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Serotypes, phylogenetic groups and genotypes of 54 extraintestinal
pathogenic Escherichia coli from pig
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Abstract: [Background] In recent years, pig farms have focused on the prevention and control of porcine
reproductive and respiratory syndrome, porcine circovirus, classical swine fever, porcine pseudorabies,
swine Streptococcus and Haemophilus parasuis disease, but ignored the potential harm of extraintestinal
pathogenic Escherichia coli (EXPEC) to pig health. It is of great significance to understand the epidemic
characteristics of EXPEC. [Objective] To study the distribution and epidemic characteristics of serotypes,
phylogeny groups and genotypes of 54 strains of EXPEC isolated from pigs. [Methods] The glass plate
agglutination test and the test tube agglutination test were used to identify the O antigen serotype. The
PCR technology detection system phylogeny groups identified related genes, 28 EXPEC-related virulence
genes, and multi-site sequence typing-related genes. [Results] Of the tested bacteria, 52 strains were
identified the O antigen serotype, of which 40 strains were 038 (74.1%), the dominant serotype, 8 strains
were 0127 (14.8%), and 093 and O11 were both 2 strains (3.7% each). Among the tested bacteria,
44 strains belong to group B2 (81.5%), which is the main phylogenetic group. Group D and group B1 each
have 5 strains (9.3% each); The frequency of ompA, ibeA, fimH, traT, focD, papA, iroN, iutA, iucD, cvaC,
tsh, kpsMT //, iss, and ompT was more than 50% of 28 EXPEC-related virulence genes, the detection rates
of ompA and ibeA were 100% and 96.3% respectively, which were highly prevalent virulence genes. cnfl
was not detected, but bmaE, malX and iha were more likely to be distributed in group D strains. The tested
bacteria showed a total of 31 types of ST, including 5 strains of ST10 and ST648 (9.3% each), and
4 strains of ST410 and ST101 (7.4% each). [Conclusion] The prevalence of pig-derived EXPEC serotypes
and phylogenetic groups in different regions and at different times have certain differences, showing a
dynamic process. There is no report of 038 as the dominant serotype, and the highly pathogenic B2 and D
strains have a trend of increasing gradually. The ST type is complex and diverse, presenting genetic
diversity, and to some extent has the same genetic background as human and avian ExPEC.

Keywords: pig-derived extraintestinal pathogenic Escherichia coli, O antigen serotype, phylogenetic
group, virulence gene, multi-site sequence typing
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EXPEC Jiif 1= oAk LA B 1A AH B0 B LA
1 HE5h%
11 ZiE

WF5E Y 54 ¥k EXPEC J5 [ 2018 4F 3 A &
2019 4 3 HHRAEM A RITELRL. 1075, AR W
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Table 1 Background information of 54 EXPEC strains

IR o e . SRR, Mt R
R 3% 1.
1.2 EFERFIFOE

A RIIBNR G TR | Ak Bk, AXRIEA
R E] BRI R . Sk,
6 R A Y AR A RS F] 5 2xTag PCR Master
Mix . DL2000 DNA Marker 1 GelRed #% i 4 o ik,
RIAEARHE ) AR A E] . i TAES, 70
LR SHEAR WA A R A AHERIEFRAE, -
M SLEAES T A RA ) 2 AsEEKE S, L
R BT A AR A A PR A F] 5 B Y A
(4°C), PRISEZMMIPHARA A,
1.3 KBBHME O mERERFIRELE

E. coli 7 26 ' O HLlt B A FHrufE ML O1.
02, 07, 08, 011, 018, 020, 026, 038,
044, 053, 054, 064, 078, 093, 0101,
0119, 0120, 0127, 0138, 0141, 0142 .
0147, 0149, 0152 fl 0157 T rp [ F4 B 24 i

