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A B S T R A C T   

The growing spread of carbapenemase-producing Klebsiella pneumoniae (CPK) poses a worldwide threat due to 
the swift spread of mobile genetic elements containing carbapenemase genes, limited options for treatment, and 
high mortality rates. The aim of this study was to detect and characterize CPK using phenotypic and genotypic 
methods. A total of 151 K. pneumoniae clinical isolates were collected from hospitals in Bushehr province. The 
modified carbapenem inactivation method (mCIM), EDTA-modified carbapenem inactivation method (eCIM), 
and OXA-48 disk test were used for phenotypic confirmation of carbapenemase production. The resistance genes, 
including blaKPC, blaNDM, blaOXA-48, blaIMP, blaVIM, and blaGES, were detected by PCR, followed by sequencing. 
Antimicrobial susceptibilities revealed colistin as the most effective of all tested antimicrobial agents. Totally 12 
(7.94%) CPK were identified. PCR results indicated that blaNDM-1 and blaOXA-48 genes accounted for 11(91.6%) 
and 4 (33.3%) of carbapenemase-producing isolates, respectively. It is notable that the coexistence of blaNDM and 
blaOXA-48 genes was seen in 3 (25%) isolates. Given coexistence situations, our results highlighted that the pri-
ority of eCIM was the recognition of metallo-β-lactamases, and OXA-48 disk test revealed high specificity to 
recognize blaOXA-48 gene. Therefore, there is no single phenotypic test considered to be suitable for all situations, 
and indeed to distinguish diverse types of carbapenemase, the genotypic method is by far the best and most 
precise. Our findings underscore the emergence of K. pneumoniae coharboring blaNDM-1 and blaOXA-48 and 
emphasize the need for thorough observation and precautions.   

1. Introduction 

Carbapenems are frequently considered to be the only therapeutic 
options, whose efficacy has been proven for treatment of severe hospital 
or community-acquired infections triggered by extended-spectrum 
β-lactamase (ESBL)- or multiresistant AmpC-producing Enterobacteri-
aceae (Codjoe and Donkor, 2018; Doumith et al., 2009). Over the last 
two decades, a global dissemination of carbapenem-resistant Entero-
bacteriaceae (CRE) has come to notice (Nordmann et al., 2011). Hori-
zontal transfer of genes which encodes carbapenem-hydrolyzing 
carbapenemase enzymes mainly mediates carbapenem resistance in 
Enterobacteriaceae. However, carbapenem resistance can also be caused 
by porin mutations or the overexpression of efflux pumps especially in 
combination with the hyperproduction of β-lactamase enzymes (van 
Loon et al., 2018; Barbarini et al., 2015). In Enterobacteriaceae, 

carbapenemases represent the most important mechanism of resistance, 
because carbapenemase genes are mainly plasmid-encoded and the 
characteristic of being highly transferable makes them potentially 
responsible for outbreaks (Nordmann, 2014; Pitout, 2008). The most 
clinically significant carbapenemases in Enterobacteriaceae are the 
following: (i) Ambler class A serine carbapenemases, including KPC, 
SME, and GES enzymes, (ii) Class B metallo-β-lactamases (MBL), 
including IMP, VIM, and NDM types, and (iii) Class D OXA enzymes, 
including OXA-48-like enzymes (Dortet et al., 2014; Bush and Jacoby, 
2010). 

Emergence of carbapenemase-producing K. pneumoniae isolates has 
turned to be a worldwide concern (Nordmann et al., 2011; Kumarasamy 
et al., 2010). Among carbapenemase enzymes, class A Klebsiella pneu-
moniae carbapenemases (KPCs) and class B acquired metallo-β-lacta-
mases have displayed rapid global spread predominantly by 

* Corresponding author at: Department of Microbiology and Parasitology, Faculty of Medicine, The Persian Gulf Marine Biotechnology Research Center, The 
Persian Gulf Biomedical Sciences Research Institute, Bushehr University of Medical Sciences, Bushehr, Iran. 

E-mail address: Forough.yousefi82@yahoo.com (F. Yousefi).  

