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AB S T RA C T
A trivalent killed Salmonella vaccine was developed and its efficacy was evaluated in specific pathogen free (SPF)
chickens. One hundred and forty SPF chickens divided to two groups were used to evaluate the efficacy of our
vaccine. Vaccinated chickens were primed with the prepared vaccine at the age of two weeks and were boosted three
weeks later comparing to unvaccinated chickens. All chickens were divided into subgroups which challenged orally
with 1mL (5x107 CFU/mL) of Salmonella Typhimurium (ST), Salmonella Montevideo (SM), or Salmonella Blegdam
(SB) strains, three weeks post boosting of the vaccine. The protection rate was evaluated based on the clinical signs,
the mortality, and bacterial fecal shedding. Moreover, we used ELISA technique to evaluate the humoral immune
response against Salmonella strains. Our trivalent killed Salmonella vaccine elicited 85% protection rate in challenge
test with reduction of bacterial fecal shedding.
Key words: Vaccine, Salmonella Typhimurium, Salmonella Montevideo, Salmonella Blegdam, Montanide ISA 70,
chicken.
INTRODUCTION

Antimicrobials were used to prevent and control
salmonellosis in poultry (Paudyal and Yue 2019; Yue
2016). However, the main challenge to use antimicrobials
is the development of multiple drug resistant Salmonella
strains (Ammar et al. 2016; Elkenany et al. 2019; Amer et
al. 2020; Ghetas et al. 2021; Yu et al. 2021). Thus, the
development of an effective vaccine against the most
predominant Salmonella strains is essential.
In our laboratory, we isolated and serologically
identified 33 out of 500 samples recovered from broiler
chickens in 7 governorates in Egypt in which the most
predominant serovars were S. Blegdam (SB) (39.4%), S.
Typhimurium (ST) (21.2%), and S. Montevideo (SM)
(9.1%) (Rabie at al. 2023). Furthermore, multiple
antimicrobial resistance patterns and multiple virulence
genes have been detected in those Salmonella serovars
(Ghetas et al. 2021). Thus, this study was conducted to
develop a trivalent (SB, ST and SM) killed Salmonella
vaccine and to evaluate its safety and potency in specific
pathogen free (SPF) chickens to help prevention of this
disease in chickens.

Poultry industry is one of the fastest growing
agribusinesses in Egypt, which is the most important and
patronized in terms of number and quality development.
Poultry are exposed to various diseases as salmonellosis
which remains one of the most frequent food-borne
zoonotic disease (Majowicz et al. 2010; Newell et al.
2010; Eng et al. 2015; Balasubramanian et al. 2019; Wang
et al. 2020). Human salmonellosis has been associated
with consumption of contaminated poultry products and
by-products (Zhang et al. 2013). Several Salmonella
serovars have been isolated from poultry. The continuous
change in the predominance of Salmonella serovars in a
region or country was reported (Hafez 2001). Both
horizontal transmission (Tabo et al. 2013) and vertical
trans¬mission (Pande et al. 2016) of Salmonella species
had been reported. The organisms are often localized in
the gut of these carriers, which shed Salmonella
intermittently in the drooping thus contaminating the
poultry environment (Revolledo et al. 2006).
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MATERIALS AND METHODS

were challenged 3 weeks after the booster dose by each
strain (0.5mL containing 108 CFU/each strain ST, SM and
SB) by crop gavage, while one chicken group was
vaccinated/unchallenged.
The control positive challenged group non-vaccinated
for ST, SM and SB sub-divided into 4 subgroups. Three
chicken groups (n=20) were challenged by 0.5mL
containing 108 CFU/ each strain ST, SM, and SB by crop
gavage, one chicken group (n=10) kept as
unvaccinated/unchallenged. All chickens were observed
for 3 successive weeks after challenge. The degree of
protection was evaluated based on the clinical signs,
mortality, and bacterial fecal shedding for ST, SM, and
SB. Humeral immune responses were measured and
evaluated using ELISA assays.