g 91

5 WS SrESETE] A e X Pan=5i g2 ST ! R IMIEA
No.  Strains No. Time Location Origin ST type Phylogenetic Serotype
group

1 AHshoul18-1 201803  “Zf#{ Anhui P Lung ST3368 B2 038

2 AHshoul18-2 201803  “Zf# Anhui JFME Liver ST3368 B2 038

3 AHshou18-4 201803  “Zf#f Anhui % Z B E 45 Lymph nodes  ST4223 B2 038

4 AHshou18-5 201803  “Zf#{ Anhui JiTifE Lung ST648 D 038

5 AHshoul18-6 201803  “Zf#{ Anhui JiTifE Lung ST648 D 038

6 AHshou18-7 201803  “Zf#{ Anhui JFHE Liver ST648 B2 038

7 AHshoul8-8 201803  “Zf# Anhui JISUIE Spleen ST542 B2 038

8 AHshou18-9 201803  “Zf#{ Anhui JififE Lung ST648 B2 038

9 AHshou18-10 201803 ‘% Anhui JFHE Liver ST648 B2 038
10  AHhuail8-2 201803 % Anhui JFHE Liver ST10 B2 038
11 AHhuai18-12 201803 % Anhui JififE Lung ST617 B2 038
12 AHsui18-1 201803 ‘& Anhui P Lung ST10 B1 038
13 AHlin18-3 201803 ‘% Anhui P Lung ST410 B2 038
14  AHquan18-1 201803 4 Anhui P Lung ST410 B2 093
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(E=
15  AHquan18-2 201803  “Z# Anhui L FRYR Pericardial ST196 B2 093
16  AHquan18-3 201803  “Z# Anhui JSUIE Spleen ST5229 B2 038
17  AHquan18-4 201803  ‘“Z# Anhui % Z M E 45 Lymph nodes  ST5229 B2 038
18  AHquan18-6 201803  “Zf Anhui JHFE Liver ST88 B2 R EHR Undifferentiated
19  AHsi18-3 2018 03  “Zf#{ Anhui 7 Z B EZE Lymph nodes  ST761 B2 R E R Undifferentiated
20  AHIi19-1 201803  “%f% Anhui JififE Lung ST101 B1 038
21 AHIi19-2 201803  “f# Anhui JHE Spleen ST3944 B2 038
22 AHIi19-3 201803  “f# Anhui % BB 45 Lymph nodes  ST3944 B2 038
23 AHIi19-4 201803  “f# Anhui 1% Z M B 25 Lymph nodes  ST100 D 038
24 AHIi19-5 201803  “f# Anhui JHE Spleen ST29 B2 038
25  AHIi19-6 201803 ‘& Anhui i Z R E 45 Lymph nodes  ST746 D 038
26 JSxu18-1 201805  YI.# Jiangsu P Lung ST117 D 038
27  JSxul8-2 201805 YL Jiangsu JFRE Liver nST1 B2 038
28  JSxul8-3 201805 YL Jiangsu % Z M E S Lymph nodes  nST2 B2 038
29  JSdal8-8 201805 YL Jiangsu JFHE Liver nST3 B2 038
30 JSda18-9 201805  YI.#5 Jiangsu P Lung ST603 B2 038
31  JSda18-10 201805  YI.#5 Jiangsu JI6IE Spleen ST101 B2 038
32  JSda18-12 201805  YI.#5 Jiangsu JiifiE Lung ST88 B2 038
33  SDjiel8-3 201807  Ili%s Shandong 7 AR MEHKEL S, Lymph nodes  ST612 B2 038
34  SDjie18-10 201807  ILiZ Shandong  Jififli Lung ST2505 B2 038
35 SDjiel8-11 201807  ILiZ Shandong  Jififli Lung ST88 B2 038
36  SDIin18-7 201807  ILi7R Shandong /i R MEHKEL 45 Lymph nodes  ST117 B2 038
37 SDIin18-10 201807  (li%s Shandong  fififli Lung ST746 B2 038
38 SDIin18-12 201808  1li%s Shandong  fififli Lung ST224 B2 038
39  SDIan18-2 201808  1li% Shandong  Ji4li Spleen ST365 B1 0127
40  HBgul8-8 201812yt Hebei JifiE Lung ST10 B2 038
41  HByanl18-2 201812 At Hebei JFME Liver ST2731 B2 0127
42  HByanl18-3 201812  JA[dt Hebei JFME Liver ST58 B2 0127
43  HByan18-4 201812 At Hebei 1% Z MR 45 Lymph nodes  ST58 B2 011
44  HByanl18-5 201812  Jidt Hebei JiiffE Lung ST10 B2 0127
45  HByan18-8 201812  Jadt Hebei JLE Spleen ST10 B2 0127
46  HBxian18-3 201812 At Hebei K5 FHR Jiont ST3492 B2 038
47  HBxian18-4 201812 At Hebei JififE Lung ST746 B2 038
48  HBcangl8-4 201812  Jadt Hebei 7 Z R EL 25 Lymph nodes  ST101 B2 0127
49  GXxinl19-8 201903 ) P4 Guangxi B FREEHKESS Lymph nodes  ST361 B2 011
50  GXhengl9-6 201903  J 74 Guangxi [ RMEMKELSS Lymph nodes  ST101 B1 038
51  GXguil9-4 201903 ) P4 Guangxi  MAFRMBERESS Lymph nodes  ST410 B2 0127
52  GXguil9-5 201903  J 74 Guangxi  JHFE Liver ST410 B2 0127
53  GXqinl9-4 201903  J 74 Guangxi 7 RMEMKELSS Lymph nodes  ST93 B2 038
54  GXqinl9-8 201903  J 74 Guangxi  JHFE Liver ST156 B1 038

H: nST: FiFslE
Note: nST: The new sequence type
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1.4 EXPEC B O fi/RM;ERILE

¥ EXPEC #:80F LB Bitfigss sk |, 37°CH;
7% 18-24 h, I 3 mL 0.5%f5 A FRER K e F
&, BREh, PR, 1x10° Pa R K
2 h, BB O #ili. B O Hitlisrils E. coli 1Y
O Pl B I AT BEARBERE SN, 2 min
P PR S A A A B RN o R EL O $il
0.5% 1 AR A FRERKIR B WIVEXT IR, WA T A
BEEMS . BB R i vE v f20Y O Il
HAE, PRl A AR R L O My AL
FE RUBRUE R L35 1 VS B 1r>1:640,
15 EXPEC MARGZHWAELTE

