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Abstract; This study was to analyze the contamination of Listeria monocytogenes (LM) in slaughterhouses in Gansu Province and the bio-
logical characteristics of LM isolates. Carcasses or environmental samples and sewage samples from slaughterhouses were collected and ran-
domly separated and identified according to National Standard. Then, serotype, multilocus sequence type ( MLST) , biofilm—forming ability,
growth curve and disinfectant minimum inhibitory concentration (MIC) of LM were analyzed. The results showed that there were 58 strains of
LM detected in 1 239 samples, with a separation rate was 4. 68% , and 4. 81% (14/291) from carcass and environment, 4. 80% (40/833)
and 3.48% (4/115) in sewage, respectively. The 58 strains of LM showed three serotypes: 1/2a (8.62%), 1/2b (44.83%), 1/2c
(46.55%) , and 19 ST types. There were 25 LM isolates with higher biofilm and growth ability, compared with those of the standard isolates.
However, there were 7-10 LM isolates with higher MIC to formaldehyde solution, benzalammonium bromide, iodine solution and sodium hy-
droxide to standard strains. There was LM pollution in the livestock slaughterhouses and agricultural products market, and those bacteria pos-

sessed certain stress resistance. Therefore, standardizing the disinfection process for the appliances, environment and other aspects in slaugh-
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ter houses and livestock and poultry products markets and optimizing the use of disinfectants would reduce the risk of human and animal in-

fection with LM in the slaughtering process.

Keywords : Listeria monocytogenes; MLST; serotype; growth curve; disinfectant tolerance

PR AN A PEZR TR R ( Listeria monocytogenes ,
LM) fRIFRIEIE TR, SRR w s, $=H
PEEFPIR, MDA ST A, TE2~45 CH 4K,
JTZAE TR, B3 M FOK SRR
LM IMiERIP 1/2a, 1/2b Fil 4b 3X 3 FhfLiE BUAH H T
Hopth it RBOR HE TSR, AT 51 2R
FRALFE K 20% ~30% ) . 7E 20 TH4D 80 4EAL LM %
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FRA FREARS LM K R0 008 1.82% .
3.21%F16.66%" ; FLAIELIRE 3 W4 EHE
SEEES, 4. IR LM AR RS BN 46%
229, EWN2EETT LI, 4 FIR00H M E 5%
WEEH iy 5 214 fpFEA T, LM 43 B 5300 0.5%
9.4%'7; K mAR LM KRR 6.2% 5 7
M4 2K A A LM KRl 6. 4% Ak n WL,
BSERTT R LM AELE, J&5 P2 ) B LR
B, BA SN R 2R i AT TE AU . Ao
YHMNEESRBEHIAEREE R LM 175 4155
HEFT IR, XF LM 435 B AR 19 A= W 24 R R AT 437
DI 8B S2 3R 1 b LMOXURS W S 5, By
P LM TG Qg it 5%

1 HE5FE®

1.1 EHKEES
LM ATCC19115 Wy [ 3% [ 41 i 1% 5% 4 45 38 O

2023 43 H 52023 410 A, FHiR& 6 i g%
Y¥REE | 15K ME & MR LR AE M 1 239 ke
an, HARREREE W 1,
1.2 iXF

LM A% (LBl #LB2) ., LM k33 PAL-
CAM ZEfgEmt . MCrRW A (BHL) | WY RER | 28
WERRR AN A ) ARA DA WFRH A BRA R SR
T IRRARRE TR A AE ARG R A F; LM 2
W V& R & B H A YR E R T AR AR 41
S 41 DNA $2 UL & 3 RAR AR RN (db
o) ABRATE; SRR AW F AL ST Solarbio BHE
HBRAH; ToKOE, FEIAH Coming AF,
1.3 X8

Fip2CAE T R 1 7% W TR AT BR A /] PCR X
FUARMEAF; EERIEFRAEE T LGRS A R A
Al 3 A SR I ZE PR K A I T T B A R
OS] E AR I XU T R AR 0 T i R R T AR A
FRH]
1.2 HEXE&E

