
Research Article

Shubham Chauhan, Pottathil Shinu*, Narinder Kaur, Adesh K. Saini, Harit Kumar,
Abdulaziz K. Al Mouslem, Mahesh Attimarad and Anroop B. Nair

Comparative evaluation of various disc elution
methods for the detection of colistin-resistant
gram-negative bacteria
https://doi.org/10.1515/med-2025-1331
Received February 19, 2025; accepted October 6, 2025;
published online December 17, 2025

Abstract

Objectives: The current study was designed to determine
the performance of colistin broth disc elution (CBDE),
colistin broth micro elution (CBME), and microplate elution
(MPE) methods with the broth microdilution (BMD) refer-
ence method.
Methods: For the study, multidrug-resistant Gram-
negative bacilli (MDR GNB) isolates (n=715) obtained
from various clinical specimens were tested for colistin
sensitivity testing using CBDE, CBME, and MPE methods,
and the results were compared with the BMD reference
method.

Results: Of the totalMDR-GNB isolates (n=715), 6.83 % (n=49)
were colistin-resistant, while none yielded themcr gene. The
CBDE method demonstrated a sensitivity (95.91 %), speci-
ficity (100 %), positive predictive value (PPV) of 100 %, and
negative predictive value (NPV) of 99.7 % when compared to
the reference BMD method. The CBME method yielded
93.87 %, 93.33 %, 51.11 %, and 99.7 % of sensitivity, specificity,
PPV, and NPV against the reference BMD method. However,
the MPE method demonstrated sensitivity (91.83 %), speci-
ficity (92.64 %), PPV (47.36 %), and NPV (99.32 %), respec-
tively, when compared to the reference BMD method.
Conclusions: The CBDE method has the potential to replace
the BMD method for detecting colistin resistance among
Gram-negative bacteria in laboratories. It offers a cost-
effective and easy-to-learn alternative, while ensuring
strong sensitivity and specificity compared to the BMD
reference method.
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Introduction

Overuse andmisuse of antibiotics have led to an alarming rise
in drug resistance within bacterial infections, resulting in
prolonged illnesses, higher mortality rates, and increased
healthcare expenses worldwide. This increase in multidrug
resistance (MDR) is an inevitable outcome of bacterial evolu-
tion and presents a significant public health threat. Conse-
quently, colistin has been reevaluated, once considered a last-
resort treatment. However, the extensive use of colistin has
increased concerns about developing further resistance.
Colistin is a potent panta-cationic antimicrobial agent that
targets Gram-negative pathogens by binding to lipopolysac-
charides (LPS) in their outer membrane. This interaction dis-
rupts the membrane’s integrity, resulting in bacterial cell
death. Despite its efficacy, colistinwas infrequently useddue to
its significant neurotoxic and nephrotoxic effects [1, 2].
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Nonetheless, over the past decade, its use has surged three-
fold in combating infections caused by MDR bacteria.
Concurrently, the unregulated use of colistin has resulted in
the development of colistin-resistant strains [3, 4].

The spread or emergence of colistin resistance among
bacteria already resistant to other antibiotics could cause
untreatable infections. Gram-negative bacteria (GNB)
develop colistin resistance as an adaptive mechanism
following in vitro exposure to colistin. It emerges due to the
dissemination of plasmid-mediated mcr genes or chromo-
somal mutation of genes associated with LPS synthesis. The
most frequent resistance mechanism involves modifying
the bacterial outer membrane by altering the structure of
LPS [3, 5]. Other mechanisms may be caused by over-
expression of efflux pumps or the excessive production of
capsular polysaccharides. Clinical isolates have shown
colistin resistance in GNB isolates such as Enter-
obacteriales, Pseudomonas species, and Acinetobacter spe-
cies, whereas Proteus,Morganella, and Providencia species
are naturally resistant to colistin [4]. It is important to
assess colistin-resistant isolates to prevent their dissemi-
nation and treatment of MDR-GNBs.

Various culture media-based diagnostic tests, such as
CHROMagar COL-APSE (Colistin-resistant Acinetobacter,
Pseudomonas, Stenotrophomonas, and Enterobacteriaceae
spp.), LBJMR Medium, Superpolymyxin, and other auto-
mated minimum-inhibitory concentration (MIC) based
methods, such as Com ASP colistin, UMIC colistin kit,
Vitek-2 Compact, Micronaut-s colistin broth, have been
developed for the detection of colistin-resistant bacteria
[6–8]. However, these methods are relatively expensive
and may not be affordable in resource-limited settings.
Further, colistin sensitivity testing using the disc diffusion
method is not recommended because of the large molec-
ular size of colistin, which prevents adequate diffusion
through an agar medium. The European Committee on
Antimicrobial Susceptibility Testing (EUCAST) and Clin-
ical and Testing Standard Institute (CLSI) guidelines
endorsed the micro broth dilution (BMD) test as the
reference standard for the detection of colistin resistance
[6, 9]. Further, various elution methods have been
designed to identify colistin resistance [7, 8]. However, to
our knowledge, there are no studies available to deter-
mine the performance of colistin broth disc elution
(CBDE), colistin broth micro elution (CBME), and micro-
plate elution (MPE) methods with the BMD for the detec-
tion of colistin resistance. Thus, this study aimed to
analyze the accuracy of CBDE, CBME, and MPE methods
with the reference BMD method in detecting colistin
resistance in clinical bacterial isolates.

