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Abstract
The emergence of Klebsiella pneumo-

niae carbapenemase (KPC) resistance  has
led to the countdown of activity of carbapen-
ems, which were considered as drugs of last
resort for infections caused by
Enterobacteriaceae. The aims of the present
study were the detection of KPC-production
among K. pneumoniae isolates, select the
appropriate method for its detection and
assess the consequence of KPC production
on the antibiotics susceptibility. One hundred
and four non-duplicated K. pneumoniae iso-
lates were collected from University teach-
ing hospitals of Tabriz, Iran. The disk diffu-
sion, E-test, and Modified Hodge test were
performed for the determination of antibiotic
susceptibility pattern, Minimum Inhibitory
Concentrations (MICs) determination and
the production of carbapenemase, respec-
tively. BlaKPC-2 gene was detected by using
PCR. High levels of resistance were
observed towards co-trimoxazole (69.2%),
followed by cefazolin (66.3%), ceftriaxone
(65.4%), ofloxacin and ciprofloxacin
(54.8%), gentamicin (50%), and amikacin
(39.4%). According to the disk diffusion
method, the frequency of imipenem and
meropenem resistance was 31.7% and
32.7%, respectively. Colistin was the most
effective antibiotic among panels of antibi-
otics tested. Imipenem MICs range, MIC50

and MIC90 were 0.19-32 µg/ml, 4µg/ml, and
16µg/ml, respectively. Modified Hodge test
was positive in 24 (63.2%) isolate however,

blaKPC-2 gene was detected in 8 (21.1%) car-
bapenem-resistant isolates. Results of the
present study revealed a high rate of car-
bapenem-resistance in K. pneumoniae by
phenotypic method, however the presence of
one of the molecular, namely blaKPC-2 was not
found as predominant cause. Therefore, their
reliable detection should be the first priority
to combat the infections. Being a simple test,
the imipenem disk diffusion could be consid-
ered as an appropriate method for the detec-
tion of carbapenem-resistant isolates in the
routine diagnosis.

Introduction
Klebsiella pneumoniae is one of the

leading etiology of nosocomial infections,
afflicting frequently intensive care unit
(ICUs) patients and those who are immuno-
compromised. The organism has gained
much attention due to the strikingly
increased emergence of multi-drug resistant
(MDR) K. pneumoniae strains.1-3 Till last
decade carbapenems possessed most consis-
tent in-vitro activity especially towards
extended-spectrum-lactamase (ESBL)-pro-
ducing K. pneumoniae, nevertheless resist-
ance against these antibiotics has increased
and represents a significant threat in the man-
agement of MDR isolates.4 Carbapenem-
resistant Enterobacteriaceae isolates are
resistant to almost all classes of antimicro-
bials, and infections are associated with
extremely high rates of morbidity and mor-
tality.5,6 K. pneumoniae constitutes 92% of
all carbapenem-resistant Enterobacteriaceae
in the United States and Klebsiella pneumo-
niae carbapenemase (KPC) is one of the
most predominant mechanisms of resistance
to carbapenems.7 Antimicrobial resistance
has become one of the most serious public
health concerns worldwide. It is a global
rather than a local issue, as antimicrobial
resistance can spread between countries or
continents.8 Based on the global spread of
KPC-producing bacteria and limitations of
the current treatments, the implementation of
prevention and control measures has become
extremely important.9,10 We conducted a
study for the detection of KPC-producing 
K. pneumoniae isolates, emphasizing their
prevalence, antibiotics susceptibility and
selection of the appropriate recognition
method in our setting.

Materials and Methods
Sample collection and K. pneumoni-
ae isolation

One hundred and four K. pneumoniae

isolates were collected from a general
University teaching hospital, Tabriz, Iran.
Blood, urine and wounds represented the
source of the specimens. Gram staining and
standard biochemical tests including reac-
tion in triple sugar iron agar, motility, indole
production and citrate utilization, were per-
formed for the identification of isolates in
the Department of Microbiology, Tabriz
University of Medical Sciences, Tabriz.

