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Abstract

DIAGNOSIS AND CONTROL OF FOOT-AND-MOUTH DISEASE IN SRI LANKA USING ELISA-BASED
TECHNOLOGIES — ASSESSMENT OF IMMUNE RESPONSE TO VACCINATION AGAINST FMD USING ELISA

The policy for control of FMD since 1964 in Sri Lanka has been the vaccination of high quality stock in government
farms and in places where stock improvement was in progress once a year. From 1993, a supplementary vaccination during
February to March was adopted to cover the young stock in addition to the annual vaccination programme. However in the
field this was not successful due to the shortage of vaccines and less co-operation from farmers. The focus of this study was
to study the effectiveness of the national immunisation programme carefully and develop strategies to get the maximum
benefit from limited resources. Vaccination coverage during 1995, 1996 and 1997 in SP was low (3.4%, 4.45% and 3.5%
respectively). However, during the outbreak of the disease at Kalutara district in WP, vaccination was adopted in border areas
to have a buffer zone to prevent the leak of FMD to SP. The mean protective antibody level in the whole district of Galle was
found to be 42.4%. FMD control and eradication strategy in Sri Lanka no doubt has to focus on preventing the free
movement of animals without Health Certificate, on continuous mass vaccination in areas bordering the endemic Provinces
NWP, NCP and EP to maintain a high herd immunity of more than 80% to prevent future outbreaks and also to protect the
improved breed in the field and in State farms. This study shows that this is yet to be achieved.

1. INTRODUCTION

Sri Lanka is a tropical Island in the Indian Ocean with an area of 65 610 km2. The greatest
length of the Island is 432 km (270 miles) while the greatest breadth is 224 km (140 miles). The
country is divided into three zones, i.e. lowland; midland and upland based on elevation demarcated at
300 m to 1000 m above mean sea level. The country experiences two monsoons annually, the South-
West monsoon (May to August) and the North-East monsoon (November to February). On the basis of
rainfall, the country is divided into three zones: Wet zone (>2500 mm); Intermediate zone (2000-2500
mm) and Dry zone (< 2000 mm). Thus the South-West of the island experiences an annual rainfall of
2500 mm to over 5000 mm while North-West and South-East of the Island experience a rainfall of less
than 1250 mm. Sri Lanka is administratively divided into 9 Provinces with 25 districts consisting of
256 Divisional Secretarial divisions. It has a livestock population of 1 583 600 cattle, 715 200
buffaloes, 519 300 goats, 11 800 sheep and 76 300 pigs.

1.1. Foot-and-Mouth Disease

Foot-and-mouth disease (FMD) has been officially reported in the island in 1902. This disease
had assumed epidemic proportions in 4 to 6 years. Out of the seven sero-types of FMD virus, only one
sero-type, type O is been continuosly reported in Sri Lanka. Sero-type C was introduced to Sri Lanka
through cattle imported from India in 1970. Disease due to type C has been identified up to 1978 and
then again appeared only in 1984 causing outbreaks in Northern Province (Kaluwanchikudy veterinary
range), Western Province (Kadawatha) and Uva Province (Badulla). FMD due to sero-type C has not
been reported thereafter. FMD has been commonly reported among cattle and buffaloes. Disease
among the porcine population which remains unvaccinated was first detected in 1982 in Western
Province (Welisara and Horana veterinary ranges).

The outbreak of disease in epidemic form inl987 resulted in 86,000 cases, the highest number
recorded so far. Cases among goats and sheep were reported for the first time during this outbreak.
This outbreak continued till 1994. hi 1995, two outbreaks in the month of June were suspected for
FMD. hi the first suspected outbreak, only one isolated case was reported. This was subsequently
refuted to be FMD after investigation.