Materials and methods

Study settings

Clinical specimens and bacterial isolates

A cross-sectional study was conducted at the Department
of Microbiology, M.M. Institute of Medical Sciences and
Research, Ambala, India, between May 2021 and February
2022. In this study, MDR GNB (n=715) isolated from different
clinical samples were subjected to CBDE, CBME, MPE, and
BMD methods to assess colistin resistance in these isolates.

In the current study, MDR organisms were defined as
bacteria resistant to a minimum of one antibiotic from three
different classes of first-line antibiotics [10]. Additionally, the
organisms with intrinsic colistin resistance, such as Morga-
nella morganii, Proteus, Providencia, and Serratia species,
were excluded. Further, we excluded duplicate samples,
including repetitions or those collected from the same
patients in the current study.

Bacterial identification, antimicrobial
susceptibility testing, and MIC
determination

The identification of GNBs was carried out using the Vitek-2
Compact system (bioMérieux, Marcy-l’Étoile, France). For all
the GNBs, the MIC of various antibiotics was determined
using the Vitek-2 Compact system with AST-N280 and
AST-N281 cards, corresponding to lactose and non-lactose
fermenters, respectively, according to the manufacturer’s
instructions. All MDR-GNB strains were further confirmed
using the Kirby-Bauer disc diffusion method, with the AST
results interpreted as per CLSI 2020 guidelines [9, 11].
Further, all elution tests were evaluated by two trained, in-
dependent technicians to ensure consistency, with each
technician interpreting the results in a blinded manner. If
any inter-observer variability was observed, the results
were reviewed and resolved through joint review by the
study supervisor.

Phenotypic detection of colistin resistance

Broth microdilution method for colistin

The colistin MIC was determined using colistin sulphate salt
(Hi Media, Mumbai, India), which was dissolved in cation-
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adjusted Mueller Hinton broth (CA-MHB, HiMedia, Mumbai,
India) and distributed into untreated (50 µL) polystyrene
microtiter plates with 96 wells. The standard BMD method-
ology (MIC range: 0.5–16 μg/mL) assessed the MIC values
following CLSI standards [9, 11]. For Enterobacterales, Pseu-
domonas aeruginosa (P. aeruginosa), and Acinetobacter
baumannii (A. baumannii), isolates with colistin MIC ≥4 μg/
mL are considered resistant, while isolates with ≤2 μg/mL
are considered intermediate [9, 11]. Proteus mirabilis
(Colistin MIC >16 μg/mL) strain served as a positive control
strain, and Escherichia coli (E.coli) ATCC 25922was employed
as the negative control.

Colistin broth disc elution method

For this test, four test tubes containing 10 mL of CA-MHB
(HiMedia, Mumbai, India) were prepared and labeled 1
through 4, respectively. Colistin discs (10 µg colistin sul-
fate, Oxoid Ltd, UK) were added to the tubes to achieve
final concentrations of 0 (growth control), 1, 2, and 4 μg/mL
by adding 0, 1, 2, and 4 discs into the respective tubes. To
allow colistin to elute from the discs into the broth, the
tubes were incubated at room temperature for 30 min. A
bacterial suspension was prepared in normal saline from
the growth on blood agar and calibrated with 0.5 McFar-
land standard. From this suspension, 50 µL was added to
each test tube and mixed thoroughly [7]. Afterward, the
tubes were incubated at 37 °C for 24 h, after which they
were visually examined for turbidity to determine the
minimum inhibitory concentration [11].

Colistin broth micro elution method

The CBME method was performed by preparing four sterile
test tubes containing 10 mL of CA-MHB (HiMedia, Mumbai,
India) each. Colistin discs (10 µg colistin sulphate, Oxoid, UK)
were added to the tubes in increasing numbers: 0 discs
(growth control), 1, 2, and 4 discs, respectively. To allow the
antibiotic to elute from the discs into the broth, the tubes
were incubated at room temperature for 30 min, achieving
final concentrations of 0, 1 μg/mL, 2 μg/mL, and 4 μg/mL,
respectively. From each tube, 1 mL of the antibiotic-
containing broth was transferred to new four sterile test
tubes. A bacterial inoculum was prepared in normal saline
using growth from a blood agar plate, and the inoculumwas
standardized with a 0.5 McFarland standard. Then, 5 µL of
the standardized bacterial suspension was added to each
tube, thoroughly mixed, and these tubes were incubated at
37 °C for 24 h [8]. After 24 h of incubation, the MICs were
visually determined, and the results were interpreted using
CLSI breakpoints [11].

Microplates elution method

The colistin-containing CA-MHB solution was distributed
into microtiter plate wells, with 200 µL in each well, to
establish concentrations of 0, 1, 2, and 4 μg/mL. To each well,
including the growth control well (0 μg/mL), 3 µL of bacterial
suspension, standardized to 0.5 McFarland, was added, fol-
lowed by incubation at 37 °C for 24 h [8]. TheMIC valueswere
visually determined and interpreted according to CLSI
breakpoints [11] (Table 1).

Genotypic detection

Detection of mcr genes using PCR

DNA templates were prepared using thermal cell lysis from
overnight agar cultures. PCR amplificationwas performed as
described by Rebelo et al. [12, 13]. The amplified products
were analyzed by electrophoresis on a 1.5 % agarose gel to
visualize the results, and staining was done by ethidium
bromide at 130 V [12].

Data collection and statistical analysis

Diagnostic accuracy performance metrics such as sensi-
tivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), categorical agreement (CA), major
errors (ME), and very major errors (VME) of BMD (reference
methods) were calculated and compared with CBDE, CBME,
and MPE as well. Additionally, to minimize the increased
risk of Type I error, multiple testing corrections using the
Bonferroni adjustment were also performed. The statistical
significance of differences in sensitivity rates was evaluated

Table : Targeted genes and their corresponding primers.

