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Abstracts : Streptococcus suis is an important swine pathogen in nearly all countries with an extensive pig
industry. It is associated with meningitis, arthritis, endocarditis, septicaemia, bronchopneumonia and sudden
death. Attempts to control the disease are still hampered the lack of effective vaccines and sensitive
diagnostic tools. A PCR method which can be used for the detection of virulent strains of serotype 2,
which is most prevalent serotype, and serotype 1 was developed. However, serotype 1, 2, 7 and 9 strains
are frequently isolated from diseased pigs. In Furopean countries, S suis serotype 2 is the most prevalent
type isolated from diseased pigs, followed by serotype 9 and 1. In Japan, capsular serotype 2 was also the
most prevalent serotype, followed by capsular serotype 7. Most of § suis isolated from diseased pigs belong
to a limited number of capsular serotype, often those between 1 and 9.

We investigated the distribution of S suis serotype 1, 2, 7 and 9 from 740 pig lungs at abattoir in Jeolla
and Chungcheong by rapid multiplex PCR assay. Fifty of 740 lung samples, 6.8%, were § suis positive and
identified S suis were divided by 38% (19/50) in serotype 2, 2% (1/50) in serotype 7 and 4% (2/50) in
serotype 9. The distribution of § suis serotype in Korea was similar to other countries. Moreover, the
multiplex PCR assay may be an useful diagnostic tool for the detection of pigs carrying serotype 1, 2, 7,
1/2, 9 and 14 strains in epidemiological and transmission studies and facilitate control and eradication
programs.
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Streptococcus suis ZFE 9] HEo] FEHI Yt

S suise BAJAM=] AolM a- e f-88E ¥
09 Gram Y9 FFLE HA Y AL Hu, W)
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7t BIET gE AFFEHAAelnt T 1987d
Kilpper-Balzs} Schleifer®o] os) H&o8 2L &5
2 FAEE S suise WYEEoA Jansend} Van
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o] A} gle] e]E Felw& Lancefield group S, R,
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TR lipoteichoic acid7} RAMGel A3t ©&
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e 1 oA 22k5 7 9lr}:. Hommez ef af & S.
suis Zrgol A2 F7) A@ANAM o gL FAE 4
271ty sk B3 B2 AFAES HA S A8y
WoERE BEF S suist FIE 28OE HIEHF
02 e 32 ARRFE EFWe FAdY
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Eo 9@t R=e) AV A Ha T OB A
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8 714 A5Y e MR E S suis7t BRI W
B 7o) AQlste wHiglo]l AAFLE ERstL, &
&7 Mo} porcine reproductive tespiratory syndrome
vims (PRRSV), ¢t o} 7k Sl o8 fdg w7
W gFukeo g BoE gl didsxd g449
& o|lB "MXM adopd S suis7t EFE wet
o3 7|2 Aolste] thgdt S443 WHE il
Aoz duyA ok

5 suis®] WA AARE AAHe FAE 136 kDa
2] muramidase released protein (MRP)Z} #AIWO2 &
g5 110 kDagl extracellular factor (EF), hemolysin
(suilysin), capsule, fimbriae, hemagglutinin §°] &4 9}
P B3] Vecht er al*S 8. suis 28 Foll Al MRPS}
EFE M38E oF (MRP+, BFHE BEA gol &
2= v oA Ee} Tl e gao Aaste MAHdE
74gk v, MRP9} EFE (MR gke 5 (MRP-,
EF)E A7 A Bel EH HYAdx st F
< YA Augy Fstch E HYd #5794
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Z AL B ool 7|E YA w3EA e F
Ex gol 3y FAAe A Uk
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HEe FQ wHelael S suis®] ZIAHE ey,
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1. Adgn=

19994 9UREl 109714 270 T HEes &
Ax A9 740 FRLZNE FstE 74079 HA
HE 4% A8 AHEsAE

2. Alglapy

7). Az

59 949 Aol fAH o2 AYYwo) Holk
pug RpHoR AAsel QYT $ oS A =
We SBYZ2 AT AR 29 GFEAT 2
48 98 97 7o) A F FH4E dHeolE
ol A £ o] AEE 5% WUHYo] HrHE
ol 2] 2 Carter WPH*g WM& slo] 4| =& ISOVitalex™
BBL™, USA) A7piljxel HEshsich

