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The commercial SuperPolymyxin medium (ELITechGroup, Puteaux, France), currently licensed in Europe, is
aimed to screen for either intrinsic or acquired colistin resistance in Gram negatives. It was tested for screening
colistin-resistant Gram-negative rods from bacterial cultures of 145 colistin-resistant and 86 colistin-susceptible
Gram-negative rods isolates. It exhibited a sensitivity and specificity of 95.2% (138/145) and 95.3% (82/86),
respectively. The sensitivity for the detection of the 25 isolates carrying plasmid-mediated colistin resistance
genes (mcr-1, mcr-2, mcr-3, and mcr-4) from bacterial cultures was of 100%. It was also evaluated for the
detection of colistin-resistant Gram-negative rods from 57 rectal swab samples (41 clinical rectal swab samples
and from 16 spiked rectal swab samples supplemented with colistin-resistant enterobacterial isolates carrying
mcr genes). The overall sensitivity and specificity were of 100% (33/33) and 90.3% (56/62), respectively. The
detection of isolates carrying plasmid-mediated mcr-like genes from rectal swabs was achieved with a lowest
detection limit of 103 to 104 CFU/mL. The SuperPolymyxin medium is adapted for screening and detection of
colistin-resistant isolates from bacterial cultures and rectal swab samples, regardless of the level and the
mechanism of colistin resistance. It might be useful in the context of prevention of outbreaks due to colistin-
resistant isolates and for epidemiological surveillance.

1. Introduction

The recently recognized global distribution of a self-transferable
plasmid-borne colistin resistance determinant (mcr-1 gene) (Liu et al.,
2015; Poirel et al., 2017) raises a substantial public health concern be-
cause it fears a silent dissemination of this resistant trait. Horizontal
transfers may therefore occur with this resistance trait by contrast to
those resulting from chromosomal mutation. Once acquired by
multidrug-resistant Gram-negative bacteria, it further limits treatment
options for infected patients.

In this context, the European Centre for Disease Prevention and
Control (ECDC) published on June 2016 released risk assessment caused
by plasmid-mediated colistin resistance (www.ecdc.europa.eu). To re-
duce identified risks, it is proposed to improve laboratory detection of

colistin resistance and in particular mcr genes detection, and to addi-
tionally initiate or further improve surveillance studies. ECDC recom-
mends “to gather more information on the extent of the spread and
the prevalence of gram-negative bacteria carrying the mcr-1 gene in
human and animal microbiomes”, and “to perform sentinel testing
surveys”. In health care facilities affected by sporadic cases or epidemic
outbreaks of carbapenem-resistant and other multidrug-resistant
Enterobacteriaceae, the recommendation is to perform “colistin suscepti-
bility testing followed by PCR detection of the mcr-1 gene in colistin-
resistant isolates to ascertain the introduction of the mcr-1 gene into
their facility and ensure its containment by enhancing control measures
such as contact isolation precautions, single-room isolation or cohorting”.

In the meantime, several other plasmid-mediated colistin resistance
genes (mcr-2 (Xavier et al., 2016), mcr-3 (Yin et al., 2017), mcr-4
(Carattoli et al., 2017), and mcr-5 (Borowiak et al., 2017) have also
been reported in Europe and China, suggesting that many plasmid-
mediated determinants might be responsible for colistin resistance. It
is therefore problematic to rely only on molecular-based techniques
for detection of plasmid-mediated colistin resistance, which detect
only the previously identified genes.
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Moreover, susceptibility testing to colistin is currently challenging
because the phenotypic methods usually used in routine laboratories
for testing antimicrobials such as disk diffusion method and E-test sys-
tem are not reliable for testing colistin susceptibility (Humphries,
2014). The broth microdilution reference method recommended by
EUCAST (www.eucast.org) is often not implementable in routine prac-
tice because it requires manual preparation leading to risks of errors
and qualified technicians, and is time consuming (Humphries, 2014).

