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Abstract.; Objective To determine the main serogroups, virulence genes and molecular typing of Listeria monocytogenes
isolates in Wenzhou, and investigate clustering patterns and pathogenicity of the local strains. Methods Polymerase chain
reaction (PCR) was applied to determine the serogroups and virulence genes of the isolates. Multilocus sequence typing
(MLST) was used to identify molecular types of the strains. Results  Ninety-seven strains were divided into four
serogroups. The major serogroups were 1/2b (48.45% , 47/97) and 1/2a (35.05% , 34/97). The positive rate of
pathogenicity gene iap and prfA were both 100. 00% (97/97). All strains from patients carried five virulence genes, the
overall hemolysin gene hlyA and inlA were 97.94% (95/97) and plcB was 96.91% (94/97). These ninety-seven stains
were divided into twenty MLST types including the prevalent ST87, ST121 and ST9, patient-specific ST1 and ST779 as well
as ST2, ST3 and ST5 that were found both in food and in patients. Conclusion This result demonstrated a high
prevalence and genetic polymorphism of Listeria monocytogenes from diverse sources in Wenzhou. The majority of isolates
carried pathogenicity-related genes, which posed a potential threat to the public health. The surveillance and management
should be strengthened to prevent the infectious listeriosis.
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Table 1 List of Listeria monocytogenes genes and primers used in the PCR assay
GIE/ER S SIFEEI(5°-37) P8 R BER /N /bp IV R S
F. AGGGCTTCAAGGACTTACCC
Imo0737 691 1/2a, 1/2¢, 3a, 3¢
R: ACGATTTCTGCTTGCCATTC
F:AGGGGTCTTAAATCCTGGAA
Imol118 906 1/2¢,3¢
R: CGGCTTGTTCGGCATACTTA
F. AGCAAAATGCCAAAACTCGT
orf2819 471 1/2b, 3b, 4b,4d, 4e
R: CATCACTAAAGCCTCCCATTG
F: AGTGGACAATTGATTGGTGAA
orf2110 597 4h, 4d, de
R: CATCCATCCCTTACTTTGGAC
F. GCTGAAGAGATTGCGAAAGAAG 370 4 AT B B
e R: CAAAGAAACCTTGGATTTGCGG TR P
1.2.3 3 7 B A RW12.5 pl, B F#FESI 4% 0.5 pl, Bk 2 ul,

T AW PCR 51 ¥ it 5 & W2 X
BRLO-10], 51015 B L3R 20 DL MUY 5 18 2 4
T DNA g BERR, 3% B8 Premix Taq 12057 15d W 43 2
7 PCR 938 o B AR & (25 pl) : Premix Tag P

HAHK# R o N5 F:94 CHiAE P 5 min;
94 C A 30 5,52 CiE k 30 5,72 C ZEff 60 s,
35 MG ;72 C AR 10 min, SN 45 RS 7E 6
A5 UK A HEAT HL K, MR A R
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Table 2 List of Listeria monocytogenes toxin genes and 07 Kk Pp 40 25 W 4 B B A7 L R R I 4 B o

