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The present study evaluated the effect of Salmonella enterica serotype Gallinarum
biotype Gallinarum (Salmonella gallinarum) on broiler chickens. A total of one
hundred and fifty broiler chickens (25 of each flock) were selected from six
outbreaks of Salmonellosis from commercial poultry farms showing typical signs of
the disease. The biological, serological and microbiological investigations on
various samples from the liver, spleen, lungs, intestine, kidney, caeca and heart
were carried out. Investigations showed that overall, 12% of the samples were found
positive for Salmonella gallinarum. The liver had the highest count (P<0.001),
followed by spleen, lungs, intestine and caeca and least in heart and kidney.
Histopathological findings showed sinusoidal congestion, hepatic cord necrosis,
intestinal degeneration, nephritis and tubular necrosis in kidneys. All the organs
showed localization of bacteria except in the heart. It may be concluded that the
liver was affected significantly by Salmonella gallinarum as it harbored the highest
number of Salmonella gallinarum. It is further concluded that
immunohistochemistry may be a precise, sensible, and prudent tool to locate
Salmonella gallinarum in different body organs.
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INTRODUCTION

Poultry is an accessible and economical source of
protein for millions of peoples to overcome the malnutrition
(Marangoni et al., 2015; Sulieman et al., 2020) and
contributing a major share in economy of the nations
(Folajinmi and Peter, 2020; Nasir et al., 2020). In Pakistan
this exciting and important agriculture segment contributes
a major share in national gross domestic product (1.3%)
and delivered major part of protein to Pakistani nation
(Hussain et al., 2015). Salmonellosis is contributing a major
share to loss in the poultry industry by causing systemic
and host specific diseases primarily in chickens and other
galliforms such as fowl. Salmonella gallinarum is a
fastidious pathogen which can cause disease in mature and
growing fowls resulting in high mortality and morbidity
(Berchieri et al., 2001). Unpredictable morbidity and
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elevated death rate are associated with Salmonella
gallinarum infection in adult birds, which is septicemic in
nature. Anorexia, diarrhea, dehydration, weakness, along
with gross and microscopic lesions in organs such as the
spleen, liver, ovary and heart, are the main manifestations
of fowl typhoid (Nazir et al., 2012).

Salmonella gallinarum results in huge loses to the
farmer and food producers as well. In spite of continuous
strategies to control Salmonella infection in Pakistan, it
has been difficult to eliminate Salmonella infection
because of poor biosecurity practices, antibiotic and
variability in disease producing ability of the pathogen
(Zishiri et al., 2016). Effective treatment of salmonella
subtypes requires early and exact diagnosis and detection.
Mainly diagnostic techniques are based on post-mortem
examination. This failure of diagnosis leads to
unnecessary use of antibiotics (Swar and Shnawa, 2021).


http://pvj.com.pk/pdf-files/42_1/88-94.pdf

Antibiotics resistance may encounter as previous exposure
make Salmonella species resistant. So a more effective
diagnosis of Salmonella has become an urgent priority for
the poultry industry (Arora et al., 2015). In order to better
understanding and deeper insight of pathological
processes associated with Salmonella gallinarum infection
correct diagnosis and detection of causative agent is
necessary for successful eradication of Salmonella
gallinarum (Aslam et al., 2012; Rajagopal and Mini,
2013). Therefore, present study was aimed to determine
Salmonella gallinarum in naturally affected broiler
chickens through pathomicrobial and immunohisto-
chemical techniques.

MATERIALS AND METHODS

Sample collection: One hundred and fifty broiler
chickens were selected from six outbreaks of
Salmonellosis reported in different commercial poultry
farms around Lahore. Each flock was composed of about
thirty thousand birds. Birds were selected showing typical
signs of disease: high fever, watery bright yellow diarrhea
to mucoid green-yellow droppings, rapid respiration, pale
and shrunken combs were selected. Following post-
mortem examination, samples were collected from
different organs (liver, spleen, lungs, intestine, Kidney,
caeca and heart). Samples were particularly taken from
the organs showing gross lesions such as enlarged,
congested and bronze colored liver with necrotic foci,
swollen spleen, enlarged Kidneys, intestine with catarrhal
inflammation along with ulceration, pinhead to pea-size
grey nodules on the heart and edematous lungs. Twenty-
five birds were selected from each flock and tissue
samples from liver, spleen, intestine, lungs, caeca heart
and kidney were collected in duplicates: one in a
polythene bag, the second in 10% neutral buffered
formalin.

