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Abstract
The aim of this study was to identify social and farm factors influencing the knowledge of foot-and-mouth disease (FMD), factors
influencing participation in FMD vaccination, and vaccination coverage. The study was conducted with 180 traditional dairy
farmers who were engaged in cattle and buffalo farming located in three veterinary ranges of the Ampara district in the eastern
province of Sri Lanka, during September and October 2019. The probit and tobit regressionmodels were applied to determine the
factors. On an average, the scores for knowledge of FMD and hygiene management were calculated as 54.5% and 49.2%,
respectively. Farmers’ knowledge of FMD was strongly associated with gender, level of education, and participation in the
farmer training program (p < 0.01). The vaccination behavior was enhanced significantly by the number of animals, farming
experience, knowledge of FMD score (p < 0.05), and hygiene management score (p < 0.1). It was revealed that social and farm
factors contributed to the knowledge of FMD and vaccination behavior. Therefore, we recommend that the livestock educational
training program will motivate better participation in the FMD control plan in Sri Lanka.
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Introduction

Foot-and-mouth disease (FMD) is one of the most economi-
cally important, highly contagious transboundary animal dis-
ease (TAD) of cloven-hoofed animals (Knight-Jones and
Rushton 2013; OIE 2019). FMD is still widespread world-
wide. It is prevalent in large parts of Africa, Middle East,
and Asia, and countries that are free of FMD remain under
the constant threat of incursion (FAO 2012). While the ma-
jority of FMD outbreaks occur in developing countries where
veterinary capacities are minimum, the continuing epidemic
of FMD has been described as a failure of the global food
security system (Rushton 2009; Winsdor 2011). In Southeast

Asia, the inclusion of FMD vaccination activities in FMD
control and eradication programs is evident in Indonesia and
the Philippines (Winsdor et al. 2011). FMD has a long history
and was officially reported in 1900 in Sri Lanka (Sturgess
1900). This disease had assumed an epidemic in 6 years and
had devastated the cattle and buffaloes in all provinces many
times in the past (Fernando 1969).

The accepted control strategies available for FMD are
stamping out, tracing outbreaks, legislation, quarantine,
movement control, vaccination, import and export regula-
tions, and zoo sanitary measures (Kodituwakku 2000).
Successful vaccination programs prevent major epidemics of
an infectious disease by generating herd immunity. Although
FMD vaccination has been carried out every year, low vacci-
nation coverage has caused this disease to rise to epidemic
proportions (Fernando 1969). A socio-economic study in the
Indian Punjab found that the educational level of farmers
could be correlated with the likelihood of FMD outbreaks,
and this could be linked to the fact that educated farmers were
more likely to seek professional advice and vaccinate their
animals regularly (Saini et al. 1992).

The FMD outbreaks would be high due to poor vaccination
coverage, thereby resulting in enormous economic losses to
livestock (Kodituwakku 2000). Farmers’ knowledge about the
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disease is very important for an effective control program
(Martin et al. 1994). Improving farmers’ knowledge to differ-
entiate FMD from other diseases and ensure prompt reporting
of any suspicion of FMD as well as prompt restricting of
movement of animals is a critical activity for an effective
FMD response effort (Goswami and Sagar 1996). Farmers’
behavior is strongly affected by their knowledge and attitudes
(Dernburg et al. 2007).

In the last 10 years, FMD outbreaks were reported in the
country, particularly in the dry zone of the eastern province
among traditional dairy farming systems in small and large
herd populations. Circulation of the FMD virus O type was
confirmed in Sri Lanka (Gunasekera and Fernando 1980).
According to the FMD control policy, the FMD mass vac-
cination program is implemented each year with the coor-
dination of government veterinary offices in nine prov-
inces in Sri Lanka; however, the FMD outbreak continues
and the animal becomes clinically or subclinically affected.
FMD vaccinations have been carried out in earmarked lo-
cation in Sri Lanka. The number of target vaccines for
FMD was 0.90 million and achieved 0.85 million in year
2019 (DAPH 2019). The Progressive Control Pathway
(PCP) for FMD has been developed to assist and facilitate
FMD endemic countries to progressively reduce the impact
of disease and extend virus circulation (FAO 2018a).
Cattle owners engage in low FMD vaccinations in different
management systems. Farmers’ FMD knowledge and vac-
cination behavior are poorly described. Therefore, we ex-
plored the gaps in knowledge of FMD, vaccination behav-
ior, and the biosecurity and hygiene management practices
that are necessary for control strategy in the socio-
economic consequences of FMD in Sri Lanka.

