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ABSTRACT
Background-Carbapenem-resistant

Klebsiella isolates are describedas one of the most significant

problemsworldwide. The aim of this study was to determinethe prevalence of extended spectrum beta-lactamase
(ESBL)subtypes and carbapenem-resistant genes inKlebsiellapneumoniae(K. pneumonia) speciesisolatedfrom
patients at Shariatee Hospital in Tehran, Iran.

Methods: Fifty isolates of K. pneumoniae were isolated and identified from Shariatee Hospital in Tehran from
January 2014 to February 2016. Disk diffusion and E-test minimum inhibitory concentration (MIC) testing methods
were carried out to characterize the isolates.Modified Hodge Testing (MHT) and carbapenem inactivation method
test (CIM), was used to confirm carbapenemase activity.Finally, Sequencing and polymerase chain reaction (PCR)
was applied for further analysis.

Results: Our findings showed that the prevalence of blaCTX-M 33 (63.46%) genes was the most prevalent ones.
blaCTX-Mi5 19 (36.53%)was found to be the most commonly detected subtype in CTX-M groups.blaKPC, blaOXA-
48, and blaNDM1 were detected in 3 (5.76%), 6 (11.53%), and 12 (23.7%) of the carbapenem-resistant isolates,
respectively.

Conclusions: Our studydisplayed that the CIM test has a great potential to detect carbapenem-resistant Klebsiella
(CRK). Based on our results,there are a need for further considerations regarding the emergence anddiagnosis of
isolates harboring ESBL subtypes and carbapenem genes. Further attention should be paidfor the treatment of

patients with highlyresistant-isolates.
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INTRODUCTION

In recent years, Klebsiella pneumoniae have become one
of the important nosocomial pathogens causing main
hospital-acquired infections®. Outcome of antibiotic
treatment for third-generation cephalosporin-resistant
Gram-negative has led to the promotion of a selection of -
lactamase producer bacteria>®4. Beta-lactam antibiotics
are the most-widely used class of antibiotics for the
treatment of infections caused by K. pneumoniae; however,
resistance related to these antibiotics has increased due to
selection pressure. In general, unwarranted use of third-
generation cephalosporins is analarm for the incidence and
distribution of extended spectrum beta-lactamase (ESBL)-
producing bacterial isolates, becoming an emerging public
health concern?. The ESBL-producing isolates of Klebsiella.
Spp.,have been implicated in numerous outbreaks of
nosocomial infections throughout the United States of
America®, Europe®, the Far East, and Asia’. In recent
years, ESBL-K strains have been widespread in Tehran
hospitals, but there are relatively little data about [3-
lactamase genes.Additionally, carbapenem antibiotics are
antibiotics of choice for the treatment of invasive infections
caused by ESBL-producing isolates.Regarding the high
prevalence of strains harboring carbapenem resistance
genes, it is not surprised tosee significant challenges in the
treatment of patients in hospitals.Treatment of infection

caused by carbapenem-hydrolyzing beta-lactamase KPC
strains has become a matter of concern in hospitals in Iran
due to its multiple drug resistance. Hence, detection of
carbapenem resistant-KPC is fundamental to infection
control measures and to thwart the distribution of resistant
Klebsiella strains in hospital settings. The aim of this study
was to determine the prevalence of ESBL subtypes and
carbapenem-resistant genes (KPC/OXA-48/NDM1) in K.
pneumoniae spp. isolated from patients in Shariatee
Hospital in Tehran, Iran.

