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SUMMARY

The results of previous studies on the susceptibility of camels (Camelus
dromedarius) to natural infection with Foot and Mouth Disease (FMD)
reported by different authors are contradictory. Comparative serological
studies carried out on non - vaccinated animals (cattle, sheep, goats and
camels) raised in three different farms located in endemic FMD provinces
in the Central and Eastern regions of Saudi Arabia and exposed to type
(A) and (O) FMD outbreaks, revealed that none of the tested camel sera
positive for VIA antibodies, while 58%(29/50) cattle, 14%(44/307) sheep
and 13%(36/273) goats reacted positive. Moreover, all sera with
precipitating antibodies against VIA antigen confirmed the presence of
antibodies against A Sau 41/91 and O1 Manisa \68 strains of FMD virus.
None of the examined camels' sera showed any neutralizing antibodies
against the two viruses. In the animals of the second outbreak, out of 20
sheep and 39 goats' sera that reacted negative against VIA antigen, 8
(40%) and 17(44%) respectively neutralized O1 Manisa\ 68 strain of
FMD virus. Testing oesopharyngeal fluids (O.P.) collected from 19 cattle,
34 sheep, 29 goats that reacted positive against VIA antigen showed the
isolation of seven type A, and 32 type O FMD carrier viruses. On the
contrary, 30 probang samples collected from camels tested negative. The
results obtained from the present study indicated that camels did not show
any antibody development. However, their role as carriers of FMD viruses
can not be ruled out.

Key words: Foot and Mouth Disease-Virus-Carrier-Serology-Camels-Saudi
Arabia.

INTRODUCTION

There have been contradictory reports concerning the
susceptibility of camels to both natural and experimental infections with
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Foot and Mouth Disease (FMD) virus. KOWALEVSKY, 1912 in
Kazakhstan and MOUSSA et al, 1987 in Egypt had shown that camels
are susceptible to FMD. Additional experimental studies in Egypt
following intranasal inoculation of serotype (O) FMD virus strains,
showed only slight or inapparent clinical signs (Nassr et al.,1980.,
Omar,1982 and Moussa, 1988). On the contrary, in various FMD
epizootics countries (Ethiopia, Oman and Egypt), when camels were kept
for several weeks in close contact with severe cases of FMD in cattle,
sheep and goats, the camels did not develop any clinical signs of FMD
(Richard, 1976.,Hedger et al.,1980 and Omar,1982). The aim of the
present study was to, if possible, resolve the question of the susceptibility
of camels to natural infection with FMD virus and its possible role in the
epizootiology of the disease.

MATERIALS and METHODS

Three field outbreaks of FMD (in which camels were in contact
with the affected animals) at backyard in the Eastern region, at large
breeding farm in the Central region and at a small breeding farm near
Riyadh were investigated by the authors. The relevant epidemiological
information of each outbreak recorded in Table 1. On the animals of the
three farms, no clinical signs observed in all camels and no vaccination
against FMD was applied. Serotype A FMD virus antigenically related to
A Sau 41/91, and two O serotypes virus related to O1 Manisa (FMD-
WRL, R.P. KITCHING personal communication) were isolated from the
three outbreaks respectively.

Serum samples:

Twenty-five camels and 35 cattle sera were collected from the
animals of the first outbreak. Six-hundred camels, 247 sheep and 228
goats of the animals of the second outbreak. Twenty camels, 15 cattle, 60
sheep and 45 goats' sera collected from the animals of the third outbreak.
The animals of the first and the third outbreaks were sampled 2 months
after the end of the outbreaks, while, the animals of the second outbreak
were sampled 5 months after the end of the outbreak. Cattle, sheep, goats
and camels' sera screened for the presence of VIA antibodies.
Immunodiffusion test:

The immunodfiffusion test was carried out in 100 mm Petri dishes
using FMD virus infection associated (VIA) antigen and reference positive
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serum as previously described (Hafez et al., 1994).
Virus neutralization

Outbreak1: All cattle that had VIA antibodies as well as all camels'
sera tested for the presence of neutralizing antibodies against A Sau 41\91
FMD virus.

