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Abstract

ANTIGENIC RELATIONSHIP OF FOOT-AND-MOUTH DISEASE VIRUSES FIELD OUTBREAK IN THAILAND

The antibody titre against FMD type O, A and Asia I was measured in 125 serum samples submitted to the
laboratory. The antibody titre was estimated by a duplicate well two-fold dilution series using the liquid phase (LPB) ELISA
systems from the World Reference Laboratory (WRL), Pirbright, United Kingdom (supplied by FAO/IAEA) and Pakchong,
FMD Center, Thailand. The titres expressed as log to base compared by linear regression. The linear regression equation
coefficient (R) between the antibody titre from IAEA and Pakchong systems were R=0.80 for type O, R=0.73 for type A and
R=0.80 for type Asia I respectively. In addition the antigenic relationship to the current vaccine strains of type O, A and
Asia I FMD field viruses isolated during 1994-1998 was investigated by duplicate well two-fold dilution series LPB ELISA
method using Pakchong reagents. The serological relationship (r-value) of 111 field isolate viruses, type O = 74 samples,
type A = 2 samples and type Asia I = 35 samples have been studied and described. Most of the field isolates type O showed r-
value greater 0.40 = 97.30%, r-value range 0.2-0.39 = 2.70%, and r-value <0.19 = 0 %, indicating that vaccine strain
O/Udornthani/87 should be protected the field virus strains as well as the r- value of type Asia I field isolates were greater
0.40 = 97.14% and r-value range 0.20 - 0.39 = 2.86 which indicated that the recent vaccine strains Asia I/Petchburi/85 could
protect against all field strains. While the r-value of type A field isolate virus in 1997 showed the antigenic diverge from
A/Nakornpatom/87 recent vaccine strain, r-value = 0.125.

1. INTRODUCTION

Foot-and-mouth disease (FMD), a highly contagious disease of cloven-hoofed animals, is an
important disease of livestock in Thailand. Of the 7 sero-types, three (sero-types O, A and Asia I) are
considered endemic in Thailand. Serological tests such as virus neutralization (VN) test and the liquid
phase blocking ELISA (LPB ELISA) have been used to study the antigenic relationships of FMD field
isolate viruses to vaccine strains [1,2]. Antigenic variation of FMD occurs very often under field
conditions. Therefore, it is important to investigate the appearance and spread of variant viruses in the
field and to select new vaccine strains, when necessary, to maintain the effectiveness of the FMD
control programme. In addition, these assays have been used to monitor the effectiveness of the
immunoprophylaxis programmes by measurement of antibody titres in field vaccinated animals.

In Thailand endemic FMD in domestic animals causes economic loss because of lower
production and trade restrictions. It is estimated the economic loss is over 10 000 million Baht a year
in export of animals. The Department of Livestock Development (DLD) has invested over 650 million
Baht to increase annual vaccine production from 33 million to 40 million doses of trivalent vaccine
(types O, A, Asia I) to provide 80% herd immunity in the animal population over the country. DLD
has established the grant project on National FMD eradication programme to strengthen the
vaccination campaign and to restrict animal movement in order to control and eradicate FMD from
Thailand and neighbouring countries.

The FMD Center of the DLD takes responsibility for producing FMD trivalent vaccines
mentioned above and also producing the diagnostic reagents for FMD diagnosis such as rabbit
trapping antibodies, guinea pig detecting antibodies for ELISA test and VIA antigen for AGID test.
These reagents are supplied to Regional Veterinary Research and Diagnostic Centers over the country.
Therefore, as the part of the IAEA Co-ordinated Research Project (CRP), antibody titres against
FMDV were measured by LPB-ELISA using the IAEA reagents kit and Pakchong reagents. The
results were studied and compared to the IAEA test in order to establish the local diagnostic assay to
an international standard level.

The objectives of this investigation were:

- To compare the 2 assay systems of IAEA reagent kit and Pakchong reagent used in liquid phase
blocking ELISA (LPB-ELISA) for antibodies measurement.
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To study antigenic relationship of FMD type O, A and Asia I field isolate viruses in Thailand
during 1994-1998 for epidemiological studies of distribution and antigenic character of field
viruses.

2. MATERIAL AND METHODS

2.1. Serum samples

Serum samples from cattle vaccinated with DLD trivalent FMD vaccine were sent from field
veterinarians for antibody measurement to monitor vaccine responses. One hundred and twenty-five
sera were tested by duplicate well two-fold dilution series LPB-ELISA method as described by
Hamblin et al [3] using the IAEA ELISA reagent kit supplied from WRL Pirbright Laboratory, United
Kingdom, and the Pakchong reagents produced at FMD Center Pakchong, Nakhonratchasima,
Thailand.

2.2. Viruses and field isolate samples

Reference viruses type O, A and Asia I were obtained from current vaccine seed strains
O/Udornthani/87 (O/UDN/87), A/Nakompathom/87 (A/NPT/87) and Asia I/Petchaburi/85
(Asl/PBR/85). The field viruses were isolated in primary lamb kidney cell or the BHK-21 cell line.
Isolates were usually passaged twice in the cell line of isolation, then a further 4 or 5 times in BHK-21
cells. The sero-type of the cell culture supernatant fluids was again confirmed by antigen ELISA
before using in the LPB-ELISA.

