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inhibitory concentration, MIC)#R|% . 1T Illumina HiSeq -F & #4742 A H LM /. 148 ResFinder £
P EFUN RAF AT KA. FIA S1 BEY) S Bk 3 &5k (pulsed-field gel electrophoresis, PFGE)#=
Southern blot % X #AT /R ¥ A sk F F M Kot 2 K B e sk, [ R] o B b AR H B M KT 2509 X
MATH HN1-26 = XN3-1, #xfkiafbse. Kiegek. BT @k, RAEITT. LFHEN. mEF
Lok, BV E. ARAYE. £FRE. WREMG. I, XN3-1 3 RRRH fo KIEF F A2,
B Pk HN1-26 A= XN3-1 49 % 1% % 5 7| 5% (multilocus sequence typing, MLST)% % 4 ST354 #= ST10.
AME A £ T ey MICALH A 64 pg/mL, 22 EES X FEHH LB -Fm L, Bk HNI-26 B
XN3-1 £ RAF Lk, BARE ALY T blanpws A 89 IncX3 B k. AAMRAENF I 22—,
KA 46 161 bp, QL AHEAEA T, B KMATEE A 2R @mIe#iT445. [4445] IncX3 AR
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Two carbapenem-resistant avian Escherichia coli strains ST10 and
ST354 mediated by blaxpy.s gene
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Abstract: [Background] Carbapenem-resistant Enterobacteriaceae is now becoming a globally serious
threat to public health. [Objective] To study the carbapenem resistance of intestinal bacteria isolated from
poultry farms, feces of chicken and duck were screened at Xi’an of Shaanxi and Haining of Zhejiang
Provinces. [Methods] The potential bacterial colonies on LB agar plate containing meropenem were
picked and further characterized by matrix-assisted laser desorption/ionization time of flight mass
spectrometry (MALDI-TOF MS). Minimum inhibitory concentration (MIC) was determined by the
microbroth dilution method. Whole genome sequencing was performed by the Illumina HiSeq platform.
Acquired resistance genes were predicted by the online ResFinder database analysis. In addition, plasmids
and carbapenem resistance genes were confirmed by S1-pulsed-field gel electrophoresis (S1-PFGE) and
Southern blot hybridization. [Results] Two carbapenem-resistant Escherichia coli strains HN1-26 and
XN3-1 were isolated. Both of these strains were resistant to ceftazidime, ceftiofur, ampicillin,
amoxicillin/clavulanate, trimethoprim/sulfamethoxazole, sulfisoxazole, enrofloxacin, ofloxacin,
meropenem and tetracycline. Besides, XN3-1 was also shown to be resistant to florfenicol and
spectinomycin. Multilocus sequence typing (MLST) results revealed that HN1-26 and XN3-1 were ST354
and ST10, respectively. The MIC values of these two strains to meropenem were 64 pg/mL, while HN1-26
grew faster than XN3-1 on LB plate with meropenem. Furthermore, these two strains contained the
identical IncX3 type plasmid carrying antibiotic resistance gene blanpm.s, with a size of 46 161 bp. This
IncX3 type plasmid contained complete conjugative elements and were able to transfer to £. coli recipient
cells. [Conclusion] Our results suggested that the IncX3 plasmid is an important vehicle for transferring
blanpm.s gene, which has the risk of spreading in livestock and poultry in China.

Keywords: blanpm.s, Escherichia coli, Plasmid, Poultry farm
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KB, WA B E . A 2009 4F Yong
G IR AR B R R BT B B 4 ) -B- P 1k
JléM##-1 (new delhi metallo-B-lactamase-1, NDM-1)
PSR SR st R4k & B T 4B blanpm HOZN
L BHRT NI, BERRIT 24 4 blanow 72

RIK, blanow.s e PJE7E 2011 4EF Hornsey 4514
ARG R RV BIE T2 6E, BEE
RZ E R WBGLLGE T blanowm.s FIIAFT A
MR, BCNIRAT 20 blanpy 728 B A 2z — B

blaxpwm.s PRI AFIZERY BRI/ S, 640 IncF | IncN
Al IneX3 U2 i, IneX3 BUGCRZEFF B R
mEEEED HirZEREN . SRR
B2z W R BT 5T blanpw.s B9 IncX3 B JikL A
FRMA R, AR HAENY | EpEEt™ T

