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Objectives: The performance of mainstream commercial antimicrobial susceptibility
testing systems on polymyxins has not been well evaluated in China. In this study, three
antimicrobial susceptibility testing systems were evaluated for polymyxin B and colistin.

Methods: The MICs of 257 Gram-negative strains collected from clinical cases and
livestock were determined and analyzed. Using Broth Microdilution as the gold standard,
the performance of VITEK 2 R© COMPACT, PhoenixTM M50, and Bio-kont AST System
were evaluated. Essential agreement (EA), category agreement (CA), very major error
(VME), and major error (ME) were calculated for comparison. The results of mcr-1
positive strains were separately discussed.

Results: The EA, CA, VME, and ME to polymyxin B for Bio-kont were 83.5, 95.6,
13.1, and 0.6%, respectively. The EAs, CAs, VMEs, and MEs to colistin were as
follows: Bio-kont, 86.7%/96.5%/7.2%/1.7%; Vitek 2, 64.2%/86.8%/41.0%/0%, and
Phoenix M50, 92.9%/92.9%/21.7%/0%. The performance of Bio-kont to polymyxin B
and colistin for Pseudomonas spp. (EA, CA < 90%, VME > 1.5%, ME = 5.6%/10%) and
Enterobacter spp. (EA, CA < 90%, VME > 1.5% and ME = 0%), Vitek to colistin for most
genera, and Phoenix to colistin for Enterobacter spp. (EA, CA < 90%, VME > 1.5%,
ME = 0%) were unsatisfactory compared with other genera. The performance of Bio-
kont to polymyxins for Escherichia spp. and Phoenix to colistin for Citrobacter spp.,
Escherichia spp., and Klebsiella spp., which all met the CLSI standard, were satisfactory.
When the susceptibility of mcr-1 positive E. coli was tested, Bio-kont and Phoenix M50
presented excellent performance with no category errors, while Vitek 2 performed a
high VME (25.5%).

Conclusion: With relatively more accurate results for polymyxin B and colistin and
lower VME, Bio-kont has an advantage in polymyxin antimicrobial susceptibility testing,
especially for Escherichia spp., Klebsiella spp., Citrobacter spp. and Acinetobacter spp.

Keywords: antimicrobial susceptibility testing, polymyxin, essential agreement, category agreement, very major
error, major error
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INTRODUCTION

Polymyxin B and polymyxin E (colistin) are components of
antibiotics produced by fermentation of Paenibacillus polymyxa.
Despite the high incidence of nephrotoxicity and neurotoxicity
associated with these agents, the family of polymyxins includes
A, B, C, D, and E (Nation et al., 2014). Polymyxins have gained
more attention in clinical practice due to the high susceptibility
of multidrug-resistant (MDR) Gram-negative bacteria. Colistin
and polymyxin B differ by just one amino acid in the peptide ring
(Nation et al., 2014). Furthermore, polymyxin B is administered
as an active form, while colistin in the form of an inactive
prodrug, colistin methanesulfonate (CMS), which is also known
as colistimethate (Tran et al., 2016).

Colistin or polymyxin B was first used in the 1950s for
treating infections caused by Gram-negative MDR pathogens.
These antibiotics fell out of favor and were replaced by
agents with wider therapeutic indexes and less toxicity (Loho
and Dharmayanti, 2015). The polymyxin class has recently
re-emerged as a last-line agent in the treatment of multi-
drug resistant pathogens non-susceptible to fluoroquinolones,
aminoglycosides, and beta lactams (Bialvaei and Samadi Kafil,
2015). However, limited experience and lack of reliable consensus
guidelines could potentially result in inappropriate use of these
last-line antibiotics by clinicians.

As resistance to polymyxins has posed a great challenge
in the treatment of infectious diseases, rapid and accurate
detection of polymyxin-resistant strains is needed to prevent
and control the outbreak of resistant strains. At present, the
broth microdilution (BMD) method is the standard reference
method for antimicrobial susceptibility testing (AST). However,
the whole procedure is cumbersome and the testing requirements
are strict, so it is rarely performed manually in clinical
practice. At present, VITEK 2 R© COMPACT (BioMérieux) and
PhoenixTM M50 (Becton Dickson Diagnostics) are the most
commonly used AST systems in China. However, these systems
have unsatisfactory performance when utilized to determine
polymyxin susceptibilities. The purpose of this study is to
evaluate the performance of three mainstream antimicrobial
susceptibility systems in China on colistin and polymyxin B and
to select the most accurate one.

