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Analysis of Drug Resistance and Pathogenicity of a Clinical

Enterotoxigenic Escherichia coli Isolate

XUE Yagian, CAI Yunxuan, HUANG Xianhan, WANG Chenxi, FU Leiming, DONG Yanjun
(State Key Laboratory of Veterinary Public Health and Safety/College of Veterinary Medicine,
China Agricultural University, Beijing 100193, China)

Abstract: Enterotoxigenic Escherichia coli(ETEC) is a leading cause of post-weaning diarrhea in piglets, and the rising
prevalence of multidrug resistance has posed increasing challenges for clinical prevention and treatment. In this study, an E. coli
strain isolated from diarrheic piglets was systematically characterized for its antimicrobial resistance and pathogenic potential,
antimicrobial susceptibility testing combined with whole-genome sequencing(WGS) revealed the strain’s resistance phenotype
and associated resistance genes. Virulence—associated factors carried by the strain were identified by PCR. Pathogenicity was
further assessed by oral challenge in weaned piglets, evaluating diarrhea incidence, mental state, growth performance, bacterial
shedding, gross lesions, and histopathological alterations. The results showed that the isolate was serotyped as O149:H10 and
harbored F4 fimbriae, STh, and LT enterotoxins, consistent with ETEC characteristics. It exhibited resistance to multiple
commonly used antimicrobials, including doxycycline, kanamycin, florfenicol, and ciprofloxacin, and carried genes associated
with efflux pumps, tetracyclines, and aminoglycosides. In vivo, all challenged piglets developed diarrhea for two consecutive

days, with continuous shedding of the inoculated strain detected for six days. Necropsy showed intestinal congestion and
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swelling, while H&.E staining revealed villus damage, breakage, and desquamation. Collectively, these findings demonstrated

that the strain possessed both multidrug resistance and significant pathogenicity. Clinically, cephalosporins and other effective

agents should be prioritized, and enhanced surveillance of antimicrobial resistance in ETEC was warranted.

Keywords: enterotoxigenic Escherichia coli(ETEC); antimicrobial resistance genes; virulence factors; pathogenicity;

whole-genome sequencing; piglet diarrhea
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Tab.1 ETEC virulence factors amplification primers sequences

1% Primer G511 F 50 (5'—3")  Primer sequences(5'-3") 7P KN /bp - Product size
F4-F GATGAAAAAGACTCTGATTGCA 478
F4-R GATTGCTACGTTCAGCGGAGCG
F5-F CTGAAAAAAACACTGCTAGCTATT 543
F5-R CATATAAGTGACTAAGAAGGATGC
F18-F ATGAAAAGACTAGTGTTTATTTCTT 513
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Tab.1(Continued)
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ETEC virulence factors amplification primers sequences

5% Primer 197 %) (5—3")  Primer sequences(5'-3') JHIR/N/bp - Product size

F18-R TTACTTGTAAGTAACCGCGTAAGCC

F41-F GATGAAAAAGACTCTGATTGCA 682
F41-R TCTGAGGTCATCCCAATTGTGG

987P-F GTTACTGCCAGTCTATGCCAAGTG 391
987P-R TCGGTGTACCTGCTGAACGAATAG

STa-F GGGTTGGCAATTTTTATTTCTGTA 183
STa-R ATTACAACAAAGTTCACAGCAGTA

STh-F ATGTAAATACCTACAACGGGTGAT 360
STb-R TATTTGGGCGCCAAAGCATGCTCC

LT-F TAGAGACCGGTATTACAGAAATCTGA 282
LT-R TCATCCCGAATTCTGTTATATATGTC

Stx1-F ATTCGCTGAATGTCATTCGCT 664
Stx1-R ACGCTTCCCAGAATTGCATTA

Stx2-F TTTCTTCGGTATCCTATTCCC 484
Stx2-R GATGCATCTCTGGTCATTGTA

1.2 REHE

1.2.1 WHRE D SAERKMEME Ko 5wk i
AV R T R T TSA (S 5% 48 °F 1) B g 35
FRAE BRI 4y, 37 CHE 3% 16~18 h, B J5 #k B
SIS AT Y5 AP ) 5 mL G BHI A i, 7E
200 r/min .37 CHE IR % IR i G 77 o ¥ 55 95 4
Y R % 10 100 b M3 42 A 21 T & BHI R 7 L TR
5705 B 200 pL RN A B JE B 96 fL AR, 3 Ik
52544 96 FLARUBCA SlFL AR R IR 4R35 7% B, DL 37 °C
200 r/min}f% 3% 24 h, i HIBEARACRE R 1 hoAS DU 3
ODyooo VAR ] A A A B5 W BE SR 9N A A, 225 il 20
LESNES

