genetic relationships

between the O/ME-SA/Ind-2001d isolates recovered from the out-

breaks as well as compare them with sequences of viruses from

other regions, with a goal to better understand the origins and risks

of the O/ME-SA/Ind-2001d outbreaks in SEA.

2 | MATERIALS AND METHODS

2.1 | Disease investigation and sample collection

In this study, an outbreak was defined as a village or a farm from

which one or more cases of FMD were reported, and in this article,

only investigations of the laboratory-confirmed outbreaks caused by

O/ME-SA/Ind-2001d in 2015 were described. These outbreaks were

detected under passive and clinical surveillance programmes in Lao

PDR, Vietnam and Myanmar. In brief, clinical diseases resembling

FMD were reported by farmers or village animal health workers, and

outbreak investigations were conducted by local veterinary services

as soon as possible after notification. Disease data were collected

through interviewing village chiefs, village animal health workers and

farmers. The recorded data included animal age and species, live-

stock management, presence or absence of clinical signs, previous

FMD infection and vaccination history, numbers of susceptible

animals, cases and deaths, and the likely sources of the diseases.

Disease status was followed up until the outbreak resolved.

However, not all records had complete information. After the

laboratory confirmation of the presence of O/ME-SA/Ind-2001d,

joint retrospective investigations were carried out by the OIE and

country veterinary authorities through field visits or telephone

interviews, with an objective of collecting as much missing informa-

tion as possible. A map was created using Quantum GIS version

2.16.0 to show the 9 villages/farms in which investigations were

conducted.
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During the outbreak investigation, epithelial tissues were taken

from fresh oral or foot lesions from animals showing suspected FMD

symptoms. After collection, the samples were immediately placed in

a transport medium composed of equal amounts of glycerol and

0.04 M phosphate buffer at pH 7.2–7.6, and shipped on ice to the

National FMD Laboratory of Lao PDR or Myanmar or the Regional

Animal Health Office No. 6 (RAHO6) of Vietnam. All the samples

tested positive for serotype O by FMDV antigen ELISA at each

respective laboratory.

2.2 | RNA extraction, reverse transcription-PCR and
DNA sequencing

Samples with sufficient quantities and quality from Lao PDR (n = 3)

and Myanmar (n = 2) were submitted for viral sequencing to the OIE

FMD Reference Laboratory/Regional FMD Reference Laboratory for

SEA (RRLFMD), at Pakchong, Thailand. At RAHO6 of Vietnam, viral

sequencing was carried out on a half-yearly basis, and five samples

collected from this study were sequenced. It should be noted that in

all the outbreaks reported here, the samples were examined for

molecular strain typing 6–10 months after they had been collected

in the field. The viral protein 1 (VP1) coding region (639 nucleotides)

was amplified and sequenced at RRLFMD or RAHO6 using the fol-

lowing approaches.

At RRLFMD, RNA was extracted from 10% epithelial tissue sus-

pensions using Trizol� LS Reagent (Invitrogen, USA) as per the man-

ufacturer’s instructions. The RNA was first transcribed to cDNA

using the NK61 primer (50- GACATGTCCTCCTGCATCTG-30) and M-

MLV Reverse Transcriptase (Promega, USA). The reaction was per-

formed at 42°C for 60 min, followed by denaturation at 95°C for

5 min. The cDNA was then amplified using the forward primer 1C-

609 (50-TAGTGCTGGTAAAGACTTTGAGCT-30) and the reverse pri-

mer NK61, and the thermal conditions were set as follows: an initial

denaturation at 94°C for 4 min; 30 cycles (denaturation at 94°C for

1 min; annealing at 55°C for 1 min; extension at 72°C for 1.5 min);

a final extension at 72°C for 5 min. The PCR products were sepa-

rated on a 1.5% agarose gel and purified using the QIAquick PCR

Purification Kit (QIAGEN, Germany). PCR amplicons were sequenced

using the BigDye� Terminator v3.1 Cycle Sequencing Kit (Applied

Biosystems, USA) as per the manufacturer’s instructions and with

the forward primer 1C-609 and the reverse primer NK72 (50-

GAAGGGCCCAGGGTTGGACTC-30). The sequencing reactions were

run on a 3500 Genetic Analyzer (Applied Biosystems, USA) as per

the manufacturer’s instructions.

At RAHO6, RNA was extracted from 10% epithelial tissue sus-

pensions using InviMag� Virus RNA Kit/KF96/KFflex 96 (STRATEC

Biomedical, Germany) according to the manufacturer’s instructions.

One-step reverse transcription-PCR (RT-PCR) was performed using

the forward primer ARS4 (50-ACCAACCTCCTTGATGTGGCT-30) and

the reverse primer NK61. The following thermal profile was used:

reverse transcription at 50°C for 30 min; an initial denaturation at

94°C for 2 min; 40 cycles (denaturation at 94°C for 30 s; annealing

at 55°C for 30 s; extension at 68°C for 2.5 min); a final extension at

68°C for 5 min. The amplification products were purified using the

QIAquick Gel Extraction Kit (QIAGEN, Germany) and sequenced

using the 454 GS Junior System (Roche, USA) as per the manufac-

turer’s instructions.

2.3 | Genetic analysis of FMDV O/ME-SA/Ind-
2001d isolates

The VP1 sequences obtained at RRLFMD and RAHO6 (GenBank

accession numbers KY399460-61 and KY399463-70; Table 1) were

shared with the OIE FMD Reference Laboratory/FAO World FMD

Reference Laboratory (WRLFMD), at Pirbright, UK, for comparison

with sequences of O/ME-SA/Ind-2001d isolates from other regions.

