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Abstract

The current study was conducted to determine prevalence and antimicrobial susceptibility
patterns, ESBL, AmpC and carbapenemase- producers among clinical isolates of
Enterobacteriaceae. Three hundred and seven non-duplicative clinical isolates were collected
from hospitalized patients in five medical centers in Azerbaijan, Iran. Initial screening
for B-lactamase production was performed using disc agar diffusion according to Clinical
Laboratory Standards Institute (CLSI) guidelines. Phenotypic confirmatory tests was done
using total ESBL/AmpC confirm kit, KPC/MBL and OXA-48 confirm kit according to
manufacturer’s instructions. The overall prevalence of ESBL, AmpC, and carbapenemase-
producing strains were 42.7% (131/307), 14.0%(43/307) and 4.9% (15/307), respectively. The
prevalence of ESBLs was 38.35%, 64.9% and 35.7% for E. coli, K. pneumoniae and E. cloacae,
respectively. Carbapenemase activity was only observed among 15 K. pneumoniae isolates and
detected phenotypes include MBL (9/57, 15.8%), KPC (4/57, 7.0%), and OXA-48 (2/57, 3.5%).
Fourteen out of 307 isolates (4.6%) were recognized to have ESBL or AmpC hyper-producer
with decreased cell wall permeability phenotype. All 4 shigella strains were positive for ESBL
and 4 isolates of P. mirabilis, 2 isolates of M. morganii and 1 seratia spp. were detected as
AmpC producer. The only C. freundii strain isolated was positive for both ESBL and AmpC.
This study reveals high prevalence of multidrug-resistant (MDR) [-lactamase-producing
Enterobactericeae reaching 89.5%. Imipenem and meropenem showed potent antibacterial
activities against all MDR [-lactamase-producers except for carbapenemase producers. After
carbapenems, amikacin, piperacillin/tazobactam and amoxicillin/clavulanic acid were second
the most effective drugs against B-lactamase-producing E. coli isolates.

Keywords: Antibiotic resistance; f-lactamase-producing Enterobactericeae; Hospitalized
patients; Azerbaijan; Iran.

Introduction Beta-lactamase production has been known as
the main mechanism for B-lactam drugs resistance
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penicillins, cephalosporins, monobactams and
carbapenems have been mostly attributed to the
presence of several types of enzymes, including
ESBLs (1), Ambler class C cephalosporinases
(2), and carbapenemases (3). ESBLs confer
resistance to broad-spectrum cephalosporins,
which are the antibiotics that primarily
administrated for treatment of infections caused
by Enterobactericeae. In past two decades,
widespread dissemination of ESBL-producing
E. coli, K. pneumoniae and Enterobacter spp. has
been associated with complicated community
and hospital-onset infection with poor clinical
outcomes (4-5). Additionally, these strains are
often resistant to other classes of antimicrobial
agents, such as fluoroquinolones, trimethoprime-
sulfamethoxazole and aminoglycosides (6-7).
Ambler class C cephalosporinases (AmpCs)
render Enterobactericeae resistant to most
B-lactams except for cefepime and carbapenems.
Although most of the AmpCs are inducible and
chromosomally encoded enzymes, some of them
are constitutively expressed plasmid-mediated
AmpCs that have originated from mobilization of
chromosomal AmpC genes by mobile integrative
and conjugative elements (2). Acquired plasmid-
mediated AmpC p-lactamases have been
increasingly reported among members of family
Enterobactriaceae, mainly due to the dynamic
nature of these elements (2, 8-9). Because of
poor response to broad-spectrum cephalosporins
associated with ESBL and AmpC-producing
organisms, carbapenems have been extensively
used as drug of choice in treating infections
particularly those caused by multi-drug
resistant (MDR) Gram-negative bacteria (5,
10). However, emergence of novel -lactamases
have compromised effectiveness of carbapenem
antibiotics in  clinical settings  (10-11).
Resistance to carbapenems is usually mediated
by mobile elements-encoded carbapenemases
belonging to class A (KPC and GES), class
B (MBLs) and class D (OXA-48) of ambler
classification (12-14) and has been increasingly
described among Enterobactericeae family
(3, 15). Moreover, resistance to carbapenems
related to ESBL or AmpC hyper production
along with decreased permeability (porin loss)
is prevalent in this family. Available treatment
options have been strongly limited due to pan-
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resistance of carbapenemase-producing strains
to almost all B-lactam antibiotics (16-17). ESBL,
AmpC as well as carbapenemase-producing
strains give rise to morbidity and mortality
(18). Little information was available about
the accurate prevalence of ESBL, AmpC and
carbapenemase-producing Enterobacteriaceae
in Iran. The aim of this study was to determine
prevalence and antimicrobial susceptibility
patterns of ESBL, AmpC and carbapenemase-
producing Enterobacteriaceae (CPE) isolating
from hospitalized patients in five medical centers
during 2014 in Azerbaijan, Iran.

