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Detection of Enteroviruses and Rhinoviruses Using the Reverse
Transcription-Polymerase Chain Reaction (RT-PCR) Method
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(Director: Prof. Chuya HAMADA)
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In order to detect enterovirus and rhinovirus sequences as separately for the virus
genera by single test of RT-PCR (reverse transcription-polymerase chain reaction), two
sets of the primers were prepared covering the 5'-NTR (nontranslated region) to the VP4
in the virus genome for amplification. The sequences selected for detection included a
deletion of ca. 120 b (bases) stretch in the rhinovirus genome so as to get the products
separate in the electrophoretic mobilities for each virus groups. The first set of the primers
consisted of P3 (5'-GGCCCCTGAATGCGGCTAAT-3') and P5 (3’ -GTTCTGGGATCATTTAA-
GTG-5") and the second was of P4 (5'~ACTTTGGGTGTCCGTGTTTC-3') and P5; the
P3 and P4 (for a closer site to the P5 compared to the P3 site) were complementary to
the sequences in the 5 -NTR of 95~100 % homology and P5 being in the VP4 region
complementary to the sequence of 60~90% homology through the two virus groups, each.
By considering the relatively low homology in the counterpart site, the P5 primer was
employed for initiation of the reverse transcription at a low temperature of 37°C for promoting
the primer annealing to the template RNA. When applied to the prototype strains, the
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P3-P5 primers gave a single band equivalent to 460 b DNA for the enteroviruses (43/44
serotypes) and that of 340 b DNA for the rhinoviruses (8/8 serotypes), thus enabling to
easily discriminate the two virus groups on the separate mobilities of the products. Similarly,
the products by the P4-P5 primers were of 340 b and 220 b DNAs for enteroviruses (43/44
serotypes) and rhinoviruses (8/8 serotypes), respectively, again being of easy discrimination
of the virus groups. Of these experiments, authenticity of the products was confirmed
by base sequence analysis with selected product samples from the experimental groups.
The primers prepared were also compared for the efficiencies of virus detection in the clinical
specimens with the tissue culture method for virus isolation. Positive ratios resulted were
65/96 by the RT-PCR and 54/96 by the tissue culture method.

effective for rapid and discriminative detection of enteroviruses and rhinoviruses to the

The primers thus proved

laboratory diagnosis.
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EbhenvFuaAARGEY LTS (3MERD,
ra—vA4 A mER), 229 0F—T1AR (A
Bo3myER, BRE6MBFL) YUwERETvIRIAL
2 (4 MER) Xogh, RYA, EEEERE L5
K, ~ARVE—F SHHmESEER SR
¥l T A 2 A AR 13 MERL EAS R, £F,
YERE (RRM) 2&ZFTY. Zhbzvia, 74
SR AN ABRBEOEREZHIIEE, BEBRE
(HEGE, SWUK/REEAY, K WK SEEAEY)
MmHOY A ARG, YO EERNE (BEH/EE
B) chd s @A E LARMC L > TiThh 3. L
L, v ARG oY 1 v ABPIREY Sk
1B, Fo8nEc ks ifilsE AR
E2EEA*ETA MR AV ARPEOERERIZ
Brizid L o BRER A L ABHEOMB I EEh 5.

o E e BEE, BoRBR S hic Reverse transcrip-
tion-polymerase chain reaction (RT-PCR) #2% (1,
RNA UEEEMEL L LTRETH D, TRHRE X
UCREER, 714V ARORREFPZECFIETE
HEIHEM DB B,

1990 £, Rotbert B —7I 4 v —+ty bEZHLL
B & o, MERL @ CEEEFHEEEOSL 5 -NTR
(nontranslated region) PUEFIR % #MIENS - LT

