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ABSTRACT

Background and Objectives: Emerging of carbapenem-resistant Klebsiella pneumoniae (CRKP) is one of the major con-
cerns among healthcare systems. This study aimed to investigate the antibiotic susceptibility pattern and carbapenemase
genes of carbapenemase-producing K. pneumoniae isolates obtained from Iranian hospitalized patients.

Materials and Methods: This study was performed on 71 CRKP strains isolated from different clinical specimens collected

in Tehran Heart Center (Tehran, Iran). A Modified Hodge test (MHT) was done for the detection of carbapenemase-producing

K. pneumoniae. The presence of bla, ., bla,,,, bla,., bla,,, and bla_ , ,-type carbapenemases was evaluated by the PCR
method.

Results: We identified 8.82% (71/805) of K. pneumoniae isolates as CRKP by MHT test. The antibiotic susceptibility indi-
cated that all isolates were resistant to imipenem, meropenem, cefotaxime, ceftazidime, cefepime, ceftriaxone, cephalothin,
ciprofloxacin, and augmentin, and then mostly resistant to aztreonam, cefoxitin, gentamicin, and trimethoprim/sulfamethox-
azole with 98.6%, 98.6%, 97.2%, and 94.4%, respectively. The lowest resistance was related to amikacin with 46.5% (33/71
isolates). The level of imipenem MIC for all carbapenem-resistant isolates was estimated >32 pg/mL. Among positive iso-

lates for carbapenemase genes, the most frequent gene was bla__, .. It was found in 48 (67.6%) isolates followed by bla,

in 28 (39.4%) isolates. bla,,, bla ., and bla,,. genes were identified in 19 (26.8%), 13 (18.3%) and 5 (7.0%) isolates,
respectively. These genes were not detected in nine isolates.

Conclusion: The relatively high frequency of some carbapenemase genes suggests major concern about the emergence of
isolates containing carbapenem resistance genes as a potential health threat.
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INTRODUCTION

In recent years, the worldwide prevalence of car-
bapenem-resistant Enterobacteriaceae became one
of the most concerns among healthcare systems (1).
The increasing prevalence of carbapenem-resistant
strains poses a serious problem for prevention and
control of infection, leading to increased morbid-
ity and mortality of hospitalized patients (2). Car-
bapenems (imipenem, ertapenem, meropenem and
doripenem) are broad-spectrum beta-lactam agents
(3), which exhibit the highly effective activity against
infections of multidrug-resistant (MDR) Gram-neg-
ative bacteria (4). Carbapenems have been frequent-
ly used as first-line agents in the treatment of severe
infections caused by extended-spectrum beta-lact-
amase (ESBL)-producing pathogens (5). One of the
major emerging carbapenem-resistant bacteria is
Klebsiella pneumoniae (K. pneumoniae), known as
carbapenem-resistant K. pneumoniae (CRKP) (6).
K. pneumoniae is an opportunistic Gram-negative
bacterium that causes serious nosocomial infections
such as septicemia, pneumonia, urinary tract infec-
tions (UTIs) (7). CRKP has a great role in hospital
infections by increasing the length of hospital stay,
cost, and mortality (8, 9).

Mechanisms of resistance to carbapenems may
be related to the combination of the production of
AmpC beta-lactamases, carbapenemases (specific
B-lactamases with the ability to hydrolyze carbap-
enems), efflux pumps, and alteration of the expres-
sion and/or function of porins and penicillin-binding
proteins (PBPs) (10, 11). The production of various
carbapenemases is the most important mechanism of
carbapenem-resistance by CRKP. According to the
Ambler classification, three main classes of carbap-
enemases are mostly identified in K. pneumoniae,
including class A or serine p-lactamases, class B, or
metallo-beta-lactamase (MBLs), and class D or ox-
acillinase-hydrolyzing (OXA) (12). K. pneumoniae
carbapenemase (KPC), encoded by the bla, ,.gene,
is a particularly important enzyme-mediated the
worldwide rise of CRKP (13, 14). KPC is an Ambler
class A plasmid-encoded enzyme that can inactivate
all beta-lactam antibiotics, containing monobact-
ams, extended-spectrum cephalosporins, and car-
bapenems (15). The other carbapenemases include
NDM (New Delhi metallo-B-lactamase-1), IMP
(imipenem-resistant Pseudomonas), VIM (Verona
integron-encoded metallo-B-lactamase), and OXA-
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48 (Oxacillinase-48) were also related to carbapen-
em resistance in K. pneumoniae (12, 16). VIM, IMP,
and NDM belong to class B MBLs while OXA-48
is a class D carbapenemases (17). Moreover, some
non-enzymatic mechanisms have been described
in which outbreaks of CRKP. For example, a de-
crease in the expression of outer membrane proteins
(OMPs), especially OmpK35 and OmpK36 porins,
can be associated with increased carbapenem MICs
(18). However, it serves only as a minor component
of carbapenem resistance, i.e. only carbapenemase
production without defective porin expression could
strongly elevate carbapenem MICs (19).

