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Introduction
Avian salmonellosis in Nigeria is one of the most
devastating bacterial diseases in the poultry industry
(Muhammed, 2008) resulting in retarded growth,
decreased meat production, increased cost of
treatment and mortality (Kabir, 2010). Intensive
poultry rearing is confronted with extremely
complicated
disease
complexes
in
which
salmonellosis occupy an important place (Majid et
al., 2010).
Salmonella Gallinarum was isolated in three
seperate outbreaks on farms in Abeokuta, but the
gross and histopathological lesions associated with

the disease have not been described. Furthermore,
outbreaks of unconfirmed aetiologic agents were
reported in other parts of Ogun State and the
Southwestern Nigeria within the same period
(Agbaje et al., 2010).
While various researches on salmonellosis have been
done on the prevalence, isolation and identification,
antibiotic resistance and susceptibility in different
parts of the Nigeria (Okwori et al., 2007; Mbuko et
al., 2009; Agbaje et al., 2010; Ajayi & Egbebi, 2011;
Fasure et al., 2012), the most sensitive, fast and
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reliable method of diagnosis of avian salmonellosis is
still a challenge in developing countries.
The clinical evaluation of the disease is difficult and
is even impossible to diagnosis by symptoms alone.
The disease results in a morphopathological picture
with few macroscopic characteristics, despite the
importance of avian salmonellosis (Henderson et al.,
1999; Kabir, 2010). Gross and histopathological
lesions described internationally may present
differently in some cases (Shivaprasad & Barrow,
2008).
Diagnosis of avian salmonellosis is done based on
clinical
signs,
serologic
test,
gross and
histopathological lesions (Shivaprasad, 1997;
Shivaprasad & Barrow, 2008), but confirmation is
done by isolation, identification and serotyping of
Salmonella strains (Kabir, 2010; Majid et al., 2010).
There is a fast and reliable diagnostic test based on
real time PCR system that is used to specifically
detect S. Enteritidis and S. Typhimurium for
mornitoring purposes in the poultry food chain
(Szmolka et al., 2006).
Immunohistochemistry (IHC) is a combination of
immunologic and chemical reactions visualized with
a photonic microscopy that is very sensitive and
highly specific (100%) diagnostic tool for the
diagnosis of prion diseases (Myers, 2004; Rasmosvara et al., 2008)). It has been used for the diagnosis
of infections caused by Salmonella species in
domestic animals (Beyaz & Kutsal, 2003). In some
cases, IHC is considered the gold standard technique
to which others are compared especially in prion
diseases (Myers, 2004; Rasmos-vara et al., 2008). In
comparison with other diagnostic tests, IHC allows
localization of an antigen within lesions, thereby
dramatically increasing diagnostic accuracy and
understanding of pathogenesis (Beyaz & Kutsal,
2003; Rasmos-vara et al., 2008) and has advantage
over bacteriology (isolation and identification)
because it can detect the antigen in the tissue even
as the organism is dead, unlike bacteriology that
requires the organism to be alive (Beyaz et al.,
2010). Despite the high sensitivity and specificity of
IHC, the technique has not been routinely used in
the diagnosis of avian salmonellosis (Rasmos-vara et
al., 2008; Beyaz et al., 2010). The present study
determined the more sensitive method between
bacteriology and immunohistochemical technique, in
the diagnosis of avian salmonellosis in chickens.

