
DIAGNOSTIC EFFICIENCY OF ELISA FOR THE DETECTION OF SALMONELLA
SPECIESES FROM POULTRY SAMPLES

MANOJ JINU1*, RAJESH KUMAR AGARWAL2, MUDASIR AHMAD WANI2, MANOJ KUMAR SINGH1

and ZUNJAR B. DUBAL2

1SVP University of Agriculture & Technology, Meerut, U.P. 250110; 2Division of Veterinary Public Health
(VPH), Indian Veterinary Research Institute (IVRI), Izatnagar, Bareilly, U.P. 243 122, India.

ABSTRACT

In this investigation, recombinant OmpC based ELISA was developed and evaluated for the detection of Salmonella spp. at the
genus level from poultry. Two antigens namely crude outer membrane protein (Omp) and recombinant outer membrane protein C (rOmpC)
were used. The antiserum was raised against crude Omp and rOmpC in rabbits. Spiking studies with poultry blood and faeces revealed
an optimum whole cell antigen concentration of 106 organisms/ml. An indirect ELISA developed was found to be sensitive in detecting
all the 56 serotypes of Salmonella tested. There were no cross reactions with other Gram positive and Gram negative bacteria. A total
of 510 samples of poultry blood and faeces (255 each) were screened by ELISA and isolation method. The prevalence rate of Salmonella in
chicken was found to be 5.09% by isolation, while that with indirect ELISA was 6.07% and 7.05% with rOmpC and Omp antiserum,
respectively. The sensitivity of indirect ELISA was found to be 100% when compared with the culture method while the specificity was
99.15 and 98.31 for blood, and 98.78 & 97.96 for feaces samples by rOmpC and Omp antisera, respectively. The study revealed that
rOmpC based ELISA might be a useful confirmatory test for the detection of Salmonella spp. from poultry blood and feacal samples.
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Salmonella organisms are responsible for a variety
of diseases in poultry, animals and humans and often
involved in outbreaks of gastroenteritis all over the world
because of the consumption of undercooked meat, raw
eggs and poultry products (Guo et al., 2000; Barua et
al., 2012). S. typhimurium and S. enteritidis are most
frequently isolated from cases of human food poisoning
in which chicken products have been implicated
(Sivaramalingam et al., 2013). Diagnosis of disease in
poultry is of utmost importance to implement control
programmes. The conventional methods for detection of
Salmonella are time consuming and are not useful in the
clinical samples containing small numbers of organisms
(Kabir, 2010). Therefore, more rapid and highly sensitive
method for detection of Salmonella not only from clinical
samples but also from food samples is needed to find out
the source of contamination.

Outer membrane proteins (Omp) of Salmonella
have received lot of attention for its immunogenic nature
(Hamid and Jain, 2008), however, very little information
is available about its role as a diagnostic antigen. In this
paper, we described the development and application of
an indirect ELISA, utilizing the recombinant outer
membrane protein C (rOmpC) as antigen for the diagnosis

of salmonellosis in poultry. The advantages of the ELISA
over other serological assays include coping with large
numbers of samples and availability of high quality
reagents, which has led to the extensive use of this
system (Schneid et al., 2006). Moreover, ELISA may be
a more useful diagnostic technique for salmonellosis than
culture, if antimicrobial therapy has been used (OIE,
2008). However, most ELISA methods developed have
been either serogroup or species specific (Schneid et al.,
2006; OIE, 2008). In this context, the present study was
envisaged to develop recombinant OmpC based ELISA
for the detection of Salmonella spp., irrespective of their
serogroup or species. Three antigens, viz., whole cell,
crude outer membrane protein (Omp), recombinant outer
membrane protein C (rOmpC) and antisera against Omp
and rOmpC were raised in rabbits and used in the study.
Sensitivity and specificity of the developed assays to
detect Salmonella from artificially inoculated and natural
contaminated poultry samples were studied and compared
with the conventional isolation method.

