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ABSTRACT Salmonellosis is a leading cause of illness in animals and man worldwide. The present study was under-
taken to isolate Salmonella from various sources including animals, birds and human and to study their 

virulence gene profiles based on multiplex PCR assays developed for the purpose. Out of a total of 453 samples exam-
ined, 30 (6.62%) were found to be positive for Salmonella. Among the 30 isolates recovered, the serovar Salmonella En-
teritidis was found to be the most prevalent (53.33%). The other serovars recovered were Salmonella Typhi 6 (20.00%), 
Salmonella Typhimurium 4 (13.33%), Salmonella Weltevreden 2 (6.67%), and Salmonella Dublin and Salmonella Galli-
narum 1 (3.33%) each. A multiplex PCR was designed for rapid detection of six important virulence genes of Salmonella, 
the chromosomal genes invA, agfA and stn in one set, and the plasmid encoded genes spvA, spv B and spv C in anoth-
er. Isolates belonging to different serovars showed variable results in respect to possession of different virulence genes.

Introduction
Salmonellae are well recognized as potential pathogens 
that cause diseases in a wide range of mammals and birds 
and encode products that assist the organisms in express-
ing their virulence in the host cells. Some genes are known 
to be involved in adhesion and invasion, viz., sef1, pef2, 
spv3 or inv4; others are associated with the survival in the 
host system- mgtC5 or in the actual manifestation of path-
ogenic processes, viz., sop6, stn7, pip A, B and D8. Nucle-
ic acid based diagnostic techniques are being employed 
for the detection of various gene-encoded virulence fac-
tors, viz. Salmonella enterotoxin (stn), Salmonella Enteritid-
is fimbriae (sef) and plasmid encoded fimbriae (pef) genes 
(Widjojoatmodjo et al., 1992). The invA gene of Salmonel-
la contains sequences unique to this genus and has been 
proved to be a suitable PCR target with potential diagnos-
tic application (Jamshidi et al., 2008). Strains of S. enterica 
serovar Enteritidis often carry serovar-associated plasmids 
which encode a virulence operon consisting of five genes 
spvR, spvA, spvB, spvC and spvD (Aaboet al., 2000). The 
spv genes play a role in the virulence of the host strain 
(Chu et al., 1999). The present study was undertaken with 
a view to standardize a multiplex PCR (mPCR) protocol 
for detection of six important chromosomal and plasmid 
genes associated with virulence of common Salmonella se-
rovars involved in clinical infections in man and animals.

Materials and Methods
Faecal /rectal swabs and tissue samples were collected 
from various species of animals and man from places in 

and around Guwahati. In addition, samples from free living 
birds were collected from different locations around the 
city. Rappaport Vassiliadis (RV) broth was used as an en-
richment broth for primary isolation of Salmonella and Bril-
liant Green Agar (BGA) was used as a selective medium for 
subculture. For purification of suspected Salmonella colo-
nies, Mac Conkey’s Lactose Agar (MLA) and Xylose lysine 
deoxycholate agar (XLD) were used. Characterization and 
preliminary identification of suspected  Salmonella cultures 
were made by standard methods and the confirmed iso-
lates were sent for serotyping at the National Institute of 
Cholera and Enteric Diseases (NICED), Kolkata.

For preparation of DNA template, the bacterial isolates 
were grown in LB broth for overnight at 37°C and boiled 
at 100°C for 20 minutes. After boiling, the cell suspensions 
were snap-cooled on ice and centrifuged at 12,000 rpm 
for 10 minutes at 4°C. The supernatant was then collected 
without disturbing the sediment and was stored at -20°C 
(Titballet al., 1989). The isolates were further confirmed 
as Salmonella by detecting Salmonella-specific gene 
STM0171 by simplex PCR using specific primers (Forward 
- GACCCCGGATTTTTTGAGAA), Reverse - (ACCACG-
GAGAGACAGTTCAGAT) as reported by Borah (2012). 
All the standard strains and field isolates of Salmonella 
were screened for the presence of six important virulence 
genes, viz.stn, agfA, invA, spv A, spvB and spvC by PCR 
using specific primers (Table 1). 

For the present study, specific primers for invA and spvB 
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were designed against the corresponding gene sequences 
downloaded from NCBI using Primer 3 software. Altogeth-
er six virulence genes were screened, viz. stn, agfA, invA, 
spv A, B and C. Multiplex grouping was done considering 
the product size, annealing temperature and genomic lo-
cation of the genes. Two groups were formed comprising 
of three genes in each group. The PCR conditions suitable 
for amplification of the genes were standardized as fol-
lows: denaturation at 94º C for 15 sec, primer annealing 
at 58º C (Group I) and 55º C (Group II) for 30 sec, exten-
sion at 72º C for 25 sec and final extension at 72º C for 
5 min. Control reaction mixtures containing no template 
or genomic DNA from Salmonella Typhimurium, S.Typhi 
or S. Enteritidis were also included in each of the sample 
run. The mPCR reaction mixture comprised of 25 µL con-
sisting of (2X) PCR master mix 12.5 µL (Thermo Scientific), 
20 pmol of each primer and 1 µL (10 ng) of template. The 
PCR products were analyzed in 1.5% agarose gel (Sigma) 
stained with ethidium bromide (0.5 µg/ml) and then visu-
alized using a Gel Documentation system (BioRad). A 100 
bp DNA ladder (Thermo Scientific) was run simultaneously 
in each gel run.