MATERIALS AND METHODS

Strains
A total of 257 non-repetitive Gram-negative strains were
collected from clinical cases (202 mcr-1 negative strains) and
livestock (55 mcr-1 positive strains) in China with different
polymyxin MICs, including Escherichia spp. (n = 136), Klebsiella
spp. (n = 27), Citrobacter spp. (n = 23), Enterobacter spp.
(n = 25), Acinetobacter spp. (n = 23), and Pseudomonas spp.
(n = 23). All strains were identified by the Vitek MS MALDI-TOF
(BioMérieux) system.

Antimicrobial Susceptibility Testing
BMD, the gold-standard reference method for AST, was
performed strictly in accordance with the CLSI M7-A10

document (Clinical and Laboratory Standards Institute, 2015).
The minimum inhibitory concentrations (MICs) of colistin or
polymyxin B were measured only when the growth control
was acceptable. Escherichia coli ATCC25922 and Pseudomonas
aeruginosa ATCC27853 were used as quality controls. The
performance of three commercial methods, including VITEK
2 R© COMPACT (BioMérieux) with AST-N335 card (colistin),
PhoenixTM M50 (Becton Dickson Diagnostics) with NMIC-413
card (colistin), and Bio-kont AST System (Wenzhou Bio-kont)
with polymyxin AST card (colistin and polymyxin B) were
evaluated. The AST results of each test strain were considered
accurate only when the MIC results of quality control strains were
in the QC range.

Data Analysis
MICs were analyzed according to the CLSI M100-E30 document
(CLSI, 2020) and EUCAST clinical breakpoints-bacteria (v 10.0)
(EUCAST, 2020). To date, the MIC of 2 mg/L has been the
CLSI intermediate breakpoints of polymyxin B and colistin
for Enterobacteriaceae, Pseudomonas, and Acinetobacter. Given
that there is no breakpoint for the susceptible, results that
were interpreted as “intermediate” were treated as “susceptible”
in order to better calculate ME and VME, which is in
accordance with the EUCAST standard. We interpreted the
results in this manner: susceptible ≤2mg/L, resistance ≥4mg/L
(Humphries et al., 2019).

Using BMD as the reference method, the following parameters
are included in the assessment: Essential agreement (EA) was
defined as a percentage of MICs measured by the system
within± 1 dilution of reference MICs. Category agreement (CA)
represents the percentage of results with the same susceptibility
categorization as BMD. Very major error (VME) stands for
the percentage of false susceptible results compared to BMD.
Major error (ME) means the percentage of false resistant results
compared to BMD. According to CLSI recommendations, a new
system can be acceptable when it meets the standards as follows:
CA≥ 90%, EA≥ 90%, VME≤ 1.5%, and ME≤ 3% (CLSI, 2015).

RESULTS

Antimicrobial Susceptibility Test
The MICs of quality control strains were all within the expected
reference ranges specified by CLSI M100-S30 (CLSI, 2020).
Susceptibilities to polymyxin B and colistin were tested in all 257
strains by BMD. Due to differences in AST cards, both drugs were
not always tested by each system. Susceptibilities to polymyxin B
were not reported by Vitek 2 and Phoenix M50. Due to loss in the
tests, not all strains were reported by each system.

The general agreement between BMD and three AST systems
for polymyxin B and colistin is shown in Figure 1. The
performance of Bio-kont for polymyxin B and colistin both
showed acceptable CAs (both 99.4%) and unacceptable EAs (77.8
and 82.2%, respectively) for susceptible strains identified by
BMD. For resistant strains, the performances resulted in lower
CAs (88.1 and 92.6%, respectively) and improved EAs (89.3 and
93.8%, respectively). The Vitek 2 system performed poorly with
only 86.8% of results classified as CA and 62.6% classified as EA

Frontiers in Microbiology | www.frontiersin.org 2 February 2021 | Volume 11 | Article 610604

https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-11-610604 February 18, 2021 Time: 13:32 # 3

Zhu et al. Evaluation of Polymyxin AST Systems

FIGURE 1 | Scatterplot of three AST methods versus reference MIC obtained from BMD. The BMD MICs have been normalized in the scatterplots of Phoenix M50
and Vitek 2. When compared with Vitek 2, the maximum test limit is ≥ 16 mg/L, while compared with Phoenix M50, it is ≥ 8mg/L. (A) Scatterplot of Bio-kont versus
reference MIC obtained from BMD for polymyxin B. (B) Scatterplot of Bio-kont versus reference MIC obtained from BMD for colistin. (C) Scatterplot of Vitek 2 versus
reference MIC obtained from BMD for colistin. (D) Scatterplot of Phoenix M50 versus reference MIC obtained from BMD for colistin.

