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1.3 REBRHENITEELE

s 288 R 5 FH G T 2B B0 ER K AT 3 24 1 TR
B, ARJEHC100 pL IRADHLLE 22 iR 8k, 37 °C
fRRET SR 1824 h 5, BRECFR H&RE | H 4R
6 I BT T VK E 27 BRI BE 35 SO Al I R R B
F%, 37°CIHIRKEFE 1824 h 7, PRBUMZI (A THTE
FIF API 20E % %i(Sysmex-bioMerieux, Tokyo,
Japan) AL 45 5E .
1.4 IMERIKE

WA IR Y, R IREORTE . PR
2R IR A RIS i R &, R
BAYTE 0104, O157 2 Wil i a0 & UL H4 . HTY
T 5 ) G 0 B 5 X R i MR A B 4
A7 I RS
1.5 B-IEIMLFFLH:

020 pL KA WA &4 5 mL K&
() LB AR SR L0 T FE A N, 37 °C IR HE
HEEEFR 12 ho SRR K R AP T 40 2 R
FEHe LR 37 °C fHIRIGFM P U TR,
12-24 h, 43k 8 h MEE 1 K%, 162 Jmaksits
FEP AT A S IG AL TR A, WA Al
A BT 1 2 375 BH 2L £ R B TR VA
1.6 AL

SR FH 52 [ R AN S 56 2 bR 1 1023 (Clinical and
Laboratory Standards Institute, CLSD#E#AY K-B
AT 14 Pl FHTTE 250 0 BRUB A . AR
MR WA R ATCC25922 1E R 25 il ge o7
PR, SRR AT E R, AHOLI S5 R
P H ) EBUR (Sensitive, S). ifif 24 (Resistance, R).
4> (Intermediary, 1)Z 88 CLSI 2018 H5E bRk
XF 3 K 3 FELA b2 AR T 24 0 R AR E S
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YNEIRE
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P T (ERIAETE . ¥ PCR 7T 1% 505
PRGERCIEATHLTK,  HL TR S SRR B A AR A - 5%
HARTEAE SR o Z 5 R AR R A BR A Fl i
TR =il FEACIE € ae sk 7/ I 1Y N CIE Gias 7/ B % 2
pMDI18-T #ifA , 1%/ W% Ak DH5a J852 2520 L,
% PCR %7€, VEHUPHME P MRSRIBUTTRE , 3% 42 TAE
Yy TR ROy A IR A AT Y o ARG AT
BLAST HXf, feZff i 25 3L R 1 2585+ 1]
8 [X i 245 5 PR 5 T i 24 BE R 2
1.8 MLST 4 F4HEl

WG S SO [111E 0 7 X8 I (adk
fumC., gyrB, Icd, mdh. purd fllrecA)5|¥I(Fk 2),
FHHEAT PCR 944, PCR P84 74 26 A T LR T
PR () By A RS R AT , W0 235 SR
Chromas } DNA Star {17 &IER, 2%
Pasteur 7E £k £ 95 /& #F 47 4b #E (http://enterobase.
warwick.ac.uk/ species/ecoli/allele st _search), $#15
BRI A LN 4 A5 (allele coding), FFTE
JAS TR 7 I B (ST ).
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Table 1.

%= 1.

TR EF 1 KBS FRERIHNSF7

Primer sequences of drug resistance genes and class I integrons gene cassette

Drug resistance gene

Primer name

Sequences (5'—>3")

