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Abstract: The purpose of this study was to understand the prevalence and drug resistance
characteristics of Klebsiella pneumoniae in dairy cow mastitis in Xinjiang. Two thousand and eighty-
three milk samples of dairy cows with clinical mastitis or subclinical mastitis were collected from
15 large-scale dairy farms in 9 areas of intensive dairy farming in Xinjiang. Klebsiella pneumoniae in
the samples was isolated and cultured, Gram stained. PCR and 16S rRNA sequencing were
conducted to identified the isolated strains, and the drug resistance of the isolated strains was detected
by micro-broth dilution method. The results showed that 266 strains of Klebsiella pneumoniae were

isolated from the milk samples, and the isolation rate was 12.8% (266/2 083). There was no
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significant difference in the isolation rate of Klebsiella pneumoniae between clinical mastitis and
subclinical mastitis (P>>0.05). The sensitivity of 266 isolates to 16 antimicrobial agents and the
production of extended-spectrum B -lactamases (ESBLs) were determined by broth microdilution
method. The results showed that the resistance rates of the isolates to tetracycline, ceftiofur,
cefepime, cefotaxime and cefazolin were high (23.7%-41.0%). And 16.9% (45/266) of the
isolates were multidrug-resistant bacteria, and 6.4% (17/266) of the isolates produced ESBLs. The
results suggest that the average separation rate of mastitis Klebsiella pneumoniae in 15 large-scale
dairy farms in Xinjiang is at a relatively low level in the whole country. The isolated strains had strong
resistance to tetracycline and cephalosporin antibiotics. This study provided a basis for mastering the
epidemiological characteristics of Klebsiella pneumoniae in dairy cow mastitis and guiding clinical
medication.

Keywords: dairy cow mastitis; Klebsiella pneumoniae; isolation and identification; drug resistance

characteristics
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16S rRNA i J7> % 7€, % J3 15 18 kR H il I U
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GRS %
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1.1 e sr

111 BEMARIE 2021 4F 12 4 —20244F 6 7,
B R R TR S B R FE T 258 LB IR A IR N
AR AT 3R GEALIAKTE 1K X 15K
BRI B2 50 A AN 158 BN 158 B s o s IX 1 58 D) K
WEATHbIX 1 KA IS MBI A4, 31X 15 KRBT,
St A LRI A A = PERE DN E (Dairy Herd
Improvement, DHI) , 2F WA &t (9 1 210 it 31 %5 e 8 55

OBk B My BF 58 T DHT I 2wt 58 B, Bk L
JI 2 ) B 2 B NY /T 800—2004 A ff 24 51, v {4 40 Jfd
0 5 D5 2 FINY /T 2692—2015 W5 4 Btk 3L b &
PR 2 W B A, T PR HR AT UL A 9 B AR AR 2L T A
M ECE T 50 A -mL I R FL R R ) AR B
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BEFLPE O WA S H IR IT 25 0 A 4 Sk f e vk sk
6L IR O S 60 04 i | ] SRR/ Sy AR R A L DU BR R
MATRE WA RRE RIBHER KKERX . EhH
WA (R 1) o M 15 MBI U5 4 5 R 42 05 4 FL AR
RYIFE 2 0834y, Horh R PEZL IR % 1 7554y, Il IR 5L
JI% 9% 328 473 o

1.1.2  F 25 PR R U I |
s 2 FEULNUEE B AR R N R R UIR L ER T
T % £ (MIAC, 20220123) | J# & K T B g (TSA,
20221109) . J& B W K & W % K 3% 2 (TSB,
20221210) 0 ¥ B i A W B AR R/ 7= 1%
gh B YL A (20220427 ) (22 Y £A ) (20220528)
Jpdb mt K E BHECA R A A7 2XPCR Mix
(AM6061791A) . DNA Marker (AM91913) i % H
B AR W A AR (A ) A5 BR 28 ) 7= 5 JF 7 7% 1 i 25
K32t 7] 25 (240106-B028, — i HE R & R AT R 2
) 5 HL A [ 2 W (CR2307065 , 31 FE 4k /R A4 W R
AR BN B (111860, Biowest) ; b i & kk
Kpn ATCC 700603 . K #F @ ATCC 25922 1 h
Tl A= 0 R e DR A B 0

