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Abstract Öz 
Purpose: The aim of this study was to investigate the 
presence of the mcr-1 gene, which is responsible for 
colistin resistance, in carbapenem-resistant Gram-negative 
bacteria that cause difficult-to-treat infections in a research 
hospital in Turkey.  
Materials and Methods: The mcr-1 gene was examined 
using PCR in 103 carbapenem-resistant isolates, including 
75 Acinetobacter baumannii, 19 Pseudomonas aeruginosa, 
and 9 Klebsiella pneumoniae. DNA sequencing was 
performed to confirm the mcr-1 positivity. Other 
antimicrobial resistance genes were investigated in isolates 
that were found to be mcr-1-positive by PCR and colistin-
resistant isolates.  
Results: Four (3.9% of the 103 carbapenem-resistant 
isolates and 5.3% of the 75 A. baumannii isolates) A. 
baumannii isolates, all susceptible to colistin, were found 
to be mcr-1-positive by PCR, whereas mcr-1 was not 
detected in four colistin-resistant isolates, one in A. 
baumannii and three in K. pneumoniae. DNA sequencing 
analysis determined that none of the amplification 
products was the targeted fragment, but they matched 
more than 70% with the chromosomal DNA fragments of 
A. baumannii strains. Therefore, these results were 
considered false-positive. Although these false-positive 
isolates were susceptible to colistin, they were extensively 
drug-resistant (XDR). Two of them were found to carry 
blaOXA23-like and blaTEM genes, another blaOXA23-
like, blaTEM and blaOXA48-like genes, and the fourth 
one to have blaOXA23-like and blaCTXM genes.  
Conclusion: Although the specificity of the primers used 
to detect the mcr-1 gene by PCR was reported as 100% in 
most studies, we concluded that PCR tests are insufficient 
yet to use alone or with antibiotic susceptibility tests in 
rapid routine diagnosis. Confirming at least PCR-positive 

Amaç: Bu çalışmanın amacı Türkiye'deki bir araştırma 
hastanesinde tedavisi zor enfeksiyonlara neden olan 
karbapenem dirençli Gram negatif bakterilerde kolistin 
direncinden sorumlu mcr-1 geninin varlığını araştırmaktı. 
Gereç ve Yöntem: 75'i Acinetobacter baumannii, 19'u 
Pseudomonas aeruginosa ve 9'u Klebsiella pneumoniae 
olmak üzere karbapeneme dirençli 103 izolatta mcr-1 geni 
PCR kullanılarak incelendi. Mcr-1 pozitifliğini doğrulamak 
için DNA dizi analizi yöntemi kullanıldı. PCR ile mcr-1 
pozitif olarak saptadığımız izolatlarda ve kolistine dirençli 
izolatlarda diğer antimikrobiyal direnç genleri araştırıldı. 
Bulgular: Tamamı kolistine duyarlı olan 4 (karbapeneme 
dirençli 103 izolatın %3,9’u ve 75 A. baumannii izolatının 
%5.3’ü) A. baumannii izolatı PCR ile mcr-1 pozitif olarak 
belirlenirken, biri A. baumannii ve üçü K. pneumoniae 
olmak üzere kolistine dirençli dört izolatta mcr-1 
saptanmadı. DNA dizileme analizi amplifikasyon 
ürünlerinden hiçbirinin hedeflenen parça olmadığını 
belirledi, ancak bunlar A. baumannii suşlarının 
kromozomal DNA parçalarıyla %70'ten fazla eşleşti. Bu 
nedenle bu sonuçlar yanlış pozitif kabul edildi. Bu yanlış 
pozitif izolatlar kolistine duyarlı olmalarına rağmen 
genişlemiş ilaç dirençliydi (XDR). Bunlardan ikisinin 
blaOXA23 benzeri ve blaTEM genlerini, bir diğerinin 
blaOXA23 benzeri, blaTEM ve blaOXA48 benzeri 
genleri, dördüncüsünün ise blaOXA23 benzeri ve 
blaCTXM genlerini taşıdığı belirlendi. 
Sonuç: PCR ile mcr-1 genini saptamak için kullanılan 
primerlerin özgüllüğü çoğu çalışmada %100 olarak 
bildirilse de PCR testlerinin hızlı rutin tanıda tek başına 
veya antibiyotik duyarlılık testleri ile birlikte 
kullanılmasında henüz yetersiz olduğu sonucuna vardık. 
En azından PCR pozitif örneklerin DNA dizi analizi 
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samples using DNA sequence analysis would be 
appropriate for a certain period.  

kullanılarak doğrulanması belli bir süre için uygun 
olacaktır.  

