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Molecular classification and drug resistance analysis of Escherichia coli in Shandong Province
GAI Wen-yan, WANG Juan, QU Zhi-na, WANG Jun-wei, HUANG Xiu-mei, WANG Yu-dong,
ZHAO Si-jun, HONG Jun
(China Animal Health and Epidemiology Center, Laboratory of Quality and Safety Risk Assessment for
Livestock and Poultry Products (Qingdao), Ministry of Agriculture, Shandong Qingdao 266032, China)

Abstract; Objective To understand the distribution of Escherichia coli in poultry and to reveal the drug resistance and
molecular epidemic and characteristics of isolates from Shandong Province, and to provide science basis for the risk
assessment. Methods A total of 42 E. coli isolates were analyzed with drug sensitivity test for 13 antimicrobial agents,
and analyzed with PFGE and MLST genotyping. Results The PFGE genotyping of 42 isolates yielded 34 PFGE types.
MLST analysis of isolates identified 18 STs, and the 7 housekeeping genes had different variation. All isolates were

resistant to two or three antimicrobial agents, and the highest resistance was to AM, SXT and NOR, which was 97.62% |
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92.86% and 90.48% , respectively. Conclusion

The resistant spectrum of E. coli was wide and serious, gene was

polymorphism, and the distribution had a certain timeliness and regional in parts of Shandong Province.

Key words: Escherichia coli; drug resistance; pulsed field gel electrophoresis; multilocus sequence typing analysis;

foodborne pathogens
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CLST f4 A M 21 187 i 24

Key SourceCity province  year
SD08-6 T shandong 2008
SD08-7 T shandong 2008
SD08-1 shandong 2008
SD08-8 T shandong 2008
sD12-1 T shandong 2012
SD11-9 7 shandong 2011
SD1M-11 37 shandong 2011
SD11-6 T shandong 2011
SD00-2 i shandong 2000
SD00-10 ¥4 shandong 2000
SD00-9  HH shandong 2000
SD00-4 itk shandong 2000
| SD00-5  #fi shandong 2000
SD00-8 I shandong 2000
SD00-6 e shandong 2000
SD00-7 P shandong 2000
SD00-13 T shandong 2000
SDOO-1 i shandong 2000
SDOO-11 i3 shandong 2000
SDO0-12 ¥ shandong 2000
SD08-16 3T shandong 2008
sD12-2 T shandong 2012
SD11-5 T shandong 2011
SD08-11 7 shandong 2008
SD11-1 ¥ shandong 2011
SD08-9 T shandong 2008
SD11-2 ¥ shandong 2011
SD11-10 7 shandong 2011
SD08-3 7 shandong 2008
SD08-12  HETH shandong 2008
SD11-3 3T shandong 2011
SD1-7 3T shandong 2011
sD08-4 T shandong 2008
sD12-3 T shandong 2012
SD08-15 3T shandong 2008
SD08-5 T shandong 2008
SD08-13 7 shandong 2008
SD08-14 T shandong 2008
SD00-3 M shandong 2000
SD11-8 ¥ shandong 2011
SD11-4 ¥ shandong 2011
SD08-10 7 shandong 2008

BRAEZE K- | BA 22851k

ST PFGE-Pattern g g Antibioti
2732 0035 “iucD,iss" "TEMCTX,INT" “AMEFT,GM,SPT,TE FFC,SF SXT ENR"
2732 0043 “iucD,iss" "TEMCTX,INT" “AMEFT,GM,SPT,TE FFC,SF SXT ENR"
2309 0031 “papC Irp2,iss" "TEMCTX,INT" “NORENR,TE,PME GM,DOX EFT FFC,SF SXT AM"
362 0032 “iucDisstsheva®  "TEMCTXINT" “AMEFT,GM,SPT,TEFFC,SF SXT ENR"
165 0033 iss "TEMCTX,INT" “NOR,ENR, TE,GM,SPT,DOX,EFT SXT,AC.AM"
17 0041 “iucD,fss,vat" "TEMCTX,INT" “ENR TE,PME SPT EFT,FFC SF,SXT AC"
17 0041 “iss,vat" "TEMCTX,INT" “PME,GM,SPT,DOX,EFT,SXT AC"

