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in Yunnan province, and isolated suspected Listeria monocytogenes strains according to GB 4789.30—2016 method,
and time-of-flight mass spectrometry technology combined with 16S rDNA sequencing was used to identify the
suspected strains. Antibiotic susceptibility test was performed by micro broth dilution method on the isolated strains,
and polymerase chain reaction (PCR) technology was used to detect the existence of 7 virulence genes in Listeria
monocytogenes. Results  Listeria monocytogenes were detected in four of the 158 samples. The detection rate was
2.53%; eight strains were isolated. Among them, the detection rate in raw milk was 3.36%, and it was not detected in
pasteurized milk. In raw milk, the detection rates of Holstein milk, buffalo milk, and yak milk were 2.13%, 0.00%
and 20.00%, respectively; the detection rates of standardized cattle farms, dairy cooperatives, and self-employed were
2.50%, 1.51% and 15.38%, the detection rates of manual milking and mechanical milking were 11.76% and 1.96%.
The drug sensitivity results showed that eight strains were resistant to penicillin. Their resistance rates to tetracycline,
compound trimethoprim and erythromycin were 87.50%, 75.00%, and 50.00%, respectively, and their multi-drug
resistance rate was 75.00%. But all strains were sensitive to ampicillin. The seven virulence genes were distributed in
different degrees in eight strains, ranging from 12.50% to 75.00%. Conclusion There is a certain degree of L.
monocytogenes contamination in milk in Yunnan province, especially raw milk. Moreover, these L. monocytogenes
strains from milk have universal drug resistance and carry a certain degree of virulence genes, which have potential

risks to the safety of consumers. Therefore, the health supervision and management of milk should be strengthened.

KEY WORDS: milk; Listeria monocytogenes; drug resistance; virulence genes
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M Z VUMK (ampicillin, AMP) . %5 % (penicillin, PEN)
M 3 2 (tetracycline, TET) . & J7 # i W (trimeth
oprim-sulfamethoxazole, SXT), £[# % (erythromycin, ERY)
(g BAEE B AR R D .
113 & &

Autoflex Speed F& 504 B OGARE/HL B A TR ] i
A (8 [ A 5 el ); 4 H S 250 B AN AL . ABI
2720 PCR X ( 2% H % B ® th /R B £ & 7 );
H1650-W/H1650W {5 Xl ot oy 328 28O0 AL A A RS0 PR
7); JY300C HLUKAY . TY04S-3C B G AL B & 407
HLUK A AT R D) o
114 F#EdEHk

FEHERTE ATCC 29212, & # (@A BRF ATCC 29213
1 2 A8 B T B s il o B Ak
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121 #&R4E

PPNy L = i NN N S TN i SN R N
RE . AR bR eI A . R AR L MR
R R R 158 4= FLAE S (B3 FE 4 =500 mL),
Fe BOC R FERRAE A IR, HA4R ZUCE TR RFEAS T, F
4 CC AT T 24~48 h N3 S22 JEATA
122 #EHEHGSBLET

(DR bk 2

Z: [ GB 4789.30—2016 ( &2 EZRRME &Ml
HEM ARG S PR AT M A AR TR IO T AR 56 ) U f
J7 Xot BB A T B PT BE TR AR E A T 00

(2) 5 5 B B0 i W v g A s ] S e A )

A B 2 R DA D T IR B T K S 30UIR (TSA-YE)
AT FR(3T °C, 18~24 h), PREUAANHE R, B T2k
ST 5T B IO i O E S TR AT IR [R] R i (stroma-assisted laser