primers used in the PCR assay iap \prfA H A é%ﬁ S BH , hlyA | inlA L R FH %jﬁj

N SR (53 POl 97.94% (95/97) , pleB 3k 14 I HE % g 96.91%

F:AATCTAGCACCACTGTCGGG
inlA 733
R:TGTGACCTTCTTTTACGGGC

F:GTTAATGAACCTACAAGHCCTTCC
hiyA 702
R:AACCGTTCTCCACCATTCCCA

F:ACAAGCTGCACCTGTTGCAG
iap 131
R:TGACAGCGTGTGTAGTAGCA

F:CCCAAGTAGCAGGACATGCTAA
prfA 571
R:GGTATCACAAAGCTCACGAG

F:GATAACCCGACAAATACTGACGTAAATAC
pleB 503
R:TCATCTGAGCAAAATCTTTTTGCTACCATGTC

1.2.4 MLST 43 ¥t

FARE 2R R MLST 234707 12 2 IR 12k ] 12 S 1
WF 58 B 19 B0 4 2% Ml Rp B MLST %4l % (hup://
bigsdb. pasteur. fr/listeria/primers_used. html ) £ /F I
LR T NERENE (abeZ, blgA, cat, dapE , dat,
ldh ,IhkA) 753 - BET 91 4T PCR 78" . PCR 2
I 45 94 CHAEYE 4 min;94 CASME 30 5,52 Cil
k30 5,72 CHEAH 2 min, 3t 35 PNIFIR ;72 C LE fif
10 min, PCR =¥y & alifejm , 247 X0 3y .
S50 5 MG 2R M R R MILST B Hfs 42 R 47 e X, s
HAE RN IS 7T D8 RN T 515 124
A B ZE RS ST A, 18 A BioNumerics 7.5 £
TR AT 3 B 9T R BN 2R 0T R T AR
ST RS BEAT Ao B, 0 B st AL L & o

2 HBER
2.1 IMLVE 2 B 2E
97 #k B 48 2% M Rp 1A 43 Dy 4 A TE AL 1/2a
1/2b 1/2¢ 4b, EZ 75 I K 1/2a F1 1/2b, 43 51 K
34(35.05% ) 1 47 ¥k (48.45% ) ,1/2¢ Fl 4b (i35 7
AR 9(9.28% )F T AR (T7.22% ), W3R 3,
2397 MRk NHE AR IR B 4 bR A I 43 A N
Table 3 Distribution of serogroups among 97 Listeria

monocytogenes isolates

1M i 2

R 1/2a 1/2b 1/2¢ 4b ait
EENR 3 2 1 0 6
¥ U5 T 1 9 32 7 1 49
A 9 7 1 0 17
IR 2 1 0 1 4
e 0 1 0 0 1
EER 10 1 0 3 14
BH 1 3 0 2 6
At 34 47 9 7 97

(94/97) , W3k 4, Hrp B F r ik 5 Fh ik P B R
1474 100. 00% (6/6)
F4 T B4R TR TR 43 B Ik 10 T ) Ak IR AG I 45
Table 4  Positive rates of toxin genes of 97 Listeria

monocytogenes strains

EyIE g0 IF 4 T ok PR 2/ %
inlA 95 97.94
hlyA 95 97. 94
iap 97 100. 00
prfA 97 100. 00
pleB 94 96.91
2.3 MLST %

28 MLST 43 #7197 Hk B3 25 5 B 2k 430 20 Fp
ST AU, WA brah R WK 1, Hop ST87, STI121
ST9 ST155 ST8 Al 4> |4 30.12.8.6.6 k., ST87
R AL $ ST AL 5 30.93% (30/97) , Hivk Ky ST121
B(12.37% ,12/97), 1 I I3 & ¥4 . BR ST1,
ST779 #UJ2 i 35 43 5 MR 5 A 1Y AU 3], ST2  ST3  ST5S
TER S AT B R B kb S e, LR 5.

ST87,
STS

ST379%
&A{ o0 ST101 =1/2a

ST1_ST40 " 1/20
2—| 3—2\ 2
oo\ @ ., 12
2/\‘\1 A

ST804[ |

ST3 L ST121
g v

ST155
T« B R/ 2R T MR 18 B BB s MILST #4330
2 S BT AR IR (0 I Y 2 S AL
BT 97 bR ZE R B MLST 28 2870 47 45 5t
Clutering results of patterns obtained by MLST

Figure 1

analysis of 97 Listeria monocytogenes isolates
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Table 5 Multilocus sequence typing of 97 Listeria monocytogenes isolates
ST % BRI TS 43 18 TR MR AR e i35
abeZ bglA cal dapE dat Idh lhkA a5 B