The objectives of this study were (1) to evaluate the
social and farm factors influencing the knowledge of
FMD, (2) to clarify the factors influencing participation
in FMD vaccination and vaccination coverage, and (3) to
ascertain farmers’ motivation to participate in the exten-
sion program on animal disease control. This information
is important for policymakers, livestock stakeholders, and
small- and large-scale traditional farmers, where vaccina-
tion and management interventions are expected to be de-
livered by veterinary ranges providing effective and sus-
tainable FMD control in Sri Lanka.

Materials and methods

Study area

Sri Lanka follows a diverse socio-cultural tradition. There
are different farming management practices, such as inten-
sive and semi-intensive, and other extensively managed
large herds, depending on the agro-climatic regions in the

country (Kothalawala 2011). Especially, the eastern prov-
ince was selected as the area of study because of the high
foot-and-mouth disease outbreak reported in the past
(DAPH 2014). The dry zone covers two-third of the land
area and around 75% of the total cattle and buffalo popu-
lation (1.4 million) of the country. The study area of the
eastern province consists of approximately one-fifth of cat-
tle and buffalo population (DCS 2018). There are two
established livestock management systems in the dry zone,
namely, the traditional management system (extensive sys-
tem) in the villages and the semi-intensive or intensive
system. In the traditional system, the farm’s size tends to
be medium with an average of 18.2 animals per farm
(Abeygunawardena et al. 1997) and large with an average
of 64.2 animals per farm (DAPH 2009). Small herds of 6.6
animals per farm were kept semi-intensively or intensively.
Livestock is the primary or most secondary income-
generating source for the majority (91.4%) of farmers in
the traditional system and 51.5% in irrigated settlements
(Abeygunawardena et al. 1997).

Ampara district of the dry zone was selected for this
study because of the presence of different socio-cultural
backgrounds with different livestock management sys-
tems, in addi t ion to the high disease incidence
(Wickramasuriya et al. 1983). The district of Ampara is
in the southeast region of Sri Lanka and belongs to the
eastern province. The total cattle and buffalo population
in the Ampara district is approximately 90,000 (DCS
2018). The government veterinary range is the smallest
functional unit of the veterinary delivery system and con-
sists of the number of villages.

There was a huge outbreak of FMD in all 25 districts dur-
ing the period from January to December in 2014, and offi-
cially reported FMD cases of 68,296 led to 1995 animal
deaths due to this disease in Sri Lanka. Out of 20 ranges, 16
veterinary ranges of Ampara district were affected by FMD in
the year 2014 and reported 4727 cases and 105 deaths (DAPH
2014). Kalmunai (KAL), Navithanveli (NAV), and
Samanthurai (SAM) ranges were devastated by FMD
(Fig. 1); therefore, these three areas were considered for the
study. The ethnicity of these ranges was mainly Muslims and
Tamils who engaged in livestock farming, and their main
language was Tamil. The total number of registered livestock
farms, including cattle, buffalo, and small ruminants, was
34,988 in the Ampara district. The number of registered live-
stock farms in KAL, NAV, and SAM was 3057, 3714, and
4207, respectively, in 2019. This information has been de-
rived from the relevant veterinary offices and district office
data. The livestock farm registration program was initiated in
2008. The basic data on livestock farms include cattle, buffalo,
and small ruminants collected at the divisional veterinary
range. This program continues to register newly established
livestock farms.
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Sample size and data collection

The list of farm registrations available at the government vet-
erinary office was used as the sampling frame, and farmers
were randomly selected from 3 ranges in equal proportions of
60 samples. Random sampling was used to select 180 respon-
dents for the study. This study was conducted among small-
and large-scale livestock farmers who maintained cattle and
buffaloes. Cattle owners were selected from three veterinary
ranges. The study was conducted for a period of 1 month in
September and October 2019. Data was collected from
farmers through a questionnaire on rearing cattle and buffalo,
which took approximately 20 min per interview by “face-to-
face” survey in their own language (Tamil). This question-
naire was used to collect all the required information for the
purpose of the study. The questions concentrated mainly on
social factors, farm factors, training programs, FMD vaccina-
tion, FMDoutbreak, and the number of animals vaccinated for
FMD.

