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Abstract : The present study was conducted to investigate the incidence of Streptococcus suis infection in the
pneumonic lungs of slaughter pigs from December 1992 to April 1994 and to examine the biochemical and cul-
tural properties, the antimicrobial susceptibility and serotype of the isolates.

Fifty-six(7.95%) strains of S suis was isolated from 704 pneumonic lungs of slaughter pigs, of which 33 cultures
were isolated alone, while remaining 18 were complicated with Pasteurella multocida. Of the 56 S suis isolates,
18(32.1%) were serotype 2, 5(8.9%) were serotype 1/2, 2 were serotype 1, 1 each for serotype 3 & 5, and the re-
maining 29 were untypable.

The twenty five strains(44.6%) of all isolates produced hyaluronidase while 15 strains(88.3%) of 18 serotype 2 iso-
lates were hyaluronidase producers. All of isolates were highly susceptible to ampicillin, amoxicillin, ceftiofur,
cephalothin, ciprofloxacin and penicillin G, although the majority of them were resistant to kanamycin, colistin,
erythromycin, oxytetracycline.
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R, $ 9 TZ §-F3lgla’, Eliott et alo] SA-ES} ¥q}
o $hEo2ve 223 Lancefield group D2 strep-
tococci® S suis type 13} S suis type 12 B-{F% v},
o] group S W R TYUY Yo 2 Udeizlon,
19871 Kilpper-Balz®} Schleifer'’e] l2)ell wie} Strep-
tococcus suisthe M2-F FFo 8 275U

S suis?] PHYL HopTAAE Aolol 28] v+
o)==, AF7HA] type 10014 28 W 1/29] 298 =1EH
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S suisv= AE9] Huteda P FUJAAE &
d2iA g3, Aol A EE7) B YANE 2
F8A4e] 7= glcl. Hommez et al®& S suis 3t
ool sixl8] 7] AgellA o] g FAE Yo
3 a3t E3 B ATALEe] HAl HPwHoz
FE S suisg F-elsta, o]9] F3 €y¥o| serotype
28}z BIasep et g st olyzl ARE
9] v BEAME S suis7h Hels]o® 2, A7}
Hgol EFUlY FAsloz 33 A4, 337 %
d ToZ Fg AR, BE % A9 7]
3 FAvt g 9 e FFA oiAiAlel A E A
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S suis®] WYAAAAEZE muramidase released
protein(MRP)8} extracellura factor(EF), hemolysin®
Bol AMAEPew, dif $ESZHE]= MRP+, EF-
phenotypeo] Relsls, AZRFESY HAEAXE
MRP-, EF- phenotypeo] ¥-8}¥|w}*¥* MRP+, EF+
phenotypeQ] T HEh A A9} whall o] 4ol
A gsin] WY E 7sje}7?%,
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= ZA, Y SR 7 AFET FAE
74, E3UBAAM Sl A ZAAA st o 4
Zhasie, wto| ZEek=ul4y] HYo] gkadslo] Qe &
viel G A9 948 AR o, mycoplasma in-
duced respiratory disease complex9} T&s}ed, S suis
Aol % Hige] WA 2 iyt 43 e
Az, 2| FollA e S suisZHedol 213t H kAol
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4& 24313
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E&N =55 HiX $4F Hy@udol e
H 70400 E A, W g 7158 F FEE AR
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FAEE o- Ev -8 YodE vAARE R
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£ diul=ze] Dr Henrichsen(Statens Seruminstitut.
The Streptococcus Department)2 2 IE] Fopuro
type 1, 2, 1/2, 3, 5, 62] S suis reference strainsZ A
B3l A=3)90c}.