1.2.2  F/NER R EE (MIC) & 2 B8 92 [ I IR
IS 28 bR Ak 323 (Clinical and Laboratory Stan-
dards Institute, CLST) #7034 A= #7245 49 S0 156 P
75 E M100-Ed34" K VETO1-A4", % FH i &
Vi Wi Bk R AT B /N 10 A E (Minimal inhibitory
concentration, MIC) B9 % , L) 68 $100fil 41 w8 4 K 5
T A 25 W ok B 0 52 O MIC L B0 B8 3K, T
R KM %4 1 ATCC 25922,

123 #HAWFEE [HFHERIPWETEC#% N
T 7 5 0 38 51 9 % 2 B B BE 9 DNA i 17
PCR ¥ 3%, F K g 3 45 B CVCC196 1E BA 4 %t
HECATCC25922 1 B XF BR o R FH 20k 12k 1l 45 1%
S E AR 1Y) DNA BN, BAR 7 2y PR HC TS B
%A EF T 100 pL BB B Tk, 100 °C

4 JB VA W 10 min, i JK¥E 5 min, R S5 TE 4 °C,
12 000 r/min & .0 2 min, B L3577 T 4 C&H .
PCR Jx B & & 3% 25 pl.: B F#E51 94 0.5 pl,
DNA iz 1 pl.,2 X PCR SuperMix 12.5 pL.,ddH,O
10.5 pL; PCR J W #2 J7 i : 94 “CHil 28 ¥ 5 min;
94 CA M 30 5,60 CHE M 30s,72 ‘CHEM 30 5,354
PEFF ;72 “CHEMH 5 min, 4 “CIE4F . PCR B =9
26 Ty BB WE BE RS LUK, (R 55 A RS AW 5% H Uk
gk

1.2.4 SSEEANTEE  WCEXECE R E
W5 mL ZE Ay IR B B0 5 ST R IR WA Y
JC B TG @ /K 5% PBS Wk 1~2 ¥, 5 000 r/min 7 F
T WO DUVE B A, 57 BV 0 R 3~4 h, 2% b %
BEA: Wy B A BR 2 A E A7 4 3 B AL Y 5 0 0
VFDB % #i B2 xt 41 %6 J5 1 Jy 91 45 8 1 7 G
%, A H CARD Tif 245 3k P8k Hi RO i 1 vk LA
(14 25 BT A R 24 356 DR A7 0000 R e g

1.2.5 BURMIRE S BSCE 1] Y B e 2
IR ] MR A B v A T I, LA HRAE o4 0.4 mL &
W/ TC B BHI R V26 A Vs WA e e 4 A B (19.2
0.5) mm Hv, BRI, 0 Ao 2l B A6 1) 7 MR, 28
PTG AT 4, B PR e B A W . 4l H L 2.0 X
10" cfu/mL ¥ BE A B RGHEA T ICRE , — R4S T 0.8 mL,
BR2W,EDI3d, BRI E R 9.6X10" cfu/k, %8
F6 BALAT 3 26 7 S R FUC T BHI R . ICEE AT
& N PR SR O 3 dL, 4 lid o D=2 . D-1 A DO
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YUAT 6 0 9 W BE X5 A ARG AR 28 1 AT W8 I ¢
T, e BEORS AR 8 1E 4 A v AT I 4 (R 2) 5 4
KA A Ay B T8 SR 3 30 A 1) 64 R A
LI PE Sy, 2 B SCER (14) 2 E bR (R 3) . i
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Tab.2 Mental state rating criteria

4> Score MUK Mental state 5rbRifE Rating criteria
0 EH TG VR AT 2l L HR A 1T 2, % e o s el 2 17 38 A, SR 0 AROK I
1 BB T SRS A DD S A IR % R 2 A, 0 i
2 ohEE AR K i) i b, AN SRR B i S B RRT R RLIR 28 H O R
3 J AR / Wi 5E 58 4% Ol 7., O B A BN AS Bl Xof 3T S

®3 EEERITHTE

Tab.3 Rating criteria for fecal characteristics

W T FEAE S
Score  Degree of diarrhea Fecal characteristics
0 IEHCERTE) FIE BURDIR
1 ety RE B AH 5 T
2 115 UL NN o S A
3 RS Wk AR FEK 538, i 3 B

Y83 i b BURE J5 B K TC R 4R 45 ALAT 3 1
fitf 28 (5 AF il S AR FE i, RV 42 R T TSA I 3
JIg B, R FH 22 8 PCR Jy 3296 I 43 25 19 B 7% O
& A F4 STh LT 45 3M 8 I K . HIEARIE
FEE R NTH T AF —FE i 2 5 PCR BRI A
BUHE W o

