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Abstract

Salmonella infections are of prime importance in the layer chicken industry and pose a

significant public health threat. Production of export quality poultry products requires

Salmonella-free certification. We developed and applied a vaccination schedule based on

a commercial live attenuated Salmonella enterica serovar Gallinarum biovar Gallinarum

(S. Gallinarum) vaccine in a layer flock. A flock of 1000 ISA Brown chickens was vacci-

nated with a lyophilized fowl typhoid live vaccine at definite time intervals. Isolation of

Salmonella spp. in cloacal swabs and detection of serum antibody responses were per-

formed using serum plate agglutination (SPA) test and ELISA. At the time of vaccination

(16 weeks (w) of age), 50% of the tested birds carried Salmonella spp. in feces. Following

booster immunization at 18 w, 21 w, and then every 12 weeks interval, the shedding of

Salmonella decreased significantly over time with 40% at 21 w, 10% at 30 w, and 5% each

at 42 and 54 w, and no shedding was detected at 66 and 78 w. Biochemical analysis of

32 Salmonella isolates revealed 15.6% (n=5) Salmonella enterica serovar Gallinarum bio-

var Pullorum (S. Pullorum), 37.5% (n=12) S. Gallinarum, and 46.9% (n=15) paratyphoid

causing Salmonella. Of note, the Salmonella spp. detected after 21 w of age belonged to

the paratyphoid group. The decreased shedding of bacteria paralleled with increased an-

tibody responses. The antibody level at vaccination (20% positive rate at 16 w) increased

over time with a 50% positive rate at 18 w, 80% at 42 w, 90% at 54 w, and 100% at 66 w

and 78 w by SPA test. The serum antibody levels of chickens measured using ELISA were

similar to those obtained by the SPA test. In conclusion, the vaccine schedule developed

in this study confirmed a high seroconversion and prevented Salmonella shedding in feces.

Therefore, a twelve-weeks interval vaccination protocol from the pre-laying stage to the

last stage of laying is recommended to prevent Salmonella infections in laying flocks.
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Introduction

The poultry industry in Bangladesh plays a vital role
in economic growth and simultaneously creates numer-
ous employment opportunities. This industry is an
emerging agribusiness that started practically during
the 1980s in Bangladesh (Huque, 2001). Poultry in-
dustry has already shown its great potential in income
generation and poverty alleviation, as well as improv-
ing human nutrition through supplying of meat and
eggs (Islam, 2005; Saleque, 2020). However, several
constraints such as infectious diseases, poor husbandry,
indiscriminate use of antibiotics, unstable market, high
input prices, low product prices, vaccination failures,

low productivity, and shortage of feed affect the opti-
mal growth of the poultry sector in Bangladesh (Jabbar
et al., 2011; Islam et al., 2014).

Salmonella infections are of prime importance in
the layer industry in Bangladesh and possess signifi-
cant public health threats. Salmonella has more than
2600 serotypes, which often cause gastrointestinal in-
fections in humans and animals such as gastroenteritis,
typhoid fever, paratyphoid fever, and death (Li et al.,
2014; Akbar and Anal, 2015; Zhao et al., 2016). With
the significant expansion of poultry rearing and farm-
ing, pullorum disease, fowl typhoid, and paratyphoid
diseases have become widespread in Bangladesh (Rah-

1

https://gmpc-akademie.de/journals/gtop
mmhossain04@yahoo.com.au
https://doi.org/10.51585/gtop.2021.2.0006


man et al., 2017; Mamun et al., 2019). The incidence of
Salmonella infections in poultry varies between stud-
ies depending on the geographic location, farm hygiene
and flock density. However, Salmonella infection is
still one of the most prevalent poultry diseases, with
incidence rates ranging between 21-30% in layers and
about 15% in broiler chickens (Rahman et al., 2017;
Mamun et al., 2019). Salmonella can be transmitted
vertically through infected eggs or horizontally (Opitz
et al., 1993). In particular, the paratyphoid group of
Salmonella has zoonotic importance and may cause en-
teritis in humans when raw or uncooked meat and eggs
are ingested (Barua et al., 2014; Li et al., 2014). In ad-
dition, the production of export quality poultry prod-
ucts requires Salmonella-free certification. Therefore,
the production of Salmonella-free poultry products de-
mands special attention.

