Iranian Journal of Veterinary Medicine

Phenotypic and genotypic studies of extended spectrum beta-
lactamase (ESBL ) resistanceamong Salmonellaisolatesfrom

poultry sourcesin lran

Rahmani, M., Peighambari, SM ;

Department of Poultry Diseases, Faculty of Vieterinary Medicine, University of Tehran, Tehran, Iran.

Key words:
Salmonella, antimicrobial resistance,
ESBL, Iran.

Correspondence

Peighambari, S.M.

Department of Poultry Diseases,
Faculty of Veterinary Medicine,
University of Tehran, Tehran, Iran.
Tel: +98(21) 61117150

Fax: +98(21) 66933222

Email: mpeigham@uit.ac.ir

Received: 27 August 2012
Accepted: 12 November 2012

Abstract:

BACK GROUND: Poultry and poultry products are among the
major sources of Salmonella infections for humans. Increasing
occurrence of antimicrobial resistance among Salmonellae has
become a serious public health concern. The detection of extended
spectrum b-lactamase (ESBL) producers among Salmonella spp.
has increased in recent years. OBJECTIVES: The purpose of this
study was to investigate the antibiotic resistance pattern of
Salmonella, and to understand whether ESBLs were present in
Salmonellaisolated from poultry farms and slaughterhouses from
various parts of Iran. METHODS: A total of 314 isolates of
Salmonellaspp., 272 of poultry and42fromhumanorigin, collected
during winter 2005-2011 were characterized for antimicrobial
resistanceandthepresenceof ESBL genesinthisstudy. Phenotypic
Disk diffusion method was performed for detection of anti-
microbial susceptibility against 16 antimicrobial agentsaccording
to the Clinical and Laboratory Standards Institute's recom-
mendations(CLSI, 2005). To detect the presence of ESBL genesin
30isolatesout of 61 phenotypical resistant isolates, PCR amplific-
ation was used by employing specific primersfor screening of the
CTX-M and CMY groups, respectively. RESULTS: The highest
resistanceto ceforoximein poultry and cefiximein human isolates
was observed, and multidrug resistance (MDR) was seen with a
maximum seven antimicrobial agents. The PCR detection of CTX-
M and CMY genes in al isolates including five phenotypically
ESBL positiveisolateswas negative. CONCLUSIONS: Thisstudy
revealed the incidence of resistance to cephalosporins and the
frequency of MDR among Salmonellaisolates from poultry farms
in Iran. The prevalence of MDR Salmonella isolates from poultry
are of particular concern as these strains can transmit to humans
through thefood chain.

Introduction

The infections caused by Salmonella are a
significant public health problem throughout the
world(Suetal., 2005). Theimportanceof poultry and
poultry products as sources of Salmonellainfections
in the food chain has attracted extensive research
efforts over many years and now the increased
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occurrence of antimicrobial resistance among both
typhoidal and non-typhoidal Salmonellaeisconsider-
ed aserious public health concern (Fernandez et al .,
2000; Parry and Threlfall, 2008). The use of
antimicrobials in animals for therapeutic or pro-
phylactic purposes or as growth promoters, in-
fluencesthepreval enceof resistant bacteriainanimal
population and increases the risk for transfer of
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resistant bacteria strains to human (Viola and
DeVincent, 2006; Gyles, 2008). Since the widespread
application of beta-lactamsagainst infectionscaused
by members of Enterobacteriaceae family in both
human and animals, the emergence of resistance to
variousbeta-|actamshasbeenfrequently observedin
clinical cases worldwide (Gniadkowski, 2001;
Dierikx et al., 2010). The extended spectrum beta-
lactamases (ESBL ) are typically encoded on large
plasmids which can be easily exchanged between
strainsand speciesof bacteria(Jacoby and Medeiros,
1991). In a few Iranian studies, the occurrence of
resistanceto different ESBL samong Gram-negative
bacteria recovered from human clinical infections
has been investigated but no studies have addressed
such occurrence among bacterial isolates in food
animals (Mehregan and Rahbar, 2008; Hamidian et
a., 2009). Theaimof thisstudy wastoinvestigatethe
presenceof ESBL resistanceand somerel evant genes
among Salmonella isolates collected from poultry
sourcesindifferent partsof Iran.

