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ABSTRACT 

Convincing seroimmunological studies were conducted to explore the 

influence of sheep pox vaccine on the immune response to pneumo-4 

vaccine in vaccinated sheep, when it is administrated before, after and 

simultaneously. The experiment was conducted on eighteen susceptible 

sheep divided into 6 equal groups. Groups 1 and 5 were vaccinated 

with pneumo-4 vaccine and sheep pox vaccine respectively regarded 

as control vaccinated groups. Sheep pox vaccine was administered 

simultaneously with pneumo-4 in Group (2), before and after pneumo-

4 vaccine in groups (3 and 4) respectively. The sixth group being left 

as a non-vaccinated control. The developed antibodies against 

different antigens incorporated in the used vaccines were monitored 

by using both serum neutralization test (SNT) and ELISA. The results 

showed that when sheep pox was administered one-week before 

vaccination with pneumo-4, the highest antibody titres were developed 

followed by these induced by simultaneous vaccination in group (2). 

So, the result explores the immunopotentiating effect of sheep pox 

vaccine on the immune response of sheep to pneumo-4 vaccine 

specially when it is administered one week before the other vaccine. 
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INTRODUCTION 

Bovine respiratory cyncytial (BRSV), parainfluenza-3 (PI-3), 

infectious bovine rhinotracheitis (IBR) and bovine viral diarrhoea (BVD) 

viruses have all been incriminated in the etiology of acute respiratory 

disease of economic importance in live stock (Durham and Hassard, 

1990). They are causing serious losses not only deaths but also weight 

loss and insufficient feed conversion. 

The previous studies proved the wide distribution of respiratory 

viruses in Egypt (El-Dobeigy et al., 1983, Baz et al., 1986 and Attia et 

al., 1999). 

Inactivated vaccine against these viruses was commonly used for 

prophylaxis purposes inducing good results of protection against 

pneumoenteritis syndrome (Knezevic, et al. 1990 and Hussein, et al., 

1996). 

Sheep pox vaccine has proved to be immunopotentiator when used 

with other vaccines (Taha et al., 1991, Abeer, 1996 and Samir et al., 

1999). Also, Abdel Samae, et al., (1994) found that sheep pox vaccine 

played an immunopotentiating role in production of antibodies against 

RVF virus in sheep. Hussein et al. (1996) recorded that sheep pox 

vaccine initiated the immune response of calves when vaccinated by 

triangler-4 vaccine, 21 days after their vaccination with sheep pox vaccine. 

The aim of this work is to study the effect of sheep pox vaccine on 

the immune response of sheep vaccinated with pneumo-4 vaccine 

(including IBR, PI-3, BVD and BRSV) when it is administered before, 

simultaneously and after vaccination with pneumo-4 vaccine. 
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MATERIAL AND METHODS 

1. Vaccines: 

1.1. Pneumo-4 vaccine: 

Local combined inactivated vaccine containing bovine virus 

diarrhoea (BVD), infectious bovine rhinotracheitis (IBR), parainfluenza-

3 (PI-3) and bovine respiratory syncytial virus (BRSV) supplied by 

Rinderpest Like Disease Dept., Veterinary Serum and Vaccine Research 

Institute, Abbasia, Cairo. The used dose was 3ml/animal administered 

twice intramuscularly with two weeks apart. 

1.2. Sheep pox vaccine (SPV): 

Sheep pox vaccine (Kenyan strain) was supplied by Pox Vaccine 

Research Dept., Veterinary Serum and Vaccine Research Institute, 

Abbasia, Cairo. It has a titre of 10
5.5

 TCID50/ml and the used field dose is 

10
3
 TCID50. 

2. Animals: 

Eighteen sheep of about 4-6 months old were used in this study. 

These sheep were tested and proven to be free from antibodies against 

pneumo-4 and sheep pox viruses before vaccination. These animals were 

divided into 6 groups (3 animals/group) as follow: 

Group (1): 

The sheep were vaccinated with combined inactivated vaccine 

(Pneumo-4) only by injection with 3 ml intramuscularly / each, twice, 2 

weeks apart. 

Group (2): 

Vaccinated with both vaccines (Pneumo-4 and sheep pox vaccine) 

simultaneously. 
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Group (3): 

Vaccinated with sheep pox vaccine (1ml) intradermally, one week 

before vaccination with the first dose of pneumo-4 vaccine. 