Lk dAddad 9

e AFE-E IS0 WAl 400 Mo FHTY GC
medium base (BBL™, USA) 28.8 g& ol %93 o2
ZagiAadd ZFS 400 mi 8 g9 dred bovine
hemoglobin (BBL™, USA)E =9l & 121T, 1 714l
1557+ B#3 & 8 md 2] ISOVialex™ (BBL™, USA)
H#¥ GC medium baseo] 713 U& Hu¥ dried
bovine hemoglobing &§tated AR TE HFHT L HA
BE HET WIAE 5% C0:9), 37CoIA 18~24A17
Eot 37] wWigFs B A AGS FHsted Zoiui gl
AMEE wiA 9 SUF wiR|ol Aliste] A 2
A 18~24A17F wjokatd k. wikE MdS S suis T3
£ 9J5) catalase A%, oxidase A|¥, VP A%, sodium
hippurate 7}<=E-8l% A3, bile esculin 7HriaE AlY,
amylase AFAAA1E, S -galactosidase A A1E, alkaline
phosphatase ¥H2-A1 %, 0.65% NaCl brothe] 285 Al¥
3 2o At AR 9 1259 B3 A
£ MacFaddin®] %70 Fate] AT

3. Genomic DNA &2
2oy FO2RE PCRE 918 genomic DNA $&-&

Murray$} Thompsone] Wh¥e) Fsle] dalstgch 1
824717k bl AlFHiFeyE 12,000 X g%, 30% &
QF FAEEES 4FAE AAT F TE buffer (10 mM
Tris-Cl, 1 mM EDTA, pH 8.0) 1 ml-& o] pellet2 ¥
AZTh 12000 X g2, 108 5t YA & AFde
A A& thA] TE buffer 300 W& 5% & 10%
(w/v) sodium dodecy! sulfate (SDS) 100 yf, proteinase K
(20 mg/ut, Sigma, USA) 40 u¢ 183 lysozyme (10
mg/ml, Sigma, USA) 100 & H7HA171 F 56T o &
F oM 1AIZF o WEAIZITE ThA] 12,000 X g&, 10
B 94 F 43U AATE 50 @
phenol/chloroformfisoamyalcohol (25:24:1, Sigma, USA)S
EFete] 12,000 X g, 20% HAAA MEZE FEA
24 3} jsopropanol (Merck, Germany) 500 pf & E 95
12000 X g2, 105 94183 F5HE& AASAT 70%
ethanol (Merck, Germany)Z DNA pellet2 H-fA17 th&
7,500 xg, 1087 FAFAE 2 8 AN F 37 A
ZAZch TE buffer 30 wo] &3¢ DNAE F#A12]
# 55T 9 geszolA 1087 WAA)7) F PCRe] o]
$A174A 200 o] BesTh

4. Primere| M=t2} PCR2l =24

7Y PCRE 58 8. suis®] &<l

B0} primer (Genotech Tns, Korea)= & 50| M7
AN Qe 71238 mrp FARS NS primerE Table
13 o] A &sted ALE3ITE PCRE  thermocycler
(MWG Biotech AG Primus 96, Germany)olj 4] 10X PCR
buffer (Bio Basic Ins, Canada) 5 z, 2.0 mM MgChL (Bio
Basic Ins, Canada), 0.25 mM deoxynucleotide triphosphates
(NTP; Bio Basic Ins, Canada), 10 pmol®] forwards}
reverse primer, 100 ng?] template DNA, 2.5 unit®] Tag
DNA polymerase (Bio Basic Ins, Canada)E #7}3}3 k|
Zdko] 50 w7t HEE B FHTE EATh Preden-
aturationS 95T oA 3 B, denaturation- 95C 4] 30
Z%, annealing 64°C oA 1 &, extention 72°C A 1
nowz sla 30 3 wEsEoH HE extention 72T
oA 5 ®z+ AAEck PCR FEAELE ethidium
bromide (0.05 uf/ml; Sigma, USAYS X &3t 1% agarose

Table 1. PCR primer sequences and positions on the Strptococcus suis specific mrp gene7

Primer Nucleotide sequence Location (bp) Products
Forward 5’ -GGC-GGT-CTA-GCA-GAT-GCT-CG-3’ 1913~ 1932 bp

