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ABSTRACT

Objective: To determine diagnostic accuracy of rapid resazurin based test for Colistin susceptibility testing in Carbapenem
resistant Acinetobacter baumannii isolated from ICU patients.

Study Design: Validation study.

Place and Duration of Study: Department of Microbiology, Armed Forces Institute of Pathology, Rawalpindi Pakistan, from
Jul to Dec 2022.

Methodology: A resazurin based rapid test for Colistin susceptibility testing in Acinetobacter baumannii was assessed using a
total of 100 clinical isolates from ICU patients. This test detects the presence of viable bacterial cells in Mueller-Hinton broth
containing a predefined concentration of Colistin sulfate. Bacterial suspensions of the isolates are added to Colistin containing
Mueller-Hinton broth on a 96-well polystyrene microtiter plate and incubated for 3 hours at 35° +2°C. Resazurin (a viability
colorant) is then added to the wells and results are interpreted on basis of color change (from blue to pink in resistant isolates)
after a total of 4 hours.

Results: The test accurately detected resistance in all 12 resistant isolates and had a sensitivity and specificity of 100% and
97.7% respectively. False positive results were seen in 2 out of 88 sensitive isolates. The overall diagnostic accuracy of the test
was 98%.

Conclusion: This resazurin based test is in-expensive, easy to perform, accurate and provides earlier results in just 4 hours as
compared to 16-24 hours with the routine lab methods. This test can serve as a good alternate to conventional methods in
resource limited settings and for infection control purposes.
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INTRODUCTION

Acinetobacter baumannii belongs to Gram-negative
group of cocco-bacilli and has also been included in
ESKAPE group of microorganisms which cause
nosocomial infections with high mortality rates
especially in ICU settings. They are strictly aerobic,
non-fermenting, non-fastidious, non-motile, catalase-
positive, and oxidase-negative bacteria. Multi drug
resistance in this organism is on the rise since past few
years due to abundant and injudicious use of broad
spectrum antibiotics.»?2 Some of the infections caused
by A. baumannii are; bloodstream infections, lower
respiratory tract, urinary tract, and wound infections,
burn infections, skin and soft tissue infections,
meningitis, osteomyelitis and endocarditis.®> World
health organization in 2017 has published a global
priority list of organisms for which new antibiotics
and treatment options are required due to increasing
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resistance and Acinefobacter baumannii is included in
highest priority category.*

Carbapenems have been an important treatment
option in patients infected with Multi-drug resistant
Gram negative bacteria including Acinetobacter
baumannii> Number of patients in ICUs getting
infected with Carbapenem resistant, XDR (extensively
drug resistant) or PDR (Pan Drug resistant) A.
baumannii is now on the rise.6” Carbapenem resistance
in Acinetobacter baumannii exceeds 90% in various parts
of the world and according to published data it is
around 85-100% in Pakistan.8-10 In such cases, Colistin
and Tigecycline are options for therapy with variable
activity against Carbapenem resistant strains.!!
Polymyxins were first discovered in the 1950s but their
use was discontinued due to their nephrotoxicity and
availability of other treatment options but they are
currently being used as first line antimicrobials for
Carbapenem resistant Acinetobacter baumannii either
alone or in combination with other drugs.’?> But
recently due to its increased use in the clinical settings,
the rate of resistance against Colistin is also on the rise
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Rapid Resazurin Based Test for Colistin Susceptibility
Testing in Acinetobacter baumannii

a need for
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rapid and accurate
testing methods for

Susceptibility testing of Acinetobacter baumannii
against colistin is an arduous task in the laboratory as
Colistin, a cationic substance, attaches to the polymers
used to make most testing plates, leading to
inconsistent results. Moreover, Colistin has poor
diffusion in agar because of its high molecular weight,
which leads to inaccurate results when using
diffusion-based techniques like E-test or disc
diffusion.* Currently, broth microdilution (BMD) is
the approach advised by EUCAST and CLSI for the
detection of Colistin susceptibility.!> It is challenging
to incorporate this technique into clinical laboratories'
standard testing for Gram-negative isolates. Also, all
these above mentioned tests are time consuming and
take a minimum of 16-24 hours in final reading of
susceptibility = results. To determine  Colistin
susceptibility, simple, quick, and accurate procedures
are needed.