Recently, the SuperPolymyxin screening medium was developed to
detect acquired and intrinsic colistin-resistant Gram-negative rods
from either bacterial colonies or clinical samples (Nordmann et al.,
2016).

The objective of this studywas to implement protocols for screening
of colistin-resistant Gram-negative rods from bacterial colonies
and from rectal swab samples using a commercial version of the
SuperPolymyxin medium (ELITechGroup, Puteaux, France).

2. Material and Methods

2.1. Colistin susceptibility testing with the BMD reference method

The BMD method was performed according to the EUCAST guide-
lines (www.eucast.org). Briefly, BMDpanels were prepared extempora-
neously in 96-well sterile polystyrene microplates (Sarstedt,
Nümbrecht, Germany). Dilutions of colistin (Sigma Aldrich, St Louis,
MO, USA) ranging from 0.12 to 128 μg/mL were made in cation-
adjusted MH broth (Bio-Rad, Marnes-la-Coquette, France), without
any addition of polysorbate 80 (Tween 80). A final concentration of
5.105 CFU/mL of bacteria was added in each well, and the minimum
inhibitory concentrations (MICs) were read after 16 to 20 hours of
incubation at 35 ± 2 °C in ambient air. Results were interpreted
according to the EUCAST breakpoints; that is, isolates with MICs of
colistin ≤2 μg/mL were categorized as susceptible, and those with
MICs N2 μg/mL were categorized as resistant. Colistin-susceptible
ATCC 25922 Escherichia coli and ATCC 27853 Pseudomonas aeruginosa
strains were included in all the experiments.

2.2. Molecular genotyping for colistin resistance

Colistin-resistant enterobacterial isolates were screened for
plasmid-mediated colistin resistance mcr-1, mcr-2, mcr-3, mcr-4, and
mcr-5 genes as described previously (Borowiak et al., 2017; Carattoli
et al., 2017; Liu et al., 2015; Poirel et al., 2017; Xavier et al., 2016; Yin
et al., 2017). Chromosomally encoded mutations in genes responsible
for colistin resistance (pmrA, pmrB, phoP, phoQ, mgrB, and crrB genes)
were also searched as described previously (Beceiro et al., 2011;
Cheng et al., 2016; Jayol et al., 2015b; Lee and Ko, 2014; Poirel et al.,
2014; Quesada et al., 2015; Sun et al., 2009).

2.3. Detection of colistin resistance from bacterial colonies with the
SuperPolymyxin medium

Two hundred thirty-five bacterial isolates were tested, including 2
Gram-positive bacteria, 2 yeasts, 145 colistin-resistant, and 86
colistin-susceptible Gram-negative rods (Table S1). Among the 145
colistin-resistant isolates, 20were of genus naturally resistant to colistin
(Proteus, Providencia,Morganella, Serratia, andHafnia), 21were of genus
inconstantly susceptible to colistin (Enterobacter, Stenotrophomonas,
Achromobacter), and 104 presented acquired resistance to colistin
(Escherichia, Klebsiella, Salmonella, Pseudomonas, Acinetobacter). Identi-
fication was performed using the Microflex bench-top MALDI-TOF
mass spectrometer (Brücker, Champs-sur-Marne, France).

The commercial version of the homemade SuperPolymyxin selective
mediumwas used for that study (ELITechMICROBIO, Signes, France). To
avoid inoculum effect, bacterial colonies were not streak directly onto
the medium. A bacterial suspension with an optical density of 0.5

McFarlandwas prepared into sterile 0.9% NaCl and then 10-fold diluted.
Ten microliters of this dilution was then transferred with a 10-μL cali-
brated loop and streaked onto the medium with a rake. The inoculated
plates were visually inspected after 24 and 48 hours of incubation at
35 ± 2 °C to evaluate bacterial growth. The isolates were interpreted
as colistin resistant if they grew on the SuperPolymyxin medium,
while they were interpreted as colistin susceptible if they did not
grow on this medium.

