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Abstract: The emergence of the plasmid-borne colistin-resistant gene (mcr-1) poses a great

threat to human health. What is worse, the recent observations of the co-existence of mcr-1

with other antimicrobial resistance genes in some bacteria cause further concern. Here, we

present the first report of a wild Escherichia coli strain that co-carries an mcr-1 encoding

phage-like IncY plasmid (pR15_MCR-1) and a blaNDM-5 encoding IncX3 plasmid

(pR15_NDM-5) from a pharmaceutical industry, wastewater treatment plant, in China.

This study highlights the spreading of E. coli carrying both mcr-1 and blaNDM-5 genes in

the pharmaceutical industry.

Importance: Escherichia coli strains that carry both mcr-1 and blaNDM-5 genes are of great

health concern and are already found in humans and animals worldwide, yet there is

a paucity of observations of this resistant strain in the environment. Here we present the

first isolation of an E. coli strain (R15) that co-carries mcr-1 and blaNDM-5 genes from

a wastewater treatment plant in China. Whole-genome sequencing indicated that R15

harbored two plasmids, pR15_MCR-1 and pR15_NDM-5, that carry mcr-1 and blaNDM-5,

respectively. The observation of this wild-derived E. coli strain that carries mcr-1 and

blaNDM-5 genes simultaneously calls for the urgency to improve monitoring and reducing

its further spreading.
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The transferable colistin resistance gene, mcr-1, has been a growing concern world-

wide because colistin is considered as the last resort in the treatment of multidrug-

resistant pathogens.1 Recently, reports of bacteria that carry the mcr-1 gene along

with other types of antimicrobial resistance genes (ARGs), especially beta-lactam

resistance genes, have highlighted the threat of these pan-drug resistant pathogens to

public health. Several cases of infection caused by a pathogen which harbored mcr-1

and beta-lactam resistance genes were reported worldwide.2–4 In addition, bacteria

that carried mcr-1 and beta-lactam resistance genes were also found in the natural

environment. The occurrence of themcr-1 gene in extended-spectrum beta-lactamase

(ESBL)-producing Escherichia coli from well water was reported in rural China.5 In

our previous study, we isolated six mcr-1-positive ESBL-producing E. coli strains

from farm soils.6 Wastewater treatment plants (WWTPs), which have been taken as

deep reservoirs of ARGs and antimicrobial-resistant bacteria (ARB), are believed to

offer the opportunity for ARGs to flow into susceptible disease-causing bacteria.7,8

Thus, the surveillance of these environment-derived bacteria that carry the mcr-1
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gene with other types of ARGs is of great importance and

the transmission patterns of these bacteria between different

habitats should be elucidated.

In our previous study, we obtained several ESBL-

producing E. coli strains from a WWTP located in Taizhou,

Zhejiang province, China.9 This WWTP treats the wastewater

from a pharmaceutical companywhich produces antimicrobial

agents including beta-lactam antibiotics such as cefaclor, cef-

tizoxime, ceftibuten, cefuroxime sodium, cefprozil, cefdinir,

and cefixime. Here, we reported the isolation of another strain,

E. coli strain R15, from this WWTP. This strain is unique for

the co-carrying of both mcr-1 and blaNDM-5 genes.

The isolation and identification of R15 was performed as

described previously.9 Antimicrobial susceptibility testing by

VITEK2Compact (bioMérieux, France) showed that R15was

resistant to various types of antimicrobial agents, including

ampicillin (MIC ≥ 32 μg/mL), amoxicillin (MIC ≥32 μg/
mL), piperacillin (MIC ≥ 128 μg/mL), cefazolin (MIC ≥ 64

μg/mL), cefoxitin (MIC ≥ 64 μg/mL), ceftriaxone (MIC ≥ 64

μg/mL), cefepime (MIC≥ 64 μg/mL), ertapenem (MIC≥ 8 μg/
mL), imipenem (MIC ≥ 16 μg/mL), amikacin (MIC ≥ 64 μg/
mL), gentamicin (MIC ≥ 16 μg/mL), tobramycin (MIC ≥ 16

μg/mL), ciprofloxacin (MIC ≥ 4 μg/mL), levofloxacin (MIC ≥
8 μg/mL), nitrofurantoin (MIC = 128 μg/mL) and trimetho-

prim (MIC ≥ 320 μg/mL). Resistance to colistin (MIC = 8 μg/
mL) was examined using broth microdilution test as described

before.4

To investigate the genotype in correspondence to its anti-

microbial phenotype, whole-genome sequencing of R15 was

performed using Illumina Hiseq 2000 sequencer (Illumina,

USA) as described previously10 and reads were assembled

into 140 contigs (PSSH00000000.1) using SPAdes

software.11 Analyzing with the draft genome sequence of

R15 by MLST 2.012 showed that it belonged to ST-744.