1.1.3 FEMUHEEE A FE A 1 2 24X
A PCRAY (Veriti 96 well, 1 H 3 [ ABI) |
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Bt % 1% & 48 (GelDoe Go, Bio-Rad) . H ¥k %
(JY600C, db 5t /N — AW R A R A w)) 35 5 L 55
(HT7700, HITACHI 22 & ) . & # 8 (EVOS XL
Core, FE8R W RBHE A F]) (HLF K (FA2104N,
VRS B R 2R AR A A W) & A 1 (HF safe-
1200LC, L J7 B BF 22088 A Rl ) 22 G bk AY
(Phoenix 100,BD A &) AL 7K 46 (DW-861.386,
MR £ ) L R 28R K W A (HVE-50, H A
HIRAYAMA) | 15 i 9% 3% 35 #2 #§ (THZ-92B, | iff
R B 7 AR WA A /) E R B R (BPC-250F
g —H B AL A R A R L 4l K AY (Master-
RUV, LB AF) o

1.2 A&

1201 Jli R v S A0 B 00 0 B 2

12,101 A5 e Al 1 SR B < SR A I 58 TR /K8 1
L5, SR 5 5% 5 2k i i L AR 98 W 4 2L Sk 20 i
TH B, 76 B U Ve 5 1 3Lk S 38 R U K 48
T, FEET 3L VT, 0 AR A AR R 2L IX A g At
80 mL £ 4 T 100 mL B .04, 2R UKA 4 CIR-AF 38
1.2.1.2 40wy g g atidb . e AR wiE H s
FEMTE MIAC BEREET IR 3L LT RIZk & 37 "CHE M
HE R 18~24 h, WV AE K JES RO .
FRAAPRIE ST €0 Sl GBI B A DIE AR —
7RI AEF T TSA AR i alifb 55 9%

1.2.1.3 2200 R K IC— 5K 3% 4 a0 L T

®2 SlWFIIREREXRD

Table 2 Primer sequence and fragment size

T 13 JC BA AR B R UK, FH G T B2 B A PR T SA -l
B BT A AR B AR K TR SR O B T
R KT N A T A 2 0 1 K 43, i AR R I A AR B R
o R 22 g R B b G B
JB S YL PUAS D BRI AT 2 e BT S AE 10X
10045 i S8 F WS Al BB 25

1.2.1.4  Jli % 506 1A B A9 PCR & 16S rRNA £ [H
I 45 78 : DNABSEAR 4% o >R FH 280 v R B B 1A
W DNA . 764 & 246 P IE & 2= 556 Kpn 1)
BB FD T2 47 5 mL TSB WK 3= 50k
£ 37 °C 300 remin ' Z5 {4 T HEZE % H 57 18~24 h
EATHE B o WH 1 mL A VMO BV T 1.5 mL B0
B O AL 10 000 remin” 0 5 min, H &
T TE W, W 200 L TG PR K RO A b 0 DT UE
%, 100 "CZ& b 10 min, VK 5 min, T B .LHLH
12 000 remin "B .L» 5 min, WAE b 3 5 W AE B FEAR
1) DNA R, — 20 CHRAF 45 H -

Kpn PCRYE . 2% CHRC A 5197 51 6 1
Kpn ¢ 5 P 3 i 1 B 2 56 I (khe) 519 K 16S
rRNA (£ 2)" 519 M A& T AY TR () B
A BRA F AR LA U RE B DNA R B AR i 17
PCRY" 14, PCR W 1A & 4% U W i BC il o khe HE A
K 16S rRNA ¥ 14 2 [ 4% {4 - A8 P ¥ 2 95 °C,
5 min; A8 P 3 4 95 °C, 30 5538 & 409 4 60 °C, 30 s
1 53°C, 30 s5 ZE A 43 5] K 72 °C, 30 s F1 72 °C, 90 s;
B8 35 MG ER s B AE A 2k 72 °C, 10 min.