The results obtained with the SuperPolymyxin medium after
48 hours of incubationwere compared to those obtainedwith the refer-
ence BMD method. Discrepancies of the medium were determined to
assess its performance to detect colistin resistance. In case of discrep-
ancy, the isolates were retested twice (3 assays for each test), and re-
sults obtained were considered for performance calculations. Unsolved
discrepancies were then maintained in the database for performance
evaluation. Errors were ranked as follows: a very major error was de-
fined when isolates did not grow on the SuperPolymyxin medium
after 48 hours of incubation at 35 ± 2 °C but exhibited MIC N2 μg/mL
by the BMD method (false-susceptible result), whereas a major error
was defined when isolates grew on the SuperPolymyxin medium after
24 or 48 hours of incubation at 35 ± 2 °C but exhibited MICs ≤2 μg/mL
by the BMDmethod (false-resistant result). The number of resistant iso-
lates and the number of susceptible isolates were used as denominators
for very major error and major error calculations, respectively.

2.4. Determination of the lowest limit of detection of the SuperPolymyxin
medium

Ten isolates were tested, including 5 colistin-resistant and 5 colistin-
susceptible Gram-negative rods (Table 1). Using an inoculum with an
optical density of 0.5 McFarland standard (inoculum of ≈108 CFU/
mL), serial 10-fold dilutions of the isolates were made in sterile 0.9%
NaCl, and 100-μL portions were plated onto the SuperPolymyxin me-
dium. To quantify the viable bacteria in each dilution, Luria Bertani
agar plates were inoculated concomitantly with 100 μL of suspension
and were incubated overnight at 35 ± 2 °C. The number of viable colo-
nies was counted after 24 and 48 hours of culture at 35± 2 °C. The sen-
sitivity and specificity cutoff values were set at 103 CFU/mL; that is, a
limit value of 103 CFU/mL and above was considered not efficiently de-
tected (Nordmann et al., 2012).

2.5. Detection of fecal carriage of colistin-resistant isolates

Forty-one rectal swabs from 41 patients hospitalized in various clin-
ical settings at the Bordeaux University Hospital, France, were tested
(Table 2). Rectal swabs were inoculated into 1 mL of BD ESwab trans-
port medium (Becton-Dickinson, Le-Pont-de-Claix, France). Ten micro-
liters of the inoculated medium was then transferred with a 10-μL
calibrated loop onto the SuperPolymyxin plate and streak with a rake
to avoid inoculum effect. To determine the performance of the
SuperPolymyxin agar medium, an Eosine Methylene Blue (EMB) plate
was streak in parallelwith the same protocol. The plateswere incubated
for 48 hours at 35 ± 2 °C and visually inspected at 24 and 48 hours to
evaluate the bacterial growth. Each aspect of colony growing on the 2
plates (the SuperPolymyxin selective medium and the EMB nonselec-
tive medium) was identified using the Microflex bench-top MALDI-
TOF mass spectrometer (Brücker). MICs of colistin of Gram-negative
isolates growing on the plates were determined by broth microdilution
reference method as described previously (Nordmann et al., 2016), and
the results were interpreted according to EUCAST guidelines (www.
eucast.org). Each aspect of enterobacterial isolates of genus usually sus-
ceptible to colistin (i.e., Escherichia, Citrobacter, Pseudomonas) that grew
on the SuperPolymyxin medium was restreak onto another
SuperPolymyxin plate for confirmation. For this purpose, the isolate
was diluted into 0.9% NaCl (to avoid inoculum effect) until obtaining a
density of 0.5 McFarland, and 10 μL of this dilutionwas then transferred
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and streak onto the SuperPolymyxin medium with a rake. The plates
were read after 48 hours of incubation at 35 ± 2 °C.