17 0042 “iucD,iss,vat" "TEMCTX,INT" “PME,GM,SPT,EFT,SXT AC"

23 0007 “iucD, Irp2,iss,cva tsh” INT “NOR. TE,DOX SF SXT AMGM,SPT"

23 0006 “iucD, Irp2,iss,cva tsh” INT “NOR, TE,DOX SF,SXT AMGM"

23 0008 “iucD, Ip2,iss,cva tsh” INT “NOR,TE,DOX SF,SXT AMSPT"

23 0009 “iucD, Ip2,iss,ova tsh” INT “NOR, TE,DOX SF,SXT AMGM"

23 0010 “iucD, Ip2iss,cva tsh” INT “NOR, TE,DOX SF,SXT AMGM"

23 0010 / INT “NOR, TE,DOX SF,SXT AMGM"

23 oot “iucD, Ip2,iss,cva tsh” INT “NOR. TE,DOX SF,SXT AM"

23 0012 “iucD, Irp2,iss,cva tsh” INT “NOR. TE,DOX SF,SXT AMGM"

23 0012 “Irp2,iss” INT “NOR. TE,DOX SF,SXT AM.GM"

2505 0013 “isstsh” INT “NOR. TE,DOX SF,SXT AM"

2505 0013 “iss,tsh” INT “NOR. TE,DOX SF,SXT AM"

2505 0013 “iucD jsscvatsh” T “NOR. TE,DOX SF,SXT AM"

23 o014 “iucD,Ip2iss,cva”  "TEMCTX,INT" “ENR TE,GM,SPT EFT FFC,SF SXT AC,AM"
2505 0004 “iucD tshssvat'  "TEMCTX,NTISCR" "NOR ENR,TE,GM,SPT,DOX EFT FFC SF,SXT,AC.AM"
10 oo iss cTx “NOR,ENR,TE,PME DOX,EFT AC"

9 0029 “iucD,iss" CTX,INT" “AM,EFT, GM,SPT,TE,FFC,SF SXT ENR"
17 0046 “iucD, Ip2,vat" “TEMCTX,INT" “PME,GM,SPT,DOX,EFT,SF SXT AC"

354 0005 iucD CTX,INT" “AM,EFT,GM,SPT,TE,FFC,SF SXT ENR"
453 0057 “iucD tshevajss”  “TEMCTX" “NOR,ENR, TE,GM,SPT, DOX EFT AC"

453 0056 “tshova" “TEM,CTX,ISCR" “NOR,ENR, TE,PME GM,DOX EFT AC"
3285 0054 iucD INT “AM EFT GM,TE FFC,SF SXT"

3285 0054 iucD INT “AM,TE,FFC SF SXT,ENR"

354 0030 “papC tshiss" INT “NOR,ENR,TE,DOX,ETT FFC SF,SXT AC"
156 0018 Ip2 "TEMCTX,INT" “NOR,ENR,TE,PME GM,SPT EFT SXT AC"
189 0061 Ip2 INT "AM EFT SPT,TE FFC,SF SXT,ENR"

10 0065 iss "TEMCTX" “NOR,ENR,TE,DOX,EFT,SF SXT ACAM"
602 0017 “iucD,iss cva” "TEMCTX" “TE,GM EFT FFC SF SXT,AC.AM"

131 0058 “iucD,Ip2iss,cva”  "TEMCTX,INT" "AM EFT GM,SPT TE FFC,SF SXT"

131 0088 “iucD,Ip2ss,eva”  “TEMCTX,INT" “ENR,TE,GM,SPT EFT FFC,SF SXT AC,AM"
131 0058 “iucD,Ip2ss,cva”  “TEMCTX,INT" “TESPT,EFT,FFC SF,SXT,AC AM"

101 0048 “iucD,ss,tsh" INT “NOR, TE,DOX SF,SXT AM"

1140 0070 “papCiucD" “TEMCTX,INT" “GM,SPT,EFT SXT,AC"

34 0075 “papC tsh" ! “NOR,ENR, TE,GM,DOX,STX"