reference strains& 7% Y¥A M7} Todd-Hewitt
agarol] k8l ¥, phosphate buffer salineE §7}3}od
AT, 23] 94 Mk, o] 8 60ToA] 3087 94
gsl] B3}ict. o] PBSo® 33 AMHsa
MaFarland scale No 40l] & 5.8 2 ¥ 4Tl AR
WA A58 FHoE A8t
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AFdon, HFHEA=HE 108 F A48
T3 SANGs T YL Felsie] 70Tl WEEY
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BAYe Y : Eo9 S suise] YL Gog-
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3 g salined 412 5, $UH L Hol=2] &
Al gAo] Yolvkerte B3

capillary precipitation testol] A8-3F FARE3q 9
AlzF THB 10mioll §2iFE wid ¥, 3000rpm
1587 A Eestd 4FHL AAsI o]l 0.2ml2)
PBSE M7 #, 121T 1587F agbE s, oA
QAR FFRE £, o]F FHFEYHUE
Agsigich gt gEA] wgaHo] foliEF
3}942 phenol red soluton® Z, EHL Amido
black 10BE AR&3ted FHsgl o, capillary tubeo]]
A 13 AL ESAIA 108 ol el ATl
AR R QAE = A o2 Wt

AYststx] AMAPZ{AL : catalase, indol, urcaseAYAd,
gelatine§3}, VP ¥+~ amylase A4, methylene blue 3
%, sodium hippurate 4 bile esculin 7}5-E3, 6.5%
NaCl broth @ McConkey agar(w/o crystal violet)ollA]
o] Ay 58 AAERa, 22 4F G Y
4 hyaluronidase 45 A8 & AA3Iglon, RE Al
%2 Cowan”, MacFaddin®, Isenberg ct al*2] ul4jo))
Wkl hyaluronidase A343%5~2 Devriese et al**2] HhY
o we} APF FHl| P multocida capsular type AE
e wioksied HehE AR Y P multocida
7} ke g o2 s

Hemolysin 44 Al : A% A, B, O} WY, 4,
HE 9 E7| HYFol digt S suis®] hemolysin ac-
tivity & &4sisict. sigigloe NS 7 FE
9] ¥4 1800rpm 10%7F YAE=G ¥, HYTE
AA st} PBSE 33 MA#a 2% HETHRNHE T
Eo| FA Agell Agsich THBelA st Ff
2% HYFEGHG 1:12 T3 5, ALojA 44]
HE3t -8 Bt

AMZTN AlY : B2l 45 <Al g
4 A1g-- Sham ct al9] whiol] whel UG H3] A
< Agsle] ofAlY] FEE DAY, ATl o
g HAWSAE S (minimum inhibitory con-
centration; MIC)YgE &733lc}.
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199213 129 8E] 1994 4¥A o] UTFEFANA
E35e HAF &dHoE sFWEe] ge
70482 8E] Bald S suisy= Table 1ol Vehd ule}
Z}.

Z2Ee] "Hgyde] v 704 HIAERZRE 565
9] § suis7} Hejxlo] 8.0%9) Held-g Jeluigly, &
3 S22 pleurisylio] AARE = el el
ol 17%2 7] vepych.

Table 2% =I@wWwo] AR oA S suiseh
o E AlEae) AR EE AHE Aol

EelF 565 F S suis HE-Eel9] 97t 3352 7}
7 wskom Pasteurella multocida®}] E3tzedo] 185,
)& streptococci®he] Eze| 2%, staphylococci®}e]
E3zedol 13 Fog vepskon Actinobacillus pleu-
ropneumoniae9}2] Ekedsile gl

EZES] HI3gHoe] gl 704 dIA B2 E] Hy
S suis?] PP Table 3o Vet ule} Zo}
type 1o} 25, type 27} 185, type 1/27} 55, type
37} type 571 27+ 1o m WA 298E yped UE
T $idet.

Z&Ee] HWdoel v H2RE E2l% S suis
56528} reference strain 65-2] AE3H3 BA 9] ok
A4-e Table 40 e wis} 2. BRE FF7)
amylase & A8} 0w, catalase, urease, indol 341 3}
V-P AJ{, gelatin H3}X| 4, methylene blue $H1A1¢
ol el AU 23t} sodium hippurate 75
#jol] 2l A} reference strains& B -S4 ubd, £
FollAl= 247(42.9%)7F RS vehllo] 57
o) A3yt 2o)7k PAHULY. 6.5% NaCl brothoil A
BE #57) AekA 9k, McConkey agaroil A1 2] ul
ofAlL- 33%ke] oz veht 70%7F FAeleEtn
% Hommez et al'*2] H319%= 2to]7} qlgict.