At WRLFMD, alignment of the sequences was performed using

BioEdit version 7.2.5 (Hall, 1999) and Clustal W (Thompson, Higgins,

& Gibson, 1994). The most appropriate nucleotide substitution

model (Tamura 3-parameter distance plus gamma distribution) was

selected after testing 24 models using Molecular Evolutionary

Genetics Analysis (MEGA) 6.06 (Tamura, 1992; Tamura, Stecher,

Peterson, Filipski, & Kumar, 2013), and difference matrices were cal-

culated. A maximum-likelihood phylogenetic tree was then generated

using MEGA 6.06, and the robustness of tree topology was assessed

using 1,000 bootstrap replicates.

3 | RESULTS

3.1 | Outbreak investigation findings

Figure 1 shows the locations of the villages (in Lao PDR and Myanmar)

or farms (in Vietnam) where an outbreak due to O/ME-SA/Ind-2001d

was investigated and confirmed by this study. As far as we were

aware, none of these sites had any previous FMD outbreak more

recently than 2012. No FMD vaccination or other control measures

had been implemented at any affected village or farm prior to the O/

ME-SA/Ind-2001d outbreak. Information (location, starting and reso-

lution dates, and numbers of susceptible animals, cases and deaths) of

each outbreak is shown in Table 1. Typical clinical signs characteristic

of FMD, including pyrexia, salivation, lameness and foot and mouth

vesicles, were observed in animals of all age groups.

The first confirmed outbreak due to O/ME-SA/Ind-2001d was

detected on 20 April 2015 in a village located approximately 16 km

from Vientiane City, Lao PDR, and 2 weeks later the disease spread

to a neighbouring village sharing common water and grazing

resources. Backyard cattle and buffaloes were affected, but clinical

signs were not observed in pigs or goats. The index village reported

no introduction of new livestock or comingling livestock with herds

showing FMD-like symptoms prior to the outbreak. Both affected

villages had frequent human movements and trade of untreated

products of animal origin from Vientiane City.

On 26 May 2015, an outbreak due to O/ME-SA/Ind-2001d

was detected from a cattle farm in Dak Nong Province, Vietnam.

This farm purchased 14 cattle from a livestock market located near

the border between Nghe An Province and Lao PDR 2 days before
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the outbreak. During August and September, additional outbreaks

due to O/ME-SA/Ind-2001d were detected in two neighbouring pig

farms near the border between Dak Nong and Dak Lak Provinces.

Both pig farms reported regularly feeding pigs with untreated swill

containing meat scraps. In October, O/ME-SA/Ind-2001d further

caused outbreaks in two cattle farms in Dak Lak and Ninh Thuan

Provinces, but the probable sources of the outbreaks were not

determined. All the livestock in the five affected farms were kept

for meat production, while cattle were additionally used for agricul-

ture activities.

On 22 October 2015, an outbreak due to O/ME-SA/Ind-2001d

was detected in a village in Rakhine State, Myanmar, and 2 days

later in a neighbouring village. Backyard cattle were affected, but no

cases were reported in pigs or goats. Both affected villages were

located close to the border with Bangladesh and reported frequent

unregulated cross-border movements of humans and animals.

3.2 | Disease control measures

In all these outbreaks, sick animals were separated and treated with

antibiotics and herbal medicine, and affected premises were disin-

fected. Restriction of livestock movements during the outbreak was

recommended by local veterinary authorities but not strictly

enforced. In Lao PDR, ring vaccination was conducted in 15 villages

within a 5 km radius from the affected villages 2 weeks after the first

outbreak started. The vaccines used were inactivated FMD vaccines

composed of O1/Manisa, O/3039, A/Malaysia/1997 and A22/Iraq

strains (≥six protective dose 50%) and were supplied by the OIE

SEACFMD Vaccine Bank. Approximately 60% of the cattle and

buffalo population in this area were vaccinated. In Vietnam, emer-

gency vaccinations were conducted 2-3 weeks after the outbreak

started in Tam Thang Commune of Dak Nong Province and in Ma

Noi Commune of Ninh Thuan Province. Approximately 60%–70% of

cattle and buffaloes of each commune were vaccinated with

imported inactivated vaccines containing O1/Manisa and O/3039

strains (≥three protective dose 50%). Animals of other species were

not vaccinated. Emergency vaccination was not conducted in any

other outbreaks described in this study.

3.3 | Genetic characterization of FMDV O/ME-SA/
Ind-2001d isolates

Phylogenetic analysis of viral VP1 gene sequences showed that

viruses recovered from the above outbreaks belonged to two differ-

ent genetic clusters within the O/ME-SA/Ind-2001d sublineage (Fig-

ure 2). High pairwise nucleotide identities were observed among

isolates within the same country (99.6%–100% identity within Lao

PDR; 99.7%–99.8% identity within Vietnam; 99.8% identity within

Myanmar). Notably, the isolates from Lao PDR and Vietnam were

also closely related (99.1%–99.2% identity), and they were most sim-

ilar (98.1%–98.4% identity) to a virus previously circulating in India

in 2013 (KM264361). The O/ME-SA/Ind-2001d isolates from Myan-

mar were found most closely related (99.5% identity) to a virus pre-

sent in Bangladesh in 2015 (KY077610), but divergent (92.0%

identity) from the isolates collected from Lao PDR and Vietnam.