Group (4): 

The sheep were vaccinated with sheep pox vaccine, one week after 

vaccination with the first dose of pneumo-4 vaccine. 

Group (5): 

The sheep were vaccinated with sheep pox vaccine only. 

Group (6): 

The sheep were kept unvaccinated used as control. 

3. Cell culture: 

3.1. Madin Darby bovine kidney (MDBK) cell line: 

It was used for serum neutralization test of pneumo-4 viruses. 

3.2. Vero cell: 

African green monkey kidney (Vero) cell line was obtained from 

FADDL, Plum Island, USA and prepared according to Ozawa and 

Hazrati (1964). These cells were used in serum neutralization test of 

sheep pox. 

4. Seroconversion: 

4.1. Serum Neutralization Test (SNT): 

It was done according to the OIE Manual (2000) for all serum 

samples collected before and after vaccination and calculated according 

to Reed and Muench (1938). 
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4.2. Indirect ELISA: 

It was performed according to Carn et al. (1994). The test was 

applied on the collected serum samples. 

6. Serum sampling: 

Blood samples were collected from all vaccinated and control 

sheep, then serum samples were collected after centrifugation and kept 

frozen at -20°C till used. 

The serum samples were collected at zero time (pre-vaccination) 

and at 2, 3, 4, 6, 8, 12, 16, 20 and 24 weeks post vaccination. 

RESULTS 

 

Table (1): Mean log10 BVD, IBR, PI-3 and BRSV serum neutralizing antibody 

titres in pneumo-4 vaccinated sheep 

Log10 serum neutralizing antibody titre 

Group (1) Group (2) Group (3) Group (4) Group (6) 

WPV 

B
V

D
 

IB
R

 

P
I-

3
 

B
R

S
V

 

B
V

D
 

IB
R

 

P
I-

3
 

B
R

S
V

 

B
V

D
 

IB
R

 

P
I-

3
 

B
R

S
V

 

B
V

D
 

IB
R

 

P
I-

3
 

B
R

S
V

 

B
V

D
 

IB
R

 

P
I-

3
 

B
R

S
V

 
Pre - - - - - - - - - - - - - - - - - - - - 

2 0.3 0.4 0.6 0.35 0.35 0.3 0.45 0.55 0.72 0.45 1.02 0.78 0.3 0.4 0.6 0.35 - - - - 

3 1.05 1.2 1.35 0.9 1.2 1.4 1.2 1.2 1.5 1.45 1.2 1.26 1.35 1.2 1.2 0.96 - - - - 

4 1.2 1.5 1.5 1.2 1.5 1.55 1.65 1.4 1.7 1.65 1.8 1.5 1.2 1.35 1.5 1.2 - - - - 

6 1.25 1.5 1.8 1.5 1.65 1.65 1.8 1.5 1.8 1.75 2.1 1.95 1.5 1.5 1.65 1.35 - - - - 

8 1.45 1.5 1.65 1.2 1.6 1.7 1.8 1.45 1.8 1.8 1.95 1.8 1.8 1.65 1.4 1.2 - - - - 

12 1.2 1.35 1.5 1.2 1.45 1.5 1.5 1.2 1.65 1.55 1.8 1.5 1.5 1.5 1.35 1.2 - - - - 

16 1.3 1.2 1.35 1.05 1.35 1.2 1.2 1.1 1.5 1.45 1.5 1.4 1.2 1.35 1.2 1.1 - - - - 

20 1.2 1.10 1.15 0.9 1.2 1.05 0.96 0.9 1.35 1.2 1.2 1.2 1.05 1.15 1.05 0.9 - - - - 

24 0.8 0.9 0.9 0.6 0.9 0.75 0.6 0.6 1.2 0.96 1.05 0.78 0.9 0.6 0.75 0.6 - - - - 

Pre. Pre-vaccination 

WPV Weeks Post Vaccination 

Group (1): Sheep vaccinated with pneumo-4 vaccine only 

Group (2): Sheep vaccinated with pneumo-4 and sheep pox vaccine simultaneously 

Group (3): Sheep vaccinated with sheep pox, one week before vaccination with pneumo-4 vaccine 

Group (4): Sheep vaccinated with sheep pox, one week after first dose of pneumo-4 vaccine 