Two hundred and thirty chickens comprising of those
aged 1 to 3 weeks (13%); 4 to 8 (31%); as well as 9
and above (56%) that died from 36 outbreaks of
salmonellosis in commercial poultry farms in the
study area (Lagos, Ogun and Oyo states of Nigeria);
and submitted for postmortem examination were
used for the study. The breeds of the chickens were
Isa brown (47%); Nera black (36%), Local chickens
(7%), Lona black (4%), Boron black (3%), Dominant
black (3%). The most predominant chicken-type was
layers (57%), followed by broilers (24%), cockerels
(16%) and breeders (3%). The carcasses of the
chickens were submitted within 18 hours after death
and were confirmed to be fresh before postmortem
examinations were carried out. Clinical histories
associated with disease were recorded. The
carcasses were examined for gross lesions in
different outbreaks at different times over a period
of one year (January to December, 2013). 118
numbers of postmortem cases were recorded during
the study period, out of which suspected cases of
salmonellosis were sorted out from the postmortem
records.
Sample collection from natural cases of salmonellosis
Two sets of samples were collected, one for bacterial
isolation and identification and the other for
immunohistochemistry. Tissue samples of the lung,
heart, liver, spleen, kidney, proventriculus, small
intestine and caecum from each of the 36 suspected
cases of avian salmonellosis (288 samples) were
aseptically collected and placed into sterile sample
bottles for bacterial isolation and identification in
the Department of Veterinary Microbiology, College
of Veterinary Medicine, Federal University of
Agriculture, Abeokuta (FUNAAB). The bile was also
collected for bacterial isolation and identification.
Samples from the same organs were also collected
and fixed immediately in 10% neutral buffered
formalin
for
at
least
48
hours
for
immunohistochemistry in the Department of
Veterinary Pathology, FUNAAB.
Bacterial culture
Swabs from aseptically sectioned tissue samples of
the organs collected at postmortem were separately
inoculated into nutrient broth and buffered peptone
o
water for pre-enrichment and incubated at 37 C for
24 hours. Samples from the pre-enrichment media
were inoculated into 50ml of Rappaport-Vassiliades
broth (Oxoid, Basingstoke, UK) following the preenrichment for selective enrichment and incubated
o
at 37 C for 24 hours as described by AAAP (1998)

Materials and Methods
Postmortem examination
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and onto Tetrathionate glucose broth (Oxoid,
Basingstoke, UK). Using a sterile wire loop, a loopful
of each incubated broth culture was inoculated onto
Xylose Lysine Desoxycholate Agar (XLD) (oxoid,
o
Basingstoke, UK) and incubated at 37 C for 24 hours.
The plates were examined for typical colonies of
Salmonella as described by AAAP (1998).The
colonies from these plates were further subcultured
on XLD (Oxoid Basingstoke, UK) and incubated at
o
37 C for 24 hours. The plates from the subculture
were observed for typical colonies of Salmonella as
described by AAAP (1998). Suspected Salmonella
colonies were inoculated onto MacConky agar for
purification. The suspected Salmonella isolates were
later inoculated onto nutrient slant and kept in a
o
fridge at 4 C for biochemical tests.

blocked with 1% H2O2 in methanol for 15 min and
10% normal goat serum (KPL, Product Code 710027,
USA) was applied on sections to block non-specific
binding of immunoglobulins. Salmonella polyclonal
antibody raised in rabbits (Novus Biologicals, NB
100-64498, USA) at a dilution of 1:800 in phosphate
buffered saline (PBS) (Ph 7.4) (Sigma Aldrich, Catalog
number P4417, USA) was applied on tissue sections
and were incubated in a humidified chamber and
placed in a refrigerator for 24 hrs.
Biotinylated goat anti-rabbit secondary antibody
(KPL, Product Code 710030, USA) and Streptavidin
peroxidase enzyme (KPL, Product Code 710038)
were applied on sections for 10 mins each. 3-amino9-ethylbenzidine (AMRESCO, Product Code E733,
USA) chromogen was applied on sections for colour
development. Sections were rinsed with distilled
water and counterstained with Gill’s Haematoxylin
for 2 mins, and mounted with aqueous mounting
solution. The same procedure, except application of
primary antibody, was carried out on tissues
prepared for positive control.

Polymerase chain reaction procedure
Suspected Salmonella samples isolated in FUNAAB
Microbiology Laboratory were put on nutrient slant
and sent to the National Veterinary Research
Institute (NVRI), Vom, Plateau State. The isolates
were confirmed by conventional polymerase chain
Reaction (PCR).
A set of primer pair 139-141 specific for the invA
gene from Salmonella species was used (Galan et al.,
1992). The primer sequences were as follows:
1invA-F 5-3 GTGAAATTATCGCCACGTTCGGGCA and
1
invA-R 5-3 -TCATCGCACCGTCAAAGGAACC with
amplification product of 284bp (Szmolka et al., 2006;
Cha et al., 2008; El Tigani et al., 2013).

Comparison of the sensitivity of bacteriology and
immunohistochemical technique: Comparison to
determine the sensitivity of bacteriology and
immunohistochemical technique was carried out as
follows:
The numbers of Salmonella positive samples were
sorted out from the total number of samples
submitted for bacterial culture and identification and
the percentage of Salmonella isolation and
identification was calculated. Similarly, the numbers
of Salmonella antigen positive samples were sorted
out from the total number of tissues tested by
immunohistochemical technique and the percentage
of antigen detection was calculated. The overall
percentages between bacterial isolation and
identification and immunohistochemical technique
were compared (Table 1).

