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Introduction

Foot and mouth disease (FMD) is a major limitation for
efficient and sustained livestock production in south-east

Asia and particularly in Lao People’s Democratic Republic
(Lao PDR, Khounsy and Conlan, 2008) where more than
94% of all livestock products are produced by smallholder
farmers owning less than five heads of cattle and buffalo
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Summary

Foot and mouth disease (FMD) is an endemic transboundary disease in the Me-
kong region, and FMD records of reports to animal health authorities in Lao PDR
between 2009 and 2011 were reviewed. FMD outbreaks occurred in 2 of 3 years in
eight districts in three of the eight northern Lao PDR provinces, locations sug-
gested as FMD ‘hotspots’. The relatively higher risk of recurrence of FMD in these
districts was likely due to the presence of a dense large ruminant population,
extensive animal trading including transboundary movements and ineffective ani-
mal movement controls. As an understanding of the epidemiology of FMD in
these ‘hotspots’ may offer insights into improved FMD control in the region, a
study of an outbreak of FMD occurring in early 2010 following failure to vaccinate
was conducted in the endemic ‘hotspot’ area of Paek district in Xiengkhoung
province where in early 2009, a major outbreak of FMD in the district had been
prevented in two villages by vaccination. The 2010 outbreak included collection of
tissue samples 1 week after the onset of FMD that confirmed infection with FMD
virus serotype O (Myanmar topotype) in a population of 239 large ruminants,
comprising 167 cattle and 72 buffalo. A survey by interview of 30 farmers con-
ducted in July 2010 documented high morbidity in cattle and buffalo (>90%) and
identified disease risk factors, including increased trading of animals at the end of
the rice harvest, plus several failures of biosecurity. In late 2010 and early 2011, a
total of 40 and 72 serum samples were collected from large ruminants prior to and
post-FMD vaccination respectively and tested by LPB-ELISA. Antibodies were
present in the pre-vaccination samples attributable to previous exposure to FMD
virus and significantly rising post-vaccination titres indicated likely temporary
protection against future FMDV infection. It was concluded that to provide suffi-
cient control of FMD in this ‘hotspot’, regular vaccination, particularly prior to
the peak risk period in December-February, plus improved farmer knowledge of
disease transmission risk and biosecurity, is required. Although low rural educa-
tion standards and language barriers because of multiple ethnic groups pose a
challenge for the successful delivery of extension programmes in northern Lao
PDR, training to improve disease recognition and reporting plus village-level
biosecurity practices is considered important in FMD ‘hotspots’ if sustainable
regional initiatives directed at FMD control are to be achieved.
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(Wilson, 2007; Nampanya et al., 2010). The FMD viruses
(FMDV) belong to genus Aphthovirus, family Picornavir-
idae with seven distinct serotypes: A, O, C, Asia1 and
SAT 1, 2 and 3 and cause a highly contagious disease that
can affect all cloven-hoofed animals, producing extensive
vesicular lesions on the lips, tongue, gums, dental pad,
feet and udder (Sainsbury, 1998; Lubroth, 2002; Rweyem-
amu et al., 2008). Although mortality in adult animals
because of FMDV infection is rare, weight loss, decreased
milk production and loss of draft power result in long-
term productivity losses to the agricultural sector (Black-
sell et al., 2008), and outbreaks may cause substantial
losses to farmers because of treatment expenses and time
spent caring for sick animals (Rushton et al., 2002).
Major losses also accrue from limitations on export
opportunities through the trade restrictions on animals
and their products imposed by FMD-free countries dur-
ing outbreaks (Cleland et al., 1995; Gleeson, 2002). Reli-
able estimates of current production losses because of
FMD outbreaks in Lao PDR are lacking although a 10%
annual loss has been suggested when mortality rates
because of FMD and haemorrhagic septicaemia (HS) are
combined (Asian Development, 2005). However, if the
cost of feed used to replace the weight lost during infec-
tion is included in estimated losses, the financial cost of
FMD to cattle and buffalo production in Lao PDR is
likely to be much higher (Rast et al., 2010).

Foot and mouth disease control is a major challenge in
Lao PDR as the country shares borders with five other
FMD-endemic countries (World Organisation for Animal
Health OIE, 2011) and is positioned on a major thor-
oughfare for transboundary animal movements in south-
east Asia (Khounsy et al., 2008; Windsor, 2011). The
South–East Asia Foot and Mouth Disease (SEAFMD)
campaign was launched in 1997 and updated in 2007,
with the goal of achieving FMD freedom in south–east
Asia by 2020 (OIE SEAFMD Regional Coordination Unit,
2007). As in neighbouring countries, in recent years, the
predominant strain of FMDV in Lao PDR is serotype O
followed by serotype A, with no outbreaks of type Asia1
detected between 2003 and 2006 (Gleeson, 2002; Perry
et al., 2002; Khounsy et al., 2009). Vaccination is a key
control strategy in managing FMD outbreaks (OIE SEA-
FMD Regional Coordination Unit, 2007), and knowledge
of serotype is critical in the choice of vaccine to use.
Although FMD vaccines do not prevent infection or
development of the carrier state in ruminants (Doel,
2003), they do protect against the debilitation because of
clinical disease, including oral and pedal vesicular lesions,
inappetence and weight loss. Infected vaccinated animals
excrete less virus so limiting environmental contamina-
tion and subsequent challenge to naı̈ve animals (Orsel
and Bouma, 2009).