2.6. Performance of the SuperPolymyxin medium to detect plasmid-
mediated colistin resistant isolates from spiked rectal swab samples

Sixteen spiked rectal swab samples were also tested, containing a
series of enterobacterial isolates possessing plasmid-mediated colistin
resistance determinants (13 mcr–1, 1 mcr–2, 1 mcr–3-like, and 1 mcr-
4–like positive isolates) (Table 3). Using an inoculum with a density of
0.5 McFarland (inoculum of ≈108 CFU/mL), serial 10-fold dilutions of
the isolates were made in sterile 0.9% NaCl. Spiked rectal swab samples
were made by adding 100 μL of each strain dilution to 900 μL of rectal
swab transport medium that was obtained from a healthy volunteer.
The plates were streak as described previously. To verify that rectal
swab medium did not originally contain colistin-resistant isolates,
100 μL of a nonspiked rectal swab medium was also streak onto the
SuperPolymyxinmedium (negative control). The plates were incubated
at 35 ± 2 °C and the lowest limits of detection were determined after
48 hours of growth.

3. Results and Discussion

3.1. Detection of colistin resistance from bacterial colonies with the
SuperPolymyxin medium

The features of the 235 bacterial isolates included in this study to
evaluate the performance of the SuperPolymyxin medium are summa-
rized in Table S1. The 145 colistin-resistant isolates of Gram-negative
rods used in this study presented various levels of resistance (MICs
ranging from 4 to N128 μg/mL by BMD reference method) (Table S1).
The tested isolates exhibited various genotypes conferring colistin
resistance, that is, related to various chromosomal mutations, and/
or acquisition of plasmid-mediated genes (mcr-1, mcr-2, mcr-3, and
mcr-4 genes) (Table S1). The discrepancies and the performance of
the SuperPolymyxin medium to test colistin susceptibility are pre-
sented in Table 4.

3.1.1. Gram-positive and yeast isolates
The selectivity of the SuperPolymyxin medium was good since no

Gram-positive bacteria and yeast grew on the medium.

3.1.2. Gram-negative rods isolates with natural resistance to colistin
Out of the 20 isolates exhibiting intrinsic resistance to colistin, 19

grew on the SuperPolymyxin medium (sensitivity of 95%). A single
Hafnia alvei isolate (MIC of colistin at 8 mg/L) was not detected. We
speculated that this false-negative result might be related to an
heteroresistant phenotype of the strain, and determination of the MIC

of colistin by using an E-test strip confirmed that hypothesis by showing
2 subpopulations, 1 resistant and 1 susceptible (Jayol et al., 2015a).

3.1.3. Gram-negative isolates with inconstant susceptibility to colistin
Three of the 11 colistin-resistant Enterobacter spp. isolates were not

detected (sensitivity of 72.7%). Failures to detect colistin-resistant En-
terobacter cloacae isolates in that case might also be related to a
heteroresistant phenotype. Indeed, intrinsic heteroresistance in some
E. cloacae clusters has previously been described (Guerin et al., 2016).
In that latter study, it was shown that heteroresistant isolates could be
observed only on a plate seeded with a high inoculum, considering
that the colistin-resistant subpopulation is lower than the colistin-
susceptible subpopulation. Accordingly, among the 8 E. cloacae isolates
that grew on the medium in our study, less than 10 colonies did grow
on the plate for 3 isolates (Guerin et al., 2016). No false resistance was
observed with E. cloacae isolates.

Out of the 9 colistin-resistant Stenotrophomonas maltophilia isolates
tested, 8 were detected with the SuperPolymyxin medium (sensitivity
of 89%). Noteworthy, 6 isolates grew only after 48 hours of incubation,
confirming that a delay of incubation N24 hours is required, in particular
for that species. Out of the 12 colistin-susceptible S. maltophilia isolates
tested, 11 did not grow on the SuperPolymyxin medium (specificity of
92%). The single colistin-susceptible S. maltophilia isolate growing on
the medium actually presented an MIC at 1 μg/mL which is just below
the breakpoint.

Finally, only a single colistin-resistant A. xylosoxidans isolate was
tested, and it was well detected with the SuperPolymyxin medium.