Product length/bp

References

B-lactam

Quinolones

Aminoglycosides

Tetracycline

Sulfonamide

Amide alcohol

blargy
blagyy
blapsg
blapy,
blacry.u
blacyy.>
qnrd
qnrB
gnrC
gnrD
qnrS
ogxA
aac(6')-1b-cr
aac(3)-1
aac(3)-11
aac(3)-111
aac(3)-1V
ant(2”)
tet4

tetB

sull

sul2

sul3

cmid

Cassette

F: CAGCGGTAAGATCCTTGAGA

: ACTCCCCGTCGTGTAGATAA

: ATGCGTTATATTCGCCTGTG

: TTAGCGTTGCCAGTGCTCGA

: ATGCTTTTATATAAAATGTG

: TCAGCGCGACTGTGATGTAT

: ACACAATACATATCAACTTCGC
: AGTGTGTTTAGAATGGTGATC

: ACGTTGCATATATCGACGTTG

: GCAGCGACTGTCGTACCCTAT

: TAATTACGGAACTGATTTC

: CCTTGCTGTATTTTTGTTA
:ATTTCTCACGCCAGGATTTG

: GATCGGCAAAGGTCAGGTCA

: GATCGTGAAAGCCAGAAAGG

: ACGATGCCTGGTAGTTGTCC
:ATTTCTCACAGGCAAACT

: CTGGAATAACAATCACCC

: TTTTCGCTAACTAACTCGC
GAAAG1'GATAAACAGGCAAAT
: ACGACATTCGTCAACTGCAA

: TAAATTGGCACCCTGTAGGC

: GCAGGTCCAGCAGCGGGTAG

: CTTCCTGCCCGAGTATCGTG

: TTGCGATGCTCTATGAGTGGCTA
: CTCGAATGCCTGGCGTGTTT

: ACCTACTCCCAACATCAGCC

: ATATAGATCTCACTACGCGC

: ACTGTGATGGGATACGCGTC

: CTCCGTCAGCGTTTCAGCTA

: CACAAGAACGTGGTCCGCTA

: AACAGGTAAGCATCCGCATC

: CTTCAGGATGGCAAGTTGGT

: TCATCTCGTTCTCCGCTCAT

: ATGTTACGCAGCAGGGCAGTCG
: CGTCAGATCAATATCATCGTGC
: GCGCCTTTCCTTTGGGTTCT

: CCACCCGTTCCACGTTGTTA

: CATTAATAGGCGCATCGCTG

: TGAAGGTCATCGATAGCAGG

: TGGTGACGGTGTTCGGCATTC
GCGAGGGTTTCCGAGAAGGTG
: CGGCATCGTCAACATAACC

: GTGTGCGGATGAAGTCAG

: CATTCTAGAAAACAGTCGTAGTTCG
: CATCTGCAGCTAACCTAGGGCTTTGA
: CTGAGGGTGTCGTCATCTAC

: GCTCCGACAATGCTGACTAT
FP: TCATGGCTTGTTATGACTGT
RP: GTAGGGCTTATTATGCACGC

AT AT AT T A IR I TA T A I TA IR I T TR T T I IR T DA TR TR

734

860

914

813

544

1250

519

469

666

984

417

218

482

169

237

185

286

187

831

930

789

722

990

517

[12]
[12]
[12]
[12]
[12]
[12]
[13]

[13]

[14]
[14]
[14]
[15]

