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ABSTRACT 
Salmonella infections are the second leading cause of zoonotic bacterial foodborne illness. Main source of 
infection in human is contaminated food products. The aim of this study was sub typing isolates of Salmonella 
enterica obtained during our previous study by Pulsed Field Gel Electrophoresis (PFGE) technique. All 46 
Salmonella isolates were serotyped and then subjected to PFGE. Total isolates were analyzed by means of the 
molecular technique XbaI PFGE. In this study, PFGE and serotyping were used to subtype 46 Salmonella 
isolates belonging to 27different serovars and derived from human and different food origins. Among these 
isolates, S. Typhimurium was found to be the most predominant serovar. 40 PFGE patterns out of 46 isolates 
were obtained. The Discrimination Index obtained by serotyping (DI = 0.93) was lower than PFGE (DI = 0.99). 
Subtyping of Salmonella enterica is very important and shows that animal origin can be one of a reservoir that 
potentially could be transferred to human through the food chain. In addition, results of this study also revealed 
that this procedure is a golden standard for genotyping of such salmonella serotypes. 
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INTRODUCTION 

Salmonellosis is a serious public health problem in 
developed as well as undeveloped countries, caused by 
Salmonella spp that found in the global food chain 
(Gillespie et al., 2003; Wattiau et al., 2011). Foods with 
animal source such as beef, poultry meat, egg and milk 
have been shown to carry these pathogens (Foley and 
Lynne, 2008; Foley et al., 2009). It is responsible for a 
number of clinical syndromes, including gastroenteritis 

and also typhoid and paratyphoid fever, which can 
cause human illness, including enteric fever, 
gastroenteritis, and septicemia (Gorman and Adley, 
2004). Knowledge of how Salmonella is disseminated 
through the food chain is important in understanding 
how food animals and/or food processing procedures 
contribute to product contamination and to subsequent 
human infection by this pathogen (Gillespie et al., 
2003). Therefore Salmonella control has become an 
important objective for food industry from both public 
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health and economic perspectives (Foley et al., 2009). 
Conventional typing methods based on phenotypic 
characteristics such as, biotyping, serotyping and phage 
typing have been widely used (Modarressi and Thong, 
2010; Zou et al., 2010; Fendri et al., 2013), but are 
often not able to discriminate between related outbreak 
strains. So that several molecular methods, for instance 
RAPD-PCR, Rep-PCR, ERIC-PCR, AFLP and Pulsed 
Field Gel Electrophoresis (PFGE) are being increasingly 
and successfully employed for subtyping Salmonella spp 
due to more discriminating power (Liebana et al., 2001; 
Stepan et al., 2011; Zahraei- Salehi et al., 2011). PFGE 
has been used extensively as a molecular tool for 
subtyping S. enterica and is widely considered to be the 
“gold standard” for subtyping of many bacterial species 
like Salmonella (Fitzgerald et al., 2001; Gerner-Smidt 
et al., 2005; Healy et al., 2005; Harbottle et al., 2006; 
Logue and Nolan, 2009). Therefore we attempted to 
determine the subtyping of Salmonella enterica spp. by 
PFGE technique. 

MATERIALS AND METHODS 

Bacterial Isolates. A total of 46 Salmonella isolates 
from human and poultry and cattle and RTCC standard 
(Razi Type Culture Collection) which were used for 
this study were obtained from Microbial Culture 
Collection of Microbiology Department, Razi Vaccine 
& Serum Research Institute, Iran, Karaj. The bacteria 
were cultured in tryptic soy agar (TSA) (Merck, 
Germany) at 37 °C between 18 - 24 hours. 

Serotyping. All Salmonella isolates were serotyped 
and serogrouped verify their identity according to the 
Kauffmann-White scheme (Popoff  et al., 2004). 

