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Background : Enteroviruses are known as major pathogen for aseptic meningitis. Although rapid
diagnosis for enteroviruses is very essential to exclude bacterial infections in patients with meningi-
tis, classical diagnostic method based on virus isolation is not practicable for timely treatment of
patients due to its laborious and time-consuming procedure. Recently molecular methodologies as
alternatives are routinely used for rapid and sensitive diagnosis for enteroviruses infections.

Methods : Reverse transcription (RT)-PCR ELISA kit for targeting 5’non-coding region (NCR) with
highly conserved genetic identity among all genotypes of enteroviruses was introduced in this inves-
tigation. RT-PCR ELISA was evaluated about sensitivity and specificity through virus isolation using
clinical specimens from patients suspected of enteroviral infections and enteroviral isolates com-
paring with conventional RT-PCR identifying them.

Results : The detection limit of the RT-PCR ELISA was up to 10-100 folds higher than virus isola-
tion using cell culture and conventional RT-PCR. On comparison between above two methods, the
detection rate of RT-PCR ELISA for clinical specimens from patients with aseptic meningitis was 7%
higher than that of conventional RT-PCR targeting 5NCR (P=0.016).

Conclusions : Our results suggest that RT-PCR ELISA developed in this study could be an alter-
native diagnostic method for the detection of enteroviral genome with high sensitivity and specifici-
ty. (Korean J Lab Med 2009;29:594-600)
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A0] reverse transcription (RT)-PCR¥o]tH9,
A& 1993 FE Autolg A fHAte 5 non—coding region
(NCR)= 5ol8o2 QA5l= AIAIE 0|83l RT-PCRe
TN ATt gosHA AutolHAE 2l
4= A =S 228y RT-PCRE: ©]-8-8te] “ntolef 2
et 79 A o] Wi EL Sole F7skA|E, ’.5-_1:- 3
= 2, A Bl EolZ] Agtel o7t 1%,

oju]] 8| s dree] 7|, 12|al SAHo] A2 ethid-
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2 Ao A= RT-PCRO|| HI8}| =& Sol=8t Wi es 2
ola, 919 BHES Hekd 4 %= RT-PCR ELISA 7|ES
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1. CHY

1) EF Hlo|HAFet 22| Hio[HA

B oA PV2, CVA9, CVBI, ECVIE iAoz 319
=, PV2, CVA9= 9] Ee|=& ©]&-31%laL, CVBL [13]
I} ECV9 [14]2 American Type Culture CollectionF& A}
231}, Vero2t Hep2 Al|3EE 247F wljoFatof] 2Xx 10" cell/well
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= F 5 w7t ok 709% A% HYS o vlolgAE H
2319}, 5% CO; BlF7]ollA 3-5U7F vijoket & Wsyt o %

2) At 2
2005 6Ll A 89 Atolef R He] Y E& ¢
A A A °J°ﬂ/ﬂ A7 2] 31215 diafo.2 el H B

A I F Y SUY B4 B B9, 5 Y, FE,

S B 5 il SH0 Al He 2t o
o9l Bxte] v HA 100A4& AREsto] AEE vl A
a5t T3 AAL Eake] i AA) = ZEehlol A FAS
25010 &4 AAI= o833l

2. 4

1) RNA 2

RNA %% TRIzol reagent (Invitrogen, Carlsbad, CA,
USA)E ©0]8-3}¢] Chomezynski W02 +=33}ATH15], vt
o]2]2 HjoFel 200 uloll TRIzol &4 600 ulS tlsto] AR-Lof
A 1087 82 & Z22Z(chloroform, Sigma-—Aldrich, St.
Louise, MO, USA) 200 uL9} E3F5}o] Akof| A 1587t 13
steleh 4C, 14,000 rpmO2 1587 YAEE (Micro High

=20 H
e E

Speed Centrifuge, Hanil, Incheon, Korea) %
sk, o37]of 700 ule] olAZ
Aldrich, St. Louise, MO, USA)& F7Fste] —20C oA 24]
ZEEA|ERAL, 4C ol A 14,000 rpm 3087t YAlEE] & 2p7ke-
0% olg-E= A|Aste] AF2oflA AxAZh RNA JHE2
diethylpyrocarbonate (DEPC, Bioneer, Dagjeon, Korea)7}
23 54 10 uloll =01 ¢cDNA 43S 918 RNA =8 ©
2 AR

23-2(Isopropanol, Sigma-—

2) cDNA &

2% RNAS F3 0= 10 mM dNTP (Bioneer, Daejeon,
Korea) 4 uL, 58 RTase 58 (Invitrogen, Carlsbad, CA,
USA) 4 uL, MMLV RNA Reverse Transcriptase (Invitro—
gen, Carlsbad, CA, USA) 200 U, oligo—dTus) (Perkin Elmer,
Waltham, MA, USA) 1L, RNA 5 uLofl 2542 20 uL& 23t
T 20CollA 1042, 37°C A1 904, 95°C ollA] 5871 REg-8kict.

3) RT-PCR
10 mM®] dNTP 4 ul, 10X Tag DNA polymerase buffer
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Table 1. Specific primer and probe sequences of the 5'NCR of

enterovirus for RT-PCR and RT-PCR ELISA

Primer Sequence Position
Ent-F 5 -AAGCACTTCTGTTTCCCCGG-3’ 161-181
Ent-R 5 -Biotin-ATTGTCACCATAAGCAGCCA-3’ 569-577
Probe 5 -Phosphate- CCGGCceeT 454-477

GAATGCGGCTAATCC-3’

Abbreviations: 5’'NCR, 5'non-coding region; RT-PCR, reverse transcrip-

tion-PCR; F, forward; R, reverse.

