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Isolation of Enterovirus in Patients with Aseptic Meningitis in 1995
Dong Sco Kim, M.D. and Wan Bok Kang, M.D.

Department of Pediatrics, Yonsei University College of Medicine Severance Hospital,
Seoul, Korea

Jae Deuk Yun, M.D., Moon Bo Kim, Ph.D., Ki Soon Kim, M.D. and Soon Duk Suh, M.D.

Department of Virology, National Institute of Health, Seoul, Korea

Background : Aseptic meningitis is a common illness during childhood. Although
the etiologic agent is not always identified, viruses are the usual responsible agents.
Enterovirus especially causes approximately 85% of all cases of aseptic meningtis. In
1993, there was a nationwide epidemic of aseptic meningitis by echovirus 9 and 30.
And we reported that the cause of aseptic meningitis in 1994 was echovirus 3. This
study was done to detect the causative virus of aseptic meningitis in 1995.

Methods : To isolate the causative viruses, stool and cerebrospinal fluid specimens
from the patients with aseptic meningitis, who were admitted to Severance Hospital
in 1995, were collected. Cultured RD cells and HEp-2 cells were inoculated with
specimens to see the cytopathic effects. Neutralizing antibody tests using enterovirus
serum pool were done on the specimens with the cytopathic effects. RNA was
isolated from the cultured supernatants of the infected cells by Piore and Nicoletta
method. Oligonucleotide was synthesized by PCR, which was run on polyacrylamide
gel after purification with HPLC. After running the DNA produced by using
Geneamp RNA PCR Kit, electrophoresis was done.

Results : Enterovirus was isolated from 8 out of 19 patients. Among these eight,
Coxsackie B3 was isolated in 5 patients. Echovirus 7 was isolated in 3 patients. In
one of these patients, Coxsackie B3 and echovirus 7 was isolated simultaneously.
Echovirus 20 was isolated in one patient. PCR product from these viruses showed a
154 bp band on gel electrophoresis, which was the same PCR product from
echovirus 3 supplied from ATCC.
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Conclusion : The causative viruses of aseptic meningitis in patients who were
admitted to Severance Hospital during the spring season of 1995 were Coxsackie B3

and echovirus 7.

Key Words : Aseptic meningitis, Echovirus, Coxsackie virus
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F %5 T 2 dd 3<de] AT Hddn 4
A4 xutd e FA vlE FAE PALE Holx 3l
o} g oA HEe ol aA e Aot od e
A A&#HA EAZE H3n gles 53] 1993dE 549
He g4o] A AZHoz diFdS oA I71H
o2 FAZ} HY% A2,

gutdog oA dHudd EAY ol Fo] 4
Al 57] Aol BA o A8t M Bk
4, HI2ex EAg F9EHE FEA4 A%l #
o|x] gkx gl AAHeolA| Rl Aulo]# 2(enterovirus)
7} 7bg & 42 vlolg22 of 85%F aAER
Ae Aez 43A ot 2FAME coxsackie B,
echovirus 7} &% ez <ajx Qlrh $-2vet
oA FHEE FEAAETEY U Hlely 22 = 1993
Jd% thf8A] echovirus 9, echovirus 300] H s
Ax:"? AREE 1994950 echovirus 3% M
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1. & 9 718 A5

19954 5%el 68l A AAchekn olzehs
$& Apgzydd dase] REy Huges 2
G wol Amwe 2 199¢ dyez IAYA 3
AR H5ed g $Ase BRI 10T

o wastch
2. O Ryl Fd|

10ml2] phosphate buffered salinecll 0.5ml2]
chloroform< i o7|o] 2g2] ¥ Yol 20%
HEHds whEqich o|AE 2087k HA AsA &
Sohell 1500xgelAl 2047 |4EEEin. Al
FEAg Hslel 2 U] shis oulz -20Tel
st s shus HEE 918t ARSI