The basis for successful control of Salmonella in-
fections in poultry farms is based on good farming and
hygienic practices, including all the aspects covering
feed, source of birds, management, cleaning and dis-
infection, and control of rodents (Ethèves et al., 2021;
Kim et al., 2021). Vaccination of chickens is regarded
as an additional measure to increase the resistance of
birds against Salmonella exposure and decrease the
shedding. The S. Gallinarum 9R vaccine strain has
been used for more than 60 years to control fowl ty-
phoid (Wigley, 2017). Whether vaccination is a suit-
able option in a control program or not depends on the
aim of the control program (reduction or eradication),
type of poultry, stage of production, the true preva-
lence of Salmonella, serovars targeted, detection meth-
ods used, and cost-benefit. The control measures failed
to achieve success because of poor aspects of proper
biosecurity in Bangladesh (Rimi et al., 2017). In poul-
try farms, birds and rodents can easily enter; thus, hor-
izontal transmission occurs rapidly. Although there are
available vaccines, their efficacy remains limited. It is
generally acknowledged that more effective, stable, and
safe vaccines are needed to minimize the socioeconomic
and medical burdens of human and poultry salmonel-
losis (Gayet et al., 2017). Therefore, the study was
designed to develop a vaccination program based on
a commercial live attenuated fowl typhoid vaccine to
produce a Salmonella-free poultry flock.

Study Methods

The study was conducted between June 2017 and De-
cember 2018 at Krishibid farm at Bhaluka Upazila
of Mymensingh district. Birds were obtained from
an ISA Brown flock (10,582 birds) with no history of
Salmonella vaccination. A total of 1000 apparently
healthy chicks were used for this experiment. Birds
were given heat-treated ready-made feed and fresh
drinking water ad libitum. The operational biosecu-
rity of that particular shed was properly maintained.
All applicable national and institutional guidelines for
the care and use of animals were followed. The study
was carried out in accordance with the recommenda-
tion of the Ethical Standard of Research Committee
of Bangladesh Agricultural University, Mymensingh.

The protocol and procedures employed were reviewed
and approved by the Ethical Standard of the Research
Committee.

At 16 weeks of age, chickens were vaccinated with
commercial Fowl Typhoid Live Lyophilized Vaccine
(SG-9R Strain, Komipharma, South Korea) using 0.2
ml containing 2×107 colony forming unit (CFU) via
the subcutaneous route. A booster immunization was
performed at 18 weeks of age with the same vaccine and
dose. After that, the flock received booster vaccination
at 12 weeks interval (i.e., 30, 42, 54, 66, and 78 weeks
of age) until the last stage of laying using the same vac-
cine. In addition to Salmonella vaccine, the flock was
vaccinated against Newcastle disease (LaSota strain)
and Infectious Bursal Disease (Intermediate strain).
Cloacal swabs were collected randomly from 20 birds
(considering 2% of total birds) at 16, 18, 21, 30, 42, 54,
66, and 78 weeks of age in tetrathionate broth (TTB,
HiMedia, India) for the isolation of Salmonella. Si-
multaneously, blood samples were collected randomly
from 10 birds (considering 1% of total birds). Sera
were separated and clarified by centrifugation at 3000
rpm for 10 minutes and stored at -20C.

