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Among various food-borne pathogens salmonella is one
of the most significant candidates causing numerous food-
borne outbreaks (Bhowmick et al. 2012). Among 2,668
Salmonella Enterica serovars (Popoff et al. 2004),
Salmonella Typhimurium is the most common (Abbassi-
Ghozzi et al. 2012). Discrimination of isolates between and
within salmonella serotypes is necessary for the effective
epidemiological surveillance and control (El-Sebay et al.
2012). Conventional approaches used for these purposes
are lengthy, laborious and costly (Gallegos-Robles et al.
2008) and usually do not give differences beyond species
or serotype levels (Nhidza et al. 2012). Thus standardization
of easy, economical and quicker molecular methods to
discriminate between S. Typhimurium isolates is necessary.

Since the report on prevalence of plasmids in salmonella
by Taylor et al. (1982), there have been many reports that
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ABSTRACT

Among 2,668 Salmonella enterica serovars Salmonella Typhimurium is the most common serovar and
discrimination of isolates within this serovar is necessary for the effective epidemiological surveillance and control.
Plasmid profiling is an efficient tool for discrimination of bacterial isolates. Hence, 22 strains of S. Typhimurium
isolated from different parts of India were analyzed by plasmid profiling to check its differentiation power and to
correlate the results with virulence. Nine different sized bands were detected after plasmid isolation with 90.0 kb
band shared by most isolates. At least one plasmid was present in all isolates. Based on plasmid profiles 22 isolates
were classified into 10 groups with a discriminating power of 0.89. The maximum dissimilarity distance was
0.96496 units. No remarkable correlation between plasmid pattern and host origin could be established pointing
out the potential hazard of interspecies sharing. However, comparison of plasmid profiles with virulence revealed
the absence of 90.0 kb plasmid in non virulent isolates. The present study thus confirmed the potential discriminatory
power of plasmid profiling along with extraordinarily high incidence of plasmids among Indian S. Typhimurium
isolates. Additionally it indicated the presence of 90 kb plasmid to be used as a virulence marker of this serovar.

Key words: Heterogeneity, Plasmid profile, Salmonella Typhimurium, Virulent plasmid

plasmid profiling is an efficient tool in the discrimination
of various bacterial isolates (Halawani and Shohayeb 2008).
Compared to other molecular techniques, this has extra
advantages such as rapidity, high reproducibility, relative
simplicity and requirement of only basic apparatus etc
(Liebana et al. 2001). Moreover, plasmids in many
salmonella control various medically imperative properties
(Rychlik et al. 2006). In India salmonellosis is hyper-
endemic (Nagappa et al. 2007) and more than 235 serovars
were reported (Singh 2005). Though there are several
reports on the prevalence of salmonella from India,
information on genetic diversity is limited (Bhowmick et
al. 2012). Keeping these facts in view, the objective of the
present study was to check the differentiation power of
plasmid profiling among Indian S. Typhimurium isolates
and to find out any correlation between plasmid profiles
with virulence of this serovar.

MATERIALS AND METHODS

Bacterial cultures
S. Typhimurium isolates (22) of varied origin (Table 1)

were obtained from National Salmonella Centre, Indian
Veterinary Research Institute (IVRI), Izatnagar. After sub
culturing of each isolate on Mac-Conkey agar, colonies were
characterized morphologically using Gram’s stain and
serologically with poly ‘O’ sera (obtained from Division
of Biological Products, IVRI) based on Kauffmann-White
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scheme (Kauffmann 1964). Molecular confirmation was
done using salmonella specific fimA (Cohen et al. 1996)
and Typhimurium specific STM4497 fr3 primers (Kim et
al. 2006). After characterization glycerol stock were made
and kept at –20°C.

Experimental animals
Clinically healthy Swiss albino mice and chicks of either

sex were procured from the Laboratory Animal Resources
(LAR) Section, IVRI and Central Avian Research Institute,
Bareilly, Uttar Pradesh respectively and maintained under
standard conditions of nutrition and management. The
animal ethics committee of the IVRI, Deemed University
approved the study.

