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Clostridium perfringens, Pasteurella multocida and rabbit hemorrhagic disease virus (RHDV) cause 
severe losses among rabbit populations. The efficacy of recently developed combined inactivated 
aluminium hydroxide gel and montanide oil vaccines against Enterotoxaemia, Pasteurellosis and RHDV 
were investigated. Doses exceeding 210 Hemagglutination Unit (HAU) of viral antigen, 3.25 x 1010 
Colony Forming Unit/ml (CFU/ml) of P. multocida antigens and 60 Minimum Lethal Dose (MLD) of C. 
perfringens alpha toxoid were sufficient to protect rabbits against Pasteurellosis, Enterotoxaemia and 
Rabbit hemorrhagic disease. Rabbits vaccinated with combined gel or oil vaccines showed high 
antibody titers against 3 organisms that continued till 6 months post vaccination (MPV). The C. 
perfringens antibody levels against combined gel and oil vaccines using toxin neutralization test (TNT) 
reached to 4 and 6.5IU/ml at 1st month post boostering and 2nd month post boostering, respectively. The 
antibody levels against P. multocida A and D antigens of combined gel and oil vaccines using indirect 
hemagglutination (IHA) reached to (1877, 1712) and (2090, 2059) at 6th week post vaccination and 8th 
week post vaccination, respectively. The antibody levels using hemagglutination inhibition (HI) against 
RHDV in rabbits at 6th week post vaccination and 10th week post vaccination reached to maximum levels 
of combined gel and oil vaccines (12) respectively. The target of preparation of combined inactivated 
aluminium hydroxide gel and montanide oil vaccines against Pasteurellosis, Enterotoxaemia and Rabbit 
hemorrhagic disease appears to be safe and enhancing the immune response of the vaccinated rabbits, 
in addition to combined speed and longevity of the immune response. Immune protection against C. 
perfringens, P. multocida and RHDV can be achieved with one manipulation to decrease the stress on 
animals and efforts. 
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INTRODUCTION 

Clostridium perfringens type A has a great 
impact in rabbit farms due to great losses and 
high mortalities specially among weaned rabbits. 
It causes severe diarrhea, bloat and 
enterotoxaemia. Enterotoxaemia in rabbits is 

considered one of the most economically 
important and financially crippling enteric 
diseases, causes the more commonly recognized 
fulminant infection which can result in outbreaks 
with mortality rates up to 50% (McDevitt et al., 
2006). Toxoid vaccines are widely available 
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commercially and have been used extensively 
over the past decades for use in domesticated 
animals.  

Pasteurella multocida is considered one of the 
most important bacterial pathogens of domestic 
rabbits. Pasteurellosis caused by P. multocida 
was regarded as one of the most important and 
significant bacterial diseases of rabbits and 
causes considerable economic losses in large 
production units allover the world (Takashima et 
al., 2001). In attempts to protect rabbits from 
infection with P. multocida, a variety of vaccines 
have been examined, including those composed 
of inactivated whole bacteria (Al-Lebban et al., 
1989). 

Rabbit hemorrhagic diseases virus (RHDV) is 
regarded as one of the most common and 
important contagious and fatal diseases affecting 
rabbits. There are many kinds of inactivated 
vaccines for Rabbit hemorrhagic disease virus 
have been developed including those that formalin 
handled and oil-adjuvanted. Daoud et al., (1998 
a,b) prepared an inactivated RHDV vaccine from 
the local isolate of RHDV (Egypt 96) by 0.4% 
formalin at 37°C/48 hours adjuvant with aluminium 
hydroxide gel. Vaccines and other alternative 
products are central to the future success of 
animal agriculture because they can help 
minimizing the need for antibiotics by preventing 
and controlling infectious diseases in animal 
populations (El-Maghraby et al., 2019). Polyvalent 
vaccine strategies increase reactivity for many 
pathogens.  

So, the main objective of this study is to 
prepare and evaluate combined vaccine 
containing Clostridium perfringens type A, P. 
multocida and Rabbit hemorrhagic disease virus 
either adjuvanted with aluminium hydroxide gel or 
montanide oil, where combined vaccines have the 
advantage of protecting against more than one 
disease at the same time, besides enhancing the 
immune response of the vaccinated rabbits, 
reducing vaccination expenses, decreasing the 
stress of vaccination for different vaccines. 
 
MATERIALS AND METHODS 

Bacteria and virus  strains:  
1- Clostridium perfringens type A strain: A locally 
isolated vaccinal Clostridium perfringens type A 
strain was obtained from Anaerobic Vaccines 
Research Departement, (VSVRI), Abbasia, Cairo, 
Egypt. 
2- A locally isolated vaccinal P. multocida strains 
(serotypes 5A, 9A, 8A and 2D) were obtained 

kindly from Aerobic Bacterial Vaccines Research 
Department, Veterinary Serum and Vaccine 
Research Institute (VSVRI), Abbasia, Cairo, 
Egypt, were used for preparation of P. multocida 
vaccines, serological tests and challenge of the 
tested rabbits. 
3- Rabbit hemorrhagic disease virus (RHDV): A 
local Egyptian strain of RHDV designated as Giza/ 
2006 (Salman, 2008) with a titer of 104.65 LD50/ml 
and of hemagglutination (HA) titer equal to 214 
HAU was used for vaccine preparation, challenge 
of vaccinated rabbits and in hemagglutination 
inhibition (HI) test and was obtained from 
Newcastle Vaccines Research Departement, 
VSVRI, Abbasia, Cairo, Egypt. 

