367

Asian Pacific Journal of Tropical Medicine 2022; 15(8): 367—373

apjtm.org

Asion @acific journat of
Tropical Medicine

Original Article

Asian Pacific Journal of Tropical Medicine

doi: 10.4103/1995-7645.351764

Impact Factor: 3.041

Assessment of colistin resistance in Gram negative bacteria from clinical samples in
resource—limited settings
Shubham Chauhan', Narinder Kaur1@, Adesh K. Saini’, Jyoti Chauhan', Harit Kumar'

'Department of Microbiology, Maharishi Markandeshwar Institute of Medical Sciences and Research, Maharishi Markandeshwar (Deemed to be)
Unwersity, Mullana, Ambala, India

’Department of Biotechnology, Maharishi Markandeshwar Engineering College, Maharishi Markandeshwar (Deemed to be) University, Mullana,

Ambala, India

ABSTRACT

Objective: To find a proper method to assess colistin resistance
in multidrug resistant Gram negative bacteria (MDR-GNB) on a
routine basis in resource limited settings.

Methods: Clinical samples were processed. MDR-GNB were
identified and were examined for colistin resistance by colistin
broth elution method, colistin agar method, and colistin disk elution
screening method. Broth microdilution method was used the gold
standard.

Results: A total of 10 235 clinical samples were processed, in which
857 (8.4%) MDR-GNB were identified. The very significant errors,
categorical agreement, major errors, positive predictive values,
negative predictive values, specificity and sensitivity of all the
phenotypic methods were 5.5%, 0%, 94.4%, 100%, 99.6%, 100%
and 94.4%, respectively for the detection of colistin resistance. The
colistin elution screening method was cheap and easy to perform
with similar results to broth microdilution method.

Conclusions: All the evaluation methods for colistin resistance
showed similar results. So the laboratories can choose any method
for detection of colistin resistance. However, we recommend colistin
disk elution screening method because, it is easy and cheap and can

be performed in limited resources.
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1. Introduction

The colistin (polymyxin) antibiotic was discovered many years ago,
but it was never used because of its neurotoxicity and nephrotoxicity.
Colistin is now being used as a last-resort treatment for multidrug
resistant or carbapenem-resistant Gram negative bacteriall].

Colistin is a panta-cationic antibiotic that acts on lipopolysaccharide

in the cell wall of Gram negative bacteria (GNB) and breaks the

outer membrane, which causes cell lysis responsible for cell death|2].
Colistin resistance in Gram negative bacteria develops as a result
of a change in target site lipopolysaccharide, commonly due to
chromosomal mutations and plasmid and can be transferred from
one bacterium to another by plasmid transfer. The mer—1 gene is
the predominant plasmid identified in colistin resistant bacteria.
However, other plasmids from mcr—2 to mer—10 have been identified
in colistin resistant bacteria[2.3].

The Enterobacteriaceae family, Pseudomonas species and
Acinetobacter species are identified as resistant to colistin in clinical
samples. Intrinsic resistance is also present in several Gram negative
bacteria such as Morganella species, Providencia species, and Proteus
species|2.4]. However, colistin resistance in anaerobic bacteria is not
reported yet[5].

The presence of colistin resistance in forces researchers to develop
methods to detect colistin resistance. Several methods have been
developed to detect colistin resistance, such as broth microdilution
method (BMD), colistin broth disk elution method, CHROM agar
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COL, ResaPolymyxin NP test, rapid polymyxin NP test, and the
colistin agar method[6-8].