Sr.
No.

mcr
genes

Size of amplicon,
bp

Primer sequences (′- ′)

. mcr  bp fw AGTCCGTTTGTTCTTGTGGC
rev AGATCCTTGGTCTCGGCTTG

. mcr  bp fw CAAGTGTGTTGGTCGCAGTT
rev TCTAGCCCGACAAGCATACC

. mcr  bp fw AAA-
TAAAAATTGTTCCGCTTATG
rev AATGGAGATCCCCGTTTTT

. mcr  bp fw TCACTTTCATCACTGCGTTG
rev TTGGTCCATGACTACCAATG

. mcr  bp fw ATGCGGTTGTCTGCATTTATC
rev TCATTGTGGTTGTCCTTTTCTG
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using McNemar’s test. The statistical analysis of differences
in colistin resistance detection rates was performed using
the Chi-square test. GraphPad Prism 6 software (Graph-Pad
Software, Inc., La Jolla, CA, USA) was used to determine the
significance.

Ethical details

The study received approval from the Institutional Ethical
Committee via letter no. MMIMSR/IEC/1916.

Results

A total of 715 MDR Gram-negative bacterial isolates were ob-
tained from various clinical specimens. The highest number
of isolates were obtained from urine samples (26.0 %, n=186),
followed by pus (21.6 %, n=154), blood (16.7 %, n=119), sputum
(18.0 %, n=129), wound swabs (9.5 %, n=68), vaginal swabs
(2.0 %, n=14) and other specimens (6.6 %, n=47), respectively.
Of the 715 MDR Gram-negative bacterial isolates tested for
colistin resistance, 6.85 % (49/715) isolates showed colistin
resistance by the BMDmethod and 6.57 % (47/715) by the CBDE
method. These isolates primarily consisted of four species,
with Klebsiella pneumoniae being the most prevalent,
comprising 379 isolates; 3.43% (13/379) of thesewere resistant
to colistin by both BMD and CBDE methods. E. coli accounted
for 196 isolates, with 5.1 % (10/196) isolates demonstrating
resistance by both BMD and CBDE methods, respectively.
However, P. aeruginosa included 101 isolates, with 17.82 % (18/
101) resistant by BMD and 16.83 % (17/101) by CBDE methods,
respectively. Finally, A. baumannii had 39 isolates, with 20 %
(8/39) resistant by BMD and 17.95 % (7/39) by CBDE methods,
respectively. Figure 1 illustrates a flowchart showing the
study profile. Figure 2 shows the BMD method used for
detecting colistin resistance. The MIC values of all the isolates
tested against colistin (ranging from ≤0.5 μg/mL to 16 μg/mL)
were noted and illustrated in Table 2. Most of the colistin-
resistant GNBs showed MIC values of 4 μg/mL, followed by
8 μg/mL and 16 μg/mL, respectively. Non-lactose-fermenting
bacteria had a higher rate of colistin resistance compared to
lactose-fermenting bacteria. Among non-lactose fermenters,
P. aeruginosa (18/49) isolates were found to be predominant
colistin-resistant bacteria, followed by A. baumannii (8/49).
However, among lactose fermenters, K. pneumoniae demon-
strated the highest rate of resistance to colistin (13/49), fol-
lowed by E. coli (10/49).

The antibiotic sensitivity results of all isolates tested
using CBDE, CBME, and MPE methods were compared with
the BMD method. The CBDE methods failed to detect two

colistin-resistant isolates, while the CBME andMPEmethods
identified 41 and 45 additional isolates as colistin-resistant,
respectively. Among lactose-fermenting Gram-negative
bacteria, the CBDE method showed antibiotic susceptibility
patterns comparable to the BMD (the reference method),
while both the CBME and MPE methods showed minor
variations in identifying colistin-sensitive bacteria, as shown
in Table 3. However, the colistin susceptibility of the non-
lactose fermenting bacteria tested showed variations in all
the elution methods evaluated. Figure 3 shows the

Figure 1: Flowchart showing the study profile.

Figure 2: Broth microdilution (BMD) plate method for colistin
susceptibility testing. Figure 2 Illustrates the BMD method in a 96-well
microtiter plate. Row A (wells 1–9) serves as the negative control, while
rows B–G (wells 1–8) are inoculated with the test organisms. Row H (wells
1–8) contains the positive control strain. Column 8 (wells A–B) is desig-
nated as the growth control, and column9 (wells A–B) serves as themedia
control. Two-fold serial dilutions of colistin sulfate, ranging from 0.5 to
32 μg/mL (left to right), are prepared across the plate to determine the
minimum inhibitory concentration (MIC). TheMIC is defined as the lowest
concentration of colistin at which no visible bacterial growth was
observed.
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identification of colistin resistance by the CBDEmethod. The
comparison of the susceptibility pattern of all the MDR-GNB
tested against colistin is depicted in Table 3.

Figure 4 illustrates the identification of colistin-resistant
GNB by the CBME method. The distributions of colistin MICs
for allMDR-GNBwereanalyzedand comparedacross all tested
elution methods, as shown in Table 3. Figure 5 shows the
identification of colistin-resistantGNBby theMPEmethod. The
performance of the CBDE method demonstrated minor vari-
ations in MIC detection when compared with the BMD refer-
ence method, while both the CBME andMPEmethods showed
significant variations (p<0.0001), as presented in Table 4.