zvFagfrAIMER RNA 2#&H, ZORRES
R LY., L, Tviooq X RNA BRE%
Hf9+ 4% RT-PCR HicBl L THEEXHE, —&1t
ODRARESEL ORELH B 7. FRAROALIT
FA A AREOWTEARBR, ZOBE, 5 -NTR
Rxviyu, 54 /HBYAVARE LTS HVEEE
FiEREEART 0D, AEEZNRETIE—T S
12—+ y bCIOEIA VL ABREBETAZ LD
AL REShTWA. L, ZhiEToRET,
BONLEWIFBRY A A A%E UBCELUOEAES
L2 EELTg A Dk - TIEMER, EE
MANIES, VAL ADOBIHELRETH .
AFETEZOROBEBERY, FBT 71 v~y
FEFEV RT-PCR L Bxv5na, 54/ HEY
A NADBRIMRME AL, 514/ 9141 x 5 -NTR3
WMARERICIZ T v F a0 M L AD X RICEAH) 120
BORERDHL (Fig. 1. 74/ ABETFHENRE
e L TSR ERME St 5 -NTR &b VP4 HiK
CRAKIRAHRE, BBV AOHTEYY A Xk
BEUALSEIRLILZEK LS. ZOBE, VP4 H#
BT 5 A = =/ EREETHEREMEEE Y 1 v R BOM
TE0~0%EWILE B0, Y¥HETS 71 7 — 2 HEFEDL
Ay, FREEERIGEE * KEMEROITCE T
L ETHBOBNAET A LN TEL. BohiE
RABEMA L HreiiH, 8T 5.
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MEEUVFE
A L2
TvFag L REEE WO T vA v AGHE
BiE = 27—V A CRED L OE B, ¥ k%
Bty 4 v AZABEFR T A 0 R e & TRER I
ALLA#REFEOLOTHS. Zhb%k Table 1 K18
F5. A0 AL EERCR M X o HE,
=D —ERYHES (10°-10° TCIDsp/ml) % B #
Lo, oA v ABEEERMR (B, TRV, &
B, RUmE) 80 CHERIFOLhE A1, Mt
BB B A6HF, MRERR W38, EERH, YUK
miE4 ETH 5.
RNA i
¥efEh b RNA #iiit acid guanidinium-phenol-
chloroform (AGPC) #2%7 z#-3< RNA i+ » b
(Isogen, = v Kv Y—vih) Lot EEFRELY
TEVVFAVTR—VEW, T/ A/ Bk
LA, ROTA VT o) VB THE. BEVA
N AEEERR, WO EERE D & 0 RNA #hH TR R
Bk b 0.1ml 2HFEMEE L. #EWX PBS
(phosphate-buffered saline, pH 7.2) #10% Er ¥kt
3,000 EI#R10%5% 0 £, PREAR LV RIZELBEED 1 ml
Hank’s BSS (balanced salt solution) ##Ek, % 0.1
ml #FhFh RNA HEHEE LI
T74 T —RE
EEREH T 74 v —, BOKT I < —(LBx £+
w4 A2 1E (Mahoney #) EEF XL, Fig. 1
BF5. MEES 5 1 < —208HEF (Reverse primer,
P5; 3 -GTTCTGGGATCATTTAAGTG-5", 71
A nt 884-903 X)) B vF o, SA/FEYA AR
VP4 FEERAEEMER (60~100%), B> GC &840
~B60%FFIRIE A &b LTRELL., ¥75 1< —ik
FIMEEH#O PCR 754 <=—T4$#5. 5-NTR %
75 A < —208#E %) 2 8 (forward primer, P3;
5 -GGCCCCTGAATGCGGCTAAT-3", w4 VA nt
449-468 5, Y U forward primer, P4 ;5 ~ACT-
TTGGGTGTCCGTGTTTC-3", w4 /A nt 543-562
WG LB LA 5-NTR NBEHRB (95~100
%), B> GC £B40~60%EFIXICH &tk L LTRE
Lic. ThEho7 54 <w—+xy btk b RT-PCR %
EWELT P3PS KdbblExvFnvq L R/# 460,
S4/7ANA/H340, ¥ P4-P5S mLrrbErv
FOawANR/EIB40, T4 7 AN R /H 220, BIEH

Table. 1 (a) Experimantal Use

Genus/

Subgenus

Genus/

Subgenus Serotype

Serotype

Poliovirus Coxsackivirus

group A

Echovirus

W1 W WD
[
OO~ U N

[y
-
oo
.

13 group B

19 Enterovirus

D U LB

¥
pat
~3 =~y

Table. 1 (b) Control Use

Virus species

Hepatitis A virus
Hepatitis B virus
Hepatitis C virus
Cytomegarovirus
Herpes simplex virus type 1

Varicellazoster virus

£ DNA #F# L. 5-NTR ®IE 751 v —RE%L
2REE LI OEIBEEEIC L 5 v A4V AREEEL L
LT AHIDTHA.
RT-PCR %

FHkRERIE Hart 53 w1 Z0HE, Hg
T AN ABREE UHEREE 77 1 < — xR
MH60~90% Ik E 5 Z L0 b RIGRESRTE Y WEERIG
BE&HES, HEAERIICE L. 7514 <~/v 41
WA RNA 72— ) v IHRELEDAHIHTHD. B
AHFIEIZ RNA 58 102l % RT RISHE 10 xl (8
BE ; 50mM Tris-HCl pH 8.3, 75mM KCl, 10 mM
Dithiothreitol, 3mM MgCl;, 1U/gl RNase inhibitor,
0.5mM % dNTP, 1U/ul M-MLV (moloney-murine
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b
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VP4 VP2  VP3 VP1 2A 2B 2C 3A3B 3C 3D
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\ S~
§'-NTR VP4 VP2 for enterovirus
5'-NTR [rreu=aui VP4 | VP2 for rhinovirus
o emcm————————— En i ~
= = terovirus (~460bp)
E"_—"\/_‘é? Rhinovirus ( ~340bp)
o i " | Enterovirus (~340bp)
P4 P5
M Rhinovirus ( ~220bp)

P3: 5 GGCCCCTGAATGCGGCTAAT 3'
P4: 5" ACTTTGGGTGTCCGTGTTTC 3'
P5:  3'GTTCTGGGATCATTTAAGTIG §'

(Forward primer)
(Forward primer)
(Reverse primer)

Fig. 1 Diagrammatic representation of picornavirus genome and RT-PCR

products.

5 -NTR : 5 nontranslated region ; VP4 to 3D : subgenomic regions
according to functional moieties. Rhinovirus genus has a spotted
deletion of 120 nucleotides at the 3'-side of 5'-NTR.

leukemia virus) MEEEERE, WU 500 nM HEE
754 =) i, 37C, 60% GEERERIE), &Ku
TRIGHEE %Y PCR RIGK 50 ¢l (RREREE 5 10mM
Tris-HC! pH8.3, 50 mM KCI, 1.5mM MgCls, 0.01

), KEES AR T F Y AT O, B (0.5pe/
ml) & ¥, BAHEESH (254nm, 6mW/cm?, b
SYARANI F—&— TM-40, 7+ avik) KEAHE
WRIE A Y FREEX D FR—H—DLh LB,

%+5F v, 1.25U0 Tag DNA £ A4 5-—4, 0.2mM HoOEWTHE & HHER L.
% dNTP, ¥ 200nM £7°5 14 =—) LES&, PCR EBEIIRE

AL L1z, PCR BHHMC/ 14, 7=—1Y v 75T/
14y, E72C/ 1%, BV A 70T 54001 5
V1% [ N A
RT-PCR ki, W2
RT-PCR BRRIEHK 10l #3% 7 Hu— A7 ni
L OikE (7V/em, 404, Ia2—E o F, 2 AEARA

