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Summary
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tics of Salmonella strains in wild Mallard ducks (Aras platyrhynchos) in Semnan suburb,
Iran. Bulg. J. Vet. Med., 20, No 4, 348-356.

Wild birds serve as major reservoirs for transmission of Salmonella to domestic animals and humans.
Given the zoonotic potential of salmonellosis, the main goal of this research was to investigate the
prevalence and molecular epidemiology of S. enterica infections in wild Mallard ducks. Faecal sam-
ples (n=247) from wild Mallard ducks were tested for the prevalence of Sa/monella spp., and geno-
types of strains were then differentiated by multiplex PCR. From the 247 faecal samples, 18 (7.29%)
were positive for Salmonella spp. Biochemically the most predominant serovars were S. Typhi-
murium and S. Enteritidis (10 and 6 cases each, respectively), whereas only 2 serovars belonged to S.
Infantis. Among the 10 S. Typhimurium serovars, nine strains were positive for rfbJ, fljB, invA, and
SliC genes based on multiplex PCR assay and one strain contained only the invA4 gene. In S. Enteriti-
dis serovars, PCR generated amplification products for spv and sef4 genes, and a random sequence in
all samples. The two S. Infantis contained the random sequence specific for Salmonella genus. With
respect to the circulation of virulent Sa/monella in wild ducks of Semnan suburbs, more work to as-
sess the correlation of strains from wild life with human and livestock strains is needed.
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INTRODUCTION

Salmonella is an enteric, facultative intra- mans worldwide are caused by different
cellular and zoonotic pathogen which is serotypes and strains of the bacterial spe-
widely distributed in the environment, cies Salmonella enterica subsp. enterica
wild life, pets and animals we use for (Albufera et al., 2009; Pan et al., 2010).

food. Diseases in both animals and hu- Through the ages, wildlife has been a sig-



nificant source of infectious diseases
transmissible to humans (Mirzaie et al.,
2010). Today, zoonosis with a wildlife
reservoir constitutes a superior public
health problem, affecting all continents.
Salmonella spp., are commonly found in
the intestines of wild birds and these ani-
mals can acquire these pathogens from
contaminated environments and extend it
directly to humans or indirectly by con-
taminating commercial livestock opera-
tions (Kruse et al., 2004; Mirzaie et al.,
2010). The importance of Salmonella
strains lies in the fact that they are found
relatively commonly in different hosts and
wild birds may function as effective
spreaders of these pathogens (Tizard,
2004), but little is known about the rela-
tionship between wild bird Salmonella
strains and human and livestock strains in
regions of Iran, particularly with respect
to the virulence genes they contain and
their serotype profiles. As some bird spe-
cies like colonial water birds, predators,
passerines and siskins can play an impor-
tant role as reservoirs of Salmonella spp.,
and distributing these agents to the envi-
ronment and other hosts via droppings,
contact or other routes of transmission
(Peighambari et al., 2010), the aim of this
study was isolation and prevalence as-
sessment with genotyping of Salmonella
strains from wild Mallard ducks in Sem-
nan suburbs, Iran.

