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Study of association between deletion of key virulence genes and pathogenicity
of Listeria monocytogenes in Chaoyang District of Beijing
HAO Min, RUAN Mingjie, WANG Hengwei, TIAN Tian, SHAO Xifeng, SONG Yanyan
( Chaoyang District Center for Disease Control and Prevention, Beijing 100021, China)

Abstract; Objective To investigate the association between deletion of key virulence genes and pathogenicity and
serotype of 81 strains of Listeria monocytogenes ( L. monocytogens) isolates in Chaoyang district of Beijing from 2016-2018.
Methods Serotyping was performed on 81 strains of L. monocytogenes by polymerase chain reaction (PCR) and serum
agglutination assay, and 11 virulence genes (inlA, inlC, inl], pleB, prfA, mpl, iap, hly, actA, inlB, plcA) were detected
by PCR. The susceptibility of these strains to 9 antibiotics were tested by broth dilution. Based on the epidemiological
survey data, the relationship between the deletion of key virulence genes, pathogenicity and serotype of L. monocytogenes
was studied. Results  The 81 strains of L. monocytogenes were classified into 4 serotypes: 1/2a serotype 50.62%
(41/81), 1/2b serotype 29.63% (24/81), 1/2¢ serotype 11.11% (9/81) and 4b serotype 8.64% (7/81). The
predominant serotype of food isolates and patient isolates were 1/2a. The positive rates of virulence genes inlA, inlC, inlJ,
pleB, prfA and mpl were 100%. The positive rates of iap, hly, actA, inlB and plcA were 98.77% , 98.77% , 97.53%,
80.25% and 38.27% respectively. The proportions of the 81 strains of L. monocytogenes carrying 7, 8, 9, 10 and 11
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virulence genes were 1.23% (1/81), 2.47% (2/81), 7.41% (6/81), 59.26% (48/81) and 29.63% (24/81). The
positive rate of hly in genotype 1/2¢ was lower than that in other serotypes, and pleA was only 100% carried in genotype
1/2b and 4b. 70.37% (57/81) isolates lacked 11 virulence genes and 1/2a (41/57, 71.93% ) was the main serotype.
Only inlB was not detected in 1/2b (6/24, 25.00% ) and 4b (1/7, 14.29% ) serotype. There was no significant
difference in the distribution of gender, age, pregnancy related or not, and the source of strains in 16 virulence gene
deletion strains isolated from patients ( P>0.05). The resistant rates of 81 strains of L. monocytogenes to penicillin,
erythromycin and ampicillin were 4. 94%. MIC to chloramphenicol of 57 strains was as high as 16 pg/mL and MIC to the
other antibiotics was low. There were three drug-resistant strains in the virulence gene deletion strains, and one inlB
deletion strain was resistant to penicillin, erythromycin and ampicillin. Another inlB deletion strain was resistant to
penicillin. The plcA deletion strain was resistant to erythromycin. Conclusion The dominant serotypes of
L. monocytogenes isolated from food and patients in Chaoyang district of Beijing was 1/2a. There were some virulence gene
deletion strains. Deletion of some virulence genes had limited effect on pathogenicity of L. monocytogenes strains. The drug
resistance rate of L. monocytogenes isolated from food and clinic was low, but surveillance and control of virulence genes

and drug resistance of L. monocytogenes should be strengthened.
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Table 1  Primers used for serotypes of Listeria monocytogenes
HA SIFEI(5'-3") B KR E/C Bt K/ /bp I 5 45 S
F.:AGGGCTTCAAGGACTTACCC
Imo0737 57 691 1/2a.1/2c¢.3a 3¢
R:ACGATTTCTGCTTGCCATTC
F:AGGGGTCTTAAATCCTGGAA
Imol1118 56 906 1/2¢ 3¢
R:CGGCTTGTTCGGCATACTTA
F:AGCAAAATGCCAAAACTCGT
orf2819 56 471 1/2b .3b 4b . 4d 4e
R:CATCACTAAAGCCTCCCATTG
F:AGTGGACAATTGATTGGTGAA
orf2110 56 597 4b 4d 4e
R:CATCCATCCCTTACTTTGGAC
F:GCTGAAGAGATTGCGAAAGAAG L
prs 55 370 2 3 TR U T A T PR