For reasons yet to be fully understood, some areas in
the south-east Asian region are particularly vulnerable to
re-infection, described locally as FMD ‘hotspots’. In this
study, we define these in northern Lao PDR, as areas with
a high risk of re-infection with FMDV where the infec-
tion was recorded twice between 2009 and 2011. They are
characterized as areas comprising a high large ruminant
population, extensive animal trading occurs and contains
a transit route for transboundary movements. These ‘hot-
spots’ have been noted in several districts in the northern
Lao, particularly in certain districts in the provinces of
Xiengkhoung (XK), Xayabouli and Huaphan. As they are
considered to be important in FMD control, we examined
disease records between 2009 and 2011 to identify FMD
‘hotspots’ and conducted investigations of the ‘hotspot’
area of Paek district in XK province to further our under-
standing of why disease recurs in this location and
whether vaccination is likely to be effective. The study
builds on the information documented as a case study of
an outbreak that commenced in late 2008, shortly after
part of the population was vaccinated (Rast et al., 2010).
The re-emergence of FMD from January through March
2010 in Paek enabled a retrospective FMD outbreak
investigation aimed at identifying disease risk factors, plus
a post-outbreak pre- and post-vaccination serology study
to be conducted, assessing the likelihood of protection
against further outbreaks of FMD. The study aims to
assist recommendations important in FMD control,
enabling improved management of future outbreaks in
regional FMD ‘hotspots’.

Methodology

Review of disease outbreaks
To identify high-risk areas for FMD infection or
‘hotspots’ in the eight northern provinces of Lao PDR,
disease outbreak records between 2009 and 2011 as
reported to the National Animal Health Centre (NAHC)
of Department of Livestock and Fisheries (DLF) in Vien-
tiane and DLF regional office in Luang Prabang were
examined.

Selection of ‘hotspot’ study site

The selected FMD ‘hotspot’ site for study was the rural
villages of Nong and Nadee in XK where a longitudinal
study of large ruminant health and production has been
occurring (Windsor et al., 2008). Both villages have high
densities of large ruminants and are located near roads
and border areas between Paek and Khoun district
around 20 and 32 km respectively from Phonsavan, the
provincial capital of XK province. XK is located in the
north-east of Lao PDR and is an important location for
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the transit of livestock on the trade route into neighbour-
ing Vietnam (Kerr et al., 2012). The movements of trad-
ers and livestock in XK are uncontrolled. Cattle and
buffalo in these villages are free-grazing during the day,
sharing common grassland with stock belonging to other
villagers’. At night, the cattle and buffalo are housed for
supervision and convenient collection of manure for rice
paddy fields.

Retrospective FMD outbreak survey

Study team
A survey of farmers was conducted in July 2010 in
Nong village, 6 months after the initial report of the
most recent FMD outbreak, using the same team of
district and project staff (trained in a series of large
ruminant health and production workshops supported
by the Australian Crawford Fund between 2009 and
2010) that collaborated on previously published studies
(Nampanya et al., 2010; Rast et al., 2010; Khounsy
et al., 2011).

Farmer selection
Thirty farmers that reported their livestock recently
affected by FMD were interviewed. The interviews
occurred in three groups of 10 farmers, including three to
five females per group. Most of the farmers were in regu-
lar consultation with project staff and indicated willing-
ness to participate in the outbreak investigation.

Survey and data collection
A semi-structured face-to-face interview was conducted
using a questionnaire developed by the authors. The
questionnaire consisted of opened and closed questions
designed to collect extensive information on the FMD
outbreak, but with wording kept as simple and brief as
possible to accommodate the needs of the questionnaire
audience. The interview was conducted by district exten-
sion staff in Lao language and took between 1 and 2 h
per group, with relevant data recorded by district staff
and analysed by project staff.

Sample collection, transportation and analysis
Tissue samples from 18 large ruminants from seven dif-
ferent owners were collected in the village by district staff
1 week after the first sign of disease was observed. This
was a routine disease outbreak investigation by the DLF,
and samples were transported for analysis at NAHC in
Vientiane on 23rd February 2010, using FMD ELISA typ-
ing techniques (Hamblin et al., 1986a,b) to detect FMDV
antigen following the standard methods provided by the
OIE-FMD Regional Reference Laboratory in Pak Chong,
Thailand.

Cattle and buffalo weight records
The target population of large ruminants in Nong village
consisted of 239 animals, comprising 167 cattle (127
cows, 40 bulls) and 72 buffalo (39 cows, 33 bulls). Ani-
mals were ear-tagged and weighed using electronic scales
every 4 months, with the weight recorded as part of a 3-
year longitudinal research project. In an attempt to deter-
mine whether the FMD outbreak influenced weight gain
at the village population level, weight records in October
2009 (3 months before the outbreak), January 2010
(1 week before the outbreak) and May 2010 (4 months
after the onset of the outbreak) were examined.

FMD vaccine serological study

The study was conducted in October 2010 and January
2011 in Nong and Nadee villages.

Collection of sera, FMD vaccination and data collection
Prior to vaccination, 40 serum samples were collected in
October 2010. This was followed by another 72 sera samples
collected at the end of December 2010, 2 months post-vacci-
nation. Of the 112 serum samples collected over the two vis-
its, 33 of the 72 samples at the second collection in
December 2010 were from the 40 animals collected in Octo-
ber 2010. Blood samples were collected by jugular venipunc-
ture, but in the absence of a portable centrifuge, blood was
left to clot on standing, and separated serum was expressed
from the syringe into serum tubes within 24 h of collection
and kept on ice until a freezer was available. All sampled ani-
mals were vaccinated with a trivalent inactivated FMD vac-
cine containing type O, A and Asia1 antigens (AFTOVAX!,
Merial, France) in October 2010. Vaccinated animals
received 2 ml of vaccine by subcutaneous injection over the
dorsal aspect of the scapula by trained district staff.

The October 2010 weight records of the sampled 79 large
ruminants were used to determine any significant association
between weight at the time of vaccination and antibody
response to the vaccine. Information on gender, age and
body condition scores (BCS) of each sampled animal was
also recorded during pre- and post-vaccination sampling on
a scale of 1–3 (being thin, fair and fat, respectively).

Laboratory serological analysis
The samples were submitted for analysis by two different
serological tests for FMDV at the NAHC laboratory in
Vientiane.

Structural Protein (SP) Liquid Phase Blocking (LPB)-
ELISA: Samples were assay for antibodies against FMDV
SPs as described (Hamblin et al., 1986a,b; Blacksell et al.,
2008), and results were expressed as the final test serum
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dilution ELISA ratios (ERs) of 1 : <40, 1 : 40, 1 : 80,
1 : 160 or 1 : ‡320, giving 50% of the mean optical den-
sity (OD) recorded in the control wells.