1 3 1 1 1 3 1 3 0 1 1 4h

2 1 1 11 11 2 1 5 4 1 1 4hb

3 4 4 4 3 2 1 5 6 2 1 1/2b
5 2 1 11 3 3 1 7 5 1 1 1/2b
7 5 8 5 7 6 2 1 1 0 I 1/2¢
8 5 6 2 9 5 3 1 6 0 I 1/2a
9 6 5 4 4 1 4 1 8 0 I 1/2¢
19 7 6 19 6 1 24 1 5 0 I 1/2a
87 12 1 4 14 3 39 4 30 0 I 1/2b
101 7 15 15 8 6 14 9 1 0 I 1/2b
121 7 6 8 8 6 37 1 12 0 I 1/2a
144 22 11 21 24 17 31 13 1 0 111 4b

155 7 10 16 7 5 1 6 0 I 1/2a
307 7 29 8 4 1 1 1 0 I 1/2a
309 22 33 21 24 17 31 3 1 0 11T 1/2a
404 3 1 3 1 4 1 0 I 1/2b
804 4 4 3 5 1 5 1 0 1 1/2a
379 3 3 1 5 1 0 1 1/2b
779 5 6 6 1 2 1 0 1 I 1/2a
A 36 21 40 3 6 37 1 1 0 — 1/2a

TE— RN TIE 2, STA BN B 22 vh B B9 ST A, O 2 52 28 80l 22 45 15 1 A%

5 H A X A — 2R

ABIFSE 43 B BRL G 2R 0T R T I Y A 43 A
5 H AL SCER Y AR — B TR B I R
1/2b IfiL %5 8 5 L B (48.45% ,47/97), ik
1/2a(35.05% ,34/97) , 3 P Fi J2& BIC& P 5 1) v
D, B4 I3 R T 8 5 1 A N A 2 B R TR A R 1Y 4b
MG RIAE B8 3 FLR i o S bk b ¥ AR AE . AR5
Fh R 2R T R A IOV 2 A B R O v R T AR S i
27 48 BRI PCR 43 B W5 b J7 35 R 47, 45 2 JE AR 4%
B BB G 2 R ik o B, HEE R A S
W, #2248 F PCR 23 50 J5 %, AR BIF 5% 1L ¥ 2% 43 Al
251 UL PCR Jp 8 . % BR PCR MLV 27 43 B SC
BRI 3a 3c 4d de 3b T LG AR L b RS
IR AR A FE UL, 5@ F v 4l 1/2a 5% 3a.1/2¢ 1§
3¢ 4b 1 4d 5 4e 1/2b 5% 3b % 7 B Ak — TN
N 1/2a . 1/2¢ 4b F11/2b fiLiE R,

BN AR AR R A M N AR 2 —,
o P 5 L T R IR B DDA OGOk B ) B DR K S 3K
FLEO P AT R BT BE . A B 5T T 0 4 S bk s K
Z B EA iap .prfA hlyA inlA plcB %58 J1 RN, B H
Gy B PRI A X S FhEE O R, R IR &
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WA EAESE D REE LWL, EILFR
T 2 1T B 12 2 0T R AR g ] A L L SRE R I
PR ), A R 2 7 I R A TR 2R R T Y
8], B 7% Uk M T A AE 5 | S T A 4% 0T R TR B R
PR 5 9 1 7 B

MLST J2 3% T 30A= W0 4% 1 1R 3 51 L X B — 7o ik
PR o3 L7k , B4 T8 O A AR A DNA 3 81 £ 1
B RAGE AL W00 )28 S5, BoAT B 19 e B e
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ST87 H = B Y Oy v& VR 1 PR i it o B0 2 B 4 T
ST87 #Uth B 2009—2014 4FW] [a] PG PE T 2 IR 2= 47 4%
T (0 B 0 0L AR 5 R BR ST779.,ST379
ST804 AIAh, HiAl 17 Fp ST £ 7E [ 17 #E W 52 Iy 1) 2%
Wik B B0 PE B (http . //bigsdb. web. pasteur. fr/perl/
bigsdb/bigsdb. pl? db = pubmlst _ listeria _ isolates _
public&page = profiles) H B 47 [ 3% 7 BIRR IO BTRE, 3%
W ok 86 ST A it B0 2 ST 5 1T 76 A [l B2 2 B 5 N8
IR TR I AR R A OG, DA FLIR B B0
1o i STT79 BIHEAMETE (4 2835 53 B9k 0 B, AR
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