TABLE 1 | Comparison of performance characteristics to polymyxin B between Bio-kont AST System and BMD method for the seven genera in the 257 strains.

Total Polymyxin B

Genera Method S R Performance [n (%)]

EA CA VME ME

Acinetobacter spp. BMD 23 22 1

Bio-kont 22 21 1 14 (53.7%) 22 (100%) 0 (0%) 0 (0%)

Pseudomonas spp. BMD 23 18 5

Bio-kont 23 21 2 18 (78.33%) 18 (78.3%) 4 (80%) 1 (5.6%)

Citrobacter spp. BMD 23 22 1

Bio-kont 23 23 0 17 (73.9%) 22 (95.7%) 1 (4.3%) 0 (0%)

Enterobacter spp. BMD 25 10 15

Bio-kont 25 13 12 19 (76.0%) 22 (88.0%) 3 (12.0%) 0 (0%)

Escherichia spp. BMD 136 78 58

Bio-kont 136 80 56 123 (90.4%) 134 (98.5%) 2 (1.5%) 0 (0%)

Klebsiella spp. BMD 27 23 4

Bio-kont 26 22 4 22 (84.6%) 26 (100%) 0 (0%) 0 (0%)

Total BMD 257 173 84

Bio-kont 255 180 75 213 (83.5%) 244 (95.6%) 10 (13.1%) 1 (0.6%)

The interpretation rules: S (susceptible): MIC ≤ 2mg/L, R (resistance) MIC ≥ 4mg/L.
EA (Essential agreement) = NEA

∗100/N.
CA (Category agreement) = NCA

∗100/N.
%VME (Very major error) = NVME

∗100/total isolates resistance by BMD.
%ME (Major error) = NME

∗100/total isolates susceptible by BMD.

compared to the reference method. The performance of Phoenix
M50 was better especially for susceptible strains with 100% results
in both CA and EA. And for resistant strains, CA was 77.8%
and EA was 70.4%.

The detailed statistics of three AST systems for 257 strains to
polymyxin B and colistin are presented in Tables 1, 2.

As for polymyxin B, the Bio-kont AST System showed a
CA ≥ 90% and a ME = 0% for most genera except Pseudomonas
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TABLE 2 | Comparison of performance characteristics to colistin between each of the three AST systems and BMD method for the seven genera in the 257 strains.

Genera Method Total Results Performance [n (%)]

S R EA CA VME ME

Acinetobacter spp. BMD 23 21 2

Bio-kont 22 21 1 19 (86.4%) 21 (95.5%) 1 (50%) 0 (0%)

Vitek 23 23 0 0 (0%) 21 (91.3%) 2 (100%) 0 (0%)

Phoenix 22 22 0 20 (90.1%) 20 (90.9%) 2 (100%) 0 (0%)

Pseudomonas spp. BMD 23 20 3

Bio-kont 23 20 3 19 (82.6%) 19 (82.6%) 2 (66.7%) 2 (10%)

Vitek 23 23 0 4 (17.4%) 20 (87.0%) 3 (100%) 0 (0%)

Phoenix 23 23 0 20 (87.0%) 20 (87.0%) 3 (100%) 0 (0%)

Citrobacter spp. BMD 23 23 0

Bio-kont 23 22 1 15 (65.2%) 22 (95.7%) 0 (0%) 1 (4.3%)

Vitek 23 23 0 14 (60.9%) 23 (100%) 0 (0%) 0 (0%)

Phoenix 23 23 0 23 (100%) 23 (100%) 0 (0%) 0 (0%)

Enterobacter spp. BMD 25 10 15

Bio-kont 25 13 12 19 (76.0%) 22 (88.0%) 3 (20.0%) 0 (0%)

Vitek 25 24 1 8 (32%) 11 (44.0%) 14 (93.3%) 0 (0%)

Phoenix 25 23 2 12 (48%) 12 (48.0%) 13 (86.7%) 0 (0%)

