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= Abstract =

Epidemiological Characterization of Group A Streptococci
Using emm Genotyping from Throat Cultures in Patients with
Acute Pharyngitis in Children

Hyun Ju Jung, M.D., Nam Yong Lee, M.D.*, Oh-Young Kwon M.D."
Kook Young Maeng, M.D.T and Sunjoo Kim, M.D.T

Department of Laboratory Medicine, Masan Medical Center, Masan,
Department of Laboratory Medicine’, Samsung Medical Center,
Sungkyunkwan University School of Medine, Seoul,

Department of Neurology* and Laboratory Medicine'F, Institute of Health Sciences"t,
Gyeongsang National University School of Medicine, Jinju, Korea

Purpose : Group A streptococci(GAS) was isolated from the patients with acute pharyn-
gitis. Epidemiological studies using T typing and emm genotyping was performed for GAS
and compared with the results of the carriers.

Methods : Throat cultures were taken from 246 children(123 boys, 123 girls) from No-
vember, 2001 to May, 2002 who visited a pediatrician’s office located in Jinju, Gyeongnam
province. T types were identified with slide agglutination and emm genotypes were identified
with DNA sequencing after amplification of emm genes.

Results : One hundred thirty(52.8%) out of 246 children yielded beta-hemolytic strepto-
cocci, of which 96.1% were group A. Children from 4 to 7 years old comprised 70.4% of
the GAS positive group. T12 were the most common(35.2%) and T non-typeable strains
were the next(30.4%). emm12 was most frequent(28.5%), and emm75(18.7%), emm22(13.0%),
emm2(12.2%), and emm8(8.1%) were relatively common.

Conclusion : Since GAS is so highly prevalent in acute pharyngitis, indeed being half
of the population, good clinical practice dictates the systematic employment of throat culture
for acute pharyngitis before prescribing antibiotics in a pediatric setting. The distribution of
the T antigens and emm genes showed similar pattern between the acute pharyngitis and the

carriers.
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ZolollA AlFA AT 7 Ed ddFed Uikt JxAEE Fdesy, WEHe| i F59
AT AsHFTHgroup A streptococci, GAS) ZHde  7HA 9l Asizle] dgA] zAbel] Ego] HgH?
AFA 2 9 nisked SS 4o A GASY AL AxHS FAsla e A
k. tiEAQ] HAFA Aoz 4 At vl Bl wel Eisled AUAARE T g-do] o]
w231 x| Eo] 30~50%0l Heb Z|AAgko] 91 S, WEFHo Ak odfolli= M o] o]
B A7 Aeld FE whlsle BAESIT "ot AT M EHY 245 g wyez
(toxic shock syndrome)¥} FA FAA T2k (acute M-S AAs= AR emm AR B4
necrotizing fasciitis), &% 5ol el AT o] A EF L g} 19
WA A5dL Aok el FHTole ¥ B odFoAe Ve el T4 8 AFE B
o] iRk Bavl gial. vigsA F85 0 A BAE ude® QFulekS Ajsgsie] wegd
o 2F FulelAgov} At d ] T FAAAT AJ o2l (beta-hemolytic streptococci, BHS) #2|&
2| X193 (poststreptococcal glomerulonephritis, PSGN)< S A Er) Hel®l GASTS THE gl emm
dozich 1980\t FHE o] F mlx of] AHellA  FHAHES zARIh AFAELS FU A Y9
Hagl Fopelad Aokl sxeQiuvie A AR 254 BAE e R ek A
NAJe] FAo| Zgt ol oet felog A w2 & Eug vl 9udl, B Ao FAUAFR Ak
Ale] MEH wisto)] oA SelvelelAe A Azke} wlaslodch
o] 7hsdhe AR, IR FulelAdo)

U At gl FAATARRGES A Yo CHAF QI HbH

= "dx¥o| vnz Tty HuEy govg

GAS 7hedoll Tist Asket Agk @ zHsiz1del o) 1. 97d

3 A7t a7, 2001 1195€] 200213 597HA] g RFAe]

GAS Fel&2 A¥WEe Z2S9lA 7 gx)et & Zolat Yol AVE 7l 2RI
by QoA QAR Ao} Aol WE B g Ry % Selt AFe, A% dzie
T e, ole IF EEA] v, A AL, eyubd 5B Faz uprel 3zt 246H(4A
A AAF 2 wlek W Soll o8l Xpel7k e A 1239, oA} 123%)S oz Qluleke Aeds)l
o2 A7 GAS S vl EHa AvE oo B 2A4E 20029 59 A AFA] 9
E oA A AAREAE g, A7 EoAbe X g SIS ulEsle] 5819 (SR 3139,
Hlgo] Aol wel 12~64%ell 23l7] wiell o] ojz} 26870l diste] QlFuNkS AlYsiAet”.