HA . Je HARE!S | Brfif e 4y K w45, 78
HE, CARZATHGE T ARERIES blaxpws
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() TneX3 BUBORE, AAHHTYT20 Rl an 4P
R g 1P s b s R
EAL S

AT DA TIN5 85 10 265 v 73 B H Bk
T BRI 25 WK 7 91 B 53512 ST354 F1 ST10
AR A HN1-26 A1 XN3-1, X PRk 55
blaxpw.s FEH o Gl FER My | 24 foke i 45T
BEfAAT T I ZGHL], XS WA B 14 i 245 1 s 24 it
KT T HAB T o IR SERFoE 4 SR A B 1S it
FEENHEN blanowm.s FER W TORE N FN S rh 1545
PRI
1 MR
1.1 EERLFINUEE

DNA 2B &, FilgsEmmd Y TR A R
/N 5 Biofosun™ 9 2% [G VT E 25 il , H i
BAAEYBARARA R LB M, RiEELE
WHARARAF . WAEY B 34 Kl 2l 2 4L
Microscreen, A% RALAR & (RBYARA ] A
KERTE, Bruker 237 .
1.2 ERSE. £F

2018 4 10-12 7, 435I NBRPE P4 42— FRBE R 3G
Gy L T G SRR 4 R AR FEMAE AL 5. 10
10 Gy, A R e 4 ng/mL 1) LB
SRR TR, PR RS Alifl 3 Yk, dad
Jo 8y B A I L KA T B[R] 5 3 (matrix-assisted
laser desorption/ionization time of flight mass
spectrometry, MALDI-TOF MS)PRE#YE . sRIFHY

FkiE L 16S rRNA JEPRP P, e i
20% H M AR TR E]-80 °C VKA. Kok RIZ T+ LB
WA, 37 °C ¥53% 1224 h B 95, PR Tape ] TIa4t
5% -
1.3 EH[F%H DNA 2ESF

AT EMRAE LB A ERIZR, 37 °C K55 12 h, Bk
HEETEA 5 mL LB AR RIS,
37°C. 200 r/min J&3%5 5555 12 h, DL 1%A 3R
P44 50 mL LB VA IR 3800 = M, 37 °C.
200 r/min $£¥% 3535 2-3 h, 4 000 r/min &.0> 10 min

WA F2 R DNA $2 5] & il ] 5 2 ot
[N4] DNA. i [lumina HiSeq 735 %4325 3k
1SR RIAFF R TR MY, FPodiH] Velvet 3k
PRI TERAE . BORAHOCHY Bt —2iid gap-closing
M ESARERET A . FPHIC 4258 GenBank 4 ,
BSR4 E VXKY00000000 FT VXKX00000000,
1.4 THZGER TN S RRL5T

FE[HZH:EF NCBI Prokaryotic Genome Annotation
Pipeline [ 8. i ResFinder 3.1 i FE %+
AT VTR 25 3 K 47 300, A A PlasmidFinder
2.0 AT oA A S 2 A T, ) R 7 81 HE ot
1 Easyﬁg[zg]ﬂ:‘[l BRIGBO]ﬁﬁ:o
15 sl

i FH - Biofosun™ ¥ % PG BF 1 e 4801 24 S G
KIGHFF R 43 B R XT 2 P MR (ampicillin, AMP), 3k
fUBE L (ceftiofur, CEF). k4@ (ceftazidime,
CAZ). BH%] T (amoxicillin/clavulanate, A/C), 3%/
1B (meropenem, MEM). % J5#i#i W (trimethoprim/
sulfamethoxazole, SXT). fifi it 57 %Mk (sulfisoxazole,
SF) . &li# b & (enrofloxacin , ENR) . & Vb &
(ofloxacin, OFL), PU¥fZ(tetracycline, TET), JKK
752 (gentamicin, GEM)., KW & (spectinomycin,
SPT) . #KJE % (florfenicol, FFC)FIA I# % (colistin,
CL) 14 Fidt A R IR A& BE (minimal inhibitory
concentration, MIC), D)3 E lfa REZE 2= pr AL 2
5143 (clinical and laboratory standards institute of
America, CLSI)f47 ) 2% 01

