KiEvbe]l 3 2B &% . $274 525 1997
J. Korean Soc. Virology, Vol. 27, No. 2, 1997

Enterovirusel] gt Ez}QEsHa A= g
Genotype ®lIH o] 78k

Xt et e, SPRAY upola AR 28y A uto] 2 23}
= 1 1
dew  GHE - Yiln' eAs - AR

=Abstract=

The Development of Molecular Detection Method and Differentiation
of Genotypes of Enterovirus
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In this study, the feasibility of identification and genotypic differentiation of enteroviruses was
investigated by using nested reverse transcription-polymerase chain reaction (nested RT-PCR),
single-stranded conformation polymorphism (SSCP), and restriction fragment length polymorphism

(RFLP) techniques.

Two hundred seventy-four clinical samples were assayed by both nested RT-PCR and tube
culture method using MRC-5 and MK cells; 58 (86.6%) out of 67 enterovirus culture-positive
samples contained enteroviral RNA. In addition, 114 (55.1%) of 207 samples from patients with
suspected enteroviral CNS disease with negative viral cultures were positive by the nested RT-

PCR.

The nested RT-PCR products were genotyped by the SSCP method and the results were
compared with serotypes. We could differentiate 6 subtypes, 3 of which are similar to
coxsackievirus B3, BS, echovirus 11, ptus 3 other subtypes. RFLP cleaved with Sty I, Bgl I, and

Xmn 1 yielded characteristic patterns for each laboratory strains.

This study demonstrates the usefulness of the RT-PCR for the rapid diagnosis of enterovirus

infection and the potentials of the SSCP method for differentiation of enterovirus strains.
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TR ES 18% S7HE & A ohE A7A st
€ 955t sl (8] WebA Bvel Aoty 2
AEE 2 AdtdM e o3 TR ATt B
stk of 2 go] 91, enteroviral meningitis 7 -
AEMFEo 2@ vhol 2 2e] K Hedo] e
AZL 43~771%0) etn (9] 2L A
Bl o) B et
Rhinovirus, cardiovirus, aphthovirus®} 74 pic-
omavirus familyol] ;3= Evi single-stranded RNA
uto] ] 2o, poliovirus (types 1-3), coxsackievirus
A (types A1-A22, A24), coxsackievirus B (types B
1-B6), echovirus (types 1-9, 11-27, 29-33), entero-
virus (types 68-72) 52 84S £¢stw ot
Ev 492 Ao o}et 33t APl 2t
o7k sle Aoz 48 A v} [1]. dEE0] para-
Iytic disease “4-9- 53%7} poliovirusol] 2] 3}a], 78%
9] encephalitis®} meningitis 7% echoviruse] 2]}
o, carditis 74 -%- 63%7} coxsackievirus B (CB)ol| 2]
Ste], d2A-& U 0 9)= AL 32%7) coxsackievirus
A (CAYMI e 2n FelA Qo et A
o me 5% Rl Aolzl v A9 ohet
AMe obF ATt nRE, o] dle REA
2 & phenotype?] U<l Ao &3k Bvo] B
Fol g Aoz 20 = P 2
A71AE oafiEtrlole A7 Aok wekA Ev
9] genotypeol] ©] &t #-7-9} 7} genotypedl] WHE &
LA Apolg zASA, old WE 7} geno-
typee]] W&t FAYE A A7} Eve] tropism
= olesly] AstdM e B4A ol & 4 glg.
B ATE, Bv 499 A9 Uy F A ¥
W2} reverse transcription-polymerase chain reaction
(RT-PCR) ¥ <
ngth polymorphism (RFLP) HWl*d 2 single-stranded

H} 1.8} 31, restriction fragment le-

conformation polymorphism (SSCP)-& ©]&-3}o] ge-
notyping< Al ste] 7] &) F3} wh-e-L o] &g
A BAE S YHYL gA

M &2 genotyping W o] Ve S FAlslna}
g
Xz 9l g
1 AFChA

% SSCPE 934 & American Type Culture Col-
lection (ATCC, Rockville, MD)ol| A} %] 3+ CB3,
CB4, CBS, % echovirus 11-2 AF-g&38} 4 th.