M aterialsand M ethods

Bacterial isolates. In previous surveys on
Salmonella infections conducted by our |aboratory
and with the help of Iranian Veterinary Organization
(IVO), 314 Salmonella isolates were collected from
different poultry sources (broiler, breeder, environ-
ment, abattoirs) in different geographical areas of
Iran and humans from Tehran's hospitals during
winter 2005-2011. Samples were isolated from
various specimens including fresh feces, cloacal
feces, environment, and carcasses. All sampleswere
identified as Salmonella according to standard
proceduresand therespectiveserogroupsand serotypes,
where possible, were determined according to the
Kauffmann-White scheme (M orshed and Peighambari,
2010;Akbarianetal., 2012). Salmonellaisolatesthen
were kept at -70°C and liquid nitrogen for further
studies.

Drug susceptibility test: The susceptibility of
314 Salmonella isolates to a panel of beta-lactam
antimicrobial agentswasdetermined by theagar disk
diffusionmethod andtheinterpretation of resultswas
carried out according to the Clinical and Laboratory
Standards Institute guidelines (CLSI, 2005). The
antimicrobial agents were tested and their concentr-
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ations (ug) were: peniciline (10), ampicillin (10),
amoxicillin+ clavulanicacid (30), piperacillin(100),
cephalothin (30), ceftazidime (30), ceftriaxone (30),
cefixime (5), cefotaxime (30), cefoxitin (30),
cefuroxime (30), ceftizoxim (30), cefepime (30),
cefazolin (30), imipenem (10), meropenem (10). All
antibacterial disks were provided from Tadbir Fan
AzmaCo (Tehran, Iran). TheATCC referencestrains
Escherichia coli ATCC 25922, Pseudomonas
aeruginosa, ATCC 27853, and E. coli ATCC 35218
were used for quality control purposes. In thisstudy,
the Salmonella isolates with intermediate suscept-
ibility classification wereconsidered not to beresist-
ant to that drug and multi-resistance was defined as
resistance to morethan onedrug.

Detection of ESBL genesby using polymerase
chain reaction: The presence of ESBL genesin 30
isolatesout of 61isolatesshowing resi stance patterns
to cephalosporins were detected using PCR and
specific primers targeted CTX-M and CMY genes
family groups. To extract bacterial DNA, one mL of
the pure overnight culture of each Salmonellaisolate
was transferred to a clean 1.5 mL microtube
containing 100 uL TE buffer, boiled for 10 min, and
centrifuged for 10 min at 20000 x g to recover the
microorganisms as a pellet. The supernatant was
discarded and the pellet was resuspended in 100 pL
TE buffer and stored at -20°C for further use.

Primersfor CTX-M were (5-ATGTGCAGYAC-
CAGTAARGTKATGGC-3) as forward and (5-
TGGGTRAARTARGTSACCAGAAY SAGCGG-
3) asreverse(Hasman et a., 2005). The primersand
other materials used in PCR reaction were provided
by TAG Copenhagen (Copenhagen, Denmark).
Amplificationreactionsfor CTX-M were carried out
ina48uL reactionvolumecontaining 5uL 10x PCR
buffer, 0.5uM (each) dATP, dCTP, dGTPR, anddTTR,
0.5 uL of each primer, 1 U (0.1 uL) of super Taq
polymerase DNA and 4 uL dH20. Approximately 2
uL of template DNA was added to the mixture.
Positivecontrol included Escherichiacoli 77-30108-
11 Danish gtrain (serogroup O149). Negative controls
(dH2Oinstead of template DNA) wereincludedinall
PCRreactionsets. Amplificationwasprogrammedin
athermocycler (Gradient Mastercycler, Eppendorff,
Germany) asfollows; 94°Cfor 5minfollowed by 30
cyclesof 94°C for 1 min, 60°Cfor 1 min, 72°Cfor 1
min, and afinal extension at 72° Cfor 10 min.
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Primers for CMY were (5-ATGATGAAAAA-
ATCGTTATGCTGC-3) asforwardand (5-GCTTT-
TCAAGAATGCGCCAGG-3) asreverse (Coudron
etal., 2000). The primersand other materialsusedin
PCR reaction were provided by TAG Copenhagen
(Copenhagen, Denmark). Amplification reactions
for CMY wascarried out asdescribed abovefor CTX-
M. Positive controlsincluded atransconjugate from
Klebsiella pneumoniae for CMY-1 (Korean strain)
and Salmonella Heidelberg 75-12893-1 Danish
strain for CMY-2 gene. Negative controls (dH20
instead of template DNA) wereincluded in all PCR
reaction sets. Amplification process was performed
asdescribed abovefor CTX-M.