RT-PCR BRFICH L W EWE = &2 / — R
LOER, FAFAFCEP RLOYS Iy -2 T
v AR 1L, Sephadex G50 quick spin column
(Boehringer Mannheim %k, USA) ik v £REHEY
¥k, Bk - XIEEEF% 373 A DNA Sequen-
cer (»A—F vraw—3t, USA) KXhRELRL.
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4 RNA

BAERIEE L% RT-PCR B#EMRER Yo i
RNA E#8%» B9 LTHE LA, FBFEY Fig. 2 ©
BRARE LTHETFS. RUt o1z ] BIEREE RNA
LB SRS L (nt 449-903), 5 f<—& L T28
v b, © HEEXNSRERF nt449-768 % HEHIES
&L L, 5751758 Hindlll site, 375
17 —3 ¥z BamHI site &0 L7cb o, @ HiES
SERP nt 669-903 FEBEEER R L, 57T 1
<—5"#K BamHI site, 3" 17 5 1 = —3'Wic EcoRI
site AN LIc b DEEER, ThFhicky RT-PCR
EHaBre. BRomL, M7 74 v—ky PCLAE
i3Iz nt 669-768, 100 EHEFI#RETH. L
FEW%E BamHI site =k 0 #ES, pCRII BB~V 42—
AL RNA &%, $4 RNA & L. REFEEC
FELES RNA 13 nt669-768, 100 HIEAIF| 4 IEFIE
HRAT L. YHEHIEEREIESHBCEL, BE
RNA w#-73< RT-PCR E#L#ERERCESICTh
T A X% (100 HEREFD) wLHBNTHLHT
5.

4 RT-PCR

BAAFIET Gilliland 53 -7, BHE (Azeo)
wk b 10° HFHMES RNA ERv R, 105HEE
FREHRAR M, BIHEAERIC LD RT-PCR %
L, ERKE > 7 ABELYES RNAKLDELO
LHHER RNA k50 THE, HERSHE
5z ZEBRRRFREC SV TEHES RNA, BHREE R-
NA, FHEBETEETLILOLEL, ThicE S 2 HEE
BEH RNA BXEB L.

#* E
1. TBE7S547—ICL5HTo5F0, S4 /TR
74 L XEBIREN

EEAREEL e, 54 /HEBY 1 A8 103-10°
TCIDso &HZ ¥ L b RNA FE%FE, RT-PCR i
gLt T4 <w—+y FPI-P5 KX 5EER% Fig. 3
(a) WiBF%. WEEDIIELYROERI YT Y
LA AL TS EH— (1 X, ASHE, H4605H
HE DNA MY FELTRIOERE., Y73 0vB
MrvrsawfrREEYIAYA R 1~38 (polio
1~3), Ta—-yf4Ax1~5, 7, 9, 11~19, 21,
24, 25, 29~31, &% (Echo 1~5, 7, 9, 11~19,
21, 24, 25 29~31), AB2/V v F—T (VA2 ~
7, 9, 10, 16, 24&% (Coxsackie A2~7, 9, 10,

16, 24), BEasy -9 11 x1~6, £ (Co
xsackie B 1 ~6), YORERzvFos1 L AT0R
U718 (Entero 70, 71) TH -1z H—DFHN & LT
Ta— AN A2B TR S EBRTE e
fo. —HS5A4 7 9ANRC LB & ETEEY 738
340 HEE DNA YAV R, zvFav LAk
530 BHBIKBELRICTLIERE LTRSS
Fo. MEEBE LTI F AR s 4 s o4 R
R HMsh, RBE SOKBREIEYA LR
AYR—%FUL—E, BOBERETH -1 FLAE
BCi R R R RO L LTARFA Y 1 v 3,
BEFFATA LR, CEFRYAAR, A4 bAHaY
4R, BiALRAY LR T, BROKSHRES
7 AR R RBREAC T, RT-PCR ft LIFRR
SEE LA bl LTI 722 R
Lich -t
T54<—+y b P4P5 L AREES Fig. 3 (b) ©
BFA., KOFRRLE—FHCLy, 7514 7—ty b
P3-P5 L2 40 L BEBDEL BT 2 DER LT
FRTHD. YT T —ky PLLBEEITI VTR
YA L ZAEED Y U Vi3 340 AR DNA MR v
K, 734 /74N ADFNIKEIESY BiC+ 58 220
HEE DNA Y v P& LTHRMEhT. LAL,
T FBET A A, WOy S AEEREELT
BRI TS 7— 2 PCXARBREOHEICERAD L
h¥, BEoxBr52i.

2. BEEHOHRE

754 <2—+ v b P3-P5, P4-P5, ZhFRBRIE
74 /A RNA EEF|FD L ORMEIFT 52 & 2EHD
HEARTIMT I L DR L. EYEERYIAZETE L
AN AREETIA T -ty P3PS 0L 54D, P4
P5 wkadbo, oAVt A A2 3MmER (1~3
), za—o4rA15mER (1~5, 7, 9, 11, 13,
14, 16, 18, 19, 24, RU2sf)), ABar v o F—v
12 8MmER (2~6, 9, 10, RUi16Hl), Biz
Iy Ek—gANR5MER (1~58), BE-vT
a4 A2 mMER (T0RU7TIE), Yows1 /94
AATIMER (18) Ths Zhb0R, B4 oAa
AR IMER (1~38), ABa79 o F -4 R
1MmiER (218)), B2 /4 v +— o4 AR 4 MER
(1, 3~5%), EHxvFryLAx] MER (708),
FFwesq /o402 1 mER (18) L TdHR
BT g R 2 BEOERERY] (GenBank) & HE,
HEEA—FAFBAE L. F0OR, Y54 v—ty b P3
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Poliovirus type 1 RNA 11

