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ABSTRACT

In an attempt to analyze the characteristics of domestic pathogenic strains of S. pneumoniae, the basic epidemiological
charactristics of pathogenic strains such as their serotypes and frequency of penicillin resistance, and pattern of chro-
mosomal DNA from PFGE(pulsed-field gel electrophoresis) were observed. For this study, 56 strains of S. pneumoniae
isolated from inpatients and outpatients in the four domestic university hospitals were collected from January to Decem-
ber in 1998. Among those strains, a total of 56 pathogenic strains from blood(39 isolates), cerebrospinal fluid(8 isolates)
and other specimen(9 isolates) were selected and isolated. The penicillin resistance frequency of those 56 strains was
identified with disk diffusion method with 66.1%. From the invasive strains, predominant serotypes were isolated in the
order of 19F(12.5%), 23F(10.7%), 14(10.7%) and 9V(10.7%), totalling 45 percent. This experiment also used PFGE
patterns to compare the correlations among genetic subtypes in several serotypes. The DNA fragments digested with
Sma I and Apa 1 were resolved by PFGE. The PFGE patterns digested with Sma I were better than Apa I for analysis.
In the DNA fragments digested with Sma 1, PFGE analysis of 56 S. pneumoniae isolates- showed 25 different patterns.
As a result, serotype was on the whole correlated to PFGE pattern on the ground that each different PFGE pattern
by serotype was observed. This study can be utilized not only for the study of incidence trend of domestic pneu-
mococcal diseases but also as a useful basic data for the development of identification tool and treatment.

Keywords: Streptococcus pneumoniae, serotypes, PFGE patterns
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A& Role S pneumoniae7t AAAR LR F43)
A Z7), A 9lo] AFel Be ofEes AL 9
ok Fule] A9 I HUAA WA S preumoniae?)
Hjgo] 70-80%°) o123, vkl WA S. preumoniae®]
HET ®of A ABA] 7H48 4= gls el

HE 7S o ofgA +2 ulet 9045 8H
Poz AR AETE A 907N Eshe
HHPPE0] T3 ZAL VehA e oy, Auky
o2 A4 HE 2 Fude] Ad IARZREE 14,
4, 1, 6A/6B, 3, 8, 7F, 23F, 18C 8H¥ «oz2 Ry
Ak B AP o3k 7Y Wiz} A= xleldl=
A#Ae] EAFTh 3 o2 wFA 19783 FE
19943717 Hepa Aghe 71 390089 ojYelzy-
B 228 #HgTie 86%= 14, 6B, 19E 18C,
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23F, 4, 9V, 19A, 6A, 3 A AFHAZ, A2
36002 HE EeE HEFTLFY 65%= 4, 14,
23F, 9V, 12F, 6B, 3, 8, 1, 9N 4ol sg= etk
Ad A= EF YY) 23 7Y Hlgo 3k
< Yehldn) olrjotollME Y 15A, 23A, 24F,
27, 347t % EelEed vE wgd=dMe 7R
ojdole} AlolM Ezl=m, o}Z2]7}¢} Papua New
Guineao A= 129} 46 @HFo] F2 E=HLE IS
o] =R ojdol AloM F2 BERT H3
= 3ol 98 o] RuH R S o9}
7 d, A9, Aol we) {3 €39
X xjolE Holi Qlof WAl sk 93] Ao
T8 24 2 gdE 24} 283 94 @AY E F4
o2 she Y FAo] MaHolof g} ShfoMe
OF&] S. pneumoniae 54 w5o] e Ty ¥
3 B g 7 gl wE B4 v, A KA
HiE 5§ 7124 48 2Ard47t wig- vEE 27o)
th 53] A Ao EHEYYE 3] Hu=m
A A {13 Al el a7Hh
olef] E AfoMe tishEelre] i HEE &
sl HFF#+ #H {AF A2 RE Q] A E
HFOeZ penicillin WA 2 BHFS At 2
o] FAA JREE Yol At ST