Recently a rapid resazurin based test was
developed by Lescat et al, for determination of
Colistin susceptibility in Acinetobacter baumannii within
a time span of 4 hours instead of 16-24 hours by
conventional methods.!® The principle of this test is
based on reduction of resazurin (PrestoBlue), a cell
viability reagent, by the cells which are metabolically
active, which produces a color change from blue to
pink.”” Viability of bacteria in medium containing a
certain concentration of Colistin is tested in the
presence of this dye and results are interpreted on the
basis of color change.!® This study was aimed to
evaluate the performance of this rapid resazurin based
test for detection of Colistin susceptibility in
Acinetobacter baumannii when compared with the
reference broth microdilution method (BMD).

METHODOLOGY

It was a validation study carried out at Armed
Forces Institute of Pathology, Rawalpindi Pakistan,
from July 2022 to December 2022 after obtaining
approval from the Institutional Review Board and the
Ethical committee (FC-MIC21-16/READ-
IRB/23/1673, Dated: 29-03-2023). The sample size was
calculated by  sensitivity-specificity =~ calculator
considering resazurin test sensitivity 96% and
prevalence of Acinetobacter baumannii to be 17.8% in
ICU patients, confidence level 95% and margin of
error 5%.1819 The sample size was taken to be 100. The

sampling technique was non-probability consecutive
sampling.
Inclusion criteria: Carbapenem resistant Acinetobacter

baumannii isolates from different clinical samples of
ICU patients.

Exclusion criteria: Duplicate isolates from same
patient were excluded.

One hundred (n=100) isolates of Carbapenem resistant
Acinetobacter  baumannii  from  different clinical
specimens were tested for Colistin susceptibility
(Table-I). Carbapenem resistance was detected by
Modified Kirby-Bauer method using CLSI-M100-2022
guidelines.20The isolates were identified to species
level using API 20NE. ATCC 25922 E.coli which is a
Colistin-susceptible strain and the NCTC 13846 E.coli
which is a Colistin-resistant strain were used as
negative and positive controls for the determination of
MIC of Colistin, respectively. Additionally, two
separate isolates of A. baumannii, one Colistin resistant
and the other Colistin susceptible (institutional
controls) were also used as controls for rapid
Resazurin based test.

Table-I: No. of Acinetobacter baumannii Isolates from
Different Clinical Specimens Included in the Study (n=100)

Specimen type No. of isolates
Bronchioalveolar lavage (BAL) 29
Endobronchial washings (EBW) 16
Non-directed bronchial lavage (NBL) 10
Sputum 10
Tissue 2
Cerebrospinal fluid (CSF) 8
Pus 2
Pus swab 2
CVP tip 2
Pleural fluid 4
Blood 15
TOTAL (n) 100

Colistin susceptibility of all isolates was checked
twice using in-house Broth Microdilution method
(BMD) using 96-well polystyrene plate. Colistin sulfate
(Sigma-Aldrich, France) in two-fold serial dilutions
ranging from 0.125pg/ml to 32pg/ml was used to
determine the MIC of test and control isolates. Results
of BMD were interpreted according to CLSI-M100
(2022) and EUCAST guidelines (resistance being at
MIC >2mg/L).1520

Rapid resazurin based test: This test was done
using a 96-well polystyrene plate. A Colistin stock
solution in MHB was prepared to a final concentration
of 3.75ug/ml according to instructions published by
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the developers of the test. For each isolate to be tested
a standardized bacterial suspension was made (3.5
McFarland standard) from colonies not older than 24
hours grown on Blood agar plates.’® Institutional
controls of Colistin susceptible and Colistin resistant
A. baumannii were used with each isolate / batch
tested. To perform the test on the 96-well polystyrene
plate, following steps were followed:

1. 180pL of MHB (ThermoFisher scientific) without
Colistin sulfate was pipetted in well A1, A2, A3
and 180ul. of MHB with Colistin sulfate
(3.75pg/ml) was inoculated in wells B1, B2, B3.

