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Abstract 

Pigeon paramyxovirus type 1 (PPMV-1) and salmonellosis are two of the major health problems 

that affect pigeons worldwide. Immuno-protection of pigeons against PPMV-1 infection and 

salmonellosis is a very important preventive measure. In the present work, a combined 

inactivated montanide ISA-206 oil adjuvanted vaccine of local isolates of PPMV-1 and S. 

Typhimurium was prepared. Quality control assessment of such preparatıon revealed that it is 

free from foreign contaminants, safe and immunogenic. The sero-evaluation using microplate 

agglutination test revealed that the humoral immune response developed against S. Typhimurium 

in the vaccinated pigeons reached 64 three weeks post 1
st
 dose and reached its maximum value 

256 two weeks post boostering. Results of HI test showed that the vaccine induced detectable 

humoral immune response to PPMV-1 expressed by marked increased HI antibody titer till the 

end of the experiment (8.0 log2). The vaccination-challenge assay with the virulent strain of 

PPMV-1 with 10
6
 EID50 /mL showed 100% protection in vaccinated group (Ia). While, the 

virulent S. Typhimurium organism with 5 x10
7
 CFU/bird showed 90% protection in vaccinated 

birds. The unvaccinated control group showed 10% and 20% protection against both virulent 

PPMV-1 and S. Typhimurium, respectively. In conclusion, this vaccine could be recommended 

as safe, potent and could be useful when used for protection against PPMV-1 and S. 

Typhimurium under field condition.  
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Introduction 

Pigeons are known to be susceptible to 

infection with avian paramyxovirus serotype-1 

(APMV-1) which includes Newcastle disease 

virus (NDV) [1]. The occurrence of 

paramyxovirus-1 (PMV-1) in pigeons has 

already been reported primarily in racing 

pigeons, and was spreading to wild birds and 

poultry, which is caused by the virulent APMV-

1 virus [2-7]. The virus is antigenically and 

genetically distinguishable from other APMV-1 

viruses and has been termed as pigeon 

paramyxovirus type 1 (PPMV-1) [8]. The virus 

spread across Europe and the world during 

1981-1983 causing respiratory and neural 

symptoms in pigeons [9]. The most common 

neural signs that occur during infections with 

PPMV-1 include head and neck twists 

(torticollis), imbalance, paralysis of wings and 

legs or difficulties in food intake [10]. Infected 

birds sometimes have watery or bloody 

diarrhea.  

The incidence of the disease varies from 30 

to 70%, with mortality not exceeding 10%. 

While in case of association with bacterial or 

parasitic infections, mortality may reach more 

than 30%. In Egypt, PPMV-1 is isolated from 

outbreaks affecting pigeons in several 

occasions [4,5]. Trials for preparation of 

inactivated vaccine from a local strain were 

made and a protection percent of 80%, with 

high level of immune response lasting for five 

months were reported [11,12]. 

 Salmonellosis is a major bacterial disease 

problem affecting pigeons caused by S. 

Typhimurium and S. Enteritidis. High rate of 

mortality in the first day of life of pigeon 
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squabs is a sign of infection with Salmonella 

species, while, the disease progresses very 

slowly in adult pigeons with symptoms of 

diarrhea, anorexia, and polydipsia. Pigeons start 

losing weight and show arthritis or even 

paralysis [13]. Spleen and liver enlarge in size 

and nodules in the internal organs can occur. 

 Concerning the public health, pigeons play 

an important role in the transmission of diseases 

that affect humans and domestic animals [14]. 

Several authors have isolated Salmonella spp. 

in the feces, cloacal swabs and organs of 

pigeons [15-19].   In Egypt   Ammar   et al., 

[20] isolated Salmonella spp. from 5% of 

squabs and from 3.5% of adult pigeons. 

Treatment of infected flocks is difficult since 

even long-term antibiotic therapy may result in 

subclinical carriers. Therefore, during an 

outbreak, additional sanitary and hygienic 

measures have to be taken. Vaccination with 

bacterin might also be useful since 

experimental studies. Uyttebroek et al. [21] 

demonstrated a significantly lower faecal 

excretion of Salmonella microorganisms 

following infection of vaccinated pigeons. 

