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W E: B THERZLRELE RUEEh R E 1975 Y 00 R vk 250 . iR s PR R MRS
it ite 2 S Ry % 2 AN R AR B 206 3 WRE(129 3 3L R AEWHEE LA 77 43 JFOREFURE St UEA T K AT 18
W5 B, R 2 AT 7 YR 4 B R R T 25 R FIBOAE R 25 RAAE R I . S55R 206 (3R h R AT A 11
15Ul 8.3%(17/206), FoHFL G R FERLFLAL S 1975 YR 5500 7.0%(9/129)F1 10.4%(8/77). M 17 Hi5 4L
MIFEA L0 2 5] 34 BRIGAF I, HrhFLORYIFET B2 18 £k, JRURIFL 293 16 k. s R ER, Uikt
3 B RRRT SR P MR 24 5 A5 3 (44.1%,  15/34), X Sk A0S0 AR 320 AT 0 38 I 247 A [ A S 76 el bk 1 S 76 158 1y
(20.6%, 7/34)]. HH W 255K AMP(11.8%, 4/34), AMP-CXM-CFZ-KF-F fl AMP-CXM-CFZ-CTX-PRL-
CRO-KF(5.9%, 2/34), ILA1, A, B Wi4F35 53 B BRI TE 245258 (P=0.007) R 25 1% K 22 57 1L 3 (P=0.043) . &5 )
PERAEAE R AT B 5 YA 0, TR i X 220 PO AR Sk A28 Bt AR R it 25 HLAR A xS bt A R — 2 1)
it 250k o Rk, ksl it 25 KM ATF R AT A, JUHRHCHT 78555 19 & AE AL LI IR UL A eh i, BRIV i it
WHIEH A HRAN, BT Ik BiA: 2

KR A FLELRYIRE; R, KIGFFR; W25k

Isolation and identification of Escherichia coli in milk and its drug
resistance analysis
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ABSTRACT: Objective To investigate the contamination and drug resistance of Escherichia coli (E. coli) in raw
milk and mastitis milk samples. Methods The E. coli strains contained in 206 milk samples (129 samples of
mastitis milk and 77 samples of raw milk) from 2 dairy farms were isolated and identified by selective culture and
PCR. The drug-sensitive paper method was used to detect the resistance of 25 commonly used antibiotics to isolates.

Results The contamination rate of E. coli in 206 milk samples was 8.3% (17/206), and the contamination rates of
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mastitis and raw milk samples were 7.0% (9/129) and 10.4% (8/77), respectively. A total of 34 E. coli strains were
isolated from 17 contaminated samples, including 18 isolated from mastitis and 16 from raw milk samples. Drug
susceptibility results showed that milk sample isolates were the most commonly resistant to ampicillin (44.1%, 15/34)
and showed the higher drug resistance cephalosporin antibiotics [such as cefazolin and cefalotin (20.6%, 7/34)]. The
most common antimicrobial resistance profiles were AMP (11.8%, 4/34), AMP-CXM- CFZ-KF-F and
AMP-CXM-CFZ-CTX-PRL-CRO-KF (5.9%, 2/34). Moreover, the overall differences in drug susceptibility
(P=0.007) and antimicrobial resistance profiles (P=0.043) between A and B dairy isolates were significant.
Conclusion The contamination of E. coli is existed in milk samples, and the strains are generally resistant to
ampicillin and cephalosporin, and some are also resistant to non-veterinary antibiotics. Therefore, to avoid the
occurrence of infection and poisoning of resistant E. coli to humans, especially the elderly and infants with weak

resistance, it is suggested not only to strengthen the management of the milk source but also to prevent the abuse of

antibiotics.