2.3. Bovine antisera

The reference sera used in LPB-ELISA, bovine anti-O/UDN/87, A/NPT /87 and Asia I/PBR/85
were prepared in experimental cattle vaccinated and then challenged at 21 days post vaccination with
homologous virus. Animals were bled at 7 days post challenge for immune sera.

Rabbit and guinea pig antisera were produced by intramuscular injection with purified 146S
antigen of type O, A and Asia I mixed with complete Freund adjuvant. Rabbits were boosted with
antigen in incomplete Freund adjuvant at 28 days after the first injection. The serum was collected 10
days after the booster injection. For guinea pig, sera were produced by single intramuscular injection
of purified 146S antigen mixed with complete Freund adjuvant. Sera were collected at 28 days after
injection.

2.4. Liquid phase blocking ELISA (LPB ELISA)

The LPB-ELISA for measurement of antibodies to FMD was performed by duplicate well two-
fold dilution series method as described by Hamblin et al [4] with the modification that the substrate
used was tetramethylbenzidine (TMB) rather than orthophenyldiamine (OPD) in the Pakchong system.
The 125 serum samples submitted from field were tested in both assay systems. Each sample was
tested at least twice and the titre used for the regression analysis was the mean of the estimates. The
antibody titres from both ELISA systems were compared by the linear regression equation (R).

2.5. The serological relationship (r-value)

The reference virus and field isolate viruses were titrated by indirect sandwich ELISA method
as described by Hamblin et al [5] and Kitching et al [6]. A fixed concentration of reference and field
isolate viruses giving an optical density (OD) in the range of 1.0 to 1.5 were reacted with bovine post
vaccination and challenged serum with homologous virus, O/UDN/87, A/NPT/87 and Asl/PBR/85
respectively. The serological relationships (r-value) [7] were calculated as this ratio:

r-value = serum titre against heterologous field strain
serum titre against homologous vaccine strain
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TABLE I. ELISA
PAKCHONG.

REAGENTS USED IN ANTIBODIES TEST RECEIVED FROM IAEA AND

Reagent IAEA system Pakchong system

Trapping antibody

Detecting antibody

Antigen

Conjugate

Substrate

Diluent buffer

OP reading

Rabbit a 01 Manisa
Rabbit a A22 Iraq
Rabbit a Asia I Israel

Guinea pig a 01 Manisa
Guinea pig a A22 Iraq
Guinea pig a Asia I Israel

Ol Manisa (inactivated)
A22 Iraq (inactivated)
Asia I Israel (inactivated)

Rabbit a GP IgG-HRP

OPD

PBST+5% skimmed milk
powder

Wavelength 492 nm

Rabbit a O vaccine strain
Rabbit a A22 vaccine strain
Rabbit a Asia I vaccine strain

Guinea pig a O vaccine strain
Guinea pig a A22 vaccine strain
Guinea pig a A22 vaccine strain

O vaccine strain
A22 vaccine strain
Asia I vaccine strain

Rabbit a GP IgG-HRP

TMB

PBST+10% NBS+5%NRS

Wavelength 450 nm

The guideline suggestion for r-value obtained by LPB-ELISA and the criteria of interpretation
have been proposed by Samuel et al [8] and Doughty et al [9] as this following:

R = 0 -0.19 highly significant serological variation from the reference strain.
R = 0.2 - 0.39 significant difference from the reference strain, but protection may

be satisfactory if using a sufficiently potent vaccine.
R = 0.4 -1.0 not significantly different from vaccine strain.

3. RESULTS

Liquid phase blocking ELISA (LPB ELISA)

Comparison of the titres obtained in the two assay systems gave a correlation linear regression
line (R) of type O = 0.80, type A = 0.73 and type Asia I = 0.80 respectively. The results are shown in
Fig. 1.

The FMD field outbreak viruses type O and Asia I isolated in Thailand during 1994-1998 have
been tested by LPB-ELISA method using Pakchong reagents in order to study serological
relationships (r-value) between virus vaccine strain and field strain.

The r-value of 111 field isolate viruses, type O = 74 samples, type A = 2 samples and type
Asia I = 35 samples have been investigated and r-value were calculated as described above. The
results are shown in Table II and Figs. 2 and 3 respectively.
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Correlat ion of ant ibody titre of type O by LPB ELISA
using IAEA reagents and Pakchong reagents
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FIG. 1. Correlation of antibody titre of FMDV by LPB ELISA using IAEA and Pakchong reagent
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FIG. 2. The distribution ofr- value of FMDV Type O field isolates in Thailand during 1994-1998
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FIG. 3. The distribution ofr- value of FMDV type Asia I field isolates in Thailand during 1995-1997

TABLE II. THE RESULT OF R-VALUE OF FMDV TYPE A NEW OUTBREAK IN THAILAND
IN 1997

Virus A/Udom/87 A40/97(Sakol/97)
A132/87 (Udorn/87)
A 40/97 (Sakol/97)
A 28/97 (Nakornsawan/97)