desorption ionization time-of-flight mass spectrometry,

MALDI-TOF MS)#U4T I, 7E#FLHINZERT(1 pL/AL), Frdk
T T e, SRR [l A 25 5] TR RR A T 252

(3)16S rDNA Il 71y 5 B il

16S tDNA ¥ # 5| ¥ H 27F(5-AGAGTTTGATC
CTGGCTCAG-3) fil 1492R(5-AGAGTTTGATC CTGGC
TCAG-3"); PCR WK Z (50 pL): dNTPs MIX 25 uL, ddH,0
22 uL, TES 51448 2 uL(10 pmol/uL), DNA iy 1 uL,PCR
FUNE 2440 95 °CTRAEME: 5 min, (95 °C 35's, 55 °C 30's, 72 °C
100 5)x35, 72 °C, 4.5 min, X4 377 HpiE4 1 ¥, DNA J741 5
* EEH KX 4 Y H KRG B L (National Center for
Biotechnology Information, NCBIAZFRE i HEA T4} LA o
1.2.3 &M Ar

iz HR 3% [ I IR 52 56 % # 1fE 16 2% 51 2> (Clinical and
Laboratory Standards Institute, CLSI)¥EF7 MY A 175 B
2, HERR R PP TE R 25 RUG AR ) UOIXEA YT R 2
HrRE DR R BT AT I 24 R -
1.2.4 FHAREN

(W36 R

FRAITRE TR G 7 N LR LR S [t R
GBI E A RA TG . BEEGIMAFR. 51WFH . -
WRBRPNEE 1.
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Table 1 Primer sequences of virulence genes and the size of amplified products

EREEA PCR 5|#))751(5'— 3" P44 i BER/IMbp) 225 3Tk
F ATACTTCTTCGACCGGCTTAAC
fbp 198 e
R TCGAATAATAGGCKGCAATC
F TATGCCTATTATGCTGCGTACC
ami 115 i
R CGCCTAAATAACGTGTAACTGC
F CTCAAGCAGAAGAATTCA
PrfA 695 (18]
R TCCCCAAGTAGCAGGACA
F TTTGCTAAAGCGGGTATCTC
iap 205 (el
R AGCCGTGGATGTTATCGTAT
F ACGCAGTAAATACATTAGTG
Hly 372 18l
R AATAAACTTGACGGCCATAC
F AAATTCGGCATGCAGTTCGG
plcA 185 (ol
R GCAGCATACTGACGAGGTGT
F AGTGTTCTAGTCTTTCCGG
plcB 793 (el

R ACCTGCCAAAGTTTGCTGT
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(2)PCR § K R B 55

PCR 4" # 1A & : 1xPCR mix 45 pL, IF [ 3|4
(10 pmol/pL)5 [ 5[4(10 pmol/pL)#% 2 pL, DNA AR
1 uL, BAF 50 uL,

PCR % 442 (1)Hly: 95 °C 5 min; 94 °C 50 s, 50 °C
60 s, 72 °C 20 s, 35 MEFR; 72 °C 10 min, (2)PrfA .iap: 94 °C
5 min; 94 °C 40 s, 53 °C 60 s, 72 °C 20 s, 35 MEHF; 72 °C
10 min, (3)fbp: 95 °C 5 min; 94 °C 50's, 54 °C 60's, 72 °C 20 s,
35 MEFR; 72 °C 10 min, (4)plcA. pleB. ami: 94 °C 5 min;
95°C 40's, 56 °C 60 s; 72 °C 20 s, 35 MEHR, 72 °C 10 min,

1.3 BB
i Excel 2010 #4780 Pi Ab 7

2 HERE5HH

21 HMETEHER

oy 8545 B AT BE B AR S, 45 Ak B R R R AE K
MALDI-TOF MS il 25 5 i 17 %) 2 % @, B H
168 rDNA J741 5 NCBLEURE £ LU G, AL T 43
FURY 8 MR Bk BAZ AN M A A= T RR QB L3R 2.
2.2 FLIRPIEFHFREAY 9 6 HHE

158 2B ZUAefh R, 38 4 (pAe SR B 2 R A
S R 2.53%  BEOY BHVERE Ah BEML RS 2 HRnl BE A, It
AT 8 B BRI A TR TR
221 BRFAINAGIL P LGS FLEFRL