EE7) 19 ¥4 (5'—>3") 7 ¥1/bp

Primer Primer sequences (5—>3") Product

Kpn (17 11115 35 45 F (%he) F: TGATTGCATTCGCCACTGG 428
R: GGTCAACCCAACGATCCTG

16S rRNA 16S-27F: AGAGTTTGATCCTGGCTCAG 1466

165-1492R: GGTTACCTTGTTACGACTT

RCR J2 W 45 HJ5 28 1. 5% B A5 E 58 1 L ko 6 )
PCRY" 174, B L sk PCR W 45 {546 1.5%
TP B B I LUK ARSI PCR 3 77 9 . # PCR BHAE
PR R A T TAR () ey A7 BR 2 /1T
W g5 R 4 NCBI W 35 I /9 BLAST % 8 JE
(https://blast. ncbi. nlm. nih. gov) Fb X}, [/ J5 £ K F
99. 0% By 4f A BIVH 2 Ry 12 T bk 1 45 7 45
1.2.1.5  BAFP AR : B PCR %5 22 BHE (9 Kpn B

600 pL F1 600 pl (19 50 %6 H- il A= BE£R /K TR A W 2
8 IRA, T —70 CHEBARIR VKA A7 4 H -
1.2.2 i 508 10 B 53 25 bk 25 W) B0 PR Y A T
R F: 5 [ i PR A 56 o 44 1k 5 25 (Clinical and
Laboratory Standards Institute , CLSI) #E %5 1) #3 & A
VR R, >R RS Ak 1 7 37 T 245 e A 0 3K )
G FE Kpn T 16 5 5 UL T 285 9 1) fog /N1 11
(Minimum inhibitory concentration, MIC) . [ i} 24
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Kpn ATCC 700603 Fl K 5 #F i ATCC 25922 1E K
JiE R o BRI A% e PR TAS B 97 2 [ alibh
fiof T 75, B 512 TE T 3 mL BEAS R BV L B B TR
JEJRHEF] 0. 54 [ (McFarland , McF) £l . B
PEXT BRAL ] 2% B 1Y 12 mL M-H 8.6 8%
Gz N8 5] TV BT TR R N, TR R A 100 L 2
HERR 8 31 161 3 i A BA 1 o B AL b o TR R -
FV RLRE ) M-H 5 (6 7R3 4 B8 12 200 1 L 51 76
R 0.5 McF W, iR s VIR 2 B %
T DR R A R ST o A B RS R A e TR
100 L« L B4 2 K i B8 108 T BT A 30 24 i
i A T e B R U 29 0 5<10° CFU-mL ™, 3 Fh
B DN 24 ARk B2 2 v VR EEAR O A . 0 8 A5 A
R 3% b o8 S, 25 BOR B T 35 CCHE R AR kR
Ho WEE M E :16~20 hy FI bR E LA 40 AR K
RN e S I B N e N D o S | AT
VE 5 7E TC 4 A A K L N BT SR AR L A 24 4 ik D
HMIC; FIEbr il : Z 8 W R S % b E % F I,
MIC<C2 pg-mL ™" W7 A R Ay 15 Rt 1 24
YT 5 2 % CLSI M100-S31 Ht il 4= 4 25 Wy 5k 1k
R PAT AR e, AR DL e 4. XF =3 225 Wit 25 1
E XN £ H M 25 WK (multi-drug resistant,
MDR) ; X} & HI$0 8 2459 JU-F- 4 R 24, 4 =2 B PR AT
A SO0 26 B 2R RS in 28 2R g0 e SO I T 24 TR Rk
(Extensively drug-resistant, XDR) ; X ir 45 25 9 ifif 24
) R E SR 41t 2 B Ak (Pandrug-resistant, PDR) .
1.2.3 ESBLs % & {1y i i MR CLSI #5 1
(2022) , R FH it PR 37 s 88 10 T 2 Sk At A i | Sk 7
b E /5 P2 R Sk A0 W fi | Sk A6 W i / v B 4 R v
BRI MIC . AR 48 B 25 A B & 25 19 MIC 2Rk
B 5 HLJ& A5 O 7= ESBLs BBk o 5 40 BR SR 245 1)
MIC FEE A H 25 i MIC #1 22 3 4%, B Al 1A 52 hy 7=
ESBLs I# £k (4n, 3k 4 fth B¢ MIC=8 pg-mL ', 3k 4
g /5 h 4E R i MIC=1 pg-mL '),

