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Comparison of colistin drop test to broth micro-dilution for the screening of colistin
resistance in carbapenem-resistant gram-negative organisms
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ABSTRACT

Background: Colistin is a last-resort agent for treating infections caused by carbapenem-resistant gram-negative
bacteria. However, standard susceptibility testing methods are complex and resource-intensive. This study aimed to
evaluate the agreement of the colistin drop test with the reference standard for detecting colistin resistance.

Material and Methods: This prospective observational study was conducted from 1st January 2022 to 31st December
2023 at the Aga Khan University Hospital clinical laboratory, Karachi. The colistin drop test was evaluated using three
solutions: one prepared from colistin powder and two from elution of colistin and polymyxin B disks. Carbapenem-
resistant Escherichia coli, Enterobacter spp., Klebsiella spp., and Pseudomonas aeruginosa isolated from clinical
samples (January—December 2022) were included. All methods were compared with breakpoint BMD; discrepant
isolates were confirmed by reference BMD and categorized as intermediate or resistant according to CLSI guidelines.
Results: Out of 190 isolates, 85 (44.8%) were colistin-resistant and 105 (55.2%) intermediates by breakpoint BMD.
Categorical agreement for colistin powder, colistin disk, and polymyxin disk methods was 97%, 95%, and 98%,
respectively. Corresponding positive predictive values were 100%, 95%, and 100%; negative predictive values 96%,
96%, and 97%; sensitivity 95%, 96%, and 96%; and specificity 100%, 96%, and 100%.

Conclusion: Study findings align with previous research. The colistin drop test using polymyxin B disk solution showed
optimal performance and offers a simple, reliable method for detecting colistin resistance in Gram-negative organisms
in resource-limited settings.
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BACKGROUND

Asia is one of the epicenters of antimicrobial resistance
(AMR) worldwide leading to a big public health
concern. The spread of New Delhi metallo-beta-
lactamase-1 (NDM-1) from India to many countries is
an example.' Due to uncontrolled and over the counter
use of antibiotics, antibiotic resistance and emergence
of multi drug resistant (MDR) strains have taken place
over the last decade. A study described 30% Escherichia
coli to be resistant to first line antibiotics on phenotypic
testing while 32% Escherichia coli and 33%

Klebsiella spp  were  determined  resistant  on

Correspondence: Dr. Kauser Jabeen, Professor & Vice Chair,
Department of Pathology and Laboratory Medicine, Aga
Khan University Hospital, Karachi, Pakistan

This article can be cited as: Zehra SR, Ahmed I, Khan MU, Raheem T,
Kazmi SA, Zaka S, Jabeen K. Comparison of colistin drop test to broth
micro-dilution for the screening of colistin resistance in carbapenem-
resistant gram-negative organisms. Infect Dis J Pak. 2026; 35(1): 10-15.

DOL: https://doi.org/10.61529/idip.v35i1.369

Receiving date: 08 Jan 2025 Acceptance Date: 27 Feb 2026
Revision date: 31 Dec 2025 Publication Date: 30 Mar 2026

Copyright © 2026. Kauser Jabeen, ef al. This is an Open Access article
@ @@ distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 International License, which permits unrestricted
use, distribution & reproduction in any medium provided that original
work is cited properly

genotyping.? MDR non-fermenter Gram negative bacilli
are highly prevalent in Asian countries with rates of
carbapenem-resistant Pseudomonas aeruginosa as high
as 56.9% in China.® As a result, colistin is used as a last
resort to treat complicated infections with gram-
negative bacteria.*

Colistin belongs to class of drugs known as polymyxin.
It has a polypeptide structure, initially isolated from soil
bacterium Paenibacillus polymyxa.’ Polymyxins are
cationic polypeptides that consist of a cyclic
heptapeptide possessing a tripeptide side chain acylated
at the N-terminus by a fatty acid tail. Colistin and
polymyxin B differ by only a single amino acid in the
peptide ring, with a phenylalanine in polymyxin B and
a leucine in colistin.®