MATERIALS AND METHODS
Bacterial Strains and Antigens: The Salmonella
serovars (Table 1) used in the study were procured from
the repository of the National Salmonella Centre
(Veterinary), Division of Bacteriology and Mycology,
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Indian Veterinary Research Institute, Izatnagar. All the
strains were checked for their purity, morphological and
biochemical characters (Edwards and Ewing, 1972). The
whole cell antigen of S. typhimurium was prepared
according to Gupta and Verma (1993). The crude Omp was
extracted from S. typhimurium (Arockiasamy and
Krishnaswamy, 2000). The recombinant OmpC gene clones
were obtained from Division of VPH, IVRI, Izatnagar and
were checked by PCR (Prejit et al., 2013) and the rOmpC
was  purified using Qiagen Ni-NTA spin kit.
Hyperimmune Sera: Hyperimmune serum was raised
in healthy adult New Zealand White rabbits against
rOmpC and Omp following standard protocol (Harlow
and Lane, 1988) after obtaining permission from
Institutional Animal Ethics Committee. Briefly, the rabbits
were immunised subcutaneously with 250 µg protein/
animal with Freund’s complete adjuvant. A single
booster dose was given at 3 weeks interval with
Freund’s incomplete adjuvant. The rabbits were test
bled after 10 days of the booster and the antibody titre
was determined by ELISA using various antigens. The
rabbits with high titre were bled by cardiac puncture,
the serum was separated and stored in sterile vials at
É20°C for further use.
Standardization of ELISA: ELISA was standardized
(Feld et al., 2000) by checker board analysis to determine
optimum concentration of whole cell antigen and sera.
Ten fold serial dilutions of whole cell antigen were made,
ranging from 105 to 109 organisms/ml in carbonate-
bicarbonate buffer (pH 9.6). The ELISA was performed
in 96 well microtiter plates (Nunc, Denmark) after
coating of wells diluted antigen and incubated at 4°C
overnight. After washing with PBS (10 mM; pH 7.4)
with Tween-20 (PBST), the coated wells were blocked
with 3% bovine serum albumin (BSA). Serial dilutions
of antiserum raised in rabbits were added and incubated
at 37°C. After washing, HRP labelled goat anti-rabbit
IgG was added into wells and incubated again. Finally,
freshly prepared substrate solution (OPD and H2O2 in
citrate buffer, pH 4.6) was added and incubated in dark
for 20 min (18-25°C). The colour reaction was stopped
by adding 1M H2SO4 and absorbance was measured at
492 nm by ELISA plate reader (Microscan MS5605A,
Electronics Corporation of India Ltd). In the test proper,
positive and negative serum controls along with an
antigen and a conjugate control were always included in

each plate separately. A positive to negative (P/N)
optical density (O.D.) ratio of > 2 was considered
positive. Whole cell antigens prepared from standard and
field strains of 56 different Salmonella serotypes (Table
1) were subjected to ELISA employing the antisera
against Omp and rOmpC. Cross reactivity of the assay
was tested by subjecting different Gram positive and
Gram negative organisms to ELISA (Table 2).
Spiking Studies: For spiking studies, poultry blood was
aseptically collected from retail chicken shop in sterile
tubes containing the anticoagulant (1.5 mg EDTA/ml
blood) and the caecum from the same bird were
collected aseptically into sterile polythene bags. The
samples were transported to the laboratory under chilled
condition (±4°C) and processed immediately. About 1 gm
of faeces was collected from poultry caecum under
sterile conditions. All the samples were tested for the
presence of Salmonella following standard protocol
(OIE, 2008) and the Salmonella negative samples were
artificially inoculated with S. typhimurium (E-2375)
organisms in various concentrations, so as to achieve a
final concentration varying from 105 to 109 organisms/
ml and pre-enriched in buffered peptone water (BPW)
for 16 h at 37°C. The bacterial cells were harvested by
centrifugation at 6,000 rpm for 10 min and prepared
whole cell antigen. The ELISA was performed as
described above.
Sample Collection: A total of 510 samples comprising
poultry blood (255) and faeces (255) from 255 birds were
collected aseptically from various retail outlets located
in Bareilly city, Uttar Pradesh, India. Isolation and
identification of Salmonella spp. were done from all the
samples by following standard protocol (OIE, 2008). All
the samples (255 blood and 255 faeces) were tested by
standardized ELISA for the detection of Salmonella spp.
Statistical Analysis: The results of the ELISA were
used to estimate diagnostic test, characteristics, viz.,
sensitivity, specificity, positive predictive value, negative
predictive value and concordance (Thrusfield, 2005;
Smith, 2006) with respect to conventional cultural method,
which was considered as standard method.

RESULTS AND DISCUSSION
The Salmonella serotypes used in the present

study, on revival showed typical morphological, cultural,
biochemical and serological characteristics. On HE agar
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the isolates produced smooth, transparent colonies with
or without black center, but with greenish periphery.
Biochemical tests revealed that isolates were positive for
TSI, MR and citrate test, whereas negative for indole
and urease test. In slide agglutination test, the organism
reacted with the corresponding standard positive serum.
The confirmed serovars were maintained on nutrient
agar slant and semisolid buffer agar at 4°C for further
studies.

