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Abstract

Introduction: Polymyxins are important antimicrobial agents for the treatment of infections caused by
Gram-negative bacteria. The susceptibility testing for polymyxins is a challenge for clinical laboratories
due to the difficulty of performance, reproducibility, and accuracy of available methods. Aim: To
compare the performance of the colistin susceptibility test of an automated system and a gradient test
with the gold standard broth microdilution method (BMD). Materials and Methods: Multidrug-resistant
isolates of Acinetobacter baumannii (n=102), Klebsiella pneumoniae (n=40), and Pseudomonas
aeruginosa(n=11) were included. The VITEK 2 systems and gradient test were studied according to
the manufacturer’s instructions. Broth microdilution tests were performed according to the European
Committee on Antimicrobial Susceptibility Testing (EUCAST). Commercial susceptibility testing
methods were compared to BMD. Results: Rates of essential agreement of colistin test results between
BMD, VITEK 2, and gradient test were 96.1% and 79.7%, respectively. The VITEK 2 and gradient test
showed 95.4% and 94.8% of categorial agreement. The very major error rate of VITEK 2 was 3.2%,
and the gradient test was 5.2%. The major error rate of VITEK 2 was 1.3%, and there was no major
error for the gradient test. Conclusion and Suggestions: The very major error rate was higher in the
gradient test (5.2%) than VITEK 2 (3.2%). Even if the very major error rate of VITEK 2 was lower,
both resistance and susceptility results of VITEK 2 should be confirmed with the BMD test. Further
studies for susceptibility testing are needed with a focus on the correlation of MIC’s results of different
tests.

Keywords: Antimicrobial drug resistance, Colistin, Microbial sensitivity tests, Minimum inhibitory
concentration

Oz

Giris: Polimiksinler, Gram negatif bakterilerin neden oldugu enfeksiyonlarn tedavisinde kullanilan
Oonemli bir antimikrobiyal ajandir. Bu antibiyotiklerin ¢aligildig1 duyarlilik testlerinin performans, tekrar
edilebilirlik ve dogru yontemin uygulanmasindaki zorluklar nedeniyle klinik laboratuvarlar i¢in problem
olusturmaktadir. Otomatize edilmis antimikrobiyal duyarlilik testlerinin dogrulugu halen belirsizdir.
Amag: Bu ¢alismada, kolistin duyarlilik testi caligilan otomatize sistem ve gradient testin altin standart
olan sivi mikrodiliisyon testi ile karsilastirilmasi amaclanmaktadir. Gere¢ ve yontem: Coklu ilag
direncine sahip 102 A. baumannii, 40 K. pneumoniae ve 11 P. aeruginosa susu calismaya dahil edildi.
VITEK 2 ve gradient test firma Onerileri dogrultusunda galisildi. Sivi mikrodiliisyon testi ise EUCAST
kriterlerine gore degerlendirildi. Bu calismada ticari testler ile sivi mikrodiliisyon testi karsilastirildi.
Bulgular: Sivi mikrodiliisyon testi ile VITEK 2 ve gradient test arasindaki temel uyum orani sirasiyla
%96.1 ve %79.7 olarak hesaplandi. VITEK 2 ve gradient test ile sivi mikrodiliisyon yontemi arasinda
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%95.4 ve %94.8 kategorik uyum saptandi. Cok biiyiik hata oran1 VITEK 2 ile %3.2, gradient test ile
%S35.2 olarak tespit edildi. Biiylik hata oran1 VITEK 2 ile %1.3 olarak hesapland1 ve gradient test ile
biiyiik hata tespit edilmedi. Sonu¢ ve Oneriler: Calismamizda ¢ok biiyiik hata oran1 gradient testte
VITEK 2’ye gore daha yiiksek oranda saptandi. VITEK 2 yonteminde ¢ok biiyiik hata orani diisiik olsa
bile bu yontemle elde edilen duyarlilik ve direng sonuglart sivi mikrodiliisyon ydntemi ile
dogrulanmalidir. Farkli testler ile elde edilen MIK sonuglari arasinda uyumu gosteren daha fazla
caligmaya ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: Antimikrobiyal ila¢ direnci, Kolistin, Mikrobiyal duyarlilik testleri, En diisiik
engelleyici yogunluk

