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INTRODUCTION

Enterobacteriaceae group is the main cause of bacterial
infection in the world and in this family Escherichia
coli and Klebsiella spp. are the most prevalent causes
of nosocomial infection.!"?! These pathogens are
responsible for a broad spectrum of clinical infections
in immune competent or immune compromised people
and also, have a key role in epidemics of nosocomial
infections in many hospitals.®! Extended-spectrum
B-lactamases (ESBLs) represents a major threat among
multidrug-resistant bacteria isolates. They have risen
to prominence among Enterobacteriaceae isolates in
nearly all countries, now not only in the nosocomial but
also in the community setting.** These ESBL producing
pathogens are now recognized globally as major causes
of nosocomial and community-acquired infections.

The impact of ESBL detection is important both from
a therapeutic point of view and for infection control
purposes. The first ESBL was detected in Germany in
1983, among different enterobacterial isolates recovered
patients hospitalized at intensive care unit.*! It was
recognized by the producer strains unusual resistance
to cefotaxime (CTX) and ceftazidime (CAZ), which
was transferable by conjugation to E. coli. Very soon
afterwards in France, in 1984, Klebsiella pneumoniae
isolates with an identical phenotype were detected in
different hospitals.”

Carbapenems, for example, imipenem (IPM) and
meropenem (MEM), are often used to treat infections
caused by ESBL producing E. coli and Klebsiella.[®!
However, carbapenemases enzymes recognize almost
all hydrolysable B-lactams, and most are resistant to
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inhibition by all commercially viable -lactamase inhibitors.
Four classes are available in this group: Molecular classes
A, C, and D include the B-lactamases with serine at their
active site, whereas molecular class B B-lactamases are
all metalloenzymes with zinc in active-site. Klebsiella
pneumoniae carbapenemase (KPC) enzymes are belonging
to class A carbapenemases that reside on transferable
plasmids and can hydrolyze all penicillins, cephalosporins,
and carbapenems.®! The emergence of acquired metallo-
B-lactamases (MBLs) has clinical and epidemiological
implications and is a matter of particular concern world-
wide. The options for treating infections caused by KPCs
and MBLs are limited and their epidemiology remains
largely unknown in Iran. The aim of this study was to
determine the prevalence of ESBL, KPCs, and MBLs
producing E. coli and Klebsiella to reduce the antibiotic
therapy failure in Al-Zahra Hospital, Isfahan.

MATERIALS AND METHODS

This cross-sectional study was performed in Al-Zahra
Hospital (Isfahan University of Medical Sciences) from
March to December 2012. The study was approved by the
Ethical Committee of Isfahan University of Medical Sciences,
Isfahan, Iran (project number: 391327). Midstream urine
samples from hospitalized or referred patients with acute
urinary tract infection (UTI) were obtained and evaluated
for the presence of leucocytes and/or bacteriuria. Samples
were cultured on blood agar and Eosin Methylene Blue
agar mediums (purchased from Himedia Company, India)
and incubated at 35°C for 18-24 h. All patient samples with
urine cultures yielding growth of >10° CFU/ml E. coli and
Klebsiella spp. were included in the study. The pure isolates
identified according to Gram stains and biochemical tests.

Antibiotic susceptibility test

Antibiotic sensitivity pattern of isolates to common
antibiotics used in the hospital was determined by the
Kirby Bauer’s disc diffusion method on Mueller-Hinton
agar. Choice of antibiotic disks was determined by Clinical
Laboratory Standard Institute (CLSI) guidelines.'” All
hospitalized isolates were tested against ampicillin
(AMP 10 pg), piperacillin-tazobactam 100 pg, CAZ 30 pg,
CTX 30 pg, IPM 10 pg, MEM 10 ng, ertapenem (ERT 10 pg),
amikacin (AMK 30 pg), ciprofloxacin (CIP 5 ng), and
nitrofurantoin (NIT 30 ng). All non-hospitalized isolates
were tested against AMP 10 ng, CAZ 30 pg, CTX 30 ng,
IPM 10 pg, MEM 10 pg, ERT 10 pg, gentamicin 10 pg, CIP
5 ng, trimethoprim/sulfamethoxazole (SXT 1.2 ng), and NIT
30 pg. All antimicrobial disks used for susceptibility testing
were obtained from BD BBL Sensi-Disc (Becton Dickinson,
Sparks, MD, USA). E. coli ATCC 25922 and K. pneumoniae
ATCC 700603 were used for quality control as recommended
by CLSIL The plates were incubated at 35°C for 18 h. The
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degree of susceptibility of the test isolate to each antibiotic
was interpreted as sensitive (S), intermediate resistant (I) or
resistant (R) by measuring the zone diameter of inhibition.!""!

