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ABSTRACT

Camelpox and rabies are important zoonotic viral diseases with public health hazard in
addition to its great economic lose. Vaccinations with pox lead to nonspecific paramunity in a
wide variety of animals; the present work investigates the effect of mutual vaccination of
camels with rabies and camel pox vaccines on their immune response. Such investigation was
carried out through vaccination of camel groups with single rabies and camel pox vaccines;
administration of camel pox vaccine 2 weeks before vaccination with rabies vaccine in
another camel group while simultaneous vaccination with the 2 vaccines was applied on
another camel group. Cellular and humeral immune responses of such camels were evaluated
using lymphocyte plastogenesis assay (LPA) and serum neutralization test (SNT) respectively.
The obtained results indicated the possibility of camel vaccination with rabies and camel pox
vaccines in singly or simultaneous manner where there was no antagonizing effect between
them on the vaccinated camel’s immune response. However there was clear rise in the levels
of rabies antibodies in case of administration of camel pox before or simultaneously with
rabies vaccine reflecting the immune modulatory effect of camel pox to rabies vaccine.
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INTRODUCTION

Camelpox is an acute contagious Orthopoxvirus (OPV) disease of camelids (Camelus
bactrianus and Camelus dromedarius), the disease was first reported in between 1893 and
1902 from Rajaputana and Punjab parts of India and later from different parts of the world.
It is endemic in camel-rearing countries of Africa and Middle East Asia (Prabhu et al., 2015).
The disease commonly seen in younger camels, between 2 to 3 years of age and outbreak of
disease is allied with poor nutrition and weaning. Camelpox infections have three clinical

forms: (i) severe, (ii) generalized milder and (iii) localized forms. Generalized and localized
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forms of infections mainly observed in immune suppressed camels especially young and older
animals. Camelpox morbidity, mortality and case fatality rates may ranges from 30 to 90%, 1
to 15% and 25% respectively. The recovered camels acquire solid and life-long protective
immunity to reinfection of homologues virus (Prabhu ez al., 2015). Camelpox virus was not
identified and isolated till 1969, the camelpox infection is endemic in the Middle East
countries including Egypt (Prabhu et al.,2015).The camel pox virus causes a proliferative
skin disease that primarily affects younger animals (Richard, 1979; Mahnel and Munz,1987
and Dioli and Stimmelmayer,1992).The vaccination program and improved management
strategies were recorded to diminish the prevalence of Camelpox (Mona et al., 2012). Rabies
is an acute viral encephalomyelitis caused by a virus belonging to the family (Rhabdoviridae)
gens (lyssa) (Hummeler e al. 1968). Rabies is a highly fatal infectious disease affects the
central nervous system and always ends by death. It is usually transmitted by biting of rabid
animal to healthy one. Rabid camels are clinically showing unusual behavior, aggression, pica,
ptyalism and terminal paralysis (Lonati,1995).Rabies virus vaccination is widely accepted
where neutralizing Antibodies are essential for protection(Singh ef al. 2018) but experimental
infection in mice suggested that cell mediated immune responses are required for efficient
viral clearance (Johnson et al., 2010). Vaccination with poxvirus vaccine leads to non-
specific paramunity in a wide variety of animals; Pox virus’s genomes encode multiple
classes of immunomodulatory proteins (Johnston and Mc Fadden, 2003). So the aim of the,
this work was evaluation of improvement of the immune response of camels against rabies by
using Camelpox vaccine as immuno-modulator with camel rabies vaccine.

MATERIAL AND METHODS

1-Vaccines:

1.1-Camel pox vaccine:

Live attenuated camel pox vaccine was supplied by the Department of Pox Vaccines Research
(DPVR); Veterinary Serum and Vaccine Research Institute (VSVRI) and used for vaccination
of experimental camels.

1.2-Rabies vaccine:

Locally prepared inactivated cell culture rabies vaccine prepared according to Edris (1994)
was supplied by the Department of Pet Animal Vaccine Research (DPAVR), (VSVRI),
Abbasia, and Cairo, Egypt.
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2-Viruses:

2.1-Camelpox virus (CPV):

Camelpox virus Saudi Jouf strain with a titter 10> TCIDso /ml was supplied by DPVR and
used in serum neutralization test and for preparation of virus antigen for ELISA.

2.2- Rabies virus:

BHK-21 cell culture adapted Evelyn Rokintniki Abelseth (ERA) strain of rabies virus with a
titter 107 TCIDso /ml (Edris, 1994) was supplied by the same department and used in
serological tests.