After overnight incubation in tetrathionate broth,
all collected samples were primarily cultured on nu-
trient agar and then subcultured onto Salmonella-
Shigella (SS) agar (HiMedia, India), Triple sugar
iron (TSI) agar (HiMedia, India), Brilliant green
agar (BGA) (HiMedia, India), Eosin Methylene Blue
(EMB) agar (HiMedia, India) as described previously
(Haider et al., 2003). The presumptive colonies of
Salmonella in different media were characterized mi-
croscopically using Gram stain. Five basic sugars
(glucose, sucrose, lactose, mannitol, and maltose) were
used for the sugar fermentation test. Biochemical tests
including methyl-red, Voges-Proskauer, indole, and
dulcitol fermentation tests were carried out. The motil-
ity test was performed to distinguish motile Salmonella
from the non-motile one following standard procedure
(Barrow and Feltham, 1993).

Molecular detection of isolated Salmonella
spp. was performed using PCR. The bacte-
rial DNA was extracted using DNA extraction
kit (Promega, USA) according to the manufac-
turer’s instructions. The primer pair (invAF: 5'-
GTGAAATTATCGCCACGTTCGGGCAA-3'and in-
vAR: 5'-TCATCGCACCGTCAAAGGAACC-3') was
used to amplify a 284 bp fragment of invA gene of
Salmonella spp. as previously described (Rahn et al.,
1992).

Standard Salmonella antigen (Nobilis, Holland)
manufactured by the Intervet International, Hol-
land was used for the SPA test. Equal amounts of
Salmonella standard antigen and chicken sera (0.02
ml) were placed side by side on a glass slide and
mixed thoroughly by stirring with a toothpick fol-
lowed by rocking. Results were read within 2 minutes.
To detect the level of anti-Salmonella antibodies in
vaccinated flock, the FLOCKSCREEN™ Salmonella
antibody ELISA kit (Guild Hay Ltd., UK) was used.
The optical densities (OD) values of the samples were
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Table 1: Biochemical tests for the differentiation of Salmonella spp. isolated from the layer chickens
at pre-and post-vaccination periods.

Lac1 Suc Mal Glu Man Dul MR VP Ind Motility Species No.(%)

- - - A/AG AG - + - - - S. Pullorum 5 (15.6)

- - A A A + + - - - S. Gallinarum 12 (37.5)

- - AG AG AG + + - - + Paratyphoid Salmonella 15 (49.6)
1 Lac= Lactose, Suc= Sucrose, Mal= Maltose, Glu= Glucose, Man= Mannitol, Dul= Dulcitol, MR= Methyl Red,

VP= Voges-Proskauer, Ind= Indole, A= Acid, AG= Acid and Gas.

measured at 450 nm wavelength. For the validity of
the assay, the mean negative control absorbances were
<0.25, and the mean positive control absorbances were
2.5.

Findings and Interpretations

A total of 160 cloacal swab samples (20 samples at
each time point) were collected from the layer flock
at the time of vaccination (at 16 weeks of age) and
post-vaccination (18, 21, 30, 42, 54, 66, and 78 weeks
of age) and the shedding of Salmonella spp. in cloa-
cal swabs was monitored. Salmonella isolates showed
turbidity in TTB broth, slightly yellowish-white color
colony on BGA, slightly grayish color colony on SS
agar, black color colony on TSI agar, gray-white colony
on nutrient agar, pinkish colony on EMB agar, and
pale color colony on MacConkey agar. Gram staining
showed Gram-negative, rod-shaped, pink, and short to
long chains and single or paired bacteria. A total of
32 cloacal samples were tested positive for Salmonella
spp. at different time points based on bacteriological
analysis. PCR confirmed the identity of all Salmonella
isolates by amplifying a 284 bp fragment of the invA
gene of Salmonella spp. (Data not shown).

Among the total 32 Salmonella positive cloacal
swabs, 10 positive swabs were found at each time point
of 16 and 18 weeks resulting in 50% positive rate
(10/20). Another 8 positive swabs were found at the
age point of 21 weeks with 40% positive rate (8/20),
2 positive swabs with 10% positive rate (2/20) at 30
weeks and 1 positive swab with 5% positive rate (1/20)
at each time point of 42 and 54 weeks. Of note, no cloa-
cal swabs carried Salmonella spp. at 66 and 78 weeks
of age (Figure 1). Collectively, our result indicated a
decrease in the shedding of Salmonella in feces after
vaccination of the flock.