34 0074 iucD “TEMCTX,INT" “AM,EFT,GM,SPT,TE,FFC,SF SXT ENR"

KA1 # PFGE 350 #r 14

Figure 1
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Table 1 ST and allele profile of each isolate =%8(1)(1) i @@
A B HE ST # adk fumC gyrB icd mdh purA recA 12012 334 ) /60‘2‘5' ®
SD084 189 10 27 5 10 12 8 49 ) ,53;_9;354,%4'165 6 @
SD08-5,13, 14 131 53 40 47 13 36 28 29 o, ; (5,32,85 62300, P
SD08-6,7 2732 46 26 208 6 5 16 4 ‘ )
SD089,10.SD11-3,4 354 85 88 78 29 59 58 62 @ .
SD08-11 93 6 11 4 10 20 8 6 131
SD08-15 602 6 19 33 26 11 8 6
SD11-7 156 6 29 32 16 11 8 44
SD11-8 1140 83 23 164 181 80 1 42 =§ 165 e
SD11-2,10 453 99 6 33 33 24 8§ 7 i% Y 101 6/03,3'4537389
SD08-3,12 3285 6 6 15 10 20 23 6 s ! 32855’93;44,\195416 6 6
SD122 SDO0-1,11,12 2505 6 41 12 1 20 13 7 11465 5 : 2.527—32
SD11-5 SD12-3 10 10 11 4 8 8 8 2 w) 3362
SD08-1 2309 271 26 39 25 5 31 19 @ AW
SD08-8 362 62 100 17 31 5 5 4 131
SD12-1 165 10 27 5 10 12 8 2
SD11-1,6.9,11 117 20 45 41 43 5 32 2 AR P P R A 1 A ST AU 5 B KM R R £ 20
SD00-3 101 43 41 15 18 11 7 6 (2] V] &) Bl i BH 52 DX 3k e R X3 1) ST B & F ) — s e A 8 Bl =2
SD00-2,4,5,6,7,8,9, 23 6 4 12 1 20 13 7 [ FA R M S22 4y i 2R ST BUAH 22 1 A5l 2 AN LA, i 4 Fom

10,13 .SD08-16

SRR T 3 (2000 4F) L OF BE (2000 4 ) | % F (2000
4F) K TE (2000 4F) (AR E (2000 4F) F1 3k 75 (2008
4E)6 A M X Y 73 B Bk, ST-2505 43 A 78 7 Bk (2000
4E) RIS TY (2012 4F) 2 A b DX, AT 7R 55 o i A
SumC 1A 255, U6 W] 2000 45 11 AR A [A] A b XY TR
PRAT BT B 55 2% G 22, ST b IX 7 2008 2012 4F- B
PR 2Z [H] oA 3500 Y 25 2% O &% 5 ST-165 Fil ST-189 #f 5k
H 3 PY (2012 ,2008 4F) 43 B Pk, BATTHE recA 4 i
Rl A 25 5%, [) B 15 B S P4 b X 7E 2008 2012 4F 43
B MR E G R
2.3 iRl R

42 Bk KM FF TR 42T A T 24 B b L 45 R LK 2, K
O 2R PG AR CAM) &0 R B (SXT) Fil A D
£ (NOR) By 25 K 3w, 3 9 hy 97.62% .92. 86%
H190. 48% , % Bt vh B (ENR) (£ PR (DOX) 1y
i 25464 85. 71% . T Z K i & ( PME) A9 8508 M i
1,15 78.57% , R JE % (FFC) FIBA% [T T (AC)
HURVEIR Z 178 47.62% . TR B 42 #RIA I 2 &
it 25 22 AR H] T 100% , H A5 /N R 5 T, e 2 1
12 T, f % % A & NOR-TE-DOX-SF-SXT-AM-
GM, 25 1WA 1,

3 Wi

KB ¥ 4 G 16 53 B J5 35 LG ML Y Tt 24
T AT S O AT 0 b DX Ay, R AT TR R AR A
AT B RS A AT ST H AR TR 1
GUH AN 1 R0 BT R © A BRI I B 1Y 12 18T A
TATHR AP I B, A, 5 B 53 7 K 3 4
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Figure 2 Genetic relationships of E. coli isolates based on MLST
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Table 2 13 kinds of resistance to antimicrobial agents of E. coli