Escherichia spp. BMD 136 79 57

Bio-kont 136 79 57 129 (94.9%) 136 (100%) 0 (0%) 0 (0%)

Vitek 136 94 42 122 (89.7%) 121 (89.0%) 15 (26.3%) 0 (0%)

Phoenix 136 79 57 136 (100%) 136 (100%) 0 (0%) 0 (0%)

Klebsiella spp. BMD 27 23 4

Bio-kont 26 22 4 20 (76.9%) 26 (100%) 0 (0%) 0 (0%)

Vitek 27 23 4 17 (63.0%) 27 (100%) 0 (0%) 0 (0%)

Phoenix 26 22 4 26 (100%) 26 (100%) 0 (0%) 0 (0%)

Total BMD 257 176 81

Bio-kont 255 177 78 221 (86.7%) 246 (96.5%) 6 (7.2%) 3 (1.7%)

Vitek 257 210 47 165 (64.2%) 223 (86.8%) 34 (41.0%) 0 (0%)

Phoenix 255 192 63 237 (92.9%) 237 (92.9%) 18 (21.7%) 0 (0%)

The interpretation rules: S (susceptible): MIC ≤ 2mg/L, R (resistance) MIC ≥ 4mg/L.
EA (Essential agreement) = NEA

∗100/N.
CA (Category agreement) = NCA

∗100/N.
%VME (Very major error) = NVME

∗100/total isolates resistance by BMD.
%ME (Major error) = NME

∗100/total isolates susceptible by BMD.

spp. and Enterobacter spp. However, immense diversity in
EA was observed from 53.7 to 90.4% and high VMEs were
showed in Pseudomonas spp. (80%), Citrobacter spp. (4.3%),
and Enterobacter spp. (12%). The only species meeting the
requirement of an acceptable system (CA = 90.4%, EA = 98.5%,
VME = 1.5%, and ME = 0%) was Escherichia spp. against
polymyxin B. EA for strains of Acinetobacter spp. for polymyxin
B was merely 53.7%, though with high CA of 100%. The MICs of
these strains tested by Bio-kont AST System are generally lower
than those of BMD. The total EA rate of Bio-kont for polymyxin
B was 83.5%, while the CA rate was 95.6%. Additionally, several
VMEs (13.1%) and few ME (0.6%) were observed. CA and ME of
Bio-kont met the required standards, and EA and VME did not
meet the standards.

As for colistin, compared with BMD, the total EA was
86.7% for Bio-kont, 64.2% for Vitek 2, and 92.9% for Phoenix
M50. Among the three AST systems, Vitek 2 showed the worst
performance with the lowest EAs for each genus tested in the

study, especially in Acinetobacter spp., Pseudomonas spp., and
Enterobacter spp. In general, Phoenix M50 presented better EAs,
followed by Bio-kont. The total CA was 96.5% for Bio-kont,
86.8% for Vitek 2 and 92.9% for Phoenix M50. Of particular
attention, the systems yielded numerous VMEs: 7.2% for Bio-
kont, 41.0% for Phoenix M50, and 21.7% for Vitek 2, mainly
in Acinetobacter spp., Pseudomonas spp. and Enterobacter spp.
along with a high VME (26.3%) from Vitek 2 in Escherichia
spp. Very limited ME rates of 1.7% from Bio-kont and 0%
from both Vitek 2 and Phoenix M50 were observed. The
respective MEs were all 0% except Pseudomonas spp. from
Bio-kont (10%) and Citrobacter spp. from Bio-kont (4.3%).
On the whole, only the EA of Phoenix M50, CAs of Bio-
kont and Phoenix M50, and MEs of three systems met the
required standards.

To be more specific, although CAs were all >90%, the
particularly high VMEs of Acinetobacter spp. from three
systems were worth exploring. Additionally, the performance
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characteristics of Pseudomonas spp. to colistin were barely
satisfactory with low EAs (Bio-kont 82.6%, Vitek 2 17.4%,
Phoenix M50 87.0%), low CAs (Bio-kont both 82.6%, Vitek
2 and Phoenix M50 both 87.0%), and high VMEs (Bio-kont
66.7%, Vitek 2 and Phoenix M50 both 100%) and MEs (Bio-kont
10%, Vitek 2 0%, Phoenix M50 0%). The similar unsatisfactory
performance of Enterobacter spp. to colistin was presented (low
EAs: Bio-kont 76.0%, Vitek 2 32%, Phoenix M50 48%, low CAs:
Bio-kont 88.0%, Vitek 2 44.0%, Phoenix M50 48.0%; high VMEs:
Bio-kont 20.0%, Vitek 2 93.3%, Phoenix M50 86.7%).