Antimicrobial susceptibility pattern
Antibiotic susceptibility pattern of iso-

lates was determined by performing Kirby-
Bauer method (disk diffusion test) using
Muller-Hinton agar according to guidelines
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of the CLSI.11 All isolates were checked for
their susceptibility or resistance towards
Trimethoprim/sulfamethoxazole or co-tri-
moxazole (TS) (1.25/23.75μg), ceftriaxone
(CRO) (30µg), ceftazidime (CAZ) (30µg),
amikacin (AK) (30µg), gentamicin (GM)
(10µg), ciprofloxacin (CIP) (5µg),
ofloxacin (OFX) (10µg), imipenem (IMI)
(10µg), meropenem (MEM) (10µg), and
colistin sulphate (CO) (10μg) (Mast diag-
nostics, Merseyside, U.K.). K. pneumoniae
was considered MDR if an isolate was
found resistant to three or more antibiotics.
ESBLs were studied according to CLSI
guidelines11 using inhibitor-potentiated dif-
fusion test with ceftazidime and cefotaxime,
each disk with and without clavulanic acid.

Modified Hodge test
The test was performed according to the

CLSI instructions. Briefly, a bacterial sus-
pension equivalent to 0.5 McFarland was
prepared with E. coli ATCC 25922 strain,
and then diluted 1:10 using sterile saline
solution. The diluted suspension was inocu-
lated onto Mueller- Hinton agar plate using
sterile swab by performing lawn culture. To
dry the inoculum, plate was incubated at
37ºC for three to five minutes. A 10 µg
meropenem disk was placed in the center of
plate. The tested isolate was then streaked
in a straight line from the edge of the disk to
the edge of the plate. This was done careful-
ly to prevent the swab from touching the
disk. The plate was incubated at 37ºC ± 2
for 16 to 24 hours. After the incubation, the
susceptible zone in the clover leaf-type
indentation in the carbapenemase producing
samples was examined. The shape of sensi-
tive zone of the positive control sample was
compared to the tested samples to deter-
mine the positive cases in the Hodge test. In
each plate, depending on its size, two to
four samples were cultured in a straight line
to perform the Hodge Test.11

Minimum inhibitory concentration
determination 

For imipenem and meropenem
Minimum Inhibitory Concentration (MIC)
determination, E-test strips were used fol-
lowing the manufacturer’s instructions. A
bacterial suspension with turbidity-adjusted
equivalent to 0.5 McFarland standard was
prepared from a 16-18 h culture from blood
agar plate. The suspension was inoculated
onto Mueller-Hinton Agar plate. The E-test
strip was placed on the surface of agar that
has been inoculated with a lawn of test bac-
teria using sterile forceps and then plate was
incubated under suitable conditions as out-
lined above for Kirby-Bauer method. The
MIC was interpreted directly from the grad-
uated E-test strip where bacterial growth of

inhibition showed an ellipse around the
strip. The results were interpreted according
to the CLSI breakpoints.11

DNA extraction and detection of
blaKPC2 gene

DNA was extracted from K. pneumoni-
ae isolates using the commercial DNA
extraction kit (Stratec Biomedical systems,
Birkenfeld, Germany). Briefly, a bacterial
suspension matched equivalent to 0.5
McFarland was prepared from an overnight
culture and then centrifuged. DNA was
extracted as per the instructions provided
with the kit from the pellet and finally
resolved in 100µl TE buffer.12

For PCR, primers producing 310bp
amplified fragment (blaKPC2-F 5’-
GGCAGCCGTGCAATAC-3’; blaKPC2-R 5’-
GCCGCATAACTCGTTCA-3’) were used.13