EEL G A% A 7L 2 i 2L b R 2 T R O A A R 8 T

3. A FL AR R A th 20 3.36%, LR TR L
KA o PRIAEIRE T AP T AR A b, B w22
PERIE BOER R, BT A FLER M R R w
TEVEBUR A Z — o AHIFIE I A B LA AE— o B 110 B0
ZEWTRF RS YL, T2 T IROR B AL PR BEAS T R T X R A
Febio Bk, 78 RAABEFLAE N SRR I LA R, kAT
ATEALFR, 8% AU U B A L3 3R oy R A TR 22 [ Y
Ty VS e ATl o WO e 5 v oy
222 REW4 S ey 5L E B8 AR B A b O
AN TRV 24 it ol 1 2 2L e BP0 2 B R T A, 19 79 DL
# 4, HRER, P4 HERE R (20%), HKEmiin
4 70(2.13%), KAFLPARK . AT BRI A 8 2R FLRE
Wi I T A SR T SR A A S A A L, T far A A LA
KRR ZHOK A brEL A . W A VR SRR F 5
Yo MRFEFEWA- B FRBE RS AR T L Br 0 2k IR, X
Al RE T SR AR AL B A R R R m 1 R
223 REFRIAF XeG450F 238 E s B A b L
AN 325 7 200 2 L b BB 2 TR AR HE I 0 L3
5o BN, ANMRIRFE P AR 3 5 (15.38%), HIRE
PRI AR 1(2.50%), FhA A AR R 2R AR (L.51%) . FRHH
I i EE X B AE TR A0 . RTINS b
WAL R A= AR B BB | FRiE Ak i fal 2 4 2K
S| SRR A DR S BRI SR B R T A
FREE P FRFH AR R . DA AR AL 2, B Z JA
(IR B 5 SR IR YT SRR DGR, 3 AL 5 2 314
Wi, Bk, RAINZMIETIA TR B AR FIREE, A
S gy A A FLAG DT

®2 BRARBEFHPBRELESR

Table 2 Identification results of L. monocytogenes

T4 g BUEBE AHE ZFBE MRVP HHERE Lobir wmgcse MALDE 65 mna Hoarsis
YNND-KM-2019-034-1 RIZIN + - + ++ - + + + L. monocytogenes 100.00%
YNND-KM-2019-034-2 (VN + - + +/+ - + + + L. monocytogenes 100.00%
YNND-DQ-2019-065-1 KI2N + - + ++ - + + + L. monocytogenes 100.00%
YNND-DQ-2019-065-2 Rtk + - + +/+ - + + + L. monocytogenes 99.72%
YNND-DQ-2019-066-1 (VN + - + +/+ - + + + L. monocytogenes 100.00%
YNND-DQ-2019-066-2 KON + - + +/+ - + + + L. monocytogenes 100.00%
YNND-DL-2020-146-1 (SN + - + +/+ - + + + L. monocytogenes 100.00%
YNND-DL-2020-146-2 RIZIN + - + ++ - + + + L. monocytogenes 100.00%

T R B
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*3 BRIFEIFMEET P RIRTEFEISRER
Table 3 Contamination of L. monocytogenesin pasteurized milk
and raw milk

B EcRsuRess iR ]
L2851 FE AL
o H B0y K HR /%
At F 119 4 3.36
YN 39 0 0.00

®4 AR RBIEFFL p BB EFEIS R

Table 4 Contamination status of L. monocytogenesin the milk of

different cow breeds

225 FHRFIHR 4IUF E I8 A4 A L

2B AN ) XA AR R T A RN SR 7
TR o DR RS H R A5 5 (20%), Hivk R KB (1.92%) A1 EL B
(1.85%), oAb Jy AAG o ASWFFEAE I PR BT R A 1 25 FLAE
A A AR R A R IRBE e A A L, A T A X 4
FLRE ST 5, 6l B2 (0 R 58 R RN R A SR AR PR BE, X n]
FE T 3 R b DA Hh 2 = SR e DR 7L
R ERHI T &, 1 T8 K 5 B