MATERIALS AND METHODS

Samples, isolation, identification & sero-
typing of Salmonella

Two hundred forty-seven fresh faecal
samples of Mallard ducks (dnas platy-
rhynchos) were collected during a 6-
month period in winter 2015 from pro-
tected areas in suburbs of Semnan, Iran.
Semnan city is the administrative center of
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the Semnan province (35°34'31" North,
53°23'39" East). This city consists of two
major geographical areas; the mountain-
ous to the north, and the fertile outskirts
and plains to the southern deserts; so
Semnan is significant for its variable cli-
mate. Faecal samples were transported
immediately to the microbiology labora-
tory on ice packs, and Salmonella isola-
tion was performed as described by
Mirzaei et al. (2010) as followed. Faecal
samples were cultured in selenite F me-
dium, incubated at 37 °C for 18 h, then
each sample was inoculated on Brilliant
Green agar (BG) and Salmonella-Shigella
agar (SS) plates. The plates were incu-
bated at 37 °C for 24 h. Doubtful colonies
morphologically alike Salmonella were
subcultured for biochemical examination.
Recognition of the biochemical characte-
ristics was done using triple sugar iron
(TSI) agar, lysine-iron agar (LIA) me-
dium, urea agar, motility in SIM agar,
Simmon’s citrate agar, and lactose, su-
crose, maltose, and mannitol broth media.
The Salmonella isolates were cultured
onto TSI slant medium and grown over-
night at 37 °C, and afterward were tested
using antisera O (B, D, E, C) and H based
on slide and tube agglutination tests to
determine O and H antigens, respectively
(Mirzaie et al., 2010). Briefly, each sus-
pect culture was mixed with a drop of
polyvalent antisera and incubated for up to
2 min at room temperature. Positive reac-
tors were then tested separately with dif-
ferent somatic O monovalent and flagellar
H monovalent antisera to determine the
serogroups and serotypes of the isolates.

DNA extraction & multiplex PCR

Prior to genome extraction, isolated Sal-
monella strains were grown up in Luria
Bertani agar (LB) plates and incubated at
37 °C for 24 h, next, genomic DNA was
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Table 1. Primers used for the detection of Salmonella Typhimurium (Zahraei Salehi et al., 2007) &

Salmonella Enteritidis (Pan & Liu, 2002) isolates

Salmonella . Target s Product
serotype Primer geni Sequence (5-3") size (bp)
Salmonella ST139-s  invA GTGAAATTATCGCCACGTTCGGGCAA 284
Typhimurium  ST141-as TCATCGCACCGTCAAAGGAACC
Rfbj-s rfbJ CCAGCACCAGTTCCAACTTGATAC 663
Rfbj-as GGCTTCCGGCTTTATTGGTAAGCA
Flic-s SliC ATAGCCATCTTACCAGTTCCCCC 183
Flic-as GCTGCAACTGTTACAGGATATGCC
Fljb-s fliB ACGAATGGTACGGCTTCTGTAACC 526
Fljb-as TACCGTCGATAGTAACGACTTCGG
Salmonella ST11 random  GCCAACCATTGCTAAATTGGCGCA 429
Enteritidis ST14 se- GGTAGAAATTCCCAGCGGGTACTGG
quence*
S1 Spv"” GCCGTACACGAGCTTATAGA 250
S4 ACCTACAGGGGCACAATAAC
SEFA2 sefd™ GCAGCGGTTACTATTGCAGC 310
SEFA4 TGTGACAGGGACATTTAGCG

randomly cloned sequence specific for the genus Salmonella; ** Salmonella plasmid virulent gene;

*** S. Enteritidis fimbrial antigen gene.

extracted from isolated strains with the
Rapid One-Step Extraction (ROSE)
method described by Osmundson et al.
(2013). Multiplex PCR was conducted
with 2 independent sets for DNA amplifi-
cation and consolidation of S. Typhi-
murium and S. Enteritidis (primers se-
quences used in the study are submitted in
Table 1). For S. Typhimurium, PCR was
performed in a 25 pL volume containing
40 ng of total S. Typhimurium extracted
DNA, 1.5 mM MgCl,, 0.5 uM of primer,
1 U of Smartaq DNA polymerase and 200
mM dNTP mix in 1x PCR buffer. Ther-
mal programme and electrophoresis con-
ditions were as previously described (Zah-
raei Salehi et al., 2007). For S. Enteritidis,
PCR was performed in a total volume of
25 pL amplification mixture consisting of
2.5 pL of 10x reaction buffer (500 mM
KCl, 200 mM Tris-HCI), 0.8 uL. dNTPs
(10 mM), 1 uL MgCl, (50 mM), 1.25 puL
of each primer (10 uM), 0.6 uL of Taq
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DNA polymerase (Fermentase) and 3 pL
of DNA that extracted as template and 9.6
pL of distilled water with thermal pro-
gram and electrophoresis condition de-
scribed by Pan & Liu (2002).

