55174 58517 B 2 4 T iR o Vol. 17 No. 17
2026 4£ 9 H Journal of Food Safety & Quality Sep., 2026

DOI: 10.19812/j.cnki.jfsql1-5956/ts.20260325008

SIAME: MR, Efafh, Fas, 55 BB Ao b B A i A A0 Rs IR R 25 5 A= ) BT iBe IR G2 ). &
il LA ST 244, 2026, 17(17): 241-247.

Hao Min, Wang Hengwei, Wang Yinhui, et al. Study on the correlation between drug resistance and biofilm forming ability of

Listeria monocytogenes in instant delicatessen meats [J]. Journal of Food Safety & Quality, 2026, 17(17): 241-247. (in Chinese
with English abstract).

T 2Pl b o R g A =T G B 24 5
TP e TTHISEHE 58

*

# K, TEfh, TS, RITH
(b T 4 ) X35 T 4 il o (9 B X 02 e B W B ), BT 100021]

& O BE BT TR PH DK A PR S R A A A 2 TR R (B A R B 1Y 2 W B S A
VIR RCRE S . Fsk JRlcdle o B 1 RO A il St 9 41 BREAIE A TR TR, (0 3R A i 2 S0 95 (polymerase
chain reaction, PCR) 5 Il i BEAE 45 & 149 5 2CEA 7 I3 2 50 Y, SR AL TR U s R a0 T 24 M UG L 96 AL
M2t TR e 70 55 PCR 43 BIEA TR IR IR 1 5 A W ST IR DG RGN . 2E5R SRR R i B0 3 4
Fi MG 0: 1/2a 78 46.34% (19/41). 1/2b % 29.27% (12/41). 1/2¢ % 21.95% (9/41). 4b % 2.44% (1/41), L1553 % .
PUHE, HFEHE. KKER. THERWERDIN 9.76% . 7.32%. 4.88%. 4.88%. 2.44%, REWEFF
ML FRINTR . EE R, 90.24% (37/41) Witk HA MUIERE J1: S9RBIE BLRE ) . S IBOE BLAE T . 5B
T T BBE T RIRR 10115 70.73% (29/41) . 14.63% (6/41) . 4.88% (2/41); Tt 25 kR AT BRI I RE T o PRIBEIE
MARKIEN flad . degU. motB. sigB. yneA. agrd. reld. luxS. bapL ¥t 50514 100.00% (41/41), 97.56%
(40/41)., 97.56% (40/41). 95.12% (39/41). 95.12% (39/41). 92.68% (38/41). 92.68% (38/41). 87.80% (36/41).
41.46% (17/41); agrA TEANIR B BRTE UBE 1 B BR T 1 43 A1 AN TR (P<0.05), TR IETE B RE ) B 5 14 TR R i 38 T 1y
hi0 b aUTEI PH X RO A S BRI T DL 1/2a RN, AR HAT TEBOE R 1 B0 25 T bR, AT RESs
i 24 BT YRS e R

I LA A AR TG RO BRI ah s T2 R

th 43 25: TS201.3 SCHkIRAIES: A XEHE: 2095-0381(2026)17-0241-07

Study on the correlation between drug resistance and biofilm forming ability
of Listeria monocytogenes in instant delicatessen meats

HAO Min, WANG Heng-Wei, WANG Yin-Hui, SONG Yan-Yan®

[Chaoyang District Center for Disease Prevention and Control (Chaoyang District Health Superrision Institute),
Beijing 100021, China]

Weks HH#A: 2026-03-25

EETH: 2024—2026 415 #6_D A & JRRMIFE 5 36 AR RIS Jr 10 2 S BRI H (B & 2024-1G-4362)

F—1EE: MRA984—), Zr, Wit WIFEEIN, FLBFF 510 g 85 KU W 5 £ F % 4. E-mail: shandonghaomin@126.com
“BEIEE: RATHEWN975—), L, Wit, BN, FEMFR I E ML 4. E-mail: songyanyancdc@163.com