KEY WORDS: mastitis milk samples; raw milk; Escherichia coli; antibiotic resistance
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1 5

Wi A L A G o BT 2l SRS W m, FLah ek
WO K A, B IR RO S | A Y b R )2
AR5, XBIERT AT E RN 2 p R R E Y4
R g et B . He s, FRIE 25%~65% 4
HRateFLE 4 KB (Escherichia coli, E. coli)2#
EW R 5 R M FEBORE 22— B, R e
FLOFHIRYT T FEAK THiAE R, miiA R REM S
BT —RANNE, 2y sk R 2T FL5 R A
FA 3 SRR U E R R A N S R B, 1 L FL
FLI G A T, R N, AR 5 5| A A R SO
DERGL, TrA ke MRk VS SEREAR, T U B
i R0,

HEr, KM FF B A 244 B % — A4~ e Bkt n)
JLT- A K FF R R e AR AR I 25 36 8, FLm 2431 %%
B T BRI KE B2 SO, KT A 25 7 5
PR 22 5, H R PR TR 1 T 245 1 2 B LT o ) R A
=k U N 78 AR Y G ks & 5T s M NG I PIL 70 781 e
DA b KOF- 5588 07 20K i 2 S R A S pb A i, Al
b A 5 AR RS B R A U, 45 KA R 1 TS
FNATT AR ERAMERT, HRT, AR IR S0 A
SV TS PR T 2 PSR B R e, (HXHE R T (N
KA B 245 53 b e /b o

AWFFEXS 206 43 FL 55 2 FEORHEWIFE & AT K
DRI 3 25 S5 o N 24 PR I, 388 3ok 3 B HL 7 Y AR I 24 1,
R ED ARG ARERIT LA S %
PSR ESARYE, IE A KA BB B I R 2R R it
MZHa%.

2 MRERE

2.1 RFISNEE

2% " (buffered peptone water, BPW), & FEH
B flg (MacConkey Agar) . 4T 3E >4 3 fig (eosin-methylene
blue, EMB). LB (luria-bertani, LB)& 35518 (b S FEFF B A
FTAEABRAF);, PCR k5 (Tag ® . Buffer(Mg®")Fl
dNTP). DL 2000 DNA marker[ K% 5 4 #)(TaKaRa) A ] ];
BB K (Agarose, 5[ Sigma AH]); WHE ., KKEE.
SLAPE T | SLURER , BOK R ALEE 25 FZERAR A (bR
AP BR A R, &AL Bral, v 2 k5]
7)o KIGHHRAINE ATCC 25922 FIZEHBRE ATCC 29212
R HUTTE R AR, S8 S 2 R WA B AR A R T
T

Myecircle PCR {%, GEL DOC XR %EJB B (3 1
IROSE]D); MDF-USA11 55 T3 A8 (L F 20 FRAL R i A
FBRAH
22 HmXE

T S FL S L D R RERE R R T TS e T,
AMFSETF 2012 4 3 A XTI 2 05 2E 7 5 2R e I iR
R A BERNURE A DA 206 1y, HA R R U
129 6y, JERIFLEESL 77 7, BARRFEFEE R 1. Iiar
G ORAFE T 100 mL TR b, ilis 29:560%, fE4h N
AT RT3 B 58, AR5 IR FET-80 °CUkAH
23 EHMHTELE

2 W8 Bl 21 2 U R 1) o R AT T R A T A B
TE o WERATREL 25 mL SRAE A WIFE G F 225 mL BPW P
1, 37 °C 180 r/min };3% 18~24 h. SRJE K H R = £ Rk
TEBEYLEHR, 37 °)CHEFE 16~18 h, BEJE 5 EE AL DREUAT B¢
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VR TR LT 25 W -0, 37 °CHE 57 18~24 h, JEIBUEE M (afF
4 JBEEF I BAETR AL T LB AR, 37 °CH53% 18~24 he #t
Ji R PCR ¥ 38 KIAAT B R FE 5 uidA SRR 7 8 itk
TT%EGIFFI R 2), B HMEREA > R E . K
ui A 35 B PHE %) A TR R AR 28530 F 50% 1) LB-H- i &
F—80 CUKFIRAT