3.1.4. Gram-negative isolates with acquired resistance to colistin
Most carbapenemase-producing enterobacterial isolates belong to

E. coli and Klebsiella pneumoniae species. Evaluating their susceptibility
to colistin is therefore of utmost importance. Here we confirmed the
excellent performance of the SuperPolymyxinmedium for categorization
of isolates belonging to these 2 species, with both sensitivity and specific-
ity being at 100%. Noteworthy, a single colistin-resistant K. pneumoniae
isolate possessing mutations in the MgrB protein grew only after
48 hours of incubation. It is worth highlighting that the 22 isolates carry-
ing plasmid-mediated colistin resistance genes grew within 24 hours.

Three Salmonella sp. isolates carrying plasmid-mediated colistin re-
sistance (mcr-1 or mcr-4) grew on the medium, but a single colistin-
resistant Salmonella isolatewhosemechanismof resistance remains un-
known was falsely identified as susceptible.

All the colistin-resistant P. aeruginosa isolates grew on the
SuperPolymyxin medium after 24 hours of incubation, except a single
isolate that grew after 48 hours (sensitivity of 100% at 48 hours).
Three of the 27 colistin-susceptible P. aeruginosa isolates grew on the
SuperPolymyxin medium and were thus falsely detected as colistin re-
sistant (specificity of 89%). Those latter isolates exhibited MICs of 1 or
2 μg/mL, just below the breakpoint for colistin (4 μg/mL).

Table 1
Lowest limit of detection of the SuperPolymyxin agar medium.

Strains Species Origin MIC of colistin (μg/mL) Colistin profilea Genotype Lowest detection limit (CFU/mL)b

LECL K. pneumoniae France 16 R mgrB gene truncated by IS903b-like 101

BOUJ E. coli France 8 R Plasmid-mediated mcr-1 gene 101

136 S. enterica Spain 4 R Plasmid-mediated mcr-4–like gene 101

15,308 P. aeruginosa France 64 R – 101

Aba6 A. baumannii Switzerland N128 R PmrB G260D 101

Reference K. pneumoniae ATCC 53153 0.25 S / N107

Reference E. coli ATCC 25922 0.25 S / N107

CATH E. cloacae France 0.5 S / 106

Reference P. aeruginosa ATCC 27853 1 S / 5.105

Aba2 A. baumannii Switzerland ≤0.12 S / 107

– means "not determined"; / means "not applicable".
a R = resistant; S = susceptible.
b The growth of the isolates on the SuperPolymyxin medium was similar at 24 and 48 hours.
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Table 2
Comparative growths on the nonselective Eosine Methylene Blue medium (EMB) and the selective SuperPolymyxin (SP) medium from clinical rectal swab samples.

Sample Bacterial species growing on the EMB medium at 48 h Colistin profile Growth on the SP
medium at 48 ha

Growth after restreaking
on the SP medium

Species MIC of colistin by
BMD (μg/mL)

