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Background: Salmonella spp. is the major bacterial pathogen in poultry and is responsible for significant economic losses of the poultry
industry in many parts of the world. Among Salmonella spp., Salmonella gallinarum and Salmonella pullorum are the most common
causative agents of chicken salmonellosis resulting in high mortality and morbidity.

Objectives: The aim of this study was to identify S. gallinarum and S. pullorum by using the polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) method.

Materials and Methods: In this study, 13 samples of Salmonella, isolated from local poultry, were obtained from Razi Type Culture
Collection (RTCC). For the PCR-RFLP method based on the fliC gene, extracted DNA was used as a template for amplifying of the fliC gene
(197bp) using specific primers. PCR products were subjected to digestion using Hinp1l restriction endonuclease.

Results: For the PCR, 197 bp fliC fragment was amplified from all 13 isolates. Ten out of 13 were S. gallinarum and the other three were S.
pullorum. As part of the PCR-RFLP, two fragments were obtained (82 bp and 115 bp) for all S. gallinarum, whereas no digestion was observed
in S. pullorum, and 197 bp fragment was seen.

Conclusions: PCR-RFLP with fliC gene and Hinp1l endonuclease were successfully applied to differentiate the two biotypes. The results

suggested that this technique could be effective in detecting S. gallinarum and S. pullorum.
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1. Background

Under the new naming system the Salmonella enterica
serovar gallinarum is divided into biovar gallinarum (S.
gallinarum) and pullorum (S. pullorum), which are iden-
tified to cause fowl typhoid and pullorum disease in
poultry, respectively. While fowl typhoid is a disease of
mature birds, pullorum causes mortality of embryos and
chicks. Infection with these pathogens is responsible for
considerable economic losses in poultry production (1,
2). Among diseases of poultry, salmonellosis is of great
concern and has been responsible for serious economic
losses of poultry producers (3). S. gallinarum and S. pul-
lorum are non-motile, host adapted avian pathogens be-
longing to Salmonella serogroup D (4, 5).S. gallinarum and
S. pullorum are very similar from the point of view of their
antigenic structure; however they are responsible for dis-
tinctly different diseases in chicken (2, 6).

Some countries are considered free of S. gallinarum
and S. pullorum; however, infections are still sometimes
reported, and are a matter of concern for the poultry in-
dustry (4, 6). Salmonella control efforts are complicated
due to their sporadic and uneven distribution (7). Spe-
cific characterization of Salmonella isolates is therefore
extremely important in order to attribute an isolate to
a previously known epidemic outbreak (5). Although

conventional Kaufmann White scheme is still the only
reliable method for serotyping of Salmonella, it cannot
differentiate between closely related biotypes, such as S.
gallinarum and S. pullorum (4, 5). Differentiation basically
takes into account their biochemical characteristics.
However, Biochemical characteristics take approximate-
ly five to seven days and are very time-consuming.
Recently, biochemical methods have been complement-
ed by DNA-based molecular techniques, because of their
sensitivity and specificity. Such methods include restric-
tion fragment length polymorphism (RFLP), which is
sometimes associated with PCR (PCR-RFLP), ribotyping,
pulse field gel electrophoresis (PFGE) and variable num-
ber tandem repeat (VNTR) (8-10). PCR- RFLP is considered
as a rapid test with good reproducibility for molecular
typing in bacterial epidemiological studies (11). Many re-
searchers have focused on flagellin genes for Salmonella
subtyping because most of them possess the two struc-
tural genes (fliC and fIjB) that contain a hypervariable cen-
tral region and a conserved flanking DNA region.
Flagellin genes encode proteins that are related to the
serotyping scheme (12). The hypervariable central region
of Salmonella flagellin genes makes it possible to differ-
entiate the Salmonella isolates by the PCR- RFLP tech-
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nique. Many studies used part I of the gene that encodes
flagellin (fliC) to differentiate serotypes. Most Salmonella
strains have two structural genes (fliC and fliB) that en-
code flagellins. Non-motile strains generally exhibit
these structural genes, but are unable to build up a func-
tional flagellum (13,14). S. gallinarum and S. pullorum have
been reported to possess phase 1flagellin C gene (fliC) (13-
15). There are no data from epidemiological studies of S.
gallinarum and S. pullorum isolates based on molecular
typing in Iran. Thus these data could be helpful in this
regard and also for the rapid detection of these bacteria.