Data analysis

The data collected from the study were imported and analyzed
using the statistical software STATA 15. The tobit regression
model was used for the animal-level vaccination coverage,
and a probit regression model was used for participation in
vaccination. The tobit model allows regression where the de-
pendent variable is censored data, meaning that a substantial
fraction of the observations on the dependent variable take a
limited value. The probit model is a type of regression where
the dependent variable can take only two (1 or 0) alternatives
(Damodar 2015). To analyze the score for FMD, knowledge
and hygiene management practices–related questions were

considered. Eight questions for clinical signs of FMD, disease
transmission, and age of vaccination were included to evaluate
knowledge on FMD (Table 2). To determine the score for
knowledge, true, false, and do not know answers were given.
A correct answer was given one mark, and incorrect and did
not know answers were considered zero. Five basic hygiene
management questions were asked to estimate the score of
farm practices, for which yes/no answers were given as re-
sponses. The main social and farm factors of mean and stan-
dard deviation are summarized in descriptive statistics
(Table 1).

Results

Vaccination coverage, social, and farm factors

In the field survey, cattle owners in the NAV range had a
higher tendency to participate in vaccination than the other
two ranges, KAL and SAM. The animal-level vaccination
coverage in the three study areas was less than 60.0% (Fig.
2). In all three ranges, the gender of the farmers was mostly
male (88.3%), and approximately 10 to 15%were female. The
ethnicity of farmers in KAL and SAM was mainly Muslims
and Tamils (66.7%) in NAV. The average age of farmers, who
were mainly parental, was 47; 38.9% of farmers achieved
formal education. The main source of income for farmers
was agriculture, private jobs, and livestock. On an average,
25.6% of livestock farmers engaged in private jobs, such as
fishing, business, and labor work in building construction in
the KAL range (41.7%). The results showed that very few
farmers attended the farmer training program (23.9%) con-
ducted by veterinary offices. In the SAM range, majority of

Navithanveli (NAV) 

Kalmunai (KAL) 

Samanthurai (SAM)

Fig. 1 Map of the study area: administrative divisions of the Ampara district in the eastern province of Sri Lanka
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the farmers had more than 5-year experience in livestock
farming than KAL and NAV; therefore, it was considered that
they were prioritizing their experience in farming leading to a
lower tendency to participate in farmer training program
(8.3%). The type of farm system was semi-intensive, but in
the SAM range, 55.0% of farms were managed under exten-
sive livestock systems (Table 1).

Knowledge of FMD and hygiene management
practices

Table 2 describes the level of knowledge on FMD.Most of the
farmers correctly answered the questions about FMD symp-
toms, such as reduced milk production (68.3%), animal lame-
ness (82.2%), salivation (80.6%), and blisters in the mouth

(62.2%). Only 47.8% of farmers believed that the FMD did
not transmit from animal to human; most were not able to
answer this question. Only 26.1% of farmers correctly an-
swered to disease transmission by air and the age of first
vaccination not at 1 year. This revealed poor knowledge of
the mode of disease transmission and the age of vaccination.
Themean knowledge of FMD and hygiene management score
of 180 farmers was 54.5% and 49.2%, respectively (Table 1).
In the NAV range, most farmers followed basic hygiene man-
agement practices, such as wearing boots or slippers when
working, using detergents for personal cleaning after work,
and separating sick animals from healthy animals (86.7%,
95.0%, and 75.0%, respectively). However, most farmers
had poor intentions to implement hygiene practices (Table 3).

In Table 4, the knowledge explained by social factors were
the age of head of farmer, gender, ethnicity, range, education,
and income source and those who had joined the farmer train-
ing program.We observed that male farmers and farmers with
formal education positively influenced knowledge on FMD
(p < 0.01). However, ethnicity and the income source of
farmers did not influence the gain of knowledge. The effect
of attending the training program in livestock management
was significantly important to improve knowledge on FMD
(p < 0.01).

