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Study on the contamination status, molecular characteristics and
antimicrobial resistance of foodborne Listeria monocytogenesin
Baoshan City, 2022—2023

GUO Yan-Dong'*, XU Xin** DUAN Ming-Wei', HUANG Xue-Juan’, ZHANG Ai*”,
LUO Jin-Yi**, WANG Xi-Mei', ZHANG Xue-Hui*"", MI Fei**"
(1. Basic Medical College of Baoshan College of Traditional Chinese Medicine, Baoshan 678000, China; 2. Yunnan Key

Laboratory of Public Health and Biosafety, Kunming 650500, China; 3. Key Laboratory of Nutrition and Food Safety of
Yunnan Universities, Kunming 650500, China; 4. Panlong District People’s Hospital, Kunming 650500, China)

ABSTRACT: Objective To investigate the contamination status, molecular characteristics, virulence genes,
antibiotic resistance genes and resistance profiles of Listeria monocytogenes (Lm) in foods from Baoshan City.
Methods Whole-genome sequencing was performed on Lm strains isolated from retail foods in Baoshan. The
sequences were assembled using BioNumerics 7.6 software, and their molecular characteristics were subsequently
analyzed. In parallel, antimicrobial susceptibility testing was conducted on the 12 Lm strains using the broth dilution
method. Results A total of 229 food samples were collected and analyzed, yielding 12 Lm isolates with an overall
contamination rate of 5.24%. No statistically significant difference was observed in Lm detection rates among the 5
food categories (P>0.05), although numerical variations in contamination existed across categories. Similarly, the
overall contamination rates across the 5 sampling regions showed no statistically significant difference (P>0.05),
despite observable variations among individual regions. The Lm isolated were classified into 2 genetic lineages:
Lineage I comprised 7 strains (58.33%), and Lineage II comprised 4 strains (33.33%). One strain isolated from raw
meat products remained untyped. They were classified into 3 kinds of serogroups: 1/2a-3a (4 strains, 33.33%),
1/2b-3b-7 (4 strains, 33.33%) and 4b-4d-4e (4 strains, 33.33%). The 6 sequence types (STs) were identified, with ST8
(25%) being the dominant type. The isolates fell into 6 clonal complexe (CC), with CC8 (25%) as the predominant
group. All isolates carried key virulence genes, with 100% harboring complete L/PI-1 and LIPI-2 gene clusters, while
LIPI-3 and LIPI-4 were less frequent (2 and 3 strains, respectively). All isolates carried major resistance genes fosX,
mprF, lin and sul. Antimicrobial susceptibility testing revealed resistance rates of 83.33% (10/12) to erythromycin
and 33.33% (4/12) to meropenem. The 2 kinds of resistance patterns were observed: 6 strains showed single-drug
resistance, and 4 strains showed dual resistance, primarily to erythromycin and meropenem (33.33%, 4/12).
Conclusion Lm contamination is detected in various retail foods in Baoshan. The isolates exhibits high genetic
diversity and included common pathogenic sequence types. All strains universally carry key virulence genes,
indicating strong pathogenicity and potential outbreak risk. Moreover, widespread resistance to clinically important
antibiotics, such as erythromycin and meropenem, is observed. Strengthened food monitoring across the city, along
with standardized clinical and veterinary antibiotic use, is recommended to prevent and control the associated risks.
KEY WORDS: Listeria monocytogenes; whole-genome sequencing; contamination status; virulence genes;

antibiotic resistance genes
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V(R &L FEH), DURBS AR BRI R R
TG OLRI RN o SRR 5 7 55 T IR LTI 32 B0 X A 45 24
R, SR AT . AT R FEE, FAACRFE S
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FE R A5, AN TRIHE YR B it 8380 2o 87 S B AL e A 1) =X
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229 i BB 12 BRI AITREE (7 ol JR A
WL RRA L LK 3 O TR, ARBFTERAX
12 BRI ITRE B IE X 52, DA 2R 8 225 i b
ATCC 19115 JJy PHYEXT HE
1.2 E5RF

Hlumina Miseq /5 ¥ & QLR ZR A YA RA A);
BioNumeric 7.6 (L FIHF Applied-Maths 23 ),