I UK B AR B K A T E R Bk . B
SERERIBEKLZR (HBEANT 5 em®) J5, HR
WKTETE 5 mL KEEHEEKE.OE, J5KEEM
50 mL B0 I, BB O A A PRAS I R AR
H, RPGESRE 4 CIRAE

®1 HmkR

AIFEA R IR g i i

Hb X
JiGEEN 78S 15K # 4 * pc)
EPTH 427 90 307 30 256 60 55 56
HAR T 284 101 132 51 284 0 0 0
P 153 0 143 10 48 30 27 48
PRBA T 160 50 104 6 51 10 38 61
Rkl 132 23 102 7 68 20 22 22
HrgM 83 27 45 11 0 50 33 0
Bt 261 833 115 707 170 175 187

1.3 EMOBLE
£ GB 4789. 30—2016 (&L EFERE B
En A ARG SR AN A ME R AR ) Y

Tk T o KRR A 35 mL LBl BB,
30 CHEFE22~26 h, WHL 100 wL 4T 10 mL LB2
WO, 30 CE5FE 22~26 h, HUHE W A 5 A =
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A2 B Fl T PALCAM 85 35 35 M1 LM i £ 5% 57 ik
I, 37 CHiFR 24~48 h, MBI FRE LAKNEE,
PRHUAT BE R 75 1R T TSB Ri kb, 37 C i b 3%
J&, BB IR 40 DNA 2 BGR ) & $2 B DNA
LI DNA MMl LM sl 518 Prs (R 2) #E4T
PCRY M, 2 1% NabiEt i Ik %, Bk 2=
FROE R ANE, PR LM RS 1) Lom2234 (32)
AT PCR 7841 28 19% B g W i fL Tk 28 78 LM,
IAH 2 % bk ATCC19115 FE R BHPEX IR, ddH,0 fE
S BT

x2 EHWEESY

ElE/E2 SIHFY) (5'—3") T/ bp
Prs-F GCTGAAGAGATTGCGAAAGAAG
Prs—R CAAAGAAACCTTGGATTTGCGG 70
Lmo2234-F TGTCCAGTTCCATTTTTAACT
Lmo2234-R TTGTTGTTCTGCTGTACGA 20

1.4 MIERERE

il H A A YIREFE BT ) LM 328 38 50 S 8
SFEPRIAE Y, O HUESEsE . PRIRAifbad i B TE v T
BHI B3R 565 05 9% , 0. 2% NaCl 780K 40 R R i
P E 10 mg/mL, 121 C AP 30 min, 3 000 r/min
250 20 min 3 VG, /D 0. 2% NaCl %K # A
B —i5 O PUIMLT £ 2B L, A 10 pL 5
ARSI 2), IR S8 A, 1 min NLEE
FIEEEIML AN, H HUR S E . (] e i AR A
Vi 2k iz P R B R, R O R Y TR 4R AR T BHI
WARIEIREE 30 CHIBIEIRIA, A 1% 4R IK B
BER KW, ERETIA 0.5 mL AP H 4T
JRFEIRA], BT 51 CKIB 1 h, WEEHEIS, &
ENCA AR ZARTTTE W R BAPE , f Jo AR A i 35 BH PR 45 2R
5 Xof T I3 R
1.5 SAEFSI4E (MLST)

i U 3 75 A 5 ) 3k (https < //bigsdb. pasteur.
fr/cgi — bin/bigsdb/bigsdb. pl? db = pubmlst _ listeria _
seqdef) HEALAY 7 R FEFEITEIY (£ 3), 21
SrESHR DNA AE MBI, #E4T PCR 9719, 1% Bt b
BERCHLIKIOAIE, AP A I, e ETEmT
ST 3t B0 A L o 0 e 4 2R DL E TR AR 81 B
(ST).

