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Abstract: Avian salmonellosis due to Salmonella B and D serogroups has a great importance because of its
public health and economical impact in poultry industry. Serological diagnosis of Salmonella infection currently
relies on laboratory-based ELISA for detection of antibodies against most predominant Salmonella serotypes.
The present study was conducted to prepare  sonicated  polyvalent  Salmonella  antigen  (group  B  and D)
from local isolates. ELISA procedure was developed for the detection of Salmonella infection in experimentally
infected chickens. For ELISA validation, the efficacy test accomplished by reaction with known positive and
negative serum. The results revealed that, relative sensitivity and specificity of ELISA using the polyvalent
sonicated Salmonella antigen with chicken cloacae samples compared to bacteriological diagnosis were 100 and
55.5 %, respectively. The data indicated that the polyvalent Salmonella antigen isn't suitable for clinical testing
and detection of Salmonella infection among poultry by ELISA as it showed a very low level of specificity.
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INTRODUCTION successful being slide agglutination using either serum or

Salmonellosis is one of the most common and widely with S. gallinarum or its biovar pullorum [6, 7]. This test
distributed foodborne diseases encountered for millions has been applied successfully for more than 50 years and
of human cases worldwide every year and the disease has contributed considerably to the control of pullorum
results in thousands of deaths due to the increase of disease and fowl typhoid from flocks in several countries.
consumption of poultry since poultry is known to be a The test is, however, crude and has been found to be too
major source of Salmonella [1, 2] with large increases in unreliable and insensitive for use with other serotypes [8].
the number of cases of human food poisoning caused by Tube and micro agglutination tests and the more sensitive
Salmonella [3]. microantiglobulin tests have been applied to experimental

Selection procedures for detection of Salmonella and field infections with serogroups B, C and D. However,
infection in poultry is the aim of many studies [4]. In vitro these tests are cumbersome and do not lend themselves
culture is the predominant means for isolating and readily to extensive use for large scale flock screening .
identifying  Salmonella   species   from  fecal  samples. An indirect enzyme linked immunosorbent assay (ELISA),
This is time consuming, usually requiring 72 to 96 h for double ELISA is inherently more analytically sensitive
the organism to be defined by its cultural, biochemical and than  macroscopic   agglutination   tests,  (Pullorum test)
serological properties. An alternative method is  to  detect as whole blood agglutination test and rapid plate
serum antibodies formed against infecting Salmonella agglutination tests under field conditions are performed
species [5]. A number of serological tests have been for the diagnosis of Salmonellosis [9]. Lentsch et al. [10]
developed for detecting invasive serotypes, the most found  that the polyvalent ELISA antigen detects positive

whole blood for the detection of poultry flocks infected
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titers in sera which are negative by the ELISA using the Serological Examination: Serum samples were collected
homologous single antigen. Yet researchers and from experimentally Salmonella infected chickens at the
diagnosticians in general have not used the ELISA as a 1 , 2 , 3 and 4  weeks post infection and tested by
clinical polyvalent test to efficiently screen large numbers ELISA as described by Khamis [13] using the previously
of animals for Salmonella antibody titers. prepared polyvalent sonicated Salmonella antigen.

Salmonella serogroups B and D represent a high Optimal concentration of the reagents were determined,
percentage  of   Salmonella   strains   isolated  from the optimal concentration of the antigen was determined
chicken meat [4] and among layer farm chickens [11]. by checkerboard titration [14]; different dilutions of
These serogroups are nearly most of the strains causing Salmonella positive and negative serum on coated ELISA
disease in Egypt, so the test was directed against these plates were titrated against serial dilutions of the
serogroups. In Egypt, S. Pullorum antigen (for tube and sonicated polyvalent antigen. The results were recorded
slide agglutination assays) and S. typhimurium for tube as the mean of absorbance at wavelength of 450 nm using
agglutination test are the only prepared Ag in Veterinary ELISA reader. The cut-off value was calculated according
Serum and Vaccine Research Institute, Abbasia, Cairo. to Desmit et al. [15].