Experimental

Materials and Methods

Bacterial isolates

A total of 307 non-duplicate clinical isolates
of Enterobacteriaceae recovered from various
clinical specimens (urine, blood, CSF, wound,
burn and surgical wounds, tracheal and bronchial
secretions, abdominal fluid, stool and sputum)
from five medical centers of East and West
Azerbaijan were included during January-July
2014. The clinical significance of all isolates
was determined at each inpatient ward based on
the patient’s compatible clinical and laboratory
findings. Patient’s specific data including
age, gender, and ward were recorded for all
patients. Bacterial identification was performed
to the species level using standard biochemical
methods and confirmed by the API20E enteric
identification system (bioMerieux, Marcy I’
Etoile, France).

Phenotypic screening and confirmatory tests

Initial screening for ESBL, AmpC, and
carbapenemase production was performed based
on the disc diffusion method using ceftazidime
(30 pg), cefotaxime (30 pg), ceftriaxone (30
ng), cefoxitin (30 pg), imipenem (10 pg),
meropenem (10 pg) and ertapenem (10 pg)
discs (Rosco diagnostica Neo-sesitabs discs,
Denmark) according to the Clinical Laboratory
Standards Institute (CLSI) screening criteria
for B-lactamase production (19). Non-
susceptible strains to cefoxitin were considered
presumptive AmpC producers. Suspected
strains for -lactamase production were further



confirmed using total ESBL/AmpC confirm kit
and KPC/MBL and OXA-48 confirm kit (Rosco
diagnostica, Denmark). Since the detection of
ESBLs can be obscured by chromosomal, AmpC
producers, ESBL confirm kit (Rosco diagnostica,
Denmark) was used to detect ESBLs in such
isolates. The results were interpreted according
to the CLSI guidelines (19) and manufacturer’s
recommendations as follows: the presence of
ESBL/AmpC activity was indicated by a >5 mm
increase in zone diameter for either ceftazidime or
cefotaxime in combination with both clavulanate
and cloxacillin compared to either drug in
combination with only cloxacillin or clavulanate
for confirmation of ESBL or AmpC, respectively.
ESBL activity in isolation with chromosomal
AmpC was demonstrated by an increase of
inhibitory zone of at least 5 mm when cefepime
in combination with clavulanate was compared
with only cefepime. Production of KPC and
MBL was detected if inhibition zones around
meropenem discs containing phenylboronic
acid (KPC inhibitor) or dipiculinic acid (MBL
inhibitor) were extended by more than 4 and 5
mm, respectively when compared to meropenem
disc without inhibitor. Carbapenem resistance
associated with AmpC production couple to
decreased permeability was characterized by a >
5 mm difference in zones between meropenem
and meropenem/cloxacillin discs along with at
least a 4 mm difference between meropenem
and meropenem/phenylboronic acid discs.
Temocillin resistant and susceptible isolates
showing negative results of all synergy tests
were identified as OXA-48 and porin-deficient
ESBL producers respectively.

Antimicrobial susceptibility testing

Antimicrobial ~ susceptibility  of  all
B-lactamase-producing strains was determined
by the disc diffusion method according to the
CLSI criteria (19). Susceptibility of isolates
was determined against cefepime (30 pg),
ampicillin - (10 pg), amoxicillin/clavulanic
acid (20/10 pg), piperacillin/tazobactam
(100/10 pg), ciprofloxacin (5 pg), gentamicin
(10 pg), amikacin (30 pg) and trimethoprim-
sulfamethoxazol (1.25/23.75 ng) discs (Rosco
diagnostica, Denmark). E. coli ATCC 25922
and K. pneumoniae ATCC 700603 were used as
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quality control strains in each set of susceptibility
tests.

