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Prevalence of carbapenem-resistant Metallo-Beta-Lactamase-producing Escherichia coli
strains isolated from urinary tract infections
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Abstract

Background: Urinary tract infection (UTI) is one of the most prevalent bacterial diseases worldwide. Escherichia coli
is a well-known etiological agent of UTI. The emergence and spread of metallo-beta-lactamase (MBL)-producing E. coli

is a serious threat to public health.

This study aimed to investigate the antibiotic resistance pattern and prevalence of MBL-producing E. coli isolated from

UTL

Methods: From January 2020 to June 2021, 1200 urine specimens were collected from patients suspected of having
UTI. Antibiotic susceptibility testing was carried out by the disk diffusion method. The prevalence of MBL (blaVIM,
blaIMP, blaSPM, and hlaNDM) genes was determined by the polymerase chain reaction (PCR) method.

Results: The highest susceptibility was observed against amikacin (96%) and gentamicin (95%). The isolates were
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mostly resistant against ampicillin (72%) and cephalothin (60%). All carbapenem-resistant isolates were MBL-positive.

Based on the results of PCR, 75% of the isolates were blaNDM-positive.

Conclusion: Resistance to some antibiotics, such as ampicillin and cephalothin, was high, and their prescription must
be restricted. The prevalence of MBL-producing isolates was not high; however, due to the high level of resistance
against other antibiotics, continuous monitoring of MBL-producing isolates is highly essential.

Introduction

Escherichia coli is a well-known Gram-negative bacillus and a member of the
Enterobacteriaceae family, which is responsible for different types of infections,
including bloodstream infections (BSIs), wound infections, respiratory tract
infections, and particularly, urinary tract infections (UTIs) (1). Urinary tract
infections are among the most common bacterial infections that are reported in
hospitalized and non-hospitalized patients worldwide (1). Generally, UTIs are
divided into 2 categories: complicated and uncomplicated infections.
Complicated UTIs usually occur in hospitalized patients with structural
abnormalities, including infected cysts, renal or bladder obsesses, and calculi (2).
However, uncomplicated UTI occurs in outpatients, usually young sexually
active women, who have a normal genitourinary tract and have no history of
recent hospitalization (3).

The emergence and spread of antibiotic-resistant bacteria have been an
increasing problem for healthcare providers worldwide. Due to different
antibiotic resistance mechanisms identified in bacteria, treatment of UTIs has
become more difficult every year. Mutation, site-specific modification,
inactivation of drugs by a wide variety of enzymes, and efflux pump
overexpression are among well-known mechanisms (4).

Extended-spectrum beta-lactamase enzymes (ESBLs) are very important in
the dissemination of antimicrobial resistance genes among Gram-negative
bacteria ESBL genes are usually located on mobile genetic elements such as
plasmid and integron. These mobile genetic elements can harbor genes
conferring resistance against different classes of antibiotics, including
aminoglycosides and beta-lactamases (5, 6).

Beta-lactam antibiotics such as penicillins and cephalosporins were good
choices for the treatment of infections caused by E. coli; however, due to the
emergence and evolution of different resistance mechanisms, they have lost their
effectiveness.” Carbapenems play an important rtole in our antibiotic
armamentarium and have been used as last-line antibiotics for the treatment of
multi-drug resistant E. coli infections. However, the development of different
resistance mechanisms, in particular, the production of ESBLs, has compromised
their effectiveness (7, 8).

According to the Ambler classification, ESBL enzymes have been divided
into 4 types: class A, B, C, and D, which are divided into different subclasses
based on the protein homology and molecular structure. Class B beta-lactamase,
known as metallo-beta-lactamases or MBL (IMP, NDM, SIM, SPM, and VIM),
class A (KPC type), and class D (OXA-48-like) are the most clinically important
carbapenemase enzyme genes (9).

Different studies showed that carbapenem-resistant and MBL-producing E.
coli are resistant to different classes of antibiotics and are associated with high
mortality and morbidity (10, 11).
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Given the poor outcomes of patients infected by carbapenem-resistant and
MBL-producing E. coli and the need for identifying resistance mechanisms to
launch successful dissemination of infection prevention programs, we aimed to
investigate the antibiotic resistance pattern and prevalence of MBL-positive E.
coli isolated from UTIs.

Methods

A total of 1,200 urine specimens were collected from patients suspected of having
UTIs referred to a teaching hospital affiliated with Zabol University of Medical
Sciences (ZBMU), Iran, from January 2020 to June 2021. This teaching hospital
is the only referral hospital in the region, serving about 400 000 people.
Midstream urine samples were collected and cultured on blood agar (HiMedia,
India) and eosin-methylene blue (EMB) agar (HiMedia, India). The UTIs were
diagnosed based on previously described guidelines (12). In brief, a combination
of positive urine analysis (culture, >10° cfu/mL) and clinical symptoms was
applied. All E. coli isolates were identified with standard microbiology tests,
including Gram-staining, catalase, oxidase, lactose fermentation, indole, methyl
red, motility, gas production, citrate, urease, and Voges-Proskauer (13). This
study was approved by the Ethics Committee of Zabol University of Medical
Sciences (IR.ZBMU.REC.1400.027)

Resistance to the following antibiotics (Padtan Teb, Iran) was evaluated
using Kirby-Bauer’s disk diffusion method and guidelines of the Clinical and
Laboratory Standards Institute (14); ampicillin (AMP, 10 pg), ciprofloxacin (CIP,
5 png), meropenem (MEM, 10 ng), imipenem (IMP, 10 pg), amikacin (AMK, 30
ug), ceftriaxone (CRO, 30 pg), cephalothin (CF, 30 ug), trimethoprim-
sulfamethoxazole (SXT, 1.25/23.75 pg), and gentamicin (GM, 10 pg). Multi-
drug-resistant (MDR) isolates were defined as resistant to at least 1 antibiotic in
3 categories (14). E. coli 25922 and Pseudomonas aeruginosa ATCC 27853 were
used as the quality controls.