U wo o

IL ety

1. AR 25 3 g

2 HyoM e 1998 1€9REH 12€ Apolo] A&
o &gk 43¢] e Wl Y 2 fst B4
EZRY EoE HASA +FE A 5655 Al
d #F2 ARET. HEEe Bele 5% A
FAE AAS A XS Hriet A H A
AA 5% CO,2 Z7|3aXA 37°ColA 18~24X]7)
g & o S84 JSFRGES BRI, optochin
(Becton Dickinson Microbiology Sysyems, USA) T
23 754 AL catalase AAL, BEEIIAE 52
3l AHTE ARSI AETHeE FHE
2 1pg oxacillin disk& °]&35l U2z ggom
HUAHe gk WAARE HARIEY. dApy 9
WA Ze B3-S National Committee for Clinical
Laboratory Standards(NCCLS, 1998)2] 7|5 ute}
Al g atgict 0

2. ¥3E 2M
7t MY dFe] €Y B4E AT 5ol ¥EHe

(&)

Denmark®] Statens Serum Institut2FE omni-(15),
pool-(14%; A~I, PQRST) group-(21%), type-specific-
(25%) factor-(64%5)2 X3He JEAES TSl AR
sipion 8|4 Fxo] 24 W 7t B a5 39
AA WL o] HAKY A AN gy
519 WA omni serum S 2 FUEIEAIE S A
A8l S preumoniae 7F RS ARG F

9] pool sera® ©l-§3l] AYTER U3} ERY &
7t group B type seradllA] & WHEo® 7+ FFo)
g3 typed AAsAT. EF type BHEY F type
factor7} EFEH e dFE factor sera® 23 w2
AlgE AAlsl] 8AES ZAs

3

FN

3. Pulsed-field gel electrophoresis(PFGE)

SAA DNAS] Fdg &1lsl] 918 PFGES 4Al
8l9ith PFGE WPH-S Rudolph 5(1998)8) whio W
Pl ARSI ERPER Me% gF 279F
€ ARl HE st 5% COE 5713
A, 37°CellA] 2A 7 W gFE & #S FEEAh
Washing buffer(10mM Tris, 1M NaCl, pH 8.0)=
&g FFE AHI F 05XTBE(Tribase, boric
acid, EDTA(Ethylenediamine tetraacetic acid)} buffer
of deksly FPGHL AZH A7 FEHAS
50°C water bath®] o] w8 B3 mlg] 50°Ce)
¥olE 0.5XTBE buffere] E3|AATE 1.2% low
melting point agarose(Bio-Rad)e} #HENS 1:1(viv)
o Hl&2 EHT & oF 100WSE plexiglas moldol
Fo 3 4#CE IHAAA 2yt Zh plugdl
proteinase K 1mg/mi2} 1% SDS(sodium dodecyl
sulphate)E &3 TEQOmM Tris, 1mM EDTA,
pH 8.0) buffer 5miE H7I8kL S0°CAlA 72417 5
et WkSAIZTE TE buffer® F-2ollA] 484 7F Al2AIZ]
£ 40U Sma I(Promega)®t 40U Apa I(Promega)Z
Aajste] 25°CollA 2441752t WHEAIA G4A DNA
& Ael9tt. PFGE= contour-clamped homogenous
electric field apparatus(CHEF-DRIII system, Bio-Rad
Lab)Z ©]8-3td 6 ViemZ 14°CollA 22A17F A719%
sl5e™, pulse timed 13204 25271tk A7|F
o] B gel ethidium bromide(l pg/mHE S35}
& UV transillumintor’doll A 151998 marker®+
lamda ladder(Promegays AH-3H4 T}

