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Objective Challenges in susceptibility testing of colistin along with increase in the
prevalence of colistin-resistant carbapenemase-producing Enterobacteriaceae (CRE)
pathogens needs addressal. Evaluation of user-friendly methods is necessary as an
alternative to broth microdilution (BMD), the reference susceptibility testing method,
for routine implementation in diagnostic clinical microbiology laboratories. Genotypic
detection of the plasmid-mediated colistin resistance is also needed for infection con-
trol purposes.

Materials and Methods Colistin susceptibility of 200 nonduplicate clinical CRE iso-
lates from December 2017 to June 2019 was determined by BMD, agar dilution (AD),
E test, and rapid polymyxin NP test and interpreted as per the European Committee on
Antimicrobial Susceptibility Testing. The results of AD, E test, and NP test were com-
pared with that of BMD, considering minimal inhibitory concentration (MIC) < 2 ug/mL
as susceptible and > 2 pg/mL as resistant. Presence of any plasmid-mediated colistin
resistance (mcr-1 and 2) was evaluated in 27 colistin-resistant CRE isolates by poly-
merase chain reaction.

Statistical Analysis Performance of different phenotypic methods was analyzed
by comparing MIC results of AD and E test with that of reference BMD method.
Agreement between BMD and the other two methods was expressed in terms of cate-
gorical agreement and essential agreement. Errors were expressed as very major error
(VME: false-susceptible) and major error (ME: false-resistance) by AD/E test. VME and
ME of 3% disagreement were considered unacceptable.

Results Colistin resistance was found in 27 (13.5%) isolates by BMD method.
The VME rates of both AD (11%) and E test (37%) could not meet the Clinical and
Laboratory Standards Institute recommendation (< 3% VME rate is acceptable) as alter-
native tests to the reference BMD. Colistin NP test showed sensitivity and specificity
of 85% and 98%, respectively. The percentage discordant result in NP test was highest
in Enterobacter spp. (17%). None of the 27 colistin resistant isolates showed presence
of mcr-1 and mcr-2 genes.
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Conclusion High VME rate in AD and E tests precludes their use as alternatives to
BMD for colistin susceptibility testing. NP test with moderate sensitivity but excel-
lent specificity can be a good alternative for testing colistin susceptibility in CRE
isolates, except in Enterobacter spp. Absence of mcr-1 and mcr-2 gene necessitates
the exploration of other mechanisms of colistin resistance.

Introduction

Rapidly growing antimicrobial resistance (AMR) worldwide is
compared with a potential tsunami aiming to crumble down
the pillars of modern medicine. Around 700,000 annual
deaths worldwide are attributed to AMR currently. This fig-
ure is predicted to rise to 10 million by 2050, with mortal-
ity attributed to AMR projected to outstrip all global major
causes of death by 2050." Effective antimicrobial arma-
mentarium has shrunken to combat the growing threat
of carbapenemase-producing Enterobacteriaceae (CRE) in
hospital settings. The revival of previously used antibiotics
is regarded as one major strategy to combat AMR. In this
context, old forgotten antimicrobial-like colistin has made
an excellent comeback, with colistin enjoying a cult status,
which was not the case in its first innings.

Colistin belongs to the cationic polypeptide antimicrobial,
which act by binding with Lipid A of Gram-negative lipo-
polysaccharide resulting in loss of membrane integrity and
cell death. Determination of accurate colistin susceptibility
remains a challenge due to limiting factors like its multicom-
ponent composition, poor diffusion to agar medium, syner-
gistic effect with P-80, and adsorption to microtiter plates,
which influence its performance in susceptibility testing.
Though colistin has been used for such a long time in clinical
fields, the optimal susceptibility testing method for colistin
was undefined till recent years. In 2015, both the Clinical
and Laboratory Standards Institute (CLSI) and the European
Committee on Antimicrobial Susceptibility Testing (EUCAST)
joint working group recommended the use of broth microdi-
lution (BMD) as the reference method.? However, in diagnos-
tic clinical microbiology laboratories, the implementation of
joint CLSI-EUCAST recommended BMD is difficult. Hence,
the evaluation of other methods is of utmost necessity for
therapeutic decision-making. Various other alternative
methods that have been reported in literature include agar
dilution (AD), E test, and colistin NP test.34