Statistical analysis

Statistical analysis for descriptive statistics,
including frequencies and cross tabulation of
clinical, microbiological and epidemiological
characteristics was done using the computer
software program SPSS, version 21. The chi-
squared test and Fisher’s exact test were used
to determine the association between the
B-lactamase production and MDR pattern. A
p-value of < 0.05 was considered as statistically
significant.

Results and Discussion

During January to July 2014, a total of 307
clinical isolates of Enterobacteriaceae were
isolated from admitted patients in various
hospital wards, including internal wards (n =
181, 59%), surgery (n = 55, 17.9%), intensive
care units (n = 37, 12.1%), pediatric (n = 19,
6.2%) and burn (n = 15, 4.9%). The mean age
of patient was 52 + 22 years and 59.3% were
females. The bacterial strains isolated included,
E. coli(n=219, 71.3%), K. pneumoniae (n =157,
18.6%), E. cloacae (n= 14, 4.6%), P. mirabilis (n
=5, 1.6%), K. oxytoca, M. morganii, S. flexneri,
S. sonnei, P. vulgaris (two isolates each), S.
marcescens and C. freundii (one isolate each).
The majority of isolates were predominantly
obtained from urine samples (n = 219, 71.3%)
while other recovered from blood cultures (n =
43, 14%), burn wound exudates (n = 13, 4.2%),
wound purulent discharges (n 11, 3.6%),
tracheal and bronchial secretions (n = 7, 2.3%)),
sputum (n = 5, 1.6%), stools (n = 4 pathotype
strains, 1.3%), abdominal fluid (n = 3, 1%) and
cerebro-spinal fluid (n = 2, 0.7%). E. coli was
the most common isolate from wards except
for burns where K. pneumoniae was the most
prevalent isolate.

Based on the initial screening results for
possible ESBL, AmpC and carbapenemase
production, of total isolates (52.8%) met the
criteria and were selected for further confirmatory
tests. Overall prevalence of ESBL, AmpC, and
carbapenemase-producing strains were 42.7%
(131/307), 14% (43/307) and 4.9% (15/307),
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respectively. Of these, 67.2% (88/131) and 13%
(17/131) of ESBL-producing strains, 74.4%
(32/43) and 11.6% (5/43) of AmpC-producing
strains and 40% (6/15) and 13.3% (2/15) of
carbapenemase-producing strains were isolated
from urine and blood samples, respectively. The
source of remaining carbapenamase-positive
strains was burn [four strains (26.7%)], wound
[two strains (13.2%)] and sputum [one strain
(6.7%)]. The highest prevalence of ESBLs was
observed for internal ward (78/131, 59.5%),
followed by surgery (21/131, 16%) and ICU
(15/131, 11.4%). The AmpC-producing strains
were predominantly obtained from internal
wards (25/43, 58.1%) followed by surgery
(11/43, 27.9%) and ICU (4/43, 9.3%). Among
307 isolates, 38.35% (84/219), 64.9% (37/57)
and 35.7% (5/14) of E.coli, K. pneumoniae
and E. cloacae isolates were found to be ESBL
producers, respectively. These results for
AmpCs include 10.5% (23/219) of E. coli and
all isolates (100%) of E. cloacae. Nine strains
out of 219(4.2%) E.coli isolates were positive
for both ESBL and AmpC. AmpC activity was
not detected among K. pneumoniae strains
based on the phenotypic confirmatory tests.
Carbapenemase activity was only observed
among fifteen K. pneumoniae strains, detected
phenotypes including MBL (9/57, 15.8%),
KPC (4/57, 7%), and OXA-48 (2/57, 3.5%). In
the current study, all four KPC-producing K.
pneumoniae strains were isolated from patients
hospitalized in burns (n = 2), surgery (n = 1) and
internal (n = 1) wards of Sina hospital of Tabriz.
Five out of nine MBL positive strains were
isolated from internal (n = 4) and surgery (n =
1) wards of Imam Reza hospital of Tabriz and
remaining four strains were isolated from Sina
hospital of Tabriz (one isolate from of each ICU,
surgery and burns) and Imam Khomeini hospital
of Urmia (one Isolate from ICU). We also
detected two ESBL positive, OXA-48 producing
K. pneumoniae strains from internal and burn
wards of Sina hospital.

Of 307 isolates 14(4.6%) were recognized
to have ESBL/AmpC hyper producer with
decreased cell wall permeability phenotypes
based on non-susceptibility to carbapenem
(particularly for ertapenem as intermediate),
positive ESBL/AmpC confirmatory tests, and
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carbapenemase confirmatory results. Results of
the initial screening and in-vitro antimicrobial
susceptibility patterns of B-lactamase-producing
strains are shown in Table 1 and 2, respectively.

