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VILIDDETH SOURIYA: RISK FACTORS OF FOOT AND MOUTH DISEASE IN XAYABOURY PROVINCE 
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The objective of this study was to determine the risk factors of foot and mouth disease (FMD) 
in Xayaboury province the northern region of the Lao People’s Democratic Republic (Lao PDR) during the 
years 2011 to 2013. FMD outbreak information was provided by the Department of Livestock and Fishery, 
Lao PDR. Using a case-control design at the household level, questionnaires were employed to livestock 
owners. Information on the important aspect of general information of livestock owners, FMD control 
and prevention strategies, FMD emergency vaccination programs, farm size, and farm types was captured. 
The farm location and the elevation above the sea level were determined by a GPS tracker (Garmin GPS 
map 60csx, USA). The network data of animal movement between villages that matched our survey 
villages (29 villages) were extracted from a previous study in 2012 of Foot and Mouth Disease Control in 
Southeast Asia Through Application of the Progressive Control Pathway (FAO-ROK National Project) under 
the Department of Livestock and Fisheries of Lao PDR. A total of 434 households in 59 villages of 5 
districts were interviewed and their data collected comprising 181 case households, 146 control 
households inside the outbreak villages and 107 control households outside the outbreak villages. Data 
from questionnaires and spatial data were analyzed as independent variables in the logistic regression 
model using FMD occurrence at the household level as a dependent variable. Network parameters were 
analyzed the association with FMD occurrence at the village level by non-parametric test. The results 
show that livestock owners who had knowledge about FMD before the outbreaks were able to better 
prevent their animals from FMD (P <0.01) although they were less educated and administered less 
vaccination to their livestock. The livestock households in the community closer to a main road and 
selling their livestock before outbreak were at higher risk to developing FMD (P <0.01). Moreover, the 
information of network parameters at the village level indicated that the villages with high movements 
of livestock were at high risk of FMD (P <0.05). Based on the overall results, to reduce the chance of FMD 
outbreaks in the area with a low number of vaccinated livestock, the location of farm lands should be 
remote from a high density community and awareness of livestock owners on FMD prevention should be 
raised to a high priority to reduce the outbreak. 
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CHAPTER 1 
INTRODUCTION 

1.1. Definition and importance of FMD  

Foot and mouth disease (FMD) is caused by Aphthovirus of the family 
Picornaviridae with seven strains (A, O, C, SAT 1, SAT 2, SAT 3 and Asia 1). FMD is a 
severe and highly contagious viral disease of livestock. All cloven-hoofed animals 
such as cattle, buffaloes, goats, sheep and pigs are susceptible to FMD (Kitching, 
2005; Mahy, 2005). The clinical signs of infected animals depending on species, age of 
the animal, and strain of virus. Commonly, infected animals show high temperature 
up to 40°C for a few days (Kitching, 2002). For large ruminant, the vesicles appear on 
tongue, lips, gums and feet. With the vesicles on the foot sole, infected pigs show 
characteristic clinical signs of lameness or slow walking (Yoon et al., 2012). By 
comparison with cattle and pigs, the clinical signs in goats and sheep are not severe. 
Most of infected sheep and goats do not usually show symptoms. An infected small 
ruminant without clinical sings, often difficult to detect, might be the cause of FMD 
spread (Kitching and Hughes, 2002). In adult animals, high morbidity rates with a low 
mortality rates are detected, while higher mortality rates are in young animals 
(Cameron et al., 1999; Geering and Lubroth, 2002) (Ryan et al., 2008). 

The economic loss caused by FMD is from weight loss, a decrease in milk 
production, costs for treatment, and time spent on taking care of animals. Moreover, 
the livestock industry might be damaged economically by a widespread outbreak of 
the disease. The animal production might put a limitation on export. For example, an 
FMD outbreak in the United Kingdom in 2001 caused a huge economic loss of 
approximately 11,600 million dollars and nearly 6.24 million animals were destroyed 
(Thompson et al., 2002). Moreover, United Kingdom lost revenues from tourism 
approximately 4,000 million dollars for that outbreak (Thompson et al., 2002).  
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1.2. FMD in Lao, PDR 

In the Me-Kong region, FMD is an endemic and an important transboundary 
disease. Predominant strain of FMDV in Lao PDR detected during 2003 and 2006 was 
serotype O followed by serotype A, with no report of FMD type Asia 1 outbreak 
(Gleeson, 2002; Khounsy et al., 2009; Perry et al., 2002). Most farmers in Lao PDR are 
small holders. For cattle and buffalo, they are used mostly in free-range farming 
practices in the mountainous area during the rice growing season, while pigs are put 
in cages in the back yard behind their houses. In several reports, vaccination and 
animal movement control are a key control strategy to prevent and control FMD 
outbreaks (Elnekave et al., 2013; Ortiz-Pelaez et al., 2006). In Lao PDR, although FMD 
vaccination has been implemented and supported by World Organization for Animal 
Health (OIE), the vaccination budgets are still limited. Due to the fact that the 
vaccination program cannot cover all susceptible animals in all regions of Lao PDR. 
The outbreak of FMD has been reported regularly. The northern part of Laos is 
considered as a one of regions that have reported outbreaks of FMD. According to 
FMD outbreak reports from 2009 to 2013 of the Department of Livestock and 
Fisheries, Lao PDR, the high incidence of outbreaks during 2009 to 2011 was in 
Houaphanh province, which is in the north-eastern part sharing the border with 
Vietnam while the highest prevalence of FMD was in Xayaboury province, with a 
report of FMD outbreaks every year. 

  Xayaboury is one of the seven provinces in the northern region, Lao PDR, 
having the total area of 16,389 square kilometers, of which is quite mountainous 
running roughly in a north-south direction and forming a natural border with the Thai 
highlands. The northern part of Lao PDR is declared to be the FMD control area by 
vaccination. The FMD outbreaks in Xayaboury occurred in a specific area, especially 
along borders of Thailand and along the Mekong River. Xayaboury was recognized as 
an FMD “hot-spots” area possessing a high risk of reinfection comprising a high 
number of ruminant population and extensive animal trading, especially among 
neighboring countries. Due to both legal and illegal cross-border trading, as well as 
people and animal movement without boundary from Thailand through Vietnam and 
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China, these can spread FMD across the entire region. Moreover, the animal holder 
communities in Xayaboury are located along the Mekong River from the north to the 
south of the province. The location of livestock holders might also be another 
important risk of FMD outbreaks and spread along rivers and roads. In some villages, 
FMD never occurred while in the same village, when FMD occurred, not all livestock 
holders were affected. Since vaccination cannot cover all of livestock population, the 
immunity level in some population might not be sufficient to prevent FMD outbreak. 
Different rates of FMD occurrence in livestock households in the same village might 
be related to the different immunity factors which can be a key for successful 
control strategies. Without immunity, an outbreak can be triggered and widely 
spread. Thus, containing an epidemic or outbreak in Xayaboury areas may reduce the 
prevalence of FMD in this province and prevent FMD spread from Xayaboury 
province to other regions of Lao PDR. However, the risk factors associated with an 
outbreak of FMD in Xayaboury province was rarely reported. The occurrence and 
geographical distribution of FMD is not reported and the association of livestock 
movement with FMD is not clearly known, which remains an area of exploration. 
Therefore, the aim of this study is to understand the risks of FMD outbreak and 
spread of FMD, focusing on animal trade connecting together livestock stakeholders, 
spatial location, control and prevention strategies, emergency vaccination and the 
outbreak managements to gain more understanding and information in order to 
control FMD effectively.   
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CHAPTER 2 