Contents lists available at ScienceDirect 

Gene Reports 

journal homepage: www.elsevier.com/locate/genrep 

https://doi.org/10.1016/j.genrep.2020.100932 
Received 9 September 2020; Received in revised form 15 October 2020; Accepted 18 October 2020   

mailto:Forough.yousefi82@yahoo.com
www.sciencedirect.com/science/journal/24520144
https://www.elsevier.com/locate/genrep
https://doi.org/10.1016/j.genrep.2020.100932
https://doi.org/10.1016/j.genrep.2020.100932
https://doi.org/10.1016/j.genrep.2020.100932
http://crossmark.crossref.org/dialog/?doi=10.1016/j.genrep.2020.100932&domain=pdf


Gene Reports 21 (2020) 100932

2

K. pneumoniae and less frequently by other Enterobacteriaceae species 
(Tsakris et al., 2015). New Delhi metallo-β-lactamase-1 (NDM-1) is a 
wide-spectrum β-lactamase capable of impairing all beta-lactam anti-
biotics such as penicillins, cephalosporins and carbapenems (Salloum 
et al., 2017; Tada et al., 2017). The mortality rate for infections caused 
by NDM-1 producing bacteria is reported to be about 18 to 67% (Roy 
et al., 2011). 

Additionally, class D OXA-48-type carbapenemases have become 
growingly widespread among the carbapenem-nonsusceptible Entero-
bacteriaceae in regions such as North Africa, the Middle East, and Turkey 
as well as causing outbreaks in several European countries (Nordmann 
et al., 2011; Potron et al., 2013; Cantón et al., 2012). Notably, OXA-48- 
type carbapenemases are spread in K. pneumoniae but it is frequently 
missed, because in contrast to other carbapenemases, these oxacillinases 
hydrolyze carbapenems weakly. Consequently, a high number of isolates 
demonstrate low MICs for carbapenems and spare the third-generation 
cephalosporins (Koroska et al., 2017). However, the level of resistance 
given to cephalosporins and carbapenems is considerably higher when 
ESBL production and permeability defects are associated with OXA-48 
carbapenemases (Nordmann et al., 2011; Tsakris et al., 2015). 

Characterization of the carbapenem resistance mechanisms is not 
common in most clinical laboratories (Pierce et al., 2017). However, it is 
currently recommended for the guidance of therapeutic decisions 
(Tumbarello et al., 2018). In addition, this distinction between 
carbapenemase-producing Enterobacteriaceae (CPE) and non-CPE is of 
paramount importance for infection control and epidemiologic purposes 
because many carbapenemases are conveyed on mobile genetic ele-
ments which facilitate horizontal transfer of resistance between gram- 
negative organisms (Pierce et al., 2017). 

Therefore, what plays a crucial role in controlling the spread of 
carbapenem resistance among Enterobacteriaceae can be the precise 
phenotypic detection and differentiation of the diverse carbapenemase 
types; however, in contrast to MBL or KPC, no specific inhibitor is 
available for the phenotypic detection of OXA-48 (Koroska et al., 2017). 

This study focuses on detecting and characterizing carbapenemase- 
producing K. pneumoniae clinical isolates by phenotypic methods, 
including modified carbapenem inactivation method (mCIM), EDTA- 
modified carbapenem inactivation method (eCIM), and OXA-48 disk 
test and confirms the given phenotypic results using PCR and 
sequencing. 

2. Materials and methods 

2.1. Clinical isolates 

This project was approved by the Ethical Committee of Bushehr 
University of Medical Sciences with reference number IR.BPUMS. 
REC.1398.051. A total of 151 consecutive Klebsiella pneumoniae clinical 
isolates were collected from six hospitals in Bushehr province, located in 
the south of Iran, between November 2017 and June 2018. All the 
strains were identified according to standard microbiological proced-
ures and confirmed using polymerase chain reaction analysis to target 
malate dehydrogenase (mdh) gene (Barati et al., 2016). 