Initial screening for B-lactamase production
showed that 45.9% (141/307) of all isolates
were ESBL positive. Based on the phenotypic
confirmatory tests 42.7% of isolates were ESBL
producer. Meropenem, imipenem, amikacin and,
ertapenem were the most effective drugs against
ESBL/AmpC producers with 91.8%, 91.2%,
88.6%, and 86.8% susceptibilities respectively.
The rates of susceptibility against meropenem,
imipenem, and ertapenem among all isolates
were 95.1%, 94.7%, and 92.5%, respectively.
Also piperacillin/tazobactam had good activity
with susceptibility rate reaching 71%. On the
other hand, susceptibility testing results showed
moderate resistance to gentamicin, cefepime,
and amoxicillin/clavulanic acid among ESBL/
AmpC producers. High rates of resistance were
observed against ampicillin, co-trimoxazole,
and ciprofloxacin. The prevalence of multidrug
resistant [-lactamase-producing isolates was
89.5% based on resistance against more than two
antimicrobial classes.

Our knowledge about the occurrence and
mechanisms of resistance to antimicrobial
agents effectively help to combat drug resistant
infections. The current study describes the rates
and antimicrobial susceptibility patterns of
ESBLs, AmpCs, and carbapenemase-producing
members of family Enterobacteriaceae isolated
from various clinical specimens in five major
medical centers in East and West Azerbaijan,
Iran. In the present study, overall prevalence
of ESBLs was 42.7% and the rate of ESBLs
among K. pneumoniae (64.9%) was more than
E. coli (38.3%). The comparison of our findings
with the respective data reported in the global
surveillance studies including Tigecycline
Evaluation and Surveillance Trial (TEST)
and Meropenem Yearly Susceptibility Test
Information Collection (MY STIC) indicated that
the prevalence of ESBL producers among E. coli
and K. pneumoniae isolates was significantly
higher in Iran compared to other parts of the
world (20). Based on the data reported in TEST
surveillance program in 2006 the rates of ESBL-
producing E. coli and K. pneumoniae isolates
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Table 1. The antimicrobial susceptibility patterns of Enterobacteriaceae isolates from various clinical settings.
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were highest in Latin America (13.5% and 44%)
followed by Asia/Pacific Rim (12% and 22.4%),
Europe (7.6% and 13.3%) and north America
(2.2% and 7.5%), respectively (20). According
to MYSTIC program, the overall occurrence of
ESBL-producing Enterobacteriaceae in Europe
in 2006 was 5.6%. By species, it was 8.2% in
E. coli and 9.8% in Klebsiella spp. (21). These
values are considerable lower than those reported
in the current study.

In our study, the prevalence of resistance to
third-generation cephalosporins among invasive
isolates (isolates from blood and CSF) of E.
coli and K. pneumoniae was 34.9% and 87.5%,
respectively. Comparing these values with
the data from recent European Antimicrobial
Resistance Surveillance Network (EARS-Net)
in 2011 (ranging from 3% to 22% for E. coli
and 2.3% to 60.6% for K. pneumoniae) explains
the high rates of ESBLs among this isolates
in Iran. In this respect, our results are only in
accordance with data from Slovakia (31%) and
Cyprus (36.2%) for E. coli and those reported
from Greece (75.8%) and Bulgaria (81%)
for K. pneumoniae (22). The main reasons
for high occurrence of ESBLs in Iran may be
associated with self-medication and overuse
of third-generation cephalosporins in hospital
settings. Moreover, reported data in this study
are relatively lower than those reported by
recent studies in neighboring countries such
as Turkey (50% and 80%), Pakistan (72% and
66%) and India (57% and 67%) for E. coli and
K. pneumoniae, respectively (23-25).