Carbapenemases are generally expressed from
transferable genetic elements such as plasmids or
transposons, which contain a wide range of resis-
tance genes and can be freely transferred between
bacteria, from within and between hospitals/region/
country and then spread all over the world (5, 20).
Therefore, carbapenemase-encoding genes play a
vital role in the antimicrobial resistance in K. pneu-
moniae, and their detection and the genome arrange-
ment of particular functions are key areas of current
research into CRKP. Notably, the detection of CRKP
strains may be difficult relying on routine antibiotic
susceptibility testing (3). The molecular techniques
have been considered a simple and accurate methods
for the quick and precise identification of carbapen-
emase genes (21). Therefore, studying the frequency
of resistant genes is essential for the control of such
infections.

The present study aimed to investigate the prev-
alence and the antibiotic susceptibility pattern of
CRKP at a university hospital in Iran with an empha-
sis on the characterization of bla, ., bla,,,, bla,,,

bla,,, and bla, , ,~type carbapenemases in CRKP.

MATERIALS AND METHODS

Bacterial isolates. The study was accomplished as
a single-center, cross-sectional study on 71 CRKPs
(imipenem and meropenem resistant and Modified
Hodge test (MHT)-positive strains) from 805 K.
pneumoniae isolates collected at Tehran Heart Center
(Tehran, Iran) from 2014 to 2018. Strains were iso-
lated from different clinical specimens with K. pneu-
moniae infection [urine culture, blood culture, wound
culture, tracheal secretion culture, other body fluids,
and central venous catheter (CVP)] and then re-iden-
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tified through confirmatory and genotypic tests.
Doubtful K. pneumoniae colonies were identified ac-
cording to the Gram staining, growth on MacConkey
agar medium, and standard biochemical tests such as
indole test, motility, glucose and lactose fermenta-
tion, citrate and urease test, lysine decarboxylase, and
MR-VP (22).

Antimicrobial susceptibility testing. Suscepti-
bility testing was performed by disk diffusion meth-
od according to Clinical and Laboratory Standards
Institute (CLSI) guidelines (23). Briefly, strains in
liquid medium at a 0.5 McFarland standard concen-
tration were grown on Muller—Hinton agar medium
and antibiotic discs (Mast Group Ltd., Bootle, UK)
was placed on the medium and was incubated for
18-24 h at 37°C and then the zone of inhibition di-
ameter around the disks was measured. Antibiotic
tested comprise: [carbapenems: imipenem (IMP: 10
ng), meropenem (MEM: 10 pg)], cefotaxime (CTX:
30 pg), ceftazidime (CAZ: 30 ng), cefepime (CPM:
30 pg), cefoxitin (FOX: 30 pg), ceftriaxone (30 pg),
gentamicin (GEN: 10 pg), amikacin (AMK: 30ug),
aztreonam (ATM: 30 pg), cephalothin (CET: 30 pg),
ciprofloxacin (CIP: 5 pg), augmentin (@amoxicillin 20
pg + clavulanic acid 10 pg), trimethoprim/sulfame-
thoxazole (CMX: 30 ng).

Modified hodge test. The MHT was performed
based on the CLSI guidelines for carbapenem-resis-
tant strains. A 0.5 McFarland suspension of E. coli
ATCC 25922 was diluted 1:10 in sterile saline and
was streaked as a lawn onto a Mueller Hinton agar
plate. The plate was left for 5 min for drying and a 10
ug ertapenem disc was placed in the center of the agar
plate. The test isolates were inoculated in a straight
line from the edge of the disc to the edge of the plate.
After 24 h incubation at 37°C, the clover leaf-like in-
dentation between the test streaks near the disk was
taken as positive for carbapenemase production (24).
An MHT-positive K. pneumoniae ATCC BAA-1705
was used as a positive control.

DNA extraction. DNA extraction was carried out
by the boiling method as described by Sepehriseresht
et al. (25). Briefly, a single Klebsiella colony was har-
vested and washed twice with 200 pl TE buffer [10
mM Tris, 1 mM ethylene diamine tetra-acetic acid
(EDTA), pH 8.0] and was centrifuged at 5000 x g for
2 min. The final pellet was re-suspended in 200 pl
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sterile distilled water. The cell suspension was heat-
ed for 10 min at 100°C and then centrifuged at 8000
x g for 3 min to precipitate the bacterial debris. The
supernatant was transferred to a new DNase-free,
RNase-free sterile tube. Then, 3 pl of the supernatant
was used as a source of template DNA for PCR.