Keywords:. DNA sequence analysis, gram-negative 
bacteria, carbapenem resistance, mcr-1 gene, PCR. 

Anahtar kelimeler: DNA dizi analizi, gram-negatif 
bakteri, karbapenem direnci, mcr-1 geni, PCR. 

 
INTRODUCTION 

The use of last-choice reserve antibiotics such as 
colistin, which has nephrotoxic and neurotoxic 
effects in humans, against severe infections caused by 
carbapenem-resistant Gram-negative bacteria is 
increasing due to the lack of new antibiotics1,2. As a 
result of this common use in clinical applications, 
colistin resistance has also increased recently2,3. 

Until the plasmid-mediated mcr-1 gene was identified 
in Escherichia coli isolates collected from hospitalised 
patients and animals in China in 2015, colistin 
resistance was supposed to be carried only by 
chromosomes2,4. In subsequent studies, ten main 
variants (from mcr-1 to mcr-10) distributed in 5 
continents of the transferable mcr gene, which can 
generally exist on different plasmids in 
Enterobacteriaceae isolates, were determined. It has 
been reported that the most common variant is mcr-
1, and colistin resistance spreads rapidly owing to this 
gene5-8. In recent studies, the mcr-1 gene has also been 
detected in non-fermentative bacteria, such as 
Acinetobacter baumannii and Pseudomonas aeruginosa, 
albeit rarely9-11. 

Detecting the mcr-1 gene in various multidrug-
resistant bacteria, including Enterobacterales that 
produce extended-spectrum beta-lactamases and 
carbapenemases and are even resistant to 
aminoglycosides, raises further concern. Accurate 
and rapid identification of this gene is of great 
importance in preventing the spread of colistin 
resistance. In research-oriented studies, when the mcr-
1 gene is detected by polymerase chain reaction 
(PCR), it is confirmed by DNA sequencing in this 
context12-14. Considering that A. baumannii, P. 
aeruginosa, and Klebsiella pneumoniae are the top three in 
the ranking of pandrug-resistant (PDR) Gram-
negative bacteria, while E. coli is in the last place15; our 
study aimed to investigate the presence of the mcr-1 
gene in clinical isolates of these three bacterial 
species, which have a high potential to develop 
antibiotic resistance. We hypothesised whether PCR 
detects the mcr-1 gene in these isolates and, if it is 
detected, whether it is confirmed by DNA sequence 
analysis. Although plasmid-mediated mcr genes have 
been widely investigated in E. coli strains, more 

research is required on these genes in highly 
pathogenic PDR Gram-negative bacteria. Therefore, 
our study will contribute to the literature on this 
subject. 

MATERIALS AND METHODS 

Identification of isolates 
A total of 103 clinical strains of carbapenem-resistant 
Gram-negative bacteria, which were isolated in the 
Department of Medical Microbiology, Cukurova 
University Faculty of Medicine, Turkey, including 75 
(72.8%) A. baumannii, 19 (18.5%) P. aeruginosa, and 9 
(8.7%) K. pneumoniae, were enrolled in this descriptive 
study based on an in vitro research. All tests were 
conducted in the Department of Medical 
Microbiology, Cukurova University Faculty of 
Medicine. For this kind of research to obtain ethical 
approval was not an obligation, legally in Turkey and 
institutionally in Cukurova University.  

Species-level identification of the isolates was 
confirmed phenotypically by conventional culture 
methods and biochemical tests (catalase, oxidase, 
Triple Sugar Iron Agar (TSI) and Indole, Methyl Red, 
Voges Proskauer, Citrate (IMVIC)) as well as BBL 
Crystal E/NF kit (Becton Dickinson, Australia) and 
genotypically by PCR. As previously described, the 
primer sets targeting the DNA sequences specific for 
A. baumannii (497 bp region in OXA-51 gene)16, P. 
aeruginosa (222 bp region in gyrB gene)17, and K. 
pneumoniae (130 bp region in 16S-23S internal 
transcribed spacer)18 were F:5’-
GACCGAGTATGTACCTGCTTCGACC-3’ and 
R:5’-GAGGCTGAACAACCCATCCAGTTAACC-
3’, F:5’-CCTGACCATCCGTCGCCACAAC-3’ and 
R:5’-CGCAGCAGGATGCCGACGCC-3’, and 
F:5’-ATTTGAAGAGGTTGCAAACGAT-3’ and 
R:5’-TTCACTCTGAAGTTTTCTTGTGTTC-3’, 
respectively. Carbapenem resistance was confirmed 
using the carbapenem inactivation test19. E. coli 
ATCC 25922 reference strain was used as a control. 