The EAs for Escherichia spp. to colistin were highest (Bio-kont
94.9%, Vitek 2 89.7%, Phoenix M50 100%). No VMEs or MEs for
Escherichia spp. to colistin from Bio-kont and Phoenix M50 were
observed to have fully consistent agreement with BMD, which
indicated the agreement of Bio-kont and Phoenix M50 with the
rules (CA ≥ 90%, EA ≥ 90%, VME ≤ 1.5%, ME ≤ 3%).

Except for EAs, the performance characteristics of Vitek 2
and Phoenix M50 were similar in terms of colistin in three
genera (for Acinetobacter spp.: CA ≥ 90%, VME = 100%, and
ME = 0%; for Citrobacter spp. and Klebsiella spp.: CA = 100%,
VME = 0%, ME = 0%).

In all, Bio-kont presented the best performance in the
tested genus. However, the performance of Pseudomonas
spp. and Enterobacter spp. requires further research and a
larger sample size.

Detection of mcr-1 Gene and
Performance Evaluation on
mcr-1-Positive/Negative Strains
Among 257 Gram-negative bacteria strains, 55 strains were
positive for mcr-1 gene and all of them were E. coli. As mcr-1 gene
strongly indicates the resistance of colistin and polymyxin B, the
susceptibilities of 55 mcr-1-positive strains are verified according

to BMD. The MIC distribution of 55 E. coli strains is as follows.
For polymyxin B, the MICs of 45 mcr-1-positive strains were
4 mg/L and those of 10 strains were 8 mg/L. For colistin, the MICs
of 12 strains were 4 mg/L and those of 43 strains were 8 mg/L. All
mcr-1-positive strains were low-level resistant to colistin (MIC:
4–8 mg/L) and polymyxin B (MIC: 4–8 mg/L). These strains
can be classified as colistin-resistant and polymyxin B-resistant
strains according to either CLSI standard document (CLSI, 2020)
or EUCAST standard (EUCAST, 2020), which corresponds to the
genomic explanation.

Utilizing BMD as standard, the performance of three AST
systems for 55 mcr-1 positive E. coli strains and other mcr-
1-negative strains to polymyxin B and colistin are presented
in Table 3.

Compared with BMD, Bio-kont system and Phoenix M50
system presented excellent performance with no category errors
when the susceptibility of mcr-1-positive E. coli was tested. It
was worth noting that high VME rates (14/55, 25.5%) were
observed from Vitek 2 system in mcr-1-positive E. coli strains.
As for mcr-1-negative strains, each system showed acceptable
rates of CA with several errors. The performance of Bio-
kont was better than the other two systems with fewer errors.
Noticeably high error rates were presented in both Vitek 2
system and Phoenix M50 system in mcr-1-negative strains. In
conclusion, influence from mcr-1 gene to Bio-kont and Phoenix
M50 is minor, while that to Vitek 2 maybe need more data
for analysis.

DISCUSSION

In this study, we evaluated the performance of three systems:
Vitek 2, Phoenix M50, and Bio-kont. Vitek 2 and Phoenix M50

TABLE 3 | Comparison of performance characteristics to colistin and polymyxin B between each of the three AST systems and BMD method for strains of different
mcr-1 genetic conditions.

mcr-1 gene Method Total S R Performance [n (%)]

EA CA VME ME

Polymyxin B + BMD 55 0 55

Bio-kont 55 0 55 55 (100%) 55 (100%) 0 (0%) 0 (0%)

Colistin + BMD 55 0 55

Bio-kont 55 0 55 55 (100%) 55 (100%) 0 (0%) 0 (0%)

Vitek 55 14 41 47 (85.5%) 41 (74.5%) 14 (25.5%) 0 (0%)

Phoenix 55 0 55 55 (100%) 55 (100%) 0 (0%) 0 (0%)

Polymyxin B - BMD 202 173 29

Bio-kont 200 180 20 158 (79.0%) 189 (94.5%) 10 (50%) 1 (0.6%)

Colistin - BMD 202 174 28

Bio-kont 200 174 23 166 (83%) 191 (95.5%) 6 (21.4%) 3 (1.7%)

