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Introduction 
 

Peste des petits ruminants (PPR) disease, is 

caused by peste des petits ruminants virus 

(PPRV), this virus belongs to the genus 

Morbillivirus, family Paramyxoviridae 

(Woo et al., 2012). Peste des petits 

ruminants (PPR) is inflicting high losses to 

livestock so it is considered as a disease of 

major economic impact as reported by the 

World Animal Health Organization (OIE) 

particularly in the inter-tropical regions of 

Africa, in the Arabian Peninsula, the Middle  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

East and Asia (ElHag Ali and Taylor 1984; 

Taylor 1984; Shaila et al., 1989; Abu Elzein 

et al., 1990; Lefèvre and Diallo 1990; Nanda 

et al., 1996; Govindarajan et al., 1997; 

Wang et al., 2009). 

 

Continuous outbreaks of PPR occur since 

more than 30 years affecting sheep and 

goats (El Hag Ali 1973; El Hag Ali and 

Taylor 1984; Saeed et al., 2010). It is worth 

mentioning that when the disease was first 
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A B S T R A C T  

 
The present study was conducted to determine the optimal vaccinal dose of PPR 

vaccine in camels. Three groups of camels were vaccinated by three different 

doses of the vaccine; 10
2 

TCID50 of PPR viruses,10
3 

TCID50 of PPR viruses and 

10
5 

TCID50 of PPR viruses respectively. The immune response was evaluated by 

SNT and competitive ELISA for the following 6 successive months post 

vaccination. The group vaccinated with the 10
2 

TCID50 of PPR virus dose 

showed the lowest immune response while the other two groups which were 

vaccinated with 10
3 

TCID50 of PPR virus dose and 10
5
TCID50 of PPR virus 

dose showed mild to moderate immune response. The PPR vaccine was found to 

be safe where there are no clinical symptoms after vaccination. It is concluded 

that the optimal dose to vaccinate camel was 10
3 

TCID50 of PPR viruses to 

protect the camel against infection with PPR virus.  
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noted by El HagAli (El- Amin and Hassan 

1998), it was thought to be rinderpest even 

though it was affecting mainly sheep and 

goats, but a small number of cattle and 

camel were also clinically affected. 

Serological surveys have demonstrated that 

camels are susceptible to the infection 

(Haroun et al., 2002).  

 

Evidence of camels infection by PPRV has 

been recorded in many reports (Haroun et 

al., 2002; Shamaki 2002;  Abraham et al., 

2005; Khan et al., 2008; Chauhan et al., 

2009; Albayrak and Gür 2010; Khalafalla et 

al.,  2010; Kinne et al.,  2010; Balamurugan 

et al., 2012). Clinical manifestation for PPR 

can be seen in per-acute, acute and sub-acute 

forms. However, PPR in sheep and goats is 

generally observed as an acute disease. The 

per-acute form of disease is often seen in 

kids infected at the age of 3 to 4 months and 

older during the time frame where there is 

any pre-existing maternal antibody levels 

wane. This per-acute form of disease has a 

short incubation period (2 days) with a rapid 

development of pyrexia where body 

temperature rising to 40-42
o
C. Profound 

depression, congestion of mucous 

membranes, oculo-nasal discharge, dyspnea 

and profuse watery diarrhea leads to the 

death of infected animals within 4-5 days 

(Diallo, 2003; Munir et al., 2013). 

 

PPR remains mainly the disease of sheep 

and goat with the latest more sensitive. 

However, it has been reported cases in India 

where sheep were more concerned than 

goats (Govindarajan et al., 1997). Cattle and 

pigs are susceptible to infection but do not 

contribute to the epidemiology as they are 

not capable to excrete virus while they 

produce specific antibodies against PPRV 

(Banyard et al., 2010).Case of PPR 

involving camels in Ethiopia was reported 

with the positive detection of PPRV antigens 

and nucleic acid but no virus isolation was 

obtained (Roger et al., 2000; Roger et al., 

2001) In Sudan, during the period August- 

October 2004, an outbreak occurred in a 

camel flock causing death with an average 

mortality rate of 7.4%, It was confirmed as 

PPR with the isolation of the virus 

(Khalafalla et al., 2010; Saeed et al., 2010).  

 

PPR in wild ungulates from variousspecies 

have been reported with death(Banyard et 

al., 2010 ; Kinne et al., 2010) .Infection with 

PPRV followed by the detection of specific 

antibodies and nucleic acids without any 

clinical signs has been also reported in 

Ivory-Coast (Couacy-Hymann et al.,  2005). 