®1 H@RRELBNKE
Table 1 Sample collection type and quantity

il SR Al B FEf B E
LRI 50 79 129
JrURLEL 49 28 77
B 99 107 206

2.4 AN

K 26 B G R FSE 5 % A5 fE P 23 (clinical and
laboratory standard institute, CLSD#EZERILLH P H#Lk, X
3B R R R AT 2 RO . R BT I B AR R
Y5 MG F I HR T W A9 Mueller-Hinton Bifig 8553k, 37 °CHs
7% 24 ho A4 CLSI MR BN XS A5 R A7 R 5, W 1
WO P AE E A RS &K T MK (ampicillin, AMP) |, & Hi
(aztreonam, ATM). K15 2 (kalamycin, KAN), % &%
(streptomycin, S). %% % (chloramphenicol, CHL), 3k7fmk
W (cefamezin, CFZ). PU¥fZ (tetracyclines, TET). skfmky:
(cefuroxim, CXM). =k7@BEW)(cephalothin, KF), WRHz PAk
(piperacillin, PRL), 3k ffiME N5 (cefotaxime, CTX). ki fthie
(cefotaxime, CAZ) . k71l #2(ceftriaxone, CRO) . kHItA5
(cefepime, FEP). W3 Vb &£ (norfloxacin, NOR), Wil [
(nitrofurantoin, F)&¢3L 25 Fh

2.5 BRSO

FA B8R Excel 2016 3R AF#-1 750 S A S5 A0 T,
i SPSS 20.0 ZK {475 Ge 1431 (P<0.05, 2R H 5
-3

3 HER55H

3.1 MREXKBAEASRER

R 3 PR, X ERHL 2 AN IIER Y 206 I REARIE
TTIERERE RN uidA JLFESEE, K 17 AR SR
V5YL, VSR 8.3%(17/206), HHA L R A 9 FE
ARBETGYL(7.0%, 9/129), JFARLZL A 8 AR 15 44 (10.4%,
8/77)0 Mo H K IAFT 5 Yo 7L 5 R WO RN JFURLZLAE i i 5
0T, 450 BN B W25 7 (P=0.390>0.05), X Hi4>
WL G R A TS e s Y RS b, SR BRE
A 2 F(P=0.932>0.05), HAb, 17 153 FHEEREA rh 4L
B 34 BRI B (R BHEEREAS S 55 2 #%).
3.2 NREXBBAEMAMERNER
32.1 R RIB ARG AL

XF 34 BRAY BSRRIEAT 25 Fhvks FHTAE R 25 A, 45
RN 4 iR, 5T R I B bR 20 PU AR i i 2 B ol
i (44.1%, 15/34), FLUR Ay Sk A 0wk w70 Sk 76 18 ) (20.6%,
7134, Sk AUk SE RN 2 [F (11.8%, 4/34), MR . 370
WERG . SRAEERAS . Sknkhg . SkAufiE . REREE . KPS
F.OURBIUAR, PUME . IR A . EE RN R
F 10%. BLAh, AR R K IAFF T X 25 Fhiss Rt 2
PEARTE, 18 #RILG RIS BRI 20T 0% ~ 33.3%,
Horp, X &E VAR BT 25 R = (33.3%, 6/18), Hik sk
FUBEN}(22.2%, 4/18) . kAW (16.7%, 3/18). Skfumkay
AN | Sk T6 AN FIWRBL P AAER R (11.1%, 2/18), X
MEg . R E . EERWINZR A 5.6%(1/18), 16 £k

%2 PCR3|¥FF!
Table 2 Sequences of PCR primers

HE 31945 S1HIRFA(5'—3) P47 HIR/Mop
UIDF2 CGATTCCGTTTCAGGGTT

uidA 194
UIDR2 TTTCTGATAGGACCGAGCAT

®3 AR BBENFFERMILMIERNERRBTFESSERL

Table 3 Prevalence of E.coli in raw milk and milk of clinical mastitis from dairy farms A and B

e A BY Bt
o REAKEL  BEMEEC BHPERc BEARRC FMVERC MRS BREARR EMEMEC BEPER%
FLI5 S YikE 50 3 6.0 79 6 7.6 129 9 7.0
JEOR AR W bt 49 5 10.2 28 3 10.7 77 8 10.4
it 99 8 8.1 107 9 8.4 206 17 8.3
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Table 4 Antimicrobial susceptibility of E.coli isolated from raw milk and milk of clinical mastitis