BRI R I S M5/ % HURR/ %
AV E (NOR) 38 2 2 90. 48 4.76
Bkt B (ENR) 36 5 1 85.71 2.38
P32 (TE) 21 16 5 50. 00 11. 90
Z K £ (PME) 7 2 33 16. 67 78.57
RAREFE(GM) 30 3 9 71.43 21.43
KM Z (SPT) 22 6 14 52.38 33.33
Z PG (DOX) 36 2 4 85.71 9.52
3k ek (EFT) 27 0 15 64.29 35.71
S JE % (FFC) 17 5 20 40. 48 47.62
Tk Jlie 5 % 1 ( SF) 35 0 7 83.33 16. 67
BT H A (SXT) 39 0 3 92. 86 7. 14
SAETEIR(AM) 41 0 1 97.62 2.38
BT T (AC) 17 5 20 40. 48 47.62

T 2 B8 CLST ) b ol 0 W7, i 25 (R) VU (S) oA (1)
WHEAT LR A B, 43 F 43 AU R AT DL 48 7R TR PR 2
] ) 56 2 , 76 W47 5 25 98 25 vh R 3 9F R B A
o HTFANE 5> T 43 B J7 1A A R 23 B Bt AL
P73 PCR(RAPD) \ £ fi i H1 1K 5 & J¥ 51 (MLVA)
T8 Be i B 2451 (AFLP) 25 23 53l MR [] T
PRALRATR A E R LA Wk RAE S il
o 4 SRR

PFGE J7 ¥ J& 3£ T DNA 4544 (9 /> 1 4> 1 J5
B WO IRy T o B R AR Ok R B AR )T 2
IS B BR B9 22 T AT s A g . MILST 3 i
A (6 ~8 ) BRI N B AT IR Ty
B, % 45 B DR AL A AR IR 1 AN S 3 5 KR L A T
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H ST B ¥k ST-131, [A B PFGE A8 [7] (4 1 #% , ST
RUAH [A) B T8 bk, BE A R A T [l —4F 4y [6] — > Ml X [F]
—FRFH 1, A AN TR AR [A) — Ml XY 1 B K
Jo A T 4 5 R R 2 T A A i A% R KPS B A
245G PFGE 438377 : F1 MLST 43 8 )5 3: 6 # T &
UK AT B AT D0 S4Bk 14 43 1 R AE , B 2 AN ) 31X
R TR B R Ao

N BTN N b Z A — DA B R %
B R B AE S B F A R sl Bt A 2%, & (8 3)
YR T I A AR T 25 8 s 00, o 27 A
TR 24k IR A RN 03X LU T 26 B bk, 06 R £l i
Jeg kel N LN 7B AN RO % N 245 Faata o
a3 PRIGAIF SR PR 3 v oK i A TR TR AR 18 Tt 24 1 K
A tELL, AT AR S, BRI 2, R bi A R AR
WEETh R . AWTIEEE T 13 FhaTE 25 W 0 42 Bk
KIGHFF R AT 2580, 45 R 17K 42 BRI X 13 Fi
259 T 25 PE PR o34, 2R U AR (AM) (B 5 B
W (SXT) FI4 3D 22 (NOR) BT 25 35805 , 7390 b
97.62% 92. 86% #1 90. 48% , %t B i# v B (ENR) . £
PYIRZ (DOX) Iy i 25 %y 85. 71% , 55 [ P F Al #f i
ZEgY ST PRGE 43 1 45 5 5Tt 26 1% 22 [A] Y
KF, RI PEGE #UAH [R] 1 TR Ak T 24 35 28R — 5 AH
6], M PFGE AU [a] 1 B ik HL TS 24 33% A4 7T 5 AH [, 3
A Y HGE R 5 R B T LU R
et 750 119 DT AR A 185 B 95 1) o R v A A T 245 R 1 3K
HUEl R, S BT 2 Pk 0 O2E | fd PEGE AU AR [R] (4 7
PREA AR AT 2515