Detection of specific carbapenemase genes by
PCR. The existence of carbapenemase genes in-
cludes the bla, ., bla,,,,, bla,,,. bla,,, and bla_,, ,.
were evaluated using PCR assays. PCR experiments
were performed using specific oligonucleotide prim-
ers are listed in Table 1 (16, 26). The mixture for the
amplification of this gene consisting of 12.5 ul of PCR
Master mix 2x (PCR buffer, 1.25 mM MgCIZ, 0.2 mM
of each dNTPs and 1.25 U of Taq DNA polymerase),
1 pl of each primer, and 3 pl of DNA template, in a
final volume of 25 pl. Amplification was performed
using a BioRad MJ MiniTM PCR system. Amplifi-
cation was carried out with the following thermal cy-
cling conditions: an initial denaturation step at 94°C
for 5 min, and 35 cycles of amplification consisting
of 30 s at 94°C, 40 s at specific annealing tempera-
ture (bla, .. 55°C, bla,,,, 57°C, bla,,,, 57°C, bla,,
52°C, and bla, , ,;55°C), and 45 s at 72°C. The final
extension was at 72°C for 5 min (16, 27). A tube con-
taining all PCR reaction mixtures and E. coli DNA as
a template was used as a negative control. A carbap-
enemase-resistant K. pneumoniae isolate, which was
previously characterized in our laboratory, was used
as a positive control. PCR products were separated
1% agarose gel electrophoresis and the band's pattern
was analyzed in a gel doc. Positive control and nega-
tive control were included in each PCR run.

Statistical analysis. The results are expressed as
absolute frequencies and percentages. For the statis-
tical analyses, the statistical software SPSS version
21.0 for Windows (SPSS Inc., Chicago, IL) was used.
The curves were plotted using Excel software version
2010 (Microsoft Corporation, USA).

RESULTS

A total, 71 of 805 (8.82%) K. pneumoniae isolates
were identified as CRKP based on MHT-test. It is
worthy to note that 79 isolates exhibited resistance
to imipenem and meropenem, but 71 of 79 (89.8%)
isolates were characterized as CRKPs by developing

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

KLEBSIELLAPNEUMONIAE FROM TEHRAN HEART CENTER

Table 1. The list of primers, annealing temperatures, and expected amplicon sizes for molecular detection of carbapenemas-

es-producing K. pneumoniae isolates.

Gene Primer Sequence (5'—3") Tannealing Product size References
(bp)
bla,,. KPC-F CGTCTAGTTCTGCTGTCTTG 55°C 798
KPC-R CTTGTCATCCTTGTTAGGCG
bla,,, VIM-F GATGGTGTTTGGTCGCATA 57°C 390
VIM-R CGAATGCGCAGCACCAG
bla,,, IMP-F GGAATAGAGTGGCTTAAYTC 57°C 232 (16, 26)
IMP-R TCGGTTTAAYAAAACAACCACC
bla,, NDM-F GGTTTGGCGATCTGGTTTTC 52°C 621
NDM-R CGGAATGGCTCATCACGATC
bla,,, OXA-48-F  CCAAGCATTTTTACCCGCATCKACC 55°C 438
OXA-48-R  GYTTGACCATACGCTGRCTGCG

Abbreviations: bp: base pair; F: forward; R: reverse.

cloverleaf shapes in MHT-test. Totally, of 71 con-
firmed CRKP isolates, 31 (43.7%) were obtained from
females and 40 (56.3%) from male patients. The iso-
lates originated from hospitalized patients with an age
range of 18 to 93 years old. Regarding the source of
specimens, the highest proportion belonged to urine
and tracheal secretion [each 25 (35.2%)] and wound
samples [12 (16.9%)]. Meanwhile, 35 (49.3%) iso-
lates were obtained from hospitalized patients in the
intensive care units (ICUs). The sources of clinical
isolates according to specimens, wards, and sources
are shown in Table 2. Moreover, there was no statisti-
cal association between the wards and gender with a
rate of carbapenem resistance.

Table 2. Clinical characteristics of patients with carbapen-
em-resistant K. pneumoniae

Characteristics No. (%) of Strains

Specimens

Urine 25 (35.2)
Blood 6 (8.5)
Wound 12 (16.9)
Tracheal secretion 25(35.2)
Other body fluid 2(2.8)
Central venous catheter (CVP) 1(1.4)
Ward

ICU 35(49.3)
Non_ICU 36 (50.7)
Gender

Male 40 (56.3)
Female 31 (43.7)
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Antimicrobial susceptibility testing. The results of
antibiotic susceptibility showed that all isolates were
resistant to imipenem, meropenem, cefotaxime, cef-
tazidime, cefepime, ceftriaxone, cephalothin, cipro-
floxacin, and augmentin, and then mostly resistant to
aztreonam, cefoxitin, gentamicin, and trimethoprim/
sulfamethoxazole with 98.6%, 98.6%, 97.2%, and
94.4%, respectively. The lowest resistance was relat-
ed to amikacin [33 (46.5%) of the isolates] (Table 3).
The level of imipenem MIC for all of the carbapen-
em-resistant isolates was >32 pg/mL. In our work, the
number of carbapenemase resistance strains showed
an increasing trend over the five years at Tehran Heart
Center (Fig. 1).

