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Development of high potent foot and mouth disease vaccine serotype O for cattle:

Protection after vaccination with different antigen payload vaccines

Chaiya Sangaprakhon1 Woraporn Poosungnoen1 Sukit Prathumchai' Romphruke Udon”

Abstract
The objective of this study is to develop high potent foot and mouth disease (FMD) vaccine, serotype

O, for cattle comprised of different the 146S antigen payloads (6, 9, 12 and 18 pg/dose) in the aluminum

189
hydroxide gel adjuvant. All the vaccine formulations were tested for safety and potency in cattle,
including antibody detection by virus neutralization (VN) test and 3ABC non-structural protein (NSP)
test. It was found that all vaccine formulation were safe and antibody against 3ABC-NSP was not detected
in all vaccinated cattle. For the potency test, each vaccine formulation (6,9 , 12 and 18 pg/dose) gave 12, 24,
18 and 12 PD,; respectively. In addition, the vaccines with 146S antigen payloads of 9, 12 and 18 pg/dose
induced neutralizing antibody titers in cattle 7 days after vaccination whereas it was 10-14 days for a low

payload of 6 pg/dose. The results suggest that FMD vaccine, serotype O, at 146S antigen payload of 9

1892

pg/dose was appropriated for being the high potent FMD vaccine, serotype O, for FMD outbreak control

in cattle.

Key words : antigen payload, protection, foot and mouth disease vaccine, type O
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Study on persistent infection with foot and mouth disease virus in

cattle and buffaloes in Thailand

Wilai Linchongsubongkoch1 Dilok Aunpomma2 Terdsak Yano’

Prasert Wongnak4 Janya Samanit’ Sopha Singkleebuth5

Abstract

The persistent infection with foot and mouth disease in cattle and buffaloes were studied.
Samples of oesophageal-pharyngeal (OP) fluid or probang were collected from the pharyngeal region
using a probang cup. A total 205 of probang and 226 serum samples from infected cattle and buffaloes
were collected through sequential sampling during 2 to 19 months post infection with foot and mouth
disease virus (FMDYV). The probang samples were used to detect FMDV by virus isolation (VI)/ELISA
typing and realtime RT-PCR (rfRT-PCR). The serum samples were used to determine antibody to FMDV
type O, A and Asial using liquid phase blocking ELISA (LP ELISA) in parallel with the detection of
antibody to 3ABC non structural protein of FMDV using blocking ELISA (NSP-ELISA) to differentiate
between infected and vaccinated animals. The result of the tests of the probang samples collected at 2, 5,
11, and 19 months post infection (M/PI) from cattle following FMDYV infection with type A were all found
to be negative by VI/ELISA typing and rRT-PCR. It was concluded that the cattle were considered as non-
carrier state. While probang samples collected from buffaloes following the FMDYV infection with type O
at 3, 6 and 11 M/PI were found 6.1 % (2/33) positive by VI/ELISA typing and 6.1% (2/33) positive by
rRT-PCR at 3 months post infection. Those two buffaloes were confirmed as being FMDV persistent
infected animals or carriers by intermittent recovery of type O virus in OP fluid. For the LP ELISA results,
the cattle infected with FMDYV type A were mostly seropositive to all 3 serotypes, (titer >1.9 (log) or 1:80).
The LP ELISA titer to type A were 28/28 (100%) at 2 months post infection (M/PI), 28/30 (93.33%) at 5
M/PI, 24/25 (96%) at 11 M/PI and 20/41(48.8%) at 19 M/PL. The NSP-ELISA also showed very high
positive results for the same periods: 75%, 56.7%, 76% and 61%, respectively. In the infected buffaloes,
the LP ELISA were 31/42 (73.8%) seropositive to type O at 3 M/PI, 12/35 (34.2%) at 6 M/PI and 17/25
(68%) at 11 M/PI. The NSP-ELISA found the high of positive results for the same periods: 66.7%, 52%

and 76%, respectively. Mass vaccination with trivalent vaccine of O, A and Asial was practiced regularly
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after the disease outbreak, as a consequence, high antibody titer to all 3 serotypes were obtained in those

animals.

