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ABSTRACT
Abstract

Background: Multidrug-resistant (MDR) Klebsiella pneumoniae is an increasing public health concern, with
colistin serving as a last-line treatment. The emergence of plasmid-mediated resistance, particularly through mcr
genes, poses a serious threat due to their ability to spread via horizontal gene transfer. This facilitates
dissemination beyondhospital settings into the community, increasing the risk of untreatable infections. The
study aimed todetect colistin-resistant K. pneumoniae isolates harbouring the mcr-1 and mcr-8 gene.

Methods: In this hospital-basedcross-sectional study, 382 clinical isolates of K. pneumoniaefrom various
specimens were analyzed. Carbapenemaseproduction was confirmed using the Carba NP test. Colistin
susceptibility was determined by the broth microdilution (BMD),gold standardreferencemethod. Detection of
mcr-1 and mcr-8 geneswas performed using real-time polymerase chain reaction (PCR). Statistical analysis was
done using the chi-square testwith IBM SPSS Statistics Version 27.

Results: Carbapenemase production was confirmed in 361 (94.5%), clinical K pneumoniae isolates. Initial
screening detected 21(5.81%) isolates as colistin-resistant; however, BMD confirmed resistance in 15 (71.43 %)
of these. Colistin resistance was observed predominantly among IPD (86.7%), compared to OPD (13.3%)
patients.Among these, mcr-1 was detected in 7/15 (46.7 %) isolates, while mcr-8 was identified in 1/15 (6.7%)
isolates.

Conclusion: The emergence of mcr-1 and mcr-8 gene-mediated colistin resistance in clinical isolates of K.
pneumoniae is a significant concern, indicating the potential for dissemination beyond hospital settings into the
community.Strengthened antimicrobial stewardship, infection prevention measures, and continuous surveillance
are urgently needed to curb the spread of resistance across healthcare and community settings.
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INTRODUCTION the gastrointestinal microbiota of healthy humans
Klebsiella pneumoniae,a member of and animals'.It is a significant pathogen responsible
theEnterobacterales family, is commonly found in for a wide range of infections, including
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pneumonia,  sepsis, bloodstream infections,
meningitis, liver abscesses, urinary tract infections,
and wound infections®.The global rate of drug
resistance in K.pneumoniae has risen to about 70%,
with associated mortality rates ranging from 40%-
70%?3. Carbapenems and extended-spectrum J-
lactamases(ESBL) producing K. pneumoniae
strains are associated with poor patient outcomes,
making infections increasingly difficult to treat *.In
response to the rising carbapenem resistance,
colistin has re-emerged as a critical last-line
antibiotic for managing multidrug-resistant (MDR)
infections®.Colistin is a positively charged
antimicrobial agent that targets the phosphate group
of lipopolysaccharides (LPS)in the bacterial outer
membrane. By disruptingthe membrane's negative
charge, it compromises membranes integrity,
ultimately leading tobacterial cell death®. However,
since its reintroduction, resistance to colistin has
rapidly emerged and spread globlly®.Colistin
resistance in K.pneumoniaecan occur through a
horizontal transfer of plasmid-mediated mobile
colistin resistance (mcr) genes. Among these, the
mcr-1gene, is the most prevalentworldwide among
the mcr-1 to mcr-10 variants’. Although colistin
resistance is predominantly associated with
healthcare settings, the plasmid-mediated nature of
mcrgenes enables their spread beyond hospitals
into the community via food chains, environmental
reservoirs, and human carriers. This poses
significant public health concern, especially in low-
and middle-income countries where antibiotic
misuse is common. Therefore, investigating the
emergence and distribution of mcr genes is crucial
for both hospital infection control and broader
community health. In this context, the present study
aimed to detect the presence of mcr-1 and mcr-8
genes in colistin-resistant K. prneumoniae isolates
from a tertiary care center in North India.

Material and Methods

Sample collection

This hospital-based cross-sectional studywas
conducted over a period of ninemonths.A total of
382 K. pneumoniaeisolates were collected
fromvarious clinical specimens received from
inpatient department (IPD) and outpatient
departments (OPD) of a tertiary care hospital of
North India. Ethical approval was obtained from
the University Ethics Committee (Ref. No.
SMC/UECM/2024/774-A) dated 14.03.2024 prior
to the commencement of the study.