[16]
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*x2. EREESIMF

Table 2. Primer sequences of house-keeping genes

Gene Primer pair sequences (5'—3") Product length/bp Annealing temperature/°C

adk F: ATTCTGCTTGGCGCTCCGGG 583 54
R: CCGTCAACTTTCGCGTATTT

fumC F: TCACAGGTCGCCAGCGCTTC 806 54
R: GTACGCAGCGAAAAAGATTC

gyrB F: TCGGCGACACGGATGACGGC 011 60
R: ATCAGGCCTTCACGCGCATC

icd F: ATGGAAAGTAAAGTAGTTGTTCCGGCACA 878 54
R: GGACGCAGCAGGATCTGTT

mdh F: ATGAAAGTCGCAGTCCTCGGCGCTGCTGGCGG 932 60
R: TTAACGAACTCCTGCCCCAGAGCGATATCTTTCTT

purd F: CGCGCTGATGAAAGAGATGA 816 54
R: CATACGGTAAGCCACGCAGA

recA F: CGCATTCGCTTTACCCTGACC 80 58

R: TCGTCGAAATCTACGGACCGGA

2 ERFQM

21 RIGRFBREB D ELEE

1E 4 DG A A R LR 4R
HEEFEMERERD , SREERS, HIJCH PE T-EIUBCH fif
B, YT ARSI S b B AL
KRR oV R RE | A RIENRIE R ;
TEZ PG IRk FIE R S5 /N . RIFDLH . 14
GORSTRIMZL G, QOB AT . P
I [ER] F) p 2= BH P R o A A 45 2R S5 AR RS N 9 AR
TR E ST 2 IR (AR R0 T 2 5 T8
JNRR) PRUEVEECEL, I A KR A . ARYE S
FRRRERIE S22 ML IE I 171 AT S Rk
i R 3 IR IR A R (3R 3).

®3. NHBERBEFEIEER

Table 3. Separation results of E. coli from dairy cows
Number Dairy Dairy Dairy Dairy
farm 1 farm 2 farm 3 farm 4
Samples 45 30 50 69
Positive strains 43 27 46 55
Positive rate 95.6% 90.0% 92.0% 80.9%

2.2 HHRINIERIA S E

i P AR BEEE SEIRFA T A B 171 AR K
PRUEAT IS RS 8 (3R 4), HhEomtE KiniR
i 19.9%, PRI . 0128:K67(12 k)
F1 086:K61(10 #); B KIBRAR & 17.0%,
PUMIER K. 0128:K67(11 #R)F1 O143:K7(12 ¥K);

WA
Air Al

x4 KPBRAEMERLEEER
Table 4. Serotype identification results of E. coli

Serotype Classification Proportion/%
EPEC 0128:K67(B12) 7.0(12/171)
086:K61(B7) 5.9(10/171)
026:K60(B6) 3.5(6/171)
044:K74(L) 1.2(2/171)
0142:K86(B) 1.2(2/171)
028:K60(B60) 1.2(2/171)
IEC 029:K 3.5(6/171)
028:K73 6.4(11/171)
0143:K7 7.0(12/171)
ETEC 06:K15 1.8(3/171)
O7:K1(L) 1.2(2/171)
EHEC 0104, 0157 0(0/171)
H4 4.1(7/171)
H7 2.3(4/171)
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PR R KRS 2.9%; WLk K sE
MER P EARNE 0104, 0157 MiER!, H4.
H7 Mg B R R A T A 4.1%F1 2.3%.
2.3 BHIAH AL R

K 53 18 20 1Y R 3 A TR A - P AR I 5
Z5RNIR, 171 B RIGRA R 7 Bkt A4 B
MIEH 16 R, FERER 9.4%, 7 H AR L
wmE 1R,
2.4 THARE

K H CLSI A7 K-B 3460 7 R iR 75 18
SYEIRXT 14 FhE LG BUSEGR 5), 4R
7N K 3 A TR 0 R PU AR 25 R e =i o 33.9%,
HRRHWUARER, W25 HR 24.0%, (HXKIZ
Pyl an s AR e | kA6l AA BT AE R R BUK

o F R U . ZEN 2R R A 22.2% (181
2), F7HEZ I 2 R bR R 2 E R 2 R
R E 3-7 Mz, 5 2 Hl 2Rk
86.8%:

—

E 1. 5% AR AIRE R FAR
Figure 1. Blood plate of E. coli producing
B-hemolytic ring.