Determination of colistin resistance 
The broth microdilution method was performed for 
antimicrobial susceptibility testing (AST) of colistin, 
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and minimum inhibitory concentration (MIC) was 
determined according to the EUCAST criteria20. 

Detection of mcr-1 by PCR 
DNA was extracted by the mechanical lysis principle 
using the MICKLE device (The Mickle Lab. 
Engineering Co. Ltda, Gomshall, Surrey, UK). PCR 
was applied to DNA samples with concentrations 
between 0.1-1.2 µg/µl, measured at 260nm using a 
spectrophotometer (CHEBIOS s.r.l. Optimum-One 
UV-VIS Spectrophotometer). The primer set (CLR5-
F:5'-CGGTCAGTCCGTTTGTTC-3' and CLR5-
R:5'-CTTGGTCGGTCTGTAGGG-3') targeting 
the specific 309 bp region of the mcr-1 gene was used 
to determine the colistin resistance4. Amplification 
was performed in a total of 50 µl PCR mix containing 
25 µl of PCR Master Mix (2X) reagent (Thermo 
Fisher Scientific, Waltham, MA, USA), 4 µl of 
template DNA, 0.50 µl of each primer, and water 
using a thermal cycler (APPLIED BIOSYSTEMS 
2720 Thermal Cycler). Initial denaturation at 94 °C 
for 15 min was followed by 25 cycles at 94 °C for 30 
s, 58 °C for 90 s, and 72 °C for 1 min. The final 
extension step was 10 min at 72 °C. The ATCC 25922 
(MIC=0.5 mg/L) and NCTC 13846 (MIC=4 mg/L) 
strains of E. coli were used as negative and positive 
controls, respectively. Amplification products were 
visualised on 1.5% agarose gel using the Gel Logic 
1500 imaging system (discrimination power: 
1708x1280 pixels, Kodak Company, NY, USA). 

Antimicrobial resistance profiles and other 
antimicrobial resistance genes 
In isolates that we detected as mcr-1-PCR positive and 
in colistin-resistant isolates, antimicrobial resistance 
profiles were determined by the agar dilution method 
on Mueller-Hinton agar media according to the 
EUCAST criteria and other antimicrobial resistance 
genes were investigated by PCR, as we previously 
performed20,21.  

DNA sequencing 
PCR results were verified by DNA sequence analysis. 
PCR-positive DNA products were purified using 
ExoSAP-IT™ Express PCR Product Cleanup 
Reagent (Applied Biosystems™, USA) and Sefadex 
G-25 Superfine (Sigma-Aldrich, USA) according to 
the manufacturer’s instructions. They were 
sequenced using the same primer sets and BigDyeTM 
Terminator v3.1 Cycle Sequencing Kit (Applied 

Biosystems, Foster City, CA, USA). DNA sequence 
analysis was performed in ABI Prism 310 DNA 
Sequencer (Applied Biosystems, Foster City, CA, 
USA) according to the manufacturer’s instructions 
and principles of “F. Sanger’s dideoxy chain 
termination method”22,23.  

Statistical analysis 
IBM SPSS Statistics Version 20.0 statistical software 
package (IBM Corp. Released 2011. IBM SPSS 
Statistics for Windows, Version 20.0 Armonk, NY: 
IBM Corp.) was used for the statistical analyses. 
Categorical variables were summarised using 
numbers and percentages. The data obtained by 
DNA sequencing were aligned and analysed with the 
GenBank database using the BLAST (nucleotide-
nucleotide blast) program on the National Center for 
Biotechnology Information (NCBI) web page 
(htpp://www.ncbi.nlm.nih.gov/BLAST/). 

RESULTS 

In 4 of the 103 carbapenem-resistant isolates (3.9%), 
DNA fragments of about 309 bp targeted to detect 
the mcr-1 gene were observed and were identified as 
mcr-1-PCR-positive (Figure 1). All four isolates were 
A. baumannii and were phenotypically susceptible to 
colistin. The incidence of mcr-1-PCR-positivity 
among the A. baumannii was 5.3% (4/75). Only four 
isolates, including one A. baumannii and three K. 
pneumoniae, were phenotypically resistant to colistin, 
but they all were mcr-1-PCR-negative (Table 1). 

Although the amplification products of mcr-1-PCR 
positive isolates matched the sizes (approximately 
309 bp), DNA sequence analysis revealed that they 
were partially similar to the targeted region of the mcr-
1 gene but were not the same region. Namely, while 
one of these four isolates did not match any 
Acinetobacter spp., two showed more than 70% 
similarity with different chromosomal DNA 
fragments belonging to A. baumannii and one with 
those of A. pitti (Figure 2,3,4). 