The diagnostic accuracy of all the elution methods was
evaluated and comparedwith theBMDmethod on parameters
such as sensitivity, specificity, PPV,NPV,M.E, VME, andCE, and
the details are depicted in Table 5. A comparative bar chart
showing sensitivity, specificity, PPV, and NPV for eachmethod
(with standard error) is presented in Figure 6. The major er-
rors were noted in the CBMmethod (6.60%) andMPEmethod
(7.35 %), respectively. However, nomajor errorswere noted in
the CBDE method compared to BMD. The categorical agree-
ment exceeded 90% for all methods tested in the current
study. The results demonstrated that among the tested
methods, CBDE showed superior performance with a

Table : Distribution of colistin minimum inhibitory concentrations in gram-negative bacteria by the broth microdilution method.

Total number of gram-negative bacterial isolates Minimum inhibitory concentration values of colistin

≤. μg/mL  μg/mL  μg/mL  μg/mL  μg/mL  μg/mL

Klebsiella pneumoniae
(n=)

 (.%)  (.%)  (.%)  (.%)  (.%)  (.%)

Escherichia coli
(n=)

 (.%)  (.%)  (.%)  (.%)  (.%) 

Pseudomonas aeruginosa
(n=)

 (.%)  (.%)  (.%)  (.%)  (.%) 

Acinetobacter baumannii
(n=)

 (%)  (.%)  (.%)  (.%)  (.%) 

Total
(n=)

 (.%)  (%)  (.%)  (.%)  (.%)  (.%)

Figure 3: Colistin broth disc elutionmethod for detection of colistin resistance in gram-negative bacilli. From left to right: (A) Negative control consisting
of four tubes – first tube with cation-adjusted Mueller–Hinton broth (CAMHB) inoculated with the colistin-susceptible Escherichia coli (ATCC 25922) strain
serving as the growth control, and three tubes containing CAMHB and same E. coli (ATCC 25922) strain with colistin at 1, 2, and 4 μg/mL, all showing no
visible growth, indicating colistin susceptibility; (B) test isolate, with four tubes containing CAMHB and the test strain, yielding a minimum inhibitory
concentration (MIC) of 4 μg/mL (visible growth at ≤ 2 μg/mL, no growth at 4 μg/mL defines the MIC); (C) positive control (colistin-resistant in-house
Proteus species), showing visible growth in tubes containing 1, 2, and 4 μg/mL of colistin indicating colistin resistance.

Chauhan et al.: Detection of colistin resistance 5



sensitivity (95.91 %) and specificity (100%) compared to the
reference BMD method (McNemar test, p<0.005) in detecting
colistin resistance. Similarly, the CBME achieved a sensitivity
(93.87%) and specificity (93.33%) when compared to the BMD
method (McNemar test, p=0.0574). However, the MPEmethod
showed slightly lower but still substantial performance, with

a sensitivity (91.83 %) and specificity (92.64 %) compared to
the BMD method (McNemar test, p=0.063). Additionally, mo-
lecular analysis (multiplex PCR) of all colistin-resistant GNBs
yielded negative results formcr genes (Table 3). Table 6 shows
the comparison of the cost analysis of CBDE, CBME, and the
MPE method with the BMD reference method.

Figure 4: Colistin brothmicro-elutionmethod for detection of colistin resistance in gram-negative bacilli. From left to right: (A) Negative control with four
tubes – first tube containing cation-adjusted Mueller–Hinton broth (CAMHB) inoculated with colistin-susceptible Escherichia coli (ATCC 25922) serving as
the growth control, and three tubes containing the same strain with colistin at 1, 2, and 4 μg/mL, all showing no visible growth, thereby confirming
susceptibility; (B) test isolate as represented by four tubeswith CAMHB and the test strain, showing aminimum inhibitory concentration (MIC) of 4 μg/mL
(growth present at ≤ 2 μg/mL but absent at 4 μg/mL); (C) positive control, an in-house colistin-resistant Proteus species with visible growth at 1, 2, and
4 μg/mL, indicating resistance to colistin.

Table : Comparison of colistin resistance rates among gram-negative bacterial isolates as determined by brothmicrodilution, colistin broth disc elution,
colistin broth microelution, and microplate elution methods with multiplex PCR screening for mcr- to mcr- genes.

Total number of bacterial iso-
lates (n=)

aBMD
(n=)

eR/I, R %

bCBDE
(n=)

eI/R, R %

cCBME
(n=)

eI/R, R %

dMPE
(n=)

eI/R, R %

Multiplex polymerase chain reaction for the detec-
tion of mcr (–) genes

Klebsiella pneumoniae sp.
(n=)

/
(.%)

/
(.%)

/
(.%)

/
(.%)

Not detected

Escherichia coli
(n=)

/
(.%)

/
(.%)

/
(.%)

/
(.%)

-do-

Pseudomonas aeruginosa
(n=)

/
(.%)

/
(.%)

/
(.%)

/
(.%)

-do-

Acinetobacter baumannii
(n=)

/ (.%) /
(.%)

/
(.%)

/
(.%)

-do-

Total () /
(.%)

/
(.%)

/
(.%)

/
(.%)

Not detected

aBroth microdilution method, bColistin broth disc elution method, cColistin broth micro elution method, dMicroplate elution method, eI-Intermediate,
R-Resistant, R %-resistance percentage.
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Discussion

