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T12/emm?22 (33/114, 29%), T28/emm?2 (18/36, 50%),
T25/emm75 (44/45, 98%), T5/27/44/emm44/61 (66/73, 90%)
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Table 1. Distribution of emm genotypes according to T antigen types of group A streptococci

T antigens N emm genotypes (No. of isolates)
1 28 1(26), 12(1), 50(1)

2 7 1(1),6(2),57(3), 86(1)

3 19 3(18),44/61(1)

4 24 1(2),4(4), 12(1),49(4), 50(8), 71(5)

5 7 5(4),44/61(3)

6 36 1(1), 6(33), 22(1),49(1)

11 8 5(1),11(3),77(1), 78(3)

12 114 1(1),2(1), 6(1), 12(75), 18(2), 22(33), 71(1)
25 45 1(1),75(44)

28 36 1(3),2(18), 18(2),22(1), 28(4), 77(7), 78(1)
5/27/44 73 5(6),44/61(66), 77(1)

B3264 8 11(2),22(1),49(1), 94(2), 110(2)

Imp.19 15 1(1),6(1),49(1),57(1),75(11)
Nontypeable 38 3(1),5(2),6(1),9(5), 11(1), 12(5), 18(13), 22(5), 44/61(1),

49(2),75(2)




U T2 Holx T2, T4, T5, T11, T28 2 B3264 &8 &
et emm AP o2 B E AT HH T8 14 F),
173, T44 (175, T2/28 (153), T3/B3264 (27
5/12 3 3) 2 T12/B3264 (4FF) = 573 o319
| £ Ko Table 19 &= FA81A) &gttt

—
- N
3 [N
-~

T1,3,6,12,25 % 5/27/44 = o]t} o] &

emm $ A9 AAVE ARSI e m 7174

Zal Ro] o} @A FE Aol o & 5] ofwl Fo| TI
[e]

ot il
£ rlo rlo

o2 £84 3% om FU49E Al 17 grohe
Aejol ] Bl #5el A5 emml 0.2 FHE 7}

%*é o] 93%\} Hthe A o gt W oW o] T4
2 Zgo] HAvd, B AN emm 1,4,12,49,50 2
T2 egstA o n 2 emm® AALE S| B 7] A=
A Z3t7] olHoh. o] I T HFAEST2,4,5, 11 %
B3264 5 oA EE ¢ W2 A 97 ¢ g2 TFE U
o ol AFE 3A, T A} emm #3213 <
A#do] tigk Azl 2] o AA Floltt. x2F
Zto| A erythromycin WA GAS #F9] & st Z Aol A
T12/emm122} T12/emm222] W] &2 17:83 (152 #F)o| A
L ke, B Aol A = 69:31 (108 F) & 2 2ol 71 9L
Aol I T28 291 F)S BT emm28% B AL,
T5/27/44 QTF)e B Ao B A ge emmi =
E AEo]l & ZFo|ATHI8]. FL A 59 $hAt
ol A E2]3 GAS TFF2] o8 xAlo] A, T4 (20? )=
5 emmdZ T E HH B AF A= T e emmd
o7 T o] Aol & HA R, T282 & A9} vp3r}
A &2 emm?2,28,71 S0 2 thokatA BAEHJTHT. T 4
T 25 AF X oA &3 T12/emm12, T25/emmT5,
T5/27/44/emm44/61-& ¥ & = o] 27} 7+ GASS] &8}
A EEx7tAAGEGE AS 4 F AN M LS
Fo 2 gt WAl el JlojA A & FUt o
M M (emm)F o] E£gA] 82 AL7E A8 o] of gttt
[8.,17]. Beall S[19]1& 1,531 52] GASo| W&l T 343
I emm FHAAE & TERIAL f 5o whet ¥ w skl =
T &9 3 T3/13/B32647} T11/12 Z3o] 3] 23 H
I T LY} emm FHAF ] AV = 2 AF 27}
L 2 Aol= BTt T3 T527/44% F 2 emm5 (241
Z), PT180 2173) 0.2 S ¥ 9 3L, emmdd/61-S T30
%ﬂﬂ%ﬂ
AFAAM = F-THAZA 55 thrt FA < 165
S \37]- 3 2 A48} =T T nontypeable?] H| & o]

