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SUMMARY

An outbreak of foot and mouth disease (FMD) that spread between
vaccinated and nonvaccinated cattle and buffaloes was investigated. This
investigation was carried out to determine the cause of apparent failure of
vaccination program to protect vaccinated animals and prevent outbreaks
of FMD. Clinical, serological (using indirect enzyme linked
immunosorbent assay “ELISA”), and biotechnological (using reverse
transcription polymerase chain reaction “RT-PCR”) examinations were
performed. The animals were examined by ELISA and RT-PCR two
successive times three months apart. Clinical examination revealed great
variations in clinical signs among infected animals. ELISA was positive
with 46 cattle (46%) and 16 buffaloes (16%) in the first examination
while no positive results were detected in the second examination. FMD
virus RNA was detected in 56 cattle (56%) and 31 buffaloes (31%) with
the first RT-PCR assay while 8 cattle (8%) and 11 buffaloes (11%) were
positive with RT-PCR in the second examination. The animals which
gave positive result with second RT-PCR examination seemed to be
persistently infected with FMD virus without showing any clinical signs.
Three FMD virus serotypes O (64.3%), A (21.4%) and C (14.3%) were
detected and differentiated by RT-PCR using serotype specific primers.
The result of this investigation proved that RT-PCR is rapid and sensitive
assay in diagnosis and typing of FMD virus serotypes in diseased and
apparently healthy persistently infected animals which could not be
detected by other methods of diagnosis and seemed to be the most
dangerous form of the disease from epidemiological point of view.RT-
PCR is more sensitive than ELISA.The most important result of this
work is detection of FMD virus serotypes A and C which are not
recorded in Egypt before this study. This result may explain the cause of
failure of vaccination program in Egypt in prevention of FMD outbreaks.
We suggest that it may not be possible to prevent FMD outbreaks using
currently available vaccine prepared from serotype O only, therefore
vaccination program against FMD virus in Egypt should be reevaluated.
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INTRODUCTION

Foot and mouth disease (FMD) is one of the most economically
important diseases of the cloven-hoofed animals (Kitching, 1992; Hutber
et al., 1999; Suryanarayana et al., 1999). The speed with which it spread
and its ability to change its antigenic identity makes it very threating to
the beef and dairy industries of many countries (Stram et al., 1995).

The causative virus of this disease belongs to family
Picornaviridae, genus Aphthovirus (Hofner et al., 1993: Vangrysperre
and De Clercq, 1996). The virus exists in 7 immunologically distinct
serotypes (Pattnaik et al., 1997); its genome is an 8.5 kilobase, single
strand of RNA (Stram et al., 1995). The virion consists of four proteins,
VP1 to VP4, of which VP1 is the main protein determining antigenic
identity of the virus (Archarya et al., 1989 and Logan et al., 1993).

This highly contagious important disease is characterized by the
appearance of vesicles located in and around the mouth and on the feet,
and has a very high morbidity but low mortality rate in adults. The death
of young animals, the loss in meat and milk yield and the severe
secondary complications lead to important economic losses
(Vangrysperre and De Clercq, 1996).

Because of the highly contagious nature and rapid spread of
infection substantial progress has been made in control of FMD
(Suryanarayana et al., 1999). The impotent requirements for the control
of FMD are rapid laboratory diagnosis and epidemiological investigation
(Hofner et al., 1993). A fast and sensitive diagnosis of FMD that clearly
differentiates it from other related diseases is of great importance in case
of suspected outbreak and is needed to limit the spread of the disease.
The quick identification of the type of virus will be useful when
emergency vaccination is required, and it is necessary to track the origin
of an outbreak (Stram et al., 1995; Vangrysperre and De Clercq, 1996).

At present, detection and typing of FMDV are carried out mostly
by serological tests (Rweyemamau, 1984; Hamblin et al., 1986; Kitching
et al., 1989). However, a significant number of samples fail regularly to
give serological positive reaction -and thus, virus isolation in primary
culture still to be attempted for serology negative samples
(Suryanarayana et al., 1999). Virus isolation is sensitive method, but it is
laborious, slow and expensive. In addition, amplification of FMDV in
tissue culture involves the risk of disseminating the virus in environment
(Kitching et al., 1989; Moss and Hass, 1999). At the same time, these
methods do not provide complete information on the epizootiological
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tracing of the viruses and the ability of vaccines to protect against
circulating virus (Kitching et al., 1989; Rodriguez et al., 1994). In order
to avoid the passaging of the virus in tissue culture, several other tests
based on the detection of the virus genome have been evolved, of which
reverse transcription polymerase chain reaction (RT-PCR) is most
sensitive (Suryanarayana et al., 1999).

