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FEufE wE R, SRV A BRI E M 254, SR PCR A X 25 BE R A TA I . 288 2112 f)y
FEREA R R BUE KGR A R 114 bk, 1R KGR & G (enteroaggregative Escherichia coli, EAEC)
di 57.9%, TSR LL astd+pic. eae ], ZEWERR (nalidixic acid, NAL). 2% P4 Mk(ampicillin, AMP), DU 2
(tetracycline, TET) . fif it 57 X%k (sulfamethoxazole, SUL)MN 24 KT 30%, 41 #REAKZ T 2h, EZIRATHIm
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Drug resistance and drug resistance genes of diarrheal Escherichia coli in
Miyun district
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ABSTRACT: Objective To establish the database of virulence genes and drug resistance genes of Escherichia coli
causing diarrhea in Miyun area. Methods Fecal samples were collected from patients with diarrhea, and the
virulence genes of Escherichia coli were identified by real-time fluorescent quantitative polymerase chain reaction
(PCR), drug resistance was determined by broth microdilution method, and drug resistance genes were detected by
ordinary PCR method. Results Totally 114 strains of diarrhoeal Escherichia coli were detected in 2112 fecal
samples, and 57.9% of them were enteroaggregative Escherichia coli (EAEC). The main virulence genes were
astA+pic and eae. The drug resistance rates of nalidixic acid (NAL), ampicillin (AMP), tetracycline (TET) and
sulfamethoxazole (SUL) were more than 30%. The 41 strains were multi resistant, and the main resistant factors were
GyrA, GyrB, blaTEM, ParC, aad A1, tetA, tet B, SUL2, floR and aac(3')-Ila. Conclusion The multi drug resistance
and drug resistance genes of pathogenic Escherichia coli causing diarrhea in Miyun area are common, and long-term
active monitoring should be carried out.
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0 51 &

VG K W % 45 IC I (diarrheogenic  Escherichia coli,
DEC)J&— 5B 5 N\ F ¥ 1 48 FUE 15 1) & IR L BOw
W, FELIRAMK, BHR. WEFER, AREZEKXR
W35 FQ R S SR () R R — . U5 KGR G
WAL A A 5 KU (O /N s 0 a9t AR R, 51
FEFELFENE TS 7 I 58 2 KW 3% 4 [C 1A (enterotoxigenic E.
coli, ETEC); (Q)RA SHIBAT A R IR, v{RAF
K bR aharh, TR B A AT FIt 5 R 28 K R A
[ T (enteroinvasive E. coli, EIEC); )R KGR A K
[ (enteropathogenic E. coli, EPEC); (4)A] 5| H it iz 4
1Y g ik K B 3R A [G T (enterohemorrhagic E. coli,
EHEC); (5)/1 3 5% K 3 75 K 1 (enteroaggregative E.
coli, EAEC). HHEIHUAE Rl 3 BOR A R A [C AT 24 (0]
F b 30 ] A iR 24 35 DR FR) ) 92 44488 (5 453 1) T 24 7
Me¥hZ, JLHZHEm 2R I, B0 K 5 A IS
PRI T 245 M () AL A 25 T IR B U AR o

R %5 2 M X g AR S M 2 3R R, Mt 2 AR B
BZ ., BT, AN B A RE4E U N (polymerase
chain reaction, PCR)i £ J] 2RI % 2 HiLIX. 2 S0 o =
BENE 5 s N (0 2 (B AR A 3R 4T 30E K A R TR A A, %o
PHME MR T 200, I Bt 25 38, LU % =
DX (R 350 K 35 A PR T 25 B (R, A 3005 KA IR
PRGN | TOUAEE 2 il B b R S

1 RS T

1.1 EEAS fSRIR

LA = IXBERE . 8 P EERE D 2 X s BERE, 2013 4
1 ~2019 4F 12 JRGMETS BH FEARATE 2112 1F, T
PRI 22 R S S IR PR o g (9 fif 2, HEAE T
Cary-Blairiz ik i FR N, S HARAT 24 h NIRSLT0 2, HEIL
Z2 M,
1.2 | F