In the last decade, frequent usage of colistin against
CRE had also led to the development of resistance against
this drug.®> Colistin resistance was known to be caused by
chromosomal mutation, but plasmid-mediated resistance
(mediated by mcr genes) has also been documented since
2015.% Prevalence of colistin resistance varies according to
geographical locations. In the SENTRY worldwide antimi-
crobial surveillance program conducted in 2009, percent-
age resistance to colistin in CRE isolates was around 0.67
to 1.6%, with higher resistance rates noted in Enterobacter
spp. (13.9-20.1%), followed by Klebsiella pneumoniae
(1.5-6.8%) and Escherichia coli (0.2-0.6%).” The recent results
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of Antimicrobial Resistance Surveillance and Research
Network of India (AMRSN) have reported colistin resistance
rate in approximately 40% of carbapenem-resistant K. pneu-
moniae and in 10% of carbapenem resistant E. coli.?

Plasmid-mediated colistin resistance is a cause of concern
as it can spread between bacteria of the same and different
species.® The location of mcr-1 gene on multidrug-resistance
plasmids is alarming because the use of antimicrobials other
than polymyxins can participate the co-selection of iso-
lates carrying mcr-1 and in their spread. More worryingly,
the plasmid-mediated mcr-1 gene has been identified in
highly drug-resistant Enterobacteriaceae isolates harboring
plasmids-encoding carbapenemase genes (bla,,.,, bla,, .,
bla,, . bla,, . bla, .. and bla, ). Till date, several mcr
genes (mcr-1-mcr-8) have been identified from different
places, but mcr-1, mcr-1.2, mer-2, and mcr-3 are mostly stud-
ied in Enterobacteriaceae so far.'’

In view of recent emergence of plasmid-mediated colistin
resistance, the issues in colistin susceptibility testing and the
need for an alternate more convenient testing method, we
aimed to evaluate the performance of three phenotypic sus-
ceptibility methods (agar dilution, E test, and rapid colistin
NP test) against the reference BMD and to detect the presence
of plasmid-mediated colistin resistance (mcr) genes in CRE
isolates at our hospital.

Materials and Methods

This prospective study was conducted on 200 clinically
significant, consecutive, and nonduplicate CRE isolates
recovered from patients receiving medical care at a ter-
tiary care hospital of eastern India over a period of 2 years
(January 2018-November 2019). Based on CLSI M100-S27,
the isolates of Enterobacteriaceae demonstrating resistance
to any one of the carbapenems, that is, ertapenem, imipenem,
meropenem, and/or doripenem (10 nug), were identified to be
CRE." Susceptibility testing to colistin in these CRE isolates
was performed primarily by the reference BMD test along
with three other phenotypic methods, that is, AD, E test, and
colistin NP test. E. coli NCTC 13846 (MIC: 4-8 ug/mL) and E.
coli ATCC 25922 (MIC: 0.25-2 ug/mL) were used as positive
and negative controls, respectively.

For BMD, stock solutions (1,000 ug/mL) of colistin sulfate
salt (C4461 = 100 mg, Sigma-Aldrich) were prepared in dis-
tilled water, and desired concentration of working solutions
(0.25-8 pg/mL) was made by twofold serial dilutions. To
achieve 100 pL of volume in each well of the U bottom 96-well
polystyrene plate (Tarson Micro Test Plate), 25 pL of drug,
25 pL inoculum of concentration (5 x 10° CFU/mL), and 50 puL
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of double strength cation-adjusted Mueller Hinton (CAMH)
broth were added and incubated at 35 + 2°C for 16 to 20 hours.
The minimal inhibitory concentration (MIC) was recorded as
the lowest concentration of drug that completely inhibited
visible growth.'? MIC of positive and negative controls were
ascertained before determining the MIC of test isolates.

For AD test, CAMH agar plates were prepared adding
appropriate concentrations of colistin sulfate (0.25-8 pg/mL).
Drug-free plates were used as growth controls. Test inoc-
ulums (10* CFU/mL) were spot inoculated on agar plates
having different concentrations of colistin sulfate and incu-
bated at 35 + 2°C for 16 to 20 hours. MIC was determined as
the lowest concentration of drug that completely inhibited
visible growth, disregarding a single colony or a faint haze
caused by the inoculum.'?