2. Primers

Reverse transcription & nested PCRS 9 &) Al &
# primer= th&3 2t} outer upstream primer
(OUPi); 5-GGTGYGAAGAGYCTAYTGAG-3!, ou-
ter downstream primer (ODP1); 5-CACYGGRTGG-
CYAATCCA-3', inner upstream primer (TUP2); 5-
TCCTCCGGCCCCTGAATGCG-3, inner downstream
primer (IDP2); 5'-ATTGTCACCATAAGCAGCCA-
3(:CorT,R: AorG)

3. RNA £Z 4 reverse transcription

Ultraspec-I (Cinna/Biotex, Houston, TX)Z o] &
3t enteroviral RNAZS F&3}9th W< 71tk
8] Ametd o33 2o}, Ultraspecl €9 (1 ml)

o A 02 mlE Yol FHAE BE 2, 0.2

mle] chlorofonnE 4‘1% 155 B< Jgkegts}

%a 7 a9 43 a5k Ruasl 34
< A3 A &< isopropanol, yeast tRNA (10 mg/
ml, 1 phE 92 5 2004 2417+ B sl ot
THAl 12,000 X goll A 1587 94 #-8 8Fa] RNA
pelletg- 3 & 75% ethanol 2 23] ¥lEa}o] A%
3 & A FAZ 5t} DEPC-treated deionized water
ol 60TNA 1083t vh-gA A A3t AT}
Reverse transcription2 75 mM KCl, 50 mM Tris-
HCI (pH 8.3), 3 mM MgCl,, 10 mM dithiothreitol,
0.2 mM each deoxynucleotide triphosphate (Pro-
mega, Madison, WI), 15 pmol outer downstream
primer, 200 U Molony murine leukemia virus reverse
transcriptase (Gibco BRL, Eggenstein, Germany),
1 U RNAse inhibitor, 10 pl viral RNA sampleS- &
ghated 37CellAl 1A1ZE wkgAIZ) F 90T A
B AAAAG.

4. Enzymatic amplification

First enzymatic amplification2 1.8 mM MgCl,
10 mM Tris-HCl (pH 8.3), 1 ul ¢DNA, 0.2 mM
each dNTP, 20 pmol OUP1 ¥ ODP1, 1 U Taqg DNA
polymerase (AmpliTaq, Perkin Elmer Cetus, Bran-
chburg, NNE =3 whgA]7 A8t DNA
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thermal cycler (Perkin Elmer 9600, Norwalk, CT)|
el whg 2L 94T A SE, S2edA 152
72Tl M 15% 1 cycle A3 3, 94C 15%, 52
152, 72°C 15% 30 cycles, 94°C 15%, 52°C 154,
72C 5% 1 cycle A 83t o}
FH A enzymatic amplification2- 1.5 mM MgCl,,
3 pl first PCR 4HE, 0.2 mM each dNTP, 25 pmol
IUP2 % IDP2, 1.25 U Taq DNA polymerase S &3¢
HEEAIA AQEATE WAL 94T A 4%
e & 0947T 18, 55T 90%, 72°C 202 (v} &
| 27 )E 358 A & 72(3011/\1 557k ext-
% 3% agarose gelol| A A 7] E5}a]
154 bpe] PCR &S A2t ot

5. AVt E ME Y HEsids

Eve] ZF& 98ted M= LLC-MK2 cell (ATCC
CCL-7 [monkey kidney]), MRC-5 cell (ATCC CCL-
171 [embryonal lung, diploid, male, human})&
ATCCH M Fete] Abgatect. ) ol
% Bvel 138 S e e, 4 Az
F5 E ¥ tubedd] 0.5 ml’ZE, seedmgo]—Cﬂ 5% A
ko] o] 2~3% ujek & 10% fetal bovine se-
rum (FBS)©] ¥-f-¥ minium essential media (MEM)
£ 05 mi¥ #Hrpsla, thAl 3~49 3 10% FBS
7F %9 MEME A A%tz 5% FBS7} ated
MEM< 1 ml¥ #H7iste] wjokstgdisl o **7P
AE HE 1~3Y A9 5% FBS7} ¢+-%-3 MEM
< 1 ml 78t ARgstd o), 147—1’“"“ qEE
A]-&l;}aozml@] ;<1;<4 Z}jio]—?\iofﬁ =29
| 11]-4 7 %o = 4 ml serum-free media®y /\1 Pl -R
T8 F 02 m AEAAG. W A Aoe
serum-free mediaZ- ©]-&3}a] 10% R -8 =
of dAEE 2 A7 RS AA 02 ml
ATt Ao Aol dH L 02 mi¥
Ht.