Z: BB SCHR[4)5 BT % chuA JE A L yjaA 2L R A
DNA Bt TspE4A.C2.1F RS 14, 51974, 1R
SR EE K Be U R/ INILZR 2, 5140 ER R o 4
AR A BRA F A . 38 A R HUR 52K
EXPEC 4] DNA AitRi#1T PCR )i, PCR
SV Z (25 pL): 2xTaq PCR MasterMix 12.5 pL,

F. RIS 1#5(10 pmol/L) 4% 1 ul, DNAAEHT 2 ul,
ddH,O 85 pL., PCR R #&ff: 94 °C 5 min;
94 °C 45 s, Bk 45 s (AN[E5 PR JCRLEE I
#2), 72°C50s, fEH35¢K; 72°C5min, H(5 L
PCR [ W) 1 1% e b5t B FL DK SR A TGN -
W A% 2 8 A1 sk 4
1.6 ExPEC Hy#HXE HERE N

%7 SCHR[5-6]4 X 28 1~ EXPEC K5 f1 %
I, {4 ZhHE R AL papA. papC. afa.
tsh. focD. iha. fimH. nfaE., bmaE #1 gafD,
BRIEH R G AR L iutA . fucD Al iroN, ARE
EIMEEE ompA. ompT. traT F1 iss, J&JE
ZBEA K] kpsMT /7, #F R AHEHH vat,
cnfl . hylA. ibeA FiI cvaC, # J7 i M0 & 5K
irpl. fyuA. irp2. lerfmalX, 51#F5 . iRk
R R Be A /N ILER 2, 5140 rE s 4 0 B
HEVRHE A RA T A AR 2N 5%
A 1.5,

%2 ExPEC AZF#ULHEE. HXFHEARNMNS A AFISEAERSY
Table 2 Gene primers for phylogenetic group identification, detection of related virulence genes and multi-site sequence

typing of the EXPEC system

HEH 43R oAUIE- S| GIE/ RS 5191751 PR IR JOREE
Genotyping Detection Primers name Primers sequence (5'—3’) Product Annealing
genes size (bp) temperature (°C)
ARG B chuA chuA-F GACGAACCAACGGTCAGGAT 279 60
IV BEILT chuA-R TGCCGCCAGTACCAAAGACA
yjaA yjaA-F TGAAGTGTCAGGAGACGCT 211 60
System vjaA-R ATGGAGAATGCGTTCCTCAAC
evolution TspE4.C2. TspE4.C2-F GAGTAATGTCGGGGCATTCA 152 60
group gene TspE4.C2-R CGCGCCAACAAAGTATTACG
e | papA papA-F GCAGTCACCTGCCCTCCGGTA 508 61
Virulence papA-R CGTCCCACCATACGTGCTCTTC
genes afa afa-F GGCAGAGGGCCGGCAACAGGC 559 63
afa-R CCCGTAACGCGCCAGCATCTC
iutA iutA-F GGCTGGACATCATGGGAACTGG 302 61
iutA-R CGTCGGGAACGGGTAGAATCG
tsh tsh-F GGTGGTGCACTGGAGTGG 640 55
tsh-R AGTCCAGCGTGATAGTGG
fyuA fyuA-F TGATTAACCCCGCGACGGGAA 880 63
fyuA-R CGCAGTAGGCACGATGTTGTA
ler ler-F CGCACACAACAAGCCCATAC 195 58
ler-R GATGAGTTCCGGCGAGCAA
irp2 irp2-F AAGGATTCGCTGTTACCGGA 301 60
irp2-R TCGGCCAGGATGATTCGTCG
iss iss-F TCACATAGGATTCTGCCG 607 55
iss-R AGAAATCAAAAGGTGGCC
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(823 2)
papC papC-F GACGGCTGTACTGCAGGGTGTGGCG 328 61
papC-R ATATCCTTTCTGCAGGGATGCAATA
vat vat-F TCCTGGGACATAAGGGTCAG 981 55
vat-R GTGTCAGAACGGAATTGT
irpl irpl-F GCGATGTTTAACCCCGATT 1691 55
irpl-R TGCCTGGAAACCCTGAGACT
kpsMT 11 kpsMT 11-F GCGCATTTGCTGATACTGTTG 272 55
kpsMT 11-R CATCCAGACGATAAGCATGAGCA
focD focD-F CGGAGGAGTAATTACAAACCTGGCA 410 60
focD-R CTCCGGAGAACTGGGTGCATCTTAC
iroN iroN-F AAGTCAAAGCAGGGGTTGCCCG 667 63
iroN-R GACGCCGACATTAAGACGCAG
ompA ompA-F ACGCTGTTTCACGTTGTCA 753 58
ompA-R AACCCGTATGTTGGCTTTG
ompT ompT-F TCATCCCGGAAGCCTCCCTCACTACTAT 496 63
ompT-R TAGCGTTTGCTGCACTGGCTTCTGATAC
fimH fimH-F TGCAGAACGGATAAGCCGTGG 508 63
fimH-R GCAGTCACCTGCCCTCCGGTA
hylA hylA-F AACAAGGATAAGCACTGTTCTGGCT 1177 63
hylA-R ACCATATAAGCGGTCATTCCCGTCA
gafD gafD-F TGTTGGACCGTCTCAGGGCTC 952 63
gafD-R CTCCCGGAACTCGCTGTTACT
cnfL cnfl-F AAGATGGAGTTTCCTATGCAGGAG 498 61
cnfL-R CATTCAGAGTCCTGCCCTCATTATT
bmaE bmaE-F ATGGCGCTAACTTGCCATGCTG 507 63
bmaE-R AGGGGGACATATAGCCCCCTTC
cvaC cvaC-F CACACACAAACGGGAGCTGTT 680 63
cvaC-R CTTCCCGCAGCATAGTTCCAT
ibeA ibeA-F AGGCAGGTGTGCGCCGCGTAC 170 63
ibeA-R TGGTGCTCCGGCAAACCATG
iucD iucD-F ACAAAAAGTTCTATCGCTTCC 714 55
iucD-R CCTGATCCAGATGATGCT
traT traT-F GGTGTGGTGCGATGAGCACAG 290 63
traT-R CACGGTTCAGCCATCCCTGAG
iha iha-F TTTCAGCCAGCAGCATAG 1071 55
iha-R GGACAACTCCGTCTTTCAT
nfaE nfaE-F GCTTACTGATTCTGGGATGGA 559 63
nfaE-R CGGTGGCCGAGTCATATGCCA
malX malX-F GGACATCCTGTTACAGCGCGCA 925 63
malX-R TCGCCACCAATCACAGCCGAAC
Lfisrs adk adk-F ATTCTGCTTGGCGCTCCGGG 583 54
e adk-R CCGTCAACTTTCGCGTATTT
SR fume fumC-F TCACAGGTCGCCAGCGCTTC 806 54
LR et fumC-R TCACAGGTCGCCAGCGCTTC
sequence gyrB gyrB-F TCGGCGACACGGATGACGGC 911 60
CETREES gyrB-R ATCAGGCCTTCACGCGCATC
icd icd-F ATTCTGCTTGGCGCTCCGGG 878 54
icd-R GGACGCAGCAGGATCTGTT
mdh mdh-F ATGAAAGTCGCAGTCCTCGG 932 60
mdh-R TTAACGAACTCCTGCCCCAG
purA pUrA-F CGCGCTGATGAAAGAGATGA 816 54
PUrA-R CATACGGTAAGCCACGCAGA
recA recA-F CGCATTCGCTTTACCCTGACC 780 58
recA-R AGCGTGAAGGTAAAACCTGTG
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1.7 ExPEC MIZfImF55E