B RIFFE o3 BRI LB 3G R AR K BT
W1, (AR FRER K O 222 R EE R 0.6, F% 10 %
FOBREERRE, 951 1077, 107, 107, 107, 107,
107 ANANBBEE BRI, B ARl gy a2 )
XX B /3 0.4.8 116,32 .64 F1 128 pg/mL
) LB JrE- i b, ORI i B R & A A
[k B2 225 i i) LB 50k B AR RRS . BIR
JAFTFE ATCC 25922 i BE BRI bk .
1.6 H£KHZAINE

HE bk HN1-26 F1l XN3-1 ##k 37 °C K57: 12 h
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Ja, R 1% RIS 30 mL LB Bi s, 8
A A SR I G TR . SE % B R
WP BEE N 0, 8, 16, 32 F1 64 ug/mL, L5
H 3 W MIE ODgoo WaINBARA KBS, fiff
H GraphPad Prism 8 £ {42 il A= 4 £k
1.7 S1-PAGE. Southern blot 53 &% L15
ISR oy Bt AT, IR RPirER
JHFF IR EC600 AR ZAKTE . R Xba 1 BEUIbR
HERERE Salmonella enteric serovar Braenderup H9812
YER5rFAndE, S1ARXIREFAC IR, ik nidz
KRGS B TR, R SERRIC ) blanow.s T
PEBREF VLT Southern blot 2358 . & 45250 HAK
(i =GN

2 ZR54H
2.1 EHEE

AR B VG WG 22 B — R 3R 58 3 RN VI T
AN 25137 P SRAE 10 25 1y 20 RE S 20 T e
PEGRIGE 8 AR D KL pa i 245 iRk . A Ff MALDI-TOF
MS Fl 16S rRNA FEF P LTS, 2 VG2
FRIES TR 1 ARRIAFTBE(XN3-1)F 1 FRIEAE 2
FEFR AN, NI TR 1 MR AP (HN1-26),
2 MRANBIAT TR @ AN 3 PR 58 Ca b o1 1) P vk o
22 AW

Xif WA 95 2 55 R T 24 1 K I AT s EA T T 254
TR, RS T X 14 FrbisE R MIC (I T
TXTH . g 1 Fis, PRI R ZEim 2,
HAo itk HN1-26 STRKEE . BREH . MEE
MAMER 4 Fhprd: KUK, xfkfufbng, ki
WETK . ZCRTUAR. BARTTT . B EEM . Rk
SoEme . BORT A HEDE . BT R . UK
£ 10 Fppid RE B W 2510, MEK XN3-1 1
it 252K R L bk HN1-26 ZPikh, HXFREE %
AR 2R LRI T 250, I H MIC [HAHZHK
K, BPE XN3-1 XTHREEFAME R MIC 5
WE>256 ug/mL FI>512 pg/mL, TFE Kk HN1-26 K
4 pg/mL F1 32 pg/mL,

1 EFk XN3-1 F1 HN1-26 #9 MIC {&
Table 1 MICs of strains HN1-26 and XN3-1

E/INATE 3 P Strains
Antibiotic HN1-26  XN3-1
(ng/mL)  (pg/mL)
ZFPEAk Ampicillin (AMP) >512%  >512%
Sk fmEnk Ceftiofur (CEF) 256% 256%*
LAl BE Ceftazidime (CAZ) >256%  >256*

BA% 7T Amoxicillin/Clavulanate (A/C) >512/256* 64/32*

% KM Meropenem (MEM) 64* 64*
k] >32/608* >32/608*
Trimethoprim/Sulfamethoxazole (SXT)

Tk e 5 7%k Sulfisoxazole (SF) >512%  >512%
RBi#7) A Enrofloxacin (ENR) >32% 8*
AP AL Ofloxacin (OFL) 32% 16*
PUIREK Tetracycline (TET) >512% >512%
PR K%EZ Gentamicin (GEM) 0.5 1
KMEZE Spectinomycin (SPT) 32 >512%
S FJE % Florfenicol (FFC) 4 >256*
HiFF 2 Colistin (CL) 0.5 0.5

o FIWT 2y

Note: *: Represent antimicrobial resistance.