1 E. coli ≤0.12 S −
E. faecalis ND NA −

4 E. coli ≤0.12 S −
K. pneumoniae ≤0.12 S −
S. aureus ND NA −

9 E. coli ≤0.12 S −
P. aeruginosa 0.5 S −
E. faecalis ND NA −
E. faecium ND NA −

10 E. coli ≤0.12 S −
11 E. coli ≤0.12 S −

P. aeruginosa 0.5 S −
E. faecium ND NA −
E. hirae ND NA −

13 Staphylococcus spp. ND NA −
E. faecalis ND NA −
Candida spp. ND NA −

16 E. coli ≤0.12 S −
K. pneumoniae ≤0.12 S −

17 E. coli ≤0.12 S −
19 E. coli ≤0.12 S −
20 Candida spp. ND NA −
21 E. coli 0.25 S −

K. pneumoniae ≤0.12 S −
E. faecalis ND NA −

22 E. coli 0.25 S −
E. faecalis ND NA −

23 Candida spp. ND NA −
24 P. mirabilis N128 R + (N100 colonies)

K. oxytoca ≤0.12 S −
E. faecalis ND NA −

25 P. aeruginosa 1 S −
E. faecalis ND S −

26 P. stuartii N128 R + (2 colonies)
H. alvei 8 R + (1 colony)
E. coli ≤0.12 S −
E. faecium ND NA −

27 P. mirabilis N128 R + (N100 colonies)
C. freundii ≤0.12 S + (2 colonies) No
E. coli ≤0.12 S −

28 P. mirabilis N128 R + (N100 colonies)
S. maltophilia 8 R + (N100 colonies)
E. faecium ND NA −

29 P. vulgaris N128 R + (2 colonies)
E. coli ≤0.12 S + (1 colony) No
E. faecalis ND NA −

30 E. coli ≤0.12 S −
K. pneumoniae ≤0.12 S −
E. cloacae ≤0.12 S −

31 P. mirabilis N128 R + (N100 colonies)
E. coli ≤0.12 S −
E. faecalis ND NA −

32 E. coli ≤0.12 S −
P. aeruginosa 2 S + (N100 colonies) Yes (1 colony)
E. faecalis ND NA −

33 E. coli ≤0.12 S −
E. faecium ND NA −

34 E. coli ≤0.12 S −
E. faecalis ND NA −

35 C. freundii ≤0.12 S + (6 colonies) No
E. cloacae ≤0.12 S −

36 C. freundii 0.5 S
E. faecalis ND NA −

37 E. coli 0.25 S
K. pneumoniae 1 S
P. aeruginosa 1 S
Comamonas herstersii 8 R + (6 colonies)
Acinetobacter junii 8 R + (2 colonies)
E. faecalis ND NA −

39 E. durans ND NA −
40 P. mirabilis N128 R + (N100 colonies)

E. coli 0.5 S
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Table 2 (continued)

Sample Bacterial species growing on the EMB medium at 48 h Colistin profile Growth on the SP
medium at 48 ha

Growth after restreaking
on the SP medium

Species MIC of colistin by
BMD (μg/mL)

K. pneumoniae 0.25 S
E. cloacae 0.25 S −
E. faecalis ND NA −
S. haemolyticus ND NA −

41 H. alvei 8 R + (5 colonies)
E. coli 0.25 S −
Enterobacter spp. 1 S −

42 C. freundii 0.5 S −
E. faecalis ND NA −

43 P. aeruginosa 1 S
A. junii 4 R + (20 colonies)
E. faecalis ND NA −
Staphylococcus spp. ND NA −

45 E. coli 0.5 S −
K. pneumoniae 0.25 S −
P. aeruginosa 1 S + (N100 colonies) No

46 P. putida 0.5 S −
47 E. coli 0.25 S −

K. pneumoniae 0.5 S −
C. freundii 0.25 S −
Acinetobacter spp. 1 S −

48 E. coli 0.25 S −
49 M. morganii N128 R + (N100 colonies)

P. rettgeri N128 R + (N100 colonies)
E. coli 0.25 S −
K. pneumoniae 0.5 S −
E. faecalis ND NA −
S. haemolyticus ND NA −

50 K. pneumoniae 0.5 S −
H. alvei 8 R + (4 colonies)
E. casseliflavus ND NA −

52 P. mirabilis N128 R + (N100 colonies)
E. coli 0.25 S −
Comamonas herstersii 0.25 S −
E. faecalis ND NA −

53 E. coli 0.25 S −
K. pneumoniae 0.25 S −

54 E. coli 0.25 S + (1 colony) No
C. freundii 0.5 S −
K. pneumoniae 0.5 S −
E. cloacae 0.5 S −
P. aeruginosa 1 S −
Rothia terrae ND NA −

ND = not determinate; NA = not applicable; + = growth; − = absence of growth.
Colistin-resistant isolates (MIC N2 mg/L) are in bold font.
Discordant results compared to broth microdilution method are shaded in gray.

a Same results at 24 hours, except for the samples 41 and 50 for H. alvei that did not grow on the SuperPolymyxin medium after 24 hours of incubation but grew at 48 hours.

Table 3
Lowest limits of detection of the SuperPolymyxin medium for isolates presenting plasmid-mediated colistin resistance in spiked rectal swab samples.