The BMD test was recommended by the Clinical and Laboratory
Standard Institute (CLSI) and EUCAST (the European Committee
on Antimicrobial Susceptibility Testing)[8.9]. However, the test should
be performed with colistin sulphate salt with cation-adjusted Mueller
Hinton broth without polysorbate-80 containing micro-titreplate|s].
The disc diffusion method could not be used to detect colistin
resistance because of the molecule size of colistin. Hence, there is
a need for a simple and reliable test to detect colistin resistance in
resource limited nations|7.8]. A reliable method and rapid laboratory
diagnosis play an important role in preventing morbidity and
mortality due to colistin resistance[10]. We are still lagging in the
battle against antimicrobial resistance, and existing diagnostic
methods require skill, training, and cost. So their performance, cost,
and training should be evaluated. We designed this study to evaluate
phenotypic methods to detect colistin resistance in GNB isolated
from clinical samples with the BMD method.

The aim of the study was to find a reliable, simple, and reasonable
test that could be used on a regular basis in a microbiology

laboratory with limited resources.

2. Materials and methods

2.1. Samples

This cross-sectional study was conducted from March 2021 to
April 2022 in the Department of Microbiology at the Maharishi
Markandeshwar Institute of Medical Science and Research in
Mullana, Ambala, India. The clinical samples such as blood, pus,
sputum, urine, cerebrospinal fluid were collected and transported
to microbiology laboratory. The Institutional Ethical Committee
(IEC) granted ethical clearance with latter no. MMIMSR/IEC/1916.
However, duplicate samples, Gram positive and intrinsically resistant
organisms to colistin were excluded from this study and multidrug
resistant Gram negative bacteria (MDR-GNB) were included in this

study.

2.2. Identification of bacteria and antibacterial sensitivity

testing

After direct Gram staining, samples were inoculated on blood agar
and MacConkey agar as per standard protocol and incubated at 37 °C
for 24 h. The automatic system Vitek-2 was used to identify the
isolates as per manufacturer's guidelines and the identification was
confirmed standard biochemical tests. The antibacterial sensitivity
testing of the isolated Gram negative bacteria was performed by
Kirby Bauer disc diffusion method as per CLSI-2021[11] and Gram
negative bacteria were classified MDR as per US Centers for Disease
Control and Prevention (CDC) and European Center for Disease
Prevention and Control (ECDC)[12].

2.3. Colistin resistance detection by BMD

Colistin resistance was assessed by the BMD method as per the
CLSI recommendation. The minimum inhibitory concentration
(MIC) ranging from 0.5 ug/mL to 32 ug/mL was prepared by
dissolving colistin sulphate salt (HI Media, India) in Cation-
Adjusted Muller-Hinton broth (Supplementary Figure 1)[10]. MIC
breakpoint for colistin is as follows: >4 ug/mL for resistance,
<2 pg/mL for intermediate. There is no guideline for colistin
sensitive interpretation as per CLSI-2021 for Enterobacteriaceae,

Pseudomonas species, and Acinetobacter species|11].

2.4. Detection of mcr gene

The heat lysis method was used for extraction, and for one test,
12.5 pL Dream Taq Green PCR Master Mix, 2 pL of primer solution
(2 uL of each primer), 2 uL DNA lysate, and 5.5 pL nuclease-free
water were added in a PCR tube and were used for each experiment.
PCR conditions were as follows: denaturation at 94 ‘C for 15 min,
denaturation repeated 25 cycle for 30 sec, annealing at 58 °C for
90 sec, elongation at 72 °C for 60 sec, and a final cycle of elongation
at 72 °C for 10 min. The amplified product was electrophoresed
on a 1.5% agrose gel stained with ethidium-bromide at 130V and
observed under UV rays for mer—1 to mer-5 carrying isolates
(Table 1)[13].

Table 1. Primers used for the amplification of target genes.