MEZEEA DNA gifbikfladbm e eEyHEAR
JREO A B Wil ), i T P 2 BT T 24 ARG T A [ B2 2% 12
WL (A BRA ), RLEIRGRER 7R A RN N
13 77 &
13.1 &4 REmnA

f£ DNA 2B SCFEM R g, DIJCRH 258 KA
BREAME A B, S 58A SRR, DL
MEERITS YL E B S, SR Tllumina Miseq I /553G 4 700
7, PR 3 52 R 100x I 7 5¢ B 1 1 CLC Genomics
Workbench 25.0.2 #f4:1¥) de novo FEHk 4T LR 4 4H 25, 4H
B SE A i NSO | contig B S R AR Ak 3 DRI 4 1) 44 i
o HETREAREE, /] MEGA11 WEAREERGRT
Ft, %8 Bootstrap :5:(1000 YK T &) LATTAR T 55 4%
132 345555 5B A5 R

MLST 43 BIEF 7 MERIER AT 04, 86 abeZ.
bglA. cat. dapE. dat. ldh Fl hkA, FETF LR ZH 00 745 5
15 LH%E )5 M PERE contigs B4~ 1% 5] BIGSdb-LM $# %
MLST BEHHEA T8, IRASREATEREIIE R L SE R (clonal

complex, CC)MJF%)%!(sequence type, ST), {XAHZE 1 1~55
PEIEFE A 1A TERERE
133 & A B R 25 K W o

T RRENAN PR, BHEENEMK contigs B
A~ EALE] BIGSdb-LM Kbl 42 H HX 5 7 B DA K it 245 2 [
PRI L
1.3.4  HpsuskR

AW 5 AR 5 I R 0 52 56 %5 A i 4k 51 23 (Clinical
and Laboratory Standards Institute, CLST)E75 1) B3 A 1k
W2 UM I AR, VERE 20K P M (ampicillin, AMP)
T B Z (penicillin, PEN), £1% % (erythromycin, ERY) . Ji
% # (vancomycin, VAN), ¥ H ¥ & (ciprofloxacin, CIP), IY
¥#E (tetracycline, TET), 3% 5 Fd (meropenem, MEM) &
5 3874 B (trimethoprim-sulfamethoxazole, SMZ) 8 Flifii4: &
WEATZGIRIGUE o 259 U I v fRUR 7 P o/ N B Wk
(minimal inhibitory concentration, MIC)Z%/, & %2
Wi VAT PR B 9 B 25 R TR 2 R A T B0 UE, 24
B EhA R AW W 1o BARBRERAR LA 1, Btk
6 0 24735 8 BH 1 % IR FL(ATCC 29212, ATCC 29213 &
ATCC 49619 Z—) I FAM:RT IBFLAN Srhsg73E, TCANRHEFD),
VLSGIE 24 b B S SE AR R G R o AR A1 A 4= B
161 25 W) U IS A TRRIE(CLST M45-A3) 1 Wk B 25
95 A v S BRI 245 B0 3 bR fE S Bt 23 (Buropean Committee
on Antimicrobial Susceptibility Testing, EUCAST)f5 £ 4H
BHU(S) . A OFI 2RISR, S TR Bk AT B hT i 2y
I O BERI R R I RIT G RO SRR TR O vk vy
FL W R, LI RIT AU AT T $8ILT7AL T
I 22 18], FIWhRE ILZ% 2, mFRI A K it 2l
FA) P 48 25 T R T 0 P A 28 e 0) S T O R 5 4 A IR,
H e Z oAy T 25 WA s B AR, SOAS I 50 B 2R
R DA T T 24 1 0 R SRR R i 24 1A T 40 B, T 2R R I
24 .
1.4 HaELE

BRI AT RFEC T SPSS 25.0 B/, iR
% Fisher k30 Lb 325 28500, R ga /K e Ul 0=0.05,
#r P<0.05, WHE 2 FAAEGTHFRE L. BITRLH4 517
FH ArcGIS 10.8 # 4 & ChiPlot 75 £ 181 FHl7E T H 58K

2 HREDH

2.1 BRIESHTAEER HE

SRAR 220 R, K H ARG AR T 12 Bk, SR
5.24%. AR, 2R B AR i, K
PR BRI R R R (9.09%), HRN A TIEZE(5.77%)
A PRI AR (5.43%) . B RBAPIZE(2.70%) ARt
SRR RG22 RS2 E R U(P>0.05), W3 3.
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Table 1 Mass concentration gradients of antibiotics in the antimicrobial susceptibility testing panel (ng/mL)

