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______________________________________________________________________________________

Abstract
The goal of this study was to compare the effects of Bacillus subtilis and the antibiotic enrofloxacin on
growth performance, immune response, intestinal histomorphometry and cecal Salmonella numbers in
broilers challenged with S. gallinarum. Salmonella-free chicks (n = 240) were allocated to four groups,
comprising six replicates (n = 10) each. Group NN was not infected and received no treatment. Group SN
was infected with Salmonella and received no treatment. Group SE was infected with Salmonella and treated
with the antibiotic enrofloxacin. Group SP was infected with Salmonella and treated orally with the probiotic
B. subtilis. Initially the groups that were infected with Salmonella had reduced growth performance compared
with NN. By the fourth week, SE and SP had recovered and weighed as much as or more than NN. The SP
group had greater cellular immunity and relative weights of the bursa and thymus than the other groups. SN
had the lowest villus height in all the segments of the small intestine and a larger Salmonella population in
the ceca. Probiotic supplementation reduced the pathological outcomes more than enrofloxacin. Prophylactic
use of B. subtilis-type probiotics had similar effects to the use of antibiotics, alleviated the stress related to
infection of S. gallinarum, and improved the growth performance, immune function, and gut mucosal
development in broilers.
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Introduction
Salmonellosis is one of the leading causes of lost productivity in poultry (Saleem et al., 2016) and a
major source of bacterial food poisoning in humans. Antibiotics, including enrofloxacin, have shown
promising efficacy in vitro against the bacterium, and enhance the growth performance of poultry (Xie et al.,
2017). Nevertheless, the European Union (EU) withdrew the use of antibiotics in food animals to circumvent
the emergence of resistant pathogenic organisms and their transmission to humans through the consumption
of contaminated food (Dersjant-Li et al., 2014). This prohibition led to a decline in animal performance from
bacterial stress and reduced growth. Consequently, probiotics (Yang et al., 2018), organic acids (Arbab et
al., 2017), enzymes (Dersjant-Li et al., 2016), and medicinal plants (Yasmin et al., 2019) are regarded as
replacements for antibiotics to enhance the production of poultry.
Probiotics are living cultures of microorganisms that are intended to have health benefits when
consumed. B. subtilis is a probiotic that is an effective growth promoter and is capable of enhancing
production and improving the innate immune response of broiler chickens (Lee et al., 2015; Tarradas et al.,
2020). B. subtilis produces antimicrobial substances and is assumed to facilitate gut health (Sikandar et al.,
2017; Abudabos et al., 2019). It favours the growth of lactic acid, producing bacteria and other beneficial
microorganisms in the gut that act to competitively exclude pathogens (Yang et al., 2018). However, there is
a shortage of information about the protective effect of B. subtilis (QST-713) on the gut histology of and other
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health benefits for broilers infected with Salmonella pathogens. Therefore, the goal of the current research
was to evaluate the potential effects of B. subtilis on growth, gut morphology and the immune system
response in broiler chickens challenged with S. gallinarum.