Laboratory animals  

Experimental rabbits:  
A total number of three hundred, 4 weeks old, 
industrial hybrid Bosket rabbits their weights 
ranging from 2-2.5 kg were housed in disinfected 
metal cages in a well ventillated and disinfected 
room receiving commercial pellet ration and clean 
water ad-libitum in (VSVRI), Abbasia, Cairo. 
These rabbits were ascertained first to be free 
from C. perfringens type A, P. multocida and 
RHDV. They were used for preparation and 
evaluation of the prepared vaccines. Another 25 
boskat rabbits from the same source were used in 
safety test of the prepared vaccines. Eight native 
rabbits, their body weight ranged between 1-1.5 
Kg were used for the passage of local isolates of 
P. multocida types A and D. 

Mice:  
A total number of 200 Swiss white mice of about 
18-20 gm body weights were obtained from the 
Laboratory Animals Department, VSVRI, Abbasia, 
Cairo, were used for determination of safety tests 
and evaluation of potency of C. perfringens type A 
and P. multocida  prepared vaccines. 

Adjuvants:  

1-Rehydragel LV (CHEM TRADE) Aluminium 
hydroxide gel: 
Low viscosity gel. Stock No. 203120070602. It 
was suplied by Chem Trade- Berkeley Heighits, 
New Jersey, and used according to manfacture 
instructions.  

2-Montanide  
ISA-70-VG.Montanide ISA 70 VG is a mineral 

oil based adjuvant which has been developed for 
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the manufacture of water in-oil (W/O) emulsion 
provided by France Seppic Company, France. It 
was used according to manufacture instructions. 

Standard C. perfringens type A antitoxin:  
C. perfringens type A antitoxin was obtained 

from National Institute for a Biological Standard 
Control, United Kingdom. It contains 270 IU/ml 
alpha antitoxic.  

Toxin: Dried alpha toxin of C. perfringens type A 
was prepared according to Dixon and Webb 1979. 

Positive and negative control serum of RHDV: 
It was supplied in Rabbit hemorrhagic disease 

viral antibody (RHDV-Ab) used in HI test. It was 
supplied by Newcastle Vaccines Research 
Departement, (VSVRI), Abbasia, Egypt. 

Erythrocyte suspension:  
Erythrocytes human type "O" were collected 

from a healthy volunteer using 3.8% sodium 
citrate solution as anticoagulant. The packed 
erythrocytes were suspended in sterile saline in a 
concentration of 0.75% for micro-technique of  HA 
and HI tests. 

Vaccines preparation: 

Monovalent Rabbit enterotoxemia bloat 
vaccine:  

The vaccine was prepared from the highly 
toxigenic isolates of C. perfringens type A 
according to methods of Gadalla et al., (1974) and 
Ahmed (1975) and inactivated by formalin in 0.5% 
concentration (Gadalla et al., 1969). 1ml of 
vaccine (equal to one vaccinal dose was adjusted 
to contain 60 MLD of C. Perfringens alpha toxoid. 
This inactivated culture and toxoid was divided 
into four parts. The first one used for preparation 
of monovalent C. perfringens type A montanide 
adjuvanted vaccine using montanide oil ISA-70-
VG in a ratio of 70 adjuvant: 30 antigen (Barnett et 
al., 1996). The second part used for preparation of 
monovalent C. perfringens type A aluminium 
hydroxide gel adjuvanted vaccine using aluminium 
hydroxide gel added as concentration of 20% 
according to El-Sehamy et al., (2004). Finally, the 
thiomersal was added at a final concentration of 
0.01%. The third and forth parts were used in 
preparation of combined vaccines emulsions. 
Monovalent P. multocida Vaccine preperation 
according to Mukkur et al., 1982 and Borkowska 
et al., 1995): Each serotype of P. multocida (5A, 
9A, 8A and 2D) was isolated from heart blood of 

inoculated rabbits then propagated separately in 
tryptose phosphate broth at 37°C aerobically for 
24 hrs to obtain a dense culture containing 
approximately 3.25x 1010 CFU/ml of each strain. 
The culture was inactivated by addition of 0.5% 
formalin and incubated at 37°C for 24 hours. The 
inactivated culture was then cultured for the 
detection of viable pasteurella by streaked onto 
nutrient agar medium, then incubated at 37° C for 
24 hrs. Equal amounts of culture of each strain 
were mixed together in an emulsion. This 
inactivated culture was divided into four parts. The 
first one used for preparation of monovalent P. 
multocida montanide adjuvanted vaccine using 
montanide oil ISA-70-VG in a ratio of 70 adjuvant: 
30 antigen according to manufacture instructions. 
The second part used for preparation of 
monovalent P. multocida aluminium hydroxide gel 
adjuvanted vaccine using aluminium hydroxide gel 
added as concentration of 20%. Finally, the 
thiomersal was added at a final concentration of 
0.01%. The third and forth parts were used in 
preparation of combined vaccines emulsions.  