R:CAAAGAAACCTTGGATTTGCGG
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FMBLPEYD ) [HIC EUCAST 136 e 52 36 58 A
Y b 2 ( Clinical and Laboratory Standards Institute,
CLSI) brife , A B Wy SR 5 |, A3 A B AR T 3k
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Table 2 Primers used for virulence genes of

Listeria monocytogenes

57 N L B R B
£ S WIF A (57-3") BE/C KN/bp

F:CCGCACTCACTAACTTAGAG
inlA 58 580
R:GTTGTTTCTTTGCCGTCCAC

F:CTCAAGCAGAAGAATTCA
prfA 53 695
R:TCCCCAAGTAGCAGGACA

F:AATTCCCACAGGACACAACC
inlC 57 517
R:CGGGAATGCAATTTTTCACTA

F:TGTAACCCCGCTTACACAGTT
inl] 58 238
R:AGCGGCTTGGCAGTCTAATA

F:ACCGCCTCCAACAGAAGATG
actA 56 644
R:GGATTACTGGTAGGCTCGGC

Al F:GCCTGCAAGTCCTAAGACGCCAATC 5 206
iy R:CTTGCAACTGCTCTTTAGTAACAGC

F:AAGCACAACCCAAGAAGGAA
inlB 54 1107
R:AAAATTCCACTCATGCCCAC

F:TCCCATTAGGTGGAAAAGCA
plcA 58 840
R:CGGGGAAGTCCATGATTAGA

F:CAGCTCCGCATGATATTGAC
pleB 57 723
R:CTGCCAAAGTTTGCTGTGAA

F:AAAGGTGGAGAAATTGATTCG
mpl 58 450
R:AGTGATCGTATTGTAGGCTGCTT

F:ACTGGTTTCGTTAACGGTAAA
iap 56 810
R:TTTAGTGTAACCAGAGCAATC

WrRFTa 53 #R (5.52%) , X80 FAEBR 58 %M
PR An (81 1) o BRLHE 2 J0T R5 1805 f91) 40 25 Bk 28 ok, I
o PR 21 49 (75. 00% ) , 18 151 (64. 29% ) 4F i Bt
H1~60 2,19 Bl (67. 86% ) by I Y AH OG5 191 ; B4 2=
R TR 1910 53 B SR R AT . MLV (13/28,46. 43% ) Jifi
£ (8/28,28.57%) . Wi B W (4/28, 14.29%) | i ¥
(2/28,7.14% ) FIWHIK+ (1/28,3.57%)
2.2 ILE B 5 A RRAE

81 MR EAIG 4= T R B 23 oy 4 il %5 AL . 1/2a Y
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Figure 1 Distribution of Listeria monocytogens

isolated from food

50.62% (41/81) .1/2b % 29. 63% (24/81) .1/2¢ %I

10 Fh 11 BB EE 7 55 A B AR HL R 1. 23% (1/81)
2.47% (2/81) .7.41% (6/81) .59.26% ( 48/81) .

29.63%(24/81) ,

11.11%(9/81) 4b %1 8.64% (7/81), 53 k& itE 2.4 AFEDRIEE RS S 2N o Ai
T B I Y 0 A . 1/2a B 50.94% (27/53) . 1/2b B IR T R RN ) 43 B bR B 7 IR A R 22
B 26.42% (14/53) (1/2¢ %5 16.98% (9/53) . SRS E L (P>0.05)(£3),
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Table 3 Distribution virulence genes of Listeria. monocytogenesisolated from food and patient
P i ity 1Bk (53 ) 93 191 43 S bk (28 Bk ) i P
S G B 1 T A 4 R/ % FH P T Mk R/ % )
inlA MAEE A 53 100. 00 28 100. 00 — —
inlC WAL= C 53 100. 00 28 100. 00 — —
inl] MALE ) 53 100. 00 28 100. 00 — —
pleB 45 A To I 6 g it C 53 100. 00 28 100. 00 — —
prfA PriA 53 100. 00 28 100. 00 — —
mpl Mpl # 53 100. 00 28 100. 00 — —
actA ActA 11 52 98. 11 27 96. 43 — 1. 000
hly TR L E O 52 98. 11 28 100. 00 — 1. 000
iap P60 H H 52 98.11 28 100. 00 — 1. 000
inlB MILE B 42 79.25 23 82. 14 0. 097 0.755
pleA 5 i K JUL P s it 17 32.08 14 50. 00 2.492 0.114
2.5 OR[A] i v A B AR B D 6 R A A 1 O hly pleA ¥ F A (P<0.05) , hly #EH# % 1/2¢