Recently, a newly developed Salmonella 

bacterin has been marketed. Duchatel et al. [22] 

following intramuscular challenge with S. 

Typhimurium demonstrated a significant 

decrease of mortality in pigeons vaccinated 

with bacterin vaccine. 

 The present work aimed to prepare an 

experimental combined inactivated oil 

adjuvanted vaccine of   PPMV-1 and S. 

Typhimurium. In addition, evaluation of the 

immunizing and protective efficacy of such 

preparation through monitoring of the humoral 

immune response against both diseases and 

measuring protective percentage through 

vaccination/ challenge assay were carried out. 

Material and Methods 

Pigeons 

A total of ninety, 4 weeks aged  pigeons 

were obtained from a commercial pigeon-

breeding centre and kept under strict hygienic 

measures of rearing and feeding. Cloacal swabs 

and blood samples were collected from pigeon 

to confirm that they were free from both S. 

Typhimurium and PPMV-1.  

Vaccinal strains 

Salmonella Typhimurium local isolate   

Local isolate of S. Typhimurium (pigeon 

isolate) was obtained from Central Laboratory 

for Evaluation of Veterinary Biologics 

(CLEVB). This strain was identified 

morphologically as well as biochemically and 

serologically following the method adapted by 

Nagraja et al. [23]. 

Pigeon paramyxovirus type 1 (PPMV-1) virus                                                                      

Local field strain was kindly obtained from 

Central Laboratory for Evaluation of Veterinary 

Biologics (CLEVB). The strain was identified 

clinically and pathologically and titrated in 

chicken eggs. 

Vaccine preparation 

S. Typhimurium was grown on tryptic soya 

agar (Difco) for 24 h at 37ºC. Bacteria were 

harvested and the concentration of bacterial 

suspension was adjusted to contain 10
9
 

organisms/dose in normal saline. The purity of 

the culture was examined by inoculation onto 

brilliant green agar plat (Difco). The bacterial 

culture was inactivated by adding 0.3% 

formalin with agitation then the inactivation 

was ensured by plating onto nutrient agar and 

incubation at 37 C for 24 h [21].  

The local pigeon isolate of PPMV-1 was 

inoculated into the allantoic sac of each 10- 

days-old SPF embryonated chicken eggs and 

incubated at 37ºC. Embryos dying during 48-72 

hours after inoculation were chilled until 

harvesting time. The collected fluid was titrated 

and used for vaccine preparation after 

justification of the titer to be 10
9
/ dose then 

inactivation by formalin 0.1% was carried out 

as described by Allan et al. [24]. 

According to the manufacturer (SEPPIC 

France Company), Montanide ISA 206 was 

added as equal parts of an aqueous and oil 

phase v/v and mixed thoroughly to prepare 

combined bacterin S. Typhimurium 10
9
 

CFU/dose and PPMV-1  10
9
 EID50/dose. 
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Experimental Design 

Ninety pigeons were divided into 3 groups 

and treated as follows: Group (I): comprised 40 

pigeons vaccinated with 0.5 mL S.C of the 

locally prepared Montanide ISA 206 combined 

bacterin S. Typhimurium 10
9
 CFU/dose and 

PPMV-1  was 10
9
 /dose and all birds received a 

booster dose (0.5 mL) S.C three weeks later.  

Group (II): comprised 40 pigeons kept as 

control unvaccinated group. Group (III): 

comprised 10 pigeons inoculated with the 

double field dose S.C from the prepared 

vaccine to perform the safety test.  

Three weeks post boostring, pigeons of 

groups (I and II) were divided into two 

subgroups (a and b) and challenged with 

virulent strain of S. Typhimurium and PPMV-1. 

Blood samples were obtained from groups (I 

and II)  weekly post vaccination up to 6 weeks 

to follow up the levels of induced immunity 

using HI and microplate agglutination test. 