3ABC Non-structural Protein (NSP) ELISA: Test sera were
also analysed using a commercial ELISA kit according to
manufacturer instructions (Ceditest!; Cedi Diagnostics
BV, Lelystad, the Netherlands) to detect antibodies to
FMDV 3ABC NSPs, as described (Sorensen et al., 1998;
Bronsvoort et al., 2006; Mwiine et al., 2010). Results were
expressed as percentage inhibition (PI) of the OD of test
wells compared with control wells. PI values <50% were
considered negative, and values over or equal to 50%
were considered positive for the presence of antibodies to
the FMDV NSP (Bronsvoort et al., 2006).

Data management and analysis

Retrospective FMD outbreak investigation
The data were translated and transcribed into a spread-
sheet in Microsoft Excel. Morbidity and mortality rates
were determined, and qualitative data were summarized.
The weights of observed animals between October 2009
and May 2010 were analysed using a linear mixed model
in Genstat 13th edition statistical package. Data log-trans-
formation was not required as the weight parameter
appeared to be normal distributed. A P-value <0.05 was
considered to indicate significant differences between the
observed quantitative traits.

FMD vaccine serology study
Because of the low number of anti-SP samples with ERs
of 1 : <40, these results were merged with the 1 : 40 cate-
gory, giving four ordinal categories for SP outcome vari-
ables (1 : <40–1 : 40; 1 : 80; 1 : 160; 1 : ‡320).
Descriptive analysis was performed using Minitab 15th
statistical package. Frequencies and relative frequencies
were calculated for categorical explanatory variables,
including sampling time, species, sex and BCS.

The Unilogistic Macro (Dhand, 2010) developed for the
SAS statistical program was used in four separate univari-
able logistic regression analyses. Ordinal logistic regression
was used for anti-SP antibody ERs for each serotype
and binary logistic regression for the anti-3ABC NSP data.
P-values were generated for all explanatory variables based
on the likelihood ratio chi-squared test. Multivariable
logistic regression analysis was also performed using the
SAS GLIMMIX (SAS Institute Inc., Cary, NC, USA) proce-
dure. All variables returning a P-value <0.25 for the uni-
variable analyses were tested by inclusion as fixed effects in
the respective multivariable model built using a backward
stepwise approach. Variables with P-values <0.05 were
retained in the final models.

Results

Examination of FMD records to identify possible FMD
‘hotspots’
Between 2009 and 2011 inclusive, FMD outbreaks were
reported in at least four of the eight northern provinces
Lao PDR in each year with outbreaks occurring in 2 of
the 3-year period in the provinces of XK, Xayabouli and
Huaphan (Table 1 and Fig. 1). Within these three prov-
inces, the districts of Paek and Nonghad (on the border
to Vietnam) in XK, Xayabouli, Paklai, Bortan and Ken-
thao districts in Xayabouli (on the border to Thailand),
and Add and Xamtai district of Huaphan (on the border
to Vietnam) were identified as FMD hotspot areas in the
region where currently, the risk of re-infection with
FMDV appears to be high. There is considerable move-
ment of large ruminants into and out of these districts,
particularly where they share a border with a neighbour-
ing country. The data also identified that the periods
December–March and June–August were high-risk peri-
ods for occurrence of FMD infection.

Laboratory analysis at NAHC showed that 11 from 39
samples (two of 25 samples from Phongsali, six of 10
samples from Huaphan and three of four samples from
Luang Prabang) were positive for FMDV type O, with the
remaining samples testing negative for FMDV.

Retrospective FMD Investigation

Outbreak history
Clinical FMD cases were reported in Nong village, many
other villages in Paek district, and some villages in Khoun
district in XK between January and March 2010. Most
cattle, buffalo and pigs in Nong village were affected and
showed clinical signs including fever, salivation, anorexia,
lameness and vesicular lesions in the mouth and on the
feet. Both sexes and all ages of large ruminants and pigs
were infected but mortality occurred only in young ani-
mals (Table 2). The village chief reported the outbreak to
the local authorities at the end of January 2010, a week
after the first case of FMD was observed in Nong village.
This recent outbreak followed another FMD outbreak that
had been described in detail (Rast et al., 2010), occurring
between December 2008 and February 2009 in Paek
district, XK province.

Source of infection and Transmission
Although the source and mode of transmission of the
disease remain inconclusive, there was considerable dis-
cussion amongst farmers and local authorities that the
disease was most likely spread by human, vehicle and ani-
mal movement within Paek district but probably origi-
nated from other districts and provinces or even
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Table 1. Summary of FMD outbreaks in the northern Lao PDR, 2009 through 2011.

2009

Province

No.

districtsa No. affected districts

No.

Villagesa

No. affected

villages Time of Outbreaks

No. sick

buffalo

No. sick

cattle

No. sick

pigs

No. dead

buffalo

No. dead

cattle

No. dead

pigs

Luang Namtha 5 3: Sing, Nalae and

Luang Namtha

357 – August – – – – – –

Oudomxay 7 1: Namor 490 – August – – – – – –

Xayabouli 11 3: Paklai, Bortan

and Kenthao

448 – December – – – – – –

Xieng-khoung 8 2: Paek and Nonghad 502 – January–February – – – – – –

Total 31 9 1797

2010

Oudomxay 7 2: La and Nga 490 10 December – – – – – –

Huaphan 8 2: Add and Xamtai 738 – December – – – – – –

Xayabouli 11 6: Xaya, Paklai,

Bortan, Kenthao,

and Hongsa

448 21 December and

July–October

473 986 – 26 112 –

Xieng-khoung 8 8: include Paek and

Nonghad

502 94 January–March 5177 18276 3 15 60 1

Total 34 18 2178 125 5650 19262 3 41 172 1

2011

Phonsali 7 2: Mai and Khua 563 15 February–March and

June–September

– – – 63 – –

Luang Prabang 12 5: Xiengngun, Pakou,

Nambak and

Phoukoun

792 71 June–August and

November–December

3885 3717 604 194 317 43

Huaphan 8 8: include Add and

Xamtai

738 93 January–March and

June–July

3699 2701 603 374 190 205

Xayabouli 11 4: Xaya, Paklai,

Xaysathan and

Xienghon

448 26 February–March – – – – – –

Total 38 17 2541 205 7584 6418 1207 631 507 248

aData was based on statistical year book, Ministry of Planning and Investment, Department of Statistics (2009). () – Indicates the data was either not available or there was no reported of FMD

outbreaks in that province.