Further, we used ResFinder 3.213 to predict the resistance

genes encoded by strain R15 and 20 resistance genes were

identified, including one copy ofmcr-1, blaCTX-M-14, blaNDM-5,

blaTEM-1B, fosA3, floR, aac(3)-IV, aph(3”)-lb, aph(3ʹ)-lla, aph

(4)-la, aph(6)-ld, rmtB, mdf(A), mph(A), oqxA, oqxB, tet(B),

and dfrA17, and two copies of sul2 genes. Some of these

resistance genes might be responsible for the resistant pheno-

type of strain R15. For example, three beta-lactam resistance

genes, blaCTX-M-14, blaNDM-5, blaTEM-1B, whichwere harbored

by strain R15, might be related to its resistance to several beta-

lactams antimicrobial agents such as ampicillin, amoxicillin,

piperacillin, and cefazolin, etc. In addition, onemcr-1 genewas

also identified which might be responsible for the resistance of

colistin of strain R15. However, here we only represented

required resistance genes, so there might be some other

mechanisms that exist in strain R15 which may also be related

to its resistance phenotype. To a further extent, the co-existence

of mcr-1 and blaCTX-M in E. coli strains has been observed in

different sources of samples.14 Meanwhile, E. coli strains with

both mcr-1 and blaNDM-5 were also found in humans and

animals.2–4,15,16 However, R15 was isolated from a WWTP

which treatswastewater generated by a pharmaceutical factory.

To the best of our knowledge, R15 is the first reported wild-

derived E. coli strain that harbored both mcr-1 and blaNDM-5

genes in China.

To gain insight into the locations and the gene environ-

ments of themcr-1 and blaNDM-5 genes in R15, whole-genome

sequencing using Pacific Biosciences (PacBio) RSII sequen-

cing system with single-molecule real-time (SMRT) analysis

was performed. Two complete plasmids that carry mcr-1

(pR15_MCR-1) and blaNDM-5 (pR15_NDM-5) were

assembled from the sequencing reads. The complete

sequences of these two plasmids were deposited in GenBank

with the accession numbers, MK256965 (pR15_MCR-1) and

MK256964 (pR15_NDM-5).

Plasmid pR15_MCR-1 is 109,908 bp in length with a G+C

content of 47.0%. Plasmid typing revealed that it belongs to the

IncY group. Nucleotide sequence alignment indicated that

pR15_MCR-1 possesses 98% homology and 74% coverage

with plasmid pMCR-1-P3 (KX880944). Further comparison

of the gene arrangement of these two plasmids revealed the

absence of the second ISApl1 element downstream of mcr-1

gene in pR15_MCR-1 (Figure 1A). The absence of this second

ISApl1 element was also reported in other studies and was

considered as the indication of the dynamic changes of TnApl

during the transposition process.3,17 Furthermore, an insertion

of approximately 11 kb in pR15_MCR-1 was found down-

stream of the mcr-1 gene. This insertion showed 99% nucleo-

tide homology to the chromosome of a porcine extraintestinal

pathogenic E. coli strain PCN033 (CP006632) isolated in

China.18 An insertion element IS609 was found adjacent to

this insertion that may be responsible for its transfer (Figure

1A). Since its first discovery, themcr-1 gene has been found in

various incompatibility groups of plasmids, including IncX4,

Incl2, IncP, IncFI, IncFII, IncHI1, IncHI2, IncX1-X2, IncX3-

X4, and Incl2-IncFIB.17 Plasmid pR15_MCR-1, identified in

the present study, belongs to the IncY incompatibility group.

