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Abstract
Between 14 January 2010 to 30 April 2012, bacteriological examination of 1075 samples (290 rectal swabs from cattle, 335 rectal swabs from sheep,
450 cloacal swabs from poultry) from diarrheic animals revealed the isolation of 68 Salmonella belonging to 13 different Salmonella serovars. This
work was done at Faculty of Veterinary Medicine, Cairo University as well as Center of Excellence in Biotechnology Research, King Saud University.
The most common serovars were Salmonella Typhimurium (16 isolates), Salmonella Enteritidis (13 isolates), Salmonella Kentucky (8 isolates) and
Salmonella Arizona (7 isolates). Other serovars typed were Salmonella Heidelberg (4), Salmonella Cerro (4), Salmonella Gallinarum (3), Salmonella
Virginia (3), Salmonella Paratyphi-A (3), Salmonella Dublin (2), Salmonella Agona (2), Salmonella Hadar (2) and Salmonella Bardo (1). All isolates
of Salmonella Enteritidis and Salmonella Typhimurium were examined for the virulence genes fimA, vag, and invA and spvCgenes by Multiplex PCR.
It was evident that fimA was the most common in both serovars, followed by invA, while vag and spvC had almost equal prevalence Salmonella
Enteritidis and Salmonella Typhimurium isolates from cattle, sheep, poultry and human.
Key words: Salmonella Typhimurium, Salmonella Enteritidis, virulence genes fimA, vag, and invA and spvCgenes, m-PCR.