The districts names are bold as indication of FMD hotspot areas.
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neighbouring countries. This was supported by the survey
that identified that there were new introductions into
Nong village from various locations in January 2010
(Table 2) following the sale of fattened animals the previ-
ous December. No quarantine was applied to newly intro-
duced animals. Laboratory analysis of tissue samples from
Nong village revealed seven of 18 samples as positive for
type O FMDV (Myanmar topotype) with the remainder
negative for FMDV.

FMD treatment and prevention
In December 2008, 284 cattle and buffalo (more than
95% of the population) in Nong village were vaccinated
against FMD. However, the vaccination programme was
not repeated in 2009 as vaccine was unobtainable. Farm-
ers reported separating sick animals from normal animals
upon noticing clinical signs consistent with FMD.
Infected large ruminants were kept in a dry area and trea-
ted with lime, star fruit and other acidic fruit juices to
wash vesicular lesions on the mouth and feet. As feed
supplies are scarce at that time of the year, infected ani-
mals were mostly fed on rice straw. Disinfection of cloth-
ing and equipment after treating FMD-infected animals
was rarely practised.

FMD outbreak impact
Data on morbidity and mortality were tabulated
(Table 2). The morbidity rates in cattle and buffalo
exceeded 90%. Mortality was low with one cattle and four

Fig. 1. Map of Lao PDR and designated FMD hotspot districts (crossed areas) in three northern provinces (central and southern provinces not

examined). Note that all districts in Xayabouli province share a border with Thailand, but only some districts in Huaphan and Xiengkhoung share

a border with Vietnam. *Add district was recently separated from Xiengkhor district (located within the western part of Xiengkhor on the map).

Table 2. Summary of morbidity and mortality data of the 2010 FMD

outbreak in Nong village

Total

no. of

animals

No. of

introduced

animals

Morbidity Mortality

No

cases %

No

cases %

Cattle 305 21 289 95 1 0.003

Buffalo 163 16 150 92 4 2.45

Pigs 45 23 40 88 5 11.1
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buffalo deaths recorded, all aged <6 months. The five car-
casses were buried.

Cattle and buffalo male and female weights between
October 2009 (4 months prior to the outbreak), January
2010 (1 week prior to the outbreak) and May 2010
(4 months after the outbreak) were tabulated (Table 3). The
trends suggest that all class of large ruminant animal with
the exception of female buffalo lost weight between October
and January just prior to the outbreak. However, there were
no significant differences in weight variation in both species
when both the factors of time of measurement and gender
were included in the analysis. The prediction means of the
weight of bulls were 135.9 kg (±5.6) and 147.8 kg (±5.6) at
the January and May 2010 measurements, respectively
(P = 0.55). The mean weights of male buffalo were 328 kg
(±16.1) and 340 kg (±16.1) at the January 2010 and May
2010 measurement, respectively (P = 0.96).

FMD vaccine serology study

General information of the observed vaccination animals
Of the 112 samples from the two villages, cattle samples
accounted for 82.5% and 61.1% of the pre- and post-vac-
cination samples respectively and provided 68.8% of the
samples for analyses. Females comprised 80% of the pre-
vaccination samples and 77.8% of the post-vaccination
samples.

The age of the sampled animals ranged from 2 to
12 years; the mean age of the sampled cattle was 5.2 and
5.9 years in Nadee and Nong village, respectively. The
mean age of the buffalo was 6.9 and 5.3 years in Nadee
and Nong village, respectively. The mean weight of cattle
in Nong and Nadee village was 185.4 kg (±46.8) and

170.8 kg (±44.7), respectively. The majority of the
observed animals had a BCS of one or two at the time of
pre- and post- vaccination sampling.

Serotype-specific anti-SP antibody titres
Pre-vaccination antibody ERs against type O and Asia1
antigens ranged from 1 : <40–1 : 40 to 1 : 160, with
1 : <40–1 : 40 being the most frequent result. For type A,
the range expanded, with one animal returning a 1 : ‡320
titre, although 1 : <40–1 : 40 remained the most common
result. Post-vaccination, the ER of 1 : ‡320 was the most
frequent result for all serotypes (Fig. 2).

Anti-3ABC NSP antibody titres
On the basis of the PI cut-off described, 85% of the com-
bined samples from Nong and Nadee villages returned
positive results for antibodies against the non-structural
3ABC protein, suggesting previous exposure to FMDV.

Table 3. Changes in large ruminant weights between October 2009

and May 2010

9-October 10-January 10-May P-value*

Cattle

Bull weight (kg)

Prediction means 146.6 135.9 147.8 0.55

Standard error 58.8 5.6 5.6

Cow weight (kg)

Prediction means 168.8 155.7 160.3 0.55

Standard error 3.3 3.2 3.1

Buffalo

Bull weight (kg)

Prediction means 336.9 328.8 340.1 0.96

Standard error 16.6 16.1 16.1

Cow weight (kg)

Prediction means 336.4 335.4 340.2 0.96

Standard error 15 15 16.1

*Indicates significant difference between the mean of each parameter

(P < 0.05).

Fig. 2. Anti-structural protein antibody titers. The percentage of pre-

and post- vaccination samples returning a certain serum dilution is

shown.
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Post-vaccination, the proportion of positive samples
increased to 93.1%.

Univariable logistic regression analyses

Serotype-specific anti-SP and Anti-3ABC antibody titres
Analyses revealed sampling time was the only significant
explanatory variable for the antibody titres against SPs
recorded for serotypes O (P < 0.001) and A (P < 0.0001).
For serotype Asia1, both sampling time and species were
significant (P < 0.0001 and < 0.002, respectively).