1.6 HHEEKHZNE

MR 1L 2 &% ST B LM 53 B bk h
WHL 25 ¥k, K ZFHk ATCCI9115, #or ks %
VREEFI T BHI B 3R3600 37 CRIBUIESR, 4 0D, 16

AT N 0.2, JEHERERESE BHI 559530 37 C 1597,
M3 h FFER, B/NSHNE R 0D, (8, B4 3 A E
52, IR AR gk

K3 MLST EREESW

GIE/ BN F19¥E (5'—3") PP /bp
abcZ-F TCGCTGCTGCCACTTTTATCCA
abcZ-R TCAAGGTCGCCGTTTAGAG o0
bglA-F GCCGACTTTTTATGGGGTGGAG
bglA-R CGATTAAATACGGTGCGGACATA ¥
cat—F ATTGGCGCATTTTGATAGAGA
cat—R AGATTGACGATTCCTGCTTTTG >
dapE-F CGACTAATGGGCATGAAGAACAAG
dapE-R ATCGAACTATGGGCATTTTTACC 2
dat-F GAAAGAGAAGATGCCACAGTTGA
dat-R TGCGTCCATAATACACCATCTTT 7
1dh-F GTATGATTGACATAGATAAAGA
Idh-R TATAAATGTCGTTCATACCAT s
IhkA-F AGAATGCCAACGACGAAACC
IhkA-R TGGGAAACATCAGCAATAAAC 2

1.7  GFLARNE 40 B A R S R B

TEEX 1. 6 AR LM 43 B bk e =% #k ATCC19115
PEATH= W 4 Y 1 RE 0 I Pk PR I 5 B R T
BHI 35570, 37 CHEF e, W mmvk Ty =
0D, .. JHE} 0.2, FLL1 : 100 Fe@lFRe, 78 96 fLAH
MBI 200 WL #iK, BRIk e MEE, Bk
SRS ] BHI 35555, 37 CIE3: 48 h )i, FHEWIAE
iR sL, IO PBS W UE 3 Wk IR UE R,
200 pL HEEEREE 20 min, ff BT 5 WA 200 pL
SR YL fa 10 min, ZEMKIEVE 3 LA B, THE
A 200 pL 90% KB4 10 min, WE 0Dy, fH.
1.8 EEFHEFXNIBEEMNSIERE
(MIC) M7E

VEEX 1. 6 AR LM 43 B bk e =% #k ATCC19115
PEAT MIC AN E {6 FH BHI 5537 5648 37 °C B 57 ot
W, S5 BHI R SR 5L R R 0D .,
EIRE] 1.0, P BHI G FRAEAMBEE] 1 2 1 000 25,
TEHL 0.2% P EEEW . 0. 2% AFLIREE . 0. 5% LA i
2% E e 4 FIHEER, FZEMKAE EP B i
SE 2 FE AR, K TH BE A AS [ RS M 96 FLAR
i, BRL 100 L, FIMAR BRI, &AL 100 pL,
BWMIRGIRS, BT 37 CHIE, 20~24 h J5illE
00600 ,"“ﬁo



2025 4F

W57% 3 61

B R
2 #R
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FEARZGHIT . 438 5] BE RV, il KR

FRIE FHEWAZE DNA, R Prs 51T 895, 4 1%

A

bp
2 000
1500

1 000
750

500

250
100

370 bp

BRI HERE L K ARG, 7E 370 bp o7 B AR SR — 2%
HWE A& (B 1A), ST A BRIV AT,
T NZEI R H R P2 Lom2234 5191 1% 1
TR WEE I B Pk A, A5 3 Kk 420 bp H Y R B
(B 1B), fFEWHAR/N, el LM,

M 6 7 8 9 10

bp
2000 B
1500 e
1000
750
500

250
100

1, 6. FHYEXTHR; 5, 10. BIVEXSRR; 2, 3, 4, 7, 8, 9. Ir& Gk,

E1 LMG5|4 Prs (A) #1 LM 5|4 Lom2234 (B) # 18 Xk=%

2.2 EHKHER

LB R SR PCR Jrik M 1 239 15 B 5 v 43 2
LMS8 Bk, Kith=® A 4.68%, 6 MBIXFEA T, KK,
GEPG ., PRBH . H FE A R 2R s B 53 500 2 9. 85%
(13/132) . 8.90% (38/427). 3.75% (6/160) .
1.20% (1/83), FAR ™ A mi A& H LM, 1
239 ok A B BB EG T WA R T LM, FL
HOERESD 26 Bk, KR 3.68%; FHES 12 ¥k, &
HT7.05%; FHFEG 9 bR, Kt 6.28%; XK 8
PR, KR 4.28% ., 1239 (kiR 5 AG KRR
ARG LM, IR RE SR R R, R 7. 33%

