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Abstract

INTRODUCTION OF ELISA TECHNIQUES FOR THE DIAGNOSIS AND EPIDEMIOLOGY OF FOOT-AND-MOUTH
DISEASE IN CAMBODIA

Foot-and-mouth disease (FMD) is endemic in the Kingdom of Cambodia and causes major problems to farmers as
well as losses in overall terms to the national economy. Losses are due to treatment of sick animal, impact on rice cultivation
through the loss of ploughing capabilities, death of animals and finally, through effects on animal trade. The disease affects
cattle, buffalo and pig throughout the year. In 1998, 22 cattle actually died whilst 35 000 showed clinical signs of FMD. 1400
buffalos and 102 pigs also showed signs of FMD. Virus sero-types Asia I and O were identified from cattle and virus sero-
type O was found from infected pig. Tested epithelium and vesicle fluid samples from sick animals for antigen type has
shown that 78% were FMD sero-type O among cattle and pigs and 21% FMD sero-type Asia I from cattle. Titration of sera
from vaccinated animal against FMD after second vaccination has shown high levels of immunity. All sera tested were
positive at a dilution of 1:125 for sero-types O, Asia I and A.

1. INTRODUCTION

Agriculture plays an important role in the Cambodian national economy, providing about
50 percent of the total gross domestic product with 85% of the population engaged in agriculture.
Among infectious diseases, foot-and-mouth disease (FMD) is considered as the first disease priority
due to the tremendous impacts both on farmers and on the national economy. One major constraint to
FMD control in the Kingdom of Cambodia is the lack of capability in disease diagnosis and
information on disease epidemiology. For these reasons, the National Veterinary Diagnostic
Laboratory (NVDL) submitted a proposal to the Joint FAO/IAEA Division of the International Atomic
Energy Agency for support in the introduction and improvement of ELISA technologies, using antigen
and antibody types for FMD diagnosis as well as the study on FMD epidemiology in Cambodia under
this Co-ordinated Research Project (CRP). The report below accounts the activities and outputs of the
NVDL, Department of Animal Health and Production, under this CRP supported by FAO/IAEA.

2. MATERIALS AND METHODS

2.1. Outbreak investigations

Disease investigation and information on outbreaks of FMD was conducted using
questionnaires and FMD monthly report forms. Standard forms were distributed to the Offices of
Provincial Animal Health and Production (OAHP) throughout the country. On the basis of the
information collected with these forms OAHP reports to the Central Department on the FMD situation
in their respective Province. Additional disease investigation is conducted by NVDL staff to provide
more details and information from these outbreaks.

2.2. Samples routinely submitted

Epithelium and vesicle fluid from animals having FMD symptoms are collected by staff of the
OAHP and Non Government Organizations (NGOs), working with livestock owners in the Provinces
as well as by NVDL staff during outbreaks investigations. NVDL provides special containers for
preserving FMD samples to OAHP and NGOs. The containers were procured under the Research
Contract from the FMD World Reference Laboratory (WRL), United Kingdom. Training on taking,
preservation and dispatch of FMD specimen to NVDL has been conducted for officers of OAHP and
NGOs staff, so that good quality specimen are collected and sent to NVDL or WRL for testing.

2.3. FMD efficacy trial

Three districts (Chhoung Prey, Prey Chhor and Batheay) out of sixteen districts in Kompong
Cham Province were selected as sites for FMD vaccine efficacy trials. The FMD vaccine used in the
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trail was imported from Rhone Poulance Company as an oil-adjuvant vaccine containing O, A and
Asia I FMD virus sero-types.

Blood samples for testing for serum antibodies using the ELISA technique were collected from
jugular vein of cattle and buffalo. Samples were collected from control and vaccinated animals three
times during the trial.
- Before receiving FMD vaccination;
- 21 days after first animal vaccination; and
- 21 days after second animal vaccination.

Each time 500 blood samples were collected and included 100 samples from experimented
animals from each selected district and 200 samples from control animals - from two out of three
selected districts.

Blood samples were centrifuged, the serum decanted and this stored at -10°C to -15°C until
tested.

