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This study was conducted to prepare and evaluate the potency of a tetravalent inactivated vaccine for 
protection of chickens against Salmonella typhimurium, Salmonellaenteritidis, AI-H9N2 and Newcastle 
disease virus using Montanide ISA-70 VG as an oil adjuvant. The humeral immune response against S. 
typhimurium and S. enteritidis increased quickly by the 1st wpv, where the mean Log2 antibody titers 
were (40 and 20) as measured by micro agglutination test and continue after boostering reached (1280 
and 640) in monovalent and tetravalent prepared S. typhimurium, S. enteritidis vaccines on 4th wpb, 
respectively. S. typhimurium and S. enteritidis monovalent and tetravalent vaccines induced (83.3%, 
80% and 86.3%) protection percent in challenged vaccinated birds, respectively. Also the vaccines 
stimulated the production of specific antibodies against AI-H9N2 and NDV as fast as 1stwpv. Then 
specific AI-H9N2 mean Log2 HI antibody titers were (8.6 and 8.8 Log2) at the 4th wpv in monovalent and 
tetravalent AI-H9N2 vaccines, respectively just before boostering, After that the titer increase gradually 
reaching (9.4 and 9.8 Log2) at the 4th wpb. NDV mean Log2 HI antibodies titers at the 4th wpb was (11.2 
Log2)  in tetravalent NDV vaccine than monovalent vaccines was (10.6 Log2). On the other hand, the 
protection percent for AI-H9N2 and NDV monovalent and tetravalent vaccines reached 100% without 
any clinical signs observed, while the control+ve unvaccinated group post challenge with AI-H9N2 
showed gasping, coughing, nasal and ocular discharge, depression, inappetance, weakness and were 
relactant to move with 30% mortality. Also, NDV control+ve unvaccinated group showed greenish 
diarrhia, depression, conjunctivities and nervous manifestations with 90% mortality approving the 
efficacy of the prepared vaccines. It could be concluded from our study that the tetravalent prepared 
vaccine can reduce AIV-H9N2, NDV, S.typhimurium and S. enteritidis infections reducing the load on the 
poultry sector by reducing stress for the worker and the birds. 
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INTRODUCTION 

Salmonellosis is an important public health 
problems and causes large economic losses in 
poultry industry. Salmonella enteritidis and 
Salmonella typhimurium are important cause of 
food-borne illness. Based on surveillance studies, 

the main vehicles of S. enteritidis and S. 
typhimurium infection include raw meat, eggs and 
poultry products (Kramarenko et al., 2014, Thung 
et al., 2016). Due to the frequency of antimicrobial 
resistance and the number of resistance 
determinants in Salmonella have raised markedly, 
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vaccination plays an important role in the overall 
bio-security system on animal farms, typically 
chicken farms to prevent Salmonella infections 
(Jawaleet al.,2012). Vaccination is one of the 
methods suggested to reduce the burden of S. 
typhimurium in the poultry industry; it is expected 
to increase the resistance of chickens to infection 
and to prevent spread of bacterial micro-
organisms to human society through the food 
production chain (Barrow 2007). There are 
numbers of live and killed S. enteritidis vaccines 
used commercially worldwide with some success. 
Inactivated S. enteritidis vaccine had been 
developed and can confer partial protection 
against intestinal colonization, fecal shedding, 
systemic spread and egg contamination (Khan et 
al., 2003, Nakamura et al., 2004, Haider et al., 
2007, Cima 2010). 

Avian influenza virus (AIV) subtype H9N2 
have become established in multiple avian 
species across large geographical areas including 
Asia, Middle East and Africa (Fusaroet al., 2011). 
AIV subtype H9N2 is categorized as a low 
pathogenic avian influenza (LPAI) virus, it can 
cause serious economic losses in poultry industry 
including reduced egg production and decreased 
growth rate. In Egypt, AIV (H9N2) has already 
detected and sequenced from samples obtained 
from live birds in 2003 and submitted through 
NAMMRU3 to SEPRL, USA to complete 
characterization (Arafaet al., 2012). It was 
reported in Egypt at first time among broilers and 
layer breeders by Hussein and El-Azab (2001). 
Vaccination using inactivated local field strains of 
H9N2 viruses has been recently implemented. 