RESULTS

Bacterial colonies appearing red-pink
opaque coloured in BG agar and transpar-
ent or translucent colourless with black
centres in SS agar were chosen for more
biochemical tests. Colonies showing alka-
line/acid with H,S production in TSI agar,
lysine decarboxylation in bottom and
negative deamination on slant part of LIA
agar with H,S, negative urease activity
and autotrophy reaction in citrate agar
with the following sugar fermentation
characteristics: lactose (-), sucrose (-),
maltose (+), and mannitol (+) were diag-
nosed biochemically as Salmonella.
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Table 2. Distribution of Salmonella serotypes within faecal samples of wild Mallard ducks

Isolated serotype Number Percentage
S. Typhimurium 10/247 4.0%
S. Enteritidis 6/247 2.4%
S. Infantis 2/247 0.8%
Total 18/247 7.2%
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Fig. 1. Multiplex polymerase chain reaction for detection of S. Typhimurium.
Lane M: 100 bp marker; lane B: negative control; lanes 3—11: S. Typhimurium isolates;
lanes 1-2: S. Infantis isolates harbouring random sequence specific for Sa/monella genus.

Based on the mentioned isolation pro-
tocol eighteen Salmonella enterica strains
(7.2%) were isolated from 247 faecal
samples of wild Mallard ducks living in
Semnan suburbs (Table 2). Serotyping of
the isolates showed that Salmonella Ty-
phimurium (4%) was the most common
serotype identified, then Salmonella En-
teritidis (2.4%) and Salmonella Infantis
(0.8%), respectively.

Genotyping of the collected Salmo-
nella strains revealed that nine S. Typhi-
murium strains harboured invA4, rfbJ, fliC
and fIjB orf’s (open reading frames) and
only one S. Typhimurium isolate was Fig. 2. Multiplex polymerase chain reaction
negative for the inv4 gene (Fig. 1). All six for detection of S. Enteritidis. Lane M: 100 bp

strains belonging to S. Enteritidis serotype marker, lane B: neg.af[i\{e fzontml; lanes 1-5:
ging yp S. Enteritidis isolates.
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were positive for random sequence, spv
and sefd genes (Fig. 2). The two serologi-
cally identified Salmonella Infantis were
positive for the random sequence which is
particular for the genus Sal/monella and no
more genotyping work was performed for
them (Fig. 1).

DISCUSSION

Free-living birds are propounded to be
potential carriers of zoonosis and to play a
role in the ecology and circulation of se-
veral pathogens such as Salmonella (Kra-
wiec et al., 2015). Wild birds not only
function as effective spreader's of this
infectious agent to humans and to differ-
ent animal species through contamination
of the environment, but also cases of sus-
pected bird to human transmission of the
bacterium have been reported (Alley et
al., 2002; Handeland et al., 2002). Many
studies have been done in different coun-
tries to check the outbreak of Salmonella
in wild birds and a wide variety of se-
rovars has been reported (Hoelzer et al.,
2011). It’s suggested that certain sero-
types and strains of S. enterica subsp.
enterica are associated with different
groups of wild birds (Refsum et al., 2002;
Pennycott et al., 2010). Mallard ducks
may pose a so far underestimated risk to
human and animal health by transmitting
Salmonella spp. via their faecal deposits
to various environmental sources. The
results of our study showed that S. Ty-
phimurium and S. Enteritidis are the most
frequently serotypes among wild Mallard
ducks in Semnan suburb in parallel with
results of other studies introducing these
serotypes of Salmonella as predominant
strains circulating in wild birds (Cizek et
al., 1994; Kapperud et al., 1998). Accord-
ing to the Centers for Disease Control and
Prevention, S. Typhimurium and S. En-
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teritidis are the two serovars associated
most commonly with human disease, and
therefore of importance to public health
(CDC, 2004). Previous studies indicate
that the prevalence of Salmonella infec-
tion among wild birds is variable and fac-
tors like migration patterns, season or
feeding behaviour can influence the
prevalence of the agent in such hosts
(Kirk et al., 2002; Kobayashi et al., 2007,
Skov et al., 2008; Gaukler et al., 2009).
The present study showed a Salmonella
prevalence of 7.2% in Mallard ducks. It
was evaluated as a high risk, because
some authors indicate that a prevalence in
wild birds, especially colonial water birds
has increased significantly in recent years,
and these animals can easily transmit this
pathogen to other animals and hosts by
contaminated faeces, since they often
gather in very large numbers (Peigham-
bari et al., 2010). Activities such as hunt-
ing, human behaviours and populational
factors can also influence the epidemiolo-
gy of this infectious agent (Kruse et al.,
2004).