52 A% GAS ARE dRd & 5 9.
QA A Ul Al Aol gl Bl &

ol WA WEUch W AT Ade]  wA £5d wyoz % ARS AA B
o bRt FEUL] A AL olm]  Fol Fiel Wl Bol el sgleh WS
B el H5A QTGS Ak A5 B F Al sy PNY F ke opy

7} 7] wlEoll GAS Helgo] e Zow o]  wlkNAMIX(BAP, dHFultol, Ayhel HE
A el Wk ole} AlE edolet ShiThE B SR bacitracin TIAZ004 UE AAE HEG T
BAE Hol: AL 50% vlwrols] wiFel Az Slol LelEeh wlelel Wi 35TolA 16~18
A9 W zold Aekm shHTE Z4olt A A% lekele]l BAPOIA  £83(B-hemolysis) S

Fako 2 Zksl Aol olgix, HAZ wFo] §l Ho|& Za 3l R=hE FHslo] gl 334
o] Algix]= QlFulek vh zpA7} AEEE S (Seroiden Strpeto Kit, Eiken, Tokyo, Japan)oZ &
5 ®7] uiiol GAS Eelgo] uhg Yp> !, Aslodck SEasAHe AAHEANE Ay}

YA ¥ (serotyping) ZA= GAS 752 Aol gedl, HA 2~3709) FH=he FD FEMHell £
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ZT A, B, C = G Y 7HA &Ae} SAEHSS XA
AT A7), A, A GASS] EElE&s
v] 2}t

3. T8 27

Todd-Hewitt A 10 mLoll ¥ A= 1~271E 4

F3to] 35ColA skt wleksleh 1,500 rpmol]
A 1087 AL F NS 05 mIAE &

pus

713 FQlste] WPtk FHES vortexZ  E33lod
Z 42 & 0.5% phenol red T+ WHE, 0.2 N NaOH

d] WHed 5% trypsin F HRES "ol 37T
oA 2413 B} WHEAIA TS R 3, -

& o]&3lo] HFSAIZLE T €A wHA o}
(polyvalent) & ¥l F57(T, U, W, X ¥ V)¢
SHAIZ FH, 72+ Aol dd=l= ©F7Hmonovalent)
A1, 2, 3, 4, 5, 6, 11, 12, 13, 27, 28, 44 9
B3264) 2 eI, $eluglels =% X9 Y
off szl drFgAG, 9, 14, 18, 19, 22, 23, 25

gl ITmpl9)= AFS3kA] gkshel
4. emm REUX BE

1) AN DNA 22|

DNeasy Tissue Kit®(Qiag6n Inc., Valencia, CA,
USA)E ©o|83stod, BAPOIA gt F2ho e
DNAE elsiaich ARdAm Aol wheh gl &
2289820 mM Tris-Cl, pH 8.0, 2 mM EDTA,
1.2% Triton X-100, 20 mg/mL lysozyme)ol] & Y-
gk % 37CollA 3027+ HHEAZck Proteinase K
YAl 70°CollA 3047 RESAIA T ollgha2 A

¥ 743l& o|&3to] DNAS AAlsISrl. DNA
TR Sl AEE wi7AA] 20Tl Hakslg]

2) RuEXt 35

AccuPower PCR PreMix Kit"(Bioneer, <,
ek AMEA|(Table 1) 182 AH3te] T
SRS (PCRYS  AlB3laict. AlEA|e] 3744
5TAT TCG CTT AGA AAA TTA A-3’%} 5-GCA
AGT TCT TCA GCT TGT TT-3’& A-&3slich 2z
AEA] 1 pL(100 pmol), 3444 DNA 88 4 L,

ZHT 44 ULE 412 3 thermal cycler(GeneAmp

49

l'"o i O‘m‘

PCR Systems, Model 9600, Perkin-Elmer, Wellesley,
MA, USA)E o]gslo] 94T 18, 55C 28, 72°C
1% 30% WSS 353 Aol Y A4S 3