 

The aim of the present work was designed to 

determine the optimal vaccinal dose of PPR 

vaccine in camels. 

 

Materials and Methods 

 

Materials 

 

Attenuated pest des petites ruminant’s 

virus (PPRV) 

 

Attenuated strain of PPR virus (Nigerian 

Strain 75/1) (Diallo et al., 1989) was 

obtained from Rinder Pest Research 

Department, Veterinary Serum and Vaccine 

Research Institute, Abbasia Cairo, and was 

used for serological tests. 

 

PPR Vaccine 

 

A Vero cells adapted PPR vaccine prepared 

from Nigerian 75/1 strain supplied by 

Veterinary Serum and Vaccine Research 

Institute, Abassia, Cairo was used for 

vaccination of experimental camels. 

Titration of the used vaccine was done by 

micro titre plate according to Ferreira (1976) 

using Vero cell. The vaccine had a titer of 5 

log 10 TC ID50 / ml.   
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Polyethylene glycol 6000 

 

It was obtained from Sigma Chemical 

Company, USA. It was used for preparation 

of purified soluble PPR antigen used in 

ELISA. 

 

Cellulose bags (Dialysis bags) 

 

These bags were obtained from Sigma 

Chemical Company, USA. It must be boiled 

in double distilled water for 5 minutes 

before use. It was used for PPR virus 

antigen preparation. 

 

PPR Antigen 

 

The supernatant fluid of infected Vero cell 

culture with PPR virus was collected at full 

cytopathic effect (CPE).The supernatant was 

concentrated using polyethylene glycol 6000 

and cellulose bags. It was used as antigen in 

ELISA. 

 

Anti-equine conjugate 

 

It was used in competitive ELISA. In spite 

the titer of “Sigma” conjugate was 

previously determined; the conjugate should 

be freshly subjected to another titration 

before being used in competitive ELISA 

(Williams 1987). 

 

Equine hyper immune serum against PPR 

virus 

 

It was prepared at Veterinary Serum and 

Vaccine Research Institute, Abbasia, Cairo. 

It was used in competitive ELISA as control 

positive. 

 

Animals 

 

Eleven male camels of local breeds were 

screened using serum neutralizing test 

(SNT) and found to be free from Peste des 

petites ruminants antibodies. The camels 

were kept in clean stable; food and water 

were supplied ad libitum.  

 

Vaccination of experimental camels 

 

The experimental camels were divided 

randomly into four groups. The first group 

contains two camels. The other groups 

contain three camels. 

 

Group-1: was kept unvaccinated as negative 

control. 

Group-2: camels were vaccinated with 10
2 

TCID50 of PPR virus vaccine. 

Group-3: camels were vaccinated with 10
3
 

TCID50 of PPR virus vaccine. 

Group-4: camels were vaccinated with 10
5
 

TCID50 of PPR virus vaccines. 

 

Methods  

 

Evaluation of PPR antibody in sera of 

experimental camels 

 

Serum neutralization test (SNT) 

 

Both screening and quantitative SNT were 

performed by the micro technique as 

described by Ferreira (1976), in flat bottom 

tissue culture micro titer plates containing 

Vero cells. The SNT was applied on camel’s 

sera before and on week intervals after 

vaccination with PPR vaccine for six 

months. The end point neutralizing antibody 

titer was expressed as the reciprocal of the 

final dilution of serum inhibiting the CPE of 

100-200 TCID50 (Singh et al., 1967). 

 

Competitive enzyme linked immuno-

sorbent  assay (cELISA) 

 

Advice on the use and applicability of the 

Competitive enzyme-linked immunosorbent 

assay (cELISA) method is available from 

the OIE Reference Laboratories for PPR. 
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The method described is available as a 

commercial kit. The competitive ELISA 

technique for the detection of antibodies of 

the Peste des petits ruminants (Anderson and 

McKay 1994; Libeau et al., 1995) have been 

developed and used in the field, and are 

commercially available. 

 

Results and Discussion  

 

In this study three types of vaccinal titer 

doses were used to vaccinate the 

experimental camels. These doses were; 10
2
 

TCID50 of PPR virus vaccine this dose is 

the minimal dose can be used in sheep to 

give immune response, 10
3
TCID50 of PPR 

virus vaccine this dose is used in vaccination 

of sheep in the field and the10
5
TCID50 of 

PPR virus vaccine (100X field dose of the 

PPR vaccine) according to OIE (2012) this 

dose is used to evaluate the safety of 

vaccine. These camels were clinically 

observed daily to detect post-vaccinal 

reaction, the vaccine considered safe when 

no abnormal clinical signs are observed in 

the vaccinated camels, in particular those 

which have received the highest dose. 

