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ABSTRACT

Emergence of antibiotic resistance among pathogens, particularly in health centers and hospitals, has become a
major public health problem. This study identified AmpC-type beta-lactamase against the antibiotic ceftazidime,
cefotaxime and cefpodoxime in E.coli isolated from human and poultry and types of producing genes were studied
by PCR. In this study, 500 clinical human samples of urine from hospitals of Tehran during 5 months as well as 300
poultry samples were collected and transferred to the microbiology laboratory. Biochemical tests such as TH, Urea
and IMViC were performed on suspected colonies with E.coli. To identify ESBL producing strains, beta-lactamase
samples wer e cultured on Mueller-Hinton agar through antimicrobial susceptibility test by disk agar diffusion based
on the standard CLS for initial screening. PCR reactions were done using specific primers CITM, EBCM, DHAM
and MOXM to identify the beta-lactamase AmpC. A number of 200 human and 55 poultry E.coli samples were
screened. In human samples, 105 (52.5%) were resistant and potential producers of ESBL and AmpC; out of those,
102 (51%) produced ESBL and 3 (1.5%) potentially produced AmpC. In the study on 55 E.coli isolates from poultry
samples based on the results of disk agar diffusion test, 4 (7.2%) samples were resistant and potential producers of
ESBL. None of the samples were AmpC producers. Through PCR, 2 human samples (1%) were CITM positive and
one sample (0.5%) was DHAM positive. Through the PCR carried out on poultry samples, there were no bands with
4 primers. There was AmpC in human samples; while further studies are required for poultry samples, because
poultry significantly contribute in production of food for humans and can be an important source for dissemination
of antibiotic resistance. Given the significance of Ampc in providing high levels of beta-lactam antibiotic resistance,
particularly third generation cephalosporins which are very common treatments, more extensive research is
recommended.
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INTRODUCTION

Escherichia coli [E.coli] are Gram-negative bacteria belonging to the Ebter@riaceae family which can be found
in diverse environments. These bacteria are patieofiormal intestinal florée.coli is the most common cause of
urinary tract infectionE.coli is transmitted through fecal-oral route from orsen to another. The bacteria can
also cause disease in animals such as poultry.digesse is called colibacillosis. Once these biactéfect humans
or poultry, one treatment is antibiotics [1].
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The emergence of antibiotic resistance among patimgarticularly in health centers and hospitsds, become a
major public health problem. Bacteria use differstrategies to remain immune from the deleteridfscts of

antibiotics. One of the most important of these ma@isms used by Gram-negative bacteria againstldoettm

antibiotics is to produce beta-lactamase enzympsBgta-lactamases are enzymes that hydrolyze &able the

beta-lactam ring [3]. The emergence of new antitsosuch as extended-spectrum cephalosporins oazire and
their extensive use in treatment of bacterial itifers diseases have led to the emergence of a lasw af enzymes
called Extended spectrum beta-lactam&SB[] [4].

According to Ambler Classification [1980], betatfamase enzymes are classified into four origiressts as A, B,
C and D based on their function [5].

AmpC-type beta-actamase appeared in the late 1970&vandtudied [6]. This group of beta lactamasesaissiied

in Class C of the Ambler Classification [5]. Most these enzymes are cephalosporinases, while cdiallya
hydrolyze other beta-lactams. These enzymes hyziFolgxy-immunocephalosporins such as ceftazidime,
ceftriaxone, cefepime cefpodoxime and monobactarol as aztreonam and cephamycins such as cefokitay,

are lowly sensitive or simply resistant to carbagenwhile they are not inhibited by ordinary inldss such as
clavulanates [7].

Resistance was first emerged in organisms suémtesobacter Cloacae, Citrobacter freundii, Serratia marcescens
and Pseudomonas aeruginosa due to additional production of chromosomahpC. This enzyme caused bacterial
resistance against 7-alpha-methoxy-cephalospondsrenobactams.

