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Mor phological Characteristicsand Pathogenicity of
Streptococcusiniae

Hyun Jeong Kim, Sung Ho Woo, Jin Woo Kim*and Soo || Park
Department of Aquatic Life Medicine, Pukyong National University, Busan 608-737, Korea
*Pathology Division, NFRDI, 619-900, Korea

Sreptococcus iniae is one of the major bacterial pathogens of cultured olive flounder, Paralichthys oli-
vaceus in Korea. This study was carried out to investigate the interaction between morphological character-
istics and immune response such as phagocytosis and serum killing activity. They were differentiated phe-
notypically into two groups, the viscous colonies and the non-viscous colonies, but the strains in both
groups were similar in physiological and biochemical characteristics. Electron microscopic examination of
the viscous form revealed thick, electron-dense exopolysaccharide materials surrounding polycationic fer-
ritin-stained cells, while the exopolysaccharide material was absent around the non-viscous form of S iniae.
The viscous type strains were disclosed more virulent than those of non-viscous type for olive flounder. The
viscous strains were resistant to normal serum killing activity, while the non-viscous strains were suscepti-
ble to bactericidd activity of normal serum from olive flounder. The viscous strains were more resistant to
opsonophagocytosis and decreased the chemiluminescence response of head kidney macrophages of olive
flounder. All of the tested non-viscous S iniae strains were efficiently destroyed by the macrophage after
phagocytosis. Both the viscous and the non-viscous strains invaded and replicated in cultured fish cell line
(CHSE-214). Thiscellular invasion may contribute to the pathogenesis of invasive S. iniae infection.
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Sreptococcus iniae= -8 UEts X3S v] adiata, 2719, Sciaenops ocellatus, gilthead sea
=1, o)zt e ~EH Lo, B FA]¢] @5 bream, Sparus aurata, European sea bass,
2 g kAo =ik AA% £4S 9d3]= Dicentrarchus labrax, barramundi, Lates calcarifer

A el delAlo|tt (Beridgeet al., 1998).
S iniae= Amazon River dolphins, Inia geoffrensis
oA HzZZ HI¥E o]%F (Pier and Madin,
1976), Y & 2}y)o}, Oreochromis nilotica, =1,
Plecoglossus altivelis, 52171121, Oncorhynchus
mykiss, ¥ % o], Anguilla japonica, d A,
Paralichthys olivaceus, %], Seriola quinquer-
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5 TSk ofFollA] Bixo] 9t (Kiteoetal,,
1981; Ohnish and Jo, 1981; Ugajin, 1981;
Kawahara and Kusuda, 1987; Saka et al., 1989;
Zlotkin et al., 1998; Bromage et al., 1999; Eldar
and Ghittino, 1999; Eldar e al., 1999). 2] Y-z}t
oA Fo A olFe WAe] A Tyl
AAAE Siniae7t OIS AFA S, A 94
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A 3 o]
A SRR FEEE A FEe] AA
= tFE0] Siniaes} #HHo] UL HoE F
=3l ek

AN EfFAA A dO7)= srep
tococcal A PR IAIR S iniaest 2 €]
A B OEEsHs F/del AR Lactococcus
garvieae2] 73-%- (Eldar and Ghittino, 1999), ¥
4 8RICE capalles 7HAE Aol FRIFUL
H oole #Ale Y AR dde] U
(Yoshida et al., 1996a, b; Ooyama et al., 1999). ©]
2] ¢k capsules capsulese] $1i= KG+ phenotype
gaHHRe] S GAEH, Wole Al
phagocytes”} opsonophagocytosisah=tl] 1] A]
AR 7 s A ARl s AeE
2257 9t} (Yoshidaet al., 1996a, b, 19974, b).
wgh WAk S wE Y AFE FE KG-
phenotype2] capsulec] KG+ 53 Ao gk
binding steE- coverstal 0.2 ™, KG- phenotype
AEE olEdEA Q1A sk=tl capsulec] ¥l
£ st ALE A7 Ytk (Alimet al,
1996; Ooyama et al., 1999). 11} Ax|7FA] $-
2] vatell A Siiniaeol] o5k AW o] A HlEL}
FA =l tigk Fslivt F 2w dEA YA
ok, A gk A= oFF wEsk, 1 5
ANME AH w7hES fotstet] 83 &
2% #e] #F7e] 543 Bl e A
= A9 Zol B7|7} = ARtk