The combined disk test (CDT) was used to detect MBL-positive E. coli
isolates. For this purpose, 2 disks of imipenem and imipenem plus EDTA 0.5 M
(ethylenediaminetetraacetic acid) were placed on the cultured plate. After
incubation at 35 °C for 16-18 h, an increase of >7 mm in the inhibition zone
between the imipenem-EDTA disk and imipenem alone was considered as MBL-
producing isolates (15). Besides, clinical MBL-positive isolates of Klebsiella
pneumoniae and P. aeruginosa were used as the quality control strains.

The boiling method based on previous instructions was used for genomic
DNA extraction (16). In brief, the carbapenem nonsusceptible isolates were
cultured on blood agar at 37 °C. Then, 2 fresh colonies (24 h) of E. coli were
completely dissolved in 200 pL of sterile distilled water. The suspension was
heated at 100 °C for 8 min. Finally, after cooling and centrifugation at 13 000 g
for 15 min, the supernatant was used for PCR. The oligonucleotide primers used
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in this study are listed in Table 1 (17). The PCR amplification, using the
Ampliqon (Denmark) ready-to-use master mix, was performed on the extracted
DNAss for the detection of MBL genes (blaVIM, blaIMP, blaSPM, and blaNDM)
(17). For each gene, the following PCR reaction (final volume 20 pL) was used:
15 pL of the ready-to-use master mix, 2 pL of the extracted DNAs, and 1.5 pL
of forward and reverse primers (100 pmol). The following PCR program was
used for the amplification of MBL genes: denaturation at 95 °C for 5 min, 30
cycles of denaturation at 94 °C for 55 sec, annealing at 51 °C, 52 °C, 53 °C, and
51 °C (IMP, VIM, SPM and NDM)), respectively, for 45 sec, extension at 72 °C
for 1 min, and a final extension at 72 °C for 5 min. The PCR products were
separated using agarose gel electrophoresis (1% w/v), stained with Sybr safe
(Thermo Fisher Scientific Inc.), and then visualized by the gel documentation
system.

Table 1. Sequence of oligonucleotide primers used in this study

Genes Sequence (5...3) Reference

F- GATGGTGTTTGGTCGCATA
blaVIM R- CGAATGCGCAGCACCAG 390 an

F- GGTTTGGCGATCTGGTTTTC
blaNDM | g | CGGAATGGCTCATCACGATC 6021 an

F- GGAATAGAGTGGCTTAAYTCTC
blaMP |y  GGTTTAAYAAAACAACCACC 232 an

F- AAAATCTGGGTACGCAAACG
blaSPM. | A CATTATCCGCTGGAACAGG 271 an

Amplicon

Results

Out of 1 200 analyzed urine samples, 100 E. coli isolates were collected. Of these,
65 isolates (65%) were collected from women and 35 (35%) from men.
Meanwhile, out of 100 isolated bacteria, 90 (90%) were from outpatients and 10
(10%) were from inpatients.

The highest susceptibility was observed against amikacin (n = 96; 96%),
gentamicin (n = 95; 95%), meropenem (n = 93; 93%), and imipenem (n = 92;
92%), respectively (Table 2). Besides, according to the antibiotic susceptibility
results, 30 isolates (30%) were known to be MDR. All carbapenem-resistant
isolates were MBL-positive. Based on the results of PCR, 6 (75 %) isolates were
blaNDM-positive (Figure 1 and Table 3). The other investigated genes were not
detected.

Table 2. Antibiotic susceptibility patterns of isolates

Antibiotics [Abbreviation, (ug)| ReNSI(s:Z ;lt’ lnte]zn(l;nd)late, Sus]\cle(]()’/t:;J le,
Ampicillin AMP, (10) 72 (72) 0(0) 28 (28)
Ciprofloxacin CIP, (5) 30 (30) 2(2) 68 (68)
Meropenem MEM, (10) 7(7) 0(0) 93(93)
Imipenem IMP, (10) 8 (8) 0(0) 92 (92)
Amikacin AMK, (30) 303 1() 96 (96)
Ceftriaxone CRO, (30) 25 (25) 5(5) 70 (70)

Trimethoprim-

ulfamethoxazolel SXT, (1.25/23.75) 41 (41) 0(0) 59 (59)
Gentamicin GM, (10) 505 0(0) 95 (95)
Cephalothin CF, (30) 60 (60) 5(5 35(3%5)

Figure 1. Electrophoresis image of blaNDM PCR, Lane 1: 100bp DNA Ladder, Lane
2: negative control, Lane3: positive control, Lanes 4-7: positive clinical isolates
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Table 3. Characteristics of carbapenem-resistant H/laNDM-producing isolates

N Patients Antibiotic resistance profiles * CDT?
1 Inpatient | AMP, CF, CIP, IMP, CRO, SXT, GM, AMK, MEM +
2 | Outpatient AMP, CF, CIP, IMP, CRO, SXT, GM, MEM +
3 | Outpatient AMP, CF, CIP, IMP, CRO, SXT, MEM +
4 Inpatient | AMP, CF, CIP, IMP, CRO, SXT, GM, AMK, MEM +
5 | Outpatient | AMP, CF, CIP, IMP, CRO, SXT, GM, AMK, MEM +
6 | Outpatient AMP, CF, CIP, IMP, CRO, SXT, AMK, MEM +

* AMP, Ampicillin; CF, Cephalothin; CIP, Ciprofloxacin; IMP, Imipenem; CRO,
Ceftriaxone; SXT, Trimethoprim-sulfamethoxazole; GM, Gentamicin; AMK,
Amikacin; MEM, Meropenem.