5 = 77

P5
‘ RT-PCR by P3-P5 primer
- -

|

Hindlll site-P3  BamHI site-P6
[ e o

456bp
[—] [ e
P7-BamHI site P5- EcoRl site

; PCR using modified primers
Hindlll BamHI
¥

g

: 232bp
BamHI EcoRl

digestion and ligation
HindIll BamHI EcoRI
¥ ¥ ¥
e 556 bp

A A

l ligation to transcription vector

T7
_promoter

In vitro transcription

556 bases

«A-> «A-»

Competitor RNA

Fig. 2 Preparation of competitor RNA with 100 bases duplex.
HindIIl site*P3 : forward primer (5'-GTACAAGCTTGGCOCOCTGAATG-
CGGCTAAT-3") ; BamHI site*P6 : forward primer (5'-TCAGGATCC-
AAAACTCTGTATCAAATGGG-3") ; P7+BamHI site : reverse primer
(3’ -GTCCAAAGTAGTGTCTTTCACCTAGGA-5") ; P5+EcoRI site :
reverse primer (3'-GTTCTGGGATCATTTAAGTGCTTAAGT-5") ;

3
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Polio Echo
M 1 2 3 1 2 3 4 5 7 91112 13 14 15 16 17 18 18

Echo Coxsackie A

M 21 2224 2529 30312 3 4 5 86 7 9 10 16 24

Coxsackie B Entero Rhino
M 12 3 4 5 67071 1 2 3 4 5 6 7 8 HAHEHC

M CM HS VZ P1

(a)

Fig. 3 RT-PCR products following amplification of RNA derived from

standard (enteroviruses) and clinically isolated (rhinoviruses) strains
using P3-P5 (a) or P4-P5 (b) primers.
M | molecular size marker (¢X174/Haelll digest.), Polio : poliovirus ;
Echo : echovirus i Coxsakie A : coxsackievirus group A ; Coxsakie
B : coxsackievirus group B ; Entero : enterovirus ; Rhino : rhinovirus ;
and the following numerals indicate the serotypes of respective virus
groups. CM : Cytomegarovirus ; HS : Herpes simplex virus type
13 VZ : Varicella-zoster virus ; HA : Hepatitis A virus ; HB : Hepatitis
B virus ; HC : Hepatitis C virus ; and P1 : Poliovirus type 1.
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Polio  Echo
2.3 1 2z 3 45 7 91112 13 1415 16 17 18 19

Echo - Coxsackie A
M 202272425203031 2 3 4 5 6 7 8101624

Coxsackie B Entero Rhino
M 1.2 3 4 5 67971 1 2 3 4.5 6 7 B HAHBHC

M CM HS VZ P1

(b)
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P5 ik BEVFTAAA1IR, RUOZA4/ 94021

Btk R% Fig., 4 w5, RuAof 218

HICHEABCT i 456 EERE cDNA & LT, $/25 1/

v A A 1 B ISE AR TN 338 Ak cDNA & LT
GRS B A HRINCORIRS W TW 5 2 £ 23D

7.

3. RT-PCR EC&B74 LABRHMESEE
MIRIC & B A LAy EhE
WHEE D HLRERREZH OB L LT3l 7 5

47—ty P LABEERET T a4 LR, PO
4 /94N ABRIBEgtEARET A LB A

(nt)
POL1-P
POL1

POL1-P
POL1

POL1-P
POL1

POL1-P
POL1

POL1-P
POL1

POL1-P
POL1

POL1-P
POL1

(nt)
HRV-P
HRV1

HRV-P
HRV1

HRV-P
HRV1

HRV-P
HRV1

HRV-P
HRV1

449

FEHRITERMICER S L ARCERECR VT ARERD
AN RSB - Tidle His\. BRI % X5
& L, RT-PCR it &5 74 4 2R, BREEHE
M X B v A v AGEERER % LEg LAc (Table 2).

R (CSF) #H&E$T5L%, RT-PCR X5
BshR 33/46 (71.7 %), MBOESEC L % B 28/
46 (60.9%), LATEACMHEERL K (Swabs) : RT-PCR
27/38 (71.1%) ; Mijass# 24/38 (63.2%), #FE (Sto
ols) : RT-PCR 3/8 (37.5%) ; Miluss#g 2/8 (25.0%),
M (Sera) : RT-PCR 2/4 (50.0%) ; #fussE 0/4 (0.0
%), Th-tz. ¥, RT-PCR HEBMEREE M