N FNALALS
1 2 3 4 5 6 7 8 9 10 11 12
AMP 32 16 8 4 2 1 0.5 0.25 0.125 0.06 0.03 POS
PEN 32 16 8 4 2 1 0.5 0.25 0.125 0.06 0.03 POS
TET 32 16 8 4 2 1 0.5 0.25 0.125 0.06 0.03 POS
MEM 8 4 2 1 0.5 0.25 0.125 0.06 0.03 0.015 0.0075 POS
SMZ  8/152 4/76 2/38 1/19  0.5/9.5 0.25/48 0.12/2.4 0.06/1.2 0.03/0.6  0.015/0.3  0.0075/0.15  POS
ERY 32 16 8 4 2 1 0.5 0.25 0.125 0.06 0.03 POS
VAN 32 16 8 4 2 1 0.5 0.25 0.125 0.06 0.03 POS
CIP 32 16 8 4 2 1 0.5 0.25 0.125 0.06 0.03 NEG

VR & BT I A R I A R R A &2 A 2580 . POS Shy FHAE X BB L (positive controll), NEG Ay B4 X I fL(negative control well).

TR PRICER I 2= TR B+ Heih: 0.572 P
AEFRERK (1.5x108 CFU/mL)

12 mi%%i?é*g() WL i3 H100 LA BHETL

Gl et 100 LI AR 95T

}i5%: 35 °C, 20~24 h

T A B, VA A B, BFAdie Nk BRI MICHE

BT B R AT 2 SRR 1) S 0 R

Fig.1 Experimental steps for antimicrobial susceptibility testing of Listeria monocytogenes

*2 REFHRERNHABIREIERE =3 RIITHAE R AR BRI AR A FR LR
Table 2 Interpretive criteria for the antimicrobial susceptibility Table 3 Comparison of the detection rates of Listeria
of Listeria monocytogenes monocytogenes in different food types in Baoshan City
. MIC/(ng/mL) ey e s it fuhi% K% P
EREE s —
@Am\(s) l:F'JI (I) Tflﬁ?i(R) /;'Eﬁ[z\‘] 129 7 5.43
AMP =2 - - 1 A A 37 1 270
<2 - - 0.580
PEN KL R 1 1 9.09
TET - - -
NN 52 3 5.77
MEM <0.25 - - —
SMZ <0.5/9.5 - _ &1t 229 12 5.24
ERY* <1 - -
VAN - - - F 4 RUTRAE X S IEIEEF RS H R
CIP R R R Table 4 Comparison of detection rates of Listeria monocytogenes

in different areas of Baoshan City

I: *5% EUCAST, HAhZ% CLSI M45-A3, -F/R T EIRIE - —
WKW CREER Kz 2 o th /% P

229 Y EWIREACR AR 5 SHLIK, A b XA R

BT TR . SER 12 BRI, ;f:i j‘l’ z ;‘7"6’
5.24%, ST AN EIHRL 2, A 4 B, &5 9.76%; It e — 1 e
WA 2K A B TE, 5 4.76%; 3 Mok AR, & 5.00%; — : '
2 BR FURBE B, 15 4.08%; 1 BOR FLRGRIEL, ( 2.70%. £ nE @ 2 476
T X S £ o B AT AR B 0K 3202 5 T 2 RBER 2 408
it 229 12 5.24

F(P>0.05), WL 4,
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22 ERS5MmMER

SEF I ALF R, AR 12 Pk B 2= e i ik
TFRER T, PTUEE R IR SRt o 08 TS R
NG R A S R 78K, &7 58.33%. 1 RIAHE 4 7K,
17 33.33%. A 1R AR HIE R0, %5 CN193,

FIFHZ®E PCR IME 43 J5 2 %6 B3 2= e D 1A 7 1M
T, S5 FERHTE BIGSdb-LM $di e v By 43 b 45
ARG RIS 12 BRBARE AR R 538 3 FhoyF- I R,
4351k 1/2a-3a (4, 33.33%).1/2b-3b-7 (4, 3.33%) . 4b-4d-4e
(4, 33.33%).