MG MIC M52, ik HN1-26 F1 XN3-1 %38
B MIC {538 64 pg/mL. dE— 00K T &
Pk HN1-26 F1 XN3-1 7ERF HEpg Wk B0 5110 0. 4.
8. 16. 32, 64, 128 pg/mL A LB “Fhr itk K
1. B 1 AT UE 2], Rk HN1-26 Mif 527
W T XN3-1, FERS FRM I F BRI A 10 B, 7
Pk HN1-26 7E£ % Km0 128 pg/mL B354
ARIAEK, WEER XN3-1 A4k, FFE, WA
Kl £ (] 2) T A1, B AR HN1-26 11942 38 22 40
TR XN3-1 8, FERR7E RS B m vk i
64 ng/mL B}, HN1-26 (IR ZZHA°M 3 h, 1 XN3-1
PRI R 5 h, 33X -5 AR I 1 s 8 o5 i 11 1)
D45 SR 2L o S50 150 BH 8 AR PR AR B 1 ) 56 551 05
Y MIC {EAHTR, (F7EH P Rk BT Ak
HN1-26 H XN3-1 4 K36 J1 5.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEP 2255 P blanom.s SNSRI S B 06T 25 S IR K AFTF T ST10 M1 ST354 Tif 241k 1841

Dilution

10
10°
10°
10~
105

107 |
| |
64 pg/mL

Meropenem 32 pg/mL

128 pg/mL

1 BE¥k HN1-26 #1 XN3-1 ERRERERI X TR LB PR L4 KR
Figure 1 The growth of HN1-26 and XN3-1 on LB plates with different meropenem concentration

23 FRASTAER

Wit S1-PFGE #1 Southern blot & ¥, Witk
HN1-26 Fl XN3-1 AE7EAH R R INRHET blanows F 5T
Hi(E 3), KAk pHNNDM-yll F1 pXNTBNDM.,,
FEF IR L 3 A LB 4 R, ARG 3 4 SRz
45K/ 46 161 bp, HIFFI5E4e—5. FIH

ResFinder %4 ZEXHN P45 k45 T 208, TERERR
HN1-26 [ 2 Hp i 1) 10 ASFRAFEM 25 3 [ .

B- N Tt M 25 blanpmes « blatpmap 3 2 &M T 28
aph(3")-1b. aph(3")-la. aph(6)-Id; VEEEIZE ogxB;
FHAEREDR dfrA17; RINBEE catdl; RS sul2;
PUFRZE K tet(B); FERIME XN3-1 AL 41 H Fin 2|
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- 0 pg/mL
- 8 ng/mL
- 16 pg/mL
- 32 pg/mL
- 64 pg/mL

20 24

ODqy
[\

- 0 pg/mL
- 8 ng/mL
- 16 png/mL
- 32 pg/mL
- 64 ng/mL

0 4 8 I1I2I lI6I20 24
t(h)

2 E#k HN1-26 (A)F0 XN3-1 (B)RV4E K phzk
Figure 2 Growth curves of strains HN1-26 (A) and
XN3-1 (B)
16 MNARAGPEMmT 25 3L K . B-IWEE 2R blanpws «
blatem.ip; BIWEHF aadA2 . aph(6)-1d. aadA2?2.
aph(3)-la; WEVETRZE gnrS1; WARMENESR dfird12.
dfirA14; KIFWBEZE mph(A). mdfA). hu(F); 7
IR catAl, floR; W& sul3; TR R ret(A)
(£ 2)o HARPIFN MR —2EehT A R 25 R AR,
{EJE T Z BE R AR, Ak HN1-26 XF DU R
(AN 25 3L R ret(B), T XN3-1 J2& tet(A). ILAF,
1E HN1-26 HHNE] T parE (pI355T)RAE . gyrd
(p-S83L. p.D87N)AZEAEFN parC (p.S80I. p.E84G)

XSS 7R XN3-1 H B S| T gyrd (p.S83L)%RAZ,
IF H X Se g8 AR A0 3 1 TR R R0 mes A A 25 25 ) 2%
WERR AN TS B PTTE

kb

1135.0

668.9

& 3 Eitk HN1-26 #1 XN3-1 #J S1-PFGE 1 Southern
blot 4558

Figure 3 S1-PFGE and Southern blot results of strains
HN1-26 and XN3-1

e BRI A Braenderup H9812 B FHE RIC; &7
%: éi\;ﬁ blanpm-s %lﬁﬂ’ﬂiﬁﬁ

Note: Salmonella enteric serovars Braenderup H9812 was used
as a marker; Arrows: The plasmid harboring the blanpm-s gene.