MATERIALS AND METHODS

Bacterial strains: This cross-sectional study was
conducted from January 2014 to February 2016. Fifty
strains of klebsiella were isolated from Shariatee Hospital
in Tehran. The K. pneumoniae 7881 strain containing the
blaSHV and blaTEM genes was applied as a control.
Samples werecollected from different districts, including
Neurology, ICU General, Post HSCT, Internal ICU, BAL
(Bronchoalveolar lavage), Post-hematopoietic Stem Cell
Transplantation, Blood, Oncology, Hematology, Gland
wards, and Emergency. The antimicrobial susceptibility
testing was carried out based on the clinical Clinical and
Laboratory Standards Institute (CLSI) procedure [11]. The
antibiotics used in this study were as follows: Gentamicin
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(GM: 10 pg), Meropenem, Ampicillin-sulbactam, (ZOX: 30
Mg), Amikacin (AN: 30 pg), Ciprofloxacin (CIP: 5 ug) (BBL),
Ceftriaxone (CRO: 30 ug), Cefotaxime (CTX: 30 ug),
Imipenem (IMP: 10ug), and Ceftazidime (CAZ: 30 ug). The
minimum inhibitory concentration (MIC) was used to
determine of Imipenem (IMP: 10 ug),Cp, IMP, MP CAZ,
and CRO (UK, MAST, Merseyside,) against isolates with
reduced susceptibility using the E-test MIC assay
according to CLSI guidelines.
Modified Hodge Testing (MHT): Carbapenemase-
producing bacteria are identified using MHT as previously
described?®. K. pneumonia, MHT Negative Klebsiella
pneumoniae ATCC1706 positive control and a positive
control MHT Klebsiella pneumoniae ATCC1705 were used
as a control. The presence of a distorted zone (Clover-leaf
shaped zone of inhibition) in plates was consideredas
positive for carbapenemase producing isolates®®.
Carbapenem Inactivation Method Test (CIM): CIM was
performed as previously described with
minormodifications'®'1:12, Briefly, the isolates were cultured
on Mueller-Hinton Agar plates. Afterwards, 10 pl of each
isolatewas taken by an inoculation loop, and dissolvedin
400 pl of sterile deionized water, followed by addition of an
active susceptibility standard disc for meropenem (MEM).
After two-hourincubationat 32°C, the disk was separated
and situated on an M-HA plate, and the plate was
inoculated at 35°C for 24 hourswith a suspension of OD595
1.25 with a sterile cotton swab. The resultsof the test were
analyzed after 24-hour incubation.Inhibition zone around
each disk in plates was measured. Plates with inhibition
zones less than 10 mm in diameter were confirmedto
beCIM-positives 1112,
Polymerase chain reaction (PCR) and sequencing: The
boiling method was used topreparebacterial genomic
DNAfor PCR reaction. In brief,five colonies of each isolate
was dissolved in 300 ml of distilled water for 10 min,
followed by centrifugation at 12,000 rpm for 10 min. The
resultant supernatant was used for PCR amplification. PCR
test was conductedusing the specific primers for the
blaKPC family.

PCR amplification was carried out forblactx-m, blarem,

sequences were carried outusing the online BLAST
software. Sequences were registered in the GenBank
nucleotide database under accession numbers MH359121,
MH359122, MH359123, MH369836, MH369837,
MH369839, and MH369840.

RESULTS

Colisitin was found to be the most active antibiotic as
compared with other antibiotics used,while that all of tested
isolates showed sensitivity to others antibiotics. The
prevalence of obtained samples included Urine (16;
30.76%), BAL (18; 34.61%), Wound (3; 5.76%), Abscess
(1; 1.92%), Blood (10; 19.23%), and Sputum (2; 3.8%)
(Fig.1). Of all the isolates studied, twenty-nine (55.7%)
males and 23 (44.2%) females were infected with
Klebsiella (Fig.2.3.4).Table 1 indicates the results obtained
fromdisc susceptibility testing with antibiotics. Nine (17.3%)
and 43 (83.7%) isolates of Klebsiella spp. were detected in
the groups containing patients less and more than 50 years
old, respectively, showing to be statistically significant (P
<0.05)(Fig.2). Isolates with positiveMHT were defined
carbapenemresistant (Fig.3).The result of MIC testing for a
particular antibiotic including IMP, Cp, MP, CAZ, and CRO
presented a high level of resistance with MIC>2 (Fig.4).
Phenotypic testing revealed that 52 (100%) were ESBL
producers. PCR amplification using gene-specific primers
displayed that33 (63.46%),18 (34.61%), and 20 (38.46%)
of the isolates were positive for blactx-m, blasky, and blatem
genes, respectively. Moreover, the most prevalent the SHV
types were considered as SHV-27(Fig. 1). Our
findingsrevealed that theblaCTX-M1519 (36.53%) gene was
the most prevalent ESBL-encoding gene in
thehospital.Resistant to cefotaxime and ceftazidime were
detected inall CTX-M-harboring Klebsiella isolates.Among
52 Klebsiella isolates, 21 (40.38%) were found to carry a
carbapenemase-encoding gene, while all PCR-positive
isolates showedCIM-positive results(Table 2). The MHT
test was postive in all ESBL isolates. Prevalence of three
resistant genes, including blaNDM1, blaOXA-48 and
blakPC,in carbapenem-resistant isolates was12 (23.07), 6
(11.53), and 3 (5.76), respectively.