Table 1. The isolation frequency of S suis from 704

pneumonic lungs of slaughter pigs

No of No of  Percent of
lung S suis S suis
examined isolates isolates
Enzootic pneumonia 33 0 0
uncomplicated
Complicated 513 29 5.7
pneumonia
Complicated 158 27 170
pneumonia with
pleurisy
Total 704 56 80
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Table 2. Bacterial isolates in relation to S suis from pneumonic lungs of slaughter pigs

Types of lung lesion

Bacterial organisms Enzootic pneumoina Complicated Complicated pneumonia  Total(%)
uncomplicated pneumonia with pleurisy

S suis only 0 16 17 33( 58.9)
S suis & P multocida 0 0 18 18( 32.1)
S suis & other Streptococci 0 1 1 2( 3.6)
S suis & Staphylococci 0 0 1 1( 1.8)
S suis & others 0 2 0 2( 3.6)
Toatal 0 19 27 56(100.0)

hyaluronidase®] AL HalF 565 F 255(44.
6%)9} reference strains 25(33.3%)7} %FAolglon,
Table Sell4j ¢} Zro] Fe|52] Aol uie} F33 3}
o}7} 3Uslc}. serotype 298] 18%F F 155(83.3%)7} hy-
aluronidase & WASFAT 19]9] 382 F 102(26.3%)
gro] hyaluronidaseE AA3=RAoE Jeh}, hy-
aluronidase A34d-g<ll glo] serotype 20| wj$ &
& LEhigich

S suis H8]F 5659} reference strains 652] FE-3)|
52 Table 63} 7tc}, EelFe} reference strains &5
glucose, inulin, lactose, mannose, sucroseoll thafA+
90% o)go] 4l ¥hd, sorbitolol] A= BE T
F7} 24019l arginined 88.7%, salicin 77.4%,

Table 3. Capsular serotypes of 56 S suis isolated from

704 pneumonic lungs of slaughter pigs

. Percent of
Serotype No of isolates isolates
1 2 3.6
2 18 321
1/2 5 89
3 1 1.8
5 1 1.8
Untypable 29 51.8
Total 56 100.0

Table 4. Biochemical and cultural properties of 6 reference strains and 56 isolates of S suis

No of positive isolates(%)

Properties No of positive reference strain(%)
Amylase production 6(100.0)
Catalase 0 0.0)
Urease 0( 0.0)
Indol prodution 0( 0.0)
Hyaluronidase production 2( 33.3)
Voges-Proskauer reaction 0( 0.0)
Gelatin liquefaction 0( 0.0)
Methylene blue reduction 0( 0.0)
Hydrolysis of Bile esculin 1( 16.7)
Hydrolysis of Sodium hippurate 0( 0.0)
Growth on: 6.5% NaCl broth o( 0.0)
McConkey agar w/o crystalviolet 2( 33.3)

56(100.0)
o( 0.0)
6( 10.7)
0( 0.0)
25( 44.6)
0( 0.0)
o( 0.0)
2( 3.6)
7( 12.5)
24( 429)
4 7.0)
18( 32.1)
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raffinose 71%, maltose$} trehalose 67.7%, mannitol
29%7} oF o 2 eyl

E=&E9) 3ol A H 2P Ealdt S suis)
7} gl tigt hemolysin activity(Table 7)3= #i}
Yol ] 425(75%)7F FAollon, A% Ayt
B¥ Mol tisiAe 41.1%, OY HgFll dall4
T 44.6%, & HYTE 64.3%, & HYTE 69.6%,
E AYYE 51.8% I E7] HAYFE 48.2%7F hemo-
lysin 94 2.2 Uhebkeh. Atz Brle] HaTol vhe
A& a-hemolysist} f-hemolysis7} $-AlslA] Jeht
o, W, 4z, ge] ATl A& a-hemolysis7} -
AalA Jebsket.

