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ABSTRACT Salmonella Pullorum is one of the most
important avian pathogenic bacteria due to widespread
outbreaks accompanied by high mortality. It has been
demonstrated that the Salmonella Enteritidis live vac-
cine strain Sm24/Rif12/Ssq is able to induce cross-
immunity protection against Salmonella Gallinarum
and Salmonella Infantis, however, it is unknown whether
this vaccine is effective against Salmonella Pullorum
infection. In the present study, the Hubbard parent
chickens were orally administrated this vaccine at 1-
day-old, 40-day-old, and 131-day-old respectively, and
challenged by Salmonella Pullorum at 157-day-old to
evaluate the protective effect of the Salmonella Enteriti-
dis live vaccine strain Sm24/Rif12/Ssq. After each
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vaccination, the vaccine strain could be recovered from
cloacal swabs within a week, whereas no vaccine strain
was re-isolated from environmental samples throughout
the experiment. Vaccination for the breeder chickens
with Salmonella Enteritidis Sm24/Rif12/Ssq could
relieve swollen liver (P = 0.0066) caused by Salmonella
Pullorum infection and decrease Salmonella Pullorum
colonization level in spleen (P = 0.0035), whereas no sig-
nificant difference was found in the bacterial counts of
liver, ovary and oviduct of vaccinated chickens. These
results suggested that the Salmonella Enteritidis live
vaccine strain Sm24/Rif12/Ssq was high safety and
effective against Salmonella Pullorum infection to a cer-
tain extent.
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INTRODUCTION

Pullorum disease is an acute septicaemic disease of
avian species resulting from Salmonella enterica subsp.
enterica serovar Gallinarum biovar Pullorum (S. Pullo-
rum) infection. Newly hatched chicks show high suscep-
tibility to S. Pullorum and infected chicks may manifest
somnolence, depressed appetite, adherence of chalky
white material to the vent (Shivaprasad, 2000). For
growing and mature fowl, infected chickens may not
exhibit any signs and cannot be detected by their physi-
cal appearance, which is by far the most important ways
of perpetuation and spread of the organism. It is known
that S. Pullorum could persists within macrophages in
the spleen during the carrier state resulting in persistent
infection and transmission to eggs or progeny
(Berchieri et al., 2001; Wigley et al., 2001; Foster et al.,
2021; Ijaz et al., 2021). Infected mature breeders will
bring a set of problems including a drop in egg produc-
tion, decreased fertility, diminished hatchability and
high mortality of progeny (Shivaprasad, 2000). Benefit-
ing from the great process of intensive poultry industry
and the implementation of extensive eradication pro-
grams, S. Pullorum has been under control and not a
primary concern in developed countries. However, it still
persists in many countries in Africa, Asia, and South
America, leading to severe economic losses (Barrow and
Freitas Neto, 2011). In China, Salmonella infection in
poultry is common and the main prevalent serovar iso-
lated from chickens is S. Pullorum (Song et al., 2020).
There are several vaccine types for Salmonella immu-

nization of poultry containing live-attenuated vaccines,
inactivated vaccines and subunit vaccines. Compared
with inactivated vaccines and subunit vaccines, live
attenuated vaccines could induce protective immunity
through activation of both antibody and cell-mediated
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immune responses (Desin et al., 2013; Acevedo-
Villanueva et al., 2021). The Salmonella Enteritidis (S.
Enteritidis) strain Sm24/Rif12/Ssq (AviPro Salmonella
Vac E, ELANCO, Cuxhaven, Germany) is a live-attenu-
ated vaccine strain of S. Enteritidis phage type 4, which
is able to reduce the S. Enteritidis colonization in organs
and decrease the egg contamination (Gantois et al.,
2006; Atterbury et al., 2009; Huberman et al., 2019).
Furthermore, due to its metabolic drift markers, this
strain can be easily differentiated from field strains by
its resistance to rifampicin and streptomycin and high
susceptibility to quinolones, for instance to erythromy-
cin, whereas any wild type strain of S. Enteritidis has
the opposite pattern of sensibility (Chacana and Ter-
zolo, 2006; Eeckhaut et al., 2018). The vaccination of
first day of life protects chicks against the intestinal colo-
nization of wild type S. Enteritidis by colonization-inhi-
bition. Booster immunizations are used to decrease gut
colonization, shedding, internal organ colonization, and
egg contamination based on stimulation of cell-mediated
and humoral immune responses. In addition, the vaccine
strain Sm24/Rif12/Ssq shows cross-protection against
other Salmonella serotypes, including S. Gallinarum and
S. Infantis (Chacana and Terzolo, 2006; Eeckhaut et al.,
2018), but it is unclear whether the vaccine is capable to
protect chickens against S. Pullorum infection. In the
present study, we evaluated whether this live-attenu-
ated vaccine strain of S. Enteritidis was able to confer
cross-protection against S. Pullorum infection.
MATERIALS AND METHODS

Chickens and Experimental Groups

A total of 96 newly hatched Hubbard parent chicks
were obtained from Yisheng (Yisheng Livestock and
Poultry Breeding Co., Ltd., Shandong, China) and ran-
domly divided into 4 groups, which were housed in sepa-
rate rooms more than 50 meters apart with wood
shavings and waterlines by different experimental per-
sonnel to avoid cross-contamination. The details of
group information and treatment were shown in Table 1.
All chicks were confirmed to be Salmonella-free by bac-
teriological analysis of cloacal swabs according to a pre-
viously described method (Yang et al., 2019). In
addition, to avoid chickens overweighting, the Hubbard
Breeder Management Manual and the Hubbard Breeder
Nutrition Guide (www.hubbardbreeders.com/documen
tation) were referred to make feed programs. All proce-
dures used in this study were approved by the Animal
Care Committee of Shandong Agricultural University
Table 1. Group information and treatment.