This group of plasmids has commonly been reported to be

carrying the blaCTX-M-15 gene.19 Moreover, IncY plasmids

contain a portion of phage-related sequences, which imply

that phages may play an important role in disseminating of

the mcr-1 gene.20 To date, there have only been two studies
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reporting the carrying of the mcr-1 gene in IncY group plas-

mids. One was pMCR-1-P3, identified in E. coli strain P3

isolated from pig anal swabs in Shandong province in

China.20 The other was pHYEC7-mcr1, which was harbored

byE. coli strain HYEC7 isolated from a fecal sample collected

from a pig farm in Guangdong province in China.21 Thus, both

plasmids were harbored by E. coli strains of animal origin.

However, pR15_MCR-1 in the present study was identified

from anE. coli isolated from aWWTP in Zhejiang province in

China, and this WWTP has no contact with animal waste.

Thus, our report is the first discovery of an IncY plasmid that

carries the mcr-1 gene in an E. coli strain of environmental

origin. Our work highlights the dissemination of this kind of

plasmid in the environment.

Plasmid pR15_NDM-5, which carries the blaNDM-5 gene,

is 46,161 bp in length. This plasmid belongs to the IncX3

group which was reported to be the most common Inc type

plasmid that harbored blaNDM gene in China.22 Nucleotide

BLAST revealed that pR15_NDM-5 was highly similar to

pNDM-MGR194 (99% identity and 100% coverage).23

Furthermore, genetic environment characterization revealed

a structure of IS26-dsbC-trpF-bleMBL-blaNDM-5-IS5 in both

plasmids (Figure 1B). Thus, our discovery of this plasmid

supplements previous studies and further highlights the disse-

mination of blaNDM-5 gene-carrying IncX3 group plasmids in

WWTP.

In conclusion,we report the complete sequences of an IncY

type mcr-1 carrying plasmid and an IncX3 type blaNDM-5

carrying plasmid in an E. coli strain isolated from WWTP.

There is a growing body of literature that reports the co-

existence of mcr-1 and blaNDM-5 genes in E. coli strains of

clinic-origin and animal-origin. However, our study represents

the first report of a wild-derived E. coli strain that harborsmcr-

1 and blaNDM-5 genes simultaneously. To lower the risk of the

dissemination of this multidrug-resistant strain in the environ-

ment, more surveillance is needed in future.

Acknowledgments
This work was supported by grants from: the National Key

Research and Development Program of China

(No.2016YFD0501105), National Natural Science

Foundation of China (41406140 and 81741098), and

Zhejiang Provincial Natural Science Foundation of China

(No. LY17H190003); Innovation funding project for postgrad-

uate students of Beihua University (Research and Innovation

[2018] 002).

Disclosure
The authors report no conflicts of interest in this work.

References
1. Liu -Y-Y, Wang Y, Walsh TR, et al. Emergence of plasmid-mediated

colistin resistance mechanism MCR-1 in animals and human beings in
China: a microbiological and molecular biological study. Lancet Infect
Dis. 2016;16(2):161–168. doi:10.1016/S1473-3099(15)00424-7

2. Mediavilla JR, Patrawalla A, Chen L, et al. Colistin-and
carbapenem-resistant Escherichia coli harboring mcr-1 and blaNDM-5,
causing a complicated urinary tract infection in a patient from the
United States. MBio. 2016;7(4):e01191–16. doi:10.1128/mBio.01191-16

mobile element protein
hypothetical protein
antibiotic resistant protein
phage protein
protein with known functions

1 kb

bl
a N

D
M

-5

bl
e M

B
L

pNDM_MGR194

B

5,448-10,577 bp

24,332-29,315 bp

IS
26

ds
bC

tr
pF

IS
5

bl
a N

D
M

-5

bl
e M

B
L

IS
26

ds
bC tr
pF IS

5

pR15_NDM-5

m
cr

-1

ly
dA

IS
A

pl
1

IS
A

pl
1

ly
dB

dd
rA

hx
r

ss
b

ul
x

m
at

ul
x

m
at

m
cr

-1

ly
dA

IS
A

pl
1

om
pD

IS
91

IS
60

9

ss
b

ly
dB

dd
rA hx
r

pMCR-1-P3

A

pR15_MCR-1

E.coli PCN033

IS
91

29,787-59,350 bp

4,552,786-4,564,914 bp

28,923-70,325 bp

Figure 1 Lineal comparison of antimicrobial-resistant regions. (A) Comparison of the mcr-1 coding region of plasmid pR15_MCR-1 (MK256965) with plasmid pMCR-1-P3

(KX880944) and the chromosome of E. coli PCN033 (CP006632). (B) Comparison of the blaNDM-5 coding region of plasmids pR15_NDM-5 (MK256964) and

pNDM_MGR194 (KF220657). Genes are portrayed by arrows and colored according to their functions.