Strains Species Origin Genotype MIC of colistin (μg/mL) Lowest limit of detection (CFU/mL)a

MALB K. pneumoniae France Plasmid-mediated mcr-1 gene 8 102

BOUJ E. coli France Plasmid-mediated mcr-1 gene 8 102

SOLAN E. coli France Plasmid-mediated mcr-1 gene 8 102

Af23 E. coli South Africa Plasmid-mediated mcr-1 gene 8 102

Af24 E. coli South Africa Plasmid-mediated mcr-1 gene 4 102

Af31 E. coli South Africa Plasmid-mediated mcr-1 gene 8 102

Af40 E. coli South Africa Plasmid-mediated mcr-1 gene 8 102

Af45 E. coli South Africa Plasmid-mediated mcr-1 gene 8 102

Af48 E. coli South Africa Plasmid-mediated mcr-1 gene 8 102

Af49 E. coli South Africa Plasmid-mediated mcr-1 gene 16 102

41,331 E. coli France Plasmid-mediated mcr-1 gene 8 102

BELG E. coli Belgium Plasmid-mediated mcr-2 gene 4 103

I112 E. coli France Plasmid-mediated mcr-3–like gene 4 103

136 S. enterica Spain Plasmid-mediated mcr-4–like gene 4 102

237 S. enterica Spain Plasmid-mediated mcr-1 gene 16 102

ANTU S. enterica France Plasmid-mediated mcr-1 gene 8 102

a CFU/mL of rectal swab samples.
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Out of 13 colistin-resistant Acinetobacter baumannii isolates tested,
only a single isolate with an MIC at 128 μg/mL did not grow. All the
colistin-susceptible isolates were well categorized and therefore corre-
sponding to a sensitivity and specificity of 92.3% and 100%, respectively.

3.2. Detection limit for the SuperPolymyxin medium

The colistin-resistant isolates tested from bacterial cultures grew on
the SuperPolymyxin medium in 24 hours with a lowest limit of detec-
tion of 101 CFU/mL, being therefore below the cutoff value, whereas
the limit of detection of the colistin-susceptible strains ranged from
5.105 to N107 CFU/mL, above the cutoff value (Table 1).

3.3. Detection of colistin-resistant isolates from rectal swabs with the
SuperPolymyxin medium

To determine the performance of the SuperPolymyxin medium to
detect colistin-resistant isolates directly from rectal swab, 41 clinical
rectal swabs samples were tested. The results of growth on the EMB
nonselective medium and on the SuperPolymyxin were compared to
determine the sensitivity and the specificity of the SuperPolymyxinme-
dium (Table 2). All the colistin-resistant isolates found on the EMB me-
dium grew on the SuperPolymyxinmedium giving a sensitivity of 100%.
Out of the 41 rectal swab samples, 17 colistin-resistant isolates were
found on the SuperPolymyxin plate (Table 2). Thirteen of those isolates
belonged to genus naturally resistant to colistin (Proteus spp.,
Providencia spp., Hafnia spp.), with MICs ranging from 8 to N128 μg/mL.
Two H. alvei isolates were obtained only after 48 hours. Incubation of
the SuperPolymyxin plates for 48 hours was therefore needed to
avoid failure of detection of those isolates. Noteworthy, the rate of
fecal carriage with intrinsic colistin-resistant isolates (29%) was similar
to the rate described in 2016 in the same hospital (Saly et al., 2017).
Four isolates (1 S. maltophilia, 2 Acinetobacter junii, and 1 Comamonas
herstersii) showing acquired resistance to colistin (MIC at 4 or 8 μg/mL)
were also recovered on the SuperPolymyxin medium (Table 2).

Sixty-two colistin-susceptible isolates were recovered from the EMB
plates (Table 2). Those isolates presented MICs ranging from b0.12 to
2 μg/mL. Out of those 62 isolates, 6 (2 Citrobacter freundii, 2 E. coli, and
2 P. aeruginosa) grew on the SuperPolymyxin medium (false-positive
results) giving a specificity of 90.3%. All those latter isolates but one (a
single P. aeruginosa isolate) had MICs lower than 0.25 μg/mL.