blasny, blaOXA-48-like, blaNDM, blaVIM, and blaIMP
genes, as previously described'®8, Alignment of
Table 1:
Phenotypic Tests MIC value (pg/ml)

DDST MHT CIM CRO CAZ MP IMP Cp

DDST Positive Positive 16 256 32 32 32
Positive Positive Positive 32 256 24 32 32
Positive Positive Positive 32 192 32 24 24
Positive Positive Positive 32 256 32 32 32
Positive Positive Positive 32 192 32 24 32
Positive Positive Positive 32 192 32 24 12
Positive Positive Positive 12 192 24 32 24
Positive Positive Positive 24 256 32 32 12
Positive Positive Positive 24 256 32 32 32
Positive Positive Positive 32 256 32 32 32

Depart Isolation Age Sex Specimen Strain Rece
date ption
Date code
POST April /2016 50 F BAL Kleb spp. 4203
HSCT
POST March 33 F Urine klebpne 45395
HSCT /2016
ICU April /2016 30 M Urine klebpne 92765
(Heart)
ICU(Nerv | April /2016 72 F Blood klebpne 50578
es)
ICU April /2015 64 M BAL Kleb spp. 28929
(General)
Internal March 86 M Sputum klebpne 34168
General /2015
ICU December 59 M BAL Kleb spp. 34166
General /2016
OP December 54 M Urine klebpne 15023
/2016 6
ICU December 53 M Blood klebpne 69518
/2016
ICU November 53 M Blood Kleboza 67239

51

52

53

54

55

56

57

58

59

60
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/2016
Positive Positive Positive 32 192 32 24 32 General November 45 F Urine klebpne 72496 61
Internal /2016
Positive Positive | Positive 32 256 24 32 32 Blood March 59 M Blood klebpne 15069 62
/2015 5
Positive Positive | Positive 24 256 24 32 32 ICU December 66 M BAL Kleb spp. | 43083 63
General /2016 3
Positive Positive | Positive 32 256 12 32 24 D December 80 M BAL Kleb spp. | 47098 64
/2016 9
Positive Positive Positive 32 256 32 32 32 ICU March 82 F BAL klebpne 40952 65
General /2015 6
Positive Positive | Positive 32 256 32 24 32 OoP December 49 M Wound klebpne 41091 66
/2015 1
Positive Positive | Positive 32 256 32 32 32 ICU December 69 F Urine klebpne 40118 67
/2016 9
Positive Positive | Positive 32 256 32 32 32 ICU December 55 F BAL klebpne 39217 68
/2016 0
Positive Positive | Positive 32 256 32 32 32 Lung December 83 M Sputum Kleb spp. | 39172 69
/2016 8
Positive Positive | Positive 32 256 32 32 32 ICU August 81 F BAL Kleb spp. | 40585 70
Internal /2015 3
Positive Positive Positive 24 256 32 32 32 urology October/ 70 F Urine Kleb spp. 39100 71
2015 2
Positive Positive | Positive 32 256 32 32 32 Emergenc | Septembe 17 F Urine E.coli 39971 72
y (blood) r/ 2015 1
Positive Positive | Positive 32 256 32 24 24 ICU Septembe 64 M BAL Kleb spp. | 39270 73
General r/ 2015 2
Positive Positive | Positive 32 256 32 32 32 ICU October/ 70 M BAL Kleb spp. | 40727 74
General 2016 4
Positive Positive | Positive 32 256 32 32 32 ICU October/ 43 F Urine Kleb spp. | 23794 75
General 2016 5
Positive Positive | Positive 32 256 32 32 32 ICU Septembe 95 M Urine Kleb spp. | 27663 76
General r/ 2015 8
Positive Positive Positive 16 256 32 32 12 ICU Septembe 920 F BAL Kleb spp. 31586 77
General r/ 2015 7
Positive Positive | Positive 32 256 32 24 32 ICU October/ 71 F BAL Kleb spp. | 32568 78
General 2016 0
Positive Positive | Positive 24 256 32 32 32 OoP Septembe 59 M Urine E.coli 32750 79
r/ 2015 9
Positive Positive | Positive 32 256 32 32 32 ICU December 71 F Blood,Wo Kleb spp | 31433 80
General /2015 und 1
Positive Positive | Positive 32 256 24 32 32 General August 63 M BAL Kleb spp. | 30823 81
Internal /2015 0
Positive Positive | Positive 32 256 32 32 32 ICU December 73 M BAL klebpne 33396 82
General /2015 2
Positive Positive | Positive 32 256 32 24 32 General Septembe 86 M CVP Kleb spp. | 40733 83
Internal r/ 2015 1
Positive Positive Positive 32 256 32 32 32 ICU December 62 M BAL Kleb spp. 33474 84
General /2015 6
Positive Positive Positive 32 192 32 32 32 General August 81 F Urine klebpne 27737 85
Internal /2015 7
Positive Positive Positive 32 256 32 32 32 Orthoped October/ M Wound klebpne 26572 86
ic 2015 6
Positive Positive Positive 32 256 32 32 32 General Septembe 90 F Urine Kleb spp. 31617 87
Internal r/ 2015 8
Positive Positive Positive 32 256 24 32 32 Urology Septembe 85 M Wound Kleb spp. 31776 88
r/ 2015 42
Positive Positive Positive 32 256 24 24 24 General December 85 M Urine Entrobac 32230 89
Internal /2015 ter spp. 5
Positive Positive Positive 32 256 32 32 32 Blood August 66 M Blood E.coli 34058 90
/2015 1
Positive Positive Positive 32 192 32 32 32 Lung December 54 F Urine Kleb spp. 30860 91
/2015 3
Positive Positive Positive 32 192 32 32 32 ICU Septembe 62 F Blood Kleboza 36276 92
General r/ 2015 0
Positive Positive Positive 32 256 32 32 32 ICU April /2016 34 M Blood klebpne 360< 93
General 165
Positive Positive Positive 32 256 32 32 32 surgical March 16 F Abscess klebpne 34891 94
/2016 2
Positive Positive Positive 32 256 32 32 32 General April /2016 62 M Urine Kleb spp. 30505 95
Internal 4
Positive Positive | Positive 32 256 32 32 32 ICU April /2016 71 F CVP Kleb spp. | 32047 96
General 1
Positive Positive | Positive 24 192 24 32 32 ICU April /2016 64 M BAL Kleb spp. 339712 97
General
Positive Positive | Positive 32 256 24 32 32 ICU April /2016 67 F BAL klebpne 32347 98
General
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Positive Positive | Positive 32 256 32 32 32 General April /2016 58 F BAL klebpne 34574 99
Internal