3. MU

RD, HEp-2, Hela AI¥ FolA “ujo]e] o] 7
F4o] %S RD(ATCC CCL 136)¢} HEp-2 (ATCC
CCL 23)M¥XE WHO =4E EYyto} ALGaITh
o]S AM|Xi Hoechst 33258 &3aaiz sl
Mycoplasmadl] 2g5A] &S A F ALLs)
gt @& uidk® RDS} HEp-2 MX 7HHEE 3
#(0.2 ml/25cm® flask)& F Al EH¥(cytopathic
effect : CPE)& ##3stdoh. 100% CPE 7} #3g
o HNEE -20Ce T2 §F 59 F{F4E 2&
AFEol| MNHFEEEZA serotypingS AEE7] Ao
FEaRE AAAL

g FRAe Aulelzjzel HFe AV A
F3A Fel| AHEEgon, HEp-2 AlXEoAgt Al¥Hd
Ho| B#EE AL poliovirusol st AAIEHH
t}h. 24A17F otoll 2§ CPE &4to] #2d9 7% 7}
AL 93 SA(toxin)o]l HeldE AL HFEn
-20CoAM 47 #8S g F 2 #ddS RD
¢} HEp-2 AlEol A3 ZFstct.

4. Serum Pool0l| 2|& S3AIH

FA ol AHEF EHE YEFE RIVM(Natio-
nal Institute of Public Health and Environmen-
tal Protection)o|A] #|Z}8} enterovirus serum pool
£ WHO=RYREH Rguiztony ztzte] AL 5%
2-gfo}g o] Ef5E EMEM(Eagles minimal es-
sential medium, Sigma Co., St. Louis, MO, USA)
oz 20w slAste] AREsllt). 96well plates] zt
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wellel]l E8]g Ztzte] &8 3-& 50u 4 ¥ EMEM
Bz E 50u R F, AGIHMA(10-107) 7HEE
(vpo]g) )& 50ul¥ H7sln 183 E¥ste] 36T
Al 1A ReAZcth 2% RD AXE 150,000
cells/ml ZEZsl 1000 4 EF3 F 36ToA
vjokalHA] vjd CPEE #3313t Poliovirusel o
@ typing= Fulolg| 29} fAE vhioz AA A
oo, M7FA 89 poliovirusFH S ¢5to S
P18+P28 P13+P33, P28+P332| Fo2 Y5
Abgsldch 28l CPEE Yehlle 7HE 82 vlold
29 9718 SAs

5. RNA &

MEmo] selg A ¥ujgedo2RE Piore and
Nicoletta”2] uhgel] 2]3] guandinium thiocyanate
& o]g&3alo] Aulolz|A RNAE FEagich dgel
AHEEl BE 7|FFEE @t AMgsialon], A4
Well #A15l= RNaseo| ¢J8f] nlo]zix2] RNA 7}
2¥EE 2E HAastatgch

tilo

6. Oligonucleotide £Hd

Fulo]gj22] PCRo| AHE-§ primeres Feolg|x
genome® 5'-noncoding?] @7IME H3rF A

£ %9)elA Rotbart 50| meHg AL A3
A8ttt DNA molecules®] #4-& automatic
synthesizer(ABI, Model 380 A)Z ©]£€3}] Shina
5%9] B-Cyanoethyl phosphoramidite®] ¥Wjeoz
AAstg on], Bak®l 2 set] detritylated oligonu-
cleotide= Becker 5] o] we} HPLCZ AA)
3t ¥ 20% polyacylamide gelollA] #<lslgich

7. Noncoding RNA PCR

PCR< 94T9lA 30% denature Al7]: 527TelA
30& annealing A% ¥, 72ColA 187 extension
Aoz 435lHt. Geneamp RNA PCR Kit
(Perkin-Elmer Co., Foster City, CA, USA)& 4}
£3l5em PCRel o8l 44¥ DNAE gel-elec-
trophoresis(100V, 70mA)& 4AI# F etidium
bromide® F4dte] &)

=03

| ot
1. 48 W 3y BX

Z 1999 el F Folr} 128, Aelrt 7HE #
Aatgeh. dFd B¥E 14 vite] 2#(10.5%), 14
oA 541 Alelz} 3a(15.8%), 6414 1047} 93
(47.4%), 1141914 154 Abol7} 521(26.3%) 2 64l
A 104 Alole]  AolellM b Wol AISIC
(Table 1).