& E. coli %4 (http://enterobase.warwick.ac.
uk/species/ecoli/allele_st_search)#i& {4 E. coli Z1i
JUF % (Multilocus Sequence Typing, MLST)43%4
HE, Gl 7 MEZIENE adk, fumC. gyrB.
icd, mdh, purA F recA, SI¥IF3 . B KIEE K&
A BN KNI 2, 519 g a4 30 3 AR )R
HA R FIG M SRR A 250 A 1.5,
PCR f=¥zaifb)s, %% MiEREAEYEHA R
S ED AT Y, SeqMan {445 &
TR S5 5 55 DX A9 0 2 1] e 471 Tt ol 45 7 56 K ) 471
HATPHE, MEGA 7.0 BAIPHDHES 09751 #E1 T
KA LT, 2l Bk 7 4 5 P vh bk e 9 AR A
k1 100%H, IAHSEN L P S AHE . 7 AMER
FEHFA5 A A BIZE R ST B, IR 4L
P PP 25 S 64 T 7 2 414 (Clone Complex, CC) i)

igie

%<3 54 £ ExPEC #J O iR M58 X 5>

1.8 #IESR
WG SPSS 25.0 F-R 7% 54 #RAE I
EXPEC f) R G LR 585 J1 BRI TS E AT

2 HRGHH
2.1 EXPEC By O iR I/ARIEEL R

54 Bk EXPEC Hif3 52 BB T IIERL, S
96.3%. 95 K 4 Fhum iR, b 40 #RJE T 038,
di b 74.1%, SHPLEImERY; HKOE 0127, 81k,
i HE 14.8%; 093 Fl 011 4% 2 kk, 20515 1 3.7%.,
FEAHLIX b, 8. VLR IR P o B Ak L
038 s, WAbsrEstklh 0127 HILH(GER 3).
22 EXPEC MAZHUBLETELER

54 ¥k EXPEC HJ&T A #f 0 ¥k; BL1 BE 5 £k,
i 9.3% (5/54); B2 #E 44 Bk, 5k 81.5%
(44154), N FEZERGHAHRE; D #F 5 Bk, S
9.3% (5/54), FHIXIILL B2 N FE RSt
B, Wk 4R,