Carbapenemase genes analysis. Fig. 2. shows the
results of molecular tests for the detection of genes
encoding the carbapenemase. The PCR products of
the bla, ., bla,,, bla,,. bla and bla_ , . genes

Count

2014 2015 2016 2017 2018
Years

Fig. 1. Distribution of CRKP isolates by years
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Table 3. Antimicrobial resistance profile of CRKP isolates

Antibiotic No. (%) of Antibiotic resistance
Resistance Intermediate Sensitive
1 imipenem 71 (100.0) 0 (0) 0(0)
2. meropenem 71(100.0) 0 (0) 0(0)
3. cefotaxime 71 (100.0) 0 (0) 0(0)
4. ceftazidime 71 (100.0) 0 (0) 0(0)
5. cefepime 71 (100.0) 0 (0) 0(0)
6. cefoxitin 70 (98.6) 0 (0) 1(1.4)
7. ceftriaxone 71 (100.0) 0 (0) 0(0)
8. gentamicin 69 (97.2) 0 (0) 2(2.8)
9. amikacin 33 (46.5) 8 (11.3) 30 (42.2)
10. aztreonam 70 (98.6) 0(0) 1(1.4)
11. cephalothin 71 (100.0) 0 (0) 0(0)
12. ciprofloxacin 71 (100.0) 0(0) 0(0)
13. augmentin 71(100.0) 0(0) 0(0)
14. trimethoprim/sulfamethoxazole 67 (94.4) 1(1.4) 34.2)
100 -
% DISCUSSION
50 |
70 {18T167.6%) The possession of the different combinations of
3 601 genes encoding carbapenemases in CRKP isolates
E: :z 28/71(39.4%) is the basis for the high prevalence of its resistance.
] 19/71268%) Here, we aimed to investigate the presence and the
» | 13/71(18.3%) distribution of K. pneumoniae carbapenemase genes
0] I I sm(?o%) in the CRKP isolates with phenotypic and genotypic
04 . methods in patients with different types of infections.

blaOXA- 48 blaVIM blalMP blaNDM b}'.%KP(‘

Fig. 2. Presence and distribution of carbapenemase genes
in carbapenem-resistant Klebsiella pneumoniae (CRKP)
isolates

amplification on 71 CRKP isolates extracted DNASs
revealed that nine of the CRKP isolates did not carry
any of the genes. Among CRKP isolates, the most
frequent gene was bla_, , ,, Which was found in 48
(67.6%) isolates followed by bla,,,, in 28 (39.4%) iso-
lates. The bla,,,, bla,,, and bla, . genes was iden-
tified in 19 (26.8%), 13 (18.3%) and 5 (7.0%) isolates,
respectively. The data showed among all CRKP,
bla,, , ,,was the most frequent gene. In addition, the
genes code VIM-type enzyme (bla,,,,,) was the most
frequent MBLs. Interestingly, among gene-positive
CRKPs (n=62) isolated from different sources, tra-
cheal aspirates were obtained through intubated pa-
tients 92.0% (23/25), urine 84.0% (21/24), and wound
75.0% (9/12) of the specimens with at least one car-
bapenemase-related gene (Table 4).
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Among phenotypic tests that have been established
for the recognition of CRKP isolates, the MHT is
a specific and sensitive method for the detection of
carbapenemase approved by the CLSI (24). In the
MHT, 89.8% (71/79) of strains were positive which
is relatively similar to the previous findings by Bina
et al. (33/41; 80.5%) (28), Haji Hashemi et al. (32/38;
84%) (29) and Hosseinzadeh et al. (27/29; 93.1%)
(30). However, the MHT represents a lower sensitiv-
ity to MBLs detection and is not specific to serine
carbapenemases. The variable results and the false
positivity in the MHT test are the other concerns (31).
In addition, the MHT is not helpful for the detection
of carbapenemase production in non-fermenting
Gram-negative bacilli. Recently, other methods such
as the Carba NP and the modified carbapenem inacti-
vation method (mCIM) are more reliable phenotypic
methods for carbapenemase detection (32).

In this study, most of the isolates were resistant
to different antibiotics, suggesting that these iso-
lates may have complex mechanisms of antibiot-
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http://ijm.tums.ac.ir/

KLEBSIELLAPNEUMONIAE FROM TEHRAN HEART CENTER

Table 4. Distribution of carbapenemase genes in CRKP isolates by sources

Isolates Urine Blood Wound Tracheal Other body  Central venous
(n=25) (n=6) (n=12) secretion fluids catheter (CVP)
(n=25) (n=2) (n=1)
Non-gene carriers 4 (16.0%) 0 3 (25.0%) 2 (8.0%) 0 0
At least one-gene carriers 21 (84.0%) 6 (100%) 9 (75.0%) 23 (92.0%) 2 (100%) 1 (100%)

ic resistance at the same time. For example, the
ESBL activity and outer membrane permeability
defects enhance the hydrolysis of carbapenems in
OXA-48-producers strains (33). It is demonstrat-
ed that the co-existence of beta-lactamase genes
enhances antimicrobial resistance, particularly
in bla, , ,,isolates (34). The high incidence of re-
sistance pattern was also probably due to the wide-
spread use of numerous antimicrobial agents and the
presence of integrons and plasmids in ESBL-produc-
ing bacteria (35). The source of infections and geo-
graphical distribution can also affected the rate of an-
tibiotic resistance. The carbapenem-resistance in the
isolates without any of the targeted genes (9 isolates)
may be due to other mechanisms (or a combination
of them) such as decreased susceptibility to ESBLS,
AmpC-type betalactamases, reduced permeability of
outer membrane or efflux pumps activity, or probably
the existence of other genes that were not studied in
this research (19).