Sr. Ampli
5 mer .mp con Primer sequences (5'-3")
No. genes size (bp)
-AGTCCGTTTGTTCTTGTGGC-
1 mer—1 320
-AGATCCTTGGTCTCGGCTTG-
5 5 200 -CAAGTGTGTTGGTCGCAGTT-
mer “TCTAGCCCGACAAGCATACC-
; : 900 -AAATAAAAATTGTTCCGCTTATG-
mer= -AATGGAGATCCCCGTTTTT-
“TCACTTTCATCACTGCGTTG-
4 mer—4 1100
-TTGGTCCATGACTACCAATG-
-ATGCGGTTGTCTGCATTTATC-
5 mer—5 1644

-TCATTGTGGTTGTCCTTTTCTG-

2.5. Colistin broth disk elution method

In this method, 4 glass tubes were used, and 10 mL of Cation-
adjusted Muller Hinton broth (HI-media) was added in each tube
and then the first tube was taken as growth control (no antibiotic
disc added). In the second tube, 1 disc of colistin sulphate (10 pg)
(Oxiod) was added. In the third tube, 2 discs of colistin sulphate
(10 pg) were added and in the fourth tube, 4 discs of colistin
sulphate (10 pg) were added and the tubes were incubated at room
temperature for 30-45 min to elute the colistin in the medium
(Supplementary Figure 2). Colonies from blood agar were used
to prepare a 0.5 McFarland solution in the normal saline and after
mixing properly, 50 puL inoculum was added to each tube. The test
tubes were mixed well and incubated at 37 °C for 24 h. The results
of colistin MIC were interpreted as per CLSI-2021[11].
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2.6. Colistin agar test

Colistin agar test was performed with Muller-Hinton agar. The
Muller Hinton agar (MHA) was prepared with colistin sulphate
salt from O to 4 ug/mL concentration in 4 different petri-plates
(Supplementary Figure 3). Colonies from blood agar were used to
prepare an inoculum of 0.5 McFarland solution in normal saline and
the inoculum was diluted 1:10 in saline. MHA was divided into 10
parts and 10 pL diluted solution was streaked onto a specific area
and incubated at 37 ‘C for 24 h. Results were interpreted as per
CLSI 2021 guidelines]11].

2.7. Colistin disk elution screening method

This is an in-house developed screening test. 10 mL of Cations-
adjusted Mueller Hinton broth was taken to a glass tube and 2
colistin sulphate discs [10 pg (Oxoid)] were added and incubated at
room temperature for 30-45 min to elute antibiotic in medium and
after incubation tube was vortexed. The solution was transferred
to 4 tubes, 2.5 mL in each tube. Colonies from blood agar were
used to prepare an inoculum of 0.5 McFarland solution in normal
saline and mixed properly. 13 pL inoculum was added to each of 4
tubes. Tubes were incubated at 37 °C for 24 h. The tubes showing
turbidity (bacterial growth) were considered as colistin-resistant

(Supplementary Figure 4).

2.8. Grading criteria

Grading of all the tests was done on the basis of cost, simplicity in
performing and training required. A total of 10 laboratory technicians
were asked to perform all the four tests and then mean grading was
noted. The breakdown of the assigned grades on scale of 1 to 4 are

shown in Table 2[8].

Table 2. Ease to perform a method with their grading and interpretation.

Parameter Grades Results

1 Laborious to perform
Ease to carry out test 2 Hard to perform

3 Moderate to perform

4 Easy to perform

1 Approx. 2 dollar’

2 Approx. 1 dollar’
Cost 3 Below 1 dollar”

4 Below 0.5 dollar’

1 High training required

. 2 Training required

Training 3 Average skill required

4 Minimum skill required

"Dollar prices fluctuate, we used an approximation rate, and the rate was set
for 2021.

2.9. Data analysts

The Microsoft excel was used to record the data and the BMD

method was used as a reference method for colistin resistance. The
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major errors, very major errors, sensitivity, specificity, negative
predictive value, positive predictive value, and categorical agreement
were used to evaluate the performance of the test as per previous
studies[8.14].

3. Results

The study was conducted in the Department of Microbiology from
March 2021 to April 2022. A total of 10235 samples were received
in microbiology laboratory including urine (26.0%), followed by
pus (21.6%), blood (16.7%), sputum (18.0%), wound swabs (9.5%),
vaginal swabs (2.0%), and 6.6% miscellaneous samples (tissues,
ear swabs, pleural fluid, ascitic fluid etc.). Out of the total sample,
62.33% were sterile/no growth and 21.46% samples showed growth
of Gram negative bacteria and 16.21% showed growth of Gram
positive bacteria (Figure 1).

