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Introduction: Members of Enterobacterales are very common pathogens, which continue to show resistance to many antibiotics. 
Carbapenem performed well for some time. Colistin was the final hope for the carbapenem-resistant Enterobacterales, but resistance 
against it has virtually tied the clinician’s hands, especially when it comes to treating critically ill patients.
Purpose: Detection of colistin resistance by the agar method as well as by the polymerase chain reaction (mobilized colistin 
resistance-1 gene) in carbapenem-resistant Enterobacterales.
Materials and Methods: A cross-sectional study from Dec 2019 to Dec 2020 was conducted at the Department of Microbiology, 
Army Medical College, National University of Medical Sciences Rawalpindi Pakistan. Antimicrobial susceptibility of 
Enterobacterales was determined according to the Kirby–Bauer disc diffusion method except for colistin. Colistin agar was used, in 
concentrations of 2 µg/mL and 4 µg/mL. Results were interpreted according to Clinical and Laboratory Standards Institute guidelines 
2020. Mobilized colistin-resistant-1 gene in the carbapenem resistant Enterobacterales was detected by performing real-time poly-
merase chain reaction assay.
Results: Among the 172 carbapenem-resistant Enterobacterales 18 isolates were resistant using the colistin agar test. Whereas by 
molecular method colistin resistance was detected among 10 isolates that carried mobilized colistin resistance 1 gene, making the 
frequency of the MCR-1 gene 5.81%. Seventy percent of isolates were from paired blood samples. Eight patients, from whom the 
colistin resistant gene was isolated expired.
Conclusion: Colistin resistance is a very serious issue and should not be missed in a clinical microbiology laboratory. The phenotypic 
agar test method is an excellent option for routine use, as it combines ease of performance with affordable cost. However, molecular 
methods are essential for the detection of mobilized colistin resistance gene (1–9) for epidemiological purposes.
Keywords: carbapenem-resistant Enterobacterales, colistin agar test, Enterobacterales, mobilized colistin resistant-1 gene, phenotypic 
method, real time polymerase chain reaction

Introduction
The rate at which resistance against carbapenems is occurring poses a serious threat to the health-care systems globally. The 
situation is even more serious in developing countries like Pakistan which has a population of over 200 million. The facility of 
functioning clinical microbiology laboratories is available in a few major cities.1 Clinicians, due to this problem, are forced to 
treat their patients on an empiric basis. The situation gets aggravated when antibiotics are freely available over the counter.2

Carbapenems, the broad-spectrum bactericidal ß-lactam group of antibiotics were available just in time to rescue 
when several gram-negative rods were developing multidrug resistance. However, these organisms did not take very long 
to render carbapenems ineffective.3
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Resistance against carbapenems is due to four major mechanisms which include the production of low affinity 
penicillin-binding protein (PBPs) targets, reduced outer membrane permeability, efflux mechanism, and production of ß- 
lactamase.4–6 Carbapenem resistance in Enterobacterales is a major issue, particularly in resource-limited countries.

Colistin is an old polycationic, bactericidal antibiotic, targeting the lipid A portion of lipopolysaccharides, moving its 
cationic charges and leading to cell wall lysis and bacterial death.7 It was the next and almost last hope for treating CRE.8 

Testing bacteria against colistin in a microbiology laboratory has some peculiarities eg in 2019 CLSI recommended broth 
microdilution for it, a laborious process and not done at many laboratories.9,10 Alternatively, it was tested with a colistin 
disc of 10 µg with other antibiotics by the Kirby–Bauer disc diffusion method. The recommendations later were shifted 
to the colistin agar test method in 2020.11 Previously resistance against colistin was known to be chromosomally 
mediated which caused the change in membrane permeability and efflux pump for antibiotics.