Then, resistance appeared in bacterial specieshvidded inducibleAmpC, such alebsiella pneumonia, E.coli,
Salmonella spp andProteus mirabilis. It was determined that the resistance was caug&$BL-encoding plasmids
[8-10]. This beta-lactamase was first identified] atefined in 1983 [11, 12]. According to Ambler &dication,
they belong to the class A and D [5]. They gengraitlude beta-lactamases which are able to hydeognd
disable beta-lactam common antibiotics, such ascilers, oxy-amino cephalosporins, monobactams arndn
carbapenems. However, they cannot hydrolyze ceptiasiguch as cefoxitin which are inhibited by clawic acid
[11]. CommonESBL genes include®XA, CTX-M, SHV and TEM [5]. Infections withESBL-producing bacteria
through widespread dissemination of these strgagjcularly in hospitals, increase the cost oatneent and the
length of stay. CurrentlyESBL-producing Enterobacteriaceae is a growing concern throughout the world. In
addition, ESBL-producing bacteria are frequently resistant to ynaon-beta-lactam drugs such as quinolones,
aminoglycosides, trimethoprims and sulfamethoxaZbiés causes many problems in treatment of infesticaused
by them [12].

Following 7-alpha-methoxy-cephalosporins [cefoxiamd cefotetan] and clinical introduction of behathm
inhibiting compounds [clavulanate with amoxicillor ticarcillin, sulbactam with ampicillin, and tazobam or
piperacillin], Class C beta-lactam encoding plasragpeared [13]. In the late 1980s, these inducittemosomal
genes appeared on plasmids and transmitted to trgaaisms which naturally did not express thisHattamase
such aKlebsiella speciesE.coli or Salmonella species and caused the resistance of these argatixy-immuno
cephalosporins [7]. Currently, the increasing plkevee of resistance to beta-lactam antibioticsughoAmpC-type
beta-lactamases amorigcoli strains has become a clinical concern. These @mgancan acquire the ability to
produceAmpC-type beta-lactamase on the plasmid. In additibay ttan produce a large amount of chromosomal
AmpC-type beta-lactamase in some clinical samples,eathiésse enzymes are normally produced in smalltijigsn
[14]. This ability is observed in cefoxitin resistasamples, with strongekmpC promoter or mutation in normal
atenuter [15, 16].

AmpC genes includ€MY, FOX, MOX, ACT, ACC, MIR-1, DHA, andBIL-1 [5]. CMY-2 is the most commoAmpC
enzyme [17]AmpC genes were named contradictory (5) based onaesistproduct: cephamycins (CMY) cefoxitin
(FOX), moxalactam (MOX).

AmpC gene is normally a part of intrusion, while itrist included in the gene cassette with an affilab8-base
element. Note that the same Ajg gene can be incorporated in different framewonkdifferent plasmids.

This study detectdmpC-type beta-lactamase against antibiotic ceftazidiceéotaxime and cefpodoxime coli
and examines a variety 8fmpC-producing genes by PCR method.
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MATERIALSAND METHODS

For human studies, 500 clinical samples of urineevemllected in five months from June to Novemb@t2, from
Imam Khomeini and Amir Alam hospitals as well aggBmat and Imam Hassan clinics in Tehran and tramsfdo
the microbiology. For poultry samples, 300 cloasalabs were taken from poultry and transferred te th
microbiology of Razi Vaccine and Serum Institute.

The samples were cultured on the Blood Agar medinahdifferential EMB medium. The plates were indedaat
37°C for 24 hours. Biochemical tests such as T$&aland IMVIC were performed on suspected coloniis
E.coli and differential media were kept at 37°C for 24uiso Verified samples were kept at -20°C in TSBhwit
glycerol to be used in the later stages (18). Ttealebeta-lactamase-producing strains, beta-lactanemzyme
samples were cultured on Mueller-Hinton agar prilmathrough antimicrobial susceptibility test (diskgar
diffusion) based on the CLSI standard for initiedleening.