LITERATURE REVIEW 

2.1. Background of FMD  

Foot and mouth disease (FMD) is a highly contagious viral disease of cloven-
hoofed animals caused by Aphthovirus of the family Picornaviridae. FMD affects both 
domestic and wildlife animals (Geering and Lubroth, 2002). The FMD transmits via 
various routes including direct contact between animals, contaminated environment, 
grasslands, wetlands, and rivers (Bouma et al., 2003; Gibbens and Wilesmith, 2002). 
The FMD virus can spread rapidly depending on the conditions of each transmission 
mechanism. The amount of virus that can spread varies depending on the species of 
the animal. For instance, pigs can emit a large amount of virus, whereas a lesser 
amount can be observed in cattle and sheep (Donaldson and Alexandersen, 2002). 
FMDV can contaminate farmers, aerosols or milk (Geering and Lubroth, 2002). The 
disease can spread by indirect contact with subclinical animals and by airborne 
route.  FMD-recovered animal can become a reservoir of disease and are able to 
trigger an unexpected outbreak with rapid dissemination of the disease through the 
border if movement is not sufficiently controlled (Gleeson, 2002; Premashthira et al., 
2011). Because of contagious infection in all cloven-hoofed animals and multi-route 
transmission which can easily spread crossing the large area, FMD is classified as a 
transboundary disease (Premashthira et al., 2011; Sutmoller et al., 2003; Yoo, 2011). 
The seven serotypes of FMD virus which are A, O, C, Sat 1, Sat 2, Sat 3 and Asia 1 
have been reported. Of all these strains, serotype O was distributed mostly in 
Southeast Asia (Kitching, 1999). The incubation period of the FMD is different among 
animal species depending on the transmission routing or strain of the virus. In cattle, 
the incubation period is normally 2-14 days while the incubation period in sheep and 
goat is at 3-8 days. In swine, the incubation period is greater than 2 days but it may 
be as short as 24 hours for host-adapted strains in pigs, especially under intense 
direct contact (Alexandersen et al., 2003; Kitching, 2002; Kitching and Hughes, 2002). 
Although there are many strains, the majority of clinical signs are related to blister-
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like sores on the tongue, lips and mouth. The vesicle- or blister-like lesion is also 
found on teats and between the hooves. The disease severely affects cattle and pigs 
both in adult and young animals. In adult animals, the fatality is rare whereas the 
mortality in young animals is often high due to myocarditis or starvation (Geering and 
Lubroth, 2002). The disease also causes severe production losses and the majority of 
recovered affected animals become weakened and debilitated. However, in some 
endemic countries of FMD, the vaccination strategy is suggested routinely for 2-3 
times per year to control and prevent the FMD outbreak (Cai et al., 2014; Doel, 
2003). The FMD immunity from vaccine or infection is highly specific and does not 
produce a cross-protective immunity against other strains of FMD virus.  

2.2. Risk factors of FMD 

In general, the risk factors of FMD outbreak possibly include several 
combinations of factor such as geographical factors, animal movement, environment, 
and preventive and control strategies. The geographical factor is one of the risk 
factors of FMD outbreak that often associate with low-land altitude, close distance 
from farms to risk areas. For instance, a study in Ethiopia demonstrated that if the 
height of lowlands is less than 1500 meters, an FMD outbreak is likely to occur when 
compared with high lands that rise more than 1500 meters (Megersa et al., 2009). 
Moreover, the risk factors associated with animal movement and spatial location are 
considered as important factors that can control FMD outbreaks. It is difficult to 
control animal movement from farm to farm or movement of infected animals to 
new herds, which consequently causes the disease to spread widely to other places. 
Another study in Argentina demonstrated that the highly frequent movement of 
animals between farms tended to increase the incidence of FMD. Moreover, farm-to-
farm movement increased the disease risk at a higher rate than farm-to-
slaughterhouse movement (Aznar et al., 2011). With regard to the spatial scales 
between farm locations, farm distance to disease-risk places and farm size are likely 
to correlate with the FMD outbreak. For example, livestock farm size and type are 
among the risk factors associated with FMD spreading. (Hayama et al., 2012) reported 
that different types of livestock farming also contributed differently to the risk of 
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spreading FMD. For instance, pig farms had a greater risk to induce the local spread 
due to the high quantity of viral shedding from pigs whereas the middle and large 
size cattle farms had a potential to increase the risk of viral spread locally. 
Furthermore, the location of the farms and major roads where there is routine 
movement of animals could escalate the outbreak of FMD. The location of farms 
that have main roads with adjacent radius is also the factor of FMD outbreak 
(Hamoonga et al., 2014). The risk of local FMD spread also increases when farm size 
increases. Because a large-size cattle farm contains large numbers of highly 
susceptible animals, the virus spreads around the farm. The farm had a greater risk of 
contracting infection (Hayama et al., 2012). In contrast, pigs are relatively resistant to 
airborne infection. Pigs shed a large number of viruses to the environment if they 
show clinical signs. With a large amount of shedding, it is possible that the virus will 
escape from farm and infect neighboring pig farms (Hayama et al., 2012). In a large 
farm, the frequency of animal movement increases and hence the increased risk of 
FMD spread. In small ruminant farms, the clinical signs of FMD are often difficult to 
detect. FMD can easily spread by trading of small ruminants with subclinical disease 
(Ali et al., 2011). However, without movement, the role of goats and sheep in the 
spread of FMD is minor (Sutmoller et al., 2003). 

There are many approaches to studying animal movement and analyzing 
pattern of animal movement. Information of animal movement is valuable to 
provide an insight network of movement and the value chain among livestock 

dealers, abattoirs and retail markets (Aznar et al., 2011; Martínez‐López et al., 2009; 
Ortiz-Pelaez et al., 2006). The spreading pathway by contacts between farms, 
abattoirs or markets seems to be independent from geolocation and distances 
whereas the high risk areas for virus introduction and transmission would explain the 
pattern of disease spread (Gerbier et al., 2002; Nöremark et al., 2009; Premashthira et 
al., 2011). In network movements, the social network analysis model has been used 
by using in-degree, out-degree, betweenness, closeness and total-degree centrality to 
find the relationship of these nodes to other nodes on the network and can measure 
out the statistics. Betweenness is defined as the frequency of a specific livestock 
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operation in the shortest path connecting between two livestock operation nodes 
relative to other nodes in the network (Dubé et al., 2009; Ortiz-Pelaez et al., 2006). 
In-degree is a number of livestock operation origins exporting animals to a specific 
livestock operation (Dubé et al., 2009). Out-degree is a number of individual livestock 
operation destination importing animals from a specific livestock operation (Dubé et 
al., 2009). Closeness is defined as a mean distance from one livestock operation to 
all other reachable livestock operations (Büttner et al., 2015). With those parameters, 
the important of animal movements to FMD spread can be explained and the key 
player in the network of FMD spread can be found leading to the priority of an 
appropriate strategy to control disease (Ortiz-Pelaez et al., 2006). For instance, the 
network analysis was applied to control FMD spread in the UK (Ortiz-Pelaez et al., 
2006). In the network analysis, the measure of centrality was a good parameter to 
predict the risk of infection and to inform surveillance and infection control strategies 
(Christley et al., 2005). The retrospective study of FMD epidemic in the UK 
demonstrated that the spread of FMD was influenced by the frequency of animal 
movement and animal mixing in livestock markets (Ortiz-Pelaez et al., 2006). Besides 
epidemic size associated with transportation route, vaccination program and zoning 
of animal farming area, epidemic size also has been determined by the factor 
associated with the disease spreading including legal or illegal trading, movement of 
people, movement of animal, movement of animal products, i.e. milk and meat 
products (Nampanya et al., 2013; Ortiz-Pelaez et al., 2006).   

The disease spread increases in the area with high road density, high cattle 
density but decreases with smaller farm size and greater distances between the case 
farm and the nearest road (Gilbert et al., 2005; Premashthira et al., 2011). Likely, a 
common environment factor could be found as a source of exposure (Gerbier et al., 
2002; Premashthira et al., 2011). For example, rivers and railways had an additional 
protective effect on reducing FMD transmission (Premashthira et al., 2011). To control 
and reduce FMD spread effectively, the exploration of spatial disease patterns in 
cooperation with trade movement patterns should be investigated. In Lao PDR, 
although animal movement was also observed as a risk factor associated with FMD 
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outbreak (Nampanya et al., 2013), the understanding of epidemiology associated with 
FMD outbreak is not sufficient to establish effective control measures. 

2.3. Control and prevention 

According to World Organization for Animal Health (OIE) report, the FMD is 
still rampant throughout the world and it has been set as high priority on the list of 
diseases to control and eradicate. In the European zone, the FMD is considered as a 
contagious disease for hundreds of years (Sutmoller et al., 2003). At the present, 
many countries in the Europe Union (EU) have become FMD-free countries, which are 
similar to the regions of America between the northern and central parts, New 
Zealand and Australia. However, other countries are still falling in endemic areas of 
FMD. Vaccination is the priority option to control and reduce the spread of FMD. For 
instance, the emergency vaccine was recommended to control the epidemic of FMD 
outbreak in the Netherland in 2001 (Bouma et al., 2003).  

In Southeast Asia, FMD still occurs every year, especially in Myanmar, 
Cambodia, Thailand, Lao PDR and Vietnam (Gleeson, 2002). According to the OIE 
campaign to control and eradicate FMD in Southeast Asia, the member countries 
where FMD is endemic have cooperated to distribute information regarding control 
movement of livestock across borders.  

In general, when the FMD outbreak occurs, the policy to control and 
eradicate disease depends on the disease status. In epidemic areas, stamping out or 
vaccination with movement control is considered as the tool to control disease. For 
example, the stamping out policy was applied to control of FMD outbreak in Britain, 
in which all infected animals were killed and destroyed including susceptible animals 
that were in contact with the diseased ones. Moreover, disinfection was employed 
around the affected premises (Sutmoller et al., 2003). For the FMD outbreak in the 
Netherlands in 2002, the ring vaccination was applied with the economical reason in 
the area with high density of livestock population. For the area where there was low 
density of livestock population, stamping out with ring vaccination was implemented 
followed by strictly banning the movement of animals and cleaning the equipment, 
vehicles in the farm and infected areas with disinfectant solution (Kobayashi et al., 
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2007; Phouangsouvanh, 2009; Tomassen et al., 2002). In Japan, the FMD outbreak 
occurred in 2000 but the country regained disease-free status in the same year 
through campaigns of culling, hooved-animal movement control in areas surrounding 
infected premises, and intensive clinical and serological surveillance (Sugiura et al., 
2001).   