4 I, B S A A U T
AT 4 W T B ARG A M U A% A IS 2 L A
MEF., RETZ8BW . 20 W HEY 2 com &
2B, A BRER K Wk I, O AT 4 060 22 58 P TR [
SE L HAEDT R T IRAR AL (H & E) e (0, W
AL
1.3 BESH

i £ GraphPad Prism 9 {4 %) $c 4 i 47 1 3%
PEST BT, PP LG BAT XU 46 35, WU 3R F 3 Al
FWR R T 2500 . P<<0.05\E WAEG 24 &
X EAREER.
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Fig.1 The growth characteristics of the isolated
strain on TSA blood agar
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Fig.2 The growth curve of the isolated strain
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MIE 2 0] LUF 1% 57 B W bR 2~8 h N &b F
XPECE R, 2R B BT R B AR
E
23 HEKKEER

e A FH e B 245 900 6 32 I DR 43 15 781k 1 MLIC
D5 285 S a0 2% 4 7, BT BE PG bR L DU 3R BB &
RIREE R SR e % Xz R 43 2 B Mk E CAMHB
W% 8 MIC 25128 pg/ml, 75 B 3% 1 #k X B
EPEMR U R 2R BEE . FIREE R
e RN VD BT 24, % Sk 6 e vk A% Sk At v i
Rk

F4 WRERIEAYN S BEE%RE CAMHB B 7 H A MIC
Tab.4 MICs of clinically used antimicrobial agents against the isolated strain in CAMH broth

Wi H MIC/(pg/mL)
Item AMO  TET  DOX NEO KAN CEF CEQ FFC  COL cIp
255 Results > 128 128 16 128 >128  0.25 05  >128  0.25 64
HURAE  Susceptibility R R R R S S R I R
F 7 e I (S) <8 <4 <4 <16 <16 <1 <1 <8 <0.25
Standard of criterion A (1) 16 8 8 32 32 2 2 16 <2 0.5
i 25 (R) =32 =16 =16 =64 =64 =4 >4 =32 >4 >1
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ik PCRY™ K, 28 290 350 H B 8 Jig v vk, 7T LA
W g B A F4. ST LT #% 71 H F 14 = % 1 bk
CVCC196 78 478,360,282 bp 4k ;=4 3 4k F vk H
(%45, 99 1k % B8 T bk AT CC25922 & 9 3 1 4%

M 12 3 456 7 8910

WL 0r B T RRAE 478,360,282 bp &b 7= 4 3 445 H 1k
%l , 5 F4.STh LT X 3Fp a5 J 7 1) B 4 1
Sl R/DARAT R W] o B R MR F4 T BRI R
K STbMLT X 28R, ™ e R K n iR
A (E03) .

M12 34 567 8910 M1 2 3456 7 89 10

ALBHPER IR B Ak CVCC196: B. [ #4818 Bk ATCC25922: C. 43 # B #% : M.100 bp DNA Marker: ki 1~10 K XN F4.F5.F18.F41.

987P\STa-STb LT Stx1.Stx2 ¥ JJH T

A. Positive control strain CVCC196; B. Negative control strain ATCC25922; C. The isolated strain; M. 100 bp DNA Marker; Lane 1-10.
virulence factors F4, F5, F18, F41, 987P, STa, STb, LT, Stx1, and Stx2

B3 ZSHEFPCREEHR

Fig.3 PCR identification results of virulence factors
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X 2 TR AR E 47 4 35 DR 2R 0 7 K 25 g A DR R
LR Ay, I 25 R R % B R R AL RNy
5587 932 bp, GC & i H 50.36 % , Kl 5 0149-1-

55 Accession JBPZPEOOO000000
EFAKE Genome length 5 587 932 bp

wzr  0149-2—wzy K& H10-27-fiC 3£, Hi% B b
Mgk O149:H10, 38 i B0 R R 54 1 0594~
5 55 5 T E AR SR 28 AR 7 LD A 69 AT 24
IR A R 2 4 s T LR 4

W RS B CDS

B #%3ZRNA tRNA
HAEARNA tRNA

[ H At Other

. GCEE GC content

W GCIER# GC Skew+

B CCHfm# GC Skew—
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Fig.4 Graphical representation of the genome of the isolated strain
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Shigella sonnei 5s046 300269.12

a9

Shigella sonnei strain H140920393 624.361
Shigella sp. D9 556266.3
Escherichia coli 0104:H4 str. 2011C-3493 1133852.3
Shigella flexneri 2a str. 301 198214.7
Shigella boydii Sb227 300268.11
Escherichia coli str. K-12 substr. MG1655 511145.12

4“1DD

R Escherichia coli 149 562.169279 562.169279

Shigella dysenteriae 5d197 300267.13

Escherichia coli 0157:H7 str. Sakai 386585.9

)

Escherichia coli UMNO26 585056.7
0.003

Bs5 SBERERAHLK

Fig.5 Phylogenomic tree of the isolated strain
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Tab.5 Virulence genes of the isolated strain