Preperation of Monovalent inactivated RHDV 
vaccines according to OIE (2014):  

The viral inactivated suspension was assayed 
by HA test and it was found that RHDV titer was 
210 HAU after inavtivation as it was recorded by 
Kim et al., (1989). Also OIE (2014) recommended 
that HA titer of RHDV should be higher than 27 

after inactivation for vaccine preperation and 
inactivated by formaline in 0.4% concentration at 
at 37°C for 48 hours, during inactivation, the fluid 
was continously agitated. The equal amounts of 
culture were mixed and preserved in 0.01% of 
thiomersal and stored at 4°C until preperation of 
vaccine emulsion. This inactivated culture was 
divided into four parts as make in  P. multocida 
and C. perfringens type A previously. 

Preparation of inactivated combined C. 
perfringens type A, P. multocida and RHDV 
vaccine 

Preparation of inactivated combined C. 
perfringens type A, P. multocida and RHDV 
vaccinewith aluminum hydroxide gel according to 
El-Sehamy et al., (2004). Equal parts (V/V) of the 
inactivated broth of C. perfringens type A, P. 
multocida (serotypes 5A, 9A, 8A and 2D), and 
RHDV were mixed using a magnetic stirrer. A 
forementioned suspension was adjusted its 
concentration to contain 60 MLD of C. perfringens 
alpha toxoid per dose of C. perfringens type A 
according to Gadalla et al., (1974)  and 3.25 x 
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1010 CFU/ml of each strain of P. multocida 
according to Mukkur et al., (1982) and with a titer 
of 104.65 LD50/ml and 214 HAU/ml for RHDV. Equal 
amounts of aforementioned inactivated culture 
was divided into two parts. The first one was 
adjuvanted with montanide oil ISA-70-VG (in a 
ratio of 70 adjuvant: 30 antigen), the second one 
was adjuvanted with aluminium hydroxide gel 
added as concentration of 20%. Finally, the 
thiomersal was added at a final concentration of 
0.01%. 

Quality Control of the Prepared Vaccines:  
The prepared monovalent and combined oil 

emulsion and gel vaccines were tested for sterility, 
safety, complete time of inactivation and potency 
test according to the Standard International 
Protocols as described by the OIE, (2017).                                                                                                                                                                                                                                     

Sterility test:  
It was carried out according to British Veterinary 
Codex, (2007). The prepared vaccines candidate 
were tested for sterility (freedom from any 
bacterial, fungul, Mycoplasma contaminants) by 
culturing on thioglycolate broth, MacConkey and 
nutrient agar, incubated at 37ᵒC for 72 hrs., and 
inoculation of 1 ml of the prepared vaccines on 
sabaroud agar and incubated at 25ᵒC for 15 days. 
This procedure was carried out before and after 
emulsification of the prepared vaccines. 

Safety Test:  
The prepared vaccines candidate were tested 

for safety by s/c inoculation of 5 seronegative 
rabbits with double times the recommended 
vaccinal dose for each prepared vaccine. The 
rabbits were observed for 3 weeks post 
inoculation for any possible local or systemic 
adverse reaction of each vaccine.  

Experimental desigen:  
Two hundred, 4 weeks old industrial hybrid 

Bosket rabbits were divided into 10 groups (30 
rabbits for each). All rabbits were injected s/c with 
2 doses of 1ml of the prepared vaccines 3 
weekesapart (Diab et al., 2003) except the control 
+ve and -ve groups were left unvaccinated.  
Group 1: vaccinated with monovalent aluminium 
hydroxide gel C. perfringens type A vaccine. 
Group 2: vaccinated with monovalent montanide 
oil C. perfringens type A vaccine 
Group 3: vaccinated with monovalent aluminium 
hydroxide gel P. multocida vaccine 
Group 4: vaccinated with monovalent montanide 
oil P. multocidavaccine. 

Group 5: vaccinated with monovalent aluminium 
hydroxide gel RHDV vaccine. 
Group 6: vaccinated with monovalent montanide 
oil RHDV vaccine. 
Group 7: vaccinated with combined aluminium 
hydroxide gel vaccine. 
Group 8: injected with combined montanide oil 
vaccine. 
Group 9: kept as non-vaccinated challenged 
(control +ve) group. 
Group 10: kept as non-vaccinated non challenged 
(control -ve) group 
Blood samples were collected from the ear vein 3 
weeks after 1st dose of vaccination for all vaccines 
and weekly after 2nd dose of vaccination for P. 
multocida and RHDV vaccines and monthly for C. 
perfringens vaccines.The collected blood samples 
were allowed to coagulate and centrifuged (2500 
rpm for 10 minutes) in order to separate the 
serum. Sera of individual rabbits were subjected 
for inactivation process by heating in a water bath 
at 56°C for 15 minutes then kept in sterile screw 
capped vials at -20°C till examined serologically to 
detect the specific antibodies. 

Evaluation of the potency of the vaccines 

Toxin Neutralization Test for C. perfringens 
type A:  

Determination of test dose of alpha toxin of C. 
perfringens type A, then determination of the 
potency of unknown sera as described by Gadalla 
et al., (1971). 