Anti-3ABC antibody titres
Results of the chi-squared test revealed no significant associ-
ation between sampling time and the corresponding anti-
body titres (P = 0.18), suggesting no significant change in
NSP titres following vaccination. Age was significant
(P = 0.006) and weight (P = 0.093) was selected for inclu-
sion in the multivariable analysis based on the P-value <0.25.

Multivariable logistic regression analyses

Serotype-specific anti-SP antibody titres
Serotype-specific anti-SP ERs revealed a significant
increase in post-vaccination antibodies to the SPs of
FMDV type O, A and Asia1. The model for serotype
Asia1 also confirmed a borderline significant association
between species and anti-SP ERs, with buffalo 2.5 times
more likely to have a higher ER than cattle in both pre-
and post-vaccination samples.

Anti-3ABC NSP antibody titres
On the basis of the P-value <0.25 cut-off from the uni-
variable analyses, age and weight were tested in the multi-

variable analysis for anti-3ABC NSP antibody titres.
Weight was not found to be significantly associated with
the presence of anti-NSP antibodies (P > 0.05) though
age remained significant (P = 0.03) indicating that older
animals were more likely to have anti-NSP antibodies
(Table 4). Sampling time was included in the final model
confirming no significant association with a positive or
negative anti-NSP titre (P > 0.05).

Discussion

This study aimed to identify and understand FMD ‘hot-
spot’ areas in northern Lao PDR by examining records of
outbreaks and conducting a retrospective FMD outbreak
investigation and a serological study of FMD vaccine effi-
cacy in a typical ‘hotspot’ district. FMD ‘hotspots’ were
found to exist in areas where the large ruminant popula-
tion density is high, animal movement is extensive and
often involves transboundary movement, and effective
animal movement controls are absent. The records of
FMD outbreaks between 2009 and 2011 in the eight
northern provinces are considered reasonably reliable but
may be incomplete and provide an under-estimate of
both numbers of outbreaks and particularly the number
of sick and dead animals. In 2011, a total of 108 FMD
outbreaks were officially reported in Lao PDR, affecting
10 provinces, 21 districts and 289 villages (unpublished).
Although the retrospective survey was conducted
6 months after commencement of the FMD outbreak, the
collected data are considered reliable as it was consistent
with the extensive records of the village chief, veterinary
workers and the DLF district staff who are all in regular
contact with farmers. The confirmation of serotype and
the serological data confirms the presence of FMDV

Table 4. Variables significantly associated with anti-structural protein (SP) and anti-Non-structural Protein (NSP) antibody titer in the final multivar-

iable model

Variables Categories Serotype ba SEb ORc 95% CId P-value*

Anti-SP antibody

Sampling time Post-vaccination O 3.5 0.5 32.8 11.7, 91.6 <0.0001

A 2.6 0.4 13.3 5.5, 32.5 <0.0001

Asia1 5 0.7 151.8 1.0, 6.7 <0.001

Species Buffalo Asia1 0.9 0.5 2.5 1.0, 6.7 0.05

Anti-NSP antibody

Age 0.4 0.2 1.5 1.0, 2.1 0.03

Sampling time Pre-vaccination 0 1

Post-vaccination 0.9 0.7 2.6 0.7, 10.2 0.16

aParameter estimate.
bStandard error.
cOdds ratio.
d95% confidence interval of odds ratio.

*Based on likelihood ratio chi-square test of significance.
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circulating in the sampled population and documents a
significant antibody response to vaccination.

The impact of the 2010 FMD outbreak in Nong village

The mortality and morbidity rates reported in this study
are consistent with previous findings in FMD outbreaks in
Lao PDR (Gleeson, 2002; Khounsy et al., 2009; Rast et al.,
2010). High morbidity rates lead to production losses in
addition to the time and money required to treat affected
animals. However, because of low mortality rates com-
pared to diseases such as HS, many farmers and livestock
sector authorities consider that FMD is less important. An
estimate of the potential financial losses because of the
FMD outbreak in early 2009 conducted in the same area
of this study suggested that when the cost of replacement
feed is included in the estimates, losses were USD 1.7, 6.9
and 52.4 per cow or buffalo for fully vaccinated, partly
vaccinated and unvaccinated villages, respectively (Rast et
al., 2010). If a recent analysis by partial budgeting from
Cambodia is transferable to Lao PDR, then the losses may
be considerably higher (Young et al., 2012).

The weights of infected large ruminants were not able
to be recorded at the time the outbreak concluded. How-
ever, data from the October, January and May weight
recordings do provide some insights into the impact of
the FMD outbreak, with a general trend of weight loss
prior to the onset of infection in January, suggesting ani-
mals may be increasingly vulnerable to the risk of infec-
tious disease. Further, during the 7 months period
between October 2009 and May 2010, there was minimal
weight gain in the study animals, suggesting substantial
impacts on productivity following FMD.

The majority of the weighed animals were mature aged
females that were observed to be heavier than males for
both species. Variation in the weight of cattle was more
prominent than that in buffalo, and this is likely to reflect
the current practice of buffalo still being used for draft
power, meaning they are generally being better cared for
and kept closer to home rather than sent out for grazing
with beef cattle on common pasture. Beef cattle were
found to be at greater risk for FMD infection than draft
buffalo and cattle in Thailand (Cleland et al., 1995).
Although weight loss occurs with FMD, nutritional defi-
ciency is also very likely to be a major factor contributing
to the failure to gain weight between the weight record-
ings at the end of the wet season (October), the middle
of dry season (January) and the beginning of wet season
(May). In northern Lao PDR, shortage of feed is common
at this time of the year, and interventions to address this
deficiency are being introduced, including forage preser-
vation as silage. In addition to offering fattening opportu-
nities, forage reserves are potentially important for

managing adverse climatic impacts that can occur at this
time of year (Khounsy et al., 2011). However, FMD out-
breaks seriously compromise efforts to improve large
ruminant productivity, by decreasing weight gains and
increasing financial losses through treatment costs, time
spent for sick animals and potentially, costs of feed to
replace weight lost following the extended periods when
affected animals are unable to eat. Further study is
needed to quantify the financial impact of FMD out-
breaks on smallholders in the northern Lao PDR.