Phenotypic detection of ESBLs production

The ESBL-producing were determined by the phenotypic
method using screening Kirby-Bauer disk diffusion method
in CAZ or CTX resistance isolates. A confirmatory test of
ESBL-production was performed with the double-disk
(combined-disk) method.1%!l The zones of inhibition of
each isolate were tested on Mueller-Hinton agar plates
with the disks containing 30 g of CAZ and CTX alone and
in combination with 10 g of clavulanic acid, respectively (all
above disk purchased from Mast Company). An organism
was classified as having an ESBL producing phenotype if
the zone of inhibition produced by at least one combination
disk was more than 5 mm larger than that produced by the
corresponding antimicrobial disk without clavulanic acid.

Phenotypic detection of KPC

All isolates with resistance to IPM and MEM were tested
for the production of KPC carbapenemase production
by the modified Hodge test (MHT) method.['**? The
MHT was carried out according to CLSI guidelines using
ERT 10 pg disk on Mueller-Hinton agar plates. The
presence of a “cloverleaf shaped” inhibition zone after
overnight incubation was indicated as a positive test result.
For confirmatory of carbapenem resistance minimum
inhibitory concentration (MIC) determined using E-test
method. E. coli ATCC 25922 was used as a carbapenem
susceptible strain.

Phenotypic detection of MBL

In addition, all isolates with resistance to IPM and
MEM were tested for the MBLs production by
IPM-ethylenediaminetetraacetic acid (EDTA) combined
disc method that in positive strains zone of inhibition of
IPM with EDTA (IMP + EDTA) is greater than IMP alone
by 5 mm."”! For confirmatory of carbapenem resistance
MIC determined using E-test method. The Pseudomonas
aeruginosa ATCC 27853 strain was used as negative control.

Statistical analyses

Differences between proportions were analyzed using the
Chi-square test. The null hypothesis was rejected for values
of P <0.001. Statistical analyses were performed with SPSS
version 17 software (SPSS Inc., USA) and Microsoft Office
Excel.

RESULT

During March 2012 to December 2012 a total of 1564
consecutive urine clinical isolates including 1080 of E. coli
and 484 of Klebsiella spp. were collected. Table 1 shows the
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sex and hospitalized and non-hospitalized distribution in
patients and the overall prevalence of E. coli and Klebsiella
in the urine samples. Females had higher overall prevalence
than the males as shown in Table 1 (P < 0.001).

Resistant to CAZ and CTX among E. coli and Klebsiella
isolates is shown in Table 2. Confirmatory test of ESBL-
production in these resistance isolates showed among 720
E. colihospitalized isolates, 300 (41.7%) and among 360 non-
hospitalized isolates, 90 (25%) were ESBLs producers. These
data for Klebsiella were 198 (51.5%) among 384 hospitalized
isolates and 40 (40%) among 100 non-hospitalized isolates
[Table 3] (P < 0.001).

In addition, resistance to IPM, MEM, and ERT is
shown in Table 2 that these isolates were selected for
detection of MBL and KPC carbapenemases producing.
As shown in Table 3, prevalence of MBL producing in
hospitalized E. coli and Klebsiella spp. were 0.3% (2/720)
and 2.6% (10/384), respectively. No MBL producing
isolate detected in non-hospitalized E. coli and Klebsiella.
Carbapenem resistance determined using MIC by E-test
method.

Prevalence of KPC carbapenemases producing that was
confirmed by the MHT in hospitalized E. coli and Klebsiella
spp. were 1.4% (10/720) and 48.4% (186/384) respectively
[Table 3]. No KPC carbapenemases producing isolate was
seen in non-hospitalized E. coli, but one non-hospitalized
Klebsiella was KPC producer (P < 0.001). Carbapenem
resistance determined using MIC by E-test method.

Table 4 shows the susceptibility and resistance percentages
of the non-hospitalized and hospitalized E. coli and Klebsiella
isolates. In non-hospitalized Klebsiella and E. coli isolates,
more resistance were seen to AMP and SXT, (P <0.001). In
hospitalized E. coli and Klebsiella isolates AMK and NIT
were effective antibiotics (P < 0.001).