RT1 mEETEMXFF R GAMIEEFEFRESRER
Table 7 Contamination of L. monocytogenes in milk from
different areas of Yunnan province

FRAZE 2N A3 A 2 R G R PR AN M 3G A 20T R TR
LU FF S 5y Hh AT T
G By i 2R /% G 1 Ay iz R/ %
Frdrin 3, 94 2 2.13 )] 54 1 1.85
KA-FL 15 0 0.00 K 52 1 1.92
ek 10 2 20.00 £1 3] 17 0 0.00
ity 9 0 0.00
#=5 AREFEANMFI P RESIEHERISERR SN 10 2 20.00
Table 5 Pollution status of L. monocytogenesin the milk of -
different breeding methods (=2 8 0 0.00
LG e T Fal 7 0 0.00
FIE T Uy
. REG Rk EIR ! 0 0.00
bRt 40 1 2.50
WS 66 1 1.51 23 FIRBEFETRREMNAER S
/I\ﬁg)il 13 2 15.38 2.3.1 ;é’!'j&fé]éi}r?} 9’53/1\?‘:!5%

224 RREFHWH X F5LF B3 E B B

AN [E B Jr 2 2R L v RS 2 S R B R L A% 100 LR
6 T T HFWHFIHLARET W% 104 4 2L b B0 2= R vl HH 22 43331
A 11.76% 1 1.96% . A F LE WA FHUMET 05 5 A H
o P B 2 R TS e XU o ML 0% 2 — A A o) S
MAALB =, BATE AT 88 e . Zis LN
. MF TSRS, A AERE P RER
BRI, MR T SaimEh i, Rk, |ATNIZM
TEET Y BAERET, 46 FR 2L R h B R f B R], FRUE
FRYE N L AR, 8 WX B e LA T 3, AR X
AL AR I AR AT A M, R D Bk 4 N TR
WHFRAT Hh AR 275 QB I R A

F 6 AEBMANMFI P RBSHIFERISTRRR

Table 6 Contamination status of L. monocytogenes in milk
collected by different milking methods

By = FE R/ G By i 2R /%
FTH 17 2 11.76
IR %58 4] 102 2 1.96

8 REIEAIIRE X 5 AR RO 2518 B 0L 2% 8.
SRR, 8 PRFLUF ARG AR OO AR P A R R I
AT 2T . A RS H B EPEN), UIHFE
(TET). 78k B (SXT)HLLE % (ERY)ITH 25 K43
100% . 87.5%. 75%F1 50%; LU B4 2= AR BT i 24 T ik
(7 A mTRE S AR L 3 e A R TS AR T 05 A e
A%, PEHEERY, HEEREE IR R I R T
MfcH WHTAE R . AR R R, I B 8 R i
2y, X5 ET RIS 45 R AR — 3P, ARBEgE R
TR DR T A TR ORT 20 P AR BURR, 2 I B VMG R
X BB AR HF WA R IRIT . BIL, 2R PEAkaT g
A JEIRIT I A R R R A T 2 —, R AE
A HITEE T A AR A B g A R R e i B AR R
232 B FAFE 2R

2k 9 fos, 8 MRS ITRE R IL R I 4 Fhiit 24335,
Hop 1 bR EA T2, BRSO 12.5%; 1 BREA
WM, & 12.5%. AW ZHEMLGHE, 5 75%. £
A 24 R Ay 2GRS 25 2 R 2, o,
DU TR 24 TR bR o5 LA 5 (50%), WS 243 . AT 2433 5k
F, PSR Z TN PEN I TET HAG SR AT 259k
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A5 5 AN g 45 SR — B0, B B LU B s
FXF PEN 5 TET Mt 2535w a8 . LR R R RN
VAEREEER, TR A, JLFBr s
ZE TR B RO T B R I 251 R AR SR AR T 2
R, BRI A 2 5 SR 1R], G e P i 24 KO
MbiA: 2, SR BRI 25 M =