The most prevalent carbapenemase gene was
bla,, , ,4 Which was detected in 67.6% (48/71) of
the isolates (Fig. 2). It was relatively lower than
the first cases of OXA-48-producing K. pneumo-
niae in Iran recovering from burn patients (27/28;
96.4%) (26). However, Hosseinzadeh et al. detected
bla,, , ,slike genes only in 2 (0.9%) isolates in south-
western Iran (30). Numerous studies in other coun-
try had confirmed the presence of the bla, , ,.0ene
among CRKP isolates in the wide ranges from 1.9%
(4/210) in Taiwan (36) to 90.5% in Spanish hospi-
tals (37). To date, OXA-48 is considered the most
common carbapenemase in the Middle-East coun-
tries (38). The high prevalence of OXA-48-positive
CRKP strains has been reported in these countries
including 90.3% (84/93) in Turkey (39), 78% (47/60),
and 81.5% (44/54) in Saudi Arabia (34, 38), 77.7%
(35/45) recovered from countries around the Persian
Gulf (40), 96.4% (27/28) (26) and 67.6% (this study)
in Iran confirmthis. In our study, the bla, ,.gene was
observed in only 5 (7%) of the isolates which is lower
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than the results of Farajzadeh et al. (41) and Sedighi
etal. (42) who showed the presence of bla, ,.gene in
51.8%, and 23% of isolates, respectively. Whereas,
bla, .. were not detected by Bina et al. (28), Azimi et
al. (26), and Khorvash et al. (43). This indicates that
a limited number of our CRKP strains in the present
study produce KPC-type carbapenemase.

In the current study, bla,,,, was the highest fre-
quency MBLs gene followed by bla,,,, and bla,,,
The high prevalence of bla,,,, is similar to the prev-
alence of bla,,,, in Zanjan, Iran (41.6%; 5/12) (35).
Other studies reported 33% (42), 11.9% (5/42) (44),
10.3% (3/29) (43), and 3.5% (1/28) (26) of isolates
harbored bla,,,,, gene. Given that Zeighami et al.
founded bla,,,, in 100% (12/12) of MBLs-producing
K. pneumoniae strains (35), other previous studies
did not detect IMP enzyme in clinical CRKP iso-
lates (26, 30, 42), and bla,,,, was detected in only one
(3.4%) isolate in another study (43). However, oth-
er studies speculated that these enzymes producing
isolates are not a main problem in the Middle-East
countries (34, 38, 39); based on our results, it is worth
following their incidence in this region. It has been
also suggested that the Middle-East region might be
a reservoir for the spread of bla, isolates (34, 45).
For the first time, bla,,,, -containing K. pneumoni-
ae has been identified in Iran by Shahcheraghi et al.
(46). Other studies identified bla,,,,gene in 7.1%
(3/42) (44), 12.2% (6/49) (47), 11.1% (20/181) (48),
and 2.3% (4/170) of K. pneumoniae isolates (49). One
general concept from previous studies and our results
(18.3%) is the low prevalence of bla,, -harboring
K. pneumoniae strains in Iranian hospitals. However,
the high prevalence of bla, , ,was reported in 79.3%
(23/29) of K. pneumoniae isolates in southwestern
Iran (30). Therefore, the bla, , -associated resistance
may be increased soon as a potential health warning
in Iran and raising the possibility of dissemination of
these isolates into our neighboring countries. There-
fore, it is necessary to apply effective infection con-

trol to prevent the overall spread of bla, , -carrying
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strainsin Iran.

In this study, for the first time in Iran, we investi-
gated a possible relationship between genes encod-
ing carbapenemases in CRKP strains and the types
of clinical samples. It was found that 92.0% of tra-
cheal aspirates patients have exhibited the presence
of at least one carbapenemase-related gene whereas
this rate was 84.0% in urine samples. This indicates
that patients with K. pneumoniae-related respiratory
infection should be receiving an appropriate antimi-
crobial treatment to avoid the distribution of CRKP
in Iran. It is also recommended that the clinical mi-
crobiology laboratories routinely check OXA- and
MBL-producing genes in K. pneumoniae isolates
with the PCR method. Imipenem and meropenem are
considered common drugs for the treatment of nos-
ocomial infections but increasing resistance to these
antibiotics has restricted their effectiveness. It can be
noticed that the use of another anti-CRKP drug such
as amikacin may be probably suitable for treat-ment
of K. pneumoniae infections.