Confirmation of OmpC clone was performed by
the amplification of OmpC gene using two different set
of forward primers, keeping the reverse primer common
for both. Thirty five cycles of amplification yielded
OmpC gene. A single band of 1169 bp (OmpC ORI) (Fig.
1) and 1109 bp (OmpC TRU) (Fig. 2) was noticed as
desired for both the primers and no non-specific products
were detected in agarose gel electrophoresis. Confirmation
of OmpC clone was performed by the amplification of
OmpC gene using two different set of forward primers,
keeping the reverse primer common for both. Heat
denaturation of template DNA at 94ºC and primer
annealing at 55ºC was performed. Thirty five cycles of
amplification yielded OmpC gene. A single band of 1169
bp (OmpC ORI) and 1109 bp (OmpC TRU) was noticed
as desired for both the primers and no non specific
products were detected in agarose gel electrophoresis.
The recombinant protein antigen can be prepared without
involving the risk of handling the zoonotic microbe; hence
it is non infectious, safe and can be used without
containment facilities (John et al., 2010).  Also, the
recombinant protein is easily produced in general
laboratory without any limitation and it improves the
specificity of the ELISA (Wen et al., 2010).

The immunization schedule resulted in production
of hyper immune sera with good titre against Omp and
rOmpC. The titre of Omp antiserum was found to be
1:12,800 and that of rOmpC antiserum was found to be
1:6,400 by checker board titration. The optimum dilution
of antigen was the highest dilution of antigen that on
reaction with highest serum dilution gave an O.D. ratio
of >2 from positive sera to negative sera. Checker-board
titration of whole cell antigen gave an optimum reaction
with concentration of 106 organisms/ml at 1:400 dilution
of the serum. The optimum dilution of goat anti-rabbit
IgG-HRPO conjugate was found to be 1:10,000.

Table 1
Salmonella serotypes used in the study

1 E-2 S. anatum
2 E-4 S. bergen
3 E-5 S. berta
4 E-15 S. dahlem
5 E-16 S. deversoir
6 E-22 S. gaminara
7 E-27 S. illinois
8 E-28 S. java
9 E-29 S. javiana
10 E-31 S. kentucky
11 E-34 S. lille
12 E-37 S. montevideo
13 E-38 S. moscow
14 E-39 S. newington
15 E-40 S. niarembe
16 E-41 S. newport
17 E-42 S. oranienberg
18 E-45 S. poona
19 E-47 S. rubislaw
20 E-49 S. simsbury
21 E-56 S. tennessee
22 E-60 S. uganda
23 E-64 S. worthington
24 E-67 S. dublin
25 E-68 S. derby
26 E-71 S. reading
27 E-72 S. seftenberg
28 E-77 S. gallinarum
29 E-81 S. weltevreden
30 E-90 S. bareilly
31 E-103 S. heidelberg
32 E-104 S. italiana
33 E-118 S. paratyphi B
34 E-155 S. abortusequi
35 E-188 S. oslo
36 E-190 S. bredeney
37 E-206 S. typhi
38 E-233 S. blegdam
39 E-235 S. bukavu
40 E-241 S. choleraesuis
41 E-248 S. infantis
42 E-250 S. luton
43 E-269 S. tokai
44 E-294 S. brookfield
45 E-310 S. adeliade
46 E-2479 S. enteritidis
47 E-2622 S. typhimurium
48 E-4253 S. agona
49 E-4742 Rough
50 E-4963 S. virchow
51 E-5120 S. kashrup
52 E-5141 S. stanley
53 E-5144 S. saintpaul
54 E-5151 S. isangi
55 E-5202 S. lagos
56 E-2375 S. typhimurium

S. No NSC Culture code Serotype
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Table 2
Gram positive and Gram negative bacteria used in the

study

1 E-2 S. anatum
1 E-218 Shigella dysenteriae
2 E-226 Proteus mirabilis
3 E-225 Proteus morganii
4 E-221 Hafnia alvei
5 E-229 Serratia marcescens
6 E-220 Enterobacter aerogens
7 F-2 Escherichia coli
8 - Staphloccoccus aureus
9 - Pseudomonas aeruginosa
10 F-35 Aeromonas hydrophila
11 MTCC-1143 Listeria monocytogenes