Serotyping of our Salmonella isolates
from the free-living Mallard ducks in
Semnan suburb, showed that 4% of strains
belonged to S. Typhimurium serotype,
2.4% — to S. Enteritidis and about 0.8% —
to S. Infantis. Subtyping of S. enterica has
been typically carried out by serotyping, a
method in which surface antigens are rec-
ognised on the basis of agglutination reac-
tions with particular antibodies (Wattiau
et al., 2011). Despite several studies sho-
wing the prevalence and serotypes of S.
enterica isolated from various hosts (Ti-
zard, 2004; Coburn et al., 2007; Penny-
cott et al., 2010), serotyping presents no
information about the phyletic relation-
ships inside the different S. enterica sub-
species for epidemiological investigations
and for such purposes, the use of methods
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that can reveal the genotype of causative
strains at a taxonomic level far more par-
ticular than that obtained by serotyping, is
needed (Wattiau et al., 2011). By the PCR
method, in vitro DNA amplification is a
powerful tool in microbiological diagnos-
tics and several markers such as virulence
chromosomal genes and genes involved in
the synthesis of flagellin have been used
to detect Sa/monella in environmental and
natural samples as well as food and faecal
samples (Malorny et al., 2003; Jamshidi et
al., 2010). All of our Salmonella isolates
were positive for inv4 gene which con-
tains sequences unique to this genus, en-
coding a protein in the inner membrane of
bacteria responsible for invasion to the
epithelial cells of the host (Shan-
mugasamy ef al., 2011). The amplification
of this gene now serves as an international
standard for detection of Salmonella ge-
nus with potential diagnostic applications
(Malorny et al., 2003). In the present
study, S. Typhimurium strains were moni-
tored for the presence of fliC and fIjB
genes encoding phase-1 and phase-2 fla-
gella and »fbJ gene coding for CDP-
abequose synthase (Lim et al., 2003; Dil-
maghani et al., 2010; Jarvik et al., 2010).
Nine of our isolates were harbouring all
three genes, while one isolate was nega-
tive for all three genetic markers. Lim et
al. (2003) designed this triplex PCR based
on detection of flic, fliB and rfbJ indicat-
ing that this method is useful for specific
detection of S. Typhimurium and dis-
crimination of this serovar between other
S. enterica serovars. Our results confirm
that serotyping of Salmonella isolates in
epidemiological investigations may not be
sufficient enough, so molecular and ge-
netic typing seems to be necessary. Also,
Salmonella strains diagnosed as S. Enteri-
tidis were evaluated for the presence of a
random sequence, spv and sef4 genes in a
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Triplex PCR assay (Table 1). All the six
serologically identified S. Enteritidis iso-
lates were positive for the presence of the
related genes confirming the virulence of
strains and results of the serotyping, be-
cause spv and sefd genes are related to
virulence and important for discrimination
of S. Enteritidis from non-Enteritidis
strains. The results of the present study
showed that Salmonella strains circulating
in wild Mallard ducks living in the Sem-
nan suburb are potentially virulent for
other hosts such as human and livestock
because they contained virulence genes.
Their importance and risk is higher con-
sidering that most published studies else-
where in livestock emanate from small
epizootics and are of either dead birds at
feeding stations or infected birds in or
around farms where the livestock was
infected with Sa/monella (Hatanaka et al.,
2003). Waterfowl isolates could rapidly
spread to other ducks because of their
colonial and gathering characteristics.