518

GGCCCCTGAA TGCGGCTAAT CCCAACCTCG GAGCAGGTGG TCACAAACCA GTGATTGGCC TGTCGTAACG

GGCCCCTGAA TGCGGCTAAT

CGCAAGTCCG TGGCGGAACC
CGCAAGTCCG TGGCGGAACC

GTGACAATCA CAGATTGTTA
GTGACAATCA CAGATTGTTA
*
ATCTGTTTGC TGGATTCGCT
ATCTGTTTGC TGGATCCGCT

ACAATTGTAT CATAATGGGT
ACAATTGTAT CATAATGGGT

GTATGGTGGT TCTACCATTA
GTATGGTGGT TCTACCATTA

AAACAGGACT TCTCTCAAGA
AAACAGGACT TCTCTCAAGA

450
GGCCCCTGAA TGCGGCTAAC
GGCCCCTGAA TGCGGCTAAC

AGCAATTGCGG GATGGGACC
AGCAATTGCGG GATGGGACC

*

GTGACAAAATA TACATAGAT

CCCAACCTCG

GACTACTTTG
GACTACTTTG

TCATAAAGCG
TCATAAAGCG

CCATTGAGTG
CCATTGAGTG

GCTCAGGTTT
GCTCAGGTTT

ATTACACCAC
ATTACACCAC

CCCTTCCAAG
CCCTTCCAAG

CTTAAACCTG
CTTAAACCTG

GACTACTTTG
GACTACTTTG

*

ATATATTGTC

GTGACAATATA TACATAGAT ATATATTGGC

*

* *

GAGCAGGTGG TCACAAACCA GTGATTGGCC TGTCGTAACG

588
GGTGTCCGTG TTTCCTTTTA TTTTATTGTG GCTGCTTATG
GGTGTCCGTG TTTCCTTTTA TTTTATTGTG GCTGCTTATG

* 658
AATTGGATTG GCCATCCGGT GAAAGTGAGA TTCATTATCT
AATTGGATTG GCCATCCGGT GAAAGTGAGA CTCATTATCT

728
TGTTTACTCT AAGTACAATT TCAACAGTTA TTTCAATCAG
TGTTTACTCT AAGTACAATT TCAACAGTTA TTTCAATCAG

798
CATCACAGAA AGTGGGCGCA CATGAAAACT CAAATAGAGC
CATCACAGAA AGTGGGCGCA CATGAAAACT CAAATAGAGC

868
CATTAATTAT TATAGAGATT CAGCTAGTAA CGCGGCTTCG
CATTAATTAT TATAGAGATT CAGCTAGTAA CGCGGCTTCG

903
TTCAC
TTCAC

519
CAGCCATGGC TCATAAACCA ATGAGCTTAT GGTCGTAATG
CAGCCATGGC TCATAAACCA ATGAGCTTAT GGTCGTAATG

589
GGTGTCCGTG TTTCACTTTT TCCTTTATCA ATTGCTTATG
GGTGTCCGTG TTTCACTTTT TCCTTTATCA ATTGCTTATG

* * 659
ATCATGGGTG CCCAGGTATC TAGACAAAAT GTTGGGACAC
ATCATGGGTG CCCAGGTATC TAGGCAAAAT GTTGGTACAC

* * 729

ACTCCACTCA AAATTCAGTG TGCAA-TGGA TCAAGTTTAA ATTATTTCAA TATAAATTA TTTTAAGGATG

ACTCAACTCA AAATTCAGTG

CTGCTTCGAG TGGTGCATCC
CTGCTTCGAG TGGTGCATCC

T-CAAATGGA

AGATTAGACT
AGATTAGACT

TCAAGTTTAA ATTACTTCAA TATAAATTA CTTTAAGGATG

783
TCTCTCAAGA TCCAAGCAAA TTCAC
TCTCTCAAGA TCCAAGCAAA TTCAC

Fig. 4 Nucleotide sequences of RT-PCR products for poliovirus type 1
(POL1-P) and human rhinovirus type 1 (HRV-P).
POL1-P and HRV-P sequences are aligned with that in the data
base (GenBank) for the respective viruses, poliovirus type 1 (POL1)
and human rhinovirus type 1 (HRV1).

* .

! insertion, deletion or replacement.
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Table. 2 Efficiencies of virus detetion/ Rk v 4 W AGBEBMRED T A &4, X TR
isolation by RT-PCR and cell DTt BB LE 2. ¥ RT-PCR 74 A
culture methods .
AREIRE (I ERE Mt L AR O Mlats B L a4
: Total Cell culture RT-PCR : ; 5 i .
Materials | - -0 positive positive AHERRAERT S, x T, WERVEREHRE L
- - s -
= o = p N2 Ceiftﬁiﬂﬁ%iég*, ;{ % 7R ;2345 7
v 5 g
Swabs 28 24 o7k L7947 1—4 EARA, E@E HEARETHEED
Stools 3 TR 7 A v A BB & BERR LA
Sera 9 4. #& RT-PCR E(CELBH74 LR RNA @
Total 96 54 65 %ﬁ B
- brosoinal fluid. Swabe - th N RT-PCR 3% QRBEHHE RNA HRARTHIER
+ cerebrospinal fluid. Swabs ! throat swabs. o b g 6L H W S T N
* consisting of 23 enteroviruses and 4 rhinovi- iﬂk?ﬁ)%. CHICES I R AR LS nb:@:% &,
ruses. Two methods were done independently Rk RNA 2EBHRMTE 5. P3-P5 751 <—
with coded aliquots. The RT-PCR results were oy FEIE RNA (B L, PIEES) 100 HEESRIGRE)
totally identical with that by the cell culture 1,000 6707 % 5HEH &4 RNA 3K E L, #4 RT-PCR

method, in addition to its proper detection.

Coxsa&kigiiuas 43.9 Coxsagkigvinm ES
2eLL e 2L T . diutn

— e

e - A42bp(cOmpetitor)
e 340bg( P )

Enterovirus type 70 inovirus

2t ttLts

-

N . 1200 (competitor
T Jagppleompetton

Fig. 5 Quantitative assay of enterovirus and rhinovirus RNAs by competi-
tive RT-PCR method. Virus specimens were subjected to 10-fold
dilution for the competitive RT-PCR assay. M : molecular size marker
(¢X174/Haelll digest.)
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& DEERRfE Y 4 L 2 RNA OFEBBREERA (Fig.
5. £UA A 218 (Polio type 1) SEEBERE
() whsex, S RNA CLHEY HHRE
RNA L BEY, *hFhoy /FABEARRSE K
BEBEBAREL 107 Th-7To. ME L TMEIK
FHIT A Y 474X RNA 10 A atsd 0L HE
L7z, LUFE#icz 2— 14 2308 (Echo 30, CSF)/
o 7 A HERSFRE 1073/ Rk 7 1 L 2 RNA 108
& AR /% 9% — 4 12 98 (Coxsackie A9, CSF)/
v 7 FABERSRRE 1072/ ERR Y 1 v 2 RNA 10°
&, BEas s+ yF—74 A58 (Coxsackie B5, CSF)/
v S FABRERSRARE 107Y/FE#E Y 4 4+ 2 RNA 108
B, zv5uy (2708 (Entero 70, WHEER )/
v IS ABERSRARE 107/FERE v 1 L 2 RNA 108
&, 514/ 9v141 218 (Rhino, WERV-HK) /> 7+
NBERIERFE 107/ RS Y 1 v 2 RNA 10*
EHETE LT,