2. & 9 olEE A

Aoz kst dehdon wdo] 178
(89.5%)1A 714 Btm 18 FFe] 1520(78.9%),
TEZ 138(68.4%)2] otk o|gtH A=
AFdA o] 42](21.1%)0A #ALAT 1 9] Hutx
= F4 o2 Kernig sign°] 382} Brudzinski sign
o] 4zolA] BHEHAC 2L Fukgk = gigley
ZAEe Bk 7971 280(10.5%) Ut Table 2).

3. d&sYAAH
HH 5ol Wy P4E 101-500/mm*e 2 718 2
27t 98l(47.4%)2 Ao ¥ A B3 51-100/

Table 1. Age and sex Distributions of the Patients

Age(year) Male Female (%)
<1 1 1 105
1=5 1 2 158
6-10 7 2 474
11-15 3 2 26.3
Total 12 7 100.0

Table 2. Clinical Manifestations of the Patients

Signs and symptoms No. of patients (%)

Fever 17 89.5
Headache 15 789
Vomiting 13 68.4
Pharyngeal injection 4 21.1
Brudzinski sign 4 211
Kernig sign 3 158
Neck stiffness 3 158
Abdominal pain & 10.5
Convulsion 2 105
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Table 3. WBC Counts in CSF of the Patients

WBC(/mm®) No. of patients (%)
- 50 3 158
51- 100 5 26.3
101- 500 9 474
501-1000 2 105
Total 19 100.0

Table 4. Mononuclear Cell Counts in CSF

Mononuclear cell(®) No. of patients (%)

-30 2 10.5
31-60 3 15.8
61-90 10 52.6
>91 4 211
Total 19 100.0

Table 5. Protein Levels in CSF

Protein(mg/dL) No. of patients (%)

- 40 12 63.2
41- 60 2 105
61- 80 4 21.1
81-100 = .
>101 1 5.2
Total 19 100.0

Table 6. Glucose Levels in CSF

Glucose(mg/dL) No. of patients (%)
- 40 2 105
41- 80 17 89.5
81- 100 = -
Total 19 100.0

Table 7. Qutcome

Improved 19
with complications -
without complications 19

mm*2Z 1053718 d= 52(26.3%) AU ATA
sjutedo] Al A9 500/mm’ H7F Y A% 2@
3 5k Table 3). W3l FollA @7t A2
e vES B FagdsTded §2etA 60%01d
< AAEE Y A47 14(73.7%) A2 dEEeld

o} 2elolM e AT AP 30%0] 9]
4= A Table 4).

M F ey o S BE 40mg/dL ©lsl7t 12
#H(63.22%) 2 dIF&E-S A=3H e 60mg/dL ©)4
oz ot F7IR ASE 43 Aed, ladM=
100mg/dLo]4+S Bo|7| % 33 tHTable 5).

HERgdy g FEe #HeeA 80mg/dL °lFtE
A4 ol £33 UK Table 6).

olgjg A 7S FEI 2U diFEdA
Moo #9d A7E Holm qtlen) A
Heolx] ggtovt upeleazt HEE 8dHlolA
HEHA 4L 759 vd o Hzgode g &

g a7e TaEA g

5
'I"t—Ar')‘
=

199 HelolA o}Fd gHFod T3 glol 3
23}o] 5jalelthTable 7).

5. HO|IHA F3

1999 gololy AL 7}HES 71A T vlole 2|
S A A3 8o Folol|A vieltl2E HEEH
& glolek 8% zaolA CPEAsE RD A=}
HEp-2 MX RFeA FAlel #3d + Qe 2
A} 2 dln didoa] FAlel whe]gj27t HEE
Aee 2800 AR A el diddARE B
olti~E H&EY F Uk olF F 54 cox-
sackie B37} 4= 449l echovirus 72,
129l Al echovirus 202 54T 4+ 9t o
lallol = coxsackie B39} echovirus 70| 3594
7} el A FAl EAH A} (Table 8).