In recent years, carbapenem-resistant and MDR-GNBs have
been increasingly isolated from clinical samples. Colistin is
increasingly used as a treatment option against MDR and
carbapenem-resistant GNBs [6]. However, resistance to
colistin has been detected in various GNBs across multiple
countries, making the timely detection of colistin resistance
critical for patient care. Different methods have been
introduced for detecting colistin resistance, including quick
assays, disc diffusion tests, E-test methods, and the BMD
reference method. However, all of these techniques require
significant resources, specialized equipment, and expertise;
such limitations can affect their availability and broad
implementation, particularly in low-resource settings. These
challenges highlight the urgent need for a simple, reliable,
cost-effective alternative method that can be implemented
in resource-limited settings. This study evaluated the

performance of various elution methods (CBDE, CBME, and
MPE) with the BMDmethod. This study compared diagnostic
accuracy parameters such as sensitivity, specificity, NPV,
and PPV of various elution methods with the BMD method.
Additionally, we assessed the ease of implementation and
cost-effectiveness of these elution methods with the BMD
method [14, 15].

Of the 715 MDR-GNB analyzed in this study, K. pneu-
moniae was the most prevalent GNB (53 %), with E. coli
(27.4 %), P. aeruginosa (14.1 %), and A. baumannii (5.4 %)
following. This high burden of MDR strains in the hospital
setting underscores the need for proper infection control
measures, targeted antibiotic policies, and structuring
hospital-specific antimicrobial stewardship programs. Ac-
cording to the current EUCAST (2025) guidelines, colistin
sensitivity is defined as MIC ≤ 2 μg/mL, with resistance
classified as MIC >2 μg/mL for both Enterobacterales and
P. aeruginosa [16]. However, the CLSI guidelines define
colistin resistance breakpoints for P. aeruginosa and Acine-
tobacter spp. are set at ≥ 4 μg/mL, with susceptibility defined
as ≤ 2 μg/mL, but do not provide breakpoint interpretations
for Enterobacterales [17]. It is evident from Table 1 that
83.5 % of highly susceptible isolates suggest colistin remains
an effective option for most infections in this population.
However, 7 and 2.6 % of isolates with MIC=1 μg/mL and 2 μg/
mL indicate emerging resistance trends. The 6.83 % of
resistant isolates (MIC ≥ 4 μg/mL) are clinically significant
because colistin is often considered a last-line treatment
option for MDR infections, and these patients require com-
bination therapies with rifampin, carbapenems, or novel
agents like cefiderocol [18]. Analysis of colistin resistance

Figure 5: Microplate elution plate method for
detection of colistin resistance in gram-
negative bacilli. From left to right, (row A):
Negative control consisting of four wells – the
first well containing cation-adjusted Mueller–
Hinton broth (CAMHB) inoculatedwith colistin-
susceptible Escherichia coli ATCC 25922 as the
growth control, and three wells containing the
same strain with colistin at 1, 2, and 4 μg/mL,
all showing no visible growth, confirming
susceptibility. (rows B-G): test isolates
dispensed across the different concentration
range and showing colistin susceptibility and
resistance depending on the strain. (row H):
positive control, an in-house colistin-resistant
Proteus species, showing visible growth at 1, 2,
and 4 μg/mL, consistent with colistin resis-
tance. Column 1: growth control (0 μg/mL
colistin). Columns 2–4: 1, 2, and 4 μg/mL
colistin, respectively.

Table : Comparison of minimum inhibitory concentrations as detected
by various antimicrobial susceptibility test methods.

aMICs of
colistin

bBMD
method
(n=)

cCBDE
method
(n=)

dCBME
method
(n=)

eMPE
method
(n=)

p-Value

≤  μg/mL     P<.f

 μg/mL    

 μg/mL    

≥  μg/mL    

aMinimum inhibitory concentrations, bBrothmicrodilutionmethod, cColistin
broth disc elution method, dColistin broth micro elution method,
eMicroplate elution method, fChi-square test.
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patterns across bacterial species (Table 1) revealed that only
a single K. pneumoniae isolate (0.01 %) showed a high degree
of resistance to colistin with a MIC value of 16 μg/mL. This
degree of resistance makes colistin ineffective, significantly
limiting available therapeutic options for this isolate.
Further, among colistin-resistant isolates (MIC of > 4 μg/mL),
P. aeruginosa was the most frequent (n=18), followed by
other GNBs, respectively (Table 4). This potential cause of
colistin resistance could be linked to the environmental
persistence of colistin-resistant strains in ICUs and hospital
settings [14, 18, 19].

Colistin resistance detection is a major concern world-
wide, particularly in low-resource settings. The CBDE
method to detect colistin resistance by Simner et al. was a
breakthrough [7]. The other modification of the CBDE
method was accomplished by Dalmolin et al. in 2020 [8]. As
per the World Health Organization Global Antimicrobial
Resistance and Use Surveillance System, it is advised that all
carbapenem-resistant bacteria and MDR-GNB be tested for
colistin resistance. In India, we are still in urgent need of a
method to assess colistin resistance among MDR-GNB on a
routine basis to replace the BMDmethod [20]. For this study,
we evaluated available elution methods, and the results
were evaluatedwith the reference BMDmethod. The current
study demonstrated a zero percent discrepancy in the
detection of colistin resistance in fermenters by the CBDE
method compared to the BMD reference method. However,
in the case of non-fermenting bacteria, the CBDE method
failed to detect colistin-resistant strains in one P. aeruginosa
and one A. baumannii isolate, respectively. This may be due
to various reasons, such as the lower sensitivity of the CBDE
method to detect colistin resistance in comparison with the
BMD reference method. The other possible reason would be
the alteration of LPS through chromosomal mutations,
resulting in reduced colistin binding affinity [21]. However, it
is evident from Table 2 that both CBME and MPE methods
detected a few false-positive colistin-resistant GNBs and
failed to identify some false-negative colistin-resistant bac-
teria as well. These false positive results may be due to
certain bacterial strains’ inherent ability to modify their
colistin binding sites, thereby affecting the accuracy of
resistance detection [7, 8, 21]. Further, the failure of detection
of false-negative colistin resistance may be attributed to the
fact that if the proportion of resistant cells is too low
compared to the total population, this type of colistin het-
eroresistance is largely undetected [22].