Newcastle disease virus (NDV) is a non-
segmented negative sense RNA single-stranded 
virus that belongs the Paramyxoviridae family; 
serotype 1 (APMV-1) can cause huge economic 
losses in the poultry industry, many countries 
make great efforts to control the virus (Alexander 
2000). Newcastle Disease Virus (NDV) was 
considered as one of the most devastating poultry 
infections, owing to its worldwide distribution and 
economical threat, NDV is one of the most 
important viral diseases of poultry industry of most 
countries by causing avian pneumoencephalitis 
and other fatal diseases (Alexander 2003, OIE 
2014). NDVs have been categorized into 
lentogenic, mesogenic, and velogenic strains 
according to disease severity in chickens 
(Alexander 1997, Miller and Koch 2013). The NDV 
LaSota strain, a naturally low-virulent NDV strain, 
has been routinely used as a live NDV vaccine 
during the course of the world (Goldhaft 1980). 

Vaccination of poultry provides an excellent 
means to lessen clinical signs of infection caused 
by virulent Newcastle disease virus (NDV) 
(Alexander and Senne 2008). Using of a genotype 
II strain, as a vaccine exemplary (live and 
inactivated strain) could protect against morbidity 
and mortality, but did not prevent infection and 
virus shedding. Recently, NDV vaccines from 
viruses phylogenetically closer to potential 
outbreak viruses may deliver better ND control by 
decreasing virus shedding from infected birds 
(Miller et al., 2007).  

So the main objective of our study is to 
prepare and evaluate a combined tetravalent 
vaccine containing Salmonella enteritidis, 
Salmonella typhimurium, inactivated NDV LaSota 
strain and LPAI-H9N2 viruses in poultry where 
combined vaccines have the advantage of 
protecting against more than one disease at the 
same time, besides, reducing vaccination 
expenses, decreasing the stress of vaccination for 
different vaccines. 

 
MATERIALS AND METHODS 

Bacteria and viruses strains: 
S.typhimurium and S. enteritidis strain are 

local strains obtained from Bacterial Sera and 
Antigen Research Department at Veterinary 
Serum and Vaccine Research Institute, used for 
preparation of the vaccine and challenge of test 
birds. 

The local Egyptian AIV-H9N2 strain 
(A/chicken/ Egypt/ D4692A/ 2012) was provided 
by the National Research Center (NRC), 
Enviromental Research Division, Egypt, in the 
form of infected allantoic fluid with an original titer 
of 1010.5EID50/ml (egg infective dose 50/ ml) and  
10 Log2 HAU.  The virus was propagated in 9- 11 
day old SPF-ECE eggs according to(Garcia et al., 
1998) and EID50 was calculated according to 
Reed and Mennch (1938). 
Lentogenic NDV strain LaSota was provided by 
the Central Veterinary laboratories, New Haw, 
Weighbridge, Surry, UK in the form of lyophilized 
infected allantoic fluid with an original titer of  
1010.5 EID50/ml and 10 Log2 HAU. The virus was 
rehydrated in 1 ml sterile PBS and was used for 
preparation of the monovalent and tetravalent 
inactivated vaccines. 

Challenge viruses: 
AI-H9N2 and NDV isolates were used as 

challenge virus. They were obtained from strain 
bank at Central Laboratory for Evaluation of 
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Veterinary Biologics (CLEVB) and identified by 
National Laboratory for Quality control of Poultry 
(NLQP) for AI-H9N2  as A / chicken / EG / 16194V 
/2016 of accession No KU296207 and for NDV as 
NDV-B7-RLQP-CH-EG-12 of accession No 
KM288609.  Titer 106 EID50 / 0.1 ml per bird for 
both AI-H9N2 and NDV viruses and administered 
intra-nasal for AI-H9N2 and intra-muscular for 
NDV. 

Specific pathogen free emberyonated chicken 
eggs (SPF-ECE): 

Specific pathogen free embryonated chicken 
eggs (SPF–ECE) were purchased from the 
Specific Pathogen Free Egg Project, KomOshim, 
El-Fayoum Governorate, Egypt. The eggs were 
incubated at 37°C and 80% humidity until 
inoculated at 9-11 days of age via allantoic sac 
route and used for virus propagation, virus 
titration, and assurance of complete inactivation. 