el 565l i3t amikacin - 16%-2] 89

MIC %7377 Table 8¢l Yehd vhe} 2t} amox-
icillin, ampicillin, ceftiofurol] thsfAl= cefiiofure] 13
£ A&¥ BE 7571 159 244 (<0.78pg/mlyE
Yehlgl 3L, cephalothin, ciprofloxacin, penicillin Goll
A= BE F57F £ ArA4E Jvehiidley,
kanamycinel] 563(100%), colistinell 523(92.7%), ox-
ytetracyclineoll  4832(85.7%), erythromycini} lin-
comycinoll 415%(73.2%), streptomycinel] 313(55.4%),
gentamicinel] 1952(33.9%) Fol WAS yehigich.
amikacinel] tHaliA % 85(14.3%)7F A& H531gle
o, chloramphenicoldll tH A& 559 7H5A-S 1}
Ehigic.

Table 5. Ability of hyaluronidase production of 56 S suis isolated from pneumonic lungs of slaughter pigs

Serotype No of isolates No of positive isolates(%)

1 2 0o( 0.0)

2 18 15( 83.3)

1/2 5 1( 20.0)

3 1 0( 0.0)

5 1 1(100.0)

Untypable 29 8( 27.6)

Total 56 25( 44.6)

Table 6. Fermentative propertics of 6 reference strains and 56 isolates of S suis
o No of positive
Fermentable substrates No of positive isolates(%) . Total(%)
reference strains(%)
Arginine 6(10.7) 1( 16.7) 7( 11.3)
Glucose 56(100.0) 6(100.0) 62(100.0)
Lactose 50(89.3) 6(100.0) 56( 90. 3)
Maltose 36(64.3) 5( 83.3) 42( 67.7)
Mannose 13(23.2) 18( 29.0)
6(100.0)

Mannitol 54(96.4) o 333 60( 96.8)
Raffinose 42(75.0) (333) 44( 71.0)
Salicin 43(76.8) 5(83.3) 48( 77.4)
Sorbitol 0(0.0) 0C 0.0) o( 0.0)
Sucrose 52(92.9) 6(100.0) 58( 93.5)
Trehalose 37(66.1) 5( 83.3) 42( 67.7)
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Table 7. Hemolysin activity of 56 S suis isolated in relation to the species of erythrocytes

No of isolates(%)
RBC Total(%)
a-hemolysin production B-hemolysin production

Human type A 7(12.5) 16(28.6) 23(41.1)
Human type B 8(14.3) 15(26.8) 23(41.1)
Human type O 8(14.3) 17(30.4) 25(44.6)
Sheep 35(62.5) 7(12.5) 42(75.0)
Bovine 28(50.0) 8(14.3) 36(64.3)
Chicken 36(64.3) 3( 5.4) 39(69.6)
Rat 16(28.6) 13(23.2) 29(51.8)
Rabbit 8(14.3) 19(33.9) 27(48.2)

Table 8. Susceptibility of 56 cultures of S suis isolated from pneumonic lungs of slaughter pigs antimicrobial
agents

No of cultures with MIC(pg or IU/ml)

Drugs

<0.1 0.2 039 078 156 313 6.25 125 25 50 100 100<
AN 3 5 5 5 30 6 2
AMX 44 7 3 2
AM 33 19 3 1
XNL 39 9 2 1
CF 25 4 5 4 9 6
C 9 11 35
CFX 6 1 6 6 11 26 1
EM 5 2 2 5 1 3 1 33
GM 5 2 9 21 4 3
K 16 22 11 2 2
M 9 1 1 1 3 5 14 1 11 15
OTE 1 1 4 1 1 1 8 39
P 27 5 5 13 3 3
SM 1 1 6 17 5 3 5 18