Quality control of prepared combined 

inactivated PPMV-1 and S. Typhimurium 

vaccine  

Sterility tests 

The prepared vaccine was tested for freedom 

from contamination with bacteria, fungi and 

mycoplasma according to OIE Manual  [25]. 

Safety test 

Ten birds were inoculated with the double 

field dose S.C from the prepared vaccine and 

kept under daily observation for 14 days 

according  to OIE Manual  [25]. 

Potency tests 

Protection rates of the prepared Montanide 

ISA 206 combined inactivated PPMV-1 and S. 

Typhimurium vaccine were carried out 

primarily by using the vaccination/challenge 

test. Also, sero-evaluation of the immune 

response was adopted, where serum samples 

were collected from vaccinated pigeons and 

tested by microagglutination test (S. 

Typhimurium) and haemagglutation inhibition 

test (PPMV-1). 

 

I. Microplate agglutination test 

The test was used to evaluate the humoral 

immune response developed against S. 

Typhimurium in the vaccinated pigeons using 

sera collected post vaccination according to  

OIE Manual  [25]. 

II. Haemagglutation inhibition (HI) test  

The test was carried out to evaluate the 

humoral  immune response obtained aginst 

PPMV-1 [26,27]. 

III. Challenge test 

Vaccinated and unvaccinated pigeons were 

evaluated through vaccination/challenge test by 

using virulent strain of S. Typhimurium in a 

concentration of 5 x 10
7 

CFU/ pigeon [22,25] 

and by using virulent strain of  PPMV-1 with 

EID50 of 10
6
 /mL [28]. The virulent strains 

were obtained from CLEVB and inoculated as 

0.5 mL/bird intramuscularly three weeks post 

boostering. Birds were kept under observation 

three weeks post challenge for recording 

mortality and disease symptoms. 

Results and Discussion 

Prevention of infectious diseases has become 

an important and significant aspect of pigeon 

management, though if the infectious diseases 

are not controlled the birds will perform poorly 

and will be unproductive. PPMV-1 cause 

serious neurological and renal disease in 

pigeons, and can easily be prevented by 

vaccination [9]. Another significant disease 

condition in pigeons is Salmonella infection 

(Paratyphoid) which is one of the most 

frustrating and difficult problems encountered 

in pigeons and often occur in the best managed 

lofts. Because of the dormant nature of the 

Salmonella spp., apparently healthy birds can 

serve as carriers; it often causes disease during 

times of stress and in young birds raised by 

carrier parents. This bacterium, as described 

earlier, has already developed significant 

antibiotic resistance, therefore, vaccination 

would be strongly recommended. Many trials 

were carried out using different strains of NDV 

vaccines to protect pigeons against 
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paramyxovirus infection. Greuel et al. [29] and 

Luethgen [30] found that Hitchner B1 and 

LaSota strains of NDV vaccines could not 

protect pigeons against the paramyxovirus 

infection, while, Fritzsch et al. [31] concluded 

that homologous vaccine is in need to provide 

complete protection for pigeons against the 

disease. 

Quality control of the prepared vaccine 

revealed that the pigeon group inoculated with 

double field dose (safety test) of the prepared 

vaccine remained healthy all over the 

experimental period proving that the vaccine is 

safe for pigeons. Also, when the same vaccine 

was inoculated onto the different types of 

bacterial, fungal and mycoplasma media 

following OIE Manual [25], to detect its 

freedom from any contaminants, the prepared 

vaccine showed no growth for any of these 

contaminants.  

 
Table 1: Mean titer of microagglutination test against S. Typhimurium post vaccination in pigeon vaccinated 

with locally prepared combined inactivated Montanide ISA 206 S. Typhimurium and PPMV-1 vaccine 

 

G
ro

u
p

s 

Pre 

vaccination Titer / Weeks post vaccination 

 
1

st
 w 2

nd
 w 3

rd
 w 1

st
 w Pb 2

nd
 w Pb 3

rd
 w Pb 

Group I 
0 

16 32 64 128 256 256 

Group II 
0 

0 0 0 0 0 0 

Group-1 vaccinated with locally prepared combined inactivated Montanide ISA 206 S. Typhimurium and PPMV-1 

vaccine, Group-II unvaccinated pigeons (control),Pb = Post boostering. 