sk
8.1% (38/4THE -2 T &L d T4 7kttt o

X &
S

rok

T, n2%t, duF, W=g, Z4st

81 1} =7} wheba] = T nontypeable H]-&-°] 80% ©] 4 &=

& A$% AT, o 2AbApe] ARl Se s o
A = S wEt) 20021 2o T nontypeable 2 H-7
H GASol el &= T8,22,25 % Imp.19 &7} A & F
72 Fhste] A S Al s 10]. Felvetel] =&
o gekE 37kA] (T 9, 18 B 23) @7 Al & A&
9234 T}H9,10]. T nontypeable 2 1} =] th3] A & wHE
A S FAA T & FHo] trypsin X 2] T HA &
ef= o] T3l F3o] 2 =2 kvt T nontypeable (38

F) 17EA] o] T Fet emm FAAG o2 THHNE
9,0l QT T4 A9l GAS 8] 2ol o) 4
S W Aotk ¥ ATNAE AF AdeA WA &
39 emm 12 G F), 18 (1370 F) E 22 5¢F) = 0|2

o} emm9 (5 F)E 25 T nontypeableo] Q) &=, & AT
X AFREA] 2T, 18 53 Whg-al= Ao de A
ATHIL.

5 7HA (dll, T12/B3264) 3.2 A 7FA](oll, T5/27/44) &
o] mapste] wkg-o] dojd A7k A, ok A
Well s ests A5 &g FstAY, v = ot
FA o BF SHNEE B 8] oH® A=

AN T

AAEL 19959 % o] Ao fElvhet 253 A &
2l € GASﬁ%ﬂ el Al M Eto] g & Algdate] Bk bt
ATHOL 22l M 94 E HAle FldA E7HsstR
2 9|2 TFA LA o FFof st W o] ). <k
2001 7k o] M @912 E7] oA " Rk-g-o] A7]A] =
o], o] & T €<l A (opacity factor) 2 B2 ™, 1 A3}t
A U A AL 71%e M A7 FAeTHI3]. &
Olx} 2L o] & ol A Ao A W A E o]
£-8}o] T EFFS(serum opacity reaction)o] & A & =2] &
Qlate] B alA ATHI4]. 212 B4 A Egulgo]
fuftAl o= %7k ol #o] o1, 53] &

o] B L vhek @1 st 2 gl o] 9l

JEM FY Z& Zerelxt I 2Ale AACA 2

el AT 7hsebe, 2 HlaA HEe R A
Atell o8l Ak A E 1 Y. M 9 2de e /A
A& emme] E]rJ— 6}31 et e faes
sofdha Ak o] & FAAEM F4 FL EEAA ] o
E1r kgt 4 71 %‘% HolB & emm FHAE Z& sof
FAAED S 2AFSE] g Ate] o] & & 4 LTS
emm ARG AAE T FY AAS ] Eo] 2o y
GAS 4 By A s Ay EUA|[6-8], AE5A o
+ s=|[16,17] &35t} o)
E—‘E GAS ﬁL—z,—E] AdtA Bx WHglo o3 A WA
SFTH 18], emm A AE ZAF 7 o A
"Hi% emm FFAAY S LA F 2 gl om[15,16], A5
de te FAAFE R defd Aol sl LT
(o, emm4d/6)E QT B A FLo) A
FAATE SEEA Be AT oA, Al

<|
il oot
BN e
o Mo V-w
mii

ot

¢

(¢}

N
i
=
FJ

=EA emm



>
M
e
2
y
el
_{
oot
o
Qo
o

S

3

40
X
X
oo

B2 emm AR RA F7F 2A7F H 5kt emm
A & EgnkgIe FasA 2E GAS7F7HA 12 9l
oBg, TENEE FPQ dF NS WA SR Sk sof
AAE Bope At felsttH15]. = S2H <
PCR 7oA % 417 1,500 =] 2,000 bp 7] 2] Z=
TES A F ol A3 FH ol AEA &tk 1Hy
o] ¥H-& DNA %, PCR 5%, PCR 4AHE A, A7 A
g A 4 golEjuo] 2 25 H] H) &3} A| 7ho] &
o] E}.