Factors affecting FMD vaccination behavior

Table 5 shows the FMD vaccination behavior described in the
level of participation of farmers in the FMD vaccination pro-
gram, and vaccination coverage was calculated as the number
of animals vaccinated against the number of animals in the
herd. To describe the vaccination behavior, probit and tobit

Table 1 Summary and descriptive statistics of the main social and farm characteristics of the sample

Variable Category Mean SD KAL NAV SAM

Social factors

Age of head farmer Continuous data 46.9 12.10 49.8 44.2 46.7

Gender of head farmer 1: male; 0: female 88.3 0.32 90.0 85.0 90.0

Ethnicity 1: Muslim; 0: Tamil 62.2 0.48 63.3 33.3 90.0

Range 1: NAV; 0: other 33.3 0.47 33.3 33.3 33.3

Education 1: formal; 0: other 38.9 0.48 31.7 53.3 31.7

Income source 1: private; 0: other 25.6 0.43 41.7 21.7 13.7

Farmer training 1: joined; 0: did not join 23.9 0.42 36.7 26.7 8.3

Farm factors

Number of animals Continuous data 18.8 28.65 11.7 16.7 25.0

Farming experience 1: > 5 years; 0: < 5 years 73.3 0.44 78.3 58.3 83.3

Farm type 1: extensive; 0: other 20.6 0.40 1.7 5.0 55.0

Knowledge FMD score Continuous data 54.5 2.14 62.9 48.3 52.3

Hygiene management score Continuous data 49.2 1.47 36.0 73.0 38.7

Knowledge FMD score derived from the correct answer of the eight questions regarding FMD (Table 2). Hygiene management score derived from
correct answers for five questions (Table 3)

KAL NAV SAM Total

Fa
rm

er
s 

%

Study area and Total

Vaccination participation (Farm level)

Vaccination coverage (Animal level)

Fig. 2 Farmers’ vaccination behavior on vaccination participation (farm
level) and vaccination coverage (animal level) in 2018
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models were used. The higher number of dairy farmers in
NAV range received a government subsidy to alleviate pov-
erty (Samurdhi program) due to low income. They were keen
on the health of cattle for their livelihood; therefore, NAV
range was significant to vaccination behavior (p < 0.05) than
other two ranges. Regarding farm factors, the number of live-
stock and farming experience of more than 5 years was posi-
tively significant (p < 0.05). In addition, farmers performed
basic hygiene management practices and also contributed to
the vaccination programs (p < 0.1). At the animal level, vac-
cination coverage in cattle and buffalo farms was significant to
farming experience and knowledge FMD score (p < 0.05). In
this study, the FMD score and hygiene management score
encouraged the vaccination behavior.

Discussion

The vaccination participation and coverage were recorded in
NAV range as 86.7% and 60.0%, respectively, higher than the
other two ranges (Fig. 2). The hygiene management score was
significantly higher in NAV (73.0%) than in KAL and SAM,
but knowledge FMD score in NAV was only 48.3%. On av-
erage, the majority of farmers knew the clinical signs of lame-
ness and salivation to identify the FMD from other diseases of
cattle, but had poor awareness of the mode of transmission
and age of vaccination, which are important factors in

controlling FMD among endemic areas. The hygiene manage-
ment practices were exhibited by the farmers at a relatively
lower level (Table 3). This result was indicated together with
knowledge FMD and hygiene management score as important
factors to motivate farmers to facilitate both participation in
vaccination and animal-level vaccination coverage.

Our results showed that knowledge FMD and hygiene
management scores are obviously important to encourage
farmers to participate in FMD vaccination behavior at the
compulsory vaccination implemented by the Department of
Animal Production and Health (DAPH). In traditional dairy
farming systems, cattle and buffalo are owned and managed
bymen and women, but the majority were men who played an
important role in disease prevention and control.

The total number of cattle and buffaloes in the farm also
facilitates participation in FMD vaccination. If the farms have
a higher number of animals, they tend to be vaccinated as
protection from the outbreak of FMD. These farmers knew
about the impact and economic loss due to FMD in the
Ampara district. Some family members are hereditarily in-
volved in livestock family farming as the main source of in-
come. Farming experience was more significant for determin-
ing vaccination behavior. They were committed to taking care
of the health of animals from the FMD outbreak.