Chickens:  
Four hundred and ninety, 1 day-old SPF 

chickens were obtained from Nile-SPF farm, 
KomOshimproject , El-Fayoum Governorate, 
Egypt. The chickens housed in SPF isolator units 
in specific CLEVB animal care building with water 
and feed provided ad-libitum. At 3 weeks of age, 
blood samples were collected for serological 
examination to insure their freedom from 
maternally derived antibodies against SE, ST, AI-
H9N2 and NDV.  Three hundred and ninety 
birds used for experimental design and one 
hundred birds used for safety test.  

Preparation of monovalent Salmonella 
enteritidis and Salmonellatyphimurium 
vaccines according to Charles et al.,(1994):  
Salmonellatyphimurium and Salmonellaenteritidis 
local strains were grown separately on S.S ager 
for 24 hrs at 37°C. Separate colonies from each 
type were selected and inoculated on tryptone 
soya broth and incubated at 37°C for 24 hrs. Then 
each bacterial suspension was centrifuged at 
5000 rpm at 4°C for 30 min. to pellet the bacterial 
strain. A separate final suspension from each of 
S. typhimurium and S. enteritidis was prepared 
and the bacterial count was adjusted for each type 
to 1010 CFU/0.5ml of final product using total 
colony count technique. The bacteria were then 
inactivated by adding 0.3% formalin at 37°C for 
24-48 hrs with agitation for 24 hrs. and then 
cultivated on S. S agar media to assure complete 
inactivation .  

Inactivation of viruses: 
Inactivation of AI-H9N2 and NDV (Lasota) 

viruses was carried out using formalin in a final 
concentration of 0.1%. The fluid was blended 
using magnetic stirrer for about 18 to 20 hrs at 
25°C to ensure freedom from live virus. Then, 
sodium bisulfite was added in a final concentration 
of 2% to stop the action of formalin. Samples from 
each inactivated virus were tested for complete 
inactivation by inoculation in 10-day-old SPF ECE 
for two successive blind passages (OIE, 
2014).For completion of inactivation, the prepared 
vaccines were inoculated in 9-11 days old SPF-
ECE (30 eggs for each vaccine) via allantoic 
cavity. The inoculated eggs were incubated for 7 
days post inoculation with daily candling. The 
allantoic fluids were harvested and examined for 
HA activity. Negative HA-allantoic fluid from live 
and dead embryos were pooled separately and 
re-inoculated for 2nd and 3rd passages to ensure 
freedom from residual infectivity of any of the 
viruses.  

Vaccine formulation (Antigen emulsification): 
Four monovalent inactivated vaccines were 

prepared (monovalent inactivated vaccines each 
of H9N2, NDV, S.typhimurium, and S.enteritidis) 
and a combined tetravalent vaccine containing 
(S.enteritidis, S.typhimurium, LaSota strain of 
NDV and LP H9N2 strain of AIV) was prepared as 
an oil emulsion vaccine using Montanide™ISA 71 
VG adjuvant (SEPPIC) in a ratio of 71 adjuvant: 
29 antigen.Merthiolate (Thiomersal) was used in a 
final concentration of 1:10,000 as a preservative. 
 
Quality control of the prepared vaccines: 

The prepared monovalent and tetravalent 
combined oil emulsion vaccines were tested for 
sterility, safety, complete inactivation and potency 
according to the Standard International Protocols 
as described by the (OIE, 2017). 

Sterility test: 
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 maltose 
agar and incubated at 25ᵒC for 15 days. This 
procedure was carried out before and after 
emulsification of the prepared vaccines. 
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Safety Test: 
The prepared vaccines were tested for safety 

by S/C inoculation of 1ml (double recommended 
dose) for each prepared vaccine in twenty, 3-
week-old SPF chickens, the birds were observed 
for 21days for any possible local or systemic 
adverse reaction of each vaccine. 

