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Antimicrobial resistance and molecular typing of diarrheagenic Escherichia coli among patients
with foodborne diarrhea in Xi’an City in 2021
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Abstract: Objective To investigate the infection status, pathogenic types, antimicrobial resistance and molecular
typing of diarrheagenic Escherichia coli (DEC) isolated from patients with foodborne diarrhea in Xi’ an City in 2021.
Methods Fecal samples from patients with diarrhea were collected from 5 sentinel hospitals for DEC isolation and the
pathogenic types of DEC were confirmed via PCR to detect virulence genes. Antimicrobial susceptibility testing and molecular
typing were performed using the broth microdilution method and pulsed field gel electrophoresis (PFGE). The results were
statistically analyzed using SPSS software 19.0. Results Among the 389 fecal samples collected from patients with
diarrhea, 40 were DEC-positive, with a positivity rate of 10. 28%. A total of 41 DEC strains were identified in this study.
Enterotoxigenic E. coli (ETEC) and enteroaggregative E. coli (EAEC) were predominant, accounting for 41.46% (17/
41) and 39. 02% (16/41) of cases, respectively. The gene types estlalestlb (70.59% , 12/17) and astA/pic (87.50 %, 14/
16) were dominant in ETEC and EAEC, respectively. Forty strains (97.56%, 40/41) were resistant to at least one
antibiotic, and the resistance rates to ampicillin, tetracycline, cefotaxime, and nalidixic acid were greater than 50%. The
multidrug resistance rate was 56. 10% (23/41). Cluster analysis revealed 40 PFGE patterns from the 41 DEC strains. The
similarity of these patterns was 62. 0%-100. 0%. Conclusion The detection rate of DEC in patients with foodborne
diarrhea in Xi’an City in 2021 was relatively high, with the major pathotypes being ETEC and EAEC. The PFGE patterns
of the strains were diverse. Finally, the antimicrobial and multidrug resistance of the strains was relatively severe.
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Table 1  Epidemiological characteristics analysis of diarrhea

cases with DEC infection in Xi”an City in 2021

DEC J& e

g Wi (n=40) R/ F P

(n=389) PHYE L/ %
B %

AR/ % — 0.443°
0~5 219 18 4500 822
6~19 42 4 1000 952
20~39 60 8 20.00 13.33
40~59 33 5 1250 15.15
>60 35 5 1250 14.29

F1H/H 0.791 0.673
#(3~5) 30 2 500 6.67
52(6~8) 290 32 80.00 11.03
Fk(o~11) 69 6 1500 8.70

CIR-3=7/ B3l —  0.979°
SRR 8 K H A 137 16 40.00 11.68
1R 5 1A i 95 10 25.00 10.53
7K 28 R A 58 6 15.00 10.35
5 2L 46 4 10.00 8.70
A I8 B L 33 2 500 6.06
R/ 2R 20 2 500 10.00

VE % Fisher K30 45 5 s — 468 A
2.2 GrRiME g

4325 41 ¥k DEC, LA ETEC(41. 46%,17/41)
M EAEC (39.02%, 16/41) Jy £ , H ¥k & EPEC
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WL 1,

2.3 #mAOEHSM
ETEC | #5345 estla/estlb %5 DX () B Bk 7 L B 5
(70.59%, 12/17) , EAEC DL # 4 astA/pic 3 [H )
aEAEC N, 15 87.50%(14/16) ,EPEC 4x%B Jy H#iF
eae K1) aEPEC, W38 2.
F 2 20214FE P52 TH 41 8k DEC B EU% T F1 55 J 58 20 A

Table 2 Distribution of the pathotypes and virulence genes
among 41 DEC strains in Xi’an City in 2021

WS s 1531 7 S BEREC /%
estla/estlb 12 70.59

ETEC(n=17) elt 3 17.65
estla/estlb,elt 2 11.76

aEAEC astA/pic 14 87.50

EAEC(n=16) {EAEC astA/pic,aggR 1 6.25
aggR 1 6.25

EPEC(n=7) aEPEC eae 7 100.00
EIEC(n=1) ipaH 1 100.00
&il 41 100.00
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58.54%(24/41) .56. 10%(23/41) Fl 51.22%(21/41) .
ETEC .EAEC 1 EPEC XF 13 Rl 4= & 09 i 25 Pk 47 7
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Figure 1

Results of pathotype identification of DEC isolates by PCR in Xi’an City in 2021
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Table 3 Antimicrobial resistance of different DEC pathotypes to 17 antibiotics in Xi’an City in 2021