IJ8BE & dAoMe 8 vk s
g A W olEl WA 2 ZuEElA
2% Siniae 752 FEieHd 543 B
o] FAE 93] Siniae?] WYX HAT]
= 7124 A5E FHstaat st

e

T

X

o =

=
T

hi=

\I

MiZe| 22| X M35 Mat HAt
2 A7l ARE #FE 40~80099] HA,
Paralichthys olivaceus®} 200 g d-%2] 3| &g},

Shastes schiegeliol 4| A4 78e] Z4o] 4
YHow wAHE QT F9 ¥ B,

N

Zh A Al B A SolA EElskaith £
T2+ Sreptococcus parauberis, KCTC 3651,
Streptococcus iniae, KCTC 3657 2! Lactococcus
garvieae, ATCC 491565 AlE-3sSith (Table 1).
Astelz 4 Al A #5E5 1.5% NaCl
A7} BHIA 9 Aol A 257C, 48A17F il 3k T
MacFaddin (2000)¢] *'Holl whet =2 &3t

Alge] 4] A2 Baneset al. (2003)2] HF
Hyste] sttt 2t 45 1.5% NaCl
7} BHIBell 3&3te] 25C, 24A17F vl oFst &
3,000 g, 1027+ ¥4 #8$ th= phosphate-
buffered saline (PBS: 0.2M NaH.PO, - 2H:0O, 0.2M
NaHPO) 2.2 AZ3}3. Macfarland 29] EH=2
NS dEsiAth o A2 2F g7l o
& FEHZ 100 sAo] HEE Hte F 4
‘C, overnight ¥-3-A171 th 3,000g= 10%7F €
A FEste] Jdsk & PBSE + W AIFHSHS
t} pelet2 2.5% glutaraldehyde (pH 7.2, 4C)oll
24N 7F A7 stal 3 M A v PBSe Al
&ersto] polycationic ferritin (Sigma) S A< =
L7 1mgmite] HEE H7He & 20C, 307k
HH-S-A1Z1 T} 1% osmium tetroxide (pH 7.2) 2 4C,
2A7F F9F 74s & Alcohol g5 S A
# propylene oxideZ *]3}sl Tl Epon =3H&
2 IFH A2E 3 T ultrathin section (60~90
mm)3FATE ol # gk A AA A wAl A
HE gridoll F-2A1A uranyl acetates} lead citrate
2 o]F YAsle] TEM (JEM 1200- 11, JEOL) S
= stk

AE ZFe| G| A0l et ME Al
Aol A3 A% 25~30 cm, A5
opr| k2 gkkel g 50
A

MO AR F u R guleA AP o)
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Tablel. Tested srainsused inthisstudy
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Strain Origin
Sreptococcus KCTC ) ) o ]
meastis sample milk Williams & Callins, 1990
parauberis 3651
Reference Sreptococcus KCTC Amazon freshwater dolphin,
. - . . USA, 1972
graing(n=3) iniae 3657 Inia geoffrenss
Lactococcus ATCC Ydlowtall,
Japan, 1974
garvieae 49156 Seriola quinqueradiata
Oliveflounder,
KS1 Tongyoung, 1998
Paralichthys olivaceus
Olive flounder,
KS2 Tongyoung, 1998
Paralichthys olivaceus
Korean rockfish, )
KS3 Jgu, 1999
Sebastes schlegeli
Present
) Oliveflounder, )
isolated KS4 Jgju, 1998
) Paralichthys olivaceus
srang(n=7)
Oliveflounder, i
KS5 Jgu, 1999
Paralichthys olivaceus
Oliveflounder, )
KS6 Jgu, 1999
Paralichthys olivaceus
Oliveflounder, )
KS7 Jgju, 1999
Paralichthys olivaceus
o Aol IAZE WAIEEAL, 4C, 347 BRI delloh A3 i HelE A2g Al
< 8000 g, 57k A4l wEElete] A EHS ol ¥, V1S B O E A g AIE A
Atk el @35 AR A7HA -20Co & 100 mg ml'E HEEF vhe ZF Al 7 30
=+ /\Jé A 1:49 vl MQE A7t th 20C 2 A1 shaking incuba

shaking incubator
ow Qe A 01,36 1247 A5
wjwic}h ¥ES--S 3k Miles and Misra (1938)
o] Wil wet colony ] =& Alestith