AN T e 18 TR ok 2 e )/ 245 286 /%

BN Bit(n=34)
FLERYIFE(n=18) JEEEELRE B (n=16)

HFTMAR(=13) 6(33.3) 9(56.3) 15(44.1)

HHFE (= 15) 1(5.6) 1(2.9)
LMk (= 14) 3(16.7) 4(25.0) 7(20.6)
KAABEM (= 14) 4(22.2) 3(18.8) 7(20.6)
KA RE(=14) 2(11.1) 2(12.5) 4(11.8)
KAAIRAA(=15)
SLIBENS (= 14) 2(11.1) 1(6.3) 3(8.8)
KA (=13) 2(11.1) 2(5.9)
SLAAG(=14) 1(6.3) 1(2.9)
KAAMLIE(=14) 1(6.3) 1(2.9)
KA T (=14)
AR R(=12)

BEEE(=11) 2(12.5) 2(5.9)
ZAIHR(=12)
RHEHR(=13) 3(18.8) 3(8.8)
WRHLPUAR(=17) 2(11.1) 2(5.9)
RRER(=12)
FioK -+ B (=14)

PUIRE(=11) 2(12.5) 2(5.9)
WV E(=15)
HRIPE(=12) 1(5.6) 1(2.9)
WM (= 14) 4(25.0) 4(11.8)
LR R(=13)
KM FE(=12)

HER(=12) 1(5.6) 1(6.3) 2(5.9)

JEUREFURE S 40 B BRTH 25 8T 0%~56.3%, Hoipxd & 7
MREYTHZS R h i, 1K 56.3%(9/16), HYK gk Fl mhmbk Ak g
ZH(25.0%, 4/16) . Sk FBEM FIF Hi8E % (18.8%, 3/16). k
fumeor | B R MR K (12.5%, 2/16), TixtkHumEls | sk
L g . Sk el e . SR R b U, T 25 R AN
6.3%(1/16). FTH 4 AR S fIRE . L7 T . AR
B ZAER. KRER. PR RNDE . LR
BRI PR R AU
322 FRRBREAREY S TAHFL

W3 5 PR, 34 MRS BRI 12 FOR Rl i 253,
PREARRTN 52 0~7 Fhbid FORSE, i s WA T 2538 4

AMP(11.8%, 4/34), AMP-CXM-CFZ-KF-F #l AMP-CXM-CFZ-
CTX- PRL-CRO-KF(5.9%, 2/34), M4k, 18 #RFL 55K ikt K
PAFER R 6 Bt Irill b2 R i 2l, LBk 4 Fhit 25
AMP(11.1%, 2/18). AMP-KF(5.6%, 1/18). AMP-ATM-CFZ-
NOR-CHL-KF(1/18, 5.6%)#1 AMP-CXM-CFZ-CTX-PRL-
CRO-KF(2/18, 11.1%). 16 ¥REUELZLFE S R IAATFR b 11 #%
XFETIAT A B 2y, R 9 B2 AMP(12.5%,
2/16). KAN(6.3%, 1/16). TET-S(6.3%, 1/16). AMP-KAN
(6.3%, 1/16). AMP-TET-S (6.3%, 1/16), AMP-CFZ-F(6.3%,
1/16). AMP-CHL-KAN (6.3%, 1/16) . AMP-CXM-CFZ-KF-F
(12.5%, 2/16)F11 AMP-CFZ-CTX-CAZ-FEP-KF-F(6.3%, 1/16).,
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Table 5 Antimicrobial resistance profiles of E.coli from raw milk and mastitis milk

AN T e 8 TR Aok 2 e )/ 245 28 /%

ity 24 7% Eit(n=34)
A5 RIIFE(n=18) JERHFLEE B (n=16)
AMP 2(11.1) 2(12.5) 4(11.8)
KAN 1(6.3) 1(2.9)
TET-S 1(6.3) 1(2.9)
AMP-KF 1(5.6) 1(2.9)
AMP-KAN 1(6.3) 1(2.9)
AMP-TET-S 1(6.3) 1(2.9)
AMP-CFZ-F 1(6.3) 1(2.9)
AMP-CHL-KAN 1(6.3) 1(2.9)
AMP-CXM-CFZ-KF-F 2(12.5) 2(5.9)
AMP-ATM-CFZ-NOR-CHL-KF 1(5.6) 1(2.9)
AMP-CFZ-CTX-CAZ-FEP-KF-F 1(6.3) 1(2.9)
AMP-CXM-CFZ-CTX-PRL-CRO-KF 2(11.1) 2(5.9)