Farmers’ income, if mainly from private jobs, did not con-
sider vaccinating the animal for FMD because they were too
involved with any type of job, such as business, self-

Table 2 Farmers’ knowledge of FMD in three ranges

KAL
(n = 60)

NAV
(n = 60)

SAM
(n = 60)

Total
(n = 180)

Reducing milk production (Yes) 65.0 55.0 85.0 68.3

Animal lameness (Yes) 90.0 78.3 78.3 82.2

Salivation (Yes) 83.3 76.7 81.7 80.6

Blindness (No) 63.3 31.7 33.3 42.8

Blister in the mouth (Yes) 40.0 70.0 76.7 62.2

FMD transmitting from animal to human (No) 68.3 36.7 38.3 47.8

Transmit by air (Yes) 60.0 8.3 10.0 26.1

Age of first FMD vaccination at 1 year (No) 33.3 30.0 15.0 26.1

Figures are presented in percentage of the total. (Yes)/(No) next to the relevant questions above are considered correct answers

Table 3 Hygiene management practices in three ranges

KAL
(n = 60)

NAV
(n = 60)

SAM
(n = 60)

Total
(n = 180)

Use boots or slippers 33.3 86.7 45.0 55.0

Use detergents 53.3 95.0 38.3 62.2

Sick animals not send for grazing 36.7 63.3 26.7 42.2

Separate diseased animals 48.3 75.0 28.3 50.6

Change clothes 8.3 45.0 55.0 36.1

Figures are presented in percentage of the total
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employment, fishing, building work, and carpentry work.
They were busy with their work. This group of livestock
farmers was not interested and reluctant to take care of animal
health. This type of farmer should be given more focus to
educate the importance of the spread of FMD and protecting
other neighboring farm animals. Livestock farmers in the
KAL range were more involved in private jobs for their main
income source than other study areas. Livestock is not the
main income source in the KAL range, which is located in

the Kalmunai municipality area. The farmers were busy in
their private work; therefore, the farm- and animal-level vac-
cination percentages were less than the other two ranges.
Several socio-farm factors were identified as influencing the
participation in vaccination and coverage such as range, main
income source, number of animals in their farm, farming ex-
perience, type of management, knowledge of FMD, and hy-
giene management practices.

Farmers missed the opportunity to vaccinate all animals in
their herd during the vaccination period due to the livestock
farming system being mainly extensive and semi-intensive.
Some farmers moved their animals from one range to another
for feeding in uncultivated land or in the jungle area. Animal
movement is an important concern in FMD spread from one
range to another or district to district. To avoid this situation,
prior planning and coordination with farmers is essential to
vaccinate all suitable animals. The vaccination campaign
should be supervised and monitored by veterinary surgeons
in their assigned areas. Most of the animals are indigenous
breeds and difficult to control during administration of the
FMD vaccine in large herd extensive systems. Suitable animal
restraint should be considered to ensure safe handling of ani-
mals and vaccinators during vaccination programs.

Effective communication between farmers and veterinary
surgeons could play an important role in achieving optimiza-
tion of vaccination strategies (Hall and Wapenaar 2012). The
veterinary surgeon’s role is significant in promoting aware-
ness of a need to vaccinate, and an improved veterinary

Table 4 Social factors influencing on knowledge FMD score (tobit
model)

Variable Coef. SE z p value

Social factors

Age of head farmer 0.030 0.012 2.39 0.017**

Gender 1.394 0.460 3.03 0.002***

Ethnicity − 0.434 0.345 − 1.26 0.209

Range − 0.975 0.349 − 2.79 0.005***

Education 0.879 0.320 2.74 0.006***

Income source − 0.067 0.344 − 0.20 0.845

Farmer training 1.053 0.349 3.02 0.003***

Constant 1.715 0.784 2.19 0.029

** and *** denote statistical significance at the 5% and 1% level,
respectively

Number of observations = 180, log likelihood = − 375.071, Prob. >
chi2 = 0.000

Table 5 Social and farm factors affecting FMD vaccination behavior

Vaccination participation (probit)
(farm level)

Vaccination coverage (tobit)
(animal level)