2. Wells Al and Bl were inoculated with 20uL of
0.85% normal saline acting as control for sterility
of the broths.

3. 20uL of prepared bacterial suspension (3.5
McFarland) was pipetted in parallel in two wells
(one without Colistin acting as growth control for
that particular isolate and one with Colistin).
Wells A2 and B2 were inoculated with 20uL of
institutional control of Colistin resistant A.
baumanni.

4. Wells A3 and B3 were inoculated with 20uL of
institutional control of Colistin susceptible A.
baumannii.

5. Test isolates were inoculated in the same manner
in successive wells on the tray.

6. The tray was incubated for 3 hours at 35°C (+ 2°C)
in ambient air. After 3 hours of incubation 22puL of
resazurin reagent (PrestoBlue) was added
(10%V/V) and pipetted up and down in each well.

Interpretation of results: The color change was
observed every 15 mins for 1st one hour and all the
tests were interpreted within a maximum duration of
4 hours since incubation. The results of the tests were
considered valid if both the wells Al and B1 remained
blue (no color change) at the end of 4 hours indicating
sterility of broths used, wells A2 and B2 turned pink
(growth of Colistin resistant isolate in both growth
control well and the well with Colistin) indicating
valid result for Colistin resistant institutional control,
and the well A3 turned pink (growth control for
negative control) while B3 remained blue (indicating
Colistin susceptibility of negative control) (Figure-1).

The test showing any discrepancy with the reference
broth microdilution method was repeated in triplicate
for final result.

Sensitivity (number of resistant isolates correctly
identified as resistant), specificity (number of sensitive
isolates correctly identified as sensitive), positive
predictive value, negative predictive value and
diagnostic accuracy were calculated.
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Figure-1: Representative Results of Rapid Resazurin Based
Test for Colistin Susceptibility Testing in Acinetobacter
baumannii

RESULTS

A total of 100 isolates were tested for Colistin
susceptibility from different clinical samples.
Maximum number of isolates (29%) were retrieved
from bronchoalveolar lavage (BAL) specimens and 2%
each from pus, tissue, pus swab and CVP tip. Out of
these 88 were Colistin sensitive (MICs ranging from
<0.125 mg/L to Img/L) and 12 were found to be
colistin resistant (MICs ranging from 4mg/L to >32
mg/L) on reference BMD method. Two out of 88
colistin susceptible isolates (MICs 1 mg/L and 0.125
mg/L) were found to be resistant on rapid resazurin
based test. None out of 12 Colistin resistant isolates on
BMD method none was found to be susceptible to
Colistin on resazurin based test (Table-II). Results of
rapid resazurin based test were compared with
reference Broth microdilution method to obtain the
diagnostic accuracy of the test.

Table-II: Diagnostic Accuracy of Resazurin Based Test for
Colistin Susceptibility Testing in Acinetobacter baumannii

Resistant on BMD | Sensitive on BMD
Resistant on rapid- 12 (True positive, | 2 (False positive,
resazurin test TP) FP)
Sensitive on rapid- 0 (False negative, |86 (True negative,
resazurin test FN) TN)

Sensitivity of the test (number of resistant isolates
correctly identified as resistant) was calculated to be
100%. The specificity of the test (number of sensitive
isolates correctly identified as sensitive) was
calculated to be 97.7%. Positive predictive value of the
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test was 85.7% and negative predictive value was
100%. The overall diagnostic accuracy of the test was
calculated to be 98%. (Table-III). Out of the 12 Colistin
resistant isolates 6 showed color change within 15
minutes (50%), 3 within 30 minutes (25%) and 3 within
45 minutes. None of the wells with Colistin resistant
isolate remained blue for > 45minutes and the results
were interpreted within one hour of addition of
resazurin. One out the two false positive isolates
turned pink within 15 minutes and the other at 45
minutes. These false positive tests were repeated in
triplicate but the results remained the same.