Out of 2196 Gram negative bacteria, predominant Gram negative
bacteria was Escherichia coli (40.11%), followed by Klebsiella
(K.) pneumonia (31.46%), Pseudomonas (P.) aeruginosa (20.58%),
Acinetobacter (A.) baumannii (5.01%), Citrobacter (C.) freundii
(1.50%), Stenotrophomonas maltophilia (1.00%) and Proteus species
(0.77%)

A total of 857 MDR-GNB were isolated. K. pneumoniae (45.15%)
was the predominant isolate, followed by Escherichia coli (29.98%),
P. aeruginosa (12.83%), A. baumannii (10.15%), and C. freundii
(1.86%). Furthermore, for the detection of colistin resistance, all
isolates were subjected to BMD method and their MICs were
noted. Out of total 857 MDR-GNB isolates, 668 showed colistin
MIC of 0.5 pg/mL, 92 isolates had MIC 1 pug/mL, 43 isolates had
MIC 2 pg/mL, 41 isolates had MIC 4 pug/mL, 10 isolates had MIC
of 8 ug/mL MIC and 3 had MIC of 16 pg/mL. The MICs of all
the Gram-negative bacteria are given in Table 3. No mer gene was
detected among them.

All the colistin resistant isolates were from In Patient Department
patients, among which the maximum organism was isolated from
oncology department (23.60%), followed by surgery (18.42%),
respiratory (13.50%), and emergency (5.20%) while no colistin
resistant organism isolated from Out Patient Department. The
maximum colistin resistant organisms were seen from pus 36.4%,
followed by urine 31.5%, wound swab 13.57%, sputum 7.8%, blood
samples 5.26%, and ascitic fluid 5.26%.

All MDR-GNB were evaluated for colistin resistance by BMD
method (gold standard), colistin broth disk elution method,
colistin agar test and colistin disk elution screening test (in-house
modification). The BMD method detected 54 (6.30%) colistin
resistant organisms, while the colistin broth disk elution method
failed to detect 3 organisms, the colistin agar test failed to detect 3
organisms and colistin disk elution screening method failed to detect
2 colistin resistant MDR-GNB.

The colistin broth disk elution method, colistin agar test and
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Total samples (n=10235)

I Gram negative bacteria (n=2 196)

Multidrug resistant Gram negative bacteria (n=857)

A

Colistin disk elution

4 | j \
Broth microdilution test Colistin broth disk Colistin agar test
(Gold standard) elution method Sensitivity-94.4%

Sensitivity-100% Sensitivity-94.4%
Specificity-100% Specificity-100%

\ 1

screening method
Sensitivity-96.2%
Specificity-100%

1 J

Specificity-100%

Y

Colistin resistant multidrug resistant Gram negative bacteria detected by broth microdilution test were processed (n=54)

mer—1 to mer—5 gene by multiplex-PCR (n=0)

Figure 1. A flowchart of this study.

Table 3. Frequency of MICs towards colistin in different multidrug resistant Gram negative bacteria isolates (n=857).

MIC:s of colistin Klebsiella pneumoniae Escherichia coli Pseudomonas aeruginosa  Acinetobacter baumannit Citrobacter freundii
(ug/mL) (n=387) (n=257) (n=110) (n=87) (n=16)

<0.5 336 (86.82%) 217 (84.44%) 63 (57.27%) 38 (43.68%) 14 (87.50%)

1 17 (4.39%) 17 (6.61%) 22 (20.00%) 36 (41.38%) 0(0.00%)

2 21 (5.43%) 12 (4.67%) 7 (6.36%) 2 (2.30%) 1 (6.25%)

4 9 (2.33%) 6(2.33%) 17 (15.45%) 8 (9.20%) 1 (6.25%)