4 | DISCUSSION

Multiple lineages of serotype O FMDV, including O/SEA/Mya-98,

O/ME-SA/PanAsia and O/CATHAY, are recognized to cocirculate in

mainland SEA. In addition to these established lineages, this study

reports the first detections of the O/ME-SA/Ind2001 viral lineage

from field outbreaks in 2015 in three countries in SEA (Lao PDR,

Vietnam and Myanmar). This viral lineage has also recently spread

from the Indian subcontinent in a westerly direction to cause

F IGURE 1 Locations and starting dates
of the foot-and-mouth disease outbreaks
due to O/ME-SA/Ind-2001d described in
this study.
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outbreaks in the Middle East and North Africa (Knowles et al.,

2016). The O/ME-SA/Ind2001d outbreaks in SEA affected cattle,

buffaloes and pigs, where clinical manifestations of FMD were simi-

lar to those generated by the endemic FMDV lineages. However,

clinical cases were not reported in goats, despite opportunities of

direct and indirect contacts with infected large ruminants in a rural

village setting. This is also a common finding for FMD outbreaks

caused by the endemic FMDV lineages where subclinical infections

in small ruminants are very common and difficult to diagnose (Rout,

Subramaniam, Mohapatra, & Pattnaik, 2016; Sherman, 2011). Due to

resource deficits, emergency vaccinations were not applied in the

majority of outbreaks reported here. This, coupled with a lack of

strict enforcement of movement control in the affected areas, may

create opportunities for onward transmissions of this exotic strain in

this region.

Genetic analysis of viral VP1 sequences showed that O/ME-SA/

Ind-2001d isolates collected from Lao PDR and Vietnam were closely

related, but divergent from the isolates from Myanmar, indicating

that at least two independent introductions of this strain into the

region have occurred. Due to the substantial under-reporting of FMD

outbreaks, insufficient sampling and delay in molecular strain typing

in this region (OIE-SEACFMD, 2016b), the primary outbreaks caused

by O/ME-SA/Ind-2001d as well as the exact time and origins of the

viral incursions remain unidentified. Yet, Bangladesh and India repre-

sent the most likely direct origins given the close genetic relation-

ships between outbreak viruses, the geographic proximity and the

close links via trade in animals and animal products with SEA (Di

Nardo et al., 2011; Landes, Melton, & Edwards, 2016). The incursion

of O/ME-SA/Ind-2001d into the western border of Myanmar is likely

attributed to the frequent Bangladesh–Rakhine cross-border move-

ments of livestock and humans, as supported by the close genetic

relatedness between the isolates recovered from the two countries

(Figure 2). A similar transboundary spread of FMDV of serotype A

was detected in Rakhine State in 2010, the first recorded outbreak in

Myanmar due to this serotype since 1978, and the causative virus

was found to be closely related to viruses previously circulating in

India in 2000 (Di Nardo et al., 2011). The O/ME-SA/Ind-2001 lineage

has become dominant in India since 2008 and caused extensive FMD

TABLE 1 Overview of the foot-and-mouth disease outbreaks due to O/ME-SA/Ind-2001d described in this study

Country
Province/
State Village/Farm

Date of outbreak
(2015)

Species

Number of

Virus detected
(Accession No.a)Onset Resolution

Susceptible
animals Cases Deaths

Lao

PDR

Vientiane

Capital

Nakhoun Village 20 Apr 20 Jun Cattle 250 70 0 O/LAO/11/2015

(KY399460)

O/LAO/12/2015

(KY399461)

Buffalo 117 23 0

Pig 10 0 0

Goat 30 0 0

Naxup Village 3 May 20 Jun Cattle 627 7 0 O/LAO/15/2015

(KY399463)Buffalo 756 7 0

Vietnam Dak Nong A farm

in Kien Thanh

Commune

26 May 19 Jun Cattle 15 12 0 O/VIT/9595/2015

(KY399464)

Dak Lak A farm

in Thanh Nhat

Commune

23 Aug 12 Oct Pig 50 45 7 O/VIT/16451/2015

(KY399465)

Dak Nong A farm

in Tam Thang

Commune

28 Sep 9 Nov Pig 328 306 78 O/VIT/17867/2015

(KY399466)

Dak Lak A farm

in Cu Dlie M’nong

Commune

8 Oct 30 Oct Cattle 47 47 0 O/VIT/18280B/2015

(KY399467)

Ninh Thuan A farm

in Ma Noi

Commune

20 Oct 13 Nov Cattle 5 5 0 O/VIT/19350/2015

(KY399468)

Myanmar Rakhine Kaingyi Village 22 Oct 15 Nov Cattle 42 7 0 O/MYA/2493/2015

(KY399469)Pig 17 0 0

Goat 63 0 0

Chan Pyin Village 24 Oct 17 Nov Cattle 38 5 0 O/MYA/2496/2015

(KY399470)Pig 27 0 0

Goat 58 0 0

aAccession number of viral VP1 sequence; ME-SA, Middle East-South Asia; PDR, People’s Democratic Republic.
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outbreaks in this country during 2013–2014 (Subramaniam et al.,

2015). The Indian isolates from this epidemic were closely related to

the O/ME-SA/Ind-2001d isolates recovered from Lao PDR and Viet-

nam (Figure 2). However, it remains unclear whether the outbreaks in

the two neighbouring SEA countries are epidemiologically linked or

due to separate incursions from similar sources in India. A recent

study on livestock movements in the Greater Mekong Sub-Region

has shown that many live cattle and buffaloes from India and Bangla-

desh move through Myanmar, Thailand and Lao PDR towards the

high-value markets in Vietnam and China annually (Smith et al.,

2015). However, the management of animal movements is quite vari-

able across SEA, and many of the cross-border movements are infor-

mal (Poolkhet et al., 2016; Smith et al., 2015), which directly impacts

inter- and intraregional spread of various animal diseases, including

FMD caused by O/ME-SA/Ind-2001d.

