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a b s t r a c t 

The presence of mobilized colistin resistance ( mcr ) genes is a global concern. However, data concern- 

ing mcr in fresh vegetables, a reservoir for antibiotic resistance genes, are still rare. In this study, mcr 

genes were analysed in 528 vegetable samples from 53 supermarkets or farmer’s markets in 23 cities of 

9 provinces in China, and the mcr -positive Enterobacteriaceae were characterized. Nineteen (3.6%) sam- 

ples carried one or more mcr -positive isolates, and the highest three detection rates were found in carrot, 

pak choi and green pepper. Twenty-four mcr-1 -positive isolates (23 Escherichia coli and one Enterobacter 

cloacae ) were obtained, and E. coli isolates showed high genetic diversity. Different multilocus sequence 

type (MLST) isolates were also observed within the same sample. All 24 isolates showed multidrug resis- 

tance, and 14 carried bla CTX-M 

genes. Most isolates harbored similarly conjugative IncX4-type ( ∼33 kb) or 

IncI2-type ( ∼60 kb) mcr-1 -bearing plasmids. The sequenced prevalent IncX4 plasmid and IncI2 plasmid 

from tomato were similar to the relevant plasmids from animals and clinical isolates in various coun- 

tries. mcr-1 -bearing IncHI2/ST3 plasmid highly similar to that carrying 14 resistance genes from E. coli of 

chicken was also observed. In conclusion, a high prevalence of mcr-1 in fresh vegetables was found in 

China, and the dissemination of mcr-1 was mediated by similar IncX4 or IncI2 plasmids. The plasmids 

from vegetables showed high similarity to plasmids from clinical isolates, indicating MCR-1-producers in 

ready-to-eat vegetables may pose a huge threat to public health and measures need to be taken to ensure 

food safety. 

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

Colistin has attracted much attention as the treatment of last

esort for carbapenem-resistant Enterobacteriaceae (CRE), which

s increasing globally. However, the clinical usefulness of colistin

as been challenged by the emergence of colistin resistance gene,

cr-1 [1] . Several mobilized colistin resistance determinants ( mcr ),

ncluding mcr-1 to mcr-8 , have been identified in various Enter-

bacteriaceae species from samples of different origins around the

orld [2,3] . Recently, mcr-1 was found in one E. coli from lettuce

n Portugal [4] . 
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Contaminated fresh vegetables eaten raw have often been

inked with outbreaks of foodborne diseases [5] , and are also prone

o transmit antibiotic resistant microorganisms or resistance genes

o humans. Therefore, studies on screening mcr in bacteria from

resh vegetables are urgently needed. However, there are few re-

orts focusing on mcr -positive Enterobacteriaceae in vegetables.

cr-1 was found in one lettuce sample in Portugal [4] , and was

lso reported in two imported vegetable samples in Switzerland at

round the same time [6] . Recently, mcr-1 -positive Raoultella or-

ithinolytica and E. coli have been found in vegetables from city

uangzhou, China [7] . There is a paucity of large-scale study data

egarding the prevalence of mcr in fresh vegetables. 

Considering the high prevalence and wide distribution of mcr

n China [2] , there is an urgent need to investigate the presence

f mcr in vegetables in more cities in China. This can help pro-

ide effective strategies to control the dissemination of colistin-

esistant bacteria in food. In this study, we conducted a surveil-

ance of the prevalence of mcr in fresh vegetables from 23 cities

f 9 provinces in China and analysed the characteristics of mcr-

earing plasmids. 
rved. 

https://doi.org/10.1016/j.ijantimicag.2019.04.013
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijantimicag
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijantimicag.2019.04.013&domain=pdf
mailto:liubaotao-1986@163.com
mailto:zoudnet@163.com
mailto:lcsfj1130@163.com
https://doi.org/10.1016/j.ijantimicag.2019.04.013