Pulsed-Field Gel Electrophoresis. PFGE was 
performed according to the procedures developed by 
the CDC for the molecular subtyping of Salmonella 
serovars as previously described (Liebana et al., 2001; 
Woo, 2005). Briefly, agarose-embedded DNA was 
digested with 30U of XbaI (Fermentas, Lhituania) 
overnight in a water bath at 56 °C. The restriction 
fragments were separated by electrophoresis in 0.5X 
Tris-borate EDTA (TBE) buffer at 14 °C for 20 h at 

6V/cm using a CHEF-DR III electrophoresis system 
(Bio-Rad, USA) with pulse times of 2.2-63.8 s. A 
lambda ladder PFG marker (48.5 to 1,018.5kb) was 
used as a molecular size marker (New England Biolabs, 
USA). The gels were stained with ethidium bromide 
(1μg/mL), destained and photographed under UV 
illumination (Gel Doc Bio Rad, USA). Conversion of 
gel images to the TIFF file format. Reproducibility 
power was confirmed by comparing the fingerprint 
patterns obtained from duplicate runs of some strains. 
Analysis of the restricted fragments was carried out 
using the Gel Compare II Software. A dendrogram 
based on the Dice coefficient was generated using the 
unweighted pair group with arithmetic mean (UPGMA) 
algorithm at 1% position tolerance. Discrimination 
power was calculated by determining the Simpson 
discrimination index (DI) according to Hunter and 
Gaston (1988). 

RESULTS  

All of 46 bacterial isolates were analysed. In this 
study, these strains were identified by serotyping. 
Twenty-seven serovars out of 46 isolates were 
observed. S. Typhimurium (n=5) was the main serovar. 
One Typhimurium serotype was of human origin and 
the other one was RTCC standard, while the remaining 
3 isolated from poultry. The serotyping discrimination 
index was DI = 0.93. All isolates were also characterized 
using the PFGE. Fourty PFGE patterns out of 46 
Salmonella isolates generated from the XbaI enzyme 
was identified (Ps1 to 40). The pulsotypes consisted of 
7 to 18 fragments with sizes ranging from 33.4 - 1135.0 
kb (Figure 1). The discrimination index was high for 
PFGE (DI= 0.99). The similarity range had been 
between 46-100% (Figure 2). Six groups (Ps1-Ps6) out 
of 40 pulsotypes consisted more than one isolate. The 
One largest cluster consisted three isolates with 
different serovars (Ps1). Five clusters had two isolates 
with the same serovars (Ps2 to Ps6). The others had one 
isolate (Ps7 to Ps40). The results showed that this 
technique was reproducible (data was not shown) and 
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also PFGE was able to distinguish between isolates and 
further subtype of the serotypes. 

DISCUSSION 

Salmonellosis is one of the most common causes of 
foodborne infection worldwide (Woo, 2005; Foley et 
al., 2009; Majowicz et al., 2010). Salmonella spp. can 
be isolated from different origins such as raw meat and 
poultry products as well as milk and milk based 
products (Gorman and Adley, 2004). 

 
Figure 1. Representative PFGE-XbaI profiles of Salmonella isolates. 
1-M-marker pfg M: lambda ladder PFGE marker (N0340S, New 
England Biolabs, USA; band size: 48.5-1018.5 kb). 2- S. 
Typhimurium 3- S. Typhimurium 4- S. Infantis 5-S. Infantis 6-  S. 
Thompson 7- S. Thompson 8 - S. Typhi  9- S. Typhi 10- S. Enteritidis 
11- S. Para typhi B 12 - S. Enteritidis 

 
Although Salmonella serovars Typhimurium and 
Enteritidis are the most common causes of salmonellosis 
worldwide, other Salmonella serovars associated with 
food poisoning cases are becoming important (Herikstad 
et al., 2002; Archambault et al., 2006). Both 
understanding of the risk factors and subsequent 
reduction of Salmonella transmission may decrease the 
risk of contamination throughout the food chain (Zou et 
al., 2010). Therefore, establishing a reliable and 
powerful method for molecular sub typing of S. 
enterica is significantly a need for the detection of 
certain serovars circulating in population, as the 
prevention of transmission of diseases among human 
will help to optimize welfare (Foley et al., 2009). In 
recent years, phenotypic typing methods have been 