1.2.4 B4 o X H IBM SPSS Statistics
26. 0 FEATHCHE 40 #r o R DRL R 0 M R TR O R 4
Fisher K i ki % , P<<0. 054 2 5 8 3% , P=>0. 05 2
LV NTE N

2 & R
2.1 MAREREEEFELEEES

Kpn7E MIAC ¥ 25 I 2206 Oy i |8
M AT ULTERS BOIR B B I TSA R IRt B2k

FEH R A 6N B R B RCIR i TR
2.2 EXIEEKR

T b Bk BB AL T o E AT A 22 L fa, G B 45
WW R Kpn R 82 BIVE TR, 0 IR T 5 20 66 J AT
B, A O i R HE S A IR, TS 2R A
2.3 MRTEFEHAE khe X 16S rTRNA PCRETEL R

DL 3 B B Bk 25 4 40 DNA S #E4, PCR 37 18
Kpn khe 3R, 47 14 77 1) 25 By I8 W 568 e Pl K, 45 1
7,400 bp 5 500 bp Z 8] A] U, khe e PH i 1] (428 bp)
() 4545, 90 2 IE S5 T8 A% A Kpno F 40 T8 16S rRNA
i 51 PCR Y58 1) 7= 4 28 350 1 368 e vl ok mT I
— %) 1 466 bp By %5 , % PCR = ¥ 47 Sanger
P, 45 B & S 1%, NCBI-blast 45 2 W75, 5
GenBank 53 FE o (1) Kpn 2 2% ¥k A% 1 12 7] 5 1 A8
99.0% LA I, it — 2B Wi 5E 266 ¥k BI kN Kpno
2.4 MIREEAESBER

T 9 A M (T ) B9 15 A4S 45 28 BB 35 51 3
RAET 2 083 FLAR R UIAE A4 2. 3 Kpn khe SE A
F 16S rRNA PCR % 22 F ¥ 43 B 25 5, A 266
Kpn BH T W5 K¢ vh 43 B 1 266 ¥k Kpn, 40 85 R N
12.8% (£ 3) . H Rt 2L IR & WhkE 1 7556y, 40 85
217 ¥k Kpn, 40 B % 0 12, 4% 5 I IR LR R W b
328y , 43 B A9 Bk Kpn, 70 85 % 0 14. 9%, Btk #L
i 98 R DR FL AR 98 28 1 L T vh o0 8 SR B
2R (P>0.05). B3 (21.8%) M 135 (21.6%) Ry
Kpn W iiAT % 3 = T HoAh 57255 5% (P<<0. 05) .

2.5 FiRTEEAES BRI 16 T4 TSRS

R L R A AR BRI 2 T Kpn 43 BS AR XT 16 Fh
P A 2 U 250 50 45 R R L 266 £k Kpn 4y
BT 16 Ry A 2 R BT AN [6) RE A TR 25 A0 AU
(R4). WAHESELY D, WA RN 2R R,
fiif 25 3% 2 41, 0% , vk Ay Sk 7 W Wk i 24 2 28. 904,
Sk 76 n 7 it 25 2% 28. 2%, Sk 161 6 Ji it 25 % 26. 3%,
Sk s AR 25 5% 23. 7% . BURMESLE 2 R
B m URCR e UK 96.6% , IR MR KRB E
91.7% ,3kHVE T 89. 1% , A5 % 88. 0% , MM &K
86.1%. It PRFLIR % Kpn 43 25 Bk i 25 vk 5 F B bk
FUIR R Kpn 5y Bibk , 2 5 AW (P>0.05),