AN: amikacin, AMX: amoxicillin, AM: ampicillin, XNL: ceftiofur, CF: cephalothin, C: chloramphenicol, CFX: cipro-
fioxacin, EM: erythromycin, GM: gentamycin, K: kanamycin, LM: lincomycin, OTE: oxytetracyline, P: penicillin G,
SM: streptomycin

I & Z 4 7|BAHY 5 ok 4L Jehie g4
Afes duta, vidds, 45 5 89 vlF, M
Streptococcus suiss AN A] ¥uted, WA, ¥ o}, 3F, oklo} 5 kE o] Wiyt AlA| RE A
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Aoll4] ofol] oJ4t six|2] Avubgo] Hslo] gict.

w3 GE 9 FE JF FAA A A= AW S
doglE AFFTFHINE, F2 ol AR Huisd
3 FAANA F83A) chFolA stew Zejel SR
Z1RAHEH ] YAMEE FEET Qict. Wlellel A
= S suisoll A% (A9 Hztdo} FAGE} EF
714N A o B A7t "ok sen’, A =
Ha @AY wHellA Eeld S suisell et G2 2
27} o] FoJA| 2 Y.

Boetner et al-2 S suis ZdEollA QejdgH AL
& AARt A3, B¥ focal pneumonia®} per-
ibronchial lymphoid hyperplasia 4=730] it 3%
Y, i AH oA v|JEEH HAAE ANE A S
suis$} @7 A pleuropneumoniae, P multocida, M hy-
opneumonige -] F-elsle 971 B, W ol
e S suise] ¢ @YY L serotype 20|31 19
o type 3, 7, 8 Fo| Fas='""*, ARE] vZz}
HEZHE] E5E S suist type 22t} type 3, 4, 7,
8,9 Fo| $Aslch Bas gl

¥ Agelde sigywe] e H2He Feidt
5632] S suis 565 % 183(32.8%)7} P multocida®}
7 =% o), A pleuropneumoniaest R 21 €
e glen, 3358 S suistto] Fel=glct. =4 =)
Hujwo] Sle #Hlol|A Eel¥ 5659 S suisF 185
(32.1%)7} type 22 S-AlsiAl Yehd o Eaie}l 4x]
she A Jehidch. s-eliviele] 39 dii-Ee] =
A7} mycoplasmadl] 73 =]o] Q= AA o, E A
A S suis7t Hel® A9l BE oA mycoplasma =3
Weo] Yehti glod, S suis ©H53Hdell ot =gyl
ABrhe mycoplasmacl] HAE ol 24 WAM =X
S suis7} Zd, W@ S AHA & A2 A7

S suis F-BlF 565701 T A3 A4 o -l
% A¥lA sodium hippurate o|-goll §lo] =% #4
o e AZREANA Bl FFe BF S48
o s}, B Afol|l A reference strainse 25 &
A whd, BelFe 42.9%} FHoZ Xol7} UL
), maltose$} esculin o] §FoNHE =¥ g 4 T
B aole 4t Zolrt QA= o9 2L Xole
Aol 423 Fo £l 89 A AZE FelF 59
Z}olof] &gk Aole} Azt

Devriese Wbppe}l T BollA Rel@ S suiste
sorbitol ¢kA1Ql whd . siR|ojA B2|F S suise sor-
bitol S4jolgla Rasa, & A4 E BE ¥5F
7} sorbitol 241 0.2 Jeh} Axs AAE vehigd

=3

Hyaluronidasc®] A34doll §lo] Devrisc2 A§4}7]%
ol B8 S suis 173% 1537} hyaluronidase & 4
Asie], Tk 71l el FEe Aol 39
o}t £ AYelA & 5659 ST F F 44.6%71 A
22 yelgkon, 53] serotype 28] 35 83.3%7} %
Aoz el hyaluronidase 4ol RUo1A serotype
27} HolH o2 FA vEhlz Uit olgt 3 A
€, Y28 seronype 27} AZRERGE FEollA
wol Eelse A& 221¥ v, hyaluronidase 453}
WAkl o) ot At Hesiche 42kE
{3}