Age of vaccinat

Group Number 1

Control 18 -
Only vaccinated 30 Yes
Vaccinated + SP 30 Yes
Nonvaccinated + SP 18 -
(P. R. China) and were carried out in accordance with
the guidelines for experimental animals of the Ministry
of Science and Technology (Beijing, P. R. China).
Vaccination

According to the manufacturer’s instructions, the live
commercial attenuated S. Enteritidis vaccine strain
Sm24/Rif12/Ssq resistant to rifampicin and streptomy-
cin (AviPro Salmonella Vac E, ELANCO) was diluted
in distilled water to give a final concentration of between
1 and 8£ 108 CFU per dose. Then chicks of the only vac-
cinated group and the vaccinated + SP (S. Pullorum
challenged chickens after vaccination) group were vacci-
nated by oral gavage at the 1-day-old, 40-day-old, and
131-day-old, respectively. Meanwhile, the control group
and the nonvaccinated + SP group was orally inoculated
with the same volume of distilled water.
Challenge Strains and Challenge Procedure

The S. Pullorum standard strain CVCC526 resistant
to clarithromycin and sensitive to rifampicin was used
for challenge in this study. The strain was grown at 37°
C in Luria-Bertani (LB) liquid media (Haibo Biotech-
nology, Qingdao, China) for 12 h, then bacterial cells
were centrifuged and adjusted to a dose of 1.8 £ 109

CFU in a volume of 200 mL phosphate-buffered saline
solution (PBS, Solarbio, Beijing, China) for challenge.
Chickens of the nonvaccinated + SP group and the
vaccinated + SP group were administered by injection
into the breast muscle at 157-day-old, whereas the con-
trol group and the only vaccinated group was inoculated
the same volume of bacteria free PBS buffer.
Re-isolation of the Vaccine Strain

To monitor the shedding of the vaccine strain, cloacal
swabs were taken individually from the chicks of the
only vaccinated group and the vaccinated + SP group
(n = 60). After each vaccination, cloacal swabs were
taken every 3 d for 3 wk and then taken weekly till next
vaccination. A total of 2,114 cloacal swabs from 35
batches of samples were taken from 4-day-old to 178-
day-old. Besides, 390 environmental samples of the only
vaccinated group and the vaccinated + SP group includ-
ing wood shavings, waterline nipple swabs and the
remaining feed in the feeding trough were collected every
7 d to examine whether the live vaccine strain survived
in the environment. The swabs, wood shavings, or feed
were incubated overnight at 37°C in buffered peptone
ion (days old) Age of challenge (days old)

40 131 157

- - -
Yes Yes -
Yes Yes Yes
- - Yes
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water (BPW, Haibo Biotechnology, Qingdao, China)
and afterwards a loopful was plated on brilliant-green
phenol-red lactose sucrose (BPLS) agar (Haibo Bio-
technology) plates supplemented with 200 mg/mL strep-
tomycin (Sigma, Shanghai, China) and 100 mg/mL
rifampicin (Sigma), which was used as selective medium
to detect the vaccine strain (Gantois et al., 2006).
Bacterial Burden of Organs

At the d 21 post-challenge, 6 randomly selected chick-
ens from each group were weighted and euthanized. The
liver, spleen and heart of chicken were weighted for cal-
culating the organ/body weight ratio. Besides, samples
of liver, spleen, ovary, oviduct, and cecal content of
infected chickens were weighted and homogenized by
automatic sample fast grinder (Shanghai Jingxin,
Shanghai, China) in 1 mL of PBS, then serial dilutions
of the homogenates were plated onto xylose lysine des-
oxycholate (XLD) agar (Haibo Biotechnology) plates
(Haibo Biotechnology) supplemented with 50 mg/mL
clarithromycin (Sigma) for determining the number of
S. Pullorum. Three suspected S. Pullorum colonies for
each sample were identified by PCR assays using a spe-
cific target gene ipaJ (Xu et al., 2018).
Figure 1. (A) The re-isolation rate of the vaccine strain from the
vaccinated + SP group throughout the whole experiment. (B) The bacteria
challenge. The effect of the S. Enteritidis vaccine on the heart/body weight r
on 21 d postchallenge.
Statistical Analysis