4, Dendrogramdl| 23t £
427 A#X] Dice coefficient= PFGE 44-&
Ef=E <FEE HHY $x2X100/4AHY Ao 4
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2 QRS Streptococcus pneumoniae®] R F) WE

o] T4 olgstd FAeH, dF clustering
unweighted pair group method of average linkage
(UPGMAYH 2|8t dendrogram /d 314 th"?
oL & 3

1. 2Fe| B2 ¥ 4

ARTH EE o= Y92y 2 4F
39, ¥ Aol 8, AT 479} TN W 4FE
A BlAEY #5E ddEe JAF 2EF 58 EF
3t & s67olH, o] T GAoRRE FEdE #57t
3972 710%5 XA Zt. Ee2l¥ F59] penicillin WA
& 66.1%(37/56)% Bl A AANA 25 W

Table 1. Penicillin(PCN) susceptibility of S. pneumoniae by
disk diffusion method

No. of isolates

Specimen® " - - Total
PCN"-susceptible PCN-resistant
BL 15 24 39
CSF 2 6 8
Sp 4
Throat 5
Total 19 37 56

“BL: Blood, CSF: Cerebrospinal fluid, SP: Sputum
Determined with a 1 pg oxacillin disk

Table 2. Serotypes and specimen for isolation of S. pneumoniae

5 ey

Sl 17

4e BT A5, B L AR 77}

75%(6/8), 62%(24/39), 60%(3/5)2] WA&SL BYtt
(Table 1).
2. HEy BN

AP S 4% A 7t B2 359 €4S I9F
73:(12.5%), 23F 63(10.7%), 14 635(10.7%) 1|2
9V 67(10.7%)2 w22 R Ho] o)E 41K EHY
o ¥35E 75U 4.6%S AR s 3 ER Y
EIE 545 F 2371 Wle] i) HeAol fle
o4FE HE 4FE JYepie 27, 222 84F 13
3 29 7 15 BT 4F2AN ¢k 1%5 A AT
(Table 2).

4= viold] ME 2] 75| gof Y Ex
£ Al ofske] o, folelld E2ld 20736%)9 604
oldte] oM Hald FFEIF 15F27%)EAM &
63%9 °|23 A, Fhd oM 21537.5%)2] 57}
BHHATH E3] A 1843717 2] AadEoe
G 3ol Bty £3 IxzRE EyE 45
7t 395(70%), ARZHE 22l d57 175(30%)A
o}, d33 E2E Az By 64 o)sklME I9F,
23F, 14 8H3o] AN, 194FE 0H 7K =
14, 9V, 614 o]l A= 11A, 9V, 3 £ 2 et
o} AR B9 23E 11A, 10A, 6B, 24E 19F €3
g 202 A7 A3t (Table 3).

o]

Order of No. (%) of Specimen
Serotype .

frequency strains Blood CSF Sputum Throat
1 19F 7 (12.5) 4 2 1
2 23F 6 (10.7) 4 1 1
3 14 6 (10.7) 3 1 2
4 9V 6 (10.7) 4 2
5 11A 4 (1.0) 3 1
6 10A 3 (5.4) 3
7 6B 3(54) 3
8 3 3 (54) 2 1
9 18C 2 (3.6) 1 1
10 19A 2 (3.6) 1 1
11 24F 2 (3.6) 2
12 Other* 10 (17.8) 7 2 1
13 ND" 2 (3.6) 2

Total 56 (100.0) 39 8 4 5

1, 5, 6A, 7C, TF, 8, 13, 15C, 20, 29.
® not determined
CSF: cerebrospinal fluid
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Table 3. Distribution of serotypes by age and sex
Age =6 7-18 19-60 =61
Serotypes Sex
19F
23F
14
9V
11A
10A
6B
3
18C
19A
24F
other®
ND®
Total

CW DO OO = =00 0N wEZ
= T SR N
=R I R N e = = e

O WO OO = o NW— —[Z

wlomwmoooooocooo o ~o|Z
cloocooc oo ococcoo oo ol
wWl—oo—~ocoo0coo0ooc —~0o o ol
prloocooc oo —~0co0c o - —~o —|T