*8 SHRIIRRIBTHFEI 5 MITERNTHAER
Table 8 Resistance status of eight L. monocytogenes strains from
milk to five antibiotics

LTI 25

B0 =V T c R T B S (P 2% R (HUEER)
FUR AR 0 (0) 0 (0) 8 (100%)
HHR 8 (100%) 0 (0) 0 (0)

(IEZNS 7 (87.5%) 0 (0) 1(12.5%)
55 6 (75%) 0 (0) 2 (25%)
FARGS- 3 4 (50%) 0 (0) 4 (50%)

x99 FRRBFAERN AL

Table 9 Resistance spectrums of L. monocytogenes from milk

T 245 R DL 2453 oY 24 TR B ARk Jie o B A81/%
PEN 1 12.5
PEN+TET 1 12.5
PEN+TET+SXT 2 25
PEN+TET+SXT+ERY 4 50

24 FFRBEFEFENSNDEERN
8 PRFLUS FIE B HTRR R h 7 >R ) S DN G H A 0 DL

£ 10, 250 EIR, #£ 8 #RIA T, priA FEEK HEN 75%;
plcA Al ami SER K H K E) 2k 62.5%; iap il fop JEPIAS &
Y9k 50%; hly FEEKEH SRR 25%; pleB FEHA H R AR,
1A 12.5%. HEAHEHFFE R, fop. hly. plcA. plcB
BEHARA L BY . ML YAEE RS H; dap.
aim, prfA NJESC TR . HEMT AR, R ssf
IR, BER 7 8 HEE AR RS2 AR5, (HERARD,
hly. plcA. pleB. fbp HIH: HRALTF iap. aim. prfA, KM
LR E NS TEYRENHEREZ, A5RA
FlEY PSRN, AN, AR EERE R, AR
AR5 Ty A0 B ARAT (1) BG4 Wi R 1) TR A7 A () 3 7 SE TR
SNHLIN A, A B A Xt . T 0L, FLIR A A
FETREE T L IR 0 4 AT 5 R R LA B AR R e

3 4

A T XA B 2 R R T Y KO AR,
158 U S A 4 G3FE AR AS LR, AR 2.53%, HE
ORI R, R =REE 4 AL HA B2 e —
FEFERE A BRI A TR RS Y . ZHRISL IR SE IR, AT
PRI T 55 R M2, T5% M R KRB ZEM 251, 8 R
PEHF R R A 7 1 JE IR, X9 2 0 4 LA T E R
o DRIk, AT EMAFLUASRS . T, skl e
BT, MORIREE . I TS AR E A 5L B DA
ARBE, AR RAFAY DA RIS, TR Sk BELIAT 23 2= 0TS T 1
L%, MeAh, REAEES A0 A IR AR th bl R e R
PR AT A R A 2507 3K, WA 25 B ARG 7= A5 e DA
WHBCR JEORE RN T, R FE A IR B R
SRAR I T ik A= LA WA T B, BRI S B PR )
WE DN B AR AN WA AL, Rt i) KRBT R BB B
YRER, 1Rk A UL R L.

F10 SHFLFREFHFETS 7 MFEHERNEERR

Table 10 Existence status of seven virulence genes in eight strains of L. monocytogenes from milk

i 5 YR hly prfA iap fbp plcA plcB ami
NDKM-BR-034-1(E: ) + + + _ + _ +
NDKM-BR-034-2(E B) + + + _ + n +

NDDQ-BR-065-1(F#% FL.J7) — + + + + _ +
NDNQ-BR-065-2(F#% H.4i7) - - - + - , _
NDDQ-BR-066-1(F#% H.7) - + - + - - _
NDDQ-BR-066-2(F# HLfir) - + - + , . -
NDDL-BR-146-1(kH!) - + + — + . i
NDDL-BR-146-2(JH) - - . - + _ +

T H /% 25 75 50 50 62.5 125 62.5
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