Experimental Design for evaluation of potency 
test of prepared vaccines: 

The three hundred and ninety, 3 week old  
SPF broiler chickens were divided into 7 groups 
each of  30 chickens except groups (5 and 6) 
each of 120 birds, all chickens injected S/C with 
0.5 ml of previously prepared vaccines except the 
control –ve group which left unvaccinated:  
Group 1: injected with monovalent inactivated S. 
typhimurium vaccine. 
Group 2: Injected with monovalent inactivated S. 
Enteritidisv accine. 
Group 3: Injected with monovalent inactivated 
H9N2 vaccine. 
Group 4: Injected with monovalent inactivated 
NDV vaccine. 
Group 5: Injected with combined tetravalent 
inactivated vaccine.  
Group 6: kept as non-vaccinated challenged 
(control +ve)group. 
Group 7: kept as non-vaccinated non challenged 
(control –ve)group. 
On 7 weeks-old (4 WPV), groups 1 – 5 were 
boostered with the same type of vaccine and the 
same rout and dose. Blood samples were 
collected weekly (until 4weeks post boostering) 
from all groups to check antibody titers against SE 
&ST using Microagglutinationtest (MAT) and 
against AI-H9N2 & NDV using Hemagglutination 
inhibition test(HI) test. Serum samples were 
obtained regularly before immunization, weekly for 
4 weeks after the 1st vaccination and every week 
post boostering for 4 weeks., then pooled and 
stored at -20 °C till used for following up the 
induced antibodies. 

Microagglutination test (MAT): 
Antibody titer in vaccinated and unvaccinated 

chickens was followed up on regular intervals post 
vaccination applying Micro-agglutination test 
(MAT) using sonicated antigen, according to the 
method described by Thaxtonet al., (1975) and 
Brown et al., (1981). 

Hemagglutination test (HA) and 
Hemagglutination inhibition test (HI): 
The hemagglutination (HA) and hemagglutination 
inhibition (HI) test were carried out following the 
recommendation ofOIE, (2004) using 4 HAU of 
homologous antigen (H9N2 AIV, and NDV Lasota 
strain), to estimate antibody titers in sera of 
vaccinated and unvaccinated chickens. HI test 
was carried out to AI-H9N2 vaccine according to 
Allan and Gough (1976)in a V-bottomed micro 
titer plate to determine the haemag glutinating titer 
(expressed as HAU) of virus which was collected 
from SPF-ECE after propagation. HI test for NDV 
was carried out using 4 HAU of homologous 
antigen (AI-H9N2), according to Majujabe and 
Hitchner (1977), to estimate antibody titers in sera 
of vaccinated and unvaccinated chickens. 

Potency and Challenge test with 
S.typhimurium and S. enteritidis: 

Birds of groups (1, 2, 5 and 6) were 
challenged 4 weeks after the booster dose by oral 
administration of 1ml of broth culture containing 
108 CFU of each strain S.typhimurium, S. 
enteritidis, and combined two strains, respectively 
(Paivaet al. 2009). The inoculated chickens were 
observed for one month. The degree of protection 
was assessed according to the severity of the 
clinical signs, the mortality and the recovery of the 
challenge organisms from fecal samples. 

Detection of the shedding of S.typhimurium 
and S.enteritidis: 

One week after the challenge and for 4 
weeks, cloacal swabs were collected from each of 
the infected as well as control group and 
examined bacteriologically for the presence of 
S.typhimurium and S. enteritidis organisms. Each 
swab was transferred to tetrathionate broth and 
incubated overnight at 37°C. A loopful from the 
broth was streaked on S.S agar for Salmonella 
isolation. Suspected colonies were identified 
morphologically and biochemically. 

Potency and challenge test with NDV and AI-
H9N2 (OIE, 2017):  

Vaccinated groups (3, 4, 5 and 6)were 
subjected to challenge test as following: 
Group (3): challenged with AI-H9N2 via I/N route 
at a dose of 0.1 ml/bird. 
Group (4): challenged with NDV via I/M route at a 
dose of 0.1 ml/bird. 
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Group (5): 2 subgroups were challenged with AI-
H9N20.1 ml/ bird I/N. and other subgroup was 
challenged with NDV 0.1 ml /bird I/M.  
Group (6): Unvaccinated control +ve group: 2 
subgroups were challenged with AI-H9N20.1 ml/ 
bird I/N. and other subgroup was challenged with 
NDV 0.1 ml /bird I/M.  
Group (7): Unvaccinated, unchallenged control –
ve group. 
The challenge test was carried out 4weeks post 
boostering for all groups. The challenged groups 
were observed for 10 days post challenge, where 
clinical signs and mortalities were recorded. 