Isolation and identification of bacteria: For isolation
and identification of Salmonella gallinarum pre-
enrichment method was used according to the standard
methods as described in the literature with some
modifications (Ozbey and Ertas, 2006). Twenty-four
grams of affected organs (liver, spleen, intestine, caeca,
lungs, heart and kidneys) were cut into small pieces with
sterile scalpel blade and suspended in 250 ml sterile
buffered peptone water Following incubation for 18 hours
at 37°C, 1 ml of buffered peptone water culture was added
into Selenite broth and incubated at 42°C for 24 hours.
The Selenite broth culture was then streaked onto plates of
Salmonella Shigella agar and finally incubated at 37°C for
24 hours. The plates were observed for the characteristic
colorless, whitish and slightly grey colored colonies of
Salmonella gallinarum on Salmonella Shigella agar.
Confirmation of suspected colonies on Salmonella
Shigella agar was carried out by Gram-staining,
biochemically and serologically. Serotyping of all isolates
of Salmonella performed rendering to the WKL (White-
Kauffmann-LeMinor scheme) as described by Grimont
and Weill (2007), based on quick agglutination test with
salmonella antiserum (BIO-RAD, France).
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Viable counts of Salmonella gallinarum in different
organs: Viable counts of bacteria in organs (liver, spleen,
lungs, intestine, kidney, caeca and heart) were carried out.
These organs were put in sterile stomacher bags and
weighed. One gram from each organ was homogenized
with 9 ml of phosphate-buffered saline (pH 7) using a
stomacher laboratory blender for 3 minutes. One ml from
homogenate was serially ten-fold diluted in phosphate-
buffered saline. One ml from 5th to 7th dilution of each
organ was spread on Salmonella Shigella agar (Oxoid,
UK) plates and incubated at 37°C for 24 hours (OIE,
2012) and confirmation of Salmonella gallinarum was
done biochemically (Christensen et al., 1992) and
serologically (Majchrzak et al., 2014).

Histopathological examination of organs: Following
post-mortem examination, 1-1.5cm of tissue samples from
different organs (liver, spleen, lungs, intestine, caeca,
heart and kidney) were preserved in 10% neutral buffered
formalin. These were wused for histopathological
examination, applying the standard technique for fixation,
dehydration, clearing and infiltration. (Bancroft and
Gammable, 2008).

Immunohistochemistry: The primary antibodies were
raised, rendering the technique defined in previous
literature with modifications (Beyaz and Kutsal, 2003).
Histostain®-Plus Kit (UK) was used to conduct
immunohistochemistry. Avidin-biotine-peroxidase
complex method was used in staining of tissues, and all
the protocol used during staining was as per the standard
protocol described by the manufacturer.

Statistical analysis: The data was analyzed using the
statistical package Genstat 11 for windows (VSN
International Ltd, Hemel, Hemstead, UK). One-way
analysis of variance (ANOVA) was performed. In the case
of significant differences Tukey's paired comparison
procedure was applied. Effects were reported as
significant at P<0.05.

RESULTS

One hundred and fifty birds were selected from six
outbreaks of Salmonellosis reported in different
commercial farms around Lahore. The majority of
selected birds showed typical signs of the disease,
including high fever, watery bright yellow diarrhea to
mucoid green-yellow droppings, rapid respiration, pale
and shrunken comb.

Post-mortem examination: Post-mortem examination
revealed different lesions typical of fowl typhoid. Out of
150 broiler chickens, 80% showed enlarged, hemorrhagic
and bronze colored liver with necrotic foci (Fig. 1A, 1B).
Blackish and swollen spleen (Fig. 1F) was seen in 65% of
broiler chickens. About 46% of broiler chickens showed
edematous lungs (Fig. 1E). Hemorrhagic enteritis (Fig.
1D) and enlarged kidneys (Fig. 1C) was observed in
38.6% and 30.6% of broiler chickens, respectively. In
contrast, only 0.66% showed grey nodules on the heart.
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Fig. I: Post-mortem findings in broiler chickens naturally infected with S.gallinarum. A-B: Enlarged and haemorrhagic liver. C:Enlarged kidney. D:
Intestine showing enteritis. E: Congested and oedematous lungs. F: Blackish and enlarged spleen.

