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Abstract: Streptococcus suis is a major pathogen in pigs and also a zoonotic pathogen. This
bacterium has numerous serotypes, among which S. suis serotype 4 (SS4) is known to infect
humans and poses a threat to public health due to its potential high pathogenicity. [Objective] To
develop a multiplex PCR method based on specific virulence-associated genes of SS4 virulent
strains to achieve precise identification of such strains. [Methods] Based on previous research
results, four target genes specific to SS4 virulent strains—sly, igdE, tran, and sao—were selected,
and the SS4 serotype-specific gene wzy was used as an internal reference gene to design a
pentaplex PCR method. After optimization of the multiplex PCR amplification system, specificity
and sensitivity tests were conducted. This method was then employed to detect newly isolated SS4
strains. Additionally, zebrafish virulence assays were performed to validate the accuracy of this
method. [Results] The multiplex PCR method specifically amplified the target genes, effectively
distinguishing SS4 virulent strains from lowly virulent strains. The method exhibited high
sensitivity, with a minimum detection limit of 4.1x10° CFU or 12.5 pg of genomic DNA.
Specificity validation confirmed that this method accurately identified SS4 virulent strains. This
method was then employed to examine six clinically isolated SS4 strains. Three strains were
identified as virulent, showing high pathogenicity in zebrafish and causing a mortality rate of
60.00%—86.67%. The other three strains were identified as lowly virulent strains, exhibiting low
pathogenicity in zebrafish and causing a mortality rate of 0-6.67%.[Conclusion] A multiplex PCR
method based on virulence-associated genes of S. suis was successfully developed, enabling
accurate and sensitive identification of SS4 virulent strains. This method provides technical support
for the early diagnosis and effective prevention and control of S. suis infections.
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=1 KT A Streptococcus suisE KSR

Table 1 The information of Streptococcus suis strains used in this study
Strains Serotype Date Host Isolation source Virulence level
ND90 4 2014 Diseased pig Lung A%
WUSS406 4 2017 Healthy pig Tonsil A%
2018WUSS011 4 2018 Healthy pig Tonsil A%
2021WUSS075 4 2021 Healthy pig Tonsil \%
2018WUSS156 4 2018 Diseased pig / \Y%
ID36054 4 2011 Homo sapiens Blood A%
WUSS346 4 2017 Healthy pig Tonsil \%
2018WUSS160 4 2018 Diseased pig Spleen v
WUSS309 4 2017 Healthy pig Tonsil L
WUSS399 4 2017 Healthy pig Tonsil L
2018WUSS056 4 2018 Healthy pig Tonsil L
2020WUSS059 4 2020 Healthy pig Tonsil L
2022WUSS018 4 2022 Healthy pig Tonsil L
2022WUSS019 4 2022 Healthy pig Tonsil L
2022WUSS056 4 2022 Healthy pig Tonsil L
2022WUSS141 4 2022 Healthy pig Tonsil L
2023WUSS108 172 2023 Healthy pig Tonsil /
2023WUSS142 1 2023 Healthy pig Tonsil /
ZJWUSS065 2 2024 Diseased pig Brain /
SZWUSS009 3 2024 Healthy pig Tonsil /
SZWUSS051 5 2024 Healthy pig Tonsil /
2023WUSS088 6 2023 Healthy pig Tonsil /
2023WUSS049 7 2023 Healthy pig Tonsil /
SZWUSS056 8 2024 Healthy pig Tonsil /
SZWUSS029 9 2024 Healthy pig Tonsil /
2022WUSS024 14 2022 Healthy pig Tonsil /
ZJWUSS044 4 2024 Diseased pig Lung /
SZWUSS010 4 2024 Healthy pig Tonsil /
SZWUSS047 4 2024 Healthy pig Tonsil /
SZWUSS048 4 2024 Healthy pig Tonsil /
SZWUSS0137 4 2024 Healthy pig Tonsil /
SZWUSS0138 4 2024 Healthy pig Tonsil /

V: Virulent strains; L: Lowly virulent strains; /: Unclassified.

tran-F/R H1 sao-F/R N 5191, 4rillLA SS4 55 )bk
2021WUSS075 #1555 75 bk 2022WUSS056 11 4 7
55 % W (ODg00=0.6) A A i 17 5L 8 PCR 473 .
PAEE PCR 441K £ (25 uL): Rapid Tag Plus DNA
Polymerase 12.5 uL, =, T#5%(10 umol/L)