 

Serum neutralization test (SNT) 
 

The humeral immune responses were 

evaluated by SNT. The obtained results of 

SNT clarified that the camels which were 

vaccinated with the10
2
 TCID50 of PPR 

virus vaccine exhibited immune response 

.this immune response began from 1
st
 week 

post vaccination where the titre was ≤ 2. 

This titer increased gradually and reached 

the peak in 4
th

 week post vaccination where 

the titre was 16. This titer persisted at this 

level up to6
th

month post vaccination as 

presented in table (1) and chart (1). The 

camels vaccinated with 10
3
TCID50 of PPR 

virus vaccine showed immune response 

from the 1
st
 week where the titre was ≤ 2 

then increased regular until reached highest 

level in 2
nd

 month post vaccination where 

the titer was 64 up to 6
th 

month post 

vaccination as presented in table (1) and 

chart (1). The camels which vaccinated with 

10
5 

TCID50 of PPR virus vaccine 

manifested immune response that was 

initiated from 1
st
 week post vaccination 

where the titre was ≤ 4. This titer increased 

gradually and reached to peak on 2
nd

 month 

post vaccination where the titre was 64. This 

titer persisted at this level up to6
th

month 

post vaccination as showed in table (1) and 

chart (1). 

 

cELISA (Competitive enzyme-linked 

immunosorbent assay)  
 

The data of competitive ELISA test was 

Compatible with the results of SNT. The 

competitive ELISA test  showed that the 

humeral immune response was detectable in 

the 1st week post vaccination where; the 

mean optical density of camels vaccinated 

with 10
2
 TCID50 of PPR virus vaccine was 

0.088 in the first week post vaccination(s/p 

ratio percentage was 19% ) . These results 

are considered weak immune response. The 

highest mean optical density of these camels 

was 0.144(s/p ratio percentage was 31.3%) 

where was recorded 2
nd

 month post 

vaccination. These results are considered 

mild immune response as showed in tables 

(2 & 3) and  charts (2&3).the immune 

response of this group persisted up to 6
th

 

month post vaccination, where the optical 

density was 0.130 (s/p ratio percentage was 

28.2%). These results are considered mild 

immune response as showed in tables (2 & 

3) and charts (2&3).    

 

The mean optical density in case of camel 

vaccinated with 10
3
TCID50 of PPR virus 

vaccine was 0.116 (the s/p ratio percentage 

was 25.2%). These results are considered 

mild immune response. While the highest 

optical density was 0.297 (s/p ratio 
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percentage was 64.6%) at4
th

 week post  

vaccination. This results are considered high 

immune response as showed in tables (2 & 

3) and charts (2&3).The immune response 

of these group persisted up to 6
th

 month post 

vaccination, where the optical density was 

0.232 (s/p ratio percentage was 50.4%). 

These results are considered moderate 

immune response as showed in tables (2 & 

3) and charts (2&3).    

 

The mean optical density in case of camel 

vaccinated with 10
5
TCID50 of PPR virus 

vaccine (100X field dose of the PPR vaccine 

in sheep) was 0.102 (s/p ratio percentage 

was 22.2%) in the 1
st
 week post vaccination. 

This result is considered mild immune 

response. While the highest optical density 

was o.266 (s/p ratio percentage 57.8%) in 

the 4
th

 month post vaccination. this result is 

considered moderate immune response as 

showed in tables (2 & 3) and charts (2&3). 

The immune response of this group persisted  

up to 6
th

  month post vaccination, where the 

optical density was 0.261 (s/p ratio 

percentage was 56.7%) These results are 

considered moderate immune response as 

showed in tables (2 & 3) and charts (2 & 3). 

  

PPR disease was first described in Côte 

d’Ivoire (Gargadennec and Lalanne 1942), 

but it occurs in most African countries from 

North Africa to Tanzania, in nearly all 

Middle Eastern countries to Turkey, and is 

also widespread in countries from central 

Asia to South and South-East Asia (Banyard 

et al., 2010).Continuous outbreaks of PPR 

occur since more than 30 years in these 

countries affecting sheep and goats (Saeed et 

al., 2010). It is worth mentioning that when 

the disease was first noted by El Hag Ali (El 

Amin and Hassan 1998) it was thought to be 

rinder pest even though it was affecting 

mainly sheep and goats, but a small number 

of cattle were also clinically affected. 