The second incidence was reported in Uva Province involving 50 local cattle in one village. The
epidemiological feature was not supportive to consider it as FMD. This disease was not confirmed by
laboratory. Thus the country was free of the disease for nearly two years during 1995 and 1996.
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However in early January 1997, FMD was reported in a village close to a national sanctuary in
the North-Western Province (NWP). This outbreak was confirmed to be type O by World Reference
Laboratory (WRL), UK. Due to the ongoing civil disturbance in the North and East Provinces, the
border areas have not been vaccinated against FMD since 1984. The disease was later introduced to
other Provinces (Table I) mainly by unauthorized transport of animals. Animal movements have been
recognized as the major method of spread in endemic regions [1,2]. Most common mechanism of
spread of FMD in Sri Lanka is by the movement of infected and disease incubating animals. Indirect
transmission of through contaminated products and formites are also seen. In 1997, cases were
reported from NWP, North-Central (NCP), Western (WP), North-East (EP), Central (CP) and
Sabaragamuwa (Sa) Provinces. Outbreak of FMD in the CP was as a result of introduction of 13
animals that have been salvaged from slaughter from a cattle holding place in Colombo without proper
health certificates. The disease in CP spread rapidly since the climatic condition was favourable for
wind borne spread. Sri Lanka being a tropical country, wind borne infection was considered to be rare
or non existence. But during the recent outbreak in 1997, FMD spread rapidly in Kandy district
through wind. The climate was very gloomy and windy. Disease was not reported from Southern (SP)
and Uva (U) Provinces during 1997.

FMD continued in 1998 in the NWP and CP. Six veterinary ranges (Ibbagamuwa, Kurunegala,
Narammala, Polpithigama, Ridigama, Wariyapola) in Kurunegala district in NWP and three veterinary
ranges (Galewela, Naula, Udunuwara) in Kandy and Matale districts in the CP reported continuation
of 1997 outbreak till January/February 1998. Fresh outbreaks for 1998 were reported from NCP,
NWP, NEP, WP, Sa and also in SP. The outbreak of disease in SP was also a result of introducing
animals from infected areas in the NCP and Eastern Provinces (EP) under a development programme
without informing the authorities.

FMD continued in 1999, recording 12 outbreaks affecting 3,692 cattle/buffalo with 16 deaths up
to mid February. Disease has been reported from five Provinces (Table II). Uva Province still remain
free. With the introduction of artificial insemination (AI), we have replaced gradually the more
tolerant indigenous cattle and buffaloes in our country with more susceptible improved breeds. The
incidence of FMD has become more in the recent past and is expected to increase in the future since
the emphasis during the past few years and even at present is on AI.

1.2. Control strategies

The accepted control strategies available for FMD are, stamping out; tracing the outbreaks;
legislation; quarantine; movement control; vaccination; import/export regulations and zoo-sanitary
measures. The strategies we follow now to some extent are tracing the outbreaks, movement control,
vaccination and zoo-sanitary measures. Although vaccination against FMD has been carried out for
more than three decades, the low vaccination coverage has made this disease to rise to epidemic
proportions once in 4 to 6 years.

The main constraint has been the limitation of funds to purchase adequate quantities of good
quality vaccine, maintenance of cold chain up to the point of inoculating the vaccine and motivating
the farmers to get their cattle immunized against FMD despite of giving the vaccine free of charge.
The enthusiasm of veterinarians in vaccinating cattle against FMD is also low, mainly due to the fact
that administration of vaccine by S/C is difficult under field conditions and requires repeated
vaccination to evoke protective immunity even with the superior quality vaccine. Further, the
immunity developed is short, 3-6 months.

The policy for control of FMD since 1964 was the vaccination of high quality stock in
government farms and in places where stock improvement was in progress once a year. From 1993, a
supplementary vaccination during February to March was adopted to cover the young stock in addition
to the annual vaccination programme. However in the field this was not successful due to the shortage
of vaccines and less co-operation from farmers.
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TABLE I. FMD VACCINATION FROM 1995-1998 ( BY PROVINCE)

PROVINCE

West

Central

Southern

North central

North western

North & East

Uva

Sabaragamuwa

TARGET

26,000

11,200

10,300

12,250

30,000

31,600

30,500

26,700

15,000

8,400

11,500

28,000

220,000

45,000

43,750

47,000

123,000

6,800

11,600

38,350

10,000

27,600

13,500

-

45,000

64,300

45,500

49,000

6,000

4,400

4,800

9,600

IMMUNZATION

37,463

56,185

5,763

7,178

21,354

51,345

28,110

23,687

11,732

7,739

9,945

7,567

66,519

195,257

26,600

22,280

73,380

123,624

2,400

10,101

10,438

12,945

49

10,235

4,698

20,942

36,184

31,036

7,395

6,501

1,613

2,953

YEAR

1998

1997

1996

1995

1998

1997

1996

1995

1998

1997

1996

1995

1998

1997

1996

1995

1998

1997

1996

1995

1998

1997

1996

1995

1998

1997

1996

1995

1998

1997

1996

1995
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The FMD vaccine was produced locally up to 1993. The production had to be stopped due to
technical difficulties and as of 1994 vaccine was imported. Limitations of funds did not permit to
procure adequate amount of vaccine. The number of doses of vaccine imported was not sufficient to
have a satisfactory coverage.