A strategy for RT-PCR was developed to detect and differentiate
the serotypes of FMD virus quickly and accurately (Callens and De
Clercq, 1997) in different clinical samples including vesicular fluids
(Rodriguez et al., 1992), tissue and oropharyngeal fluid (Amaral-Doel et
al., 1993), organ extract (Lochar et al., 1995), tongue and foot epithelia
(Niedbalski et al.,1998) and nasal swabs (Moss and Hass 1999). The use
of RT-PCR technique to amplify specific nucleic acid regions offer the
unique possibility of combining swift viral detection with the production
of genetic material suitable for sequencing and other methods of
molecular epidemiological analysis (Hofner et al., 1993). Various
serotype specific primer sets have been used to amplify FMD virus
sequences in order to type the virus (Rodriguez et al., 1992;
Suryanarayana et al., 1999).

In Egypt, vaccination is the only pragmatic approach to control
FMD. Strict quality control measures are essential to supply potent
vaccine to the field application (Suryanarayana et al., 1998).There are a
number of elements should be achieved in the production of FMD
vaccine such as the selection of appropriate strain (s), which have a direct
bearing on the quality of the immune response. Equally, development of
effective immunity depends on application of suitable vaccine (Doel,
1999).

In last few years, many FMD outbreaks were recorded in
vaccinated and nonvaccinated cattle and buffaloes in Egypt. There is no
accurate explanation of cause of reoccurrence of these outbreaks inspite
of vaccination of animals. Here we investigated outbreak of FMD
occurred in Egypt in summer of 1998 trying to explain the cause of
outbreak reoccurrence .We report on the very fast and sensitive detection
and differentiation of FMD virus serotypes using RT-PCR. In addition,
comparison between RT-PCR as a recent method and indirect ELISA as
a traditional method for diagnosis of FMD virus was recorded.

125



Assiut Vet. Med. J. Vol. 44 No. 87, October 2000

MATERIALS and METHODS

Animals: 100 cattle and 100 buffaloes were used in the study,
some of them were suffered from clinical signs of FMD and others were
apparently healthy.

Nasal swabs: 2 nasal swabs were collected three months apart
from each examined animal for extraction of viral RNA. .

Blood: 5 ml blood was collected twice three months apart from
each examined animal to obtain serum.

Reference viruses: 3 FMD virus serotypes O, A and C (used in
ELISA) were kindly provided by Dr. M Taniyama, School of Veterinary
Medicine, Rakuno Gakuen University, Hokkaido, Japan
1- Clinical examination:

Clinical examination of all investigated animals was performed
three times weekly, body temperature, respiratory and heart rates as well
as pulse were recorded, any abnormal clinical signs were reported. After
serotyping of the virus the relation between the serotype and the clinical
signs were recorded.

2- Indirect ELISA:

All the reagents were used in 50 UL. Sets of plates (96-well flat
bottomed high binding EIA microplates “Greiner 655061”) were coated
with reference FMD virus, then coating buffers (carbonate-bicarbonate
buffer “0.05M pH 9.6”, phosphate buffered saline “0.04M pH 7.4” and
tris-NaCl buffer “0.02M pH 7.4”) were assessed. EIA plates were
incubated at 37°C for 80 min. After that the coated plates were washed
(3X in washing buffer). The tested sera were diluted to 1:500 in ELISA
diluent (phosphate buffered saline supplemented with 20.75 g/litre
sodium chloride and 0.1% v/v Tween 20 containing 3%w/v lactalbumin
hydrolysate, 5% v/v healthy calf serum and 5% healthy rabbit serum) and
were added to the coated plates, incubated at 37°C for 1 hour. The plates
were washed (3X in washing buffer). Anti-guinea pig Ig-conjugate
(Dakopatts P141) diluted to 1:2500 in ELISA diluent was added to all
wells and allowed to react for 45 min at 37°C. The plates were washed
and substrate (O-phenylenediamine “OPD” dihydrochloride, substrate
solution was prepared in 0.01M phosphate citrate buffer pH 5.0 just
before dispensing into the wells, the substrate solution was activated by
30% hydrogen peroxide “8ul/15 ml substrate solution”) was dispensed to
all wells. Substrate reaction was allowed to take place at 37°C in dark for
10-15 min and then stopped by the addition of stopper solution. The OD
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was read at 490nm using microplate reader model 3. 960 (Metertech Inc).
Indirect ELISA were performed according to Bhattacharya et al. (1996).
3- RT-PCR:

(a) Synthetic oligonucleotide primers:

The primers for FMD serotypes (Pharmacia Biotech.) were
designed by comparison of published sequences of FMD virus.4 primers
were used in the present study. More specifications of these primers are
listed in Table (1).