Noteworthy, after replicating the corresponding colonies again on a
SuperPolymyxin plate, none of them could grow after 48 hours of incu-
bation at 35 ± 2 °C (Table 2). Our previous study revealed that colistin-
susceptible isolates could grow on the SuperPolymyxin medium when
inoculating ≥106 CFU/mL (Nordmann et al., 2016). It is therefore likely
that the growth of those 5 colistin-susceptible isolates was related to
an inoculum effect.

A single colistin-susceptible P. aeruginosa isolate grew on the
SuperPolymyxin medium, even after a new streaking (Table 2). How-
ever, this isolate had an MIC of colistin at 2 μg/mL (just below the
EUCAST breakpoint).

To determine the performance of the SuperPolymyxin medium to
detect isolates showing a plasmid-encoded colistin resistance, we also
spiked 16 rectal swabs with enterobacterial isolates carrying mcr-1,
mcr-2, mcr-3–like, and mcr-4–like genes (Table 3). All the isolates
grew on the SuperPolymyxin medium within 24 hours with a lowest
limit of detection of 102–103 CFU/mL, corresponding to a low level of
fecal carriage. Although we tested here a limited number of isolates,
the SuperPolymyxin medium appeared to be efficient to detect
colistin-resistant and MCR-producing isolates.

4. Conclusion

The SuperPolymyxin medium exhibited a sensitivity and specificity
of 95.2% and 95.3%, respectively, for detection of colistin-resistant
isolates from bacterial culture. It exhibited an overall sensitivity and
specificity of 100% and 90.3%, respectively, for detection of colistin-
resistant isolates in rectal swab samples. Isolates carrying plasmid
mediated colistin resistance (mcr-1 to mcr-4) grew after 24 hours
of incubation and were thus detected with a sensitivity of 100% from
both bacterial culture and rectal swab samples. Incubation of 48 hours
was necessary to detect a few colistin-resistant isolates. The
SuperPolymyxin medium therefore provides a useful tool for screening
occurrence of colistin-resistant isolates from bacterial cultures but also
from gut carriage, regardless of the level and mechanism of colistin
resistance. Using such a selective mediummight contribute to improve
detection of colistin resistant isolates and consequently prevent their
dissemination.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.diagmicrobio.2018.05.008.

Table 4
Discrepancies and performance of the SuperPolymyxin agar medium.

Discrepancies Performance

VME rate ME rate Sensitivity Specificity

Genus naturally resistant to colistin
Proteus 0% (0/2) NA 100% (2/2) NA
Providencia 0% (0/1) NA 100% (1/1) NA
Morganella 0% (0/1) NA 100% (1/1) NA
Serratia 0% (0/1) NA 100% (1/1) NA
Hafnia 6.7% (1/15) NA 93.3% (14/15) NA
Genus inconstantly susceptible to colistin
Enterobacter 27.3% (3/11) 0% (0/9) 72.7% (8/11) 100% (9/9)
Stenotrophomonas 11.1% (1/9) 8.3% (1/12) 88.9% (8/9) 91.7% (11/12)
Achromobacter 0% (0/1) NA 100% (1/1) NA
Genus usually susceptible to colistin
Escherichia 0% (0/36) 0% (0/13) 100% (36/36) 100% (13/13)
Klebsiella 0% (0/44) 0% (0/12) 100% (44/44) 100% (12/12)
Citrobacter ND 0% (0/2) ND 100% (2/2)
Salmonella 25.0% (1/4) 0% (0/2) 75.0% (3/4) 100% (2/2)
Pseudomonas 0% (0/0) 11.1% (3/27) 100% (7/7) 88.9% (24/27)
Acinetobacter 76.9% (1/13) 0% (0/9) 92.3% (12/13) 100% (9/9)
All 95.2% (138/145) 95.3% (82/86)

NA = not applicable; VME = very major error (false susceptibility); ME = major error (false resistance).
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