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The identification of colistin-resistant enterobacteria in veterinary medicine is impaired by the absence of first-
line reliable phenotypic assay. The purpose of this study was to assess two selective agar media for the detection
of colistin-resistant bovine pathogenic Escherichia coli. A total of 158 E. coli (46 R < resistant >, 96
1 < intermediate > and 16 S < sensitive > at the disk diffusion assay) isolated between 2013 and 2018
from < 3 month-old calves suffering enteritis or septicaemia, were (i) tested by the broth dilution assay to de-
termine colistin Minimal Inhibitory Concentrations (MIC); (ii) streaked on CHROMID® Colistin R and
CHROMagar™ COL-APSE agar plates; (iii) submitted to a pentaplex PCR to identify the presence of mcr-1 to mcr-5
genes. Of the 92 E. coli growing on both agar media, 90 had a MIC > 2.0 ug/ml as had the 3 E. coli that grew
only on the CHROMID® Colistin R agar medium and one E. coli that grew on neither agar media. Therefore, the
positive predictive values of the CHROMID® Colistin R and CHROMagar™ COL-APSE agar media were both 0.98
whereas their negative predictive values were 0.98 and 0.94, respectively. Also noteworthy 43 of the 46 R
isolates had a MIC > 2.0 pg/ml and grew on both selective media as did half of the 96 I isolates and only 1 of
the S isolates. Conversely, only 30 of the 90 isolates that grew on both agar media and with a MIC > 2.0 pg/ml
tested positive for the mcr-1 or mcr-2 genes with the pentaplex PCR. These two selective agar media can be used
to reliably detect colistin-resistant E. coli. Positive growth was highly correlated with R results at the disk dif-

fusion assay, but not with the presence of mcr genes.

1. Introduction

Polymyxins are bactericidal antibiotics produced by Paenibacillus
polymyxa with activity against most Gram-negative bacteria, via an
interaction with the lipid A moiety of the lipopolysaccharide (Dowling,
2013; Stansly and Schlosser, 1947). Polymyxin E, or colistin, has been
used for decades in veterinary medicine more especially against Es-
cherichia (E.) coli infections in farm animals (Dowling, 2013; Kempf
et al., 2016). A few years ago, human medicine began to also use co-
listin against the carbapenemase-producing Enterobacteriaceae in hos-
pitals (Caniaux et al., 2017). Unfortunately it was not long before some
species such as Klebsiella (K.) pneumoniae, developed resistance due to
mutations in chromosomal genes required for the synthesis of lipid A.

The mechanism of resistance is a modification of the negative charge of
lipid A that leads to a decreased interaction with the positively-charged
polymyxins (Caniaux et al., 2017; Olaitan et al., 2014).

In November 2015, the first plasmid-located transferable me-
chanism of resistance to colistin was identified in a porcine isolate of E.
coli in China (Liu et al., 2016). During the following months and years
the mcr-1 (after “mobilized colistin resistance”) gene was identified by
PCR in E. coli isolates from cattle, humans, piglets, poultry in several
countries in different continents and in several other species of the
Enterobacteriaceae family, including Salmonella (S.) enterica and K.
pneumonia (Sun et al., 2018). Moreover other mcr genes have been since
described: mcr-2 in a porcine E. coli isolate in Belgium (Xavier et al.,
2016); mcr-3 in a porcine E. coli isolate in China (Yin et al., 2017); mcr-4
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in a porcine S. enterica isolate in Italy (Carattoli et al., 2017); mcr-5 in a
poultry S. enterica in Germany (Borowiak et al., 2017); mcr-6, originally
named mcr-2.2, in a porcine Moraxella pleuranimalium-like isolate in
Great Britain (AbuOun et al., 2017); mcr-7 in a poultry K. pneumoniae
isolate in China (Yang et al., 2018); and mcr-8 in a porcine K. pneu-
moniae isolate in China (Wang et al., 2018).

Identifying acquired resistance of pathogenic bacteria in most rou-
tine diagnostic laboratories classically relies on the disk diffusion assay
but is not suitable for polymyxins as these poorly diffuse in agar.
Actually, the most reliable method for polymyxins is the determination
of the Minimal Inhibitory Concentration (MIC) by the broth dilution
assay but this procedure is not compatible with the workload of ve-
terinary first-line diagnostic laboratories. Therefore, three selective
media for the detection of Gram negative pathogens with acquired re-
sistance to colistin have been commercialized and assessed in human
medicine: SuperPolymyxin or Rapid Polymyxin NP (ELITech MICRO-
BIO, Signes, France), ChromID® Colistin R (BioMérieux, Lyon, France)
and CHROMagar™ COL-APSE (CHROMagar, Paris, France) (Abdul
Momin et al., 2017; Girlich et al., 2018). As far as the authors know,
only the SuperPolymyxin medium has been assessed in veterinary
medicine for the detection of porcine colistin-resistant E. coli and K.
pneumoniae (Kieffer et al., 2017).