2. Objectives

The aim of the present study was to differentiate S. gal-
linarum and S. pullorum isolated in Iran, based on the PCR-
RFLP method and the Hinpil enzyme.

3. Materials and Methods

3.1. Bacterial Strains

S.gallinarum (n=10) and S. pullorum (n = 3) isolates used
in this study were from clinical samples of chickens kept
at the Microbiology Department of Razi Vaccine and Se-
rum Research Institute of Karaj (RVSRI). S. gallinarum
(ATCC9184)and S. pullorum (ATCC 9120) were used as posi-
tive controls and S. enteritidis (ATCC 13076) was used as a
negative control. All isolates were cultured on MacCon-
key agar (Merck, Germany) for 24 hours at 37°C.

3.2. DNA Extraction

Bacterial DNA was prepared as described by Paiva et
al. (13) with some modifications. Briefly, for each isolate,
a loopful of an overnight pure culture of bacteria was
transferred into 1 ml of tris-EDTA (TE) buffer 1x, boiled
at 95°C for 10 minutes then centrifuged at 17900 x g (10
minutes, 4°C), followed by addition of 1 uL proteinase K
(Fermentase, Inc., the Netherlands) to the supernatant.
This mixture was directly used for the PCR.

3.3. Amplification of the fliC Gene by PCR

Specific primers, CTGGTGATGACGGTAATGGT (fliCF: 866-
885) and CAGAAAGTTICGCACTCTCG (fliC R: 1063-1044),
were used for the amplification of flagellin gene phase 1
(fliC) (13, 14). A reaction mixture containing, 5 pL of ultra-
pure water (Gibco, Germany), 9 pL of Primix (Ampliqon,
Denmark), 2 uL of DNA and 1 uL of each primer, was pre-
pared. The thermocycler was programmed with 1 cycle of
94 oC for 5 minutes, 35 three-step cycles; denaturation at
94°C for 1 minute, annealing at 58°C for 1 minute, exten-
sion at 72°C for 1 minute, and a final cycle at 72°C for 10
minutes. The PCR products were electrophoresed on 1%
agarose gel for 1 hour at 60 V (16). The product size was
compared with 100 bp DNA ladder (Fermentas, Inc. the
Netherlands) after staining with ethidium bromide.

3.4. PCR-RFLP

The digestion solution was prepared with 10 pL of the
PCR product, 2 uL of Hinpil buffer (10X), 1 uL of Hinpil en-
zyme (Fermentas Inc. the Netherlands) and 17 uL of ultra-
pure water (Gibco, Germany). After incubation at 37°C for
16 hours, RFLPs were determined by electrophoresis of
the digested DNA on 2% agarose gel for 2.5 hours at 60 V
(16). Sizes of the products were analyzed and compared
with the 100 bp plus DNA ladder (Fermentas Inc. the
Netherlands).

4. Results

4.1. Amplification of the fliC Gene

In this study, the 197 bp fragment of the fliC gene was
amplified from 10 S. gallinarum and three S. pullorum and
no variation in gene size was detected according to gel
electrophoresis (Figure 1).

4.2. PCR-RFLP Analysis

Ten S. gallinarum and three S. pullorum were analyzed.
Digestion of S. gallinarum amplicons with Hinp1il yielded
two bands, of 82 and 115 bp, while no change in S. pullorum
amplicons was observed, since no digestion occurred
(Figure 2).

Figure 1. Electrophoresis of fliC Gene amplicons From S. gallinarum and S.
pullorum Samples
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M: 100 bp marker plus DNA ladder (Fermentas Inc.). SP: lanes 1 to 3; SG:
lanes 4 to 12, NC: negative control (S. enteritidis).

Figure 2. Electrophoretic Analysis of the fliC Gene After Enzymatic Treat-
ment With Hinpil Restriction Enzyme
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M: 100 bp marker plus DNA ladder (Fermentas Inc.); lane 1: S. pullorum
positive control; lane 2: S. gallinarum positive control; lanes 3, 4, 5, 7,8,10
and 12: S. gallinarum isolates; lanes 6, 9, and 11: S. pullorum isolates.