Positive Positive | Positive 32 256 32 32 32 General March 44 F Blood Kleb spp. | 33254 | 100
Internal /2016

Positive Positive | Positive 24 256 32 32 32 General April /2016 64 M Urine Kleb spp. | 31245 | 101
Internal

Positive Positive | Positive 32 256 32 32 32 General April /2016 84 M Blood Kleb spp. | 33546 | 102
Internal

Abbreviations: POST HSCT; MHT = Modified Hodge test; DDST = Double disk synergy test; ICU = Intensive care unit; Cp= Ciprofloxacin; IMP=Imipenem;
MP=Meropenem; CAZ=Ceftazidime; CRO=Ceftriaxone; CIM=Carbapenem Inactivation method; N= Isolates number; F=Female;M=Male; Cp
Genes=Carbapenem Genes; Post-hematopoietic stem cell transplantation, BAL; Broncho alveolar lavage, MIC = Minimum inhibitory concentration; IMP =
Imipenem.

Fig. 1: Distribution of Klebsiella positive samples

Prevalence of Samples

20

15

10

[€,]

8 =

Blood Urine BAL Wound Sputum Abscess CVP

mSample ®Columnl mColumn2

Fig. 2: Distribution of Klebsiella isolates based on Sex and Age
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Fig 3: The MHT performed on a Muller Hinton Agar plate. (1) MH positive result
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DISCUSSION