(14/191) 5 H R B4 R, Kt 3 4.80%
(40/833) ;157K FE S K th R eIk, 4 3. 48% (4/115)
PF%EE N LM 1Y) 58 BRr BEARIE T B HLIX 2w 5, 400l
9 DX2023LMOI ~ DX2023LM38. QY2023LMO1 ~
QY2023L.M06  TS2023L.MO1 ~ TS2023LM13 Fl GN2023LMOI ,
2.3 DEHKMENETE

FH LM I35 2% 5 350 G A 58 Ak LM 2y s bk, &%
W NI RN 3 f. 1/2a (8.62%) . 1/2b
(44.83%) . 1/2¢ (46.55%) , LB AMLIERA 1/2b
1/2¢ (%£4),

®4 LM HEKRIFE ST
1 77 7 0 iR R bR
I I v A% VI VI VI X A B C D

1/2a + - - - - - - - + + - - 5

1/2b + - - - - - - - + + + - 26

1/2¢ + - - - - - - - - - + + 27

VB 4n ORI, <=7 BB,

2.4 5 E#k MLST £H8! E, WETERTAGRL (%5), b ST2 iR

SYBIFR DNA 2 PCR 4788 AUIKIRIE, WIF, %5
JLHIR 58 Bk LM 43 B bk ST #1434 19 FpA 11 > Fofe

% (8 ¥k), ST9. ST34 1 ST122 [FlJ&@ T CC valER,
HEwmE (128) .
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F®S5 LM SEK ST BHEER
ST 2! velERE R W AR/ PR ST 7 SERERE R k7S5 STV

1 CCl1 1 1 41 CC3 I 3
2 CC2 1 8 56 CC18 | 1
5 CC5 1 1 60 CC59 | 5
7 CcC7 | 1 63 CC1 I 3
8 CC8 I 2 85 CC7 | 1
9 CCo I 6 87 CC87 I 3
12 CC7 | 4 122 CC9 | 2
23 CcCc7 | 5 141 CC155 I 3
34 CCo I 4 181 CC1 I 1
39 CC3 1 4

2.5 HEEKHE
EH B bR 5 S % bk ATCCI9115 MI5E 12 h N4

0Dy, 1
IS

KAy, 48R, 254 LM etk Kihda sy

-=- DX2023LMO02-1/2c %
—— DX2023LMO03-1/2c %
-+ DX2023LMO05-1/2b%)
—+ DX2023LM06-1/2b%)
=~ DX2023LM08-1/2b%J
-e- ATCC19115

0Dy, .1
IS

i -+ DX2023LM31-1/2b%Y

fi [ /h

=~ DX2023LM20-1/2b%)
—— DX2023LM24-1/2c %)
-+ DX2023LM28-1/2¢ %)

- DX2023LM33-1/2c¢ %
-o- ATCCI9115

0Dy, .1
IS

B[] /h

-=-TS2023LM04-1/2c %)
~+-TS$2023LM10-1/2b%)
-+ TS2023LM12-1/2b%)
-+ TS$2023LM13-1/2b%)
-+~ GN2023LMO1-1/2b%)
-+~ ATCC19115

SNk ATCC19115 FEAR—EL (E 2), 25 BRI BHEAE
5 h #E ARBAE KB, 8 h JGBHERa, Frill 25 #k LM
DEMRAEKRE KRS E TS %k,

——DX2023LM10-1/2a%J

B
= DX2023LM11-1/2b%
8 —+ DX2023LM16-1/2c%
- DX2023LM18-1/2¢ % s
64~ DX2023LM19-1/2¢%) %
= ATCC19115
o ]
14
3 ]
2.:
0 ] T T T
3 6 9 12
fi [ /h

= DX2023LM37-1/2a%
D —— QY2023LM02-1/2¢%
T+ QY2023LMO04-1/2c7 ]