® Combined Disk Test

Discussion

Bacterial resistance to antibiotics is rapidly growing, and investigation of
antibiotic resistance profiles and mechanisms is necessary in each region to
control the spread of resistant bacteria. Urinary tract infections caused by E. coli
strains are among the most important and prevalent infections that should be
considered a serious threat to human health worldwide. In addition, treatment of
infections caused by E. coli is becoming more difficult due to different antibiotic
resistance mechanisms that are being developed (18). Therefore, in this study, we
investigated the antibiotic resistance profiles and prevalence of blaVIM, blaIMP,
blaSPM, and blaNDM genes among E. coli strains isolated from patients with
UTL

In this study, E. coli showed different levels of resistance to the tested
antibiotics, revealing that carbapenem and aminoglycoside are the most effective
antibiotics, with almost more than 90% of all isolates being susceptible.
However, resistance to beta-lactam antibiotics such as ampicillin (72%) and
cephalothin (60%) was high.

Based on the results of a comprehensive study conducted in Iran, the
prevalence of ampicillin-resistant E. coli in Tehran, the capital of Iran, was about
90%. Also, resistance to cephalosporins in the majority of Iranian cities was
reported to be high, e.g., in Rasht (north of Iran) 60%, Kermanshah (west of Iran)
73%, Hamadan (west of Iran) 85%, and Isfahan (central Iran) 59% (19). This
high level of resistance to beta-lactam antibiotics such as ampicillin and
cephalosporin may be due to the misuse of antibiotics in different regions of Iran
because antibiotics are easily available in drug stores and usually prescribed at
the request of patients.

Carbapenems (imipenem and meropenem) and aminoglycosides (gentamicin
and amikacin) are last-line antibiotics, which are usually used to treat infection
caused by resistant isolates. Our results revealed that the isolates were mostly
susceptible to carbapenem (93%), which is significantly higher than the report
from Babol, north of Iran (56.1%) (20). However, it is in agreement with most
provinces of Iran, reporting a 95-100% susceptibility to carbapenems (19).

Noteworthy, our findings revealed that resistance to carbapenems and
aminoglycosides is in agreement with some European countries such as Finland
(0 and 5%), the Netherlands (0.1 and 5.6%), and Denmark (0.1 and 6%),
respectively (21).

It has been reported that the frequency of antibiotic resistance can be affected
by some factors, including antibiotic stewardship programs, widespread use and
misuse of antibiotics, and the presence of some risk factors such as long-term
stays at intensive care units (ICU) and a history of recent hospitalization, poor
infection control policies, and differences in geographical locations (22, 23).

In this study, 8% of all investigated isolates were MBL-positive. The
prevalence of MBL-producing E. coli in Iran varies between 0.3% in Isfahan and
16.8% in Golestan (24, 25).

The identification of MBL-harboring isolates is of paramount importance
because they carry mobile genetic elements with multiple antibiotic-resistance
genes and a substantial ability to spread, conferring resistance against different
antibiotics. Hence, early detection of these isolates is necessary to prevent their
spread in community and hospital settings and establish appropriate antimicrobial
prescriptions (26). In addition, due to the simultaneous resistance against
different antimicrobial drugs, it has been reported that the spread of MBL-
positive isolates contributes to poor patient outcomes and an increase in mortality
and morbidity (26-28).

The present study investigated the occurrence of blaVIM, blaIMP, blaSPM,
and blaNDM among E. coli strains recovered from patients with UTIs. Our
results revealed that b//laNDM are mostly distributed genes (75%), while other
MBL genes were not detected. In accordance with the findings of this study, there
are many independent studies in Iran and other Asian countries, such as China,
which have reported b//laNDM as the prevalent MBL gene (26-30). For instance,
the results of a study from Kuwait showed that 34.4% of isolates were positive
for blaNDM (29). Likewise, Aung et al. from Myanmar reported the high
prevalence of blaNDM-producing E. coli isolates, with 74% of carbapenem-
resistant isolates being positive (31).

For the first time, in 2009, b/laNDM was reported from a Swedish patient
who traveled to New Delhi and acquired UTI due to MDR-Klebsiella
pneumoniae (32, 33). Following the initial report, sporadic cases of infection with
blaNDM-positive strains were reported from different countries, including
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England, Denmark, Norway, Belgium, the United States of America, Algeria,
Egypt, South Korea, Japan, and Australia (28).

In this study, all 8 imipenem-resistant isolates were MBL-positive. Among
these, 6 isolates were found to be blaNDM-positive; however, the other MBL
genes, including blaVIM, blaIMP, and blaSPM, were not detected. Different
mechanisms, such as outer membrane protein mutations, efflux pumps, and class
D beta-lactamases, are documented to be involved in the resistance against
carbapenems (32).

Conclusion

Based on our findings, the prevalence of carbapenem-resistant isolates and MBL
genes was not high. Nevertheless, the spread of carbapenem-resistant MBL-
positive isolates must be evaluated constantly. Based on the results of the present
study, the rate of resistance to ampicillin, cephalothin, and trimethoprim-
sulfamethoxazole was high, and their prescription has to be restricted, whereas
the prevalence of resistance to meropenem and gentamicin was low.

Acknowledgement
We are grateful to the laboratory staff of the hospital in Zabol for their support.

Funding sources
This study was supported by Zabol University of Medical Sciences (ZBMU.626)

Ethical statement

This study was approved by the Ethics Committee of Zabol University of Medical
Sciences (IR.ZBMU.REC.1400.027).

Conflicts of interest

The authors declare no conflict of interest.