Clinical isolates were identified
asK.pneumoniaeusing GN identification card,
followed by antimicrobial susceptibilitytesting
using AST-N405 cards using VITEK 2 Compact
automated system (bioMerieux, France). The
isolates were preserved in glycerol broth at —20°C

for phenotypic analysis and stored at -80 °C for
subsequent molecular testing?®.

Phenotypic tests

Confirmation of Carbapenemase producer by
Carba NP test (CLSI M100-33rd Edition, 2024)°
K.pneumoniaeisolates ~ were  confirmed  as
carbapenemase producerusing the Carba NP
testaccording to CLSI guidelines’.An alternative
approach as described by Pasteraner al.'°,was
employed using an imipenem-cilastatin injectable
formulation at 12 mg/mL, adjusted to account for
the cilastatin component to achieve an effective
imipenem  concentration of 6 mg/mL.K
pneumoniae  ATCC BAA-1705 served as the
positive control, while ATCC BAA-1706 was used
as the negative control. Uninoculated tubes
containing only solution A and Solution B were
included to ensure test precision.

Susceptibility to colistin
Carbapenemase-producing isolates were assessed
for colistin susceptibility using the VITEK 2C
automated system. Isolates with a minimum
inhibitory concentration (MIC) greater than
2 ng/mL were considered colistin-resistant.

Confirmation of resistance to colistin byBroth
Microdilution (BMD) method:

Colistin resistance was further confirmed using the
gold-standard BMD method following CLSI
guidelines (M07-A09)!!. Cation- adjusted Mueller-
Hinton broth (CaMHB) was used as a medium, and
colistin sodium methaneosulphate (HiMedia, Pvt.
Ltd.) was prepared in serial two-fold dilutions
ranging from 0.25 to 64 pg/mL.Bacterial
suspensions were addedto each wellto achieve a
final concentration of 10> CFU/mL. Each assay
included a  drug-free growth controland
anuninoculated sterility control, to validate results.
Escherichia coli ATCC 25922 served as the
negative control, with an expected MIC range of
0.5-2 pg/mL.MICs for colistin were recorded after
incubating the microtitre plates at 37°C for 18-20
hours.

Genotypic tests

Detectionmcr-1 and mcr-8 gene by Real- time
Polymerase chain reaction (PCR)

The colistin  resistantK. pneumoniae(COLRKP)
isolates confirmed by BMD, along with 1% known
colistin-susceptibleisolates (for quality control),
were further analyzed for the presence of mcr-1 and
mcr-8gene usingreal- time PCR.

Genomic DNA extraction

Genomic DNA was extracted from the isolates
using the KTI159L GeNei™Bacterial DNA
Purification Kit (GeNei, Bangalore,
India)following the manufacturer’s guidelines.
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Polymerase chain reaction(PCR)

Detection of mcr-1 and mcr-8 genes was performed
using the Rotor-Gene-Q real-time PCR system
(QIAGEN, Germantown, MD, USA).The primers
used for amplification were as follows: for mcr-1,

forward 5'-
CGTTCAGCAGTCATTATGCCAGTTTCTTTCG
CGTGC-3' and reverses'-

CTTACGCATATCAGGCTTGGTTGCTTGTACC
GC-3") (PCR product size: 200 bp)'?, for mcr-8
forward 5-TCAACAATTCTACAAAGCGTG-3'
and reverse 5-AATGCTGCGCGAATGAAG-3'
(PCR product size: 856 bp)!*> The PCR reaction
was carried out in a total volume of 20
pL,comprising of 3 pLnuclease- free water , 12 pL
EvaGen™ Green qPCR Master Mix (GeNei,
Bangalore, India), 2 pL of working primersat 5
pmol, and 3 pL DNAtemplate. Amplification
followed the EvaGen™ Green qPCR protocol:
initial denaturation at 95°C for 10 min, followed

by 35 cycles of denaturation at 95°C for 30 s,
primer annealing at 58°C for 30s (mcr-1) and53°C
for30s for (mcr-8), elongation at 72°C for 30s, with
final elongation step at 72°C for 5 min.DNA from
colistin-susceptible E.coliATCC 25922 was used
as the negative control.

