Metadata, citation and similar papers at core.ac.uk

Provided by Online Research Database In Technology

Technical University of Denmark

=
—
—

i

Detection of mcr-1 encoding plasmid-mediated colistin-resistant Escherichia coli
isolates from human bloodstream infection and imported chicken meat, Denmark 2015

Hasman, H.; Hammerum, A. M.; Hansen, F.; Hendriksen, Rene S.; Olesen, B.; Agersg, Yvonne; Zankari,
Ea; Leekitcharoenphon, Pimlapas; Stegger, M.; Kaas, Rolf Sommer; Cavaco, Lina; Hansen, D. S,;
Aarestrup, Frank Mgller; Skov, R. L.

Published in:

Eurosurveillance (Online Edition)

Link to article, DOI:
10.2807/1560-7917.es.2015.20.49.30085

Publication date:
2015

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):

Hasman, H., Hammerum, A. M., Hansen, F., Hendriksen, R. S., Olesen, B., Agersg, Y., ... Skov, R. L. (2015).
Detection of mcr-1 encoding plasmid-mediated colistin-resistant Escherichia coli isolates from human
bloodstream infection and imported chicken meat, Denmark 2015. Eurosurveillance (Online Edition), 20(49), 1-5.
DOI: 10.2807/1560-7917.es.2015.20.49.30085

DTU Library
Technical Information Center of Denmark

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


https://core.ac.uk/display/43255307?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.2807/1560-7917.es.2015.20.49.30085
http://orbit.dtu.dk/en/publications/detection-of-mcr1-encoding-plasmidmediated-colistinresistant-escherichia-coli-isolates-from-human-bloodstream-infection-and-imported-chicken-meat-denmark-2015(eaa43f58-b124-45f9-a5f0-eacf7094c1c0).html

RAPID COMMUNICATIONS

Detection of mcr-1 encoding plasmid-mediated
colistin-resistant Escherichia coli isolates from human

bloodstream infection and imported chicken meat,
Denmark 2015

HHasman*, AM Hammerum *, F Hansen *, RS Hendriksen 2, B Olesen 3, Y Agersg 2, E Zankari 2, P Leekitcharoenphon 2, M
Stegger *4, RS Kaas 2, LM Cavaco 2, DS Hansen 3, FM Aarestrup 2, RL Skov *

1. 1. Department of Microbiology and Infection Control, Statens Serum Institut, Copenhagen, Denmark

2. National Food Institute, Technical University of Denmark, Lyngby, Denmark

3. Department of Clinical Microbiology, Herlev and Gentofte Hospital, Copenhagen University Hospital, Herlev, Denmark

4. Pathogen Genomics Division, Translational Genomics Research Institute (TGen), Flagstaff, Arizona, USA

Correspondence: Henrik Hasman (henh@ssi.dk)

Citation style for this article:

Hasman H, Hammerum A, Hansen F, Hendriksen R, Olesen B, Agersg Y, Zankari E, Leekitcharoenphon P, Stegger M, Kaas R, Cavaco L, Hansen D, Aarestrup F, Skov R.
Detection of mcr-1 encoding plasmid-mediated colistin-resistant Escherichia coli isolates from human bloodstream infection and imported chicken meat, Denmark
2015. Euro Surveill. 2015;20(49):pii=30085. DOI: http://dx.doi.org/10.2807/1560-7917.ES.2015.20.49.30085

Article submitted on o4 December 2015 / accepted on 10 December 2015 / published on 10 December 2015

The plasmid-mediated colistin resistance gene, mcr-
1, was detected in an Escherichia coli isolate from
a Danish patient with bloodstream infection and in
five E. coli isolates from imported chicken meat. One
isolate from chicken meat belonged to the epidemic
spreading sequence type ST131. In addition to Incl2*,
an incX4 replicon was found to be linked to mcr-1. This
report follows a recent detection of mcr-1 in E. coli
from animals, food and humans in China.

Very recently, in November 2015, Liu et al. reported
the finding of a transferable plasmid-mediated colis-
tin resistance gene, mcr-1, detected in Escherichia
coli isolates from animals, food and patients in China.
Moreover, they found mcr-1 in Klebsiella pneumo-
niae isolates from patients [1]. Horizontal gene trans-
fer represents a paradigm shift in colistin resistance,
which until then only was found to be mediated by
chromosomal mutations and thus spread by vertical
transmission.