AmpCs with hydrolyzing activity against
narrow, broad and  extended-spectrum
cephalosporins and cephamycins have been
described in many Gram-negative bacilli and
their plasmid-mediated types are particularly
associated with multidrug resistant. Scarce
information are available about the accurate
prevalence of these -lactamases due to the lack
of appropriate diagnostic tests, but it appears that
the incidence is less than ESBLs (2). According
to the results of phenotypic confirmatory tests
performed on cefoxitin non-susceptible isolates,
14% of all isolates including E. coli (10.5%),
and E. cloacae (100%) had detectable AmpC
activities. The overall prevalence of AmpCs
reported in our study is in complete agreement
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with a study from India which reported the overall
prevalence of 12.5% among Enterobacteriaceae
(26). Also we found 16 cefoxitin non-susceptible
strains out of 57(28%) K. pneumoniae isolates
with negative phenotypic tests for AmpC
production. This rate for E. coli was 29 non-
susceptible strains out of 219(13.2%) from which
23(10.5%) strains were AmpC positive. Although
these results may indicate the high occurrence of
AmpC-producing E. coli in comparison to other
similar studies (27-28), the actual incidence of
AmpCs remains unknown due to the inability
of current phenotypic tests to accurately detect
the plasmid-mediated AmpCs (29). Moreover,
sizable number of cefoxitin resistant isolates
with negative AmpC confirmatory test or
negative PCR previously reported by Manoharan
et al (26). Cefoxitin resistant isolates with
negative AmpC confirmatory test may be due to
existence of other unknown mechanisms for this
phenomenon.

Emergence of CPE in worldwide is nowadays
a main public health concern because of limited
therapeutic options and high mortality rate
associated with invasive infections due to these
isolates. Carbapenemases are diverse versatile
B-lactamases with variable hydrolyzing activities
against carbapenems and other B-lactam drugs
and are often associated with extensive or pan-
resistance to several classes of antimicrobials.
Until recently, the members of family
Enterobactericeae did not have any significant
mechanism for carbapenem resistance but the
acquisition of transmissible carbapenemase
genes from more resistant organisms such as
Pseudomonas and Acinetobacter resulted in
that CPE have been recently drawn widespread
attention (30). In our study, carbapenemases
were detected only in K. pneumoniae isolates
(26.3%). These results are in agreement with the
fact that carbapenamases in Enterobacteriacae
are primarily found in K. pneumoniae, and to
a much lower prevalence in E. coli and other
members of Enterobacteriacae family (31).
This study shows that the occurrence of CPE
is high in East Azerbaijan province of Iran
and is comparable to other endemic parts of
the world. These results are in consistent with
data reported in current studies suggesting that
carbapenemases mainly appeared in Asia (31).
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According to our results, Sina and Imam Reza
hospitals of Tabriz are the endemic foci of CPEs
specially KPC and MBL types similar to other
part of the world such as Italy and Greece where
KPC and MBL are endemic, respectively (22).
Both Sina and Imam Reza hospitals are main
educational medical centers of East Azerbaijan
province of Iran, receiving diverse populations of
complicated patients from surrounding provinces
and neighboring republic of Azerbaijan.

According to the antimicrobial susceptibility
results, imipenem, meropenem and ertapenem
were the most active antibiotics against all
isolates particularly all ESBL/AmpC-producing
strains. These results are compatible with studies
in Turkey and Canada reporting 100%, 100%
and 98.0% susceptibilities toward imipenem,
meropenem, and ertapenem, respectively (23, 28
and 32). In this study, susceptibility to imipenem,
meropenem and ertapenem among ESBL-
producing K. pneumoniae isolates were 66.7%,
66.7% and 75.4% respectively. Comparing this
values with 100% susceptibility to imipenem
among inpatient isolates of K. pneumoniae
reported from a study in Tehran and 100%
susceptibility to imipenem and meropenem and
also 94% susceptibility to ertapenem reported
from Istanbul, explains higher occurrence of
carbapenemase-producing K.  pneumoniae
strains in East Azerbaijan province compared
to Tehran and Istanbul (32-33). In addition,
the majority of carbapenemase-producing K.
pneumoniae isolates (13 out of 15 strains)
were resistant to all non-B-lactam antibiotics
tested in this study. This is consistent with the
fact that many carbapenemase producers carry
resistance determinants for structurally unrelated
antibacterial drugs (31).

Based on the in-vitro antimicrobial
susceptibility  patterns observed in this
study, amikacin, piperacillin/tazobactam and
amoxicillin/clavulanic acid were second the
most potent drugs after carbapenems against
ESBL/AmpC-producing E. coli strains with
susceptibility rates of 98%, 78.8% and 64.6%,
respectively. Gentamicin and cefepime showed
moderate activities against these strains with
55.6% and 54.5% susceptibility rates. The
highest rates of resistance were observed for
ampicillin (99%), ciprofloxacin (80.8%) and
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co-trimoxazole (74.7%) among ESBL positive
E. coli strains. Also, amikacin was found to be
second the most active antibiotic against ESBL-
producing K. pneumoniae with moderate rate of
susceptibility reaching 53.8% on disc diffusion
test. Other drugs displayed poor activities
among ESBL-producing K. pneumoniae with
susceptibility rates ranging from 0.0% for
ampicillin to 33.3% for ciprofloxacin.