RESULTS

Carbapenemase production was confirmed in 361
(94.5%)clinical ~ K.pneumoniae isolates. Initial
screening detected 21(5.81%) isolates as colistin-
resistant; however, BMD confirmed resistance in
15 (71.4 %) of these. Most of these colistin-
resistant isolates were recovered from male
patients11 (73.3%),compared to female patients4
(26.7%) (p0.106), and were more prevalent in the
older age group with a mean age of 39 £l years,
compared to younger age group. (x> = 1.79; p 0.77)
[Table 1]

Table 1: Age and Gender-wise distribution of colistin-resistant K. pneumoniae isolates (n = 15)

Age group

1-16 years 1 (6.66%) 0

17-25 years 1 (6.66%)

26-40 years 2 (13.35) 0

41-60 years 4 (26.67) 2 (13.34%)

>60 years 1 (6.66%) 1 (6.66%)
11(73.33%). 4(26.66%).

Regarding sample-wise distribution, COLRKP
isolates were predominantly obtained from
respiratory  specimens8  (53.33%),followed by
blood 6 (40%) and tissue 1 (6.67%).Among the
respiratory samples33.33%) were endotracheal
aspirates and 20%were sputum  samples.

[Figurel]Regarding  departmental  distribution,
majority of COLRKP isolates were obtained from
admitted patients(IPD), 13/15 (86.7%), compared
to 2/15 (13.3%) from the outpatient department
(OPD).(x> = 8.07; p 0.0045)[Table 2]

BLOOD 40.00%

TISSUE 6.67%

SPUTUM 20.00%
TISSUE (1)

®s5puTUM@3)
@ ET ASPIRATE (5)

® BLOOD (6)

ET ASPIRATE 33.33%

Figure 1: Sample-wise distribution of colistin-resistant K.pneumoniae isolates (n = 15)
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Department wise

Table 2: Department-wise distribution of colistin-resistant K.

pneumoniae isolates(n =15)
No. of patients

IPD 13 (86.7%)
OPD 2 (13.3%)
Total 15 (100%)

Among the 15 COLRKP isolates analyzedfor gene
detection, 7(46.66%) tested positive for the mcr-1
gene [Table 3; Figure 2A &2B]. The mcr-8 gene
was detected in onlylisolate (6.66%)(y* = 4.5; p
0.034). [Table 3; Figure 3], which was negative for

Table 3: Distribution of mcr-1 and mcr-8

mcr-1 gene. Neither mcr-1 normcr-8 genes
weredetected in 6 isolates whichwere initially
identified as colistin resistantby VITEK 2C but
found to be susceptible byBMD, nor in the entire
1% of colistin-sensitive isolates tested.

gene amongcolistin-resistant K.pneumoniae isolates (n = 15)

Antimicrobial resistance gene for colistin COLRKTP isolates
mcr-1gene 7/15 (46.66%)
mcr-8 gene 1/15 (6.66%)
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Figure 2 (A) & Figure 2 (B): Amplification curves of the mcr-1 gene in K.pneumoniae. PC: Positive
Control, NC: Negative Control, CLR-2,5,7,8,9,11,14: represents colistin-resistant isolates; Ct value: cycle
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Figure 3: Amplification of the mcr-8gene after 40 cycles using the Rotor Gene. A C: value <40 was
considered positive for mcr-8gene (CLR-13).

DISCUSSION

Antimicrobial resistance (AMR) is a growing
global threat, particularly among Klebsiella
species.Once effectively treated with carbapenems,
K. pneumoniae has increasingly acquired enzymes
capable of degrading these antibiotics, reducing
their efficacy. As a result, colistin, a last-resort
antibiotic, is increasingly relied upon for
treatment®.In the present study, colistin resistance
was confirmed by BMD in 71.43%
K.pneumoniaeisolates, which is higherthan the 56%
resistance reported by Torres et al.!*using the same
method.

The mean age of patients with COLRKP in our
study was 39 +1 years, with male predominance of
(73.3%)[Tablel] In comparison, astudy involving
30 hospitalized patients reported a higher mean age
of 59.1 +16.4 years, with 63.3% of the patients
being male'.

In our study, COLRKP isolates were predominantly
obtained from respiratory specimens (53.33%),
followed by blood (40%) & tissue (6.7%).
Similartrends of high colistin-resistant Klebsiella
speciesisolation from respiratory samples have
been reported by other workers!®!7.