Isolation and identification of Salmonella gallinarum:
Following a post-mortem, samples from the liver, spleen,
intestine, lungs, caeca heart and kidney were collected to
enumerate Salmonella gallinarum and its location in
different body organs. In the current study,
microbiological investigations showed that 12% of broiler
chickens were positive for Salmonella gallinarum (18 out
of 150 samples). Salmonella gallinarum was recovered
from the liver, intestine, caeca, kidney, lung, heart and
spleen. None of the bird had Salmonella gallinarum in all
of the organs investigated.

The liver had the highest counts (P<0.001) of
Salmonella gallinarum (2 x 10*cfu/g) followed by spleen
(1 x 10%cfu/g), lungs (9 x 10°%fu/g), intestine (7 x
10°%cfu/g), and caeca (5 x 10°cfu/g) while the count was
least in the kidney (3 x 10°%fu/g) and heart (9 x 108cfu/g)

(Fig. 2).

Histopathological findings: Histopathological findings in
different organs (liver, kidney, caeca, intestine, lungs,
spleen and heart) from birds in which Salmonella
gallinarum was isolated are summarized (Table 1). In
most cases, necrosis in the hepatic cord and congestion in
the central vein was observed in the liver with congestion
in the sinusoid (Fig. 3A, B). Moderate necrosis was
detected in proximal and distal tubules of the kidneys. In a
few cases, peritubular congestion, tubular necrosis,
interstitial nephritis and aggregation of inflammatory cells
(Fig.3D) were also observed. The spleen showed
degeneration (Fig. 3C). Microscopically the lungs showed
congestion with an accumulation of blood cells. In many
cases, intestinal histopathological sections showed
degeneration and congestion (Fig. 3E). Intestinal caeca
showed degeneration and necrosis as (Fig. 3F).
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Fig. 2: Counts of S. gadllinarum in different organs of broiler chickens
showed signs of fowl typhoid. The error bars are the standard error of
the mean (SEM).

Immunohistochemical findings: Immunohistochemistry
was performed on tissue samples from which Salmonella
gallinarum was retrieved. Immunohistochemistry revealed
histopathological lesions and the localization of bacteria
in these tissues. Dark stained areas of immunoreactions
between antigen and antibody showed Salmonella
gallinarum in positive slides. In the liver, positive staining
was present in necrotic areas and cytoplasm of
hepatocytes (Fig. 4A). Immunoreactivity was detected in
degenerated renal tubules. Necrotic material and
cytoplasm of inflammatory cells in the kidney were also
ladled with immunopositive stain (Fig. 4B). Strong
immunoreactivity was detected in lungs where exudates
were presented (Fig. 4C). Positive staining was present in
the cytoplasm of the macrophage in the spleen (Fig. 4D),
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Fig. 3: Photomicrograph of broiler chickens naturally infected with Salmonella gallinarum showing A:Sinusoidal, central vein congestion and hepatic
cord necrosis in the liver. B: Cellular swelling in liver. C: Congestion in the spleen. D: Tubular necrosis and interstitial nephritis in the kidney E:
Degeneration in intestinal villi. F: Degeneration and necrosis in intestinal caeca.

Fig. 4: A: Photomicrograph of liver of broiler showing Immunopositive
reaction (arrow), (immunohistochemistry 40%). B: Photomicrograph of
the kidney of broiler chicken showing Salmonellagallinarum positive
reaction (arrow), (immunohistochemistry 40x). C: Photomicrograph of
spleen showing immunoreaction (arrow), (immunohistochemistry 40%).
D: Photomicrograph of spleen showing immunoreaction (arrow),
(immunohistochemistry 40%).

indicating antigen-antibody reaction. Dark stained areas
were detected in the mucosa of both intestine and caeca.
However, no immunoreactivities were observed in any of
the heart samples taken from Salmonella gallinarum.

