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Abstract: To understand the drug resistance, virulence gene distribution and molecular characteristics of
Listeria monocytogenes (1LM) in supermarket chickens in some areas of Chongqging and provide some data
support for the establishment of LM monitoring program, a total of 24 strains of LM isolated from the
chickens in 5 supermarkets in Chongqing were selected to analyze the drug resistances using 19 antibiotics.
By using PCR, the virulence genes carried by those isolates were detected, and serotyping and multilocus
sequence typing (MLST) were studied. The results showed that the 24 isolates had higher resistance rates
to oxacillin (96.0%), cefotaxime (41.7%) and polymyxin B (37.5%), and multi-drug resistance rate of
29.2%. The isolates exhibited 100% sensitivity to cefalotin, ciprofloxacin, amikacin and nitrofurantoin.
Virulence gene test showed that 23 of the 24 strains of LM had all virulence genes and 1 strain is a gene de-
letion of inlB gene. Serotyping indicated that most of the strains were 1/2a, 1/2b and 1/2c, and there were
4 strains of 4b type strain with strong pathogenicity. A total 11 different STs were identified from 24 iso-
lates by MLLST. The 50% (12/24) of isolates were the common STs (ST87, ST9, ST2), which are sus-
ceptible to LM disease. A new ST, ST1011 was found. Phylogenetic tree analysis showed that the isolates
with the same serotype were homogeneous. The results suggested that in supermarkets of Chongqing,
contamination of LM in the chicken is considerably serious. In addition, the molecular characteristics anal-
ysis also demonstrated that most of the strains are potentially high pathogenic and commonly resistant to
drug. It is of great practical significance to strengthen the monitoring and control contamination of LM in
the chicken in supermarket for effectively reducing the potential risks.
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PRGN I A AW R T (Listeria monocytogenes » LMD fRIFR 36 Wi 45 B, Mt R B R BN
W, W EENEEEANE LB E. LM BRI SR SR UG, EEH WA SRR .
B FEESHNERAR, 6 DEENE NN prfA-pleA-hly-mpl-actA-pleB) G 0wl B 18 2
FEMFEMGEE, HNEERBEGn1A, inlB, inlC 3 ind HYH™ . SEIFEE inlA FlinlB (5B
AT SRR G A BRI L R AN R B R AR S B R R g R e B RILA B RS L
KM 58 . 8 M A& RO AE S5 G PRAEAR. BAR LM RS 5 RS A 5 005 & A AN i, (R4 S T A 21 4R B 2=
B R AET R AR 23. 6%, HAT. IR b 3250 A B R R AT IR . (APUE RN
I AN A B, A LM BT 25 R fr ™ i, H R B i 2 E AR LM A SO0 Tt 5 i i R
LR AR 2 e VA SC. LM I yE A 3400 13 F, Hob 1/2a,1/2b,1/2¢ #1 4b 1L AL i 5 51 2 A J8 R
PeBMERR . MLST 408 £ %4 16 Ff, 4945 ST9,.ST1,ST2,ST3,ST5,ST87,ST121,ST8,ST7,ST59,
ST4,ST6,ST122,ST155,ST101 A1 ST199"" . Hir, ST5,ST8,ST9 Fl ST87 W& 7| 2% 4% i i 2 K 1Y
WO ST B, SORFR E 25 Ak A9 H W ST BT o vk i I 8 . MLST 4358 DL R i 25 1 22 o) 2 5 2oy —
ERBR . BTHE— WSS, CAMREEH LM B0t 5 B R 0 BT 2828 i 45 S0 IR et & e
i E R LM AT AR 2 o ORI . I MR 43 S R A 24 % L ol VR R R R R AR 43 A G L4 ) E AR AR, B
RO S YL YR FEAT I8 B . MARUR 1 By 1b B398 25 107 R DA 1 R R X R N 28 B (AR R B E A B A X
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AR5 5 T H DR Ml DORE T RS P AP LML B 75 G B0 £ | i 25 3R o B L I3 2 2 B MLST J91- 730 U5 %
{18 L P A DAy 0 AR ) sl ST 4R R — S A BN SCHE