517
Reverse 5’ -GOG-AAC-TGT-TAG-CAA-TGA-C-3’ 2400~ 2429
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Table 2. Streptococcus suis multiplex PCR primer sequences and their positions on the serotype 1, 2, 7 and 9 specific cps'

genes
Segﬁ;g’ Primers Nulceotide Sequences Positions Products
Forward 5" -GGC-GGT-CTA-GCA-GAT-GCT-CG-3’ 4398 ~ 4417
cps 11 440 bp
Reverse 5" -GCG-AAC-TGT-TAG-CAA-TGA-C-3’ 48394821
Forward 5’ -CAA-ACG-CAA-GGA-ATT-ACG-GTA-TC-3’ 13791 ~ 13813
ps 2 675 bp
Reverse 5" -GAG-TAT-CTA-AAG-AAT-GCC-TAT-TG-3’ 14465 ~ 14443
Forward 5 -AGC-TCT-AAC-ACG-AAA-TAA-GGC-3 333413354
cps TH 250 bp
Reverse 5 -GTC-AAA-CAC-CCT-GGA-TAG-CCG-3° 3585~ 3565
Forward 5" -GGC-TAC-ATA-TAA-TGG-AAG-CCC-3’ 4106~ 4126
cps 9H 390 bp
Reverse 5" -CCG-AAG-TAT-CTG-GGC-TAC-TG-3" 4494~ 4475

EolHQl mp &
AHEFE STk

gelol HNAEH F Al ZAIE
A ZENES Gos

). Multiplex PCRE- £-3F S, suis 1 (+14)
78 183 98 A&

E0] primer (Genotech Ins, Korea)= Smith et al’**'o]
Bd QM EE JRE & ps FAAPl ik
primerE AHS-3}1 3. Table 20 vheldt ule} zhth PCR
< thermocycler (MWG Biotech AG Primus 96, Germany)
E AMEsi¥e 10x PCR buffer (Bio Basic Ins,
Canada) 5 14, 20 mM MgCh (Bio Basic Ins, Canada),
0.25 mM deoxynucleotide triphosphates (dNTP; Bio Basic
Ins, Canada), Z}2}+2] 10 pmol forward$} reverse primers,
100 ng9] template DNA, 2.5 unit®] Tag DNA polymerase
(Bio Basic Ins, Canada)& H7}3}2 HF o] 50 ul7}
EE 837 F/4E E3irh Predenaturation 95°C ol A
10 ¥, denaturation> 95°C oA 1 &, annealing-2 56°C <l
A1 1 &, extention2 72Coll M 1 222 3] 30 3] WHE
3}l PCR SEAME-& ethidium bromide (0.05 uf/mé;
Sigma, USA)YE X 3l 1% agarose geloﬂ ANGEs &
29} ZAZIR eps FHA FEAEE AT

2 ¢+129%

2 o

1. Streptococcus spp.2l &2l

199931 9 HE] 1999'd 109714 270 &9t He
o 2AE MY MM F7I2EE AHT 740709 H
o A] Gram 44}, catalase Al%, oxidase A]¥, lactose

&) A8, VP AlE 58 AR 11052] Streptococcus spp
a2
&

sttt

2. PCRE 8% & suise| #el

Streptococcus spp. 2 ®-2E 1107 48 l:H yog

mrp 7 2ol Wi ¥ primerE ©|-&3te] PCR %45 23}

507}]—4 ZF (S5%)N M 517 bpe] FolHl FEZNE
& ¥ 4 U} (Fg 1.

3. Muttiplex PCRE &%t S suis 88 &+

PCRE %3l ¥9HE S suis 50572 yie=
multiplex PCRE H£-3 A3} fig. 20 vehd uie} Zo)
2 (+1/2%, 78 183 9% o) digle o]l 675, 250,
390 bp2l PCR FEAES 08 7 SlSith
multiplex PCRE- 3831 A3+ Table 33 7}o] 28 0] 19
(BR)T2 71 B2 FEE EAL THH 0¥ 2 47 1
QBT 2 BT FUSATE 1 (+1H3L2 PCR £F
AHEE ERIE 0 glglen, 1 ol9e] ¥AYo] 28
(56%)F X3 Th

Table 3. Serological distribution of 50 Streptococcus suis
isolates from pneumonic lungs of slaughtered pigs

Serotypes NO. of Positive (%)
2 (+1/2) 19/50 (38)
7 1/50 (2)
9 2/50 (4)
others 28/50 (56)
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M L1 L2

L3 L4 L5 L6

fig. 1. Specific amplification of Streptococcus suis mrp gene by PCR.
M, marker(100 bp); Lane 1-6, Streptococcus suis isolates.