PR blanpwm.s IO BURE 2 PO & 0 2R
T IncX3 B BTRL, ZORZERI T 28 V2 4 B T
A G R b o 247 807 5143 B (multilocus
sequence typing, MLST) M M K AT 1 HN1-26
il XN3-1 924 ST354 1 ST10, i —6HH T #54
blaxpm.s W KIGFF I EA TN 2 70E . HIRATERT
A AEWTT NS TP B pTB203 TR X
Z5A 3 A4 SNP. blanpwm-s &7 T B
1SAba125-1S5-blaNDM-5-ble-trpF- 1S26 #5kbrh, 5
R IE > — S0 (& 4A) o TR ELAE e e A
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2 Erk HN1-26 1 XN3-1 BU3R1S R Z5EETUNEER
Table 2 Acquired antimicrobial resistance genes of strains HN1-26 and XN3-1
P 2k HN1-26 XN3-1
Antibiotic types Susceptibility  Acquired resistance genes Susceptibility Acquired resistance genes
B-lactam AMP R blatem.1 R blatem-1B
A/C R blaNDM_5 R blaN[)M_5
CEF R R
CAZ R R
MEM R R
Aminoglycoside GEM S aph(6)-1d, aph(3')-1a, S aph(6)-1d, aadA?2,
SPT S aph(3")-1b R aadA22, aph(3')-la
Colistin CL S S
Fluoroquinolone ENR R ogxB S gnrS1
OFL R R
Fosfomycin
MLS-Macrolide, Lincosamide mdf(A) Inu(F), mph(A), mdfiA)
and Streptogramin B
Phenicol FFC S catAl R floR, cmlAl
Sulfonamides SF R sul2 R sul3
SXT R dfrA17 R dfrA12, dfrA14
Tetracycline TET R tet(B) R tet(A)
A VA
\%?‘w\‘\%"\w\“\\‘\ &
pTB203 DIADS
pHNNDM-yI DD
pXNTBNDM I=E
B mpr Tn3
\ /
top{? - . - /IS3000
isH ' <
Jis \ | 184bal2S g Ge Content
kA g fhst, N\, IS5 pTB203
N g 0, .
2 \ oy, W100% lden}lty
S __ble 70% Identity
T _—trpF
TPE S HNNDM-yI

virBI1l —~

virB10 —
virB9— .

virB8 —

virB7 —

virB6 -~ -

traG

virB5

~
e

virB3

virB2yjyB]

IncX3 plasmids 10 kb 1
46 161 bp

\_25kb  20kb /

dnaJ

\

V —IS26 M 70% Identity

 curd M 100% Identity

— umuD ,XNTBNDM

“—tnpA 100% Identity
’ 70% Identity
W Other CDs

W Type IV secretion system
B Resistance gene

W Conjugation transfer

Il Replication

4 TEIFk HN1-26 1 XN3-1 & ik pHNNDM-yll #1 pXNTBNDM 5 pTB203 ByLLER
Figure 4 Comparison of pHNNDM-yll and pXNTBNDM with pTB203
TE: SMMUSRBOR R TERS s JEFAR B R B R (.

Note: The external ring represents the annotation of plasmids; The genes are colored differently according to the function annotation.
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Feouth, MEAshEEIE | TV BRI E A w3
[KI(T4CP)FI IV BULA [ 531 R G S 7% (K 4B). il
Ja RPN R A Fe R RCR I T T E , 4558 535
H(2.58+0.14)x 107 F1(1.68+0.27)x107°, FSZ T Hikk
HN1-26 F1 XN3-1 HH#EF Y blanpm.s 1Y FURL AT LAE
IR N .
2.4 ¥ blapws RAEFERN S ST
blaxpa.s JE ARSI ) blanpy FEPH BYAE R4
Z—. HErHARS e 2 MR FESRE LB T #0
blaxpw.s FOJTURE , A5 I A AP s g i Pl
fEE, ZER R RIFEES A AT, AKE
blaxpwm.s E"Jﬂ‘igfﬁﬂ‘io ?ﬁﬁ Eﬁﬁ, M%@ﬁ%%q“ﬁ
B 23 NE blanpwm.s B IncX3 BUFCRI(E 3), 046
2016 4E M PUJIFRRE FRAINZ ) 1 ANFORE, 2017 4F
AT ARG PG 2] 1 ATk, 2018 1 2019 4F
S TS5 (3 2 RS A 21 10 A~ oes B
9 AR, 2019 AE AT RNK PG PG 42 TS Ay 2
RGN RN ) 2 AR ASIIFSY) - Bz Bk AT