Chromosomes were considered the main reason for colistin resistance till the reporting of the plasmid mediated MCR- 
1 gene in 2015.12 The MCR-1 gene was detected in clinical isolates in China its prevalence was 4.8% according to 
a longitudinal study.13 Whereas in Pakistan 10 MCR-1 genes were detected out of 52 colistin resistant isolates.14 Colistin 
resistance indeed foretold a catastrophe.

Keeping all these points under consideration we set out to detect colistin resistance among the clinically isolated 
CRE, both by CLSI recommended agar method as well as the detection of the MCR-1 gene by real-time PCR.

Materials and Methods
This cross-sectional study was conducted from Dec 2019 to Dec 2020 at the Department of Microbiology, Army Medical 
College, National University of Medical Sciences Rawalpindi Pakistan. One hundred and seventy-two clinical samples of 
CRE isolated from pus, blood, body fluids respiratory tract aspirates specimens, and tissue received for culture and 
sensitivity in the Laboratory of Microbiology, Army Medical College affiliated with the National University of Medical 
College were processed according to standard microbiological guidelines.

The study was reviewed and approved by the Research and Ethics Review Committee of Army Medical College. 
A written permission letter was also obtained from the committee. The purpose and procedures of the study were 
explained. A written consent was taken from all participants. The confidentiality of all study participants was maintained 
via the study participant secret code. For participants who cannot read and write, the information sheets were read to 
them. This research was carried out in accordance with the Declaration of Helsinki.

Specimens were inoculated on blood agar, MacConkey agar and chocolate agar according to the requirement of 
specimen. The agar plates were incubated for 24 to 48 h at 35°C to 37°C in ambient air. Initial identification of bacterial 
growth was done by colony morphology and Gram staining. Further for gram-negative rods oxidase, catalase, and 
motility tests were performed. Biochemical identification of gram-negative rod was done by Analytical Profile Index for 
Enterobacteriaceae, bioMérieux (API20E). The modified Kirby–Bauer disc diffusion method was used for antimicrobial 
susceptibility testing. Antimicrobial discs of different concentrations for Enterobacteriaceae were used as per Clinical and 
Laboratory Standard Guidelines (CLSI) guidelines 2020.

Colistin susceptibility was phenotypically assessed by colistin agar test. A stock solution of colistin sulphate was 
prepared using 5.2 mg colistin sulphate powder was added to 100 mL of distilled water to get final concentration of 40 
µg/mL. This solution was divided in 5 mL aliquots. For 2 µg/mL one colistin stock solution bottle was added in 95 mL 
sterilized agar. For 4 µg/mL plates add two 5 mL aliquots in 90 mL of sterilized agar. Both the plates were inoculated 
with the isolates. Any growth was considered as colistin resistant and no growth was considered as colistin-sensitive 
interpretations were as CLSI 2020 guidelines.

The isolated CRE were subjected to real-time polymerase reaction for the detection of MCR-1 gene. The primers were 
designed using Primer3Plus software and compatibility was checked by NCBI-blast. A forward (5’- 
AAGGCGTGATGGATAAGCTG-3’) and a reverse primer (5’-TGCAGCCACTGGATACTTTG-3’) of the aforemen-
tioned sequence were used. Thermo Scientific GeneJET Genomic DNA purification kit was used for manual extraction of 
DNA. PCR was done using Smart cycler by Cepheid. Denaturation was done at 94°C for 10 min and later for 30 seconds. 
Primer annealing and extension and was done at 68°C for 45 seconds. Final extension step was carried out at 72°C for 5 
min. The samples were considered negative if no fluorescent signals were detected.
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Data was analyzed using Statistical Package for Social Sciences (SPSS) version 22. P<0.001 was considered 
significant. Frequency and percentages were calculated for qualitative variables. Quantitative variables were presented 
as mean and standard deviation (SD).

Results
During the one year study 172 clinical isolates were analyzed. Out of these total samples, the highest number of the CRE 
were isolated from the blood specimens (n=120) followed by lower respiratory tract specimens (n=33). The remaining 
CRE were isolated from pus, body fluids, and tissue as shown in Table 1.