75.00% (18/24) 1/2b #1 5 85.71% (6/7) 4b

UK 43 a8 A, Horp 2b AU 10 fk & Tk
BAME 8 BRI 1] 43 35 bk, 4b A 2 Bk B VR M B Bk .
6 PRI AT B bRk . 1/2a B 1/2b 1 1/2¢ B 4b #I

i)

BT HoAth 3 A 1l

W pled {LAE 1/2b FI 4b

100% #5747, Ho Ay 9 Rl Sy 3L IR, 4 Fh iy 75 A5 47 R

ER LGB X (P>0.05) (£ 4)

o

4 AR L T B 2 ST R R TR PR R 2 TR 0 A I B
Table 4 Distribution virulence genes of Listeria monocytogenes with different serotypes
— 1/2a(41 %) 1/2b(24 #) 1/2¢(9 #k) 4b(7 ¥k) 2 g P
PRMETERREL AR/ % BHMEEGRE HEWR/ % PMETERREC M Ro  PHMEREREL B R/9%
inlA 41 100. 00 24 100. 00 9 100. 00 7 100. 00 — —
inlC 41 100. 00 24 100. 00 9 100. 00 7 100. 00 — —
inl] 41 100. 00 24 100. 00 9 100. 00 7 100. 00 — —
mpl 41 100. 00 24 100. 00 9 100. 00 7 100. 00 — —
pleB 41 100. 00 24 100. 00 9 100. 00 7 100. 00 — —
prfA 41 100. 00 24 100. 00 9 100. 00 7 100. 00 — —
hly 41 100. 00 24 100. 00 8 88. 89 7 100. 00 8.1 0. 044
iap 40 97.56 24 100. 00 9 100. 00 7 100. 00 0.988 0. 804
actA 40 97.56 24 100. 00 8 88. 89 7 100. 00 3.576 0.311
inlB 34 82.93 18 77.78 7 77.78 6 85.71 0.769 0. 857
plcA 0 0.00 24 100. 00 0 0. 00 7 100. 00 81 0. 000
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70. 37% (57/81) B 2= 0 4 B B AR AR AE 5 S L Table 5 Statistical analysis of virulent gene deletion strains
e ,ﬁ‘]b’:& pleA .inlB ap .actA Pl hly,ﬁj%ﬁi%ﬁj\jt’ﬂ]jj in 28 strains Listeriamonocytogenes isolated from patient
44. 44% (36/81) 13.58%(11/81) .1.23%(1/81) 1.23% = ’ffl(‘?fﬁ x?ﬁﬁ;%) o P
(1/81) 1.23% (1/81) . £ ¥ 1 B Bk (41/53,77.36% ) .
FUREB IR O T (16/28,57. 1400 S 1 3ER ')y 7 )
R 2 R IG 4 L (P>0.05) & . b —  1.000
2.6.2 A7 IR K 10 1) 43 B 0 4 A S it
RSN BB A 16 B TE SR M B B R R . ;
S AR I PR BRI DL R A S IR OGS eo- ; , 0.165 0.921
M 225 ¥ TG L (P>0.05) (£ 5), AE 2 0
263 Il L R 8 97 56 B A3 A L b ; ;
LB R 1/2a B (5 71.93% (41/57), Wit 8 s
1/2¢ % 5 15.79%(9/57) ,1/2b %115 10.53% (6/57) , sy 2 2 5.688  0.128
4b 5 1.75% (1/57) . 1/2a B35 Jy 0 9 B 2k %, ngif ‘1‘ 3
plcA 100% (41/41) (inlB 17.07% (7/41) \iap 2.44% JL 54T 4R AR
(1/41) .actA 2. 44% (1/41) ;1/2b B GRS inlB , Hok SRSl 19 2306 0.223
Be N 25.00% (6/24) 51/2¢ TR J1 5o R B2k R, pled R RSUES I

100% (41/41) . inlB 17.07% (7/41) . iap 2.44%  5-66%(3/53) 3.77% (2/53) ; W il 73 Bk 75 i & |
(1/41) \actA 2.44% (1/41) % .inlB 22.22% (2/9) hly  ZLEEER Z N PUMKT 25 5 3.57% (1/28) 3. 57%
11.11% (1/9) actA 11.11%(1/9) ;4b B ER 2 iniB, (1/28) 7. 14% (2/28) , B I VE T Bk 5 9 ] 43 25 Bk

