
OR I G I N A L R E S E A R C H

The first report of emerging mobilized colistin-

resistance (mcr) genes and ERIC-PCR typing in

Escherichia coli and Klebsiella pneumoniae clinical

isolates in southwest Iran
This article was published in the following Dove Press journal:

Infection and Drug Resistance

Mojtaba Moosavian1,2

Nasrin Emam2

1Infectious and Tropical Diseases

Research Center, Health Research

Institue, Ahvaz Jundishapur University of

Medical Sciences, Ahvaz, Iran;
2Department of Microbiology, School of

Medicine, Ahvaz Jundishapur University

of Medical Sciences, Ahvaz, Iran

Background: The emergence of the plasmid-mediated mcr colistin-resistance gene in

bacteria poses a potential threat for treatment of patients, especially when hospitalized.

The aims of this study were to search for the presence of mcr-1 and mcr-2 genes among

colistin-resistant Escherichia coli (E. coli) and Klebsiella pneumoniae (K. pneumoniae)

isolates from clinical specimens and to determine the fingerprint of strains by enterobacterial

repetitive intergenic consensus sequences PCR (ERIC-PCR) method.

Methods: In this study, 712 nonduplicate Enterobacteriaceae isolates from clinical speci-

mens were examined. All of the isolates were subcultured on suitable media, and the isolated

colonies were identified by standard biochemical tests. Antimicrobial susceptibility test on 7

antibiotics was performed by disk diffusion method, and minimal inhibitory concentration

(MIC) of isolates to colistin was determined by the E-test method. These isolates were typed

by ERIC-PCR method, and the presence of mcr-1 and mcr-2 genes was investigated by PCR

method.

Results: Out of 712 nonduplicate Enterobacteriaceae, 470 isolates, including 351 (74.7%) E.

coli and 119 (25.3%) K. pneumoniae, were detected. The results of antibiogram tests showed

that most of the isolates (81.3%) were resistant to ceftazidime; however, the most suscept-

ibility among of E. coli and K. pneumoniae isolates was observed (81.5%) to colistin. The

typing results by ERIC-PCR method showed 36 and 23 fingerprint patterns for colistin-

resistant E. coli and K. pneumoniae strains, respectively. Among 64 (13.6%) colistin-

phenotypically-resistant Enterobacteriaceae, 8 isolates (1.7%) had mcr-1 gene. These 8

isolates were attributed to E. coli and K. pneumoniae with 6 and 2 isolates, respectively.

Whereas no isolates carrying the mcr-2 gene was found. These colistin-resistant isolates

displayed colistin MIC values >2 μg/ml in the antibiotic concentration by E-test method.

Conclusion: Spreading of Enterobacteriaceae strains harboring plasmid-mediated mcr could

fail the colistin-included therapy regimen as the last line of treatment against multidrug-

resistant bacterial infections.
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Introduction
Gram-negative rods, especially Enterobacteriaceae, are considered as the main

organisms that cause nosocomial infections.1,2 E. coli and K. pneumoniae are

among the main strains associated with such infections. E. coli causes some

major infections, including bacteremia, neonatal meningitis, urinary tract infections,
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intra-abdominal infections, sepsis and gastroenteritis in

developing countries. K. pneumoniae causes early

acquired lobar pneumonia, wound, soft tissue and urinary

tract infections.3

Recently, the emergence of multidrug-resistant (MDR)

phenotype as the consequence of antibiotics overconsump-

tion in the treatment of human and animal diseases caused

a global challenge to health systems. MDR was defined as

acquired nonsusceptibility to at least one agent in three or

more antimicrobial categories.4–6

Carbapenems are the choice drugs to treat such infec-

tions. However, with increasing global incidence of carba-

penem resistance, colistin is now widely used as the last

resort antibiotic for the treatment of carbapenem-resistant

Enterobacteriaceae. Among carbapenem-resistant K. pneu-

moniae isolates, the rate of resistance to colistin has been

reported to be 15% which is very worrying.7

Colistin uses lipopolysaccharide (LPS) as the bacterial

target and disrupts the negative charge of the outer

membrane.8 Several studies proposed two main mechan-

isms for colistin resistance including LPS modifications

and LPS removal. Other possible mechanisms are over-

expression of efflux pumps, overproduction of capsule

polysaccharide and production of colistinase.8

Resistance to colistin in gram-negative bacteria is

attributed to a reduction in binding affinity to the outer

membrane of LPS. Two-component systems (TCSs)