It would be worthful understanding the
relationships between wild and domesti-
cated hosts of different regions in greater
detail for epidemiological surveillance
and for assessment of the risk of wild
birds as reservoirs or vectors of Salmo-
nella infections (Hughes et al., 2008), as
few studies have been conducted in wild-
life species in Iran on this subject. Recog-
nition of Salmonella can be performed via
both molecular and serotyping methods.
Although serotyping offers a reliable
method for differentiating strains of the
agent, the molecular identification of this
bacterium seems to be necessary for epi-
demiological researches, evaluation of
virulence potential of the isolates and con-
firmation of serotyping results because of
the high sensitivity and specificity of these
techniques (Mirzaie et al., 2010). Geno-
typing of Salmonella strains from diffe-
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rent hosts and sources in the area by meth-
ods like DNA microarrays, pulse-field gel
electrophoresis is recommended to under-
stand the relationship of the strains from
wild birds, livestock and human cases
with salmonellosis (Staji et al., 2015).

CONCLUSIONS

Molecular characterisation of the Salmo-
nella isolates collected from wild ducks
living in Semnan suburbs, Iran, showed
that S. Typhimurium and S. Enteritidis are
probably the most prevalent serotypes in
these hosts. The multiplex PCR could be
used as a reliable method of identifying
and genotyping Salmonella serovars. Ac-
cording to this study wild ducks may play
an important role as significant reservoirs
of zoonotic pathogens such as Salmonella
for livestock and humans. More genoty-
ping work would be necessary to under-
stand the relationships of Salmonella sero-
types between wild and domesticated
animal hosts and humans in a defined re-
gion.

ACKNOWLEDGEMENTS

The authors would like to thank Mrs. Behnaz
Raeisian for collaboration in Sa/monella isola-
tion from faecal samples and Mrs. Nooshin
Zabihi for English edition of manuscript. This
work was supported by Faculty of Veterinary
Medicine in Semnan University, Semnan, Iran.

REFERENCES

Albufera, U., P. Bhugaloo-Vial, M. I. Issack &
Y. Jaufeerally-Fakim, 2009. Molecular
characterization of Salmonella isolates by
REP-PCR and RAPD analysis. Infection,
Genetics and Evolution, 9, 322-327.

Alley, M. R., J. H. Connolly, S. G. Fenwick,
G. F. Mackereth, M. J. Leyland, L. E.
Rogers, M. Haycock, C. Nicol & C. E.

354

Reed, 2002. An epidemic of salmonellosis
caused by Salmonella Typhimurium
DT160 in wild birds and humans in New
Zealand. New Zealand Veterinary Journal,
50, 170-176.

CDC, 2004. Salmonella Surveillance: Annual
Summaryp 2004. Atlanta, Georgia, US
Department of Health and Human Ser-
vices.

Cizek, A., 1. Literak, K. Hejliéek, F. Treml &
J. Smola, 1994. Salmonella contamination
of the environment and its incidence in
wild birds. Journal of Veterinary Medi-
cine, 41, 320-327.

Coburn, B., G. A. Grassl & B. B. Finlay, 2007.
Salmonella, the host and disease: A brief
review. Immunology and Cell Biology, 85,
112-118.

Dilmaghani, M., M. Ahmadi, T. Z. Salehi &
A. Talebi, 2010. PCR-Restriction Frag-
ment Length Polymorphism analysis of
fliB gene in Salmonella enterica subspe-
cies enterica serovar Typhimurium iso-
lated from avians. lranian Journal of Mi-
crobiology, 2, 178—184.

Gaukler, S. M., G. M. Linz, J. S. Sherwood, N.
W. Dyer, W. J. Bleier, Y. M. Wanne-
muehler, L. K. Nolan & C. M. Logue,
2009. Escherichia coli, Salmonella, and
Mpycobacterium avium subsp. paratuber-
culosis in wild European starlings at a
Kansas cattle feedlot. Avian diseases, 53,
544-551.