1.0
O.I

0.125
1.0
1.0

4. CONCLUSION AND DISCUSSION

The antibody titres of 125 field serum samples were compared by antibody measurement
against FMD virus type O, A and Asia I using IAEA and Pakchong reagent systems. The linear
regression coefficient (R) from both systems showed that the titres determined with these two systems
were highly correlated (type O = 0.80, type A = 0.73 and type Asia I = 0.80 respectively). The results
indicated that the Pakchong reagents can be used to replace IAEA reagent in ELISA antibody
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measurement assay system. It was observed that the antibody titre against type A was higher when
using the IAEA kit, whereas the Pakchong reagents gave higher titres for the O and Asia I systems.
However, at the time the work was carried out the titre of the locally produced antigens for sero-type
A was not stable on storage, compared to the IAEA kits. It is possible that as the antigen
concentrations were increased to adjust the OD back to 1.5 units, some reduction in titre occurred in
the Pakchong system. Results for the more stable Asia I antigen gave the best correlation in the
comparison. But in majority, the antibody titre from the Pakchong system was highly correlated to the
IAEA system for significant OD value at range 1.0-1.5.

The FMD Center also takes responsibility to supply the Regional Veterinary Research and
Diagnostic Center over the country with diagnostic reagents such as ELISA reagents [10] and VIA
antigen [11] for FMD diagnosis. Therefore, it is important that the standardization of our diagnostic
reagents are based on the international standard level in order to establish the standard diagnosis
laboratory for Regional Reference Laboratory (RRL) for FMD in Southeast Asia countries. The result
from this investigation showed the significant correlation between the two systems of Pakchong
reagents and the IAEA standard reagent kit.

The serological relationship between virus vaccine and field outbreak strain of FMDV types O,
A and Asia I has been studied. A total of 111 field isolate viruses collected during 1994-1998 (type O
= 74 samples, type A = 2 samples, type Asia I = 35 samples) were tested. The results were expressed
as r-value (2,6). For the FMDV type O field strains studied 97.30% had values greater than 0.4, and
were defined as O/UDN /87 related. This finding indicated that the virus vaccine strain O/UDN/87
would protect against the majority of field outbreak strains of sero-type O recently circulating in
Thailand. The remaining 2.70% of field outbreak gave an r-value <0.39 indicating some antigenic
divergence from the vaccine strain O/UDN/87. It is not uncommon to find some field viruses
divergent from the main population, but at this time most field isolates would be covered by the
vaccine strains.

For FMDV type Asia I 97.14% of the field strains studied had r-value greater than 0.40, and so
were defined as related to the reference vaccine strain Asia I/PBR/85. This indicated, that there was no
significant change in the antigenic characteristics among field outbreak and vaccine strain during the
years 1995-1997. Previous studies on serological relationship of type Asia I field isolates during the
past five years by VN test and two-dimensional LPB-ELISA [2,12] also demonstrated no significant
antigenically change of those field isolated viruses from vaccine strain.

These investigations confirm recent studies on the serological relationship between type O and
Asia I virus vaccine and field outbreak strains and indicate a relative stability in the endemic virus
situation. It is therefore not necessary to consider selection of new vaccine viruses for these two sero-
types.

The situation with type A was somewhat different. The serological relationship of type A was
not investigated during 1993-1996 because there were no outbreaks of FMDV type A at that period of
time. Unfortunately, an unexpected outbreak of a new type A was found in Thailand by the end of the
year 1997. It was very interesting that the two cases of new type A outbreak, A/Sakolnakorn/97
(A/Sakol/97) and A/Nakornsawan/97 gave an r-value <0.19 when compared to the vaccine strain
A/NPT/87. When the two new viruses were compared using the A/Sakol/97 system as a reference
virus the r-value was 1.0 (Table II). However, in this system A/NPT/87 gave the r-value of <0.1,
indicating the serological antigenic divergence was in both directions. The conclusion was that this
new virus was distinctly different from the recent seed vaccine strain A/NPT/87, which has been
classified as A22 virus group by WRL.

Subsequenly a rabbit trapping and guinea pig detecting antibodiy against the new type A
outbreak strain were prepared for subtyping investigation. In addition, an emergency vaccine of the
new type A has been prepared as a monovalent vaccine as well as bovine serum three weeks post
vaccination for use in the study. The serological relationship of type As which are classified as A22
and the new A new outbreak strains were examined and compared. The result in Table II demonstrated
that the antigenically characteristic of the new type A outbreak was diverged from recent seed vaccine
strain of A22 group This result correlates with those from the World Reference Laboratory (WRL)
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who studied the same panel of new type A outbreak viruses from Thailand and other countries. (See
report by Dr. A. Donaldson in this publication).

The number of field outbreaks of FMD in Thailand has dramatically decreased during the past
two years. This demonstrates that the efforts of the National FMD Control and Eradication programme
have been highly successful and closesly linked to this success has been the use of appropriate vaccine
for controlling and eradicating the disease outbreak. All this would indicate that final success with
eradication of FMD, the target set by the DLD, will be achieved in the near future.
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