In endemic areas, FMD is prevented by routine vaccination. After the 
outbreak, emergency vaccination and ring vaccination with movement restriction and 
disinfection of the outbreak areas are implemented. For example, the control 
measures of FMD in Brazil involved stamping out all infected animals and 
implementing quarantine measures, and within 2 years of a vaccination program 
afterwards, the country was free of FMD (Mayen, 2003). In Argentina, using new strain 
of vaccination reduced the outbreak and a number of infected livestock. Within 2 
years after implementation, the outbreak was absent (Mattion et al., 2004). 
Furthermore, the control strategies of disease included quarantine and animal 
movement controls, strategic vaccination, surveillance and disease investigation, 
improved emergency response capability, reduction in FMD-risk factors and enhanced 
public awareness of biosecurity measures, all of which were applied in the 
Philippines to eradicate  FMD (Windsor et al., 2011).       

 Since the movement of animals can spread the disease to other places, the 
quarantine of animal movement is another tool to reduce the movement of infected 
animals to other areas. The imported animals are clinically examined and vaccinated 
during the quarantine period. The vehicles used to transport them are disinfected.  

However, to control and eradicate the FMD outbreak efficiently, the control 
and prevention strategy is also important. Whether a strategy option is suitable for a 
specific area depends on labors, economic factors, social acceptance, veterinary 
facility, laboratory diagnostic facility, and location. The FMD control disease measures 
need to take into account risk factors and epidemiology of disease. Proper risk 
management along with understanding of the relevant parties and plans can help to 
prevent FMD spread quickly and effectively.  
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2.4. FMD in Lao PDR  

  FMD is an endemic disease in several countries. In Lao PDR, FMD outbreaks 
also occur regularly (Khounsy et al., 2008). The main serotypes that participate in the 
outbreaks are O and A. Sometimes, FMD outbreaks have been involved with Asia1 
serotype but it is very rare (Khounsy et al., 2008). The World Reference Laboratory 
(WRL) also reported that the main serotypes of FMD outbreaks from 1978 to 1993 in 
Lao PDR were of serotype O for 8 years, A for 3 years and Asia 1 for 1 year (Khounsy 
et al., 2009). From 1998 to 2007, by using the FMDV antigen-typing, a number of 142 
FMD outbreaks were diagnosed. Type O was the dominant serotype from 1998 to 
2005 whereas type A was reported in 2003, 2006 and 2007, and Asia 1 was observed 
only in 1998. Approximately, 27.5% of FMD outbreaks occurred in Vientiane and it is 
the most frequent occurrence in Lao PDR. The FMD outbreak happens mostly in 
cattle (61.4 %), buffaloes (26.8 %) and pigs (11.7 %) (Khounsy et al., 2008). 

FMD control measurement in Lao PDR is through vaccination and quarantine. 
Lao PDR routinely mass vaccinated cattle using trivalent FMD vaccine (O, A, and Asia 
1) at least twice a year. FMD vaccine is provided by the OIE and the vaccine strains 
contained FMD virus that caused outbreak in Lao PDR (Gleeson, 2002). Commercial 
FMD vaccines also are available and they have been used in many pig farms 
(Gleeson, 2002). Imported livestock were also subjected to checking for the health 
certificate including vaccination against FMD at the animal quarantine station. 
Normally, vaccination program strategies for controlling disease required that 80 % of 
the population at risk should be vaccinated. However, due to the limited budget, 
less than 80 % of the susceptible animals were vaccinated in Lao PDR. Therefore, the 
risk of FMD outbreak in the region is still high. Furthermore, in Lao PDR if the FMD 
outbreak occurs, the district governor will declare where FMD infected animals were 
detected, the area of FMD outbreak and issue a ban on the livestock movement. 
After the outbreak, if there is no more new outbreak for one month, the district 
governor will declare that the area is an FMD-free area. Furthermore, the FMD 
outbreaks in Lao PRD are often related with mixing of infected animals together with 
susceptible population (Khounsy et al., 2008). Form the report above, they 
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suspected that it might occur in many ways, especially through the transboundary 
movement of infected animals since animal movement is allowed for trading 
between neighboring countries and also for local trading in the country (Gleeson, 
2002; Khounsy et al., 2008; Perry et al., 2002). Moreover, they also believed that FMD 
outbreaks are associated with livestock density areas (Khounsy et al., 2008). 
Emergency ring vaccination among outbreak farms is also practiced in FMD 
controlling with ring vaccination strategy, several times the outbreak can be 
contained in a small area (Elnekave et al., 2013). However, the use of vaccine to 
control outbreak is not effective if movement of livestock from infected areas cannot 
be controlled (Sutmoller et al., 2003). Moreover, immediately after an outbreak, 
times taken to detect disease and speed of implementing control measures are also 
essential to preventing spreading of the disease (Elnekave et al., 2013; Sutmoller et 
al., 2003). Thus, the knowledge of FMD outbreak patterns would be important to 
reduce spread and control FMD efficiently. 

2.5. FMD in Xayaboury  

Xayaboury has been considered as an endemic area of FMD for many years. 
Xayaboury’s location is in the northern part of Lao PDR, out of seven provinces, and 
belongs to the five provinces in the north in Lao PDR which is in the control zone of 
the upper Mekong Zone of SEACFMD (The South-East Asia and China Foot and Mouth 
Disease) campaign. The geographic location in Xayaboury shares borders with many 
provinces, from Oudomxay and Bokeo in the north, and Luang Prabang and Vientiane 
provinces in the east. In addition, the west of Xayaboury shares the border with six 
provinces of Thailand. Xayaboury has the total area of 16,389 square kilometers, of 
which is quite mountainous areas. In terms of weather, the average temperature is 25 

degrees, while the average rainfall is 1,440 mm/year.  
  Animal movements in Xayaboury have been in provincial areas and also 
between provinces. Moreover, animals move pass through other countries such as 
Thailand, Vietnam and China. Animal movement is rather difficult to control and this 
causes the spread of FMD. (Donaldson et al., 2001) reported that the most common 
mode of FMD transmission is a movement of infected animals to susceptible animals 
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by direct transmission. Because a high number of animal movements confer risk to 
an outbreak of FMD, hence, Xayaboury province is located in a high risk area of FMD. 
Moreover, according to a Xayaboury Livestock and Fisheries Officer report, the dry 
season from October to April is likely to be a high risk period for FMD. The animal 
farming in Xayaboury is mostly practiced on the mountain during this period as it 
coincides with the rice growing season. During the rice growing season, farmers rear 
their animals together with animals of other farmers on the mountain. If there is one 
infected animal, the disease can be transmitted to other animals easily. Moreover, 
most of the farm owners in Xayaboury are in the community where small farms are 
close to each other. When a disease outbreak occurs in the community, it can easily 
spread to other farms within that community. 

In conclusion, to provide a better knowledge of how to control FMD 
outbreaks and reduce the risk of FMD spread in Lao PDR, the objective of this study 
is to identify the risks of FMD in terms of owner characteristics, the number of 
livestock moved, spatial location, density of animal population, and prevention and 
outbreak control strategies. 
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CHAPTER 3 

METHODOLOGY 

3.1. Selection criteria and case and control definition 

Due to a high density of large ruminant population, high prevalence of FMD 
and adjacent borders to Thailand, Xayaboury was therefore specifically chosen to 
represent the risk factor related to livestock movement between countries. Villages 
in 5 out of 11 districts of Xayaboury province (Xaysathan, Xayaboury, Phieng, Paklai 
and Kenthao) were declared by the Department of Livestock and Fisheries in Lao 
PDR (DLF) for FMD outbreaks from 2011-2013. All villages with FMD outbreaks were 
selected as the target villages, namely the outbreak villages. A study was conducted 
at the household level using a case-control study. The households in each village 
were asked to participate in the study. The participated households were interviewed 
to identify FMD from clinical sign pictures and answer a questionnaire. The 
participants who could identify FMD clinical signs correctly were case households. 
Others without FMD outbreak were control households. In an outbreak village, 
participated households with the occurrence of FMD were randomly selected as FMD 
case households (case) and other households without FMD occurrence were 
randomly selected as an FMD control household inside outbreak village (control 1). 
Moreover, villages that have never reported an incidence of FMD and are located far 
away from FMD outbreak villages for 1-10 km were selected. Livestock households in 
those villages were randomly selected as FMD control households outside outbreak 
villages (control 2). The sample size of case control study to define the risk factors at 
household level was calculated by online Epitools epidemiological calculators 
(Sergeant, 2015)1. Estimation of the number of samples showed expected proportion 
exposed in controls of 0.20, assumed odds ratio of 2.5, confidence level of 0.95 and 
power of 0.8, which resulted in 92 per group. In each village, the livestock 
households with at least 5 cases and 5 controls in the outbreak village and 5 
controls in the outside outbreak village were interviewed. The total number of 
livestock household samples consisted of 434 livestock households in 59 villages of 
5 districts (table 1).  
                                           