% £

TvFn, SA4/ETALALE B—T54 27—ty
b P3-P5, #7203 P4-P5 ] RT-PCR iz &b, M
B A RNA #EWSTH 1 XEC L DEBABm
THEIEMTEL. 54/ 740 ARETFT RNA Hix
vFa A ADFRIEN 5 -NTR 3 ik T8
120 R RET D 2 & AFIH, YR %X HBIETR
FRED b LB, ZOBBDTRDS {75 A 7 —
P3, ¥ P4 12 5 -NTR M, {B L 4pE/REFER X
D5, B AR R U EEMERESY L ERIG20
WHEEZIE Lic, 7o, 3 EE Y5 v— P5 it VP4
HRAN, FB YA 228 UHNEERRE20EZET
G & L (Fig. 1), Wz TEEFERIGRE * HEHIE
B37CI e, RIGEAR, 7514 <v—/RNA. 7 =—
VY I RBERE L. BEET 54 < — iSRRI 2
HER A NMAYBUSEMARLILE L, HEEOX A
LEBLDNHBILICLB.

754 T—ty b PP5 CLBEE, TvFaIA
L A43F RNA (24 TH 460 3R DNA HME— <
VEYTFN, Fl54 A AR SEDE I HIS
<H 340 EE DNA HME— v Ky 7Fa s LT
BE St EBCTIA~v—+ty b PAP5 L5 &
¥, Tviov{ L A43ME RNA 22 TH340EEE D
NA HME—~Ry Ny TF, 74/ 714128
O NI FIs 7 < #0220 AR DNA HM¥E— v
FoZFrnkbzi, ThXho754=2—ty P&

HMIBEMERREILOEB FHEBEC L —HT 5
(Fig. 1,3). 79514 <—tv bCLBHEE, FEBER
e A v A (ABRFR YA v X, BEFXY 11
Z, CRIFFR7 A LA, H4 b AHRY A AR, B~
N2 A AT RUKEFREZ Y1 VX)) 348

B VY Ak Erlom ot &b, WIBENER
MRER DT B Y A7 A LA 3 MER, ARz Yo% —
TANALMER, BBEa74 .y F—2 10 R4 MER
EHxvFooA LA TMEYN, BOKF1 /74 0R
1 MER > SEEEFIRN 2 £, ThEhOEYH
ERNRFI B rEERE LD THL I LAHALL
(Fig. 4). £dom<, B¥EE TS5 1 < —HCEFIHE
BRIz vyo, 54/ FEYA VA& BLE0%ECIE
F240450, ZOERRIEREEECAL LA
B Lal, CIRBARBHMREIORELITHH L
FRRGMIT BT MR ARSRIE 7 1 v AT 2 R
BT B L2 RTEDTH T, ZTDA V38—
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OB AERE (HBR), TvFe, 5S4 /EBEYA N
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2, P3-P5, P4-P5 M7 51 < —+ v b OHETEY
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KoEYHE—XBEETCHEETL &, v 7 F LR
BT+ 4 X, Hd 5. BEEORE LEILE
BThHHR, BRIV TERRER
TIL 3 —%y b P3P5 LB LDM PAP5 DE A
CHLLO LT 5.

RT-PCR #::0EKRFEILFE RNA EFIOEMEE
whHHM, TORERXFE EBBMLTETHL. 2
Ok, FREREIBAEEENREI ATV S5
) AWETREASERELLY, TI5 M-k b
P3-P5 ®IG RNA 4T ({8 LAEE 100 HAESIES| &=
BEA) 10° B2 EERSGERE L, BERAR 6 28
#, Fig. 4 OFBEXB. Z0B4, Bk RNA v 7
FABRATARBEBAREILBRHAORE SR, =
hERARE OFALIRS & %, T FhOBEAIGERE L,
FVFv A4 A 1E (Polio type 1, #)/ v 7+
RAREREFTE | 1073/ 4YHFREE RNA 5 TFE
2 F DEBRARE - 10, DUFREBIC T 2 — 1 v 2308
(Echo 30, CSF)/ v 7+ AR AR EFRE 1 1071/
WHAREGH RNA F 105 AB2s9 v %—v
1% 98 (Coxsackie A9, CSF)/v 7+ VAT
BHEBATE - 107/ MEAREE RNA 478 @ 104
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BEz224 v F—w A 258 (Coxsackie B5, CSF)/
V7N BERRTRRHR R ARE ¢ 107/ 4B ARESR RNA
ST 105 = vF a4 2708 (Entero 70, 'H
RV /> 7T A SRR R REARE 1073/ 45
FIREHF RNA 515 105 YOI/ 710 R 1
# (Rhino, MEER\-K)/ > 7 + VB AR BEFR
107/ MBARER RNA 5F8 102 &hkb.
Bi& RT-PCR i L 38¥ RNA SFHx##ELT5
&%, M RT-PCR B X 2RMBEIX 7 1 v 2 RNA
SFE LT 100~10° e HEE IR D