Table I: Histopathological lesions (%age) in organs of broiler chicken
naturally infected with S. gallinarum

Organ Histopathological lesions Lesions (%)
Liver sinusoidal congestion 72
Hepatic cord necrosis 555
infiltration of inflammatory cell 44
Kidney Peritubular congestion 33
Tubular necrosis 50
Interstitial nephritis 8.8
Lungs Congestion 77.7
Spleen Degeneration 16
Intestine Degeneration 40
Caeca Degeneration 27
Necrosis 388
Heart Degeneration of muscles 55
DISCUSSION

Salmonella is a significant zoonotic pathogen of
poultry delivering a major threat to poultry consumers
through the infected birds and a primary reason for
morbidity and mortality in developing countries due to
poor sanitation and an open rearing system (Stevens et al.,
2009). Transmission of the disease occurs through vertical
as well as horizontal routes (Tadele et al., 2014). Control
of Salmonella gallinarum is difficult because of improper
and misleading diagnosis and development of multidrug
resistance strains (Filho et al., 2016) The present study
was conducted to investigate the pathomicrobial study of
naturally infected broiler chickens. The status of various
organs in the liver, lungs, caeca, spleen and kidneys after
Salmonella gallinarum infection was also investigated
through histology and immunohistopathological techniques.



In the present study, Salmonella gallinarum was
isolated and confirmed from the liver, spleen, intestine,
caeca, lungs, kidney and heart of broiler chickens through
culture and serological methods. On Salmonella Shigella
agar, whitish-grey colonies were obtained, and all the
biochemical tests were positive for Salmonella gallinarum
as described previously (Ahmed et al., 2008; Tunca et al.,
2012). In the current study overall prevalence of
Salmonella gallinarum in broiler chickens was 12%.
Previous studies have shown variable results in cultural
prevalence. Compared to the present study (12%) higher
prevalence 22.3% in layer and 47.7% in commercial
broiler chicken were observed in some studies (Ahmed et
al., 2008; Kwon et al., 2010) Similar prevalence of
Salmonella gallinarum, 22.3% through culture techniques,
has also been reported in layers (Ahmed et al., 2008). In
the present study,12% cultural prevalence corresponds
with the 8.8% prevalence rate of Salmonella gallinarum in
commercial poultry farms around Srinagar, India (Shah et
al., 2012). Although these variations in cultural
prevalence might be due to breed differences and the age
of the birds as they considered 6-77-week-old birds.
Kwon et al. (2010) described 47.7% prevalence of
Salmonella gallinarum during year 2000-2008 in
commercial broiler chickens indicating much higher
prevalence than current study. This high prevalence may
be due to a different geographical location, longer
research duration by these researchers and strict policy of
control and eradication in these areas.

In the present study Salmonella gallinarum was
isolated from samples of liver, spleen, intestine, caeca,
lungs, kidney, and heart of broiler chickens. The highest
frequency of Salmonella gallinarum recovery was from
the liver, followed by the spleen. The liver had the highest
Salmonella gallinarum counts (P<0.05) while it was the
least in the heart. These results are in line with the
findings of research conducted by Rocha-e-Silva et al.
(2013). Who recovered Salmonella gallinarum from
different organs (liver, spleen, lungs, caecum and
reproductive tract) following experimentally infected
Japanese's quail. Salmonella gallinarum is known to be
host specific with specific systemic infection sites for its
growth (Chadfield et al., 2003). Similar to our findings
higher concentrations of Salmonella gallinarum were
recovered from the liver (Haider et al. 2014). Like the
present study, the maximum recovery of Salmonella
gallinarum has been reported from liver and spleen
following experimental challenge in broiler chickens
through oral and intra-peritoneal routes (Nazir et al.,
2012).

The main gross findings at the time of post-mortem in
broiler chickens were bronze discoloration of the liver,
which was enlarged and congested with prominent
necrotic foci. The spleen and kidney were also enlarged,
the intestine and caeca showed inflammation. In majority
of the broiler chickens both lungs were congested and
edematous. Similar gross lesions like splenomegaly,
congestion of lungs, bronze discoloration, of liver with
hepatomegaly has been in broiler chickens have been
reported in a natural outbreak of Salmonella gallinarum
(Nazir et al., 2012). Bronze discoloration of the liver is a
common manifestation of Salmonella gallinarum
infection. Bile canaliculi is the predilection site of
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Salmonella gallinarum that causes stasis of bile resulting
in bronze discoloration of liver (Basnet et al. 2008;
Chishti et al., 1985). Shivaprasad, (2000) reported that
Salmonella gallinarum mostly affects broiler chicken at 2-
3 week of age. The gross lesions in kidneys, lungs and
spleen of birds affected with Salmonella gallinarum in the
current investigation agree with the observation of other
studies (Nazir et al., 2012; Kumari et al., 2013). Like the
present study, Majid et al. (2000) described similar
thickened and catarrhal inflammatory changes in the
intestine and caeca of birds infected with Salmonella
gallinarum.