including PhoPQ and PmrAB, as the regulatory systems,

reduce the negative charge of lipid A and subsequently

reduce the binding affinity of colistin to LPS.9,10

Recently, a plasmid transmitted resistance has been

reported as the mobilized colistin resistance (mcr), and

has been designated as mcr-1, which is the most prevalent

mcr type.11 The mcr-1 gene is a phosphatidylethanolamine

transferase, which adds this residue to lipid A component

of the LPS, leading to a lower binding affinity of colistin

to its target.12 The mcr-2 gene is a rare variant of mcr. The

locations of mcr-1 and mcr-2 genes are on conjugative

plasmid which may accelerate the transmission between

strains and bacterial species, leading to breakdown of the

therapeutic regimen.13–16 The reports on the role of mcr-1

and mcr-2 genes indicated the increase in the resistance of

E. coli and K. pneumoniae isolates.7

Several studies have reported the variants such as mcr-

3, mcr-4 and mcr-5 in E. coli and Salmonella isolates.17

Furthermore, a new plasmid-mediated colistin-resistance

gene called mcr-7.1 has been identified in K. pneumoniae

in China.18

There are different methods to evaluate the clonality

and genetic diversity of Enterobacteriaceae such as pulsed-

field gel electrophoresis, multilocus sequence typing, mul-

tiple-locus variable-number tandem repeat analysis and

enterobacterial repetitive intergenic consensus sequences

PCR (ERIC-PCR).19

In this study, we investigate the prevalence of mcr-1

and mcr-2 genes in colistin-resistant E. coli and K. pneu-

moniae clinical isolates. Also, the clonality of colistin-

resistant E. coli and K. pneumoniae strains was evaluated

by ERIC-PCR-based dendrogram. ERIC-PCR is cost-

effective, easy to perform and a rapid method, which can

be applied for comparison of clusters generated.20

Materials and methods
Bacterial isolates
A total of 470 isolates of E. coli and K. pneumoniae were

detected among 712 Enterobacteriaceae isolates. These

samples were isolated from different clinical specimens

such as blood, urine, wound, etc. except stool. These

isolates were collected from the laboratories of teaching

hospitals collaborated with Ahvaz Jundishapur University

of Medical Sciences (Ahvaz, Iran) from January to June

2017. This study was approved by the Institutional Review

Board (IRB) and Ethics Committee of the Ahvaz

Jundishapur University of Medical Sciences. The isolates

were transferred to the Medical Microbiology Department

and were subcultured on blood agar and eosin methylene

blue agar (EMB Agar) media (Merck, Germany) for dou-

ble checking and taking pure culture. After incubation of

plates at 37°C for 18–24 hrs, the isolated colonies were

identified by Gram staining and standard biochemical tests

such as triple-sugar iron (TSI), Simmonʼs citrate, sulfide

indole motility (SIM), urea, ornithine and lysine decarbox-

ylase tests (Merck).21

Antimicrobial susceptibility testing (AST)
AST was performed using disk diffusion method (Kirby–

Bauer) on Mueller–Hinton agar (Merck) plates according

to the Clinical and Laboratory Standards Institute (CLSI)

Guidelines.22 The tested antibiotic disks were colistin (10

μg), ciprofloxacin (5 μg), tetracycline (30 μg), imipenem

(10 μg), ceftazidime (30 μg), azithromycin (15 μg) and

amikacin (30 μg) (MAST Co., UK). The phenotype of

Enterobacteriaceae was defined as MDR according to the

International Expert proposal for Interim Standards

Guidelines.6
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Minimum inhibitory concentration (MIC)
Colistin MICs were measured by E-test strips (Liofilchem,

Italy) and interpreted based on European Committee on

Antimicrobial Susceptibility Testing (EUCAST, Ver. 6,

2016) guidelines. After measuring the MIC with E-test

method, the E. coli and K. pneumoniae isolates with a MIC

higher than 2 μg/ml were considered as “resistant”.23,24 E. coli

ATCC 25,922 was used as a quality control for antimicrobial

susceptibility testing.