Nowadays, carbapenem is the only remaining option for the
treatment ofserious infections caused by Enterobacteria®®.
However, Due to extensive use of carbapenem, the
emergence of carbapenem-resistant enterobacterial
isolates has been increasing worldwide in the past
decades®. Treatment of multidrug resistant bacteria is too
difficult and may assist the development and worldwide
spread of antibiotic resistance!®. The prevalence rate of
infections can be caused by organisms resistant to
betalactam antibiotics, making it an increasing challenge
worldwide. Therefore, there is a need for detection of
ESBL-producing isolatesonce confined to hospitals but now
widespread in communities!®. ESBL carbapenem-resistant
Klebsiella (CRK) strains have become distributed globally
in an epidemic that is associated with
extensiveantibioticuse?. In this situation, it is important to
detect high-level resistant CPK strains
as early as possible.In this study, the rates of resistance in
K. pneumoniae isolates to cefotaxime, -ceftazidime,
ceftriaxone antibiotics were higher than those described by
Ghafourian et al?. Their data demonstrated a trend toward
growing resistance to these antibiotics in Iran. We
identified a high frequency of ESBL-producing
isolates,which is approximatelysimilar those reported in
Turkey (69%) (10), Taiwan (97%)(11), India (97%)(19),
Saudi Arabia (55%) (20), and Nepal (62.7%)(21), but
higher than those reported in Lebanon (20%), the United
States (7.6%), and Canada (4.9%)%2?°. The present study
further presented that the blaSHVgene is highly 18
(34.61%) prevalent in clinical ESBL producing strains.The

mostcommon subtypes were considered as SHV-27. In a
study,Al-Agamy et al. exhibited that 214 (97.3%) of 220
strains isolated in Saudi Arabia carrythe blaSHV gene,
which is higher than those shown in other studies.
Inconsistent with our study, Feizabadi et al. showed thatin
K. pneumoniae strains TEM-1, SHV-1, SHV-12were the
most common subtypes in Hospitals of Tehran®.

In the clinical setting, distribution of ESBL-producing
K. pneumoniae has been considered an important
therapeutic concern. Our findings indicated that CTX-M1
and CTX-M15groups had a high prevalence in clinical
ESBL-producing isolates and the most common subtype,
respectively. According to reports in different European
countries and Iran,CTX-M.15, CTX-M-14, and CTX-M-2
have been the most prevalent CTX-M enzyme!S3L, In
agreement with our study, Dedeic-Ljubovic et al showed
thehigh prevalenceof CTX-M-15 in KPC isolates in Bosnia-
Herzegovina®. However, results in other regions, such as
South America, are actually different from our findings.
Different studies showed that CTX-M-8 and CTX-M-2
enzymes are as the common ESBL types®?%. In
agreement with our study, the most common genotype was
found to beCTX-M-15 in the United States whileother type
of enzymes including CTX-M-2 and CTX-M-4 groups were
infrequentlydistinguished?®. Similar to our study, Yaghoubi
et al. and van der Zwaluw et al. descried that CIM is a new
test withhigh specificity and sensitivity for identification of
carbapenemase producers??!4. Results fromboth tests
(CIM and MHT) verified that all the isolates werepositive.
Our results of the CIM test are completely consistentwith
other investigationsstated in other regions of the
world!1215  Therefore, the CIM test is an applicable,
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highlyefficient, and low-cost method for the detection of
carbapenem-resistant isolates in our hospitals and clinical
setting. PCR amplification showedthe presence of the
carbapenemase-encoding gene in 21(40.38%) of the
isolates. In our study, frequency of the blaNDM-1 gene in
CR K. Pneumonia isolates was 12 (23.07).NDM and OXA-
48 types were found to be the most common
carbapenemasein the study conducted by Zowawi et al®.
Prevalence of the blaOXA-48-like gene was reported in
6(11.53) isolates. Our findingsindicated that Klebsiella
isolates harboring OXA-48 are increasing dramatically
when compared with other regions of the world including
Russia, Turkey, France, Saudi Arabia, Taiwan, and
China®3. The lack of known target genes in a number of
carbapenem-resistant isolates may be due to the presence
of other genes, AmpC betalactamases, and an ESBLs, and
the reduced permeability of the outer membranel33435,
Frequency of the blaKPC gene was detected in three (5.76)
CR isolates with high level of resistance.Several reports
from other regions suggested that KPC-harboring isolates
had a resistance to the majority of antimicrobial agents. In
general, we determined high-levelresistant KP isolates as
well as the high coexistence of blaCTX-M and OXA-48
/NDM1in our clinical setting. We also
introducedanapplicable method (the CIM test) forthe
reliable detection of CRK strains in hospital settings in
Tehran. Giving to our study, colisitin,regardless of its side
effects, representsan appropriate empirical treatment
forinfectionscausedby ESBL-producing
pathogens.Becauseantibioticsare highlyexpensive and can
cause more complications, therefore, reasonable
prescription of cephalosporins and the precise control may
have better outcomes.Our findings led to the idea that the
CIM test is an achievable and fast method for detection of
CRK in our clinical setting. According with increased
emergence of OXA-48, KPC, CTX-M, and NDM1 (ESBL-
resistant/carbapenem-resistant) harboring CRK strains, we
arefacing a big challenge in the future. All of the results
clarify the necessity of further control in our health facility
locations and initiation of appropriate antimicrobial therapy.
Acknowledgment: We thank all personnel of the Shariati
Hospital’s microbiology laboratory for their cooperation.
This study is funded by the Tehran University of Medical
Sciences, Grant No. 32152-31-02-95.