Results and discussion
In the present investigation, a total of 453 samples col-
lected from different sources were examined, of which 
30 (6.62%) were found to be positive for Salmonella. On 
serotyping, 16 (53.33%) isolates were found to belong 
to Salmonella enterica serovar Enteritidis, 6 (20.00%) iso-
lates to serovar Typhi, 4 (13.33%) to serovar Typhimurium, 
2 (6.67%) of serovar Weltevreden, and 1 (3.33%) each to 
serovars Dublin and Gallinarum. Salmonella Enteritidis was 
the commonest serotype world-wide, followed by S. Typh-
imurium (Galanis et al., 2006). This was in close agreement 
with the present findings. In India among the typhoidal 
serovars, the most common serovars from humans are Sal-
monella Typhi (73%) and S. Paratyphi A (24%) and among 
non-typhoidal serovars, S. Worthington (28.2%) and S. 
Typhimurium (22.5%) are more frequently isolated. In ani-
mals, S. Typhimurium is the commonest serovar followed 
by S. Weltevreden (Kumar et al., 2009). This was also in 
partial agreement with the present findings.

All the 30 Salmonella isolates were subjected to multiplex 
PCR assay for detection of the specific virulence genes 
(Figures 1 & 2). The virulence genes invA and stn were 
detected in all (100%) the Salmonella isolates examined. 
The agfA gene was present in 13 (43.33%) of the 30 iso-
lates, spvA in 5 (16.67%), spvB in 12 (40%) and spvC in 7 
(23.33%) of the 30 Salmonella isolates screened (Table 2). 

The only isolate of serovar Enteritidis from human and 
three other isolates of the same serovar from birds re-
vealed the presence of all the virulence genes under study. 
All the six isolates of serovar Typhi isolated from diarrhoeic 
stool samples of human exhibited presence of invA and 
stn genes, while 3 (50%) isolates of this serovar showed 
presence of agfA gene. None of the isolates, however, 
showed presence of genes under the spv cluster. The agfA 
gene was also found to be absent in the two S. Typhimu-
rium isolates from cattle and the two Weltevreden isolates 
from birds. All the other isolates belonging to serovars Ty-
phimurium, Gallinarum and Dublin showed the presence of 
invA and stn genes as well as one or the other member of 
the spv gene cluster.

The invA (invasive) gene of Salmonella contains sequences 
unique to this genus (Jamshidi et al., 2008) which is typical 
to Salmonella isolates. This gene was detected in the pre-

sent study in all isolates tested, which was in agreement 
with Salehi et al. (2005), Bacci et al. (2006) and Shanmu-
gasamy et al. (2011). The stn gene that encodes for en-
terotoxin was also found in all the 30 isolates screened, 
which was in agreement with Murugkar et al. (2003).  In 
the present study, spvA gene was found to be present in 
5 (16.67%), spvB in 12 (40%) and spvC in 7 (23.33%) of the 
30 Salmonella isolates screened. Among a subset of 18 
strains of the SARB (Salmonella Reference collection B) col-
lection  examined (Boyd et al., 1993), the spv region was 
found to be present in isolates of serovar Choleraesuis, 
Dublin, Enteriditis, Paratyphi C, Pullorum, and Typhimurium 
(Baumler et al., 1997). The function of spvA, B, C and D 
gene products has remain undetermined, but it has been 
shown that the presence of the virulence plasmid increases 
the growth rate of Salmonella in mice (Gulig and Doyle, 
1993). In the present study, the agfA gene was found to 
be present in 13 (43.33%) of the 30 isolates. The agfA 
gene was considered to be a structural gene for the sef17 
fimbriae which mediate fibronectin binding and bacterial 
agglutination (Doran et al., 1993) thereby facilitate coloni-
zation.

Conclusion
Among the isolates recovered from different sources, S. 
Enteritidis (53.33%) was the most frequent serovar, fol-
lowed by S. Typhi (20.00%) and S. Typhimurium (13.33%). 
A Multiplex PCR assay was developed for detection of six 
important virulence genes of Salmonella, viz. invA, stn, 
agfA, spvA, spvB and spvC. All the 30 Salmonella isolates 
showed presence of invA and stn genes suggesting the 
possibility of using these genes for identification of Sal-
monella. Presence of agfA, spvA, spvB and spvC genes 
was detected in varied percentages. Further studies may 
be undertaken in future involving larger samples size and 
more number of field isolates to investigate about the 
distribution of these and other important virulence genes 
among various clinical serovars of Salmonella. Such works 
may also include study on expression of the virulence 
genes in different growth conditions of the bacteria.
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