Group (6): Sheep unvaccinated control 
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Table (2): Mean ELISA (S/P ratio) in vaccinated sheep against BVD, IBR, PI-

3 and BRSV viruses (pneumo-4 vaccine) 

S/P ratio 

Group (1) Group (2) Group (3) Group (4) Group (6) 
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Pre. - - - - - - - - - - - - - - - - - - - - 

2 0.6 0.9 1.15 0.5 0.8 0.6 0.96 0.8 1.2 0.95 1.2 1.0 0.55 0.7 0.92 0.6 - - - - 

3 1.6 1.8 1.6 1.2 1.5 1.8 1.4 1.5 1.8 2.1 1.6 1.7 1.7 1.8 1.5 1.4 - - - - 

4 2.0 1.9 2.2 2.1 1.8 1.9 2.0 1.7 2.4 2.2 2.5 2.1 1.85 2.0 2.4 1.8 - - - - 

6 1.86 2.1 2.0 1.8 1.8 2.1 2.1 1.8 2.5 2.3 2.7 2.4 2.1 1.9 1.9 1.8 - - - - 

8 1.9 2.0 1.8 1.5 1.8 2.0 1.9 1.7 2.3 2.1 2.4 2.0 2.0 1.8 1.8 1.5 - - - - 

12 1.8 1.8 1.6 1.5 1.5 1.8 1.8 1.5 2.0 1.9 2.1 1.85 1.8 1.55 1.8 1.4 - - - - 

16 1.5 1.4 1.5 1.2 1.6 1.5 1.5 1.3 1.8 1.7 1.8 1.7 1.5 1.5 1.6 1.25 - - - - 

20 1.45 1.4 1.35 1.3 1.2 1.2 1.2 1.25 1.5 1.5 1.56 1.5 1.4 1.2 1.2 1.1 - - - - 

24 1.2 1.2 1.2 0.95 1.2 1.05 0.96 1.0 1.4 1.2 1.3 1.18 1.2 0.8 0.9 0.88 - - - - 

Pre. Pre-vaccination 

WPV Weeks Post Vaccination 

Group (1): Sheep vaccinated with pneumo-4 vaccine only 

Group (2): Sheep vaccinated with pneumo-4 and sheep pox vaccine simultaneously 

Group (3): Sheep vaccinated with sheep pox, one week before vaccination with pneumo-4 vaccine 

Group (4): Sheep vaccinated with sheep pox, one week after first dose of pneumo-4 vaccine 

Group (6): Sheep unvaccinated control 

Table (3): Serum sheep pox neutralizing index in vaccinated sheep. 

Mean sheep pox neutralizing index Weeks post 

vaccination Group (2) Group (3) Group (4) Group (5) Group (6) 

0 0.15 0.15 0.15 0.15 0.15 

1 0.92 0.84 0.79 0.84 0.15 

2 1.28 1.30 1.23 1.20 0.15 

3 2.01 1.98 1.83 1.80 0.15 

4 2.26 2.20 2.08 2.11 0.15 

6 2.21 2.15 1.80 1.85 0.15 

8 2.09 2.00 1.67 1.67 0.15 

10 1.90 1.86 1.65 1.60 0.15 

12 1.71 1.80 1.55 1.53 0.15 

16 1.53 1.50 1.51 1.50 0.15 

20 1.49 1.50 1.46 1.46 0.15 

24 1.48 1.49 1.46 1.46 0.15 

Neutralizing index (NI) > 1.5 is considered positive 

Group (2): Sheep vaccinated with pneumo-4 and sheep pox vaccine simultaneously 

Group (3): Sheep vaccinated with sheep pox, one week before vaccination with pneumo-4 vaccine 

Group (4): Sheep vaccinated with sheep pox, one week after first dose of pneumo-4 vaccine 

Group (5): Sheep vaccinated with sheep pox only 

Group (6): Sheep unvaccinated control 
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Table (4): Mean ELISA (S/P ratio) in vaccinated sheep against sheep pox virus. 