Table 3 Regional distribution of O antigen serotypes of 54 EXPEC strains

Hh X PR AREL (B o Ee PR S (BE)
Region Number of strains (strains)/Proportion (%) Total number of strains
038 093 011 0127 Undifferentiated
R Anhui 21 (84.0) 2 (8.0) 0 (0.0) 0 (0.0) 2 (8.0) 25
YL Jiangsu 7 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
114 Shandong 6 (85.7) 0 (0.0) 0 (0.0) 1(14.3) 0 (0.0)
ik Hebei 3(33.3) 0 (0.0) 1(11.1) 5 (55.6) 0 (0.0)
] 74 Guangxi 3(50.0) 0(0.0) 1(16.7) 2 (33.3) 0 (0.0)
41t Total 40 (74.1) 2(3.7) 2 (3.7) 8 (14.8) 2 (3.7) 54
#* 4 541k EXPEC MIAGZH N X 2
Table 4 Regional distribution of phylogenetic group of 54 EXPEC strains
Hi X KRB (B )/ 5 b RS E ()
Region Number of strains (strains)/Proportion (%) Total number of strains
A B1 B2 D
LAY Anhui 0 (0.0) 2 (8.0 19 (76.0) 4 (16.0) 25
YL Jiangsu 0 (0.0) 0 (0.0) 6 (85.7) 1(14.3) 7
1I1Z: Shandong 0 (0.0) 1(14.3) 6 (85.7) 0 (0.0)
4t Hebei 0(0.0) 0 (0.0) 9 (100.0) 0 (0.0)
] P4 Guangxi 0 (0.0) 2(33.3) 4 (66.7) 0 (0.0)
411 Total 0 (0.0) 5(9.3) 44 (81.5) 5(9.3) 54
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2.3 ExPEC WiEHERE N ER

54 tk ExXPEC 1) 28 MAH G HE I BE BRIAG N &35 51
R, B onfl JEEK IR BAM:AN, gy 27 4SSk
IR R, £ BE RIS H D m B T R ompA

(100% , 54/54) . ibeA (96.3% , 52/54) . fimH
(87.0% , 47/54) . traT (87.0% , 47/54) . focD
(79.6% , 43/54) . papA (77.8% , 42/54) . iroN
(75.9% , 41/54) . iutA (70.4% , 38/54) . iucD

(63.0%, 34/54). cvaC (63.0%, 33/54). tsh (59.3%,
32/54) . kpsMT Z/ (59.3% , 32/54) . iss (51.9% ,
28/54) . ompT (50.0% , 27/54) . iha (33.3% ,
18/54) . irp2 (27.8% , 15/54) . fyuA (27.8% ,
15/54) . malX (25.9% , 14/54) . vat (25.9% ,
14/54) . afa (24.1%, 13/54). irpl (24.1%, 13/54).
papC (22.2%, 12/54). nfaE (18.5%, 10/54). ler
(16.7% , 9/54) . hylA (14.8% , 8/54) . bmaE
(13.0%, 7/54). gafD (9.3%, 5/54)F1 cnfl (0%,
0/54), H:th ompA. ibeA. fimH. traT. focD .
papA. iroN. iutA. iucD. cvaC. tsh, kpsMT //.
iss Al ompT JE K H BLAYS R i85 50%.
24 EXPECHIZmFIINBIER

54 ¥k EXPEC 3 31 FUR[EAG ST B4, Hr
51 PRIEZUHEIE R A 52 X NiR ST #, HHh
90.3% (28/31), 53 3 BRARXS L A& T8 Y ST Al
(3/31), %Fi% 3 ¥k F45 R FA% E. coli () MLST
Bl R MAE R, B 44 nST1, nST2 Al
nST3. [KILILafE 28 F ST, L) ST648 11 ST10
%, ¥ 5 tk, &b 9.3% (5/54); HikH
ST410 F1ST101, #°H 4%k, 455 L 7.4% (4/54),
31 FANHAY ST B nJ R 9 4~ CC, 4rillJ& CC23
(ST410, ST88, ST612, ST2505 Fll ST2371).
CC648 (ST648 . ST3368 # ST4223) . CC101
(ST101 . ST5229 #1 ST365). CC10 (ST10 Al
ST617), CC155 (ST58). CC156 (ST156). CC165
(ST100). CC168 (ST93)HI CC29 (ST29)3Li 18 F
STHI, A CCHIL3FPSTHL, 4JllJE ST746.

ST117 . ST3944 . ST361 . ST761 . ST542 .
ST3492 . ST224 . ST603. ST196. nST1. nST2
FINST3 (36 5). [Al— CC AR ST B MATF1E
FgFZF, AIA CC ] ST Atk . J& CC (¥ ST
RUTR R AR H R A SRR R
25 EXPEC MZRG#t{LEEfnEs hEREMEXE
Soxiil

H1% 6 %1, 54 ¥k EXPEC H B2 (44 1)
B1 #(5 #k)F1 D B (5 #k)=Z [l v 1 FE R 0 TG
FPE2 R (P>0.05), D B R 3K N HCh
15.6, B1 /¥ 13.8, B2 Btk 12.7, imxd %fa: fy 3t
N5 RG22 5 B PR/ Al 1, bmaE |
malX il iha B ] 5341 F D #5325k 1 (P<0.05)
3 Wig