Keywords: Foot and mouth disease, persistent infection, LP ELISA, real time RT-PCR
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Introduction

Foot and mouth disease (FMD) is a highly contagious viral disease that occurs in both domestic
and wild cloven-hoof animals such as cattle, buffalo, pig, sheep, goat, elephant and deer, each species
varies in its susceptibility to infection and clinical disease. Currently, serotypes O and A are endemic in
Thailand, but type Asial has not been found in the country since 1998. The transmission of the disease is
by direct contact, indirect contact and animal movement. The virus is present in tissue, natural secretions
(saliva, milk and semen) and excretions (sweat, urine and feces) of infected animals for up to 4 days before
clinical signs of the disease become apparent (Donaldson and Ferris, 1980); Hyslop, (1965). Donaldson et
al., (1987) reported that the most common route of infection of ruminant is via the respiratory tract through
inhalation of airborne virus and pig is more susceptible to FMDYV infection by the oral route than ruminant.

FMD is characterized by lameness, anorexia, pyrexia, salivation, reduced milk production in
lactating animals and weight loss. Clinical disease may develop in 2-14 days after infection depending on
the virus dose and the FMD virus can be located in the pharyngeal region in infected animals. Both
vaccinated and unvaccinated animals exposed to the virus may become persistently infected without
showing clinical signs (Woodbury, 1996). An animal with persistent of FMD virus after recover is called a
“carrier”. It is possible to recover infectious FMD virus for up to 28 days after infection (Sutmoller and
Gaggero, 1966). The virus replicates in the mucosa of the pharynx and the dorsal surface of the soft palate
and can be recovered from oesophageal-pharyngeal scraping using a probang sampling cup
(Burrows,1966; Van Bekkum et al., 1966). Carrier animals may serve as reservoirs of infection and
obstruct disease control programs. The duration of carrier state varies and is probably host species and
virus strain dependent. Cattle have been shown to carry the virus for 2.5 years after infection (Hedger,
1970), sheep for up to 9 months (McVicar and Sutmoller, 1969) and goats for up to 4 months (Singh,
1977) . Pigs appear to eliminate detectable FMDV from the oropharynx within 28 days of infection (Van
Bekkum, 1973; Panina et al., 1988) and are considered as non-carrier of FMDV. African buffaloes have
been shown to excrete the virus for at least 5 years (Hedger and Candy, 1971).

Diagnosis of persistent FMDV infection is by isolation of FMDV in oesophageal- pharyngeal
scraping collected from animals infected with FMD virus. This has shown that the primary lamb kidney
cells or primary bovine thyroid cells are the most sensitive for in vitro assay for detection of FMDV
(Snowdon, 1966) and for subsequent ELISA typing of the virus in harvested supernatant (Roeder and Le

Blanc Smith, 1987). Presently, the molecular techniques for the diagnosis of the carrier state in probang



Ny wAns T UN 25 aTuil 12 H.a-ne 2559 42 J. Vet. Biol. Vol. 25 No.1-2 Mar-Sep 2016