1 #MRERE
1.1 ##
.1.1 #H

2018 4F 6 H & 7 HZIE), 24 ¥Rk A 5P Hh X T I b 2r B 80 LM, B 46 £ 0 42 4 B R AR E (GB
4789. 30-2010) HCE i AHUAE )27 A6 06— BRLAZE AN L 384 A 2 M R EC TR ARG 500 ) A o 5 3 ARG I A DAL b o TR R R R
2R W RF R C53005, RIBATI ATCC25922, & # A4 3K ATCC25923, ¥ TIRE ATCC50115, kK
I e ] B 2 20 R R A S PO
1.1.2 KA E5MNE

2X Taq PCR MasterMix(& 4%}, 100 bp DNA Ladder, ddH,O W [t 5% Tiangen 2 f) ; Bl 25 {7 45
TR 43 B9 T 5 A& R P FHAR) . S0 B Lt AR R A IR R 19 Fhbi A R 2 BAC Il B R A R R L
CHED A RAF ; 10 X35 HF 1 b &R BT ARG, 5191F 8% 1.

®1 BRETHEBESNEESY

EIE7 BN PP H (53" FBR/AN/bp BKIREE/C O BAKEEE/s 2B SCHk

iap CAAACTGCTAACACAGCT 702 60 30 [10]
TTATACGCGACCGAAGCCAA

prfA CCCAAGTAGCAGGACATGC 568 52 20 [11]
ATCACAAAGCTCACGAG
plcA TTTATTGCTCGTGTCAGTT 371 55 50 [10]
CCATTTCTATCCCAGGTAC
pleB ACCTGCCAAAGTTTGCTGT 792 56 30 [11]

AGTGTTCTAGTCTTTCCGG

mpl TCAAGTGGACGCAGAAAC 399 55 50 [10]
AAGCCATAATGAACAAACG

hly ACGCAGTAAATACATTAGTG 372 56 30 [11]
AATAAACTTGACGGCCATAC

actA CTTGTGCTTTCGTGATAGG 353 55 50 [10]
TTCGCTGAATAGTGGTGAT

inlA CCGCACTCACTAACTTAGAG 580 56 30 [11]
GTTGTTTCTTTGCCGTCCAC

inlB AAGTTAAGGACCTAAGTTCGC 609 55 60 [12]

TTACCGTTCCATCAACATCA

inlC TAGTGTTAATTGTAGGTCTGTG 570 55 60 [10]
TCAATCTAGTTAGTCCACCTGTAT
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1.2 A&
1.2.1 FAAR K0

AR I DNA J5#E47 PCR §73%, PCR MR 45F: @ 25 pl WA R : 2X Tag PCR MasterMix
(FYRD10 pl, 1E. RIABIH G pmol/1)4& 1 pl, DNA BiAR 2 pL, il ddH, O % 25 pl; @ RWFEF: 95 C
FASPE 5 min; 94 CA8PE 50 s5 B K (F 1) 72 CHEM 50 s (30 MEH) 5 72 ‘CAIEff 10 min.

