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Abstract; Objective To study the antimicrobial resistance and virulence mechanism of two foodborne CTX-M-55 type
extended-spectrum B-lactamase ( ESBL)-producing Escherichia coli strains based on whole genome sequences. Methods

The antimicrobial susceptibility testing of two CTX-M-55 type ESBL-producing Escherichia coli isolates ( ECO01 and
EC002) that were collected from foodborne pathogen surveillance system in 2011 was conducted by antimicrobial
susceptibility test and PCR. Then two strains were sequenced using the Illunima Hiseq 2000 platform. Based on the
assembled genome sequences of two strains, the annotation of sequence type, plasmid replicon type, serotype, and
antimicrobial resistance/virulence genes was performed using BioNumerics software. Results  The two strains were
identified to be ESBL-producing and fluoroquinolone-resistant. The genomic analysis result showed that strains EC0O01 and
EC002 were ST21 and ST342, respectively, and serotyped to be enteropathogenic Escherichia coli (EPEC) 0119: H8. The
plasmid of ECOO1 belonged to 5 incompatible groups including IncFII, IncX1, IncY, Coll56, and Incl2, and that of EC002
belonged to 2 incompatible groups including IncFII and IncX1. Notably, both strains harbored 2 types of ESBL-encoding
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genes bla .y yss and blay.y .. Additionally, the multi-antimicrobial resistance genes sul2/3, tet (A)/(B), dfrAl2,
strA/B, aph (3') -lla, eml/cmlIAl, floR, and ogxA/B were identified on the genome of strain ECO01, while fosA and

gqnrS1 were identified on the genome of strain EC002. Compared with the genome of Escherichia coli K12 _ 1655, two

mutations were found at the 83" (S83L) and 87" (D87H) codons of gyrA, and one mutation was found at the 80"
(S80I) codon of parC in QRDRs of strain ECO01. Noteworthy, 3 mutations were found at the 73" (D73Y), 185"
(M185T) and 225" (S225T) codons of pmrE in the chromosome of strain EC001, which might be responsible for its

resistance to colistin. The virulence gene prediction result showed that both strains harbored classical locus of enterocyte

and effacement (LEE) genes esc, esp, eaeA and tir, while ECO01 contained iss gene which could increase serum survival

capacity of this bacterium. Conclusion To our best knowledge, we applied whole genome sequencing in annotation of the

resistance and virulence mechanism of two CTX-M-55-type ESBL-producing Escherichia coli strains in China. The data in

this study will shed light on antimicrobial resistance and virulence mechanisms of Escherichia coli, and finally help prevent

and control the contamination of this foodborne pathogen.
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B~V T Jie it 2 240 17 7= A 1 T LUK i T R K
AR EPUAERNE N, R ERE  APAER
N TN AN W g8 A8, S B0 )T 8- Tt B
(extended-spectrum B-lactamase, ESBL) A JE i, B-
PRI Tk e it 3 Sy % € A A 5 il L T 24 JO0 R A 5 T
R, BRLAY T (4 B-IN ot i il A7 TEM AU OXA 7Y
CTX-M %! SHV-1 %I HMS-1 %1% $#E4 ESBLs i
24 DAL 1) J50 R 76 A [ 48 14 J ] 14 7K O 7 3% A
N Z H i 25 5 DAL R 1 AL — Eh 4
BRE B AL DA A