1 Sergeant ESG. 2015. Epitools epidemiological calculators. Aua vet Animal Health Services and Australian 
Biosecurity Cooperative Research Centre for Emerging Infectious Disease. Available at: 
http://epitools.ausvet.com.au 
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3.2. Questionnaire design 

 The main content of the questionnaire for the interview was designed to 
capture the important aspect of general information of livestock owners, FMD control 
and prevention strategies, FMD emergency vaccination programs, farm size, and farm 
types. The questions focused on activities during, before and after the outbreak for 6 
months. For the FMD control and prevention, the routine vaccination program and 
bio-security of households were included in the questionnaire. Farm types and 
livestock species were observed on a visit to categorize which household farm types 
are large or small in size with cattle, buffaloes and pigs. A questionnaire was tested 
with 10 animal holders before being adopted. 
3.3. Data collection 

All data were collected in Xayaboury province, and the data source of FMD 
outbreaks from 2011 to 2013 was derived from the Department of Livestock and 
Fisheries, Lao PDR (DLF). A number of livestock population, owner information, and 
location of FMD outbreaks were gathered from the DLF database. The author and 
veterinary assistants of selected districts and provinces administered the 
questionnaire in a face-to-face manner. In total the information that was collected in 
434 households included 37 outbreak villages (case = 181 households, control 1 = 
146 households) and 22 outside outbreak villages (control 2 = 107 households) 
(table 1).  

For the household location, the coordinate (latitude and longitude) and the 
elevation above the sea level were determined by a GPS tracker (Garmin GPS map 
60csx, USA). For the spatial analysis, the data associated with spatial location of 
livestock households including a distance from livestock holders to the nearest 
transport routes such as main roads, rivers, markets and slaughterhouses were 
determined in a mapping software (QGIS 2.4.0-Chugiak, Essen, Germany). 

For the network data of animal movement between villages, data were 
extracted from a previous study in 2012 of Foot and Mouth Disease Control in 
Southeast Asia Through Application of the Progressive Control Pathway (FAO-ROK 
National Project) under the Department of Livestock and Fisheries of Lao, PDR. 
Briefly, livestock producers in 199 villages of 11 districts of Xayaboury were randomly 
selected for the interview on the origins and destinations of the animals they owned 
and animal movement frequency. The network of livestock movement was 
aggregated to the village level in our study. The villages that matched with our 
selected villages were in included our analysis. For all matched data, a total of 
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villages for network movement analysis consisted of 29 with outbreak villages (N = 
20) and control villages (N= 9). 
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3.4. Statistical analysis 

 The statistical analysis was performed to compare the effect of variable on 
FMD occurrence at the household level between case livestock households with 
control livestock households in the outbreak villages or with control livestock 
households outside the outbreak villages. The effect of variable on FMD occurrence 
was analyzed by using the logistic regression model treating the FMD status of 
livestock households as the dependent variable in each analysis. The independent 
variables included the general information of livestock owners, FMD control and 
prevention strategies, FMD emergency vaccination programs, a number of livestock 
per household, farm types and spatial location. Continuous data were tested for 
normality and linearity. When distribution was not normal or linear, the variable was 
transformed to categorical data using quartile or median for classification. Initially, 
univariable logistic regression was performed to identify a subset of statistically 
significant variables using P < 0.1. The variables that affected FMD occurrence 
significantly in univariable analysis were tested for correlation with Pearson or 
Spearman rank correlations. The variables that showed high correlation with other 
significant variables (r > 0.40) were indicated as collinearity. Consequently, non-
collinear variables were included in a multivariable analysis. In multivariable analysis, 
the backward stepwise selection was performed to derive a final model. In the final 
model, odds ratios (OR) and their 95% confidence intervals of statistically significant 
variables were calculated. Variables that changed the regression coefficient estimates 
of at least one other variable in the model by more than 20 % were checked for 
interaction and confounder. When categorized data were statistically significant, the 
mean of the probability of FMD occurrence was estimated and pair-wise means 
comparison between categorized data was carried out with Turkey adjustment at (P 
< 0.05). 

The connections of animal movements between villages were analyzed to find 
the key link using centrality measures to calculate parameters relating to node 
relationships (in-degree centrality, out-degree centrality, closeness centrality, 
betweeness centrality and totaldegree centrality) in Ucinet 6 for windows (Analytic 
Technologies, USA) (Borgatti et al., 2002). The difference of network parameters 
between outbreak villages and control villages was analyzed by Mann-Whitney U 
test. The statistical significance was determined at P < 0.05. All statistical analyses in 
this study were performed in IBMSPSS 22.0 (IBM institute Inc., USA). 
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CHAPTER 4 

RESULTS 

All of FMD outbreak data during 2011 to 2013 in Xayaboury province were 
provided by the Department of Livestock and Fisheries, Lao PDR. The FMD outbreak 
villages in Xayaboury are shown on the map in (figure 1). A total of 434 households 
(181 case households, 146 control households inside the outbreak villages and 107 
control households outside the outbreak villages) in 59 villages of 5 districts were in 
this study. The case and control households were distributed and shown on the map 
(figure 2). 

The effects of variables on FMD occurrence at the household level were 
compared between case livestock households with control livestock households in 
the outbreak villages or with control livestock households outside the outbreak 
villages. The effect of general information of livestock owners, a number of livestock 
per household, farm types, FMD control and prevention strategies, FMD emergency 
vaccination programs are shown in table 2 and the effect of spatial location on FMD 
occurrence is shown in (table 3). The results clearly show that the household owners 
who suffered from FMD had a significantly lower knowledge about FMD before the 
outbreak (23.8 %) compared to the households with non-FMD experience both for 
the households in the outbreak villages (45.9 %; OR = 0.37; 95%CI 0.23-0.59) and 
households outside the outbreak villages (60.7 %; OR = 0.20; 95%CI 0.12-0.34) (table 
2). For general information of owners, we found that no difference was found 
between households in the outbreak villages. However, the case household owners 
in the outbreak villages were significantly older, with an average age of 49.60±12.90 
years, than the owners outside the outbreak villages whose average age was at 
46.32±12.45 years (table 2). Moreover, case household owners in the outbreak 
villages were Buddhist (79 %) prevailing over other regions with 1.91 of odds ratio for 
FMD occurrence (95%CI 1.12-3.27) whereas the control household owners outside 
the outbreak villages were 66% Buddhist. Comparison between the livestock holders 
who suffered from FMD and the households with non-FMD experience showed that 
small livestock households (< 5 animals) had less probability for FMD occurrence 
than large livestock households (> 15 animals) (OR = 0.45 compared to households 
in the outbreak villages; 95%CI 0.24-0.87 and OR = 0.51 compared to households 
outside the outbreak villages; 95%CI 0.26-1.01) (table 2). For farm types, most 
households had beef cattle and buffalo. No household was found rearing pigs alone 
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but they were always inhabited by a kind of beef cattle or buffalo. None of the farm 
types was found to indicate a significant effect on FMD occurrence.  

For FMD prevention and control within 6 months before FMD outbreaks, a 
number of households were vaccinated for 13.8 % of case households with FMD 
experience, 16.4 % of control households with non-FMD experience in the outbreak 
villages, and 17.8 % of the control households with non-FMD experience outside the 
outbreak villages. However, a non-significant effect of FMD vaccinating was found 
between households with FMD experience and households with non-FMD 
experience. Before FMD outbreak, the activity of selling animals in the households 
with FMD experience was significantly higher than the households with non-FMD 
experience (OR = 6.60 compared to households in the outbreak villages; 95%CI 1.93-
22.50 and OR = 2.82 compared to households outside the outbreak villages; 95%CI 
1.04-7.69). During the FMD outbreaks, no livestock household did vaccinate animals. 
For the households suffering from FMD, 36.5 % of households disinfected farms and 
50.3 % of households informed governor veterinarians while the households with 
non-FMD experience did not do so (table 2). After the outbreaks, no activities or 
variables were found to have a significant difference between the households 
inflicted by FMD and the households with non- FMD experience (table 2).  

Due to non-normality of the data, the distance from households to the 
nearest rivers, the nearest main roads, the nearest markets, the nearest 
slaughterhouses and the elevation above sea level of households were classified to 
two groups by its’ median value. The elevation above the sea and the distance 
between households and risky places are presented on map in figures 3, 4. The 
results of univariable logistic regression model are shown in table 3. The elevation 
above the sea level and the distance from households to the nearest main roads 
significantly affected FMD occurrence (table 3).  