1.2.2 Xk

FR A I IR 52 56 = FR MEAF 5T B (Clinical and Laboratory Standards Institute, CLSI) #E 75 (19 B 1% 28 i 45 14
245 W AU E B0 AT AR L 45 A I R 25 3k 5 B (P 10 units) . ZRBRPE AR (OX, 30 pg) . &% PH AR
(AMP, 10 pg) . kFBYEM (KF, 30 pg). kEIREI (CFP, 75 pg) . kMWEN (CTX, 30 pg) . 4% % (E,
15 pg) . BEEFE (S, 10 pg) . JRRER(CN, 10 pg) . THER(VA, 30 pg) . ZHiEE B (PB, 300 units) ,
PUFR 2 (TE, 30 pg) . ZIHHE (DO, 30 pg), HEE(C, 30 pg), KWW E(CIP. 5 pg) . BFIKF A (AK,
30 pg) . e/ AR TE R MEE (SXT, 25 pg) . FIAEF(RD, 5 pg) KUK Z K (F, 300 pg) 3k 19 Fiyp £, X
F K-B 48R4 805 047 25 W BURE S, R K FF 3 (ATCC25922) . 4 8 4 4 4 BRI (ATCC25923)
VST TR (ATCC50115) A B s 42 i, 0 B P e T 245 0 SRR . b ORI 245 1) 285 SR 1 W 2 B CLLST ARifE (2013
Jf ) v 2 4 35K T R AR E AT
1.2.3 hiFfFrR

FH M Doumith MM B2 8 PCR ¥ XF LM (4 1075 %9 547 46 I
1.2.4 MLST 4 #

SR FH 2 [ U5 307 P800 P R L 0 ) B8 2= B0 T 9 MILST 20 0 ikt y sl = e 46 1. 2 0 i B AR
WHBE I LUK IO UE . Z 5 361 AR TAE W R IR 55 28 w24k 2047 0%, 07 45 2L F) H DNAStar #4417
Praze . BY B X B A R A K B, $E5 MLST B4 243 3] 7 A8 & 38 A9 25 07 3 R 43 B9 Chetp: //
www. pasteur. fr/recherche/ genopole/ PF8/mlst/Lmono. html), #R)GHEMRE 7 8 5 K 47 355 K 4
4% AR I HE S, 38 52 BOHE P O 1 mT 3k 45 ST &Y

2 REHER

2.1 BERMERBAES LM ESBEER
2018 4F 6 A& 7 Az, WHEKITILIX | JbfEIX | TEIX /R IX L A IIX S 5 A X A P R 4
108 3 FEfh . LB 24 ¥k LM, 22EE N 22.2%.
2.2 4K ILMABHREHNERNKRULER
FIH PCR IEXT 24 B LM #0478 J3 LA, 4525 23 MR 0 B R A 0 4 10 A58 S 3k, A0 1 BRTE
inlB FED F BT BB G (GR 2) R RRAE Y B O R DN 0, G s M T XY IR AR AV AE U . TR R R E A
K2 HUHRILMAOBRSENEBERLSFHBERL

A iap prfA hiy actA mpl plcA plcB inlA inlB inlC
FH 1 T Ak X 24 24 24 24 24 24 24 24 23 24
K 2R/ % 100 100 100 100 100 100 100 100 95. 8 100

2.3 4B IMOBHRAYHBERXRER

25 R S G 25 S R, A B AR AR T AR (96. 0%6) . Sk AIIE G (41, 7 %) I Z AL Z B(37.5%) 1)
i 25 R 55 v o i A ZG T 2R A, b S A mE My L BRI VD R L BTOK RO R g 2 R 8 e UK. 24 R
LM it 2 fp LA ERPLARA 7 8k, ZEMZGER N 29.2%, L] 1 #RX 11 FhdiE £ (AMP-OX-P-E-S-
CN-VA-TE-C-SXT-RD) ifit 24 () 18 2 Tiif 25 0 . ELAA 25 5 L3k 3.
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RI UHBRLMAOBHRT 9 MREZNAFGER

i R AR U g fiif 24 i 245 %/ %%
R T G 0 1 23 96.0
kO BE 5 7 7 10 41.7
ZHER B 14 1 9 37.5
CR TN 17 4 3 12.5

HHER 22 0 2 8.3
LR 23 0 1 4.2
VIR 3 23 0 1 1.2
Fi AT 23 0 1 4.2
RRER 23 0 1 4.2
AR 23 0 1 4.2
B e / TP AR T T E 23 0 1 4.2
HEER 22 1 1 4.2
ILE7Re 21 2 1 4.2
3k 60 IR ] 23 1 0 0
ZVHER 23 1 0 0
3k f6 WE Wy 24 0 0 0
E2NSRU S 24 0 0 0
B oK A 24 0 0 0
1k g 2 A 24 0 0 0