L1

L3 L4 L5

fig. 2. Specific amplification of cps gene of Streptococcus suis serotype 1 (+14), 2 (+1/2), 7 and 9 by muitiplex PCR. M,
marker (100 bp); Lane 1 and Lane 2, S. suis serotype 2 (+1/2); Lane 3, S. suis serotype 9; Lane 4 and Lane 5, S. suis

serotype 7.

4. S suis®| WEEE 5N

29 S suis 5050 tE A3}EHE A2 Table 4
o} Zrokr). S suist Gram YA QA Fgo g, g
2848 Jeple 1 moldte o 22 A7)y A
< A3, YRR & Asth F2E S
suis X5 catalase A] 3, oxidase A|¥, VP A%, sodium
hippurate 78l glolr] BE &A4HE-g HPow,
0.65% NaCl brotholl 4 =& F37F & ¥oren,
bile esculin 7}<3-3l, amylase 443, 5 -galactosidase Al
3, alkaline phosphatase 4452 w9 ¥ FAHES

Vet B3] S suis 289 W& bile esculin 78
&, A -galactosidase A§4], alkaline phosphatase AJAl%&
HF 100%9] 4d& VeI B8 S suis 5052
A 52 Table 59 Ztrt. E21® 5079} 8. suisol A
ribose, arabinose, mannitol, sorbitolo] e A= R E #3
7} 44 e 9, lactosed]] tiElAlE RE 9FA o)
2tk % trehalose, inulin, raffinose, glucose= 70% ]/
9 & 4 E8E YeERI S sucrose, maliose, salicine-
15% o] 8] wf-9- @2 YA && Ueblth 53] S, suis
28 2] 739 trehalose, inulin, raffinosel= T} ¥R FHEof
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Table 4. Biochemical characteristics of 50 isolates of Streptococcus suis from pneumonic lungs in slaughtered pigs

. Positive (%)

Properties Serotype 2 (+14) Others Total
Catalase 0 0 0
Oxidase 0 0 0
Voges-Proskauer (VP) reaction 0 0 0
Hydrolysis of sodium hippurate 0 0 0
Hydrolysis of bile esculin 100 75.0 85.4
Arginine dehydrolase activity (ADH) 17.8 208 19.5
Amylase production (AMD) 82.4 87.5 85.4
B -Galactosidase production (5 -GAL) 100 83.3 90.2
Alkaline phosphatase activity (PAL) 100 62.5 78.0
Growth on 0.65% NaCl broth 0 0 0

Table 5. Fermentative characteristics of 50 isolates of Streptococcus suis from pneumonic lungs in slaughtered pigs

Positive (%)
Fermentable substrates

Serotype 2 (+1/2) Others Total

Ribose 0 0 0

Arabinose 0 0 0

Mannitol 0 0 0

Sorbitol 0 0 0
Lactose 100 100 100
Trehalose 93.3 75.0 82.1
Inulin 93.3 62.5 74.4
Raffinose 93.3 833 87.2
Glucose 79.2 66.7 74.4
Sucrose 6.7 0 2.6
Maltose 6.7 12.5 10.3
Salicin 0 42 2.6

HlE) 90% ol "¢ we& &S dEhi:
salicinol] theiM= BF S48 Yehith

o #

S, suisy= AbEWel A7 bR JAY BEE
g A7 JolE Hix Y HEAM A&7, EF
Atole] 4+ AZREFES o|FLE Ayt o|Foi3
ok BgEd vgEERe] EF AR Al 5Y ole] ¥
ZAEEo ZEEY AQ HEE HAE EFELE o)
2 ol4e A& & 4 oM