Introduction
Salmonellosis is one of the major food-borne diseases. Salmonella
infection has been associated with the consumption of raw and
undercooked poultry and other meat products; however, many
outbreaks have also been associated with contaminated fresh
fruits and vegetables 1. Salmonella Typhimurium and Salmonella
Enteritidis are the most frequently isolated serovars from foodborne
outbreaks throughout the world 2.
S. Enteritidis is a major cause of food-borne diseases 3, and
during the last two decades it has been isolated worldwide in
increasing numbers 2.
S. Typhimurium is a facultative intracellular pathogen that causes
a self-limiting gastroenteritis in humans and, less commonly, a
non-typhoidal bacteremia 4. S. Typhimurium pathogenesis depends
upon a large number of virulence proteins. Pathogenesis of
salmonellosis depends up on a large number of factors controlled
by an array of genes responsible for the actual virulence of
Salmonella 5.
Several rapid and sensitive methods have been developed for
identification of Salmonella serovars from clinical samples 6. These
methods, however, still lack the necessary sensitivity and
specificity. In vitro amplification of DNA by the polymerase chain
reaction (PCR) method is a powerful tool in microbiological
diagnostics 7. Multiplex PCR provides us with a specific method
and superior ability to detect S. enterica and the serovar S.
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Enteritidis and/or S. Typhimurium in the presence of other bacteria
simultaneously 8. In this method several genes are used to detect
Salmonella genus or serovars including: virulent chromosomal
genes such as invA 6, 7 and plasmid genes such as spv. 10. Therefore,
the purpose of this study was to examine Salmonella sero-types
(S. Enteritidis and S.Typhimurium) and virulence genes profiles
from cattle, sheep, and poultry as well as from human clinical
cases that can pose public health serious.
Materials and Methods
Samples: A total of 1075 samples were collected from diarrheic
cattle, sheep and poultry to be subjected for isolation of Salmonella
(290 rectal swabs from cattle, 335 rectal swabs from sheep and 450
cloacal swabs from poultry). Samples were obtained from ElBasateen-slaughter house and private farms.
Salmonella strains: The human strains of Salmonella Enteritidis
and Salmonella Typhimurium were obtained from the hospital of
the Faculty of Medicine in Beni Swif University.
Isolation and identification of Salmonella isolates: Samples were
cultured in selenite F broth and incubated at 37°C for 18 hour. A
loopful from inoculated broth was streaked onto the surface of
S.S. and XLD agar plates, and then incubated at 37°C for 24-48
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hours. Suspected colonies were purified and subcultured into
nutrient agar slopes and incubated at 37°C for 24 hours. The
purified cultures were subjected to further investigation. Films
from the prepared pure cultures were stained with Gram stain and
examined microscopically. Salmonella are Gram negative, medium
size bacilli. Motility was tested on 0.4% soft agar. The pure cultures
of the isolates were identified according to Quinn et al. 10.
Serological identification: Typical Salmonella isolates were
serotyped by using Denka-Seiken (Tokyo, Japan) antisera
following Kauffman-White serotyping scheme 11.
Extraction of DNA: The DNA of S. Enteritidis and S. Typhimurium
isolates were extracted using boiling method according to Croci
et al. 12.
PCR design and amplification: Amplification of Salmonella
strains DNA13, 14 using oligonucleotide primers synthesized by
Metabion Company, Germany. Four sets of primers were used;
the first pair was designed with reference to sequence published
by Cohen et al. 15, fim A F- ´CCTTTCTCCATCGTCCTGAA´3 and
fimA R-5´´TGGTGTTATCTGCCTGAC-CA´3. The second pair was
designed with reference to sequence published by Malkawi 8, vag
F- 5´TTGTAGCTGCTTATGGGGCGGG´3 and vag R 5´TGGAGAA
ACGACGCACTG TACT GC´3. The third pair was designed with
reference to sequence published by Chiu and Ou 15, invA F- 5´ACA
GTG CTC GTT TAC GAC CTG AAT´3 and invA R 5´AGA CGA
CTG GTA CTG ATC GAT AAT´3. The third pair was designed
with reference to sequence published Swamy et al. 16 spvA F5´GAT GCC GGT ATC CCA CTT TA´3 and spvA R 5´CGT GAG
GAA CCG TTT TAT CG´3. All reactions were carried out in a final
volume of 50 µl in micro-amplification tube (PCR tubes) The
reaction mixtures consisted of 1µl (200 ng) of the extracted DNA
template for the bacterial cultures, 5 µl 10X PCR buffer (75 mM
Tris –HCl, pH 9.0, 2 mM MgCl2, 50 mM KCl , 20 mM (NH4)2SO4) ,
1µl dNTPs (40 M), 1 µl (1U Ampli Taq DNA polymerase), 1µl (50
pmol) from the forward and reverse primers. Each primer pair was
used separately and the volume of the reaction mixture was
completed to 50 µl using DDW. 40 µl paraffin oil was added and
the thermal cycler was adjusted as follows: Initial denaturation at
94°C for 5 min. Followed by 35 cycles of denaturation at 94°C for
1 min. Annealing at 55°C for 1 s. Extension 72°C for 21 s. Final
extension at72°C for 7 min .The PCR products were stored in the
thermal cycler at 4°C until they were collected. The PCR products
were visualized by agarose gel electrophoresis according to
Sambrook et al. 13.
Results
Bacteriological examination of 1075 samples (290
rectal swabs from cattle, 335 rectal swabs from
sheep, 450 cloacal swabs from poultry) from
diarrheic animals were examined for Salmonella. 68
samples 6.3% harbored various Salmonella species.
The highest rate of isolation 8% was obtained from
cloacal swabs in poultry, followed by rectal swabs
in sheep 5.6% and finally the rectal swabs in cattle
4.4%. The Salmonella isolates recovered from the
examined samples could be typed into13 different
Salmonella serovars, S. Typhimurium was more
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frequent 23.5% than S. Enteritidis 20.6% among the total
Salmonella isolates. On the other hand, the rate of S. Enteritidis
was higher 38.5% than that of S. Typhimurium 30.8% in cattle,
while S. Typhimurium was more common than S. Enteritidis in
sheep and poultry (26.3% and19.4%, versus 21.1% and 13.8% ,
respectively). Other serovars were detected as shown in Tables 1
and 2.
All isolates of Salmonella Enteritidis and Salmonella
Typhimurium in diarrheic cattle, sheep, poultry, in addition to that
of human were examined for the virulence genes fimA, vag, invA
and spvCgenes. It was evident that fimA was the most common in
both serovars, followed by invA, while vag and spvC had almost
equal prevalence. fimA gene was detected in 89.4% of S. Enteritidis
and 80% of S. Typhimurium isolates. InvA gene was found in
47.3% and 50% in S. Enteritidis and S. Typhimurium, respectively.
The incidence of vag and spvC genes was between 26.3% and
31.5 in S. Enteritidis and 30% in S. Typhimurium as shown in Table
2.
The combination of fimA, vag, invA and spvC gene in S.
Enteritidis strains isolated from different sources, revealed the,
the 4 genes were present in 3 isolates (2 human and 1 poultry), 4
isolates contained 3 genes (2 contained fimA, vag and spvC and
2 fimA, invA and spvC). Two genes were found in 4 isolates, all of
them had fimA combined with invA, while 6 isolates contained
one virulence gene, namely the gene fimA and 2 isolates contained
Table 1. Salmonella serovars isolated from different animal species.
Animal
species