In this method, the bacterial suspension was pegpeonsidering the concentration of the half Mc&za pipe and
completely spread on Mueller-Hinton agar. Thenifgatic discs acquired from the Mast Company cariteg 30g:
cefotaxime (CTX), 30g ceftazidime (CAZ) and 3Qgcefpodoxime (CPD) were placed onto the mediuneastl
2cm from each other; after 24 hours of incubatibB7C, the inhibition zone around each disc was meashyeal
rule and compared to the international standardsS(C(19). Ceftazidime, cefotaxime and cefpodoxiresistant
samples were examined by the combined disk tegtrify the presence &SBL. In this test, the 3Qgceftazidime,
10-30qu ceftazidime-clavulanic acid (CAZ-CV), 3pgefotaxime, 10-3Qgcefotaxime-clavulanic acid (CTX-CV),
30qu cefpodoxime, and 10-3Qgefpodoxime-clavulanic acid (CPD-CV) disks, acqdifrom Mast Company, were
placed on Mueller Hinton agar. In each series gfeexnents, the suspension prepared from 24 houtgrewf
standarce.coli strains E.coli ATCC 25922) andlebsiella pneumoniae (kiebsiella pneumonia ATCC 700603) was
used (20). After 24 hours of incubation af@7inhibition zone was measured around the discainimgy clavulanic
acid asESBL inhibitor compared to the disk lacking clavulamicid. If the inhibition zone wagz5mm around the
disk containing clavulanic acid compared to thekdacking clavulanic acid, the strain was consideas ESBL
producer (21). According to CSLI, the samples inchhbeta-lactamase was not inhibited by the beteiaase
inhibitor in the phenotypic verification test wepetentially considered as beta-lactamasgC producers. These
samples were also resistant to the discs contaciawglanic acid (22).

Polymerase Chain Reaction
Used buffers included TAE, ethidium bromide and DA loading buffer.

Materials: to determine DNA template, the genomic DNA puedfifrom E.coli was used in this study. This
molecule acts as a template strand for the enzweeln addition, 20mM Deoxynucleotide triphosphat&{dP)
was used. The final concentration of each nucleotids 50mM in PCR. The enzyme DNA Taq polymerase is
polypeptide with DNA polymerase activity-33'. For this enzyme, the optimal temperature iSC78Ad optimal pH
optimum is 9. DNA Taq polymerase, Metabion Compargs used in this study.

The primers CITM, EBCM, DHAM and MOXM were usedgerform polymerase chain reaction (Table 1).

Table 1: designation, sequence, tar get genesand primersused in thisstudy, and the molecular weight of the PCR product resulting from
these primers (23)

primer DNA(5'TO 3) Target Amspi)lzlgon
MOXM-F GCT GCT CAA GGA GCA CAG GAT CAC ATT GAC ATA GGT| CMY-1,CMY-8 toCMY-11 MOX-1, 520
MOXM-R GTG GTG G MOX-2
CITM-F TGG CCA GAA CTG ACA GGC AAATTT CTC CTG AAC GTG| LAT-1 TO LAT-4,CMY-2 TO CMY- 462
CITM-R GCT GG(C 7,BIL-1
DHAM-F DHAM-| AAC TTT CAC AGG TGT GCT GGG T CCG TAC GCATAC TGEG 405
R CTTTGC DHA-1, DHA-2
EBCM-F EBCM-| TCG GTA AAG CCGATGTTG CGG CTT CCACTG CGG CTG 302
R CCAGTT MIR-1T, ACT-1

To prevent pollution, waste of reagents and in@éasccuracy, PCR mixture was prepared every dagdch
sample considering 2breaction volume.
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PCR reaction was performed in a final volume ofil2%ollowing materials were added to the Eppendobles

(Table 2)
Table 2: The materials needed to perform PCR reaction

PCR mixture The amount of material

1) PCRwatel 18 u

2) PCR buffe 25

3) dNTPs 1 ul

4) Forward primer 1pl

5) Reverse primer 1yl

6) Genomic DNA 1l

7) Tag polymerase enzyme 0.5 ul

Once the primers were added, vortex was perforileen, genomic DNA and Taq polymerase enzyme wededd
and vortex was again performed. The mixture wasedtiately transferred to PCR device.

PCR reaction was performed using specific primersdetailed in Table 3. PCR mixture was amplifiedain
thermocycler.