2.4 4K LM AOBEROLEFESBEER

ML 225y RS R R, 24 Bk LM JERG 4 By 29, 4350120 1/2a,1/2b,1/2¢ A1 4b B (] 1. 1/2b
RUFN 4b BYRF &5 L@ 43 50 S 25. 006 F1 16. 6% , J& THE &R 1. 3L 10 #ks 1/2a BT 1/2¢ BYRF 5 L 139
29.2%, BT & I, 3L 14 bk, £ 5 PCR d Ik B (& 2) BoR. JKIE 1 Oy 5008 22 307 45 04 P P )
C53005 4b #I(4b, 4d, 4e); YKiB 2 K 4b FF 597 bp,474 bp.370 bp ALFH P 4 H Br . J@§ T 534 2= 4r 4
I 20 4b. 4d, de; JKIE 34 1/2b BT 474 bp.370 bp ALA 744 F- B, J& T 8014 2 i 4 1 L35 41 1/2b,
3b, 75 YkiH 4 S 1/2c¢ BT 906 bp,691 bp,370 bp AL AT Y 1Y A Be, JE T AN AR R MLIE AL 1/2¢, 3¢
VK 5 8 1/2a BF 691 bp, 370 bp b AP 44 Bt J& TG AR A MG 4L 1/2a, 3a; VKiH 6 R FIHE
XT AR

3 29.2% 29.2%
25.0% 7 7

6 <«— 906 bp Lmol1118
® S / «— 691 bp Lmo0737
£ o,
£, 16.6% <«— 597 bp ORF2110
" / <«— 474 bp ORF2819

3

) / / <«— 370 bp prs

0 1 1 A 1 / J

1/2b 4b 1/2a 1/2¢
BRI ERI

Marker 1 2 3 4 5 6

Bl 4K LMOaEKRLERSHE B2 H#FmERSE PCREXE
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2.5 24# LM 5 E# MLST EEHRER STIOL STI011 oy q
ST121 4% 4% :
MLST /3 81 4L % F 1 11 4> /F %1 B (Sequence 8% \\*—_

type, ST), Horfr 55| i 544 2 i R o 19 8 L ST #Y
(ST87. ST9. ST2)H Kk 50%(12/24), FF &M 1 4~ 1;;)9/
By ST A, BY ST1011, H A $238 E W f8 8 52 :
MLST %4 2. ST87 sy AT iz, H W E ST705,
ST9 #1 ST2, HAK5 4 WA 3.
2.6 24 LM A BEHKRMZAE S MER, ST B UPG-
MA tree 53 #7 &5 B
HEACAR 45 S 7R . LY BRH R) 0 B AR, RSk

§\\\\\\\\

ST2
R, B4, MIERIA ST &I [a) % h 6 & %55, 12.50%
i ST87 5 1/2b A BARAZ=HTRRE XJ ., ST2 5 4b # B3 24¥LMABEMSTRHERSHE

LM Xthz. eAh, #5 ST BRI N T [/l — M i &L, 40 ST705 #1 ST9 X W T 1/2¢ A LM; ST155,ST11,
ST101,ST121 1 ST8 #BXF I T 1/2a A LM. HUK, T 52 408 PG AR [R) B T A2 28 e 7 bk — 3k A6 W i i) B0 14
ZEUT R MLST 43545 B AR rh a4, R84 7E ST705,8T87 Ml ST2 F. JLAL X (JB) . VLXK (J]) .,
FE X (NA) L G NI CHCO) 43 85 30 00 R DR . K 2 800 32 48 v bk, LI s B9 3 3% & 11 midb s
X (BB) 43 5 B ) B Ak K 221 37 2R e P Ak — Sk A i, Ll v &2 it R 1, HARSr A ULIE 4.