Outbreaks 2 and 3: All animals that had VIA antibodies screened for
strain O1 Manisa/68 FMD neutralizing antibodies. Moreover, of the
reacted negative animals 50 camels, 20 sheep and 39 goats from the
second outbreak, and 20 camels from the third outbreak also tested. The
detection of neutralizing antibodies against strain A Sau 41/91 and Ol
Manisa /68 FMD virus in the selected serum samples carried out as
described elsewhere (GOLDING et al., 1976).

Probang samples:

Of the animals that reacted positive against VIA antigen of the
three outbreaks, probang samples were collected from 19 cattle, 34 sheep
and 29 goats. In addition, 10 camel samples from each outbreak also
collected. Sample collection was carried out using probang cups the
samples were treated with equal amount of trichlorotrifluoro-ethan as
previously described by Sutmoller & Cottral (1967).

Enzyme- linked immuno -sorbent assay (ELIAS):

Rabbit and guinea pig immune sera against the 7 serotypes of
FMD virus, standard inactivated antigens for each serotype, horse radish
peroxidase conjugated  rabbit anti-guinea pig serum and the
orthophenylenediamine substrate tablets were kindly provided by the
FMD World Reference Laboratory (WRL) as an ELISA FMD - typing
kit. The indirect sandwich ELISA described by Roeder & Leblanc Smith
(1987) with slight modification (Anon, 1989). Was applied for serotyping
of the isolates carrier strains of FMD virus.

Virus isolation in cell cultures

Primary calf kidney cell cultures (PCK) were used to isolate the
carrier strains of FMD virus from probang samples as previously
described by Hafez et al ., (1993).
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RESULTS

Testing of sheep, goats and camel sera for the presence of
precipitating antibodies against VIA antigen.

None of the tested camel sera was positive for VIA
antibodies,while 57%(20/35) cattle, 6% of both the sheep (16/247) and
goats  (14/228) and 60%(9/15) cattle, 47% (28/60) sheep and
49%(22/45) goats sera of the three outbreaks respectively reacted
positive (Table 2) .

Testing of some sheep, goats and camel sera for the detection of
neutralizing antibodies against A Sau 41/91 and O1 Manisa \ 68 of
FMD virus.

Examination of all sera with precipitating antibodies against VIA antigen
by virus neutralization test confirmed the presence of antibodies against A
Sau 41/91 and O1Manisa/68 FMD virus. In addition, testing of 25, 50 and
20 camels from the three outbreaks as well as 20 sheep and 39 goats that
non of them had VIA antibodies. None of the camel sera had neutralizing
antibodies, while antibodies against serotype O1Manisa/68 of FMD virus
were detected in 8 (40%) and 17 (44%) of the sheep and goat sera
respectively (Tables 3 and 4).

Isolation and typing of FMD virus from probang samples:

Seven type A, and 32 type (O) FMD carrier viruses were isolated from
the probang samples collected from VIA positive cattle, sheep and goats.
On the other hand, all the probang samples collected from camels tested
negative (Table 5).

DISCUSSION

The presence of VIA antibodies in 58%(29/50) cattle,
14%(44/307) sheep and 13%(36/273) goats of the animals of the three
farms after two to five months from the end of the outbreaks. The
detection of neutralizing antibodies against serotype A Sau 41/91 and O1
Manisa\ 68 FMD virus in all animals that had VIA antibodies, and 40%
(8/20) sheep and 44%(17/39) goat sera reacted negatively for VIA
antigen of the animals of the second outbreak. Althe isolation of type A
and O FMD carrier virus from some individual cattle, sheep and goats,
confirmed the prevalence of the two viruses within the three farms. The
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relatively high numbers of isolated type O and A FMD carrier viruses
from cattle 74%(14/19), sheep 44%(15/34) and goats 34%(10/29)
positive for the presence of precipitating antibodies against VIA antigen
proved that the persisted infection in the three farms were types A and O
FMD viruses (Berger et al., 1990., Neitzert et al.,1991).