W
—
—

=
S

20 3 18 15
%1, 5, 6A, 7C, 7F, 8, 13, 15C, 20, 27.
® pot determined

unit : number
M: Male, F: Female

Table 4. Serogroup/serotype of Penicillin resistant S. prewnoniae isolated from clinical specimens by disk agar diffusion method

Total no(%). of No(%). of resistant strains of indicated serotype
resistant isolates  19F 23F 14 9V 6B 19A 24F 11A 7C 29 6A 1
37(100) 7 6 6 6 3 2 2 1 1 1 1 1

(18.9) (16.2) (16.2) (162) (8.1) 5.4 54 2.7 2.7 2.7 2.7 2.7

HUAdH WAEFEY E4Ye 1977} 7R 7HE 1 5 10 15
wokem 23F 14 ¥ 9vrt 658 o2 Folsith
(Table 4).

3. 2 HEY RN €Y By

7} e £348 e 243 flEk
PFGE & vlastant el 2750 242 A3 &
& Sma 17 Apa 192 A ¥ F o]8 {HA &
3 vlws| RUAThFigs. 1, 2). Sma 122 #2|3 7
T 2550 M= e ERIT 4 gdlen, HukHe
2 ¥HYo| WE PFGE W= Pido] Aol7} LS
& 5 AT 2 B Agelx] g Bol 2ald

Fig. 1. PFGE separation of Sma I restriction fragments of the

BAY 19FE vl 5 750 Uigh e ke isolates(serotypes) of S. preumoniae isolates.

By 3= 28 ol vR) 4R = A2 s gk lanel: PFGE marker I A-ladder(Boehringer Mannheim),

Ao YRR Z 33 ulg} PFGE ¥i= oRite) 2} lane2: 1(15C), lane3: 2(18C), laned: 3(19A), lane5:
) ==y 4(19F), lane6: 5(20), lane7: 6(23F), lane8: 7(24F),

o o) o 2 Ak M X e okArlo] ZE

]7_} M ;i 989 LH.q] 1= M2 ge o] & lane9: 8(29), lanel0: 9(19F), lanel1: 10(19F), lane2:

e & = Y} T3 H2F59 PFGE S 11(19F), lanel3: 12(19F), lanel4: 13(19F), lanels:

7Y dendrogram®.2 FAslel] W= 7ke] fAM 14(19F).
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U] QAR ZE Strepfococcus preumoniae?] BR ) GE 4

Fig. 2. PFGE separation of Apa I restriction fragments of the
isolates(serotypes) of S. pneumoniae.
lane|: PFGE marker I A-ladder(Boehringer Mannheim),
lane2: 1(15C), lane3: 2(18C), laned: 3(19A), lane5:
4(19F), lane6: 5(20), lane7: 6(23F), lane8: 7(24F),
lane9: 8(29), lanel0: 9(19F), lanel1: 10(19F), lanel2:
11(19F), lanel3: 12(19F), lanel4: 13(19F), lanel5:
14(19F).
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T T TYppwe
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; i i | T I B B (0 1))

r L U0 1 L1A(28)
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— | 10A(24)
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s T : el Lith 18M3)
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Fig. 3. Dendrogram of similarities among the serotypes(isolates)
of S. pneumoniae by PFGE types (Sma I).