Cattle

Sheep

Poultry

Total

No.tested

Samples
No.positive

%

290

13

4.4

335

19

5.6

450

36

8%

1075

68

6.3

Salmonella isolates
Serovars
No.
%
Typhimurium
4
30.7
Enteritidis
4
30.7
Agona
2
15.3
Dublin
2
15.3
Paratyphi A
1
07.6
Typhimurium
5
26.3
Enteritidis
4
21.0
Heidelberg
4
21.0
Kentucky
3
15.7
Paratyphi A
2
10.5
Bardo
1
5.2
Typhimurium
7
19.4
Arizona
7
19.4
Enteritidis
5
13.8
Kentucky
5
13.8
S. Cerro
4
11.1
Verginia
3
08.3
Gallinarum
3
08.3
Hadar
2
05.5
-

Table 2. Distribution of some virulence genes in S. Enteritidis and S. Typhimurium.
Salmonella Enteritidis (19)
Cattle (4)
Sheep (4)
Genes
(+)
(%)
(+)
(%)
fimA
4
100%
3
75%
Vag
1
25%
1
25%
invA
2
50%
2
50%
spvC
1
25%
1
25%
Salmonella Typhmuruim (20)
Cattle (4)
Sheep (5)
Genes
(+)
(%)
(+)
(%)
fimA
3
75%
4
80%
Vag
1
25%
1
20%
invA
2
50%
2
40%
spvC
1
25%
1
20%

Poultry (5)
(+)
(%)
4
80%
1
20%
2
40%
2
40%

Human (6)
(+)
(%)
6
100%
2
33%
3
50%
2
33%

No
17
5
9
6

Total
%
89.4%
26.3%
47.3%
31.5%

Poultry (7)
(+)
(%)
5
71.4%
2
28%
3
42.8%
2
28%

Human (4)
(+)
(%)
4
100%
2
50%
3
27%
2
50%

No
16
6
10
6

Total
%
80%
30%
50%
30%
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none of the 4 genes. From the table it is evident that, fimA was the
most common, as it was detected in 17 out of 19 isolates, followed
by invA (9), spvC (7) and vag (5) genes as shown in Table 3.
In S. Typhimurium strains, 4 genes were present in 3 isolates
(one each of cattle, poultry and human isolates), 2 isolates
contained 3 genes (one from sheep and from human); 6 isolates
contained 2 genes and 8 isolates contained one gene, while one
isolate contained none of the 4 genes. From the Table it is evident
that, fimA was the most common, as it was detected in 16 out of 20
isolates, followed by invA (10), spvC,vag (each5 genes) as shown
in Table 4.
Table 3. Combination of fimA, vag, invA and spvC gene in S.
Enteritidis strains isolated from different sources.
Animal species
Cattle

Sheep

Poultry

Human

S. Enteritidis strains
Strain 1
Strain 2
Strain 3
Strain 4
Strain 1
Strain 2
Strain 3
Strain 4
Strain1
Strain 2
Strain 3
Strain 4
Strain 5
Strain 1
Strain 2
Strain 3
Strain 4
Strain 5
Strain 6

fimA
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

vag
+
+
+
+
+
-

invA
+
+
+
+
+
+
+
+
+
-

spvC
+
+
+
+
+
+
+
-

Table 4. Combination of fimA,vag,invA and spvC genes in S.
Typhimurium strains isolated from different sources.
Animal species
Cattle