Prophylactic vaccination programmes should be strengthened by strict control over the health
regulations on animal movement including disinfection of vehicles and quarantine measures.
Vaccination programmes should be carried out extensively in accessible areas using a good quality
vaccine maintaining the cold chain. Appropriate schedules need to be developed for localities
individually. Quarantine zones have to be developed since contact with live animals is the most
significant means of spread of this disease. Thus, a long-term commitment towards the control of
FMD including adequate budgetary allocation for the control programme could reduce the intensity of
infection and spread of the disease to free areas.

The immunisation strategy planned for 1999 has taken into account the naturally aquired
immune status of bovine population soon after the recent outbreak of disease. A total of 925,000 FMD
vaccinations were to be carried out in 1999. But the financial allocation provided for this year would
permit only 500,000 doses to be procured.

In 1997, the coverage was higher since more animals had to be vaccinated due to outbreaks of
the disease, which occurred in all the provinces except South and Uva. Additional vaccines were
procured from funds obtained through transfers. During this year 19,478 cattle and buffaloes were
affected. These outbreaks could have been averted if sufficient vaccination coverage would have been
adopted in previous years, so that a minimum protective level of immunity could have been
maintained.

The economic losses due to FMD in cattle and buffaloes could be categorized as direct loss of
milk production ranging from 25% to 45%, indirect losses due to increased calving interval, loss or
premature disposal of adults and calves, loss due to abortions, draught loss due to permanent or
temporary disability and loss due to delayed maturity. The loss of milk production alone for the 1997
outbreak has been calculated to be over Rs. 75 million and the total economic loss in the region Rs.100
million. If we continue to have a low vaccination coverage, the disease could well assume higher
proportions thereby resulting in enormous economic losses at a time when we are taking all efforts to
increase milk production in the country by introducing improved breeds through imports and artificial
inseminations.

The cost of vaccination against FMD for the years 1997 and 1998 were analysed taking into
consideration the cost of imported vaccine and the expenditure incurred in carrying out the field
immunisation programme. In 1997, a sum of US $232,600 was spent to immunize 509,446 bovine
incurring US $0.45 per animal whilst in 1998 US $125,000 has been spent to vaccinate 232,976
bovine incurring US $0.53 per animal.

Thus it appears to be more appropriate to study the effectiveness of the national immunisation
programme carefully and develop strategies to get the maximum benefit from limited resources.

2. MATERIALS AND METHODS

2.1. Sampling framework

Seventeen districts in seven provinces (NWP, NCP,CP,WP,SP, Sabaragamuwa and UVA)
having a total bovine population of 1,733,400 based on the 1996 report of the Department of Census
and Statistics were included in this study. Sample collection in North and East Provinces were not
attempted due to continued civil disturbances in these Provinces. The number of sites per district was
based on the bovine population in a given district. Sampling sites were selected by a random
procedure using map co-ordinates to give a 95% confidence limit [3]. A total of 142 sites, 8-10 sites
per district were identified to include 1770 cattle and buffaloes.

126



2.2. Sample Collection

Blood samples were collected from 12-15 cattle/buffaloes above six months of age within 5-
kilometer radius of a given site. Sera were separated at the respective Veterinary Investigation Centre,
labelled to identify the district/site/ animal and stored at -10°C until transported to the testing
laboratory. At the receiving laboratory, sample identification numbers checked and stored at -20°C
until serological testing was carried out. These samples were collected from April 1997 to May 1998.

2.3. Liquid Phase blocking ELISA to detect antibodies for FMD virus

Serum samples were tested by ELISA kit provided by the International Atomic Energy Agency
(IAEA) under a FAO/IAEA Research Contract. This kit has been prepared and standardized by the
World Reference Laboratory, Pirbright, United Kingdom. The antibody detection kit is a liquid phase
blocking ELISA for the detection of antibodies for FMD virus in serum [4,5]. This assay was used as a
single dilution screening assay and as a titration assay to determine the protective antibody titre for
FMD virus type O. The IAEA/WRL Bench protocol September 1997 and October 1998 was followed.
The diagnostic threshhold used for the screening assay was set at 50% Inhibition at serum dilution of
1:32. Serum samples positive by screening assay were subjected to titration assay to determine the
protective level of antibody at two fold dilutions of 1:64 and 1:128. The protective level of antibody
titre is considered to be > 90 and this indicate that at the time of bleeding, the animal was protective
against infection from homologous antigen of FMD virus sero-type.