Handeland, K., T. Refsum, B. S. Johansen, G.
Holstad, G. Knutsen, I. Solberg, J. Schulze
& G. Kapperud, 2002. Prevalence of Sal-
monella Typhimurium infection in Norwe-
gian hedgehog populations associated with
two human disease outbreaks. Epidemiol-
ogy and Infection, 128, 523-527.

Hatanaka, A., A. Tsunoda, M. Okamoto, K.
Ooe, A. Nakamura, M. Miyakoshi, T. Ko-
miya & M. Takahashi, 2003. Salmonella
in birds migrating through Sweden.
Emerging Infectious Diseases, 9, 753.

Hoelzer, K., A. 1. Moreno Switt & M. Wied-
mann, 2011. Animal contact as a source of

BIVM, 20, No 4



human non-typhoidal salmonellosis. Vet-
erinary Research, 42, 34.

Hughes, L. A., S. Shopland, P. Wigley, H.
Bradon, A. Leatherbarrow, N. J. Williams,
M. Bennett, E. de Pina, B. Lawson, A. A.
Cunningham & J. Chantrey, 2008. Charac-
terisation of Salmonella enterica serotype
Typhimurium isolates from wild birds in
northern England from 2005-2006. BMC
Veterinary Research, 4, 4.

Jamshidi, A., G. A. Kalidari & M. Hedayati,
2010. Isolation and identification of Sal-
monella Enteritidis and Salmonella Ty-
phimurium from the eggs of retail stores in
Mashhad, Iran using conventional culture
method and multiplex PCR assay. Journal
of Food Safety, 30, 558-568.

Jarvik, T., C. Smillie, E. A. Groisman & H.
Ochman, 2010. Short-term signatures of
evolutionary change in the Salmonella en-
terica serovar Typhimurium 14028 ge-
nome. Journal of Bacteriology, 192, 560—
567.

Kapperud, G., H. Stenwig & J. Lassen, 1998.
Epidemiology of Salmonella typhimurium
O: 4-12 infection in Norway: Evidence of
transmission from an avian wildlife reser-
voir. American Journal of Epidemiology,
147, 774-782.

Kirk, J. H., C. A. Holmberg & J. S. Jeffrey,
2002. Prevalence of Salmonella spp in se-
lected birds captured on California dairies.
Journal of American Veterinary Medicine
Association, 220, 359-362.

Kobayashi, H., M. Kanazaki, Y. Shimizu, H.
Nakajima, M. M. Khatun, E. Hata & M.
Kubo, 2007. Salmonella isolates from clo-
acal swabs and footpads of wild birds in
the immediate environment of Tokyo Bay.
Journal of Veterinary Medical Sciences,
69, 309-311.

Krawiec, M., M. Kuczkowski, A. G. Krusze-
wicz & A. Wieliczko, 2015. Prevalence
and genetic characteristics of Salmonella
in free-living birds in Poland. BMC Vet-
erinary Research, 11, 1.

Kruse, H., A. M. Kirkemo & K. Handeland,
2004. Wildlife as source of zoonotic infec-

BJVM, 20, No 4

H. Staji, S. Rezaei, M. Rassouli & S. Namroodi

tions. Emerging Infectious Diseases, 10,
2067-2072.

Lim, Y. H., K. Hirose, H. Izumiya, E. Ara-
kawa, H. Takahashi, J. Terajima, K. L. Itoh,
K. Tamura, S. I. Kim & H. Watanabe,
2003. Multiplex polymerase chain reaction
assay for selective detection of Sal/monella
enterica serovar Typhimurium. Japanese
Journal of Infectious Diseases, 56, 151—
155.

Malorny, B., J. Hoorfar, C. Bunge & R.
Helmuth, 2003. Multicenter validation of
the analytical accuracy of Salmonella
PCR: Towards an international standard.
Applied Journal of Environmental Micro-
biology, 69, 290-296.