MBS AIF K

21750 Ago)|= Fx]29 whole bloodE A}
%’3 ‘}ifﬁ %3‘]94 IR ER=E 2 I

O 11—

B FAZIZ oA 05 meH A

o 58

torol| A 3A17F <t BESAIZ & A5 FH 5o
dideglassell =23k th- May-Grunwald Giemsa
FAHOE XSt A7 Az o]
St A& AFAFE ok A o]&ate +
3k

g 00 =[H A 2
3 4] ] X 100

AFAF = A3 ANE el F A@s |
Nt A AAEL 5
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HR| FA macrophagestiMe] A& #FE ROIsA

B
As] w8 A 75§ BF A
T, FRA0R snae] T Ak,
o], 2% FBS, 1% penicillin/streptomycin (Gibco)
2 0.2% slatHo] e L-15HiA] (Sigma) 2
m¢¥ F3 A3 digposable petridisholl A .74
% 40 um©] nylon membraneS F3A1A AE &
ghol g FHlEITE o] Al AerdS A
23k Al vlg] FFE 34%4} 51% per-
coll % & 9ol ZA2A TISA v
500 ¢, 3047t A4 FeElste] M-S s
o} 228 ME TS 0.1%L-15 X2 23] A3
3 o3 0.1% tryphan blueZ viabilityS #H2-3t
%, 1X10 cellsm* 2 =743}t

= A

2. M7 NYT U 25 M7 NETF MZ
AlE -2 1.5% NaCl %7} BHIB 5 m¢o]l 25C,

2517 PBSE 38 AT AL Ales)
Atk 4% B N 5% 0019l
A A4 8% 500 wE A7ksle] 25C, 087
A wjek ¥ 94 Felel PBSE 18] A1%s
=9

3. Chemiluminescence(CL) response

1x10 cell m*2 ZA¥ macrophagesS 96
well platel] 100 w¢¥ 53 F Ao ARE-3}
2™, luminol (Sigma)< Scott and Klesius
(1981)¢] ol wak 1Sk 100 wie] Al
Zdlo] 100 wf9] luminol working solutionS 2
< & 1027 WA v EIE A A
o3 A A ARAds 22 50 W Arst
AL, tIZTl= zymosan 37} Hank's balanced
salt solutionS 50 w¢® 3 7Fste] Lumicount
(Packard, England)2 A3t 574 A1

C$55 .72

]

o

o

Zroliom 7+ Aol tigk pesk #& T+t

32 &
o

EAl 54! macrophages®| bactericidal activity0ll CH
st XMEkd AId

96 well plated]] 72l macrophage monolayer
of Ad APdS 1x10 cdlswell* & H538
T plaes 1509, 537 ¥4 el ste] 25C e
A1 OAIZE BAIZE 59t wheFetdTh vl & A
ANE A A, 27HE- 0.2% tween 205 FH-
& Ei SR B0 wlE 3 7Fske] macrophage=
3353tk o3 7]el BHIB 100 wlE 3 7Fske] 25
° |

S SAAZ F 5mg mlt T

=Y

A o] Fouw, 158 5 microplate reader

(Packard, England) & AH&-3te] 595 nmel| A &3

=5 573}t MacrophagesHioll 4] A+t A

Eo2 Al el tisk SAIZR E EEE o
[e2]

= 3} M=ol thst ZFE invasion activity A&
7yzke] #F7F ofF F3F Al IPE
UE=A] AFE Felstr] 913 A2 Tangetal.
(1993)¢] "H-S wskth 48 well plate (Falcon)©ll
CHSE-214E5 10% FBS®} 1% antibiotic-antimy-
cotic (GibcoBRL)©] #7}¥ Eagle's Minimum
Essential Medium (EMEM, pH 4, Sigma) S A
ato] 20C, 24M17F 5 i Fesith A Al
z2kat7] 2A1ZF Aol miAE A AT 5 A7t
A7VEA 2 MEE WA R WA ST A9
o AREH FFE 1.5%NaCl 7} BHIBlA] 25
C, 24X7F Hikst & PBSE 33 AlA S v
EMEM ui<]ol] Z}2} dgsto] 2474 540 nmoll A
3% gkl 06°] HES FEE AU
Zh FAE 9 wikE Alxze] 1md Hrhsh
5 25C, IAIZF wi et vh miAE Al A
Al vpge EAlske Al glel7] flsk
100 ug ml* gentamicing FA7lste] 1A17F F<t
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RSN F 28] Al 0,18 AR W
2 X7 T 1% Triton X-100S 3 7}ste] 5E-7F
AEE FAAF 3 AL Miles and Misra
(1938)<] el uwiel colony 5 AlLlEI L
), o} FFsAl ol i Invasion activity= ©F
g o} 22 2oz ArtkslTh