6. RFLP

m&i o rulo
o m

ATCCol A #93% CB3, CB4, CB5, 2 echovirus
11-& monkey kidney cellol] 4] v ok 3 AFZoll o)) A
Vlral mRNAE %314t} RT-PCR 34 & A=A

3 10 pE Sty L, Bgl I, 2 Xmn 12 o] £-8ke] 37C

A 2070 AT

7. SSCP

Nested PCR 4HE- (20 pl)2 3% agarose gelol] A

7199 %% & Zahjo} Microspin Sephacryl $-200
HR columns (Pharmacia Biotech, Inc., Piscataway,
NN)E o] &3t FAetHch A€ PCR 4H&S
95% formamide, 10 mM EDTA, 0.05% bromop-
henol blue ¥ 0.05% xylene cyanolo] E0] Y& &
A 1:1 FTEsta] 98CAA 52 wH-SAA ¥4
A2 % 5B 4vd $A Yok WAE DNA
& MDE gel (FMC product Inc., Rockland, ME)d)|
4 Wattol| A 1A)ZF A 7] 9% (XCell II, Novex, San
Diego, CA)3}o] silver stain (Bio-Rad, Richmond,
CA) & ##alH ) 25+ thermostatically contr-
olled refrigerated circulator (Hoeffer RCB 500, San
Francisco, CA)S AH-&3}a] 10+/-05C 2 138l
kel

8. Neutralization test

23l gL vid g = RIVM (Rijksinstituut voor
de Volksgezondheid en Milieuhygiene, Amsterdam,
Netherlands) enterovirus serum pool-s Al Al 2.7 7]
70 2R AsHgon. A B4

2 5% FBS7} 3% EMEM v x] 2 204} 3|4
0}04 AL&3k Tl 96 well plateE’J welld] v 9
Z+zvel e A -8 50 WA ¥ 31 EMEM Hj %] 3 50
WA ge 3 Awe] 348 (107410 %)H -2
pie F@zhskn 183 @8k 36Tl A 14] ﬂ
TS AIAY 2 FRDAEE 15 x 10
cells/ml ¥ =5 dtaf 10 ] £33 5 wjd Al
H¥-g& 135 T} CB subtypingo] H Q3 A%
antiserum (Denka Seiken, Osaka, Japan)S ©]-&3}
of AR B o Ald s
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1. RT-PCRZ} nested RT-PCR2| 912+ H| 1w

RT-PCR2] 74%- 4 x 10* TCIDso7}A] W& w3t
g = 919l o ™, nested RT-PCRE] 7A-$Lol = 4 x
107! TCIDsp7}A] W& #2e 5 ATt (Fig. 1).
Z nested RT-PCR®] 10° I = 91757} & Ao

2 FAHU

T3 A 4ol PCRo| gt AA8HE
Zat7] ote] HAA HEF A BvE 3 A3l
nested RT-PCR A]& 3+ A3} 4 TCIDs 74 o & &
e 4= 91 T} (data not shown). & =] |8 & oF

S T

108 = A £tk Ak F5F 5 99k
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Fig. 1. PCR products were visualized by 3%
agarose gel electrophoresis. (A) First round of nested
PCR amplification using primer OUP1 and ODP1.
(B) Second round of nested PCR using primer [UP2
and IDP2. Lane M, DNA size marker. Lane 1-9,
PCR products derived from the amplification of 10-
fold dilutions of virus corresponding to 4 X 10°
(Lane 1) to 4 X 1072 (Lane 9) TCIDs. Lane 10,
PCR reagent blank.