E test was performed by using Colistin Ezy MIC-strips
(Himedia Pvt Ltd, Mumbai, India) as per manufacturer’s
instructions. The results of BMD, AD, and E tests were inter-
preted by EUCAST recommended colistin break points for
Enterobacteriaceae (sensitive: < 2 ng/mL, resistant: > 2 ug/mL).2

Rapid Colistin NP test

This is a modification of polymyxin B NP test by Nordmann
and Poirel. Colistin stock solution having 0.2 mg/mL colis-
tin sulfate and rapid colistin NP solution (pH = 6.7) having
desired concentration of CAMH broth, phenol red, distilled
water, and D-glucose were prepared. Test was performed in
96-well U-bottom sterile polystyrene microtiter plates with
lids as described by Nordmann and Poirel Colistin resistance
was interpreted by change in color of NP solution (original
orange to yellow) due to change in pH as a result of bacterial
growth in well-containing colistin."

Detection of Plasmid-Mediated Colistin Resistance

All the CRE isolates with colistin MIC > 2ug/mL were sub-
jected for DNA extraction by using QIAGEN kit accord-
ing to manufacturer’s instructions. Uniplex conventional
polymerase chain reaction (PCR) was performed by
targeting mcr-1 (CLR  F5'-CGGTCAGTCCGTTTGTTC-3',
CLR R5'-CTTGGTCGGTCTGTAGGG-3') and mcr-2
(MCR2 IF 5'- TGTTGCTTGTGCCGATTGGA-3', MCR2 IR
5'-AGATGGTATTGTTGGTTGCTG-3') genes according to pub-
lished methods.®' E. coli NCTC 13846 harboring mcr-1 gene
was used as the positive control for mcr-1.

Statistical Analysis

For comparison of performance of different phenotypic
methods, the MIC results of AD and E test were compared
with that of reference BMD method. For ease of analysis,
the MIC values between twofold dilutions in the E test were
rounded off to the next twofold dilution (e.g., MIC 1.5 pg/mL
was taken as 2 ug/mL). Agreement between the reference test
(BMD) and the other two methods were expressed in terms
of categorical agreement (CA) and essential agreement (EA).
CA was calculated as the percentage of isolates with result in
the same category as the reference method, taking all isolates
tested as denominator (n=200). EA was calculated as the per-
centage of isolates that had MIC values within +1 log, dilution
or =1 twofold dilution of the reference standard. As per CLSI,
any test having both CA and EA greater than 90% could be a
reliable alternative to the reference test. Errors were ranked
as very major error (VME: false-susceptible) and major error
(ME: false-resistance) by AD/E-test. VME and ME of > 3 were
considered unacceptable.’

Results

Among the 200 CRE isolates tested, E. coli was most common
(113/200, 56.5%), followed by (79/200, 39.5%) K. pneumo-
niae. Majority (109, 54.5%) were isolated from urine, fol-
lowed by respiratory samples (42, 21%) and pus (24, 12%)
(=Table 1). Susceptibility of the CRE isolates to various anti-
microbials was as follows: amikacin (42, 21%), gentamicin
(41, 20.5%), netilmicin (46, 23%), ciprofloxacin (0%), levo-
floxacin (4, 2%), trimethoprim-sulfamethoxazole (31, 15.5%),
piperacillin-tazobactam (17, 8.5%), cefoperazone-sulbactam
(16, 8.0%), and fosfomycin (11, 5.5%). =Table 2 shows the
MIC distribution of the CRE isolates to colistin by the vari-
ous phenotypic methods of BMD, AD, and E test. In the BMD
test, maximum (130, 65.5%) isolates demonstrated MIC of
<0.25 png/mL, followed by 0.5 ng/mL (23, 11.5%) and 1 pg/mL
(17, 8%), respectively. The MIC,; and MIC,, of the isolates
were 0.25 and 8 pg/mL, respectively (=Table 2). In case of
AD, maximum isolates demonstrated MIC of 2 ng/mL (137,
68.5%), followed by 1 and > 8 ng/mL (22 each, 11%). Similarly,
in E test, majority of isolates showed MIC of 1 pg/mL
(126, 63%), followed by 0.5 pg/mL (38, 19%). The MIC,, and
MIC,, in AD were 2 and > 8 pg/mL, and in E test were 0.75 and
0.5 ug/mL, respectively.