8 3(0.78%) 4 (1.56%) 1(0.91%) 2 (2.30%) 0 (0.00%)
>16 1 (0.26%) 1 (0.39%) 0 (0.00%) 1 (1.15%) 0 (0.00%)
Total 387 (100%) 257 (100%) 110 (100%) 87 (100%) 16 (100%)

MIC: minimum inhibitory concentration.

colistin disk elution screening test showed 100% concordant results
for Enterobacterales. In non-Enterobacterales, one isolate of P.
aeruginosa was not identified by the colistin broth disk elution
method, colistin agar test and colistin disk elution screening test, two
isolates of A. baumannii were not identified by the colistin broth disk
elution method and colistin agar test while one A. baumannii was not
identified by the colistin disk elution screening method (Table 4).

The diagnostic efficacy of colistin broth disk elution method,
colistin disk elution screening test and colistin agar test with the
BMD method (gold standard) was assessed on the parameters of
major error, very major error, categorical agreement, sensitivity,
specificity, positive predictive values and negative predictive value.
Very major errors was 5.5% for colistin broth disk elution method,
5.5% for colistin agar test and 3.7% for colistin disk elution screen
method and no major error was reported (Table 5).

Categorical agreements of colistin broth disk elution method
and colistin agar test were 94.4%, while for colistin disk elution
screening method was 96.2% when compared with the gold standard.

The specificity of all phenotypic tests was 100% while sensitivity

was 96.2% for colistin disk elution screening method, 94.4% for
colistin broth disk elution method and colistin agar test. Negative
predictive value and positive predictive value for all the methods was
99.6% and 100% respectively (Table 5).

The cost of tests, ease to perform, need of training and turnaround
time were assessed as per simple grading system. The turnaround
time was 24 h for all the methods. The colistin elution screening
test was the easiest and cheapest to perform in comparison with
other tests. Colistin disk elution screening method requires less
training while BMD and other tests require well-trained techniques.
According to Table 2, the breakdown of all parameters were assessed

on a scale of 1 to 4 (Table 6)[8].

4. Discussion

The detection of colistin resistance in clinical samples has become
more essential as use of colistin has increased for treatment of

MDR-GNB and carbapenem resistant organisms. Due to lack of

Table 4. Comparison of different methods to detect colistin resistance in Gram negative bacteria.

Isolates Broth microdilution test Colistin broth disk elution method Colistin agar test Colistin disk elution screening
(n=857) (n=857), SIR (R%) (n=857), S/IR (R%) (n=857), SIR (R%) method (n=857), S/R (R%)
Klebsiella pneumoniae (n=387) 374/13 (3.36%) 374/13 (3.36%) 374/13 (3.36%) 374/13 (3.36%)
Escherichia coli (n=257) 246/11 (4.28%) 246/11 (4.28%) 246/11 (4.28%) 246/11 (4.28%)
Pseudomonas aeruginosa (n=110) 92/18 (16.36%) 93/17 (15.45%) 93/17 (15.45%) 93/17 (15.45%)
Acinetobacter baumannii (n=87) 76/11 (12.64%) 78/9 (10.34%) 78/9 (10.34%) 77/10 (11.49%)

15/1 (6.25%)
803/54 (6.30%)

Citrobacter freundii (n=16)
Total

15/1 (6.25%)
806/51 (5.95%)

15/1 (6.25%)
806/51 (5.95%)

15/1 (6.25%)
805/52 (6.07%)

S-sensitivity, R-resistant, R%-resistance percentage.
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Table 5. Diagnostic efficiency/performance of colistin agar test, colistin elution screening test, and colistin broth disk elution method, when BMD considered

gold standard (n=857).