ELISA for C. perfringens type A:  
 It was carried out according to Mattar et al., 

(2002) and Bruce et al., (1984). 

Indirect Hemagglutination Test (IHA) for P. 
multocida:  

This test was conducted to determine the 
antibody titer against P. multocida as mentioned 
by Carter (1955) and Sawada et al., (1982). 
 
Passive mouse protection test (Tabatabaei et 
al., 2007). 

Challenge test for P. multocida: 
 After the 3rd week post boostering, randomly 
chosen 10 rabbits from each group either 
vaccinated (from 3rd to 8th) groups or unvaccinated 
(9th) group were transported to experimental 
isolators where they were challenged by s/c 
inoculation with 0.1 ml of the virulent P. multocida 
cell suspension containing 100 LD50  of  virulent P. 
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multocida serotypes A and D for 15 days post-
boostering. Observation period was 15 days post-
challenge and mortality was recorded according to 
OIE (2012).   
 
Hemagglutination (HA) test for RHDV: 
A two fold dilution of the RHDV was incubated 
with an equal volume of washed human RBCs 
type "O" (0.75% concentration) in a sealed V 
shaped-bottom micro-titer plate at 4°C according 
to Capucci et al., (1996) to determine the HAU 
used in HI test. 
 
Hemagglutination inhibition test (HI) for RHDV: 
It was carried out according to Pu et al., (1985) 
and Peshevet al., (1989), using 8 HAU of RHDV 
and human RBCs type "O" to estimate specific 
RHDV antibodies in rabbit sera. The antibody titer 
was the end-point dilution showing inhibition of 
HA. 

Challenge test for RHDV according to OIE, 
(2014):  
After the 3rd week post boostering randomly 10 
rabbits chosen from each group either vaccinated 
(from 5th to 8th) or unvaccinated (9th) were 
transported to experimental isolators where they 
were challenged by I/M inoculation of 1ml of 
virulent suspension RHDV (104.65 LD50/ml- 214 
HAU) containing at least 100 LD50 or presenting a 
HA titer higher than 28. The challenged rabbits 
were kept under daily observation for 2 weeks 
post challenge. 

Ethics Statement:  
Care of laboratory and experimental animals 

were conducted in accordance with animal ethics 
guidelines and approved protocols of reference 
laboratory for veterinary quality control on poultry 
production (NLQO). It was reviewed and 
supervised by the Ethical Committee of Veterinary 
Serum and Vaccine Research Institute (VSVRI). 
 
RESULTSAND DISCUSSION 

Regarding to quality control of the prepared 
vaccine, the results of safety test revealed that all 
the inoculated rabbits with different vaccine 
formulas were survived allover the observation 
period and neither signs of local reactions as 
abscess formation, irritation nor systemic reaction, 
that indicated that all prepared vaccine formulas 
were safe. The obtained results of sterility tests 
revealed that all the prepared vaccines candidates 
(either monovalent or combined) were sterile and 
free from any aerobic, anaerobic, fungus and 

mycoplasmal contaminants. 
Enterotoxaemia in rabbits is considered one 

of the most economically important and financially 
crippling enteric diseases, causes the more 
commonly recognized fulminant infection which 
can result in outbreaks with mortality rates of up to 
50% (McDevitt et al., 2006). The protective effect 
of the prepared C. perfringens type A vaccine in 
rabbits was detected in Tables (1, 2) revealed that 
the mean C. perfringens type A alpha antitoxin 
titers as measured by SNT in rabbits vaccinated 
with aluminium hydroxide gel adjuvanted 
monovalent C. perfringens type A and combined 
vaccines were (2, 3 IU/ml, respectively) at 2 
weeks post 1st vaccination, and were (3, 3.5 IU/ml, 
respectively) at 2 weeks post boostering, and 
reached the maximum titers (3.5, 4 IU/ml 
respectively) at 1st month post boostering . The 
titers decreased slightly from the 2nd month till 6th 
month post boostering. These results agree with 
El-Sehamy et al., (2004). However, the antibody 
titer of all groups were more than the minimum 
protective level of C. perfringens type A alpha 
antitoxin allover the period of the experiment for 6 
months, where the minimum protective level of C. 
perfringens type A alpha antitoxin is (0.1 IU/ml) as 
stated by (Tytell et al., 1947 and Diabet al., 2003). 
While the Mean C. perfringens type A alpha 
antitoxin titers in the sera of rabbits vaccinated 
with montanide oil adjuvanted monovalent C. 
perfringens type A and combined vaccines were 
(3.5, 4.5 IU/ml respectively) at 2 weeks post 1st 
vaccination and were (4.5, 5.5 IU/ml respectively) 
at 2 weeks post boostering, and reached the 
maximum titers (5.5, 6.5 IU/ml respectively) at 2nd 
month post boostering. The titers were still stable 
at the 3rd month and declined gradually till the 6th 
month post boostering.  