2.2. Antimicrobial susceptibility test 

Antimicrobial susceptibilities were determined by disk diffusion and 
E-test methods on Mueller Hinton agar (Biolife, Italy) in accordance with 
the Clinical and Laboratory Standards Institute (CLSI) guidelines, as 
updated in 2018. The following antibiotic disks (MastGroup Ltd., Mer-
seyside, United Kingdom) were used: ampicillin (25 μg), amox-
icillin–clavulanic acid (20/10 μg), piperacillin-tazobactam (100/10 μg), 
cefoxitin (30 μg), ceftazidime (30 μg), cefotaxime (30 μg), ceftriaxone 
(30 μg), cefepime (30 μg), aztreonam (30 μg), amikacin (30 μg), 
gentamicin (10 μg), tobramycin (30 μg), fosmomycin (200 μg), imipe-
nem (10 μg), meropenem (10 μg), ertapenem (10 μg), ciprofloxacin (5 

μg), and tigecycline (15 μg). Likewise, MICs of piperacillin-tazobactam, 
ceftazidime, amikacin, gentamicin, ciprofloxacin, trimethoprim- sulfa-
methoxazole, and imipenem were determined using MIC gradient strips 
(Liofilchem, Italy). In addition, broth microdilution method was applied 
to determine colistin MIC. Escherichia coli strains ATCC 25922 and ATCC 
35218 were used as quality controls. All tested isolates were not sus-
ceptible to at least one of the three carbapenem agents, including imi-
penem, meropenem or ertapenem, which were chosen for further 
characterization of carbapenemase production. 

2.3. Detection of carbapenemases using mCIM and eCIM methods 

Modified carbapenem inactivation method was carried out on iso-
lates which were not sensitive to at least one carbapenem according to 
the CLSI 2018 recommendations. Briefly, a 1-μl loopful of carbapenem- 
resistant organism with suspected carbapenemase activity is resus-
pended in two tubes containing 2 ml of tryptic soy broth (TSB). One tube 
did not have EDTA (mCIM), while the other was supplemented with 
EDTA at a final concentration of 5 mM (eCIM). A 10-μg meropenem disk 
was submerged in each tube, and the tubes were incubated at 35 ◦C in 
ambient air for 4 h ± 15 min without shaking. Subsequently, the disks 
were removed and placed on Mueller-Hinton agar plates freshly plated 
with a 0.5 McFarland suspension of a carbapenem susceptible strain 
(Escherichia coli ATCC 25922). The plates were incubated at 35 ◦C for 18 
to 24 h and, the results were interpreted according to CLSI 2018. A zone 
diameter of 6–15 mm or presence of pinpoint colonies within a 16–18 
mm zone is considered as carbapenemase-producer, whereas carba-
penemase is not produced in a zone diameter of ≥19 mm. eCIM is only 
interpreted in conjunction with a positive mCIM result. In this method, a 
≥5 mm increase in zone diameter for eCIM compared to zone diameter 
for mCIM is considered as a positive metallo-β-lactamase, whereas a ≤4 
mm decrease in zone diameter for eCIM compared to zone diameter of 
mCIM is considered as a negative metallo-β-lactamase (Sfeir et al., 
2019). 

2.4. OXA-48 disk test 

The test is formed by using EDTA and phenyl boronic acid (PBA) to 
prevent the production of MBL and KPCs carbapenemases, respectively. 
10 μl of 0.1 M EDTA were dispensed onto two blank paper disks, and 10 
μl of PBA solution (containing 600 μg of PBA) were dispensed onto the 
left of the two disks containing EDTA. A 10-μg imipenem disk was placed 
on Mueller-Hinton agar plate freshly plated with a 0.5 McFarland sus-
pension of Escherichia coli ATCC 25922 (a carbapenem susceptible 
strain). Then 4–5 colonies of the tested microorganism were used to 
cover the disks containing EDTA and EDTA plus PBA. The inoculated 
disks were located adjacent to the imipenem disk. The plate was incu-
bated at 35 ◦C for 18 h and examined for either an indentation or a 
flattening of the zone of inhibition. Indentation of growth towards both 
EDTA and EDTA plus PBA disks represents OXA-48/ESBL production, 
whereas NDM-1/ESBL production appears when there is no indentation 
towards both disks. Furthermore, KPC production is displayed by 
indentation of growth towards the EDTA disk only (Tsakris et al., 2015). 

2.5. Detection of resistance genes by PCR assays and sequencing 

K. pneumoniae isolates were confirmed in order to target the malate 
dehydrogenase (mdh) housekeeping gene (Barati et al., 2016). More-
over, detection of carbapenemase encoding genes, including blaKPC, 
blaNDM-1, blaVIM, blaIMP, blaGES, and blaOXA-48 were performed by PCR 
method using specific oligonucleotide primers (Table 1). To confirm the 
PCR results, amplicons were purified and sequenced by the Bioneer 
Company (Seoul, Korea). The nucleotides and deduced protein se-
quences alignment and analysis were also carried out online using the 
basic local alignment search tool (BLAST) program of the National 
Center for Biotechnology Information (http://blast.ncbi.nlm.nih.gov/ 
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Blast.cgi). 