3. RESULTS

The protective level of antibodies detected in cattle and buffaloes in 17 districts are given in
Table II. The percentage of mean protective antibody vary from 14% in Sabaragamuwa province to
67.5% in North Central Province (NCP). High prevalence of protective level of antibodies detected in
NCP and North Western Province (NWP) could be attributed mainly to natural active immunity after
the outbreak of disease in 1997. During 1995/96 the vaccination coverage in these provinces has been
very low (NWP = 0.8% and 0.5%, NCP = 6.5% and 4.8%). The first case of FMD was detected on
3 January 1997 in the NWP. The index case was traced back to 29.12.96. In general, the vaccination
coverage in the country during 1995 and 1996 was low, which was the main factor for low protective
level of antibodies in most of the provinces. Poor vaccination coverage was mainly due to non-
availability of adequate vaccine for an island-wide large scale vaccination programme and absence of
the disease for nearly two years. After the disease broke out the vaccination coverage was improved
(NWP = 25.5% and NCP = 61.6% in 1997).

The percentage of mean protective antibodies in Western Province (WP) and Central Province
(CP) were found to be 46% and 44.6% respectively. However, the vaccination coverage in WP during
1995 and 1996 has been only 3.9% and 3%. CP has covered only 14% during 1996 vaccination
programme. Thus,, one would not expect any protective antibodies in animals in these provinces
indicating that natural active immunity after an outbreak is the reason for the antibodies detected in
this study. Uva and Southern Provinces (SP) have 29.8% and 25.8% mean protective antibodies
respectively. Vaccination coverage during 1995, 1996 and 1997 in Uva Province has been 12%, 20%
and 11.6% respectively. Uva is the only Province where FMD has not been reported yet. Although the
mean protective level of antibody in Uva is low, compared to the vaccination coverage, it is not clear
how these protective levels of antibodies have developed. Vaccination provides relatively short-lived
protection immunity. The duration of immunity is proportional to the potency of the vaccine following
a primary vaccination [6]. In cattle, a single inoculation with a potent FMD vaccine provides
protection for only 3-6 months [6,7]. A detailed epidemiological study needs to be carried out at Uva
to get answers to these interesting questions.

Vaccination coverage during 1995, 1996 and 1997 in SP has also been low (3.4%, 4.45% and
3.5% respectively). However, during the outbreak of disease at Kalutara district in WP, vaccination in
border areas was adopted to have a buffer zone to prevent the leak of FMD to SP. According to the
manufacturers recommendation a booster dose was also given. Thus the mean protective antibody
level in the whole district of Galle was found to be 42.4%.

127



TABLE II. PROTECTIVE LEVEL OF ANTIBODIES IN CATTLE/BUFFALOES

District Sample size FMD Type 'O' Mean for

Province

Anuradhapura 123

Polonnaruwa

NCP

Puttalam

Kurunegala

NWP

Mátale

Kandy

NuwaraEliya

CP

Kegalle

Ratnapura

Sabaragamuwa

Badulla

Moneragala

Uva

Gampaha

Colombo

Kalutara

WP

Galle

Matara

Hambantota

SP

4. CONCLUSIONS

To prevent FMD it has been suggested that at least 80% of a herd must be protected from
infection [8,9]. It also documented that in order to prevent an epidemic 70% of the population need to
be protected [10]. SP remained free until animals from NCP and Eastern Province (EP, not included in
the study) were brought for a development project without informing the veterinary authorities. The
infection at present has affected two districts, Matara and Hambantota. The district of Galle up to now
remained free. Ring vaccination has been carried out to prevent the spread of disease.

FMD control and eradication strategy in Sri Lanka no doubt has to focus on preventing the free
movement of animals without Health Certificate, regular mass vaccination in areas bordering the
endemic Provinces NWP, NCP and EP to maintain a high herd immunity of more than 80% to prevent
future outbreaks and also to protect the improved breeds in the field and on State farms [11].
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123

123

102

102

102

99

99

102

99

99

102

99

99

99

99

99

69.10%
65.80%

65.00%

63.72%

51.00%

61.76%

21.20%

13.10%

17.60%

30.30%

29.30%

41.20%

49.50%

47.40%

42.40%

16.70%

18.20%

67.50%

64.36%

44.65%

14.90%

29.80%

46.00%

25.80%
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