2. MjZHj=1} RT-PCR H| W

274702 A/ AES Are s ¥ walk AT
A Fvj kol o8] A= 67/274 (24.5%), nested RT-
PCRd| o}s| A& 172/274 (62.8%)°] XA &S o
e 5 At} (Table 1). Y371 E A2 A
v A3 5oy B o AANA &
o“é%a HRov dig A7l E= A
o] = nested RT-PCRo] Xt} F 3129 u
NS B =AY (12% vs 52%).
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3. RFLP &1}

CB3, CB4, CB5, @ cchovirus 112} nested RT-
PCR AF2-2 Bgl 1, Sty 1, @ Xmn | | S H Ao &
2t 475 #ASATH (Fig. 2). CB39] 749 Bgl |
o g M e AR Wsken Sy lol] oaA=
12, 73, 212 bps DNA ©HZ, Xmm o] 234 =
62, 235 bps DNA @& #2334 g9t} CB4<]
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Fig. 2. Agarose gel electrophoresis of nested
PCR product (297 bp) from four different prototype
strains (CB3, CB4, CBS, Echovirus 11) and their
RE digestion with restriction enzyme, (A) B: Bgl I;
M, DNA size marker. (B) S: Sty I and X: Xmn L

Table 1. Detection of Enterovirus from clinical
samples

Cell Culture

PCR

Positive Negative
Positive 58 114
Negative 9 93

74 9= Bgl I ©]3}A] 80, 217 bps DNA ©H &
Sty 1] o)3) A& AE A ggto ™, Xmn lof] 2
A= 62, 235 DNA @98 #2d 5 A
CBS52] 72 %+ Bgl 1o 2|+ 80, 217 bps DNA
SR L, Sy [o] 234 = 83, 102, 112 bps DNA
SR L, Xmn o] Q&)= Ads A gkt Ec
hovirus 11 %% Bgl I, Sty I, Xmn 10 28 &=
A A skt o)t AH =R 3709 A fﬂ}z*
2 A8 Ao &= subtypeo] 713t A
A 4 YUk

4. SSCP 2! serotype Z 1}

CB3, CB4, CB5 2 echovirus 112] nested RT-
PCR 4+E-& SSCPE A3 747he] 572 SSCP

ge B2 5 YA (Fig. 3). 7429 47t
A2 A& g SSCP AF, 517 (68.9%), 1071
(13.5%), 621 (8.1%), 421 (5.4%), 271 (2.7%), 11
(14%)e] 6%9] SAA 73S H2Y 5 YAt
(Fig. 4). o] & 52190A] YA ¥ & A 43 CB1
47, CB2 11 & #3238 4 Yt
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Fig. 3. SSCP analysis of enterovirus genotype.
The PCR products from 4 prototype strains migrated
with different electrophoretic mobilities upon separa-
tion. M, DNA size marker; Lane 1, Coxsackievirus
B3; Lane 2, Coxsackievirus B4; Lane 3, Coxsac-
kievirusB5; Lane 4, Echovirus 11.

Enterovirus 7} o} Ao A Zujokso]

wol g5 gtk o] why
4

2
R

be

el AE} 4k %%715
ZAete Ao WY
Ao} Ev 24 Ao = PCRo] o] &5 1 glon
(10,11], M= WA K& Agsn ok
[12]. o]2] 3 U E LS FE 5 terminal 29| con-
served regiond target® 23+ primerE Al-&3l 1
UTh B Ao ME o] BE targetoZ e
RT-PCRE A 33} th Ev RNA 55 9] & RT-
PCR AJ Al 5 QG AFEHE Bviz A ghel] v
FEE (HA5He S 10-100 TCIDsy) A 3
b= AbAlold} [13] ¥ AtellA Al# 3 RT-PCR
o] W% = 4 x 10° TCIDso, nested RT-PCR2] 7
$-olE 4 x 107" TCIDseZ #EH ) whelA
@k RT-PCRS Ev 499 435S HaiMe
A gahA] grta Alg €t
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o
N
)
o
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o 98} &AL AHH, ol F &% ]
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Flg 4. Representatlve results of dlfferennanon of
EV genomes detected in clinical samples by PCR-
SSCP. M, DNA size marker; Lane 1, Coxsackie-
virus B4; Lane 2, 5, 6, 7, Cerebro spinal fluid (CSF)
samples; Lane 3, Throat swab; Lane 4, Blood; Lane
8, Coxsackievirus B3.