Immunohistochemical techniques
Procedure for Immunohistochemistry: Standard
immunohistochemistry method; Avidin Biotin
Streptavidin Peroxidase Complex (ABC) method was
applied as described by various workers (Shi et al.,
1999; Myers 2004; Rasmos-vara, 2005). The tissue
sections from the formalin fixed paraffin embedded
tissues were cut into two part each and mounted on
poly-l-lysine coated glass slides separately; one part
served as the test sample while the other as control.
o
They were then incubated in an oven at 60 C for 1
hr. Tissue sections were then deparaffinized in
xylene and rehydrated with graded alcohol and
rinsed with distilled water. Antigens were retrieved
by placing the tissue sections on the glass slides in a
microwave-resistant plastic staining jar containing
antigen retrieval solution and it was ensured that
they were carefully covered with the solution, and
placed in a microwave oven, which was operated for
5 mins on high power (» 700 watts) and allowed to
cool before opening. Endogenous peroxidase was

Results
Clinical signs
The clinical signs observed in the present study were
weakness, anorexia, somnolescence, greenish to
yellowish diarrhea and mortality of 40 to 60%.
Gross lesions
The carcasses were fresh and majority was fleshed
(70%). The vents were soiled with watery faecal
materials (80%). There were severe pulmonary
congestion and oedema in 100% of the cases. The
coronary blood vessels were congested and there
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Table 1: Rate of diagnosis of salmonellosis cases in chickens submitted from Lagos, Ogun and Oyo States, Nigeria by
different methods, in 2013
Diagnostic method
Number of suspected cases of Number of positive
Percentage
of
salmonellosis tested
cases
detection (%)
Clinical signs
43
31
72.1
Postmortem examination
36
31
86.1
Culture and isolation
36
31
86.1
Biochemical test
31
28
90.3
Polymerase Chain Reaction
28
25
89.2
Immunohistochemistry
36
36
100
were pale foci of necrosis on the
myocardium with nodular enlargement
of the heart (40%). The liver, spleen
and kidneys were markedly enlarged
and had sub-capsular multifocal
necrosis (90%). The proventriculus
contained large amounts of mucus and
the
mucous membranes were
hyperemic (100%). The intestines were
distended with watery diarrhoeic
faeces and moderate amount of mucus
(catarrhal enteritis) and the mucous
membranes were hyperemic (100%).
The caeca contained caecal core and
the caecal tonsils were necrotic (80%).
Bacteria culture
The Salmonella isolates appeared
smooth, pinkish to red with black
centres on XLD agar, smooth and
pale/colourless on MacConkey and
smooth, translucent and slightly raised
on Nutrient Agar. The Salmonella
isolates were gram negative, short, rod
shaped, and motile organisms.

Figure 1: PCR amplicons on 1.5 % gel for Salmonella species from
Lagos, Ogun and Oyo States. Lane M: Molelcular markers of 100
bp ladder each; Lane 1 to 19 (first row): Samples; Lane 1 to 17
(second row): samples; Lane 18 (second row): negative control,
Proteus vulgaris; Lane 19 (second row): positive control,
Salmonella Enteritidis. Samples of Salmonella species and the
positive control, Salmonella Enteritidis correspond to the 284 bp

Biochemical analyses
Biochemical analyses showed that the
bacteria isolates were catalase positive,
oxidase negative; produce an alkaline
slant (red) over an acid butt (yellow) in triple sugar
iron (TSI). They were citrate positive, indole
negative, methyl red positive, urea hydrolysis
(urease) negative.

molecular marker, which is the base pair unique for
all Salmonella species.
Immunoreactons
Immunoreactions were observed in necrotic debris
and cytoplasms of epithelial cells, hepatocytes,
myofibers,
macrophages,
lymphocytes
and
heterophils in all the visceral organs tested (100)
(Plates Ia-VIIIa). There were no immunoreactions
observed in control tissue sections not incubated
with Salmonella antibody (Plates Ib-VIIIb).