DNA extraction and PCR amplification
DNA extraction was directly carried out by using the G-

spin™ Total DNA Extraction Kit (iNtRON

Biotechnology, South Korea) according to the manufac-

turer’s instructions. The concentrations of extracted DNA

from E. coli and K. pneumoniae isolates were measured

by using a nanodrop (Thermo Fisher Scientific, Waltham,

MA, USA).

Detection of mcr-1 and mcr-2 genes by

polymerase chain reaction (PCR)
DNA amplification was performed using a thermocycler

(Eppendorf, Hamburg, Germany), and the set of primers as

listed in Table 1.25,26

The master mix was prepared in a final volume of 25

μL containing 10× PCR buffer, 50 mM MgCl2, 10 mM

dNTPs, 10 μM of each primer, 5 U/μL of Taq DNA

polymerase and 5 μL of extracted DNA as template. The

DNA amplification was performed based on the following

program: initial denaturation at 94°C for 5 mins, 25 cycles

of denaturation at 94°C for 1 min, annealing at 51°C for

30 s, extension at 72°C for 30 s and a final extension at

72°C for 5 mins. DNAs from E. coli KP81 and E. coli

KP37 strains harboring mcr-1 and mcr-2, respectively,

were used as the positive controls. Genomic DNA from

colistin-susceptible E. coli ATCC 25,922 was used as the

negative control. The PCR products were separated by

electrophoresis on a 1.5% agarose gel containing 0.5 µg/

ml ethidium bromide. The bands were visualized under

UV light using a gel documentation system (Protein

Simple, Santa Clara, CA, USA).23 PCR products were

sequenced, checked with BLAST and annotated to

GenBank.

Genbank accession number
The partial nucleotide sequences of mcr-1 gene have been

deposited in the GenBank database under accession num-

ber of MH627973 (mcr-1 from E. coli strain EC9).

DNA fingerprinting
ERIC-PCR was applied using the ERIC-1 and ERIC-2

primers for colistin-resistant E. coli and K. pneumoniae

isolates (Table 1).27 The ERIC-PCR conditions were regu-

lated based on the published report by Smith et al28.

Analyses of the DNA fingerprints were performed by

using GelCompar II; version 6.5 (Applied Maths, NV,

Keistraat, Belgium). A cutoff value of 80% similarity

was applied to define the clusters. The similarity between

the profiles was evaluated with the band matching Dice

coefficient, and dendrograms for each species were pro-

duced by the unweighted pair group method with arith-

metic averages (UPGMA). Based on the UPGMA

dendrograms, identical strains were defined as isolates

with >97% similarity, closely related isolates with ≥95%
similarity and isolates with <95% similarity as unrelated

strains.

Statistical analysis
The results were analyzed by using SPSS version 22 soft-

ware (IBM Armonk, North Castle, NY, USA). Statistical

analyses were carried out by applying the Mann–Whitney,

Chi-square and Kolmogorov–Smirnov tests, with a statis-

tical significant P-value <0.05.

Table 1 Sequences of primers used for detection of mcr-1 and mcr-2 genes and ERIC-PCR

Target gene Primer sequence (5ʹ→ 3ʹ) Size (bp) Annealing temperature (°C) References

mcr1-F CGGTCAGTCCGTTTGTTC 309 51 25

mcr1-R CTTGGTCGGTCTGTAGGG

mcr2-F TGGTACAGCCCCTTTATT 1,747 53 26

mcr2-R GCTTGAGATTGGGTTATGA

ERIC-F ATGTAAGCTCCTGGGGATTCAC Variable 51 27

ERIC-R AAGTAAGTGACTGGGGTGAGCG
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Results
In the present study, among 712 examined

Enterobacteriaceae isolates, 470 isolates were identified

as E. coli (n=351, 74.7%) and K. pneumoniae (n=119,

25.3%). The remaining 242 isolates belonged to other

Enterobacteriaceae species which were not in the scope

of this study. These 470 isolates were collected from

different clinical specimens and were screened for anti-

biotic resistance and presence of mcr-1and mcr-2 genes.