Detection of shedding of AI-H9N2 and NDV 
viruses: 

On 10 days post-challenge, birds from group 
3, 4, 5 and 6 were sacrificed, and the samples of 
trachea and cecal tonsils were collected from 
each group to detect the AI-H9N2 and NDV. Virus 
was isolated using QIAampMinElute Virus Spin Kit 
(Qiagen, Hilden, Germany). RT-PCR was carried 
out according toShabat et al., (2010). Via 
Quantinova SYPR green rt-pcr kit (Dusselddorf, 
Germany). 
 
RESULTS AND DISCUSSION 

In this study, the obtained results of sterility 
tests revealed that all the prepared vaccines 
candidates (either monovalent or tetravalent) were 
free from any aerobic, anaerobic, fungal and 
mycoplasmal contaminants.  

Regarding to safety of prepared vaccines 
reported neither signs of local reactions as 
abscess formation, irritation nor systemic reaction.  

Concerning to completion of inactivation there 
was no lesion in inoculated embryos that means 
no live residual virus or salmonella in the prepared 
vaccine and no signs or lesions were noticed in 
the inoculated birds as the recommendation of 
OIE, (2014), showingHA negative results against 
other than AI-H9N2 and NDV.  

Data in tables (1and 2) show that antibody 
titers against S.typhimurium and S.enteritidis in 
groups (1 and 2) respectively, as measured by 
microagglutination test raised from zero before 
vaccination to (40) for both groups (1 and 5) 
vaccinated with monovalent and combined 
tetravalentS.typhimurium vaccines respectively, at 
1st week post vaccination (wpv) and increased up 
to (160 and 320) in 4thwpv in both groups 
respectively. After boostering, slight reduction in 
the HI titers were recorded on 1st week post 
boostering (wpb) indicating partial neutralization. 
Then return to increase from 2nd wpb till reaching 

(1280) at 4th week post-boostering in groups (1 
and 5). While the mean Log2 MAT antibody titers 
against S. enteritidis were (20) at 1stwpv in groups 
(2 and 5), the titers increased up to (160) in both 
groups (2 and 5) at 4thwpv, till reached (640) in 
both groups at 4th wpb. 

These titers proved protective levels as the 
chicken challenged with live strains, four weeks 
post-boostering (table 3) and showed 83.3% and 
80% protection against S.typhimurium and S. 
enteritidis in monovalent vaccines respectively, 
compared to 86.3% protection in tetravalent 
vaccine. These levels are relatively higher than 
those recorded by other researchers; (Ibrahim et 
al., 2018 and Salama et al., 2018) who recorded a 
protection of 80% and 82.5%, respectively in 
trivalent vaccines against S.typhimurium and 
S.enteritidis and S.Kentuky.  

Fecal shedding post challenge was also 
significantly reduced in the vaccinated chickens 
compared with those in the unvaccinated 
suggesting that the vaccine could be effective 
against S.typhimurium and S. enteritidis. Table 4 
showed that the fecal shedding ofS.typhimurium 
in group 1 vaccinated with monovalent 
S.typhimurium vaccine was (10.7%, 7.14% and 
3.5%) in 1st, 2nd, 3rd week post challenge, 
respectively. Also the results of fecal shedding of 
monovalent S. enteritidis vaccine group 2 were 
(14.28%, 10.7% and 7.4%) in the same times 
respectively. Shedding disappeared by the 4th 
week post challenge. Regarding fecal shedding of 
both S.typhimurium and S. enteritidis in group 5 
vaccinated with tetravalent vaccine, they were 
10.7 % and 7.14% in 1st and 2nd week and 
disappeared completely in 3rd week post 
challenge. Reducing or controlling intestinal 
colonization and fecal shedding associated with 
salmonella infection could be useful in several 
contexts. As intestinal colonization is the first step 
in the process by which orally introduced 
salmonella cells disseminated systemically and 
are deposited in eggs, any protection against 
colonization should presumably affect the 
frequancy of egg contamination. Moreover, the 
shedding of salmonella into laying houses also 
fosters horizontal transmission to other hens, so 
that any reduction in the number of S.typhimurium 
and S. enteritidis cells shed in feces should help 
control the spread of infection within and between 
houses Gastet al., (1993).  
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Table (1): Mean Log2 MAT antibody titers against S.typhimurium and S. enteritidis in sera of 
chickens groups (1 and 2). 