SE L F I OB A AT TR ) M
DNA $#2 5L (Qiagen 24 Hl); M1 2290 [ 520 ¢ 5 PCR I
5 FECE KM% R SE I 9E 0t PCR 2GR (b e sl il 2 A A=
YRR AR, B8 S1IEFE (B astd+pic. aggR. eae.
stxl+stx2 ., ipaH ., estlatestlb. elt, g4 T/AwRIE);
22 [ 5 A A 2 ORI Bl (v A A B R A R |
PUE YA HE: 2N 78 MK (ampicillin, AMP) ., 3k 71 {th 52
(ceftazidime, CAZ). W M¢H% g (imipenem, IPM), POFfRZE
(tetracycline, TET) . Z5WEMZ (nalidixic acid, NAL), k774 T
(cefoxitin, CFX). 5 %% % (chloramphenicol, CHL), k7l

Jig (cefotaxime, CTX). k@MLK (cefazolin, CFZ). K KEE
(gentamicin, GEN), NV & (ciprofloxacin, CIP), &5+
T (sulfisoxazole, SUL) . & 75814 HH (paediatric compound
sulfamethoxazole tablets, SXT). Pl % % % (azithromycin,
AZD)  KRIGIRA TR ATCC 25922(2 [ M 1) B R {55 v o)
JT A B IR AR E A SR N

LightCycler480 HISZATo4) PCR X (Fi L% KA RD);
VITEK 2 Compact 4= H slifdd: 1% /2t 2 505 1=
g B\ H]); SCENKER 4 H shZ5 kil R g (b =
WEAERRAT).
1.3 KWHE
1.3.1 B XRMBRA KA 69400 742

G K 2 A [ HAS AR B 22 SR, RAE Y2808
FRARZZ R FRIL, 37 °CE555 24 h, Tl EEPHTEE 4 UL
BRI 22 BAPERT TR, Az b RO AL FE & 7 LAY, #6%
TR ARG . DRI RN, IREM, MmibE. IFkiE 6 4
WK AT EE R F U E, fEE R B eae.
stx1+stx2, ipaH. estlatestlb, elt, uidA. aggR. astA+pic,
R R S 2 R S Ul B S .
1.3.2 w24

PH P TR o SR FH it TR 30 R 1 R A T IR A 2 O 50
AR TUM(AMP) . SLHUIBE(CAZ) . R (IPM)
VIR 3R (TET), ZEBEM(NAL). K75 T (CFX). ## R
(CHL). 3k7BEf5 (CTX) . Sk fAMEMk(CFZ) . Ik K##E (GEN),
WV E(CIP), ffif 5B (SUL) . & Bt B (SXT) . Ff
AR R (AZD) 14 FL IS 25 W kA 74 8 25 0 ) s /NI B U
(MIC)RYMIRE, e K45 B35 IS 2 ek A 00 Jidse
W K% 45 [CBH ATCC 25922,
1.3.3 A EE

AL PCR M IEXT B-MIBEREZE bla TEM ., bla SHV .
bla OXA, &HRMIF 2. aac(3")-Ila. aad Al. aadB, WU
% tetd . tetB . tetC, ‘R EZ floR . Tl SULL , SUL2,
Wili2& Gyrd . GyrB. ParC %5 15 Fifit 25 2L R EAT R o 2R
B 25 pL e iR &, b TUHEEI494% 1 ul, 2xTaq MasterMix
12.5 uL, B4 1 ul, 7K 9.5 uL. %5141 PCR K 5514 Tt 25
FERY 18 551 10 7 57) B 3l B MR 2 45 L 2 2 Sk te o,
K 1o RN SR 95 °C 30 s, BKIRE 30 s, T
72°C45s, 330 MEIF, fJFLEM 72 °C, 10 min.