In the present study, the rate of multidrug
resistant B-lactamase-producing E. coli and K.
pneumoniae was 93.9% and 100%, respectively
(P < 0.05). These values was significantly
higher than those from annual Canadian Ward
surveillance study (CANWARD) reporting
83.3% and 31% MDR rates among ESBL
and AmpC-producing E. coli isolates (28).
This high rate of MDR among [-lactamase-
producing isolates explains the high proportion
and horizontal dissemination of ESBL, AmpC,
and  carbapenemase-encoding  transferable
genetic elements carrying diverse and large
number of resistance genes among members
of Enterobaceriacae due to the high selection
pressure of resistance to non-f-lactam drugs (34,
35).

Conclusions

In conclusion, the rates of ESBLs,
AmpCs, carbapenemases, and MDR among
Enterobacteriaceae isolates are high. Imipenem
and meropenem still show potent antibacterial
activities againstall MDR B-lactamase-producers
except for carbapenemase producers particularly
KPC and MBL-producing K. pneumoniae
isolates. Therefore, continuous surveillance
programs, molecular characterization of
carbapenemase  producers and  regular
publication of antimicrobial susceptibility
patterns can be effective tools to detect, monitor,
and to successfully control CPE.

Acknowledgments

This article was based on data from a Ph. D
thesis registered in Tabriz University of Medical
Sciences and was financially supported by
Immunology Research Center, Tabriz University
of Medical Sciences (Grant number 93-38),



Tabriz, Iran.
Conflict of Interest statement: No competing

interests exist.
References
(1) Paterson DL and Bonomo RA. Extended-spectrum
B-lactamases: a clinical update. Clin. Microbiol. Rev.
(2005) 18: 657-86.
Jacoby GA. AmpC B-lactamases. Clin. Microbiol. Rev.
(2009) 22: 161-82.
Queenan AM and Bush K. Carbapenemases: the
versatile B-lactamases. Clin. Microbiol. Rev. (2007)
20: 440-58.
Lewis JS, II, Herrera M, Wickes B, Patterson JE and
Jorgensen JH. First report of the emergence of CTX-
M-type extended-spectrum B-lactamases (ESBLs) as
the predominant ESBL isolated in a U.S. health care
system. Antimicrob. Agents. Chemother. (2007) 51:
4015-21.
Paterson DL, Ko WC, Von Gottberg A, Mohapatra S,
Casellas JM, Goossens H, Mulazimoglu L, Trenholme
G, Klugman KP, Bonomo RA, Rice LB, Wagener
MM, McCormack JG and Yu VL. Antibiotic therapy
for Klebsiella pneumoniae bacteremia: implications of
production of extended-spectrum B-lactamases. Clin.
Infect. Dis. (2004) 39: 31-7.
Park YS, Adams-Haduch JM, Shutt KA, Yarabinec
DM, Johnson LE, Hingwe A, Lewis JS, Jorgensen JH
and Doi Y. Clinical and microbiologic characteristics
of cephalosporin-resistant Escherichia coli at three
centers in the United States. Antimicrob. Agents.
Chemother. (2012) 56: 1870-6
Qureshi ZA, Paterson DL, Peleg AY, Adams-
Haduch JM, Shutt KA, Pakstis DL, Sordillo E,
Polsky B, Sandkovsky G, Bhussar MK and Doi
Y. Clinical characteristics of bacteremia caused
by extended spectrum beta-lactamase-producing
Enterobacteriaceae in the era of CTX-M-type and
KPC-type B-lactamases. Clin. Microbiol. Infect. (2012)
18: 887-93
Mata C, Miro” E, Rivera A, Mirelis B, Coll P and
Navarro F. Prevalence of acquired AmpC B-lactamases
in Enterobacteriaceae lacking inducible chromosomal
AmpC genes at a Spanish hospital from 1999 to 2007.
Clin. Microbiol. Infect. (2010) 16: 472—6
Mataseje LF, Neumann N, Crago B, Baudry P,
Zhanel GG, Louie M, Mulvey MR and ARO Water
Study Group. Characterization of cefoxitin-resistant
Escherichia coli isolated from recreational beaches
and private drinking water in Canada between 2004
and 2006. Antimicrob. Agents. Chemother. (2009) 53:
3126-30
(10) National Nosocomial Infections Surveillance (NNIS)
System Report, data summary from January 1992
through June 2004, issued October 2004. Am. J. Infect.
Control. (2004) 32: 470-85
(11) Karlowsky JA, Jones ME, Thornsberry C, Friedland LR