3. Results 

3.1. Antimicrobial susceptibilities of K. pneumoniae isolates 

Out of 151 K. pneumoniae strains isolated from different clinical 
samples, 12 (7.9%) isolates were resistant to all three used carbapenems. 
The most effective antibiotic on carbapenem resistant isolates was 
colistin, to which all 12 (100%) isolates were susceptible in broth 
microdilution method. Afterwards, amikacin (58.33%) and phospho-
mycin (41.66%) were more effective than the other tested antimicrobial 
agents (Table 2). Among 12 carbapenemase-producing K. pneumoniae 
isolates, 50% exhibited imipenem MIC values ≥32 μg/ml. MIC results 
also showed that all 12 isolates maintained high level of resistance to 
piperacillin-tazobactam (≥256 μg/ml) and ciprofloxacin (≥32 μg/ml). 
In addition, 11 out of 12 isolates demonstrated ceftazidime MIC values 
≥256 μg/ml (Table 3). 

3.2. mCIM and eCIM test 

All 12 carbapenem resistant isolates were identified as 
carbapenemase-producing K. pneumoniae by mCIM method. A compar-
ison between the results of mCIM and those of eCIM showed that 11 out 
of 12 carbapenemase-producing K. pneumoniae isolates were metallo- 
β-lactamase producer (Fig. 1A), and one of which (Kp147) was detected 

as serine carbapenemase-producing isolate (Fig. 1B). 

3.3. OXA-48 disk test 

In this method, out of 12 carbapenem resistant isolates, 4 isolates 
were distinguished as OXA-48- producer (Fig. 2A) and 8 isolates as 
NDM-producing K. pneumoniae (Fig. 2B). 

3.4. Detection of carbapenem resistance genes by PCR and sequencing 

PCR results revealed that 11 (91.6%) and 4 (33.3%) carbapenemase- 
producing isolates harbored blaNDM-1 (Fig. 3A) and blaOXA-48 genes 
(Fig. 3B), respectively. Notably, the coexistence of blaNDM and blaOXA-48 
accounted for 3 (25%) of carbapenem resistant isolates. In this study, 
blaKPC, blaIMP, blaVIM, and blaGES were not found. In addition, as shown in 
Table 3, aac(6′)Ib (Liao et al., 2013) and blaCTX-M-15 (Jeong et al., 2005) 
were found in 12 (100%) and 9 (75%) carbapenem resistant isolates, 
respectively. 

The sequences of blaNDM genes were submitted to the Genbank 
database under accession numbers MN401239, MN401240, MN401241, 
MN386083, MN395480, MN395481, MN395482, MN395483, 
MN395484, MN395485, MN395486, and The sequences of blaOXA-48 
genes were submitted to the Genbank database under accession numbers 
MN401243, MN401244, MN401245, MN401242. 

4. Discussion 

Carbapenems are considered the treatment of choice for serious in-
fections which are triggered by multi-drug resistant Enterobacteriaceae. 
However, abrupt worldwide spread of carbapenemase-producing 
Enterobacteriaceae offers a clinical challenge and is an increasing pub-
lic health emergency (Tängdén and Giske, 2015). K. pneumoniae repre-
sents one of the most alarming pathogens involved in antibiotic 
resistance era (Navon-Venezia et al., 2017). K. pneumoniae has been 
identified to be the most common enterobacterial species for spreading 
ESBL and carbapenemase-resistance genes in health care settings, 
resulting in increased treatment complications, higher mortality rates 
and costs (Navon-Venezia et al., 2017; Tabrizi et al., 2018). Early 
identification of carbapenemase producers in clinical infections is, 
therefore, essential to inhibit the emergence of hospital-based outbreaks 
of carbapenemase producers efficiently (Nordmann et al., 2011). 
Phenotypic detection of carbapenemases is complicated by the fact that 
the level of carbapenem resistance induced by the expression of carba-
penemases is various and no single phenotypic test can be regarded as 
appropriate for all situations (Tängdén and Giske, 2015; Lutgring and 
Limbago, 2016). To distinguish between types of mechanisms has 
emerged to be a current diagnostic issue for laboratories (Tsakris et al., 
2015; Tamma and Simner, 2018). 