Table 1 Sources of carbapenemase-producing Enterobacteriaceae

Organism Source Total
Urine Pus Respiratory Blood Miscellaneous® n =200
(n=109) (n=24) (n=42) (n=05) (n=20)

Escherichia coli 74 14 12 01 12 113

Klebsiella pneumoniae 31 09 25 04 08 79

Enterobacter spp. 04 01 03 08

?Includes isolates from body fluids, tissue and catheter tips.
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Table 2 Distribution of colistin minimal inhibitory concentration in carbapenemase-producing Enterobacteriaceae isolates by

different methods

Organisms No. of Colistin MIC (pg/mL) MIC,, | MIC,,
isolates <0.25 0.5 ‘ 1 ‘ 2 ‘ 4 ‘ 8 ‘ >8 | Hg/ Hg/mL
Broth microdilution test il
Escherichia coli 113 93 07 09 01 02 01 <0.25 | 1
Klebsiella 79 33 15 08 01 04 06 12 0.5 >8
pneumoniae
Enterobacter spp. | 08 04 01 01 02 <0.25 | >8
Total 200 130 23 17 03 06 06 15 0.25 >8
(65.5%) (11.5%) (8%) (1.5%) (3%) (3%) (7.5%)
Agar dilution test
Escherichia coli 113 00 00 18 91 03 00 01 2 2
Klebsiella 79 00 00 02 42 16 00 19 >8
pneumoniae
Enterobacter spp. | 08 00 00 02 04 00 00 02 2 >8
Total 200 00 00 22 137 19 00 22 2 >8
(11%) | (68.5%) (9.5%) (11%)
E test
Escherichia coli 113 00 25 78 09 00 00 01 0.75 1
Klebsiella 79 01 12 43 08 05 02 08 1 6
pneumoniae
Enterobacter spp. | 08 01 01 05 00 00 00 01 0.75 1
Total 200 02 38 126 17 05 02 10 0.75 256
(1%) (19%) (63%) | (8.5%) (2.5%) (1%) | (5%)

Abbreviation: MIC, minimal inhibitory concentration.

Table 3 Categorical agreement, essential agreement, very major error, and major error rates of agar dilution, E test in comparison

to broth microdilution

Methods | No. (%) of isolates No. (%) of isolates with CLSI Remarks
(n=200) acceptable
limits of
VME and
ME
Susceptible | Resistant | EA CA ME VME
BMD 173 (86.5) 27 (13.5)
AD 176 (88) 24(12) 44/200 (22) | 181/200(90.5) | 16 3(11) | <3% Unacceptable
(9.2)
E test 183 (91.5) 17 (8.5) 85/200 (42.5) | 195/200(95) | 0 10 <3% Unacceptable
(37)

Abbreviations: AD, agar dilution; BMD, broth microdilution; CA, categorical agreement; CLSI, Clinical and Laboratory Standards Institute; EA, essential
agreement; MIC, minimal inhibitory concentration; ME, major error; VME, very major error.

Colistin resistance was detected in 27 (13%, 27/200) CRE
isolates as per the reference BMD method, and majority
(22/27, 81%) were K. pneumoniae, followed by E. coli (3/27,
11%). On comparison of MIC values of AD and E test with that
of BMD in these 27 colistin-resistant isolates, it was found
that 3 (3/27,11%) were sensitive to colistin (MIC = 2 ug/mL) by
the AD test, whereas 10(10/27, 37%) were sensitive to colistin
(MIC < 2 ug/mL) by E test (=Table 3). On the other hand, out
of the 173 colistin-susceptible isolates by BMD, 16 (16/173,
9.2%) demonstrated resistance by AD while none demon-
strated resistance by the E test. Thus, the false-susceptible
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or very major error rate in AD and E test was 11 and 37%,
while false-resistant or major error rate was 9.2 and 0%,
respectively (=Table 3). AD method showed a CA of 90.5%
(181/200) and EA of 22% (44/200) compared with BMD,
while E test showed a CA of 95% (190/200) and EA of 42.5%
(85/200), respectively (=Table 3). Further analysis showed
that the colistin MIC values by the AD method were found to
be exactly the same as BMD in 21 isolates (~Fig. 1, = Table 4).
Of the rest 179 isolates, 23 had MIC within *1 log , dilutions
by AD compared with BMD, while 37 and 119 isolates exhib-
ited two and three higher log, dilution higher colistin MICs
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MIC | 0.25 | 0.5 1 2 4 8 >8 MIC | 025 (05| 1 2 4 S | >8
0.25 0.25 1 1
0.5 05 | 27 9 2
Fl 1 16 2 3 1 Etest 1 91 el 13 QO 3* | 1* | 2*
2 106 | 16 | 11 2 3% 2 12 1 e 1% | 2*
4 7 5 3 1 2 4 2 2 1
8 8 1 1
>8 1 2 4 15 >8 1 9

Fig. 1 Scattergrams showing numbers of isolates (n = 200) with colistin minimal inhibitory concentration determined by agar dilution, E test
versus broth microdilution as a reference method. Solid lines represent the 2015 European Committee on Antimicrobial Susceptibility Testing
breakpoint for susceptibility (= 2 pg/mL). The diagonal boxes (light gray and dark gray) indicate categorical agreement and essential agree-

ment. Very major errors are indicated by *.