DISCUSSION

ESBL is associated with Enterobacteriaceae species, mostly
K. pneumoniae, E. coli, and Enterobacter spp.' Since the
1980s, ESBLs producing Gram-negative bacteria have been
isolated in many countries."! Many outbreaks caused by
such bacteria, especially E. coli and K. pneumoniae have been
reported.['>20)

Table 1: The sex and hospitalized and non-hospitalized distribution in patients and overall prevalence of E. coli

and Klebsiella isolates

Bacteria Total Sex Patients

number (%) Female (%) Male (%) Non-hospitalized (%) Hospitalized (%)
E. coli 1080 (100) 810 (75) 270 (25) 360 (33.3) 720 (66.7)
Klebsiella spp. 484 (100) 354 (73.1) 130 (26.9) 100 (20.7) 384 (79.3)

E. coli= Escherichia coli

Table 2: Resistance (%) of E. coli and Klebsiella isolates to ceftazidime, cefotaxime, imipenem, meropenem,
and ertapenem that these isolates were selected for ESBL, MBLs, and KPC carbapenemases detection

Antimicrobials E. coli (N: 1080)

Klebsiella spp. (N: 484)

Hospitalized (N: 720)

Non-hospitalized (N: 360)

Hospitalized (N: 384) Non-hospitalized (N: 100)

R(%)  1(%) S(%) R®%) (%) S(%) R(%)  1(%) S(%) R(%) (%) S(%)
Ceftazidime 443 (615) 25 (3.5) 252 (35) 115 (32) 15 (4.1) 230 (63.9) 284 (74) 12 (3) 88 (23) 41 (41) 3 (3) 56 (56)
Cefotaxime 505 (70.1) 11 (1.5) 204 (28.4) 137 (38) 4 (1) 219 (61) 297 (77.4) 10 (2.6) 77 (20) 44 (44) 0 (0) 56 (56)
Imipenem 9(1.2) 13(1.8) 698(97) 4(1)  4(1) 352(98) 165(43) 8(2) 211(55) 3(3) 2(2) 95 (95)
Meropenem 14(19) 14 (19) 692 (96.2) 3 (0.8) 2 (0.6) 355 (98.6) 180 (46.8) 6 (1.6) 198 (51.6) 5(5) 1(1) 94 (94)
Ertapenem 8(11)  6(0.9) 706(98) 0(0) 3(0.8) 357(99.2) 158 (41.2) 2(0.5) 224(58.3) 2(2) 1(I) 97(97)

E. coli = Escherichia coli; R = Resistant; | = Intermediate resistant; S = Susceptible; N = Number; ESBL = Extended spectrum B-lactamase; MBL = Metallo-B-lactamase;
KPC = Klebsiella pneumoniae carbapenemase

Table 3: Frequency of hospitalized and non-hospitalized ESBLs, MBL, and KPC producing E. coli and Klebsiella spp.

Enzyme Bacteria Total Hospitalized Non-hospitalized
Total Positive (%) Negative (%) Total Positive (%) Negative (%)

ESBLs E. coli 1080 720 300 (41.7) 420 (58.3) 360 90 (25) 270 (75)
ESBLs Klebsiella spp. 484 384 198 (51.5) 186 (48.5) 100 40 (40) 60 (60)
MBL E. coli 1080 720 2 (0.3) 718 (99.71) 360 0 (0) 360 (100)
MBL Klebsiella spp. 484 384 10 (2.6) 374 (97.4) 100 0 (0) 100 (100)
KPC E. coli 1080 720 10 (1.4) 710 (98.6) 360 0 (0) 360 (100)
KPC Klebsiella spp. 484 384 186 (48.4) 198 (51.6) 100 1(1) 99 (99)

E. coli = Escherichia coli; R = Resistant; | = Intermediate resistant; S = Susceptible; N = Number; ESBL = Extended spectrum B-lactamase; MBL = Metallo-B-lactamase;
KPC = Klebsiella pneumoniae carbapenemase
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Table 4: Antimicrobial susceptibilities (%) of ESBL—producing isolates of E. coli and Klebsiella spp.