- P DEC(n=41) ETEC(n=17) EAEC(n=16) EPEC(n=7)
e E40) M2 RRER T20°R /% TH2GRREC  TH26% /% THEGRREL TR/ % TH2RREL 2R/ %
HEER AMP 33 80.49 14 82.35 13 81.25 5 71.43 0.766
B-W kN A AMS 13 31.71 6 35.29 5 31.25 2 28.57 1.000
P kS CTX 23 56.10 12 70.59 9 56.25 2 28.57 0.162
CAZ 12 29.27 6 35.29 4 25.00 2 28.57 0.898
CZA 1 2.44 1 5.88 0 0.00 0 0.00 1.000
e 75 5545 28 MEM 0 0.00 0 0.00 0 0.00 0 0.00 —
ETP 1 2.44 1 5.88 0 0.00 0 0.00 1.000
EEBETT STR 20 48.78 9 52.94 7 43.75 4 57.14 0.841
AMK 0 0.00 0 0.00 0 0.00 0 0.00 —
DU B 2 2 TET 24 58.54 10 58.82 8 50.00 5 71.43 0.645
TIG 0 0.00 0 0.00 0 0.00 0 0.00 —
4 5 T 24 NAL 21 51.22 12 70.59 7 43.75 2 28.57 0.126
CIP 12 29.27 4 23.53 6 37.50 2 28.57 0.814
ABmER CHL 11 26.83 5 29.41 4 25.00 2 28.57 1.000
NSRS AZ1 14 34.15 8 47.06 5 31.25 1 14.29 0.314
it e 25 SXT 19 46.34 9 52.94 6 37.50 4 57.14 0.642
Z Ik CT 0 0.00 0 0.00 0 0.00 0 0.00 —

VE 278 Fisher K B0 45 5 s — 35 T B0
" E T 25 . ETEC.EAEC F1 EPEC (1) £ & it 245 %
43 5N 52.94% (9/17) . 56.25% (9/16) Fil 57. 14%
(4/7), RTG53 L (P>0.05). 1£260 % F ik

2] DEC Z HMif 25 % 5 , Rkl 0~5 2 41, A [H) 4R
W2 DEC I 4% BUW B 0 £ B i 25 K 22 5% LSt 2
B X(P>0.05), L3 4,

F 4 2021 4E VLT AR B 41 DEC 22 5 24 3R H 4K

Table 4 Comparison of multidrug resistance rates of DEC in different age groups in Xi’an City in 2021

) Z T 245 W R B (%)

TR/ DEC ETEC EAEC EPEC EIEC
0~5 11(61.11) 5(62.50) 4(57.14) 1(50.00) 1(100.00)
6~19 2(50.00) 0(0.00) 1(50.00) 1(100.00) 0(0.00)
20~39 3(37.50) 1(33.33) 2(50.00) 0(0.00) 0(0.00)
40~59 3(60.00) 2(66.67) 0(0.00) 1(100.00) 0(0.00)
=60 4(66.67) 1(50.00) 2(100.00) 1(50.00) 0(0.00)
it 23(56.10) 9(52.94) 9(56.25) 4(57.14) 1(100.00)
P! 0.821 0.845 0.785 1.000 —

VE * J677 Fisher K 45 5 s — 7 T4
2.5 PFGE4r#IZE 3

41 tk DEC £ K315 3| 40 F PFGE 47 1Y,
LB R 62.0%~100. 0%, 3t B &£ W 6 4~ #%
(C1~C6, 717 AL BE >85% ) , B A~ A & 2~3 B 1A o
A 11 BREE A A [E 2 ) 3L ETEC R 5 AR,
4 2H (9 k) A estla/estlb F: R ETEC 43 5 28 4
B C1.C2.C4 F1 Co, Hh C2 1 2 #k ETEC 4
B — 0, ol R matmEEAE 1 ANAN, 56
2 KRHEHF estla/estIb,elt FER ) ETEC H W% C5.
M eae FE DAY 2 #k EPEC B 4E 58 €3, 16 £k
EAEC 77 8 [A] A7 BLRE B, ook A i . TR A5
HULE 2,

3 iFit

H Al TG 56 T P9 1T IR 15 % DEC Ji A7 SR
fiif 25 1 K 5y F 4y T BF SR i . AR SE XS 2021 4F
VO 2 T B MR IS 5 06 AR A #E AT DEC 43 38 2)