Apart from live animals, there is also well-developed trade of

bovine products from India into SEA. Retrospective investigation in

Vientiane Capital found that frozen buffalo tongue was officially

imported for domestic consumption in December 2014 from Uttar

Pradesh of India, where O/ME-SA/Ind-2001d is endemic (Subrama-

niam et al., 2015). Multiple importations of frozen buffalo deboned

meat from India during 2014–2015 were also documented by the gov-

ernment of Lao PDR, but the risk of transmitting FMD via deboned

meat is generally considered very low given that the acidification dur-

ing rigour mortis is normally sufficient to inactive FMDV in muscle tis-

sues (Paton, Sinclair, & Rodriguez, 2010). Vietnam also frequently

imports buffalo products from India, both legally and illegally, with the

majority of commodities being frozen deboned meat and a small

amount of offal (e.g., tongue and heart) and bone-in meat. Foot-and-

mouth disease viruses can survive for long periods in offal, lymph

nodes and bone marrow (Cottral, 1969). Although the possible associ-

ations between the imported high-risk buffalo products and the field

outbreaks have not yet been demonstrated in both Lao PDR and Viet-

nam, previous reports have shown that importation of such high-risk

materials from FMD endemic countries can result in introductions of

FMD into free countries (USDA, 1994; Valarcher et al., 2008).

The detections of O/ME-SA/Ind-2001d have motivated countries

in SEA to facilitate molecular strain typing of field isolates collected

since 2015. While preparing this article, viruses belonging to the O/

ME-SA/Ind-2001d sublineage have been identified as causing FMD

outbreaks in cattle, buffaloes and pigs from several northern pro-

vinces (Son La, Bac Kan, Lao Cai, Yen Bai, Lang Son and Nghe An)

of Vietnam from June 2015 to September 2016 (WRLFMD, 2017a).

This strain further spread to Thailand in September 2016 and has

caused widespread outbreaks in cattle, buffaloes and pigs since then

(OIE, 2017; WRLFMD, 2016). Additional outbreaks caused by O/ME-

SA/Ind2001d were detected in cattle in Sagaing, Ayewaddy and Yan-

gon States of Myanmar in January 2017 (WRLFMD, 2017b). Further

investigations of these outbreaks and analysis of these newly gener-

ated viral sequences are needed to disclose their links with those

described in this study. The spread of O/ME-SA/Ind-2001d over

large distances in a short time period is similar to the earlier obser-

vations in the Middle East and North Africa (Bachanek-Bankowska

F IGURE 2 Maximum-likelihood tree based on viral VP1
sequences showing the relationships between foot-and-mouth
disease virus O/ME-SA/Ind-2001d isolates collected from South-
East Asia in 2015 and from South Asia, the Middle East and North
Africa during 2011–2016. The sequence generated in this study is
shown with a diamond symbol (♦). The sequence that does not have
a WRLFMD reference number is marked with an asterisk (*)
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et al., 2016; Knowles et al., 2016; Valdazo-Gonzalez et al., 2014).

Although so far, the O/SEA/Mya-98 viral lineage has continued to

dominate the serotype O outbreaks in SEA (OIE, 2017; OIE-

SEACFMD, 2016b), it is difficult to speculate whether O/ME-SA/

Ind-2001d will only seed a limited number of onward outbreaks as

occurred in the Middle East (Knowles et al., 2016; Valdazo-Gonzalez

et al., 2014), or establish itself in the region and outcompete other

endemic FMDV lineages as it has in India (Yuvaraj et al., 2013) and

Bangladesh (Nandi, Rahman, Momtaz, Sultana, & Hossain, 2015).

Constant monitoring and characterization of field isolates are

required to better understand the epidemiology of FMD in this

region and adjust control measures.

In SEA, Thailand and Myanmar produce FMD vaccines and any

vaccines used in other countries are imported. Virus-neutralization

assays and cross-protection challenge studies have shown that

viruses incorporated in the imported FMD vaccines—O1/Manisa and

O/3039—can confer effective protection against viruses of the O/

ME-SA/Ind-2001d sublineage (Fishbourne et al., 2017; Singanallur

et al., 2016). Further research is needed to examine the antigenic

match between O/ME-SA/Ind-2001d and vaccine strains used by

Thailand and Myanmar. Also, close monitoring of the antigenic evo-

lution of O/ME-SA/Ind-2001d and vaccine effectiveness in the field

is needed to ensure a sustainable risk mitigation by vaccination.