GASe] A}A| gF o 814
A gtF Lol o) A3
pulsed-field gel % 4 7] 9=& o] &35l A 6}“ HHH O]
ATH20]. ©] & ¥ 5 3
AlEste] s 7 e Aol At A v A kA o 3
ZANEET FAI T emm FHAAE AADORZE F37
shctm A7),

AEHOR B2 59 FFE oA W GAS 4713 5
SRR T RAD enm AR ARG S 24}
stol, F 7FA 71 90% o]/ EA A dBE ] e =2
(T1/emm1, T3/emm3, T6/emm6, T12/emm12 & 22,
T25/emm75, T5/27/44/emm44/61)=S 31 at 4 9l oH,
N ETHUF R FHA AT EH emm FHAEF S o

Sed 292 F Qow Yag

1

b

m
Ho
o

1. Johnson DR and Kaplan EL. A review of the correlation
of T- and M-protein agglutination patterns and opacity
factor production in the identification of group A
streptococci. J Med Microbiol 1993;38:311-5.

2. Caparon M and Scott J. Identification of a gene that
regulates expression of M protein, the major virulence
determinant of group A streptococci. Pro Natl Acad Sci
USA 1987;84:8677-81.

3. Johnson DR, Stevens DL, Kaplan EL. Epidemiologic
analysis of group A streptococcal serotypes associated
with severe systemic infections, rheumatic fever, or
uncomplicated pharyngitis. J Infect Dis 1992;166:374-
82.

4. Colman G, Tanna A, Efstratiou A, Gaworzewska ET. The
serotypes of Streptococcus pyogenes present in Britain
during 1980-1990 and their association with disease. J
Med Microbiol 1993;39:165-78.

5. Beall B, Facklam R, Thompson T. Sequencing emm-
specific PCR products for routine and accurate typing of
group A streptococci. J Clin Microbiol 1996;34:953-8.

6. Beall B, Facklam F, Hoenes T, Schwartz B. Survey of
emm gene sequences and T-antigen types from systemic
Streptococcus pyogenes infection isolates collected in

10.

12.

13.

14.

15.

16.

17.

21

San Francisco, California; Atlanta, Georgia; and
Connecticut in 1994 and 1995. J Clin Microbiol
1997;35:1232-5.

. Brandt CM, Spellerberg B, Honscha M, Truong ND,

Hoevener B, Lutticken R. Typing of Streptococcus
pyogenes strains isolated from throat infections in the
region of Aachen, Germany. Infect 2001;29:163-5.

. Shulman ST, Tanz RR, Kabat W, Kabat K. Cederlund E,

Patel D. et al. Group A streptococcal pharyngitis
serotype surveillance in North America, 2000-2002. Clin
Infect Dis 2004;39:325-32.

.Kim SJ, Kim EC, Cha SH, Kaplan EL. Comparison of M-

serotypes of Streptococcus pyogenes isolated from
healthy elementary school children in two rural areas. J
Korean Med Sci 1996;11:133-6.

Kim S and Lee NY. Antibiotic resistance and genotypic
characteristics of group A streptococci associated with
acute pharyngitis in Korea. Microb Drug Resist
2004;10:300-5.

. Kim S and Lee NY. Epidemiology and antibiotic

resistance of group A streptococci isolated from healthy
schoolchildren in Korea. J Antimicrob Chemother
2004;54:447-50.