Table 3: thermal and temporal profile of PCR performed in this study

Reaction steps | Heat °C) | Time (s)
Pre-denaturation 94 180
Denaturation 94 30
Annealing 64 30
Extension 72 60
Final Extensiot 72 42C

Finally, the PCR product was electrophoresed us#gagarose gel.
RESULTS

In this study, 500 human urine samples were catedtom Imam Khomeini Hospital, Amir Alam Hospital,
Boghrat Clinic and Imam Hassan Clinic. MoreoverQ 3@ultry samples were taken from Razi Vaccine &adim
Institute. First, samples were cultured on BloodaAgnd EMB media and incubated at 37°C for 24 hours
According to the shape and color of colonies onoBlé&\gar and EMB media as well as biochemical te208)
humanE.coli samples and 55 poultBcoli samples were screened.

Resistance of 20B.coli samples was examined against three antibioticdt@efoe, ceftazidime and cefpodoxime.
The results are shown in Table 4 and Figure 1.

Table 4: Number and per centage of sensitive, moder ately sensitiveand CAZ, CPD and CTX resistant E.coli in human samples

Antibiotics Resistant (%) Moderate (%) Sensitive) (Jo
; 92 15 93
Cefpodoxime (46%) (7.5%) (46.5%)
Ceftazidime 89 25 102
(44.5%) (12.5%) (51%)
Cefotaxime 98 i 91
(49%) (5.5%) (45.5%)
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THE NUMBER OF E.COLI SAMPLES
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Figure 1: Antibiotic-resistant strains studied in human samples

CTX

According to results of disk agar diffusion tes§51(52.5%) samples were simultaneously resistarglltthree
antibiotic cefpodoxime, ceftazidime and cefotaxiemel potentiaESBL and AmpC producers. The rest 95 strains
(47.5%) were ultrasensitive or semi-sensitive tdrake antibiotics and considered negative in s2ofESBL and
AmpC production. Verification test was performed usatgvulanic acid on 105 samples which were pote ES8L
and AmpC producers; of those, 102 (51%) strains were Seadit three antibiotics, cefpodoxime-clavulaniédac
and ceftazidime-clavulanic acid and cefotaxime-glamic acid. These 102 strains were verified foodoicing
ESBL. Moreover, 3 (1.5%) strains were resistant tottaée antibiotic cefpodoxime-clavulanic acid, ceiti@me-
clavulanic acid and cefotaxime-clavulanic acids#hetrains were potential producer\ofpC (Figure 2, 3 and 4).

NUMEBER OF E.COLI SAMPLES

Q5 a0

105 (47.5%) &0
(52.5%)

3(%1.5)

ESBL AMPC NEG

Figure 2: frequency of ESBL and AmpC producing human E.coli samples

frequency frequency

mAmpC containing isnlates

m AmpC containing isolates

= ESBL containing isolates

= AmpC lacking isolates = AmpC and ESBL lacking
isolates

Figure 3: frequency of AmpC-producing human E.coli samples Figure4: frequency of ESBL- and AmpC-producing human
E.coli samples
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According to results of disk agar diffusion test;742%) of poultryE.coli samples were simultaneously resistant to
all three antibiotic cefpodoxime, ceftazidime amdotaxime and potentid@SBL and AmpC producers. The rest 51
strains (92%) were sensitive or semi-sensitivellttheee antibiotics and considered negative imtepfESBL and
AmpC production. Verification test was performed usatgvulanic acid on 4 samples which were poteriE@BL
andAmpC producers; of those, 4 (7.2%) strains were semsiti three antibiotics, cefpodoxime-clavulanicdeand
ceftazidime-clavulanic acid and cefotaxime-clavidaacid. These 4 strains were verified for prodgdisBL. None

of the strains was resistant to above antibiotich @otential producer &mpC (Figure 5).