miER STHE fijzsig

1/2a 705 0X

HC02D10
JJ06D10 1/2¢ 705 0X
JJ06D07 1/2¢ 705  OX
JJ06D13 1/2¢ 705 0X
HC0204 1/2a 155 OX-PB
NA10D06 1/2a 11 0X-CTX-PB
HC04D3 1/2a 8 ox
NA10D18 1/2a 101 0X-CTX-PB
JB10D30 1/2a 121  0X-PB
HC06D11 1/2a 121 0X
HCO6D10  1/2¢ 9
JB10D05 1/2¢ 9 0X-PB

9

JB10D14 172¢ AMP-0X-P-E-S-CN-VA-TE-C-SXT-RD
B8B810D06 1/2¢ 1011 AMP-OX-PB

BB10D01 4b 2 0X-CTX
BB10D03 4b 2 0X-CTX-PB
8810002 4b 2 0X-CTX
BB10D25 4b 1 0X-CTX
HC0206 1/2b 87  0X-CIX
BB10D12  1/2b 87  OX-CTX
BB10D13 1/2b 87 0X-CTX
BB10D15 1/2b 87 AMP-0X-PB
BB10D14 1/2b 87 0X
JB10D17 1/2b 87  OX-CTX-PB

0.010 0.008 0.006 0.004 0.002 0

4 TAEESMER . ST & UPGMA tree 5 H7E

v

3 W
IR IR R AT T A AR B A LM V5 S B 2 B 2 U R R R A B R R AR
iH in

B Py L T8 PR R LMLV e A A BT 2 B, FROAR 2010 AR R B 2R T RR B LUK O B R A LT BT R R

!
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HP L LM 75 e R AR PR3 o KO- AR SRR A I 45 v, S 1A LM V5 Y 3R B 2 i oAl
BRI, S AR TG R LM RIS Y B T AR E S 2 A B R . e R PR b o 2D
R H LM BFLE, XX T AL T AR SN ETEE. AR D, LM B4 8RN 22. 2 (24/108), %45
AR T 24T B RGE (53. 3%, 16/30), T 15 H AR A9 735 (8. 33%0, 10/120) , 1 55 5 B8 95 45
() 8 FE AR —F(25 %, 10/40).

LM (9 1fiL v B 3L 532 13 Bl Horb, V88 1/2a,1/2b,1/2¢ Fl 4b 55 51k AN SRR 4= 0 1 o i, 2
S Y B LM E AR A B R AR Bk . I 95 Y0 A9 AN AR TR TR #h ML Y 4b. 1/ 2a
FI1/2b Y AR 24 Bk LM KZ R 1/2a,1/2b Fl 1/2¢ B, 5345 4 BRBURMEBLIR MY 4b BB B
AR Sosnowski H HE 1Y FEA — B BRSO M LM i35 RS gL R AR L (0 E AT E 2R R
PR 1 T 8 2D, ] R 5 R TR 1 M AR G R I KT AN e A K