@
©)

“4)

®)

(6)

0

®)

)

87

P-lactamase-producing Enterobactericeae from Hospitalized Patients

and Sahm DF. Trends in antimicrobial susceptibilities
among Enterobacteriaceae isolated from hospitalized
patients in the United States from 1998 to 2001.
Antimicrob. Agents. Chemother. (2003) 47: 1672-80.

(12) Kumarasamy KK, Toleman MA, Walsh TR, Bagaria
J, Butt F, Balakrishnan R, Chaudhary U, Doumith M,
Giske CG, Irfan S, Krishnan P, Kumar AV, Maharjan S,
Mushtaq S, Noorie T, Paterson DL, Pearson A, Perry C,
Pike R, Rao B, Ray U, Sarma JB, Sharma M, Sheridan
E, Thirunarayan MA, Turton J, Upadhyay S, Warner
M, Welfare W, Livermore DM and Woodford N.
Emergence of a new antibiotic resistance mechanism
in India, Pakistan, and the UK: a molecular, biological,
and epidemiological study. Lancet. Infect. Dis. (2010)
10: 597-602.

(13) Cao VT, Arlet G, Ericsson BM, Tammelin A, Courvalin
P and Lambert T. Emergence of imipenem resistance
in Klebsiella pneumoniae owing to combination of
plasmid-mediated CMY-4 and permeability alteration.
J. Antimicrob. Chemother. (2000) 46: 895-900.

(14)Mammeri H, Guillon H, Eb F and Nordmann P.
Phenotypic and biochemical comparison of the
carbapenem-hydrolyzing activities of five plasmid-
borne AmpC B-lactamases. Antimicrob. Agents.
Chemother. (2010) 54: 4556—60.

(15)Nordmann P, Poirel L, Walsh TR and Livermore
DM. The emerging NDM carbapenemases. 7Trends.
Microbiol. (2011) 19: 588-95.

(16)Jacoby GA, Mills DM and Chow N. Role of
B-lactamases and porins in resistance to ertapenem
and other beta-lactams in Klebsiella pneumoniae.
Antimicrob. Agents. Chemother. (2004) 48: 3203—6.

(17) Woodford N, Dallow JW, Hill RL, Palepou MF, Pike R,
Ward ME, Warner M and Livermore DM. Ertapenem
resistance among Klebsiella and Enterobacter
submitted in the UK to a reference laboratory. Int. J.
Antimicrob. Agents. (2007) 29: 456-9.

(18) Carmeli Y, Akova M, Cornaglia G, Daikos GL, Garau
J, Harbarth S, Rossolini GM, Souli M and Giamarellou
H. Controlling the spread of carbapenemase-producing
Gram-negatives: therapeutic approach and infection
control. Clin. Microbiol. Infect. (2010) 16: 102—11.

(19)Clinical and Laboratory Standards Institute.
Performance standards for antimicrobial susceptibility
testing; 23th informational supplement. Document
M100-S23. Wayne, PA (2013).

(20) Reinert RR, Low DE, Rossi F, Zhang X, Wattal C and
Dowzicky MJ. Antimicrobial susceptibility among
organisms from the Asia/Pacific Rim, Europe and
Latin and North America collected as part of TEST
and the in-vitro activity of tigecycline. J. Antimicrob.
Chemother. (2007) 60: 1018-29.

(21) Turner PJ. Meropenem activity against European
isolates: report on the MYSTIC (Meropenem Yearly
Susceptibility Test Information Collection) 2006
results. Diagn. Microbiol. Infect. Dis. (2008) 60: 185—
92.