The 32 Salmonella isolates were further character-
ized to detect their sub-species using a series of bio-
chemical tests and motility assay. The findings of bio-
chemical and motility assays are presented in Table 1.
All Salmonella isolates fermented glucose and manni-
tol with acid and gas production but did not ferment
lactose and sucrose. S. Pullorum did not ferment mal-
tose, while S. Gallinarum and paratyphoid-producing
Salmonella fermented maltose. The dulcitol fermenta-
tion test is performed to differentiate S. Pullorum and
S. Gallinarum.

In addition, S. Pullorum did not ferment dulci-
tol, whereas the S. Gallinarum did. The motility

assay revealed 17 non-motile isolates, characteristics
of S. Pullorum and S. Gallinarum, whereas 15 iso-
lates were motile, indicating the paratyphoid group of
Salmonella. Collectively, 5 isolates (15.6%) were char-
acterized as S. Pullorum, 12 (37.5%) as S. Gallinarum
and 15 (49.6%) as paratyphoid-causing Salmonella.
Age-wise distribution of the Salmonella spp. detected
in cloacal swabs of the flock showed typhoid group of
Salmonella (S. Pullorum and S. Gallinarum) during
the first 16 to 21 weeks of age (Table 2). On the other
hand, the paratyphoid group of Salmonella was de-
tected during 16 to 54 weeks.

For the detection of antibody response in the vacci-
nated flock, a total of 60 sera samples (10 at each time
points of 16, 18, 42, 54, 66 and 78 weeks) were collected
from different age groups. The rapid SPA test revealed
an increasing seroconversion rate over the study period
(Figure 2a). For example, 20% of the tested chick-
ens showed positive in SPA test at 16 weeks, indicat-
ing some antibody responses before vaccination. Upon
vaccination, the antibody level further increased over
time with 50% positive rate at 18 weeks, 80% at 42
weeks, 90% at 54 weeks and 100% at 66 and 78 weeks.
Similarly, the serum antibody level of chickens was also
measured using ELISA and showed a good correlation
with the SPA test (Figure 2b). ELISA showed 20%
antibody positive chickens at 16 weeks which increased
rapidly over time with 70% positive rate at 30 weeks,
80% at 42 weeks, 90% at 54 weeks and 100% at 66 and
78 weeks. The ELISA also detected increased OD val-
ues of the individual chickens over time, and higher OD
values were recorded after 54 weeks of age (Figure 2c).
Taken together, the fowl typhoid vaccine mounted sig-
nificant antibody responses in chickens.

S. Gallinarum vaccine based on the 9R strain has
been used worldwide with great success for more than
60 years to control fowl typhoid in poultry (Wigley,
2016). Despite the availability of vaccines, both fowl
typhoid and pullorum disease, caused by S. Pullorum,
remain endemic problems in many parts of the world.
Salmonella infection is one of the frequently detected
diseases in layer flocks in Bangladesh, mainly due to
poor biosecurity practices on the farm and the lack of
quality vaccines. Herein we applied a live attenuated
S. Gallinarum commercial vaccine in a layer flock to
produce Salmonella-free poultry flocks. Layer chickens
were vaccinated at age of 16 weeks, followed by boost-
ing at 18 weeks and then boosting every 12 weeks. The
developed vaccine schedule showed high efficacy indi-

3



Figure 1: Shedding of Salmonella spp. in cloacal swabs of layer chickens at different time points.

Table 2: Age-wise distribution of Salmonella spp. detected in cloacal swabs of chickens at pre-and post-
vaccination periods

Age (weeks)
Salmonella spp.