National surveillance of antimicrobial
resistance in food animals, food and
humans in Denmark using whole genome
sequencing

Since 2012, the national surveillance of antimicro-
bial resistance in food animals, food and humans in
Denmark (www.DANMAP.org) has used whole-genome
sequence (WGS) analysis for detection of resistance
genes and multilocus sequence typing (MLST) using
the open-access bioinformatic web-tools ResFinder
and MLST, respectively from www.genomicepidemi-
ology.org for characterisation of extended spectrum
beta-lactamase (ESBL)- and AmpC-producing E. coli
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isolates [2-4]. The mcr-1 sequence from China was
added on 24 November 2015 to the ResFinder database
as soon as it was available from The National Center
for Biotechnology Information (NCBI).

Investigation of presence of mcr-I in E.

coli isolates from food animals, food and
human bloodstream infections

The updated version of ResFinder was used to ana-
lyse the WGS data from ESBL- and AmpC-producing E.
coli isolates from food animals and food for the years
2012 to 2014, as well as ESBL- and AmpC-producing
E. coli isolates from human bloodstream infections,
and carbapenemase-producing organisms (CPOs) from
humans, from January 2014 to beginning of November
2015 (Table 1), for the presence of mcr-1. Furthermore,
fluoroquinolone resistance determinants were investi-
gated by searching manually for mutations in the GyrA,
ParC and ParkE. [5].

The mcr-1 gene was detected in one E. coli isolate from
a human bloodstream infection from 2015 and in five E.
coli isolates obtained from chicken meat of European
origin imported to Denmark from 2012, 2013 and 2014
(Table 2). None of the CPOs were positive for mcr-1
(Table 2).

The patient infected with the mcr-1-positive E. coli was
an elderly man with prostate cancer and repeated uri-
nary tract infections with ESBL-producing E. coli result-
ing in four positive urine samples over five month prior
to the bloodstream infection, all resistant to third gen-
eration cephalosporins, gentamicin, sulfamethoxazole,
trimethoprim and ciprofloxacin (these isolates were not



TABLE 1

Numbers of extended spectrum beta-lactamase and AmpC-producing E. coli isolates obtained and analysed by WGS from
chicken meat, humans and carbapenemase-producing isolates from humans tested for mcr-I using ResFinder, Denmark,

November 2015 (n=914)

Isolate origin No. of isolates analysed by WGS  No. of sequences positive for mcr-1
ESBL- and AmpC-producing E. coli isolates from Danish chicken meat 12 o
(2012-2014) 5
ESBL- and AmpC-producing E. coli isolates from imported chicken »
meat (2012-2014) 55 5
ESBL- and AmpC-producing E. coli isolates from human bloodstream 1 s
infections (January 2014- beginning of November 2015) 417
Carbapenemase-producing isolates from humans (January 2014-
O 117 o
beginning of November 2015)

ESBL: extended spectrum beta-lactamase; No: number; WGS: whole-genome sequence.

TABLE 2

Genotypic characterisation of mcr-1-positive E. coli isolates, Denmark, November 2015 (n=6)

Detection of chromosomal

Year of Resistance genes detected by . .
Isolate name : . ’ mutations encoding
detection ResFinder besides mcr-1 . :
resistance to quinolones
aadA1, aadAs, aph(3’)-Ic, bla
0412016126 Chicken meat 2012 ST359 , bla._ _ dfrA1,strA, strB, suﬂiY GyrA (S83L, D87N) ParC
2 TEM-1B, (E62K)
sulz, tet(B)
aadAs, bla ., ., bla, . dfrAs,
0412044854 Chicken meat 2012 ST48 mph(B), strA, strB, suli, sulz, GyrA (S83L)
tet(A)
. aadA1, bla i, . bla . ., StrA,
0412049521 Chicken meat 2012 ST131 StrB, SUS[HIV, zifrA1,c¥gF(A) ND
. aadA1, aadAz2, blag,, ., cmlAz,
0413040864 Chicken meat 2013 ST1112 sulz, tet /3 2 ND
14042624 Chicken meat 2014 ST2063 aadAs, aadAzgub[;a svrz CMIAL, ND
aadAs, bla bla
Human ’ CcMmy-2? CTX-M-55°
’ bla,, . catA1, dfrA1z, floR, fosA, | GyrA (S83L, D87N) ParC
ESBL20150072 blpodstream 2015 ST744 mT/E)%(i\), rmtB, StrA, strB, suli, (E62K)
infection
sulz, tet(A)
MLST: multilocus sequence typing; ND: not detected.
investigated further). He had been treated empirically the chicken meat E. coli isolates carried blag,, , con-

with piperacillin/tazobactam and subsequently mero-
penem after susceptibility testing of the bloodstream
isolate, but not with colistin according to the available
patient data.