NUMBER OF E.COLI SAMPLES
51(92%)

50
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20

107.3%) o 10

. I . . 0
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Figure5: frequency of ESBL and AmpC producing poultry E.coli samples

PCR was carried out on 105 clinical human samplastwwere beta-lactamase producing candidates. jpiauers,
CITM, EBCM, DHAM and MOXM were used to finAmpC-type beta-lactamase gene. Three (1.5%) of 200l
isolates hadhmpC-type beta-lactamase gene. In PCRs performed Wwélptimer CITM, two of the samples form
480bp bands on the agarose gel; these bands tefwlte the primer CITM which targeted the gehé§-1, LAT-4,
BIL-1 andCMY-1 to CMY-7. Given that the prevalence BMY genes, particularCMY-2, is higher than other
genes, these samples are likely to have one oClmeé genes. In PCRs performed with the primer DHAM, ofe
the samples formed 40bp bands on the agarosehgsk bands resulted from the primer DHAM whicheged the
genesDHA-1 andDHA-2. In PCRs conducted with MOX, there was no band. MOdkgjeted the genegaMY-1,
CMY-8 to CMY-11 andMOX-1 andMOX-2. In PCRs performed with EBCM, no band was obseridds primer
targeted the gen@8IR-1T andACT-1 (Figure 6).

PCR was performed on 4 poultry samples which wera-tactamase producing candidates. The primerd use
included CITM, EBCM, DHAM and MOXM for detectingmpC-type genes. In PCRs performed with the primers
CITM, EBCM, DHAM and MOXM, no band was observedd#ie 7 and 8).
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Figure 6: frequency of AmpC-producing human E.coli samples Figure7: frequency of AmpC-producing poultry E.coli

samples
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Figure8: results of electrophoresisfrom PCR on samples; Column 1: marker size (100bp); Column 2: positive control (Klebsiella
pneumoniae ATCC700603); Column 3: negative control; Columns 4 and 6: human samplesresulting from the primer CITM; Column 7:
human samplesresulting from the primer DHAM

DISCUSSION

E.coli is the most common cause of urinary tract infectiaccounting for nearly 90% of early urinary tract
infections in young women. Currently, urinary traofection (UTI) is one of the most common problems
encountered in practice with a wide range of cihiwards dealing with it. Community-acquired andngyomless
UTI is due toE.coli in most cases; otherwise, it can result from otheterobacteriaceae, such idebsiella and
Proteus (24). In hospitalized UTI patients with symptonmrigpeople with a history of antibiotic use or withugethral
catheterE.cali is still known as the most common cause (25). Bsttamase enzymes hydrolyze beta-lactam ring
and disable beta-lactam antibiotics (26). Betadactntibiotics are the best choice for treatmenhafhy bacteria.

In the past two decades, many new beta-lactamiatitib have been developed which were specifiaabjstant to
hydrolyzing beta-lactamase enzymes. Despite thisgreup of antibiotics used to treat patients, gves of beta-
lactamase enzymes such BSBLs andAmpC-type beta-lactamases have emerged. Gram-negaditterta with
many new beta-lactamases described above couliracgsistance to most beta-lactam antibiotics.(27)

In this study, 200 out of 500 human samples andu®f 200 poultry samples wekecoli. In human samples, 105
(52.5%) strains were resistant and poteri&@BL and AmpC producers; of those, 102 (51%) strains WESBL
producers. Moreover, 3 (1.5%) strains were pote@tigpC producers. In the study on &5coli samples isolated
from poultry samples based on the results of diffkgion agar test, 4 (7.2%) strains were resistard potential
producer ofESBL. None of the strains was potentiahpC producer. In PCR on human samples, 2 (1%) strains
were CITM positive and 1 (0.5%) strain was DHAM piee. In PCRs carried out on poultry samples, aadwas
found with four primers.

Savara et al (2010) showetSBL-producingE.coli in 34% of isolates from broilers in Sweden (30gvRws
showed thaESBL andAmpC beta-lactamase resistance of the samples wasrhtgrebroilers in Iran. Dierikx et al
(2010) conducted a study on broilers in Netherlaadd showed that 80% of isolates wéteoli producing
antibiotic resistance genes (28).

Their results compared to the current study (7.2%stance) can be attributed to the number of ssnpbrked
which was higher than the numberE€toli samples or could be due to a higher incidenceesibtante.coli with

beta-lactamase genes in the Netherlands compareantoThe meat imported can be an important soaf&ecoli

with beta-lactamase genes.