T I RN LM 4 A 1A% . DL, B RE X B HE AT ME SR IR, i 22 0 5 81 40 B (MLST)
T, SR A 2 A a5 V) FL VKR R 1 S A D D 5 TR R R 45 R T T A — i A HE R A R R L SOk
i, ST5,ST8.STY Ml STS7 &5 & FtE LM 2% i E 2 ST A, 3 i A Y A A I o 7).
AYARE . 24 Bk LM S 11 A4 ST AL, Horp b 51k 53 28 R s 198 UL ST A4 (ST87,ST9,ST2) W
R 50%12/24), FELBL T ASHAY ST AL, B ST1011. FEALA 40 Hr 45 3 /R 20 B Ak 138 M ) i T bk, 5%
GRRBGE. weA K MLST 518 & 8, LM 7B M ST M 2 484G 5 T B m i X &, JFH
KBSy ST B 5 1l 35 UAFAE——XF RIS 28, 1 ST87 5 1/2b BIKFN, ST2 5 4b BIXFN; 5 HbA 2 Fhak L
b ST RUAL S F ] — i3 A, B0 ST705 F1 ST9 X1 F 1/2¢ &, ST155,ST11,ST101,ST121 F1 STS #F
XFRL T 1/2a B FHUR T 52 4 04 D BAORI [F) B T 52 248 W G bR — Sk 6 g by 1) B 2 S0 kp B MILSTT 43 B AT 1]tk
Ferhia s, FEAE L ST705,ST87 FIl ST2 5 1 Wu 21 g2k B 5% A — 50, & FE 4 dh & ST8,
STL F1 ST87 . MLST 43 BIH AR AT LU b b FH T 1A it v B0 8 20 B0 55 T 95 % 1) 43 1 D00 0L (HL AR BF S8 AL I3
P 3 LM M MLST 20 B0 b o f B p , SR REXT XS A i LM V5 Y AR IR AT IR AR 9. S 22 0]
T EREE h R Y R S 0 2 )RR 4 B LML, 58 Py b A B LM AT 40 4r BUAF O . XS R LM 5
Yo ARG 5, Ry — 2B RS A P LM T e B iR R S

VEAEE . Bl 43 A LM B AR 3R AT 245 B g N ™ i, X 0 BE 4 1 K Al ok T E M R
W, PUAE R A2 0 2 T SO 2 B 0 7 A, T S R B SR AR S BRI R A R 4 B Bk o i
KAy, ARV ZEM M. ARE P LM E B Z A Ak . Ll MW % B X
VIR, LAHE . ARE. AR EGURMER R, X5 CEP VRS (R E A M . 55 Chen
SEUT AR 25 R OR 58 4 — B, S T AT AU R M 45 R — B0 S Ah, AR AR IR I 4 B bR B o — £k
YA NV T R R E TG, 24 kBt 2 # DL ESUAERMA 78k, ZHEMZHERN
29.2%, H4 R Y Sosnowski % YR IE B AR — (27, 4%, 40/146), T1fi 5 T Wieczorek 450 [ i 18
(3.5%, 2/57). fHAHEERZ, XM 25 EK AR Z /0 maERE R W LM i ST # (ST87,ST705, ST9 Hl
ST2)ywhr. Mo, 76 ST BB & B0 1 Ak 11 Fhbo A= R 24 10 88 90 25 0, X 5 2 mirF 52 ik il 19 ST9
B Wk 2 R 1 2 B G A 7 I AR AT L N R i 2 AR O — 2B R T, BOKE A B T ST A B Bk
HZEMAM R, ABFE LI, 4 B LW B R 0 18 k. LT 245 Bk ST LA 51 R o0 1 2= 107 R T
WL ST A HAA MR TS, ¥ EE N AifE ST87,ST9,ST705 M, X =F Z A 2/ HA — & s
b R, W EAE— BT

Hi, & F LM 748 P 80w M BE 5 85 0, 3 77 3L B 4 i 9 35 ) 72 LM B0 19 20 1l 5@ i
RO 25 g B, W] LT ik S BE PR AE FE P LM R a0 A, LM 1 E 1 B — 2B B R 1 7 ) B TR 4 S
M TR B, prfA JERE N B b — AR AR I, xS b Al B Y Rk HEAT IR AR Bk
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KK EESH LM T FRESY . Fik, LM 877 3 R R s, H80m v ok ag . 2 0 S 5808
PERTE R BT R ARIRES 24 MR EIRR . 23 ARIAINH 10 DEE IR, AN 1 ARAE indB SEDH b 3 R
OISR R ST B G AR B 4 SRR — B (A SCERIRIE . LM R T g s N B BE,

PITE [ 4R 25 1 T #0710 AN R R B A gl 2 1098 R, FRATTHE X LML 35 0 56 DI S G il i, 222 j 3] 3

K
71
3 B DA % 5 OGN0 45 SR A B 60 T AL, T B M 7 47 2 30 5 T 114 %

EE 2
>

>t

B2k
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