BN TR BN T ek ey B S H N
Type of virulence factor Virulence factor Number of genes Virulence gene
WESHME Pili and adhesins F4(K88) W & 8 FaeGac faeB faeC faeE faeF faeH .fael fae]
YHD 1§ &% 4 yehA \yehB yehC yehD
HAL RGBT R 3 JfdeC .iha .csgA
#F %  Toxins 7k 3 astA eltIAB-4 ,estb-STb1
W & 2 hiyA hlyE
Ha 3%k Immune evasion 2 traT \nlpl
P F Regulatory factors 1 anr

HAlb  Others

(2]

AslA (capU shiA . terC .yghJ

*6 NEEKMAEERSZRITER

Tab.6 Antibiotic resistance genes of the isolated strain

fif 253 K ZE K Antibiotic resistance category it 253K Antibiotic resistance gene
YiE ZPGGEE  Antibiotic activation enzyme KatG
PiAE R KIGEE  Antibiotic inactivation enzyme AACG)—1.111.1V . VI, VIII IX . X \APH(4)-1 .BlaEC family
iiif 245 ik R A AR F MarA .MarB .MarR
Antibiotic resistance gene cluster, cassette, and operon
PiE AR Antibiotic target in susceptible species Alr.Ddl.dxr [EF-G EF-Tu folA .Dfr folP .gyrA .gyrB .inhA fabl Iso-
tRNA \kasA MurA .rho .rpoB .rpoC.S10p .S12p
AR Antibiotic target protection protein BerC
£ w25 A HE S AcrAB=TolC AcrAD-TolC AcrEF-TolC AcrZ .CmlA family EmrAB-
Efflux pump conferring multi-antibiotic resistance TolC.EmrD .EmrKY-TolC FloR family MacA MacB MdfA/Cmr MdtABC-
TolC MdtEF-TolC Mdtl. MdM ,QacE SugE . Tet(A). TolC/OpmH
fif 25 #: Bt S F Kl Gene conferring resistance via absence gidB
IO 2 i R P 7 245 2 GdpD \PgsA
Protein altering cell wall charge conferring antibiotic resistance
i 245 I8 45 [H AcrAB-TolC .EmrAB-TolC .GadE .H-NS ,OxyR

Regulator modulating expression of antibiotic resistance genes
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*R IR # KbB ) 2 53 AE 0.05 7K T 2 % (P<<0.05)

D6 D7

e A 2 d i3] 10000 B 1 X I8 20 47 4% 4 FE 1Y
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5 B0 113, i 35 R T B4 RS 1R B0 (P<
0.05) (&1 6).

1.5 | |
1.13
i 1.0}
=]
mE
=
=t
A 05
0.13
0
payiisk| g2
D8 Control group  Challenge group
i
Treatment

* indicated significant differences among the different treatments at the 0.05 level (P<C0.05)

Ee XHESHESERESTEH

Fig.6 Daily diarrhea incidence and diarrhea index in each group
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Rectal temperature
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T a4k

Challenged time treatment

AL F RIS AR B. % 45 B P B ARIR

(4595 )V RIBHERFTRENERK(ET-A),
HERHENESAFEEHFYRIE LR F 2R
(lzl 778)0

B 405 - Xt BB4H Control group
-8 I H 4 Challenge group T

400} -

[

hd

in
|

iR/ c
Rectal temperature

] ] ] | 1 l 1 1 1|
D-1 DI D2 D3 D4 D5 D6 D7 D8
Tyt A Ak

Challenged time treatment

A. Rectal temperature of each pig per day; B. Daily mean rectal temperature of each group

B7 SAFHSHEETAER

Fig.7 Daily rectal temperature of piglets in each group
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Fig.8 Average daily weight gain and average feed

conversion ratio of piglets in each group

I T A] 25 AL A7 A 2 IR R P O
BRI 23 B 4 SR AN R 9 BT s, T T A% IR R 4
BESh T R Kt R, RS DL H R R
WA 1A A B e L Bl 5 F7 22 6 d
100% K HH 3 , DS H B Eai ke th R R %, L

13k A7 % K 0 T0H B 5 6 R4 4 R B R R R 3K
BEIA

100 =

- %FHE4H Control group

—@— {4 Challenge group

AT 2R /%
Detection rate of challenge strain
W
=)

1

0
D-2 D-1 DO DI D2 D3 D4 DS D6 D7 DS
KB AL

Challenged time treatment

B9 BAFREERIAKFHRRSEKHE
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Tab.7 Fecal routine and occult blood test results
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Fig.10 Gross pathological changes of the intestinal tract of piglets in each group
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Fig.11 Paraffin sections of small intestine of piglets in each group (H & E staining, scale: 500 ym)
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