Hemolysin activity2 ok, 4, g2 H¥E T oj|A u)
23 24 Jebga, 4972 5ol viele- 9 p- &
Yokt 449 At o2 dehded. ol A Al
wi} AHREE "R e F8gge] dEA)
Uhehdeha & A3t fgskeh 47, hemolysind
s @yt B4l L gl

gAA g Aol dii-Ee] F571 ampicillin,
amoxicillin, ceftiofur, cephalothin, ciprofloxacin, pen-
icillin G goll 3159 #P4& 7FA, erythromycin,
tetracycline, kanamycin, lincomycin, streptomycin “-oi]
WA-E Jehe] o AYAES] Haeh Y= 4
A olgc}. tetracycline] 739 2%, 4 §¥'o] Stz
AZAARES] w733 JAY olfAE, AAEELZRE
e F5e FE59 griel dod, i g
ol R FEE & S Bl diaT, B
AYoA e 85.7%} & B, sl el =
£ WAdol A=

kanamycinoll cisfjA 2%, 4 S 64%} WS U
ERigicta slglent, £ AdoAle 100%e] F7t W
A& Bt penicillin Gofl thsiA] & Aol WA
YEF7 glgdert, 4 S 44.3%, Estocpanestic?}
Lammler*& 20%7} W4)-& viehaigichar Barsigich

ol¢} e A H59 xol= FelFY FelAd,
el 29 9 2ol it MX) 55 B3t F=HA e
2 BQc}. oA AT o] 24le)d chAliA
dog =% AHn fA# I, S] amikacinel] f
g WA E5571 8 A

d 2

19921 124958 1994 49 Ao], A7 EZ7
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4 E&5E A €S, SUAHoE Y Wule] gl
3= 704 HANBZEE] Streptococeus suise] B2 & A%
o Felde) wig A4, A3 54 3 ¥3%
& =A%

7042h2] HH@W LA B F 565(8.0%)2] S suisE
Helsigle vl o] F P multocida®t EXAE A7}
183(32.1%)% 3 A pleuropneumoniaes®} Er<d=
o= gilth. EelF 56F F scrotype 27} 185(32.
1%)E. 717 gho] Ba=%l.o, serotype 1/2+= 55(8.
9%), serotype 12 253(3.6%), serotype 33 serotype
57} zhz} 154 Bel®l wbd, UnR] 295 1ebe] ¥
AY o2 A=}

BalF 563 F 25%(44.6%)7} hyaluronidase S A
As}. 21}, serotype 29] hyaluronidase 444452 88.
9%(18%F & 153%)2 thE serotypeo]] H|3l| vf-$ A
viepydct.

hemolysin 45~ Y FPoll tHall 75%(365)2]
Fel ol gAolglom dok, &, @] HllM & a-§
Yol, Aja}t B7] YYoll4 & p-8Ho] $-AlsiAl e}
sk},

RE Bg|Fo] ampicillin, amoxicillin, ceftiofur,
cephalothin, ciprofloxacin, penicillin Gel] i3] ¥ 7
4€ eI, kanamycin, erythromycin, ox-
ytetracyclineol] thall A& B2 #5714 & B9lon,
amikacinol] tEjA & F2lF 8571 A S (5% A
2 =gl

AnEs

1. Devriese LA, Heasebrouck F. Streptococcus suis in-
fections in horses and cats. Vet Rec 1992; 130(17):
380.

2. Hayakawa Y, Komae H, Ide H, et al. An occurrence
of equine transport pneumonia caused by mixed in-
fection with Pasteurella caballi, Streptococcus suis and
Streptococcus  zooepidemicus. | Vet Med Sci 1993,
55(3): 455-456.

3. Bungener W, Bialek R. Fatal Streptococcus suis
septicemia in an abattoir worker. Eur ] Clinic Mi-
crobiol Infect Dis 1989; 8(4): 306-308.

4. Hantson P, Vekemans MC, Gautier P, et al. Fetal
Streptococcus suis meningitis in man. Acta Neural
Belg 1991; 91(3): 165-168.