REFERENCES

1. Urbanek K, KolaF M, Lovegkova Y, Strojil J, Santava L.
Influence of third-generation cephalosporin utilization on the
occurrence of ESBL-positive Klebsiella pneumoniae strains.
Journal  of clinical pharmacy and therapeutics.
2007;32(4):403-8.

2. Yaghoubi S, Ranjbar R, Soltan Dallal MM, Shirazi MH,
Sharifi-Yazdi MK. Frequency of Mutations in Quinolone
Resistance-Determining Regions and Plasmid-Mediated
Quinolone Resistance in Shigella Isolates Recovered from
Pediatric Patients in Tehran, Iran: An Overlooked Problem.
Microbial Drug Resistance. 2018;24(6):699-706.

3. Yaghoubi S, Ranjbar R, Dallal MMS, Fard SY, Shirazi MH,
Mahmoudi M. Profiling of virulence-associated factors in
Shigella species isolated from acute pediatric diarrheal
samples in Tehran, Iran. Osong public health and research
perspectives. 2017;8(3):220.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Beiranvand M, Amin M, Hashemi-Shahraki A, Romani B,
Yaghoubi S, Sadeghi P. Antimicrobial activity of endophytic
bacterial populations isolated from medical plants of Iran.
Iranian journal of microbiology. 2017;9(1):11.

Bush K. Extended-spectrum B-lactamases in North America,
1987-2006.  Clinical Microbiology  and  Infection.
2008;14:134-43.

Coque T, Baquero F, Canton R. Increasing prevalence of
ESBL-producing Enterobacteriaceae in Europe.
Eurosurveillance. 2008;13(47):19044.

Hawkey P. Prevalence and clonality of extended-spectrum
B-lactamases in Asia. Clinical Microbiology and Infection.
2008;14:159-65.

Nordmann P, Gniadkowski M, Giske C, Poirel L, Woodford
N, Miriagou V, et al. lIdentification and screening of
carbapenemase-producing  Enterobacteriaceae.  Clinical
Microbiology and Infection. 2012;18(5):432-8.

Lutgring JD, Limbago BM. The problem of carbapenemase
producing carbapenem-resistant Enterobacteriaceae
detection. Journal of clinical microbiology. 2016:JCM. 02771-
15.

Aguirre-Quifionero A, Cano M, Gamal D, Calvo J, Martinez-
Martinez L. Evaluation of the carbapenem inactivation
method (CIM) for detecting carbapenemase activity in
enterobacteria. Diagnostic microbiology and infectious
disease. 2017;88(3):214-8.

Saito K, Nakano R, Suzuki Y, Nakano A, Ogawa Y,
Yonekawa S, et al. Suitability of carbapenem inactivation
method (CIM) for detection of IMP metallo-B-lactamase-
producing  Enterobacteriaceae. Journal of  clinical
microbiology. 2017;55(4):1220-2.

van der Zwaluw K, de Haan A, Pluister GN, Bootsma HJ, de
Neeling AJ, Schouls LM. The carbapenem inactivation
method (CIM), a simple and low-cost alternative for the
Carba NP test to assess phenotypic carbapenemase activity
in gram-negative rods. PL0oS One. 2015;10(3):€0123690.
Hosseinzadeh Z, Ebrahim-Saraie HS, Sarvari J, Mardaneh
J, Dehghani B, Rokni-Hosseini SMH, et al. Emerge of
blaNDM-1 and blaOXA-48-like harboring carbapenem-
resistant Klebsiella pneumoniae isolates from hospitalized
patients in southwestern Iran. Journal of the Chinese
Medical Association. 2018;81(6):536-40.

Fursova NK, Astashkin El, Knyazeva Al, Kartsev NN,
Leonova ES, Ershova ON, et al. The spread of bla OXA-48
and bla OXA-244 carbapenemase genes among Klebsiella
pneumoniae, Proteus mirabilis and Enterobacter spp.
isolated in Moscow, Russia. Annals of clinical microbiology
and antimicrobials. 2015;14(1):46.