Multiple trans-pool movements of FMDV from the Indian sub-

continent to SEA have been previously recorded. The O/ME-SA/

PanAsia lineage was introduced from India into SEA in the late

1990s and has been circulating since then (Knowles et al., 2005). In

addition, the O/ME-SA/PanAsia-2 lineage originating from India

caused outbreaks in Peninsular Malaysia during 2003-2009 (Abdul-

Hamid et al., 2011). Moreover, the Asia 1 serotype extended from

the Indian subcontinent to SEA before 1996 and had caused spo-

radic outbreaks until 2007, and it was reintroduced into Rakhine

State of Myanmar in 2017 (Le, Nguyen, Park et al., 2010; Valarcher

et al., 2009; WRLFMD, 2017c). The incursions of O/ME-SA/Ind-

2001d once again highlight the porous borders between SEA and the

Indian subcontinent as well as the continuous threat posed by FMD

as a transboundary disease. The sharp rising demand for meat in

China and Vietnam is expected to continue to drive substantial

movements of livestock from the Indian subcontinent and different

parts of SEA (Smith et al., 2015; Thornton, 2010), posing a significant

challenge to controlling the risks of transboundary diseases including

FMD. The OIE, through its SEACFMD Campaign, is coordinating

multinational collaboration to monitor cross-border animal move-

ments and developing approaches to promote safe and regulated

international trade to mitigate such risks. In addition, governments in

SEA are under increased pressure to allow importation of meat from

India to meet domestic demands. It is highly recommended to base

import decisions on a scientific risk assessment, in accordance with

the OIE Terrestrial Animal Health Code, to minimize the risk of exo-

tic animal disease incursions. Furthermore, improved surveillance of

FMD and diagnostic capacity are essential for the rapid detection of

emergence of any new strain and the timely institution of control

and prevention measures, such as quarantine and movement control

along risk pathways, shut down of livestock markets at risk, selection

of appropriate vaccine strains for use and storage in emergency vac-

cine reserves. All of these can only be achieved by continued political

commitment coupled with proper allocation of needed resources

from countries and international donors.

ACKNOWLEDGEMENTS

We acknowledge veterinary authorities of Lao PDR, Vietnam and

Myanmar for contributing to the outbreak investigation and sample

collection. We also appreciate Sahawatchara Ungvanijban and King-

karn Boonsuya Seeyo from RRLFMD, Phong Vu Pham and Thanh

Phuong Nguyen from RAHO6, Vilayvanh Phithacthep from National

FMD Laboratory of Lao PDR, Khin Sandar Lwin from National FMD

Laboratory of Myanmar and staff of WRLFMD for contributing to

the diagnostic analysis. We also thank colleagues from OIE Head-

quarters for proofreading this manuscript.

Work by the OIE was funded by Australian Department of For-

eign Affairs and Trade via the Stop Transboundary Animal Diseases

and Zoonoses (STANDZ) Initiative, and Ministry of Agriculture of

China via the OIE World Animal Health and Welfare Fund. The work

of RRLFMD was funded by Department of Livestock Development

of Thailand. The work of WRLFMD was supported by Department

for Environment, Food and Rural Affairs of UK (Grant No. SE2943),

and funding provided to the EuFMD from the European Union.

REFERENCES

Abdul-Hamid, N. F., Hussein, N. M., Wadsworth, J., Radford, A. D.,

Knowles, N. J., & King, D. P. (2011). Phylogeography of foot-and-

mouth disease virus types O and A in Malaysia and surrounding

countries. Infection, Genetics and Evolution, 11, 320–328.

Bachanek-Bankowska, K., Wadsworth, J., Gray, A., Abouchoaib, N., King,

D. P., & Knowles, N. J. (2016). Genome sequence of foot-and-mouth

disease virus serotype O isolated from Morocco in 2015. Genome

Announcements, 4, e01746–15.

Brito, B., Pauszek, S. J., Eschbaumer, M., Stenfeldt, C., de Carvalho Fer-

reira, H. C., Vu, L. T., . . . Arzt, J. (2017). Phylodynamics of foot-and-

mouth disease virus O/PanAsia in Vietnam 2010–2014. Veterinary

Research, 48, 24.

de Carvalho Ferreira, H. C., Pauszek, S. J., Ludi, A., Huston, C. L.,

Pacheco, J. M., Le, V. T., . . . Arzt, J. (2017). An integrative analysis of

foot-and-mouth disease virus carriers in Vietnam achieved through

targeted surveillance and molecular epidemiology. Transboundary and

Emerging Diseases, 64, 547–563.

Cleland, P. C., Chamnanpoodb, P., Baldock, F. C., & Gleeson, L. J. (1995).

An investigation of 11 outbreaks of foot-and-mouth disease in

villages in Northern Thailand. Preventive Veterinary Medicine, 22,

293–302.

Cottral, G. E. (1969). Persistence of foot-and-mouth disease virus in ani-

mals, their products and the environment. Office Int Epizoot Bull, 71,

549–568.

Di Nardo, A., Knowles, N. J., & Paton, D. J. (2011). Combining livestock

trade patterns with phylogenetics to help understand the spread of

foot and mouth disease in sub-Saharan Africa, the Middle East and

Southeast Asia. Revue Scientifique et Technique, 30, 63–85.

Fishbourne, E., Ludi, A. B., Wilsden, G., Hamblin, P., Statham, B., Bin-

Tarif, A., . . . King, D. P. (2017). Efficacy of a high potency O1 Manisa

foot-and-mouth disease vaccine in cattle against heterologous

e110 | QIU ET AL.



challenge with a field virus from the O/ME-SA/Ind-2001 lineage col-

lected in North Africa. Vaccine, 35, 2761–2765.

Gleeson, L. J. (2002). A review of the status of foot and mouth disease

in South-East Asia and approaches to control and eradication. Revue

Scientifique et Technique, 21, 465–475.

Hall, T. A. (1999). BioEdit: A user-friendly biological sequence alignment

editor and analysis program for Windows 95/98/NT. Nucleic Acids

Symposium Series, 41, 95–98.