In conclusion, we have shown that increasing trends
of CRKP isolates from 2014 to 2018 at Tehran Heart
Center in Tehran wherever the most CRKP isolates
were from urine and tracheal secretion specimens.
The antibiotic susceptibility indicated that all CRKP
isolates were resistant to imipenem, meropenem, ce-
fotaxime, ceftazidime, cefepime, ceftriaxone, ceph-
alothin, ciprofloxacin, and augmentin. Moreover,
this study illustrated that bla , , ,, was the most fre-
quent carbapenemase genes that found in 48 (67.6%)
isolates followed by bla,,,, in 28 (39.4%) isolates.
bla,,,. bla,s,, and bla, .. genes was identified in 19
(26.8%), 13 (18.3%) and 5 (7.0%) isolates, respec-
tively. Therefore, the VIM- and OXA-48- producing
K. pneumoniae strains is an emerging threat in this
medical center and should be focused on timely iden-
tification and strict control of infections caused by K.
pneumoniae.

REFERENCES

1. Gupta N, Limbago BM, Patel JB, Kallen AJ. Carbap-
enem-resistant Enterobacteriaceae: epidemiology and
prevention. Clin Infect Dis 2011;53:60-67.

2. Giani T, Pini B, Arena F, Conte V, Bracco S, Miglia-
vacca R, et al. Epidemic diffusion of KPC carbapen-
emase-producing Klebsiella pneumoniae in Italy: re-
sults of the first countrywide survey, 15 May to 30 June

10.

11.

12.

13.

14.

15.

16.

44 IRAN.J. MICROBIOL. Volume 14 Number 1 (February 2022) 38-46

2011. Euro Surveill 2013;18:204809.

Nicolau DP. Carbapenems: a potent class of antibiotics.
Expert Opin Pharmacother 2008; 9: 23-37.

Vardakas KZ, Tansarli GS, Rafailidis PI, Falagas
ME. Carbapenems versus alternative antibiotics for
the treatment of bacteraemia due to Enterobacteria-
ceae producing extended-spectrum beta-lactamases:
a systematic review and meta-analysis. J Antimicrob
Chemother 2012;67:2793-2803.

Arnold RS, Thom KA, Sharma S, Phillips M, Johnson
JK, Morgan DJ. Emergence of Klebsiella pneumoni-
ae Carbapenemase (KPC)-Producing Bacteria. South
Med J 2011;104:40-45.

Munoz-Price LS, Poirel L, Bonomo RA, Schwaber MJ,
Daikos GL, Cormican M, et al. Clinical epidemiology
of the global expansion of Klebsiella pneumoniae car-
bapenemases. Lancet Infect Dis 2013;13:785-796.
Amraie H, Shakib P, Rouhi S, Bakhshandeh N, Zaman-
zad B. Prevalence assessment of magA gene and anti-
microbial susceptibility of Klebsiella pneumoniae iso-
lated from clinical specimens in Shahrekord, Iran. Iran
J Microbiol 2014;6:311-316.

Falagas ME, Tansarli GS, Karageorgopoulos DE, Var-
dakas KZ. Deaths attributable to carbapenem-resis-
tant Enterobacteriaceae infections. Emerg Infect Dis
2014;20:1170-1175.

Correa L, Martino MD, Siqueira |, Pasternak J,
Gales AC, Silva CV, et al. A hospital-based matched
case-control study to identify clinical outcome and risk
factors associated with carbapenem-resistant Klebsiel-
la pneumoniae infection. BMC Infect Dis 2013;13:80.
Papp-Wallace KM, Endimiani A, Taracila MA, Bono-
mo RA. Carbapenems: past, present, and future.
Antimicrob Agents Chemother 2011;55:4943-4960.
Nordmann P, Poirel L, Dortet L. Rapid detection of
carbapenemase-producing Enterobacteriaceae. Emerg
Infect Dis 2012;18:1503-1507.

Patel G, Bonomo RA. "Stormy waters ahead": glob-
al emergence of carbapenemases. Front Microbiol
2013;4:48.

Nordmann P, Cuzon G, Naas T. The real threat of Kleb-
siella pneumoniae carbapenemase-producing bacteria.
Lancet Infect Dis 2009;9:228-236.

Tzouvelekis LS, Markogiannakis A, Psichogiou M,
Tassios PT, Daikos GL. Carbapenemases in Klebsiella
pneumoniae and other Enterobacteriaceae: an evolv-
ing crisis of global dimensions. Clin Microbiol Rev
2012;25:682-707.

Vasaikar S, Obi L, Morobe I, Bisi-Johnson M. Molec-
ular characteristics and antibiotic resistance profiles of
Klebsiella isolates in Mthatha, Eastern Cape province,
South Africa. Int J Microbiol 2017;2017:8486742.
Poirel L, Walsh TR, Cuvillier V, Nordmann P. Mul-
tiplex PCR for detection of acquired carbapenemase

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

217.

28.

29.

http://ijm.tums.ac.ir

KLEBSIELLAPNEUMONIAE FROM TEHRAN HEART CENTER

genes. Diagn Microbiol Infect Dis 2011;70:119-123.
Poirel L, Naas T, Nordmann P. Diversity, epidemiolo-
gy, and genetics of class D B-lactamases. Antimicrob
Agents Chemother 2010;54:24-38.