5. Discussion

S.gallinarum and S. pullorum have been known as impor-
tant bacterial pathogens in chicken (2, 6). These serovars
cannot be distinguished by conventional serological
methods and biochemical tests are currently comple-
mented by molecular techniques based on fliC and fliB
genes that encode flagellins (13). There has not been any
research on molecular typing of S. gallinarum and S. pul-
lorum in Iran.

In the study of Hong et al., the PCR- RFLP flagella typing
scheme was successfully applied for serotype identifica-
tion of 112 Salmonella isolates obtained from poultry and
poultry environments (17). Also, our methods were suc-
cessful in differentiating these two biotypes by PCR- RFLP.
Kwon et al. worked on 41 S. pullorum and 52 S. gallinarum.
They showed that PCR-RFLP with Hinpil was successful in
differentiating the two biotypes. These results suggested
that the variable regions of fliC could be used as a genetic
marker and allow differentiation of these biotypes from
each other and PCR-RFLP with Hinplil for these biotypes is
avaluable tool for identification of non-motile serotypes
of Salmonella (14). Our study was done on ten S. gallina-
rum and three S. pullorum and the same result was ob-
tained using Hinpil enzyme. In another study, practical
application of restriction patterns of fliC gene using a
mixture of endonucleases (Taql and Scal) to differentiate
S.gallinarum and S. pullorum was performed. According to
their results this method with the used enzymes was not
useful to differentiate S. gallinarum from S. pullorum (15)
but in our study a different enzyme, Hinpil, could differ-
entiate these two biotypes. In the Kisiela et al. investiga-
tion, Scal enzyme digested PCR amplicons of fimH gene.
They could successfully differentiate S. gallinarum from S.
pullorum (18). The results obtained from our research and
theirs showed that fimH and fliC gene with restriction
enzyme Scal and Hinp 1I could differentiate S. gallinarum
from S. pullorum.

In another investigation done by Paiva et al. PCR ampli-
cons (197bp)of 14 S. pullorum and 22 S. gallinarum that had
various results on biochemical tests, were digested with
the Hinp1l enzyme and the same results were obtained. In
our research the bacterial isolates had different results
for biochemical tests but the same pattern for PCR-RFLP
(13). A study done by Menghistu et al. (8) on S. gallinarum
showed three patterns in 12 S. gallinarum isolates by PCR-
RFLP using the restriction enzyme Alul. They demonstrat-
ed that Alul could be used in epidemiological investiga-
tions. Our results showed that the Hinpil enzyme could
be the same as Alul in such investigation to identify S.
gallinarum from S. pullorum. In the present study, we were
able to demonstrate that the use of fliC gene restriction
patterns is a useful method for allowing the differen-
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tiation between S. gallinarum and S. pullorum isolated in
Iran;including those with atypical biochemical behavior.
Therefore, our results support that this method may be
adopted to differentiate S. gallinarum from S. pullorum.

Several sequences of the gene encoding phase 1 flagel-
lin (fliC) are available (19, 20). The distal parts of the fliC
alleles are conserved regions, making this gene in any
serotype suitable for easy amplification, whereas the
central region of the fliC gene is hyper variable, making
it a target for differentiation among Salmonella serotypes
(14,15). S. gallinarum and S. pullorum fliC gene represent al-
lelic variants and differ only in two codons, including 316
and 339, which shows that the Hinpil enzyme recognizes
one cleavage site in S. gallinarum (codon 316), but not in
S. pullorum (14, 21). In the present study by using the ap-
plied technique, we were able to discriminate all the S.
gallinarum and S. pullorum isolates. Since S. gallinarum
and S. pullorum are important in industry, thus the ac-
curate identification of them with molecular technique
can be effective in this area. Our literature review in Iran
showed that there isn't any publication in this field. Also
our results demonstrated that PCR-RFLP with fliC gene
and Hinpil endonuclease could be effective in detecting S.
gallinarum and S. pullorum. The result indicated that there
was no limitation in this technique for differentiation of
these biotypes.
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