Kaplan EL, Johnson DR, Nanthapisud P, Sirilertpanrana
S, Chumdermpadetsuk S. A comparison of group A
streptococcal serotypes isolated from the upper
respiratory tract in the USA and Thailand: implications.
Bull World Health Org 1992;70:433-7.

Widdowson JP, Maxted WR, Grant DL. The production
of opacity in serum by group A streptococci and its
relationship with the presence of M antigen. J Gen
Microbiol 1970;61:343-53.

Johnson DR and Kaplan EL. Microtechnique for serum
opacity factor characterization of group A streptococci
adaptable to the use of human sera. J Clin Microbiol
1988;26:2025-30.

Teiseira LM, Barros RR, Castro AC, Peralta JM, Da
Gloria S, Carvalho M, et al. Genetic and phenotypic
features of Streptococcus pyogenes strains isolated in
Brazil that harbor new emm sequences. J Clin Microbiol
2001;39:3290-5.

Tewodros W and Kronvall G. M protein gene (emm type)
analysis of group A beta-hemolytic streptococci from
Ethiopia reveals unique patterns. J Clin Microbiol
2005;43:4369-76.

Loubinoux J, Florent M, Merad B, Colobert G, Bouvet
A. Epidemiological markers of group A streptococcal
infections in France. Indian J Med Res 2004;119
Suppl:152-4.



22 gz, 12, dMF, d=d, 25t

18. Silva-Costa C, Ramirez M, Melo-Cristino J, Portuguese Jackson D, et al. Streptococcal emm types associated
Surveillance Group for the Study of Respiratory with T-agglutination types and the use of conserved emm
Pathogens. Rapid inversion of the prevalences of gene restriction fragment patterns for subtyping group A
macrolide-resistance phenotypes parallled by a streptococci. ] Med Microbiol 1998;47:893-8.
diversification of T and emm types among Streptococcus 20. Mihaila-Amrouche L, Bouvet A, Loubinoux J. Clonal
pyogenes in Portugal. Antimicrob Agents Chemother spread of emm type 28 isolates of Streptococcus
2005;49:2109-11. pyogenes that are multiresistant to antibiotics. J Clin

19. Beall B, Facklam RR, Elliott JA, Franklin AR, Hoenes T, Microbiol 2004;42:3844-6.



AT AMTT T &) & emm REXEH 23

Association of T Antigens with emm Genotypes of Group A Streptococci
Hyun-Ju Jung', Eun-Ha Koh? Sunjoo Kim’, Kook-Young Maeng’, and Sung-Ha Kang’®
Department of Laboratory Medicine', Masan Medical Center, Masan; Department of Laboratory

Medicine, and Institute of Health Sciences’, Gyeongsang National University School of Medicine, Jinju; and
Department of Laboratory Medicine’, Cheju National University School of Medicine, Cheju, Korea

Background: T typing has been used as a screening test for epidemiologic studies of group A
streptococci (GAS) infections or carriers, and M typing has been performed for virulence studies.
However, M typing is difficult to perform in routine laboratories. Recently, genotyping of the emm
gene, which encodes the M protein, has become available. We investigated which T antigen is
closely associated with a certain emm genotype.

Methods: GAS were collected from the children in Jinju who were asymptomatic carriers (N=349)
or had acute pharyngitis (N=122) during the 3 year-period from 2002 through 2004. T typing was
performed by a slide aggulutination, and emm genotyping by PCR and DNA sequencing.

Results: More than 90% of T1, T3, T6, T12, T25, and T5/27/44 antigens were associated with
emm1, emm3, emm6, emm12 and 22, emm75, and emm44/61 genotypes, respectively; however,
other T antigens, such as T2, T4, T7, T11, and B3264, were not associated with any particular emm
genotypes.

Conclusion: Several T antigens are so closely associated with particular emm genotypes that
one could predict emm genotypes based on the result of T typing.

(Korean J Clin Microbiol 2006;9(1):18-23)

Keywords: Group A streptococci, Streptococcus pyogenes, T antigen, emm genotype,
Epidemiology, Pharyngitis
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