Invasion (%) = (Bacteria surviving gentamicin
treatment / Bacteria added to cell monolayer) x
100.
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T Ao ARk colony 2]
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9} I AL E 2AVE] sk Odé 331] o Ax
1 Z}7}o] 58 AFESle] HA
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42 HYSE 1 x 10 dunt'o] HES 249
F WA @ vkl P 01neH B2 FAshedeh At
§ +20 224 05CE FANASH 27 Tt
o e ANEE JIFSSIC, 2] EP
100kl ARl FH AANLE HANS 3
rhgek BETE $U 2AstA B A
2 495 01n0d B A,

EAEN 24
2} AT Alele] BAS Fo4 S Sudents

ttet2 H|wste] PES SA3SHAA, P<0.013%

P<005 5714 9142 B7Haksic

2 1

HiZe] HENSI W Malaly £

a)

Fg. 1. Thecolony shape of theisolated Sreptococcusiniae
on the 1.5% NaCl added BHIA after 25°C, 48 hr culturing.

a) non-viscoustype, b) viscoustype.

HoloA el EE 75 1L5%NaCl 37F
TSA<9} BHIA HHX] oA colony9] =717} 1~3
mmeo| L, 13 ckgeo] AN pLHo s A3

=21t} colony 2] ?%‘]EH% Fig. 13+ 7] nonvis-
cous form=} viscous form®. 2 FEE YL, A1E
7 5 KS1,KS2 9 KS3 757} viscousforme] 31
O, KH, KS5, K6 Y KS7 77} non-viscous
form 91 Ao2 213, colony typeoll wah
chang cdl 9] ol oS Bt} (Table2).

A gk FF Ao e wig =04
s AP AsieA §A4S vagk 43, 7
oF7ke] AseA A frAFE S, agi-
nine dihydrolase (AD) WF3-433} starch hydrolysis

oA zHolE YR AT KCTC 3657, KSL, KS2,
KS3, KA #+5+= AD vH5-A 3 garch hydrolysis
7} positivee] 024 KS5, KS6, KS7 5= AD
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Table2. Morphologica characterigtics of colony

Strains Morphology of colony Calls’per Arginine Starch
chain dihydrolase hydrolysis
ATCC 49156 N.V? 2.63 + +
KCTC 3651 NV 242 - -
KCTC 3657 N.V 253 + +
KS1 Ve 421 + +
K2 \Y 3.98 + +
KS3 \Y 4.06 + +
KA N.V 252 + +
KS5 N.V 234 - -
KS6 N.V 2.68 - -
KS7 N.V 249 - -

1, The mean number of cells which composed one bacterid chain was determined by microscopic observation of smeer
preparation of the bacterid suspension on dideglasses; 2, Non-viscous?, Viscous.

[ S
il

a) . ] , b)

| (0nm

Fig. 2. Transmission dectron micrograph of @) ferritin-labelled Sreptococcusiniae strain KS1, b) KS2, ¢) Kb and d) Lacto-
coccus garvieae (cgpsule-negative control). Magnification x 50,000.
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uk-S-A1 3} garch hydrolysis7} negativedl 2102

I AT} (Teble2).

TEME 0|88t capaule?| 75 Zt&

AlE = % viscous formol| A Ml M| 3E Q]
FHoll 313 capauleZo] HFEH A non-
viscousforme] ¢} ¥+ #5-% KCTC 3657
2 negative control 24 AF2-3F ATCC 49156, L.
garvieae?] Mo AlE FWHolE= ¥WUE 12 E
o] AFE A FAUT (Fig. 2).

e}

Algize| gX| &0l chet MEy

Siniae #5229 ¥ dHo|A A|7hE #4 H
sks 549 23 KSLKS2 ¥ KB {3A] 4
A dAeA AT o|FE FA3] dTt ST

3kAth 1o ®]Ete] KCTC 36572 K4, KS5,
18+13 7
18+12 4 &*

1a+11 o

1e+10 -

1e+8

Te+8 A

1e+7 A

Te+G -

1e+5 <

Bacterial population (log)

ie+d A

1e+3 <

—— KCTCBGE?
—o— KS1*

1e+2 A

—0— KS3
—a— KS4
—— 55
—— K56
—o— KST

Te+1 49

e+l o

1e-1 T T T T
0 1 3 6 12

Time(hours)

Fg. 3. Surviva of various Sreptococcusiniae strainsinthe

serum of oliveflounder, Paralichthys olivaceus.