®5 MHFEABSRARAFARER

Table 5. Results of drug sensitivity test of E. coli from dairy cows

Antibacterial medicine S/% R/% /%
Penicillin

Ampicillin 33.9(58/171) 37.4(64/171) 28.7(49/171)
Ogmentin 8.8(15/171) 17.5(30/171) 73.7(126/171)
Cephalosporins

Ceftriaxone 4.1(7/171) 7.0(12/171) 88.9(152/171)
Cefotaxime 7.0(12/171) 5.9(10/171) 87.1(149/171)
Cefoxitin 7.0(12/171) 7.6(13/171) 85.4(146/171)
Aminoglycosides

Butamine 7.1(13/171) 8.8(15/171) 83.6(143/171)
Gentamicin 12.9(22/171) 16.4(28/171) 70.8(121/171)
Tobramycin 21.6(37/171) 21.6(37/171) 66.1(113/171)
Tetracycline

tetracycline 24.0(41/171) 40.4(69/171) 35.7(61/171)
Sulfonamide

Compound

sulfamethoxazole 11.1(19/171) 3.5(6/171) 85.4(146/171)
Quinolones

Ciprofloxacin 5.3(9/171) 7.6(13/171) 87.1(149/171)
Nalidixic acid 7.0(12/171) 8.2(14/171) 84.8(145/171)

Amide alcohol
Chloramphenicol

Florfenicol

5.9(10/171)
4.1(7/171)

7.6(13/171)
3.5(6/171)

86.6(148/171)
92.4(158/171)
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2. 17 AR FRE T SEMARFRAH R S

Figure 2. The proportion of multidrug-resistant E.

coli in 171 strains. 3—11 in the abscissa indicates the
number of resistant strains of E. coli.

2.5 THZGREAN KRS R

FIF PCR J7 ¥k A R e A T i 25 BE 1A, 45
RER , B-W@fﬁﬂﬂ%ﬁﬁ%% ':F' blargy (blargy,

A B
(A b5 B

M-12345 6789

17 36.3%, blazgy. 116 15 22.8%) M R E K 59.1%
(K 3-A), HUCN blacrya.i5(4.7%) « blaoxa.,(1.8%)
1 blacyy.2(0.6%), WAKIE blapsg. blasyy; W&
W2t 25 3L K aac(6')-1b-cr #5705 K i = N
4.1% (K 3-B), HIK A gnrS(1.8%). ogxA(1.2%)
F gnrD(0.6%), BEA KB gnrd. qnrB. gqnrC
i 25 3 K 5 B W1 2T 24 JL D5 rp LAY ane(2')
g R N 40.9%(8] 3-C), HRk N 44C2(2.3%),
WA E] 4ACI. AAC3 T AAC4; f 2Tt 2
LR DAHEAT sul2 S R H %R 16.4% (1 3-D),
HWRA sul3(10.5%)F1 sull(3.5%); ok i 5 25 iiit
G emld H 0.6% (K 3-E), 74k, FEARMIT
B R I B PO R R 2 S retd (K] 3-F)F
tetB,

M-123 4567

1
734 bp 2000 2000 —]
199§ 1000
50 482 bp 5
100 187 bp

M1 234567 8- (E)bp

M1234567 89 -

(F) bp M123456 -
2000
100§

517bp58

o0

<831 bp

& 3. PCR &MEBITAEE AR5 RE

Figure 3.

2.6 EAETHBEMZER

171 #RR W 5 w47 1 7’6*&%%1"‘{%(@
), HHr 7 BRORRA EARI E A 1 R
RREG, BHER 41%, X 7RKBIRA L
I 4 PN 2SR G A5, BN dfirdl2-
aadA2-sull (4/7). dfrd12-aadA2 (1/7). dfrA7 (1/7)
VAL dfrAl7 (1/7).