Author contributions

Study design: Hamid Vaez and Fatemeh Rashidi; Data collection: Zahra
Yazdanpour, Fatemeh Rashidi, and Hamid Vaez; Interpretation of data: Hamid
Vaez, Zahra Yazdanpour, and Farzad Khademi; Manuscript preparation: Hamid
Vaez and Farzad Khademi.

References

1. Klein RD, Hultgren SJ. Urinary tract infections: microbial pathogenesis,
host-pathogen interactions and new treatment strategies. Nat Rev
Microbiol. 2020;18(4):211-26. [View at Publisher] [Google Scholar] [DOI]
[PMID]

2. Wagenlehner FME, Bjerklund Johansen TE, Cai T, Koves B, Kranz J, Pilatz
A, etal. Epidemiology, definition and treatment of complicated urinary tract
infections. Nat Rev Urol. 2020;17(10):586-600. [View at Publisher]
[Google Scholar] [DOI] [PMID]

3. Dubbs SB, Sommerkamp SK. Evaluation and Management of Urinary
Tract Infection in the Emergency Department. Emerg Med Clin North Am.
2019;37(4):707-23. [View at Publisher] [Google Scholar] [DOI] [PMID]

4.  Frieri M, Kumar K, Boutin A. Antibiotic resistance. J Infect Public Health.
2017;10(4):369-78. [View at Publisher] [Google Scholar] [DOI] [PMID]

5.  Sunde M, Simonsen GS, Slettemeéds JS, Bockerman I, Norstrom M.
Integron, plasmid and host strain characteristics of Escherichia coli from
humans and food included in the Norwegian antimicrobial resistance
monitoring programs. PLoS One. 2015;10(6):e0128797. [View at
Publisher] [Google Scholar] [DOI] [PMID]

6. Hooban B, Joyce A, Fitzhenry K, Chique C, Morris D. The role of the
natural aquatic environment in the dissemination of extended spectrum
beta-lactamase and carbapenemase encoding genes: a scoping review.
Water Res. 2020;180:115880. [View at Publisher] [Google Scholar] [DOI]
[PMID]

7. Aslan AT, Akova M. Extended spectrum [-lactamase producing
enterobacteriaceae: carbapenem sparing options. Expert Rev Anti Infect
Ther. 2019;17(12):969-81. [View at Publisher] [Google Scholar] [DOI]
[PMID]

8. Peirano G, Pitout JDD. Extended-Spectrum f-Lactamase-Producing
Enterobacteriaceae: Update on Molecular Epidemiology and Treatment
Options. Drugs. 2019;79(14):1529-41. [View at Publisher] [Google
Scholar] [DOI] [PMID]

9.  Safarirad S, Arzanlou M, Mohammadshahi J, Vaez H, Sahebkar A,
Khademi F. Prevalence and Characteristics of Metallo-beta-Lactamase-
positive and High-risk Clone ST235 Pseudomonas aeruginosa at Ardabil
Hospitals. Jundishapur J Microbiol. 2021;14(3):e115819. [View at
Publisher] [Google Scholar] [DOI]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

OPEN, AGGESS 21

Liang T, Xu C, Cheng Q, Tang Y, Zeng H, Li X. Epidemiology, Risk
Factors, and Clinical Outcomes of Bloodstream Infection due to Extended-
Spectrum  Beta-Lactamase-Producing Escherichia  coli and Klebsiella
pneumoniae in Hematologic Malignancy: A Retrospective Study from
Central South China. Microb Drug Resist. 2021;27(6):800-8. [View at
Publisher] [Google Scholar] [DOI] [PMID]

Xiao T, Yang K, Zhou Y, Zhang S, Ji J, Ying C, et al. Risk factors and
outcomes in non-transplant patients with extended-spectrum beta-
lactamase-producing Escherichia coli bacteremia: a retrospective study
from 2013 to 2016. Antimicrob Resist Infect Control. 2019;8:144. [View at
Publisher] [Google Scholar] [DOI] [PMID]

Geerlings SE. Clinical Presentations and Epidemiology of Urinary Tract
Infections. Microbiol Spectr. 2016;4(5). [View at Publisher] [Google
Scholar] [DOI] [PMID]

Mahon C, Lehman D, Manuselis G. Text Book of Diagnostic Microbiology.
4th Ed. New York, NY, USA: Elsevier; 2011. [View at Publisher] [Google
Scholar]

Clinical and Laboratory Standards Institute (CLSI). Performance Standards
for Antimicrobial Susceptibility Testing. 28th ed. CLSI supplement M100.
Wayne, PA: Clinical and Laboratory Standards Institute; 2018. [View at
Publisher] [Google Scholar]

Vaez H, Moghim S, Nasr Esfahani B, Ghasemian Safaei H. Clonal
Relatedness among Imipenem-Resistant Pseudomonas aeruginosa Isolated
from ICU-Hospitalized Patients. Crit Care Res Pract. 2015;2015:983207.
[View at Publisher] [Google Scholar] [DOI] [PMID]

Delarampour A, Ghalehnoo ZR, Khademi F, Vaez H. Antibiotic resistance
patterns and prevalence of class I, II and III Integrons among clinical
isolates of Klebsiella pneumoniae. Infez Med. 2020;28(1):64-9. [View at
Publisher] [Google Scholar] [PMID]

Poirel L, Walsh TR, Cuvillier V, Nordmann P. Multiplex PCR for detection
of acquired carbapenemase genes. Diagn Microbiol Infect Dis.
2011;70(1):119-23. [View at Publisher] [Google Scholar] [DOI] [PMID]
Dehghan F, Zolghadri N, Karmostaji A. Genetic Determinants of Antibiotic
Resistance in  Hospital and Community Isolates of Klebsiella
pneumoniae and Escherichia ~ coli. ~ Jundishapur ~J  Microbiol.
2017;10(5):e45678. [ View at Publisher] [Google Scholar] [DOI]