The amplification products were detected by gel
electrophoresisinl.5%agarosegel at 30V for25min
in1x TAE buffer.

Results

Indrug susceptibility test, 103 (32.8%) out of 314
isolates showed multidrug resistance (MDR). The
isolateswereresistant to at | east oneand at most, nine
antimicrobial agents (Table 1). Among poultry
isolates, after penicillin (100% resistance) the high
incidence of resistanceto ampicillin, cefuroxim, and
meropenem, respectively was observed. High
resistance to cefexime was observed among human
isolates. No resistance to cefotaxime, ceftizoxime,
cefepime, cefixime and imipenem was observed
(Table 1). Sixty-one isolates were selected based on
theresultsof theprimary phenotypic observationson
cephalosporins (resistant isolates) and subjected to
confirmatory ESBL s test with apanel of antibiotics
(Becton, Dickinson and Company) as follow:
cefoxitin, cefepime, ceftazidime, ceftazidime +
clavulanicacid, cefotaxime, cefotaxime+ clavulanic
acid. The results showed that four isolates were
resistant to cefoxitin and one isolate was resistant to
cefepime.

The PCR detection of CTX-M and CMY genes
family groups in al 30 isolates including five
phenotypically ESBL positive isolates was negative
(Figurel).

Discussion

The main findings of this study were that: (i)
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Table 1. Antimicrobia resistance pattern of 314 Salmonella
spp. from poultry (272) and human (42) origin.

No (%) of resistant isolates

Drugs

Poultry Human
Ampicillin 50(18.3) 1(2.3)
Penicillin 272(100) 42 (100)

Amoxicillin 13(4.7) 0
Amoxicillin clavolanic acid 14(5.1) 0

Piperacillin 10(3.6) 1(2.3)

Cefazolin 16 (5.8) 1(2.3)
Cefalothin 15(5.5) 0
Cefuroxime 49(18.01) 0
Cefotaxime 0 0
Ceftazidime 0 0
Ceftizoxime 0 0
Ceftriaxone 0 0
Cefepime 1(0.3) 0
Cefoxitin 4(1.4) 0

Cefixime 0 2(4.7)
Imipenem 0 0
M eropenem 11 (4.04) 0
Ceftazidime+ clavulanicacid 0 0
Cefotaxime+ clavulanicacid 0 0

it
Figure 1. Electrophoresis of PCR products on 1.5% agarose
gel. Lanes M, C1, and C2, and NC indicate ladder, positive
control (for CTX-M gene), positive control (for CMY gene),
and negative control (dH20 instead of template DNA),
respectively. Other lanes demonstrate the negative results for
tested Salmonellaisolates.

ampicillin resistant Salmonella were present in both
human and poultry isolates;, (ii) resistance to
cefuroxime wasdetected at ahigh frequency level in
poultry isolates; (iii) ESBLswere detected in neither
human nor poultry isolates; (iv) MDR typein poultry
origin isolates was higher than that of in human
isolates.