10.

11.

12.

13.

14.

15.

16.

17.

— 304 —

. Peetermans WEC, Moflie BG, Thompson ]. Bac-

terial endocarditis caused by Streptococcus suis
type 2. ] Inf Dis 1989; 159: 595-596.

. Field HI, Buntain D, Done JT. Studies on piglet

mortality 1. Streptococcal meningitis. Vet Rec
1954; 66: 453-455.

. de Moor CE. Septicemic infections in pigs caused

by heamolytic streptococci of new Lancefield
groups desingnated R, S and T. Antfonie wvan
Leeuwenhoek 1963; 29: 272-280.

. Eliott SD. Streptococcal infections in young pigs.

1. An immuno chemical study of the causative
agent{PM streptococcus). ] Hyg Camb 1966; 64:
205-212.

. Winsor RS, Eliott SD. Streptococcal infection in

young pigs IV. An out break of streptococca;
meningitis in weaneed pigs. ] Hyg (Camb) 1975;
75: 69-78.

Kilpper-Balz R, Schleifer KH. Streptococcus suis
sp. nov.; nom rev. Int | Syst Bacteriol 1987; 32:
160-162.

Gottschalk M, Higgins R, Jacques M, et al. Des-
cription of 14 new capsular types of S suis. J Clin-
ic Microbiol 1989; 2633-2636.

Gottschalk M, Higgins R, Jacques M, et al.
Characterization of six new capsular types(23
through 28) of Strptococcus suis. | Clin Microbiol
1991; 29: 2590-2594.

Perch B, Pedersen KB, Henrichsen J. Serology of
capsulated streptococci pathogenic for pigs; Six
new serotypes of Streptococcus suis. | Clin Mi-
crobiol 1983; 993-996.

Sandford SE, Tilker AME. Streptococcus suis type
2 associated diseases in swine; Observation of one-
year study. ] Am Vet Med Assoc 1982; 181: 673-
676.

Hommez J, Devriese 1.A, Henrichsen J, et al. Iden-
tificadon and characterization of Streptococcus suis.
Vet Microbiol 1986; 11: 349-355.

Gogolewski RP, Cook RW, O'connell CT. Strep-
tococcus suis serotypes associated with diseases in
weaned pigs. Australian Vet | 1990; 67: 202-204.

Koehne G, Maddux RIL, Comell WD. Lancefield
group R streptococci associated with pneumonia



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

in swine. Am J Vet Res 1979; 40: 1640-1641.
Ossowicz CJ, Pointon AM, Davies PR. Strep-
tococcus suis isolated from pigs in south Australia.
Australian Vet | 1989, 66: 377-378.

Vecht U, van Leengoed LAMG, Verheijen ERM.
Streptococcus suis infections in pig in the Neth-
erlands. Vet Quarterly 1985; 7: 315-321.
Clifton-Hadley FA, Alexander TJL, Enright MR,
et al. Monitoring herds for S suis type 2 by sam-
pling toncils of slaughter pigs. Vet Rec 1984a;
115: 562-564.

Brisebois LM, Charlebois R, Higgins R, et al. Pre-
valence of Streptococcus suis in four to eight week
old clinically healthy piglets. Can ] Vet Res 1990;
54: 174-177.

Davies PR, Ossowicz CJ. Evalution of methods
used for detecting Streptococcus suis type 2 in
tonsils, and investigation of the carrier state in
pigs. Res Vet Sci 1991; 50: 190-194.

Flores JLM, Higgins R, D Allaire S, et al. Dis-
tribution of the different capsular types of Strep-
tococcus suis in nineteen swine nurseries. Can Vet
J1993; 34: 170-171.

Williams AE, Blakemore WF, Alexander TJL. Ob-
servations on the pathogenesis of meningitis cased
by S suis type 2. 10th IPVS Congress Proceedings
1988; 151.

Jacobs AA, Loeffen PL, van den Berg AJ, et al.
Identification, purificadon, and characterization
of thiol-activated hemolysin(suilysin) of Strep-
tococcus suis. Infect Immun 1994; 62(5): 1742-
1748.