found to lack discriminatory power due to the expanded 
diversity of isolates. For this reason, molecular typing 
methods have been used for the differentiation of 
isolates in the serovars of Salmonella (Olsen et al., 
1994; Garaizar et al., 2000; Liebana et al., 2001; Gaul 
et al., 2007). We have selected PFGE among other 
methods because of some advantages. The most 
important reason is the ability of analysing the entire 
microbial genome (used in this study). Additionally 
PFGE is the most useful as a confirmatory method, due 
to its repeatability, reproducibility and ability to 
discriminate between Salmonella serotypes. PFGE was 
not practiced very much on salmonella spp. in Iran, in 
spite of increasing rates of this infection in this country 
(Zahraei- Salehi et al., 2011; Rahmani et al., 2013). 
Therefore, present study along with another recent 
study (Golab et al., 2014) was to carry out subtyping of 
the Salmonella isolates in poultry by PFGE technique. 
In the present study, 40 patterns out of 46 isolates were 
observed. XbaI enzyme produced fragment patterns 
consisting of 7–18 bands in the range of 33.4 - 1135.0 
kb. The maximum fragments for Dublin from cattle 
belonging to Ps32 and one of the Typhi serotype from 
human (Ps30) were 18 bands. The minimum belonging 
to Typhimurium from poultry (Ps37) was 7 bands. 
Based on the dendrogram (Figure 2) the majority of 
PFGE profiles appeared to be unique to the individual 
strains. One cluster with three isolates, was shown to be 
largest pulsotype in our isolates. Enteritidis, Typhi and 
Thompson (respectively 10, 8, 6) had made Ps1 which 
showed a similar pattern wereindistinguishable profile 
which is probably either caused by cross-contamination 
or the lack of discriminatory power of  PFGE between 
similar patterns which resulted in its incapability in 
identifying  different serovars. The predominant 
serotypes belonged to S. Typhimurium with different 
sources. Five pulsotypes were identified among 5 
isolates (Ps21, 36, 37, 39, 40) with 7-17 bands. There 
was a high genetic diversity among the S. Enteritidis as 
the 3 isolates were subtyped into 3 pulsotypes (Ps 6, 16, 
1). Each of them was different in pattern and unrelated 
clonal isolates as shown in (Figure 2). Also 3 
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pulsotypes were made from 3 Typhi isolates (Ps 30, 29, 
1) that had recovered from human. Although they were 
the same serotype and source, they were not in the 
same pulsogroup. In the study of Modarressi and 
Thong in 2010 that identified Salmonella isolated from 
some kinds of food in Malaysia and the genetic 
diversity of Salmonella by PFGE. They reported that 
PFGE is more discriminatory than serotyping for 
subtyping Salmonella strains and would be useful for 
differentiating Salmonella serovars. These finding were 
very similar to our results. In Iran Zahraei- Salehi et al. 
(2011) and Rahmani et al. (2013) and also our previous 
study (Golab et al., 2014) evaluated Salmonella 

enterica spp. from different sources by PFGE. They 
proved that PFGE is probably the most effective 
molecular technique to the detection of Salmonella. 
These results were the same with our study. Sandt et al. 
(2013) isolated non-typhoidal Salmonella enterica 
starins from different sources during 6 years in 
Pennsylvania. They compared clinical isoletes of non-
typhoidal Salmonella recovered from human with 
Salmonella isoletes recovered from food animals. They 
concluded that this technique (PFGE) can provide 
information that may assist in source attribution and 
outbreak investigations. Kumao et al. (2002) utilized 
four different molecular subtyping methods using 

Figure. 2 The Dendrogram of PFGE XbaI band patterns of all salmonella entrica isolates (n= 46) from twenty - seven serotypes of human, 
poultry and cattle in Iran generated by Gel Compare II software, showing the relationship between isolates. Fourty PFGE profiles were obtained 
and six clusters (1-6) had more than one isolates. The similarities between strains were evaluated using the Dice coefficient and the UPGMA 
clustering method. 
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human salmonellosis-associated Salmonella serovars.  
They showed that PFGE has the most discriminatory of 
others. Our findings revealed that PFGE is a typeable 
and reproducible technique. The final value of the 
PFGE discrimination index was obtained (DI = 0.99). 
Thus, PFGE had the higher DI than serological method 
to differentiate Salmonella serotype isolates. It also 
proved to have the power of meticulously identifying 
serotypes of the same kind even to the scale of further 
identification of subtypes. However, results of the 
genotyping method were different from those of the 
phenotypic method (serotyping). This suggests that 
combined analysis by both phenotypic and genetic 
methods is required for efficient and reliable result of 
epidemic Salmonella isolates (Zou et al., 2010) and 
PFGE method is the most reliable and golden standard 
to molecular subtyping of Salmonella spp. for 
epidemiological investigations in aspect of source, time 
of the isolation and geographic areas between the 
isolates. 
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