GraphPad Prism 8 software was used for statistical
analysis. One-way ANOVA analysis was used to deter-
mine statistical differences in the organ/body weight
ratio. Bacterial counts/gram tissue was log transformed
and normality of the data was tested with the t test. Dif-
ferences with P-values below 0.05 were considered to be
significant.
RESULTS AND DISCUSSION

In general, it is very important that live vaccines
should be safe as well as efficient and at the same time
do not interfere with the existing systems for monitoring
infection (Zhang-Barber et al., 1999). To monitor the
shedding of the vaccine strain, 2,114 cloacal swabs cov-
ering from the period of chick-rearing to sexual maturity
were collected. Vaccine strain was detected on the 3, 6,
38 d post first vaccination, 6 d post second vaccination
and 3 d post third, and not detected at other time
(Figure 1A). It was within a week after vaccination that
the vaccine strain could be recovered from cloacal swabs
with the highest probability (Figure 1A), which coin-
cided with the previous reports (Chacana and Ter-
zolo, 2006; Huberman et al., 2019). Interestingly, the
vaccine strain could be still re-isolated at 38 d post first
positive cloacal swabs in both the only vaccinated group and the
l loads of S. Pullorum in spleen, liver, ovary, and oviduct on 21 d post-
atio (C), liver/body weight ratio (D) and spleen /body weight ratio (E)
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vaccination, indicating that the excretion period of the
vaccine strain could persist longer than we thought
before. No vaccine strain was detected (0/390) in sam-
ples from wood shavings, waterline nipples swabs, and
the remaining feed in the feeding trough for both the
only vaccinated group and the vaccinated + SP group
throughout the experiment, even during the excretion
period of the vaccine strain in chickens. The result indi-
cated that the vaccine strain could not survive in the
environment. Besides, no any clinical signs of depression
or disease were observed in the chicks after vaccination.
In summary, the S. Enteritidis strain Sm24/Rif12/Ssq
with metabolic drift mutantation and reduced virulence
showed good safety profile as a live vaccine, making vac-
cination at the first day of life was feasible.

Poultry meat and eggs are a major source of S. Enteri-
tidis, but since the introduction of the Salmonella vac-
cines including S. Enteritidis live vaccine (AviPro
Salmonella Vac E) in the European Union and other
regions worldwide, the S. Enteritidis contamination rate
of poultry flocks and products has reduced significantly.
Vaccination with the live vaccine at 1-day-old and fol-
lowed by booster immunizations, have become standard
practice in the European. Moreover, this vaccine is capa-
ble to protect chickens against a broad range of Salmo-
nella enterica serotypes, including S. Gallinarum and S.
Infantis (Chacana and Terzolo, 2006; Eeckhaut et al.,
2018). In China, due to the complex composition of
breeds, the elimination of S. Pullorum is a tough task
and the government is promoting this project to be fas-
tened and widen. Considering this vaccine could induce
cross-protection against other Salmonella serotypes, in
the present study we evaluated whether the only
approved Salmonella vaccine for chickens on the Chinese
market so far was able to confer cross-protection against
S. Pullorum infection. On 21 d postchallenge, the vacci-
nation significantly decreased the liver/body weight
ratio (P = 0.0066), whereas no significant effect was
observed on the spleen/body weight ratio (P = 0.4081)
and heart/body weight ratio (P = 0.9775; Figures 1C
−1E). These data suggested that the vaccination was
effective in relieving swollen liver caused by S. Pullorum
infection. Bacteriological analysis of the spleen in the
vaccinated + SP group showed that the colonization
level of S. Pullorum significantly decreased (P = 0.0035)
and the bacterial load of S. Pullorum in the liver was
0.36-fold lower (P = 0.1761) than the non-
vaccinated + SP group (Figure 1B). However, the num-
ber of S. Pullorum in the ovary and oviduct of chickens
in the vaccinated + SP group were similar with that of
the nonvaccinated + SP group (Figure 1B), which was
consist with the previous study of
Huberman et al. (2019). The sexual maturity of experi-
mental chickens may be related to this result. Although
the exact mechanism regarding persistent infection and
carriage which result in infection of the reproductive
tract is still unclear, the increase of sex hormones could
reduce capacity of T cells to respond specifically and
nonspecifically to antigens, which probably enables the
bacteria to spread to the reproductive tract
(Wigley et al., 2005). It has been known that the S.
Pullorum has a preference to survive and proliferate in
the macrophage of liver and spleen, which will contrib-
ute to persistent infection and dissemination to other
organs. Therefore, alleviation the invasion and reduction
of bacterial colonization levels in the liver and spleen are
important for protection against S. Pullorum infection
(Foster et al., 2021). In general, the above data sug-
gested that the S. Enteritidis vaccine was able to relieve
swollen liver caused by S. Pullorum infection and reduce
the colonization level of S. Pullorum in spleen of chick-
ens. However, the vaccination could not prevent bacte-
rial translocation into reproductive system of chickens
in the period of sexual maturity.
CONCLUSIONS

This work demonstrated that the live-attenuated S.
Enteritidis strain Sm24/Rif12/Ssq was able to relieve
organ damage caused by S. Pullorum infection and
reduce the bacterial loads of S. Pullorum in spleen.
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