Among CRE Klebsiella pneumoniae and Escherichia coli were the two most common species accounting for 64.5% 
and 17.4% respectively. Other carbapenem resistant Enterobacteriaceae included Enterobacter aerogenes, Klebsiella 
oxytoca and Citrobacter freundii as shown in Figure 1.

All the CRE were isolated from hospitalized patients with an average duration of 8.5 days of stay in a critical care 
unit. Among 172 clinical specimens 68 were received from the neonatal intensive care unit (ICU) and the remaining 104 
were from adult intensive care units.

Among the CRE 18 isolates were resistant to colistin by agar test using 2 to 4 µg/mL concentrations whereas 10 CRE 
isolates were found to possess the MCR-1 gene by the real time PCR. As shown in the Table 2.

Table 2 shows that 07 out of 10 (70%) organisms carrying the MCR-1 gene were isolated from blood specimens and 
03 (30%) were from bronchoalveolar lavage (BAL) specimens. Analytical test was applied to calculate the significance 

Table 1 Frequency and Percentage of CRE Isolated 
from Specimen for Bacterial Culture

Specimens Frequency Percent

Blood 120 69.7

Respiratory tract specimens 33 19.2

Pus 9 5.2

Body Fluids 8 4.7

Tissue 2 1.2
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Figure 1 Carbapenem Resistant Enterobacterales isolated from specimens and frequency of MCR-1 gene in isolates.
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between different variables. The days of hospital stay to colistin resistance had a P value of 0.001. Ten samples from 
which the MCR-1 gene was detected, contained from 7 patients were admitted in the adult intensive care units who were 
on mechanical ventilation for more than 7 days, and three from the neonatal ICU. Out of 10 only two patients survived in 
which the MCR-1 gene was detected.

Discussion
Indiscriminate use of antibiotics over the years gave origin to multidrug resistant organisms and extensively drug 
resistant organisms which are a major threat to health care system worldwide.15 With development of newer antibiotics 
and combination therapies, bacteria have also modified themselves and have developed various resistance mechanisms. 
This leaves a physician with limited therapeutic options, especially in developing countries where infectious diseases are 
rampant and many times microorganisms are present in their most resistant forms. This situation has becomes more 
alarming for patients in critical care units.16

In our study the carbapenem resistant Klebsiella pneumoniae accounting for highest proportion (82.05%) goes in 
parallel with studies conducted in Nanjing district of China, Taiwan and Henan China in which the proportion of 
carbapenem resistant Klebsiella pneumoniae was 79.4%,17 76.3%18 and 52.9%19 respectively.

Chronically ill patients require medical instruments like ventilators and devices like urinary catheters, IV catheters. 
These devices usually get colonized by resistant bacteria. Patients with repeated hospital admissions also require broad 
spectrum antibiotics and are more prone to be infected with resistant bacteria.20,21 As in our study, all patients were 
admitted to the hospital for more than 4 days and 100 patients were on ventilators.Also proven by our study results and 
according to statistical analysis prolonged hospital stay to colistin resistance was more significant.

In our study PCR results showed that among one hundred and seventy two CRE isolated, MCR-1 was detected in ten 
isolates (5.8%) only. The percentage of MCR-1 gene in our study is lower as compared to another study conducted in Pakistan 
in which percentage was 11.4%.22 Our results are comparable to studies conducted in Iran, Thailand and China in where 
percentage of MCR-1 gene was 1.7%, 4.4% and 6.8% respectively.23–25 Not very long ago no clear guidelines were available 
for the disc method and the CLSI recommended broth dilution only, a cumbersome and relatively expensive procedure, 
requiring trained manpower. Lately the use of colistin agar has been recommended for the detection of colistin resistance.