Ethical Approval
Our study was performed according to approval from
Ethical Committee for Medical Research at the National
Research Centre, Egypt (19157/2019).
Bacterial strains
Three Salmonella strains (SB, ST and SM) were
previously isolated and serologically identified in our
laboratory from broiler chickens (Rabie et al. 2023).
Vaccine preparation
The Salmonella inactivated vaccine was prepared
according to Charles et al. (1994). Salmonella strains were
cultured individually on SS ager for 24 hours at 37°C.
Then, the colonies were cultured on tryptone soya broth at
37°C for 24 hours and bacteria solution containing 1010
CFU/mL was prepared. The pelleting of bacteria by
centrifugation at 5000rpm for 30 min at 4°C was also
performed. Each strain count was adjusted to be 108
CFU/0.5mL making a separate final suspension from ST,
SM, and SB. The bacterial suspensions were inactivated
by 0.3% formalin with agitation (El-Enbaawy et al, 2013).
Finally, the inactivated vaccines were performed by
mixing bacterial antigens with Montanide ISA70
(SEPPIC®, France) in a ratio of 70 adjuvant to 30
antigens.

Histopathological examination
We did postmortem examination to birds at the end of
our experiment. Tissue specimens from intestine, liver and
spleen were fixed in 10% neutral buffered formalin. The
specimens were processed in paraffin embedding,
sectioned, and stained with Hematoxylin and Eosin
(H&E) for light microscope examination (Bancfort and
Stevens 1996)
Statistical analysis
We used using GraphPad Prism program version 5
for statistical analysis of our data. Data obtained from
vaccinated/ challenged group and non-vaccinated/
challenged group were measured by ELISA test and were
analyzed using repeat measure two way ANOVA.
Differences were considered significant with P<0.0001.
Fecal shedding data (positive and negative) obtained from
chickens among vaccinated/challenged groups and nonvaccinated challenged groups 3rd, 5th, and 7th day post
challenged were statistically analyzed by Fisher’s exact
test (P<0.0001). Additionally, we used Fisher’s exact test
(P<0.0001) to compare the data obtained from the
efficacy study in both vaccinated/challenged and nonvaccinated challenged groups (Table 2).

SPF chickens
One hundred and fifty, one day old SPF chickens
were obtained from Koom Osheem, Fayoum, Egypt for
evaluation of our vaccine safety (chickens=10) and
potency (chickens=140). Chickens were housed in
batteries supported by network floor.
Sterility test of the adjuvant oil
According to Bekele and Assefa (2018), (Montanide
ISA 70) was sterilized by 160°C for one hour. These
experiments were conducted at 37°C for 7 days using
thioglycolate, tryptic soy broth, tryptose agar, and
Sabouraud agar. The Montanide oil adjuvant was used to
emulsify the bacterial biomass sufficiently. As a final
step, the inactivated culture was sterilized and made safe.

RESULTS
Sterility, purity, and safety evaluation of our vaccine
The prepared vaccine was pure, sterile, and safe. No
local responses, clinical symptoms, or mortality were
observed in vaccinated chickens.

Purity test
Our inactivated Salmonella vaccine was evaluated
against bacterial and fungal contamination (OIE, 2012).

Humoral immune response
We used ELISA technique to evaluate the humeral
immune response in sera of vaccinated comparing to
unvaccinated chickens against ST, SM, and SB. The
antibody titer (GMT) against ST was 178 (pre-vaccination
level). It was significantly increased to be 910 and 1990,
3rd week after the prime vaccination and 3rd week post
boosting respectively (Fig. 1A). The antibody titer against
SM was 181 (pre-vaccination level). It was significantly
increased to be 890 at the 3rd week after the prime
vaccination and to be 1980 at the 3rd week post boosting
(Fig. 1B). Finally, the antibody titer against SB was 178
(pre-vaccination level). It was significantly increased to
be 890 and 1790, 3rd week after the prime vaccination and
3rd week post boosting, respectively (Fig. 1C).