Currently, increasing bacterial resistance to
antibioti c agents posesaserious problem throughout
the world including Iran. Increased multidrug
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resistance (MDR) has been reported in Salmonella
isolates in many countries. In the present study,
32.8% of Salmonellaisolateswere MDR whichisin
accordance with the previous findings in Iran by
Morshed and Peighambari (2010) and Firoozeh et al.
(2011) showing 61.2% and 69% of Salmonella
isolated from human and poultry as being MDR,
respectively. Inthe present study, resistance to some
agents such as ampicillin and cefalothin were
comparablewith previousfindings, but frequency of
resistanceto ESBL sinour study waslower than those
of Morshed and Peighambari (2010) and Firoozeh et
a., (2011). Morshed and Peighambari (2010) report-
ed 24.1%resistanceto cefixime, 17.2% resistanceto
ampicilin, 6.9% resistance to ceftazidime, 10.3%
resi stanceto cephal othin, and among humanisol ates,
33.3%resistancetoampicilinand 11.1%resi stanceto
cefalothin. In arecent Iranian study, Firoozeh et al.
(2011) foundthat seven (16.6%) i sol ateswere pheno-
typically resi stantto cefixime, ceftazidime, ceftriaxone
and cefotaxime. Use of penicillin, ampicillin, and
amoxicillinfor the control of clostridiaand bacterial
enteritis may generate a selective pressure for
possession and retention of abeta-lactamasebut itis
worth noting that cephalosporins have not been
approved for usein poultry and poultry productionin
[ran.

In Iran, patients referred to hospitals with
Salmonella infections are usualy treated with
ciprofloxacin, co-amoxiclav (amoxicillin+ clavulanic
acid) or cephalosporins (Tgjbakhsh et al., 2012).
Severa Iranian studies have identified ESBLs in
various members of Enterobacteriacea such as
Klebsiella, Escherichia coli, and Salmonella spp.
(Feizabadi et a., 2006; Hamidian et a., 2009;
Ghafurian et a ., 2011; Moghaddam et al., 2011) but
there is no published data focused on presence of
ESBL sinavianbacterial pathogens. In2010, Ranjbar
et al. reported the first CTX-M ESBL-producing S.
Enteritidisand S Infantisisolatesin Iran. Hamidian
et al. (2009) found both blaCTX-M-15 and blaTEM
intwo isolates and only blaTEM in oneisolate from
129 Salmonella spp. recovered from patient with
diarrheain hospitals of Tehran. It wasthefirst report
of blaCTX-M-15 in Iran. Increased detection of
ESBL s producing Salmonella isolated from poultry
hasbeenreportedin other countriesincluding Brazil,
France, Italy, Japan, and the Netherlands(Weill etal .,
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2004; Hasman et a., 2005; Chiaretto et al., 2008;
Fernandeset al., 2009; Dierikx et a., 2010; Shahada
et a., 2010). ESBLs are rare in S. enterica strains
comparedtoother EnterobacteriaceaesuchasE. coli
and Klebsiella pneumoniae (Morris et al., 2006).
However, there have been an increasing number of
reports on ESBLs containing Salmonella strains
throughout theworld (Morriset al., 2006; Leeet a.,
2009). ESBL s are detected extensively in bacteria
population isolated from human patientsin different
medical centersbut are not frequently reportedinthe
bacterial population circulating in animals. This
finding could be indicative of lessfrequency of these
enzymesinanimal sthaninhumansbut thisnotionhas
not been broadly investigated (Carattoli, 2008).
Therefore, itisimportant to screen the occurrence of
resistanceamong bacteriafromanimalsandfoods, as
these bacteria (or their mobile elements carrying
resistancegenes) can spread throughfood productsto
humans. Unfortunately, there is no surveillance
programontheadministration of antimicrobial drugs
in Iranian poultry industry. Improved regulatory
criteriawill help the rational administration of anti-
microbial drugsininfection control programswhich,
consequently, will prevent spread of antimicrobial
resistancein Iran.
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