Besides mcr-1, the human isolate from the Danish
patient contained 15 different resistance genes includ-
ing bla,,. . and bla,,  conferring resistance to
extended-spectrum beta-lactam antibiotics as well as
two GyrA mutations (583L, D87N) and a ParC mutation
(E62K) leading to high-level fluoroquinolone resist-
ance (Table 2). The human mcr-1 positive E. coli iso-
late belonged to ST744, a rare sequence type in both
humans and animals in Denmark. The patient had not
been travelling abroad recently and the origin of the
isolate is unknown.

The bla,,, , gene was detected in three of the five mcr-
1-positive chicken meat isolates. In addition, three of

ferring resistance to extended-spectrum beta-lactam
antibiotics excluding cephamycins.

One of the mcr-1 positive E. coli isolates from chicken
meat belonged to ST131. The other chicken meat iso-
lates belonged to sequence types not frequently found
in Denmark (Table 2). The human MCR-1-producing E.
coli isolate was only susceptible to piperacillin/tazo-
bactam, carbapenems and tigecycline according to the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) breakpoints [6], whereas the chicken
meat isolates were less resistant (Table 3).

WGS analysis using the web-tool PlasmidFinder [9]
identified an Incl2 replicon present in the human iso-
late as well as in three of the chicken meat isolates,
but this replicon was not detected in the remaining
two chicken meat isolates. De novo assembly using
CLChio Genomics Workbench (v8.5.1; Qiagen, Aarhus,
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TABLE 3

Antimicrobial susceptibility profiles of the five MCR-1-producing E. coli isolates from chicken meat and the MCR-1-
producing E. coli isolate from human bloodstream infection, Denmark November 2015

Origin Human Chicken meat

Isolate name ESBL20150072 14042624 0413040864 0412049521 0412016126 0412044854
Antimicrobial agent (rT':AgI/CL) S/R (n’:"g'ﬁ) S/R (n':"g'ﬁ) S/R (nr:AgI/CL) S/R (rr’:AgI/CL) S/R  MIC (mg/L)  S/R
Polymyxins

Colistin Y4 R Y4 R Y4 R Y4 R Y4 R Y4
Polymyxin B? 4 R Y4 R 4 R Y4 R Y4 R 4 R
Beta-lactam/beta-lactam inhibitor combinations

Ticarcillin/clavulanic acid 128/2 R »128/2 R <16/2 S 64/2 R 64/2 R <16/2 S
Piperacillin/tazobactam <8/4 S <8/4 S <8/4 S <8/4 S <8/4 S <8/4 S
Cephalosporins

Cefotaxime »32 R 8 8 8 8 4 R
Ceftazidime >16 R >16 8 >16 16 8

Cefepime >2 R <2 <2 <2 <2 <2
Monobactams

Aztreonam >16 | R | >16 | R | >16 | R | >16 | R | 8 | R | 8 R
Carbapenems

Ertapenem <0.25 S <0.25 S <0.25 S <0.25 S <0.25 S <0.25 S
Meropenem <1 S <1 S <1 S <1 S <1 S <1 S
Imipenem <1 S <1 S <1 S <1 S <1 S <1 S
Doripenem <£0.125 S <0.125 S <0.125 S <0.125 S <£0.125 S <0.125 S
Aminoglycosides

Gentamicin »8 R <1 S 2 S <1 S <1 S <1 S
Tobramycin >8 R <1 2 <1 S 2 <1

Amikacin Y4 R <4 S <4 S <4 S <4 S <4 S
Fluoroquinolones

Ciprofloxacin >2 R <0.25 S <0.25 S <0.25 S >2 R <0.25 S
Levofloxacin 8 R <1 S <1 S <1 S >8 R <1 S
Tetracyclines

Doxycycline® 8 | <2 S 16 R 8 | 16 R 8 |
Minocycline® 4 S <2 S 4 S <2 S 16 R <2 S
Glycylcyclines

Tigecycline | <0.25 | S | <0.25 | S | <0.25 | S | <0.25 | S | <0.25 | S | <0.25 | S
Folate pathway inhibitors

I[Jllr:‘]ae;r:ec;lﬁ(r)lg/zole >4/76 R £0.5/9.5 S £0.5/9.5 S Y4/76 R >4/76 R Y4/76 R

R/S according to the European Committee on Antimicrobial Susceptibility (EUCAST) clinical breakpoints [6].
I: intermediate; MIC: Minimal Inhibitory Concentration; R: resistant: S: sensitive.