& AR A FHE 19FE VERllE BEFR e
57HA Fele) S ot o1&k fAMS oF
80% o)FoE EA Uikt 53] e AR 2F
31 19A8} 19F% Wl$- fALSE g Hlont 6A94
6B Aoldt AAE Bk T3 o] AR =

ol BHFESE BFE 452 S preumoniuze ATCC
496199F= ThE A7 kS EHTHFigs. 1, 3). F
Y B #F2 A% Eh Ape 192 HIF T4
PFGE %2 Fig. 29t 2t} Algt & Apa 192 A
a3t B9 Sma 192 A3l FAH 2559 Wi=

2
o
)
2%

st 19

30 40 50 60 70 80 90 100

! ' " 70(20)
v x £ 13(26)
L4
Pt |1 9v(23)
| 10A(24)
| a2
' — D scR)
‘ P 20
——— | 24F
l — L )] 19K(9.10.4,13)
| _E: S it 1eFQY)
- il iy 19A3),19F(12)
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e I b b 23F6)
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Fig. 4. Dendrogram of similarities among the serotypes(isolates)
of 8. pneumoniae by PFGE types (Apa I).

ool vl % 16714 YE ERIT = AL E
Ay w} zH7] 2 PFGE ¥4& #EE = U
t}. %3 Fig. 49 dendrograme F3AM & Wl Sma I
= g Y 19l Sshe 7Fe o FEHY
FAFS Bom o)ge) ABAYL Sma I ¥l &
A Vel E38) 2 d93Y 25U 19A% 19F=
7o Hejol fAE e B

va #

Streptococcus preumoniae®l 213 HB7#4 A
AR E 1 e APggo] /M & 85
shube A2 A WA 359 FFoR XEd B
& ojy-.-S #I 9ut. S preumoniae= ETOI Bk
o 9 9319 FHFPow RN by A, Uy

A gElx @4y Aol wEbA A4 fﬂ’s‘@ofﬂl o]
7} 9jgo] nuEnl gk BAPME AFAH 25
5675 We=R 7zt 3P penicillin W N=E
A8t Axk 94 EHFL 19F(12.5%), 23F(10.7%),
14(10.7%) 283 9V(10.7%) ¢ o8 Hilslo
olE 4 Ao xFE = FFV) 45%F ARSI
1991938 19939704 =] #el @7 13152 8%
o #el, BT Lee 509 AFE EX 19F 26%,
23F 24%, 6AS} 6B 9%, 14 7%= ©J& Y A
o] HA 67%F A sk ALE BRI 2 4
He] Aspep ZA AolslAlE eask

o|5 Aol I i%-r(54f)— Ad= ol
e} B2ja] BA oM ©)ste] 4, folek 604 ol
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rdFoA E8E 357 Z42F 204(36%), 155(27%)
24 o 63%0] ojZF-gol wig] A, Ad2AM 215
o} #57F Bk 53] A0 18MI71R1e] A&
WM @ 3Fge] Ragded ol P73
o3k Zglo] 4, frob 2 oA WiHE] et
= HREF} §ARE Zajoln) ey B Ao B
g8 ZFEY AF e A H¥HY RIS 2
641 olst B, fole] % 19K 23F 149 <o)L
201E8 1A, 9V €22 yeht o] & Fu9)
B4 ol§l solol|AE 19F, 23F, 14, 6B, 6A A
QoAM= 23F, 19F, 6A, 6B <3 tE S B
t}h ol WA= AFFIHFE] B Aol 0|83 7
Fo] 7t Ha B gEhe Ad, A0 OE
A Aoz Qg a3, g folllA AsA A%
F 4839 W5 #xl F2 lEe Zlow
BoEel 9= 3% 19R 2377} S48 289
om RiEdME 53] BE9ES dodle Flem B
3" 83E 1A A B dHo)
o} AojE Yy 23 Yok

AEE HYE gR2sE 228 437 10%2 93
o ulg) E Y-S Ko, 54 Al sk 4
Y zjolZ FWHslole B A ARRE HA 7}
ol o]Z BHY FE givkx Ho).