Plasmid profile analysis
The method of Singh et al. (2010) was followed for

plasmid profiling. Plasmids were isolated from 10 ml
overnight LB culture of all isolates using alkali lysis method
(Birnboim and Dolly 1979) and the pellet was resuspended
in 50 μl of sterile nuclease free water and stored at –20°C.
10 μl of isolated plasmid from each isolate was run in 0.7%
agarose gel and photographed under UV illuminator.
Lambda DNA/EcoRI + HindIII marker and 100 bp plus
marker were run simultaneously to determine the molecular
size. Gel images were then analyzed using GelQuest-DNA
fingerprint analysis software. In this, each band on the gel
were scored as discrete variables, using ‘‘1’’ to indicate
presence and ‘‘0’’ to indicate the absence. This binary data
was directly used to calculate distance matrices thus to
construct phylogenetic relationships by neighbor-joining
method. The numerical index of discrimination (D) was
calculated using Simpson’s index of diversity (Hunter and
Gaston 1988).

Pathogenicity testing of S. Typhimurium isolates and
comparative analysis of plasmid profiling with
pathogenicity
Work on the pathogenicity of S. Typhimurium was done

in mice or chicks by intraperitoneal injection of bacteria
(Chapes and Beharka 1998, Dieye et al. 2009, Benincasa
et al. 2010, Mair et al. 2011). Hence pathogenicity of S.
Typhimurium was tested in mice and chicks by

intraperitoneal route of injection. For this, 0.1 ml of 10-1

dilution and 1 ml of 18 hr old broth culture (1.47×108 CFU/
ml) of each isolate was injected I/P into 3 healthy mice and
chicks respectively. All were observed for 7 days for
development of any clinical signs or fatality. The plasmid
profiles were then compared with pathogenicity of each
isolate to find out whether there is any relation between
plasmid profiles and virulence of S. Typhimurium.

RESULTS AND DISCUSSION

During characterization all 22 isolates showed typical
cultural, morphological and serological characteristics.
During molecular confirmation, every one gave positive
results with both genus and serotype primers (Figs 1, 2).

Table 1. Host and epidemiological sources of S. Typhimurium isolates

Host Culture code (source)

Poultry E2394a and E2393a (Chick), E2375 a(Broiler), E2622a (Liver),  E4638b (Egg), E4227b (Poultry), E4841c &
E4809c (Eggs), E4885d and E4896d (Chicken), E4256b (Chicken Pizza)

Bovine E2416b (Liver), E5158b, E4935b and E4946b (Faeces), E4242e

Human E4938b (Stool)

Feed E4231b and E4658b

Water E4659b, E4490c

Corriander leaves E2677c

Place of isolation: aPune; bBareilly; cPantnagar; dMumbai; eBabugarh.

Fig. 1. PCR amplification of fimA primers (85 bp product).

Fig. 2. PCR amplification of STM4497 fr3 primers (310 bp
product).

Fig. 3. Plasmid profiles of S. Typhimurium isolates.
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Plasmid profiling
On plasmid profiling nine different sized bands (90.0,

50.0, 20.4, 3.5, 3.0, 2.5, 2.0, 1.5, and 1.2 kb) were detected
with at least one plasmid in all 22 isolates. Similar molecular
sized plasmids were reported earlier in S. Typhimurium
isolated from outside India by many workers (Brunner 1983,
Nakamura et al. 1986, Halawani and Shohayeb 2008). Ten
different profiles were identified (Table 2) in which the most
predominant profile (A) was characterized by the presence
of 2 plasmids (90.0 and 20.4 kb). Similarly 18, 8, 7 and 4
different plasmid groups of S. Typhimurium among 198,
56, 25 and 23 isolates were reported by Baggesen et al.
(1992), Singh et al. (2010), Halawani and Shohayeb (2008)
and Abbassi- Ghozzi et al. (2012) respectively. We could
not accurately determine the exact molecular weight of 2
large plasmids as they were above the limit of the molecular
weight markers. Nevertheless, the molecular weight of large
sized plasmids of S. Typhimurium isolates isolated by the
same protocol were already reported as 90.0 and 50.0 kb
(Rilay et al. 1983, Helmuth et al. 1985, Barrow and Lovell
1989, Baggesen et al. 1992, Bhattacharya et al. 2000,
Liebana 2002, Majtan et al. 2005, Halawani and Shohayeb
2008, Singh et al. 2010, Abbassi Ghozzi et al. 2012). So