DNA amplifications were performed in 20
µl volumes that contained 10 to 100 ng of
DNA, 0.5 µM of each primer, in the pres-
ence of 2mM MgCl2, 100µM of each dNTP,
10X PCR buffer and 2.5U recombinant
DNA polymerase (Cinnagen, Iran).
Amplification was performed in a DNA
thermal cycler (Gradient Eppendorf) pro-
grammed at 94oC (6 min) for initial denatu-
ration step followed by 35 cycles: each at
94oC (50s), 57oC (50s), and 72oC (55s), and
final extension step at 72oC for 7 minutes.
Gel electrophoresis was performed for 45
min in a 1.2% agarose gel at 80 V and stain-
ing performed with SYBR Safe - DNA Gel
Stain to visualize gel under UV light.
Determination size of fragments was com-
paring with 100 bp DNA ladder size marker
(Pishgam,Iran).12

Statistical method 
The results were analyzed using

descriptive statistics in SPSS software for
Windows (version 19 SPSS Inc., Chicago,
IL, USA).

Results
A total 104 K. pneumoniae isolates

were collected during 2016-2017 from 60
(57.7%) male and 44 (42.3%) female
patients admitted to various wards of a
University teaching hospital, Tabriz, Iran.

According to the disk agar diffusion
test, the highest frequency of resistance was
found to co-trimaxazole (69.2%), followed
by ceftazidime (66.3%), ceftriaxone
(65.4%), ofloxacin and ciprofloxacin
(54.8%), gentamicin (50%), and amikacin
(39.4%). The frequency of imipenem and
meropenem resistance was 31.7% and
32.7%, respectively. The most effective

antibiotic was colistin with its susceptibility
rate being 98.1%. Among 104 K. pneumoni-
ae, 24 isolates were found MDR, making
the prevalence as 11.5%. Of all K. pneumo-
niae enrolled in the study, 69 (66.3%) iso-
lates were found resistant to 3rd-generation
cephalosporins and among them 38 (55.1%)
were ESBL producers using the inhibitor
potentiated disk method.

Resistance to carbapenems was initially
screened based on the resistance to
meropenem or imipenem and 38 (36.5%)
isolates were found carbapenem resistant.
Among these isolates, 29 isolates were
resistant to both imipenem and meropenem,
4 isolates were resistant to imipenem only
and 5 isolates showed resistance to
meropenem only.

Among 38 carbapenem resistant iso-
lates, 27 (71.1%) isolates had imipenem
MIC higher than resistance criteria docu-
mented by CLSI and 3 isolates (7.9%) were
found intermediate resistant. MIC range,
MIC50 and MIC90 were 0.19-32 µg/ml,
4µg/ml and 16µg/ml, respectively. 

Modified Hodge test (MHT) was posi-
tive for 24 (63.1%) isolates while, blaKPC-2

gene was detected in 8 (21.05%) isolates.
These eight isolates were positive for MHT.
Imipenem MIC range was 4-32 µg/ml for
blaKPC-2 positive isolates. All of blaKPC-2 pos-
itive isolates were colistin susceptible and
co-trimaxazole and ceftazidime resistant.
The antimicrobial susceptibility and clinical
feature of blaKPC-2 positive isolates are pre-
sented in Table 1.

Discussion
K. pneumoniae has evolved as the most

common pathogens in healthcare settings
due its high levels of resistance to antibi-
otics.14 In the present study, antibiotic sus-
ceptibility assay presented variable frequen-
cy of resistance to the tested antibiotics.
Similar to other studies, most of our isolates
were resistant towards co-trimoxazole,
cephalosporins, fluoroquinolones and
aminoglycosides. One of the main problems
associated with Enterobacteriaceae is the
distribution of production of ESBLs, the
enzymes which convert all β-lactam antibi-
otics drugs to inactive form except
cephamycins and carbapenems.14,15 The
high frequency of resistance to ceftazidime
(66.3%) and ceftriaxone (65.4%) found in
the present study indicates inefficiency of
these drugs for empirical therapy in our set-
tings. The genes encoding ESBLs are com-
monly plasmid-mediated, and additional
resistance elements to others class of antibi-
otics such as aminoglycosides, fluoro-
quinolones are often co-located on the same
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plasmid. Therefore, many of the ESBLs
producing isolates express cross-resistance
between antimicrobial agents of different
class and are multidrug resistant. Therefore,
they are identified as a considerable thera-
peutic limitation for both clinicians and
clinical laboratory.15-17 Carbapenems have
been the major last resort of choice for the
treatment of infections caused by these
MDR isolates.17 However, frequent admin-
istration of carbapenems has led to car-
bapenem resistant K. pneumoniae.14