Dovepress Han et al

Infection and Drug Resistance 2020:13 submit your manuscript | www.dovepress.com

DovePress
853

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S1473-3099(15)00424-7
https://doi.org/10.1128/mBio.01191-16
http://www.dovepress.com
http://www.dovepress.com


3. Yu H, Qu F, Shan B, et al. Detection of the mcr-1 colistin resistance
gene in carbapenem-resistant Enterobacteriaceae from different hos-
pitals in China. Antimicrob Agents Chemother. 2016;60
(8):5033–5035. doi:10.1128/AAC.00440-16

4. Zheng B, Lv T, Xu H, et al. Discovery and characterisation of an
Escherichia coli ST206 strain producing NDM-5 and MCR-1 from
a patient with acute diarrhoea in China. Int J Antimicrob Agents.
2018;51(2):273–5. PubMed PMID: 28919194.

5. Sun P, Bi Z, Nilsson M, et al. Occurrence of blaKPC-2, blaCTX-M,
and mcr-1 in Enterobacteriaceae from well water in rural China.
Antimicrob Agents Chemother. 2017;61(4):PubMed PMID:
28115344. PMCID: PMC5365680.

6. Zheng B, Huang C, Xu H, et al. Occurrence and genomic character-
ization of ESBL-producing, MCR-1-harboring Escherichia coli in
farming soil. Front Microbiol. 2017;8:2510. doi:10.3389/
fmicb.2017.02510

7. Guo J, Li J, Chen H, Bond PL, Yuan Z. Metagenomic analysis
reveals wastewater treatment plants as hotspots of antibiotic resis-
tance genes and mobile genetic elements. Water Res.
2017;123:468–478. doi:10.1016/j.watres.2017.07.002

8. Wright GD. Environmental and clinical antibiotic resistomes, same
only different. Curr Opin Microbiol. 2019;51:57–63. doi:10.1016/j.
mib.2019.06.005

9. Jiang X, Cui X, Xu H, et al. Whole genome sequencing of
extended-spectrum beta-lactamase (ESBL)-producing Escherichia
coli isolated from a wastewater treatment plant in China. Front
Microbiol. 2019;10. doi:10.3389/fmicb.2019.01797(1797)

10. Zheng B, Jiang X, Cheng H, et al. Genome characterization of two
bile-isolated Vibrio fluvialis strains: an insight into pathogenicity and
bile salt adaption. Sci Rep. 2017;7(1):11827. doi:10.1038/s41598-
017-12304-8

11. Bankevich A, Nurk S, Antipov D, et al. SPAdes: a new genome
assembly algorithm and its applications to single-cell sequencing.
J comput biol. 2012;19(5):455–477. doi:10.1089/cmb.2012.0021

12. Larsen MV, Cosentino S, Rasmussen S, et al. Multilocus sequence
typing of total-genome-sequenced bacteria. J Clin Microbiol. 2012;50
(4):1355–1361. doi:10.1128/JCM.06094-11

13. Zankari E, Hasman H, Cosentino S, et al. Identification of acquired
antimicrobial resistance genes. J Antimicrob Chemother. 2012;67
(11):2640–2644. doi:10.1093/jac/dks261

14. Wu C, Wang Y, Shi X, et al. Rapid rise of the ESBL and mcr-1 genes
in Escherichia coli of chicken origin in China, 2008–2014. J Glob
Antimicrob Resist. 2018;7(1):30. doi:10.1038/s41426-018-0033-1

15. Yang R-S, Feng Y, Lv X-Y, et al. Emergence of NDM-5-and
MCR-1-producing Escherichia coli clones ST648 and ST156 from
a single muscovy duck (Cairina moschata). Antimicrob Agents
Chemother. 2016;60(11):6899–6902. doi:10.1128/AAC.01365-16