S. Pullorum S. Gallinarum Paratyphoid Salmonella

16 3 6 1

18 2 4 4

21 - 2 6

30 - - 2

42 - - 1

54 - - 1

Total 5 12 15

cated by induction of high antibody responses and re-
duced Salmonella shedding in feces starting at 21 weeks
with a complete cessation of shedding after 54 weeks
of age.

For the detection of Salmonella and to determine
antibody response in the flock at the beginning of vac-
cination and post-vaccination periods, this study em-
ployed cultural prevalence, SPA, and ELISA to de-
velop a protocol for the rearing of Salmonella-free poul-
try flock. The overall prevalence of Salmonella infec-
tion in the flock was 20% in layer birds at Krishibid
farm, which mirrored a previous study showing the
overall prevalence of Salmonella infection of 21.02%
(Ahmed et al., 2008). We detected Salmonella of ty-
phoid (S. Gallinarum and S. Pullorum) and Paraty-
phoid groups using biochemical analysis. All isolated
Salmonella were MR positive and VP and indole nega-
tive. The S. Pullorum and S. Gallinarum were dulcitol
non-fermenters, but paratyphoid-causing Salmonella
fermented dulcitol. S. Pullorum did not ferment mal-
tose, while S. Gallinarum fermented maltose (Haider
et al., 2003).

In the present study, among the 32 isolates, 5
isolates (15.6%) were characterized as S. Pullorum,

12 (37.5%) as S. Gallinarum, and 15 (49.6%) as
paratyphoid-causing Salmonella. All Salmonella spp.
detected in the cloacal swabs after 21 weeks belonged
to the paratyphoid group that was probably introduced
into the farm through free-flying birds or rodents ow-
ing to the weak biosecurity practices in the farm. The
present study’s findings corresponded with many previ-
ous studies (Pomeroy and Nagaraja, 1991; Christensen
et al., 1997). The cultural tests showed decreased shed-
ding of intestinal Salmonella after vaccination of the
birds.

To determine antibody response in the flock, both
SPA and ELISA can be used (Barrow et al., 1992).
Before vaccination of the flock (16 weeks), 50% of the
birds shed Salmonella in feces which decreased over
time with 5% shedding at 54 weeks. The rate of shed-
ding corresponded to the level of antibody responses
post-vaccination. Both SPA and ELISA techniques
detected 80% seroconversion at 42 weeks of age. In
addition, analysis of the OD values of the ELISA test
showed increased levels with ages, indicating higher an-
tibody responses with time. No shedding was detected
after 54 weeks of age, achieving a Salmonella-free poul-
try production.
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Figure 2: The serum antibody responses in chickens vaccinated with fowl typhoid vaccine. Line graphs show-
ing the percent of antibody positive chickens in SPA test (a), ELISA (b), and (c). Bar diagram showing the
optical density (OD) values of individual chickens detected in ELISA. n=10 at each time point.

Our findings corroborated a recent study which
demonstrated a 59.0% serum positive rate and signif-
icant reduction of Salmonella shedding in commercial
layer flocks with a vaccine based on a live S. Galli-
narum 9R strain results (Feberwee et al., 2001). In-
terestingly, the injected S. Gallinarum vaccine com-
pletely prevented the shedding of both S. Gallinarum
and S. Pullorum by 21 weeks of age; however, the
shedding of paratyphoid Salmonella continued till 54
weeks, indicating reduced cross-serotype protection of
the Salmonella vaccine. These results support the as-
sumption of Silva et al. (1981), who demonstrated that
subcutaneous administration of SG-9R vaccine pro-
vided variable protection against experimental chal-
lenge of fowl typhoid.

Conclusions

In conclusion, the 12 weeks interval vaccination sched-
ule from the pre-laying stage to the last stage of laying
using the live attenuated Salmonella vaccine devel-
oped in this study confirmed a high seroconversion
and prevented Salmonella shedding in feces. In light
of this, we recommend the program to maintain com-
mercial poultry farms free from Salmonella infections.
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