Based on: A) The absence of clinical signs of FMD in camels
despite the presence of clinically affected cattle, sheep and goats, and the
circulation of the viruses in the three farms.

B) Undetectable specific precipitating and neutralizing antibodies
against VIA and type A and O1 Manisa \ 68 FMD viruses in all the tested
camel sera.

C) Unsuccessful isolation of FMD carrier virus from the camel
probang samples. Accordingly, camels can not be naturaly infected with
FMD virus. The virus was not be able to establish itself in the tissue of the
upper respiratory tract and replicate to enter the blood stream, so camels
failed to produce antibodies against the circulated FMD virus. The present
serological results are in accordance with the results of a serological
survey carried out in Egypt in which all the 364 tested camels' sera were
negative for VIA test (Farag,1983). In addition, camels intranasally
inoculated with the Egyptian type O1 FMD virus strain did not show any
thermal, clinical or serological response to this experimental infection in
which an infection route similar to the possible natural route was used
(FARAG, 1983). Similarily, no FMD virus was isolated from 454 camels
probang samples collected from different Egyptian provinces where FMD
outbreaks had been recorded (Tantawi et al., 1984). Recent study In
Egypt following intranasal inoculation of camels with serotype (O) FMD
virus, the virus was re-isolated from the O.P. and faeces for 6 days
following virus inoculation (Moussa, 1988). Studies carried out in Egypt,
Sultanate of Oman, Ethiopia and Kenya proved that camels can not be
infected with FMD virus by contact (Omar, 1982., Hedger et al., 1980,
Richard, 1976 and Paling et al., 1979).

The results of our investigations together with the divergent
results reported by various authors from different countries, suggest that
camels (Camelus dromedarius) are not susceptible to natural infection
with FMD, but could be considered as mechanical carrier or resorvoir in
the epizootiology of foot and mouth disease, as camels show neither any
thermal nor any clinical signs of the disease (Farag, 1983., Buchnev et
al ,1987., Doli & Stimmelmayer, 1992, Fassi-Fehri, 1987, Mcgrains &
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Higgins, 1986., Shommein & Osman, 1987 and Wilson,1984) and excrete
the virus over a certain period (6 days) following inoculation, with virus
titers to low as compaired to that of the inoculatd dose (Nasser et
al.,1980, Omer, 1982 and Moussa, 1988). At the meantime, camels do
not seem to produce antibodies against the virus.
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Table 1: Number of animals showing clinical signs of Foot and Mouth Disease
during the occurrence of the three out

Backyar | Large breeding farm | Small breeding farm
Animal
Specises A % | P A % P A %
Camels 0 0 [700 {0 0 25 0 0
Sheep - - | 3000 | 1000 33 220 | 140 | 64
Goats -- - 900 | 375 42 190 100 53
Fattening bulls 55 |92 |-~ - - 20 20 100
Cows 15 | 75 | ~ - - - - -

P: Population.
A: Affected animals
%: Percentage of affected animals.

209




puB SPwEd ui SNIIA (T 16\ NS V Isutede s1)1) Apoquue uzie.nayN ¢ dqe],

(891 :1 98e19AY) 0Z£: 1 01 081 woiy SurSuer s1om 019§ :(7)
O1:1 JO uonn[Iip wnIds Je STIA 1593 9Y) Jo uonezijesnau oN (1)
"pa1sa) sojdwres Jo Joquiny : "4,ON

= - = %001 (@0t 07| 2me)
%0 (1o ST - - - | spure)
op | sAmIsog | paIsay (ON o, | oAmISOq | PaIsSaY LON
159) UOISNIJIPOUNUILI] 159 UOISIJIpOUNUI] soo100dg
10} oanedou ojdureg 10§ 9amisod sojdweg [ewuy

BIQINO )S.A1 Y} JO S[BWIUE IY) WI0IJ PIJII0I BIIS B

‘aAamisod Jo afejuaniag 1%,
‘pa1sa) sajdures jo yaquinN “,ON

Assiut Vet. Med. J. Vol 40 No. 79, October 1998.