Since E. coli is the most frequent pathogenic bacteria isolated from
young calves with enteritis or septicaemia (Mainil and Fairbrother,
2014), the purpose of this study was to assess two of those selective
agar media, ChromID® Colistin R and CHROMagar™ COL-APSE for the
routine detection of colistin-resistant E. coli in a veterinary diagnostic
laboratory by correlating the bacterial growth with the MIC and with
the presence of mcr genes.

2. Materials and methods
2.1. E. coli isolates

Since the disk diffusion assay is still routinely carried out with co-
listin at ARSIA, a total of 158 E. coli were chosen based on the diameter
of the inhibition zones according to the breakpoints of enterobacteria
(AFNOR, 2012; CA_SFM, 2017): 16 isolates were classified as suscep-
tible (S), 46 as resistant (R) and 96 as intermediate (I). They were
isolated between 2013 and 2018 from faeces, intestinal contents, blood,
and internal organs, of young calves (< 3 months of age) suffering
enteritis or septicaemia and identified following classical procedure.

Briefly, clinical samples were streaked on Columbia blood and
Gassner (Thermo Fisher Scientific, Merelbeke, Belgium) agar plates.
Lactose-fermenting colonies from faecal materials and intestinal con-
tents were identified to E. coli using the Maldi Biotyper (Bruker
Daltonics, Bremen, Germany) and tested by agglutination for the pro-
duction of F5, F17a or CS31A antigens (Ceva Biovac, Angers, France)
(Mainil and Fairbrother, 2014). One F5-, F17a- or CS31A-positive
colony per calf was subsequently tested by the disk diffusion assay.
When a pure culture was obtained from heart blood or internal organ
samples, one lactose-fermenting colony per calf was similarly identified
to E. coli and tested by the disk diffusion assay. All 158 isolates were
subsequently studied for the minimal inhibitory concentration of co-
listin, growth on selective agar plates and presence of mcr genes. Iso-
lates with contradictory results were tested a second time.

2.2. Minimal inhibitory concentration (MIC)

The determination of the colistin MIC of these 158 E. coli isolates
was performed by the broth dilution assay in FRCOL 96-well microtitre
plates, according to the manufacturer's instructions (Sensititre, Fischer
Scientific, Hampton, USA). Each row comprises 11 wells with final
colistin concentrations ranging from 128.0 pg/ml to 0.125 pg/ml and
one negative control well. Briefly, a colony from an overnight growth
on Columbia agar plates was suspended in sterile saline and the
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turbidity was adjusted to 0.5 Mac-Farland. The suspension was diluted
in Mueller Hinton broth to obtain a final concentration of 5.10° CFU/ml
that was distributed into 12 wells per isolate (50 pul par well). The plates
were incubated 18 + 2h at 35 + 1°C aerobically. The susceptibility
MIC was < 2.0pug/ml and the resistance MIC was > 2.0 ug/ml ac-
cording to EUCAST breakpoint tables (EUCAST, 2018). E. coli ATCC
25922 was the quality control strain.

2.3. Selective agar media

The 158 E. coli were streaked on the two selective agar media:
CHROMID® Colistin R purchased from BioMérieux (Lyon, France) and
CHROMagar™ COL-APSE kindly received from CHROMagar (Paris,
France). Growth was classified in two categories: positive (+) with
growth on the whole surface of the plate and negative (—) when some
growth was only observed at the inoculation area or when no growth
was observed.

2.4. Polymerase chain reaction (PCR)

After DNA extraction by the alkaline-boiling method from 1 ml of an
overnight growth in Luria-Bertani (LB) broth at 37 °C (Ooka et al.,
2009), the pentaplex PCR was performed using the FastGene® Optima
HotStart ReadyMix (Filter Service, Eupen, Belgium) following the
protocol of Rebelo et al. (2018) with one modification: the number of
amplification cycles was 30 instead of 25. The amplified fragments
were detected by electrophoresis in 1.5% agarose gels. The PCR positive
controls were one S. enterica from poultry for mcr-1 gene (kindly pro-
vided by Sciensano, Brussels, Belgium) (Garcia-Graells et al., 2018), one
E. coli from a pig for mcr-2 gene (Mainil et al., 2017), DNA from E. coli
strains ZTA15/01169-1 EB1 from a bovine and ZTA15/00750 EB1 from
a pig for mcr-3 and mcr-4 genes, respectively (kindly provided by Vi-
savet health surveillance centre, Madrid, Spain) (Carattoli et al., 2017)
and the S. enterica 13-SA01718 strain for the mcr-5 gene (kindly pro-
vided by the Federal Institute for Risk Assessment, Berlin, Germany)
(Borowiak et al., 2017). The PCR-negative control was the HS E. coli
strain isolated from human faeces (O'Brien et al., 1982).