1. Introduction

Polymyxins were first isolated in 1947 from the soil by Bacillus polymxa (Storm et al., 1977). Although
there are many types of polymyxins (A-E), which are polypeptide antibiotics, only polymyxin B and
colistin (polymyxin E) are used clinically. Systemic use of colistin has been limited due to its severe
nephrotoxic effect (Li et al., 2006). However, after the emergence of multi-drug resistant strains such as
Acinetobacter baumannii (A. baumannii), Klebsiella pneumoniae (K. pneumoniae), and Pseudomonas
aeruginosa (P.aeruginosa), it is used as a last resort in the treatment of these infections. Recently,
resistance to this antibiotic has been observed due to increased use of colistin (Karaiskos and
Giamarellou, 2014). Therefore, it is important to use an antibiotic susceptibility test that most accurately
detects susceptibility to colistin. Both CLSI and EUCAST suggested that the most reliable antibiotic
susceptibility test for colistin is the broth microdilution test (Matuschek et al., 2018). In this study, it
was aimed to study the colistin susceptibility of A. baumannii, K. pneumoniae, and P. aeruginosa strains
isolated from different clinical specimens with the VITEK 2, gradient test (E test) and to compare them
with the reference method, the broth microdilution test.

2. Material and Methods

2.1. Type of Research

This is an original research study.
2.2 Place and Timing of Research

This study was carried out in Selcuk University Faculty of Medicine Medical Microbiology Laboratory
between January 2022 and December 2022.

2.3 Population, Sample and Sampling Method of Research

One hundred and two Acinetobacter baumannii, forty Klebsiella pneumoniae, and eleven Pseudomonas
aeruginosa, which are multidrug-resistant isolates, were included in this study. Bacteria were identified
using conventional methods and the VITEK 2 (bioMérieux, France) automated system. The
susceptibility of bacteria to colistin was studied with the VITEK 2 automated system and the gradient
test (bioMérieux, France) method and was confirmed by the reference method, the broth microdilution
test (BMD). Antibiotic susceptibility of all strains was evaluated according to the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) criteria (EUCAST, 2021).

Colistin gradient and VITEK 2 (AST-NO038 susceptibility card) tests were carried out according to the
manufacturer's guidelines. The Gradient tests were carried out briefly as follow; bacterial suspension
was prepared at 0.5 McFarland value then homogeneously inoculated on MH agar, the antibiotic strips
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placed on the cultural media and the results were noted after incubation at 37 °C for 24 hours. The broth
microdilution test was performed in accordance with the instructions in the EUCAST guidelines.
Colistin (Sigma-Aldrich) was scaled in powder form and diluted to 0.125-64 mg/L and distributed to
the sterile 96-well microplates. Then, the bacterial suspension was adjusted to 0.5 McFarland and diluted
1/20, and added to each well. In each assay, the last two wells were set as sterility control and growth
control, then the plates were incubated at 35+2° °C for 18-20 hours. The results were evaluated visually,
and the minimum inhibitory concentration (MIC) values were evaluated as sensitive <2 mg/L and
resistant >2mg/L. In each study, E. coli ATCC 13846 strain was used as quality control (EUCAST,
2021).

2.4 Data Collection

In our study, the criteria for acceptance of antibiotic susceptibility tests were evaluated by calculating
the essential agreement (EA), categorical agreement (CA), very major error (VME), and major error
(ME) values (very mjor error and major error below 3%, categorical agreement above 90%). Essential
agreement was defined as a MIC result within a 2-fold dilution of the BMD result. Categorical
agreement was defined as agreement in the interpretation of the MICs of the commercial kit and BMD.
VME occurred where the tested method’s MIC interpretation was susceptible and the BMD’s MIC
interpretation was resistant. ME occurred where the tested method’s MIC interpretation was resistant
and the BMD’s MIC interpretation was susceptible. The VME rates were calculated using the number
of isolates resistant by BMD, while the ME rates were calculated using the number of isolates
susceptible to BMD. The acceptance criteria of the tests require that the VME and ME values be below
3%, and the categorical agreement be higher than 90% (1SO 2019).