HAR KRN 14.29%(1/7) it 25 % 2% 5 RG24 L (P>0.05) , HAx 6 it
2.7 WU AT AEFE ST BREN A W ke i A & R OMIC fH &k
2.7.1 25U S B MR B 16 pg/mL, Hr 36 Bk A B IRME R R 21 B R 61 43

T 2545 /2 M EUCAST ARl W& R LR . Bk 0 28 ke vl o b b 2k 38 MIC {H 35 880/
GURVGART 25 R Yl 4.94% (4/81) . £ UM B Hk 96. 3% FRIG A=W RE I 7 A MIC {0 2 pg/mL,
HHR LAHER Z TG 25% K 5.66% (3/53) | 01 B JEE B Bk MIC {57515 8 pwe/mL(£ 6) .

F 6 81 BRI AEITRR B X O A A KBRS R

Table 6  Antimicrobial susceptibility patterns of 81 strains Listeriamonocytogenes to 9 antibiotics

o AT e JBE g/ mL) 038 MIC 1 8 B 50 () MIC fi[ MICy, MIC,,
0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 (mg/mL) (ng/mL) (pg/mL)
HHER 0 1 0 12 47 17 2 0 2 0 0 0 <0.06~8 0.5 1
R PR 0 0 6 7 52 12 4 0 0 0 0 0 <0.12~2 0.5 1
AR/ E 0 0 0 69 10 0 1 1 0 0 0 0 <0.25~4 0.25 0.5
TR 0 0 0 1 0 178 0 1 0 0 0 <0.25-8 2 2
EFRE 0 0 0 0 75 3 1 0 0 0 0 <0.5~1 0.5 0.5
AEHR 0 0 0 0 0 0 0 1 23 57 0 0 4~16 16 16
) 28 1 0 0 0 0 0 112 68 0 0 0 0 <l-~4 4 4
E=IEZES 3 3 76 1 0 0 0 0 0 <0.03~0.25 0.12 0.12
CR iR 0 0 0 13 17 51 0 0 <0.25~1 1 1
2.7.2 T J1 LI B R i 2 4 3 i
57 MREE I 5 A R bR AEAE 3 BRI 25 R AR, — AR HTRE T A 13 Bl WS AL, H 1/2a BRI

PEA inlB GG BE, BB R L8R AN VAR 1/2b B ] 5] 42 8 & % 1, 4b A 5 5| & & AT
2550 R R indB SRR IUE BRI 2G5 =R FENE R AN 3E [ 4 K 22 502 7 55 18 s il 4b AU 5|
pleA BRIHR T FE R it 2y, FU L SCER IR G A AR AT TR N R I A%
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RS I v oA 4 SR 388 2 HpRe T B Sy RS I 5 G
A ALBEAE Z 5 1 TAE Hore g8 A H | fin i f g 2
ST TR A OC £ TR M e W B 2 BT AR T O A1)
PR B B A LR IR AH OC 0 1], 43 B AR A DA I v A G
Feoh 3, AR U UR AR DGR 1) 53 B bR A Sy I RN i A
W, JLRTTTE BH X E O R R R 2 e B L 10 )
S, R 2 SO AR TR 01 43 B MR A T W T
L35 789 55 R TR e A — S, A0 AR A R D TR
TABGREN T,

B 2R MR TR A A L PN A A TR LR e R Y
ST W BRI PR SRR A K i ] 3 S
gy BRY B— W Kd TR, LIPL-]
b5 B 2 R A B N R A G LIPL-2 B B R
KRR 0 B BR A2 2B A O R TR X 11 R
JIFEEAE 81 #k Lm T or A AT 0F 58, K 4
1/3 BIG 2 H07 A5 TR T bR 5 T 4 A O R PR AU M
ML3E R 1/2b 5 4b, 70. 37 % () B8 2= Hir 4 T A vk A7
TEFE 1A (pleA | inlB iap . actA F hly) BRI L,
PEH M R 1/2a 35 3 BL R F 8 J0 I pled FEA
100% 82K . pleA 2% 15 Tl Jig BE UL B2 A4 85t 149 % 1 il C
(' Phosphoinositide-specific
PLC) , A BT Lm JBi 25 7 W5/ R 8% e i 3 48 i . T
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