Sheep

Poultry

Human

S. Typhimurium strains
Strain 1
Strain 2
Strain 3
Strain 4
Strain 1
Strain 2
Strain 3
Strain 4
Strain 5
Strain 1
Strain 2
Strain 3
Strain 4
Strain 5
Strain 6
Strain 7
Strain 1
Strain 2
Strain 3
Strain 4

fimA
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

vag
+
+
+
+
+
+
-

invA
+
+
+
+
+
+
+
+
+
+

spvC
+
+
+
+
+
+
-

Discussion
In the present work, bacteriological examination of 1075 samples
from diarrheic animals showed that 68 samples harbored various
Salmonella species. The highest rate of isolation 8% was obtained
from cloacal swabs in poultry, followed by rectal swabs in sheep
5.6% and finally the rectal swabs in cattle 4.4%.Similar results
Journal of Food, Agriculture & Environment, Vol.11 (2), April 2013

have been reported in Egypt 18-20 and other countries of the world 21-23.
The obtained percentage was lower, when compared with that
recorded by Cortez et al. 24, who reported that the percent of
positive Salmonella samples was 10%. On the other hand, Antunes 25
recorded 44% for S. Enteritidis.
Differences in prevalence may be the result of using different
sample types, or different methods for detection of salmonellae.
The incidence of various Salmonella species seems to vary with
geographic location and the types of food consumed 26. However,
it was not the aim of the present work to study the incidence of
Salmonella in animals poultry and man, rather than to obtain fresh
cultures of S. Typhimurium and S. Enteritidis for molecular
characterization of Egyptian isolates. These two serovars were
chosen, because they are the most common Salmonella serovars
in man, animals and poultry 4, 23 , 27.
Serotyping was done in the present work, indicated the isolation
of 13 different Salmonella serovars. The results revealed that S.
Typhimurium (23.5%) and S. Enteritidis (20.6%) were most frequent
among the total Salmonella isolates. This finding substantiates
the report of the CDC 28, which indicated that the two leading
Salmonella enterica serovars that cause salmonellosis in the
United States are S. Typhimurium and S. Enteritidis (22% and 17%
of all Salmonella infections) and Smith-Palmer et al. 27, who
concluded that the two serovars of Salmonella, which were
currently of particular importance in both human and animal
infection in Scotland were S. Enteritidis and S. Typhimurium.
Detection of Salmonella is by standard bacteriological,
biochemical and serological are generally time-consuming, tedious
and costly as they require hundreds of antisera as well as welltrained technicians 29. In our study, PCR and multiplex PCR were
used to identify S. Enteritidis and S. Typhimurium virulence genes,
which are specific for the genus Salmonella. The result denoted
that fimA was the most common in both serovars, followed by
invA, while vag and spvC had almost equal prevalence. fimA gene
was detected in 89.4% of S. Enteritidis and 80% of S. Typhimurium
isolates. fimA gene was the most common in all isolates of S.
Enteritidis recovered from different sources, as it was present in
all cattle and human isolates 100%, in 80% of poultry isolates and
75% of sheep isolates. In case of S. Typhimurium, it was present
in all human isolates 100%, in 80% of sheep isolates and 75% of
cattle isolates.
This was considered by Naravaneni and Jamil 30 very useful in
the diagnosis of Salmonella organisms at the genus level, as it can
differentiate between Salmonella and non-Salmonella species.
This strengthens the finding of the high prevalence of fimA in
both S. Enteritidis and S.Typhimurium in the present study, as it
indicates the usefulness of this gene in the rapid detection these
salmonellae by PCR. It should however be taken in consideration
that in this case about 10-20% of the isolates could be missed due
to the absence of this gene. This may be corrected by application
of multiplex PCR using more virulence genes, as done in the present
work.
This finding was consistent with many previous reports 31, 32
that established the presence of invA gene in nearly all Salmonella
irrespective of serovar or source. Also Murugkar et al. 33 reported
that all salmonellae possessed the genetic information of invasion
(invA).
In the present work, the inv gene was found in only 47.3% and
50% in S. Enteritidis and S. Typhimurium, respectively. It was
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found in 50% of S. Enteritidis of cattle, sheep and human origin
and 40% of poultry isolates. invA gene was detected in only 27%
of human isolates, 40% of sheep isolates, 42% of poultry isolates
and 50% of cattle isolates of S. Typhimurium.
The invA is essential for full virulence in Salmonella and is
thought to trigger the internalization required for invasion of deeper
tissue. This gene is important in the invasion of phagocytic
epithelial cells and entry into the intestinal mucosa. This was
confirmed by Khan et al. 34 who showed that S. Typhimurium