Materials and Methods
Procedures and protocols used in this study were approved by the Ethical Review Committee for Use
of Laboratory Animals of the University of Veterinary and Animal Sciences, Lahore (Notification No. DR/257).
Pathogen-free day-old male Hubbard broiler chicks (M77) from Big Bird Group (Lahore, Pakistan) of
approximately equal weight (n = 240) were randomly divided into four groups, each comprising six replicates
of ten chicks. Group NN was not infected and received no treatment. Group SN was infected with Salmonella
and received no treatment. Group SE was infected with Salmonella and treated with the antibiotic
enrofloxacin. Group SP was infected with Salmonella and treated orally with the probiotic B. subtilis. The
birds that were assigned to the infected groups were given the Salmonella orally. The groups were housed
separately in environmentally controlled closed poultry units that had been disinfected before the arrival of
the chicks. The basal diets for the initial (1 to 21 days) and finishing (22 to 35 days) phases were as
described by Sikandar et al. (2017). These diets were autoclaved at 120 °C for 15 minutes when each batch
of feed was prepared. Minerals, vitamins, amino acids, probiotics, and organic acid were added to each
batch, which was then mixed for 10 minutes. Husbandry practices and the biosecurity measures were
optimized during the experiment. Feed, in mash form, and water were provided ad libitum. All the birds were
monitored for general health conditions and behavioral alterations thrice a day throughout the trial.
Before the start of the experiment, three birds were randomly selected and killed to collect their cecal
tonsils. The organs were removed aseptically and put in test tubes containing 10 ml tetra-thionate broth and
kept overnight in the incubator at 37 °C. The samples were then plated on brilliant green agar (CM0263,
Thermo Fisher Scientific Inc., Waltham, Massachusetts, USA) and again incubated overnight at 37 °C.
These plates were then observed for the presence or absence of Salmonella infection in the birds.
A local isolate of S. gallinarum (isolated from poultry gut) and maintained at the University Diagnostic
Laboratory (ISO certified) was used in the current study. The organism was retrieved on MacConkey broth
from a freeze-dried culture of Salmonella seed and then transferred to Salmonella Shigella agar (SS agar)
for purification. The culture was then incubated overnight at 37 °C in Tryptone Soya Broth (Thermo Fisher
Scientific Inc., Waltham, Massachusetts, USA) prior to inoculation in the chicks. The infection was introduced
in chicks at day 3 via oral gavage at the rate of 0.2 ml suspension of S. gallinarum per bird, which contained
7
approximately 10 cfu/chick. The NN group was administered the same amount of sterile buffered peptone
water (Sigma-Aldrich Inc., St. Louis, Missouri, USA).
®
The birds in SP were treated continuously with B. subtilis QST-713 (Agraquest Bayer, Davis,
10
California, USA), which was provided in the feed at the rate of 0.1 g/kg of feed (approximately 2.0×10
cfu/g). Birds in SE followed Randall et al. (2006), except that 50 ppm enrofloxacin (10% solution (Symans
Pharmaceuticals Pvt. Ltd., Lahore, Pakistan) was added to the drinking water on days 5 - 12 at a ratio of 1 ml
drug/2 L water. If the medicated water was completely consumed in a day, then fresh water was made
®
available. All chicks were vaccinated for Newcastle Disease (Nobilis ND LaSota, Intervet International B.V.
Boxmeer, Holland) with the vaccination schedule following industry-standard practice.
The average live bodyweight of each replicate was recorded at the beginning of each experimental
week in the early morning before the birds were fed. Weekly weight gain was calculated, and feed intake was
recorded weekly to estimate the feed conversion ratio (FCR) (as g feed: g gain) for each replication (Abo
Ghanima et al., 2020). The experimental unit was observed strictly for deaths of the birds. When a mortality
occurred, the bird was weighed and removed promptly. Mortality rate was calculated weekly as a cumulative
percentage. All data were adjusted to account for the mortality.
Cell-mediated immunity was measured according to Sikandar et al. (2017). On day 17, the basophilic
hypersensitivity test was administered to two apparently healthy birds from each replicate by intradermal
injection between the third and fourth digits of the right foot with 100 μg/100 μl/bird with
phytohaemagglutinin-P (PHA-P) (Sigma-Aldrich, St. Louis, Missouri, USA). For comparison, 100 μl sterile
phosphate-buffered saline was injected in the left foot and served as a control. The swelling at the site of
injection was measured at 24 hours, 48 hours and 72 hours post injection with a pressure sensitive
micrometer. Finally, the cell-mediated immune response (foot web index) to PHA-P was analysed by
subtracting the thickness of the left foot from that of the right foot.
The organism was quantified in the cecal contents according to Park et al. (2014) with slight
modifications. Briefly, six birds from each treatment were slaughtered, and the ceca were isolated
aseptically. One gram digesta was taken from each cecum and mixed in sterile normal saline (NaCl 0.9%
w/v). About 2 ml sample material of this cecal solution was added to peptone water and incubated overnight
at 37 ºC. Subsequently, a tenfold serial dilution (1: 9, w/v) was prepared and 50 µl of peptone water
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(collected at the seventh dilution) was poured on SS agar. After 24 hours incubation, colony forming units
10
(cfu) were counted in triplicate and the data were expressed as log cfu/gm.
One bird was selected randomly from each replicate, weighed, and killed on days 21 and 35. Visceral
organs, including the small intestine, liver, thymus, spleen and bursa of Fabricius, were removed and
weighed. Samples of intestinal tissue (0.5–1.0 cm) were subsequently collected and preserved in 10%
neutral buffered formalin for further histo-pathological analysis. The tissues excised from the duodenum (10
cm distal to the duodeno-gizzard junction), jejunum (5 cm proximal to Meckel’s diverticulum), and ileum (5
cm anterior to the ileo-cecal junction) were processed with the paraffin sectioning technique. Histological
sections of about 5 µm thickness were prepared with a semi-automated rotary microtome (AMOS Scientific
AEM-450, Austria) and stained with Haematoxylin and Eosin (Sikandar et al., 2012). Three independent
sections of each intestinal tissue were selected (about 50 µm apart) and five well-oriented villi with intact
lamina propria were selected for morphometric analysis. The slides were examined under a light microscope
(Olympus CX31, Olympus Corp. Centre Valley, Pennsylvania, USA) at 4x magnification and analysed with a
digitalized live image analysis program (Olympus DP20, Olympus Corp. Centre Valley, Pennsylvania, USA)
and villus height was determined.
The normal distribution of the data was confirmed with the Kolmogorov-Smirnov test. The data were
analysed using one-way ANOVA (SPSS Inc., version 20, Chicago, IL, USA). Each replicate was considered
an experimental unit. Differences among means were assessed using Duncan’s multiple range test. Effects
were considered significant at P ≤0.05. Results are presented as mean ± SE.