Parameters BMD Colistin broth disk elution method Colistin agar test Colistin disk elution screening method
+ - + - + - + -

BMD + 54 (T.P) 0 (EN) 51 (T.P) 3 (EN) 51 (T.P) 3 (EN) 52 (T.P) 2 (EN)

- 0(FP) 803 (T.N) 0 (EP) 806 (T.N) 0 (EP) 806 (T.N) 0 (EP) 805 (T.N)
ME (%) 0.0 0.0 0.0 0.0
VME (%) 0.0 5.5 5.5 3.7
CA (%) 100.0 94.4 94.4 96.2
Sensitivity (%) 100.0 94.4 94.4 96.2
Specificity (%) 100.0 100.0 100.0 100.0
PPV (%) 100.0 100.0 100.0 100.0
NPV (%) 100.0 99.6 99.6 99.6

BMD-broth microdilution test, T.P-true positive, F.N-false negative, F.P-false positive, T.N-true negative, PPV-positive predictive values, NPV-negative

predictive values, CA-categorical agreement, ME-major errors, VME-very significant errors.

Table 6. Grading for the test cost, simplicity and training.

Parameter BMD Colistin broth disk elution method Colistin agar test Colistin disk elution screening method
(TAT-24 h) (TAT-24 h) (TAT-24 h) (TAT-24 h)
Ease to perform the test 1 2 1 3
Cost 3 3 3 3
Training 1 2 2 3
Total grade 5 7 6 9

TAT-turnaround time.

resources and trained laboratory personnel, developing countries
require a procedure that is simple to implement, economical and
easy to use. Several rapid, non-rapid techniques, disc diffusion tests
and [E-test procedures have been developed and suggested to aid in
the detection of colistin resistance, but still we continue to lag in
diagnostic performance, necessary skills, sample processing, cost
and time[4.6.8].

The objective of the current study was to compare colistin broth
disk elution test, colistin agar test and colistin disk elution screening
method with BMD method in order to provide laboratories,
particularly those in resource-limited settings, a simple way to detect
colistin resistance. During this study, major errors, very major errors,
categorical agreement, sensitivity, specificity, positive and negative
predictive values were calculated and grading for required skills,
simplicity of application and sample-processing cost were analysed.

The Kirby Bauer disc diffusion method was used to test the
antibiotic sensitivity pattern of 2196 Gram negative bacteria in
which 857 (39.02%) MDR-GNB were identified. A study conducted
in eastern India by Mohapatra et al. and Pattnaik et al. found 41.3%
and 66.1% MDR-GNB, respectively[15.16], Another study conducted
by Agyepong showed higher prevalence of MDR- GNB (81.6%)
than the current study[17].

In this study, 857 MDR-GNB were assessed for colistin resistance
by BMD method (gold standard) and 54 colistin resistant isolates
were identified. P. aeruginosa (33.33%) was predominant colistin
resistant GNB followed by K. pneumoniae (24.07%), Escherichia
coli (20.37%), A. baumannii (20.37%) and C. freundii (1.85%) in
colistin resistant Gram negative bacteria. A study done by Goli et al.

identified P. aeruginosa as major colistin resistant organisms among

Gram negative bacteria and Qadi ez al. found 41% colistin resisatnce
in Enterobacterales[18.19]. In current study, MICs distribution of
MDR-GNB towards colistin is given in Table 3.

In this study, the isolation rate of non-lactose fermenting bacteria
was low but colistin resistance was high, while in lactose fermenting
bacteria, isolation rate was high but colistin resistance was low. In
the current study, a total of 6.30% colistin resistant Gram negative
bacteria were isolated. The colistin resistance has been emerging
in the world[20,21]. The easy and reliable method to detect colistin
resistance MDR-GNB is need of hour.

Multiplex PCR was used to screen for mer—1 to mer—5 genes in 54
colistin-resistant Gram negative bacteria. No mer gene was detected
in the current study. The role of mer gene is to spread colistin
resistance from one bacterium to another and there is no significant
role of mcr gene in phenotypic detection methods for colistin
resistance. The absence of mcr gene doesn't affect the relevance
of this study in term of quality. In India, mer—1 gene is the most
prevalent gene than other mer genes. Several investigations have
found mer—1 gene from north and west India[22-24].