ARHFFEIE 7 T 2000—2012 45 11 45 Hb X A 49 33
B 5 v K FF B R T 25335 \PFGE AU ST AU i) 43 41
RRAE, ST T AR 24505 18 BE 1 3L & PFGE 43 #1
FI MLST 43 5325 5008 B, R & B0 K 1 FF 181 9 1255 b IXC
A2 3% FNECAE 20 A T A [ M B X 38 A 8 & 0 AT B
P8 Sk b4 i AN /b 22 5 i 24 B AR A R AR B R B AR
B AE W 5E b A% 1 29 SR

A B B BB B Y T
PulseNet 2 ff) [7 25

5% 3k

[ 1] Guerra B,Junker E,Schroeter A, et al. Phenotypic and genotypic
characterization of antimicrobial resistance in German Escherichia
coli isolates from cattle, swine and poultry [ J]. J Antimicrob
Chemother,2003,52(3) :489-492.

[ 2] Centers for Disease Control and Prevention. Prevention
pneumococcal disease among infants and young children:
recommendations of the Advisory Committee on Immunization
Practices( ACIP) [ J]. MMWR ,2000,49 (RR-9) .1-35.

[3] Gemer-Smidt P, Kincaid J, Kubota K, et al. Molecular
surveillance of Shiga toxigenic Escherichia coli 0157 by PulseNet
USA[J].] Food Prot,2005,68(9) :1926-1931.

[ 4] Hanninen M L, Hakkinen M, Rautelin H. Stability of related
human and chicken Campylobacter jejuni genotypes after passage
through chick intestine studied by pulsed-field gel electrophoresis
[J]. Appl Environ Microbiol ,1999,65(5) :2272-2275.

[ 5] Harmington C S, Thomson-Carter F M, Carter P E. Evidence for
recombination in the flagellin locus of Campylobacter jejuni:
implications for the flagellin gene typing scheme [ J]. J Clin
Mcrobiol ,1997,35(9) :2386-2392.

[ 6 ] Steinbrueckner B, Ruberg I, Kist M. Bacterial genetic fingerprint:
a reliable factor in the study of the epidemiology of human
campylobacter enteritis[ J ]. J Clin Microbiol, 2001, 39 (11)
4155-4159.

[ 7] Wassenaar T M,Geilhausen B,Newell D G. Evidence of genomic
instability in Campylobacter jejuni isolated from poultry[ J]. Appl
Enviton Microbiol 1998 ,64 (5) :1816-1821.

[ 8] EIR, &M, BiEE, % XM 63 0 N TR AT % 27
AR T (1] S BE 4R ,2013,49(10) 3841

[ 9] Centers for Disease Control and Prevention. PulseNet international
[ DB/OL]. [2014-10-16]. http://www. pulsenetinternational. org.

[10] Warwick Medical School. Escherichia coli MLST databases[ DB/
OL]. [ 2014-10-16 ]. http://mlst. warwick. ac. uk/mlst/dbs/
Ecoli.

[11] AT, B, % 22, 4. IR = & 2 2 K T i
B R RREAE ST [T ], & A A4 7, 2014,26 (4)
312-317.

[12] Clinical and Laboratory Standards Institute. Performance standards
for antimicrobial susceptibility testing; twenty second infor-
mational supplement[ Z].2012.

[13] Tenover F C, Albeit R D, Govering R V, et al. Interpreting
chromosomal DNA restriction pattems produced by pulsed-field