On the other hand, Tables (3,4) showed the 
protective effect of the prepared C. perfringens 
type A vaccine in rabbits revealed that the mean 
C. perfringens type A alpha antitoxin titres as 
measured by ELISA in rabbits vaccinated with 
aluminium hydroxide gel adjuvanted monovalent 
C. perfringenstype A and combined vaccines were 
(1.087, 1.18 IU/ml respectively) at 2 weeks post 
1st vaccination, and were (1.183, 1.21 IU/ml 
respectively) at 2 weeks post boostering, and 
reached the maximum titres (1.307, 1.33 IU/ml, 
respectively) at the 1st month post boostering. The 
titers decreased slightly within the minimum 
protective level (0.1 IU/ml) from the 2nd month till 
the 6th month post boostering.  
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Table 1: Mean C. perfringenstype A alpha antitoxin titers in the sera of rabbits vaccinated with 
aluminium hydroxide gel adjuvanted monovalent and combined vaccines measured by SNT(IU/ml) 

 

 
Period post 
vaccination 

Mean C. perfringenstype A alpha antitoxin titer of 

Aluminium hydroxide gel 
adjuvanted monovalent 

vaccine 

Aluminium hydroxide gel 
adjuvanted combined vaccine 

Pre-vaccination 0 0 

Post 1st Vaccination 

2weeks post 1st dose 2 3 

Post Boostering 

2 WPB 3 3.5 

1st MPB 3.5 4 

2nd  MPB 2.5 3.5 

3rd  MPB 1.5 3 

4th  MPB 1.5 2.5 

5th MPB 1.2 2 

6th MPB 0.9 1.5 

 
Table 2: Mean C. perfringenstype A alpha antitoxin titers in the sera of rabbits vaccinated with 
montanide oil adjuvanted monovalent and combined vaccines measured by SNT(IU/ml) 

 
 

Period post 
vaccination 

Mean C. perfringenstype A alpha antitoxin titre of 

Montanide oil adjuvanted 
monovalent vaccine 

Montanide oil adjuvanted 
combined vaccine 

Pre-vaccination 0 0 

Post 1st Vaccination 

2 weeks post 1st dose 3.5 4.5 

Post Boostering 

2 WPB 4.5 5.5 

1st MPB 5 6 

2nd  MPB 5.5 6.5 

3rd  MPB 5 6.5 

4th  MPB 4 4.5 

5th MPB 2.5 3 

6th MPB 1.5 2 

 
Table 3: Mean C. perfringenstypeA alpha antitoxin titers in the sera of rabbits vaccinated with 
aluminium hydroxide gel monovalent and combined vaccines by ELISA 

 

 
Period post  
vaccination 

Mean C. perfringenstype A alpha antitoxin titre of 

Aluminium hydroxide 
gel  

adjuvanted monovalent 
     vaccine 

Aluminium hydroxide 
gel 

adjuvanted combined 
      vaccine 

Pre-vaccination 0 0 

Post 1st Vaccination 

2 weeks post 1st 
dose 

1.087 1.18 

Post Boostering 

2 WPB 1.183 1.21 

1st MPB 1.307 1.33 

2nd  MPB 0.947 0.99 

3rd  MPB 0.892 0.90 

4th  MPB 0.884 0.880 

5th MPB 0.694 0.79 

6th MPB 0.682 0.687 
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While the Mean C. perfringens type A alpha 
antitoxin titers in the sera of rabbits vaccinated 
with montanide oil adjuvanted monovalent C. 
perfringens type A and combined vaccines were 
(1.419, 1.45 IU/ml, respectively) at 2 weeks post 
1st vaccination and were (1.424, 1.489 IU/ml, 
respectively) at 2 weeks post boostering, and 
reached the maximum titers (1.611, 1.627 IU/ml, 
respectively) at 2nd month post boostering. The 
titers decreased from the 3rd month gradually till 
the 6th month post boostering. 

P. multocida is an important bacterial 
pathogen of domestic rabbits and leads to a great 
economic losses. Control of that disease is still as 
a subjected of interest and usually attracts 
attention of many resarchers. Vaccination is still 
considered as one of the major tools for 
controlling the disease. Humoral immune 
response of P. multocida was determined by IHA 
test in Tables (5,6) which detected the mean IHA 
antibody titers of P. multocida serotypes A and D 
in the sera of rabbits vaccinated with aluminium 
hydroxide gel adjuvanted monovalent P. 
multocida and combined vaccines were (395, 368) 
and (469, 470) respectivelly at the 2 weeks post 
1st vaccination, and increased till reached the 
maximum level (1621,1578) and (1877,1712) 
respectivelly at the 6th week post boostering and 
decreased gradually from the 8th week till the end 
of the experiment. While the mean IHA antibody 
titre of P. multocida in the sera of rabbits 
vaccinated with montanide oil adjuvanted 
monovalent P. multocida and combined vaccines 
were (448, 428) and (597, 512) respectivelly at 
the 2 weeks post 1st vaccination and increased 
gradually till reached the maximum level (2048, 
2048) and (2090, 2059) at 8th week post 
boostering and decreased slightly from the 10th 
week till the end of the experiment. These results 
agree with Abd El-Aziz et al., (2015) who 
concluded that the inactivated P. multocida 
vaccine adjuvanted with montanide ISA-70-VG 
induced early and high immune response with 
long duration measured by IHA test. Also, Ahmed 
et al., (2010) concluded that the inactivated P. 
multocida vaccine adjuvanted with montanide 
ISA70 induced high and protective antibody titers 
measured by IHA. Youssef and Tawfik (2011) 
reported that the inactivated rabbit pasteurellosis 
vaccine adjuvanted with Montanide ISA-50 
induced protective antibody titer against P. 
multocida and gave high and long duration of 
antibody level measured by IHA test. 