Currently broth microdilution (BMD) method, colistin
broth disk elution (CBDE) and agar dilution are the gold
standards for colistin susceptibility testing according to
Clinical & Laboratory Standards Institute (CLSI) and
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) standards.” ® Colistin susceptibility
testing using BMD is challenging in laboratories with
limited resource as expensive reagents, consumables
and technical expertise is required. Apart from that,
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other potential limitations include chances of cross-
contamination, and non-interpretable minimum
inhibitory concentrations (MICs) due to the presence of
skip wells (i.e., wells that exhibit no growth, whereas
growth is observed in wells with higher antibiotic
concentrations).  Colistin ~ broth  disk  elution
recommended by CLSI is a comparatively simpler
technique, however, it is also time consuming and
expensive and can be cumbersome and economically
unfeasible.” Agar dilution can also be difficult to
perform mainly due to preparation of serial dilutions of
antimicrobials which are incorporated in agar and is not
cost effective.!® Maintaining the recommended
optimum testing parameters like pH, temperature,
media, and length of incubation are additional
challenges. Break point BMD method can be employed
in resource limited settings as it is a modified form of
BMD with colistin concentrations of 1, 2, & 4 pg/mL
for test and control strains.!" This method has been
validated and adopted in our institute for colistin
susceptibility testing. Despite being simpler than the
reference BMD, breakpoint BMD is also not feasible for
many laboratories in resource limited settings.

Due to the above discussed drawbacks, need of simpler
methods for colistin susceptibility testing has been
advocated.'? Colistin drop test was initially developed
by Halling et al and was performed in Brucella abortus
for the determination of polymyxin B resistance.'? Jouy
et al'* tested 52 colistin susceptible and 89 resistant E.
coli strains with colistin drop test and demonstrated
100% categorical agreement with BMD and
genotyping. Another study conducted by Pasteran et al,
showed 96% categorical agreement with BMD using
colistin drop test in 37 Acinetobacter spp. 195
Enterobacterales, and 39 isolates of P. aeruginosa."
Considering the concordant results of previous studies,
we validated this simpler method in gram negative
strains from Pakistan where NDM-1 production is a
major mechanism of carbapenem resistance.'® We
hypothesized that as different bacterial isolates from
various geographic regions exhibit distinct antibiotic
susceptibility patterns and resistance mechanisms, the
results of colistin drop test may be different in our
population.!” As CLSI does not recommend testing
Acinetobacter spp. using colistin broth disk elution
method, we did not include Acinetobacter spp. in our
study.

MATERIAL AND METHODS
This prospective observational study was conducted

from O1% January 2022 - 31% December 2023..Isolate
collection and bench work started after obtaining Ethics
Review Committee (ERC) exemption (letter no 2022-
6737-20848) on 08" March 2022 at the Aga Khan
University Hospital clinical laboratory, Karachi,
Pakistan. Sample size for this study was determined for
assessing colistin susceptibility by Colistin Drop Test
(COL-DT), using World Health Organization sample
size software. According to antibiogram of Aga Khan
University hospital microbiology lab, prevalence of
colistin resistant Gram-negative rods, isolated from
clinical specimens, categorized as resistant by
breakpoint broth microdilution method (BMD), is 1%,
19%, 18% and 1% for Escherichia coli, Enterobacter
spp., Klebsiella spp. and Pseudomonas aeruginosa
respectively. We estimated that a minimum sample size
of 230 clinical isolates (24  Escherichia
coli, 93 Enterobacter ,89 Klebsiella and 24
Pseudomonas aeruginosa) will be needed for assessing
agreement between breakpoint BMD and COL-DT for
detecting colistin resistance, keeping 95% confidence
interval, margin of error 4% for Escherichia coli and
Pseudomonas aeruginosa and 8% for Enterobacter and
Klebsiella, and using the equation below.

o= 1962 p(1-p) _ (1.96)2

= = X001X(A-00Y) _» 4 Fscherichia coli
d (0.04)2

1.962 p(1— 1.96)2 x0.19%(1-0.19
n= pA-p) _ (156) ( )—93 Enterobacter

d2 (0.08)2
2 01— 2 -
n_1.96 p2(1 p) _ (196) ><0.18><2(1 0.18) -89 Klebsiella
d (0.08)
2 01— 2 -
n_1.96 p2(1 p) _ (196) ><o.o1><2(1 0.01) —24 Pseudomonas
d (0.04)