The distributions of E. coli and K. pneumoniae isolates in

the specimens were as follows: urine, 87.4% (n=411);

tracheal, 4.9% (n=23); blood, 3.4% (n=16); wound, 2.1%

(n=10); discharge, 1.3% (n=6); and cord spinal fluid, 0.8%

(n=4). It is important to mention that most isolates were

collected from urine specimens.

Also, 55.95% (n=263) of isolates were from female,

while 44.04% (n=207) of isolates were from male patients.

The prevalence of E. coli and K. pneumoniae in different

hospital wards is listed in Table 2. Outpatient clinic with

258 isolates (54.9%) and infectious ward with 2 isolates

(0.4%) showed the highest and lowest rates, respectively.

On the basis of the results of AST, most isolates

(81.3%) showed high resistance to ceftazidime. However,

the most susceptibility among E. coli and K. pneumoniae

isolates was attributed to colistin (81.5%). Antibiotics

resistance patterns of E. coli and K. pneumoniae isolates

which have been presented in Figure 1 show that 68.5% of

the isolates are MDR phenotype.

Among 470 isolates, 13.6% (n=64) were identified as

colistin resistant by disk diffusion method. Among colis-

tin-resistant isolates, 59.4% (n=38) were E. coli and 40.6%

(n=26) were K. pneumoniae. These isolates were then

examined by E-test to evaluate the MICs. By using the

E-test, only 30 isolates were confirmed as colistin resis-

tant. In this study, a significant difference was between

MIC and disk diffusion methods (P=0.001).

Based on the PCR results, 1.7% (n=8) of E. coli and K.

pneumoniae strains carried mcr-1 gene (Figure 2); how-

ever, none of the isolates harbored mcr-2 gene. All mcr-1

positive isolates were collected from urine specimens.

There was not any statistically significant relationship

between the presence of mcr genes with the aforemen-

tioned hospital wards (P=0.13) as well as with the gender

of the patients (P=0.92).

Table 2 Prevalence of E. coli and K. pneumoniae in different

hospital wards

Number of isolates (%)

Wards E. coli K. pneumoniae Total (%)

Outpatient clinic 205 (43.6) 53 (11.3) 258 (54.9)

Emergency 50 (10.6) 11 (2.3) 61 (13)

ICU 10 (2.1) 13 (2.8) 23 (4.9)

NICU 4 (0.8) 14 (3) 18 (3.8)

Urology 28 (5.9) 5 (1.1) 33 (7)

Nephrology 8 (1.7) 2 (0.4) 10 (2.1)

Internal medicine 4 (0.8) 3 (0.6) 7 (1.5)

Pediatrics 20 (4.2) 5 (1.1) 25 (5.3)

Neurology 7 (1.5) 4 (0.8) 11 (2.3)

Surgery 7 (1.5) 3 (0.6) 10 (2.1)

Infectious 2 (0.4) 0 2 (0.4)

Link section 6 (1.3) 6 (1.3) 12 (2.5)

Total 351 (74.7) 119 (25.3) 470 (100)

Abbreviations: ICU, intensive care unit; NICU, neonatal intensive care unit.
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Figure 1 Antimicrobial resistance pattern of E. coli and K. pneumoniae isolates.

Abbreviations: CAZ, ceftazidime; T, tetracycline; AT, azithromycin; CIP, ciprofloxacin; IMI, imipenem; AK, amikacin; COL, colistin.
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The majority of mcr-1-positive E. coli and K. pneumo-

niae isolates were resistant to colistin, with MIC values in

the rates of >2 µg/ml. Two mcr-1-positive isolates were

reported to be colistin susceptible by the E-test method but

were resistant to colistin by the disk diffusion method.