Harper et al., (2016) reported that P. 
multocida LPS is a primary stimulator of the host 

immune response and a critical determinant of 
bacterin protective efficacy. Also P. multocida is a 
Gram-negative pathogen and the causative agent 
of fowl cholera and the major outer membrane 
component LPS is both an important virulence 
factor and a major immunogen Harper et al., 
(2013).  

These data were explained by Harper et al., 
(2012) who reported that the capsule and LPS of 
P. multocida constitute the major components of 
the bacterial cell surface. They play key roles in a 
range of interactions between the bacteria and the 
hosts they colonize or infect. Both 
polysaccharides are involved in the avoidance of 
host innate immune mechanisms, such as 
resistance to phagocytosis, complement-mediated 
killing, and the bactericidal activity of antimicrobial 
peptides; they are therefore essential for 
virulence. In addition, LPS is a major antigen in 
the stimulation of adaptive immune responses to 
infection. 

The potency of the vaccines was evaluated by 
passive mouse protection test as tabulated in 
tables (7 and 8) against the challenge with the 
virulent strains of P. multocida types A and D in 
rabbits vaccinated with monovalent and combined 
P. multocida vaccines. the protection percentage 
(P%) against the challenge with virulent strain of 
P. multocida type “A” post 1st vaccination for rabbit 
groups vaccinated with monovalent and combined 
P. multocida vaccines were 80% and 100%, 
respectively in comparison with 0% for control 
group. While, post boostering and 8 weeks post 
challenge the P% were 100% for rabbit groups 
vaccinated with monovalent and combined P. 
multocida vaccines in comparison with 0% for 
control group. While, the protection% against the 
challenge with virulent strain of P. multocida type 
“D” were 100% post 1st vaccination for rabbit 
groups vaccinated with monovalent and combined 
P. multocida vaccines in comparison with 0% for 
control group. Also, post boostering and 8 weeks 
post challenge the P% were 100% for all 
vaccinated groups in comparison with 0% for 
control group. These data were in the same 
manner with those of Fatma Fathy (2018) and El-
Bayomy and Daoud (2004) who found that there 
was an elevation in protective values of P. 
multocida adjuvanted vaccines against challenge 
with virulent strains of P. multocida types A and D. 

The results of challenge assay against P. 
multocida tabulated in Table (9) proved that 
combined vaccine adjuvnated with aluminium 
hydroxide gel gave protection 90% against 
serotypes A and D.  
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Table 4: Mean C. perfringenstypeA alpha antitoxin titers in the sera of rabbits vaccinated with 
montanide oil adjuvanted monovalent and combined vaccines measured by ELISA 

 
 

 
Period post 
vaccination 

Mean C. perfringenstype A alpha antitoxin titre of 

Montanide oil 
adjuvanted 

 monovalent vaccine 

Montanide oil 
adjuvanted 

combined vaccine 

Pre-vaccination 0 0 

Post 1st Vaccination 

2 weeks post  
1st dose 

1.419 1.45 

Post Boostering 

2 WPB 1.424 1.489 

1st MPB 1.511 1.526 

2nd  MPB 1.611 1.627 

3rd  MPB 1.43 1.445 

4th  MPB 1.211 1.226 

5th MPB 0.989 1.098 

6th MPB 0.887 0.977 

 
 
 

Table 5: Comparative results of Anti- P. multocida antibodies in sera  of rabbits vaccinated with 
monovalent and combined inactivated adjuvanted with Aluminum hydroxide gel by  IHA   test 

 
 
 
 
 

Weeks 

Type of vaccines / type of Antigen 

Combined inactivated  
adjuvanted with 

Aluminum 
 hydroxide gel 

Monovalent inactivated 
vaccine adjuvanted 

with Aluminum hydroxide 
gel 

 
Control group 

 A D A D A D 

Pre-vaccination 8 8 8 4 2 2 

Post 1st Vaccination 

1st  WPV 260 275 235 205 4 2 

2nd WPV 335 298 318 277 8 6 

3rd  WPV 469 470 395 368 8 7 

Post Boostering 

4th WPB 853 789 731 693 8 8 

5th WPB 1453 1389 1376 1368 9 9 

6th WPB 1877 1712 1621 1578 10 10 

8th WPB 1621 1578 1493 1472 10 10 

10th WPB 1387 1376 1195 1067 9 9 

12th WPB 939 811 789 715 9 8 

14th WPB 683 597 554 555 9 8 

16th WPB 469 427 448 405 9 9 

20th WPB 427 389 403 341 7 8 

24th WPB 277 235 224 203 7 6 
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Table 6:Comparative results of Anti- P. multocida antibodies in sera of rabbits vaccinated with 
monovalent and combined inactivated adjuvanted with montanide oil ISA70 by IHA test 

 