Serological surveys have demonstrated that 

camels are susceptible to the infection 

(Haroun et al., 2002) and in some instance 

may express a serious illness (respiratory 

distress) and mortality.  

 

Abdelmelik et al., (2010) mentioned that in 

mid-August 2004, an outbreak of a 

previously unknown fatal disease of camels 

was reported to Kassala State Veterinary 

Authorities. Clinically, the disease was 

characterized by sudden death of apparently 

healthy animals and yellowish and later 

bloody diarrhea and abortion. Death was 

always sudden and proceeded with colic and 

difficulty in respiration. Mortality rate 

ranged between 0% and 50%. All age, sex 

and breed groups were affected but more 

than 50% of deaths were reported in adult 

animals in comparison to calves and young 

camels. The serological tests gave positive 

results for peste des petits ruminants’ virus 

(PPRV). 

 

Until recently the Tissue Culture Rinder pest 

Vaccine was used successfully for the 

induction of cross protection against PPR 

owing to the antigenic similarities between 

the two viruses (Diallo et al., 2007).Camels 

are considered susceptible to PPR but this is 

still to be clarified by experimental 

infections. It has been shown that camels 

can seroconvert to the PPRV (Roger et al., 

2001). Recent observations in Sudan suggest 

that camels could be affected by PPR, as 

they can show clinical expression of the 

disease and positive results were detected by 

serological tests, including reverse 

transcription polymerase chain reaction (RT-

PCR), and PPRV was isolated in cell culture 

(Khalafalla et al., 2010; Kwiatek et al., 

2011). 

 

 



 

Int.J.Curr.Res.Aca.Rev.2016; 4(7): 1-12 

 6 

Table.1 Mean PPR serum neutralizing antibody titer in vaccinated camels by PPR vaccine 

 

Mean PPR serum antibody titer /time post vaccination 

Animals 

Group 

0 

DPV 

1
st
 

WPV 

2
nd 

WPV 

3
rd

  

WPV 

4
th

 

WPV 

2
nd

 

MPV 

3
rd

 

MPV 

4th 

MPV 

5
th

 

MPV 

6
th

 

MPV 

( G1 ) 0 0 0 0 0 0 0 0 0 0 

( G2 ) 0 ≤ 2* 4 8 16 16 16 16 16 16 

( G3 ) 0 ≤ 2 8 16 32 64 64 64 64 64 

( G4 ) 0 ≤ 4 8 16 32 64 64 64 64 64 
*Antibodies titer =the reciprocal of serum dilution which neutralize and inhibit the CPE 

Of100-200 TCID50 OF PPR VIRUS. 

G1= control negative 

G2= was vaccinated with 10
2
 TCID50 of PPR virus vaccine 

G3= was vaccinated with 10
3
 TCID50 of PPR virus vaccine 

G4= was vaccinated with 10
5
 TCID50 ofPPR virus vaccine 

D P V = Days Post vaccinationW P V = week post vaccinationM P V= Month Post vaccination  

 

 
*Antibodies titer =the reciprocal of serum dilution which neutralize and inhibit the CPE 

of 100-200 TCID50 OF PPR VIRUS. 

G1= control negative 

G2= was vaccinated with 10
2
 TCID50 of PPR virus vaccine 

G3= was vaccinated with 10
3
 TCID50 of PPR virus vaccine 

G4= was vaccinated with 10
5
 TCID50 of PPR virus vaccine 

D P V = Days Post vaccinationWPV = week post vaccination     M P V = Month Post vaccination    
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Table.2 Mean optical density of competitive ELISA in vaccinated camels by PPR vaccine 

 

time post vaccination 

Animals 

Group 

1
st
 

WPV* 

2
nd

 

WPV 

3
rd

 

WPV 

4
th

 

WPV 

2
nd

 

MPV** 

3
rd

 

MPV 

4th 

MPV 

5
th

 

MPV 

6
th

 

MPV 

( G1 ) 0.029 0.017 0.022 0.015 0.019 0.024 0.017 0.014 0.027 

( G2 ) 0.088 0.082 0.138 0.104 0.144 0.124 0.130 0.134 0.130 

( G3 ) 0.116 0.179 0.202 0.297 0.231 0.225 0.235 0.230 0.232 

( G4 ) 0.102 0.114 0.158 0.234 0.240 0.262 0.266 0.252 0,261 
G1= control negative 

G2= was vaccinated with 10
2
 TCID50 of PPR virus vaccine 

G3= was vaccinated with 10
3
 TCID50 of PPR virus vaccine 

G4= was vaccinated with 10
5
 TCID50 of PPR virus vaccine 

*WPV = week post vaccination  

**M P V = Month Post vaccination  

 