samples, polymerase chain reaction using both conventional RT-PCR (House and Mayer et al., 1993;
Donn et al., 1994) and real time RT-PCR (rRtT-PCR) (Callahan et al., 2002) are the most sensitive assays
for the detection of the FMDYV specific 3D gene. Simultaneously, the serological assay for detection of
antibody to FMDV structural protein in exposed animal has improved the detection of FMDV carrier by
using the virus neutralization (VN) test (Rewmmanu et al., 1987) and the liquid phase blocking ELISA
(LP ELISA) test (Hamblin et al., 1986 ; Linchongsubongkoch and Janukit, 1994). In addition, Bermann et
al. (1993) reported that the serological assay to detect the antibody to the non structural protein of FMDV
was significant prolonged in persistently infected cattle. A newly developed indirect ELISA technique for
specific IgA detection in saliva (Archetti et al.,1995) can be used for identification of vaccinated cattle
which has been infected with FMDV. It has been demonstrated that there is significantly higher level of
FMDYV specific IgA in carrier than in non-carrier cattle (Salt et al., unpublished paper). Verin et al., 2012
(unpublished paper) studied FMDV persistence in Asian swamp buffaloes in Southeast Asia (SEA),
probang samples collected at eight months post infection from buffaloes infected with FMDYV in the Lao
PDR and Myanmar were investigated by virus isolation/ELISA typing and by rRT-PCR, the results were
found 14% positive. Saliva samples were tested by IgA-ELISA and serum samples were tested by non
structural protein ELISA (NSP-ELISA). The results showed a higher detection rate (32.7%) of persistent
animals compared to virus isolation and rRT-PCR (10% to 14%). According to Verin et al., there have
been very few studies of FMDV persistence in cattle and buffalos in SEA, and none in Thailand. The
objectives of our research were to study persistent infectionof FMDYV in cattle and buffaloes in Thailand
and the duration of persistent infection. The oesophageal-pharyngeal fluid (OP) or probang and serum
samples used in this study were collected from cattle and buffaloes with sequential sampling done from 2

to 19 months post infection with FMDV.

Materials and methods
Experimental design and animals
A total 112 samples of oesophageal-pharyngeal or probang fluid and 124 blood samples were
sequentially collected at 2, 5, 11 and 19 months post infection (M/PI). The samples were from cattle in

Chiang Mai province which had been infected with FMDV type A.
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A total 93 oesophageal-pharyngeal fluid samples and 102 blood samples were sequentially
collected at 3, 6 and 11 months post infection from buffaloes in Yasothon province which had been
infected with FMDV type O.

Oesophageal-pharyngeal fluid (OP) or probang samples

The OP samples were collected using a probang cup and scraping tissue and mucosa at the
oropharynx, particularly the dorsal surface of the soft palate. OP samples were placed in plastic tubes
containing 5 ml of 0.08M phosphate buffer saline (PBS), pH 7.6, containing antibiotics and 1% bovine
serum albumin. The samples were kept on wet ice in the field and then on dry ice during transportation to
the laboratory where they were stored at-80°C in a deep freezer. Each probang cup was disinfected with
1:200 speedyne (3% lodine W/V) and washed completely with fresh water then rinsed in 0.08M PBS
before re-use.

Virus isolation

The OP samples were treated with daifon (trichlorotrifluoroetane) at an equal volume, mixed well
and clarified by centrifugation (3,500 rpm, 15 min). The treated OP supernatant fluid was inoculated onto
primary lamb kidney cells for 1 to 3 passages. Cytopathic effect (CPE) was observed, then the cell culture
supernatant fluid was separated into two parts, The first was used for FMDV identification by ELISA
typing as described by Roder and Le Blanc Smith (1987) and the second was used to detect the FMDV
specific 3D gene by rRT-PCR using the method described by Zhang and Alexandersen (2003).

ELISA typing

An indirect sandwich ELISA was used for detecting and typing of FMDV in the OP and virus
isolation samples as described by Roder and Le Blanc Smith (1987). Plates were coated with three types of
rabbit antisera (O, A and Asial) and normal rabbit serum in a coating buffer. They were kept overnight at
4°C, then washed with PBS. The test samples and control antigens were prepared by two-fold dilution into
1:1, 1:2 and 1:4. Samples were dispensed into the appropriate wells on plates which were then incubated at
37°C for 1 hour. The plates were then washed with PBS.