Vitek 202 196 6 118 (58.4%) 182 (90.1%) 20 (71.4%) 0 (0%)

Phoenix 200 192 8 182 (91%) 182 (91.0%) 18 (64.3%) 0 (0%)

The interpretation rules: S (susceptible): MIC ≤ 2mg/L, R (resistance) MIC ≥ 4mg/L.
EA (Essential agreement) = NEA

∗100/N.
CA (Category agreement) = NCA

∗100/N.
%VME (Very major error) = NVME

∗100/total isolates resistance by BMD.
%ME (Major error) = NME

∗100/total isolates susceptible by BMD.
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are two of the most commonly used AST systems in China
while Bio-kont is a newly developed Chinese system that has
obtained a marketing license. A joint EUCAST and CLSI
polymyxin breakpoint working group recommended standard
BMD as the reference method for the MIC testing of colistin
(Carretto et al., 2018; Tsuji et al., 2019). However, diversity
in instrument manufacturers, software stability, and even AST
panels with different concentration gradients could make a
difference in MIC results. With the preclinical PK/PD, clinical
PK/TD, and MIC distribution data reviewed, the category of
susceptibility was deemed to be inappropriate by CLSI, and
an intermediate-only category was established as this category
identifies isolates “that approach usually attainable blood and
tissue levels and/or for which response rates may be lower than
for susceptible isolates” (CLSI, 2020; Satlin et al., 2020). The
absence of a susceptible category of the CLSI standard (CLSI,
2020) promoted us to cast light on the analysis referred to
EUCAST standard (EUCAST, 2020).

Based on our study, none of the systems in this study met the
standards for colistin and polymyxin B AST compared to BMD.
Generally, Bio-kont was the most satisfactory system with the
highest CA and least errors; it was followed by Phoenix M50,
which had higher EA (92.9%), acceptable CA (92.9%), but more
errors (21.7%). Vitek 2 showed the worst performance with low
EA (64.2%), unacceptable CA (86.8%), and unexpectedly high
VME (41.0%). The performances of the Vitek 2 and Phoenix M50
systems for colistin susceptibility test have been estimated before
by Vourli et al. with a similar CA as this study (89.7% vs. 86.8%
for Vitek 2 and 88.9% vs. 92.9% for Phoenix M50) (Vourli et al.,
2017). In a study conducted by Ka Lip Chew et al., a VME rate of
36% for colistin testing by Vitek 2 was demonstrated (Chew et al.,
2017). However, research into the Bio-kont system is limited as it
is mainly applied in China. The evolution results of this system in
this study has proved that this system—with satisfactory CA and
an acceptable error rate—has better promotion value.

The problem of considerable errors in the detection of
Pseudomonas spp. and Enterobacter spp. existed in all systems. In
terms of Pseudomonas spp., the MICs of these error-prone strains
were 4 mg/L which were interpreted as ATU (EUCAST) or R—the
dividing value (CLSI). It is worth mentioning that the error-prone
Enterobacter spp. strains tested by Vitek 2 and Phoenix M50 were
all highly resistant to colistin (MIC>64 mg/L). False susceptibility
in polymyxin B for Enterobacteriaceae from Vitek 2 and Phoenix
M50 has been reported before, which was suspected to be the
result of a smaller inoculum size effect (Doern et al., 2011; Lat
et al., 2011; Bobenchik et al., 2015; Zhou et al., 2018). Currently,
the CLSI still felt it important to acknowledge that available data
suggested limited clinical effectiveness of the polymyxins for the

Enterobacterales, P. aeruginosa, and Acinetobacter spp. (Satlin
et al., 2020). The results of this study require validation through
further research.

The notable errors in Escherichia spp. from Vitek 2 were
mainly from mcr-1-positive strains. In 2017, colistin was formally
forbidden from animal feeds in China (China, 2017). Whether
poor reliability of colistin susceptibility testing by Vitek 2 for
mcr-1-positive E. coli is an objective existence or an occasional
occurrence remains unknown.

Meanwhile, it could be observed that the MICs of colistin in
several susceptible isolates tested by the Vitek 2 system were one-
to two-fold dilutions lower than those of BMD, indicating that
strains classified as S and I by Vitek 2 system should be verified
by BMD (Vourli et al., 2017). More studies are needed to further
interpret the poor performance of systems and to support the
interpretation of AST results.
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