Antimicrobials E. coli (N: 1080)

Klebsiella spp. (N: 484)

Hospitalized Non—nhospitalized Hospitalized Non—hospitalized
(N: 720) (N: 360) (N: 384) (N: 100)

R (%) 1(%) S (%) R (%) 1(%) S (%) R (%) 1(%) S (%) R (%) 1(%) S (%)
Ampicillin 714 (99.2) 0 6 (0.8) 307 (85.3) 3(0.8) 50 (13.9) 382 (99.5) 0 2 (0.5) 98(98) 0 2 (2)
Piperacillin—tazobactam 293 (40.7) 14 (1.9) 413 (57.4) - - 235 (61.2) 0 (0) 149 (38.8) - - -
Amikacin 55 (7.6) 69 (9.6) 596 (82.8) - - - 149 (38.8) 43 (11.2) 192 (50) - - -
Gentamicin - - - 71 (19.7) 0 289 (80.3) - - - 24 (24) 1 (1) 75 (75)
Ciprofloxacin 375 (52.1) 13 (1.8) 332 (46.1) 120 (33.3) 14 (3.9) 226 (62.8) 213 (55.5 22 (5.7) 149 (38.8) 35 (35) 3 (3) 62 (62)
Trimethoprim/ - - - 248 (68.9) 0 112 (31.1) - - - 71(71) 0 29 (29)
sulfamethoxazole
Nitrofurantoin 88 (12.2) 17 (2.4) 615(85.4) 40(11.1) 9(2.5) 311(86.4) 144 (37.5) 0(0) 240 (62.5) 26(26) 1(1) 73(73)

R = Resistant; | = Intermediate resistant; S = Susceptible; N = Number; ESBL = Extended spectrum —lactamase; E. coli = Escherichia coli

Prevalence of ESBL in K. pneumoniae differ geographically
and was reported as a part of study in 1997-2003 to be
12.3% for North America, 51.9% for South America, 16.7%
for Northern Europe, 24.4% for Southern Europe, 58.7% for
Eastern Europe, and 28.2% for Asia Pacific region.”"! One of
the earliest documented reports of the occurrence of ESBL
phenotypes comes from Korea, with 7.5% of E. coli and 22.8%
of K. pneumonia isolates at Yonsei Medical Center being
described as ESBL-positive in 1994.12 Studies by Kawakami
et al.® from a hospital in Tokyo reported rates of 0.4% and
0.6% in E. coli and K. pneumoniae, respectively, in 1990, rising
to 1.7% and 7.2% in 1995. A survey of seven laboratories in
the Kinki region, over 2-month periods in 1998 and 2000,
revealed 10% of E. coli isolates and 4.0% of K. pneumoniae
isolates to have an ESBLs phenotype.??* In another survey
in Pakistan by Zaman et al., of 200 nosocomial isolates of
Enterobacteriaceae, reported a rate of 35%. A comprehensive
study and community isolates of E. coli, Klebsiella spp., and
Enterobacter spp. revealed ESBL phenotype rates of 41%,
36%, and 50%, respectively.?! A total of 67.2% of isolates in
a study conducted in Tehran, Iran were confirmed as ESBL
positive,*Thowever, in another study this rate was reported
89.3%.1 Mirsalehian et al. found that 60.6% isolates of E.
coli were producers of ESBLs.™! Like other investigation in
Iran hospitals, our results showed high ESBLs prevalence in
both hospitalized and non-hospitalized E. coli and Klebsiella
isolates.

Carbapenemase-producing bacteria such as KPC and
MBLs producing bacteria represents a major threat
to human health because of fails in most antibiotic
therapy.®! In recent years, the detection of these enzyme
among Gram-negative bacilli has been reported from
different countries, including Iran.’! However, these
reports in Iran are very incomplete and need to be
more investigated. In a study by Deshpande et al.*% in
United States prevalence of carbapenemases among 8885
Enterobacteriaceae isolates was only 51 isolates. In addition,
study of Bratu ef al.?" showed 24% KPC producing among
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K. pneumoniae isolates. High KPC producing prevalence
(48.4%) in our study represents a major concern in Isfahan
province. Also result of our study showed that KPC is
main carbapenem resistance mechanism in Klebsiella and
E. coli isolates and MBLs producing isolates are rare in
investigated hospital.

Comparing of antibiotics resistant percentage in non-
hospitalized and hospitalized isolates showed that both
non-hospitalized and hospitalized isolates were more
resistant to AMP. AMK and NIT were the effective
antibiotics against hospitalized both Klebsiella and E. coli
isolates.

CONCLUSION

Result of our study showed high prevalence of ESBLs and
KPC but low prevalence of MBLs in cultured bacteria from
urine samples of patients with acute UTI. In addition, KPC
was the main carbapenem resistance mechanism in Klebsiella
and E. coli isolates.
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