Using phenotypic and molecular method we found out a difference of 8 isolates as 18 were picked by the agar and in 
10 isolates MCR-1 gene was detected by PCR. The most probable explanation is that these eight isolates colistin resistant 

Table 2 Details of Ten Patients Infected with MCR-1 Gene Carrying CRE

No. of Isolates 
with MCR-1 Gene

Patient’s 
Age

Place of Hospital Stay No. of Days 
in Hospital

Ventilator Support/ 
Clinical Outcome

Specimen Type

1 61 years Adult Intensive Care Unit 10 days Yes/expired Blood

2 57 years Adult Intensive Care Unit 9 days Yes/expired Blood

3 59 years Adult Intensive Care Unit 7 days No/survived Blood

4 54 years Adult Intensive Care Unit 5 days No/survived Blood

5 8 days Neonatal Intensive Care Unit 8 days Yes/expired Blood

6 9 days Neonatal Intensive Care Unit 9 days Yes/expired Blood

7 9 days Neonatal Intensive Care Unit 9 days Yes/expired Blood

8 57 years Adult Intensive Care Unit 12 days Yes/expired Bronchoalveolar lavage

9 68 years Adult Intensive Care Unit 6 days Yes/expired Bronchoalveolar lavage

10 64 years Adult Intensive Care Unit 10 days Yes/expired Bronchoalveolar lavage
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due to MCR 2–9 genes. We could not go for a multiplex PCR for their detection, due to the limited resources. And 
keeping in view the epidemiology of MCR genes globally MCR-1 prevalence was the highest.26,27

In our study out of the 10 isolates in which MCR-1 gene was detected, 6 were Klebsiella pneumoniae and 4 isolates 
were Escherichia coli. Thus organism isolated in our study corresponds to a study in which 4 pathogens carrying the 
MCR-1 gene were detected, two were Klebsiella pneumoniae and two isolates were Escherichia coli.28

All MCR-1 gene were isolated from blood samples which go in parallel with a meta-analysis conducted in China from 
2014 to 2019 which showed in two studies one from 2015 and another from 2019 that all MCR-1 gene carrying 
organisms were isolated from the blood specimens.29

Our study indicates that colistin being used most frequently for critically ill patients has raised resistance against drug 
of last resort in Pakistan. Outbreaks can occur in wards if appropriate steps are not taken towards implementation of 
antimicrobial stewardship. Targeted antimicrobial therapy according to culture and sensitivity along with clinical 
correlation is the need of hour for control of these resistant pathogens. As resistance due to MCR-1 gene is transferable 
through plasmid so infection prevention and control (IPC) remains one of the major elements in controlling antimicrobial 
resistance, by breaking the cycle of transmission of resistant organisms. With a population of over 200 million we have 
limited functioning clinical microbiology laboratories, and where available the antibiotic sensitivity is carried out on the 
conventional Kirby-Bauer method. The molecular detection is extremely limited.30

Healthcare facilities face a lack of infection control practices as well as infrastructure for isolation. These all lead to 
a rapid rise in Health-care Associated Infections (HCAIs) in Pakistan. According to a study, the prevalence of HCAIs 
among neonates was 23.8% and in adult, intensive care units were 33.3%.31

There is a dire need to conduct multicenter studies in our healthcare centers for the detection of the MCR-1 gene 
along with other variants 2, 3, 4, 6, 7, 8 and 9 detected by multiplex PCR.

Conclusion
Colistin resistance is a very serious issue and should not be missed in a clinical microbiology laboratory. The phenotypic 
agar test method is an excellent option for routine use, as it combines ease of performance with affordable cost. However, 
the molecular methods are essential for the detection of mobilized colistin resistance gene (1–9) for epidemiological 
purposes.As we gain access to more resources, we will look for the non -MCR-1 genes confirming colistin resistance. 
Antimicrobial stewardship should be strictly implemented to avoid further development of resistance.

Disclosure
The authors report no conflicts of interest in this work.
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