3. Results
3.1. MIC vs disk diffusion assay

Of the 158 E. coli isolates studied 94 had a MIC > 2.0 ug/ml, 5
had a MIC of 2.0 pg/ml and 59 had a MIC < 2.0 ug/ml. Forty-five of
the 46 R isolates (98%) at the disk diffusion assay had a MIC > 2.0 ug/
ml and of 15 of the 16 S isolates (94%) had a MIC < 2.0 ug/ml while
48 of the 96 I isolates (50%) had a MIC > 2.0pg/ml and 44 a
MIC < 2.0ug/ml (44%) (Table 1). The remaining R and 4 I isolates
had a MIC of 2.0 ug/ml while the remaining S isolate had a MIC of
4.0 pg/ml.

Table 1
Disk diffusion assay results and Minimal Inhibitory Concentrations (MIC) of the
158 E. coli isolates assayed for resistance and susceptibility to colistin.

S/I/R* (No. Isolates) ~ Minimal Inhibitory Concentrations (MIC): No. Isolates (%)

> 2.0 ug/ml =2.0 ug/ml < 2.0pug/ml
S (16) 1 (6%)" - 15 (94%)
1(96) 48 (50%) 4 (4%) 44 (46%)
R (46) 45 (98%) 1 (2%) -
Total (158) 94 5 59

@ S = susceptible, I = intermediate, R = resistant at the disk diffusion assay.
> This isolate had a MIC of 4.0 pg/ml.
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Table 2
Disk diffusion assay results and growth on selective media of the 158 E. coli
isolates studied for resistance and susceptibility to colistin.

S/I/R" (No. Growth on CHROMagar™  Growth on No growth:

Isolates) and CHROMID®: No. CHROMID® only: No. Isolates
Isolates (%) No. Isolates (%) (%)

S (16) 1 (6%)" 0 15 (94%)

1(96) 48 (50%)° 2 (2%)¢ 46 (48%)°

R (46) 43 (94%) 1 (2%)" 2 (4%)*

Total (158) 92 3 63

S = susceptible, I = intermediate, R = resistant at the disk diffusion assay.
This isolate had a Minimal Inhibitory Concentration (MIC) of 4.0 pg/ml.
Including 2 isolates with a MIC of 2.0 ug/ml.

4 These 2 isolates had a MIC of 8.0 pg/ml.

¢ Including two isolates with a MIC of 2.0 ug/ml.

f This isolate had a MIC of 4.0 ug/ml.

& These 2 isolates had a MIC of 2.0 or 4.0 pg/ml.

a
b

c

3.2. Growth on selective agar media vs disk diffusion assay

Of the 158 studied E. coli isolates, 92 grew (+) on the whole
surface of both selective agar plates and 3 more grew only on
CHROMID® Colistin_R agar plates, while 63 gave negative results (—).
Forty-three of the 46 R isolates (94%), 48 of the 96 I isolates (50%) and
one of the 16 S isolates (6%) at the disk diffusion assay grew on both
selective media (Table 2). The 3 isolates growing only on CHROMID®
Colistin_R agar medium were R (1 isolate) or I (2 isolates) at the disk
diffusion assay.

3.3. Pentaplex PCR for mcr-1 to mcr-5 genes vs disk diffusion assay

Of the 158 isolates, 22 were positive using the mcr-1 PCR and 14
using the mcr-2 PCR, but none at the mcr-3, mcr-4 or mer-5 PCR. Nine
(20%) of the 46 R isolates tested positive with the mcr-1 PCR and 7
others (15%) with the mcr-2 PCR, as did 12 (13%) and 7 (7%) of the 93
I isolates, respectively, and one (6%) of the 16 S isolates with the mcr-1
PCR (Table 3).

3.4. Combination of all results (Table 4)

Isolates with any contradictory result were tested a second time
with identical results.