T AT A R, 1980—2000 45 (8]
[ 22 M 25 K 5 A T8 G B blag,, , 7T 5% # B0k
ESBLs 92t K & =35 2= TEM &I F1 SHV B4, i 2000
ELUR,CTX-M 2 B TEM A1 SHV B4 3 B & 3
Sy ESBLs BL PR A, X — B fkny A —Jrm S
bla .y 55 K 33 7] B 2l 3 R 5T 44 0 S5Ok R A
SEA S0 T MR A R AR s A e 5 — T
CTX-M %7 ESBLs B 4 1] [ Hsf Xof 0 345 il 24 1 42 3k
BT 2P E RN 2 FE it 24, 3 Fh bl R it 24 4 1
ST R K 5 A B R B AR R R R , AT 3K
e BA B S EAR R KW
bla .y .55 C BN TR N L 3l 4 R BR 855 5k 5K i 1 A
A BS MR P WRAT I 238 CTX-M B0 ok XA BE
SR PRIA T R e B R T RE R R
i K FRBH s 4 8 B 77 CTX-M-55 #I ESBLs K i
PR A 0 A A 4 5 R 4 K T 3 L i
2PN EOR YR AT T . AR B ST E o AR B
AN B fib A3 B Y 2 Ak CTX-M-55 %Y ESBLs K
J 5 A DA 1HEA T 4 e DRV AL O, O 6 X6 000 ) B4l AT
P g1 2 g SRl b ek i 25 A EOm AL o 1T 4
LR, BENEHEERML B PP ERN G
et Y ST 245 T i 75 e Bl s 4k 2%

| AR5
L1 b
.11 HEERSER

AR A 22 4 XU e 00 0 DA T i v 4 2 )
9 50 Bk B IR R R A O T TE X R R ) AP 48
ENEIE KA E T 40% H i WO 2 W
W% GRATE T, - 80 C UK % A7 45 H .
1.1.2  FEALER 5

[Mlumina Hiseq 2000 M ¥ £& 4t ( € [ llumina) ,
NanoDrop ® Lite 48 4} 43 3¢ 3¢ i ( 3 [H Thermo-
Fisher) , 4 B P4 DNA $2 Bl & (78 [F Qiagen) .
T 4R RS2 S 40 M3 A H AR TAKAR, 20560 ] Bt
W £ Sigma,
1.2
12,1 PidE R U

AR 2 [ I PR AN S 56 = A 1 2= 51 2% (Clinical
and Laboratory Standards Institute , CLST) ¥ 47 f) {3 &
W R, LR 3 45 1 (ATCC 25922) R 4
B TR AR I RE 17 47T A 28 % 32 12 B ik ) e A1 o
¢ ¥ ( minimum inhibitory concentration, MIC) , £ 2%
CLSI 1 3£ [ [E 5 $it i R i 25 5 0 & 48 ( National
Antimicrobial Resistance Monitoring System , NARMS)
A ORAR VR X 0 25 37 i 547 0 3 o o T AR R Sk 7 At
WETH 24, W) ¥ IR CLST #E 75 7Y Bht g M B 1 X L A7
ESBLs R AYHAIE 5 1E 320 50 2 Sk 78 Al e/ ve 17 4
PR TC AT 52 1 BT R 1 MG 4 3k A0 Al g B 3K 56
i MIC fH Bk T 8 f% & LA L i, ) & &y ESBLs
FH A o
1.2.2 ESBLs 4%l

X 1.2, 1 o th 10 B 47 ESBLS bla,
SRR, e R S CTX 2 B, T blacy,y T 43 4
(subgroup) HEAF 20 X B S 7 Wy, ¥ 4
)5 B3R 5 W 4k X R (PCR) 7 W) i 2 T 38



7= CTX-M-55 B T 4% B- P I i 1 DK J 352 A T 4 e TR 24 1 91 Tk 245 /0 35 013 RR A BF 52

F A, % —521—

K, T e 2 IRZ S A, 4 20 3R 2 IR & B W]
SERE 3 NI | N7 i 1T G C Il D 4 e Y eE s
KA EAAFT B0 (NCBI) BLAST | 3 A7 Ho Xt
ARAT W o AL, [ X B Bk 2 AT ESBLs blagg, 2r

B B LR 1, K g I k2 R
CTX-M-55 % ESBLs K W & & W, 4 9 4w 5 N
ECO001 1 EC002, F 40% H i () il .0 32 W A ¥ Uk
R, —80 CyKA k77 4 .