]~ Qv2023LM06-1/2a% 1
6 - TS2023LMO1-1/2c%) S
@ - ATCCI91IS
§ 41
8
2
0 : 1 T T
3 6 9 12
B 1E /b

2 LM EHRERKME
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2.6 ZHE A YR BE T A RE QY2023LMO04 7£ 600 nm &b i 2 4351 4 1. 967 0 Fl

25 Bk LM 43 B bk e 2% bk ATCCI9115 AW 1.952 3 4, HIA4 B BETE 600 nm Ab (1) W% ' B 48 7E
T RBE I ESE R AE 3 i, ZEHRTE 600 nm &b 2.0 LA, Hd4r B #k TS2023LM13 5 QY2023LMO06
B O BE S 1.828 1, FR4r B #k DX2023LMI8 5 7F 600 nm AL HIMEEIE A F] 3. 337 7 1 3. 337 6,

5] - 1/2a = 1/2b
] @ ]/2c == ATCC19115
47
3]
@52
g ]
02__
; I
0]
O N\ & & & @ WO & O > O O & 3 RO RO o
PP @ P @ PP P N P IF T ITITITEFIFPPIILPIITITSSTO
PSP S NV N I PSS SN M S N VS S Y
P @ S P T T T TP FTFTFTF TS @
RN NN R RN RN S G G R RN N AR AR RN N N &
13
B3 LM 5Btk 48 h £WHERAIER
2.7 HEHXSBEERR MIC ATCCI9115 {9 MIC, HFHEGHIEIA 7~ 10 B LM 5385

ME 4 FREBERIAT 25 ¥R LM 2B S S % FRIY MIC S F2% 8k ATCC19115 (£6)

£ 6 HEFX LM 5Bk MIC weg/mL
73 WRDM  BHERK Busm Akl L3 WORDAR  BERK A EEa
DX20231L.M02 250 62.5 625 1250 DX20231L.M31 125 62.5 312.5 2500
DX20231L.M03 125 62.5 312.5 1250 DX20231L.M33 125 125 312.5 1250
DX2023LMO05 250 62.5 312.5 1250 DX2023L.M37 250 62.5 625 1250
DX20231L.M06 125 125 312.5 1250 GN2023LMO1 125 62.5 312.5 1250
DX20231L.M08 250 125 312.5 2500 QY2023LM02 125 62.5 312.5 2500
DX2023LM10 125 125 625 1250 QY2023LM04 250 125 312.5 1250
DX20231LM11 250 125 625 2500 QY2023LMO06 250 125 625 2500
DX20231L.M16 125 125 312.5 1250 TS2023LMO1 125 62.5 312.5 1250
DX20231L.M18 250 62.5 625 1250 TS2023L.M04 125 62.5 312.5 2500
DX20231L.M19 125 62.5 312.5 2500 TS2023L.M10 125 62.5 312.5 1250
DX20231L.M20 125 125 312.5 1250 TS2023LM12 125 125 625 1250
DX20231L.M24 250 62.5 312.5 1250 TS2023L.M13 250 62.5 312.5 2500
DX20231.M28 125 62.5 312.5 1250 ATCC19115 125 62.5 312.5 1250

3 it LM BRI 2 ge 2 R, s R 88,
S S R LM 5 e B T LM e

LM JE TEREBURE, Toli NE RN ARy,
Wi, IRIEEN 18%, Horpigh A LR ER ik 73% " ABFFEIN 1 239 34 o B 450 58 #k LM,
LM &S N2 90% H T AR 58 2 AR 2R Rl & BB R 4.68% , 5 2020—2021 4E [0 H i 4 & 5
&, BV R BENT, MEZEHEY T R LM AER (1%) MECAIrgm, FebE e
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MIEASHIE 58 20 B R 35 8. 90% , 1 £ I i 41 38
IR, HIRE R AT RE T S iR & R K )
i, G, BAREEIUT, Sl A, S8
HEAMKR, R LM @bkake: %' . 5 1l
TR LM 2 ER 7. 1% M Lg%, FW]
LM 4388 0] fE 5 W) i X IR [R) R84 1R 6