Tsai YK, Fung CP, Lin JC, Chen JH, Chang FY, Chen
TL, et al. Klebsiella pneumoniae outer membrane po-
rins OmpK35 and OmpK36 play roles in both antimi-
crobial resistance and virulence. Antimicrob Agents
Chemother 2011;55:1485-1493.

Zhang Y, Jiang X, Wang Y, Li G, Tian Y, Liu H, et
al. Contribution of beta-lactamases and porin proteins
OmpK35 and OmpK36 to carbapenem resistance in
clinical isolates of KPC-2-producing Klebsiella pneu-
moniae. Antimicrob Agents Chemother 2014;58:1214-
1217.

Park SO, Liu J, Furuya EY, Larson EL. Carbapen-
em-Resistant Klebsiella pneumoniae infection in three
New York city hospitals trended downwards from 2006
to 2014. Open Forum Infect Dis 2016;3:0fw222.
Hrabak J, Chudéackova E, Papagiannitsis CC. Detec-
tion of carbapenemases in Enterobacteriaceae: a chal-
lenge for diagnostic microbiological laboratories. Clin
Microbiol Infect 2014;20:839-853.

Grimont PA, Grimont F (2015). Klebsiella. In: Bergey's
Manual of Systematics of Archaea and Bacteria. Ed,
Trujillo ME, Dedysh S, DeVos P, Hedlund B, Kémpfer
P, Rainey FA, et al. John Wiley & Sons, Inc. pp. 1-26.
Gomez-Simmonds A, Nelson B, Eiras DP, Loo A, Jen-
kins SG, Whittier S, et al. Combination regimens for
treatment of carbapenem-resistant Klebsiella pneu-
moniae bloodstream infections. Antimicrob Agents
Chemother 2016; 60: 3601-3607.

Amjad A, Mirza I, Abbasi S, Farwa U, Malik N, Zia F.
Modified Hodge test: A simple and effective test for de-
tection of carbapenemase production. Iran J Microbiol
2011;3:189-193.

Sepehriseresht S, Boroumand MA, Pourgholi L, An-
vari MS, Habibi E, Tabrizi MS, et al. Emergence of
mupirocin-resistant MRSA among Iranian clinical iso-
lates. Comp Clin Path 2013;22:717-721.

Azimi L, Nordmann P, Lari AR, Bonnin RA. First
report of OXA-48-producing Klebsiella pneumoniae
strains in Iran. GMS Hyg Infect Control 2014;9:Doc07.
Farajzadeh Sheikh A, Rostami S, Jolodar A, Tabata-
baiefar MA, Khorvash F, Saki A, et al. Detection of
metallo-beta lactamases among carbapenem-resistant
Pseudomonas aeruginosa. Jundishapur J Microbiol
2014;7(11):€12289.

Bina M, Pournajaf A, Mirkalantari S, Talebi M, Irajian
G. Detection of the Klebsiella pneumoniae carbapene-
mase (KPC) in K. pneumoniae isolated from the clini-
cal samples by the phenotypic and genotypic methods.
Iran J Pathol 2015;10:199-205.

Haji Hashemi B, Farzanehkhah M, Dolatyar A, Imani

30.

31

32.

33.

34.

35.

36.

3r.

38.

39.

40.

IRAN. J. MICROBIOL. Volume 14 Number 1 (February 2022) 38-46

M, Farzami M, Rahbar M, et al. A study on prevalence
of KPC producing from Klebsiella pneumoniae using
Modified Hodge Test and CHROMagar in Iran. Ann
Biol Res 2012;3:5659-5664.

Hosseinzadeh Z, Ebrahim-Saraie HS, Sarvari J, Mar-
daneh J, Dehghani B, Rokni-Hosseini SMH, et al.
Emerge of bla NDM-1 and bla OXA-48-like harboring
carbapenem-resistant Klebsiella pneumoniae isolates
from hospitalized patients in southwestern Iran. J Chin
Med Assoc 2017;81:536-540.

Ribeiro VB, Linhares AR, Zavascki AP, Barth AL.
Performance of quantification of modified Hodge Test:
an evaluation with Klebsiella pneumoniae carbapene-
mase-producing Enterobacteriaceae isolates. Biomed
Res Int 2014;2014:139305.

Yamada K, Kashiwa M, Arai K, Nagano N, Saito R.
Comparison of the Modified-Hodge test, Carba NP
test, and carbapenem inactivation method as screening
methods for carbapenemase-producing Enterobacteria-
ceae. J Microbiol Methods 2016;128:48-51.

Poirel L, Héritier C, Tolin V, Nordmann P. Emergence
of oxacillinase-mediated resistance to imipenem in
Klebsiella pneumoniae. Antimicrob Agents Chemother
2004;48:15-22.