The determination of genomic diversity of 38 strains of

phenotypic colistin-resistance E. coli and 26 strains of K.

pneumoniae was carried out using the ERIC-PCR finger-

printing method. By analyzing the ERIC-PCR profiles, the

38 E. coli isolates were categorized into 36 ERIC-types,

including 14 main clusters and 34 singletons. These 36

distinct types were then called A01 to A36. Moreover, 26

K. pneumoniae isolates were categorized into 23 ERIC

types (called B01 to B23), including 11 main clusters

and 20 singletons (Figure 3). The results of ERIC-PCR

showed that the colistin-resistant strains in this study were

categorized into different genotypes. However, 2 ERIC-

types named ERIC-type A05 and ERIC-type A23 had the

same genetic background. Complex fingerprint patterns

were obtained for all the strains. Generally, the electro-

phoretic analysis of the PCR reaction products has

revealed that the number of bands in particular electro-

phoretic paths ranged from 3 to 15. The sizes of the PCR

products ranged from 100 bp to about 1,500 bp.

Discussion
The spread of antibiotics resistance to a wide variety of

antibiotics such as beta-lactams, aminoglycosides and car-

bapenems is a global challenge to the health systems.

Using colistin is regarded as the last resort for treating

infections caused by MDR-gram negative rods, especially

Enterobacteriaceae.23,29 However, its nephrotoxicity and

neurotoxicity impacts have reduced its application as a

routine prescribed drug.30

In this study, ERIC-PCR typing method showed 36

patterns for 38 clinical E. coli isolates. 89.4% (n=34) of

these isolates displayed a separate ERIC profile. The

uniqueness of ERIC patterns suggests that they had a

nonclonal transmission. However, 10.5% (n=4) of the

isolates had identical patterns, indicating the similar

origin of dissemination. In addition, ERIC-PCR typing

method showed 23 patterns for 26 clinical K. pneumo-

niae isolates. Which 76.9% (n=20) of these isolates

displayed a single ERIC profile, whereas, 23% (n=6)

showed shared patterns. The isolates of the ERIC

types, namely A05 and B08, had similar antibiotic resis-

tance patterns. The ERIC type A23 dissemination with

similar mcr-1 gene could be causes anxiety in society.

Genetic analysis using ERIC-PCR showed that majority

of colistin-resistant isolates were clonally unrelated,

suggesting that dissemination of these isolates was not

due to a clonal outbreak.31

The results of this study showed a low rate of resis-

tance against colistin for E. coli and K. pneumoniae

(10.8% and 21.8%, respectively). The isolates were gen-

erally susceptible to amikacin; however, most of them

were resistant to ceftazidime and tetracycline. In addition

to colistin, most of the mcr-1-positive isolates were

309bp 
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Figure 2 Gel electrophoresis of mcr-1 gene (309 bp) encoding for colistin resistance. M: 100 bp DNA marker, line 1: positive control (E. coli KP81), line 2: negative control

(E. coli 25,922), line 3: EC9, line 4: EC10, line 5: KP10, line 6: EC16, line 7: EC21, line 8: EC25, line 9: EC26, line 10: KP21, line 11: negative patient sample (E. coli isolates lack
mcr-1 gene).
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resistant to ceftazidime (87.5%) and were variably resis-

tant to tetracycline (62.5%), azithromycin (62.5%), imipe-

nem (50%) and ciprofloxacin (25%). Consistently, high

resistance to ceftazidime and tetracycline was reported in

previous studies.32 The susceptibility rates of these isolates

to amikacin were 100%.33

In our study, 53.1% (n=34) of the colistin-resistant

isolates tested by disk diffusion were susceptible when

examined by E-test. This observation suggested that the

specificity and sensitivity of the E-test were higher than

the disk diffusion method. In the E-test method, 10% of

the K. pneumoniae strains were resistant to colistin, which

was consistent with the study conducted by Singh et al

(10.5%).34

The recent reports have shown plasmid harboring

novel colistin-resistance genes, mcr-1 and mcr-2, in some

isolates such as E. coli and K. pneumoniae.25,26 An E.

coli isolate containing mcr-1 gene which was sensitive to

colistin has been before reported by Liassine et al.35

Before Liassine et al, Pham et al reported the first mcr-1-

positive but colistin-susceptible isolate, a Shigella

sonnei.36

Our PCR results showed that among 470 E. coli and K.

pneumoniae isolates, 6 E. coli isolates (1.2%) and 2 K.