90 B.-T. Liu, X. Li and Q. Zhang et al. / International Journal of Antimicrobial Agents 54 (2019) 89–94 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

q  

e  

a  

t  

(  

r  

(  

s  

B  

b

3

 

c  

a  

g  

t  

o  

f  

a  

r  

t

a  

C  

r  

P

3

 

s  

i  

b  

S  

r  

t  

d  

a  

i  

R  

o

 

t  

a  

t  

v  

S  

C  

m  

t  

w  

m  

I  

k  

C  

t

 

I  

t  

(  

a  

c  

o  

p  

i  
2. Material and methods 

A total of 528 fresh vegetable samples belonging to 18 types

were purchased from 53 supermarkets and farmer’s markets in 23

cities or districts of 9 provinces in China, between May 2017 and

April 2018 (Table S1). Sampled vegetables were processed with

trypticase soy broth (TSB) containing vancomycin (8 mg/L) and

colistin (2 mg/L), according to the previously reported protocol

[8] . The total DNA of half the survival bacteria in the TSB was

screened for mcr genes ( mcr-1 to mcr-8 ) as previously described

[3] . The remaining bacteria harboring mcr were diluted and spread

onto eosin methylene blue (EMB) agar plates containing colistin

(2 mg/L). Three colonies with the same Enterobacteriaceae appear-

ance of each sample were selected for screening the mcr genes.

mcr -positive isolates were identified by 16S rRNA sequencing, and

were compared by multilocus sequence type (MLST) to identify dif-

ferent colonies in the same sample [9] . 

mcr -positive isolates were also screened for PMQR, 16S rRNA

methyltransferase genes, carbapenemase-encoding genes, bla CTX-M 

and fosA3 as previously described [8] . The minimum inhibitory

concentrations (MICs) of cefotaxime, ceftiofur, meropenem, ampi-

cillin, enrofloxacin, ciprofloxacin, levofloxacin, nalidixic acid,

amikacin, gentamicin, kanamycin, doxycycline, tetracycline, tige-

cycline, and fosfomycin were determined by the agar dilution

method, and the results (except for tigecycline) were analysed ac-

cording to the CLSI criteria of 2015 [10] . The MIC method for

colistin and breakpoints for colistin and tigecycline were recom-

mended by the 2017 EUCAST (available at http://www.eucast.org/

clinical _ breakpoints/ ). 

For mcr -positive isolates, conjugation experiments were per-

formed using the broth-mating method [11] . The replicons of the

mcr -positive transconjugants were determined using the proto-

col provided in the Plasmid MLST Database ( http://pubmlst.org/

plasmid/ ). To analyse the location of mcr-1 , S1-pulsed-field gel

electrophoresis (PFGE) and Southern Hybridization were performed

twice on the transconjugants carrying mcr-1 and isolates without

transconjugants as previously described [11] . mcr -bearing plasmids

in the transconjugants harboring one plasmid were digested with

the endonuclease EcoR I to analyse the restriction fragment length

polymorphism (RFLP) profiles of plasmids with the same replicon.

Representative plasmids belonging to different replicon types were

selected for sequencing. Briefly, total genomic DNA from transcon-

jugants T-TO89, T-CTX148 and T-SQB-1-1 were extracted, and small

fragments (350 bp) of DNA libraries were sequenced using Illu-

mina HiSeq PE150. After assembling the sequence reads and filter-

ing the sequence data of E. coli C600 chromosomal DNA, plasmid

contigs were obtained. Functional annotation was performed using

the NCBI Prokaryotic Genome Annotation Pipeline server and Rapid

Annotation using Subsystem Technology (RAST) [12] . To determine

the resistance genes and replicon types, plasmid contigs were sub-

jected to ResFinder ( https://cge.cbs.dtu.dk/services/PlasmidFinder/ )

and PlasmidFinder ( https://cge.cbs.dtu.dk/services/PlasmidFinder-2.

0/ ). Sequence comparison and map generation were performed us-

ing the BLASTn implemented in BRIG [13] . 