266 ¥k Kpn 4y BS ¥k, A5 %k 4 MDR F ¥k, £
it 25 % 16. 9% , & & B XDR 1 PDR itk . 75 £
25T 25 bR b, 3 B 12 TR 29 A 40 A, Hoh 3T ke
fed, b 10.2% ;s Hok S 7R 6 TR, o EE 4 B oA
9.8%.7.5%.
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Table 3 Isolation of Klebsiella pneumoniae from different dairy farms

e LR 4
Isolation rate of
subclinical mastitis

RTER IR %

Isolation rate of
clinical mastitis

Iy B R

T
Total
isolation rate

X I 58 Y i FEIE A/ Sk
Region Farm number  Breeding scale
e RS A 1600
Urumqi B 850
B Il AR M C 5400
Changji Hui Autonomous D 4200
Prefecture
E 3 500
F 1100
AT G 2 600
1 1100
FLRLI R T J 3500
Karamay
BRI TR 5 AR M K 1200
Ili Kazakh Autonomous
Prefecture
T4 I 41X L 3000
Tarbagatay Prefecture
SR M 1400
Bayingolin Mongolian
Autonomous Prefecture
W 5, 5 b X N 1 800
Aksu Prefecture
A1 b X 0 2100
Kashgar Prefecture
Bt 35150
Total

14.6%(14/96)
22.4%(19/85)
8.6%(14/162)
10.0%(21/210)
7.9%(11/140)
12.1%(12/99)
11.5%(15/130)
13.0%(14/108)
21.6%(19/88)
10.0%(14/140)

16.7%(16/96)

10.7%(16/150)

13.3%(13/98)

13.3%(12/90)

11.1%(7/63)

12.4%(217/1755)

18.8%(3/16)
20.6%(7/34)
7.4%(2/27)
11.8%(2/17)
11.4%/(4/35)
20.0%(2/10)
15.0%(3/20)
11.1%(2/18)
22.2%(2/9)
17.9%(5/28)

25.0%(3/12)

16.7%(5/30)

14.3%(3/21)

11.1%(4/36)

13.3%(2/15)

14.9%1(49/328)

15.2%(17/112)
21.8%(26/119)
8.5%(16/189)
10.1%(23/227)
8.6%(15/175)
12.8%(14/109)
12.0%(18/150)
12.7%(16/126)
21.6%(21/97)
11.3%1(19/168)

17.6%(19/108)

11.7%(21/180)

13.4%(16/119)

12.7%(16/126)

11.5%(9/78)

12.8%(266/2083)

2.6 FESBLsHiZmEHBENRITHER

XF 266 ¥k Kpn 4y 85 #k 747 ESBLs Il 2 34 56 , 2
i 1% 1 17 ¥k 7= ESBLs 1Y Kpn, P % 6. 4% E ™
ESBLs i Kpn 249 £k .

3o %

Kpn 2 — i T 6 PP 5 25 2005 DB,
A T U T ) 4R A R
IR 4 AR 9 ST B 1 U
KBS, S B S WG R e e
25 AL 5 10 S T VR L A o o
Kpn 3142 691934 FL IR S T A R e F 51
0 1 P TR S0 9 2 S L B B B R
B PR AW T B SRR I 1T R % ,

IR A SR Al Ok T ™ A e LR

T 5 b, DX R ASE 074 2 37 1% 2 2L IR R Kpm 1 AT 95 2
R DL UL 7E AR b IXOJT R BB 4 2F 3 3L
iR 496 Kpn 0953 55 %58 (it 25 0 BT oA R X
3.1 HBHMRMFABRKMAREAENSBE
5iRiTRFS1E

RF XA 5 AU A G i A5 R R
W L R g I IR 2L AR 2% 4 1 2L T b K 1 43 8
ROPHN A 24, 5% F125. 4% o FLIRMYEL - Fr & 2
Jbat RKE T AR AL O AR VT E R B
b tEE R . WYL H O M X A 495 03 g 4
LR RSP A BEEET 31K, 7 BEERR
26.46% . ZEJRCBLILE S5 G Hb X 4 A 30 1 A L R
% Kpn 943 85 % 09 15.53% . & JE VTR 4
TEIR AR b B v S R L X 114>
TS AL 0 3 vh LB & Th Kpn ol 14.55% . 1/ &
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