E. coli Ul FEA TR O Pl Jeft K Hrle
FOMEE H PO 3 b, JE I35 70 % 5E 14 T L
M FEURE E. coli % 5 O FrlssbIAHE, 1 H
O HilsijE E. coli 7y 2eat, Mm% O Hilwii
RS KPR H HUs s %, EXPEC 19 O
PURMIERIAR 2, AT KA [R] R GY 5E 28 B 11
EXPEC fLBulig B4 BT AR, 4n bRAE ot K
FF I (Uropathogenic E. coli, UPEC)ly O1., 02,
04, 06, O7. 016, 018 1 0758, i JLMwifi
RIHBFTE (Neonatal Meningitis-Associated E. coli,
NMEC)% O1. 07, 012, 018 #1 083", i it
KW #F # (Sepsis-Causing E. coli, SEPEC)>A O1,
02. 04, 06. O7. 012, O15. 016, 018,
025, 075 #1 01577, 3k [ [F—Fhsh#iy EXPEC
A R 225, FEME TR EXPEC {34 M 75
BRI A SCHGE P, BT Xl 08, 078 Al
0120 JHEHE, VIHMIX L 09, 045, 0107 Fl
0139 WAL, JbHX L 053, 093 Fl 0157
M ALK DL 0101 A 0157 M #aio,
WIESHILHIX ) 08, 011, 026, 0101. 0138 FiI
0161 Jfi#HIY, JEH X L 08, 09, O11.
026, 0101, 0138 I 0161 Mk, A#F5EM
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35 54 %k EXPEC LN EFFINBIGER

Table 5 The results of 54 strains of EXPEC multi-site sequence typing

ST %! GRRRE (BR)/ i L LR AR ST AR 51 (E5K)

ST type Number of strains (strains)/Proportion (%) Clone complex ST type members

ST648 5(9.3) CC648 ST624, ST648, ST3368, ST4223...... (68)

ST10 5(9.3) CC10 ST4, ST10, ST34, ST617...... (89)

ST410 4 (7.4) CC23 ST88, ST410, ST612, ST2505, ST2371...... (98)
ST101 4 (7.4) CC101 ST101, ST359, ST365, ST5229...... (56)

ST746 3 (5.6) / ST746 (1)

ST88 3 (5.6) CC23 ST88, ST410, ST612, ST2505, ST2371...... (98)
ST3368 2 (3.7) CC648 ST624, ST648, ST3368, ST4223...... (68)
ST117 2 (3.7) / ST117 (1)

ST3944 2 (3.7) / ST3944 (1)

ST58 2(3.7) CC155 ST55, ST56, ST58, ST155...... (73)

ST5229 2(3.7) CC101 ST101, ST359, ST365, ST5229...... (56)
ST4223 1(1.9) CC648 ST624, ST648, ST3368, ST4223...... (68)
ST361 1(1.9) / ST361 (1)

ST100 1(1.9) CC165 ST8, ST100, ST165, ST189...... (36)

ST2505 1(1.9) CC23 ST88, ST410, ST612, ST2505, ST2371...... (98)
ST29 1(1.9) CC29 ST16, ST29, ST97, ST113...... (56)

ST761 1(1.9) / ST761 (1)

ST617 1(1.9) CC10 ST4, ST10, ST34, ST617...... (89)

ST542 1(1.9) / ST542 (1)

ST3492  1(1.9) / ST3492 (1)

ST224 1(1.9) / ST224 (1)

ST603 1(1.9) / ST603 (1)

ST196 1(1.9) / ST196 (1)

ST93 1(1.9) CC168 ST93, ST168, ST181, ST186...... (16)

ST156 1(1.9) CC156 ST156, ST348, ST611, ST840...... (13)

ST612 1(1.9) CC23 ST88, ST410, ST612, ST2505, ST2371...... (98)
ST2731 1(1.9) CC23 ST88, ST410, ST612, ST2505, ST2371...... (98)
ST365 1(1.9) CC101 ST101, ST359, ST365, ST5229...... (56)

nST1 1(1.9) / nST1 (1)

nST2 1(1.9) / nST2 (1)

nST3 1(1.9) / nST3 (1)

e nST: BFFIEL; [ TrobELGIRM ST 2

Note: nST: The new sequence type; /: The ST type of the clonal-free complex

54 #45% i EXPEC fff #1778 ok 038, Hivk fy 0127,
S E P HADM XORFE, JoHE 038 1RSI i
T H R AR LR IE ; B EXPEC IL3E R A A2
Z, WATHIER IS T A AR, JE TR EXPEC 1
ST BIAEAS [ X AS RIS B A 70 A1 447
TE—E2E5E, BMSASRR, F, SErRE
Hi EXPEC 11 1ML AR Ak 5 T8 Ry 428 AH DC 5595 1)

E. coli fffHtA: I (— AN E0m) . W 9 B 7
MIASNEORRY 3 KR HE, 438 4 Fh R G, H
rr3 R R E. coli ZJ8 T A BERI BLRE, 7 N i 7Y

E. coli ZJ& T ARE. BL#:AI DB, 1fif EXPEC £
J&T B2 B, ok D MM B e, 7EAMR
ExPEC t1, Maluta %1% 31 30.29% % D ¥, 26.4%
7 B2 #F; Maynard 2% 3 54%% B2 #F, 23%
k1 D BE. ZERIGUE EXPEC H, Maynard 2:M % 3
88%J® T B2 #f; FMEHEMIL B 30.3% N B2 #f,