*Jgnificant differences among reference and other drains;
P<0.01.

**cgpaule podtivedran

KS6 @ KS7 #5= gdx] Al1A A oA 1A]7H
}—owTa &Tﬂ aslr) Azl 124
7R A4 Ak (Fig. 3).

Wholeblood®|A{2] 2 A

KCTC 3657, KS4, KS5, KS6 8 KS7 #F&
KS1, K2 2 KS3FF9 B3l §oxoz =&
Hd&S eI (Fig. 4). A&l daet
A KSL K2 B K3 w5-2] 43¢ HE o5

s ME X+

Sl vlsl et AF7F FYHoE WA YES
t} (Fig. 5).
:b b b b b

keTCEsT kst kset kssT kse kS5 K6 =3
Firediededde s Ml SV aIng

Fig. 4. The phagocytic rate of leukocytein periphera blood
of dlive flounder, Paralichthys olivaceus, to Sreptococcus
iniaesrainsfor 3 hr incubation.

Sgnificantly difference between aand b (P<0.01).

*cgpsule podtive strain

Fhagacytic nder
w
D

KoreEsT kst [E°h (=] [ Kb (=1
SEPPINEOCE L S8 RTINS

Fig. 5. The phagocytic index of leukocyte in periphera
blood of dlive flounder, Paralichthys dlivaceus, to Srepto-
coccusiniaestrainsfor 3 hr incubation.

aand b; significant difference (P<0.05).

*cgpsule pogtive strain
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O unapsonizied Wapsonized

Chemiluminsacence (CRW)

Sheplococcus rwae Sains

Fig. 6. Peak chemiluminescence of head kidney
meacropheges of dlive flounder, Paralichthys olivaceus, to
opsonized or nonopsonized Sreptococcus iniae strains for
30 minincubetion.

aand b; significant difference (P<0.0).

*cgpsule postivestrain

Fig. 8. Invasion activity of various Sreptococcus iniae

grainsinto CHSE-214 cdl line.

*ggnificant difference between viscous and non-viscous
grains; P<0.01.

**cgpsule podtivedrain

EHA| 54l macrophages?| @3 CL response

X gHew A w$%kS Afole
zymosans ARESH thETe Hls) EE 5l

A feld o Bao) Bhe Ao UeA,
FFE7) FO1AQ Aol fAdth AM FHO

2 7HA3E 5o cgpaules 7HAE= KSL, KS2
3 KS39| #7& capsules 7HAA] ¢4 KCTC

3657, K4, KS5, KS6 @ KS7 #3913 A]
macrophage &44¢] w2 ASo=Z Il Atk
(Fig. 6).

wl b b

r
=)

Percentage of surviva

=

keTcmsr  ks1T km2t kERT kse =3 KSR kST

Fg. 7. Survivd rate of various Sreptococcus iniae srains
incubated with olive flounder, Paralichthys olivaceus head
kidney macrophagesfor 5 hr incubetion.

aand b; sgnificant difference (P<0.01)

*cgpaule pogtive strain

110
100
&0
BEOD
i}
&0
&0
Ehi]
30
20

Cuifilatneg: fmoiakty[%)]

1o

311 12 13 14

Cays alter post-mjection

Fig 9. Cumulative mortdlity of dlive flounder, Paralichthys
olivaceus, after intraperitoned injection with the tested
drains, Sreptococcus iniag, and reference gtrains, Srepto-
coccus iniae, Sreptococcus parauberis and Lactococcus
garvieae. Thetested groups were chalenged with 0.1 m¢ of
1% 10° cfu m¢* of bacterid cdls. The control group was
injected with 0.1 m¢ sdlinefis.

*cgpsule podtive strain

=X A macrophagestllAe] #3F

RBE #FF0lA 5217 F<t v
F7F 01zl H]&Fe]
macrophageel] ¢J& 2+
Atk 7+ 7 7= KSL K %
AJEE0] KCTC 3657, KA, KS5, K
T AEEHT FoHoE 2
T AAT (Fig. 7).
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Sreptococcusiniae®] el SH2]

07 3} MZ0f| CHet 2 @32 invasion activity
2= L—r7} CHSE-214 cdl line W Z o]= A
T invason® F gom, 2+ #F7l 934
2l Aol fIAH BE w55 CHSE-214 cdl
line ol Al 3AZWIA = A& 02 F28tthrt
o|FEE T ol F2o] o]FoIAA] FUTt

(Fig. 8).