3-Cell cultures:

African green monkey kidney (VERO) and baby hamster kidney (BHK21) cell cultures were
used to monitor camel pox and rabies serum neutralizing antibodies respectively using serum
neutralization test (SNT). These cell cultures were supplied by VSVRI and propagated using
minimum essential medium.

4-Camels:

Fourteen camels of 6 to 12 months old, with no history of camel pox were kept at the animal
house till experiment was performed. They were classified into 4 groups, each consisted of 3
camels in addition to two camels were kept as a control.

Group-1 was inoculated with camel pox vaccine.

Group-2 was inoculated with Camelpox and Rabies vaccines at the same time.

Group-3 was inoculated with camel pox vaccine then Rabies after two weeks.

Group-4 was inoculated with rabies vaccine.

Six ml of inactivated rabies vaccine were injected S/C in camels according to Khodier
(1999) and Khodier and Daoud (2008).

The dose of Camelpox vaccine was one ml and was injected S/C in camels according to
(Amira, 2001).

XTT Cell Viability Assay Kit was supplied by (Applichem) and was used in the lymphocyte
blastogenesis assay.

6-Conjugate:
Rabbit Anti-Camel IgG (H+L) Antibody (HRP), abbexa, UK. Used in ELISA.
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7-Samples:

7.1-Serum samples:

Serum samples were collected from camels just before and weekly after vaccination on week
intervals for twenty weeks. Samples were stored at -20°C until examined by serological test.

7.2-Whole blood:

Whole blood samples were collected on heparin (heparin sodium) containing syringe then
directly tested for estimation of the cellular immunity at day 0, 1, 3, 5, 7, 10, 15, 21, 28 and
35 post vaccinations.

8-Evaluation of the cell mediated immune response:

Assay of lymphocyte blastogenesis (XTT) was applied according to Scudiero et al., (1988),
that method adopted and modified by El -Watany et al. (1999).
9-Evaluation of humeral immune response:

9.1-Serum Neutralization Test (SNT):

SNT was applied according to the method described by House et al. (1990) the neutralizing
index (NI) for camel pox was calculated according to Reed and Muench (1938) while rabies
antibody titer was calculated as the reciprocal of the final serum dilution which neutralized
and inhibited the CPE of 100TCIDs of rabies virus according to Singh et al (1976).
9.2-Indirect ELISA:

It was applied on the collected sera from the experimental camels according to Babiuk et al.

(2009) and Bhanuprakash et al. (2010).

RESULTS

Evaluation of the cell mediated immune response of camels:

Assay of lymphocyte blastogenesis (XTT):

The results were illustrated in (Table 1), Fig. (1) disclosed that all vaccinated camels with
different vaccination strategies had variable cellular immune responses depending on the
vaccination strategy used and they reached to the maximum nearly on the 10" - 15" day post

vaccination, then decreased after that.
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Table (1): Cell mediated immune response of camels vaccinated with different vaccines

(recorded as absorbance).

Vac G1 G2 G3 G4
DPV Mean of Absorbance value of lymphocyte proliferation
0 0.175 0.123 0.176 0.097
1 0.313 0.245 0.303 0.089
3 0.398 0.309 0.551 0.099
5 0.680 0.581 0.818 0.149
7 1.428 0.801 1.241 0.465
10 1.861* 1.581* 1.910% 0.608
15 1.408 1.322 1.318 0.981*
21 1.211 1.000 1.041 0.830
28 0.805 0.858 1.128 0.586
35 0.462 0.688 0.883 0.328

Vac = Vaccine.

G1=camel pox vaccine.

DPYV = Day post vaccination.

G2=camel pox vaccine with Rabies vaccine.

G3=camel pox vaccine then Rabies after two weeks. G4=rabies vaccine.

* = Highest results in each group.

N.B.1: Cell mediates immune response in the contact and isolated camels (absorbance) not

exceeded 0.089-0.094 allover the time of study.
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Fig. (1): Cell mediated immune response of camels vaccinated with different vaccines.

Evaluation of humeral immune response:

Serological assays (Serum Neutralization test (SNT) and ELISA):

Serum samples were weekly collected from camels before and after vaccination with different
vaccines on week intervals for 20 weeks, and then were tested; the results were illustrated in

(Tables 2-5), Fig. (2-5).
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Table (2): Comparative S/P of ELISA for Camelpox vaccinated groups in camels.

vac
G1 G2 G3
/444
0 0.37 0.41 0.28
1 0.89 0.97 1.03
2 1.06 0.99 1.21
3 1.35 1.21 1.35
4 1.38 1.35 1.56
5 1.66 1.31 1.81
6 1.65 1.58 1.76
7 1.97 1.71 1.91
8 1.92 1.62 2.36*
9 1.96 1.88* 2.25
10 2.20% 1.66 2.16
12 1.89 1.68 2.05
14 1.85 1.79 2.12
16 1.92 1.51 1.86
18 1.87 1.48 1.95
20 1.76 1.38 1.77

G1=camel pox vaccine.