Borjesson et al (2011) in Sweden showed that 92%heineat imported from South America had betaataese
producing E.coli, which was very high compared with meat importeshf Europe (19%). Studying antibiotic
resistance in the isolates, they showed Ehetli isolates from South America were resistant to dewrange of
antibiotics and had a higher variation of betadatise genes (29).

Their results were not consistent with the cursgntly where the prevalence of beta-lactamase geags.2% in
Iran, which is lower than the prevalence of theseeg in South America (92%) and parts of Europ@&oj19his is

89



Elham Farrokhnazar et al Int J Med Res Health Sci. 2016, 5(7):83-93

due to the difference in the prevalence of bettataase genes in different countries. The resultsvsthat the
imported meat is an important sourceeafoli with beta-lactamase genes.

Momtaz et al (2012) determined the distributionaotibiotic resistant genes H.coli isolates from commercial
chickens in Iran using PCR techniques. Of 360 saemjdolated, 57 (15.8%.coli was isolated. No known genes
associated with resistance to streptomycin, Cephalnd ampicillin was recognized and no MY beta-
lactamase gene was detected (30).

They isolated 55 (18.3%.coli from 300 poultry samples. Disk agar diffusion @&@R was used and the results
obtained showed the absencecMY gene, which is consistent with the current study.

Mooljuntee et al (2010) studied &coli samples obtained from broilers in in Thailand. Bioli samples isolated
from broilers were resistant to tetracycline, anfjiicand erythromycin, associated with 90%, 93.3%d 73.3%
prevalence for the genést(A), bla cmy andere(A), respectively. In this study, antibiotic sensitviests showed
100% antimicrobial resistance to ampicillin, ergitimycin and tetracycline which are often used iniTérailer
industry. This contrasts with zero percent antiotiéal resistance to gentamicin and chloramphenidoth are two
types of antimicrobial agents less common in Thalls poultry industry (31).

The methods used in their research (disk agargiiffuand PCR) were consistent with the methods usehis
study; however, their results were inconsistenhwlite current study. The current study dete®&8HL-type beta-
lactamase gene in 7.2% of samples, whileAnpC-type beta-lactamase gengd cmy) was detected irk.coli
samples isolated from poultry. This may be dudéofact that the antibiotics related to this resise are used more
in Thailand.

Olusoga et al (2013) conducted a study on 114 ssmiKlebsiella (60 samples) anB.coli (54 samples) in an
outpatient hospital in southern Nigeria (32). Sémito the current study, they used cephalosporih tose
antibiotics with clavulanic acid. They used cepbkplrrin disks of cefepime and cefpodoxime, while terent
study used cefpodoxime, ceftazidime and cefotaxi@®mce the initial screening was performed, simitarthe
current study, PCR was performed. To defgnpC genes, they also used the primers CITM and EBCMéeatify
462bp and 302bp bands. In their study, 3 (5.6%&.adli samples hadmpC gene, while the current study found 3
(1.5%) samples withmpC gene. These results are nearly similar.

Shayan et al (2013) examinédnpC resistance oE.coli bacteria to the third-generation of cephalospoend
cefoxitin by PCR with the primers FOXM, MOXM, DHAMZITM and EBCM. The current study also used the
primers MOXM, DHAM, CITM and EBCM. Out of 39E.coli samples, 13 (3.3%) producé&dpc genes, which is
similar to the current study (3 samples, 1.5%).sTeipresents similar resistance in these two sudéthese 13
samples, 11 (84%) were CITM positive. In the curstndy, 2 (66.6%) out of 3 samples were CITM pesijtthese
results are nearly consistent (33).