8. pneumoniae®) A WA ¥exs H2 AR
2§53l e o] EAlE AE, RAgow
8% ZAZ tiFs1 Qo' 53] HETad 28
2] A8d o]&Eo} & penicillin®] tH3F WA W=7}
AAHe 2 FE31T Qo] oF 15~50%c] o121 3o
o, 38 19783 Jacob'”? 5 THINAFL B3 o)
2 HIos 35F o9 A BFgHom WA
£ Bole oAl WA F5F T FEL 3ls Aol
th'® el 1986 d #2F 172F % penicillin
WA 257 1.7%2 B1E o), 19969 78%
¢} 678%= A2t HASUR 53] oA WEFEs
35%0) o2& Aoz BIFYTIO

olg} el NS S preumoniae FF2) penicillin
WAas oA Ud a5 44 2elge AAEeE 7}
A L AoT HuET glon o= ) AR
2, d&3 A Ade] Qo] AEHoZ FAA A

g shedlM & Asely B}

2 AYAME penicillin WS &3 A
penicillin®l] WAl F5= 37FE 66.1%01 o128 =
A Vet

=
e 3

A WA 8] SEAL B 2 2
Qle] ¥AY 23F WAaFrt AMAH ez gite ¢l

2
=~

= FARIE D FfeM= B B Lee? Tol of5PH
23F, 19F, 14, 6 59 €A3F] mdd gz 34
o] lgo] A XU vl E 6B, 19F, 23F
FHgo] FHuaz WAdLol e oje olF 83y
o ml=olu} F=folla] Aol G s B B
& Hole ¥A3oln] B AMe oA gHow
U olE FFEL HUdA UAgo] =& Aee
ElL} o]E A o] A A Fo kEgoEN WA
Y5 s & JTL & Aoz AlFEgr)

B ApeMe ol B8] sl 7zt e &
A& JA3E PFGE oz vwsun, AMe-g59]
GC &l st Agk A4 Sma 192 IS
o 257F<] Fefef S ERIT 5 ilem AniEo
2 4% PFGE Wae SHAS Ho I3
wet Zb7] T2 PFGE 98 #23 = Yo =
Agox 71 Zo] 28 AW 19F I 73 F 3
T e FFe B, YA 458 MR T8
PIE HolBZ BF 5714 HHlo Wde HSiout
o] E71e) FAMILS ¢ 80% oo E EA JERsth

Y B 55 A 2 Apa [22 A28 o
T Sma 3 fAS A3E AJ0Y Sma o] WSk
PEGE ¥4 #aol] gol317] glo} 7t Y 955
BT 3EE = U2 E S preumoniae®] PFGE
A HPE YElME AFE A Sma B2 o838k 4
of M= Tzl Zo|Tg ERISIHY. 28 Apa 19
A2 g% PFGE % Sma I §A18E S
By

£ i

vad B

Streptococcus pneumoniae 294 23 5
I AAHge] P B8 HEe] F dddejn. 2
A= HF Y Ade g 27 A 2 o)
A% 7z dF2 ) HYA AZ3F Il
F4 aFE 4 Mot o5y ¥AHY
penicillin W4 ¥W%, PFGEE 3 924 DNAS]
} 5E et o e HES T

1. WA S preumoniae 5 BN O ZHE 39F,
¥ HpdonRE g 073 o 9 JHERRH 9
FE XHS F 5679 +FE Eelsld ¥4y ¢
penicillin W3S E1sk T}

2. penicillin®] WA 5= 66.1%2 HHeERT

3. 018 A OF 5 4 8RS 19F(12.5%),
23F(10.7%), 14(10.7%), 9V(10.7%) 52| o2 g
At

o 1 mo

i
as)

o2 Y& o

Korean Journal of Environmental Health, Vol. 30(1)



O

=

o

4. 7 8P 513 WAL PFGE Yo
23S o ¥¥FPo wke} 7y) thE PFGE &
A 4 Qe e ofe gYYE s FF
Ex 7} factord A g} e NS BHCH
olde] Az FU HFEEgY TYEE A7 ¢
T Atk 9 A5y 7ZAFZ o]8E 4 US AL
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HAe| 2
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