Khounsy, S., Conlan, J. V., Gleeson, L. J., Westbury, H. A., Colling, A.,

Paton, D. J., . . . Blacksell, S. D. (2009). Molecular epidemiology of

foot-and-mouth disease viruses from South East Asia 1998–2006:

The Lao perspective. Veterinary Microbiology, 137, 178–183.

Knowles, N. J., Bachanek-Bankowska, K., Wadsworth, J., Mioulet, V., Val-

dazo-Gonzalez, B., Eldaghayes, I. M., . . . King, D. P. (2016). Outbreaks

of foot-and-mouth disease in Libya and Saudi Arabia during 2013

due to an exotic O/ME-SA/Ind-2001 lineage virus. Transboundary

and Emerging Diseases, 63, e431–e435.

Knowles, N. J., He, J., Shang, Y., Wadsworth, J., Valdazo-Gonzalez, B., Ono-

sato, H., . . . King, D. P. (2012). Southeast Asian foot-and-mouth dis-

ease viruses in Eastern Asia. Emerging Infectious Diseases, 18, 499–501.

Knowles, N. J., & Samuel, A. R. (2003). Molecular epidemiology of foot-

and-mouth disease virus. Virus Research, 91, 65–80.

Knowles, N. J., Samuel, A. R., Davies, P. R., Midgley, R. J., & Valarcher, J.

F. (2005). Pandemic strain of foot-and-mouth disease virus serotype

O. Emerging Infectious Diseases, 11, 1887–1893.

Landes, M., Melton, A., & Edwards, S. (2016). From where the buffalo

roam: India’s beef exports. Retrieved from https://www.ers.usda.gov/

webdocs/publications/37672/59707_ldpm-264-01.pdf?v=42543

Le, V. P., Nguyen, T., Lee, K. N., Ko, Y. J., Lee, H. S., Nguyen, V. C., . . .

Park, J. H. (2010). Molecular characterization of serotype A foot-and-

mouth disease viruses circulating in Vietnam in 2009. Veterinary

Microbiology, 144, 58–66.

Le, V. P., Nguyen, T., Park, J. H., Kim, S. M., Ko, Y. J., Lee, H. S., . . . Lee,

K. N. (2010). Heterogeneity and genetic variations of serotypes O

and Asia 1 foot-and-mouth disease viruses isolated in Vietnam.

Veterinary Microbiology, 145, 220–229.

Le, V. P., Vu, T. T., Duong, H. Q., Than, V. T., & Song, D. (2016). Evolu-

tionary phylodynamics of foot-and-mouth disease virus serotypes O

and A circulating in Vietnam. BMC Veterinary Research, 12, 269.

Nampanya, S., Khounsy, S., Abila, R., Young, J. R., Bush, R. D., & Windsor,

P. A. (2016). Financial impacts of foot-and-mouth disease at village

and national levels in Lao PDR. Transboundary and Emerging Diseases,

63, e403–e411.

Nampanya, S., Khounsy, S., Phonvisay, A., Young, J. R., Bush, R. D., &

Windsor, P. A. (2015). Financial impact of foot and mouth disease on

large ruminant smallholder farmers in the greater Mekong subregion.

Transboundary and Emerging Diseases, 62, 555–564.

Nampanya, S., Richards, J., Khounsy, S., Inthavong, P., Yang, M., Rast, L.,

& Windsor, P. A. (2013). Investigation of foot and mouth disease hot-

spots in northern Lao PDR. Transboundary and Emerging Diseases, 60,

315–329.

Nandi, S. P., Rahman, M. Z., Momtaz, S., Sultana, M., & Hossain, M. A.

(2015). Emergence and distribution of foot-and-mouth disease virus

Serotype A and O in Bangladesh. Transboundary and Emerging Dis-

eases, 62, 328–331.

OIE (2017). WAHID interface animal health information. Retrieved from

http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home

OIE-SEACFMD (2016a). SEACFMD Roadmap 2016-2020: a strategic

framework to control, prevent and eradicate foot and mouth disease

in South East Asia and China. 3rd Edition. Retrieved from http://

www.rr-asia.oie.int/fileadmin/SRR_Activities/documents/SEACFMD_

Roadmap_merged_resized.pdf

OIE-SEACFMD (2016b) Report of the 22nd Meeting of the OIE Sub-

Commission for Foot-and-Mouth Disease Control in South-East Asia

and China. Chiang Rai, Thailand, 8-11 March. Retrieved from http://

www.rr-asia.oie.int/fileadmin/SRR_Activities/Sub-Comm/2016_Meet

ing/22nd_SubComm_report_final.pdf

Paton, D. J., Sinclair, M., & Rodriguez, R. (2010). Qualitative assessment

of the commodity risk for spread of foot-and-mouth disease associ-

ated with international trade in deboned beef. Transboundary and

Emerging Diseases, 57, 115–134.

Paton, D. J., Sumption, K. J., & Charleston, B. (2009). Options for control

of foot-and-mouth disease: Knowledge, capability and policy. Philo-

sophical Transactions of the Royal Society of London. Series B, Biological

sciences, 364, 2657–2667.

Poolkhet, C., Kasemsuwan, S., Seng, S., Keartha, C., Sokmao, C., Shin, M.,

. . . Hinrichs, J. (2016). Social network analysis of cattle movement in

Kampong Cham, Kampong Speu and Takeo, Cambodia. Acta Tropica,

159, 44–49.