3. Results 

3.1. Prevalence of mcr-positive Enterobacteriaceae 

When screening the total DNA, 19 (3.6%) fresh vegetable sam-

ples belonging to 10 types carried mcr-1 , and no other mcr genes

were found. From the 19 samples, 24 mcr-1 -positive isolates were

retrieved and 23 were identified as E. coli and isolate CTX145B was

Enterobacter cloacae . MLST subtyping identified 16 types along with

a new ST type (6-7-4-1-8-222-2 for isolate CTX148) not previously

registered in the E. coli MLST database, and the most prevalent se-
uence types (STs) were ST744 (4) and ST224 (3). Of note, differ-

nt mcr-1 -positive E. coli from the same sample (sample 79, 173

nd 174) had different MLST types (Table S2). The highest detec-

ion rate of mcr-1 was found in carrot (14.3%), followed by pak choi

13.3%), green pepper (7.7%), leaf lettuce (5.6%), leaf rape (4.9%),

omaine lettuce (4.3%), tomato (3.5%), spinach (3.2%), cucumber

3.1%), and curly endive (2.4%) (Table S1). The 19 mcr-1 -positive

amples were all from Beijing, Shanghai and Shandong provinces.

eijing (37.0%) carried the highest detection rate of mcr-1 , followed

y Shandong (3.3%) and Shanghai (2.3%) (Table S1). 

.2. Antimicrobial susceptibility and resistance genes 

All 24 isolates showed multidrug resistance, but were sus-

eptible to meropenem and tigecycline. Resistance rates to other

ntibiotics were as follows: colistin (24/24), ampicillin (24/24),

entamicin (22/24), nalidixic acid (21/24), enrofloxacin (19/24),

etracycline (18/24), kanamycin (18/24), ciprofloxacin (16/24), lev-

floxacin (14/24), doxycycline (14/24), cefotaxime (14/24), ceftio-

ur (14/24) and fosfomycin (8/24). Isolates CTX148 and LL166 were

lso resistant to amikacin and carried rmtB . Fourteen isolates car-

ied bla CTX-M 

genes and all were found in the 14 isolates resis-

ant to cefotaxime. Eleven and five isolates harbored bla CTX-M-9G 

nd bla CTX-M-1G , respectively, including two isolates (CA79Z and

TX171) carrying both types of genes. The eight fosfomycin-

esistant isolates harbored fosA3. oqxAB was the most prevalent

MQR gene, followed by qnrS and qnrB (Table S2). 

.3. Analysis of plasmids carrying mcr-1 

Seventeen transconjugants carrying mcr-1 were obtained and all

howed resistance to colistin ( Table 1 ). IncX4 replicon was detected

n nine transconjugants and the number of transconjugants har-

oring IncI2 and IncHI2 replicon was seven and one, respectively.

1 nuclease-PFGE showed that seven transconjugants with IncX4

eplicon carried only one plasmid and two transconjugants carried

wo plasmids ( Fig. 1 and Table 1 ). Southern blot hybridization in-

icated that mcr-1 was on an IncX4 plasmid of ∼33 kb in size in

ll nine transconjugants ( Fig. 1 ). Notably, the seven IncX4 plasmids

n transconjugants harboring single plasmid shared highly similar

FLP profiles, although they were from different fresh vegetables

r cities (Figure S1 and Table 1 ). 

S1-PFGE and Southern blot hybridization revealed that six

ransconjugants with IncI2 replicon carried single plasmid and

ll the seven IncI2 plasmids ( ∼60 kb) carried mcr-1 ( Fig. 1 ). The

wo IncI2 plasmids in CTX148 and PA175 from different types of

egetables from two markets shared identical RFLP profiles (Figure

1 and Table 1 ). Notably, the two ST744 isolates (CU173Z and

U173) from the same cucumber sample carried IncI2 and IncX4

cr-1 -bearing plasmid, respectively ( Table 1 ). In T-SQB-1-1, co-

ransfer of resistance to the β-lactams, gentamycin and fosfomycin

as observed, and single IncHI2/ST3 plasmid ( ∼250 kb) carrying

cr-1, bla CTX-M-14 , and fosA3 was identified ( Fig. 1 and Table 1 ).

n the seven isolates without transconjugants, mcr-1 was on ∼140

b plasmids in three isolates, whereas CTX101, CTX145B and

TX171 carried ∼220 kb, ∼250 kb and ∼70 kb plasmids, respec-

ively. Notably, mcr-1 was on the chromosome of SG-2-1 ( Fig. 1 ). 