23 ¥ A719Flo] PCR WSS HABeh

5. emm TEXE ZA

1) REA B

AccuPrep PCR Purification Kit®(Bioneer)S AH-&-
slo] AgAHAL AANE FEH KRS
A, Aoz 30 uLe] &% %FElol
DNAE &35t

2) 1M 24

A71AE AL EUEEEAAD) 2=sk
t}. Dye Terminator Cycle Sequencing Ready Reac-
tion Kit®(Applied Biosystems, Foster City, CA,
USA)2} AmpliTaq DNA polymerase(Perkin-Elmer) &
o] gslo] FAA A7IADE EABATE Termina-
tor HF-S-943} PAGE(polyacrylamide gel electrophore-
sis) AAE A|EH|(5-TATTCGCTTAGAAAATTAA-
AAACAGG-3")E ©]83}o] single-pass sequencings
Algsigich. FFIAR 2742 olgE PR
AP om, FFell &3A17 ABI 3700 Se-
quencer(Applied Biosystems)ol] A7]dFA|1ZA 4
714942 National Center for Biotechnology Informa-
tion(NCB)®] BLAST & 18(ftp://nchi.nlm.nih.
gov)ollAl DNA dloJeb|o] 29} v]azsle] 4gAlo]

Table 1. Identification of Beta-hemolytic Strep-
tococci by Latex Agglutination in the
Acute Pharyngitis and the Carriers in

Children®
hAcutq . Carriers

Group pharyngitis

N % N %
A 125 50.8 98 16.9
B 0 0 4 0.7
C 0.4 7 1.2
G 3 1.2 8 14
Non-ABCG 1 0.4 0 0
No BHS 116 472 464 79.8
Total 246 100 581 100

“x2-test, P<0.05.
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95% o4l B¢ 1 FAAH R At &
Agk 93714949 =27 2k 700~1,000 bp°leP.
6. 2o} 2N U A

Aot HAtelA] FelE AT AT T
type, emm genotype H-Eol| Et EAXEE ¥-
testE ol&sllen oA AL FelgE P=

0.05Z 33}
7| 1}

1. MiZsts 53

24679 4 AT ShobE o= QT Wy
okslol 1309 (52.8%)C. 2 HE] BHSS XEa|slth
gt~ RHe g FA43% Ay ATl 12559%6.1
%), CT 1550.8%), Gi-o] 35(2.3%), Non-A, B,
C, G 130.8%)S AAsttKTable 1). ¥bd BF
Al A= 202%(1177/58178)2] BHS $AES H
9, T F AT0| 20.1%°] A THX-test, P<0.05).

GAS A4S A7) Wa Asue 20019 119,

1293 20021 1€l <F 55% olAe =& Hals
< Btk 3 olFollE= ok 30% AEQ e H
& HookFig. D).

GAS 49l #hole] oI EE= 34| olle} 11
Al o]& 4% olstZ YA, 4Aoll A TA] Aol
E 13% o)A A AA s chFig. 2). AHEE &
oH(52%, 65/125)7} oJoK48%, 60/125)Ht} k7 =
AL, §-28 Xpol= HAATHP>0.05).
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Fig. 1. Monthly isolation rate of GAS in patients
with pharyngitis in children.
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Fol @Al Al AT AHTFT 4% 18]

2. o5t 53

GAS 12559 T34 EIx A Ti127} 352% =
7 =931, 545 A] 9= T non-typeableo] 30.4

%, T28°] 14.4% e 157 o IR B
T 3A(TL, 3, 4, 6, 27, B3264)S 5% W& =&

Al F=] BoAkel 28t Xol7l §igich(Table
2).
emm TS FE3GS wl =7171 800 bpell

2] 1,500 bp BES] W=y} BEEQC; 125752
A7NIAE BAE B3 emm FAAE =AA

emm12¥ o] 285%%2 7V &3}, emm75(18.7%),

20
sl Patient

Fig. 2. Age distribution of positive culture of
GAS obtained from the patients with phar-
yngitis.