Alizade H. Escherichia coli in Iran: An Overview of Antibiotic Resistance:
A Review Article. Iran J Public Health. 2018;47(1):1-12. [View at
Publisher] [Google Scholar] [PMID]

Ferdosi-Shahandashti E, Javanian M, Moradian-Kouchaksaraei M,
Yeganeh B, Bijani A, Motevaseli E, et al. Resistance patterns of Escherichia
coli causing urinary tract infection. Caspian J Intern Med. 2015;6(3):148-
51. [View at Publisher] [Google Scholar] [PMID]

European Centre for Disease Prevention and Control. Antimicrobial
resistance surveillance in Europe 2015. Annual Report of the European
Antimicrobial Resistance Surveillance Network (EARS- Net). Stockholm:
ECDC; 2017 [View at Publisher]

Kiddee A, Assawatheptawee K, Na-Udom A, Treebupachatsakul P,
Wangteeraprasert A, Walsh TR, et al. Risk factors for gastrointestinal
colonization and acquisition of carbapenem-resistant Gram-negative
bacteria among patients in intensive care units in Thailand. Antimicrob
Agents Chemother. 2018;62(8):¢00341. [View at Publisher] [Google
Scholar] [DOI] [PMID]

Delarampour A, Ghalehnoo ZR, Khademi F, Delarampour M, Vaez H.
Molecular detection of carbapenem-resistant genes in clinical isolates of
Klebsiella pneumoniae. Ann Ig. 2019;31(4):349-55. [View at Publisher]
[Google Scholar] [DOI] [PMID]

Moayednia R, Shokri D, Mobasherizadeh S, Baradaran A, Fatemi SM,
Merrikhi A. Frequency assessment of B-lactamase enzymes in Escherichia
coli and Klebsiella isolates in patients with urinary tract infection. J Res
Med Sci. 2014;19(Suppl 1):S41-5. [View at Publisher] [Google Scholar]
[PMID]

Hosseini SA, Azari AA, Danesh A. Frequency of Various Types of Beta-
Lactamase Enzymes in Escherichia coli Strains Isolated From Urine
Samples in Aliabad, North-east of Iran. Avicenna J Clin Microbiol Infect.
2019;6(4):106-10. [View at Publisher] [Google Scholar] [DOI]

Mahmoodi F, Rezatofighi SE, Akhoond MR. Antimicrobial resistance and
metallo-beta-lactamase producing among commensal Escherichia coli
isolates from healthy children of Khuzestan and Fars provinces; Iran. BMC
Microbiol. 2020;20(1):366. [View at Publisher] [Google Scholar] [DOI]
[PMID]

Hu X, Xu X, Wang X, Xue W, Zhou H, Zhang L, et al. Diversity of New
Delhi metallo-beta-lactamase-producing bacteria in China. Int J Infect Dis.
2017;55:92-5. [View at Publisher] [Google Scholar] [DOI] [PMID]
Dadashi M, Yaslianifard S, Hajikhani B, Kabir K, Owlia P, Goudarzi M, et
al. Frequency distribution, genotypes and prevalent sequence types of New
Delhi metallo-B-lactamase-producing Escherichia coli among clinical
isolates around the world: a review. J Glob Antimicrob Resist. 2019;19:284-
93. [View at Publisher] [Google Scholar] [DOI] [PMID]

Jamal WY, Albert MJ, Rotimi VO. High Prevalence of New Delhi Metallo-
B-Lactamase-1 (NDM-1) Producers among Carbapenem-