The three types of guinea pig antisera (O, A and Asial) and normal guinea pig were added to the
corresponding wells and incubated at 37°C for 1 hour. Anti guinea pig immunoglobulin conjugated to
horseradish peroxidase was added and incubated at 37°C for 30 minutes, then the plates were washed with
PBS. TMB substrate solution was added to all the wells and proceed for 20 minutes at room temperature

then the reaction was stoped by adding an acid stopper solution (IN H,SO,) to each well. Optical densities
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(OD) were read using a Multiskan ELISA Reader at a wavelength of 450 nm. The typing result was read
by the mean OD values greater than 0.2 defined as positive in which serotype when compared to the
corresponding control antigen.

Liquid phase blocking ELISA (LP ELISA)

Serum samples were used to determine antibody titer to structural protein of FMDVtypes O, A
and Asial by LP ELISA. Serum was diluted into two fold dilution series and then a fixed concentration of
reference antigen was reacted. The antibody titer was determined as the reciprocal of the final dilution of
serum which giving 50% end point of Optical Density (OD) mean value of control antigen (Ca) where the
OD reading at range 1.0-1.5. The interpretation of the serum was calculated as the percent inhibition (%PI)
as described by Hamblin et al. (1986) and Linchongsubongkoch and Janukit, (1994).
3ABC non structural protein of FMDV, PrioCHECK" FMDV-NS

A commercial NS test kit, ELISA produced by Prionic Lelystad B.V., The Netherlands was used
to detect the antibody to 3ABC non structural protein (3ABC-NSP) of FMDV by the indirect blocking
ELISA method for differentiating between infected and vaccinated animal. The test procedure was
described followed the instructions of the manufacturer.

Real time RT-PCR (rRT-PCR)

The viral RNA was extracted from the probang samples using Trozol® LS (InvitrogenTM, USA)
according to the manufacture’s instruction. The extracted RNA used in the reverse transcription (RT)
reaction changed RNA into cDNA using enzyme reverse transcriptase following the method described by
Thongtha et al. (2008). cDNA can be stored at -20°C and then used in tRT-PCR. A set of rRT-PCR
primer and probe was used for detecting all serotypes of FMDV at the 3D gene region. The probe labeled
with 6-carboxyfluorescein (FAM) at the 5’ end and the quencher tetramethy rhodamine (TAMRA) at the
3’ end was used in an amplification reaction as described by Callahan et al. (2002). The primer and probe
sequences are shown in Table 1.

The rRT-PCR reaction was carried out using LighCycler®480 (Roche Germany). The 20 pl
reaction mix (total volume) in real-time included 10 ul of 2X reaction buffer, 0.5 ul each of the forwar
primer, reverse primer and probe (Sigma-Proligo, Singapore), 6.5 ul DEPC water and 2 ul of RNA
template. The tube was then placed into a real time PCR machine (LighCycler®480 (Roche Germany).
Amplification was done according to the following temperature cycle: pre-incubation at 95°C for 10

minutes, amplification at 95°C for 10 seconds and at 60°C for 40 seconds (45 cycles) then cooled at 40°C
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for 30 seconds. The crossing point (Cp) value for each sample was designed from the point at which

fluorescence crossed a threshold line. Standard curve was calculated by using LighCycler *480 Software.

Results

The results of probang and serum testing are shown in Tables 2, 3 and figure 1-9 respectively.