Table 1 
The sequences of primers and annealing temperatures used in PCR amplification of carbapenemase encoding genes.  

Primer Sequence (5′ to 3′) Size (bp) Annealing temperature Gene Reference 

mdh F GCGTGGCGGTAGATCTAAGTCATA  364  55 mdha (Barati et al., 2016) 
mdh R TTCAGCTCCGCCACAAAGGTA 
NDM-1 F GGTTTGGCGATCTGGTTTTC  621  57 blaNDM-1 (Nordmann et al., 2011) 
NDM-1 R CGGAATGGCTCATCACGATC 
OXA-48 F TTGGTGGCATCGATTATCGG  744  58 blaOXA-48 (Österblad et al., 2012) 
OXA-48 R GAGCACTTCTTTTGTGATGGC 
KPC F ATTTTCAGAGCCTTACTGCCC  901  55 blaKPC (Shoja et al., 2018) 
KPC R TATCGTTGATGTCACTGTATCG 
GES F ATGCGCTTCATTCACGCAC  864  60 blaGES (Österblad et al., 2012) 
GES R CTATTTGTCCGTGCTCAGG 
IMP F GGAATAGAGTGGCTTAAYTC  232  55 blaIMP (Nordmann et al., 2011) 
IMP R TCGGTTTAAYAAAACAACCACC 
VIM F GATGGTGTTTGGTCGCATA  390  55 blaVIM (Nordmann et al., 2011) 
VIM R CGAATGCGCAGCACCAG  

a Confirmation of K. pneumoniae isolates was carried out to target malate dehydrogenase (mdh) housekeeping gene. 

Table 2 
In vitro activities of antimicrobial agents against 12 carbapenemase-producing 
K. pneumoniae isolates by using disk diffusion method.  

Antibiotic disk Carbapenemase-producing isolates (12) N:% 

Resistant Intermediate Susceptible 

Cefepime 12 (100) 0 0 
Ceftazidime 12 (100) 0 0 
Cefotaxime 12 (100) 0 0 
Ceftriaxone 12 (100) 0 0 
Cefoxitin 12 (100) 0 0 
Aztreonam 12 (100) 0 0 
Imipenem 12 (100) 0 0 
Meropenem 12 (100) 0 0 
Ertapenem 12 (100) 0 0 
Ciprofloxacin 12 (100) 0 0 
Trimethoprim-sulfamethoxazole 8 (66.66) 2 (16.66) 2 (16.66) 
Fosmomycin 1 (8.33) 6 (50) 5 (41.66) 
Piperacillin-tazobactam 12 (100) 0 0 
Amoxicillin–clavulanic acid 12 (100) 0 0 
Amikacin 5 (41.66) 0 7 (58.33) 
Gentamicin 12 (100) 0 0 
Tobramycin 12 (100) 0 0 
Tigecycline 0 6 (50) 6 (50)  
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Table 3 
Profile of the minimum inhibitory concentration (MIC), carbapenemase type, and resistance genes detected in 12 carbapenemase-producing K. pneumoniae isolates.  

Sample 
ID 

Source Age/ 
gender 

Minimal inhibitory concentrations (μg/ml) ESBL mCIM eCIM XA-48 disk 
test 

Profile of resistance genes 

IMI CIP GN AK SXT CAZ TZP 

Kp11 Urine 49Y/F  ≥32  ≥32  512  ≥256  ≥32  ≥256  ≥256 + + + OXA-48 NDM-1, OXA-48,CTX-M-15, aac 
(3)IIa, aac(6′)Ib 

Kp21 Urine 49Y/F  ≥32  ≥32  156  ≥256  ≥32  ≥256  ≥256 + + + OXA-48 NDM-1, OXA-48, CTX-M-15, 
aac(3)IIa, aac(6′)Ib 