 

Regarding the humoral antibody responses, 

they were checked as shown in Table (1). The 

level of mean titer of microagglutination test 

against S. Typhimurium post vaccination in 

pigeons with locally prepared combined 

inactivated Montanide ISA 206 S. 

Typhimurium and PPMV-1 vaccine showed 

marked increase from 0 titer pre-vaccination to 

64 three weeks post the 1
st
 dose of vaccination 

and reached to maximum 256 at the2
nd

 week 

post boostering, while, unvaccinated pigeons 

remained sero-negative.  

 
Table 2: Mean serum HI antibody titers (log2) of PPMV-1 in pigeons vaccinated with locally prepared combined 

inactivated Montanide ISA 206 S. Typhimurium and PPMV-1 vaccine 

 

Groups 
Titer / Weeks post vaccination 

1
st
 w 2

nd
 w 3

rd
 w 1

st
 w Pb 2

nd
 w Pb 3

rd
 w Pb 

Group I 3.1 4.4 7.0 7.2 8.0 8.0 

Group II -ve -ve -ve -ve -ve -ve 

Group-1 vaccinated with locally prepared combined inactivated Montanide ISA 206 S.Typhimrium and PPMV-1 

vaccine, Group-I1 unvaccinated pigeons (control), Pb = Post boostering. 

 

The evaluation of humoral immune 

response of pigeon against paramyxovirus 

after administration of the prepared vaccine 

using HI test is shown in Table (2). It was 

found that the vaccinated pigeons exhibited 

detectable antibodies by the first week post 

vaccination (3.1) and markedly increased till 

the end of the experiment (8.0 log2), while 

unvaccinated pigeons remained sero-negative. 

These results come in parallel with those 

reported by Wawizkiewicz et al. [32] where 

oil emulsion PPMV-l vaccine gave higher 

antibody response of a mean 8.9 log2 HI titer 

at the third week after the second vaccination. 
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Table 3: Protective percentage of pigeon vaccinated with locally prepared combined inactivated Montanide ISA 

206 of S.Typhimurium and PPMV-1 vaccine challenged with virulent strain of both S. Typhimurium 

and PPMV-1  

 

Group Mortality 
Survival 

Protection % 
With lesions Without lesions 

Group I 
a 0/20 0/20 20/20 100% 

b 0/20 2/20 18/20 90% 

Group II 
a 8/20 10/20 2/20 10% 

b 5/20 11/20 4/20 20% 

Group-1a: Vaccinated Pigeons with prepared combined vaccine and challenged with virulent strain of PPMV-1, 

Group-1b: Vaccinated pigeons with prepared combined vaccine and challenged with virulent strain of S. 

Typhimurium. Group-IIa: unvaccinated pigeons (control) challenged with virulent strain of PPMV-1, Group-IIb: 

unvaccinated pigeons (control) challenged with virulent strain of S.Typhimurium. 

 

Concerning the protection percentage of 

vaccinated pigeons post challenge against 

Paramyxovirus and S. Typhimurium, the 

vaccine provided 100% protection against the 

homologous PPMV-1 and 90% against S. 

Typhimurium (group Ia and group Ib, 

respectively). At the same time and under the 

same circumstances, the unvaccinated control 

group showed 10% and 20% protection against 

both virulent PPMV-1 and S. Typhimurium, 

respectively (Table 3).  Our results were 

consistent with Duchatel et al. [22] who used 

intramuscular challenge and observed a clear 

reduction in post-inoculation morbidity and 

mortality of Salmonella vaccinated pigeons. 

There is an association between the presence of 

high titer of antibodies and protection against S. 

Typhimurium and PPMV-1 infection. 

In the present study, a protective effect in the 

vaccinated pigeons was consistently observed. 