Safety Test
According to OIE (2012), we vaccinated 10 a day old
SPF chicks with a double field dose (1mL) of the prepared
vaccine. Then, we observed chicks daily for humeral
immune response, clinical symptoms, or mortality.
Potency test
A total number of 140 one-day-old SPF chicks were
divided into two groups and sub-groups as summarized in
Table 1. The first group, including 70 birds were
subdivided into 4 subgroups. Each subgroup was injected
with 0.5mL (subcutaneous) S/C at mid-neck region of the
locally prepared trivalent inactivated vaccine at 2 weeks
old then was boosted three weeks later. Three sub-groups
2
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Fig. 1: Antibody titer against ST (A), SM (B), and SB (C) from SPF chickens vaccinated twice (2 and 5 weeks old) with trivalent
inactivated Salmonella vaccine. All chickens were challenged at 8 weeks old. NV/Chall=non-vaccinated/challenged. V/Chall=
vaccinated/challenged. Asterisk indicated significant differences (P<0.0001).
Table 1: Experimental design
Groups
Vaccinated challenged
Vaccinated/ unchallenged group
Non-vaccinated challenged
Non vaccinated/ unchallenged

No. of Chicks Sub-group 1st vaccination 2nd vaccination
(age/weeks)
(age/weeks)
20
ST
20
SM
2
5
20
SB
10
2
5
20
ST
20
SM
20
SB
10
-

Challenge
(3 weeks after 2nd vaccination)
ST
SM
SB
ST
SM
SB
-

Table 2: Efficacy of the prepared vaccine
Protection
%*

Number of chickens have clinical signs
Dead & or
and/or dead after challenge
Survive/
Chicken groups
diseased/
st
nd
rd
th
1
2
3
4
Total
Total
week
week
week
week
Vaccinated chickens
60
6
3
0
0
9/60*
51/60*
85*
Non vaccinated chickens
60
24
10
8
6
48/60
12/60
20
*Protection % = (Survival birds/ total number of birds) X100. Asterisk indicated significant differences between vaccinated/challenged
and non-vaccinated/challenged chickens (P<0.0001).
Total
No. of
birds

Protective Efficacy of the prepared vaccine
The total number of dead and/or diseased chickens
after challenge in vaccinated/challenged groups was 9 out
of 60 comparing to 48 out of 60 in non-vaccinated
challenged groups. Thus, the protection rate elicited by
the prepared vaccine was 85% (Table 2).

picture except mild depletion of the lymphoid follicle in
the spleen.
DISCUSSION
Salmonellosis is an essential foodborne diseasecausing mortalities and variable diseases in human
(Tchoupou-Tchoupou et al. 2022). Furthermore,
contaminated poultry products and eggs are the main
reservoir for Salmonellae. Thus, prevention of
salmonellosis in chickens is an important step in any
strategy to control this zoonotic disease. The efficacy of
Salmonella inactivated vaccine most probably reliant on
the homology of the O antigens in vaccine and challenge
strains (Okamura et al. 2007; Deguchi et al. 2009). Thus,
multivalent inactivated Salmonella vaccine is required to
elicit a broad protection against variable serovars. In this
study, a trivalent inactivated Salmonella vaccine was
developed and its efficacy was evaluated in SPF chickens
using vaccination/challenge trial. The three Salmonella
strains (ST, SB, and SM) used in our inactivated vaccine
were previously isolated and identified in our laboratory
from broiler chickens (Rabie et al. 2023). Additionally,
those Salmonella strains had multiple antimicrobial
resistance patterns (Ghetas et al. 2021).

Fecal shedding of Salmonella post challenge
The re-isolation rates of Salmonellae from
vaccinated/challenged chickens 3rd, 5th and 7th days post
challenge were 10, 5, and 0%, respectively. However, the
re-isolation rates from unvaccinated/challenged birds were
75, 50, and 25% in the 3rd, 5th and 7th days post challenge,
respectively (Fig. 2).
Histopathological findings
The liver of the unvaccinated chickens suffering from
congestion of the sinusoids and other chicken showed
focal area of coagulative necrosis infiltrated with
lymphocytes, while the spleen showed severe congestions
of the red bulb accompanied with moderate depletion of
the lymphoid follicle. The intestine showing mild
congestions of the mucosa accompanied with moderate
lymphocytic infiltrations. On the other hand, the
vaccinated chickens showed almost normal histopathological
3

Int J Vet Sci, 2022, x(x): xxx.

Fig. 2: Fecal shedding of Salmonella from vaccinated and non-vaccinated chickens in 3rd, 5th, and 7th day post challenge. We used
Fisher’s exact test (P<0.0001).