Different researchers have reported the dif-
ferent frequency of resistance to carbapen-
em in Enterobacteriaceae. Yan et al. report-
ed 5.8% carbapenem resistant among clini-
cal isolates of Enterobacteriaceae.18 Japoni
et al., in 2014, reported 12% carbapenem
resistance in K. pneumoniae from Iran.19

Duin et al. tracked molecular epidemiology
of carbapenem resistant K. pneumoniae
infection and reported carbapenem resist-
ance in the organism isolated from 45% of
elderly long-term care population.20 In the
present study 25.9% of K. pneumoniae iso-
lates were carbapenem resistant by MIC
determination method. These discrepancies
in frequency of carbapenem resistant K.
pneumoniae may be due to geographical
differences, patterns of antibiotic use and
the population selected in different studies.
Admission to the ICU, a central venous
catheter, exposure to antibiotics and dia-
betes mellitus have been proposed as the
risk factors for carbapenem resistance in K.
pneumoniae.21 Colistin is one of the last
remaining choices effective for treatment of
invasive infections due to carbapenem
resistant K. pneumoniae. In the present
study, colistin was found the most effective
drug against K. pneumoniae isolates with its
susceptibility rate being 100%. On the con-
trary there have been reports of colistin
resistant, carbapenem resistant
Enterobacteriaceae from different regions
of the world.6 In the United States, car-

bapenem-resistant K. pneumoniae consti-
tutes 92% of all carbapenem-resistant
Enterobacteriaceae and carbapenemase
production mediated by blaKPC is the most
prevalent mechanism conferring resistance
to carbapenems.7 A three year period study
from China showed blaKPC-2 gene as the
major predominant (65.0%) carbapenemase
among K. pneumoniae.22 On the other hand,
some others studies did not detect blaKPC-2

gene by the PCR among carbapenemase
producer K. pneumoniae strains.23,24 This
difference can be due to presence of diverse
types of resistance or porins deficiency.23,24

In addition, in view of the emerging car-
bapenem resistance, the performance of
detection test is essential for accuracy of
carbapenemase detection. For example,
resistance to ertapenem disk is not definite
reason for carbapenemase production, prin-
cipally when carbapenemase production is
infrequent.24 The KPC confers resistance to
all b-lactam agents and have the significant
potential for wide spread. Laboratory detec-
tion of blaKPC-2 producing clinical isolates is
thus, essential for controlling the spread of
this resistance mechanism.25 In the present
study, blaKPC-2 gene were found in 8 (21.1%)
carbapenem resistant isolates that were pos-
itive for MHT too. All of these isolates were
resistance to imipenem on the disk diffusion
assay but meropenem resistance was detect-
ed in 6 (75%) of blaKPC-2 positive isolates.

Given the limited therapeutic options
available, the accurate and timely detection
carbapenemase-producing bacteria is vital
in order to control their spread. The CLSI
guidelines for Enterobacteriaceae base on
meropenem and ertapenem as well as
Modified Hodge test however, pros and
cons of each test are still debatable.
Imipenem disk diffusion assay has been
reported as an applicable and easy method
of detection carbapenemase-producing
Enterobacteriaceae without the need for
approval of carbapenemase production by

performing the MHT as recommended by
the CLSI.26

Conclusions
High frequency of carbapenem resistant

K. pneumoniae was observed in our hospital
setting and blaKPC-2 as a common mecha-
nism. Our finding was shown imipenem
disk diffusion is applicable and quick meth-
ods for detection of these isolates. Infection
management and antibiotics stewardship
interferences to control the spread of these
pathogens and their related resistance
towards conventional antibiotics are
required.
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