Table 4 Differences in log, dilutions of minimal inhibitory concentrations obtained by agar dilution, E test compared with broth

microdilution

Method No. (%) of isolates showing MIC difference (log, dilution) of:

=z} -2 -1 0 +1 +2 =
AD 0 0 6 21 17 37 119
E test 6 6 8 34 43 91 12

Abbreviations: AD, agar dilution; MIC, minimal inhibitory concentration.

in AD compared with BMD (=Fig. 1, =Table 4). As regards
E test, 34 isolates had the same MIC in E test as that of BMD,
while 51 had MIC within #1 log, dilutions by both E test and
BMD, and 115 isolates exhibited both higher and lower colis-
tin MICs by +2 and 43 log, dilutions by E test compared with
reference BMD (~Fig. 1, ~Table 4).

The rapid colistin NP test showed an overall concordance
of 96% with the BMD test, as it was observed that 11.5%
(23/200) and 84.5% (169/200) isolates exhibited similar resis-
tance and susceptibility results to colistin by both rapid colis-
tin NP and BMD tests. The sensitivity, specificity, positive
predictive value, and negative predictive values of the rapid
colistin NP test was 85.1, 97.6, 85, and 97%, respectively. The
discordant results by rapid colistin NP test of the eight organ-
isms were analyzed in different genera which showed 12.5%
(1/8) in Enterobacter spp., 4.4% (5/113) in E. coli, and 2.5%
(2/79) in K. pneumoniae isolates.

The ME and VME could not be derived in rapid colistin NP
test as there is no absolute MIC value in this test. None of the
27 colistin-resistant CRE isolates were positive for mcr-1 and
mcr-2 genes.

Discussion

Emergence of carbapenem and colistin resistant pathogens
in clinical settings and challenges in susceptibility testing
of colistin are leading to a catastrophic situation in treat-
ing serious infections. In diagnostic clinical microbiology
laboratories, the implementation of joint CLSI-EUCAST rec-
ommended BMD is difficult and hence necessitates the eval-
uation of other methods for therapeutic decision-making.
The determination of plasmid-mediated colistin resistance
mechanism is also equally important for infection control
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purpose. In this context, this prospective study was under-
taken to determine colistin susceptibility in 200 CRE isolates
primarily by reference BMD method, and three other meth-
ods, namely AD, E test, and rapid colistin NP test, were com-
pared with the BMD. Colistin-resistant isolates were further
screened for the presence of mcr-1 and mcr-2 by PCR.

In this study, 54.5% (109/200) CRE isolates were recovered
from urine, followed by respiratory (42/200, 21%) and pus
(24/200, 12%) samples, and the predominant CRE was E. coli
(56.5%), followed by K. pneumoniae (39.5%) and Enterobacter
species (4%). Similar findings have been observed in Indian
studies by Yadav et al, and Saeed et al as well as in a mul-
ticentric study from United States that have reported the
predominance of E. coli among CRE in hospital based studies
from Haryana and three Boston hospitals.'617:18

However, 13.5% (27/100) of the CRE isolates were resistant
to colistin by reference BMD method. Colistin resistance is
showing an increasing trend across the world, and the prev-
alence varies according to geographical locations. A very high
rate (20-40%) has been observed among carbapenem-resistant
K. pneumonia (CRKP) in Italy and Greece.’® The recent
results of AMRSN have reported colistin resistance rate in
approximately 40% of CRKP and 10% of carbapenem-resistant
E. coli (CREC) .8 In our study, the frequency of colistin resis-
tance in CRKP was 27.8% (22/79) and CREC was 2.7% (3/113),
which is comparatively lower to that of AMRSN. But our fre-
quency of CRKP was higher when compared with the study at
CMC Vellore (15% of CRKP).%° Presence of capsular polysaccha-
rides (CPS) and increased expression of efflux pumps are the
additional contributing factors for high frequency of colistin
resistance in CRKP compared with CREC.?!