Akhi MT, Khalili Y, Ghotaslou R, Kafil HS, Yousefi S, Nagili
B, et al. Carbapenem inactivation: a very affordable and

highly specific method for phenotypic detection of
carbapenemase-producing Pseudomonas aeruginosa
isolates compared with other methods. Journal of

Chemotherapy. 2017;29(3):144-9.

Dedeic-Ljubovic A, Hukic M, Pfeifer Y, Witte W, Padilla E,
Lépez-Ramis |, et al. Emergence of CTX-M-15
extended-spectrum B-lactamase-producing Klebsiella
pneumoniae isolates in Bosnia and Herzegovina. Clinical
Microbiology and Infection. 2010;16(2):152-6.

Newire EA, Ahmed SF, House B, Valiente E, Pimentel G.
Detection of new SHV-12, SHV-5 and SHV-2a variants of
extended  spectrum  beta-lactamase in  Klebsiella
pneumoniae in Egypt. Annals of clinical microbiology and
antimicrobials. 2013;12(1):16.

Rizek C, Ferraz JR, van der Heijden IM, Giudice M,
Mostachio AK, Paez J, et al. In vitro activity of potential old
and new drugs against multidrug-resistant gram-negatives.
Journal of Infection and Chemotherapy. 2015;21(2):114-7.
Al-Agamy MH, Aljallal A, Radwan HH, Shibl AM.
Characterization of carbapenemases, ESBLs, and plasmid-

1077 PJIMHS Vol. 14, NO. 2, APR - JUN 2020



Sajad Yaghoubi, Shahriar Yavari, Zohreh Baseri et al

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

mediated quinolone determinants in carbapenem-insensitive
Escherichia coli and Klebsiella pneumoniae in Riyadh
hospitals. Journal of infection and public health.
2018;11(1):64-8.

Ghafourian S, Sadeghifard N, bin Sekawi Z, Neela VK, Nor
Shamsudin M, Mohebi R, et al. Antimicrobial pattern and
clonal dissemination of extended-spectrum beta-lactamase
producing Klebsiella Spp isolates. American Journal of
Infectious Diseases. 2010;6(4).

Bali EB, Accedil L, Sultan N. Phenotypic and molecular
characterization of SHV, TEM, CTX-M and extended-
spectrum-lactamase  produced by Escherichia coli,
Acinobacter baumannii and Klebsiella isolates in a Turkish
hospital. African Journal of Microbiology Research.
2010;4(8):650-4.

Lin C-F, Hsu S-K, Chen C-H, Huang J-R, Lo H-H. Genotypic
detection and molecular epidemiology of extended-spectrum
B-lactamase-producing Escherichia coli and Klebsiella
pneumoniae in a regional hospital in central Taiwan. Journal
of Medical Microbiology. 2010;59(6):665-71.

Lal P, Kapil A, Das BK, Sood S. Occurrence of TEM & SHV
gene in extended spectrum b-lactamases (ESBLs) producing
Klebsiella sp. isolated from a tertiary care hospital. Indian
Journal of Medical Research. 2007;125(2):173.

Al-Agamy MH, Shibl AM, Tawfik AF. Prevalence and
molecular characterization of extended-spectrum -
lactamase-producing Klebsiella pneumoniae in Riyadh,
Saudi Arabia. Annals of Saudi medicine. 2009;29(4):253.
Poudyal S, Bhatta D, Shakya G, Upadhyaya B, Dumre S,
Buda G, et al. Extended spectrum &-lactamase producing
multidrug resistant clinical bacterial isolates at National
Public Health Laboratory, Nepal. Nepal Med Coll J.
2011;13(1):34-8.

Daoud Z, Hakime N. Prevalence and susceptibility patterns
of extended-spectrum betalactamase-producing Escherichia
coli and Klebsiella pneumoniae in a general university
hospital in Beirut, Lebanon. Rev Esp Quimioter.
2003;16(2):233-8.