AN ) B b A ep oy (1 BB 2 Wi R TR, R ot v AR )
IEHAR . AT RSB R MER 1/2a-3a, 4b-4d-4e 1)
BEbE, AESERIHN A 2B IMTE R 1/2a-3a.1/2b-3b-7 .4b-4d-4e
FIBERE, BTIA . A B Bl 4b-4d-de IUBRRR, 7KF=5 .
BAr B MR 1/2a-3a B HRE

S35 AR LIS A0 DK B A TR TR LIS AR A1 1 D0
AR, BERAXAIE T BB B iR 1/2b-3b-7 . 4b-4d-de BB
Bk, BT BB MIE Y 1/2a-3a. 1/2b-3b-7 ., 4b-4d-4e BYTHIE,
Jitife) B 5 e BN B B IMTE R 1/2a-3a (TR . XA [l 62
ST ) BRI A TR A 1) IS R A AR GE T R JE S
Z5(P>0.05), LR 5; AR X P BRI 2R TR TR A 1S
BN ARG T B TG #2557 (P>0.05), W3 6,

23 STE, CcCH

BRI T MLST 203, 45 5 /R A7 AE 6 R R (1
ST #Y(ST1. ST2. ST5. ST8. ST87, STI01), FH-LA STS (5
R KA FATIFN(E 2). 45 ST RIS B M HES CC B —

— XA SC R, Hrp CC8 LA TERE . R, 12 Bk
L RERFAE QT : CC8(F 3 7 ST8).CC1(#% 2 #k ST1),
CC2(% 2 ¥k ST2). CC87(% 2 £k ST87). CC5(F% 1 #k ST5)
P& CC101(& 1 ¥k ST101).

x5 RUTARR RN SIGTHFENEFSH
Table 5 Distribution of serogroups of Listeria monocytogenes
from different food sources in Baoshan City

. e I 7
BRI TEAREK
1/2a-3a 1/2b-3b-7 4b-4d-4e
BN 129 1 4 2
R 37 0 0 1
S 1 0.371
AKEsh . BHROO11 1 0 0
ATH 52 2 0 1
&it 229 4 4 4

®6 R ARMX IR A BTSSR MER S
Table 6 Distribution of serogroups of Listeria monocytogenes
from different regions in Baoshan City

ML HE

MO RS
1/2a-3a  1/2b-3b-7 4b-4d-4e

RERH X 60 0 2 1
i Wt 41 1 1 2
it ) £ 37 1 0 0 0.572
BTHR 42 0 1 1
ez B 49 2 0 0

A1t 229 4 4 4

Fof AN ) £ i AU PRI 2 AR TR 1) ST AR BE o i
NG EZE T (P>0.05), TLFE 7; AN IX (1) B0 2= ikl
W ST ARG BoR TG #22 57(P>0.05), W3 8,

D DS~ NN N+

S~ NN NN

S DD OSS

SIS S S ST

[ S SN SN L o

‘N‘ Nl N‘ NI NINI

oo o0 %0 %O %0 %

A A

NN NN NN

SIS OSS

SIS 88

S S S S S mbks STH 0O MR
TC143 101 CC101 1-1/2a,3a
LY048 2 CC2 4b,4b,4e
CN064 2  CC2 4b,4d,43
TC132 5 CC5 1/2b,3b,7
LL169 8 CC8 1-12a,3a
LL167 8 CC8 1-1/2a,3a
SD011 8 CC8 1-1/2a,3a

BEEEEE s> s7 cCs7 12b,3b,7
BEEEEN s s7 ccs7 12b,3b,7

BEEEEE - - - 126307
HEEEEEEEN TC114 1 CCI 4b,4d,4e
EREEEEER TC121 1 CCI  4b,4d, 4e

T BUR, BOFORTIIERATE, HOFRRER K, FRR2HL,
K2 FOAATRRT ST B, CCRE. LIS L3 J1 3k N 4 A

Fig.2 Distribution of ST types, CC groups, serogroups and virulence genes of Listeria monocytogenes
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Table 7 Distribution of ST types of Listeria monocytogenes from different food sources in Baoshan City

oo I ST
BRI TR R AR ] 2 5 3 a7 101 P
A i P 129 1 1 1 0 2 1
AEA 37 0 1 0 0 0 0 0391
AKimeh . BH 11 0 0 0 1 0 0 '
AT 52 1 0 0 2 0 0
ait 229 2 2 1 3 2 1
#8 RN ARMXRIFA SIEFEFFEMN ST B 2%
Table 8 Distribution of ST types of Listeria monocytogenes from different regions in Baoshan City
HO IR BB ST P
1 2 5 8 87 101
[ FH IX. 60 0 1 0 0 2 0
B wfrriT 41 2 0 1 0 0 1
Jit ) L 37 0 0 0 1 0 0 0.091
ETH 42 0 1 0 0 0 0
ek B 49 0 0 0 2 0 0
ait 229 2 2 1 3 2 1