In our study, 13.5% (27/200) isolates were resistant to
colistin by reference BMD method (MIC < 2 pg/mL), with
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highest prevalence (81%) noted in K. pneumoniae. The colis-
tin MIC,, values in K. pneumoniae were higher (> 8, 8, and
6 pg/mL) compared with that of E. coli (1, 2, and 1 pg/mL)
in all the three methods (BMD, AD, and E test, respectively).
This higher MIC range in K. pneumoniae could be due to the
presence of CPS contributing to colistin resistance .>!

Regarding agreement of E test, although it had a CA
of 95%, the essential agreement was only 42.5%. A twofold
and threefold higher MIC were observed in 45.5% (91/200)
and 6% (12/200) of the CRE isolates respectively by the E test.
This overestimation of colistin MIC by E test was previously
supported by Bakthavatchalam et al, Singhal et al, and Chew
et al.?'?22% This poor correlation of E test with reference BMD
could be attributed to the poor diffusion of colistin into the
agar medium. The VME of colistin E test was 37% in our study,
which correlates well to the reports of Bakthavatchalam et al
and Chew et al where VME of E test was 42 and 12%, respec-
tively. The results of all these studies indicate that colistin E
test VME > 3% and thus could not meet the CLSI recommen-
dation as an alternative to the reference BMD test.

Regarding agreement of AD test, it showed a CA
of 90.5% and EA of 22% as compared with the reference BMD.
Furthermore, 59.5% (119/200) of the CRE isolates showed a
threefold and 18.5% (37/200) showed a twofold higher colis-
tin MIC by AD. The overestimation of colistin MIC value by
AD is previously described by Dafopoulou et al, where 29.5%
isolates had twofold higher MIC by AD.* The VME and ME of
AD in our study was 11 and 9.2%, respectively. This is in con-
cordance with the observation by Ramanan et al, where the
EA, VME, and ME of AD were 90, 2.5, and 2.9%, respectively. 2

The rapid colistin NP test had a specificity of 97.6% but
the sensitivity was 85%. This low sensitivity in our study
was due to the observation of false negative results in
Enterobacter isolates (12.5%) by the colistin NP test. Simar et
al had also reported a low sensitivity of approximately 25%
in Enterobacter isolates due to false negative results by rapid
colistin NP test and attributed to heteroresistance.?

The mcr-1 and mcr-2 genes were not detected in any of the
27 colistin-resistant isolates. This could be either due to the
presence of other plasmid-mediated resistance mechanisms
(mcr-3-mcr-8) or chromosomal-mediated resistance. Similar
observation has been reported by Pragasam et al, where the
whole genome sequence analysis on eight colistin-resistant
isolates of K. pneumonia revealed the mutation of mgrB gene
with absence of mcr-1 and mcr-2 genes .?’ In India, till date,
there is only one report of mcr-1 gene in a clinical isolate of E.
coliin 2016.2® Another study from India reported the absence
of plasmid mediated mcr-1 and mcr-2 genes, whereas pres-
ence of mgrB gene (chromosomal mediated) was confirmed
in 4 out of 17 colistin-resistant isolates of K. pneumoniae.?
Regarding the susceptibility profile of the CRE isolates to
other antimicrobials in our study, most of them were MDR
(nonsusceptibility to at least one agent in three or more anti-
microbial categories). On the other hand, 100% CRE isolates
did not have activity against fluoroquinolones, 30 to 35% of
carbapenem-resistant E. coli were susceptible to aminoglyco-
sides, but other CRE were resistant.
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Limitations in this study was molecular detection of colis-
tin resistance only included plasmid-mediated resistance.
Moreover, clinical details of patients prior colistin therapy,
adequacy of dosing, and outcome of patients harboring
colistin-resistant isolates could not be analyzed. This is a
single-center study with limited number of CRE isolates for a
period of 2 years. Hence, future large-scale studies over years
are necessary to understand the epidemiology and evolution
of colistin resistance.

Conclusion

Colistin resistance was detected in 13.5% of CRE in this
by reference BMD method. K. pneumoniae was the major
colistin-resistant isolate (81%). The VME rates of AD (11%)
and E test (37%) precludes the use of these tests as alternative
to reference BMD for the determination of colistin suscepti-
bility. Rapid NP test had excellent specificity (97/6%), though
the sensitivity was low (85%). None of the 27 colistin-resistant
CRE isolates were positive for plasmid-mediated mcr-1 and
mcr-2 genes.
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