®3 BEmIIPET blawws B IncX3 FUAifE H E /210

BoR, NFSHYIAT AR EALRE, 73R s34
Al e S EITRMIF KT . B AR CR
3 whEER

TR 2GR R T A L DA R4, fa
TR, — B LORE AT =R
B, AT ANCHRIE TAImR . &, S sRsE by
BRI AR RIS 0T NS EA U e RS, ks
B BORG T ZE 24 A W AT PR RN TR 5 At
% B VG P9 &2 FlT VL T I K B RS LT
A blanpwes HEK W KIGFE, FFH1EL502 ST10
1 ST354, blanpm-s A IncX3 BIFURAENF .
FRE 25 W UL i 25 S R, AR HN1-26
XN3-1 4355 10 FhFn 12 FlAS[E] B4 A 2 HAT i 24
V£, I H AT LU RAT I i 24 J5 DR R 5 (R 2 R A
RENfRE . RS, RS T TR HN1-26 F1
XN3-1 H #8545 blanpw.s Y IncX3 F ok AT 2555
FEIRE ST, HATIEREXK

Table 3 The distribution of IncX3-plasmids carrying blaypy.s isolated from food animals in China

LS Jhr K Wb wmE A RS SCHR
Stains Plasmids Length (bp)  Species Host Provinces  Accession No. References
L37 pL37-2 45 650 Escherichia coli Goose  Jiangsu CP034591 [21]

L65 pL65-2 46 161 Escherichia coli Goose Jiangsu CP034744 [21]

L100 pL100-2 46 261 Escherichia coli Goose Jiangsu CP034748 [21]
L103-2 pL103-2-2 46 163 Escherichia coli Goose  Jiangsu CP034847 [21]

L33 Unknown ~46 000 Escherichia coli Goose Jiangsu [21]
1L43-1 Unknown ~46 000 Escherichia coli Goose Jiangsu [21]

L102 Unknown ~46 000 Escherichia coli Goose Jiangsu [21]
L103-1 Unknown ~46 000 Escherichia coli Goose Jiangsu [21]

L99 Unknown ~46 000 Escherichia coli Goose Jiangsu [21]
XG-K3 Unknown ~46 000 Klebsiella pneumoniae Cow Jiangsu [36]
XG-K4 Unknown ~46 000 Klebsiella pneumoniae Cow Jiangsu [36]
XG-K9 Unknown ~46 000 Klebsiella pneumoniae Cow Jiangsu [36]
TQ-K1 pNDM-Kpn-1 46 161 Klebsiella pneumoniae Cow Jiangsu [36]
TQ-K2 Unknown ~46 000 Klebsiella pneumoniae Cow Jiangsu [36]
TQ-K3 Unknown ~46 000 Klebsiella pneumoniae Cow Jiangsu [36]
TQ-K4 Unknown ~46 000 Klebsiella pneumoniae Cow Jiangsu [36]
K11424 Unknown ~46 000 Klebsiella pneumoniae Cow Jiangsu [36]
K12016 Unknown ~46 000 Klebsiella pneumoniae Cow Jiangsu [36]
YZ-K1 Unknown ~46 000 Klebsiella pneumoniae Cow Jiangsu [36]
Unknown pECNDM101 46 165 Eshcherichia coli Swine  Sichuan KX507346 [25]
ECCRA-119  pTB203 46 161 Eshcherichia coli Hen Zhejiang CP029245 [6]
HN1-26 pHNNDM-yll 46 161 Eshcherichia coli Duck  Zhejiang CMO018322 This study
XN3-1 pXNTBNDM 46 161 Eshcherichia coli Hen Shaanxi CMO018321 This study
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