Risk factors for FMD outbreak and farmers husbandry
practices

Discussions with villagers and authorities identified that
animal movements were most likely of relevance to the
onset of this FMD outbreak in Paek district. However,
the mode of transmission remains uncertain and is dis-
cussed in relation to various reports in the literature.
Although air-borne spread of FMD has been documented
and infection of the respiratory tract is often considered
the most common route of entry of FMDV infection
(Rushton et al., 2002; Rweyemamu et al., 2008), oral
transmission may also occur, particularly in swine
(Lubroth, 2002) and especially in south-east Asia (Wind-
sor et al., 2011). In northern Thailand where cattle and
buffalo production is still free-range and similar to that
in northern Lao PDR, it was found that the risk of FMD
infection increased with the number of neighbouring
villages sharing a common water source for their cattle
and buffalo, as this increased the chance of infection by
spread of the disease between large ruminant herds of
neighbouring villages (Cleland et al., 1995; Rushton et al.,
2002). Most interviewed farmers mentioned that they iso-
lated their infected animals for treatment without disin-
fecting themselves after each treatment. However, they
still allowed their healthy animals to graze on the com-
mon community land and paddy fields during the time
of the outbreak. This practice probably increases the like-
lihood of transmission of infection and could be a major
contributing factor to the spread of the FMD within and
between villages and to other areas during an outbreak.
Poor housing, nutritional deficiency, unrestricted animal
movements and lack of control of ‘in-contact’ animals
and people are thought to be important factors for
increasing the risk of FMD infection and transmission in
villages such as Nong.

The need for village biosecurity programmes

The study identified the need for village biosecurity train-
ing covering the hygienic practices that can reduce the
risk of infectious diseases occurring or being introduced
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into a herd or a country and includes practices designed
to control the spread of infectious agents within a herd
(Dargatz et al., 2002; Morley, 2002; Larson, 2008).
Although concepts of biosecurity are not new, to develop
an effective biosecurity plan for infectious or contagious
diseases such as FMD, understanding of the host, patho-
gen and environmental interaction is required (Larson,
2008). Virulence and the mode of transmission of patho-
gens influence their impact and interaction with a host
population. Therefore, understanding the roles and effects
of each factor will enhance the capability to design a bio-
security programme as tabulated (Table 5).

The development of a basic biosecurity plan to assist
FMD control by smallholder farmers in ‘hotspot’ areas in
northern Lao PDR should focus on herd management
practices and a realistic implementation of programme
delivery. ‘Test and Cull’ programmes for FMD are
impractical in Lao PDR, because of limited financial
resources and unlikely farmer cooperation (Gleeson, 2002;
Perry et al., 2002; Nampanya et al., 2010). However, local
disease reporting networks should be strengthened
through continuing education of farmers and animal
health workers and rapid disease recognition and report-
ing should be encouraged, together with promotion of

Table 5. Biosecurity strategies and their requirements

Biosecurity Strategy Requirement Practicality and suitability to Lao farmers

Testing and cull Accurate diagnostic test Unlikely due to financial limitation and farmers’

participation and supportsCarrier animals are only or primary source of infectious

agent

Complete strategy that combines testing with movement

Restriction prior to testing

Testing and isolation Accurate diagnostic test Unlikely due to financial limitation and

difficulties to carry out in field conditionsIf clinical signs as test, infectious period must not begin

before clinical signs

If using diagnostic laboratory test, the carrier state must be

short-lived and self-limiting or isolation must be life-long

Testing and treatment Accurate diagnostic test Unlikely due to financial limitation and

difficulties to carry out in the fieldTreatment must be effectively clear carrier

Tools and equipment disinfectants

Vaccination Programmes If combined with testing strategy, must not interfere with

testing accuracy

Likely and recommended as a second most

important strategy. Strategic vaccination

programs should be implemented around

October in high density areas of large

ruminant population in border areas between

districts, provinces and countries

Must either prevent infection or decrease transmission

Regular vaccination in particular at the beginning of the

dry season when a FMD outbreak likely to happen

Management

Limit population size Even with same animal density, will decrease number of

contacts

Priority strategy to be implemented and farmer

knowledge and disease awareness need to be

improved in order to obtain maximum support

from farmers

Herd management All in all out strategy

Avoiding mixing different age of animals of different ages

within herd

Decrease transmission Decrease animal density, isolate susceptible age animals

from potential carriers

Sanitation to decrease environmental transfer

Restriction animal movement and quarantine

Tools, equipment and vehicle disinfectants

Decrease

immunosuppression

Limit environmental stressors: heat, cold and dust

Adequate nutrition and water supply via forage plantation

and feed preservation (silage making) for the dry season.

Regular removal of manure from housing stalls through

manure pit

Increase awareness and

cooperation between all

stakeholders

Disease declaration

Disease knowledge improvement for animal health workers

and local farmers via extensive training programmes

Interaction and cooperation with all stakeholders (farmers,

traders, extension workers, researchers and policy makers)

Source: Adaptation from Larson (2008).
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interventions that can limit disease transmission, includ-
ing isolation of sick animals where possible, limiting
human and animal movement during an outbreak, and
proper management of infected materials. These are
essential components of successful FMD control pro-
grammes in south-east Asia (Windsor et al., 2011). How-
ever, this study of a typical FMD ‘hotspot’ area with high
large ruminant density and located in a border area where
transboundary movements are common highlights the
importance of regular vaccination of as many of the adult
large ruminants in the area as possible, particularly
towards the end of the year when rice harvesting is com-
pleted and animal sales are occurring.

Implementation of effective village-level biosecurity
remains a challenging concept in Lao PDR. It requires
involvement of all stakeholders, including farmers, trad-
ers, livestock extension officers, researchers and policy
makers, in promoting disease prevention and risk man-
agement. Farmer education on biosecurity is critical to
enable uptake of biosecurity programmes, and to ensure
sustainability, they should be implemented together with
a number of important productivity improvement inter-
ventions. Forage plantations and feeding practices for
improved nutrition, better housing and hygiene, plus
marketing interventions are required to drive profitability
of smallholder beef production. An increasingly profitable
beef industry is considered important for enhancing
farmer receptivity for animal health interventions, includ-
ing FMD vaccination and biosecurity training to manage
disease risk, particularly in ‘hotspots’.