Polymerase chain reaction
The PCR amplicons on 1.5 agarose gel for the
identification of Salmonella species are presented in
Figure 1. The PCR result showed that positive
samples and the positive control; for S. Enteritidis
corresponds to 284 bp on the ladder of the
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Plate Ia: Section of the lung of an adult Isa brown
chicken that died from a natural case of avian
salmonellosis, showing immunoreactions to Salmonella
antigen
in
macrophages
(arrows)
(x400;
immunohistochemical reaction)

Plate Ib: Section of the lung of an adult Isa brown
layer chicken associated with natural case of avian
salmonellosis in Ogun State not incubated with
Salmonella antibody (positive control) showing no
immunoreactions (x 400; immunohistochemical
reaction)

Plate IIa: Section of the heart of an adult Nera black layer
chicken that died from natural case of avian salmonellosis
in Lagos State showing immunoreactions in myocytes
(arrows) (x 400; immunohistochemical reaction)

Plate IIb: Section of the heart of an adult Isa brown
layer chicken associated with natural case of avian
salmonellosis in Ogun State not incubated with
Salmonella
antibody
(control)
showing
no
immunoreactions (x 400; immunohistochemical
reaction)
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Plate IIIa: Section of the liver of an adult Isa brown chicken
that died from a natural case of avian salmonellosis,
showing immunoreactions to Salmonella antigen in the
blood vessel (arrow), hepatocytes (red arrow) (x400;
immunohistochemical reaction)

Plate IIIb: Section of the liver of an adult Isa brown
layer chicken associated with natural case of avian
salmonellosis in Ogun State not incubated with
Salmonella
antibody
(control)
showing
no
immunoreactions (x 400; immunohistochemical
reaction)

Plate IVa: Section of the spleen of an adult Nera black
Cockerel chicken that died from natural case of avian
salmonellosis in Oyo
State showing strong
immunoreaction in lymphocytes macrophages (arrows);
but weak immunoractivity in necrotic debris (arrow
head)(x 400; immunohistochemical reaction)

Plate IVb: Section of the spleen of an adult Isa brown
layer chicken associated with natural case of avian
salmonellosis in Ogun State not incubated with
Salmonella
antibody
(control)
showing
no
immunoreactions (x 400; immunohistochemical
reaction)
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Plate Va: Section of the kidney of an adult Isa brown layer
chicken that died from natural case of avian salmonellosis
in Ogun State showing strong immunoreactions in tubular
epithelial cells (arrows) but weak immunoreactions in
necrotic
debris
(arrow
heads)
(x400;
immunohistochemical reaction)

Plate Vb: Section of the kidney of an adult Isa brown
layer chicken associated with natural case of avian
salmonellosis in Ogun State not incubated with
Salmonella
antibody
(control)
showing
no
immunoreactions (x 400; immunohistochemical reaction)

Plate VIa: Section of the proventriculus of an adult Isa
brown layer chicken that died of natural case of avian
salmonellosis in Ogun State showing severe
immunoreactions in glandular (arrows) and mucosal
columnar epithelial cells (x 400; immunohistochemical
reaction)

Plate VIb: Section of the proventriculus of an adult Isa
brown layer chicken associated with natural case of avian
salmonellosis in Ogun State not incubated with
Salmonella
antibody
(control)
showing
no
immunoreactions (x 400; immunohistochemical reaction)
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Plate VIIa: Section of the small intestine of an adult Isa
brown broiler chicken that died from natural case of avian
salmonellosis
in
Ogun
State
showing
strong
immunoreactions in the glandular (crypts of Lielbekuhn)
(arrow heads) and mucosal columnar epithelial cells (white
arrow), but weak immunoreactions in necrotic debris (red
arrow) (x 400; immunohistochemical reaction)

Plate VIIb: Section of the intestine of an adult Isa brown
layer chicken associated with natural case of avian
salmonellosis in Ogun State not incubated with
Salmonella
antibody
(control)
showing
no
immunoreactions (x 400; immunohistochemical
reaction)

Plate VIIIa: Section of the caecum of an adult Isa brown
layer chicken that died from natural case of avian
salmonellosis
in
Ogun
State
showing
strong
immunoreactions in the glandular (crypts of Lielbekuhn)
columnar epithelial cells (white arrows), but weak
immunoreactions in necrotic debris (arrow head) (x 400;
immunohistochemical reaction)