HO B PFGE 43 4, LI T i P94 T DEC Wi
A7 AR B (k250 D0 R Ay F R B AR o A5 AR R
2021 4 V5 % T VS 8 T DEC 1% J5 I 1 5 2
B ALK TV T, 5 A0 e M g5 R —80' . DEC
K R R 10. 28%, & T 4 1 (6. 68%) " Fl 2016—
2020 4EPE LT (4. 35%) A5 F . BRI AT BE S5 A
5K HI £ # PCR X DEC )44y B % A H £
A 9 PCR HEAT 5 A% ARy 14 06, 50K
JHZ & PCR 8 £ & 90 5¢5L PCR WAL, IZ T B4
ASBE B2 w80 4G SR o W T L i S R ARG T )
JAS o DEC YL A7 78 4 08 245 73 A1 R AE L 7E 40~
59 A R A, R O =60 & 4 20~39 %
41, 55 [P At b X 42 3E B4R 41 DEC £ H % d5
0 25 R — B PR M ) ORI A R T L 6~
8 Hiem, 5 RS g —8 . M T

A WG4 B 1) DEC BUMW & £ 25 ETEC 1
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PFGE-Xba | PFGE-Xba |
0% % 10 RS REEAW  ERR HER
9?; XA21EN211  2021-07-24  ETEC  estla/estlb
841 _'E XA21EN028  2021-05-29  ETEC estla/estlb
73.L_.__ XA21EN347-1 2021-09-17  ETEC  estla/estlb
76.5 |  XA21EN256  2021-07-30  ETEC  estla/estlb
XA21EN347-2 2021-09-17  aEPEC  eae
XA21EN268  2021-08-05  ETEC  estla/estlb
75.9 8925—‘ XA21EN231  2021-0727  ETEC  estla/estlb
gag] L XA21EN310  2021-0825  ETEC  estla/estlb
0.4 XA21EN315  2021-0825  aBAEC  astA/pic
24 XA21ENI61  2021-07-11  tEAEC  astA/picageR
" XA21EN294  2021-08-16  ETEC  estla/estlb,elt
. _79_21: XA21EN317  2021-0827  aBAEC  astA/pic
i XA21EN233  2021-07-27  aBAEC  astA/pic
- XA21ENIS5  2021-07-10  aBAEC  astA/pic
XA21EN265  2021-08-03  aBAEC  astA/pic
ol & XA21ENO82  2021-0622  aEPEC  eae
XA21EN127 20210630  aEPEC  eae
XA21EN351  2021-10-11  ETEC  estla/estlb
XA21EN299  2021-08-18  ETEC  estla/estlb
sl XA21ENO43  2021-06-11  ETEC et
XA21EN279  2021-08-10  ETEC  estla/estlb,elt
XA21EN201  2021-07-22  ETEC  estla/estlb,elt
- XA2IEN168  2021-07-14  tEAEC  aggR
68.1 XA21EN065  2021-06-15  aEPEC  eae
L EP XA21EN039  2021-06-05  aEPEC  eae
XA21EN245  2021-07-30  aBAEC  astA/pic
XA21ENI12 20210627  aEPEC  eae
XA21EN145  2021-07-07  aBAEC  astA/pic
XA21EN356  2021-11-05  aBAEC  astA/pic
XA21EN283  2021-08-12  aBAEC  astA/pic
XA21ENI91 20210721  aEPEC  eae
XA21EN302  2021-08-19  aBAEC  astA/pic
& XA21EN325  2021-0829  ETEC  estla/estlb
775 [ XA21EN350  2021-10-11  ETEC  estla/estlb
63.5| 750 XA21EN289  2021-08-13  aBAEC  astA/pic
XA21ENOI3  2021-04-12  aBAEC  astA/pic
i XA21EN305  2021-08-19  aBAEC  astA/pic
62.0 77.4 XA21EN159  2021-07-10  EIEC ipaH
- XA21EN360  2021-11-15  ETEC  estla/estlb
XA21EN272  2021-08-08  aBEAEC  astA/pic

XA21EN179  2021-07-17 ETEC elt

2 2021 4V5% 1 41 ¥ DEC PFGE R35 43 #Hr
Figure 2 Cluster analysis of PFGE patterns of 41 DEC strains in Xi’an City in 2021
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R, 53 T A 5 SRR T T R S 4% b 2 ST 1
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LR NN TS ) 2 R AR T, B P T S
Al M X —#FE DEC Z il 2515 5™ & . 540, A
] 4F % 2 =60 % Al 0~5 % 1Y) DEC £ T i 25 R 4%
1o, BN R s 7Y 2 TP AE R A B DL R B )
JLFIEAE ABE DEC T 24 1 i W)

RAHT 5L R ,41 ¥k DEC 1 PFGE 45 Y He #5 43
W, 2R i . ETEC B MR FE TR R L 17 MR
11 BR#EAF AR R 22 ) BE I B ETEC R 5 &, H
PLIE estla/estlb $£ /) ETEC 4 3, i EPEC Al
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