The final model derived after stepwise backward selection of the risk factors 
is shown in Table 2 and 3. There were no significant interaction terms. For both 
households inside and outside outbreak villages, the results clearly showed a 
significant association between FMD occurrence with selling animal before outbreak 
(P < 0.01) and knowledge about FMD before the outbreak (P < 0.01). For only the 
control household outside the outbreak village, the results clearly showed a 
significant association between FMD occurrences with the households close to main 
roads (P < 0.01). The estimated probability of FMD occurrence for livestock owner 
who knew FMD before outbreak was 60 % and 57 % while the probability for the 
households who did not know FMD before outbreak was 82 % and 89 % for inside 
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and outside outbreak village, respectively (figure 5). The estimated probability of FMD 
occurrence in the households who sold animal before outbreak was 88 % and 88 % 
while the probability for the households who did not sale was 48 % and 61 % for 
inside and outside outbreak village, respectively (figure 6). For the household outside 
outbreak village, the estimated probability of FMD occurrence in the households 
closed to main road less than 767 meters was 90 % while the probability for the 
households far away from the main roads more than 767 meters was 56 % (figure 7).   

According to the social network data of animal movements form the 
Department of Livestock and Fisheries, Lao PDR, the data was analyzed at the village 
level for all surveyed villages in Xayaboury (199 villages) and for only the villages 
that matched with our surveys in this study (29 villages). The location and network 
between all villages in Xayaboury are shown on the map in figure 8. Aggregated data 
of villages were analyzed for the network parameters such as indegree, outdegree, 
totaldegree, betweenness and closeness. The mean ranks of those parameters are 
shown in table 5. The different mean ranks of indegree, outdegree and total degree 
between the outbreak villages and the villages without outbreak were significant at P 
< 0.05 (table 5). 
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     Figure 4.1 Map of the location of the FMD outbreak villages in Xayaboury 
     Province.     
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     Figure 4.2 Map of the location of case households (   ), control households inside 

the outbreak villages (   ) and control households outside the outbreak village     
(  ) in Xayaboury province. 
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     Figure 4.5 The estimated probability of FMD occurrence of households with 
different knowledge on FMD before outbreak. (a) and (b) represents a significant 
result with the probability of FMD occurrence at P <0.05.      
 

     

    Figure 4.6 The estimated probability of FMD occurrence of households with selling 
of livestock before outbreak. (a) and (b) represents a significant result with the 
probability of FMD occurrence at P <0.05. 
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     Figure 4.7 The estimated probability of FMD occurrence of households with  
different distances from households to the nearest main road. (a) and (b) represents 
a significant result with the probability of FMD occurrence at P <0.05.  
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CHAPTER 5 
DISCUSSIONS 

In general, the risk factors related to FMD outbreaks are the factors associated 
with pathogen, host and environment. In this study, the analysis focused on owners, 
farm types, farm size, location, the risky managements related with FMD such as 
prevention and control measures and animal movements. Our results in the final 
model indicated that knowledge on FMD, trading or selling before outbreak were 
very important risk factors for FMD outbreak in Xayaboury for both household inside 
and outside outbreak village. Moreover, for the household outside outbreak village, 
the households location that was remote from the main road also was very 
important factor to reduce FMD outbreak. In our study, the educational level of 
livestock owners was mostly less than that of the secondary school (97.5 % of all 
owners). The results indicated clearly that the livestock owners who had knowledge 
about FMD before the outbreaks can protect their animals from FMD. This finding is 
very important to utilizing the ability of livestock owner to prevent FMD occurrence 
based on their awareness of FMD. Farmers’ attitude relates to the level of 
biosecurity, which was explained in a previous review (Young et al., 2013). The 
biosecurity interventions involve consideration for the interaction of the pathogen, 
the host and the environment, and how to limit the successful transmission and 
infection (Young et al., 2013). However, the good biosecurity of small holders in Lao 
PDR is rare (Nampanya et al., 2013; Young et al., 2013). Similarly to livestock holders 
in Cambodia, FMD is not perceived as a major animal health problem. Thus, the 
management of the disease and the prevention of animal disease by their owners 
are more difficult (Bellet et al., 2012). Sharing grazing lands and water sources of 
livestock in the villages poses a high risk of disease transmission from one livestock 
holder to another livestock holder (Dukpa et al., 2011; Nampanya et al., 2013). 
Moreover, a limited number of holders in our survey (13.8 %-17.8 %) did vaccinate 
animal before the outbreak during 2011 - 2013. This finding strongly indicates that 
farmers still lack the awareness and ability to vaccinate their animals. A low number 
of livestock with high immunity against FMD were concordant with a previous study 
that reported the low level of antibody titer of large ruminants in Lao PDR sampling 
in 2010 (Nampanya et al., 2013). However, the study in Lao PDR shows that FMD 
vaccination can reduce the attack rate of FMD from 70 % in villages with 
unvaccinated animals compared to 1 % in villages with fully vaccinated animals (Rast 
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et al., 2010). In our study within 6 months before the outbreak, non-significant FMD 
occurrence was found between vaccinated households and unvaccinated 
households, which might relate to low levels of immunity in all livestock. Other 
factors such as animal density and animal movements might play a role in FMD 
outbreaks.  

According to our results in univariable analysis, age and religion of control 
households outside the outbreak villages were significantly different from the case 
households. However, the effect was not found in the final model and this 
difference was not found when compared to the control households in the outbreak 
villages. For overall, 73 percent of livestock owners are Buddhist and these 
households were at higher risk of contracting FMD compared to other religions. For 
other religions, the information from our dataset identified only the owners in one 
village that are Christian while livestock owners in other religious groups pay respect 
to ghosts. The livestock owners outside the outbreak villages were younger than the 
livestock owners in the outbreak villages, which might be involved with the 
establishment of a new community of new families that separated from their parent 
families. It is possible for new families to extend their lives in the new land closer to 
a forest or a mountain and, accordingly, people living close to the forest or mountain 
are likely to believe in and respect ghosts. Their lifestyle might be different, which 
might be associated with farm management and FMD occurrence. This information 
agrees with the effect of spatial location on FMD outbreaks. Our results indicated in 
univariable analysis that livestock holders in a lower elevation area from sea level 
and closer to the main road were at high risk of FMD. This was indicated clearly 
when no different effect was found in comparison between case and control 
household inside outbreak village but the difference was found between case 
household inside outbreak village and control household outside outbreak village. 
This agrees with a study in Tanzania that indicated that increases in the distance to 
main roads decreased the risk of FMD (Allepuz et al., 2015). In a lower land, it seems 
to be a high density area of community and transportation. The density of livestock 
in the high density community was possibly higher compared with the livestock 
outside the community and direct contacts between animals in high density areas 
were identified with a high probability of infectious transmission. (Rojanasthien et al., 
2006) mentioned that the high density of livestock farms has a high chance of the 
disease occurring. Moreover, in a high livestock density area, there tends to have a 
high number of movements (Emami et al., 2015). Concordant with our results, we 
found that the villages with a high degree centrality were at high risk of having FMD 
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and a higher number of livestock in a household also increased the risk of FMD 
(table 2). In addition, livestock holders who sold animals before the outbreak also 
clearly added to the risk of FMD (table 2). This result agrees with other studies that 
proved the risk of trading on FMD (Emami et al., 2015). In the same manner, 
(Ayebazibwe et al., 2010) demonstrated that animal movement with any motive for 
feeding, finding water, or trading was the important risk factor for being the source of 
the disease outbreak. The movement of animals on the dry season to find new 
sources of food increased the risk of the disease 50.8 times (Ayebazibwe et al., 2010). 
In Bhutan and Lao PDR, raising animals by grazing increases the chance of FMD 
occurrence 39.2 and 4.4 times respectively (Dukpa et al., 2011; Phouangsouvanh, 
2009). In addition, the FMD occurrence in Tanzania was suggested to result from the 
strong relationship between animal movement and human activity via 
communication networks to FMD occurrence (Allepuz et al., 2015). In Thailand, 
(Rojanasthien et al., 2006) reported that farms in Thailand which are located near to 
slaughterhouses has an increased risk of the disease 1.2 times and also in Japan, 
(Lindholm et al., 2007) reported that cattle farms in Japan near to slaughterhouses 
and animal markets were prone to FMD occurrence 25.85 and 39.58 times 
respectively. Nevertheless, non-significant association of closeness and betweeness 
between the outbreak and control villages was found on FMD occurrence. A 
sampling design in our study for connecting between nodes is needed to improve 
and complete the network among involved nodes. Additionally, the effect of the 
distance from households to markets or to slaughterhouses in our study was not 
significant on FMD. The difference might be related to the difference in household 
distribution in the districts and other natural barriers, which should warrant further 
exploration. 