3.2.3  REW5 3 E A 2 L

Xt Bt 2 ANRTE 0537 43 B BRI TR 25 Mk UEA T ELR, 45
WM 6 Fin. BAKTE, 2 DU Bkt 2505 0 22 5 3%
(P=0.007), A 3y BpkNF 12 Fhi: Zizy, FEEHFER
FRENFRVIMN), KA rampnk, Lmseny, Lnkm
Sk AEME ) KA SR 2R B AR R, 0T B S BRI 5 Al
AR, FEIEFERFETIIM,), ML EE
F)VMUHRIPUER, L8 ERLRIMEA TR X, A
WA AR AT 2 M AP A R 25 5
324 FREWFHEAKRS TR HERL

Xt B VAR PSS [ W53 43 1 ik AT 2 335 3001 7 L3R
GER R 7 PR . ARG ST BRI T 257 Sk S 2
(P=0.043), HH A fhr Btk 253 £ &, A 8 FRIF M
Mt 253, fc W 2515 5 AMP, AMP-CXM-CFZ-KF-F I
AMP-CXM-CFZ-CTX-PRL-CRO-KF(12.5%, 2/16). B %4}
B UAEAE 4 R 23, Hom ki 2 B3 fii A R 2 .

4 weSiie

KGFF 2R E TR G R EZEERE R 22— B,
P AT B T 24 B8 Pk 5 e Bk i B4 Hfa ™ o, i 24 B T
DL ) Sy e N Rshdy, BB KA TE RS . DF5E
FW, BA: ZAE S B8 R X AR TR 2 0 A AT Y A
sl

AR RIRITA 2 AW ok 2LAEL P R WA
AT KIAFE BRI, 2553, WORE I R FF 18 i A H 2R
K 8.3%, HiHEL B R WIEE AN FURL AR K 1 250k
7.0%H 10.4%, WHEZF AL E, RS X754
YiEL 5 SR R I IFSY B 25 00, (B IX 2 8] 1 25 5143
8., X TRIBTE, AEM25.6%). J1E7(5.23%) .
HE029.2%) . A FI(17.05%) . KiEPY40.5%) . |

121(14.4%) . 11 75R(21.4%) L K 5 (15.6%) 5 4 vk 52
6 A7 A= 3 RS HE 2R 7.0% 9 B R 2= ), (HALG T AE:
DB X (AL . KHE IR JEEDFLE R Uk
FIRTFIT 45 28, W H [R] — [ 5 AN ) b XK i A 1 119
AT LA BT 220 BREERET R LamFE,
AR SR AT 7LD R AW KA AT i T RS, Wik
FEP(16%) | i HL120(16.5%) . T 22 Fgi /R 1129(19.8%)
T 227 (15.5%) A A 28(8.0%) il FL B AR i 42 K 22 K
B (17.2%), X8 [ 5 IX A AT 3 AT 1 o - 3R
el X EL SAH T, RN TR AT T A 1 BOW B 9 iR
A58 o