2 Breakpoint according to Société Francaise de Microbiologie [7]

® R/I/S according to The Clinical and Laboratory Standards Institute (CLSI) guidelines (M100-S25) [8].

Denmark) of the genomic data produced a direct link
between the mcr-1 gene and an IncX4 replicon in one
of the two isolates not containing Incl2 replicons. An
identical IncX4 replicon was detected in four of the
chicken meat isolates including both isolates lacking
an Incl2 replicon (but not in the human isolate).

Discussion and conclusion

Here we describe a MCR-1 producing E. coli isolate
from a human infection coproducing both an ESBL
(CTX-M-55) and an AmpC (CMY-2) cephalosporinase
as well as five MCR-1 producing E. coli from chicken
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meat coproducing either and ESBL (SHV-12) or an
AmpC (CMY-2) cephalosporinase, or both. Human and
animal CTX-M-55-producing isolates are commonly
reported from Asia [10,11], but are relatively rarely seen
in Denmark. CTX-M-55-producing E. coli isolates were
detected in only 3% of the E. coli from bloodstream
infections in 2014 [4]. CMY-2-producing E. coli isolates
have commonly been detected from chicken meat both
in Denmark and other countries [2-4,12,13], but bla,,,,
has been relatively rare in the Danish human blood-
stream E. coli isolates. Similarly, only two of the 245
human bloodstream E. coli isolates from 2014 were



SHV-12-producing [4]. Based on antibiogram data it
seems plausible that the bloodstream infection is
related to the repeated urinary tract infections, but this
will need to be confirmed by additional WGS analysis.
At this point in time, the origin of the human isolate is
unresolved.

MLST analysis did not show any close clonal relation-
ship between any of the six isolates. However, one
of the chicken meat isolates belonged to ST131. This
sequence type is commonly associated with human E.
coli urinary tract and blood infection isolates world-
wide, but are rare in animal E. coli isolates [4,14,15].
The fact that a ST131 MCR-1-producing E. coli isolate
was found is of special concern, since ST131 isolates
have spread epidemically during the last decade [14,15]
and the ability of mcr-1 to be acquired by this sequence
type has been demonstrated here.

The mcr-1 gene was initially reported to be located on
an Incl2 plasmid without other known resistance mark-
ers [1]. Here only four of the isolates were found to con-
tain an Incl2 replicon, suggesting that the mcr-1 gene
was either located on the chromosome or on a plasmid
type belonging to another group. In support of the lat-
ter is the fact that de novo assembly of the genomic
data from one of the isolates produced a continuous
DNA fragment containing both an IncX4 and the mcr-1
gene, strongly suggesting that the mcr-1 gene is not
restricted to the Incl2 plasmid group, but additional
studies are needed to clarify this further.

In conclusion, this study is to our knowledge, the first
proof of colistin-resistant mcr-1 positive E. coli out-
side China. The human isolate was only susceptible to
very few antimicrobial classes such as carbapenems.
Should an isolate like this acquire carbapenem resist-
ance, it would leave very few, if any, suitable treatment
options. Finally, our findings underline the importance
of continuous microbiological surveillance programs
and not the least the benefit of employing comprehen-
sive WGS-based surveillance of antimicrobial resist-
ance, as it allows for rapid re-analysis of large datasets
in silico and thus make early detection and risk assess-
ment possible when new resistance genes emerge.

*Authors’ correction

Upon request of the authors, Christina Aaby Svendsen’s
name was corrected in the Acknowledgement section on
14 December 2015. In addition, the sentence “In addition to
IncN2, an incX4 replicon was found to be linked to mcr-1.“
was corrected to read “In addition to Incl2, an incX4 replicon
was found to be linked to mcr-1.” on 16 December 2015 upon
request of the authors.
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