Plate VIIIb: Section of the caecum of an adult Isa brown
layer chicken associated with natural case of avian
salmonellosis in Ogun State not incubated with
Salmonella
antibody
(control)
showing
no
immunoreactions (x 400; immunohistochemical
reaction)
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Comparison of the sensitivity of bacteriology and
immunohistochemical technique
Out of the 118 postmortem cases, 43 had clinical
signs of lethargy, somnolescence, yellowish diarrhea,
and mortality of 40 to 80%, in which 36 presented
with pathognomonic lesions of salmonellosis.
Salmonella species were isolated in 31 (86.1%),
representing 72.1% and 86.1% diagnosis by clinical
signs and postmortem examination respectively.
Fifty five isolates from twenty eight cases out of the
31 representing 90.3% tested positive biochemically,
while PCR confirmed 37 isolates from 25 cases out of
the
31(89.3%).
On
the
other
hand,
immunohistochemical
technique
detected
immunoreactions to Salmonella antigens in all the 36
suspected cases of salmonellosis that were tested,
representing 100% sensitivity (Table 1).

all the visceral organs that were tested. Salmonella
species are known to survive phagocytosis and
multiply in the cytoplasm of even phagocytes,
thereby killing the infected cells (Okamura et al.,
2005 Hensel, 2006; Jones et al., 2007). It was
reported that in comparison with other diagnostic
techniques, immunohistochemistry allows colocalization of an antigen within lesions, thereby
dramatically increasing diagnostic accuracy (Rasmosvara et al., 2008). Following oral ingestion, the
pathogenesis of Salmonella infection start with the
penetration of the mucosal epithelium of the small
intestine by direct penetration of the epithelial cells
lining the mucosae, where they interact with the
columnar epithelial cells and microfold cell overlying
the payer’s patches (Henderson et al., 1999). This
interaction between Salmonella and the epithelium
leads to the chemotactic attraction of inflammatory
cells to the infection site where they phagocytose or
become infected by the offending pathogen
(Henderson et al., 1999). Salmonella pathogen is
known to survive intracellular environment and
thereby providing accurate diagnosis by detection of
the antigen in the cytoplasm of the affected host
cells (Desmidt et al., 1998; Henderson et al., 1999;
Hensel, 2006; Rasmos-vara et al., 2008; Tunca et al.,
2012). Bacteriological study showed that Salmonella
organisms were also isolated in all the visceral
organs, but with less frequency in comparison to the
immunohistochemical detection of its antigens.
Bacteriological results in this study were reliable
since the bacterial isolates were confirmed using
polymerase chain reaction which is a confirmatory
method for characterizing Salmonella species
(Szmolka et al., 2006), and also used in the diagnosis
of natural cases of avian salmonellosis.
In conclusion, immunohistochemical technique was
found to be more sensitive in the diagnosis of avian
salmonellosis than bacterial isolation and
identification. We recommend that facilities in
diagnostic laboratories in Nigeria should be
upgraded
to
include
immunohistochemical
techniques, to serve as an adjunct to bacteriology in
the diagnosis of avian salmonellosis and other
infectious diseases.

Discussion
The clinical signs of somnolescence, yellowish
diarrhea and mortality as well as the gross lesions
observed in the present study were suggestive for
avian salmonellosis, as they agreed with the reports
of various workers (Shivaprasad, 1997; Ogunleye et
al., 2006; Beyaz et al., 2010; Majid et al., 2010;
Akhtar et al., 2011; Abdu, 2014). However,
confirmation of the diagnosis of avian salmonellosis
is done by isolation and identification or by other
reliable
Laboratory
methods
such
as
immunohistochemistry (Rasmos-vara et al., 2008). In
the present study, the 100% diagnosis by
immunohistochemical technique was higher than
the 86.1% by isolation and identification. This
suggests that immunohistochemical technique is
probably more sensitive than isolation and
identification. It has been proven that
immunohistochemical technigue is a highly sensitive
and specific diagnostic tool for infectious diseases
(Henderson et al., 1999; Rasmos-vara et al., 2008). It
was also reported that immunohistochemical
technique has advantage over isolation and
identification, because it can detect the organism
localized in the lesion even as the organism is dead,
a process that is not possible bacteriologically
(Desmidt, 1998; Rasmos-vara et al., 2008; Beyaz et
al., 2010). Salmonella species are intracellular
organisms which can be found in the cytoplasm of
different host cells (Henderson et al., 1999;
Shahinuzzaman et al., 2011; Tunca et al., 2012). In
this present study, Salmonella antigens were
detected in either the cytoplasm of epithelial cells,
myocytes,
hepatocytes,
macrophages
and
lymphocytes or in blood vessels and interstitium, in
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