2.4. FMD antigen and antibody assays

Testing for antibodies and the presence of antigens to FMD virus were carried out using ELISA
kits for an indirect sandwich enzyme-linked immunosorbent assay for detection of antigens and a
liquid phase blocking enzyme immunoassay for detection of antibodies of FMD virus against sero-
types O, A and Asia I using bench protocols provided with the kits [1], The basic equipment and
laboratory consumables were provided under the FAO/IAEA Research Contract and through an FAO
national technical co-operation project entitled "Foot-and-mouth Disease Surveillance, Control and
Strategy Formulation" (TCP/RAS/661 la).

Testing for FMD virus antibody response in control and vaccinated animals was carried out
using the two test protocols given below.
- A screening assay for control animals for which the sera were tested at a single dilution of 1:125
- A titration assay for vaccinated animals. A series of five-fold serum dilutions (1:125 to 1:3125)

were tested in order to more accurately determine end point titres for post vaccination sera.

3. RESULTS

3.1. FMD outbreaks and their distribution

FMD outbreaks were recorded in 13 out of the 21 Provinces in the country in 1994. These
include Siem Reap, Bantheay Meanchey, Battambang, Pursat, Kompong Thorn, Kompong Chhnang,
Kompong Speu, Kandal, Kompong Cham, Prey Veng, Svay Rieng, Kratie and Rattanakiri Provinces.
The outbreaks appeared even during the dry season, which has not previously occurred in Cambodia.

In 1995, the incidence of FMD increased widely and one particular outbreak is now regarded as
the largest epidemic of FMD in Cambodia during the last two decades. Nineteen out of 21 Provinces
reported FMD outbreaks. Six Provinces, which were not infected by the disease in 1994, reported
FMD this year. These Provinces were Koh Kong, Kompot, Kompong Soam, Takeo, Steung Treng and
Mondolkiri.

hi 1996, 17 FMD outbreaks were reported in 11 Provinces. The disease appeared to spread from
village to village. These progressive outbreaks were considered a continuation of the outbreak in the
previous year. Even though the disease occurred throughout the year, most cases were reported in July.

hi 1997, 8 FMD outbreaks were recorded in 5 Provinces, namely Takeo, Kompong Cham, Siem
Reap, Kompong Chhnang and Kompong Speu. Interestingly, the first cases of FMD were found in
Kirivong district, which borders Viet Nam. fa 1998, FMD outbreaks were reported in 12 out of 21
Provinces, i.e. Kompong Speu, Takeo, Battambang, Kompot, Kratie, Kompong Thorn, Preh Vihea,
Bantheay MeanChey, Siem Reap, Steung Treng, Kompong Cham and Krong Kep. All three animal
species cattle, buffalo and pig were infected. Among the infected animals, 22 cattle died and 35 000
showed FMD symptoms. 1400 buffalos and 102 pigs were also reported affected. During 1997 and
1998, 47 epithelium and vesicle fluid samples from cattle and pig, having FMD lesions were collected
from various parts of the country (Table I).
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TABLE I. NUMBER OF EPITHELIUM AND VESICLE FLUID SAMPLES FROM ANIMALS HAVING
FMD SYMPTOMS RECEIVED BY NVDL DURING 1997 AND 1998

Year Month Date Location Number of samples
cattle buffalo pig

1997 Jan.

Feb.

June
Nov.

Dec.

1998 Jan.
Feb.
Mar.

Aug.

Oct.
Dec.

18/01/97

23/02/97

19/06/97
18/11/97

12/12/97

12/01/98
20/02/98
04/03/98
21/03/98

11/08/98

24/08/98

02/10/98
03/12/98
21/12/98

Total samples received in 1997/98

Kinvong District,
Tramkok District, Takeo Province
Kompong Siem District,
Kompong Cham Province
Kralang District, Siem Reap District
Cattle Breeding Station,
Batie District, Takeo Province
Oral District,
Somrong Tong District, Kompong Speu
Province.
Borset District, Kompong Speu Province
Somrong District, Takeo Province
Tramkok District, Takeo Province
Somrong Tong District, Kompong Speu
Province
Kompong Svay District,
Steung Sen District,
Stong District,
Kompong Thorn Province
Pouk District, Siem Reap Province
Prasat Bakong District, Siem Reap Province
Chhamkar Leu District, Kompong Cham
Province.