(b) RNA extraction:

Total RNA was extracted with TRIzol Reagent (Gibco BRL).
100 ul sample (nasal swab extracted in phosphate buffer saline) was
mixed with 900 ul TRIzol Reagent.The samples were incubated for 5 min
at room temperature, addition of equal amount of chloroform,
precipitation of RNA with isopropanol and washing of RNA with 75%
cthanol. The purified RNA was resuspended in 20ul Rnase free-water
and redissolved by incubating for 10 min at 55 °C.

(¢) Reverse transcription:

First strand cDNA synthesis was performed for 15 min at 37°C
in a 10ul reaction mix containing the followings:- (1)50mM Tris-Hel (pH
8.3), (2)75mM KCl, (3)3mM MgCl2, (4)10mM dithiothreitol, 0.125 mM
(each) dNTP, (5)5uM ( each ) downstream primer, (6) 100 units
Moloney murine leukemia virus reverse transcriptase (GibcoBRL) and
(7)0.5 ug RNA . This was followed by heating for Smin at 95°C, in order
to denature RNA-cDNA hybrid. Samples were chilled and stored at -
20°C.

(d) PCR amplification:

A PCR mix (10ul) consists of the following: 10mMTris-Hcl
(pH8.8), 50mM KCI, 1.5mM MgCl2, 0.1% Triton X-100, 0.05mM (each)
dNTP, 0.6um (each) primer, 0.25 units Taq polymerase (Promega) and
2% cDNA reaction mix. Amplification and reverse transcription was
performed on a gene Amp CR system 9600 (Perkin Elmer) using
program as follow: (1) 1 min at 95°C (2) 15 sec at 95°C (3) 1 min at
60°C (4) 6 min at 60°C, repeating steps (2) and (3) for 35 cycles.

(e) Gel electrophoresis:

The samples were electrophoresed at 100 V for 30 min in TAE
buffer on 1.5% agarose gels, stained with ethidium bromide (0.6ug/ml).
DNA molecular weight marker type 100bp DNA. ladder (Gibco BRL)
was applied to identify the size of the PCR products.Negative control for
RT-PCR were performed by adding of distilled water instead of the
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primers. RT-PCR was performed as described by Vangrysperre and De
Clercq (1996) and Moss and Hass (1999).

RESULTS
1- Clinical examination:

Clinical examination of investigated animals revealed great
variation in clinical signs among infected animals varied from slight rise
of body temperature up to typical FMD symptoms with vesicles in the
mouth and on the feet.

2- Indirect ELISA:

(a) First examination: 46 cattle (46%) and 16 buffaloes (16%) were
positive. '

(b) Second examination: No positive results were detected.

3- RT-PCR:

(a) First examination: FMD viral nucleic acid (RNA) was detected in 56
cattle (56%) and 31 buffaloes (31%).

(b) Second examination: FMD viral RNA was detected in 8 cattle (8%)
and 11 buffaloes (11%). All these animals were apparently healthy.

(¢) By using combining of four primers sets (P33-P38, P33-P87 and P33-
P40 three FMD virus serotypes (Figure 1) O (36 out of 56 “64.3%”),
A (12 out of 56 “21.4%”) and C (8 out of 56 “14.3%”) were detected
among infected cattle while only serotype O was recorded in
buffaloes. All persistently infected cattle and buffaloes were infected
with serotype O.
The most severe signs were observed in animals infected with
serotype A or C and in animals in contact with animals have
persistent infection.