Smith HE, Vecht U, Gielkens AL, et al. Cloning
and nucleotide sequence of gene encoding the
136 kDa surface protein(muramidase-released pro-
tein) of Streptococcus suis type 2. Infect Immun
1992; 60(6): 2361-2367.

Vecht U, Wisselink HJ, Jellema ML, et al. Iden-
tification of two proteins associated with virulence
of Streptococcus suis type 2. Infect Immun 1991;
59: 3156-3162.

Vecht U, Wisselink HJ, Dijk JE, et al. Virulence
of Streptococcus suis type 2 strains in newborn
germfree pigs depends on phenotype. Infect Im-

29.

30.

31

32.

33.

34

35.

37.

38.

39.

40.

— 305 —

mun 1992; 60(2): 550-556.

Galina L, Pijoan C. Phagocytosis and intracelluar
survival of S suis serotype 2 in swine mononu-
clear cells. 13th IPVS Proceedings 1994; 139.
Vecht U, Arends JP, van den Molen EJ, et al.
Differences in virulence between two strains of S
suis type 2 after experimentally induced infection
of newborn germ-free pigs. Am | Vet Res 1989,
50: 1037-1043.

HTE, o] VY, oA, AEellA 9 ATFA
G B AT 2. AYENA Y S suis type
200 4% Ao}t FAGTA. BT TF
BAEH A 1992; 16(3): 169-178.

HEE, A, AENA Y ANTEA AAF
off #& AT 1. o]FEollA S S suis type 2 off
A%k A HAuted o] e} oA FFA. g5
O] FF B A 33] 2] 1990; 14(1): 35-45.

29F. A oA e AT RESZHE
2] Streptococcus suis FE 4 FA A A
Aot et ot =4 1988.
Devriese LA, Ceyssens K, Hommez J, et al
Characteristics of different Streptococcus suis eco-
var and description of a simplified identification
Method. Vet Microbiol 1991; 26: 41-150.
Devriese LA, Hommez J, Haesebrouck FM, et al.
A simplified identification method for Strep-
tococcus suis and characteristics of an unusual eco-
var isolated from the genital tract of swine. 12th
IPVS Proceedings 1992; 166.

. Rantz LA, Randall E. Use of autoclaved extracts

of hemolytic streptococci for serological grouping.
Stanford Med Bull 1955; 13: 90-291.

Cowan ST. Manual for the Identification of Medical
Bacteria. Landon: Cambridge Univ Press, 1974.
MacLowry JD, Jaqua MJ, Selepak ST. Detailed
methodology and implementation of a semiau-
tomated serial dilution microtechnique for an-
timicrobial susceptibility testing. Appi Microbiol
1970; 0: 46-53.

Isenberg HD. Microbiology Procedures Hand Book.
Washington: ASM, 1992.

Sahm DF, Washington JA. Antibacterial sus-
ceptibility tests: Dilution methods. Manual Clin-
ical Microbiology, 5th ¢d.1991; 1105-1116.



41.

42,

Higgins R, Gottshalk M, Mittal KR, et al. Strep-
tococcus suis infection in swine. A sixteen month
study. Can | Vet Res 1990; 54: 170-173.

Boetner AG, Binder M, Bille-Hansen V. Strep-
tococcus suis infections in danish pigs and ex-
perimental infection with S suis serotype 7. Acta
Path Microbiol Immunol Scand Sect B 1987; 95:
33-239.

43. Devriese LA. Streptococcal ecovars asociated with

different = animal species: Epidemiological sig-
nificance of serogroups and biotypes. | Applied
Bacteriol 1991; 71(6): 478-483.

. Estoepangesties S, Lammier C. Distribution of

capsular types 1 to 28 and further characteristics
of Streptococcus suis isolates from various Eu-
ropean countries. Int ] Med Microbiol Virol Parasi-
tol Infet Dis 1993; 279(3): 394-403.

— 306 —