In conclusion, this study clearly indicated the association of owners’ 
knowledge and the community areas with high density of movement on FMD 
occurrence. The households far away from the center of community had a 
decreased probability of FMD occurrence. The owners’ awareness is also important 
to reducing FMD occurrence. However, there are still a limited number of livestock 
that were vaccinated and low levels of biosecurity to prevent FMD within villages. 
The study to increase immunity and improve the biosecurity at the village level to 
prevent and control FMD represents a challenging task for future investigation. 
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APPENDIX A 

Questionnaire translate into English language 

 

Questionnaire for livestock owner on the occurrence of FMD outbreaks 

during (2011-2013) 

Name of interviewer..........................................Phone number.................................................... 

Name of interviewee...............................  Owner,  Not owner, Phone number.............. 

Address:Village.....................................District.................................Province.................................. 

Sex:     Male, Age..........................., Occupation:    Main........................., Religion............. 

          Female                                              Secondary.......................... 

Coordinate: Latitude                    , Longitude                    Elevation 

Education:        Uneducated,              Primary school,          Secondary school, 

                      Higher than secondary school 

 

 

 

 

 

 

 

Date of interview……….. 



 

 

55 

Section1: Current general information. 

1. How many animals do you have currently?.........................heads 

Animal 

species 

Parent 

stock(male) 

Parent 

tock(female) 

(0-6 months) (>6-12 months) (>12months) 

Cattle      

Buffalo      

 Parent 

stock(male) 

Parent 

stock(female) 

(0-3months) (>3-12months) (>12months) 

Goat      

Sheep      

 Parent 

stock(male) 

Parent 

stock(female) 

Suckling Pig Weaning Pig  

Pig      

2. Do you know what kind of disease in this picture? 

    Yes,  No 

3. If yes, how about?  

Cattle picture: Picture1,Picture 2,Picture3         For pig: Picture1, picture2             

                     Picture4, Picture5, Picture6                   picture3, picture4 

4. You know this disease before or after outbreak?   Before,    After 

5. During (2011-2013), have your animal been infected FMD ?   Yes,   No 

6. If yes, how many time? 1time, 2times,  more than 2times  

7. Month, year of the occurrence of disease outbreak (for owner):.................................. 

8. Month, year of the occurrence of disease outbreak (for Department):…………………… 
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Section2: Information before FMD Outbreak. 

1. Six months before FMD Outbreak, do you vaccinate your animals? 

    Yes,    No 

2. Who vaccinate your animals? 

    Veterinary Officer,    Village Veterinary Worker,  Yourself 

3. Twelve months before disease outbreak, did you vaccinate your animals?   

    Yes    No 

4. When was the latest month of vaccination and before how many months the 
outbreak occurred? 

   Less than 2 weeks,  two weeks- six months,  more than six months 

5. Before the outbreak occurred not over 6 months, do you buy or sell the animals? 

5.1. Did you buy or bring the animals for raising?      5.2. Did you sell or give the             

                                                                         animals to some one?   

     Yes,   No                                                 Yes,  No 

5.2. With whom do you buy?                       5.2. With whom do you  sell?                                                                                                                                      

    Trader, Farmer,  Slaughter                    Trader, Farmer,  Slaughter 

                                              

Animal species Cattle Buffalo Pig Goat

Batch

Number of animal

Cost

Live animal

Body weight

Animal species Cattle Buffalo Pig Goat

Batch

Number of animal

Cost

Live animal

Body weight
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Other, explain............................................                      Other, explain ................................                      

Name...........................................................                      Name.................................................                                 

Village........................................................                       Village...............................................                     

District........................................................                       District……………………………………..              

Province......................................................                     Province……………………………………                                                                                                                                               

                                                                                                                 
Section3. Information during the occurrence of FMD outbreak. 

1. How many infected or dead animals in your farm? 

Animal type

Parent 

stock 

(male)

Parent 

stock 

(female)

(0-6 moth) (>6-12 month) (>12 month)

Cattle

Sick

Dead

Buffalo

Sick

Dead

Parent 

stock 

(male)

Parent 

stock 

(female)

(0-3 month) (>3-12 month) (>12 month)

Goat

sick

Dead

Parent 

stock 

(male)

Parent 

stock 

(female)

Suckling pig weaning pig

Pig

Sick

Dead  

2. Management and control the disease, when FMD Outbreak occurred. 

2.1. In case if your animal get sick, how did you deal with? 

      Treatment,  Do nothing 
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2.2. Did you vaccinate your animals? 

 Yes,  No 

2.3. Did you use disinfectant? 

 Yes,  No  

2.4. Did you inform the Veterinary Officer? 

      Yes,  No 

3. Did you move your animal during FMD outbreak ?   Yes,  No 

3.1. If yes, what is your purpose? 

    Buy or Sell, Move to another place for raising, for breeding, other purpose, 
explain  

3.2. If you moved the animal, how did you practice?   Vehicle,  on foot 

3.3. If vehicle, what kind of vehicle? 

      Pickup car,  Tractor,  Motorbike 

3.4. How many kilometers for the movement of your animals? 

      Less than 5 km,  Less than 5-10 km,  More than 10 km 

4. During FMD outbreak, did your animals shared grazing pasture with other herds?  

    Yes,  No 

4.1. If yes, please explain the source of infection. 

How many animal owners  in that grazing  pasture? (.......................). 

Name of animal owner 1:............................, Village......................., 
District.....................Province.................. 
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Animal species : Cattle,  Buffalo, Goat. 

Name of animal owner 2:............................, Village......................., 
District.....................Province.................. 

 Animal species :  Cattle,  Buffalo,  Goat. 

Name of animal owner 3:............................, Village......................., 
District.....................Province.................. 

Animal species :  Cattle,  Buffalo,  Goat. 

4.2. Total number of animals that shared the same grazing pasture 
(approximatly)....................... 

5. During FMD outbreak, did you bring your animals to the slaughter house?  

    Yes,  No 

5.1. If yes, where is the slaughter house? 

Name of slaughter house................................ 

Coordinate of slaughter house: Longitude…………………, Latitude……………….. 

Address: Village….......................District..........................Province............................... 

Section4. Information  after  FMD outbreak.  

1. Six months after FMD outbreak , do you vaccinate  your animals? 

    Yes,  No 

1.2. Who vaccinate your animals? 

     Veterinary Officer, Village Veterinary Workers, by yourself 
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1.3. Twelve months after FMD outbreak, do you vaccinate your animals?   

      Yes   No 

1.4. How many months after FMD outbreak that you practice the latest vaccination? 

Less than 2 weeks,  two weeks - six months,  more than six months 

2.  After FMD outbreak not more than 6 months, did you buy or sell your animals? 

2.1. Did you buy or bring the animal for raising ?    2.1.Did you sell or give the animal   

                                                                       to some  body ?   

      Yes,  No                                                Yes,  No 

 5.2. With whom do you buy ?                   5.2. To whom do you  sell ? 

Trader, Farmer, Slaughter                 Trader,Farmer, Slaughter                  

Other, explain ....................................                            Other, explain ...............................                       

Name...................................................                              Name..............................................                                 

Province...............................................                             Province..........................................                    

District.................................................                              District…………………………………..               

Village..................................................                             Village……………………………………. 
 

 

Animal species Cattle Buffloa Pig Goat

Batch

Number of animal

Cost

Live animal

Body weight 

Animal species Cattle Buffloa Pig Goat

Batch

Number of animal

Cost

Live animal

Body weight
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APPENDIX B 

Questionnaire translate into Lao language 

 

 

 

ແຍຍສຬຍຊາມສ າລັຍເ຅຺ ຽ າຂຬຄສັຈ຋ີຼ ເ຃ີ ງເຎັຌຑະງາຈຎາກເຎືຼ ຬງລ຺ຄເລັຍໃຌຆວຼຄຎີ

(2011-2013) 

ຆືຼ ຏູຽ ສ າຑາຈ..........................................ເຍີ ໂ຋ລະສັຍ.................................................... 

ຆືຼ ຏູຽ ໃຫຽ ສ າຑາຈ.................... ເ຅຺ ຽ າຂຬຄສັຈ   ຍ ຼ ແມຼຌເ຅຺ ຽ າຂຬຄສັຈ   ເຍີ ໂ຋ລະສັຍ........... 

຋ີຼ ຢຼູ:ຍຽ າຌ................................ເມື ຬຄ......................................ແຂວຄ............................ 

ເຑຈ:     ຆາງ  ຬາງຸ............  ຬາຆີ ຍ:    ຫັົກ......................... ສາຈສະຫຌາ........... 

         ງິ ຄ                         ລຬຄ....................... 

Coordinate: Latitude               Longitude              Elevation  

ລະຈັຍກາຌສຶ ກສາ:  ຍ ຼ ໄຈຽ ອຽຌ     ຆັຽ ຌຎະຊ຺ມ     ມັຈຊະງ຺ມ     ສູຄກຼວາມັຈຊະງ຺ມຂື ຽ ຌໄຎ 

ສວຼຌ຋ີຼ 1: ຂ ຽ ມູຌ຋ຼ຺ວໄຎໃຌຎະ຅ຸຍັຌ. 