2 FER5HH

2.1 HBREARANSHER

2013 4 1 A ~2019 4 9 A ILKMNZEERAA 2112 1,
KB KA G 114 bk, A bgs B4y & i1 B,
AR BRI . SRR Y, R mifk s, 5
BIBHPEZRR 5.4%. X 114 ¥RE0E KR A R 78 1 3
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RS, Ho astd+pic FAYE 38 #R(E 33.3%), HIKE eae
FHPE 24 BR(di 21.1%), aggR FAYE 20 #R(15 17.5%), estla Al
estIb PR 12 Bk (& 10.5%), aggR 1 elt B 8 #Rk(& 7.0%),
stel Fl sex2 BHYE 3 Bk (& 2.6%), estla, estIb F1 elt 7] B} BHE:
1RGN 0.9%). BB 2 L X FEHATH S FLL eae.

astA+pic N E . WL IREE M, 4R FERE K ImiR
R 21 #R(5 18.4%), EAEC 66 #k(/5 57.9%), EPEC 24
FR(H 21.0%), EHEC 3 FR( 2.6%). 114 #k$8 BEA 63 1950 A
TEOLILIEL 1, IR 1 o, S5 K 35 A FCR P 2% 22253 4
7. 8.9 A,

®1 WHREIMFIER

Table 1 Primer sequence information of drug resistance genes

FH £ 51T 5°~3° ¥ E /op B KL /PC
F:GCATCTTACGGATGGCATGA
bla TEM R: TTTCTTGGCTTTTATGCTTG 99 >4
F:-TGACGGTCGGCGAACTCT
bla SHY R:ATTGGCGGCGCTGTTATC 759 33
F:TTTTCTGTTGTTTGGGTTTC
bla OX4 R:ATTCATTACGTATAGATGCC 121 3
, F:GGCGACTTCACCGTTTCT
aac(3)-lla R:GGACCGATCACCCTACGAG 412 >4
F:ACTATCAGAGGTAGTTGGCG
aad A1 R:ATTTGCCGACTACCTTGGTG 752 60
F:GAGGAGTTGGACTATGGATT
aadB R:CTTCATCGGCATAGTAAAA 208 33
F:-TACGGGAGTTTGTTGGA
tetd R:GTATGGAGGATGTGGTTTC 325 39:5
F:TTGGTTAGGGGCAAGTTTTG
tetB R:GTAATGGGCCAATAACACCG 659 39:3
F:ACTTGGAGCCACTATCGAC
tetC R:CTACAATCCATGCCAACCC 427 39:5
ok F:TCCTGAACACGACGCCCGCTAT 960 “
: R:TCACCGCCAATGTCCCGACGAT
F:AGGCTGGTGGTTATGCACTC
SULL R:CACCGAGACCAATAGCGGAA 267 63
F:-TCATCTGCCAAACTCGTCGT
SUL2 R:GACAGAAGCACCGGCAAATC 266 60
Cor F:GGTGACGTAATCGGTAAATA $10 53
yr R:ACCATGGTGCAATGCCACCA
CorB F:GGACAAAGAAGGCTACAGCA <79 5
v R:CGTCGCGTTGTACTCAGATA
Parc F:CTGGGTAAATACCATCCGCAC 087 .
ar R: CGGTTCATCTTCATTACGAA
H: FACE LU 514, R RET 519,
400
r ——— 20134F
35.0 f 20144
F 20154F
300 | —20164F
250 F — 20174F
;i - 20184
3 200 ¢ 20194
bl -

v

0.0 1 1 1 1

—A ZH =ZH WA =HA ARA +LH

A A A A A

P 114 BRRIGHT I 63434 il
Fig.1 Monthly distribution of 114 strains of Escherichia coli



754 B b % A IR S

12

2.2 BUBKIAIRA K E AT ZA4FIE

7 AW BTSRRI 14 FPHLEE 25 8
IRTH 2GR HI N ZENERR 41.2% . @ FPEAK 37.7%. TOFHRE
36.0%. fifi i 5T mE 32.4% . B IrHTA 26.3% . AN R
22.0% . KHIPET 7.9% . K AImERR 15.0% , SLFLHENT 12.3% .
RKEER 0.9%., kAMlBE 7.0% ., HEE 7.0%., W
3.5%. BUEFEE 4.41%, 2013 4E 1 A ~2019 4 12 H, #
15 K 5 4 FQ B 10 45 A1 I 25 8RR &2 B T3 (| 2), Tt
H 2018 4. 2019 4ETH 25 R E5 (£ 2).