The BMD method is considered as the gold standard to detect
colistin resistance. Several methods have been proposed and used,
but there is still need of test that can be performed with low cost and
low skill in developing countries[6.8].

Colistin broth disc elution and colistin agar test is recommended
by CLSI 2021 and is inexpensive, requires little effort. Simner ez
al. suggested colistin broth disc elution method as a replacement of
BMDJ25]. Colistin broth disc elution method was a reproducible and
accurate method that can be used as an alternative of BMD. In the

current study, there was 100% concordance in detection of colistin
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resistance bacteria belonging to Enterobacterales by all phenotypic
method where BMD was considered as gold standard. However, in
non Enterobacterales, one isolate of P. aeruginosa was not detected
by colistin broth disk elution method, colistin disk elution screening
test and colistin agar test; one isolate of A. baumannii was not
detected by the colistin disk elution screening method and 2 isolates
were not detected by colistin broth disk elution method and colistin
agar method. The non-fermenters still requires a method to improve
detection rate. Simner et al. and Humphries et al. also studied the
colistin broth disk elution method and colistin agar method in which
they observed that both methods showed similar results[25.26].

Colistin broth disk elution method showed no major error, 5.5%
very major error, 94.4% categorical agreement, 94.4% sensitivity,
100% specificity, 100% positive predictive value and 99.6% negative
predictive value when compared with BMD (gold standard). Simner
et al. and Humphries et al. also observed similar results|25,26].

The colistin agar test showed no major error, 5.5% very major error,
94.4% categorical agreement, 94.4% sensitivity, 100% specificity,
100% positive predictive value and 99.6% negative predictive value
when compared with BMD (gold standard). Approximately similar
result was observed by Humphries et al. and Sekyere ez al[8.26].

The colistin disk elution screening method was a qualitative
test. Still there was no major error, 3.7% very major error, 96.2%
categorical agreement, 96.2% sensitivity, 100% specificity, 96.2%
positive predictive value and 99.6% negative predictive value were
noted when compared with BMD (gold standard). This method can
be used as a substitute for disc diffusion method in the laboratories
of developing countries. The colistin broth disk elution method and
colistin agar test was able to provide MICs which were not provided
by the colistin disk elution screening method.

In the current study, convenience of performing the tests, cost,
training requirements, and the reagent requirements per test were
examined. This will assist laboratories to select the best test in
identifying colistin resistance[8]. The BMD method required high
skill, training and reagents while colistin broth disk elution method
and colistin agar test was easy to perform and not requiring high skill
and training but also providing MICs. The colistin elution method
used for screening was easy to perform; with 10 mL of Muller
Hinton Broth with 2 discs of colistin sulphate can assess 4 isolates at
a single point of time.

However, in the current study, limited numbers of colistin resistant
organisms were isolated. There was no mer gene detected in this
study and no chromosomal mutation was assessed. There are various
other methods like resazurin based rapid method, CHROMagar
COL-APSE which should be assessed for the detection of colistin
resistance but due to lack of infrastructure and low resource setting,
these were not included in current study. The colistin is the last resort

of antibiotic and synergism effect of nanoparticle with colistin can
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be assessed against colistin resistance.

In conclusion, CLSI 2021 endorsed colistin disk elution test and
colistin agar test to assess colistin resistance in Gram negative
bacteria. We assessed the large number of bacteria in this study
for colistin disk elution test, colistin agar test and colistin elution
screening test in a resource limited laboratory. Their performance,
efficiency, cost and skill were also evaluated. So, according to the
requirements, laboratories can choose a phenotypic test to assess
colistin susceptibility testing. Colistin broth disc elution method
can be used as an alternative of BMD method for a certain level and
colistin elution for screening can be used as an alternative for disc
diffusion agar test. This method is easy to perform and cheap can be

used as a routine test in laboratories with low resources.
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