[FREi
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Partial results of PCR detection of partially resistant genes.

bp M1 2 34567 89101113

1500-2000 bp

[El 4. PCREM [ XEEFHIBIHERE
Figure 4. Partial results of PCR detection of class I
integrons.
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2.7 MLST 43BEIZ5 5

171 BRYSAF PR 545 T s Ak i MLST
53153k 8 Bl ST AY, 435k ST58(45/171). STS
(32/71), ST23(29/171), ST1146(20/171), ST172
(15/171), ST155(10/171), ST661(12/171)F1 ST3096
(8/171) XA I g HhA ] ST B35 A T
Y eBURST 4341, STS8 il ST155 & —A4~ il
HEY, U205 gyrB(E 5),

3 itib

KA @2 E R, | ZFAET AR
Firbo XTI, BOW ML T A R R A R
TE—EARMT, MRS, bR, L RER
W, AW R R EFFIR S . O T AR IR
B DX A= IR g e A TR O R R AR AE A 5T, et
KA 4 DB TIF R B, e
W71 BROYAE IR IR A B, TR 2l .

513096
@561

@st23
‘%~\\§t155

() st

ost172
@st1146

5. AMRFPAR ST B AXBHEFEWK
eBURST
Figure 5. eBURST diagram of different ST-type E.
coli in this study. This figure contains the ST type of all
strains and the control ST type, in which the black dots
represent different ST strains. The larger the black
spots, the more strains of the same ST type. The black
line between the black dots represents an allele, and

two points and one line form a clonal complex.

L5 B IE B A A5 RN T AR, 171 BRI
i PR M 13 A4 5 SO G 14 K 35 A TR IfL
R, 0128, 086, 028 il 0143 [ lLAHX 44 ,
Horh 0128 5 HHE M IE V5 A M i5 B — ™,
PR T REAAAE N B RIS SRS . Fi b, AL
28 T 55 H At b DX T 1 A 15 R Y A TR O A i
RUURIR], g b DX A Y5 K 58 i T 0 34 o 3 78
N 015, 026, 036 F1 07881 b X 438 11
FMFER K 06, 078, 0101 A1 0114M; 52k
EHIMTE R 018, 0146, 0152294 | L) F#FSY
L5 R F—AH X AAAE 2RI RY, H 24801
T A A DR S I B 5 AN [l DX 3 i v B A
JREANTA], e [ — 28 0 A AN [ i X0 340 it ¥ A 5%
REESF o XKL T T il 5 b (4 K 38 A T 1MLV
T )

AT 250 N R B 2 A Cad RIL TR,
VT JLAE B NN I T DU K & & S0 2 I 5%
FER R, FER AR SR R, TR R
AN B {45408 24 P 1 N 55 5 3 R B8 N A R
WsR A W BT R 2 T BT 2 3 P AT
DA3E 2o Bopr i JE 1A TE R IR A i 2 a], K
35 A DA 5 LAt B TR 2 (R AR ARG, i, e
25T 253 R sull | sul2 . sul3 W] LA b iR o g
JAE T TE 20 B =2 T 4R 21 L 57 T 2 35 DR i K
A B AT LU o L 1 25 N2E, TR AR
gt R 5 IS o 3B AL A3 BT 24 P A 45 2R ke B4
AR YR 35 A TR G 2R P AR 24 3 e = 33.9%,
HUCHMAZ, fi2550 24.0%, HALKER 2
YR N FUREE PRI 2, JFAATE 2 i 25 30
G0 WULAT UL, TS AR 5 R 3 A TR R o
AP R 251, DU S B R YN
Pt ™ E . EAR G P Al 9 A TR e A