S. No Strain No. Bacteria

The test revealed a P/N ratio of >2 in the indirect
ELISA, with regards to all the 56 strains belonging to
different serotypes of Salmonella tested, using antisera
against Omp and rOmpC. The lowest sensitivity was
observed for S. adeliade serotype with both the antiserum
(O.D. values were 0.289 and 0.288, with the rOmpC and
Omp antiserum, respectively), while the highest sensitivity
observed for S. typhimurium serotype (0.967 and 0.969
with the rOmpC and Omp antiserum, respectively). The
S. typhimurium serotype gave a P/N ratio of 3.28 and
3.27, with rOmpC and Omp antiserum, respectively.
Cross reactivity of the assay was also analyzed by
subjecting the whole cell antigens of different Gram
positive and Gram negative bacteria. The P/N ratio was
found to be < 2 in all the organisms except Salmonella
confirming no cross reactions. The artificial inoculation
experiments with poultry blood and faeces samples
revealed that optimum reaction for ELISA was achieved
with 106 organisms/ml concentration of whole cell antigen
and at 1:400 antiserum dilution. Out of 255 blood
samples, 19 (7.45%) gave a positive reaction with
rOmpC antiserum, while with Omp antiserum, 22 (8.62%)
samples were positive. Twelve (4.7%) faecal samples
were positive with rOmpC antiserum, while with Omp
antiserum 14 (5.49%) samples were positive.

The indirect ELISA standardized in this study
was found to be sensitive for detecting 56 different
Salmonella serotypes tested, using antisera against Omp
and rOmpC and confirmed no cross reactions with other
Gram positive and Gram negative bacteria (Table 2).
These results indicated that the developed ELISA was
highly sensitive as well as specific for detecting only
Salmonella.

Out of 510 samples, Salmonella spp. was
isolated from a total of 26 (5.09%) samples, which
consisted of 17 (6.66%) blood samples and 9 (3.52%)
faeces samples. The low rate of faeces culture positive
birds compared to blood was in agreement with the
findings by earlier researchers (Hassan et al., 1990;
Nicholas and Cullen, 1991; van Zijderveld et al., 1992).
The low isolation rate from the faecal samples may be
because of the intermittent nature of Salmonella excretion
(Barrow, 1992). A negative faecal culture result may not
necessarily indicate that a bird is not infected (OIE,
2008). In this investigation, no records were available

Fig. 1: Amplification of OmpC gene (ORI)
Lane 1: PCR amplified ompC (ORI) gene
Lane M: 100 bp DNA Ladder

Table 4
Diagnostic test characteristics of ELISA with rOmpC and

Omp antiserum from poultry faeces samples

Sensitivity (%) 100 100
Specificity (%) 98.78 97.96
Positive predictive value (%) 75 64.28
Negative predictive values (%) 100 100
Concordance (%) 98.82 98.03

Test characteristics rOmpC Omp
antiserum antiserum

Table 3
Diagnostic test characteristics of ELISA with rOmpC and

Omp antiserum from poultry blood samples

Sensitivity (%) 100 100
Specificity (%) 99.15 98.31
Positive predictive value (%) 89.47 80.95
Negative predictive values (%) 100 100
Concordance (%) 99.21 98.43

Test characteristics rOmpC Omp
antiserum antiserum
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Fig. 2: Amplification of OmpC gene (TRU)
Lane M = 100 bp DNA Ladder
Lane 1 = Negative control
Lane 2 = PCR amplified ompC (TRU) gene

specificity was 99.15% and 98.31% with rOmpC and
Omp antiserum, respectively. The positive predictive
values of indirect ELISA with rOmpC and Omp antiserum
were found to be 89.47% and 80.95% with a concordance
of 99.21% and 98.43%, respectively (Table 3). The
diagnostic sensitivity and negative predictive value of
indirect ELISA with rOmpC and Omp antiserum were
found to be 100% from poultry faeces samples also. The
diagnostic specificity was 98.78% and 97.96% with
rOmpC and Omp antiserum, respectively. The positive
predictive values of indirect ELISA with rOmpC and
Omp antiserum were found to be 75% and 64.28% with
a concordance of 98.82% and 98.03%, respectively
(Table 4). Schneid et al. (2006) reported a sensitivity and
specificity of 94% using an indirect ELISA based on a
monoclonal antibody specific for an outer membrane
protein of S. enteriditis from chicken meat. This value
was inferior to the findings of the current study. Tapchaisri
et al. (1999) also reported similar results and revealed
93.33% sensitivity, 91.76% specificity, 66.66% positive
and 98.73% negative predictive values for the detection
of Salmonella from the food samples by dot-ELISA
when compared with the culture method.

The indirect ELISA developed to detect the
presence of Salmonella spp. in poultry samples given
positive results within a day when compared with the
conventional isolation method which takes 4-7 days.. Our
results suggest that recombinant OmpC based ELISA
could be used as a confirmatory test for the diagnosis
of salmonellosis in poultry, as it has revealed higher
diagnostic test characteristics compared to other antigens.
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