The need for improved animal movement control

This study identified the importance of quarantine and
animal movement control measures in preventing FMD
outbreaks and the lack of these controls most likely led to
the outbreak in Nong village. In addition to ineffective
quarantine at the village level, animal movement control
at district and province level is lacking in northern Lao
PDR. Animal movement check points between border
areas are currently either not in practice or if present can
be avoided, increasing the vulnerability of many provinces
to FMD incursions through the movement of FMDV-
infected animals (Rushton et al., 2002; Rweyemamu et al.,
2008). Because Lao PDR is located in a major thorough-
fare for transboundary animal movements in south-east
Asia, sharing borders with five other FMD-endemic coun-
tries (Vietnam, China, Myanmar, Thailand and Cambo-
dia), it is very likely that ineffective animal movement
controls will continue to compromise FMD control pro-
grammes in the region (Khounsy et al., 2008; Windsor,
2011). This study suggests that Lao authorities should
consider implementing animal movement controls by

placing effective check points at borders of XK, Huaphan,
Phonsali, Xayabouli and Luang Namtha provinces. This
may reduce the risk of FMD incursions in ‘hotspot’ areas
as these provinces are a thoroughfare for large ruminant
movements into and out of Lao PDR. Current large
ruminant transboundary movements are considered to be
mainly in from Thailand through Xayabouli, Borkeo and
Luang Namtha, out to Vietnam through Xiengkhoung,
Huaphan and Phongsali, and out to China through Luang
Namtha and Phongsali.

Field surveillance and reporting

The national disease surveillance system is an essential
tool in providing crucial information on the current
status of FMD and is important when considering the
design of biosecurity programmes (Morley, 2002). A
functional surveillance system identifies problem areas
that should be targeted for control measures and provides
early warning to improve and adjust biosecurity plans.
Our survey identified there were ineffective and delayed
disease reporting and response measures in the XK ‘hot-
spot’ for FMD. The study identified that disease reporting
systems from village to district, provincial and central lev-
els need to be strengthened. Currently, disease reporting
and communications are ‘passive’, relying on an aware-
ness of its importance by local villagers and authorities
(Khounsy and Conlan, 2008). In some cases, livestock
owners and local authorities may fail to reveal disease
outbreak information as the presence of the disease has
negative repercussions on both farmers through loss of
trade and marketing opportunities, plus the reputation of
animal health services (Gleeson, 2002). At the village
level, the village chief and veterinary workers need to be
responsible for monitoring and reporting the disease sta-
tus within their villages, with district staff and researchers
providing assistance for village-level biosecurity develop-
ment, monitoring and evaluation. This study identifies
the urgent need for improved biosecurity and emergency
disease response training to improve capacity for
disease prevention, reporting and response in the FMD
‘hotspots’.

For Lao PDR to achieve FMD freedom with vaccina-
tion by 2020 as suggested in the objectives of the regional
OIE coordinated SEAFMD program (OIE SEAFMD
Regional Coordination Unit, 2007), effective post-vaccina-
tion monitoring and surveillance strategies need to be
implemented in the field and verified by laboratory inves-
tigations. Although this study was limited by financial
and logistical constraints, it does provide initial field data
on FMD exposure and vaccination. Future surveillance
work could include longitudinal investigations into the
magnitude and duration of anti-FMDV antibody
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responses under field conditions to assist in determining
optimal inter-vaccination intervals in ‘hotspots’ in Lao
PDR and other FMD-endemic areas in south-east Asia.
Assessment of vaccine efficacy is assisted by serological
tests that distinguish between infected and vaccinated ani-
mals (DIVA testing), and the future use of tests for detec-
tion of antibodies to FMDV NSPs is to be encouraged.

Strategic vaccination programmes

The 2010 FMD outbreak in Paek district was likely due to
biosecurity failure and absence of vaccination during a
peak disease risk period, shortly after harvest at the onset
of the dry season when fat stock have been sold and
replaced with many new ‘store’ animals and retained ani-
mals have been losing weight. The vaccination programmes
in Paek in 2008 appeared to be very effective in preventing
the occurrence and severity of FMD (Rast et al., 2010). In
areas where FMD vaccines are available, regular vaccina-
tion programmes every 5–6 months are recommended
(Lubroth, 2002; World Organisation for Animal Health
OIE, 2011; Windsor et al., 2011). However, in northern
Lao PDR widespread and regular vaccination of the entire
at risk population is not economically feasible. Hence, the
authors suggest that regular vaccination programmes be
prioritized in the identified ‘hotspots’, particularly where
there is a dense large ruminant population and animal
movements in border areas between districts, provinces
and countries are common. The strategy should aim to
maximize the use of available FMD vaccines in reducing
the spread of future FMD outbreaks. Should an outbreak
occur, ring vaccination could be considered if sufficient
resources are available, although other interventions
including public awareness of biosecurity practices that
limit FMDV transmission are important considerations in
effective FMD management, as demonstrated in the Philip-
pines FMD eradication programme (Windsor et al., 2011).

Our study identified that the pre-vaccination anti-SP
results ranged from 1 : <40–1 : 40–1 : ‡320, with lower
ERs more common. Animals without detectable antibody
may have not been exposed to the virus, and this is possi-
ble in animals born after the December 2008–January
2009 and January 2010 FMD outbreaks when 54.2% of
animals were vaccinated in Nadee village compared with
100% of animals in Nong village (Rast et al., 2010).
Those animals returning low but detectable ERs may have
had declining antibody levels following previous infection
or vaccination. If the 2008 vaccination played a significant
role in the pre-vaccination titres of the current study, it
would be expected that Nadee would have significantly
lower titres given the substantially lower 2008 vaccination
rate than Nong. However, when the multivariable logistic
regression model was retested with village as a fixed

effect, there was no significant difference in the titres
between villages. This supports the view that vaccine-
induced immunity is of short duration, as reported in the
literature (Van Maanen and Terpstra, 1989; McCullough
et al., 1992). The pre-vaccination anti-SP titres in this
study are considered more likely due to previous expo-
sure to FMDV during the 2008–2009 or 2010 outbreaks,
rather than the result of vaccination almost 2 years prior
to this study. As cattle may resist infection by the same
FMDV strain for up to four and a half years (Doel,
2003), in areas where FMD outbreaks occurred in the
previous year and provided there is a good record of
infected animals, it may be possible to consider the use of
FMD vaccine in specific large ruminants that were not
exposed to FMDV in the previous year to maximize the
use of the vaccine where supplies are limited.