%t | 9t %6F [44 94 %9 4! 8TT = i - Sieop
%b1 by %L 87 09 %9 91 L¥l - e * daaus
%8S 6T %09 6 Sl - - = %LS 0z St e
0 0 0 0 0z 0 0 009 } 0 0. §T sjaue)
% aanisod g0, % aamisod | palsal 4ON % oanisod | poIsa) 4ON % aamsod | pa1sa) "yON
s[eurrue _ sastoods feurmuy
aamsod jo 1aquinu [210], uwe) Juipasiq [jpwig uuey Suipaniq 281w predyoeq

s)s0d puw dodys ‘spPured wouay pa3d3fjod sajduwrss WINIAS 10§ J59) UOISNJIpOUMULT YA JO SHNSIY -7 I[qU],

210



Pa10219p sem snula (TN Jo (O) 2dA10105 1, .,
PRIO210p sEM STUTA (N Jo (V) adjowg -,
'PR1S2) S[BUIUR JO IoqUINN 0N

Y%bt 01 %0p ses9 SI %6T | esat ! = = e 5}800
%kl 13! %0F wued 0T %08 ssal ¥l - = = daayg
YobL 4! %8L wanl 6 = = = %0L wel 0l e
%0 0 %0 0 ol %0 0 01 %0 0 01 S[aum)
% aanisod [ejo] % aanyisod PaIs3) ,ON % | dansod | pasay,oN | 9 | 2AnIsod | paisa) 40N
sjeunue sas10ads [eunuy
samsod Jo Iaqunu (o] uLrgy Suipsanq [lewsg uire) uipasiq 281wy plreAyoeg

*s3803 pue daays ‘Op1ed ‘spPwBd woay paydajed sajdwes Bueqoad woly (F ] JO Sures)s JarLLed jo duid4) pue uonwjosy :g qe

(161 28e13ay) (zg:1 0} 7' wioyy BuiBuwi 51931 0198 :(g)
(811:198010aY) 0Z€:1 01 OF: 1 Wy SurBusa s13) oog (1)
(001:1 38e1ay) 0zg: 0 07| woy SwBuws s13) 0158 :(9)
(vT1:1 98ui2ay) Oz£:1 01 Op:| woxy Burdues siz oisg (g)
(0v:1 23839AY)  0g:1 0} 07| woy nBues s12y1 o2 ()
(91z:1 28812ay) Ozg: 03 08:] woy SurBus: s13 019G (g)
(€L1:1 98r1mAy)  Oz€:1 0 Op: | Woy Jurdues s1a) 0sag (7)

01°1 Jo :om.,:..:—u wnias e mF:b 159} 05 Jo _.E_uuﬁ_g:v: cz A _v
'PA1S3) S[BUNUR JO JaqUMN 0N

211

Assiut Vet. Med. J. Vol. 40 No. 79, October 1998.

= = = %001 | (8)zC [44 Wby | (L) L] 6€ %001 | (9) b1 vl 51800

= = = %001 [ (5)8z 8T %0y | (b8 0T %001 | ()91 9] daoyg

- = = %001 | (D6 6 - - - - - - omED
%0 (Do 07 - = = %0 (Do 0§ = = = s[oure)

3 2 2
% aAlsod | ON "% Asod | ON % | Amisod | oN % Anisod oN
159) VIA A- 159} VIA 94+ 1591 VA @a- 1591 VIA A+ 83s5109ds eIy
(yea1q4n0 pray ) uirej Fuipasiq [jeug (yeaiqino puodag) uiiey Juipeaiq aare|

SHEIQINO PAIY) PUB PUOIIS
[BLIIUE JY) Wwioay Pajdaj0d B8 61803 pue dadys*a[eI‘s|PWED Ul STUIA (A 89/ BSIUB I 1O Isuede s20)1) Apoquue Bupzyeanay :p Jqe],