G2=camel pox vaccine with rabies vaccine.

G3=camel pox vaccine then Rabies after two weeks.

N.B.1: Isolate and contact control Camels persisting negative S/P till (20 weeks post
vaccination).

N.B.2: S/P >1.0 is considered protective Babiuk ez al. (2009).

WPV = Week post vaccination. VAC = Vaccine.

S/P= Sample to positive ratio.

*= highest S/P ratio
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Table (3): Comparative NI of SNT for camelpox vaccinated groups in camels.

VAC
WPV G1 G2 G3
0 0.50 0.25 0.25
1 1.00 1.25 1.25
2 1.25 1.50 1.25
3 1.50 1.50 1.75
4 1.75 1.75 2.00
5 2.00 2.00 2.50
6 2.50 2.50 2.75
7 2.75 2.50 3.00
8 2.75 3.00* 3.25*
9 2.75 3.00 3.00
10 3.00* 2.75 2.75
12 3.00 2.50 2.75
14 3.00 2.50 2.50
16 2.75 2.50 2.25
18 2.50 2.25 2.25
20 2.50 2.25 2.25

G1=camel pox vaccine.

G2=camel pox vaccine then rabies vaccine.

G3=camel pox vaccine then Rabies after two weeks.

N.B.1: Isolate and contact control Camels persist negative NI till (20 weeks post vaccination).
N.B.2: Neutralizing Index (NI) > 1.5 is considered protective (Cottral, 1978).

WPV = Week post vaccination. VAC= Vaccine. NI = Neutralizing index.

*= highest NI.
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Fig. (2): Comparative S/P of camelpox vaccinated groups in camels.
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Fig. (3): Comparative NI of camelpox vaccinated groups in camels.
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Table (4): Mean rabies serum neutralizing antibody titers in vaccinated camels.

Mean rabies serum neutralizing antibody titer

Animal Tested vaccine
WPV
Group Formulae
1 2 3 4 8 12 16 20
1 Rabies 2 8 16 | 32 | 64 64 64 64
Camelpox and rabies
2 4 8 16 | 32 | 64 | 128 | 128 128
simultaneously
3 Camelpox then rabies 4 8 16 | 64 | 128 | 128 | 128 128

WPV= week post vaccination.

Table (5): Mean rabies ELISA antibody titers in vaccinated camels.

Mean rabies ELISA antibody titer

Animal Tested vaccine
WPV
Group Formulae
1 2 3 4 8 12 16 20
1 Rabies 05 07 (11 |16 21 | 21 | 21 2.1
Camelpox and rabies
2 0.7 1 1.5 2. | 24 | 25| 25 2.5
simultaneously
3 Camelpox then rabies | 0.7 | 1.5 | 1.7 |24 | 25 | 2.6 | 2.6 2.6

DISCUSSION

The results in (Table 1) show that, the groups 1, 2 and 3 reach the peak on the day 10" post
vaccination and the group 4 reach the peak on the day 15" post vaccination agree with
Johnson et al. (2010) who mentioned that Some studies suggest the virus can suppress
cell-mediated immunity early during the infection although there is little mechanistic
evidence to support this beyond suppression of intracellular interferon production by the viral

phosphoprotein.
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The obtained results from ELISA test in (Table 2) proved that, the Ab titers in vaccinated
animals were detectable from the 1% week post vaccination and reach the peak was on week 8
for GP 3 and it was 2.36, on week 9 for GP 2 and it was 1.88 and on week 10 for GP 1 and it
was 2.20; and the obtained results in (Table 3) releaved that pox neutralizing Ab indices in all
vaccinated animals were not affected by the presence of rabies vaccine showing the same
level of antibodies titers detected from the 2" week post vaccination and increased gradually ,
its peak was on week 8 for GP 2 and it was 3.00 and GP3 and it was 3.25 and on week 10 for
GP 1 and it was 3.00 and come to confirm the results of ELISA and agree with those of
Carn, (1995) and Morgado et al. (2002).

In all groups antibodies against rabies began to appear in all vaccinated animals from 1*WPV
(week post vaccination) and reached the peak titer by the 4% to 5" WPV.