We determined that, among the colistin-resistant 
strains, the A. baumannii strain harboured blaOXA23-like 
gene, two K. pneumoniae strains had blaCTXM, blaCTXM9, 
blaOXA24-like and rmtH genes, and other K. pneumoniae 
strain harboured the blaCTXM, blaCTXM9 and blaOXA48-like 
genes. Among the mcr-1-PCR-positive A. baumannii 
strains, two harboured blaOXA23-like and blaTEM genes, 
one harboured blaOXA23-like, blaTEM and blaOXA48-like 
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genes, and one had blaCTXM and blaOXA23-like genes 
(Table 1). The mcr-1-PCR positive isolates were 
resistant to cefepime, ceftazidime, gentamicin, 
imipenem, meropenem, ampicillin/sulbactam, 

ciprofloxacin, and tetracycline. Three of these isolates 
were additionally resistant to amikacin (Table 1). 

All PCR tests and sequencing analyses were repeated 
at least once, and the same results were obtained. 

Table 1. Antimicrobial resistance status of the colistin-resistant or mcr-1-PCR-positive isolates 
Isolatea Clinical data ASTc 

result 
for 

colistin 
(MIC) 

mcr-1-
PCR 
result 

Resistance 
profile 

for other 
antimicrobialse 

Other 
antimicrobial 

resistance 
genes 

Age Gender Source of 
specimen 

Type of 
specimen 

AB02 50 Female Oncology 
Service 

urine S 
(<=0.5) 

positived AK, FAM, CEF, 
CAZ, GEN, IPM, 
MEM, CIP, TET, 

TZP 

blaCTXM, 
blaOXA23-like 

AB36 48 Male Burn Unit wound S 
(<=0.5) 

positived FAM, CEF, CAZ, 
GEN, IPM, 

MEM, 
CIP, TET, TZP 

blaTEM, 
blaOXA23-like 

AB48 63 Male Reanimation blood S 
(<=0.5) 

positived AK, FAM, CEF, 
CAZ, GEN, IPM, 
MEM, CIP, TET, 

TZP 

blaTEM, 
blaOXA23-like 

AB51 23 Male Reanimation tracheal 
aspiration 

S 
(<=0.5) 

positived AK, FAM, CEF, 
CAZ, GEN, IPM, 
MEM, CIP, TET, 

TZP 

blaTEM, 
blaOXA23-like, 
blaOXA48-like 

AB14 42 Male Internal 
Medicine 

ICUb 

blood R 
(>=16) 

negative AK, FAM, CEF, 
CAZ, GEN, IPM, 
MEM, CIP, SXT, 

TZP 

blaOXA23-like 

KP01 3 Female Pediatric 
ICUb 

blood R 
(=8) 

negative AK, AMC, CEF, 
CAZ, GEN, IPM, 
MEM, CIP, SXT, 
CP, TZP, LEV, 

PIP 

blaCTXM, 
blaCTXM9, 

blaOXA48-like 

KP07 86 Female Chest 
Diseases 
Service 

urine R 
(>=16) 

negative AK, AMC, CEF, 
CAZ, MEM, CIP, 
CP, TZP, LEV, 

PIP, TET 

blaCTXM, 
blaCTXM9, 

blaOXA24-like, 
rmtH 

KP08 38 Male Internal 
Medicine 

ICUb 

wound R 
(>=16) 

negative AK, AMC, CEF, 
GEN, MEM, CIP, 

SXT, CP, TZP, 
LEV, PIP 

blaCTXM, 
blaCTXM9, 

blaOXA24-like, 
rmtH 

a AB: A. baumannii, KP: K. pneumoniae. b Intensive Care Unit. c Antimicrobial susceptibility testing d DNA Sequence analysis did not 
determine sequences belonging to the mcr-1 gene, and the result was assessed as false-positive. e AK: amikacin, FAM: ampicillin/sulbactam, 
CEF: cefepime, CAZ: ceftazidime, CP: cefoperazone, GEN: gentamicin, IPM: imipenem, MEM: meropenem, CIP: ciprofloxacin, TET: 
tetracycline, LEV: levofloxacin, AMC: amoxicillin/clavulanic acid, SXT: trimethoprim/sulfamethoxazole, TZP: piperacillin/tazobactam, 
PIP: piperacillin. 
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Figure 2. Alignment of the mcr-1-PCR-positive gene fragment of isolate AB51 using the 
BLAST (nucleotide-nucleotide blast) databases. A: Sequences producing significant 
alignments, B: Alignment views of the top two sequences. 