16. Zhang Y, Liao K, Gao H, et al. Decreased fitness and virulence in
ST10 Escherichia coli Harboring blaNDM-5 and mcr-1 against
a ST4981 strain with blaNDM-5. Front Cell Infect Microbiol.
2017;7:242. doi:10.3389/fcimb.2017.00242

17. Wang Q, Sun J, Li J, et al. Expanding landscapes of the diversified
mcr-1-bearing plasmid reservoirs. Microbiome. 2017;5(1):70.
doi:10.1186/s40168-017-0288-0

18. Liu C, Zheng H, Yang M, et al. Genome analysis and in vivo
virulence of porcine extraintestinal pathogenic Escherichia coli strain
PCN033. BMC Genomics. 2015;16(1):717. doi:10.1186/s12864-015-
1890-9

19. Saidani M, Messadi L, Mefteh J, et al. Various Inc-types plasmids
and lineages of Escherichia coli and Klebsiella pneumoniae spread-
ing blaCTX-M-15, blaCTX-M-1 and mcr-1 genes in camels in Tunisia.
J Glob Antimicrob Resist. 2019;19:280–283. doi:10.1016/j.
jgar.2019.05.007.

20. Zhang C, Feng Y, Liu F, et al. A phage-like IncY plasmid carrying the
mcr-1 gene in Escherichia coli from a pig farm in China. Antimicrob
Agents Chemother. 2017;61(3):e02035–16. doi:10.1128/AAC.02035-
16

21. Li R, Xie M, Lv J, Wai-Chi Chan E, Chen S. Complete genetic
analysis of plasmids carrying mcr-1 and other resistance genes in
an Escherichia coli isolate of animal origin. J Antimicrob Chemother.
2017;72(3):696–699. doi:10.1093/jac/dkw509

22. Yamamoto M, Matsumura Y, Gomi R, et al. Interspecies dissemina-
tion of a mobilizable plasmid harboring blaimp-19 and the possibility
of horizontal gene transfer in a single patient. Antimicrob Agents
Chemother. 2016;60(9):5412–5419. doi:10.1128/AAC.00933-16

23. Krishnaraju M, Kamatchi C, Jha A, et al. Complete sequencing of an
IncX3 plasmid carrying blaNDM-5 allele reveals an early stage in the
dissemination of the blaNDM gene. Indian J Med Microbiol. 2015;33
(1):30. doi:10.4103/0255-0857.148373

Infection and Drug Resistance Dovepress
Publish your work in this journal
Infection andDrugResistance is an international, peer-reviewed open-
access journal that focuses on the optimal treatment of infection
(bacterial, fungal and viral) and the development and institution of
preventive strategies to minimize the development and spread of resis-
tance. The journal is specifically concerned with the epidemiology of

antibiotic resistance and the mechanisms of resistance development and
diffusion in both hospitals and the community. The manuscript manage-
ment system is completely online and includes a very quick and fair peer-
review system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/infection-and-drug-resistance-journal

Han et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Infection and Drug Resistance 2020:13854

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1128/AAC.00440-16
https://doi.org/10.3389/fmicb.2017.02510
https://doi.org/10.3389/fmicb.2017.02510
https://doi.org/10.1016/j.watres.2017.07.002
https://doi.org/10.1016/j.mib.2019.06.005
https://doi.org/10.1016/j.mib.2019.06.005
https://doi.org/10.3389/fmicb.2019.01797(1797)
https://doi.org/10.1038/s41598-017-12304-8
https://doi.org/10.1038/s41598-017-12304-8
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1128/JCM.06094-11
https://doi.org/10.1093/jac/dks261
https://doi.org/10.1038/s41426-018-0033-1
https://doi.org/10.1128/AAC.01365-16
https://doi.org/10.3389/fcimb.2017.00242
https://doi.org/10.1186/s40168-017-0288-0
https://doi.org/10.1186/s12864-015-1890-9
https://doi.org/10.1186/s12864-015-1890-9
https://doi.org/10.1016/j.jgar.2019.05.007
https://doi.org/10.1016/j.jgar.2019.05.007
https://doi.org/10.1128/AAC.02035-16
https://doi.org/10.1128/AAC.02035-16
https://doi.org/10.1093/jac/dkw509
https://doi.org/10.1128/AAC.00933-16
https://doi.org/10.4103/0255-0857.148373
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