Discussion and conclusion

This study of FMDV persistent infection in dairy cattle and buffaloes was carried out in Chiang
Mai and Yasothon provices of Thailand during 2008 to 2010. For dairy cattle, a total 112 probang samples
(OP fluid) and 124 serum samples were sequentially collected following infection with FMDV type A
from dairy farm in Chiang Mai province at 2, 5, 11, and 19 months post infection. The results of probang
test found that all cattle were negative by virus isolation/ELISA typing and rRT-PCR (Table 2). Thus it
was concluded that dairy cattle were considered as being in a non-carrier stage. The serology test of serum
samples by the measurement of antibody titer to structural protein of FMDV type O, A and Asial by LP
ELISA and the detection of antibody to 3ABC non structural protein by NSP-ELISA to differentiate
between infected and vaccinated animals were shown in Figures 1-7, respectively. The LP ELISA results
in dairy cattle infected with FMDYV type A in Chiang Mai province showed high antibody titer to FMDV
type O, A and Asial. Antibody titer greater than 1.9 (log) or 1:80 was considered seropositive. The LP
ELISA titer to type A was 28/28 (100%) seropositve at 2 months post infection (M/PI) (Figure 1), 28/30
(93.33%) at 5 M/PI (Figure 2), 24/25 (96%) at 11 M/PI (Figure 3) and 20/41 (48.8%) at 19 M/PI (Figure 4)
respetively. The NSP-ELISA also showed very high positive results, 75%, 56.7%, 76% and 61%,
respectively, for those periods as shown in Figure 8. This study indicates that dairy cattle, after recovery
from FMDYV infection could be considered as in a non-carrier stage. There were several possible reasons
for factors that could have affected this result. First, to prevent the inactivated of live virus in OP fluid that
effected for isolation. Therefore, it was recommended that probang samples must be kept in dry ice or at-
80°C during collection and transportation to the laboratory. Second, it was possible that the infected
animals were not continuously producing and eliminating virus in their excretions (Archetti et al.,(1995).
Third, the animals could have received multiple vaccinations after the disease outbreak which would
neutralize the virus, making it impossible for the virus to replicate in the laryngeal area of the infected

animals.
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For buffaloes, a total of 93 probang and 102 serum samples were collected from buffaloes in
Yasothon province following FMDV type O infection at 3, 6 and 11 months post infection. The result of
probang tests found that 6.1% (2/33) were positive by virus isolation/ELISA typing and 6.1% were
positive by rRT-PCR at 3 months post infection. These buffaloes were confirmed as FMDV persistent
infected or carrier by the intermittent recovery of type O virus in OP fluid. These results were similar to a
study by Sutmoller and Gaggero (1966) which reported finding isolated virus in OP fluid from both
infected animals and vaccinated animals at 4 months and 6 months after infection. Probang samples
collected at 6 and 11 months post infection were all negative by both tests, (Table 3). Serology results in
buffaloes infected with FMDYV type O in Yasothon province demonstrated that the LP ELISA titer to type
O was 31/42(73.8%) seropositive at 3 M/PI (Figure 5), 12/35 (34.2%) at 6 M/PI (Figure 6) and 17/25
(68%) at 11 M/PI (Figure 7). The NSP-ELISA showed very high positive results at 66.7%, 52% and 76%,
respectively, for those periods as shown in Figure 9.

In this study, the high antibody titer to FMDV 3 serotypes were obtained in infected animals, due
to multivaccination with trivalent vaccine after the FMD outbreak, with vaccination continuing at 6 month
intervals. Because of that, the recovery of virus in OP fluid would not be detected as the virus was
neutralized by antibody from the vaccination (Salt ef al.,1996). There were only 2 buffaloes which could
be classified as carrier animals where the FMD virus could be detected in OP samples at 3 months post-
infection which might depend on the presence of FMDYV in infected cell in the oesophageal-laryngeal fluid
(Salt et al.,1996), although the NSP-ELISA demonstrated high positive results in both cattle and buffaloes
from 2 to 19 months post infection (Sorensen et al., 1998 ; Verin ef al. unpublished data). Other research
studies on the duration of carrier state in host species and virus strains have reported virus recovery in
cattle up to 2.5 years post-infection (Hedger, 1970), in sheep and goats up to 9 months post infection (Mc
Vicar and Sutmoller, 1969), and in Asian swamp buffaloes up to at least 20 months post infection (Verin et
al., unpublished data). Although saliva samples were collected from all animals in this study, the specific
IgA detection assay was not done due to limited laboratory facilities locally and lack of budget to submit
those samples to the World Reference Laboratory, United Kingdom, for analysis.