strains carrying mutation in invA genes are unable to selectively
invade in the follicle-associated epithelium of murine Peyer’
patches. The invA gene of Salmonella contains sequences unique
to this genus and has been proved to be a suitable PCR target
with potential diagnostic application 31. This gene is recognized
as an international standard for detection of Salmonella genus 7.
Based on the results obtained in our study, the use of fimA
detected only 80% of S. Typhimurium isolates, the combination of
fimA and invA, raised the rate of positivity to 90%. A finding
which confirms the use of more than one gene for detection of
more Salmonella by PCR.
With regard to spvC gene, Amini et al. 32 reported that the use of
this gene yielded different and unexpected results. The spv genes
were not detected in 5.9% of isolates of the S. Enteritidis as
compared with 70% of the isolates reported by Wood et al. 35.
In the present study, the incidence of spvC genes was 31.5% in
S. Enteritidis and 30% in S. Typhimurium. The spvC gene was
detected in 25% of cattle and sheep isolates, 33% of human isolates
and 40% of poultry isolates of S. Enteritidis. In case of
S.Typhimurium, spvC gene was highest 50% in human isolates,
followed by 28% in poultry isolates, 25% in cattle isolates and
20% in sheep isolates. Wood et al. 36 found that this gene is only
present in 30% of S. Enteritidis strains isolated from poultry. In
the study of Amini et al. 32, the presence of spvC gene in S.
Enteritidis from human source was 90%, while this gene was
present in 100% of the bovine source isolates. In the case of S.
Enteritidis in poultry source, presence of spv C was 88.6%. Another
study has reported lack of spvC gene of the samples from human,
pig, and poultry sources 36.
Detection of these spv genes allows us to decide whether the
pathogenesis of the isolates from positive clinical samples is
attributable to chromosome or plasmid born virulence factor 37.
Based on the results obtained in our study, the use of fimA
detected only 80% of S. Typhimurium isolates, the combination
of fimA and invA, raised the rate of positivity to 90%, while the
combination of fimA and invA and spv genes, raised the positivity
to 95%.
The least detected gene in the present study was the virulence
associated gene (vag gene), which was present in 26.3-30% of the
isolates of S. Enteritidis and S. Typhimurium, respectively. In case
S. Enteritidis, the highest rate 33% was found in human isolates
and the lower 20% in poultry isolates, while 25% of cattle and
sheep isolates were positive for this gene. In case S. Typhimurium,
the highest incidence of vag gene 50% was recorded in human
isolates, followed by poultry isolates 28%, cattle isolates 25%
and sheep isolates 20% . Bakshi et al. 38 reported the detection of
this gene in all Salmonella spp. in 24 S. Enteritidis isolated by
using PCR assay.
It is clear in the present study that, there were some
discrepancies about distribution of virulence plasmid of various
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strains of S. Typhimurium and S. Enteritidis from human and animal
origins. This was reported Amini et al. 32 where their study reported
a higher distribution of spvC genes in bovine sources and lower
distribution in poultry sources compared with human-origin
sources. Drastic genetic variations in Salmonella could be derived
from transfer of this organism between human-origin and animalorigin strains. Whether this can transfer virulence plasmid from
animal-origin strains to human-origin strains or vice versa remains
to be investigated. Strains of Salmonella bacterium (Particularly
Typhimurium and Enteritidis serovars) which carry virulence
plasmid can cause systemic disease, while plasmidless strains
can cause local or asymptomatic disease 39.
Presence of virulence gene in Salmonella species mainly enhances
the induction of gastroenteritis, organs focal infection and
systemic febrile disease in animal and human cases 6, 17. Spread of
Salmonella is mainly occurred through contamination of animal
and human foods especially poultry and poultry product, so the
initial interaction between Salmonella species and intestinal
mucosa is mainly regulated by the expression level of invA. While
spvC is one of virulence genes which play role in control the
immune response and regulate the interaction of the host cell as
well as spvC is control the growth rate of Salmonella inside the
host cell Swamy et al. 17 So presence of spvC gene and invA gene
are essential for full expression of virulence of Salmonella species
in animal and human.
Conclusions
It was evident that fimA was the most common in both serovars
(Salmonella Enteritidis and Salmonella Typhimurium), followed
by invA, while vag and spvC had almost equal prevalence in the
isolates from cattle, sheep, poultry and human.
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