Of the 92 E. coli isolates growing on the CHROMagar™ COL-APSE
medium (43/46 R, 48/96 I and 1/16 S isolates at the disk diffusion
assay), 90 had a MIC > 2.0 pg/ml (98%) and 2 had a MIC of 2.0 ug/ml
(2%). Conversely, of the 66 isolates showing no growth, 2 had a MIC of
8.0 ug/ml (3%), 2 a MIC of 4.0 pg/ml (3%) and 3 a MIC of 2.0 ug/ml
(5%). Taking into account the MIC breakpoint (> 2.0 ug/ml) to define

Table 3
Disk diffusion assay and mcr gene PCR results of the 158 E. coli isolates studied
for resistance and susceptibility to colistin.

S/1/R* (No. Isolates) PCR: No. Isolates (%)

mcr-1-positive mcr-2-positive mcr-negative

S (16) 1 (6%)" 0 15 (94%)
1.(96) 12 (13%)° 7 (7%)° 77 (80%)
R (46) 9 (20%) 7 (15%) 30 (65%)
Total (158) 22 14 122

2§ = susceptible, I = intermediate, R = resistant at the disk diffusion assay.

> This isolate had a Minimal Inhibitory Concentration (MIC) of 4.0 ug/ml.

¢ 2 isolates had a MIC of 2.0 pg/ml; one of them grew on neither selective
media.

41 isolate had a MIC of 2.0 ug/ml; another isolate had a MIC of 1.0 ug/ml
and grew on neither selective media.

Journal of Microbiological Methods 159 (2019) 174-178

resistance, the positive predictive value is 0.98 and the negative pre-
dictive value is 0.94 for this selective medium.

Of the 95 E. coli isolates growing on the CHROMID® Colistin_ R
agar medium (44/46 R, 50/96 I and 1/16 S isolates at the disk diffusion
assay), 93 had a MIC > 2.0 ug/ml (98%), including the 3 isolates
growing only on CHROMID® Colistin R agar medium, and 2 a MIC of
2.0 ug/ml (2%). One of the 63 isolates with no growth had a MIC of
4.0 ug/ml (1.6%) and 3 a MIC of 2.0 ug/ml (5%). Taking into account
the same MIC breakpoint (> 2.0 ug/ml), the positive predictive value is
0.98 and the negative predictive value is 0.98 for this selective medium.

Twenty-one mcr-1-positive and 13 mcr-2-positive isolates grew on
both selective media: 20 and 12, respectively had a MIC > 2.0 pg/ml
and 2 had a MIC of 2.0 pg/ml of colistin. In addition, 2 isolates (3%) not
growing on either media were also positive with the mcr-1 PCR (MIC of
2.0 ug/ml) or mcr-2 PCR (MIC of 1.0 pg/ml).

4. Discussion

In diagnostic laboratories, the disk diffusion assay is routinely used
to identify antibiotic resistance profiles of pathogenic bacteria, but is
considered unreliable for polymyxins that do not diffuse efficiently in
agar media. Unfortunately, other tests, like MIC determination by
micro-dilution are not compatible with high turnover veterinary diag-
nostic laboratories. Nevertheless, there is today a need for a reliable
first-line test for colistin in as much chromosome- and plasmid-medi-
ated acquired resistance recently became a problem in human hospitals
and in food-producing animals (Caniaux et al., 2017; El Garch et al.,
2018; Kempf et al., 2016). One possibility is the development of se-
lective agar media (Caniaux et al., 2017; Sun et al., 2018). Up-to-date,
the SuperPolymyxin or Rapid Polymytxin NP (ELITech MICROBIO,
Signes, France), ChromID® Colistin R (BioMérieux, Lyon, France) and
CHROMagar™ COL-APSE (CHROMagar, Paris, France) media have been
assessed in human, but not in veterinary medicine for the detection of
Gram negative pathogens with acquired resistance to colistin (Abdul
Momin et al., 2017; Girlich et al., 2018). Of them E. coli is the most
frequent pathogen in young calves, responsible for diarrhoea and sep-
ticaemia and colistin is among the most frequently used antibiotics,
especially in intestinal infections (Kempf et al., 2016; Mainil and
Fairbrother, 2014; Sun et al., 2018). The main purpose of this study was
therefore to compare the growth on ChromID® Colistin R and/or
CHROMagar™ COL-APSE selective media and the MIC of bovine E. coli
isolated from young calves between 2013 and 2018 at a veterinary
diagnostic laboratory in Belgium.