242

B 24 iR AR I 2 4l

ABSTRACT: Objective

from instant delicatessen meats in Chaoyang District, Beijing. Methods

To study the drug sensitivity and biofilm forming ability of Listeria monocytogenes isolated
A total of 41 strains of Listeria
monocytogenes isolated from instant delicatessen meats were collected. Serotyping was performed by combining
polymerase chain reaction (PCR) with serum agglutination. Drug sensitivity tests were conducted using the micro-broth
dilution method, and the biofilm forming ability and genes related to biofilm formation were detected by 96-well plate
crystal violet staining and PCR. Results Listeria monocytogenes was classified into 4 kinds of serotypes: 1/2a serotype
46.34% (19/41), 1/2b serotype 29.27% (12/41), 1/2¢ serotype 21.95% (9/41) and 4b serotype 2.44% (1/41). The resistant
rates of erythromycin, tetracycline, penicillin, gentamicin, vancomycin were 9.76%, 7.32%, 4.88%, 4.88%, 2.44%. No
resistant strains to ampicillin, ciprofloxacin and chloramphenicol were detected. The 90.24% (37/41) of the tested strains
exhibited biofilm-forming capacity, among which weak, moderate and strong biofilm-forming isolates accounted for
70.73% (29/41), 14.63% (6/41) and 4.88% (2/41), respectively. All drug-resistant strains exhibited biofilm-forming
ability. The positive rates of flad, degU, motB, sigB, yneA, agrA, reld, luxS, bapL were 100.00% (41/41), 97.56%
(40/41), 97.56% (40/41), 95.12% (39/41), 95.12% (39/41), 92.68% (38/41), 92.68% (38/41), 87.80% (36/41) and
41.46% (17/41). The distribution of agrA differed significantly among strains with varying biofilm-forming abilities
(P<0.05), and strains with stronger biofilm-forming capacity showed a higher carriage rate of agr4. Conclusion
Listeria monocytogenes isolates from instant delicatessen meats in Chaoyang District, Beijing is predominantly 1/2a

serotype. Drug-resistant strains with biofilm-forming capacity are identified, which may increase the risk of persistent

FH1TE

contamination by drug resistant strains.
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{RRE R R A A 264, GB 299212021 B2 4 5 brE T
AIZEE N O TR AL ) B 2P il it AR 2R PRI AN
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AR 2021 FHfh T — BN T B N B T4
R & SRR B R ARSI R B A
i H AR TR RS YR RT3

YT, AT ST S X b 5T FH DX R £ 2 R i 5
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ATFFITH 41 PREIGFHR, 408 At
IR A i 15 G W R A B 1 B R il o T DR
WA e A I A IR T . A BURE R &
WA PR ATCC29213, fili REEER I ATCC49619.
1.1.2 B LKA

S1000™ A ARIR A HEHE N AL (GEEAAR A ); QlAxcel
Advanced E4IEHIKIL . Taq PCR Master Mix Kit(#2[% Qiagen
/3 l); Multiskan FC 47 (3€[E Thermo Fisher Science /A H);
Centrifuge 5430R G =i 2. OB L(FEE Eppendorf 23 /).

Jigi /0> 35 W 8% 37 % (brain heart infusion, BHI)( % [#

1.1.1
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Oxoid 24 F]); 2% Hr e b I3 43 B30 6 (H A B B 254,
SIYE (R G A R A A ], S 2 IO 24
TR ( FifE BARA DA BRA R, 45 S (A 1%,
e R ERHARA A ) oKk EWLHLE, e
J7); MK Welshimer [A % 5% 7% 2k (modified Welshimer’s
broth, MWB, E1J¥ 3 3 HiMedia 23 ).
1.2 REHE
12,1 hEksHsR

% 284l 5% 2 SV (polymerase chain reaction, PCR)
5 1 375 VR A I 285 4 A 12 VR TR AL 3 R
12.2 SR

R 4 35 1= I IR 5 52 56 = b o 1k B 23 (Clinical and
Laboratory Standards Institute, CLS)AJ#E#7, KRR N
T B £ X2 W P bk (ampicillin, AMP), 7525 % (penicillin,
PEN). £1% % (erythromycin, ERY). J7 775 2 (vancomycin,
VAN). N> & (ciprofloxacin, CIP), PUFRZ (tetracycline,
TET) ., & % % (chloramphenicol, CAP), JK K% % (gentamicin,
GEN)#E 1T e fIK 1 B ¥ B (minimum inhibitory concentration,
MIC)E . Z:B& CLSI M45 26 3 IRZ=Wrr B & A1 28 Mo AT i
JE T AT 2 S AR . A A AT ERT ATCC 29213
FiT 555 BR T ATCC 49619 Tiif 25 25 I 26 T LN -
123 WL R AL Al 2