(22) European  Antimicrobial
Network (EARS-Net)

Resistance  Surveillance
[internet]. Annual Report



Ghotaslou R et al. / 1JPR (2018), 17 (Special Issue): 79-88

(2011). Available from :URL: http://www.ecdc.europa.
eu

(23) Senbayrak Akcay S, Inan A, Cevan S, Ozaydin AN,
Cobanoglu N, Ozyurek SC and Aksaray S. Gram-
negative bacilli causing infections in an intensive care
unit of a tertiary care hospital in Istanbul, Turkey. J.
Infect. Dev. Ctries. (2014) 8: 597-604.

(24) Qureshi M, Asif N and Biag S. Evaluation of extended
spectrum  beta-lactamase mediated-resistance  in
Escherichia coli and klebsiella in urinary tract
infection at a tertiary care hospital. Biomedica. (2013)
29: 78-81.

(25) Sharma M, Pathak S and Srivastava P. Prevalence and
antibiogram of Extended Spectrum Beta-Lactamase
(ESBL) producing Gram negative bacilli and further
molecular characterization of ESBL-producing
Escherichia coli and Klebsiella spp. J. Clin. Diagn.
Res. (2013) 7: 2173-7.

(26) Manoharan A, Sugumar M, Kumar A, Jose H, Mathai D
and ICMR-ESBL study group. Phenotypic & molecular
characterization of AmpC B-lactamases among
Escherichia coli, Klebsiella spp. & Enterobacter spp.
from five Indian Medical Centers. Indian. J. Med. Res.
(2012) 135: 359-64.

(27)Hoban DJ, Lascols C, Nicolle LE, Badal R,
Bouchillon S, Hackel M and Hawser S. Antimicrobial
susceptibility of  Enterobacteriaceae, including
molecular characterization of extended-spectrum
B-lactamase—producing species, in urinary tract
isolates from hospitalized patients in North America
and Europe: results from the SMART study 2009—
2010. Diagn. Microbiol. Infect. Dis. (2012) 74: 62-7.

(28) Simner PJ, Zhanel GG, Pitout J, Tailor F, McCracken
M, Mulvey MR, Lagacé-Wiens PR, Adam HJ and
Hoban DJ; Canadian Antimicrobial Resistance
Alliance (CARA). Diagn. Microbiol. Infect. Dis.
(2011) 69: 326-34.

(29) Morosini MI, Ayala JA, Baquero F, Martinez JL and

88

Blazquez J. Biological cost of AmpC production
for Salmonella enterica serotype typhimurium.
Antimicrob. Agents. Chemother. (2000) 44: 3137-43.

(30) Thomson  KS.  Extended-Spectrum-fB-Lactamase,
AmpC, and Carbapenemase Issues. J. Clin. Microbiol.
(2010) 48: 1019-25.

(31)Nordmann P, Naas T and Poirel L. Global spread
of carbapenemase-producing Enterobacteriaceae.
Emerg. Infect. Dis. (2011) 17: 1791-8.

(32) Altinkum SM, Ergin S, Bahar H and Torun MM.
CTX-M-15 type extended spectrum [-lactamase-
producing Escherichia coli and Klebsiella pneumoniae:
A developing problem in infected outpatients and
hospitalized patients in Istanbul, Turkey. Afi: J
Microbiol. Res. (2013) 7: 692-7.

(33) Feizabadi MM, Delfani S, Raji N, Majnooni A,
Aligholi M, Shahcheraghi F, Parvin M and Yadegarinia
D. Distribution of blaTEM, blaSHV, blaCTX-M Genes
Among Clinical Isolates of Klebsiella pneumoniae at
Labbafinejad Hospital, Tehran, Iran. Microb. Drug.
Resist. (2010) 16: 49-53.

(34) Levy Hara G, Gould I, Endimiani A, Pardo PR, Daikos
G, Hsueh PR, Mehtar S, Petrikkos G, Casellas JM,
Daciuk L, Paciel D, Novelli A, Saginur R, Pryluka
D, Medina J and Savio E. Detection, treatment,
and prevention of  carbapenemase-producing
Enterobacteriaceae: Recommendations from an
International Working Group. J. Chemother. (2013)
25:129-40.

(35) Sadeghi MR, Ghotaslou R, Akhi MT, Asgharzadeh M
and Hasani A. Molecular characterization of extended-
spectrum  B-lactamase, plasmid-mediated AmpC
cephalosporinase and carbapenemase genes among
Enterobacteriaceae isolates in five medical centres
of East and West Azerbaijan, Iran. J. Med. Microbiol.
(2016) 65: 1322-31.

This article is available online at http://www.ijpr.ir