Weeks 

Type of vaccines / type of Antigen 

Combined inactivated of 
vaccine adjuvanted with 

montanide oil ISA 70 

Monovalent inactivated 
vaccine adjuvanted with 

montanide oil ISA 70 

 
Control group 

 A D A D A D 

Pre- vaccination 8 8 8 8 2 2 

Post 1st  vaccination 

1st WPV 395 368 261 267 8 7 

2nd WPV 405 384 373 366 8 7 

3rd WPV 597 512 448 428 8 7 

Post Boostering 

4th WPB 939 859 789 747 8 8 

5th WPB 1536 1472 1453 1370 9 9 

6th WPB 1950 1877 1749 1706 10 10 

8th WPB 2090 2059 2048 2048 9 8 

10th WPB 1878 1792 1707 1712 9 8 

12th WPB 1710 1706 1622 1578 9 9 

14th WPB 940 896 812 790 9 8 

16th WPB 533 437 510 410 9 9 

20th WPB 512 427 405 395 7 8 

24th WPB 403 363 341 297 7 8 

 
Table 7:  Passive mouse protection test against the challenge with P. multocidatypes " A"  in 
rabbits vaccinated with monovalent and combined P. multocidavaccines 

 

Time 
intervals 

Total 
No. of 
mice 

Types of vaccines 

G1 G2 G3 G4 G5 

S/T P% S/T P% S/T P% S/T P% S/T P% 

Pre-vacc 5 0/5 0% 0/5 0% 0/5 0% 0/5 0% 0/5 0% 

Post 1st vaccination 

2 weeks 5 4/5 80% 5/5 100% 4/5 80% 5/5 100% 0/5 0% 

Post boostering 

2 weeks 5 5/5 100% 5/5 100% 5/5 100% 5/5 100% 0/5 100% 

Challenge 

2 weeks 5 5/5 100% 5/5 100% 5/5 100% 5/5 100% 0/5 100% 

4 weeks 5 5/5 100% 5/5 100% 5/5 100% 5/5 100% 0/5 100% 

6 weeks 5 5/5 100% 5/5 100% 5/5 100% 5/5 100% 0/5 100% 

8 weeks 5 5/5 100% 5/5 100% 5/5 100% 5/5 100% 0/5 100% 

 
Table 8:  Passive mouse protection test against the challenge with P. multocidatypes "D" in 
rabbits vaccinated with monovalent and combined P. multocidavaccines 

Time 
intervals 

Total 
No. of 
mice 

Types of vaccines 

G1 G2 G3 G4 G5 

S/T P% S/T P% S/T P% S/T P% S/T P% 

Pre-vacc 5 0/5 0% 0/5 0% 0/5 0% 0/5 0% 0/5 0% 

Post 1st vaccination 

2 weeks 5 5/5 100% 5/5 100% 4/5 80% 5/5 100% 0/5 0% 

Post boostering 

2 weeks 5 5/5 100% 5/5 100% 5/5 100% 5/5 100% 0/5 100% 

Challenge 

2 weeks 5 5/5 100% 5/5 100% 5/5 100% 5/5 100% 0/5 100% 

4 weeks 5 5/5 100% 5/5 100% 5/5 100% 5/5 100% 0/5 100% 

6 weeks 5 5/5 100% 5/5 100% 5/5 100% 5/5 100% 0/5 100% 

8 weeks 5 5/5 100% 5/5 100% 5/5 100% 5/5 100% 0/5 100% 

G1: Monovalent aluminium hydroxide gel P. multocida vaccine     G2: Combined P. multocidaaluminium hydroxide gel vaccine       
G3: Monovalent montanide oil P. multocida vaccine     G4: Combined montanideoil  P. multocida vaccine  G5: Control group     S/T: 
Survive /Total No.    P%: Protection %  
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Table 9: Protective efficacy in rabbits vaccinated with monovalent and combined vaccines 
adjuvanted with aluminium hydroxide gel and montanide oil against virulent P. multocidaantigens 

 

Groups 
 

Challenge 
 antigen 

 
Total 
No.  
of 

rabbits 

No. of survived 
rabbits/ Total No. 

of rabbits 

 
Protection 

% 

Monovalent 
vaccine adjuvanted 

with aluminium 
hydroxide 

A 10 8/10 80% 

D 10 8/10 80% 

Combined vaccine 
adjuvanted  with 

aluminium 
hydroxide 

A 10 9/10 90% 

D 10 9/10 90% 

Monovalent  
vaccine adjuvanted 
with montanide oil 

A 10 9/10 90% 

D 10 9/10 90% 

Combined vaccine 
adjuvanted with 

withmontanide oil 

A 10 10/10 100% 

D 10 10/10 100% 

 
Control group 

A 5 0/5 0% 

D 5 0/5 0% 

 
 
 
Table 10: Mean hemagglutination inhibition antibody titer of RHDV in the sera of rabbits 
vaccinated with aluminium hydroxide gel adjuvanted monovalent and combined vaccines as 
measured by HI test 
 