6. PCR 1t

Enterovirusell Eo°|3t primer 1 set(Ent 1:5’
ACACGGACACCCAAAGTAGTCGGTTCC 3,
ENT 2:5° TTCGGCCCTGAATGCGGCTAATCC
308 o|&sle] szle] MEujgedos PCRE A3
& A% 34 dEFes AHEd varicella zoster
virus(Lanel3)¢t A4 RDAXE vl (Lane 8) =&
i H:O(Lane 12)dlM= &4 A3 By, 44
o2 ATCCHA wjduwre echovirus 3 2]
B oo FolA & 8ye| Fhole] 979 7pziEelA
£ 2% 7|Hstdd 154bp A2719] PCR product&
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Tdblc 8. Isnldud viruses in the pall( nts

(PI' !snl ited virus

Name Agelyear) Sex == — e — —

HEp-2 RD In CSF In stool
JS Kim 5} M % t = Coxsackie B3
Y] Kim 2/12 F 1 1 Echo 7/Coxsackie B3 Echo 7/Coxsackie B3
SH Kwak 10 F + 1 Coxsackie B3 Coxsackie B3
KW Kim 2/12 M + t - Coxsackie B3
SH Park 9 M + { = Echo 20
CS Choi 6 M + t - Coxsackie B3
DH Par 10 M o t - Echo 7
SI I\lm 9 M + t = Echo 7

‘CPE: L\[Ol)d[hl( ctful--u-'- Ayl b Sl Ak CPEL: B

&

-2 154 bp

1234 56 7891011121314

Fig. 1. Gel electrophoresis of the PCR products of specimens from the patients with

aseptic meningitis. Lane 1:

BM marker. Lane 2,

5, 7, 9:Coxsackie B3 isolated

from the stool of the patients with aseptic meningitis. Lane 4, 6:Coxsackie B3
isolated from the CSF of the patients with aseptic meningitis. Lane 3, 10, 11:
Echovirus 6 isolated from the stool of the patients with aseptic meningitis. Lane
8 :Culture supernatant of normal RD cells. Lane 12:H20 Lane 13: Varicella
zoster virus, Lane 14 : Echovirus 3 from ATCC.
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gl S utele] glelujole Agtas & 4 gl
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Picornaviridae
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coxsackie virus B1-B6, echovirus 1-33,
olejzs AE XEFE ol 68-72F0] ol
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= Sl

poliovirus coxsackie virus

45
o5 Autole]2FelA Aol= poliovirus7t 4
frobell M Fostas Azt
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olgiai= Aulol Wist Ho] AV|EdeMRE 42
oA, H97tA ke g woln¥ gy, &
A4 A4, TR FELEA 2N E Ay}
ol2j2¢] genomeo| WAL Busm Yo}’

olgf& Fulolgjxo o3t MUY ojolollAn
o} dololl A @o] wAlstE o Basw glon!®
W Aztge] ASAME FoloA] v Wo] WA
o YY7INE dEE 109S dR] @ Ao Ho
lon® ¥ B golgd e drio] 7Y ojule] &
M=) HYsid

YAsdoes F2 gy TE, 75, AEAH
Fo| vehn oole] AL AlFA ¥uy 9 HyF
o] 7hdo] o g Aoz Hol Pt o F
MEL diFE 4=7] 4718 +d3te] v5eldel &
4 %*é"'%OI Age FE k. GRoblAE B,
8, QHdFo] FEA ¥ F$E HE B F
£ %*-5 A, Yol7t & £ AclelMe FE, A%
T}y E4a8 gl AR e} 5o §F, ¢
&%k Hepe] nEoll FRuze #AY 5 gl
FRuwzo) kA whHAl wbd pRAbe] g B
o|8| echovirus 99 Zgel 2sjv= FAE&He] <&
4e Bag £ dgt

HaHge] BeoME o] 7 EF F
olm en 19 £F, E, HES AR 3
Atk $'9%50 osn FE4 Hude Sl A9
sta o)A Aozl & wide] & M wqde] |5l
TE9 BEo we Aoz wysly Qe HE Azt
So] 79 dalsgdeh ob&e oaFx AzHEe
ZAgoME 3 AE AT & o FHRudE #
#s)A] ¥dch

olgt AHoRE ARZAAF Kemnig sign,
Brudzinski sign%2] k]“‘zl- ZFabo] AMEAog 1}
Eluzdl Algdd wutbde B]BM #AslA govg
felo] Bojx] ke wdy FF, FEI AL #Aj
M gea] Huidde] sbe4de 95 T 24N