Results and Discussion
Salmonellosis is a worldwide problem of the poultry sector, particularly in developing countries
(Saleem et al., 2016). Probiotics play an important role In combatting its invasion, and not only improve
growth performance, but protect the mucosal epithelium from bacterial invasion, and hence impede its
growth in tissues. The probiotic B. subtilis, which is added as a feed supplement, is gaining popularity in
poultry production across the world by boosting the immune response (Dersjant-Li et al., 2014). The positive
effect of B. subtilis in non-infected healthy chickens was reported elsewhere (Sikandar et al., 2017).
However, limited studies have emphasized the prophylactic effects of B. subtilis QST-713 in birds that are
challenged with Salmonella gallinarum. Therefore, the present project was designed to observe the influence
of B. subtilis on broiler health and performance in Salmonella-challenged birds.
Birds of the infected groups had higher (P <0.05) FCR during the first and second weeks compared
with NN, whereas in the third week the FCR was higher (P <0.05) for SN compared with other groups (Table
1). During the starter and grower phases, the FCR was statistically lower (P <0.05) in non-infected NN than
other groups, whereas during the finisher phase, higher (P <0.05) growth performance was observed in SE,
SP and NN compared with SN group (Table 1).

Table 1 Effects of Bacillus subtilis and Enrofloxacin on growth performance of broilers
Age,
week