I:loq

F:LO

=

Colony2] 3El7} viscousformo]al Az} &
7374 A capsulee] BRIEJH KSL, KS2, KS3
o #F9] AF FAF F 24A Y HALsH] A
Zhste], 1094 B #ALSEATE Z1oll Hls)
colony©] & El7} non-viscousforme] 27 capsule©]
B E)A] 9> K4, KS5, KS6 2 KS73} 37)<]
BF 75 10~40%= AFo g e HA}
&< YeRiAT (Fig. 9).

n ¥

= A7olM= dAAM wElE Sreptococcus
iniaes] Fejsty S4el ukE Wge) Holsh

2 AletollA dRbd e E ezl oe 7k ¥
A4 2L WA Hrste] Sinae] WA S
AAE 71299 ABE FYskaa shelvk

= 047701]*1 T8¥ Siniae #+E % viscous
colony type®] o+ 7|0 w8 HAEE A
A2 colony FEjoF B2 ZolE HGloH,
non-viscous colony type?] &3} Bl
chan 3 cdl®] 71 9 g2 A2
53 ol2l st #FE= feritingt vE
A EAnA o g AFERS wl, Al A
AL 9 capaleo] FAHE= RS 1T
T U=, FAINEANA el FHA 9
viscous formo] 2 capsules 71A2 Y=
hemolytic Streptococcus spp. (Yoshida et a
1996b) ¢} fAFstATh thE Aol vk A
Fololl A FElE 5= 53] o] Al wik
= 3l colony®] ezt HAdol gle o 2l
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[

colony= ®sletl o) & AolA] FElE o+
T 103] o]/e] At wj gl gk viscous
formo 2 A= Ath

Bachrach et al. (2001)2 S iniaedlA]
carbohydrate antigen extractsE & A 3}
ME HH uﬂO:l 7d7]' H]"—‘/] pattern tﬂﬁ]’*
o] polysaccharide capsuleo] =418 715
s BT 2 AFelA TEMS
cel wall 32H9| capsule 7 #2324
cous formoll A= capsulee] Q1= A0}
2} non-viscous formol| A= capsule
g 4 QISlth B3k, polycationic ferritined]
extracdllular fibrous layer7} 73l G4 %
23] acidic polysaccharide”} &3]3ttt
A F o, o)7L M T2 anionic
stes} ferritine] A7)zl Al ¢35 Aot}
(Wai et al., 1998; Johnson et al, 1992; Danon et al.,
1972). Z1# 1}, non-viscous forms3} viscous forms
Atole] E|EHA =}ol7t cgpsuled] ol &gt
ZRJNA = F7HQ] A7 488 R AR
A=y

B AFME capaules 7M1= S iniae 7 F
7} capsule= 7WX] v ool Hlal serum

killing®l Xﬂﬁ‘; < YeRH ©] capsulec] S

Si°F“°*MFE~IN'
<—°.L_r°010ﬂ$1'
£ 0 o > o

P

>y >>L lo J&,Oﬂ =
o o & o HN

iniae 752 HWYAlo] =23 982 p= A
= L 919211}.
2 AelA] Siniae 77 & capsules 7=

o479 A5 A dHer e Afole
macrophageol] °]&k 21285 39T = gloH
2 macrophage] 2 Al+°] interndization® =
H&E cgpaules 7HAAl 9= #FHET &4
W 02 SRIHIh wEbA, 19k 22 Al
AE2 Siniae 7571 macrophage2] 224 2
CL respon nsee} 73S Ak 280 % THA]S Hol
2ol ofz} capaules 7HICEM ARG
Sl el TEE 7L e o]Zlo] ¥
S YJel= F23) g0lo g #83 4
o T Mﬁit‘r.

GAS (group A streptococci), GBS (group B

ot r1r

oo o
tlo oX

9\}]\
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streptococci), S pneumoniae 2 S suise 22 @
< greptococcd YA &) FEg £ Fo 3
U+ hodt tissuedll F-2slal AlE U2 JJT
4 A= Aot} (Charland et al., 2000; Ring et
al., 1998; Rubens et al., 1992). Al ##-2] %3 A%
o th3} invasionel g invitro 24 non-phago-
cyticcdls HE A Z7} interndization =& 21
uhsle} o] By Qe %3 who] 7]z
gk Ads YERA SHAYV Ml B A
EFAA A e §oleA gtk 19
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