The objectives of this investigation were preparation
of the polyvalent Salmonella antigen from 4 strains of Bacteriological Examination: Cloacal swabs were
Salmonella representing the B and D groups of collected from experimentally Salmonella infected
Salmonella; S. Pullorum (standard and field  strains)  and chickens at the 1 , 2 , 3 and 4  weeks post infection and
S. Enteritidis and S. Typhimurium (field strains) and cultured for Salmonella which was identified according to
determination of the efficacy of such prepared Salmonella Quinn et al. [16]. Delayed secondary enrichment (DSE)
antigen by estimating relative sensitivity and specificity was applied [17]; 0.5-1.0 ml of salmonella negative
of ELISA test. selective enrichment broth was inoculated to 10 ml of

MATERIALS AND METHODS incubated at 21 C for 5-7 days then sub cultured on solid

Preparation of Polyvalent Sonicated Salmonella Antigen:
One liter of nutrient broth pure culture of salmonella Quality Control for the Final Antigens Preparation:
serovars (S. pullorum, S. typhimurium and S. enteritidis) Purity and sterility (test for absence of bacterial and
that had been shaken overnight at 37°C was centrifuged fungal contamination), physical stability and appearance
and the pellet was resuspended and washed three times were checked [18]. In addition, evaluation of the
in 10 ml phosphate buffered saline. The suspension was polyvalent sonicated Salmonella antigen was determined
sonicated for 2 minutes at power 6% using a cell by relative  sensitivity   (SN)   and  relative  specificity
disruption (Fisher Model 300) with micro tip probe and (SP) which were calculated as shown in equations [19].
centrifuged at 5000 xg for 60 minutes. The supernatant True positive (TP) was  defined  as  a  positive  test result
was stored at -20°C until used [8]. in  diseased birds (isolated micro-organisms), true

Determination of the Efficacy of ELISA Using Prepared (no isolation) and negative serologically, false positive
Salmonella Polyvalent Antigen (FP) was the bird had no disease and had positive
Experimental Infection of Chickens: To simulate a natural
infection, one hundred Salmonella  free  layer  chickens
(70 days old) were housed in a separate place on-floor
litter and fed on Salmonella free ration containing no
antibiotics and clean water was provided ad libitum.
These birds were classified into four groups (25 each) and
inoculated directly in its crop each with 0.2 ml of
Salmonella spp. culture (standard and variant) [12].
Group 1 was infected with S. pullorum, group 2 was
infected with S. enteritidis, group  3  was  infected  with
S.  typhimurium,  while  group  4 was kept as control
group.

st nd rd th

st nd rd th

fresh enrichment broth (Selenite cystine broth) and

media (S.S. agar and MacConkey’s agar).

negative birds  (TN)   was   one   that  has   no  disease

serology, while false negative (FN) was bird that has
disease but has negative serology. 

SN = TP/ TP + FN x 100         SP = TN/ TN + FP x 100

RESULTS AND DISCUSSION

Large increases in the number of cases of human
food-poisoning caused by salmonella have occurred in
several countries in recent years. Diagnosis and control
of avian Salmonellosis depend upon the use of effective
antigens in the used serological test [18].
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Dominant serotypes from clinical cases vary with
geographical region: for example, S. enteritidis is the most
common in Europe [20]. Ten strains of  S.  typhimurium,
9 strains of serogroup B, 4 strains of Salmonella
serogroup D and 3 strains of S. pullorum were detected
by Sadek [21]. Hossain and Islam [22] and Islam et al. [23]
studied the seroprevalence of Salmonella infection in layer
chickens and they reported S. pullorum and S. gallinarum
as the most predominant. While serovar identified by
Hassanein et al. [20] was Salmonella enterica subsp.
enterica  serovar   Enteritidis   using   PCR    method.
These serogroups are nearly most of the strains causing
disease in Egypt, so the test was directed against these
serogroups. Because the ELISAs for avian Salmonellas
are indirect, detecting primarily specific IgG in serum or
IgG in egg yolk, the assay can also be adapted to detect
specific IgM produced early in infection [24] and the
polyvalent antigens are more reliable for detection of
salmonellosis than monovalent antigen [25].

So the present study was conducted to prepare
polyvalent Salmonella antigen from local isolates of
groups  B   and   D   (S.  enteritidis,  S.  gallinarum  and
S. pullorum) using ELISA in experimentally infected
chickens. Work with experimental Salmonella infections
assists in understanding the parameters which may affect
the capacity of the ELISA  to  detect  such  infections.
The same concept was supported by Hassan et al. [26]
who involved experimental S. typhimurium infection in
specified pathogen-free (SPF) chickens.

For ELISA validation the efficacy test was done by
reaction with known positive and negative sera and an
ELISA procedure was developed for the detection of
Salmonella infection. Quality Control Analyses were
performed to evaluate polyvalent sonicated Salmonella
antigen to determine if they were homogenous and
negative for bacterial and fungal contamination. The data
indicated that the antigen is suitable for clinical testing.

To diminish the risk of obtaining false negative
bacteriological results, a combination of 2 selective
enrichment broth (Buffered peptone water and selenite
cystine broth) and plating on S.S. agar as selective
medium and MacConkey’s agar as selective and
differential medium were used as described by Cruikshank
et al. [27] and Quinn et al. [16]. In these studies,
pre/primary enrichment medium is recommended.