Among the three sequenced plasmids, IncX4 pTO89 and

ncI2 pCTX148 carried only mcr-1 , accounting for the pheno-

ypes of their transconjugants. Alignment of contig 38 of pTO89

SRMK0 0 0 0 0 0 0 0) to other reported plasmids showed that it

ligned very well to pCSZ4 (KX711706) (99% in both identity and

overage) from pork E. coli and pHNGDF49 (MF978387) from E. coli

f fish in China ( Fig. 2 A). Notably, pTO89 was also highly similar to

KP15450-MCR-1 (MH715959) from clinical Klebsiella pneumoniae

n Taiwan, pmcr1_IncX4 (KU761327) from clinical K. pneumoniae

http://www.eucast.org/clinical_breakpoints/
http://pubmlst.org/plasmid/
https://cge.cbs.dtu.dk/services/PlasmidFinder/
https://cge.cbs.dtu.dk/services/PlasmidFinder-2.0/
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Fig. 1. Analysis of the location of mcr-1 among transconjugants and isolates without transconjugants. (A) S1 nuclease-PFGE of transconjugants carrying IncX4 plasmids. (B) 

Southern blot hybridization with the mcr-1 probe. (C) S1 nuclease-PFGE of transconjugants carrying IncI2 plasmids. (D) Southern blot hybridization with the mcr-1 probe. 

(E) S1-PFGE of mcr-1 -positive isolates without transconjugants. (F) Southern blot hybridization with the mcr-1 probe. Lane H9812: chromosomal DNA of Salmonella enterica 

serotype Braenderup H9812 digested with Xba I serving as size markers; Lane N: E. coli C600 lacking plasmid; Lane N: E. coli isolate harboring plasmids lacking mcr-1 . 
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Table 1 

Characteristics of the 17 transconjugants harboring mcr-1 

Transconjugants Origin of donor MLST types 

of donors 

MICs (mg/L) Other resistance 

profiles 

Plasmid replicon 

type (size kb) 

Plasmid RFLP 

profiles a 
COL NAL 

T-CU174Z cucumber 744 8 8 STR X4 ( ∼33) A1 

T-TO89 tomato 713 8 4 STR X4 ( ∼33) A1 

T-LR169 leaf rape 744 8 4 STR X4 ( ∼33) A1 

T-CA79Z carrot 5539 8 8 TET, STR X4 ( ∼33) A2 

T-RL76 romaine lettuce 10 4 4 STR X4 ( ∼33) A3 

T-GP80 green pepper 5873 8 4 STR X4 ( ∼33) A4 

T-CE69 curly endive 13 8 4 STR X4 ( ∼33) A4 

T-CA79 carrot 13 4 8 TET, STR X4 ( ∼33) NA 

T-CU173Z cucumber 744 4 4 STR X4 ( ∼33) NA 

T-CU74B cucumber 1115 8 4 STR I2 ( ∼60) B3 

T-PA175 pak choi 1196 8 4 STR I2 ( ∼60) B1 

T-LL166 leaf lettuce 6397 8 4 STR I2 ( ∼60) B4 

T-PA168Z pak choi 648 8 4 STR I2 ( ∼60) C 

T-CU173 cucumber 744 8 4 STR I2 ( ∼60) B2 

T-CTX148 tomato UT 8 4 STR I2 ( ∼60) B1 

T-SP179Z spinach 2253 4 4 STR I2 ( ∼60) NA 

T-SQB-1-1 romaine lettuce 2705 8 4 AMP, CTX, CTF, KAN, 

GEN, FOS, STR 

HI2 ( ∼250) NA 

C600 0.25 4 STR 

MIC, minimum inhibitory concentration; MLST, multilocus sequence type; NA, not analysed; UT. untypable; a RFLP profiles differing by only a few bands (n = 1 ∼ 3) were 

assigned to the same profile. 