Weeks post 
vaccination 

S.Typhimurium 
 Group 1 

S. enteritidis 
 Group 2 

Control group 

0 0 0 0 

1stWpv 40 20 0 

2ndWpv 40 40 0 

3rdWpv 80 80 0 

4thWpv 160 160 0 

Boostering  

1st Wpb 80 80 0 

2nd Wpb 160 160 0 

3rd Wpb 640 320 0 

4th Wpb 1280 640 0 

Gr. 1: vaccinated with monovalent S.typhimurium vaccine. 
Gr. 2: vaccinated with monovalent S.enteritidisvaccine 

Wpv: weeks post vaccination 
Wpb: weeks post boostering 

Table (2): Mean Log2 MAT antibody titers against S.typhimurium and S.enteritidis in sera of 
chickens group 5. 

Weeks post  
vaccination 

S. Typhimurium 
 Group. 5 

S. enteritidis 
Group. 5 

Control group 

0 0 0 0 

1stWpv 40 20 0 

2ndWpv 80 40 0 

3rdWpv 160 80 0 

4thWpv 320 160 0 

Boostering  

1st Wpb 160 80 0 

2nd Wpb 320 160 0 

3rd Wpb 320 320 0 

4th Wpb 1280 640 0 

Gr. 5: vaccinated with combined tetravalent vaccine. 
Wpv: weeks post vaccination 
Wpb: weeks post boostering 

 
Table (3): Efficacy of the prepared vaccines against S. typhimurium and S. enteritidis in SPF 

challenged chickens with virulent strains 

Group 
No. of inoculated 

chickens 
No. of dead 

and/or diseased 
No. of survived 

chickens 
Protection % 

Group 1 30 5/30 25/30 83.3 

Group 2 30 6/30 24/30 80 

Group 5 30 4/30 26/30 86.3 

Control group 30 26/30 4/30 13.3 

Gr. 1: vaccinated with monovalent S.typhimurium vaccine. 
Gr. 2: vaccinated with monovalent S.enteritidisvaccine. 
Gr. 5: vaccinated with combined tetravalent vaccine 

Although the use of inactivated vaccines to 
control AI-H9N2 is the most preferable method for 
vaccination to avoid the antigenic shift and/or drift, 
several reports have been published noting the 
continuous evolution of the virus in vaccinated 
birds (Choi et al., 2004). The most important part 
of immune response for controlling of AIV is the 
humeral immunity (Wareingand Tannock, 
2001).Our results revealed earlier and high HI titer 

induced by medium dose (0.5 ml) of the prepared 
vaccines. Analysis of the results in table (5) 
showed that chickens in vaccinated groups (3 and 
5) showed gradual increasing in the mean Log2 
anti-AI-H9N2 hemagglutination inhibition antibody 
titers from 1stwpv (3.8 and 4.4Log2), that 
increased up to (8.6 and 8.8Log2), respectively in 
4th wpv. After boostering, the mean Log2 anti- AI-
H9N2 reached the highest HI antibody titer at 
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4thweek post boostering in vaccinated chickens 
(9.4 and 9.8Log2) with inactivated monovalent and 
tetravalent AI-H9N2 vaccines, respectively. 

Ultimately, both ND monovalent and 
tetravalent vaccines prompted significant humeral 
immune response as measured by HI assay, the 
specific HI titers increased from the 1stwpv (4.2 
Log2), that increased up to (9.8 and 10.2Log2) 
respectively, in 4thwpv (table 6), which showed the 
significant increase in ND specific HI titers of 
groups (4 and 5) as (10.6 and 11.2Log2) in 4th 
wpb, respectively. These results agreed with Zhao 
et al., (2017) who reported that at the 4thwpv with 
an inactivated bivalent vaccine against the 
prevalent strains of Newcastle disease and avian 
influenza H9N2, the peak levels of HI antibodies 
were detected with a mean HI titre against NDV 
and H9N2.  