2
1
3

5
1

2
4

7
1
1
0

2
3
2

2
2
3

41

0
0
0

0
0

0
0

0
0
0
0

0
0
0

0
0
0

0

0
0
0

0
0

0
0

3
1
0
2

0
0
0

0
0
0

6

3.2. FMD laboratory results

Epithelium and vesicle fluid samples from 18 cattle showing FMD symptoms were collected
during eight different outbreaks in five Provinces in 1997. The Provinces were Takeo, Siem Reap,
Kompong Cham, Kompong Chhnang and Kompong Speu. Twenty-nine FMD specimens from sick
animals were submitted to the laboratory for antigen typing. These specimens were collected from the
Provinces of Takeo, Kompong Speu, Kompong Thorn, Siem Reap and Kompong Cham (23 specimen
from cattle and 6 from pig). The results are shown in Table II. It is clear that in Cambodia FMD virus
sero-types O and Asia I are commonly recovered from infected animals. FMD virus sero-type Asia I
was found among cattle in Siem Reap Province, while FMD virus sero-type O was found in cattle and
pigs of Kompong Cham, Takeo and Kompong Speu Provinces. Antigenic characterization conducted
by WRL revealed that the FMD sero-types O from Cambodia in 1998 have greatly reduced antigenic
homology with the previous recommended vaccine strain sub-type O Manisa. This sub-type O is
different from those found in Thailand, Malaysia, Taiwan and the Philippines but is related to cattle
and buffalo isolates of sub-type O from Viet Nam. Further studies by WRL indicate a shift towards
antigenic characteristics shared by Indian/European/South American vaccine strains (sub-type O IND
53/79, O Campos and O BFS).

3.3. FMD vaccine efficacy trials

A total of 566 sera were tested for FMD antibody, using screen and titration assays. One
hundred and thirty-three sera from animals after the first vaccination, 228 sera from animals after
second vaccination and 200 sera from control animals.

Using the screening assay on the 200 sera from control animals revealed a low percentage with
FMD antibodies (at initial test dilution). When these positive sera were re-tested they were all negative
at the next dilution.

The titration assay on the 366 sera from vaccinated animals after first and second vaccination
were all positive at a dilution of 1:125 against sub-types O, Asia I and A. At a serum dilution of
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1:3125 (the lowest dilution at which sera were tested) the percentage positive to sero-type O was 9%,
to A was 42% and to Asia I was 40%.

TABLE II. RESULT OBTAINED FROM ANTIGEN TYPING OF FMD VIRUS USING THE
ELISA TECHNIQUE 1997-1998

Province

Total
tested
sampl

es

Asi
al

1997
Cattle

Positive

O A
Negati

ve

Total
tested
samp

les

As
iai

Cattle
Positive

O A

1998

Not
type

Total
tested
samp

les

As
iai

Pig
Positive

O A

No
t

ty
pe

Takeo

Kompon
g Cham

Siem
Reap

Kompon
g Speu

Kompon
gThom

Total

3

5

6

18 5 8

3

4

7

7

23

3

4

16 6

4. DISCUSSION

FMD virus sero-types O and Asia I are routinely isolated from pigs and cattle in Cambodia, but
so far no specimen collected from buffalo has been typed. The result of an antigenic study conducted
by WRL on specimen from Cambodia in 1998 revealed that type O virus antigenic characteristics are
shared by Indian/European/South American vaccine strains, namely O IND 53/79, O Campos and
O BFS. Further study on virus strains from Cambodia should be continued.

The screening of sera from control animals has shown some sera positive. However, when those
serum samples were tested by the titration assay at a serum dilution of 1:16 the test results obtained
were negative. This would indicate that such animals have very low levels of immunity to FMD virus
and these could have arisen from an FMD infection in previous years.

In conclusion, although it has taken some time to introduce ELISA technology in Cambodia for
both antigen typing and serology, it is now being used routinely and the results are proving critical to
understanding the disease in this country and to the development of effective control strategies. ELISA
for antibody detection also plays an important role for studies of the effectiveness of FMD vaccination
both in the selection of vaccine types and of the best use of vaccine in the field.
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