Kp65 ETT 59Y/M  12  ≥32  96  12  ≥32  ≥256  ≥256 + + + MBL NDM-1, CTX-M-15, aac(3)IIa, 
aac(6′)Ib 

p89 Blood 48Y/M  16  ≥32  64  6  ≥32  ≥256  ≥256 + + + MBL NDM-1, CTX-M-15, aac(3)IIa, 
aac(6′)Ib 

kp92 Wound 60Y/M  ≥32  ≥32  ≥1024  ≥256  3  ≥256  ≥256 + + + MBL NDM-1, aac(6′)Ib 
kp94 Blood 32Y/M  ≥32  ≥32  ≥1024  ≥256  2  ≥256  ≥256 + + + MBL NDM-1, aac(6′)Ib 
kp97 Urine 57Y/M  16  ≥32  48  6  ≥32  ≥256  ≥256 + + + MBL NDM-1, CTX-M-15, aac(3)IIa, 

aac(6′)Ib 
kp102 ETT 48Y/M  4  ≥32  48  12  ≥32  ≥256  ≥256 + + + MBL NDM-1, CTX-M-15, aac(3)IIa, 

aac(6′)Ib 
kp106 Blood 30Y/F  ≥32  ≥32  ≥1024  ≥256  0.75  ≥256  ≥256 + + + OXA-48 NDM-1, OXA-48, aac(6′)Ib 
kp128 Urine 23D/F  8  ≥32  48  8  ≥32  ≥256  ≥256 + + + MBL NDM-1, CTX-M-15, aac(3)IIa, 

aac(6′)Ib 
kp147 Urine 53Y/M  ≥32  ≥32  48  12  0.25  96  ≥256 + + − OXA-48 OXA-48, CTX-M-15, aac(3)IIa, 

aac(6′)Ib 
kp150 Urine 27Y/F  16  ≥32  64  6  ≥32  ≥256  ≥256 + + + MBL NDM-1, CTX-M-15, aac(3)IIa, 

aac(6′)Ib 

Note: IMI: Imipenem, CiP, ciprofloxacin, GN: gentamicin, AK: amikacin, SXT: trimethoprim- sulfamethoxazole, CAZ: ceftazidime, TZP: piperacillin-tazobactam., ETT: 
endotracheal tube, Y: year, D: day, mCIM: modified carbapenem inactivation method, eCIM, EDTA-modified carbapenem inactivation method. 

Fig. 1. Phenotypic mCIM and eCIM methods. A: A metallo-β-lactamases-producing K. pneumoniae isolate, B: a carbapenemase-producing K. pneumoniae isolate.  

Fig. 2. Phenotypic OXA-48 disk test. A: A OXA-48-producing K. pneumoniae isolate, B: a metallo-β-lactamases–producing K. pneumoniae isolate.  
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Currently each method of CPE identification recommended by CLSI 
has limitations. The modified Hodge test (MHT) undergoes both false- 
positive results primarily with AmpC-producing isolates and porin al-
terations and false-negative results with NDM-producers. Due to these 
limitations, the MHT was removed from the CLSI M100 document in 
2018 (Tamma and Simner, 2018). The Carba NP test and its variants are 
poorly sensitive for the detection of OXA-48-type carbapenemases 
(Pierce et al., 2017). 

mCIM, first described in 2017, is a simple, accurate, inexpensive and 
reproducible method for phenotypic detection of carbapenemase pro-
ducer among Enterobacteriaceae (Pierce et al., 2017). Several studies 
showed high sensitivity of mCIM and eCIM for carbapenemase pro-
ducers screening and differentiating between serine and MBL carba-
penemase production (Pierce et al., 2017; Sfeir et al., 2019; Butler-Wu 
and Abbott, 2017; Yamada et al., 2017). 

In the present study, 12 isolates which displayed resistance to all 
three carbapenems were identified as carbapenemase-producer by 
mCIM accurately. In addition, eCIM and mCIM together are able to 
distinguish between MBL-producing K. pneumoniae and non MBL- 
producing K. pneumoniae isolates with a high sensitivity and speci-
ficity (Sfeir et al., 2019). However, the inability of eCIM assay to 
differentiate between serine and MBL carbapenemase production in 
isolates harboring both serine and MBL enzymes can be considered to be 
its limitation (Sfeir et al., 2019). As observed in our study, 11 isolates 
were identified as metallo-β-lactamase producer using eCIM. Further-
more, comparing the results of eCIM with PCR revealed that eCIM dis-
played great accuracy in identifying 11 NDM-producing isolates as MBL 
carbapenemase producer and differentiating one OXA-48-producing 
isolate as serine carbapenemase producer; however, three isolates out 
of 12 which harbored NDM-1 and OXA-48 simultaneously were also 
determined as metallo-β-lactamase producer in this method. Therefore, 
mCIM and eCIM are highly specific in cases which the isolate is only 
metallo-β-lactamase or serine carbapenemase producer. 