It was noticed that, the Antibodies titers in simultaneously vaccinated group with pox and
rabies were highest followed by the group of a vaccinated with pox 2 weeks before rabies
vaccination. These result agree with those recorded by Sambyal and Singh (1980) and
Mayer (1981) who mentioned that pox virus induce para immunity by activation of
phagocytosis stimulating the lymphocytes in vitro and in vivo also the present finding agree
with those obtained by (Abdelsamea et al, 1994, Hussein ef al. (1996) and Samir
et al.,1999) who used sheep pox vaccine with other viral disease vaccines and obtained
similar results indicating that pox vaccine enhanced the immune response of vaccinated
animals to other vaccines , Also agree with Naglaa et al. (2008), who concluded that sheep
pox vaccine initiated the immune response of sheep and goat to rabies vaccine.

The obtained results indicated the possibility of camel vaccination with rabies and camel pox
vaccines in singly or simultaneous manner where there was no antagonizing effect between
them on the vaccinated camel’s immune response. However there was clear rise in the levels
of rabies antibodies in case of administration of camel pox before or simultaneously with
rabies vaccine reflecting the immune modulatory effect of camel pox to rabies vaccine.
In conclusion, the present work results showed that, the combination of Camelpox vaccine
with camel rabies vaccine is advisable and preferable. However, filed and further studies are

required to confirm our results.

- pptactmed Fuae 76 o £ 575 — 566 /2078/ 585




Amany M. ELZieny 4 Christine A. Mikhael

REFERENCES

Abdel Samea; Khairar, Elian and Gihan Kamal, M. (1994): The effect of RVF and sheep pox
vaccines on the immune response of sheep. J. Egypt. Vet. Med. Ass., 54 (2):129 -136.

Amira, Abd El - Naby El-Sayed (2001): Trial for production of camel pox vaccine and evaluation of
the product. PhD Thesis, Fac. of Vet. Med. Alex. University, Egypt.

Babiuk, S.; Wallace, D.B.; Smith, S.J.; Bowden, T.R.; Dalman, B.; Parkyn, G.; Copps, J. and
Boyle, D.B. (2009): Detection on antibodies against Capripox viruses using an inactivated
sheeppox virus ELISA. Trans bound. Emerg. Dis. 56:132 -141.

Bhanuprakash V, Prabhu M, Venkatesan G, Balamurugan V,Hosamani M, Pathak KML, Singh
RK (2010): Camelpox: epidemiology, diagnosis and control measures. Exp. Rev.Anti-Infect.
Ther. 8 (10): 1187 - 1201.

Carn, V.M. (1995): Rinderpest and lumpy skin disease. Cattle Pract, 3: 9-12.

Cottral, G.E. (1978): Pox viruses. In manual of Standardized Methods for veterinary Microbiology,
Ed G.E. Cottral. Cornell University Press (Ithaca and London), PP. 273-91.

Dioli, M. and L. Stimmelmayer, H.J. (1992): Camelpox. In The On humped Camel in Eastern
Africa. H.J. Schwartz and M. Dioli, (Eds), VerlagJosef Margraf Scientific Books.

Edris (1994): Poduction of inactivated T.C.rabies Vaccine. Ph.D. Thesis, Fac. Vet. Med., Virology,
Cairo Univ.

El Watany, H.; Shawky, M.M.; Roshdy, O.M. and El-Kelany, S. (1999): Relationship between
cellular and humoral immunity responses in animals vaccinated with FMD vaccine. Zag. Vet.
J., LSSN; 27 (1): 1110-1458.

House, C.; Mikiciuk, P.E. and Berniger, M.L. (1990): Laboratory diagnosis of AHS: Comparison of
serological techniques and evaluation of storage methods of samples for virus isolation. J. Vet.
Diag. invests, 2 (1): 44 - 50.

Hummeler,K.,T.,Tomassini,N.,Sokol, F., Kuwex-T.F. and Koprowski, S.(1968):Morphology of
nucleoprotein component of rabies virus F.J.Virology, 2:11911-1199.

Hussein, M.; Abdel Samae, M.M.; Sabbagh, M. and Samira Said (1996): The effect of sheep pox
and combined inactivated respiratory disease vaccine on the immune response of calves. Beni-
Suef Vet. Med. Res., VI (1): 47-55.

Johnson N., Cunningham A.F. and Fooks AR. (2010): The immune response to rabies virus
infection and vaccination. Vaccine. 21; 28 (23):3896-901. Doi: 10.1016/j.vaccine.2010.03.039.