aeruginosa

All carbapenem resistant Pseudomonas aeruginosa and
Enterobacterales in which colistin susceptibility was
determined using breakpoint BMD were selected using
a convenience sampling. Duplicate isolates obtained
from the same patient and specimen source were
excluded from the study. In addition, isolates showing
discrepant results between the colistin drop test and
broth microdilution (BMD) breakpoint testing were
excluded if confirmatory testing could not be
performed. All other isolates were included. Laboratory
Methods: Three different solutions were prepared for
colistin susceptibility testing (colistin powder, colistin
disk and PB disk). After preparation, all three solutions
were stored at 2-8°C.
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Colistin powder solution was obtained by dissolving
colistin sulphate powder (Sigma-Aldrich) in cation
adjusted Mueller-Hinton broth (CA-MBH) (Thermo
Scientific™ Sensititer™ Cation Adjusted Mueller-
Hinton Broth) to obtain 16 pg/ml solution. (Calculations
were done according to CLSI
recommendations)’.Colistin disk solution was obtained
by disk elution method. Eight, 10-ug colistin disks
(Becton, Dickinson and Company) were added in 5ml
CA-MHB. Disks were left in tubes for at least 30
minutes but no longer than 60 minutes for proper
elution. This yielded a 16 pg/ml solution. Disks were
then removed aseptically, and solution was filtered with
syringe microfiltration membrane (Thermo Scientific™
Nalgene™ Sterile Syringe Filter). Polymyxin B solution
was prepared using polymyxin B disks (Oxoid). Eight,
300 IU polymyxin B disks were added in 10ml CA-
MHB yielding 30 pg/ml polymyxin solution. Disks
were left in tubes for at least 30 minutes but no longer
than 60 minutes for proper elution. Disks were then
removed aseptically and solution was filtered with
syringe microfiltration membrane.'

While performing colistin drop test using any of the
above solutions, 10 pL of solution was dropped on an
agar plate, having an already inoculated lawn of 0.5
McFarland standard inoculum of the strain to be tested.
It was allowed to dry for at least 15 minutes and plates
were incubated at 37 °C ambient air incubator for 16 to
18 hours. Results were determined based on presence or
absence of inhibition zone. Any zone of inhibition was
interpreted as intermediate while no zone was
interpreted as resistant. Colistin drop test by all three
solutions were repeated for isolates with discrepant
results between breakpoint BMD and any of the colistin
drop tests. If there was still a discrepancy, the reference
BMD was performed. E. coli ATCC 25922, E. coli
NCTC 13846 and P. aeruginosa ATCC 27853 were
used as quality controls',

Proportions of colistin intermediate and resistant
organisms classified by each method were determined.
The proportions were determined for each sample type
as well as each organism group.

Categorical agreement was defined as agreement
between the test and reference method in the
categorization of an isolate as intermediate or resistant.
Sensitivity was defined as the proportion of true
positives (i.e., correctly identified resistant isolates).

Specificity was defined as proportion of true negatives
(i.e., correctly identified intermediate isolates). Very
major error and major error cannot be calculated as there
is no sensitive category for colistin according to CLSIL.
Proportions with confidence intervals were calculated
for isolates which can be reliably classified as colistin
intermediate or colistin resistant and the solution which
exhibited the most agreement with breakpoint BMD.

RESULTS
Total 230 isolates were tested, out of which four were

excluded due to duplicate isolates. Further, 36 isolates
with discrepant results, between colistin drop test &
breakpoint BMD, were excluded because the isolates
either could not be revived or had been discarded after
initial testing and hence results could not be confirmed.
Hence, a total of 190 isolates were included for the
analysis, out of which 106 were Klebsiella species, 32
were Escherichia coli, 25 were Enterobacter species
and 27 were Pseudomonas aeruginosa. (Figure-).
Among the total, 66 (35%), 76 (40%), 18 (9%), 16 (8%,
9 (5%), and 5 (3%) isolates were from blood, urine,
respiratory tract (sputum, tracheal, bronchoalveolar),
pus, tissue samples, and sterile body fluids/central
venous catheter tips respectively (Figure-II).
Breakpoint BMD categorized 85 (44.7%) isolates as
resistant and 105 (55.2%) as intermediate to colistin.
CT powder solution: Overall, categorical agreement of
CT powder solution with breakpoint BMD was 97%.
The organism-wise categorical agreement was 97% for
Klebsiella species, 100% for E. coli, 100% for
Enterobacter spp. and 96% for Pseudomonas
aeruginosa. The sensitivity was 95% and specificity
was 100%. CT disk solution: Overall categorical
agreement of CT disk solution with breakpoint BMD
was 95%. The organism-wise categorical agreement
was 97% for Klebsiella species, 100% for E. coli, 100%
for Enterobacter spp. and 81 % for Pseudomonas
aeruginosa. The sensitivity was 96% and specificity
was 96%. PB disk solution: Overall, categorical
agreement of PB disk solution with breakpoint BMD
was 98%. The organism-wise categorical agreement
was 98% for Klebsiella species, 100% for E. coli, 100%
for Enterobacter spp. and 96 % for Pseudomonas
aeruginosa. The sensitivity was 96% and specificity
was 100% (Table-I).
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Figure-I: Flow diagram of isolates included and excluded from the study.