Microscopically  sinusoidal congestion  and
coagulative necrosis in the hepatic cord were the main
gross findings observed in the liver of broiler chickens.
Congestion in the liver and necrosis had been reported in
earlier research in acute cases of the disease (Shivaprasad,
2000). Dutta et al. (2015) described similar findings,
including congestion and necrosis in the liver in layer
chickens affected with Salmonella gallinarum. Mild
congestion of blood capillaries and veins in the lungs was
observed in 77.7% of the positive samples from broiler.
Accumulation of exudates in alveoli with moderate
pneumonia was observed in some of the broilers chickens.
Similar microscopic changes in the lungs of broiler
chickens have been reported earlier by Shivaprasad (2000)
and Kumari et al. (2013), who observed serofibrinous
pneumonia and congestion in lungs.

Nazir et al. (2012) conducted a study on
spontaneously occurring salmonellosis in commercially
broiler chicken. They reported mild to severe congestion,
hemorrhage, mononuclear cells and heterophilic
infiltration in interstitial tissues of kidney produced by
Salmonella gallinarum in commercial broiler chickens.
Peritubular congestion, tubular necrosis and interstitial
nephritis in the kidney were also detected in the present
study. Histological lesions like interstitial nephritis and
peritubular congestion observed in the present study were
similar to those described previously (Nazir et al., 2012).
Vascular congestion in the kidney in acute cases was
reported by Shivaprasad (2000). In the present study, most
of the cases showed degeneration in the spleen. Beyaz et
al. (2010) also reported the necrosis in spleen. In the
present study, intestinal villi showed degeneration. Caeca

showed degeneration, necrosis and infiltration of
heterophils and mononuclear cells. These
histopathological lesions in broiler chicken were

corresponding to the observation described by Kumari et
al. (2013).

Immunohistochemistry is effectively used to diagnose
many poultry diseases (Singh et al., 2015), including
Salmonellosis (Beyaz et al., 2010). It is highly particular
and responsive in the infected tissues (Ahmed et al.,
2018). As an intracellular organism, Salmonella can be
located in the cytoplasm of the host cells (Castanheira and
Garcia-del Portillo, 2017). It can proliferate within the
cytoplasm of phagocytes and notorious for continuing to
exist phagocytosis (Jones et al., 2007). In the present
study, antigenic localization of the agent was used.
Immunoreactivity observed in the different samples from
a variety of organs. Strong positive immunoreactivity was
detected in the liver, lungs, spleen and kidney with
immunoperoxidase.  Strong  immunoreactivity =~ was



detected in the areas of necrosis as well as in the nearby
cytoplasm of hepatocytes in the liver. The heart was the
only organ that showed no positive stained area. This
absence of immunoreactivity in the heart may be due to a
clearance of the pathogen by the immune system so the
tissue was in a repairing condition. Positive staining was
observed in the spleen. Mostly immunoreactivity was
noticed in the cytoplasm of inflammatory cells.
Immunostaining was observed in necrosed renal tubules
and within necrotic materials. Strong immunoreactivity
was detected in the inflammatory cells of the lungs. Low
uptake and low cytotoxicity of the host macrophages with
S. gallinarum results in mild induction of pro-
inflammatory responses that may be the possible reason
for long-term persistence S. gallinarum in the intracellular
environment (Huang et al., 2020). Similar immunohisto-
chemical findings were reported by Tunca et al. (2012) in
young and adult budgerigars (Melopsittacus undulates).
Coincide with our immunohistochemical findings in
broiler chickens Mshelbwala et al. (2020) detected
localized immunoreactions to Salmonella as well as
lesions in visceral organs of the chicken. Immunohisto-
chemistry significantly emergent diagnostic precisions as
it permits localization of antigen within lesions (Headley
et al., 2020).

Conclusions: It can be concluded from the present study
that the liver was the principal organ that harbored the
highest number of Salmonella gallinarum. Furthermore,
Salmonella gallinarum was not revived from all the birds
showing fowl typhoid signs. Immunohistochemistry can
be a specific and precise tool to locate Salmonella
gallinarum in different body organs. Further studies are
needed to explore the economic implications of
Salmonella gallinarum infection under field conditions.

Authors contribution: GS gave the ideas and designed
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research. All authors were involved in the interpretation of
research, statistical analysis, and manuscript write up. All
authors declare no conflict of interest.
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