Pash At ol @ AT E el Dol

g ol
tile
ot

=0 B

=8
2Awle} 2 Wes} @ebM Singer”§9 A$E o
#é Z4o] gAY vuld A9} 86%, o e
788%, 7 ' 90% ol4tolt @rimgk whdd) o
& pazEe Aydz b ge 4L Badia
dct, # A ol#g HulE o] Wk
oA AL 2 7 doled oA Raudsd

uatA HupapaEate] wieyl s o2 Hee
odg] 7HA o7t AUE F UAT HaASdel w,
A1 vele|2e] FHe wel, £ FWEe A Fo
o= A7]ef HE WA Fol wa} o2 2o of
U7t Atz g AA g Hazg5ae] gl A4S
oJatge] HUEE oAEA HAFAPALE APF
ASE 9J7] wjFolrtt. aEg Mubgie] Fuhe X
Agdagol /1Y 28 BA7 IAW s B
4 Hntge) be4e 9% Fu 8342 dste o
7t 328 Aoz 4zdd.

Hasdgedoze dudos WYTes} o

b F7keta o] AAtolAY oFt Frlety B A
%ﬁﬁ% Moz ez %2l gtk Wildin ol
o)abH W47t 2-3100/mm*(F4A] 130/mm*), o
8 W¥TE 0-80/mm*(FFA 27/mm?), YT}
0-82/mm*($% 16/mm®), @e] 10- 427mg/dL
(392 52mg/dL), Bl 28-103mg/dL(F%A 53
mg/dL)e2 Bustn glen v 5o uire) o3}
 90%o| oA MESFIE 500/mm’elgtel2tn B@
stdon, = 59 H24oe) MY} 6-1,720/
mm’), 99 8-258mg/dL, ¥ 42- lO?mg/dL
2 2yt B dyaEe] #FE o|E3 v
278 Holx 9t

Feldman™& xjutele] ojfe} ¥ HSode] TS
o ARG BAZ AL Yo wasEon o A
¥4oh ¥ 2sele] LDHY 48 8A7 sloke 738
sark. AREe] A9lHE B2 Y B9 FE
Heloog dlhsle] Balr|7h oHITHE da E
LDHE Z3s HA A H3giuje] A2
o glojris} o Fols dE Ad BAC S-S By
FAch

B4 xutdel AdeA g Ao duuyge
vlolg{~e] Rglojr), dukA o HAE wiYE RD
A X HEp-2 A %o #Z3te] cytopathic effectE

= Aoz BE F 24-4847 ol 30-40%°lA
kS Holm 7Y ol 90%2 WAL Ho] mEw
Jug A WY 4 Ao, £ H2sde) Wy
T4 271glol % vlole2udAL Yoz ek
ASE slo] 271 A g oS F-83 wgeld

AF7AE FlelA vlolei 2 wige|ut &2 FA
o] fo]slA| gho} FURIE FRE7} e S57|H
of 2]2|3te] AdAls]e] & Ao Apdelr) ey} 2hd
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Kol o]o] o] AAEL] HMu $e|ugte] TYu
¢ Aubvpole] 2dtel| A A wiFsta FHS Bn
g ez 1 9oz} dota dhllen oS A2
goz Syt ME vrelezujed @ FAo 2%
FAd Ay Ade] B wide] Qg AeR oA
), olghPL wlolg|x wiYgd o7 A 1 2
&o] ¥az} vith g2 A9 25-70% 4 =7t HE Ao
2 294 dz HREY ASelMe Ad dele 11
d F 48oA vlolel2rt FEF] oF 36.3%9] 2
&2 RAFUTY o dAFM: 19:F 8aldA
upolg A7} AEEHo 421%9] IEEL HAFo
Well b3 PEEo] 7MY AL MojFo] glog 4
M Z71E 7HeAdE BT B2 o HE
& Favts g gid HEedea FAald HEEH
A 2 Ho| UARE olB|F REE goF AL A
Mg F AS Aoz Azt 2 nloleizrzt of
o Mgt 22lg 75, ol wholgjxsl wh=A] Hubg
< dozl Y2l vpelg|2gtn Gy Felrt S
T2 AT ZE A7 2 FA4E 7T lYE
g #xpEdA e HHFHoAs &0l uiuA
ZA% vlolg] 27t wjRE A Fe Hog vjFo] gy
oMt vlolg] 27t AEEH R o= A oulE g
Aoz Azbgc)

oyl oA 1995\ % EHe| TaAd HUde
4o o] 2E coxsackie B32} echovlirus 72
2 Aztx gt dukd o R echovirus 3© FTA X
uredo] fraa Bide] ol Ao A Ydx, #8
7} o] 9= echovirusi= 3% ol = 4, 6, 9,
11, 14, 25, 308°] o] ojA'”, olwle] A
vtolg| 2o oFlME FEahs wEo] gl Ao
AU AAE A Zo] Addls B TR
o wA-g A & g