1.ຎະ຅ຸຍັຌ຋ຼາຌມີ ສັຈ຋ັຄໝ຺ຈ຅ັກໂຉ?......................ໂຉ 

ປະເພຈສຈັ ພ ໍ່ ພນັ ແມ ໍ່ພນັ ລູກ(0-6ເຈືຬນ) (>6-12ເຈືຬນ) (>12ເຈືຬນ)

ຄວ຺

຃ວາງ

ພ ໍ່ ພນັ ແມ ໍ່ພນັ ລູກ(0-3ເຈືຬນ) (>3-12ເຈືຬນ) (>12ເຈືຬນ)

ແບ້

ແກະ

ພ ໍ່ ພນັ ແມ ໍ່ພນັ ຫມຈູູຈນມ຺ ຫມຢູໍ່ານມ຺/ຂນຸ

ຫມູ
 

 

 

ວັຌ຋ີ ສ າຑາຈ

............................ 
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2.຋ຼາຌອູຽ ຅ັກຑະງາຈໃຌອູຍຌີ ຽ ຍ ຼ ? 

   ອູຽ       ຍ ຼ ອູຽ  

3.ຊຽ າອູຽ , ອູຽ ຫົາງຎາຌໃຈ?  

ອູຍຄ຺ວ    ອູຍ1   ອູຍ2    ອູຍ3     ອູຍໝູ    ອູຍ1     ອູຍ2 

         ອູຍ4   ອູຍ5    ອູຍ6               ອູຍ3     ອູຍ4 

4.຋ຼາຌອູຽ ຅ັກຑະງາຈຌີ ຽ ກຬຼຌ ຫົື  ຫັົຄ຋ີຼ ເກີຈຑະງາຈ     ກຬຼຌ       ຫັົຄ 

5.ໃຌຆຼວຄຎີ  (2011-2013)ສັຈຂຬຄ຋ຼາຌເ຃ີ ງເກີຈຑະງາຈຎາກເຎືຼ ຬງລ຺ຄເລັຍຍ ?  

   ເ຃ີ ງ     ຍ ຼ ເ຃ີ ງ 

6.ຊຽ າເ຃ີ ງ, ເ຃ີ ງເກີຈຑະງາຈ຅ັກເ຋ືຼ ຬ?   1ເ຋ືຼ ຬ     2ເ຋ືຼ ຬ     ຫົາງກວຼາ 2ເ຋ືຼ ຬ 

7.ເຈື ຬຌ,ຎີ ຋ີຼ ເກີຈໂລກລະຍາຈ(ຂຬຄເ຅຺ ຽ າຂຬຄສັຈ):............................ 

8.ເຈື ຬຌ,ຎີ ຋ີຼ ເກີຈໂລກລະຍາຈ(ຂຬຄກ຺ມ)........................................ 

ສວຼຌ຋ີຼ 2. ຂ ຽ ມູຌກຬຼຌເກີຈຑະງາຈຎາກເຎືຼ ຬງລ຺ຄເລັຍ. 

1.ໃຌຆວຼຄເວລາ 6 ເຈື ຬຌກຬຼຌເກີຈຑະງາຈຎາກເຎືຼ ຬງລ຺ຄເລັຍ຋ຼາຌໄຈຽ ສັກຢາວັກຆິ ຽ ຌຍ ຼ ? 

   ສັກ     ຍ ຼ ໄຈຽ ສັກ 

2.ຏູຽ ສັກຢາວັກຆິ ຽ ຌໃຫຽ ຋ຼາຌແມຼຌໃຏ? 

   ເ຅຺ ຽ າໜຽ າ຋ີຼ      ຬາສາຍຽ າຌ     ສັກເຬຄ 

3.ຑາງໃຌໄລງະເວລາ12 ເຈື ຬຌກຬຼຌເກີຈໂລກ຋ຼາຌໄຈຽ ສັກຢາວັກຆີ ຽ ຌໃຫຽ ສັຈຍ ຼ ?ສັກ,ຍ ຼ ໄຈຽ ສັກ 

4.ເຈື ຬຌ຋ີຼ ສັກຢາວັກຆີ ຽ ຌໃຫຽ ສັຈເ຋ືຼ ຬສຸຈ຋ຽ າງກຬຼຌເກີຈໂລກຎະມາຌ຅ັກເຈື ຬຌ? 

   ຌຬຽ ງກວຼາ 2 ຬາ຋ິ ຈ    2 ຬາ຋ິ ຈ-6ເຈື ຬຌ    ຫົາງກວຼາ 6 ເຈື ຬຌ 

5.ໃຌຆວຼຄກຬຼຌເກີຈຑະງາຈຍ ຼ ເກີຌ 6ເຈື ຬຌ຋ຼາຌໄຈຽ ມີ ກາຌຆື ຽ -ຂາງຍ ຼ ? 
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5.1. ຋ຼາຌໄຈຽ ຆື ຽ  ຫົື  ເຬ຺ າສັຈເຂ຺ ຽ າມາລຽ ຽຄຍ ຼ ?            5.2. ຋ຼາຌໄຈຽ ຂາງ ຫົື  ໃຫຽ ສັຈລຽ ຽຄໃຏຍ ຼ ?   

   ຆື ຽ     ຍ ຼ ໄຈຽ ຆື ຽ                                ຂາງ     ຍ ຼ ໄຈຽ ຂາງ 

      

5.3.ຆື ຽ ກັຍໃຏ?                                5.4.ຂາງໃຫຽ ໃຏ? 

 ຃ຽ າ    ຆາວຌາ       ໂອຄຂຽ າ                   ຑ ຼ ຃ຽ າ   ຆາວຌາ      ໂອຄຂຽ າ 

ຬືຼ ຌ໅,຅ຼ຺ຄຬະ຋ິ ຍາງ.....................................        ຬືຼ ຌ໅,຅ຼ຺ຄຬະ຋ິ ຍາງ............................ 

ຆືຼ ...........................................................         ຆືຼ .................................................... 

຋ີຼ ຢຼູ:ແຂວຄ..............................................         ຋ີຼ ຢຼູ:ແຂວຄ...................................... 

ເມື ຬຄ.....................................................         ເມື ຬຄ.............................................. 

ຍຽ າຌ......................................................          ຍຽ າຌ................................................   

       

 

 

 

 

 

 

 

ຆະນຈິສຈັ ຄວ຺ ຃ວາງ ໝູ ແບ້

຃ ັຄ້

຅  ານວນສຈັ

ລາ຃າ

ເປັນໂຉ

ກໂິລ

ຆະນຈິສຈັ ຄວ຺ ຃ວາງ ໝູ ແບ້

຃ ັຄ້

຅  ານວນສຈັ

ລາ຃າ

ເປັນໂຉ

ກໂິລ
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ສວຼຌ຋ີຼ 3.ຂ ຽ ມູຌໃຌຆວຼຄເກີຈໂລກລະຍາຈຂຬຄຑະງາຈຎາກເຎືຼ ຬງລ຺ຄເລັຍ 

1.຅ າຌວຌສັຈ຋ັຄຫມ຺ຈໃຌ຃ຬກມີ ຎະມາຌຫົາງຎາຌໃຈ.........................ໂຉ 

ປະເພຈສຈັ ພ ໍ່ ພນັ ແມ ໍ່ພນັ ລູກ(0-6ເຈືຬນ) (>6-12ເຈືຬນ) (>12ເຈືຬນ)

ຄວ຺

ເ຅ັບ

ຉາງ

຃ວາງ

ເ຅ັບ

ຉາງ

ພ ໍ່ ພນັ ແມ ໍ່ພນັ ລູກ(0-3ເຈືຬນ) (>3-12ເຈືຬນ) (>12ເຈືຬນ)

ແບ້

ເ຅ັບ

ຉາງ

ແກະ

ພ ໍ່ ພນັ ແມ ໍ່ພນັ ຫມຈູູຈນມ຺ ຫມຢູໍ່ານມ຺/ຂນຸ

ຫມູ

ເ຅ັບ

ຉາງ
 

2.ກາຌ຅ັຈກາຌກັຍໂຉສັຈແລະກາຌ຃ວຍ຃ຸມໃຌຆຼວຄເກີຈຑະງາຈຎາກເຎືຼ ຬງລ຺ຄເລັຍ 

2.1.ໃຌກ ລະຌີ ມີ ສັຈເ຅ັຍ຋ຼາຌໄຈຽ ຎະຉິຍັຈແຌວໃຈກັຍສັຈຂຬຄ຋ຼາຌ 

     ຎິຼ ຌຎ຺ວ    ຍ ຼ ໄຈຽ ເອັຈຫງັຄເລີ ງ 

2.2.຋ຼາຌໄຈຽ ສັກຢາວັກຆີ ຽ ຌໃຫຽ ສັຈຂຬຄ຋ຼາຌໃຌຆວຼຄສັຈເຎັຌຑະງາຈຍ ? 