COL, colistin; NAL, nalidixic acid; AMP, ampicillin; CTX, cefotaxime; CTF, ceftiofur; KAN, kanamycin; GEN, gentamicin; FOS, fosfomycin; STR, streptomycin; 
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in China and pNG14043 (KY120364) from clinical Salmonella Ty-

phimurium in Taiwan ( Fig. 2 A). Contig 63 of pCTX148 (MK754161)

aligned well to pHNGDF93 (MF978388) from fish E. coli and pD90-

2 (CP022452) from S. Indiana of chicken in China. Additionally, the

three IncI2 plasmids mentioned above were highly similar (99%)

to p5CRE51-MCR-1 (CP021176) and pJIE3685-1 (KY795978) from

clinical E. coli in Taiwan and Australia, respectively ( Fig. 2 B). For

IncHI2/ST3 plasmid pSQB-1-1 (SRML0 0 0 0 0 0 0 0), 20 contigs were

obtained and the multiresistance region contained resistance genes

aph(3’)-Ia, aac(3)-IV, aph(4)-Ia, aadA1, aadA2, cmlA, floR, tet(M),

fosA3,bla CTX-M-14 , sul2, sul3 , and mph(A). mcr-1 was also present on

this plasmid and all resistance genes were surrounded by inser-

tion sequences and transposons ( Fig. 2 C). Notably, mcr-1 -bearing

pTBMCR421 (NZ_CP034788) from chicken E. coli in China showed

the highest similarity (100%) to pSQB-1-1 ( Fig. 2 C). 

4. Discussion 

mcr -positive bacteria have been found in fresh vegetables in

Portugal [4] , Switzerland [6] and China [7] ; however, the number

of samples and geographical area studied in the three previous re-

ports were limited. In the current study, 19 of the 528 vegetable

samples (3.60%) from 23 cities of 9 provinces in China carried mcr-

1 , which was significantly higher than that (0.98%) in vegetables

in Guangzhou [7] and that (1.35%) in vegetables in Portugal [4] .

This indicated that the contamination rate of mcr -positive Enter-

obacteriaceae among vegetables in China might have been increas-

ing in recent years. Besides lettuce and tomato, which are often

found to carry mcr [4,7] , another eight types of fresh vegetables,

including green pepper (7.7%) and cucumber (3.1%), also harbored

mcr -positive isolates, indicating that these types of vegetables

should attract more attention because they are often consumed

raw. 

Besides E. coli reported in vegetables [4,6,7] , one mcr-1 -positive

E. cloacae isolate from green pepper was also identified in this

study. E. cloacae is a prevalent clinical pathogen around the world

[14,15] , and mcr-1 has been reported in clinical E. cloacae iso-

lates in China [16] and France [17] . Recently, an E. cloacae iso-

late from Jinghang Grand Canal, China, was found to carry mcr-

1 [18] . These results indicated E. cloacae in vegetables might be
rom irrigation water and should be monitored in the future. Six-

een MLST types were identified in the 23 E. coli isolates, indicat-

ng the genetic diversity of these strains. The most prevalent STs

n this study were ST744 and ST224, which were also prevalent in

cr-1 -positive E. coli from animals [11] ; this indicates the MCR-

-producers in vegetables might originate from animals through

anure fertilization. Isolate RL76 belonged to ST10, a prevalent

T of clinical isolates harboring mcr-1 in China [19] . More than

ne MCR-1-producer of different STs was found in three vegetable

amples, indicating that fresh vegetables were important reser-

oirs of MCR-1-producers and the sampling method of one iso-

ate from each sample would miss out such isolates. Fourteen iso-

ates also carried bla CTX-M 

in this study, further proving the tight

ssociation of mcr-1 and bla CTX-M 

, as found in E. coli from other

rigins [11] . 