Excluded, duplicate
isolates: 4

Klebsiella species:

106
Excluded, discrepant

Total isolates: 230 results could not be
reconfirmed: 36

Escherichia coli: 32

Total included: 190

Enterobacter
species: 25

Pseudomonas
aeruginosa: 27

Table-1: Performance of three different colistin testing methods

. Categorical PPV NPV  Sensitivity  Specificity
Method Organism agreement (%) (%) (%) (%) (%)
Total 97
Klebsiella species 97
Colistin powder solution Escherichia coli 100 100 96 95 100
Enterobacter species 100
Pseudomonas aeruginosa 96
Total 95
Klebsiella species 97
Colistin disk solution Escherichia coli 100 95 96 96 96
Enterobacter species 100
Pseudomonas aeruginosa 81
Total 98
Klebsiella species 98
PB disk solution Escherichia coli 100 100 97 96 100
Enterobacter species 100
Pseudomonas aeruginosa 96

u Blood

® Urine

= Respiratory
H Pus

u Tissue

u Sterile body fluids

Figure-1I: Distribution of carbapenem-resistant isolates by sample type.
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DISCUSSION
Our results showed more than >95% agreement of

colistin drop test with breakpoint BMD using all three
solutions. PB disk solution had the highest categorical
agreement for all tested organisms compared to the two
other solutions. Our results are in alignment with
previously published studies. In a study reported in
2016, Joue et al.'* tested 8 micrograms per ml colistin
solution with 54 colistin resistant and 52 colistin
susceptible Escherichia coli and demonstrated a 100%
categorical agreement with reference BMD. Compared
to our study, Joue et al tested veterinary Escherichia coli
isolates only and a lower concentration of colistin
solution. Another study conducted by Pasteran et. al.'?
in 2020, showed a categorical agreement of 96.2% with
colistin powder and colistin disk solution while 93.4%
categorical agreement with PB disk solution in 271
isolates of Enterobacterales, Pseudomonas aeruginosa
and Acinetobacter baumannii. This study also
determined presence of mcr 1 gene in 132 isolates. We
did not determine molecular determinants of colistin
resistance in our study. Another study conducted by
Perez et al'® in 2020, tested 560 isolates of Klebsiella
spp., Acinetobacter baumannii complex, Pseudomonas
aeruginosa, and Enterobacter cloacae complex with PB
disk solutions of 2, 4 and 8 pg/mL and showed a
categorical agreement of 92% 95% and 94.8%
respectively. In this study 78.3% strains were
susceptible, and 21.7% isolates were resistant to
polymyxin B and 80% of the total isolates were
Klebsiella  pneumoniae  carbapenemase (KPC)-
producing K. pneumoniae while our study has almost
equal representation of both resistant and intermediate
strains.

Our study had some limitations, first, all isolates were
not compared with reference BMD, only the discrepant
ones were, however they were compared with a
validated method against the reference BMD.!' Second,
we did not perform any genotypic method to determine
genetic resistance markers in the study isolates.

CONCLUSION

In conclusion, categorical agreement, sensitivity and
specificity of colistin drop test with PB disk solution in
comparison with breakpoint BMD turned out to be the
highest i.e. 98%, 96% and 100%. Therefore, we would
recommend using PB disk solution for colistin
susceptibility testing in resource limited settings.
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