114 th R R, 24 W8UREa 14 &
12.3%, iif 3 Fh25¥ A B 41 8k, & 36.0%, H:- ETEC 15
¥k, EAEC 26 k. T 3 FlZ 9 Fhg¥ 435l 13, 7. 4. 5.,
8.3, 1 kko Mif 6 Fh2¥ LA BN B2, A 174k, &
14.91%, H:Ad, EAEC 7 #%, ETEC 10 ¥k . Z it 25154015 2

50.0
40.0

30.0

i 252%R/%

20.0

10.0

0.0

NAL CIP GEN TET

CHL

SXT AMP CFZ CTX CFX

B HEME, W6 Frhi i 259 0 25 3% LI AMP+TET
+CHL+SXT+CFZ+SUL b &, 3t 5 #; Tt 7 it 4 #%,
i 2578 F AMP+SXT+CFX+CFZ+CTX+CAZ+SUL; Tif 8 Ff
BEZa3L 2 Bk, 2535 AMP+TET+SXT +CTX+CFZ
+CTX+CAZ+SUL; i 9 T bt i 24 9 1 i 24 B 3
AMP+TET+CHL+SXT+GEN+NAL+SUL+CIP+AZI,
23 HBEXBRERENTHAEEENLER

Hr Gyrd Fl GyrB KR, N 97.0%. HkJE
blaTEM F1 ParC ¥ 2K 95.2%F01 94%, SUL2. tetd. tetB
N aad A1 KR53 500 87.7% ., 83.3% . 80.6%711 80.0%, floR
M aac(3")-Ila ¥ ZEH 71.4%., 70.0%, bla OXA . tetC. aadB
HAH o B = HLX. Gyrd . GyrB. blaTEM . ParC. SUL2 .
tetA. tetB. aad Al. floR. aac(3")-Ila }y FEHATHIM 245 A
Fo 114 BRETS KIHIEA R 15 FhiH253L A H 3002 3,

m 20134F
O 20144F
m 20154F
m 20164F
m 20174
= 20184
m 20194F

CAZ

SUL AZI

IMP

2 2013 4F 1 A~2019 4F 12 J 114 ¥ RIGHTFE 14 Fh2GWidin 2%

Fig.2 Drug resistance rates of 114 strains of Escherichia coli to 14 drugs from January 2013 to December 2019

£2 201341 B—2019 £ 12 B 114 ¥k KB E 14 MZ5IE0T 252 (%)

Table 2 Drug resistance rates of 114 strains of Escherichia coli to 14 drugs from January 2013 to December 2019 (%)

NAL CIP GEN TET CHL SXT AMP CFZ CTX CFX IMP CAZ SUL AZ]
2013 4 333 0 0 0 0 0 333 0 0 0 0 0 0 0
2014 4 333 16.7 0 0 0 16.7 333 0 0 0 0 0 333 0
2015 4F 40.0 10.0 10.0 30.0 0 10.0 40.0 0 0 0 0 0 20.0 0
2016 4 30.8 15.4 0 385 0 154 46.2 0 0 0 0 7.7 23.1 0
2017 4F 41.2 17.6 59 41.2 5.9 17.6 47.1 11.8 11.8 59 59 0.0 353 5.9
2018 4 46.9 24.2 12.1 39.4 12.1 303 27.3 18.2 18.2 12.1 3.0 9.1 333 6.1
2019 4 46.9 313 12.5 40.6 9.4 40.6 40.6 28.1 18.8 12.5 6.3 12.5  40.6 6.3
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F3 14 HRBUSKBIRFIRE 15 Ml AEERH X