Colistin disc elution methods were developed to assess
colistin resistance in bacteria and provide MICs comparable
to the BMDmethod [7]. In the current study, the data of MICs
as obtained by the BMD method were compared with the
CBDE, CBME, and MPE methods, and variations were noted.Ta
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MICs were categorized from ≤1 μg/mL to ≥4 μg/mL. The
elution method could not be used to detect ≤0.5 μg/mL
and ≥4 μg/ml MICs of colistin; therefore, we compared
only ≤1 μg/mL to ≥4 μg/mL MICs. This narrow MIC range (1–
4 μg/mL) in disc elution methods can further limit the
detection of isolates with high-level resistance, particularly
when the actual MIC exceeds the upper limit of the test
range. This may further result in underestimation of resis-
tance rates. Additionally, the visual interpretation of MIC
endpoints involves a degree of subjectivity, mainly due to
observer bias. Tominimize this variability, two independent
technicians performed all readings, and discrepancies were
resolved through joint review by the study supervisor.
However, the use of instrument-based readings or digital

image analysis could minimize this observer bias. The CBDE
method yielded consistent outcomeswith the BMD reference
method, whereas both the CBME and MPE methods showed
varied MIC values, with many Gram-negative bacteria
exhibiting higher MIC values. (Table 3). These variations in
MIC values can be attributed to two main factors: either
inconsistent colistin elution from the discs into the broth
medium or inadequate mixing of colistin within the me-
dium. Although we implemented quality control measures,
including vortexing all tubes before sample processing,
there are no currently available methods to validate the
colistin concentration in these elution methods.

The diagnostic efficiency of the test is of utmost impor-
tance for its acceptance and implementation in routine
laboratory analysis. We also determined their relative
diagnostic performances, such as sensitivities, specificities,
NPV, PPV, ME, VME, EA, and CA, and the details are sum-
marized in Table 4. It is evident from Table 4 that the CBDE
method showed higher sensitivity and specificity in com-
parison with the reference BMD method. Further, the
McNemar test p-values for each method were reported as
follows: CBDE (p<0.005), CBME (p=0.0574), and MPE
(p=0.063), providing a clearer perspective on their perfor-
mance relative to the reference BMD method. CBDE
demonstrated statistically significant concordance with
BMD, underscoring its reliability for detecting colistin
resistance. While CBME and MPE showed slightly lower
sensitivity and specificity and did not achieve conventional
statistical significance, their performance remains robust,
indicating that both methods are likely to be clinically
meaningful and could serve as feasible alternatives in
routine laboratory practice. Furthermore, the CBDE method
showed noME and a very low VME rate (Table 4), suggesting
that CBDE is the most reliable method to substitute for the

Figure 6: Comparison of performance by
various disc elution methods, such as colistin
broth disc elution method (CBDE), colistin
broth micro elution method (CBME), and
microplate elution method (MPE) with broth
microdilution method (BMD) for the detection
of colistin resistance.

Table : Comparison of cost analysis of colistin broth disc elution, colistin
broth micro elution, and microplate elution method with the broth
microdilution reference method (the amount is provided in both Indian
rupees and US dollars).

Reagents and labor
requirements

Broth
micro-
dilution
method

Colistin
broth
disc

elution
method

Colistin
broth
micro
elution
method

Micro-
plate
elution
method

₹ $ ₹ $ ₹ $ ₹ $

Colistin disc or solution  .  .  .  .
Culture media (like cation-
adjusted Mueller-Hinton broth)

 .  .  .  .

Consumables (plates, tubes,
cotton)

 .  .  .  .

Labor requirements (techni-
cians and others)

 .  .  .  .

Total estimated cost per test  .  .  .  .
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BMD method in laboratory settings. In contrast, CBME and
MPEmethods displayed higher rates of VME (6.12 and 8.16 %,
respectively), indicating resistant strains were incorrectly
reported as susceptible (false-negative), which could result
in inappropriate therapies and treatment failure. This type
of treatment failure occurs mainly because of the adminis-
tration of an ineffective drug instead of a potentially active
alternative (due to false susceptibility), eventually resulting
in prolonged infections, increased transmission rates of
MDR strainswithin healthcare settings, and highermortality
rates. In contrast, tests with high major errors (ME), where
susceptible isolates are incorrectly reported as resistant, can
lead to the unnecessary avoidance of colistin and the use of
less effective alternative treatments. Further, the relatively
low PPV of CBME (51.11 %) and MPE (47.36 %) suggests high
false-positive results. These results would mislead the
treatment options in resource-limited settings as well. The
CBDE, CBME, and MPE only provide data for MIC concen-
trations ranging from 1 μg/mL to 4 μg/mL, suggesting these
tests may not be suitable for detecting colistin resistance at
MIC values beyond this range. The calculation of EA
(Essential Agreement) for disc elution tests was unsatisfac-
tory and was excluded from further analysis in the current
study. This suggests that the MIC determination using
elution methods may not align well with BMD, limiting their
consistency in certain cases. This effect was most evident
among isolates with MIC values around the clinical break-
point of 2 μg/mL, where even minor variability in elution
often resulted in borderline strains being categorized as
resistant. The contributing factors likely include inconsis-
tent or incomplete drug release, binding of colistin to plas-
ticware, and pipetting inaccuracies in low-volume assays.
Additionally, minor variations in the composition of cation-
adjusted Mueller–Hinton broth or residual substances from
antibiotic discs may influence apparent colistin activity,
with the greatest impact observed for isolates near the sus-
ceptibility breakpoint. However, future use of these assays
should prioritize the strict standardization of the elution
process to improve reproducibility. The improvement stra-
tegies may include establishing uniform elution times, using
low-binding plasticware to reduce adsorption rate, ensuring
thorough mixing of solutions just before inoculation, and
quantitative validation of eluted concentrations of colistin
using validated analytical methods. It is also advisable that
laboratories consistently incorporate both susceptible and
borderline control strains to track performance across
batches, while confirming results in the 2–4 μg/mL range
with the BMD method. These adjustments would reduce the
likelihood of false-positive results, improve consistency, and