Taking into account the official MIC > 2.0 ug/ml, the positive
predictive values of the two selective agar media tested in this study are
both 0.98, whereas their negative predictive values are 0.98 for
CHROMID® Colistin R medium and 0.94 for CHROMagar™ COL-APSE
medium, respectively. However, 2 of the 4 isolates with a MIC of
2.0 ug/ml also grow on the selective media. Therefore taking into ac-
count MIC = 2.0 pg/ml, the positive predictive values of the two se-
lective agar media tested in this study both become 1.0, whereas their
negative predictive values decrease to 0.94 for CHROMID® Colistin R
medium and 0.89 for CHROMagar™ COL-APSE medium, respectively.

Though considered as unreliable, the disk diffusion assay remains
predictive of the MIC for R and S E. coli, as recently published (ANSES,
2016). Indeed (i) all but one of the 46 R isolates have a MIC > 2.0 ug/
ml and all but one grow on both selective media; (ii) only one of the 16
S isolates has a MIC > 2.0 ug/ml and grow on both selective media.
This test is however totally unreliable for the 96 I isolates since ca. half
of them have a MIC > 2.0 ug/ml and grow on the selective media,
while the second half do not (Tables 1 and 2).

Conversely neither growth on the selective agar plates nor a
MIC > 2.0 pg/ml, nor the results of the disk diffusion assay is pre-
dictive of the presence of mcr genes (Tables 3 and 4), as already ob-
served by others (El Garch et al., 2018). Interestingly enough, only the
mcr-1 and mcr-2 genes are detected in the 36 PCR-positive bovine E.
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Table 4
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Minimal Inhibitory Concentration (MIC), growth on selective media, disk diffusion assay results and mcr gene PCR results of the 158 E. coli isolates assayed for

resistance and susceptibility to colistin.

Minimal Inhibitory Concentration (MIC): pug/ml

Growth on (Disk Diffusion Assay Result”: No. Isolates)

CHROMagar™ and CHROMID® CHROMID® only (not on CHROMagar™) No growth
0.125 - - 2 (I: 2)*
0.25 - - 21 (I: 14, S: 7)
0.5 - - 33 (I: 25; $: 8)
1.0 - - 3(:3)
2.0 2 (I 2)* - 3(R:1;1: 2)
4.0 26 (R: 8 1:17; S: 1) 1R 1) 1(R:1)
8.0 50 (R: 25; I: 25) 2 (L 2) -
16.0 12 (R: 10; I: 2) - -
32.0 2(: 2) - -
Total isolates 92 (R: 43;1: 48;S: 1) 3[R:1;L:2) 63 (R: 2; I: 46; S: 15)
Total mcr-1 PCR + 21" (R: 9; 1: 11; S: 1) - 1°: 1)
Total mcr-2 PCR + 13° (R:7; I: 6) - 19T 1)

2§ = susceptible, I = intermediate, R = resistant at the disk diffusion assay.

1 mer-1-positive and 1 mcr-2-positive isolates had a Minimal Inhibitory Concentration (MIC) of 2.0 pg/ml; the MIC of the other 32 isolates ranged from 4.0 ug/ml

to 32.0 pg/ml.
¢ MIC of 2.0 ug/ml.
4 MIC of 1.0 ug/ml.

coli, although the other three mcr genes have already been detected
among bovine, porcine and/or avian E. coli in other European countries
(Alba et al., 2018). The PCR-negative E. coli may of course harbour one
the even more recently described mcr-6, mcr-7 and mcr-8 genes
(AbuOun et al., 2017; Wang et al., 2018; Yang et al., 2018), which have
not been identified in bovine E. coli so far. Whichever the actual reason
it is only a question of time before Belgian bovine E. coli also become
positive for those other mcr genes via strain and/or plasmid transfers
(Caniaux et al., 2017; El Garch et al., 2018; Sun et al., 2018). Of course
the presence of even other still undescribed mcr genes or of chromo-
some-mediated resistance mechanisms cannot be formerly ruled out
either (Sato et al., 2018; Sun et al., 2018). Further studies with for
instance Whole Genome Sequencing and/or plasmid transfer by con-
jugation should bring answers to these questions.

5. Conclusion

These two selective media can be recommended as a first line test in
veterinary routine diagnostic laboratories to detect bovine colistin-re-
sistant E. coli. The MIC of all isolates growing on either selective media
is = 2.0 ug/ml whereas the MIC of 98% and 94% of the isolates not
growing on CHROMID® Colistin R medium and CHROMagar™, respec-
tively is < 2.0 ug/ml. Nevertheless, the disk diffusion assay remains an
interesting first line assay in identifying the resistance/susceptibility to
colistin of E. coli when the results are R or S, respectively. Conversely,
MIC testing and/or growth on selective media are necessary for isolates
with I results at the disk diffusion assay.
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