DISCUSSION

A great variation in clinical signs was observed among infected
animals investigated in the present study. FMD may appear as an acute,
mild or subclinical infection, dependent upon the immune status of the
herd, the level of challenge and the efficacy of vaccine used (Hutber et
al., 1999). From the result of the present work we can add that the
serotype of the causative virus play a very important role in
determination of clinical signs of the disease. Severe clinical signs were
observed in animals infected with serotypes A and C and animals in
contact with animals persistently infected with FMD virus, the same
observation have been recorded by Hutber et al. (1999).
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FMD was observed in cattle and buffaloes investigated in our
study but the percentage of infection among cattle (56%) was higher than
that of buffaloes (31%) while persistent infection in buffaloes (11%) was
higher than that observed in cattle (8%). Studies on buffaloes have shown
that this species is susceptible to FMD and that the virus persists in it for
long periods. The buffaloes act as true reservoirs of the virus and transmit
it to cattle (Dawe et al., 1994; Gomes et al., 1997). However, in our study
we could not confirm this observation as in some areas the cattle and
buffaloes found to be infected with the same serotype whereas in other
areas the serotypes detected in both are different.

Indirect ELISA was used for diagnosis of FMD in this study.
Within the world reference laboratory for FMD, the ELISA has replaced
the complement fixation and virus neutralization tests (Samuel et al.,
1991; Kitching, 1992). The advantages of ELISA have been well
documented (Hamblin et al., 1986; Ferris and Dawson,1988; Bergmann
et al, 2000) . ELISA detected antibodies against any of the seven
serotypes of FMD virus (Mackay et al., 1998; Sorensen et al., 1998).
However, the result of the present work proved that ELISA is less
sensitive than RT-PCR in diagnosis of FMD as ELISA failed to detect 10
infected cattle and 15 infected buffalo which were positive with RT-PCR
and could not detect any of persistently infected animals.Failure of
ELISA in diagnosis of some cases of FMD have been reported (Kitching
et al., 1989; Bhatacharya et al., 1996). RT-PCR assay is 500-fold more
sensitive than a conventional indirect ELISA (Rodriguez et al., 1994).

Fast and accurate detection of FMD outbreaks is needed to limit
spread of the disease (Stram et al., 1995) through directing vaccine
selection and epidemiological studies (Vangrysperre and De Clercq,
1996). Current detection systems are usually more time demanding and
less specific (Vangrysperre and De Clercq, 1996). Therefore, we used
RT-PCR in diagnosis and typing of FMD virus in our investigation. A
strategy for RT-PCR was developed to detect and to differentiate the
seven serotypes of FMD virus simultaneously, quickly and accurately
(Meyer et al., 1991; Amaral-Doel et al., 1993; Prato Murphy et al., 1994;
David et al., 1995; Lochar et al., 1995; Callens and De Clercq, 1997;
Callens et al., 1998). The value of the RT-PCR is that it can rapidly
facilitate the molecular analysis of field isolates and thus provide
important epidemiological information regarding the source of outbreak
(Reid et al., 1998).

Serotyping of FMD virus was an important aim of our work. In
countries where FMD is endemic, large number of samples are to be
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serotyped regularly (Suryanarayana et al., 1999).Serotype-specific
primers selected from VP1 genome were used for typing of FMD virus in
our study. Selected specific primers in VP1 gene region when used
permitted the identification of serotypes of FMD virus (Laor et al., 1992;
Lochar et al., 1995; Vangrysperre and De Clercq, 1996) as capsid protein
VP1 contains major antigenic determinants and is highly variable among
different serotypes (Rodriguez et al., 1992). Therefore, the differences in
VP1 sequences are the basis for developing RT-PCR tests to identify
different serotypes (Rodriguez et al., 1992; Stram et al., 1995). Three
serotypes O, A and C were detected in this study using RT-PCR. A RT-
PCR assay for the specific detection and identification of viral sequences
that correlate with established serotypes of FMD virus has been
developed (Rodriguez et al., 1994; Stram et al., 1995; Niedbalski et al.,
1998; Nunez et al., 1998a). Genetic distance observed between complete
sequences of different serotypes of FMD virus (Domingo et al., 1990;
Martin et al., 1998). Concerning the typing of FMD virus, Rodriguez et
al. (1994) mentioned primers could differentiate serotypes O. A and C.
Different serotypes of FMD virus could be identified and differentiated
using primers selected from the VP1 genome region based on the
different lengths of the respective amplified segments (Vangrysperre and
De Clercq, 1996;Nunez et al., 1998b). Specific, rapid and highly
sensitive detection was achieved for FMD virus serotypes O, A and C
using serotype specific primers RT-PCR (Suryanarayana et al., 1999).
Since the primers used in the assay amplify selectively the variable
region of VP1 of FMD virus the molecular product might reveal strain
variation (Tulasiram et al., 1997).