strengthen the overall reliability of CBME and MPE as a
practical alternative to the BMD reference method.

In the current study, all the colistin-resistant Gram-
negative bacteria were screened by multiplex PCR for all
mcr genes yielded negative results. However, thesefindings
have limited statistical significance because the resistance
to colistin can develop through two mechanisms: the
spread of mcr genes (plasmid-mediated) or chromosomal
mutations in genes responsible for LPS synthesis [3, 5].
Therefore, the lack of mcr genes does not limit the signifi-
cance of this study. We also noted the ease of performing
tests, their associated cost, and training requirements for
each test in this study (Table 6). In resource-limited settings,
performing BMD can be challenging because it requires
specialized glass-coated plates, calibrated micropipettes,
and well-trained personnel [23]. In these settings, disc-
based methods such as CBDE, CBME, and MPE provide
feasible and practical alternatives. For example, our cost
analysis demonstrated that CBDE and CBME can be
completed for approximately 0.8–1.0 USD per test,
compared with 1.5–2.0 USD for BMD. Moreover, the
simplicity of the CBDE protocol reduces the burden of
training and minimizes handling errors, making it partic-
ularly suitable for regional and peripheral laboratories. By
contrast, in high-income settings, BMD remains the refer-
ence standard, with many laboratories relying on auto-
mated MIC detection and molecular techniques to detect
colistin resistance. In these contexts, elution-based assays
are best positioned as supplementary tools, for example, a
useful method to detect uncertain MIC results or as a low-
cost preliminary screening method in epidemiological
surveillance studies for screening of a large collection of
bacterial isolates. Further, this study possesses a few limi-
tations, for instance, a) In this study, molecular screening
was restricted to the detection of mcr-1 to mcr-5 genes.
Althoughmcr-6 to mcr-10 have been reported only rarely in
various settings, these additional mcr variants were not
assessed in our analysis and may therefore have remained
undetected. b) Chromosomal resistance mechanisms such
as pmrAB andmgrBmutations were not assessed due to the
limited resources. c) Colistin concentrations were not
quantitatively tested due to resource restrictions and were
instead assumed using standard disc elution methods. d)
Other rapid procedures, such as rapid NP and col Agar,
should be evaluated for all the strains tested in this study.

In summary, the CBDE method demonstrated higher
sensitivity and specificity while requiring the least amount
of training compared to the BMD for detecting colistin-
resistant GNBs, suggesting the potential of the CBDE
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method to replace the BMD method for the routine identi-
fication of colistin-resistant GNBs in resource-limited
laboratories.

Acknowledgments: We are thankful to the Deanship of
Scientific Research, Vice Presidency for Graduate Studies
and Scientific Research, King Faisal University, Saudi Arabia,
and Maharishi Markandeshwar (Deemed to be University),
Mullana, Ambala, India, for their support.
Funding information: This work was supported through the
Ambitious Researcher-Research Articles (Annual Grants) by
the Deanship of Scientific Research, Vice Presidency for
Graduate Studies and Scientific Research, King Faisal Uni-
versity, Al-Ahsa, Saudi Arabia [Grant Number: KFU252977].
Author contribution: Conceptualization and design, S.C. and
P.S.; Methodology, S.C., P.S., N.K., A.K.S., H.K., A.K.M., M.A.,
and A.B.N.; Data curation and investigations, S.C., P.S., and
N.K.; formal analysis, S.C., P.S., N.K., A.K.S., H.K., A.K.M., M.A.,
and A.B.N.; Resources, S.C., P.S.; Writing-original draft
preparations, S.C., P.S. and N.K.; Writing-review and editing,
S.C., P.S., N.K., A.K.S., H.K., A.K.M., M.A., and A.B.N.; Project
administration, S.C. and P.S.; Funding acquisition, P.S. All
authors have read and agreed to the published version of the
manuscript.
Conflict of interest: The authors declare no conflict of
interest.
Data Availability Statement: The data supporting this
study’sfindings are available from the corresponding author
upon reasonable request.

References

1. VaaraM. Polymyxins and their potential next generation as therapeutic
antibiotics. Front Microbiol 2019;10:1689.

2. Spapen H, Jacobs R, Van Gorp V, Troubleyn J, Honoré PM. Renal and
neurological side effects of colistin in critically ill patients. Ann Intensive
Care 2011;1:14.