In contrast to our finding, Singh et al.'® reported a
higher proportion of colistin resistance among OPD
isolates (60.7%) compared to IPD isolates (39%),
suggesting a shift towards community-associated
resistance. In the present study, however, the
majority of COLRKP isolates were derived from
IPD patients (86.7%), with a smaller proportion
from OPD patients (13.3%).

Despite the lower contribution from OPD,its
clinical significance remains considerable, as it
indicates the potential dissemination of colistin
resistance beyond hospital settings into the
community. OPD patients, being community-
dwelling, may serve as a reservoir for resistant
organisms. Moreover, plasmid-mediated mcr genes
facilitate horizontal gene transfer, Promoting rapid
spread of resistance across bacterial populations.

The presence of resistant isolates in OPD patients
may also be reflect repeated healthcare exposure, as
such individuals often have prior or frequent
hospital visits, increasing their risk of acquiring
resistant strains. These findingshighlight the
emerging concern of community-associated spread
of colistin resistance and emphasize the need for
continuous surveillance not only in hospital settings
but also at the community level.

The emergence of colistin resistanceunderscores
the need for judicious use of this antibiotic

particularly in treating infectious caused by
carbapenem-resistant Enterobacteriaceae.Globally,
most studies report the mcr-1 gene predominantly
in Escherichia coli, with K. pneumoniae accounting
for less than 5% of mcr-positive isolates'™*In
contrast, studies from India indicate a higher
prevalence of colistin resistance in K. pneumoniae
as compared to other bacterial species, suggesting a
unique regional pattern®*!.Although mcr-mediated
colistin resistance has been widely reported
worldwide, documentation of such cases from India
remains relatively limited®2.

In our study, the mcr-1 gene was detected in
46.66% of COLRKP isolates [Table 3], which is
substantially higher than the 19.1% reportedby
Singh et al.?%in 2018. Interestingly, the same group
later reported an evenhigherprevalence of 86.36%
in 2021'7 These findings underscores the alarming
and rising trend of colistinresistance inkK.
pneumoniae over the years, highlighting a
significant public health concern given that colistin
remains a last resort of antibiotics.

Within the mcr gene family, mcr-1 and mcr-3 are
the most frequently identified genes among
Enterobacteriaceae worldwide, whereas as mcr-8
has been reported relatively rarely. Although the
mcrgenes are present in various members of
Enterobacteriaceac and other Gram-negative
bacilli, E. coli andK pneumoniaeremain the
predominant hosts?*2!,

In our study, the mcr-8 gene was detected in 6.66%
of isolates from human samples, raising
concernthat this resistance determinant may already
be spreading within bacterial populations.These
findings align with reports from other regions,
Wang et al** observed a 7.54% prevalence of mcr-
8 among COLRKP in China, while Eltaiet al.?®
reported 11.11% in Qatar.In contrast, Farzanaet
al.**documenteda much lower prevalenceof 0.3%
ofmcr-8 genein Bangladesh.Notably, none of the
mcrpositive isolates were identified amongOPD
samples, with all detections confined to
hospitalized patients.This absencein OPD isolates
maysuggest limited community dissemination at
present; however, ongoing surveillance is essential
to detect potential spread into the community.

Limited data on colistin non-susceptibility in
K.pneumoniaeand the prevalence of the mcr-1 gene
in India makes it challenging to compare our
finding with other Indian studies.Furthermore, to
our knowledge, the presence of the mcr-8 gene in
COLRKP causing human infections has not
previously been investigated in India, limiting the
scope for comparison.
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This study represents the first genotypic analysis
reporting the occurrence of both mcr-1 and mcr-8
genes in COLRKP from this geographical region.
The rising incidence of colistin resistance poses a
significant therapeutic concern and highlights the
need for clinicians to use colistin judiciously.
However, this study has certain limitations; due to
resource constraints, other mcrgenespotentially
contributing to colistin resistance could not be
investigated in these clinical isolates.