SR 96 FLHRZE i 28 Y e O A T T PR TR IR BB

T A AR AN R . B IRVRAA R MR T BHI [E k555
JE, 37 °CH: A% 18 hy PRICAA T HeFh T BHI MR BE SR AL,
30 °C 130 r/min & 7 IEFR 2AE M, L 100 pL FHRINAE
MWB B 3# 585 740, 200 L iR A9 A E 96 FLR
th(70%Z BE M BERE T)37 °CH55: 48 h(LLAME K 1) MWB
Jyas X, R 3 IRAEYIFEE 4 REAREE). Bk
JE 1 96 FLAREE 5550, (H I KB 3 IR T =
TR T 45 min, FLIN 200 L 1%%5 5 LB L (4, 45 min.
Fr R YR C RS KEDE 3 WE BT, &AL
1 200 pL 95%Z B €4, 15 min. 4FFLEL 100 L Jid €%
BB 96 FUAR, ARSI E FHL ' B (B (ODsgs nm)= LA
PEXT B ODsos o MM E 3 f5HSFRAEE N ODc H:ifE,
OD<ODc N ATE A K, 10Dec<OD<20Dc 2 55 17 IEIE 1l RE
71, 20Dc<OD<40Dc 1 &5 1 ITE B B 1, OD>40Dc ik
P RE BLRE T
1.2.4 W AR LA BN E

£3%F(flad . motB. luxS. agrd. sigB. degU, yned,
reld , bapL) 9 FHEIETE B L R 5 19" GE 1), 287
PCR #"# .PCR W {4 £ (25 pL): Taq PCR Master Mix 12.5 L,
E . F#ESIH7(10 pmol/L)£% 1 pL, DNA itk 1 pL, KFiK
9.5 uL, PCR 45 WiAEE 94 °C, 3 min; 28 94 °C,
1 min, B KAFA] 1 min, #E4 72 °C, 10 min, 30 MER; FAE
1 72°C, 10 min, ¥ 347 BANE B R IKIEA 74397 o

R1 PETHEEREVREXCERY EEYE

Table 1 Amplification conditions for biofilm-related genes of Listeria monocytogenes

L itie SIYIF 5 (5'-3") B kR EE/PC S Btk /Mop
F: ATGAAAGTAAATACTAATATCA
flad HEA 51 864
R: TTAGCTGTTAATTAATTGAGTT
\ F: GTGGCCAAGCGTCGCAAGA
motB M5 L 55 828
R: CTACTCATCTTCATCAAGCGT
) F: ATGGCAGAAAAAATGAATGTAG
uxS FER B, 55 468
R: TTATTCACCAAACACATTTTTCC
) F: ATGCTACCGGTTTTTATTTG
agrd HER B, 55 729
R: ATGGCGAAAGAACAAAATCT
\ F: ATGCCAAAAGTATCTCAACCTG
sigB B ) L 51 780
R: TTACTCCACTTCCTCATTCTG
) F: ATGGCACTCAAAATCATGATTG
degU B ) L 52 687
R: TTAGCGAATGTATACCCAGC
) F: TCACTTTAAAATTAATTTGGGAT
yneA B ) L 54 330
R: TTACTGATTTGCTAGTTGAATTG
. F: ATGGCGAAAGAACAAAATCT
reld Ui )L 50 2217
R: TTAGTTCATTAATCTTCTCAC
F: TGGTGCTCCATTTGACATTC
bapL el | R: CGTTAATTGGTCCATATTCG 52 488

R: TTATTCATCATCTAGTAAACTTA
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1.3 HEALIE
SRS BT SPSS 17.0 e FHkpE, 40 HAER A
o0 (W6 L 11 Fisher B VIHEERI%), P<0.05 925 54 i

2 RGN

2.1 MERR S

41 PR HRAL T 4 FhILiE R 1/2a B 46.34% (19/41),
1/2b % 29.27% (12/41) . 1/2¢ 1 21.95% (9/41) ., 4b % 2.44%
(1/41), PLs i RN 1/2a 7,
22 BRI R

41 FRTE AR 8 R Az F A9 S5 KA B VR S (minimal
inhibitory concentration, MIC)/3M i {E IWLZE 2., 17.07% (7/41)
BN 2Rk 2.44% (1/41) B RRXT VAN T2y, 4.88%
(2/41)43 B ¥R X PEN \GEN T2y, 7.32% (3/41)/3 B #k%F TET
it 24, 9.76% (4/41)/3 B k%t ERY T2, o, 73 Wisk it
PIRPPTA: K2y, —HREx 4 Fidid ZZEm 2y, KLU
FFkXT AMP, CIP. CAP fi#Z},

2.3 HEFRENDNESER
231 FF) ek A AR LY AL AR A1 5 A

41 B A AW EIE KA. T 5 90.24% (37/41), H
H70.73% (29/41) Bk 55 B TEE BLRE 02 13 Bk 1/2a. 9 £k
1/2b. 6 ¥k 1/2¢c. 1 ¥k 4b; 14.63% (6/41) ik Jg o 45 1 R
LAETT: 3 KR 1/2a, 1 £k 1/2b, 2 ¥k 1/2c¢; 4.88% (2/41) kR A
SRS A AE 7. 1 Bk 1/2a, 1 ¥k 1/2b, TCHE IR R AE &
AL 9.76% (4/41), 2 ¥k 1/2a. —Fk 1/2b, —#k 1/2¢, 4
meE 1, 2.
232 W AR E Y R AL A BT A