Weeks 

Types of vaccines 

Combined inactivated of 
vaccine adjuvanted 

with Aluminum hydroxide gel 

Monovalent inactivated 
vaccine adjuvanted 

with Aluminum hydroxide gel 

Pre-vaccination 2 0 

Post 1st vaccination 

1st WPV 6.8 6 

2nd WPV 8.4 8 

3rd WPV 8.9 9 

Post Boostering 

4th WPB 9 9 

5th WPB 11 10 

6th WPB 12 10 

8th WPB 11 9 

10th WPB 10 9.5 

12th WPB 10.5 9 

14th WPB 10 8.5 

16th WPB 9 9 

20th WPB 8.5 9 

24th WPB 8 8 
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Table 11: Mean hemagglutination inhibition antibody titer of RHDV in the sera of rabbits 
vaccinated with Montanide oil adjuvanted monovalent and combined vaccines by HI test 

 

Weeks 

Types of vaccines 

Combined inactivated of 
vaccine adjuvanted 

with montanide oil ISA 70 

Monovalent inactivated  
vaccine adjuvanted with 

montanide oil ISA 70 

Pre vaccination 1 1 

Post 1st vaccination 

1st WPV 5.4 5 

2nd WPV 6.75 6.4 

3rd WPV 8 8.5 

Post Boostering 

4th WPB 8.5 9 

5th WPB 10.5 9.5 

6th WPB 11.5 10 

8th WPB 12 10.5 

10th WPB 12 11.5 

12th WPB 11 11 

14th WPB 11 10.5 

16th WPB 11 10 

20th WPB 10.5 9 

24th WPB 10 9 

 
Table 12: Protective efficacy in rabbits vaccinated with RHDV monovalent and combined vaccines 
adjuvanted with aluminium hydroxide gel and montanide oil against virulent RHDV strain 

 
 

 
Groups 

 
Total No. of 

rabbits 

survived rabbits/ 
 Total No. of 

rabbits 

 
Protection 

% 

Monovalent RHDV vaccine 
adjuvanted with aluminium 

hydroxide 

 
10 

 
10/10 

 
100% 

Combined RHDV vaccine 
adjuvanted  with aluminium 

hydroxide 

 
10 

 
10/10 

 
100% 

Monovalent RHDV vaccine 
adjuvanted with montanide oil 

10 10/10 100% 

Combined vaccine adjuvanted 
with withmontanide oil 

10 10/10 100% 

Control group 10 0/10 0% 

 
 
On the other hand, the combined vaccines 

adjuvnated with montanide oil gave 100% 
protection. The monovalent vaccine adjuvnated 
with aluminium hydroxide gel gave protection 80% 
against serotypes A and D. On the other hand, the 
monovalent vaccines adjuvnated with montanide 
oil give 90% protection. There was an elevation in 
protective values of fowl cholera adjuvanted 
vaccines against challenge with virulent strains of 
P. multocida types A and D for the serum of the 
vaccinated chicken group. These results were in 
agreement with, Amal et al., (2005) , Ahmed et al., 
(2010) and Elham and Hoda (2011) Abd El-Aziz et 
al., (2015) and Akhtar et al., (2016). 

Rabbit hemorrhagic disease (RHD) is a highly 
contagious, highly fatal, peracute and acute viral 

disease of both wild and domestic rabbits caused 
by rabbit hemorrhagic disease virus (RHDV). 
Tables (10,11) showed the mean HI antibody titre 
of RHDV in the sera of rabbits vaccinated with 
aluminium hydroxide gel adjuvanted monovalent 
RHDV and combined vaccines were (8, 8.4) at the 
2 weeks post 1st vaccination, while the RHDV 
antibody titre in the sera of rabbits vaccinated with 
montanide oil were  (6.4, 6.75) at the 2 weeks 
post 1st vaccination, and increased gradually till 
reached maximum level at the 6th week post 
boostering (10, 12) for aluminium hydroxide gel 
monovalent and combined RHDV vaccines, while 
the RHDV antibody titers reach the maximum 
level (11.5, 12) at the 10th week post boostering 
respectively, and decreased gradually from the 
11th week till the end of the experiment. So, the 
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mean HI titer reached maximum levels of 
combined Aluminium hydroxide gel at the 6th week 
post boostering and combined montanide oil 
vaccines at the 10th week post boostering, 
respectively and these agree with Von Claudia 
(2018).  

One of the very important parameters of a 
good vaccine is the induction of a long-lasting 
immunity without the need of repeated booster 
vaccination (Castellino et al., 2009). All vaccinated 
rabbits were completely protected 6 months after 
vaccination. These results agree with Von Claudia 
(2018).  

The results of challenge assay against RHDV 
tabulated in Table (12) proved that combined 
vaccine adjuvnated with Aluminium hydroxide gel 
gave protection 100%. These results agree with 
Daoud et al., (1998a; 1998b), El-Sehamy and 
wanis (2005) and Abd El-Motelib et al., (1998) . 
On the other hand, the combined vaccines 
adjuvnated with montanide oil gave 100% 
protection these results agree with Peshive and 
Christova (2003). The monovalent vaccine 
adjuvnated with aluminium hydroxide gel gave 
100% protection. On the other hand, the 
montanide oil adjuvnated monovalent vaccines 
give 100% protection. 

CONCLUSION 
The combined vaccines aginst Pasteurellosis, 

Enterotoxemia Bloat and RHDV appears to be 
safe and combines speed and longevity in the 
immune response. Immune protection against C. 
perfringens, P. multocida and RHDV can be 
achieved with one manipulation to decrease the 
stress on animals and efforts 
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