 

 

 
Figure 1. Images of mcr-1-PCR-positive amplification products (~309bp) on 1.5% agarose gel. M: Marker 
(100-bp DNA ladder); 1: Negative control; 2: Positive control; 3-6: mcr-1-PCR-positive isolates. 
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Figure 3. Alignment of the mcr-1-PCR-positive gene 
fragment of isolate AB36 using the BLAST 
(nucleotide-nucleotide blast) databases. A: 
Sequences producing significant alignments, B: 
Alignment views of the top two sequences. 

Figure 4. Alignment of the mcr-1-PCR-positive gene 
fragment of isolate AB48 using the BLAST 
(nucleotide-nucleotide blast) databases. A: 
Sequences producing significant alignments, B: 
Alignment views of the top two sequences. 

 

DISCUSSION 

Since colistin resistance gene mcr-1 harboured on a 
plasmid was first identified in China in 2016, it has 
been observed that this gene is predominant among 
the ten reported mcr gene variants and is most 
frequently isolated from E. coli isolates5-7,13. The mcr-
1 gene has been identified in E. coli and K. pneumoniae 
isolated from food and humans worldwide24-28. We 
investigated the presence of this gene in A. baumannii, 
K. pneumoniae and P. aeruginosa isolates and detected 
that four A. baumannii isolates were mcr-1-PCR 
positive. DNA sequencing analysis to confirm these 
results determined that the gene fragments we 
detected were not mcr-1. Three of the PCR-positive 
samples showed more than 70% similarity with the 
chromosomal DNA fragments of Acinetobacter spp., 
whereas the other did not match. Therefore, we 
identified these samples as false mcr-1-PCR positive. 
As far as we searched, mcr-1 detection in A. baumannii 
isolates has been previously reported from Turkey29, 
South Africa30, Iraq31, Pakistan11 and India32. In the 

studies conducted in Turkey, South Africa and Iraq, 
mcr-1 positivity was detected in A. baumannii isolates 
by PCR, but DNA sequence analysis did not confirm 
this29-31. On the other hand, mcr-1-PCR positivity in 
A. baumannii isolates was confirmed by DNA 
sequence analysis in the studies from Pakistan and 
India11,32. 

It has been reported that the mcr-1 gene, which has 
been determined to be harboured in several plasmids 
and to have a variable genetic background as a result 
of various studies conducted in recent years3, is 
localised not only on plasmids but also on 
chromosomes in E. coli and K. pneumoniae isolates33,34. 
The fact that the insertion sequences exist in some 
strains harbouring the mcr-1 gene but not in others3 
supports this information. The study reporting the 
mcr-1 gene in A. baumannii isolates from India 
determined that this gene could not be horizontally 
transferred by conjugation, so it was thought to be 
localised in the chromosomes32. However, using the 
same primers as us, Hameed F et al. from Pakistan 
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detected the mcr-1 gene in the plasmid in one A. 
baumannii and one P. aeruginosa isolate11. 

There are some limitations in our study. Since we did 
not perform plasmid extraction, conjugation 
experiment and whole genome sequence analysis for 
the mcr-1-PCR positive four isolates, we could not 
determine whether the gene fragments we detected 
were on the plasmid or chromosome. Their partial 
matching with chromosomal DNA by sequencing 
analysis initially suggested possible chromosomal 
localisation. However, these gene fragments might 
also be associated with antibiotic resistance, although 
this is very unlikely. Although many studies28,35,36 
reported that colistin-resistant mcr-1-positive isolates 
were resistant to a small number of antibiotics, in our 
research, colistin-susceptible mcr-1-PCR-positive 
isolates were XDR. In addition, the fragments 
detected approximately the same size as the targeted 
region of the mcr-1 gene might also be related to mcr 
genes. Even if so, these fragments were considered 
non-functional as the isolates were phenotypically 
susceptible to colistin. Furthermore, we did not 
examine chromosomal mechanisms of colistin 
resistance. 

Although the sensitivity and specificity of some 
primers used to detect mcr genes by PCR have been 
reported to be 100%37, we have concluded that PCR 
tests are insufficient yet to be used alone or with 
antibiotic susceptibility tests in rapid routine 
diagnosis of the coding region of the mcr-1 gene in A. 
baumannii that is underreported in the world. 
Confirming at least PCR-positive samples using 
DNA sequence analysis would be appropriate for a 
certain period. On the other hand, our findings 
provide data that will shed light on further 
investigation of plasmid-mediated mcr genes in A. 
baumannii strains. More studies should be done on 
this subject in order to make a definitive 
interpretation of the false positive results of the mcr-1 
gene region. 
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