Jacoby GA, Munoz-Price LS. The new B-lactamases. New
England Journal of Medicine. 2005;352(4):380-91.
Ghafourian S, bin Sekawi Z, Sadeghifard N, Mohebi R,
Neela VK, Maleki A, et al. The prevalence of ESBLs
producing Klebsiella pneumoniae isolates in some major
hospitals, Iran. The open microbiology journal. 2011;5:91.
Shahraki-Zahedani S, Rigi S, Bokaeian M, Ansari-
Moghaddam A, Moghadampour M. First report of TEM-104-,
SHV-99-, SHV-108-, and SHV-110-producing Klebsiella
pneumoniae from Iran. Revista da Sociedade Brasileira de
Medicina Tropical. 2016;49(4):441-5.

Feizabadi MM, Mahamadi-Yeganeh S, Mirsalehian A,
Mirafshar S-M, Mahboobi M, Nili F, et al. Genetic
characterization of ESBL producing strains of Klebsiella
pneumoniae from Tehran hospitals. The Journal of Infection
in Developing Countries. 2010;4(10):609-15.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Feizabadi MM, Delfani S, Raji N, Majnooni A, Aligholi M,
Shahcheraghi F, et al. Distribution of bla TEM, bla SHV, bla
CTX-M genes among clinical isolates of Klebsiella
pneumoniae at Labbafinejad Hospital, Tehran, Iran.
Microbial drug resistance. 2010;16(1):49-53.

Wang G, Huang T, Surendraiah PKM, Wang K, Komal R,
Zhuge J, et al. CTX-M B-Lactamase—producing Klebsiella
pneumoniae in Suburban New York City, New York, USA.
Emerging infectious diseases. 2013;19(11):1803.

Zowawi HM, Sartor AL, Balkhy HH, Walsh TR, Al Johani SM,
Aldindan RY, et al. Molecular characterization of
carbapenemase-producing Escherichia coli and Klebsiella
pneumoniae in the countries of the Gulf cooperation council:
dominance of OXA-48 and NDM producers. Antimicrobial
agents and chemotherapy. 2014:AAC. 02050-13.

Yaghoubi S, Baseri Z, Rasti A, Gharani M, Erfani Y. High
prevalence of extended-spectrum B-lactamase (blaCTX-M-
15) and New Delhi metallo-B-lactamase-1 (NDM-1) genes
among high-level carbapenem resistance Klebsiella
pneumonia: an alarm for our health system. African Journal
of Clinical and Experimental Microbiology. 2019;20(1):72-82.
Saeidi Y, Pournajaf A, Gholami M, Hasannejad-Bibalan M,
Yaghoubi S, Khodabandeh M, et al. Determination of
Helicobacter pylori virulence-associated genes in duodenal
ulcer and gastric biopsies. Medical journal of the Islamic
Republic of Iran. 2017;31:95

Sajad Yaghoubi, Reza Ranjbar, Mohammad Mehdi Soltan
Dallal, SomayehYaslianiFard, Mohammad Hasan Shirazi,
Mahmood Mahmoudi. Profiling of virulence-associated
factors in Shigella species isolated from acute pediatric
diarrheal samples in Tehran, Iran. Osong public health and
research perspectives. 2017;8(3):220.

Sajad Yaghoubi, Reza Ranjbar, Mohammad Mehdi Soltan
Dallal, Mohammad Hasan Shirazi, Mohammad
KazemSharifi-Yazdi. Frequency of Mutations in Quinolone
Resistance-Determining Regions and Plasmid-Mediated
Quinolone Resistance in Shigella Isolates Recovered from
Pediatric. Microbial Drug Resistance. 2018;8(3): 699-706.

Abazar Pournajaf, ShabnamRazavi, Gholamrezalrajian,
AbdollahArdebili, Yousef Erfani, Sana Solgi, Sajad
Yaghoubi, AfsanehRasaeian, Yousef Yahyapour,

RaminKafshgari, Saeed Shoja, RamazanRajabnia. Integron
types, antimicrobial resistance genes, virulence gene profile,
alginate production and biofilm formation in Iranian cystic
fibrosis Pseudomonas aeruginosa isolates. Infez Med.
2018;26(3):226-236.

YasamanSaeidi, Abazar Pournajaf, Mehrdad Gholami,
MeysamHasannejad-Bibalan, Sajad Yaghoubi, Mahmoud
Khodabandeh, BehzadEmadi, ElahehFerdosi-Shahandashti,
RamazanRajabnia. Medical journal of the Islamic Republic of
Iran. Determination of Helicobacter pylori virulence-
associated genes in duodenal ulcer and gastric biopsies.
Medical journal of the Islamic Republic of Iran. 2017;31:95.

PJMHS Vol. 14, NO. 2, APR —JUN 2020 1078