BRETVTFavA A48, 51/ 7112 8HEON,
ME—DFISE LTI a— 5 f L Z22FNIIB Y 7 F R
Exzteh ot LEL zvyao s oEIhTn
T ABIFFS 7 A L RN T LIRS 7 F LR BD I -
o WAV AREFERBEIC 2L T I RADE
hTHNEERTERRBIC L2 & Ml 1 L 2
DI FagA XAy R— L 3BRRREF33 RiR3
(F-— 285). Jeliood b 4EO RT-PCR HEE X RNA
SFH LT 1007 FE TIN5, Fig. 3 RO
HFB Lz a—w A R228 B ARBFL T A0
A3 TCIDso B, 1037, KBIFEIC LT 1055 &, RNA
EE%10% & LT RT-PCR 3kHE RNA 1075 &
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T, BET T A 7 - EAEERTIRRICL D LD LR
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% RT-PCR #0HMIXERESR BT AL v 70,
FA /AN RABIRERIC S D, ERKBEGHS
MLl lL, Y394 7—+4o b P3P5 XD YMELLD
A ABEEDE, EROMREBREICLb A VRS
DR A e L. BRTROMB O, MEHRK, HHER
WK, HEE YormEr@ U, RT-PCR kicL b v
AN ZBEAMIRERIC LD T AV ASBRECEES D &
D, REROEBEE, KEHNE, BEERAR
ECBELTLEFIABLEMBENA. Mz Toa—y
ANAD—E, Fio—BITA ) T4 R FOHHE
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BB kWb oA TRy, ZhiesL
Y RT-PCR HEEX, —HOBEEEIIRR Y 1 1 X
BErBHE, FRY A AEBU YA A AB#L LS
Al BREHAIRY, ROy A4 N 250
ETRFERUECRE 1 AREYET 55, Y4 RT-PCR
B & B & 2 RERRE Y S HE I 5 ERRIFIC L v 24

BRI REABE &N TES. ZOMH, KHER
DM RECEARKOFETHEZLEESIETH
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YDEEZD.

BEBzedhlon CREFBY ¥ LCBBEH
EBCEH LT FBERBRELLDY AL
RGBS OVWT IR EE L E LIL o AT —
NI OMREER, FiH—BRK, AHERITE
5% AU Al O e

2 £ X W

1) Franeki, R.I.B.: C(lassification and nomenclature
of viruses, Archives of Virology (Supplement 2).
Springer-Verlag, 1991.

2) Saiki, R.K., Scharf, S., Faloona, F., Mullis,
K.B., Horn, G.T., Erlich, H.A. and Arnheim,
N.: Enzymatic amplification of beta-globin
genomic sequences and restriction site analysis
for diagnosis of sickle cell anemia. Science, 230:
1350~1354, 1985.

3) Hart, C., Schochetman, G., Spira, T., Lifson,
A., Moore, J., Galphin, J., Sninsky, J. and
Ou, C.Y.: Direct detection of HIV RNA expre-
ssion in seropositive subjects. Lancet, 2! 596~
599, 1988.

4) Rotbert, H.A.: Enzymatic RNA amplification
of the enterovirus. J. Clin. Microbial., 28:
438~442, 1990.

5) Hyypia, T., Auvinen, P. and Maaronen, M.:
Polymerase chain reaction for human picornavi-
ruses. J. Gen. virol., 70: 3261~3268, 1989.

6) Rotbert, H.A.: Nucleic acid detection system

Pt

for enterovirus. Clin. Microbial. Review., 4:
156~168, 1991.

7) Glimaker, M., Abebe, A., Johansson, B., Ehrnst,
A., Oleen, P. and Strannegard, O.: Detection
of enteroviral RNA by polymerase chain reaction
in faecal samples from patients with aseptic
meningitis. J. Med. Virol., 38: 54~61, 1992.

8) Zoll, G.J., Melchers, W.J.G., Kopecka, H.,
Jambrose, G., Poel, H.J.A. and Galama,



e

JHE :RT-PCR BB kBT v Fa o4 A ARUTA /944 ADBHF 645

J.M.D.: General primer-mediated polymerase
chain reaction for detection of enteroviruses. J.
Clin. Microbiol., 30: 160~165, 1992.

Grasso, M., Arbustini, E., Silini, E., Diegoli,
M., Percivalle, E., Ratti, G., Bramerio, M.,
Gavazzi, A., Vigano, M. and Milanesi, G.:
Search for Coxsackievirus B3 RNA in idiopathic
dilated cardiomyopathy using gene amplification
by polymerase chain reaction. Am. J. Cardiol.,
69: 658~664, 1992.

Muir, P., Nicholson, F., Fhetam, M., Neogi,
S. and Banatvala, J.E.: Rapid diagnosis of
enterovirus infection by magnetic bead extraction
and polymerase chain reaction detection of
enterovirus RNA in clinical specimens. J. Clin.
Microbiol., 31: 31~-38, 1993.

Abraham, R., Chonmaitree, T., McCombs, J.,
Prabhakar, B., Verde, P.T.L. and Ogra, P.L.:
Rapid detection of poliovirus by reverse transcrip-
tion and polymerase chain amplification : applica-
tion for differentiation between poliovirus and
nonpoliovirus enterovirus. J. Clin. Microbiol.,
31: 395~399, 1993.

Thoren, A., Robinson, A.J., Maguire, T. and
Jenkins, R.: Two-step PCR in the retrospective
diagnosis of enteroviral viraemia. Scand. J. Infect.
Dis., 24: 137~141, 1992.

Severini, G.M., Mestroni, L., Falaschi, A.,
Camerini, F. and Giacca, M.: Nested polymerase
chain reaction for high-sensitivity detection of
enteroviral RNA in biological sample. J. Clin.
Microbiol., 31: 1345~1349, 1993.