2.5 Ethical Consideration

This study is carried out with samples in our stocks; therefore, an ethical committee report is not required
for this study. We prove that our study was conducted ethically in accordance with the World Medical
Association Declaration of Helsinki.

3. Results

A total of 153 gram-negative bacterial strains, including 102 A. baumannii, 40 K. pneumoniae, and 11
P. aeruginosa, which have multidrug resistance, were included in this study. Eight of the strains were
found to be resistant to colistin with the broth microdilution test, and five of the strains were resistant
with the VITEK 2 system. All strains were determined to be susceptible by the gradient test method.
MIC values determined by different antibiotic susceptibility test methods are shown in Table 1.

Table 1. Minimum Inhibitory Concentration of Bacterial Strains (mg/L)

Methods <0.5 1 2 4 8 >16
BMD 124 12 9 2 - 6
VITEK 2 143 2 3 - - 5
Gradient test 123 27 3

BMD: Broth Microdilution
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Rates of EA of colistin test results between BMD, VITEK 2, and gradient test were 96.1% and 79.7%,
respectively. The VITEK 2 and gradient test showed 95.4% and 94.8% of CA respectively. In addition,
very major error rate of VITEK 2 were detected 3.2%, gradient test were 5.2%. Major error rate of
VITEK 2 was 1.3% and there was not major error for E test. The essential agreement, categorical
agreement, very major error and major error values between the reference method (BMD test) and

VITEK 2 and E test are given in Table 2.

Table 2. Comparison of Different Commercial Tests with Reference Method

) Susceptible Essential Categorical Very Major Major Error
Bacteria Method Isolate Agreement Agreement Error n (%)
() n (%) n (%) n (%)
VITEK 2 101 98 (%96.1) 98 (%96.1) 3(%2.9) 1 (%0.9)
A. baumannii Gradient test 102 80 (%78.4) 99 (%97.1) 3 (%2.9) 0
BMD 99
VITEK 2 36 38 (%92.7) 37 (%92.5) 2 (%5) 1 (% 2.5)
K. pneumoniae Gradient test 40 32 (%78.1) 35 (%87.5) 5 (%12.5) 0
BMD 36
VITEK 2 11 11 (%100) 11 (%100) 0 0
P. aeruginosa Gradient test 11 10 (%90.9) 11 (%100) 0 0
BMD 11

BMD: Broth microdilution

In both commercial tests, very major error and major error values were below 3% in A. baumannii and
P. aeruginosa strains. However, in K. pneumoniae strains very major error rate was detected over 3%.
Categorical agreement was over 90% in all strains with the VITEK 2 method. In the gradient test method,
the false susceptibility rate in K. pneumoniae strains was found to be below 90%.

4. Discussion

Recently, the number of infections caused by multidrug-resistant gram-negative bacteria has increased.
The usage of colistin has rised recently due to increased resistance to many antibiotics. Therefore, the
use of reliable antibiotic susceptibility testing for colistin will contribute to treatment (Li et al., 2006; Li
et al., 2005). Many test methods are used to detect colistin susceptibility. However, EUCAST

recommends using the broth microdilution method as the reference method (EUCAST 2016).