In conclusion, cattle infected with FMDV type A were considered as being in a non carrier state,
seropositive to type A from 48-100% and NSP positive from 56-76%. The buffaloes infected with FMDV

type O, 6.1% were considered as being in a carrier state at 3 months post infection, seropositive to type O
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from 34-73% and NSP positive from 52-76%. Although the duration of carrier status has not been

conclusively determined, NSP positive status could be detected upto 19 months post infection.
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Table 1 Primer and probe sequences for detection of FMD virus in real time RT-PCR

Name Sequence (5°-3’) Target gene
Forward primer ACTGGGTTTTACAAACCTGTGA 3D
Reverse primer GCGAGTCCTGCCACGGA 3D

Probe (FAM)-TCCTTTGCACGCCGTGGGAC-(TAMRA) 3D

Table 2 Result of ELISA typing, virus isolation rRT-PCR of OP or probang samples collected from cattle at 2,

5, 11 and 19 months post infected with FMDYV type A

VI/ELISA typing r RT-PCR result

Sample/time of collection Results
positive/total positive/total
2 months post infected (n=20) 0/20 0/20 Non carrier
5 months post infected (n=28) 0/28 0/28 Non carrier
11 months post infected (n=25) 0/25 0/25 Non carrier
19 months post infected (n=39) 0/39 0/39 Non carrier
Remark: VI = virus isolation, OP = oesophageal-pharyngeal fluid, n = number of sample

Table 3 Result of ELISA typing, virus isolation rRT-PCR of OP or probang samples collected from buffaloes at

3, 6 and 11 months post infected with FMDV type O

VI/ELISA typing r RT-PCR result

Sample/time of collection Results
positive/total positive/total
3 months post infected (n=33) 0/20 0/20 Non carrier
6 months post infected (n=35) 0/28 0/28 Non carrier
11 months post infected (n=25) 0/25 0/25 Non carrier

Remark: VI = virus isolation, OP = oesophageal-pharyngeal fluid, n = number of sample
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Figure 1. LP ELISA titer of FMD persistent in infected catile Figure 2. LP ELISA titer of FMD persistent in infected cattle
with type A , sera were collected at 2 months post with type A , sera were collected at 5 months post
infection, n =28 infection, n=30
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Figure 3. LP ELISA titer of FMD persistent in infected cattle Figure 4. LP ELISA titer of FMD persistent in infected cattle
with type A , sera were collected at 11 months post with type A , sera were collected at 19 months post
infection, n= 25 infection, n=41
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Figure 1,2,3 and 4 Results of serology testing using LP ELISA (O, A and Asial) and NSP-ELISA
in persistent FMDV infected cattle. Serum samples were collected at 2, 5, 11

and 19 months post infection.
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Figure 5. LP ELISA titer of FMD persistent in buffaloes
infected with type O, sera were collected at 3 month post
infection, n = 42

NSP positive = 28/42 {66.7%)
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2 A > 1.9 = 40/42 (95.2%)
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Figure 6. LP ELISA titer of FMD persistent in buffaloes
infected with type O, sera were collected at 6 month post
infection, n=35
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Figure 7. LP ELISA titer of FMD persistent in buffaloes
infected with type O, sera were collected at 11 month post
infection, n= 25§
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Figure 5, 6 and 7 Results of serology tests using LP ELISA and NSP-ELISA in persistent FMDV

infected buffaloes. Serum samples were collected at 3, 6 and 11 months post infection.

Figure 8 Summary result of NSP and Seropositive to
FMDV type A in cattle at 2M, 5M,11M and 19 M post
infection
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Figure 9. Summary result of NSP and Seropositive to
FMDV type O in buffaloes at 2M, 6M and 11M post

infection
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Figures 8 and 9 Summary of NSP positive and seropositive results to FMDV type A and O in infected

cattle and buffaloes. Antibody titers greater than 1.9 (log) or 1:80 were defined as

seropositive.
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