=

A4 Egel ola) Aol BAIHE Ao
2 Aot [14,15]. vhol 2] 29 tropisme 7+
3 o] specific viral receptor 5 [16,17], A £
& posttranslation #}% o] B Q3 4o )3
< A [18,19], &%, pH barrier 2| 2] F3
o A EES = [20,21] Foll A& 2FH = A
o2 ¢34 9ot Evel 7 -$-ol X viral receptor$}t
tropism¥}o] FHA o dste] A7t A Y
o} [22,23].

we 22 APl o T 2 72

£ ¥3sl 1 9+ S-nontranslation region (NTR)&
[24] RNA-protein 4} Z 284 #Astn U= A
o7 daA Ut [25] 13058 6408 A nucleo-
tidet:= stem-loop +% % &}1 912 internal ribo-
some entry site "=%= ribosome landing padZ 7]% 3}
= Aoz gdax v} [26~30] E3) site-directed
mutagenesis &7 Ao o] FHH 47158 4841 ]
nucleotide2} ¥ 3}+= poliovirus®] attenuation3} neur-
ovirulenceol] 4 3-8 n| Ak Ao} Ll [24].
weba] ghabe] A7 HENA F5H wild EVs
9] 5- < SSCPe} RFLP ¥ ¢7|M4E &4&
23} cardiotropic enterovirus$} neurotropic entero-
virus®] tropism z}o]E ¥l @ #HE e 22 ente-
oviruse] 2714 & olslstet E =S & 5
& Aer ARd & A7 Ao s

oﬁ rEE e Xl
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T Hude] oilde Ao 4 HE
X = laboratory strain-g tj4 <. 32 RFLP 2 SSCP
& A5t genotype 7H54d & AT 747
9] nested RT-PCR ¥4 Q) AR/ AELS thAte =z
SSCPE Al g+ 23} 659 genotype 22 ¥-F 7}
wotsl e, olFell A type 19 A S-oll= 51/74
(68.9%)8] 2 Hl=E Ho] 1996 HPa 7
@4 A0de) 5 99 Bve 454 S Bt =
& olF die FINHSAALE Al st Y
= 2AE A3t 7h wo] 29 type 19] S
CB1Yo] A=t o128 A8 A} type
1] SSCP %] CB3%} AL Ao o
Al gsketh. whekA CB19] SSCPE Al @ 3te] o] 9
FEE PR ENE Favt la, G149 B2Y
< Al type 19) CB1 £= CB39+9] homol-
ogyE ZAbste Zle] Hasitn Aladch

©] 21 gt neurotropic Ev genotype A T}+9} cardio-
tropic Evoll A1 9] &4t genotype}o] b0l S B3}
7] 93kl A AAEL Aol dFeS Al s
dilated cardiomyopathy #12}2] #ZollA] enterov-
iral RNAE 7 £3}<] genotyping2- A8 3l51 glth.

= g
2 A7 724 Hggel Jdse 34S
oz ABHHES AA S 7129 A Ew)
%% 3 nested RT-PCR 7] & A]1-&3}0] By okA]
78 #Yokor], T3 RFLPS} SSCP 4
< ©] -8 genotyping 715X & HF e ThL}
Ze A4S AU

1. Nested RT-PCRS A 3En)] ko] o) A
B E 2 A 99 86.6%0 A, 54 #F AL
55.1%°l ] enteroviral RNAE =& 4 9t}
2. RFLP 71" & AH&3lo} Evel genotypeo] 7}
o FE9) AREALE AHEsof BT}
g o] glglth

3. SSCPol| 9|3 214 s YA S
A genotypingo] 7153t 21, 747 9] wild strain
enteroviral RNAE 6522 273 4 99}
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