the 2 high molecular weight plasmids obtained, were
assigned as 90.0 and 50.0 kb. We could detect at least one
plasmid in all isolates similar to observation of Nakamura
et al. (1986) in Japanese isolates. The large molecular
weight plasmid (90.0 kb) was shared by most isolates
(82.2%). This 90 kb is often regarded as serovar specific
plasmid of S. Typhimurium (Barrow and Lovell 1989,
Liebana et al. 2002, Halawani and Shohayeb 2008).
Compliant with our observation many authors (Rilay et al.
1983, Helmuth et al. 1985, Baggesen et al. 1992, Singh, et
al. 2010, Abbassi Ghozzi et al. 2012) had reported the
absence of this plasmid in some S. Typhimurium strains.
Thus designation of this plasmid as “serotype specific” has
to be verified by future studies. In the phylogram
constructed based on the plasmid profiles (Fig. 4) the
maximum dissimilarity distance between 2 types was
0.96496 units. The discrimination power of plasmid
profiling was calculated as 0.89 showing the potentiality
of this technique in the discrimination of Indian strains of
S. Typhimurium. We couldn’t correlate the presence of other
plasmids with any host origin pointing out the potential
hazard of interspecies sharing of these organisms. At the
same time plasmids are important for the storage and

Table 2. Plasmid profiles among S. Typhimurium isolates of varied origin

Profile group Banding pattern No. of isolates having the particular banding pattern

Poultry Bovine Human Feed Water Coriander leaves

A 90 kb, 20.4 kb 1 3 - 1 - 1
B 90 kb,20.4 kb,50 kb - 1 - - 1 -
C 90 kb,20.4 kb,2 kb,1.2 kb 2 1 1 - - -
D 90 kb,20.4 kb,1.2 kb 2 - - - - -
E 90 kb,20.4 kb,3 kb,2 kb,1.2 kb 1 - - - - -
F 90 kb,20.4 kb,3.5 kb,2 kb 2 - - - - -
G 90 kb,1.2 kb 1 - - - - -
H 20.4 kb,1.2 kb - - - 1 - -
I 20.4 kb,2 kb,1.2 kb 1 - - - - -
J 20.4 kb,2.5 kb,1.5 kb 1 - - - 1 -

Table 3. Pathogenicity testing of S. Typhimurium isolates

Source Culture code Pathogenicity in Pathogenicity in
mice within 7 days chicks within 7 days

Poultry E2393, E4227, E4896, E4885, 3/3 3/3
E4841, E4885, E4896, E4256
E2394, E2375 3/3 2/3
E2622 1/3 0/3
E809, E4638 0/3 0/3
E2416, E4242, E4935 3/3 -

Bovine E4946, E5158 2/3 -
E4938 3/3 -

Human E4658 3/3 -
Feed E4231 0/3 -

E4659 1/3 -
Water E4490 2/3 -

E2677 3/3 -
Coriander
Leaves
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dissemination of antibiotic resistance (Rychlik et al. 2006).
Thus the extraordinarily high incidence of plasmids among
Indian S. Typhimurium isolates raises the question of what
biological function these plasmids must be performing in
these bacteria which has to be explored further.

Pathogenicity testing of S. Typhimurium isolates
Out of 22 isolates tested for pathogenicity in mouse

model, 14 induced death in all 3 mice within 24–48 h post
inoculation after inducing nonspecific clinical signs like
dullness and ruffled coat. Similarly, during pathogenicity
testing in chicks out of 13 tested isolates, 8 induced death
of all 3 chicks within 24–48 h (Table 3). It was worth to
mention the isolates which were less or nonpathogenic in
mice was nonpathogenic to chicks indicating the suitability
of using mice for replacing chicks in virulence studies of S.
Typhimurium.

Comparative analysis of plasmid profiling with
pathogenicity
By the comparison of plasmid profiles with pathogenicity

the 90.0 kb plasmid shared by most isolates was found to
be absent in non virulent and less virulent isolates. Parallel
to our observation Ahmer et al. (1999), Lesnick et al. (2001)
and Tezcan-Merdol et al. (2001), have given the name
virulence plasmid to this plasmid. Thus plasmid profiling
proved to be a useful tool in pathotyping. But, it is possible
that plasmid-free salmonella strains might have virulence
genes in the chromosome (Fields et al. 1989). So inference
on pathogenicity merely based on plasmid profiling has to
be done vigilantly.

In conclusion, the present study confirmed the potential
discriminatory power (0.89) of plasmid profiling along with

extraordinarily high incidence of plasmids among Indian
S. Typhimurium isolates. In addition the present study
pointed out the potential hazard of interspecies sharing of
these organisms revealing the urgent need for control
measures. Moreover, this indicated the future use of 90 kb
plasmid as a virulence marker of this serovar. At the same
time it showed that the designation of this plasmid as
serotype specific had to be reexamined.
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