On the other hand, the protection percentage 
obtained on challenge by AI-H9N2 was 100% 
protection and no signs were observed while the 
control challenged unvaccinated group  with AI-
H9N2 showed gasping, coughing, nasal and 
ocular discharge, depression, inappetance, 
weakness and were relactant to move and 9/30 
were died post- challenge by 30% mortality. 
Whereas unvaccinated unchallenged birds 
survived without showing clinical signs. Regarding 
to NDV protection percent of the prepared 
vaccines against challenge with NDV was 100% 
in both monovalent and tetravalent NDV vaccines 
while unvaccinated challenged birds challenged 
with pathogenic NDV showed greenish diarrhia, 
depression, conjunctivities and nervous 
manifestations and 27/30 were died post- 
challenge by 90% mortality approving and efficacy 
of the prepared vaccines. These results agreed 
with Zhao et al. (2017)who mentioned that all of 
the unvaccinated chickens challenged with H9N2 
and NDV showed 100% mortality rate and high 
levels of shedding, compared with no mortality 
and a lower rate of viral shedding in vaccinated 
groups. Also agreed withLee et al., (2013) who 
proved that the bivalent vaccine against NDV and 
HPAI H5N1 induced high titers of both HPAI H5 
and NDV-specific antibodies and afforded 
complete protection against lethal challenge with 
HPAI H5 and NDV. To evaluate the efficacy of the 
prepared vaccines it must reduce the shedding of 
bacterial and viral componants compared with 
group that have challenged with virulent strains 

only (positive control groups). The virus shedding 
from the infected chickens consider the main 
source of virus maintenance in the enviroment as 
well as magnifying the disease problem (Hussein 
et al., 2014 and Miller et al., 2009). Thus one of 
the most important role of the viral vaccines is 
reduction of the virus shedding which positively 
correlated to vaccine efficacy (Kapczynskiet al., 
2015). Likewise, Table (7 and 8) showed that in 
our study the prepared tetravalent vaccine 
induced reduction in both AI-H9N2 and ND 
challenge viruses shedding compared to the 
control unvaccinated group and mono-vaccinated 
groups. Whereas, the NDV shedding were 
detected by rRT–PCR from both cloacal and 
tracheal samples where the cloacal shedding 
were prevented by monovalent NDV vaccine as 
well as tetravalent AI-H9N2 vaccine the results 
come in parallel with OIE, (2014) and El-Naggaret 
al., (2017), while in tracheal shedding the CT of 
the bivalent vaccine (CT=36) was more later that 
of monovalent vaccine (CT=32) as shown in table 
(7). On the other hand the AI-H9N2 shedding give 
similar results as NDV as the CT values delayed 
from 35 in monovaccinated group to 38 in tetra-
vaccinated one.    

In this study the performance of adjuvant 
prepared vaccines evaluated by detecting the 
level and duration of humoral immune response. 
Those parameters were investigated for each of 
the prepared vaccines by monitoring antibodies in 
the sera collected from vaccinated groups for 4 
weeks post boostering. 

Polyvalent vaccine strategies increase reactiv-
ity for many pathogens including, but not limited 
to, influenza (Crevar and Ross, 2008) and (Fiore 
et al. 2010) although polyvalent vaccine for-
mulations clearly expand the breadth of a single 
vaccine formulation, the reactivity is still limited to 
the individual components. Vaccines and other 
alternative products are central to the future 
success of animal agriculture because they can 
help minimize the need for antibiotics by 
preventing and controlling infectious diseases in 
animal populations. 