A 
Strains characterizations 

Strain 
No. 

ERIC-
types Specimens 

Colistin 
MIC 

(µg/ml) 
mcr-1 mcr-2 Resistance profile(Kirby-

Bauer) 

EC20 A01 Urin 1.5 - - T, CIP, IMI, CAZ 

EC4 A02 Urin 0.5 - - - 

EC2 A03 Urin 1.5 - - AT 

+ - AT, T, CAZ, IMI, CIP 

- - T, CIP, CAZ 

- - T, CIP, CAZ 

- - CAZ 

- - T, CAZ 

- - AT, IMI, CIP 

- - AT, T, CAZ 

- - AT, CIP 

- - T, CIP, CAZ 

- - AT, CIP 

- - AK, CIP, T, CAZ, IMI, AT 

- - T, CIP, IMI, CAZ 

- - CAZ 

- - AK, CIP, T, CAZ, AT 

- - T, AK, CIP, CAZ 

- - AK, CIP, T, CAZ, AT 

- - AT 

- - T, AT, CAZ 

+ - T, AT, CAZ 

- - CAZ 

+ - CAZ, IMI 

+ - T, CIP, CAZ, IMI 

- - T, AT, CIP, CAZ, IMI 

- - T, AT, CAZ, IMI 

- - CAZ, IMI 

- - T, CIP, CAZ 

+ - T, CAZ 

- - AK, CIP, T, CAZ, IMI, AT 

- - AT, T, CAZ, IMI 

- - CAZ, IMI 

- - AK, CIP, T, CAZ, AT 

+ - AT, T, CAZ, IMI 

- - AT, CIP, CAZ 

- - T, AT, CAZ, IMI 

EC26 A04 Urin >256 

EC28 A05 Discharge 1 

EC29 A05 Urin 2.5 

EC27 A06 Urin 1.5 

EC32 A07  Urin 6 

EC30 A08 Urin 4 

EC33 A09 Urin 0.75 

EC34 A10 Urin 1 

EC36 A11 Urin 0.5 

EC38 A12 Urin 2 

EC37 A13 Urin 12 

EC31 A14 Urin 2.5 

EC3 A15 Urin 6 

EC6 A16 Urin 0.25 

EC14 A17 Urin 1 

EC5 A18 Urin 0.75 

EC35 A19 Urin 1.5 

EC7 A20 Urin 0.75 

EC9 A21 Urin 2.5 

EC8 A22 Urin 0.75 

EC21 A23 Urin 32 

EC25 A23 Urin 2 

EC24 A24 Urin 1 

EC18 A25 Blood >256 

EC23 A26 Urin >256 

EC1 A27 Urin 1.5 

EC10 A28 Urin 4 

EC11 A29 Urin >256 

EC15 A30 Urin 8 

EC17 A31 Urin >256 

EC12 A32 Urin >256 

EC16 A33 Urin >256 

EC13 A34 Urin 1.5 

EC19 A35 Urin 1.5 

EC22 A36 Urin 3 - - AK, T, CAZ, IMI 
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Figure 3 ERIC-PCR-based dendrogram. The analysis of ERIC-PCR profiles was performed using the Dice coefficient with optimization set at 0.5% and tolerance at 0.5%. (A)

ERIC-PCR profiles from 38 phenotypic colistin-resistance E. coli isolates (B) and 26 K. pneumoniae isolates.
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pneumoniae isolates (0.4%) had mcr-1 gene. Consistently,

Quan et al29. reported that among 1,494 E. coli and 571 K.

pneumoniae isolates, only 20 (1%) isolates and 1 (<1%)

isolate were mcr-1 positive, respectively. The mcr-2 gene

was not detected in our study, consistent with other

studies.37–39

The results of previous studies have shown the pre-

sence of mcr-1 gene in 7 countries in Southeast Asia

(China, Thailand, Laos, Japan, Vietnam, Cambodia and

Malaysia).40 In the studies conducted in Asia, the isolation

rate of mcr-1 gene is about 1%, which is consistent with

our results (1.7%) (Table 3).25,29,41

In this study, among 8 isolates of positive mcr-1 gene,

2 isolates were colistin sensitive (25%), which was in

agreement with the Newton-Foot et al study (26%).23 In

both the studies, PCR was used as the molecular method

which does not examine the gene expression. The identi-

fication of a colistin-susceptible/mcr-1-positive isolate in

this study indicates that the silent spread of this gene might

happen. The gene expression as well as the expression of

B 
Strains characterizations 

Strain 
No. 