Table-III: Summary of Diagnostic Parameters of Rapid
Resazurin Based Test for Colistin Susceptibility Testing in
Acinetobacter baumanii

Diagnostic parameters Values
Sensitivity = TP/ (TP+FN) 100%
Specificity = TN/(TN+FP) 97.7%
Positive Predictive Value = TP/ (TP + FP) 85.7%
Negative Predictive Value = TN / (TN + FN) 100%
Diagnostic Accuracy = (TP +TN)/ Total isolates 98%

DISCUSSION

In 2016, Nordmann et al., developed a rapid test
for Colistin susceptibility testing in Enterobacterales.?!
However, this test could not be used for non-
fermenters. More recently Lescat et al., have developed
a rapid resazurin based method for Colistin
susceptibility testing in Acinefobacter baumannii which
is now also available in form of commercial kits as
Rapid Resa Polymyxin Acinetobacter NP®  test
(Liofilchem, Italy).1618 To the best of our knowledge
this is the first study conducted in Pakistan on rapid

in-house  Resazurin based test for Colistin
susceptibility in Acinetobacter baumannii.
The Carbapenem resistance amongst

Acinetobacter isolates in Pakistan has been estimated to
be around 85% by Khalid, Fizza et al.” This is also
supported by another study conducted by Ahsan,
Umaira et al., in 2022 where out of 150 isolates
collected from five different hospitals of Pakistan 84%
were resistant to Carbapenems and 7.3% were
resistant to Colistin as well.l® This warrants for
development of rapid sensitivity detection methods
especially for detection of Colistin susceptibility in A.
baumannii isolated from patients admitted in ICU
settings. Our study was aimed at establishing the
diagnostic accuracy of this rapid test to facilitate early
availability of susceptibility results and also to provide
a cheaper alternative in resource limited settings. In
our study rapid resazurin based test was found to be

very accurate with an excellent sensitivity of 100% and
specificity of 97.7% and an overall diagnostic accuracy
of 98%.

The results of our study were similar to a study
published by Jia, Huaiyu et al.,, in 2020 where they
found the sensitivity of the in-house resazurin based
test to be 100% and specificity to be 96%.22 A study
was conducted by Bouvier et al., in 2021 on 62 different
A. baumannii isolates where they evaluated the
industrial version of this test, Rapid Resa-Polymyxin
Acinetobacter NP® test (Liofilchem, Italy). The
sensitivity of this test was calculated to be 97% and the
specificity was calculated to be 96%.18 One contrasting
result was found in a study conducted by Kon et al.,
where they compared results of the commercial Rapid
Resa-Polymyxin Acinefobacter NP® test with BMD
method for 87 A. baumannii isolates and the
commercial kit had a sensitivity of 78.9% and a
specificity of 98.2%.2 Germ et al., in their study also
concluded that this test could be used as an effective
screening test (sensitivity and specificity of 93.3%) for
Colistin  susceptibility in regions with a high
prevalence of Carbapenem resistant A. baumannii.?
LIMITATIONS OF STUDY

A major limitation of this test is that it does not give us
MICs for the sensitive or resistant isolates. The small sample
size of our study and even lesser number of Colistin
resistant isolates tested may also be considered a limitation
of our study and more studies with a greater number of
Colistin resistant isolates may help validate this rapid test
even further.

CONCLUSION

This test is cheap, rapid and easy to perform and can
act as a reliable alternative to BMD in resource limited
settings. The rapid provision of susceptibility results could
be really helpful for early initiation of optimal treatment
strategy in critically ill patients. It may also be helpful in
adapting good clinical practices in light of Antimicrobial
stewardship guidelines and in implementing infection
control measures.
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