Among the 24 isolates in this study, 17 mcr-1 -positive transcon-

ugants were obtained, similar to the rate in E. coli from vegetables

7] , but significantly higher than that (35/109) in E. coli from re-

ail food [20] . The location of mcr-1 on the chromosome of SG-

-1 resulted in its failure in conjugation and the non-transference

f the remaining six plasmids might be due to the limitation of

he conjugation method. Our results showed that the dissemina-

ion of mcr-1 among Enterobacteriaceae in fresh vegetables was

ainly mediated by IncX4 and IncI2 conjugative plasmids, and

oth types of plasmids could confer the spread of mcr-1 in En-

erobacteriaceae from humans and animals [2] . In this study, the

ame type plasmids shared highly similar RFLP profiles, although

hey were from isolates of different ST types, different types of

resh vegetables or different cities, which indicates the horizon-

al transfer of similar plasmids is responsible for the transmission

f mcr-1 in vegetables in China. Notably, pTO89 was 99% simi-

ar to other IncX4 plasmids from animals and clinical patients in

arious countries, and there were similar results for IncI2 plas-

id pTCTX148 ( Fig. 2 ). We also obtained IncHI2/ST3 mcr-1 -bearing

SQB-1-1 carrying 14 resistance genes, which showed 100% sim-

larity to that from E. coli of chicken in China. All these findings

ndicated similar IncX4, IncI2 and IncHI2/ST3 plasmids have dis-

eminated mcr-1 around the world and the plasmids in vegetables

an be also spread to clinical isolates, representing a threat to hu-

an health. 
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Fig. 2. Sequence alignment of IncX4, IncI2, and IncHI2/ST3 type mcr-1 -bearing plasmids. (A) The plasmid pKP15450-MCR-1 (MH715959) from clinical Klebsiella pneumoniae 

in Taiwan was used as a reference to compare with the IncX4 plasmids. The outer circle with black arrows signifies annotation of the reference sequence. The yellow, light 

purple, light blue, dark blue and green ring represents pT-89 (SRMK0 0 0 0 0 0 0 0) from E. coli of tomato in this study, pHNGDF49 (MF978387) from E. coli of fish in China, 

pmcr1_IncX4 (KU761327) from Klebsiella pneumoniae of clinical peritoneal fluid in China, pCSZ4 (KX711706) from E. coli of pork in China and pNG14043 (KY120364) from 

clinical Salmonella Typhimurium in Taiwan, respectively. (B) The plasmid pHNGDF93 (MF978388) from fish E. coli in China was used as a reference to compare with the IncI2 

plasmids. The purple, red, yellow, light blue, and dark blue ring represents the reference plasmid, pT-CTX148 (MK754161) from E. coli of tomato in this study, p5CRE51-MCR- 

1 (CP021176) from clinical E. coli in Taiwan, pD90-2 (CP022452) from Salmonella Indiana of chicken in China and pJIE3685-1 (KY795978) from clinical E. coli in Australia, 

respectively. (C) The plasmid pTBMCR421 (NZ_CP034788) from chicken E. coli in China was used as a reference to compare with the IncHI2/ST3 plasmids. The purple and 

blue ring represents the reference plasmid and pSQB-1-1 (SRML0 0 0 0 0 0 0 0) from E. coli of romaine lettuce in this study, respectively. The outer circle with black arrows 

shows the annotation of plasmid pTBMCR421 and the resistance genes are marked with red. 
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In summary, we reported a high prevalence of mcr-1 in fresh

egetables in China, and the dissemination of mcr-1 was medi-

ted by similar IncX4 or IncI2 plasmids. The sequenced preva-

ent IncX4 plasmid and IncI2 plasmid from tomato in this study

ere similar to the relevant plasmids from animals and clini-

al isolates in various countries. IncHI2/ST3 mcr-1 -bearing plas-

id similar to the plasmid carrying 14 resistance genes from E.
oli of chicken in China was also observed in romaine lettuce.

ultiple mcr-1 -positive E. coli isolates with different STs were

ound in the same sample in this study and E. cloacae isolate

arrying mcr-1 was also identified in green pepper. The MCR-1-

roducers in ready-to eat vegetables may pose a huge threat to

ublic health and further investigations are required to ensure food

afety. 
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