& 0.75 uL, #EHz 2.5 uL, ddH,0 8.5 uL. PCR
PIAFEF . 95 °CHIASE 5 min; 98 °CAEME 105,
56 °CiE k 30's, 68 °CHEfH 30s, 30 I1EI;
68 CCGEAH 5 min, PCR P=HJ%E: 1% BiighE
HERE, JNEE S uL, HLE 180V, Hi¥K 15 min,
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R/2 AEARETASI
Table 2 Primer used in the study
Target genes Annotation/Function Primers name  Primer sequences (5—3’) Size (bp)
sly Suilysin sly-F ACTTACGAGCCACAAGAGATT 1048
sly-R CACTGCTATTATGGACTGTTGA
igdE Cysteine protease IgdE igdE-F GCTTCCTGCTTATGTTGTTGTTG 840
igdE-R GCTGAGATTGTTTCCTGTGTTGA
wzy Wzy polymerase wzy-F GACTGGTTATTTGACAGCGATT 604
wzy-R AACAGTGGCAAGCAATACAAAG
tran Transcriptional regulator tran-F GGTTCAAGACTGGAAGAATTACGA 453
tran-R GAGGAGATTGGCATTATCAACTGA
sao Surface antigen one sao-F ATGGTGGACTTGGCGATATT 208
sao-R GTCATTGCTTCCTTAGAGACTT
142 ZEPCRIE FRIEILAR 1o Hehh, TERHAR S BERR B 1

KHFE 2 sy, LSRRG
Iy R RE 1:1:1:1:1 FLBRA . /9L SS4
/18R 2021WUSS075 ARk 2022WUSS056 fY
Y TR 1% 77 (OD0o=0.6) WAL , #E47 L # PCR
i, HE PCR P 4K R (50 pL): Rapid Tag
Plus DNA Polymerase 25 pL, [UfiRE 519 F
75 uL, FUFIRATIY R 7.5 uL, Bk 5 pL,
ddH,0 5 pL, PCR §" 4 % % . 95 °C il 2% %
5min; 98 °CZEM: 10s, 56 °CiE -k 30s, 68 °CHE
1 30s, 35 NMEH; 68 °CLLEM 5 min, PCR
PR E 1% BEIRMERERS , NAE 8 uL, HLE
180 V, Hijk 20 min,

15 %EPCRARMBBMLSHEN
A

FiMR 1.4.2 T £ PCR G IK ZR AN G
FF, 43Rk SS4 3 J1kk 2021WUSS075 A4 E 1
F5 W (8.2x10%-8.2x107 CFU/mL) Fll %& K 41 DNA
(0.025 pg/uL —2.500 ng/uL) A H , PE47 H &
PCR ¥4 , Kl £ & PCR & & 19 s i .
Murray IR /R T 10 A5 EEBK B 0 200
MR, R HP M 1. 12, 2, 3. 5. 6.
7. 8. 9 M 14 RV PRAOCH) 2 AT, I,
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J1IR B % SCHR[11,19-20] H H R 19 79k, 7
20 T 0 B R B S AR, fdE ] PBS U
P2 W, SRS TR A Y SRR L g S
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3x10° CFU, i s RS 12-96 h IFET- %,
TESNYRGL SR b, BCEFEHERR A 1E 2 25 )
e SC070731R1 . 4% i 3K B 1ML 9 AL T B Bk
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Distribution of virulence-associated genes in virulent and lowly virulent strains of Streptococcus suis
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E2 BEPCRMAZEPCRI I, A. FEEEEKEATIEE IHE2021WUSS075 MM EF T L EEPCR (JKiE 1-5) Al
FLHEPCR (JKIE6)Y 145 B: LISEHERK H 4555 75 £k 2022WUSS056 g 1 H 347 B B PCR (K GE 1-5) Al 1L
PCR (JKiE6)4 1. M: DL2000 DNA marker; N: %5 X (LAHO W BEAR) ;s ~AUSRTCH et B 435 +
REEA RS AT .

Figure 2 The results of single plex PCR and multiplex (5-plex) PCR amplification. A: Single plex PCR (lanes
1-5) and multiplex PCR (5-plex, lane 6) amplification using the virulent strain 2021 WUSS075 of S. suis serotype
4 as the template; B: Single plex PCR (lanes 1-5) and multiplex PCR (5-plex, lane 6) amplification using the
lowly virulent strain 2022WUSS056 of S. suis serotype 4 as the template. M: DL2000 DNA marker; N: Blank

control (H,O as template); —: The absence of specific target bands; +: The presence of specific target bands.
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E3 ZEPCRAOIBBMSHZM. A: LITEIFR2021WUSS07540 @ 55 F2 0 MM (K 1-6: 4.1x10°,
4.1x10%, 4.1x10°, 4.1x10*, 4.1x10", 4.1x10° CFU); B: LI#E/1#k2021WUSS075%E K 4 DNA AR (1K il
1-6: 12.5ng. 1.25ng. 0.125ng. 12.5pg. 1.25pg. 0.125pg); C: %FXFEEEERE AR i 3% % Y 2 FPCR
S PRI IE (T B 1 - 11 1L % 4 &1 2021WUSS075.  1/2 %9 2023WUSS108, 1 %1 2023WUSS142, 2 %!
ZJWUSS065. 3 #Y SZWUSS009. 5 #I SZWUSS051, 6 %I 2023WUSS088. 7 #Y 2023WUSS049, 8 #l
SZWUSS056. 9ISZWUSS029, 14%12022WUSS024); D: A% 5% i Bk A 22 F PCRAS S M B0 [Tk i
1-9: FHYERS IO BERK R 4R R PR 2021WUSS075) . KIGHFFE . BIFERAIGE . BB R ZeAT i . &
MR . BRI E . D IREEEK T . SEEEK I WA DL TCRLEE R A s N 25 UM IR (LI H O W EAR)]