As shown in table (1) Four hundred cloacal swabs
were obtained from the 4 groups of experimentally
infected chickens (100 swabs every week for 4 weeks) and
examined   bacteriologically    to    recover   the   organism.

Table 1: Serological and bacteriological results of different groups

ELISA Bacteriological isolation

------------------------- ---------------------------

weeks Groups No. of positive/total No. of positive/total

1st week Group 1 0/25 2/25

Group 2 0/25 1/25

Group 3 0/25 2/25

Group 4 0/25 0/25

2nd week Group 1 14/25 12/25

Group 2 13/25 11/25

Group 3 19/25 16/25

Group 4 0/25 0/25

3rd week Group 1 21/25 20/25

Group 2 22/25 21/25

Group 3 23/25 21/25

Group 4 0/25 0/25

4th week Group 1 22/25 21/25

Group 2 24/25 23/25

Group 3 24/25 22/25

Group 4 0/25 0/25

Table 2: Relative sensitivity (R SN) and relative specificity (R SP) of

polyvalent sonicated Salmonella antigen in testing experimentally

infected chickens Antigen Polyvalent sonicated Salmonella antigen

Groups TP FP TN FN

1 21 1 3 0st

2 23 1 1 0nd

3 22 2 1 0rd

Total 65 4 5 0

Group 1  was  infected  with  S.  pullorum,  Group  2:  was  infected  with

S. enteritidis, Group 3: was infected with S. typhimurium. What about the

results of control (Group 4)

TP = true positive, FP= false positive, TN = true negative, FN = false

negative

The  isolates  that  were  preliminary  identified
biochemically as Salmonella  were  subjected to
serological identification. The shedding of salmonellae
from   experimentally    infected   chickens   persisted  for
2-4  weeks post  infection  with  3  strains;  S.  Pullorum,
S. Enteritidis and S. Typhimurium.

As shown in Table (2), relative sensitivity and
specificity of ELISA using the polyvalent sonicated
Salmonella  antigen   compared   to   bacteriology  were
100 and 55.5 %, respectively. (This antigen has very low
specificity and so it can’t be applied for the diagnosis of
poultry infection with different Salmonella serogroups or
serovars.



65SN = TP/ TP + FN x 100 =  x 100 = 100 %
65

5SP = TN/ TN + FP x 100 =  x 100 = 55.5
9
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On the basis of the results obtained in experimental

ELISAs based on lipopolysaccharide and Vi antigens
have been used to detect S. typhimurium and S. typhi
infections in rodents and man respectively [10, 28].
However, the assay has been applied to S. typhimurium,
S. enteritidis and other serotypes of major public health
concern [29].

Antigens of varying specificity have been used; they
include surface protein antigens, sonicated whole-cell
soluble protein antigen [24, 30] and a heat-extracted
antigen [31]. The use of such antigens results in more
birds being designated as infected than when LPS is used
as the antigen. It is thought that such results indicate
false positive reactions although whether this is so are
unclear. Differentiation between infections caused by S.
enteritidis, S. gallinarum and its biovar pullorum using
different LPS preparations as coating antigens has also
been claimed [32]. On the other hand, Findik et al. [33]
used LPS and flagellin-based models ELISA for
serological screening and confirmation of Salmonella
infections in chickens.

The polyvalent ELISA antigen detected every
positive serum as determined by that serum's homologous
reaction. Negative control sera were also tested with the
polyvalent antigen. In three cases,  the  polyvalent
antigen detected positive titers in sera which were
negative by the ELISA using the homologous antigen
[10]. Different polyvalent stained Salmonella antigens
were prepared and used in serodiagnosis of Salmonellosis
in poultry to detect carrier [25, 34]. The results obtained
using these antigens were more reliable than that obtained
by monovalent antigen.

Several comparisons between the performance of the
ELISA and other serological tests have been made. In all
the ELISA was apparently more sensitive and identified
more infected individual birds than did the agglutination
tests, including slide  agglutination.  Kamel  [34]  found
this for chickens taken from  three  flocks  infected  with
S. enteritidis  and  one  infected  with S. typhimurium.
The one chicken in the latter flock which gave a high
absorbance value with the ELISA was not identified by
any of the other tests, including the macroantiglobulin
assay.

work, the ELISA appears to satisfy most of the
requirements for its adoption as a serological test to
detect infections produced by S. typhimurium, S.
enteritidis, S. gallinarum and its biovar pullorum. It
appears to be sensitive and easy to carry out.

From the current results, it can be concluded that
sonicated polyvalent Salmonella antigen prepared from
local isolates is successfully developed but it has a very
low specificity and so it isn’t efficient to diagnose
Salmonella infection in the poultry. 
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