UEAh, AT 34 BROESHRIA T T 25 Rl R 2y
AR, 4550 WoR: 20 B HAR E S VAR 25, X
KFBKAIPURA R ML, AR PE 3k Atk | k&
ey | Sk | ShAphAs | Sefase s sk A fhnE, 75
REFLRE R, B 2 B A DU Sk A B 2 Sk Atk s 7 A e
PERITERR, $7s FRATI T 25 05 b K B FF B B A R T 244 1
SRAYIAIT AT M. BT 43 BRI SR AR . SKLALPT T,
AR ZATER. KRER. FRKRE . ARVPAE . &
TP LUK IR R AU, 5 A S ) S S T 2 s
i 25 0%t K FF B R P B M AR — 5 B3N, B
5 R HIEPIF L RAFE S B R R KB L Bk
47 RGN A B, AT RE S RRCR AR X A 56
P RUFESY BRAT 4 I 253, /0 F URELWRE Sy BIAR i 25
TEO B, FTREZ WL K ek I Al — Rl 2Rt
BRI, AN, AR E A 455 B ARk
it 250 (P=0.007) Tt 2531 (P=0.043) ) 22 57 . 2%, R M
kA 35y BRRT SZ (2RI £, T2, RITE
AR FA AL R IRITEE, RRE—MEMIE, 454 25
IR 45 R AE US4 IR T RICR
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Table 6 Antimicrobial resistant rate of E. coli isolated different cattle farm

Tt 25 AR KL (R )/ 265 /%

BiAR
A(N=16) B(n=18) HEit(n=34)
SURTEMR(=13) 11(68.8) 4(22.2) 15(44.1)
A (=15) 1(6.3) 1(2.9)
Sk ALMEIRR (= 14) 7(43.8) 7(20.6)
SKAABELY (= 14) 6(37.5) 1(5.6) 7(20.6)
LAIKE (= 14) 4(25.0) 4(11.8)
KAIRT (= 15)
LAEBElE(=14) 3(18.8) 3(8.8)
KA (=13) 2(12.5) 2(5.9)
LAEG (= 14) 1(6.3) 1(2.9)
LALAIE(= 14) 1(6.3) 1(2.9)
KA T (=14)
AEWE(=12)
BEERE(=11) 2(11.1) 2(5.9)
ZAER(=12)
RHAR(=13) 2(12.5) 1(5.6) 3(8.8)
WRHLPGAR(=17) 2(12.5) 2(5.9)
RRER(=12)
BRRE(=14)
WIHE(=11) 2(11.1) 2(5.9)
WV R (=15)
R E(=12) 1(6.3) 1(2.9)
Ik IR 2[R (= 14) 4(25.0) 4(11.8)
ZEFI F(=13)
KIFHR(=12)
AHR(=12) 2(12.5) 2(5.9)
x7 TRPHXBITFETHIE
Table 7 Antimicrobial resistance profiles of E. coli strains from different cattle farm
, TS 245 TR 50 (R )/ 245 2/ %
i 2451
A(N=16) B(n=18) Hit(n=34)
AMP 2(12.5) 2(11.1) 4(11.8)
KAN 1(5.6) 1(2.9)
TET-S 1(5.6) 1(2.9)
AMP-KF 1(5.6) 1(2.9)
AMP-KAN 1(6.3) 1(2.9)
AMP-TET-S 1(5.6) 1(2.9)
AMP-CFZ-F 1(6.3) 1(2.9)
AMP-CHL-KAN 1(6.3) 1(2.9)
AMP-CXM-CFZ-KF-F 2(12.5) 2(5.9)
AMP-ATM-CFZ-NOR-CHL-KF 1(6.3) 1(2.9)
AMP-CFZ-CTX-CAZ-FEP-KF-F 1(6.3) 1(2.9)

AMP-CXM-CFZ-CTX-PRL-CRO-KF 2(12.5) 2(5.9)
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25 BT, ASUKASIN 0 KA FE R 2520 A%, ) R 24
AR AR BV L, R R A PP A 2R AT 25 1 245
O, DA R MR LN 2, fdldF—n
Befli F Z Ak BN U AR R, AN AR 8 B 4 IO 5
T A - AR St 2 T 2 R S 1 B Y, R REAE AT 5K
AT WA FL D R W IR s 5 AR S e ek, s mEL e EL
il 2 A R B AL, ABFSE S IR RTR XS54 ok
J T TR 53 B AR 25 25 A R 28 5, IR IEAE W32 3 11
A ERIBA X 2R, BARRMA S s s b
WAFAEZE R, 25 A IPRE A T30 . AR D AR AT
AR, R IR IF 23R 2L R 2L A ATl 1 3
B Z—.
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