Fig. 3: Histopathological findings from vaccinated/challenged chickens (A, B, C) and unvaccinated/challenged chickens (D, E, F). A)
Spleen showing mild depletion of the lymphoid follicle arrows. B) Liver showing normal histopathological picture. C) Intestine
showing mild lymphocytic infiltrations of the mucosa. D) Spleen showing severe congestions of the red bulb accompanied with
moderate depletion of the lymphoid follicle. E) Liver focal area of coagulative necrosis infiltrated with lymphocytes. F) Intestine
showing mild congestions of the mucosa accompanied with moderate lymphocytic infiltrations arrow. H&E; A=100x, B-F=200x.

Our inactivated vaccine was free from bacterial and
fungal contamination. Moreover, it was safe when
injected to SPF chickens. Neither clinical signs nor any
reaction at the site of injection was observed. In our study,
we used Montanide ISA 70 adjuvant. This mineral oilbased adjuvants have been widely used as an effective and
safe adjuvant in chickens (Jafari et al. 2017; Kilany et al.
2016; Liu et al. 2011; Lone at al., 2017). Additionally, it
has been reported that this adjuvant did not cause
noticeable clinical and pathological signs at inoculation
sites (Liu et al. 2011).
The inactivated trivalent vaccine in this study elicited
a high antibody titer (GMT) which was measured by
ELISA. The same results have been previously reported
after vaccination of Salmonella inactivated vaccines in
SPF chickens (El-Enbaawy et al. 2013; Ibrahim et al.
2018), Egg type chickens (Okamura et al. 2007), and
broiler breeder pullets (Berghaus et al. 2011; Crouch et al.
2020a). In our experiment, a rapid and high antibody titer
against ST, SM, and SB were detected in vaccinated
chickens after prime and boost vaccination comparing to
unvaccinated chickens as shown in (Fig. 1.A, B, and C). A

high antibody titer after vaccination with killed
Salmonella vaccine could explain the significant reduction
in fecal shedding of Salmonella and internal organ
invasion (Crouch et al. 2020b). There was a significant
reduction in fecal shedding 3rd and 5th post challenge,
while no Salmonella fecal shedding was detected 7th day
post challenge in vaccinated chickens (Fig. 2). Our results
were agreeing with the findings of previous studies
(Deguchi et al. 2009; El-Enbaawy et al. 2013; Huberman
et al. 2022) which reported the efficacy of Salmonella
inactivated vaccines to reduce the bacterial fecal shedding
after challenged with the same serovars or serovars related
to the same serogroups. It had been previously reported
that vaccination of breeder chickens with inactivated
vaccine reduced Salmonella prevalence and loads in their
broiler progeny (Crouch et al. 2020a). Additionally,
vaccination using of killed S. Enteritidis vaccine helped to
prevent egg contamination with S. Enteritidis phage type 4
in UK (Cogan and Humphrey 2003; O’Brian 2013).
Finally, a normal to mild histopathological findings
were detected in liver, spleen, and intestine of vaccinated
chickens compared to sever findings in unvaccinated
4
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chickens (Fig. 3). Furthermore, the total number of dead
and/or
diseased
chickens
after
challenge
in
vaccinated/challenged chickens comparing to nonvaccinated/challenged chickens was 9 out of 60 and 42
out of 60 respectively (Table 2). Thus, our inactivated
trivalent vaccine induced 85% protection rate. This
protection rate of our prepared vaccine is accepted
according to Heddleston (1975) and Egyptian Veterinary
Codex- CLEVB (2009).
Conclusion
In this study, an inactivated trivalent Salmonella
vaccine was prepared, and its efficacy was evaluated in
SPF chickens. The vaccinated chickens received two
doses of vaccine at 2 and 5 weeks and all chickens were
challenged 3 weeks after the last vaccination. The
prepared vaccine elicited a significant high ELISA titer in
vaccinated chickens. Additionally, the fecal shedding of
Salmonella was significantly reduced 3rd, 5th, 7th day post
challenge in vaccinated chickens comparing to nonvaccinated chickens. Finally, our vaccine achieved 85%
protection rate.
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