 ສັກ     ຍ ຼ ໄຈຽ ສັກ 

2.3.຋ຼາຌໄຈຽ ໃຆຽ ຢາຂຽ າເຆື ຽ ຬໃຌຆຼວຄເກີຈຑະງາຈກັຍສັຈຂຬຄ຋ຼາຌຫົື ຍ ? 

 ໃຆຽ       ຍ ຼ ໄຈຽ ໃຆຽ  

2.4.ເມືຼ ຬເກີຈຑະງາຈ຋ຼາຌໄຈຽ ແ຅ຽ ຄເ຅຺ ຽ າຫຌຽ າ຋ີຼ ຍ ? 

      ແ຅ຽ ຄ     ຍ ຼ ໄຈຽ ແ຅ຽ ຄ 

3. ຋ຼາຌໄຈຽ ມີ ກາຌເ຃ືຼ ຬຌງຽ າງສັຈໃຌຆຼວຄເກີຈຑະງາຈຍ ຼ ?     ເ຃ືຼ ຬຌງຽ າງ    ຍ ຼ ເ຃ືຼ ຬຌງຽ າງ 

3.1.ຊຽ າມີ ກາຌເ຃ືຼ ຬງງຽ າງ, ຅ຸຈຎະສ຺ຄຂຬຄ຋ຼາຌເຑຼືຬ: 

      ຆື ຽ -ຂາງ    ລຽ ຽຄ຋ີຼ ຬືຼ ຌ    ງຽ າງໄຎຎະສ຺ມຑັຌ    ຬືຼ ຌ໅.................................... 
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3.2.ຊຽ າມີ ກາຌເ຃ືຼ ຬຌງຽ າງສັຈ຋ຼາຌເ຃ືຼ ຬຌງຽ າງແຌວໃຈ?     ໃຆຽ ຑາຫະຌະ    ຅ູຄ 

3.3.ຊຽ າໃຆຽ ງາຌຑາຫະຌະແມຼຌຆະຌິ ຈໃຈ? 

    ລ຺ຈກະຍະ    ລ຺ຈຉັຬກຉັຬກ    ລ຺ຈ຅ັກ 

3.4.ໄລງະ຋າຄ຋ີຼ ເ຃ືຼ ຬຌງຽ າງ຅ັກກິໂລ? 

    ຌຽ ຬງກຼວາ 5km   ຌຽ ຬງກຼວາ 5-10km   ຫົາງກຼວາ 10km 

4.ໃຌຆຼວຄເກີຈໂລກສັຈຂຬຄ຋ຼາຌໄຈຽ ສ າຑັຈກັຍສັຈຐູຄຬືຼ ຌເວລາ຋ີຼ ໄຎກິຌຌ າກິຌຫງຽ າຍ ຼ ?  

    ສ າຑັຈ     ຍ ຼ ສ າຑັຈ 

4.1.ຊຽ າສ າຑັຈ, ຬະ຋ິ ຍາງແຫຼົຄ຋ີຼ ມາ 

຅ າຌວຌເ຅຺ ຽ າຂຬຄສັຈມີ ເ຋຺ຼ າໃຈ.................ເ຅຺ ຽ າຂຬຄສັຈ 

ຆືຼ ເ຅຺ ຽ າຂຬຄສັຈ1..............................ຍຽ າຌ.................ເມື ຬຄ...................ແຂວຄ.................. 

ຆະຌິ ຈສັຈ:     ຄ຺ວ     ຃ວາງ     ແຍຽ  

ຆືຼ ເ຅຺ ຽ າຂຬຄສັຈ2..............................ຍຽ າຌ..................ເມື ຬຄ...................ແຂວຄ.................. 

ຆະຌິ ຈສັຈ:     ຄ຺ວ     ຃ວາງ     ແຍຽ  

ຆືຼ ເ຅຺ ຽ າຂຬຄສັຈ3..............................ຍຽ າຌ..................ເມື ຬຄ...................ແຂວຄ................. 

ຆະຌິ ຈສັຈ:     ຄ຺ວ     ຃ວາງ     ແຍຽ  

4.2.຅ າຌວຌສັຈ຋ັຄໜ຺ຈ຋ີຼ ມາຢຼູລວມກັຌ (ຎະມາຌ)........................ໂຉ 

5.ໃຌຆວຼຄເກີຈໂລກ຋ຼາຌໄຈຽ ຌ າສັຈຂຬຄ຋ຼາຌໄຎຂຽ າຢຼູໂອຄຂຽ າສັຈຍ ?     ໄຎຂຽ າ    ຍ ຼ ໄຈຽ ໄຎຂຽ າ 

5.1.ຊຽ າໄຎ, ຋ຼາຌເຬ຺ າສັຈໄຎຂຽ າຢຼູໂອຄຂຽ າສັຈໃຈ? 

ຆືຼ ໂອຄຂຽ າສັຈ.................................... 

຅ຸຈຑິກັຈ: Longitude………………………Latitude…………………………………. 

຋ີຼ ຢຼູ: ແຂວຄ…..................................ເມື ຬຄ.........................ຍຽ າຌ............................... 
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ສວຼຌ຋ີຼ 4. ຂ ຽ ມູຌໃຌຆວຼຄຫັົຄເກີຈຑະງາຈຎາກເຎືຼ ຬງລ຺ຄເລັຍ 

1.ໃຌໄລງະເວລາ 6 ເຈື ຬຌຫັົຄ຅າກ຋ີຼ ເກີຈໂລກລະຍາຈ຋ຼາຌໄຈຽ ສັກຢາວັກຆີ ຽ ຌຍ ຼ ? 

   ສັກ     ຍ ຼ ໄຈຽ ສັກ 

1.2.ຏູຽ ສັກຢາໃຫຽ ສັຈຂຬຄ຋ຼາຌແມຼຌໃຏ? 

   ເ຅຺ ຽ າໜຽ າ຋ີຼ     ຬາສາຍຽ າຌ    ສັກເຬຄ 

1.3.ຑາງໃຌໄລງະເວລາ12 ເຈື ຬຌຫັົຄເກີຈໂລກ຋ຼາຌໄຈຽ ສັກຢາວັກຆີ ຽ ຌໃຫຽ ສັຈຍ ຼ ?ສັກ,ຍ ຼ ໄຈຽ ສັກ 

1.4.ເຈື ຬຌ຋ີຼ ສັກຢາວັກຆີ ຽ ຌເ຋ືຼ ຬສຸຈ຋ຽ າງຫັົຄເກີຈໂລກຎະມາຌ຅ັກເຈື ຬຌ 

    ຌຬຽ ງກວຼາ 2 ຬາ຋ິ ຈ   2 ຬາ຋ິ ຈ-6ເຈື ຬຌ    ຫົາງກວຼາ 6 ເຈື ຬຌ 

2.ກາຌຆື ຽ -ຂາງສັຈໃຌຆວຼຄຫັົຄເກີຈໂລກຍ ຼ ເກີຌ 6ເຈື ຬຌ 

2.1.຋ຼາຌໄຈຽ ຆື ຽ  ຫົື  ເຬ຺ າສັຈເຂ຺ ຽ າມາລຽ ຽຄຍ ຼ ?           2.2 .຋ຼາຌໄຈຽ ຂາງ ຫົື  ໃຫຽ ສັຈລຽ ຽຄໃຏຍ ຼ ? 

    ຆື ຽ    ຍ ຼ ໄຈຽ ຆື ຽ                                                              ຂາງ    ຍ ຼ ໄຈຽ ຂາງ 

 2.3.ຆື ຽ ກັຍໃຏ?                              2.4.ຂາງໃຫຽ ໃຏ? 

  ຑ ຼ ຃ຽ າ   ຆາວຌາ     ໂອຄຂຽ າ                    ຑ ຼ ຃ຽ າ    ຆາວຌາ       ໂອຄຂຽ າ 

ຬືຼ ຌ໅,຅ຼ຺ຄຬະ຋ິ ຍາງ.....................................        ຬືຼ ຌ໅,຅ຼ຺ຄຬະ຋ິ ຍາງ............................ 

ຆືຼ ...........................................................         ຆືຼ .................................................... 

຋ີຼ ຢຼູ:ແຂວຄ..............................................         ຋ີຼ ຢຼູ:ແຂວຄ...................................... 

ເມື ຬຄ.....................................................         ເມື ຬຄ.............................................. 

ຍຽ າຌ......................................................          ຍຽ າຌ.............................................. 

ຆະນຈິສຈັ ຄວ຺ ຃ວາງ ໝູ ແບ້

຃ ັຄ້

຅  ານວນສຈັ

ລາ຃າ

ເປັນໂຉ

ກໂິລ

ຆະນຈິສຈັ ຄວ຺ ຃ວາງ ໝູ ແບ້

຃ ັຄ້

຅  ານວນສຈັ

ລາ຃າ

ເປັນໂຉ

ກໂິລ
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