1
2
3
4
5
a,b,c

Treatments
Measurement
NN

SN
a

SE
b

P-value

SP
b

b

Gain

94.33 ± 2.60

68.00 ± 2.65

72.00 ± 2.52

65.67 ± 1.20

b

a

a

a

FCR

1.36 ± 0.03

Gain

241.00 ± 2.00

FCR

d

1.29 ± 0.02

Gain

272.00 ± 6.66

FCR

2.07 ± 0.07

314.67 ± 7.51

FCR

2.45 ± 0.06

FCR

b

461.66 ± 60.92
2.64 ± 0.35

a

4.28 ± 0.38

109.33 ± 2.40

b

c

220.33 ± 4.91
2.25 ± 0.03

156.00 ± 17.09

c

a

a

96.33 ± 5.78
3.07 ± 0.20

a

219.67 ± 20.41

1.78 ± 0.07

b

71.00 ± 7.55

3.93 ± 0.41
a

1.66 ± 0.07

c

d

5.05 ± 0.34

b

b

51.00 ± 0.58
4.76 ± 0.04

a

b

Gain
Gain

1.84 ± 0.08
a

b

494.67 ± 20.85
1.51 ± 0.09

b

2.50 ± 0.06
c

2.14 ± 0.13

2.07 ± 0.04
a

c

517.67 ± 26.44
b

242.67 ± 5.33

0.002
b

520.67 ± 16.46
480.33 ± 21.76
2.26 ± 0.08

0.000
0.000

a

c

b

0.000
0.000

b

b

1.40 ± 0.03
a

0.000

0.000
0.000

a

0.000
0.002

Within a row, means with a common superscript were not different at P =0.05
NN: not-infected, not medicated; SN: S. gallinarum infected, not medicated; SE: S. gallinarum infected, medicated with
10
50 ppm enrofloxacin; SP: S. gallinarum infected, mediated with 0.1 g/kg (2.0×10 cfu/gm) B. subtilis.
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Supplementation of B. subtilis ameliorated the growth performance of the infected birds and the birds
of the supplemented groups were partially capable of adjusting the stress caused by the infection.
Salmonella infection undesirably exaggerated the growth performance of the infected birds related to noninfected NN group. This reduction in the growth could be attributed to retarded gut function and feed malabsorption due to luminal viscous conditions caused by inflammation and sloughing of the intestinal mucosa
(Sikandar et al., 2013). The supplemented groups showed lower (P <0.05) FCR from the third week
onwards, which indicated that the products used in those groups exerted a protective effect against
Salmonella and thus reflected a better feed efficiency. Lower FCR and better growth in the supplemented
groups could be correlated with villus height in the small intestine (Dersjant-Li et al., 2016), because
increased size of villi provides a bigger area for the absorption of available nutrients, whereas the challenged
group has the lowest height of intestinal villi. A lower feed intake in SN infected birds might be the reason for
decreased weight gain. Consequently, this reduced feed intake, in conjunction with poor absorption of feed
through dwarfed villi, contributed to compromised immunity in infected chickens.
The thickness of the right foot was significantly higher (P <0.05) in SP at all 24 hour, 48 hour and 72
hour intervals post injection compared with other groups after injecting phyto-haemagglutinin-P (Figure 1).

Net increase in foot thickness, mm

0.7
0.6

a
b

b
a

0.5

a

0.4

c

b
c

0.3

cb

b
b

b

NN
SN

0.2

SE

0.1

SP

0.0
24

48
72
Hours post injection of phytohaemagglutinin-P

Figure 1 Lymphoproliferative immune response post injection of phytohaemagglutinin- P in Salmonellainfected and control broiler chicks
Within a time point, bars headed by a common letter were not different at P =0.05
NN: non-infected, non-medicated; SN: S. gallinarum challenged, non-medicated; SE: S. gallinarum challenged + 50 ppm
10
enrofloxacin; SP: S. gallinarum challenged + 0.1 g/kg (2.0×10 cfu/gm) B. subtilis.

The thicknesses of the foot and organ-body weight ratio in infected animals indicated lower cellmediated immunity. But the high cell-mediated immune response post PHA-P injection indicated that B.
subtilis played a role in the stimulation of an immune response to an acute infection. It is well recognized that
B. subtilis has a role in the modulation of normal microflora (Zhang et al., 2017), and regulation of systemic
immuno-modulatory functions in healthy chickens (Lee et al., 2015; Tarradas et al., 2020), and in those
infected with coccidiosis (Dersjant-Li et al., 2016).
On day 21, the relative weight of thymus was decreased (P <0.05) in SN, whereas that of bursa
increased (P <0.05) in SP compared with the NN and SN groups (Figure 2). Compared with other groups,
the relative weight of thymus was higher (P <0.05) in SP on day 35 (Figure 3).
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Figure 2 Ratio of organ weight to bodyweight for lymphoid organs harvested from broiler chickens on day 21
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NN: non-infected, non-medicated; SN: S. gallinarum challenged, non-medicated; SE: S. gallinarum challenged + 50 ppm
10
enrofloxacin; SP: S. gallinarum challenged + 0.1 g/kg (2.0×10 cfu/gm) B. subtilis