ERIC
-types 

Specimen
s 

Colistin 
MIC 

(µg/ml) 
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profile(Kirby-Bauer) 

KP18 B01 Urin 1.5 - - T, CAZ 

KP9 B02 Urin 12 - - AK, CIP, T, CAZ, IMI, 
AT 

KP12 B03 Blood 1 - - AK, CIP, T, CAZ, IMI, 
AT 

KP21 B04 Urin 1 + - AT 

KP22 B05 Urin 0.75 - - AT, CIP 

KP20 B06 Urin 1 - - AT, CAZ 

KP13 B07 Tracheal 2 - - AK, CIP, T, CAZ, IMI, 
AT 

KP2 B08 Urin 1 - - T, CIP, IMI, CAZ 

KP3 B08 Urin 4 - - T, CIP, IMI, CAZ 

KP16 B09 Urin >256 - - T, AT, AK, CAZ 

KP19 B10 Urin 3 - - AK, CIP, CAZ, IMI, AT 

KP7 B11 Tracheal 1 - - AK, CIP, T, CAZ, IMI, 
AT 

KP1 B12 Urin 3 - - T, CAZ, CIP, IMI 

KP11 B13 Tracheal 1.5 - - AT, AK, T, CAZ, CIP 

KP14 B14 Tracheal 1.5 - - CAZ 

KP15 B14 Blood 1 - - T, CIP, CAZ, AK 

KP6 B15 Urin 0.75 - - T, CAZ, IMI 

KP8 B15 Urin 1 - - T, AT, CAZ 

KP17 B16 Urin 1.5 - - T, CIP, IMI 

KP23 B17 Tracheal 16 - - T, CAZ 

KP25 B18 Tracheal 8 - - AT, CIP 

KP26 B19 Urin 32 - - T, CIP, CAZ 

KP24 B20 Urin 8 - - AT, CAZ 

KP10 B21 Urin 2.5 + - AT, CAZ 

KP4 B22 CSF 12 - - AK, CIP, T, CAZ, IMI, 
AT 

KP5 B23 Urin 24 - - CAZ 
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the gene by real-time PCR, in samples with higher MIC,

could demonstrate the inactivation of mcr-1 gene in some

strains.23 These studies show the importance of approving

phenotypic methods by molecular methods.

Among 30 colistin-resistant isolates tested by E-test,

only 26.6% (n=8) were harboring the plasmid-mediated

colistin-resistance mcr-1 gene. Therefore, other possible

resistance mechanisms should be considered. These

mechanisms are as follows: 1) inactivation of genes encod-

ing proteins involved in the LPS biosynthesis (lpxA, lpxC,

lpxD), 2) LPS modification by the regulatory role of the

PhoPQ and PmrAB TCSs and 3) mgrB gene alterations.42

Continuous monitoring is very important for determin-

ing the exact frequency of mcr-1 gene among gram-nega-

tive bacteria in both human and veterinary medicine.

Reevaluation of polymyxins application in animals and

implementation of large regular screening of animal iso-

lates for mcr genes would be an important step in prevent-

ing the spread of these genes to the human isolates.25

Conclusion
Spreading of Enterobacteriaceae strains harboring mcr

containing plasmids could fail the colistin-included ther-

apy regimen which is used as a last line of treatment

against MDR gram-negative bacterial infections.

Increased surveillance of colistin-resistance mechanisms

for monitoring their acquisition and spread is vital.

Persistent efforts to ensure the judicious use of colistin

(and indeed all antibiotics) both in agriculture and in

health-care systems are welcome.
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