T B
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TR 24 A P2, 15 7 S i X 4 2 7L B 46 KW e i
BN SR TAARTH 25 % 54.7%AH FEIGAE™), 5k g
FE G 00 s A A VR K i MR A T £ R 2 LR
(85.0%) M LAY . x5 sh il s XM 25 0
KEBHFE—ERNRR, Af T LR,
E1 X UL 25 3L A PCR R 25 S B, B s
B 2 A2 sul2. sul3 ®H R85 53508
16.4%F1 10.5%, 1 WAH 206 10 7= Hb X 5 4= 7L b
RKIGFFEHA R &I sull | sul3 ¥ H R 5 . p-
VA B e 288 T 245 5 DT A 1 23R 7 TSI 24 6 K v i
e, H blarp, FERHET 2255 59.1%, BEAK T8
SRR R A TR 86.2%%, M RIHiR
WX P-4 7 e T 257k . DUERZRE
if 25 5 N AEA ORI h A B i A B, A5
TR o R R A TR N DU IR R T 245585 24.0%
AJ BB A T AT BT X DU 34 28 1 24 25 DR AUk
T tatA 1 tatB WIFPIER, KA A X UIR R
i 245 VA6 R RE S Hh T 495 i L Ath DU R 22 1Y) i 24 2
DR Al JUZIS i 24 35 DR A A Hh 2 5, 48] s 5 )
Tt 24 L DRIAG I 46 2R | 2l BEWHE T 2 T 24 66 DXL A D
25 P25 5 1G24 R A TR R 2=
ST AT g R TR [ X 2545 B RA Y
TS [T B, ] B2 R A A 1l DX 4% 2 33
Ml A 2R A0 5 R R

BAETFHR, BEMEERMWYREE, 51
P 257 298G Bt KA 9 KEL T,
BOR UL TGP AR5 171 bR AR IR
K575 Vo B B PG 21 7 MR R 5 7 A 1
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Serotyping, drug resistance and molecular characteristics of
Escherichia coli from dairy cows in a region of Shandong province
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Abstract: [Objective] To analyze the dominant serotype, class I integrons gene cassette, drug resistance
characteristics and phylogenetic of Escherichia coli isolated from four large-scale healthy dairy farms in Shandong
Province. [Methods] We collected 194 samples of fresh feces from dairy cows in 4 large-scale dairy farms. The
isolation and identification of E. coli was tested by using laboratory method, and the serotype was identified by the
E. coli diagnostic serums commonly used. The hemolysis of E. coli was detected by 10% sheep blood plate while
the sensitivity of 14 conventional antibiotics was detected by K-B method and the ST type of E. coli was analyzed
by MLST technique and the cloning relationship among the strains was analyzed by eBURST v3 software.
[Results] The results showed that 171 strains of E. coli were isolated from 194 fresh feces samples, mainly
pathogenic E. coli (19.9%) and invasive E. coli (17.0%), and the dominant serotypes were O128:K67 (12/171) and
0143: K7 (12/171). In addition, the positive rate of hemolytic E. coli was 9.4% (16/171) and the drug susceptibility
test showed that the ratio of multi-drug resistant strains was 22.2%, among which the highest resistance rate to
ampicillin was 33.9%, followed by tetracycline, which was 24.0%. The results of PCR detection of drug resistance
genes and integrons showed that 59.1% of the strains carried the B-lactam resistance gene blargy, 59.1% of the
strains carried the aminoglycoside resistance gene ant(2'), and no tetracycline resistance gene (tet4 and fetB) was
detected. The positive rate of integron I was 4.1% (7/171), dfrA12-aadA2-sull was the dominant gene cassette
structure (4/171); MLST divided E. coli into 8 ST types, of which ST155 (10/171) and ST58 (45/171) formed a
clonal complex and no new ST type was found. [Conclusion] This study confirmed that the dominant serotypes of E.
coli isolated from fresh feces in large-scale healthy dairy farms in the region were O128:K67 and O143:K7. Some E.
coli were hemolytic and the resistance rate was only high in ampicillin and tetracycline. Moreover, the dominant gene
cassette structure is dfrd12-aadA2-sull. The MLST classification showed that the isolates from different dairy farms
were closely related, indicating that the distribution of E. coli in cattle origin was polymorphic, and there was no
correlation between serotype and ST type. There is a multi-drug resistance phenomenon in E. coli from dairy cows
which is potential dangers of food public safety. This research has certain theoretical guiding significance for
improving the safe production and quality evaluation of dairy products in large-scale dairy farms.
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