F 1 EIRTER R A ESBLs 438 it FH 51 ¥ KT 51

Table 1 ~ Primers for ESBLs subtyping used in this study
EIZE EIRZERS SIEH(5°-37) TR AN/ bp 2% ik
CTXM7 GCGTGATACCACTTCACCTC
Group 1 260 [13]
CTXM8 TGAAGTAAGTGACCAGAATC
CTXM17 TGATACCACCACGCCGCTC
Group 2 341 [13]
CTXM18 TATTGCATCAGAAACCGTGGG
CTXM19 CAATCTGACGTTGGGCAATG
Groups 8 and 25/26 207 [13]
CTXM20 ATAACCGTCGGTGACAATT
CTXMI11 ATCAAGCCTGCCGATCTGGTTA
Group 9 293 [13]
CTXM12 GTAAGCTGACGCAACGTCTGC
M13U GGTTAAAAAATCACTGCGTC
blacpy.y (CTX-M-1 group) 863 [14-15]
M13L TTGGTGACGATTTTAGCCGC
) M25U ATGATGACTCAGAGCATTCG
blagyy.y (CTX-M-2 group) 865 [14-15]
M25L TGGGTTACGATTTTCGCCGC
M9U ATGGTGACAAAGAGAGTGCA
blacpy.y (CTX-M-9 group) 870 [14-15]
M9L CCCTTCGGCGATGATTCTC
5 3 4 RV-M GAGCGGATAACAATTTCACACAGG
| a — J—
WIF51Y M13-47 CGCCAGGGTTTTCCCAGTCACGAC
TEM-U TACGATACGGGAGGGCTTA
blaygy 716 [16]
TEM-L TTCCTGTTTTTGCTCACCCA
b SEQ-U GGGGAGCTCATAAAATTCTTGAAGAC
blayyy spg” 1 100 [16]
SEQ-U GGGGGATCCTTACCAATGCTTAATCA
TE:WFE SN T CTX-M 235 PCR 38 72 W3 12 T 45 B9 5 2 blaggy sp ST TEM 37 PCR 48 7= ¥y (9 0 1 s — 3% BT 51 490 g 3 1]
W51 49
1.2.3 2N DNA $21t Rl A= 15 B e B AR AT 2 k)™ CTX-M-55 Y

A T A3 i BRI 1. 2.2 0 1R Y 2 Bk
ESBLs K 5 A5 T, 3 2k 42 b 1 i O 32 8 B B - Al
(37 1) CHiFE 18 ~24 h J5, PRHUIA TR & % A T
10 ml fil WA, (37 £1) CHiFR 18 ~24 h J5,
Freaa ) & U U] A4 MR B R I 4 DNA | 4 i) 266 [
ZH DNA V25K > 50 ng/ml, S8 >2 pg, &
0. 8% 35 5 W 55k Jis¢ Hi PR A I 55230
1.2.4 S JER 75 I &

2 R K 35 A T B TR 2 B 0™ W 26 A L Ui R
FOIEBL B ey A BR 2 W) AT A A 2 A I E
SR HIE 7S 20 2 Bk R W e A 1 B TR 4 R R B DNA
Rt BLFT W I 7= A =415 <800 bp 1y — % %] DNA Jr B,
JH T4 DNA 4T . DNA K5l T4 2 RA% IR
FEFTHOIE B DNA K P 2R i 48 52 B A 3 , 7388 2ok
3" S I AL AR R (A) 175 DNA Jr BERE 5 3 Sty
A Pt v (T ) i R 0 R R 42 Sk i 4, T H UK ik
PR MDA B By B 4 7 ), fEAEH PCR HR Y
8 vl A 4 Sk 1 DNA 5 B s f i 2R AT SO A8 2 A
[lumina Hiseq 2000 3 & 7 .