AMFFEN 58 Bk LM F3 25 bR 25 1 3 i i A,
SR 1/2a, 1/2b Fl 1/2¢ B, Horp 1/2b Fl 1/2¢ Ifil
AL B 91.37%, NAMIFREMHMGER, 5
A8 A 0 1/2a R SATE ALY R F], PIRES
ISR G

AAHSE 58 bR LM - ZpkAEAG 19 Fh ST B4, RS
FiER T AT, Hd, miE#Sy 1/72b B LM 55
HeEETER D, ERTCQTIAMERN 1/2a
M 1/2¢ AU LM 23 BStR, AIULIMIE RS S ST ALZ [Hl A
—E XN, B NHRIE A 3 ST B (ST8, ST9
M ST87) ', ARWFFE A BB, 5 EE 18.9%,
P B A 51 R 2 0 R B 1 R DL ST AU 7 A
(ST1, ST2, ST3, ST5, ST6, ST8, ST9)!'" 7AWk
AYESHL S B (STL, ST2, ST5, ST8. ST9), [tk
BE32.1%, BLA, ARWFTE LM 4 B dE iR A HAh
ST R, 5 [k ST BInl & —A> ve e,

A A 58 BR LM 43 B bk Bkt 25 AR H A HIX
RREVERE RS S % Wbk ATCC19115 BEATAE K i £E
YIRS BRE i R, Kk BRI 25 BRATESRRAE K
e 1A Bk TR 1 e ) KR i T2 % bk, Xl BE
5oy EMRTEET A IR TP ARAR, RAS T TSR A AR 7R
AR, RFFERKRIN, 7 Bk Do oY i ie 71 5 4
HIGRAK, R (1/2a, 1/2¢) 7Bk R
TR T (1/2b), XSHXRMEAF™ , BT LM
FPAERRAAFRE S, BN T ONE B LM RS,
23 HTARE TR 118 B 45 B IR

AW ST FH R S Al il FH AN [RI 230 1Y) 4 i =55
FIXF 25 Bk LM 4 BRI 2 2% bk ATCC19115 (%) MIC
R, LM 3 B BR80T B R R BT E RS i, s
W MIC {8 M 312.5 ~ 625 pg/mL, it & T M &
U RFLIRERT 10 Bk LM 4Bk MIC {H K 125
pe/ml, & F 4R iE W 4= & 5 28 MIC {H o 80
pe/mL? FE AL 8 Bk LM 43 B Bk MIC (N
2 500 wg/mL, T 2000 wg/mL /Ef] 15 min AT AR
KB G R PEEUR A IREY RS IR MIC
{HTE 125 pg/mL DL E, & T 50 pg/mL HIEEA IR K
WL A IRIE ™ AT LM B Rk AR T R
PR ER, TR B SR AT R AR, T
AETE SR 22, I AN T SR BR T 3R B8 vk B T B
B I B R P A W A2, X ARG AE LM

Jeoh B AR LM S B R R AR —
T SZ BE 1, XX R K LM 1 SR

ATFFEXT 1 239 34 i 73 25 45 5 KO 43 25 1 LM
WARAHT T, B & B B R AR AELE LM T5 444k
O, ECRART LT, AAE NG LM RS AR
FIERFER 6 A Hb DX ANHE 8 VY A5 4 > HiL X 43 25
LM, MEFRDEE LM HIX, A LM 435537 B
FEAETE R HTE TS A 040 AN B 5 o e R 52 245 1 O
X253 AR T 7 B DX SORN 2R AR BE vl . TR
HUSAr, MR RE R B0l PR 26 1M 3 R 1
i 1/2a, 1/2b Fl 1/2¢ B HA SR, BT
ANBRBBERIEHILR, BRI AR E] 4b B, 0]
AEM T 4b EENIGRBRL DB, EHRBE P
U, ARWATES R LM A —E bt Jodl 2Pk
BOERRE ST, A BT LM MEEESRE . R, W
P TP R AR

Zi b, EUE OCHERITINGR 7 8 S R A o o
W, LHTFEMERE . BrENEE R,
AT DRI s R A =8, DR B A ROR K LM
FIE P, B N E Y LM R

S 2k
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