It could be concluded from our study that the 
tetravalent prepared vaccine can reduce 
S.typhimurium S. enteritidis, AI-H9N2 and NDV 
infections reducing the load on the poultry sector 
by reducing stress for the worker and the birds. 
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Table (4): Fecal shedding of Salmonella typhimurium and Salmonella enteritidis from challenged 

chickens: 

Group 
No. of birds positive for isolation/total number of living 

birds 

 1st week 2nd week 3rd week 4th week 

Group 1 3/28(10.7%) 2/28(7.14%) 1/28(3.5%) 0/28(0%) 

Group 2 4/28(14.28%) 3/28(10.7%) 2/27(7.4%) 0/27(0%) 

Group 5 3/28(10.7%) 2/28(7.14%) 0/28(0%) 0/28(0%) 

Control group 7/15(46.6%) 5/10(50%) 2/6(33.3%) 1/3(33.3%) 

 
Table (5): Mean Log2HI (H9N2) antibody titers in vaccinated chickens with inactivated monovalent 

and tetravalent combined vaccines. 
 

Weeks post  
Vaccination 

Mean Log2  HI titers in chickens vaccinated with 

Inactivated monovalent 
(H9N2) vaccin (Group 3) 

Tetravalent Combined 
vaccine (Group 5) 

Control 

1stWpv 3.8 4.4 Less than 2 

2ndWpv 6.4 6.6 Less than 2 

3rdWpv 7.8 8.2 Less than 2 

4thWpv 8.6 8.8 Less than 2 

 Boostering 

1st Wpb 8.4 8.2 Less than 2 

2nd Wpb 8.8 8.8 Less than 2 

3rd Wpb 9.0 9.2 Less than 2 

4th Wpb 9.4 9.8 Less than 2 

 
Gr. 3: vaccinated with monovalent AI-H9N2 vaccine. 
Gr. 5: vaccinated with combined tetravalent vaccine. 

Wpv: weeks post vaccination 
Wpb: weeks post boostering 

 
Table (6): Mean Log2HI (NDV) antibody titers in vaccinated chickens with inactivated monovalent 

and tetravalent combined vaccines. 
 

Weeks post 
 Vaccination 

Mean Log2  HI titers in vaccinated chickens with 

Inactivated monovalent 
 (NDV) vaccine (Group 4) 

Tetravalent Combined 
 vaccine (Group 5) 

Control 

1stWpv 4.2 4.2 Less than 2 

2ndWpv 6.2 6.8 Less than 2 

3rdWpv 8.4 8.2 Less than 2 

4thWpv 9.8 10.2 Less than 2 

 Boostering 

1st Wpb 9.8 10.0 Less than 2 

2nd Wpb 10.0 10.6 Less than 2 

3rd Wpb 10.4 10.8 Less than 2 

4th Wpb 10.6 11.2 Less than 2 

 
Gr. 4: vaccinated with monovalent NDV vaccine. 
Gr. 5: vaccinated with combined tetravalent vaccine. 
Wpv: weeks post vaccination 
Wpb: weeks post boostering 
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Table (7): NDV results of Real time PCR for qPCR reaction. 
 

Organs 
Cloacal shedding Trachea 

Groups 

Group 7 No amplification detected 
No amplification  

detected 

Group 3 No amplification detected +ve at CT 20 

Group 4 No amplification detected +ve at CT 32 

Group 5 No amplification detected +ve at CT 36 

Group 6 +ve at CT 24 +ve at CT 20 

Group 3: vaccinated with monovalent H9N2 vaccine 
Group 4:  vaccinated with monovalent NDV vaccine 

Group 5: vaccinated with combined tetravalent vaccine 
Group 6: +ve control group 
Group 7: -ve control group 

 
Table (8): H9N2 results of Real time PCR for qPCR reaction. 

 

Organs 
Cloacal shedding Trachea 

Groups 

Group 7 No amplification detected 
No amplification  

detected 

Group 3 No amplification detected +ve at CT 35 

Group 4 No amplification detected +ve at CT 34 

Group 5 No amplification detected +ve at CT 38 

Group 6 No amplification detected +ve at CT 30 

Group 3: vaccinated with monovalent H9N2 vaccine 
Group 4:  vaccinated with monovalent NDV vaccine 

Group 5: vaccinated with combined tetravalent vaccine 
Group 6: +ve control group 
Group 7: -ve control group 

 
 

CONCLUSION 
It could be concluded from our study that the 
tetravalent prepared vaccine can reduce S. 
typhimurium, S. enteritidis, AI-H9N2 and NDV 
infections reducing the load on the poultry sector 
by reducing stress for the worker and the birds. 
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