gel electrophoresis ; criteria for bacterial strain typing[ J]. J Clin



R AR AR

—114— CHINESE JOURNAL OF FOOD HYGIENE 2015 56 27 B 2 )
Microbiol ,1995,33(9) :2233-2239. resistance among Escherichia coli isolates from chickens in China
[14] Lukinmaa S, Takkunen E,Siitonen A. Molecular epidemiology of between 2001 and 2006 [ J]. FEMS Microbiol Lett, 2008, 286
Clostridium perfringens related to food-bome outbreaks of disease (2):178-183.
in Finland from 1984 to 1999 J]. Appl Environ Microblol,2002, (18] ZEBbk. X Y5 A 1 14 Tf 24 M3 A7 KA 4 T B- P TG g g 32k [R1 4 A
68(8) :3744. FHERFFE (M ], db st o ol iidt:,2009.
[15] SR, T2, K, 5. @R WE LA B 4R 43 B bk MLST [19] F# 55, R, 5 REEMLPRBRAE 0157 fif 2
Sy EVFSE L] o E TR R AR ,2014,36 (1) :23-26. K PFGE 43 F 43 BURFAE A AT LT ] o [ & TLAE 2935 ,2014,26
[16] MENG Q,BAI X,ZHAO A et al. Characterization of Shiga toxin- (5):422-428.
producing Escherichia coli isolated from healthy pigs in China [20] st 22808 RIS, 55, 09 4 3L 55 4R 43 88 K F 1A 1 Tt 24
[J7. BMC Microbiol ,2014(15) 5. P e kb 7 eI L vk 2 BUBIT T [0 ] [ B R A R, 2013, 49
[17] DAIL,LUL M,WU C M,et al. Characterization of antimicrobial (9) :6-11.

£

%
i 100 0 P 3 Xk 7 ol A T LM A R A ) BB 5T

ehE,E, w2 ke’
(l.Ei#ET 9%, bl 201101; 2. LiEXABAFEGRFREAFR, £ 200240)
i E.BM FRAFRABZROMAABEAR, TRLEFSORDEARNY, HiE ATHKEL NN
AT AT Mt K B ARG AP 3R IR DNA, 5t 16S tRNA K B 89 V3 K #t 47 PCR # 3%, il it &8 0 5 A=
B o T AR mifamarit, R BSHRERFINATFHH430T %, BASHERANT HERT R
BANZHANDHBANARAE NG ELFRBEN 97.4% ;A B ENMKFLEA4~13 £, EBRKTF L HS
MHBARI L XS HMB SO MARBAEIO LR L A AAESHABARS R AR EL L %,
A, AR ERSGFENALTHRALE DIAR LFEFREFHRAR, AIKNEE MR R EBAFR S
SHERER R, 18 FRFIEHEZRAFTHEALANZOZ 0 AAAHLROLESEXERZRBRA
EUECR A o 1 Rl A ol A o
KEEIW A0 2 16SRNA LB M AF; RRBEFBH; BHE4
hE4ES:RI155.5; S432.472; TS214 XEkfrEML:A XEHS :1004-8456(2015)02-0114-06
DOI:10. 13590/j. cjfh. 2015. 02. 004

The comparison of bacterial compositions of seven types of fermented tofu using
high-throughput sequencing technology
JIN Lin-yi, HUANG Fei, TIAN Hao, WANG Yun, ZHANG Xiao-jun
(Qibao High School, Shanghai 201101, China)

Abstract: Objectives

Fermented tofu is a type of traditional Chinese food. The aim of this study was to compare the
bacterial composition and its effect on the quality and safety of fermented tofu. Methods The total DNA was directly
extracted from seven brand of fermented tofu samples produced in four provinces. The V3 region of 16S rRNA gene were
amplified, and PCR products were mixed for pyrosequencing. Results According to the analysis of the sequences,
Firmicutes, Proteobacteria, Bacteroidetes and Fusobacteria were predominant, accounting for 97. 4% of all the bacteria. In
terms of genus, most types of the fermented tofu had more than 10 genus members. It was also found that the composition of
bacterial communities related to the geographic location and the production processes of fermented tofu. On the other hand ,
bacterial communities in some of fermented tofu showed relatively high abundance of pathogen or opportunistic pathogen ,

such as Klebsiella, Salmonella, Cronobacter, Vibrio, Enterobacter and Bacteroidetes. Conclusion These results suggested

W&
-3
&
B

H #A:2014-08-05
DH:EXREAMFEESE ETHE (21177086) ; £iFTH EBR& D HE (12230706800 )
Bh:eHhE F F4 MAAHF@ARBMAENF  E-mail:980880480@ qq. com

EE kR E B HRAR MRI@AKEWAESF  E-mail:xjzhang68@ sjtu. edu. cn