Mirzaie, S., M. Hassanzadeh & 1. Ashrafi,
2010. Identification and characterization
of Salmonella isolates from captured house
sparrows. Turkish Journal of Veterinary
Animal Sciences, 34, 181-186.

Osmundson, T. W., C. A. Eyre, K. M. Hayden,
J. Dhillon & M. M. Garbelotto, 2013.
Back to basics: An evaluation of NaOH
and alternative rapid DNA extraction pro-
tocols for DNA barcoding, genotyping,
and disease diagnostics from fungal and
oomycete samples. Molecular Ecology and
Resources, 13, 66-74.

Pan, T. M. & Y. J. Liu, 2002. Identification of
Salmonella enteritidis isolates by poly-
merase chain reaction and multiplex poly-
merase chain reaction. Journal of Micro-
biology, Immunology and Infection, 35,
147-151.

Pan, Z. M., S. Z. Geng, Y. Q. Zhou, Z. Y. Liu,
Q. Fang, B. B. Liu & X. A. Jiao, 2010.
Prevalence and antimicrobial resistance of
Salmonella sp. isolated from domestic
animals in Eastern China. Journal of Ani-
mal and Veterinary Advances, 9, 2290—
2294,

Peighambari, S. M., A. Yazdani & P. Hojjati,
2010. Salmonella infection in birds kept in
parks and pet shops in Tehran, Iran. Ira-

nian Journal of Veterinary Medicine, S,
145-148.

355



Prevalence and genetic characteristics of Salmonella strains in wild Mallard ducks (Anas ...

Pennycott, T. W., H. A. Mather, G. Bennett &
G. Foster, 2010. Salmonellosis in garden
birds in Scotland, 1995 to 2008: Geo-
graphic region, Salmonella enterica phage
type and bird species. The Veterinary Re-
cord, 166, 419-412.

Refsum, T., K. Handeland, D. L. Baggesen, G.
Holstad & G. Kapperud, 2002. Salmonel-
lae in avian wildlife in Norway from 1969
to 2000. Applied and Environmental Mi-
crobiology, 68, 5595-5599.

Shanmugasamy, M., T. Velayutham & J. Ra-
jeswar, 2011. InvA gene specific PCR for
detection of Salmonella from broilers. Vet-
erinary World, 4, 562—-564.

Skov, M. N, J. J. Madsen, C. Rahbek, J. Lo-
dal, J. B. Jespersen, J. C. Jorgensen, H. H.
Dietz, M. Chri¢l & D. L. Baggesen, 2008.
Transmission of Salmonella between wild-
life and meat production animals in Den-
mark. Journal of Applied Microbiology,
105, 1558-1568.

Staji, H., A. Tonelli, A. Javaheri-Vayeghan, E.
Changizi & M. R. Salimi-Bejestani, 2015.
Distribution of Shiga toxin genes subtypes
in B1 phylotypes of Escherichia coli iso-
lated from calves suffering from diarrhea
in Tehran suburb using DNA oligonucleo-
tide arrays. [ranian Journal of Microbio-
logy, 7, 191-197.

356

Tizard, 1., 2004. Salmonellosis in wild birds.
Seminar of Avian Exotic Pet Medicine, 13,
50-66.

Wattiau, P., C. Boland & S. Bertrand, 2011.
Methodologies for Salmonella enterica
subsp. enterica subtyping: Gold standards
and alternatives. Applied Environmental
microbiology, 77, 71877-7885.

Zahraei Salehi, T., H. Tadjbakhsh, N. Atash-
parvar, M. Nadalian & M. R. Mahzounieh,
2007. Detection and identification of Sal-
monella Typhimurium in bovine diar-
rhoeic fecal samples by immunomagnetic
separation and multiplex PCR assay.
Zoonoses and Public Health, 54, 231-236.

Paper received 04.04.2016; accepted for
publication 10.06.2016

Correspondence:

Hamid Staji

Department of Pathobiology,
Faculty of Veterinary Medicine,
Semnan University, Semnan, Iran
email: hstaji@semnan.ac.ir

BIVM, 20, No 4



	MATERIALS AND METHODS