The LPB-ELISA ERs revealed a significant increase in
anti-SP antibodies in post-vaccination sera, when com-
pared to pre-vaccination samples although the results
must be viewed with caution as the LPB-ELISA is well
known to give a proportion of false-positive results espe-
cially in the lower range (Windsor et al., 2011). This
suggests that the vaccine was very effective in initiating an
immune response and is consistent with field observations
indicating clinical protection of vaccinated cattle and buf-
falo at the same study sites during the reported 2008–
2009 FMD outbreak (Rast et al., 2010). Importantly, the
increase in post-vaccination antibody titres suggests ade-
quate transport, storage and administration of the vaccine
and provides evidence that the current methods of sample
collection, transport and laboratory analysis of test sera
are effective. It is recommended that future vaccination
campaigns employ regular post-vaccination serological
monitoring to facilitate early detection of vaccination fail-
ure, be it because of viral lineage changes, vaccine quality,
insufficient administration or ineffective monitoring
procedures.

Factors affecting the antibody response

It is expected that as animals age in an FMD-endemic
area, they have an increased likelihood of exposure to
FMDV. The study showed an association between age
and anti-NSP antibodies that was independent of sam-
pling time. On the basis of the multivariable logistic
regression analysis, and assuming linearity, with each
additional year, a large ruminant in Paek was found to be
1.49 times more likely to have produced anti-3ABC NSP
antibodies. The study found that buffalo were 2.5 times
more likely than cattle to have higher antibody levels
against Asia1 SP antibodies, irrespective of sampling time.
This may be a true difference, or because of individual
variation that would be diluted with a larger sample size.
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It should be noted that even in smallholder villages, the
populations of different species are likely to be at a differ-
ent risk of infection with FMDV, depending on many fac-
tors including the pathogenicity of the virus to the host
(Windsor et al., 2011). However, other factors, particu-
larly in buffaloes, may contribute to species variations in
serological responses to FMDV in both vaccinated and
naturally infected populations. In addition, undisclosed
vaccination may have occurred although is considered
unlikely in the study villages. Unreported or even unde-
tected and presumably subclinical FMDV infection may
also have occurred, as was suggested in the Philippines to
account for a higher prevalence of positive ERs in buffalo
with ERs to A serotype during an outbreak of porcino-
philic O serotype, and it was considered possible that
large ruminants with persistent ERs might be chronic car-
riers of FMDV (Windsor et al., 2011). Further studies are
required to identify whether the apparent variations in
the serological response of buffalo to FMD vaccination
when compared with cattle are consistent for this species.

Husbandry practices and environmental factors such as
nutritional stress from deficits in energy, protein and
micronutrients plus poor water quality may compromise
antibody responses to FMDV. Environmental stressors
such as cold temperatures (Khounsy et al., 2011), over-
crowding and unsanitary housing can also cause varying
degrees of immune suppression (Larson, 2008), increasing
the risk of disease. This may be important in northern
Lao PDR where cattle and buffalo are housed in close
proximity and under restricted conditions, and adequate
feed and clean water are not always available. The study
identified that the large ruminant population had been
losing weight just prior to the onset of FMD.

Public awareness and recommended extension interven-
tions

The retrospective investigation showed that the inter-
viewed farmers had a basic recognition of the symptoms
and lesions of FMD as they had experienced a series of
FMD outbreaks several times in the past 10 years (Perry
et al., 2002; Khounsy et al., 2009; Rast et al., 2010). A
farmer knowledge survey conducted in the same site in
2009 showed that almost half of the interviewed farmers
in XK were aware of and could recognize FMD from the
clinical signs (Nampanya et al., 2010). Although some key
biosecurity messages had been introduced to the study
sites by the district staff, it appears likely that the infor-
mation provided by the end of 2009 was insufficient to
prevent entry and spread of FMDV. This indicates a need
for more rigorous training programmes to be effective in
an FMD ‘hotspot’. It has been demonstrated that effective
disease training programmes leading to significant

improvements in farmer knowledge require intensive
inputs, as demonstrated recently in Cambodia where
FMD is also endemic (Nampanya et al., 2011). Improve-
ment of veterinary services is also an essential component
for the delivery of effective animal movement control,
surveillance, vaccination and public awareness (Windsor,
2011) to enhance FMD prevention and control in FMD
‘hotspot’ areas such as XK in northern Lao PDR.

In addition to strategic vaccination campaigns,
improved large ruminant productivity through better ani-
mal nutrition and health is a key driver of increasing
smallholder farmer income (Nampanya et al., 2010). The
growing contribution of large ruminants to villager
household income is increasingly dependent on enhanced
disease risk management, with improved biosecurity
knowledge required if the further development of small
and medium size large ruminant producer enterprises is
to continue and lead to substantial poverty reduction in
Lao PDR (Windsor, 2011). Findings from this study indi-
cate that large ruminant smallholders and traders in ‘hot-
spots’ should be trained in disease recognition and
reporting to facilitate more rapid emergency disease
response measures, including movement controls, quaran-
tine and disinfection. However, achieving effective
improvements in biosecurity practices by large ruminant
smallholder farmers and traders appears to require inten-
sive training programmes. To improve adoption of bio-
security training programmes, they should be delivered as
part of a broader training programme aimed at improv-
ing husbandry practices that lead to increased profitability
of animals traded. Improved incomes from animal trad-
ing will lead to greater awareness of the importance of
transboundary disease risk management.
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