Qiu, Y., Rodtian, P., Widders, P., & Abila, R. (2016). Combining livestock

movement pathways with phylogenetics to help understand the spread

of FMD in South-East Asia. 2016 Open Session of the Standing Techni-

cal and Research Committees of the European Commission for the Con-

trol of Foot-and-Mouth Disease, Cascais, Portugal, 26–28 October.

Retrieved from http://docs.wixstatic.com/ugd/2a4419_fd7cd5cce

0574072b270d11a39e7f7b3.pdf

Rout, M., Subramaniam, S., Mohapatra, J. K., & Pattnaik, B. (2016). Clin-

ico-molecular diagnosis and phylogenetic investigation of foot-and-

mouth disease in small ruminant population of India. Small Ruminant

Research, 144, 1–5.

Rweyemamu, M., Roeder, P., Mackay, D., Sumption, K., Brownlie, J.,

Leforban, Y., . . . Saraiva, V. (2008). Epidemiological patterns of foot-

and-mouth disease worldwide. Transboundary and Emerging Diseases,

55, 57–72.

Samuel, A. R., & Knowles, N. J. (2001). Foot-and-mouth disease type O

viruses exhibit genetically and geographically distinct evolutionary lin-

eages (topotypes). Journal of General Virology, 82, 609–621.

Shankar, B., Morzaria, S., Fiorucci, A., & Hak, M. (2012). Animal disease

and livestock-keeper livelihoods in Southern Cambodia. International

Development Planning Review, 34, 40–63.

Sherman, D. M. (2011). The spread of pathogens through trade in small rumi-

nants and their products. Revue Scientifique et Technique, 30, 207–217.

Singanallur, N. B., Eble, P. L., Dekker, A., vanHemert, F., Weerdmeester, K.,

& Vosloo, W. (2016). FMDV emergency type O vaccines are effective

against challenge with FMDV O/ALG/2013 (O IND 2001d) in cattle.

2016 Open Session of the Standing Technical and Research Committees

of the European Commission for the Control of Foot-and-Mouth Disease,

Cascais, Portugal, 26–28 October. Retrieved from http://docs.wixsta

tic.com/ugd/2a4419_fd7cd5cce0574072b270d11a39e7f7b3.pdf

Smith, P., L€uthi, N. B., Li, H. C., Oo, K. N., Phonvisay, A., Premashthira, S.,

. . . Miller, C. (2015) Movement pathways and market chains of large

ruminants in the Greater Mekong Sub-region. Retrieved from https://

www.bfh.ch/fileadmin/data/publikationen/2015/C_70_Smith_P.pdf

Subramaniam, S., Mohapatra, J. K., Sharma, G. K., Biswal, J. K., Ranjan, R.,

Rout, M., . . . Pattnaik, B. (2015). Evolutionary dynamics of foot-and-

mouth disease virus O/ME-SA/Ind2001 lineage. Veterinary Microbiol-

ogy, 178, 181–189.

Sumption, K., Domenech, J., & Ferrari, G. (2012). Progressive control of

FMD on a global scale. Veterinary Record, 170, 637–639.

Tamura, K. (1992). Estimation of the number of nucleotide substitutions

when there are strong transition-transversion and G+C-content

biases. Molecular Biology and Evolution, 9, 678–687.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., & Kumar, S. (2013).

MEGA6: Molecular evolutionary genetics analysis version 6.0. Molec-

ular Biology and Evolution, 30, 2725–2729.

Thompson, J. D., Higgins, D. G., & Gibson, T. J. (1994). CLUSTAL W:

Improving the sensitivity of progressive multiple sequence align-

ment through sequence weighting, position-specific gap

penalties and weight matrix choice. Nucleic Acids Research, 22,

4673–4680.

QIU ET AL. | e111

https://www.ers.usda.gov/webdocs/publications/37672/59707_ldpm-264-01.pdf?v=42543
https://www.ers.usda.gov/webdocs/publications/37672/59707_ldpm-264-01.pdf?v=42543
http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home
http://www.rr-asia.oie.int/fileadmin/SRR_Activities/documents/SEACFMD_Roadmap_merged_resized.pdf
http://www.rr-asia.oie.int/fileadmin/SRR_Activities/documents/SEACFMD_Roadmap_merged_resized.pdf
http://www.rr-asia.oie.int/fileadmin/SRR_Activities/documents/SEACFMD_Roadmap_merged_resized.pdf
http://www.rr-asia.oie.int/fileadmin/SRR_Activities/Sub-Comm/2016_Meeting/22nd_SubComm_report_final.pdf
http://www.rr-asia.oie.int/fileadmin/SRR_Activities/Sub-Comm/2016_Meeting/22nd_SubComm_report_final.pdf
http://www.rr-asia.oie.int/fileadmin/SRR_Activities/Sub-Comm/2016_Meeting/22nd_SubComm_report_final.pdf
http://docs.wixstatic.com/ugd/2a4419_fd7cd5cce0574072b270d11a39e7f7b3.pdf
http://docs.wixstatic.com/ugd/2a4419_fd7cd5cce0574072b270d11a39e7f7b3.pdf
http://docs.wixstatic.com/ugd/2a4419_fd7cd5cce0574072b270d11a39e7f7b3.pdf
http://docs.wixstatic.com/ugd/2a4419_fd7cd5cce0574072b270d11a39e7f7b3.pdf
https://www.bfh.ch/fileadmin/data/publikationen/2015/C_70_Smith_P.pdf
https://www.bfh.ch/fileadmin/data/publikationen/2015/C_70_Smith_P.pdf


Thornton, P. K. (2010). Livestock production: Recent trends, future pro-

spects. Philosophical Transactions of the Royal Society of London. Series

B, Biological sciences, 365, 2853–2867.