NN

SN

SE

SP

Figure 3 Ratio of organ weight to bodyweight for lymphoid organs harvested from broiler chickens on day 35
NN: non-infected, non-medicated; SN: S. gallinarum challenged, non-medicated; SE: S. gallinarum challenged + 50 ppm
10
enrofloxacin; SP: S. gallinarum challenged + 0.1 g/kg (2.0×10 cfu/gm) B. subtilis

The relative weights of thymus and bursa decreased in the SN group but increased with
supplementation of B. subtilis. This enhanced weight might be owing to a compensatory mechanism by
which an increased number of antibodies were produced to combat the disease condition (Shabani et al.,
2019). Differences were not detected among groups in the relative weights of liver and spleen, as observed
elsewhere (Saleem et al., 2016). The spleen and liver of the SN group were moderately swollen with
oedema, and surface capsules were fragile, cracked on the application of gentle pressure, and had yellowish
streaks on the surface.
The microarchitecture of the gut mucosa, including villus height, represents a well-known histological
parameter to assess the digestive and absorptive efficiency in the intestine (Stefanello et al., 2020). These
structures are exposed primarily to feed and its antigens cause lesions and sloughing of the epithelial cells and thus
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affect their secretary and absorptive functions (Sikandar et al., 2012). In the duodenum the villus height
decreased (P <0.05) in SN compared with all other groups at day 21 (Figure 4).
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Villus height, μm
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a
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a

a

c
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0
Duodenum

Jejunum
SN

Ileum
SE

SP

Figure 4 Villus heights for segments of small intestine in Salmonella-infected broiler chicks and control chicks on day 21
a,b,c

Within a segment, bars headed by a common letter were not different at P =0.05
NN: non-infected, non-medicated; SN: S. gallinarum challenged, non-medicated; SE: S. gallinarum challenged + 50 ppm
10
enrofloxacin; SP: S. gallinarum challenged + 0.1 g/kg (2.0×10 cfu/gm) B. subtilis.

At day 35, the villus height of duodenal mucosa was greater (P <0.05) in SP compared with NN and
SN groups (Figure 5) whereas the villus length was lower (P <0.05) in SN compared with all other groups for
the jejunum and ileum.
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Figure 5 Villus heights for segments of small intestine in Salmonella-infected broiler chicks and control chicks on day 35
a,b,c

Within a segment, bars headed by a common letter were not different at P =0.05
NN: non-infected, non-medicated; SN: S. gallinarum challenged, non-medicated; SE: S. gallinarum challenged + 50ppm
10
enrofloxacin; SP: S. gallinarum challenged + 0.1 g/kg (2.0×10 cfu/gm) B. subtilis

In the current study, the increases in villus height of the intestinal segments in the groups
supplemented with B. subtilis indicated an underlying protective mechanism comparable with that in the SE
group. Moreover, the improved morphometric indices of the gut segments in SP might be attributable to an
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increase in the number of microbiomes in sympathetic association with the mucosa (Awad et al., 2016) and
enhanced vascular supply in reaction to Salmonella in the intestinal lumen. An increase in the surface area
of the villi (not reported) in the jejunum and ileum in all supplemented groups compared with SN indicated
the enhanced villus function that resulted in better performance by the supplemented groups. Deeper crypts
(not reported) in the SN group might indicate rapid tissue turnover following mucosal renewal to maintain the
absorptive surface area (Yang & Liao, 2019). The tissue that was most affected was the lining mucosa of the
small intestine in the affected SN group, in which the epithelium lining the villi was sloughed, and the villi
were reduced in size, and appeared to be denuded and ulcerated. This caused a reduction of villus length
and the surface area available for nutrient uptake that might ultimately be linked with the lower growth rate in
the SN group.
Because increased (P <0.05) numbers of Salmonella were present in the SN group, this confirmed the
success of the challenge. On days 21 and 35 the protective effect of SP was similar to that of the SE group
in controlling the cecal Salmonella population and load (Figure 6).
a
a