https://www.nature.com/articles/s41579-020-0324-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.%09Klein+RD%2C+Hultgren+SJ.+Urinary+tract+infections%3A+microbial+pathogenesis%2C+host-pathogen+interactions+and+new+treatment+strategies.+Nat+Rev+Microbiol.+&btnG=
file:///C:/Users/29.9.402/Downloads/10.1038/s41579-020-0324-0
file:///C:/Users/29.9.402/Downloads/32071440
https://www.nature.com/articles/s41585-020-0362-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Wagenlehner+FME%2C+Bjerklund+Johansen+TE%2C+Cai+T%2C+Koves+B%2C+Kranz+J%2C+Pilatz+A.+Epidemiology%2C+definition+and+treatment+of+complicated+urinary+tract+infections.+Nat+Rev+Urol.+&btnG=
file:///C:/Users/29.9.402/Downloads/10.1038/s41585-020-0362-4
file:///C:/Users/29.9.402/Downloads/32843751
https://www.emed.theclinics.com/article/S0733-8627(19)30071-9/fulltext
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09Dubbs+SB%2C+Sommerkamp+SK.+Evaluation+and+Management+of+Urinary+Tract+Infection+in+the+Emergency+Department.+Emerg+Med+Clin+North+Am&btnG=
file:///C:/Users/29.9.402/Downloads/10.1016/j.emc.2019.07.007
file:///C:/Users/29.9.402/Downloads/31563203
https://www.sciencedirect.com/science/article/pii/S1876034116301277
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.%09Frieri+M%2C+Kumar+K%2C+Boutin+A.+Antibiotic+resistance.+J+Infect+Public+Health&btnG=
file:///C:/Users/29.9.402/Downloads/10.1016/j.jiph.2016.08.007
file:///C:/Users/29.9.402/Downloads/27616769
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0128797
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0128797
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Sunde+M%2C+Simonsen+GS%2C+Sletteme%C3%A5s+JS%2C+B%C3%B6ckerman+I%2C+Norstr%C3%B6m+M.+Integron%2C+plasmid+and+host+strain+characteristics+of+Escherichia+coli+from+humans+and+food+included+in+the+Norwegian+antimicrobial+resistance+monitoring+programs.+PLoS+One.&btnG=
file:///C:/Users/29.9.402/Downloads/10.1371/journal.pone.0128797
file:///C:/Users/29.9.402/Downloads/26047499
https://www.sciencedirect.com/science/article/pii/S0043135420304176
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Hooban+B%2C+Joyce+A%2C+Fitzhenry+K%2C+Chique+C%2C+Morris+D.+The+role+of+the+natural+aquatic+environment+in+the+dissemination+of+extended+spectrum+beta-lactamase+and+carbapenemase+encoding+genes%3A+a+scoping+review.+Water+Res.+&btnG=
file:///C:/Users/29.9.402/Downloads/10.1016/j.watres.2020.115880
file:///C:/Users/29.9.402/Downloads/32438141
https://www.tandfonline.com/doi/abs/10.1080/14787210.2019.1693258
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.%09Aslan+AT%2C+Akova+M.+Extended+spectrum+%CE%B2-lactamase+producing+enterobacteriaceae%3A+carbapenem+sparing+options.+Expert+Rev+Anti+Infect+Ther&btnG=
file:///C:/Users/29.9.402/Downloads/10.1080/14787210.2019.1693258
file:///C:/Users/29.9.402/Downloads/31722185
https://link.springer.com/article/10.1007/s40265-019-01180-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Peirano+G%2C+Pitout+JDD.+Extended-Spectrum+%CE%B2-Lactamase-Producing+Enterobacteriaceae%3A+Update+on+Molecular+Epidemiology+and+Treatment+Options.+Drugs.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Peirano+G%2C+Pitout+JDD.+Extended-Spectrum+%CE%B2-Lactamase-Producing+Enterobacteriaceae%3A+Update+on+Molecular+Epidemiology+and+Treatment+Options.+Drugs.+&btnG=
file:///C:/Users/29.9.402/Downloads/10.1007/s40265-019-01180-3
file:///C:/Users/29.9.402/Downloads/31407238
https://brieflands.com/articles/jjm-115819
https://brieflands.com/articles/jjm-115819
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Safarirad+S+%2C+Arzanlou+M+%2C+Mohammadshahi+J+%2C+Vaez+H%2C+Sahebkar+A%2C+et+al.+Prevalence+and+Characteristics+of+Metallo-beta-Lactamase-positive+and+High-risk+Clone+ST235+Pseudomonas+aeruginosa+at+Ardabil+Hospitals.+Jundishapur+J+Microbiol.+&btnG=
https://doi.org/10.5812/jjm.115819
https://www.liebertpub.com/doi/abs/10.1089/mdr.2020.0033
https://www.liebertpub.com/doi/abs/10.1089/mdr.2020.0033
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.%09Liang+T%2C+Xu+C%2C+Cheng+Q%2C+Tang+Y%2C+Zeng+H%2C+Li+X.+Epidemiology%2C+Risk+Factors%2C+and+Clinical+Outcomes+of+Bloodstream+Infection+due+to+Extended-Spectrum+Beta-Lactamase-Producing+Escherichia+coli+and+Klebsiella+pneumoniae+in+Hematologic+Malignancy%3A+A+Retrospective+Study+from+Central+South+China.+Microb+Drug+Resist&btnG=
file:///C:/Users/29.9.402/Downloads/10.1089/mdr.2020.0033
file:///C:/Users/29.9.402/Downloads/33232654
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-019-0599-y
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-019-0599-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.%09Xiao+T%2C+Yang+K%2C+Zhou+Y%2C+Zhang+S%2C+Ji+J%2C+Ying+C%2C+Shen+P%2C+Xiao+Y.+Risk+factors+and+outcomes+in+non-transplant+patients+with+extended-spectrum+beta-lactamase-producing+Escherichia+coli+bacteremia%3A+a+retrospective+study+from+2013+to+2016.+Antimicrob+Resist+Infect+Control&btnG=
file:///C:/Users/29.9.402/Downloads/10.1186/s13756-019-0599-y
file:///C:/Users/29.9.402/Downloads/31467670
https://journals.asm.org/doi/full/10.1128/microbiolspec.uti-0002-2012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Geerlings+SE.+Clinical+Presentations+and+Epidemiology+of+Urinary+Tract+Infections.+Microbiol+Spectr.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Geerlings+SE.+Clinical+Presentations+and+Epidemiology+of+Urinary+Tract+Infections.+Microbiol+Spectr.+&btnG=
file:///C:/Users/29.9.402/Downloads/10.1128/microbiolspec.UTI-0002-2012
file:///C:/Users/29.9.402/Downloads/27780014
https://search.worldcat.org/title/Textbook-of-diagnostic-microbiology/oclc/435728404
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09Mahon+C%2C+Lehman%2C+D%2C+Manuselis+G.+Text+Book+of+Diagnostic+Microbiology.+4th+Ed.+New+York%2C+NY%2C+USA%3A+Elsevier%2C+2011&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09Mahon+C%2C+Lehman%2C+D%2C+Manuselis+G.+Text+Book+of+Diagnostic+Microbiology.+4th+Ed.+New+York%2C+NY%2C+USA%3A+Elsevier%2C+2011&btnG=
https://clsi.org/media/1930/m100ed28_sample.pdf