Figure 3  Sensitivity and specificity of multiplex PCR. A: Using the bacterial culture of virulent strain
2021WUSS075 as the template (Lanes 1-6: 4.1x10°, 4.1x10%, 4.1x10°, 4.1x10?, 4.1x10", and 4.1x10° CFU); B:
Using the genomic DNA of virulent strain 2021 WUSS075 as the template (Lanes 1-6: 12.5 ng, 1.25 ng, 0.125 ng,
12.5 pg, 1.25 pg, and 0.125 pg); C: Specificity of multiplex PCR for different S. suis serotypes (Lanes 1-11:
serotype 4 (2021WUSSO075), serotype 1/2 (2023WUSS108), serotype 1 (2023WUSS142), serotype 2
(ZIWUSS065), serotype 3 (SZWUSS009), serotype 5 (SZWUSS051), serotype 6 (2023WUSS088), serotype 7
(2023WUSS049), serotype 8 (SZWUSS056), serotype 9 (SZWUSS029), and serotype 14 (2022WUSS024)); D:
Specificity of multiplex PCR against non-S. suis strains (Lanes 1-9: Positive control (S. suis serotype 4 strain
2021WUSSO075), E. coli, G. parasuis, A. pleuropneumoniae, S. aureus, Enterococcus spp., S. pasteurianus,

S. equi subsp. zooepidemicus, and S. agalactiae; N: Blank control (H,O as template)).
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Figure 4 The results of multiplex PCR for newly
isolated strains of Streptococcus suis serotype 4. V
indicates a virulent strain control; L indicates a lowly
virulent strain control; Lanes 1-6: Newly isolated
strains of S. suis serotype 4, namely ZJWUSS044,
SZWUSS010, SZWUSS047, SZWUSS048,
SZWUSS0137, and SZWUSS0138; N: Blank control
(H,O as template).
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Table 3 The results of the zebrafish infection experiment

[F] B ke v 3k 6 PR - B A S A B A7 A 225 57 o
W R, SS4 B SRR AR AT sy
igdE . tran f sao X 4 NTEEUR R HAHE
YERI B85 JIAH G IEDR o 3ok 26 56 D] 43 ) Gt L) 375 L
K (suilysin, Sly). 8B RIZERE H G 7
(IgdE), M H Sao AlFEsEI¥EH F Tran, E
AT 8 S 3Kk AT ) B0 LR b K 4 AR
Sly J2— i Hy A % ok T 7 2 118 EL [T s s 1 2 £ L
BER, TEIEHEBRRTA B9 B0 o R h A s E I
B2 NI L R BTSSR B P Sly i
IR AE 3 A0 MO P AL, 5 kA A
X2 R AR R BRI AR AR, A
T R AN . Y R AR G e AT e Ak,
Sly iR BESZ TG ERAMA RS, A B THEERK A
() fagse ke, T A] RE RS A JE 09 A BERE,
M D TR S I AR AR R, TedE X 1gG
HAHEAKMEN, X G Box & B EE
Sk, FW IgdE nlaeE—Fhpr i H 2 n )
FAEH T, Sao 2K A EEHERR B v 8 A<
JE—MRIEN, NMUFET I 2 BIw kS,
WAEZ RO MG A 12 0600, Sao HE
5355 S e 327 Az R BN SR Sy, RO ik

Strains Deaths in each period Total Mortality P value Significance
12h 24h 36h 48h 60h 72h 84h 96h deaths rate (%)
ZIWUSS044 1 4 6 0 2 0 0 0 13 86.67 0.0006  ***
SZWUSS010 0 0 0 0 0 0 0 0 0 0.00 <0.000 1  #&**
SZWUSS047 2 4 6 0 1 0 0 0 13 86.67 0.0032  **
SZWUSS048 2 4 2 1 0 0 0 0 9 60.00 0.0015  **
SZwWUSS0137 0 0 0 0 0 0 0 0 0 0.00 <0.000 1  *x**
SZWUSS0138 0 0 0 1 0 0 0 0 1 6.67 <0.000 1  *x**
SC070731 5 9 1 0 0 0 0 0 15 100.00 - -
SH040917 0 0 0 0 0 0 0 0 0 0.00 <0.000 1  *¥**
PBS 0 0 0 0 0 0 0 0 0 0.00 <0.000 1  *¥**

The survival outcome of serotype 4 strains for zebrafish was compared with that of the highly pathogenic strain SC070731 using the
Log-rank (Mantel-Cox) test. **: P<0.01; ***: P<0.001; ****: P<0.000 1.
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