Table 2. Distribution of T Serotypes of Group
A Streptococci in the Acute Phar-
yngitis and the Carriers in Children®

Acute .
" Carriers

T types pharyngitis

N % N %
1 3 2.4 5 5.1
3 7 5.6 5 5.1
4 5 4.0 4 4.1
6 2 1.6 2 2.0
12 44 35.2 28 28.6
27 1 0.8 1 1.0
28 18 14.4 3 3.0
B3264 4 32 6 6.1
NT' 38 30.4 44 449
Total 125 100 98 100
“Y-test, P>0.05, *Non—typeable
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Table 3. Distribution of emm Types of Group
A Streptococci in the Acute Phar-
yngitis and the Carriers in Children®

Acute

. Carriers
emm types pharyngitis
N % N %
1 5 4.1 7 7.3
2 15 12.2 5 5.2
3 9 7.3 4 4.2
4 2 1.6 0 0
5 0 0 1 1.0
6 2 1.6 1 1.0
9 0 0 5 5.2
11 0 0 3 3.1
12 35 28.5 33 344
18 10 8.1 9 9.4
22 16 13.0 8 8.3
44 1 0.8 0 0
49 1 0.8 1 1.0
50 3 2.4 6 6.3
75 23 18.7 10 104
NT' 1 0.8 3 3.1
Total 125 100 96 100

"¥-test, P<0.05, " Non-typeable

emm22(13%), emm2(12.2%), emm18(9.2%), emm3(7.3
%ol 1 tha& AASAE Akl emm 1, 4,
6, 18, 44, 49, 50 5o =EA A=Y cH(Table 3).
B2t emm® EEE vlA3IPE ol Fo8 2
o7} Y h(X-test, P<0.05).
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A B FRA] Aol i3t A3k A 3e] F
a3ty GASS qEH 542 I7hE, AdH=E
ol o2 w2 Adelak® A7lell whEt
el Azte] depd F et . GAsell <3k A
T4 A 2 nEksA 3R BAllA o A3t
I} GAS T7Fel 43 ARAS ZowW, B
Rl BHAbellA] el EA e
gk 249t Ars vlad Jest ok,
B adellA= 2001 1
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ol Fed ek v B ATelAE A

B ASEA AT, M EERE wyow
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[e]
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4ol oo AEhe Bk
Bacitracin Y235 23 A 35 9l 8%
ol AAHE HFFoZH, ATUS FPHE &
Aabedl ol zEla 20024 Y A
A A3 3k 25 as WHrsle] AJsst
HiAE 249 B e FAIFE 3 A
o} wlazslaz} skdek?. e} W] QAT A
717} 7t vh 2N gl vlae e Ao
2 Ags

A AT BAS AR, QlFuiekellA
GAS 22|82 508%% HTAe] 169% Rt} £
Al = test, P<0.01). thEEo] 3ASo]
oFro|u} o dellA] olu] SAAlE H-83F AelollA
Al woF Ao & 3% WS WEste] QAT
kS AXE] wliitoll 3%k WellAe] Felgol
ytka Agsl) oloh: dl B o= Al
A 7 AA FAAE &3] Aol QT
ks AAIS7] wiitoll 71Ee] QAFErl =2
&S 48 F Ik B AT Ay} GAS Ee
ol vll§- ol RIS E A Fof Ao
AleFolu) A58 4 HAAE Ak Ao
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e 25X AiHelgt & vkF wiW
Ao A Ao Pz} B oA
sl2] aAlollA] A Ato] AT e] ZmofellA] GAS
2l&o] 15% W2 ol Tk dgo] T57|A
2 dobd Y& #EE 5 3UrkFg. 2).
Seluetels Eel®l GAsTHe ¥Xy EX
ZAAL ik vh2A HaE ek A7V A
frafele T Wby wlRem A2 IXy
frefolut BlEHo] A3t o] F¥el=A AE5HQ
7 (surveillance)7} 2 QshcPt 2 HHe =z A ol A
TR Aol BE GAS TF7F 7HAx gom gk
I AL AESREe] glo] gt zAbel]
S}, Al ¥ Ho] 01 | Eaqu,}‘_:_ o
s

rir
o Mz fo %

o™ =

Zeotoll A FelH GASgl *‘é*é% 234 & T1°*
T25%], T28%, T23% 9 T4y <olgtn Huslgl
ol 1 T 29 19989 kAlollA Eelgk GASell
Ale TI2R# T4¥e] 7P woka Haslgich 2
AFol|A] TEEE BEXE AR T127) 352%E
7F4 =93, T-NT(non-typeable)©] 30.4%, T28°]
144%% 1 o5& Ak A T A(T1,
3, 4, 6, 27, B3264)2 5% Wel2 =EA T4
th(Table 3). 2002'd FFollA] AJ3§et Bzl zA
oA=& T-NT°| 439% % 7P4 %31, T127} 27.6%
2 3 oS AR, olF Bl FUE A
FollA] Fate} HAl Aol T P o] A= H]