3. El-Sayed AhmedMAE, 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 Microb Infect 2020;9:868–85.

4. Aghapour Z, Gholizadeh P, Ganbarov K, Bialvaei AZ, Mahmood SS,
Tanomand A, et al. Molecular mechanisms related to colistin resistance
in enterobacteriaceae. Infect Drug Resist 2019;12:965–75.

5. Sabnis A, Hagart KL, Klöckner A, Becce M, Evans LE, Furniss RCD, et al.
Colistin kills bacteria by targeting lipopolysaccharide in the cytoplasmic
membrane. eLife 2021;10:e65836.

6. Osei Sekyere J, Sephofane AK, Mbelle NM. Comparative evaluation of
CHROMagar COL-APSE, MicroScan walkaway, ComASP colistin, and
colistin MAC test in detecting Colistin-resistant gram-negative bacteria.
Sci Rep 2020;10:6221.

7. Simner PJ, Bergman Y, Trejo M, Roberts AA, Marayan R, Tekle T, et al.
Two-site evaluation of the colistin broth disk elution test to determine
colistin in vitro activity against gram-negative Bacilli. J Clin Microbiol
2019;57:e01163–18.

8. Dalmolin TV, Mazzetti A, Ávila H, Kranich J, Carneiro GIB, Arend L, et al.
Elution methods to evaluate colistin susceptibility of Gram-negative
rods. Diagn Microbiol Infect Dis 2020;96:114910.

9. Testing ECoAS. Recommendations for MIC determination of colistin
(polymyxin E) as recommended by the joint CLSI-EUCAST polymyxin
breakpoints working group. Växjö, Sweden: EUCAST; 2016.

10. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME,
Giske CG, et al. Multidrug-resistant, extensively drug-resistant and
pandrug-resistant bacteria: an international expert proposal for
interim standard definitions for acquired resistance. Clin Microbiol
Infection: off pub European Soc Clini Microbiol Infectious Diseases
2012;18:268–81.

11. Clinical ILS. Performance standards for antimicrobial susceptibility
testing. Wayne, PA: Clinical and Laboratory Standards Institute; 2020.

12. Rebelo AR, Bortolaia V, Kjeldgaard JS, Pedersen SK,
Leekitcharoenphon P, Hansen IM, et al. Multiplex PCR for detection of
plasmid-mediated colistin resistance determinants, mcr-1, mcr-2,
mcr-3, mcr-4 and mcr-5 for surveillance purposes. Euro surveillance:
bulletin Europeen sur les maladies transmissibles=European
communicable disease bulletin 2018;23. https://doi.org/10.2807/1560-
7917.es.2018.23.6.17-00672,

13. Erratum for Euro Surveill. 2018;23(6). Euro surveillance: bulletin
Europeen sur les maladies transmissibles. European commun disease
bulletin. 2018;23.

14. Poirel L, Jayol A, Nordmann P. Polymyxins: antibacterial activity,
susceptibility testing, and resistancemechanisms encoded by plasmids
or chromosomes. Clin Microbiol Rev 2017;30:557–96.

15. Kumar N, Kumar H. Intrinsic resistance: a significant characteristic in
evaluating antibiotic sensitivity pattern [letter]. Infect Drug Resist 2022;
15:1515–6.

16. EUCAST T. European committee on antimicrobial susceptibility testing.
Breakpoint tables for interpretation of MICs and zone diameters
version 10.0; 2020:15–110 pp.

17. M100. Performance standards for antimicrobial susceptibility testing,
31st ed. Wayne, PA: Clinical and Laboratory Standards Institute; 2021.

18. Gogry FA, Siddiqui MT, Sultan I, Haq QMR. Current update on intrinsic
and acquired colistin resistance mechanisms in bacteria. Front Med
2021;8:677720.

19. Mitra S, Basu S, Rath S, Sahu SK. Colistin resistance in Gram-negative
ocular infections: prevalence, clinical outcome and antibiotic
susceptibility patterns. Int Ophthalmol 2020;40:1307–17.

20. WorldHealth Organization. GLASS: the detection and reporting of colistin
resistance, 2nd ed. Geneva: World Health Organization; 2021:6–7 pp.

21. Novović K, Jovčić B. Colistin resistance in acinetobacter baumannii:
molecular mechanisms and epidemiology. Antibiotics (Basel,
Switzerland) 2023;12:516.

22. Band VI, Satola SW, Smith RD, Hufnagel DA, Bower C, Conley AB, et al.
Colistin heteroresistance is largely undetected among carbapenem-
resistant Enterobacterales in the United States. mBio 2021;12:
e02881–20.

23. Karvanen M, Malmberg C, Lagerbäck P, Friberg LE, Cars O. Colistin is
extensively lost during standard in vitro experimental conditions.
Antimicrob Agents Chemother 2017;61:e00857–17.

Chauhan et al.: Detection of colistin resistance 11

https://doi.org/10.2807/1560-7917.es.2018.23.6.17-00672
https://doi.org/10.2807/1560-7917.es.2018.23.6.17-00672

	Comparative evaluation of various disc elution methods for the detection of colistin-resistant gram-negative bacteria
	Introduction
	Materials and methods
	Study settings
	Clinical specimens and bacterial isolates

	Bacterial identification, antimicrobial susceptibility testing, and MIC determination
	Phenotypic detection of colistin resistance
	Broth microdilution method for colistin
	Colistin broth disc elution method
	Colistin broth micro elution method
	Microplates elution method

	Genotypic detection
	Detection of mcr genes using PCR

	Data collection and statistical analysis
	Ethical details

	Results
	Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