Shibl A, Al-Agamy M, Memish Z, Senok A, Khad-
er SA, Assiri A. The emergence of OXA-48- and
NDM-1-positive Klebsiella pneumoniae in Riyadh,
Saudi Arabia. Int J Infect Dis 2013;17(12):e1130-e1133.
Zeighami H, Haghi F, Hajiahmadi F. Molecular char-
acterization of integrons in clinical isolates of beta-
lactamase-producing Escherichia coli and Klebsiella
pneumoniae in Iran. J Chemother 2015;27:145-151.

Ma L, Wang JT, Wu TL, Siu LK, Chuang YC, Lin JC, et
al. Emergence of OXA-48-producing Klebsiella pneu-
moniae in Taiwan. PLoS One 2015;10(9):e0139152.
Oteo J, Hernandez JM, Espasa M, Fleites A, Séez D,
Bautista V, et al. Emergence of OXA-48-producing
Klebsiella pneumoniae and the novel carbapenemas-
es OXA-244 and OXA-245 in Spain. J Antimicrob
Chemother 2013;68:317-321.

Al-Zahrani IA, Alsiri BA. The emergence of carbape-
nem-resistant Klebsiella pneumoniae isolates produc-
ing OXA-48 and NDM in the southern (Asir) province,
Saudi Arabia. Saudi Med J 2018;39:23-30.

Celikbilek N, Unaldi O, Kirca F, Gozalan A, Acikgoz
ZC, Durmaz R. Molecular characterization of carbap-
enem-resistant Klebsiella pneumoniae species isolated
from a tertiary hospital, Ankara, Turkey. Jundishapur
J Microbiol 2017;10(10):e14341.

Zowawi HM, Sartor AL, Balkhy HH, Walsh TR, Al
Johani SM, AlJindan RY, et al. Molecular charac-
terization of carbapenemase-producing Escherichia
coli and Klebsiella pneumoniae in the countries of
the Gulf cooperation council: dominance of OXA-48

45


http://ijm.tums.ac.ir/

LEYLAPOURGHOLIETAL.

41.

42.

43.

44,

45,

46

and NDM producers. Antimicrob Agents Chemother
2014;58:3085-3090.

Farajzadeh Sheikh A, Momeni SZ, Aslani S, Jomehza-
deh N. Prevalence of carbapenem-resistant Klebsiella
pneumoniae in patients admitted to Taleghani hospital
of Abadan during 2014-2015. Jundishapur Sci Med J
2015;14:209-221.

Sedighi M, Halajzadeh M, Ramazanzadeh R, Amir-
mozafari N, Heidary M, Pirouzi S. Molecular detection
of B-lactamase and integron genes in clinical strains of
Klebsiella pneumoniae by multiplex polymerase chain
reaction. Rev Soc Bras Med Trop 2017;50:321-328.
Khorvash F, Yazdani MR, Soudi AA, Shabani S, Tava-
hen N. Prevalence of acquired carbapenemase genes in
Klebsiella Pneumoniae by Multiplex PCR in Isfahan.
Adv Biomed Res 2017;6:41.

Nobari S, Shahcheraghi F, Rahmati Ghezelgeh F,
Valizadeh B. Molecular characterization of carbapen-
em-resistant strains of Klebsiella pneumoniae isolated
from Iranian patients: first identification of bla, .. gene
in Iran. Microb Drug Resist 2014;20:285-293.

Jamal W, Rotimi VO, Albert MJ, Khodakhast F, Udo
EE, Poirel L. Emergence of nosocomial New Delhi

46.

47.

48.

49.

IRAN. J. MICROBIOL. Volume 14 Number 1 (February 2022) 38-46

metallo-p-lactamase-1 (NDM-1)-producing Klebsiella
pneumoniae in patients admitted to a tertiary care hos-
pital in Kuwait. Int J Antimicrob Agents 2012;39:183-
184.

Shahcheraghi F, Nobari S, Rahmati Ghezelgeh F, Na-
siri S, Owlia P, Nikbin VS, et al. First report of New
Delhi metallo-beta-lactamase-1-producing Klebsiella
pneumoniae in Iran. Microb Drug Resist 2013;19:30-
36.

Fazeli H, Norouzi-Barough M, Ahadi AM, Shokri D,
Solgi H. Detection of New Delhi Metallo-Beta-Lact-
amase-1 (NDM-1) in carbapenem-resistant Klebsiella
pneumoniae isolated from a university hospital in Iran.
Hippokratia 2015;19:205-209.

Firoozeh F, Mahluji Z, Shams E, Khorshidi A, Zibaei
M. New Delhi metallo-p-lactamase-1-producing Kleb-
siella pneumoniae isolates in hospitalized patients in
Kashan, Iran. Iran J Microbiol 2017;9:283-287.

Shoja S, Ansari M, Faridi F, Azad M, Davoodian P, Ja-
vadpour S, et al. Identification of carbapenem-resistant
Klebsiella pneumoniae with emphasis on New Delhi
Metallo-Beta-Lactamase-1 (bla, ., ) in Bandar Abbas,
south of Iran. Microb Drug Resist 2018;24:447-454.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