https://clsi.org/media/1930/m100ed28_sample.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Clinical+and+Laboratory+Standards+Institute+%28CLSI%29.+Performance+Standards+for+Antimicrobial+Susceptibility+Testing.+28th+ed.+CLSI+supplement+M100.+Wayne%2C+PA%3A+Clinical+and+Laboratory+Standards+Institute%3B+2018&btnG=
https://www.hindawi.com/journals/ccrp/2015/983207/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Vaez+H%2C+Moghim+S%2C+Nasr+Esfahani+B%2C+Ghasemian+Safaei+H.+Clonal+Relatedness+among+Imipenem-Resistant+Pseudomonas+aeruginosa+Isolated+from+ICU-Hospitalized+Patients.+Crit+Care+Res+Pract&btnG=
file:///C:/Users/29.9.402/Downloads/10.1155/2015/983207
file:///C:/Users/29.9.402/Downloads/26798509
https://europepmc.org/article/med/32172262
https://europepmc.org/article/med/32172262
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Delarampour+A%2C+Ghalehnoo+ZR%2C+Khademi+F%2C+Vaez+H.+Antibiotic+resistance+patterns+and+prevalence+of+class+I%2C+II+and+III+Integrons+among+clinical+isolates+of+Klebsiella+pneumoniae.+Infez+Med.+&btnG=
file:///C:/Users/29.9.402/Downloads/32172262
https://www.sciencedirect.com/science/article/pii/S0732889310005559
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.%09Poirel+L%2C+Walsh+TR%2C+Cuvillier+V%2C+P+Nordmann.+Multiplex+PCR+for+detection+of+acquired+carbapenemase+genes.+Diagn+Microbiol+Infect+Dis.+&btnG=
file:///C:/Users/29.9.402/Downloads/10.1016/j.diagmicrobio.2010.12.002
file:///C:/Users/29.9.402/Downloads/21398074
https://brieflands.com/articles/jjm-13513
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.%09Dehghan+F%2C+Zolghadri+N%2C+Karmostaji+A.+Genetic+Determinants+of+Antibiotic+Resistance+in+Hospital+and+Community+Isolates+of+Klebsiella+pneumoniae+and+Escherichia+coli.+Jundishapur+J+Microbiol&btnG=
https://doi.org/10.5812/jjm.45678
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5756583/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5756583/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Alizade+H.+Escherichia+coli+in+Iran%3A+An+Overview+of+Antibiotic+Resistance%3A+A+Review+Article.+Iran+J+Public+Health&btnG=
file:///C:/Users/29.9.402/Downloads/29318111
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4650789/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Ferdosi-Shahandashti+E%2C+Javanian+M%2C+Moradian-Kouchaksaraei+M%2C+Yeganeh+B%2C+Bijani+A%2C+Motevaseli+E%2C+Moradian-Kouchaksaraei+F.+Resistance+patterns+of+Escherichia+coli+causing+urinary+tract+infection.+Caspian+J+Intern+Med&btnG=
file:///C:/Users/29.9.402/Downloads/26644881
https://www.ecdc.europa.eu/en/publications-data/antimicrobial-resistance-surveillance-europe-2015
https://journals.asm.org/doi/full/10.1128/aac.00341-18
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.%09Kiddee+A%2C+Assawatheptawee+K%2C+Na-Udom+A.+Risk+factors+for+gastrointestinal+colonization+and+acquisition+of+carbapenem-resistant+Gram-negative+bacteria+among+patients+in+intensive+care+units+in+Thailand.+Antimicrob+Agents+Chemother&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.%09Kiddee+A%2C+Assawatheptawee+K%2C+Na-Udom+A.+Risk+factors+for+gastrointestinal+colonization+and+acquisition+of+carbapenem-resistant+Gram-negative+bacteria+among+patients+in+intensive+care+units+in+Thailand.+Antimicrob+Agents+Chemother&btnG=
file:///F:/MLJ/10.1128/AAC.00341-18
file:///C:/Users/29.9.402/Downloads/29891594
https://web.s.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=11209135&AN=137333135&h=t3dmVWpuEmtQyD5zcJH7zTxEkVPNkrYgUOZeyelLcdnJMjOqc6crsO3CFe54wipyR6747HGAH6zFXe19t5hgew%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d11209135%26AN%3d137333135
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.%09Delarampour+A%2C+Ghalehnoo+ZR%2C+Khademi+F%2C+Delarampour+M%2C+Vaez+H.+Molecular+detection+of+carbapenem-resistant+genes+in+clinical+isolates+of+Klebsiella+pneumoniae.+Ann+Ig&btnG=
https://doi.org/10.7416/ai.2019.2296
file:///C:/Users/29.9.402/Downloads/31268119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4078376/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.%09Moayednia+R%2C+Shokri+D%2C+Mobasherizadeh+S%2C+Baradaran+A%2C+Fatemi+SM%2C+Merrikhi+A.+Frequency+assessment+of+%CE%B2-lactamase+enzymes+in+Escherichia+coli+and+Klebsiella+isolates+in+patients+with+urinary+tract+infection.+J+Res+Med+Sci.&btnG=
file:///C:/Users/29.9.402/Downloads/25002893
https://ajcmi.umsha.ac.ir/FullHtml/ajcmi-2148
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.%09Hosseini+SA%2C+Azari+AA%2C+Danesh+A.+Frequency+of+Various+Types+of+Beta-Lactamase+Enzymes+in+Escherichia+coli+Strains+Isolated+From+Urine+Samples+in+Aliabad%2C+North-east+of+Iran.+Avicenna+J+Clin+Microbiol+Infect.+&btnG=
file:///C:/Users/29.9.402/Downloads/10.34172/ajcmi.2019.19
https://link.springer.com/article/10.1186/s12866-020-02051-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.%09Mahmoodi+F%2C+Rezatofighi+SE%2C+Akhoond+MR.+Antimicrobial+resistance+and+metallo-beta-lactamase+producing+among+commensal+Escherichia+coli+isolates+from+healthy+children+of+Khuzestan+and+Fars+provinces%3B+Iran.+BMC+Microbiol&btnG=
file:///C:/Users/29.9.402/Downloads/10.1186/s12866-020-02051-8
file:///C:/Users/29.9.402/Downloads/33256594
https://www.sciencedirect.com/science/article/pii/S1201971217300140
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.%09Hu+X%2C+Xu+X%2C+Wang+X%2C+Xue+W%2C+Zhou+H%2C+Zhang+L.+Diversity+of+New+Delhi+metallo-beta-lactamase-producing+bacteria+in+China.+Int+J++Infect+Dis&btnG=
file:///C:/Users/29.9.402/Downloads/10.1016/j.ijid.2017.01.011
file:///F:/MLJ/28104504
https://www.sciencedirect.com/science/article/pii/S2213716519301523
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.%09Dadashi+M%2C+Yaslianifard+S%2C+Hajikhani+B%2C+Kabir+K%2C+Owlia+P%2C+Goudarzi+M.+Frequency+distribution%2C+genotypes+and+prevalent+sequence+types+of+New+Delhi+metallo-%CE%B2-lactamase-producing+Escherichia+coli+among+clinical+isolates+around+the+world%3A+a+review.+J+Global+Antimicrob+resist&btnG=
file:///C:/Users/29.9.402/Downloads/10.1016/j.jgar.2019.06.008
file:///C:/Users/29.9.402/Downloads/31212107