12,5 BEDH A 4245 Mok B
i it BioNumerics V7.6 B N B 42 5 K 4100 5

R 35 A T R TR 2 20 % B e g R T R I T
B B R 25 B BT R (E (Q () BYF 2 (E 1 > 30, 7
Ui 2N S Rl o S v I A VA W 5 ] I
(wgMLST) N & M3k 2H%E (de novo assemble ) &3k 5¢
&, P F AU ( sequence type, ST) %5 fif £ [H 5 3 F
wgMLST N & H 3h 2 2% (assembly free calls) 5% 3k
SR O A2 52 Y 3 2 | RS 24 5k DA AN ) 2 A
IR ) B TR R W R A T R IR B (E. coli
genotyping) 5L A B RCHRE 12 58 )l b Ab, il £
B 5 K g8 45 % K12_1655 ( GenBank : NC _
000913 ) G 0, {4 M 5 i it 245 2 3 [X. ( QRDRs) 1 1 53
F i 11/ gyrA F gyrB J7 5 a4 MG IV 19 parC
I parE 7 5 UL K Gt (5 K 2 7% 2 K R it 25 1)
phoPQ Z Gt .pmrAB X4y & 48 . pmrHFUKLM 9\
A K pmrE &P 8 A B, B0 02 AR BIF ST 2 A BT 1) 1
TR N 22 TR 2R T 2 S8 AR L R

2 #R
2.1 LR

ESBLs 73 B350 3L I SO k8 I R M 3 Aiv 1 4K
712 k)" CTX-M-55 B ESBLs KM 7 18 , H 25 i 4s



R AR AR

—522—

CHINESE JOURNAL OF FOOD HYGIENE

2017 4E55 29 55 5 #i

U2 AT DL, 2 R ER 2 0 Sk 96 25 i i 2%
PUAE R 25 5 bk, Hrp ECOOT B bR R4 56 2 B vy
(BRTEBEMEIE) ROR B R (R TT 28) AN 3 25 %
(RINNTEZE) HT A= R BURSL, 68 HAtb B A7 I3 f) ¢

A2 ZK IR 25 5 ECO02 B AR W X 2 "R AMR (F B &R 2K |
Sk E (SIS ) BT VG AR vE 1 ZE TR (8- 1A T T
SN ) FEUE R R IRV R (MR ) 2. 2
PR 3527 ESBLs TRk o

2 O2HRRIGIRAT RS 13 28 17 Fifg A 28 25 8l X I i 25 56 PR 0L

Table 2 Antimicrobial susceptibility of 2 strains of CTX-M-55 producing E. coli against 17 antimicrobials
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Table 3 Genomic characterization and annotation of 2 E. coli strains
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PREARAT (Y B IR B 58 A M IR 2R AR R
Z5HLEN R gyrA FI parC 1) 5 A8 F e WL T AR
WF5EIE 3 X 2 K G 00 L X K B, ECOOT T A
gyrA FFTEPIAS i R 72 S83L il D8TH , parC AF7E— 4>
HLRAE S80T, e Ah 15 2 R I b ik U B BORL A S
By s o B iF 25 B A ( plasmid-mediated quinolone
resistance, PMQR ) "**' | 4% 31| k1 ogxA/B F1 qnrS1 3
Kl ECOOT 3 #5717 s i 25 470 Ak 2R it 25 HE 1A sul2/3 Fi
SN WE TR 25 B (5] dfr AL 2, T BR AR AT sul2 BEIA ) m)
S Bt 7 A i Jig 28 B0 A 3R I vk A B A IR S
RS S 25T sul3 W) — T A R A
SRR A R 2 L A, 2t A SR T 2R
AR 25 OB L, 8 W2 WA aadA FdfiA (£
& dfrA12 JE ) Fe DX &, n] R 45 T R 52 T B v B
FOT 251 . ECOOT i 485 H5 DU BF 3 2% fif 25 2K IR ter
(A)/(B) AeAr U KM L5/ T A ter T,
tet (A) K PR J2 ORI 352 A T AT R v HR B R B v 1Y
HOR N tet(B) $ K, I H. tet (A) 76 3 ¥y 38 PR T 25 K
T35 7 B TP B R R B AE BT EC001
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(3")-Ha , Y8 Ry Tk 25 I i 352 Ao AT e 5 DL 00 465 A il , G
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