Coskun (2012) detected 50 bacteria #20li and 8Klebsiella) resistant to cefoxitin in Turkey (34). Of the&s,
(50%) were CITM positive, while the current studyihd 2 (1%) samples with CITM positive; this suggegeater
prevalence of these bacteria in Turkey. In theidgt one sample was detected with EBCM positive @melsample
was detected with MOXM positive, while the currstiidy detected no sample with EBCM and MOXM positiv
They detected no sample with DHAM positive, white turrent study detected one sample with DHAM.(34)

Pitout et al (2000-2003) isolated 782E%oli samples from the patients in Canada. Of them, @493%) were
community-acquired and 5519 (7%) were hospital-aequ They detected 408 (0.7%) cefoxitin resistambli
samples. According to disk screening test, 369 (96P4hem hadAmpC-type beta-lactamase gene. PCR tests on
cefoxitin resistant samples showed that 125 (34%hem hadCMY-2 gene and 0.05% ha@dimpC-type beta-
lactamase genes among which 125 (0.16 %)oheagl, ., gene (35).

Their results are slightly different from the curtstudy, which may be due to the fact that theettamase genes

increasingly spread among the human populationirBtedy was conducted in 2000 to 2003, while therent
study was conducted in 2013.
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Mulvey et al (1999-2000) isolated 293E3coli strains from 12 hospitals in Canada, among whig8h E.coli
isolates were resistant to cefoxitin. They alsaube disk agar diffusion method; however, theyarded cefoxitin
disk to detect samples containiAgipC-type beta-lactamase. Of the samples resistargftixitin, 25 (10.8%) had
AmpC-type beta-lactamase witbMY-2 gene (36). This number is higher than the curstidy (5.1%), which can
be due to the higher number of samples.

Hopkins et al (1995-2003) studied 1&3oli samples resistant to cephalosporins in the Engldray found 37
species resistant to cefoxitin, of which 25 (24%})l AmpC-type beta-lactamase gene (37). This number isehigh
than the current study (5.1%) which can be dueéfferdnces in years of study.

Gazoli et al (1996) studied 213coali isolates from patients in 10 hospitals in Greabey found 63 isolates
resistant to cefoxitin. PCR found 55 (2.57%) sp&ciesistant to cefoxitin witthmpC-type beta-lactamase genes
(38). Their results are close to the current study.

Similar to the current study, they also used thek digar diffusion method to detect the samples WitipC-type
beta-lactamase gene. However, they only used dafakisk, while the current study used cefotaximeftazidime
and cefpodoxime disks plus clavulanic acid. Thesutts (2.57%AmpC genesLAT-1 and LAT-4) were nearly
consistent to the current study (®&pC genelLAl-4 andLAl-1).

Soltan Dallal et al (2010) conducted a study on &0@cal samples in Tehran and detected EG@li bacteria. Of
them, 128 (64%) were resistant to cefotaxime arfthzidime. Using clavulanic acid, 115 (89.8%) sisiwvere
candidate for production &SBL and 13 (10.2%) strains were candidate for prodnotif AmpC. Of 128 clinical
samples, 13 (10.2%) ha&inpC-type beta-lactamase genes (39).

They used the primers CITM and FOX, while the aotrrstudy used the primers CITM, EBCM, MOXM and
DHAM. Using the primer CITM, the bands were obserire 13 (10.2%) strains, while the current studgerved
bands in 3 (1.5%) strains. These results are $liglifferent, which may be due to different hosfsterhere samples
were isolated. They found no band with FOXM, whilband was observed in the current study with DHAM.

Mansouri et al (2009) conducted a study on 154iadinisolates oft.coli in Tehran and showed that 57.15% of
them were resistant to all three antibiotics cafione, ceftazidime and cefepime. Using clavulacid,&63.9% of
samples were candidate for productiorES8BL and 3.25% were candidates fanpC production. The current study
also used ceftazidime, cefotaxime and cefpodoximevell as clavulanic acid. In their study, 5.7%tlé samples
were able to producAmpC, which is consistent with the current study (1.5%fey found 3 (4.3%) band with
CITM, 2 (2.2%) band with EBCM and 1 (1.9%) bandhvdHAM, while the current study found 2 (1%) bamndgh
CITM, 1 (0.5%) band with DHAM and no band with EBCIVheir results are consistent with the currendgt{40).
The results of this study showed that 1.5% prewvaesf AmpC producingE.coli is acceptable in comparison with
the results obtained from different parts of therldjohowever, the problem of antibiotic resistarniceE.coli and
other bacteria is of great importance and requirese attention.
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