Among commercial methods, the gradient test is used by many clinical laboratories because it is cheap
and easy to apply. Studies have reported that the colistin gradient test has a high rate of wrong susceptible
results for resistant strains. Therefore, it is not recommended to use the gradient test as a colistin
susceptibility (EUCAST, 2016; Dafopoulou et al., 2015; Maalej et al., 2011). In a study, the essential

agreement between the gradient test and the reference method was reported as 52%, and the categorical
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agreement was reported as 33% ( Maalej et al., 2011). In another study, the basic agreement between
the gradient test and the reference method was 52.8%, and the categorical agreement was 59% (
Dafopoulou et al., 2015). These rates are below the acceptable criteria of the test (90%); therefore the
use of the gradient test for colistin susceptibility is not recommended. In another study, unlike other
studies, it was suggested that the colistin gradient test had high compatibility with other tests, so it could
be used as an antimicrobial test (Akin et al., 2010; Pakoz et al., 2018). In a study by Altinkanat Gelmez
et al. (2021), it was reported that the categorical agreement between the gradient test and the reference
method was high, but the major error rate was found to be above the acceptance criteria (3%). In this
study, it was reported that the high major error rate may be related to the low number of isolates, and
this rate may decrease if the study is continued with more isolates. In our study, the essential and
categorical agreement between BMD and gradient test was 78.4% and 97.1% in A. baumannii strains,
78.1% and 87.5% in K. pneumoniae strains, and 90.9% and 100% in P. aeruginosa strains, respectively.
In A. baumannii and P. aeruginosa strains, very major error and major error rates of the gradient tests
were detected under 3%. However, a very major error rate of gradient test was 12.5% in K. pneumoniae
strains. Therefore, we recommend for centers that detect colistin susceptibility in K. pneumoniae strains

with the gradient test to confirm their results with the reference method.

The VITEK 2 automated system is frequently used in identification of bacteria and antibiotic
susceptibility. Studies have reported that the VITEK 2 system is reliable for detecting colistin
susceptibility (Dafopoulou et al., 2015; Pakoz et al., 2018, Lee et al., 2013; Lo-Ten-Foe et al., 2007).
However, recent studies have reported that very major error rates are high in VITEK 2 results (Chew et
al., 2017; Vourli et al., 2017; Girardello et al., 2018). In a study, although between VITEK 2 and the
reference method the essential agreement was 93.4% and the categorical agreement was 88.2%, the very
major error rate was determined as 36% for colistin (Chew et al., 2017). Vourli et al. (2017) compared
colistin susceptibility of Phoenix 100 and VITEK 2 automated systems with the reference method and
determined the very major error rates as 41.4% and 37.9%, respectively. Very major errors were
generally detected in isolates with a MIC value of 1-2 mg/L. They suggest that the isolates detected as
susceptible in the automated system should be confirmed with the reference method. In another study,
it was found that the best performance with VITEK 2 was obtained in K. pneumoniae and E. coli strains
with MIC values of <0.5 and >16 mg/L, and they suggest that all strains with MIC values of 1-8 mg/L
should be confirmed by the reference method (Girardello et al., 2018). In our study, the results are
reliable level, as categorical agreement was over 90% in all strains with the VITEK 2 method. Very
major error and major error rate are acceptable, because it is under 3% for the VITEK 2 test in A.

baumannii and P. aeruginosa strains. The very major error rate in K. pneumoniae strains is 5% in the
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VITEK 2 automated system. Therefore, we suggest that if this test is to be used, the results should be
confirmed with the reference method. In addition, we carried out our study with 40 K. pneumoniae
strains, and very major error rate may have been high. We believe that if the study is continued and more
strains are used, the error rate could change. For this reason, it would be beneficial to re-evaluate these

rates with further studies and more strains.
5. Conclusion and Suggestions

Considering that many laboratories frequently use these methods in the laboratory, it is highly possible
for colistin to give wrong results with these methods. This situation will lead clinicians to use
inappropriate colistin treatments. For this reason, by the CLSI-EUCAST Polymyxin Working Group,
only the broth microdilution method is recommended for the determination of colistin susceptibility
(EUCAST 2016; Gelmez et al., 2021). Broth microdilution method is not preferred in routine
laboratories due to difficulties in solution preparation, long duration, and difficulty in working.
Therefore, it is necessary to develop more practical and inexpensive methods to detect colistin resistance

in routine microbiology laboratories.
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