S suise YAEAE Hole EZRTohE ARE
FME ZFPEC 2 9F9 A9 dHes A
7k ol R ALES A HA A 0% ol e E 7
B0 RIHAY, ELEHEE 100%2] ZdEe] ByE
ATETT g o] A% A e A THAE Z o)
AAEE QAR FAl A 63%9] THES B3
o sfelME S suis7} AFEZN de] REHo Y&
£ & 4 AU Cltfton-Hadley™ 9} Higgins et al' S.
suis®] QS Thae) zole Yoy dwtHow 77}
3~12 FH3} 5~10 FHe| g Aol gon,
4 FE 5~7 739 Aol gl EOT B
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Fou 94, AAE B g ol A QYA &
e sgrk

Clitfton-Hadley et a3 3 S%& A7}st sjx9] w7},
HEol Ao 8 suis Be)&o] 2+t 12.8%, 27.5% 5 e}
U w7 R HEoA S suis Belgo] By BIEg
o1} HypEolat Atk v, WEOA EAle) S suis7}
2eE #5o won® gebd AEAE AHA) v Z
HEo)A EAo] #FH8E At Ho| gusich

E2® S suis 50Fo] g sty AAdAdAA
sodium hippurate 7}-5-8 50 3lo) = 2P By §
Es} ARREANAN Ee§ FFE BF S4BT B
TEgon, B AYME Ry #F BRIt SAS
vebiick. VP Al 3t 0.65% NaCl brothe] @45 Al g
A e AFatse] B’ s AR BE S4S
el e H bile esculin®] 7H5Ee5 & Flo) B
& upo} Zho] BF FAS VERE O} amylase®] 4%
2 & F'e % oz} sgoey B AgdAE
85%2) e HATh £ FEHT dHIM & F
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SAolg Kusgy & AYdME BE Fa g7}
sorbitol 4322 veh} U3 d34E Jepdch
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103%, 0% “13] 7 2.6%2] w9 22 UAHES JeEpA
o & B2 968%, 67.7% 112X 935%9 ul$ =
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ghx Aafo] Tiekste] o) o]&¢ FEAdE AL
piR=g

HJo M g jo 4

2 @

v S suis 35F2) XE gAY mp KA &
sl HAH ] AAQo] PCR 7IHOE S. suis?) mrp
FAAE Folsty Al&aa & & 18 &
rk” PCR ATy e th2 FEoAE= Eo]Fe] PCR
Heol HEHRA o} BojAol AT, chkgt
P71 Bl M BU$ AHE HATHE S suis
18 FET W o g Ai7bslo] & A ¥ PCR
< HEsle] 5072 S suisE  FAT £ Yo
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A AYHET S suis I F AL B o] o
= 0 4l&35e sl o] PCRE o] &3k M7l
oo {23k w oz AzbEn

o] dF A S suis 28] FElE 500 BEFF
1938%)+2 7174 Bl BeHEAT. oldst A= S
suis 280] 1A B B¥E HHul= Hommez ef al,”
Katacka ef al,”* Sala et al®' 12|73 Vecht et af®e] .39}
farstg o, S E & Flo] BaEld S suise] o
Aol 2, 112, 1, 3, 5 ¢o)ri= Biel FAB T 1
9] s}Zel A4 AIPHME HHY 3, 4,8, 2 502
B¥y} M1y, depaPeds 785 88, uds
=P A 28] 23 HolgolP e WY 2,
1,9 12 €28 F2 E¥E ¥ty ByEgoen,
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TOE BEE HolX jlo] H7MHER: Y B
E 23 OES ¥ F ddt 28U AR S
suisl] et A7 F2 28 HEHYUTE HE 280]
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HAdg vehly 7 Belgo) 2R teksiAl o
Ehty, B4 HAdda W] wde] A
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AL 2T A H 747 F7helA E&HE 7407
o) HE 49 ABE AL S suisE E2EAL, ©
£ PCRS &3] #elavh Beld S suisi= multiplex
PCRE %3l ¥AY 2 (+1/2), 7 3} 98 E£F38A2H ©]
B2 3o i Azisty 448 AAske ot 2
AEE 43Uk

rlo i

1. AA 74071 = 7)ol PCRE AHE&§ A3 50
(6.8%)3=9] S. suis?} ¥-2 %Ak

2. BEd 5059 S suise] Asler3 5492 catalase
A%, oxidase A%, VP A9, sodium hippurate 7}
Hals AY, 0.65% NaCl broth &85 AlgA
2% 248 Jeh .o, bile esculin 7Hr38) 5
A%, amylase A} A, B -galactosidase A3 414,
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