 

 
G1= control negative 

G2= was vaccinated with 10
2
 TCID50 of PPR virus vaccine 

G3= was vaccinated with 10
3
 TCID50 of PPR virus vaccine 

G4= was vaccinated with 10
5
 TCID50 of PPR virus vaccine  

W P V = week Post vaccination     

M P V = month Post vaccination           
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Table.3 Mean PPR –competitive ELISA S/P ratio percentage in vaccinated camels 

 

Time post vaccination 

Animals 

Group 

1
st
 

WPV 

2
nd 

WPV 

3
rd

 

WPV 

4
th

 

WPV 

2
nd

 

MPV 

3
rd

 

MPV 

4th 

MPV 

5
th

 

MPV 

6
th

 

MPV 

( G1 ) 6% 3.7% 4.8% 3.3% 4.1% 5.2% 3.7% 3% 5.9% 

( G2 ) 19% 17.8% 30% 22.6% 31.3% 27% 28.3% 29.1 28.2% 

( G3 ) 25.2% 38.9% 43.9% 64.6% 50.2% 48.9% 51.1% 50% 50.4% 

( G4 ) 22.2% 24.8% 34.5% 50.9% 52.2% 57% 57.8% 54.8% 56.7% 
Competitive ELISA S/P ratio percentage where; less than 20% weak immuneresponse, 20%-40%mild 

immuneresponse, 40%-60% moderate immuneresponse, more than 60% high immuneresponse. 

G1= control negative  

G2= was vaccinated with 10
2
 TCID50 of PPR virus vaccine 

G3= was vaccinated with 10
3
 TCID50 of PPR virus vaccine 

G4= was vaccinated with 10
5
 TCID50 of PPR virus vaccine  

W P V = week Post vaccination     

M P V = Month Post vaccination 
 

 

 
Competitive ELISA S/P ratio percentage where; less than 20% weak immuneresponse, 20%-40%mild 

immuneresponse, 40%-60% moderate immuneresponse, more than 60% high immuneresponse. 
G1= control negative 

G2= was vaccinated with 10
2
 TCID50 of PPR virus vaccine 

G3= was vaccinated with 10
3
 TCID50 of PPR virus vaccine 

G4= was vaccinated with 10
5
 TCID50 of PPR virus vaccine 

W P V = week Post vaccination     

M P V = Month Post vaccination 
 

Through the foregoing we had vaccinated 

the three groups of experimental camel 

(G2& G3 and G4) with three different doses 

of vaccine. The G2 which vaccinated with 
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10
2
 TCID50 of PPR virus vaccine showed 

low immuno response where the titer of 

antibodyby SNT was 16 up to the end 6
th

 

month of vaccination (as shown in table 1 

and chart 1) and these result confirmed by 

competitive ELSA where s/p ratio 

percentage was 28.2% in the end 6
th

 month 

of experiment (mild immuneresponse) (as 

shown in table 3 and chart 3). These result 

may attributed to low titer power of injected 

dose from the vaccine. The other two group 

(G3 and G4) which vaccinated with 

10
3
TCID50 of PPR virus vaccine and 

10
5
TCID50 of PPR virus vaccine showed 

moderate immuno response where the titer 

of antibody by SNT was64 up to the end 6th 

month of vaccination (as shown in table 1 

and chart 1) and these result confirmed by 

competitive ELSA where s/p ratio 

percentage was in range 56 % in the end 6th 

month of experiment (moderate 

immuneresponse) (as shown in table 3 and 

chart 3). These result may attributed to 

higher titer power of injected dose from the 

vaccinethan titerpower of 10
2
 TCID50 of 

PPR virus vaccine. These camels were 

clinically observed daily to detect post-

vaccinal reaction, the vaccine considered 

safe where there is no abnormal clinical 

signs were observed in the vaccinated 

camels, in particular those which have 

received the highest dose.  

 

These results agree with European Food 

Safety Authority(2015) where; stated that 

there are two  trials  in  Morocco  showed 

moderate immunological  responses tested  

by serum neutralization and enzyme-linked  

immunosorbent  assay  (ELISA)in  camels  

vaccinated with Nigeria 75/1strain.   

 

There  is a need  for  more  research  in  this  

domain to  elucidate  the  role  of  camels  in  

the epidemiology of PPR, in particular to 

find out if this species can excrete the virus 

and From the previous information ,we can 

use 10
3
 TCID50 of PPR virus vaccine to 

vaccinate camels before outbreak of PPR 

disease. 
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