The locally prepared combined inactivated 

Montanide ISA 206 of S. Typhimurium and 

PPMV-1 vaccine was safe and effective. This 

was in agreement with Barrow [33] who 

reported that inactivated vaccine of avian 

salmonellosis had protection against Salmonella 

infection.  Also, Amer et al. [28] found that 

pigeon paramyxo vaccine provided 100% 

protection against the homologous pigeon 

paramyxo virus and only 10% protection in 

unvaccinated pigeon. 

Conclusion 

It could be concluded that the prepared 

vaccine could be used for protection against 

PPMV-1 and S. Typhimurium infection under 

field condition as safe and potent vaccine.  
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 الولخص العربى

استخدام لقاح تجريبى ثنائى هثبط هن السالوونيلا  تيفيويورين و فيروس الباراهيكزو في الحوامكفاءة    

 

عفاف احًذ خضز
1

آَار  ،
 

عبذ انًعطٗ عبذ انهطيف
1
يحًٕد نطفٗ سيذ ، 

1
عبذربّ محمد عبذ انخانق ، 

1
َٕرْاٌ َاجٗ ، 

1
اييُت  ، 

عبذ انفخاح
1
سًاح انسيذ أبٕ دلال ، 

2
 

 
1

ًزكشٖ نهزقابت عهٗ انًسخحضزاث انحيٕيت انبيطزيت، انًعًم ان
2

 انعباسيت -انبيطزيت قاحاث هذ بحٕد الأيصال ٔانٓيع

 

 حعذ يٍ اْى انًشاكم انصحيّ انخٗ حٕثز عهٗ انحًاو فٗ انعانى ٔانسانًَٕيلا   ٔ انعخزة الأنٗانباراييكشٔ  فيزٔصيعخبز 

انباراييكشٔ انعخزة  يٍ  نعخزاث يحهيت يثبط ثُائٗ  خلال ْذا انعًم اعذاد نقاح حى اْى اجزاء ٔقائٗ.  انًُاعيت فٗ انحًاوحًايّ ان

ٔ قذ كشف حقيى انجٕدِ نٓذا انهقاح خهِٕ  .202الأنٗ نهحًاو ٔ انسانًَٕيلا  حيفيًيٕريى  يحًم عهٗ سيج يَٕخاَيذ اٖ اص ايت 

 ضذ ييكزٔب ديٕيت عٍ ٔجٕد اسخجابّ يُاعيّ ٔقذ كشف اخخبار انخهشٌ انذقيق .ديٕيت يٍ انًهٕثاث ٔ اَّ ايٍ ٔ نّ قذرِ يُاعيّ

بعذ  252ٔ بعذ انجزعت الأنٗ ثلاد اسابيعبعذ    26ٔكاَج انُخائج انعياريت ْٗ انًحصٍ انحًاو انسانًَٕيلا حيفيًيٕريى  فٗ 

انٗ ٔجٕد  انباراييكشٔ انعخزة الأنٗ نهحًاو ٔصفيز ضذ ثلاثت اسابيع يٍ انجزعت انثاَيت. ٔقذ اظٓز اخخبار ياَع انخهشٌ انذيٕٖ

أخخبار انخحذٖ باسخخذاو عخزة ضاريت يٍ  رد فعم يُاعٗ ٔ سيادِ يهحٕظّ فٗ الاجساو انًُاعيّ انٗ َٓايّ انخجزبّ ٔعُذ اجزاء

نًَٕيلا اعطٗ ,بيًُا عُذ اسخخذاو عخزة ضاريت يٍ ييكزٔب انسا%100تحًاياعطٗ  نهحًاوفيزٔص انباراييكشٔ انعخزة الأنٗ 

تراوحفٗ حيٍ اٌ َسبت انصذ فٗ انًجًٕعت انضابطت انغيز انًحصُت كاَج  %00حًايت   نك يٕصٗ ذن-%20انٗ %01يٍ  ت

 انًطهٕبت نهحًايت ضذ ْذِ الايزاض.انذيٕيت ّ نقاح ايٍ ٔ يحقق يسخٕٖ انًُاعت لاَا انهقاح ذْباسخخذاو 
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