CONCLUSION

To conclude, the increasing prevalence of
COLRKP in clinical settings represents a growing
concern not only for hospital care but also for
community health.The detection of plasmid-
mediated resistance mechanisms, particularly mcr-1
and mcr-8,highlight the potential for rapid
dissemination beyond healthcare facilities through
community reservoirs and environmental pathways.
The identification of mcr-8 in K. pneumoniaefrom
India further emphasizes the emerging threat of
transferable colistin resistance. From the public
health perspective, these findings underscore the
urgent need for integrated surveillance across

REFERENCES

1. Martin RM, Bachman M A. Colonization,
infection, and the accessory genome of
Klebsiella pneumoniae. Frontiers in Cellular
and Infection Microbiology. 2018;8:4.

2. Wasfi R, Elkhatib WF, Ashour HM. Molecular
typing and virulence analysis of multidrug
resistant Klebsiella pneumoniae clinical
isolates recovered from Egyptian
hospitals. Sc¢i.2016;6:38929.

3. Iredell J, Brown J, Tagg K. Antibiotic
resistance in Enterobacteriaceae: mechanisms
and clinical implications. BMJ.2016;352:6420.

4. Fraenkel-Wandel Y, Raveh-Brawer D, Wiener-
Well Y, Yinnon AM, Assous MV. Mortality due
to blakec Klebsiella pneumoniae bacteraemia. J
Antimicrob Chemother. 2016;71:1083—-1087.

5. El-Sayed Ahmed MAE, Zhong LL, Shen C,
Yang Y, Doi Y, Tian GB. Colistin and its role in
the Era of antibiotic resistance: an extended
review (2000-2019). Emerg Microbes Infect.
2020;9(1):868-885.

6. Narimisa N, Amraei F, Kalani BS, Azarnezhad
A, Jazi FM, Biofilm establishment, biofilm
persister cell formation, and relative gene
expression analysis of type II toxin-antitoxin
system in Klebsiella
pneumoniae.GeneReports.2020;21:100846.http
s://www.scopus.com/inward/record.uri?eid=2-
s2.... Accessed 25 April,2025.

7. Wang C, Feng Y, Liu L, Wei L, Kang M, Zong
Z. Identification of novel mobile colistin
resistance  gene mcr-10. Emerg  Microbes
Infect. 2020;9(1):508-516.

hospital and community
settings,strengthenedantimicrobial stewardship, and
adoption of a One Health approach to curb the
spread of resistance. Early and accurate detection
of colistin resistance is essential to guide
appropriate therapy and prevent treatment failure,
while limiting the risk of transmission within the
broader community.

Acknowledgments

We sincerely thank our laboratorystaff for their
valuable technical support in conducting the
genotypic analysis of clinical K.pneumoniae
isolates.

Funding: Nil.

Data Availability: The data presented in this study
is available upon request.

Ethics Statement: This study has been approved
by the University Ethics Committee, via (Ref. No.
SMC/UECM/2024/774-A) dated 14.03.2024.
Informed Consent: The samples were included
after the informed consent was obtained from the
patients.

10.

11.

12.

13.

14.

Collee JG, Fraser AG, Marmion BP, Simmons.
Mackie & McCartney Practical Medical
Microbiology. 14th Ed.1996;283-297.

Clinical Laboratory Standards Institutes
(CLSD). Performance standards for
Antimicrobial susceptibility testing. 33" ed.
CLSI  supplement MI100. Clinical and
Laboratory Standards Institute. 2024.

Pasteran F, Tijet N, Melano RG, Corso A.
Simplified Protocol for Carba NP Test for
Enhanced Detection of Carbapenemase
Producers Directly from Bacterial Cultures. J
clin Microbiol.2015;53(12):3908-3911.
Clinical Laboratory Standards Institutes
(CLSD). Performance standards for
Antimicrobial susceptibility testing. 9% ed.
CLSI supplement MO07-A9. Wayne PA:
Clinical and Laboratory Standards Institute.
2012.

Fan Z, Feng Y, Xu W, Feng J, Yan C, Fu T, et
al. Rapid Detection of Multi-Resistance Strains
Carrying mcr-1 Gene Using Recombinase-
Aided Amplification Directly on Clinical
Samples.Front. Microbiol.2022;13:852488.
Borowiak M, Baumann B, Fischer J, Thomas
K, Dencke C, Hammerl JA, et al. Development
of a Novel mcr-6 to mcr-9 Multiplex PCR and
Assessment of mcr-1 to mer-9 Occurrence in
Colistin-Resistant Salmonella enterica Isolates
FromEnvironment, Feed, Animals and Food
(2011-2018) in Germany.Front. Microbiol.
2020;11:80.