7

Log10 cfu/g

6
5
4
b

3

b

b

2
1

b

c

c

0
Day 21

Day 35
NN

SN

SE

SP

Figure 6 Quantification of intestinal Salmonella numbers in broiler chicks treated with antibiotic or probiotic
and control chicks
a,b,c

Within a day, bars headed by a common letter were not different at P =0.05
NN: non-infected, non-medicated; SN: S. gallinarum challenged, non-medicated; SE: S. gallinarum challenged + 50 ppm
10
enrofloxacin; SP: S. gallinarum challenged + 0.1 g/kg (2.0×10 cfu/gm) B. subtilis.

The ceca are the preferred site of Salmonella and analysed for the effects of treatments against the
bacterium (Nair et al., 2019). Salmonella was isolated from all the replicates in this study, and thus the
supplemented ingredients were not able to prevent its colonization in the ceca. However, significant
reductions in the size of the Salmonella populations were observed in the SE and SP groups with greater (P
<0.05) colonization being found in the SN group. These results are in line with the findings of Saleem et al.
(2016) and Arbab et al. (2017), in which higher colonization of Salmonella was observed in the ceca after an
orally administered challenge. Spores of B. subtilis are suitable candidates for the competitive exclusion of
the pathogens (de Oliveira et al., 2014). Moreover, it has been reported that B. subtilis causes the expression
of Interleukin 22 and the inhibitor of nuclear factor kappa B in the mucosa for defence against harmful
microorganisms (Yang et al., 2018), the effect of which is to reduce the chance of subsequent mortality.
No mortality was recorded in the non-infected NN group throughout the trial, whereas in the other
treatments mortality was first observed in the second week and was higher (P <0.05) in SN compared with
the SE and SP groups during the experiment. Severe mortality was observed in the third week of the
experiment and 46.67% mortality was recorded in SN. Previously, Carina et al. (2000) noted 50% mortality in
birds infected experimentally with Salmonella. Taghavi et al. (2008) noted that Salmonella infections at a
young age can cause high mortality, whereas in older birds no clinical signs are seen. De Oliveira et al.
(2014) found that mortality was not high in chicks that were challenged at 4 days of age, but performance
was still compromised. Variation in mortality could be due to the ages and types of chickens, challenged
organisms, and the dose and rearing status. The challenged birds had typical symptoms of salmonellosis,
including prostration and ruffled feathers before death. Other clinical signs were increased thirst, reluctance
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to move, vent pasting and yellowish or greenish diarrhoea. Comparatively fewer severe clinical signs were
observed in the SE and SP chickens. Mortality was not found in the non-infected group, and growth was
retarded with decreased weekly weight gain in the chicks that survived infection. In contrast, low (P <0.05)
mortality rates and improved weight gains were noted in the SE and SP groups. These positive effects might
be because of the effects of the supplemented probiotic and antibiotic products on the colonization of
Salmonella in the gut.

Conclusions
Supplementation of B. subtilis facilitates growth in chickens through improvement in gut mucosal
micro-architecture and improves the systemic immune response in birds. Moreover, B. subtilis produced
results that were comparable with the antibiotic group and sustained better health status in broilers when
they were challenged with Salmonella. Thus, the addition of B. subtilis to poultry feed is strongly
recommended to avoid the side effects of antibiotics and to combat infectious agents better. Further studies
are required to find the molecular pathways of B. subtilis QST-713 strain on activation of host immunity
against pathogenic microorganisms.
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