24 BHEREWHER
XF 12 BRI AR T A B TR T R, BT TR
BRI 1 (LIPI-DW 25 R (actd . hly. mpl, plcd.,
pleB. prid), VIRFEI158 2 (LIPI-2)GRIYFEE (inlB | inC .
inlC2. inlD. inlE. inlF. inlH. inll, inlK. inlL. inlP), X}
FLIPI-2 ERHARBER, HAEA S AR 25 5 8 MR inld,
3ARIETT inlG, 11 BREEHT inld, IO, 2 #RIE(ST DI #1155 3
(LIPI-3) F.R9BE R (UisA | UsB . lisD . lIsG ., lsH ., lIsP. lisX. llsY),
HA 10 BRAREE #0155 3 1 R9FERH; 2 BREE(STS7) M 1 A4y
R B2 71 59 4 (LIPI-4) 3L LM9005581-70009 .,
LM9005581-70010. LM9005581-70011. LM9005581-70012
LM9005581-70013 . LM9005581-70014, #5715 4 (LIPI-4)[%:
HTEHA 9 PRI ERME, WA NTCI2DMATH
(TC114)Hh BRI PR 4R ST1 7, HIL[RIEEAE 4T [l
Welli T LIPI-1, LIPI-2 % LIPI-3 |H9EE 13L& 3),

T TR AR A PR SE R (lisR | cheY . virR virS . stp) .
R AR IEE (fbpA . dltd . gtcd). FRRFHERH (0atd

pdgA) . WINLETE R (prsd2. svpA. Iped. IplAl). Fif
EARESEE (srtd . srB), A JI5EE (Isp4), 90%L) |
Y TR AR I PR 1 ] (agrC) . BB . AMRFEH (iap . lap .
lapB) . M PNTEIG SR (hpr) . R0 E A EFEF (g, 0
LT 3Z D BEAH I F (bsh) . HsE R FE A (IntA) . HALEE
F1EH (purQ).
25 MHEEETBERARAYERMRESER

M 243 25 (R F 45 2R .7, fos X\ mprF | lin J¢ sul iX 8
TRt AR R 25 R AE AT 12 MRz iR bk P e i . B T
L AR RUARIEN norB LA RMTZGHED, Ay 11 dR¥g#Eay
norB PUAE RN AR . A SR AEER TET 250 25 5L H
tetM ., ‘BIENET M 25 IR ant(6)-1a, aacA4 . FErF R
PRI IEIN cat CHL. ERY 25Tt 253K ermB.,

KRR RN E 8 R A 0T 12wk B 2 107y
B MIC, W3 9. B& TET 4k, HAZHY MIC50 ¥8:%
(<4 pg/mL), B-NEEHEZE(AMP, PEN) VAN MIC90 %

RO 12 RPETHFERT 8 ITE RNAHER
Table 9 Susceptibility profiles of 12 Listeria monocytogenes strains against 8 kinds of antibiotics

. PN MIC/(pg/mL)

BERFR MIC Ji [H] MIC50 MIC90

S-S AMP 0.250~0.500 0.500 0.500

B-IN RS PEN 0.500~1.000 1.000 1.000

PUIRE I TET 1.000~16.000 8.000 16.000

WEGHERE MEM 0.125~2.000 0.250 2.000
T e 25 SMz 0.015/0.300~0.030/0.600 0.015/0.300 0.030/0.600

KA ERSE ERY 0.500~4.000 4.000 4.000

s VAN 1.000~2.000 1.000 2.000

s 3 T 2% CIP 0.500~1.000 0.500 1.000




124 B il 2 A iR A I A 4

FH1TE

f%(0.5~2.0 pg/mL), CIP 5 MEM MIC90 #3141 pg/mL
1 2 pg/mL., ERY MIC50/MIC90 ¥} 4 ng/mL. TET T 2558
i, MIC i 1~16 pg/mL, MIC50 Fl MIC90 43513k 8 pg/mL
116 pg/mL o & J7 Hias B = U, MIC90 1Y 0.03/0.6 pg/mL
N IR XS ERY MU 258 55 (10, 83.33%), H
W& MEM (4, 33.33%). AN} AMP, PEN I SMZ i
iR . L 10,

Xt 2 B 25T 25 1 AR 4 bR, TN LET
M 2 #REE(SDO11. LL169). AEBERIHAY 2 BRIF(TC121,
TC143)fif 251%34 5 MEM-ERY . L% 10,

R10 BIETEEESAMEERL

Table 10 Overall drug resistance of Listeria monocytogenes
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