20.7%% D Bf. 7E&UE EXPEC 1, Maynard 21
K 63%FT D BE; FREULE 31.9% N B2
#, 21.9%K D Bf. AN, RJE. &IE EXPEC
FEoER B2 B, —s2 D #f, MR EXPEC
i FEUE T A i BL B, 7ESETE EXPEC AHICHHT
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Table 6 Correlation between the EXPEC phylogenetic group and virulence genes in 54 strains

BN Z 5 3L Phylogenetic group AiHR)
Virulence genes B1 (n=5)Kk%L (% ) B2 (n=44)kk%L (5 1) D (n=5)Bk%k (.5 ) The total
B1 (n=5) Number of strains B2 (n=44) Number of strains D (n=5) Number of strains (Strins)
(%) (%) (%)
afa 2 (40)a 11 (25)a 0 (0)a 13
iutA 4 (80)a 31 (70.5)a 3 (60)a 38
tsh 4 (80)a 24 (54.5)a 4 (80)a 32
vat 0 (0)a 12 (27.3)a 2 (40)a 14
fyuA 2 (40)a 12 (27.3)a 1 (20)a 15
ler 2 (40)a 7 (15.9)a 0 (0)a 9
irp2 3 (60)a 11 (25)a 1 (20)a 15
iss 4 (80)a 21 (47.7)a 3 (60)a 28
papC 1 (20)a 9 (20.5)a 2 (40)a 12
irpl 2 (40)a 10 (22.7)a 1 (20)a 13
focD 5 (100)a 33 (75)a 5 (100)a 43
iroN 4 (80)a 32 (72.7)a 5 (100)a 41
ompA 5 (100) 44 (100) 5 (100) 54
kspMT // 2 (40)a 26 (59.1)a 4 (80)a 32
fimH 4 (80)a 39 (88.6)a 4 (80)a 47
hylA 1 (20)a 5(11.4)a 2 (40)a
gafD 0 (0)a 4(9.1)a 1 (20)a
cnfl 0(0) 0(0) 0(0) 0
bmaE 1 (20)ab 4(9.1)a 2 (40)b 7
cvaC 3 (60)a 26 (59.1)a 4 (80)a 88
ibeA 5 (100)a 42 (95.5)a 5 (100)a 52
iucD 3 (60)a 28 (63.6)a 3 (60)a 34
traT 4 (80)a 39 (88.6)a 4 (80)a 47
iha 1 (20)a 12 (27.3)a 5 (100)b 18
nfak 0 (0)a 9 (20.5)a 1 (20)a 10
malX 0 (0)a 12 (27.3)ab 3(60)b 15
papA 4 (80)a 33 (75)a 5 (100)a 42
ompT 3 (60)a 21 (47.7)a 3 (60)a 27
The total virulence genes 69 a 557 a 78 a
Virulence genes mean 13.8 12.7 15.6

T R AT TRARIZOR RE VLR A LN 22 R B35 (P>0.05), FREARTFE R R R GE kL Rk R A9 w5 1 3L K 22 5 5.2 (P<0.05)
Note: The same letters in the same row in the table indicated that there was no significant difference in virulence genes among
phylogenetic groups (P>0.05), while different letters indicated that there were significant differences in virulence genes among

phylogenetic groups (P<0.05)

g5, Tan &M% B 30.8%/E F A B, 29.2% /& F
Bl #f, 17.5%/& T B2 #f, 225%/@T D #, UL
A. BL# D BERE; KEMWIELRER, 64%
S ARE, 32%% B1EE, B2 BEFI D BEAS & 2%, DU
A BERI BL B Zhu ZPERFSY 1O bk 57.8%)8
F A B, 9.4%JEF Bl B, 109%EF B2 B,

21.9%J8F D B, LA I D BEN T, R E)

B HIRE 50% 8 BL#E, 20% % B2 #f, 17.7% % D
M, 13.3% 4 ARE, DIBLEfRZ, HIKZEB2MD
B, A BERT SRR o ARWFSEH 54 FRIE R
EXPEC f5 81.5%>4 B2 }f, J&F D M BL 45 5
9.3%, WA A BEHEM. %, W EREARSRE
) EXPEC T )& REHALIEAAAEZE S, NI R
Ji. ®UF ExPEC £ZIL B2 BEF1 D B, HRIEGIH
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EXPEC £ UL A BEAI B1 B, {HEHZE AR,
ARG RA T oAt H B T A5 k. B EE R
J&T B2 BEFI D BEAY EXPEC TEIG IR A6 1 3 bk
et Kawamura-Sato PR sR s R B R, BT
B2 HEAYEURTE E. coli #5451 IR FHcHA b BE £ .
EXPEC @il HAFA R I 11248 . EM T
W AMAZIEB ] RIS . Zhu ZUHRE B2 RO
EXPEC #i 8 J B EEFHECH 121, MR Z T
A H£(4.4). B1#(3.8)F1 D #(4.3), 1M HE L iE
EiRT ARE. BLEFFI D #ERME, X 3 BERARAL
B SIS AR S), A AR AR 54 BE
R EXPEC b, B2 HE44 85 1 B 8Ch
12.7, 5 B1 #£(13.8)F1 D #(15.6)Z Ja] i M2
5, HFHARLBERI RS R ER, MR
EIE AR K 100%-80%11 1 L4331 B2 #f 64% .
B1 #¥ 60%. D #f 80%, EIAHMIAIEE . %L,
R RAEAF RS LR EXPEC Z[a], U
Jymss 5T R ) R B CR A O, BRI
ZWFEEE0R 198 . FEABEFERIN Y 28 Fiag )3k
W, B 14 FrBip s 50%, 435002
ompA. ibeA. fimH. traT. focD. papA. iroN.
iutA. iucD. cvaC. tsh, kpsMT /7. iss 1 ompT,
Hirr ompA F11 ibeA 435l % 100%7F1 96.3%, &1
FEWAT. H ompA Zifid i) OmpA Jf& EXPEC B2
ZEMVEER L, A T EAOE S e P e
EXPEC J&4uii 5], OmpA nJ345% EXPEC HHLIML
WOAATEAE S, R E e M,
OmpA A7 Bl T 1k K1 M AR ARif i 45 P B 4
(Brain Microvascular Endothelial Cells, BMEC),
51 MBI g, Mo B AR I B RE 1P T
g zhu DS BRI T 52 MRA 64 BRIEUR
EXPEC, #RIH#EAF ompA, KB ompA TESEA
EXPEC il fErE, Rk AEAERIBORMEADS .
ibeA it {772 % IbeA & NMEC i B A E0R H
Z® W T RS EORTE B2 BE EXPEC MYl
B, lbeA 3B FRMRAER EARN 4 #B0F
1272 BMEC, £ EXPEC %% IfiL I bt i L Ani s