The result of RT-PCR was achieved within 4 hours after
collection of our samples. Using RT-PCR, viral genomes were detected
in less than 24 hours (Marqardt et al., 2000).

Animals persistently infected with FMD virus are propaply more
important in the transmission of FMD than infected animals as these
animals fail to show clinical signs and could not detected by currently
available methods of diagnosis (Kitching, 1992) therefore we used RT-
PCR in detection of persistently infected animals successfully in the
present investigation. The advantage of RT-PCR has made possible to
detect the virus at a very low concentration in sample (Laor et al., 1992;
Suryanarayana et al., 1999). Detection of small amounts of FMD virus is
especially important for the identification of persistently infected animals
(Rodriguez et al., 1994). Usefulness of the primers have been reported in
detecting inapparent or persistent FMD infection in susceptible animals
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by RT-PCR (Pattnaik et al., 1997). RT-PCR are superior for detecting of
persistent FMD virus infection (Donn et al., 1994) and also applies to
prodromal stages of the disease as well as subclinical cases (Moss and
Hass, 1999).

The results of this study revealed that the highest percentage of
infection was caused by serotype O (64.3%). A stable genome associated
with poor virus immunogenicity may be responsible for the prevalence of
FMD virus type O in the nature (Razdan et al., 1996).

FMD could be under control by means of blanket vaccination
(Chen et al., 1999) and safe protection can obviously achieved only if
vaccine and challenge strain are homologous (Straub, 1995) as
differences were seen between antibodies acting against different FMDV
serotypes (Muller et al., 1989). Control of the disease by vaccination is
complicated by antigenic diversity of the virus which is reflected in the
existence of 7 distinct serotypes and continuous surveillance of the field
situation (Jadhao et al., 1996), it is necessary to choose a vaccine that
contains a strain antigenically similar to the outbreak strain (Kitching,
1992). Therefore, the ban on vaccination did not result in an decrease of
FMD outbreaks (Leforban, 1999). From the results of the present
investigation, it is clear that FMD occurs in single, multiple vaccinated as
well as nonvaccinated animals. It was concluded that a single vaccination
does not protect cattle against FMD virus (Muller et al., 1989; Straub,
1990). In multivaccinated animals, our data indicated that the virus from
the outbreak in vaccinated animals was variant from used vaccine virus
which could escape neutralization by antibodies against vaccine virus. As
control of FMD in Egypt is based only on vaccination, any variation
between serotype of outbreak virus and serotype of vaccine virus leads to
appearance. of outbreak. Despite vaccination FMD outbreaks continue to
occur within vaccinated animals (Hafez, 1990; Hafez, 1991; Gleeson et
al., 1995; Woolhouse et al., 1996; Hutber et al., 1998; Suryanarayana et
al., 1998).

From the result of our work we can conclude that RT-PCR is
rapid and very sensitive assay in diagnosis of FMD and typing of FMD
virus and can detect both clinically ill and apparently healthy persistently
infected (which could not be detected by other methods of diagnosis and
considered the most dangerous form from epidemiological point of view)
animals. RT-PCR standardized here can be employed for diagnosis and
typing of FMD virus directly from field samples and proved to be more
sensitive than indirect ELISA. Three serotypes of FMD (O, A and C)
virus are exist in Egypt, therefore, the currently available used vaccine
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prepared from serotype O only could not protect the animals and prevent
FMD outbreaks and so, vaccination program against FMD in Egypt
should be reevaluated.
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Table (1): Specification of used primers,

Primer | Sequence 5' - 3° Expected serotype | Position

P33 AGCTTGTACCAGGGTTTGGC FMDV 3832-3851
P38 GCTGCCTACCTCCTTCAA ' FMDV-0O 3450-3467
P87 GTCATTGACCTCATGCAGACCCAC FMDV-A 3124-3147
P40 GTTTCTGCACTTGACAACACA FMDV-C 3259-3279
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Fig. 1: Agarose gel electrophoresis of PCR products. Lane M (100 base
pair DNA ladder), Lane 1 (FMD virus serotype QO), Lane 2
(FMD virus serotype A), Lane 3 (FMD virus serotype C) and
lanes 4-7 (negative control of RT-PCR).
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