14) Nicholson, F., Meetoo, G., Aiyar, S., Banatvala,

J.E. and Muir, P.: Detection of enterovirus
RNA in clinical samples by nested polymerase
chain reaction for rapid diagnosis of enterovirus
infection. J. Virol. Methods., 48: 155~166, 1994.
Clements, G.B., McGarry, F., Nairn, C. and
Galbraith, D.N.: Detection of enterovirus-specific
RNA in serum : the relationship to chronic fati-
gue. J. Med. Virol., 45: 156~161, 1995.

16) Kammerer, U., Kunkel, B. and Korn, K.: Nes-

ted PCR for specific detection and rapid identifi-

cation of human picornaviruses. J. Clin. Micro-

—

biol., 32: 285~291, 1994.

17) Lepare, 1., Aymard, M. and Fuchs, F.: Acute,

chronic and persistent enterovirus and poliovirus
infections * detection of viral genome by seminested
PCR amplification in culture-negative samples.
Mol. Cell Probes, 8: 487~495, 1994.

Thoren, A. and Widell, A.: PCR for the dia-
gnosis of enteroviral meningitis. Scand. J. Infect.
Dis., 26: 249~254, 1994,

Swanink, C.M.A., Melchers, W.J.G., Meer,
J.W.M., Vercoulen, J.H.M.M., Bleijenberg, G.,
Fennis, J.F.M. and Galama, J.M.D.: Entero-
virus and the chronic fatigue syndrome. Clin.
Infect. Dis., 19: 860~864, 1994.

20) Chapman, N.M., Tracy, S., Gauntt, C.J. and

Fortmueller, U.: Molecular detection and iden-
tification of enteroviruses using enzymatic ampli-
fication and nucleic acid hybridization. J. Clin.
Microbiol., 28: 843~850, 1990.

Petitjean, J., Kopecka, H., Freymuth, F.,
Langalard, J.M., Scanu, P., Galateau, F.,
Bouhour, J.B., Ferriere, M., Charbonneau, P.
and Komajda, M.: Detection of Endomyocardial
biopsy by molecular approach. J. Med. Virol.,
37: 76~82, 1992.

Rotbhert, H.A., Sawyer, M.H., Fast, S., Le-
winski, C., Murphy, N., Keyser, E.F., Spadoro,
J., Kao, S.Y. and Loeffelholz, M.: Diagnosis
of enteroviral meningitis by using PCR with a
calorimetric microwell detection assay. J. Clin.
Microbiol., 32: 2590~2592, 1994.

23) Egger, D., Pasamontes, L., Ostermayer, M. and

Bienz, K.: Reverse transcription multiples PCR
for differentiation between polio- and enteroviruses
from clinical and environmental samples. J. Clin.
Microbiol., 33: 1442~1447, 1995.

Halonen, P., Rocha, E., Hierholzer, J., Ho-
lloway, B., Hyypia, T., Hurskainen, P. and
Pallansch, M.: Detection of enteroviruses and
rhinoviruses in clinical specimens by PCR and
liquid-phase hybridization. J. Clin. Microbiol.,
33: 648~653, 1995.

25) Johnston, S.L., Sanderson, G., Pattemore, P.K.,

Smith, S., Bardin, P.G., Bruce, C.B., Lambden,



646

P.R., Tyrrell, D.A.J. and Holgate, S.T.: Use
of polymerase chain reaction for diagnosis of
picornavirus infection in subjects with and without
respiratory symptoms. J. Clin. Microbiol., 31:
111~117, 1993.

26) Olive, D.M., AFMufti, S., A-Mulla, W., Khan,

27)

28)

29)

M.A., Pasca, A., Stanway, G. and AlNakib,
W.: Detection and differentiation of picornavi-
ruses in clinical samples following genomic amplifi-
cation. J. Gen. virol., 71: 2141~2147, 1990.

Chomezynski, P. and Sacchi, N.:
method of RNA isolation by acid guanidinium

Single-step

thiocyanate-phenol-chloroform extraction. Anal.
Biochem., 162: 156~159, 1987.

Sanger, F., Nicklen, S. and Conlson, A.R.:
DNA sequencing with chain-terminating inhibitor.
Proc. Natl. Acad. Sci. USA, T4: 5463~5467,
1977.

Innis, M.A., Myambo, K.B., Gelfend, D.H.
and Brow, M.A.:
aquaticus DNA polymerase and direct sequencing

DNA sequencing with Thermus

of polymerase chain reaction-amplified DNA. Proc.

30

Dy

31

32)

FREXESMFE F111#E F£105 FKIFI08

Natl. Acad. Sci. USA, 85: 9436~9440, 1988.
Gilliland, G., Perrin, S., Blanchard, K. and
Bunn, H.F.:
DNA ! Detection and quantitation by competitive

Analysis of cytokine mRNA and

polymerase chain reaction. Proc. Natl. Acad.
Sci. USA, 87: 2725~2729, 1990.
Siebert, P.D. and James, W.L.:
PCR. Nature, 359: 557~558, 1992.
Innis, M.A.:
Inc., 1990.

Competitive

PCR Protocols, Academic Press,

33) Hyypia, T., Horsnell, C., Maaronen, M., Khan,

34)

M., Kalkkinen, N., Auvinen, P., Kinnunen,
L. and Stanway, G.: A distinct picornavirus
group identified by sequence analysis. Proc. Natl.
Acad. Sci. USA, 89: 8847~8851, 1992.
Stanway, G., Kalkkinen, N., Roivainen, M.,
Ghazi, F., Khan, M., Smyth, M., Meurman,
0. and Hyypia, T.: Molecular and biological
characteristics of echovirus 22, a representative
of a new picornavirus group. J. Virol., 68:
8232~8238, 1994.

(PEL9E2 A 3 BEA)