AN FEIETE BBE T TR T 205G AR (R 3). T
ST BCRE S T RE T 8 Fhiu Ak Z IR T2y PR AR AT T
JERRE 1, HAARFIRFEBEIE SRR T . 55 F I R RE )
KXt PEN., VAN, ERY. TET. GEN fit 25343514 3.45%
(129), 3.45% (1/29). 6.90% (2/29). 6.90% (2/29). 6.90%
(2/29); —HkkXT PEN, ERY. VAN, TET fJ 4 i 24k
WSS IE BLRE IR AEAE 2 BRQ/6)IM 2 B iR — AR X
PEN. ERY [ABIT25; —H#R{UK TET Mif2h. 58 W A8 g
TR — R (1/2)%) ERY T 24 .

R2 4N HRBETHHHYHRMEKEERLS

Table 2 Summary of drug susceptibility test results of 41 Listeria monocytogenes isolates

Bk MIC 4377 X IO 1) AT AR B30 () i 24 R
) MICsy'  MICy?

E 32.000 16000 8000 4.000 2000 1.000 0.500 0250  0.125 B WER%
AMP 0 0 0 0 4 5 26 4 2 0.50 1.00 0 0.00
PEN 0 2 0 0 4 28 7 0 0.50 1.00 2 4.88
ERY 0 0 0 2 2 0 7 30 0 0.25 0.50 4 9.76
VAN 0 0 1 0 37 3 0 0 0 2.00 2.00 1 2.44

CIP 0 0 0 0 9 32 0 0 0 1.00 2.00 0 0.00
TET 0 3 0 4 34 0 0 0 0 2.00 4.00 3 7.32
CAP 0 26 15 0 0 0 0 0 0 16.00 16.00 0 0.00
GEN 0 2 5 0 34 0 0 0 0 2.00 8.00 2 4.88

TE: ' FRIRIN 50% P B () S AR BT 3 B 5 2 s Ak 90% BT AR I e IR M A VR A2 . MIC 9B pg/mL.
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Table 3 Distribution of drug resistant strains among different biofilm-forming abilities strains

[ BB (& He/%)

TE

- AMP PEN ERY CIP TET CAP GEN
g 0 0 0 0 0 0 0

(n=4) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
55 0 1 2 0 2 0 2

(n=29) (0.00) (3.45) (6.9) (0.00) (6.90) (0.00) (6.90)

LR 0 1 1 0 1 0 0

(n=6) (0.00) (16.67) (16.67) (0.00) (16.67) (0.00) (0.00)
G 0 0 1 0 0 0 0

(n=2) (0.00) (0.00) (50.0) (0.00) (0.00) (0.00) (0.00)

24 HERFEREXEERS

41 B4 B RR 3 45 DA Y A G R flad
degU., motB, sigB. yned, agrd. reld. luxS. bapL ¥y
A5 100.00% (41/41) . 97.56% (40/41) . 97.56%
(40/41), 95.12% (39/41). 95.12% (39/41) . 92.68% (38/41).

92.68% (38/41). 87.80% (36/41). 41.46% (17/41). ARHE*T
S Tr) Az Wy 8 A o 5 TR 78 A [) B T B R T 1 o HR 40 A 1)
G (R )R AN agrd 1E TR & IR TE A 11 3 bk
P AT AR (P<0.05), T B TE 1 RE 1 B i 9 TR AR 55 7 2R
=

F4 AREEYEEXEREFREREEENERPESHERL

Table 4 Distribution of different biofilm-associated genes in varying biofilm-forming abilities strains

TR B IR AE J1 55 B BIY 1 RE 1 AT UYL AE ) SR T DR I A
A W HRAR S 3 (n=4) — (n=29) — (n=6) - _(n=2) — / »

meetk FE g e MU g, TR B

flad 4 100.00 29 100.00 6 100.00 2 100.00
degU 4 100.00 28 96.55 6 100.00 2 100.00 0424  0.802
reld 4 100.00 27 93.10 5 83.33 2 100.00 1255  0.416
yned 4 100.00 27 93.10 6 100.00 2 100.00 0870  0.676
motB 4 100.00 28 96.55 6 100.00 2 100.00  0.424  0.803
IuxS 4 100.00 25 86.21 5 83.33 2 100.00  1.015  0.532
sigB 3 75.00 28 96.55 6 100.00 2 100.00  4.028  0.147
agrd 2 50.00 28 96.55 6 100.00 2 100.00  12.017  0.040
bapL 1 25.00 12 4138 3 50.00 1 50.00  0.687  0.310

T BRI R T L, RIAT K.