Table 3 Detection rate of 15 different drug resistance genes in
114 strains of Escherichia coli

g a4 iy FEE

S W% RHTESRE B Ko th /%
B-NWEREDS  bla TEM 80 84 95.2
bla SHV 2 84 24
bla OXA 0 84 0.0
FIMETTH aac(3')-lla 7 10 70.0
aad Al 8 10 80.0
aadB 0 10 0.0
RAERZE floR 5 7 71.4
DU E L tetd 30 36 83.3
tetB 29 36 80.6
tetC 0 36 0.0
W 2 Gyrd 65 67 97.0
GyrB 65 67 97.0
ParC 63 67 94.0
TR SUL1 25 57 43.9
SUL2 50 57 87.7

3 wgSiie

AWFFEAE 2112 (FEEMEREA R0 2 114 F805 K
B IRE, Hoo i K 3% A IR (EAEC)66  #E,
EAEC NMRAW R4, HARE R 50 R i HATZG
WifE S, ShEMIEREZRAL. LIE EAEC HEA SR ALN]
MGV, BEE I LA B R i G, s IR R AE K H B0
PTG R AT L FE

A Hb DX 30T KM 58 A [T PH P % R0 Al fE 7. 8.,
9 Afy, x5 3ckkiE! -5, BERAE AT K
B IR MR A, ATTHERS B R KRB ERE AR
AR R S B R 35 A T TR R G 15 03 i 1

2013 4F 2 2019 FAHL X B0 K35 A FQ I 1Tt 25 %
KRG ETHEEE, p-NBEIESS . SRS, IR, &
BRI BRI | vt R T 2 R A0 kg in . R i,
BURH e R BB MG, —EEIGREANE ST,
R Hhe S0 R T 25 1 B B FH PR 259 . TR, o g U
SEEB TN KA = SR PR 25 W T, PR 251
W ZEFT A BB 114 BREUS KIH R A R, 3 ELL
T2 bk 41 8k, 5 BIKIY 36.0%, 6 M ZGLL EA 178k, &
AR 14.91%, BTS2 HIX B05 KR 4 w2 E i 2y
RGBS LR, X — 5 R H bt bt XU VRY £ ™

I IR EE I A HL X K 3 A QAT 22 F M 2 26 A 0

G KM e A FQ A B0 P 1 5 77 IR 7] 43 Ry i B
H(stxl, stx2), MTEE(Sta. Stb). T 115 (eaed)F FEF
TAF o 114 BRBOS KGR A AT eae HH A H 5%
B X—ZE RS EH R R — 8, BT S X )
RT3 5 e U B X — 2, G 10 455k, XTFE0E
KipmREHER ., §5 . EWHREFIRRNNZ
E PCR AN 7 ¥k s, AW nas 7805 Km ks G
B 7 FE KRR 7R 53] 55 78 (ARl 5%

R 15 P25 3= B Gyrd F1 GyrB K H oy
B, N 98.6%, blaTEM . ParC. SUL2. tetA . tetB Fl aad A1
R R T 80%. il At WEMIAEA R B, % = Hu X IE G
BEBUE KIIEAIRE Gyrd. GyrB. blaTEM . ParC.
aadAl . tetA. tetB, SUL2. floR. aac(3)-lla h FEE /AT
BT 245 BB o i 25 AT B 8 T e R il 3 AT
2 U 2 X 0TS K 35 A FRBRT 114 3 it 24 AL o
5 B H At DXAH ], A A T 2 4 O Ak Bl R TR A 3
FFARMIX . AR5 & B b DX 1 T 24 PR i 42 2%, {HL X))
ALY b, EhWE A AR, B AT RE 5 it
NGB ARR, LBk, BE5TF . BETE, &
WF TR — 2D Y

AHFFAE R = Hh XK EE 7 RS B E B0 KGR %
QTR )R 7 FE R R 25 BE R, 32 T A |l DX it FAT it 24
B, (R Al R o R BB SR, W BUE KRR A
IR MIBYT S A mESE M,
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