Torres DA, Seth-Smith HMB, Joosse N, Lang
C, Dubuis O, Niiesch-Inderbinen M, et

1JDDT, Volume 16 Issue 25s, 2026

Page 220



A Hospital-Based Cross-Sectional study on the Emergence of mcr-1 and mcr-8 gene-mediated Colistin Resistance in
clinical isolates of Klebsiella pneumoniae: a threat to the last-line antimicrobial therapy

15.

16.

17.

18.

19.

20.

21.

al. Colistin  resistance in Gram-negative
bacteria analysed by five phenotypic assays
and inference of the underlying genomic
mechanisms. BMC Microbiol. 2021;21:321.
Diwane D, Prasad A, Rajhans , Sameer A,
Mousami Dalvi. Study of Colistin Resistant
Gram Negative Organism in Hospitalized
Patients: A Retrospective Study. Indian J Crit
Care Med. 2024; 28(3):286-289.

Richter SE, Miller L, Uslan DZ, Bell D,
Watson K, Humphries R, et al. Risk factors for
colistin resistance among gram-negative rods
and klebsiella pneumoniae isolates. J Clin
Microbiol 2018;56(9):¢00149-18.

Singh S, Pathak A, Rahman M, Singh A, Nag
S, Sahu C, et al. Genetic Characterisation of
Colistin  Resistant Klebsiella pneumoniae
Clinical Isolates from North India. Front. Cell.
Infect. Microbiol.2021;11:666030.

Singh SK, Kaharakor L, Ahmed NS. Rising
Trend of Colistin Resistance and Shift in
Minimum Inhibitory Concentrations Toward
the Higher Side Among Enterobacteriaceae
Isolated from Clinical Samples. Med J DY
Patil Vidyapeeth.2025;18(2): 282-7.

Sun J, Zhang H, Liu YH, Feng Y. Towards
Understanding MCR-Like Colistin Resistance.
Trends Microbiol.2018;26:794-808.

Nang SC, Li J, Velkov T.The Rise and Spread
of Mecr Plasmid- Mediated Polymyxin
Resistance. Crit. Rev. Microbiol.2019;45:131—
161.

Sodhi K, Mittal V, Arya M, Kumar M, Phillips
A, Kajla B. Pattern of Colistin Resistance in

22.

23.

24.

25.

26.

Klebsiella Isolates in an Intensive Care Unit of
a Tertiary Care Hospital in India. J. Infect.
Public Health.2020;13:1018-1021.

Singh S, Pathak A, Kumar A, Rahman M,
Singh A, Gonzalez-Zorn B, Prasad KN.
Emergence of Chromosome-Borne Colistin
Resistance Gene mcr-1 in Clinical Isolates of
Klebsiella ~ pneumoniae From India.
Antimicrob. Agents
Chemother.2018;62(2):e01885-17.

Wang Y, Tian GB, Zhang R, Shen Y, Tyrrell
JM, Huang X, et al. Prevalence, risk factors,
outcomes, and molecular epidemiology of mcr-
I-positive Enterobacteriaceae in patients and
healthy adults from China: an epidemiological
and clinical study. Lancet Infect Dis.
2017;17(4):390-399.

Wang X, Wang Y, Zhou Y, Li J, Yin W, Wang
S, et al.Emergence of a novel mobile colistin
resistance gene, mcr-8, in NDM-producing
Klebsiella  pneumoniae. Emerg Microbes
Infect. 2018;7(1):122.

Eltai NO, Kelly B, Al-Mana HA, Ibrahim EB,
Yassine HM, Al Thani A, et al. Identification
of mcr-8 in Clinical Isolates from Qatar and
Evaluation of their Antimicrobial Profiles.
Front Microbiol. 2020;11:1954.

Farzana R, Jones LS, Barratt A, Rahman MA,
Sands K, Portal E,et al. Emergence of Mobile
Colistin Resistance (mcr-8) in a Highly
Successful Klebsiella pneumoniae Sequence
Type 15 Clone from Clinical Infections in
Bangladesh. mSphere. 2020;5(2):e00023-20.

1JDDT, Volume 16 Issue 25s, 2026

Page 221