HIo| oA 2z YR wHow FHAIY
S o] &% WS Hdel o] &3l AMEI AZEHm
Aok FE#A HTde AgeME o= ololA
Fulolz] 229 genomed o|8dle] g &ax
Ax AAelth. #wlel2{2E t]£o] 5'-noncoding
regionell FE¢ fHxt el FEAol oM %
742 Aule|#H A genomelE YHE probeE Be
2 #ulolg]~ RNAE WY <+ U&°] hybridi-
zation studyell ©]&te] #H& 3 up Qlof?,

#ulol2]A  genome poliovirus genome %

coxsackievirus B(CVB) genome2] %ol 2]3}o
w3zt Positive sense® single strande]® 3°
terminus®l polyadenylate5lo] ¢len] ZHol|zl 74
kilobase®, %% 53 3' terminig] H7|4Lo)
translation®|#] =t} |2} 5’ -noncoding re-
giond] AL 6071A o]4del FHulo]2 oA 22
7ML S 2o glgol WA AL, ol e A
2 2 dFANdME S At dEE 3F9
M2 T FF Futolej2st 154bpH Al 2 &
Y @Og BoF1 AUAh

ol APl o) Ak WL golA
Pz B2 =S 5 oy At v
el 7154 A 58 xdd o diFst H7)
< oka Ade] HY oz Azdd fxe o
Baeol gule] Wie] ostd 4143t uloleixe] £
AL FAA AHEe A, BEaF A A F
3} B Ao Mx Fujolz2e] o]&] dojuh= A
S Atz aHola {8 FAol g Kot A
FAola A&AQ A& A @ Avt 4985 5
olo ¥ o=z AZtE

o o

I~

2 o

2 H: N9 e o dFAH N Ay 7}
2l Mgl osia & 4 Utk 53] AdojellAs F
o4 o] B oz UdeA glu olF ook
7} welg] e 2]% Fo|r}. 53] Fupe|g2rt T
A xubele] 5% E apA|Etm Ut 19939k $-g
et A= echovirus 9, 300 23 Hde] A3
9l difralo] AT 19943 =0 echovirus 39 2
gto] Mubqdo] et oleidh Hhgde] 1<) up
olgiAE wid gkl 4 e 1995¢% HAHd
Hugoz it #AES Ul w28 §H
&to] B mEh= vio|t,

4B 19959 543 6Yel ZA AAdigta 9
sofel B2y Aotxte] sty FoAd ¥
Foz Agd el 19:E didezx AT ¢
ol 2FAE A gt 7HHES Fole] HAHF
A7 dibS FAll AFHste wid® RD MES}
HEp-2 Mo HFstd AExHds d3As ¥ en-
terovirus serum pooldl 9% FIAIHE st
Piore ¢} Nicoletta®] HhHol o]a}e] A ) ool of A
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RNAE FZ3n PCRel 23] oligonucleotideS
gdsteick. 1 ¥ noncoding RNA PCRel ¢Jsle]
DNAE #4stn #A714dE5E AA Al

g 1

D g94Fd € Fae A8 T4 H2Ude
Sg By

2) & 192 & 8&9lA enterovirus?7} 2pgkon],
o]F 589l coxsackie B37F A E%loq 334
A= echovirus 7°] 189 A %= echovirus 3] 534
=elch olF 1ol coxsackie B39 echovirus
70| FAlel FAEUL

3) PCR product®= A3 #2l
A0E AT

g 2:1995dx FHd Mgt ozoisr A
Bgagsl dolalel] A Hugoz Qg St
o] flgInfo]2{ 2= coxsackie B39 echovirus 79l

ol# 7redoli}.
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