Tum, S., Robertson, I. D., Edwards, J., Abila, R., & Morzaria, S. (2015).

Seroprevalence of foot-and-mouth disease in the southern provinces

of Cambodia. Tropical Animal Health and Production, 47, 541–547.

USDA (1994). Foot-and-mouth disease: sources of outbreaks and

hazard categorization of modes of virus transmission. Retrieved

from http://www.fao.org/fileadmin/user_upload/eufmd/USDA__

1994.pdf

Valarcher, J. F., Knowles, N. J., Zakharov, V., Scherbakov, A., Zhang, Z.,

Shang, Y. J., . . . Paton, D. J. (2009). Multiple origins of foot-and-

mouth disease virus serotype Asia 1 outbreaks, 2003–2007. Emerging

Infectious Diseases, 15, 1046–1051.

Valarcher, J. F., Leforban, Y., Rweyemamu, M., Roeder, P. L., Gerbier, G.,

Mackay, D. K., . . . Knowles, N. J. (2008). Incursions of foot-and-

mouth disease virus into Europe between 1985 and 2006. Trans-

boundary and Emerging Diseases, 55, 14–34.

Valdazo-Gonzalez, B., Knowles, N. J., & King, D. P. (2014). Genome

sequences of foot-and-mouth disease virus O/ME-SA/Ind-2001 lin-

eage from outbreaks in Libya, Saudi Arabia, and Bhutan during 2013.

Genome Announcements, 2, e00242–14.

WRLFMD (2015). Genotyping report, serotype O, Bahrain. Retrievd from

http://www.wrlfmd.org/fmd_genotyping/2015/WRLFMD-2015-0000

4%20O%20Bahrain%202015.pdf

WRLFMD (2016). Genotyping report, serotype O, Thailand. Retrieved

from http://www.wrlfmd.org/fmd_genotyping/2016/WRLMEG-2016-

00023-Thailand-O-current.pdf

WRLFMD (2017a). Genotyping report, serotype O, Vietnam. Retrieved

from http://www.wrlfmd.org/fmd_genotyping/2016/WRLFMD-2016-

00037-Vietnam-O-approved.pdf

WRLFMD (2017b). Genotyping report, serotype O, Myanmar. Retrieved

from http://www.wrlfmd.org/fmd_genotyping/2017/WRLMEG-2017-

00032-Myanmar-O-current.pdf

WRLFMD (2017c). Genotyping report, serotype Asia 1, Myanmar.

Retrieved from http://www.wrlfmd.org/fmd_genotyping/2017/

WRLMEG-2017-00034-Myanmar-Asia1-approved.pdf

Young, J. R., Suon, S., Rast, L., Nampanya, S., Windsor, P. A., & Bush, R. D.

(2016). Benefit-cost analysis of foot and mouth disease control in large

ruminants in Cambodia. Transboundary and Emerging Diseases, 63, 508–522.

Yuvaraj, S., Madhanmohan, M., Nagendrakumar, S. B., Kumar, R., Subra-

manian, B. M., Mohapatra, J. K., . . . Srinivasan, V. A. (2013). Genetic

and antigenic characterization of Indian foot-and-mouth disease virus

serotype O isolates collected during the period 2001 to 2012. Infec-

tion, Genetics and Evolution, 13, 109–115.

How to cite this article: Qiu Y, Abila R, Rodtian P, et al.

Emergence of an exotic strain of serotype O foot-and-mouth

disease virus O/ME-SA/Ind-2001d in South-East Asia in

2015. Transbound Emerg Dis. 2018;65:e104–e112.

https://doi.org/10.1111/tbed.12687

e112 | QIU ET AL.

http://www.fao.org/fileadmin/user_upload/eufmd/USDA__1994.pdf
http://www.fao.org/fileadmin/user_upload/eufmd/USDA__1994.pdf
http://www.wrlfmd.org/fmd_genotyping/2015/WRLFMD-2015-00004%20O%20Bahrain%202015.pdf
http://www.wrlfmd.org/fmd_genotyping/2015/WRLFMD-2015-00004%20O%20Bahrain%202015.pdf
http://www.wrlfmd.org/fmd_genotyping/2016/WRLMEG-2016-00023-Thailand-O-current.pdf
http://www.wrlfmd.org/fmd_genotyping/2016/WRLMEG-2016-00023-Thailand-O-current.pdf
http://www.wrlfmd.org/fmd_genotyping/2016/WRLFMD-2016-00037-Vietnam-O-approved.pdf
http://www.wrlfmd.org/fmd_genotyping/2016/WRLFMD-2016-00037-Vietnam-O-approved.pdf
http://www.wrlfmd.org/fmd_genotyping/2017/WRLMEG-2017-00032-Myanmar-O-current.pdf
http://www.wrlfmd.org/fmd_genotyping/2017/WRLMEG-2017-00032-Myanmar-O-current.pdf
http://www.wrlfmd.org/fmd_genotyping/2017/WRLMEG-2017-00034-Myanmar-Asia1-approved.pdf
http://www.wrlfmd.org/fmd_genotyping/2017/WRLMEG-2017-00034-Myanmar-Asia1-approved.pdf
https://doi.org/10.1111/tbed.12687