S/P ratio Weeks post 

vaccination Group (2) Group (3) Group (4) Group (5) Group (6) 

0 0.31 0.25 0.28 0.33 0.26 

1 1.16 1.10 1.03 1.10 0.21 

2 1.25 1.22 1.15 1.19 0.22 

3 1.40 1.38 1.28 1.31 0.24 

4 1.62 1.57 1.53 1.52 0.27 

6 1.58 1.58 1.45 1.47 0.23 

8 1.54 1.45 1.43 1.40 0.21 

10 1.44 1.42 1.35 1.35 0.25 

12 1.35 1.37 1.32 1.30 0.27 

16 1.31 1.31 1.25 1.22 0.24 

20 1.22 1.20 1.16 1.14 0.25 

24 1.14 1.16 1.09 1.04 0.26 

ELISA reading > 1.0 is considered protective 

Group (2): Sheep vaccinated with pneumo-4 and sheep pox vaccine simultaneously 

Group (3): Sheep vaccinated with sheep pox, one week before vaccination with pneumo-4 vaccine 

Group (4): Sheep vaccinated with sheep pox, one week after first dose of pneumo-4 vaccine 

Group (5): Sheep vaccinated with sheep pox only 

Group (6): Sheep unvaccinated control 

DISCUSSION 

Sheep pox and respiratory viruses are major diseases affecting 

livestock and they have an adverse effect on their industry. In Egypt, the 

control of both diseases was conducted by vaccination with specific 

vaccines, which conferred a good degree of immunity against each one. 

Assessment of humoral immune response after vaccination is used for 

evaluation of the protective capacity of vaccines. 

The developed specific antibody against BVD, IBR, PI-3 and BRV 

were detected on the 15
th

 day post vaccination (DPV). The obtained 

antibody titres appear to be higher than the minimal protective titre. This 

agrees with Mihajlovic et al. (1979) and Zuffa and Fedeteova (1980) 

who reported that the minimum accepted serum neutralizing titre was 0.6 
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log10 or 1:4 against PI-3 and IBR, Bittle (1968) reported that the 

protective neutralizing antibody titre of BVD virus is 0.9 log10 or 1:8 and 

Fulton et al. (1995) who mentioned that the serum neutralizing reciprocal 

titre 4 is considered a protective titre in vaccinated animal with modified 

live BRSV vaccine. The obtained titres remained high till 24 weeks (end 

of experiment) post vaccination with pneumo-4 vaccine. Also, the same 

results are obtained by using ELISA where the mean S/P ratio of ELISA 

against IBR, PI-3, BVD RSV viruses in sera of vaccinated sheep were 

protective and still high till the end of the experiment. 

From the previous results, it is noticed that the titres of pneumo-4 

antibodies in the group vaccinated with sheep pox vaccine, one week 

before the first dose of vaccination with pneumo-4 vaccine were higher 

than those in other groups and these results came in agreement with that 

reported by Abdel Samae et al. (1994) who concluded that sheep pox 

vaccine initiate the immune response of sheep when vaccinated by RVF 

vaccine 21 days after its vaccination by sheep pox vaccine. 

On the other hand, sheep pox neutralizing antibodies were affected 

in different groups. It was represented in table (3), that the sheep pox 

neutralizing antibodies have the same levels with slight increase in group 

(2). They began to appear after one week post vaccination (WPV) (0.92, 

0.84, 0.79, 0.94) in groups 2, 3, 4 and 5 respectively, then increased 

gradually till reached the maximum titre on the 4
th

 WPV (2.26, 2.20, 

2.08, 2.11) respectively, then decreased gradually till the 24
th

 WPV but 

still in the protective level (> 1.5) as reported by (Cottral, 1978). 

As shown in table (4), the results of ELISA revealed that SPV 

antibodies were appeared from the 1
st
 WPV as 1.16, 1.10, 1.03, 1.10 in 

groups 2, 3, 4 and 5 respectively and reached their peak during the 4
th

 

WPV (1.62, 1.57, 1.53, 1.31) in the same groups. 
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These results proved that the presence of SPV with pneumo-4 did 

not affect the immune response of sheep against SPV but it was immuno-

potentiating the immune response of sheep against pneumo-4 viruses. 

This agreed with Samir et al. (1999) who proved the same conclusion 

with PPR vaccine. 

Such results indicate that sheep pox virus vaccine acts as an 

immunostimulant agent, in agreement with Amina et al. (2001). 

 From the obtained results, it could be concluded that sheep pox 

vaccine initiates the immune response of sheep when administered one 

week before vaccination with pneumo-4 vaccine (IBR, PI-3, BVD and 

RSV). 
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