30.

3L

Medical Laboratory Journal, 2023, Volume 17, Number 6

Resistant Enterobacteriaceae in Kuwait. PLoS ONE.
2016;11(3):e0152638. [View at Publisher] [Google Scholar] [DOI] [PMID]
Cetinkol Y, Sandalli C, Calgin MK, Yildirim AA, Akyildiz E, Karaman E,
et al. High prevalence of NDM metallo-B-lactamase among ESBL-
producing Escherichia coli isolates. Acta Microbiol Immunol Hung.
2017;64(2):131-41. [View at Publisher] [Google Scholar] [DOI] [PMID]

Aung MS, San N, Maw WW, San T, Urushibara N, Kawaguchiya M.
Prevalence of extended-spectrum beta-lactamase and carbapenemase genes
in clinical isolates of Escherichia coli in Myanmar: dominance of bla NDM-

How to Cite:

32.

33.

OPEN, ACCESS 22

5 and emergence of bla OXA-181. Microb Drug Resist. 2018;24(9):1333-
44. [View at Publisher] [Google Scholar] [DOI] [PMID]

Suay-Garcia B, Pérez-Gracia MT. Present and Future of Carbapenem-
resistant Enterobacteriaceae (CRE) Infections. Antibiotics. 2019;8(3):122.
[View at Publisher] [Google Scholar] [DOI] [PMID]

Rolain JM, Parola P, Cornaglia G. New Delhi metallo-beta-lactamase
(NDM-1): towards a new pandemia? Clin Microbiol Infect.
2010;16(12):1699-701. [View at Publisher] [Google Scholar] [DOI]
[PMID]

Rashedi F, Yazdanpour Z, Khademi F, Vaez H. Prevalence of carbapenem-resistant Metallo-Beta-Lactamase-producing Escherichia
coli strains isolated from urinary tract infections. Med Lab J. 2023;17(6):19-22.


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0152638
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jamal+WY%2C+Albert+MJ%2C+Rotimi+VO.+High+Prevalence+of+New+Delhi+Metallo-%CE%B2-Lactamase-1+%28NDM-1%29+Producers+among+Carbapenem-Resistant+Enterobacteriaceae+in+Kuwait.+PLoS+ONE&btnG=
file:///C:/Users/29.9.402/Downloads/10.1371/journal.pone.0152638
file:///C:/Users/29.9.402/Downloads/27031521
https://akjournals.com/view/journals/030/64/2/article-p131.xml
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=30.%09Cetinkol+Y%2C+Sandalli+C%2C+Calgin+MK%2C+Yildirim+AA%2C+Akyildiz+E%2C+Karaman+E.+High+prevalence+of+NDM+metallo-%CE%B2-lactamase+among+ESBL-producing+Escherichia+coli+isolates.+Acta+microbiol+immunol+Hung&btnG=
file:///C:/Users/29.9.402/Downloads/10.1556/030.63.2016.027
file:///C:/Users/29.9.402/Downloads/28420242
https://www.liebertpub.com/doi/abs/10.1089/mdr.2017.0387
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=31.%09Aung+MS%2C+San+N%2C+Maw+WW%2C+San+T%2C+Urushibara+N%2C+Kawaguchiya+M.+Prevalence+of+extended-spectrum+beta-lactamase+and+carbapenemase+genes+in+clinical+isolates+of+Escherichia+coli+in+Myanmar%3A+dominance+of+bla+NDM-5+and+emergence+of+bla+OXA-181.+Microb+Drug+Resist&btnG=
file:///C:/Users/29.9.402/Downloads/10.1089/mdr.2017.0387
file:///C:/Users/29.9.402/Downloads/29565227
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003180432-23/present-future-carbapenem-resistant-enterobacteriaceae-infections-beatriz-suay-garc%C3%ADa-mar%C3%ADa-teresa-p%C3%A9rez-gracia
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.%09Suay-Garc%C3%ADa+B%2C+P%C3%A9rez-Gracia+MT.+Present+and+Future+of+Carbapenem-resistant+Enterobacteriaceae+%28CRE%29+Infections.+Antibiotics&btnG=
file:///C:/Users/29.9.402/Downloads/10.3390/antibiotics8030122
file:///C:/Users/29.9.402/Downloads/31430964
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(14)60568-1/fulltext
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=33.%09Rolain+JM%2C+Parola+P%2C+Cornaglia+G.+New+Delhi+metallo-beta-lactamase+%28NDM-1%29%3A+towards+a+new+pandemia.+Clin+Microbiol+Infect&btnG=
file:///F:/MLJ/10.1111/j.1469-0691.2010.03385.x
file:///F:/MLJ/20874758

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgement
	Funding sources
	Ethical statement
	Conflicts of interest
	Author contributions
	References