3 iiesge

AMFFEXT 2016 4= LA A0 5 TR B XA 15 G4 W
B AT R e BRI 20 2 00 A LS A R O
AR Y —FBA> LT (B 5] 41 BREAIEZS BT D . BRI
P DK B PR o P BRI TR A TS e KU . IR B
it 22 4 XU TPA rpC U200 482 38 28 b S T R T
T IR AR TR TR LR e 1 £ R 0, AR O A
PEATWEAR o Niu SRR R B0 o ] i (51 R 2= BT e
B 5 B M IR A SCER I 25 A T A,
FHAf T D 2 A T R 2R A oA 5 e Y S o PR AR
BRI N 14 AN IMTERE, Hob 1/2a, 1/2b, 1/2¢ 1 4b BN £
st RITIG JA 4385 BRI A1 282 ot 375 004, AR AR 9 T ok ) 0 40
WERIN 1/2a Y,

P 2R RS TR N Sk AR P AR R AR 24, IR EIR
SPREIIRF R 25 LA B-NBERESE AN GEN i, XI5 %
F L B T R RS . TET A1 ERAML, 4Esk, #
Bt 2 W T A TR 2 P S TR, 22 FR i 24 TR R R R T 1
%, AT EBLT 7 kR 2ikk, H ERY . TET Wity
R . P E IR L R I R AR L 2
TR0 1 R 2 P BB BRI S TR R e B 3 B RR X TET (it
iR, Huckh ERYU, M h bk, il R
i FE B DR R 8 TR 7 S Ah, 38 15 3 1 KO SR DR R 4K
I T R St AL on s AR e TS

T IE N AE IR, B AL 7 B4 W i A R A
W R T A LA — 5 B A R AR B A O
A T DN A S T LA R B R B A W S
AP R A 2RI T, AT AT 2 I 20 L (RIS A 3R
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BE A i A o 3% 5 IR R A5 Yo i sk, T 45
AL AT R B R L A I R 60% 11 & Hh R
5 TR B0 R 14 BRI AT 20 AR B9 90.24% 1 B
B2 R R B A W TR RE T, AN ) i i 7R R e TR A
T BLRE 19T To 25 5+

T G A SRR TR D SR et AR v, R ) B R A
MR | BB RIS AR E S S ARSI T
Bk 3 28m i 9 ANIERHEAT 0B A s TSR AR DG K]
agrA 1E T I BURE 77 T 5 Y T R 85 58 0 g o BB
FYi(quorum sensing, QS)JEH & W54 FE AR
) S B ) 240 L5 A 2 ) A S S T o 2 A T sz B A
ARZEAFREE, 2EIEE] QS ARG R NMNE T REE—
EIE Y . QS ARG FEAT 2 Fh, KN Agr RGN
HpZz—, B EAR Agrd. AgrB. AgrC. AgrD R 4
FEER A . 2 4grC RB AFESING, 59 agrd il
WG SR B F Agrd ¥ B TR . HFRRY, agrd
o agrD B EGD-e R BUIEAE J7 W B R REY, AT
T8, WA, AW A1 A AN 0 A T LA L BH
IEPUERSBE | P RY B, kBT
A7 o AT AT 2R U A T TR R T Y TR

ARG XTI 5 T B X B 2 PR o] v B A
RLA3 B R Y TS 245 AN A IO BURE T iF AT TR R B, 15
PRI 2 L T T e T L 24 DA iR 28 TR T B
H o MTF R RERS T B FERH IR B e, BHAS PR 254
TH B IR 42 Mol D AP PR 6, ROR A S55970 PR AT ROR, T
H BB . B IREOR IR RSO ER, 2 (R {0 240 Tk
MR A T FEARMORES, KRR R 259 . 75170
Xt BRI B A R A FH ), T 25 BT AR A R AR TR A 1Y
R R R PR Al T AR H . SRR A I A IE KR
SRR T, R LI T I B T BOME L LIRS BR, A
T AR e 75 e 200 (AR A 41 #k
PRI, SR SR e BL IR 5T SR [T B A
e IT SR LI . S IRATFIRBEGE . Ak, A
BU DA 24 ) RO ST AV 5 5 26 RS 1) T B ke 42 o R 2 7 4
PEEM SRR EEE L.
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