Variable Coef. SE z p value Coef. SE z p value

Social factors

Age of head farmer 0.001 0.011 0.08 0.934 − 0.004 0.208 − 0.02 0.986

Gender − 0.231 0.372 − 0.62 0.535 − 3.696 7.380 − 0.50 0.617

Ethnicity 0.091 0.292 0.31 0.755 − 2.654 5.352 − 0.50 0.620

Range 0.966 0.384 2.51 0.012** 14.916 6.613 2.26 0.024**

Education 0.447 0.274 1.63 0.103 4.383 4.998 0.88 0.381

Income source − 0.502 0.274 − 1.83 0.067* − 3.278 5.487 − 0.60 0.550

Farmer training 0.309 0.314 0.98 0.326 6.274 5.470 1.15 0.251

Farm factors

Number of animals 0.022 0.011 2.05 0.040** 0.109 0.091 1.19 0.233

Farming experience 0.686 0.305 2.25 0.024** 12.597 5.750 2.19 0.028**

Farm type 0.238 0.368 0.65 0.517 12.732 6.511 1.96 0.051*

Knowledge FMD score 0.132 0.062 2.13 0.033** 2.841 1.183 2.40 0.016**

Hygiene management score 0.195 0.108 1.81 0.070* 3.282 2.006 1.64 0.102

Constant − 1.398 0.696 − 2.01 0.045 10.783 12.875 0.84 0.402

* and ** denote statistical significance at the 10% and 5% level, respectively. Number of observations = 180. For probit regression, log likelihood =
− 74.741, Prob. > chi2 = 0.000 and for Tobit regression, log likelihood = − 864.207, Prob. > chi2 = 0.000
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surgeon-farmer relationship enhances the performance to ac-
cept the vaccination. To improve farmers’ knowledge of FMD
and basic hygiene management practices, livestock education-
al training programs are an important tool to control the FMD
outbreak in this study area. The acceptance of vaccination by
farmers will mostly depend on the level of awareness of vac-
cination and improvement in their knowledge of FMD by
capacity building of farmers on FMD control.

The present farmer training mainly focused on producing
milk value addition, poultry management, cattle and poultry
feed formulation and pasture, fodder cultivation, and cattle
and goat management. Therefore, this study clearly showed
that the importance, identification, mode of transmission of
FMD, vaccination, and hygiene management practices of live-
stock farms should be considered. Some farmers believed that
the FMD vaccine caused abortion in any period of pregnancy,
reduced milk production, and weakened the animal. Farmers
believed that FMD did not cause death to cattle and buffaloes
and could be treated by antibiotics, not by the FMD vaccine;
few farmers even treated the FMD-affected animal by tradi-
tional methods in rural areas. The use of antibiotics during
FMD outbreaks was reported in other developing countries
(Nampanya et al. 2016; Young et al. 2017). Misperception
about the FMD vaccine should be eliminated among farmers
to accept the vaccination. Prioritizing and organizing regular
training programs accommodating rural farmers is a must
(Rezvanfar 2007).

For the control of the FMD outbreak, farmers should be
aware of the economic importance of the FMD. Currently, in
the eastern province, a mass vaccination program is being
implemented by the DAPH. To maintain the herd immunity
for FMD, regular vaccination intervals are essential for the
strategic control program of the World Organisation for
Animal Health (OIE), and following the steps of PCP-FMD
is important to eradicate the disease in Sri Lanka (FAO
2018b). This study revealed that to achieve adequate vaccina-
tion coverage, farmers’ knowledge and hygiene management
practices needed to be identified for successful FMD control
programs. That the disease control authority and policymakers
should consider addressing these issues is an important find-
ing of this research.

Conclusion

FMD is regularly reported every year among small and large
herd traditional dairy farms in the eastern province of Sri
Lanka. Farmers’ knowledge of FMD and hygiene manage-
ment practices were linked with participation in vaccination
and vaccination coverage in this area. There is a need to edu-
cate farmers on the impact of FMD and associated control
measures, including vaccination and hygiene management in
farmer training awareness programs. Farm factors of having a

higher number of animals, farming experience of more than
5 years, knowledge on FMD, and hygiene management prac-
tices contributed to significant enhancement in participation in
vaccination and vaccination coverage. Animal health exten-
sion strategies should be properly organized, and the current
data management system of cattle and buffaloes should be
improved in each range to enable more reliable determination
of vaccination coverage for control of FMD in high-risk areas
in Sri Lanka.
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