‘6‘]—-— J,]J‘d—*l- = 919}1\ T:}—

T BARALTY Wdeg fX47 SEFY
71A Aol gol#liA] E AFellAe M 8%
22 Aol emm FAAY S S788dck M3k
% Hg.?d/l%jz]. U]X—]—(’)‘ al, ;r_j(].H]—_?_o] oj\l: zl—x—]o] g}
© b, gArE AEskEle] A g3 Azr)
_C[L

]

o
rJ‘E ot R

kg7 el 800l A BAE B, £
A7 ol g oD, wak obuel M T A
Aol gL eksiAl 4ol Hol AxH ISt
Hgo] §lE GASE gel 917l wiiel EAol ot
S A9 MNT Hlgo] ol M 99e oY
upol Wesl wgleh MEE ARt £
whek obuier] H917h wlg- chek

Al emme 5

Fol @A) Aol AT ANTF A% 183

SE719F A7IAYE 24 AT ZEd {A FE
g 5 Qloke Aol T8 EFe A% o 3
Ao FAlell E2l=EAY axbgo 2 QI Hg o]
ofjufjz}od 7%‘5“& E577F ol ub emm A}
ol A= A Bl ket AEE ¥
TF 298 slelslsd Ego] "l

B AT E emm FAAE FFstd £ A
A &, PREEAAAD)A 714D FAE
olFslgdtl. Facklam 5292 5° ol 1600370 <317
Ade] 95% oldel AxshH FU3 emmE >
E F Jdrka sk wHE 95% olske] AsA
= B A ARE Ao B g ey
B AFolA A2 FAAELS §lodch B ATl
A ¢ 700~1,000 bpe] 71 A7IALE v|2ETS
22 B3] emm¥Pol FAEAUCIL B 4 9k
a2} dlolelulle] ol emm® o] 2]ol= mrp
related protein)t} emm 2.1 5 oFgoZ }& 7§
o= Utk NG emmB o2 TP H. B oA
oAlAl emm FAAE EEE AHHEHE emml27}
285%%2 71 E33, emm75(18.7%), emm22(13
%), emm2(12.2%), emm18(8.1%), emm3(7.3%)°] L
o8& XAt L ol emm 1, 2, 3, 6, 49,
50 So] =EA SA4E K Table 3). 2FA} B
2 B emm 12, 18, 22, 755 A} HiFA B
FollA =2 Hel&s HAI, emm 4, 445 A}l
ARE vghel, B odFollA] 3 ERE vl K
W T A T-NTE AlLslar 87kAQlH Hbs
emm FRAAFLE 127HAZ o] ohekslAl EREIR
o). Non typeable®] HIEOlA] emm-NTE= 175+0.8
%)Z T-NT 38F5(30.4%)Hr}t folslA Ak T
[} emm FRAAHTE] BAE AsHEHT T28F
A9 187FF 5 15T7F83.3%)7F emm2Z, T-NT
38FF FolA 2TFF(57.9%) = emmT5, 8T+
emml18(27.1%), TI12 4373 F 3275(74.4%)=
emm12, 1075(23.3%) = emm222 E-F5| ).

(emm-

0]
12

2 H: Zokdt g9 PEG AT Dol
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AT QT BeES ARIA sdeh T
AT emm FAAYE FRoe] AebE E4S

AR, 2 A|qe] Bz ZAvke} vlspstaat

sliek.

(o]
o

gh 82001 119RE] 20029 5U7A A
ZFA ol X8k & Lol o ellA Q1T 3xk

2467 (A 1239, 42} 1237) thdo = Q1%
&= Aot Eetol= SAHOE T 39S
AAEAAL, emm FAA FF F A7IAE EAE
Alste] emm FAAE & FASAC

Zd 1}: Q¥ A} 246 F 130 (52.8%)0lA]
HERE-EA Al Fato] EelE9len, 1 F 96.1%
7} AToldrk. AFH R E 4404 A7} 70.4% 5
7 wkekeh T127b 352%E b EIla, T
non-typeable 30.4%, T28 14.4% <=o|cl. emml2
(285%)7F 7H wWol FAENUIL, emm75(18.7%),
emm22(13.0%), emm2(12.2%) 2 emm8(8.1%) =°]

E AT AT T oF 50%0lA £
2d AER Eetn, AQl Lokt ojslellAd J4
A gl il A g Aol daedol
HAed Aoz Asdch T B emm FRA
o
5
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