It is notable that, one isolate which was only resistant to meropenem 
showed negative result in mCIM test. This isolate had no carbapenem 
genes in PCR assay. Hence, the exhibition of carbapenem resistance 
phenotype in this ESBL-producing K. pneumoniae strain may be due to 
plasmid-mediated AmpC enzymes with loss of outer membrane porins 
and/or efflux pumps (which was not investigated in the current study). 

In addition, a few phenotypic assays for OXA-48-type detection have 
been described. High-inoculum variation (HI) OXA-48 disk test has been 
reported to be highly sensitive and specific for OXA-48 producers 
(sensitivity 98.8% and specificity 100%) (Koroska et al., 2017). 

In the present study, the OXA-48 disk test was highly sensitive and 
specific for detection of OXA-48- producing K. pneumoniae isolates, 
although the same limitation was also observed in the coexistence of 
both blaOXA-48 and blaNDM-1 genes. As observed in our study, the presence 
of blaNDM-1 genes in the three isolates coharboring blaOXA-48 and blaNDM-1 

genes was masked and these isolates were identified as OXA-48- 
producing K. pneumoniae. Altogether, mCIM, eCIM, and OXA-48 disk 
test are complementary phenotypic tests and it is better to be done 
together to identify the exact types of carbapenemases which are pre-
sented in an isolate. In other words, for eCIM priority comes with the 
recognition of metallo-β-lactamases and OXA-48 disk test is highly 
specific to identify blaOXA-48 gene. Overall, the genotypic method is the 
best and most precise method for differentiation of the various carba-
penemase types. 

Detection of blaNDM-1 containing K. pneumoniae isolate was first re-
ported by Shahcheraghi et al., in 2013 (Tehran, North of Iran) (Shah-
cheraghi et al., 2013). In another study conducted by Shoja et al. 
(Bandar Abbas, South of Iran), blaNDM-1 gene was observed in 2.35% (n 
= 4) of isolates (Shoja et al., 2018), whereas the prevalence of blaNDM-1 
gene in the study done by Hosseinzadeh (Shiraz, southwestern of Iran) 
(Hosseinzadeh et al., 2018) and Kiaei (Kerman, Central regions of Iran) 
(Kiaei et al., 2019) was 10.9% (23 isolates) and 21.14% (37 isolates), 
respectively. In addition, the prevalence of blaNDM-1-producing 
K. pneumoniae in neighboring countries was 18.84% in Pakistan (Nahid 
et al., 2013), 19% in Turkey (Iraz et al., 2015), 20% in Saudi Arabia 
(Shibl et al., 2013) and, 66.6% in Kuwait (Jamal et al., 2016). Therefore, 
it can be concluded that the frequency of blaNDM-1 gene in the south of 
Iran is much lower than that of the northern and central regions as well 
as in neighboring countries. 

The first case of blaOXA-48 detection in Iran (Tehran) was reported by 
Azimi et al., in 2014. In their study, blaOXA-48 was detected in 27 out of 
28 imipenem-resistant strains isolated from burn patients (Azimi et al., 
2014), whereas this gene was not found in the studies conducted by 
Shoja et al. (2018) and Kiaei et al. (2019). In addition, the prevalence of 
blaOXA-48 in neighboring countries such as Kuwait (Jamal et al., 2016), 
Saudi Arabia (Shibl et al., 2013) and Turkey (Iraz et al., 2015) was 28%, 
78.33%, and 86%, respectively. 

Notably, in the present study, 75% of the carbapenemase-producing 
isolates harbored blaCTX-M gene, and all of them also carried 
aminoglycoside-modifying enzyme gene, aac(6′)Ib, representing the 
presence of highly transferable conjugative plasmids, which harbor 
other genes conferring simultaneous resistance to other classes of 
antibiotics. 

In conclusion, our findings highlight the emergence of K. pneumoniae 
coharboring blaNDM-1 and blaOXA-48 and emphasize the need for intensive 
surveillance and precautions. 
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