W R IEEEM T, [ IbeA A B T #bkIE
RAEPIIE, SR 25 PR R, B NG PR IA T F 24
FIXERE . ASBIFFE %5 EXPEC 1Y ibeA FHMEAS Hi %
$796.3%, i TAHICHE MY 3.1% (2/64 )1
5.8% (3/52 £k)PHI 44.4% (140/315 £5)™Y, XAl fE
o T RS B R AR TP,y iha
malX 1 bmaE gt 2K . BEER L FE R R S
[ A1 M-5E4E R 4582 1 B F M ) 76 D o s ik
WEL, HFEEAMAT B2RE . Hk N DEFRE R
FH AR A T 25 529 3 s IR B MR A R i
e B R Z 1R AR R R, Tl D e
PR 26 06 7 4R e DA SR B0 J1 . i B AT, Bl
& EXPEC TEME T MR BT, HEUR T
JI Rk AR, YR REE R A R E AR,
NGRS R, BARARNFFT 54 bk EXPEC ¥R
& enfl JLE, {H Chang 2551155 & 30 enfl JE A
B2 i) EXPEC REHE % NMEC % BMEC B2 A,
JINEE NMEC 5 | JE2 1 i B8 58 95 728

LA 557 A 4 T AT S A R A AR AR 2
TESUE EXPEC 1, 35 0S5 42 FRrpfe ity 18 Fif
ST B, fRZ W ST23, HikJ& ST354. ST2505 FiI
ST117; HIFKZELPTIN 124 Frbk Hy 38 F ST #Y, £t
Z U, ST117, ke ST23, # 4 FHPEM 11 4k KI5
EXPEC iy 7 fp STH, DI STI2 Fege, T
M 81 BEFEIE EXPEC rhfs i 43 Fl ST &I, HZ L
ST1687, H: Y& ST10. AHWFFE M 54 #k¥E A
ExPEC ##G i 31 FF ST &I, %L W ST10 FI
ST648, HJE ST410 MIST101, %, ZEHEM
EXPEC 1) STRIZ Ze 24, RIBHEZFEM:. B
%18 N ST10, ST23. ST95, ST117 F1ST131 %
& EXPEC R#ATH9 ST AP Horh ST10 78 [ P
SR . BUEFIEWE EXPEC w3y & i BT
ST23 # HBUAE 5 [P 1M P PR 75 25 B 1iF 1) EXPEC
(O157:H7)FI & i EXPEC Fp12830 | Aff 532 R H
ST ®I/M )% T ST410, ST88, ST612, ST2505 FI
ST2371 (3 108k, Akt 18.5%), 1% 10 #KkH 5 ST23
SFYLZRIRNT, JBT CC23, ST648 B A /AN
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TR RS ST A, (HAERKIE . ANJEAEIH EXPEC
it 24 A2 R UIE IR EXPEC 1E— & FERE
5 MRS EXPEC B A AR B L1 5

4 Hig

AWFE Fh 54 BRAE IR EXPEC (Y I35 %1 A1 2 48 vk
FEHEST LA O38 F1 B2 HE A LHY, TEAFHLIX , AN
[HEE b, $&UR EXPEC ) B AT A A7 AE—
EXES, EMshSLRE, 038 VR H
HI AR WA 1A, HA Bt B2 B A1 D B bk
HBWie 2t ; 28 MMCH I ERE T, B
enfl ZM4A Y, bmaE . malX F1 iha B[ 234
F D BEFFEF, ompA F ibeA N EHATHIEE S
FEH, FEUR EXPEC MIEUR -5 A AT 1 ORI
31 A ST AUrh L ST10 Al ST648 fx%, ST Al A
ZFE, BIMAZRN, -2 E5 AEAM
B EXPEC HAT MMM m /G155t
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