Johnston,J.B.and Mc Fadden,G.(2003): poxvirus immunomodulatory strategies:current perspectives.

Journal of Virology (77 (11):6093 - 6100.

586 | pipptactmed' s Hssae 76 wo # 575~ 568 /2078/




IMMUNOLOGICAL RESPONSE 0F CAMEL VACCINATED

Khoier, M.H. (1999): Studies on vaccination of farm animals’ cattle, horse, sheep in addition to dogs
and cats with inactivated tissue culture rabies vaccine.
Beni-Suef Vet.Med.J.9 (3A):111-120.
Khodier, M.H.and Daoud,A.M. (2008): Preparation of antirabieshyperimmune serum for emergency
immunization of farm animals. 4™ Int. Conf. Vet. Res. Div., National Research Center, Cairo,
Egypt: 1-9.
Lontai, 1. (1995): A probable outbreak of rabies in a group of camels in Niger. Vet. Microbiol, 46
(1-3):281-283.
Mahnel, H. and Munz, E. (1987): Zurderzeitigen epizootologischen Lagebei den Tierpocken.
Tierurztl. Umschau, 1: 5-14.
Mayer, A. (1981): Induction of para - immunity in biological product of viral disease .Edited by P.A
Bachmann, Taylor Francis, London, pp. 201-207.
Mona A. Mahmoud, Tarek. R. Abo-Elnag, Wafaa A. Osman, Ayatollah 1. Bassiouny and Azza S.
Goda (2012): Epidemiology and Characterization of Camel Poxvirus in Northwest Costal
Area of Egypt. Global Veterinaria 9 (6): 738-744
Morgado, J.C.; Gaudenci, A.; Barbosa, M.; Bordin, ELdin, EL. And P omin, C. (2002):
Comparison of immune response of FMD vaccine and ministered separately or simultaneously
with other cattle vaccine. Meeting of FMD control strategies, Lyon France, pp.143.
Naglaa. 1. Aly., Zeinab T.S. Salama; Mervat M. Ali and Manal Awad (2008): Studies on
vaccination of sheep and goat against rabies and sheep pox. Proc. 4™ Inter Conf. Vet. Res.
Div., NRC, Cairo, Egypt, pp.: 11-21.
Prabhu M, Yogisharadhya R, Pavulraj S, Suresh C, Sathish G, Singh RK. (2015): Camelpox and
buffalopox: Two emerging and re-emerging orthopox viral diseases of India. Adv. Anim. Vet.
Sci. 3 (10): 527-541.
Reed and Meunch (1938): a simple method of estimating fifty percent points Am.J.Hyg.27:493 - 497.
Richard, D., (1979): Study of pathology of the dromedary in BoranaAwaraja (Ethiopia). Diss. Med.
Vet, Universitit Creteil.
Sambyal and Singh (1980): A short notes on sheep pox virus soluble Ags studies by immune
diffusion. Zentralblatt Fur Veterinar Medizin, 27B (4): 340 -343.
Samir S.S; Wafaa, A. Zaghloul; Soad, M. Soliman; Nahed A. Kamel and Mouaz, M.A. (1999):
Trials for vaccination of small ruminants using combined PPR and sp vaccines Alex. J. Vet.

Med., 15 (4): 721-731.

- pptactmed Fuae 76 o £ 575 — 566 /2078/ 587




Amany M. ELZieny 4 Christine A. Mikhael

Scudiero, D.A.; Shoemaker, R.H.; Paull, K. D.; Monks, A.; Tierney, S.; Nofziger, T.H.; Currens,
M.J.; Seniff, D. and Boyd, M.R. (1988): Evaluation of a Soluble Tetrazolium/Formazan
Assay for Cell Growth and Drug Sensitivity in Culture Using Human and Other Tumor Cell
Lines. Cancer Res.,; 48:4827 - 4833.

Singh D., Jayashankar B., Mishra K. P. and Lilly Ganju (2018): Adjuvant activity of ethanol
extract of thamnoides leaves wiyh inactivated rabies virus antigen. Pharmaceutical Biology 56
(1):25-31. DOI: 10.1080

Singh, K.V.; Osman, O.A.; Thanaa, I. Baz and Ivon, EL-Cicy (1976): Colostral transfer of
rinderpest neutralizing antibodies to offspring of vaccinated dams. Can .G. Comp.Med.Vet.Sci,

31:295-298.

588 | pipptactmed' s ssae 76 wo # 575 — 568/2078/