(Bioneer, Daejeon, Korea) 5 uL, 10 pM2| AJEAE 2} 1 uL
A H7Fstal(Table 1), Taq DNA polymerase (Bioneer, Dae—
jeon, Korea) 2 U, ¢cDNA 10 uL'& Hl3}o] S5 50 uL& 274
gh & 94CollM 32 S A WA $, 94CollM 30%,
52:ColA 30%, 72CollA] 45%2] THg& 358 WHESLAL upA|
oz 72ColA TR F¢ AAskITh PCR AHe PCR
ELISA°] AR&-3HSATY.

4) PCR ELISA Kitel MZH & =M MY
XLH}O]HC—J EolAQl 2ARE AlEFste] 7 Tt
R AR o] vl 2 gl AT
ﬂ‘@% 7—} to]] go] H/AgAIA ©d7te DNAE R, 7t

A21eF AgtAIZITE vl e "o FIgk=E
Aeka A (peroxidase)& F-2HA7]L, 1 IF— 7
to] WrAlgE & ELISA TE7|E o83t &3
CHFig. 1.

NucleoLink strip (Nunc, Roskilde, Denmark)ol] 2~4]21-&
Hasl7] sto] 58tk 04y Atole| carbodiimide BHE-Z
st FHATS A=kt pH 7.09] 10 mM 1-methy-
limidazole (Sigma—aldrich, St. Louise, MO, USA), 1-ethyl-
3—(3—dimethyl-aminopropyl)—carbodiimide (EDC, Sigma—
aldrich, St. Louise, MO, USA)°] 3%} 72 10 mLE %
Fo] FHAY 8AqS wEaL, of7]of £412%KH100 pmol//zL) 50
LE F7Ft ¥, NucleoLink strip®] 2+ Zkell 50 ul A &3}
et 1% SR o= AEE 501C oA 24417 50& Elacy
sttt 0.4 M9 NaOH (Sigma—aldrich, St. Louise, MO,
USA) A& o) Tween 20 (Sigma—aldrich, St. Louise, MO,
USA)S 0.25% H=% H7}star, 241217 28 Nucleolink
strip 39 A& skt 0.4 M) NaOH £94& t}A] Yol 50T
oA G $, 330l AA AAslh mpxet e g SRl 5
B¢ E ¥ 3H AFstITh 28o] B NucleoLink strip
& 4'C oA Hasiglct,

PCR ELISA®| tfgt 248 5" Weto] v]e.¥lo] A%k PCR
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Amplied PCR product
by biotin labeled primer

BN

‘“Carbodumlde
condensation

HRP conjugated
streptavidin

Phosphate labeled probe

Hybridization of
phosphate labeled
probe

Fig. 1. The schematic design of PCR ELISA reaction applied in this
/S\tggyéviations: HRP, horseradish peroxidase; Yellow P, phosphate;
B, biotin; Purple P, horseradish peroxidase.
AME 5 L} 18-l (Hybridization Buffer for PCR/DIG
ELISA, Roche, Indianapolis, IN, USA) 45 ul.& Zt {toll 29
3T}, PCR AME-2 95C oA 28 30 £9F HAIA7] L, o]
o141 60°C ofl 902 &t WHR-Z F-=5813IT}, 7L $ 18 SSC
A58 (Bioneer, Daejeon, Korea)ol Tween 20 0.1% &
E=5 Al o|Zle olgsto] 7k Tk 53] AlAskGIth PCR At
=9 WA ffstod, opvdo] ZAekE itetE A (Strepta—
vidin—POD conjugate, Roche, Indianapolis, IN, USA)E
PBSll 1,000:1=2 3 Astar, zt 7kl 50 ul A EFsk3ict, A2

oA g AIZF Fek ¥HS- & ELISA AlFoz 53] A|25k
o}, opr|ato 2 ypAKStE 4 0] 7142 tetramethylbenzidine
(TMB, Supplementary Reagents for Enzygnost/TMB,
Behring, Newark, DE, USA)E g]sto] 3057 ¥haiA7]
&, QA gHoR WS FAART. 1 A¥k= ELISA U=
7)(EL808, Bio—Tek, Winooski, VT, USA)E o]&-3}o] 450
nmolA FF=E S5

0|59 A= 714= AH8-E TMBY] % T 450 nmo]l

A SR, /3 S A 479
go] ofsl ALkE A, @3}71 ffsf &
< 2MNEEY g iRt %
ek /AR Batghol 4uje] EHAE st A 4
AR &2 AHE-8EFITH16].

oft,
r:L!
ﬁ

<
A
e
_};(_1‘
&)
S
i
-
QL

5) RT-PCR ELISA AlAEl9] Rt £
Tissue Culture Infectious Dose 50 (TCIDs)& ©]-&5}o] v}



RT-PCR ELISA for Enterovirus Diagnosis

olg|A 9715 Altstal, 1o wpE Al ¥} RT-PCR, 12
1 RT-PCR ELISA®] W17 =2 HILOP?‘;B}. Hpo]g2of| ofgt
A2 L 108 AL3B1A o) ofsto] 107-10"714] B4 Hle]
2]~ ti3t RT-PCRY} RT-PCR ELISA2] ZA3}= v]w3a}sict,
TCIDs &= 3l MAEZE 96 well microtiter plate (Nunc)
o Z+7} 100 ul A1x 10° Al3E)% E-ato] wijekatelar, vio]e
2= 104] A43] 4 4 sto] 107-10"7H4] 3]4gt 5 7tof| Al
3o} FEFQ1 100 LA R8T, oA 37C, 5% CO, P
ujF7loll A 3-597F HH%H%_H M-S Isto] vloly
2 A7hE ARt
13107107704 B4 7 upole A wiekalS 150 ulA
gt & 2 2708 RNAE F&3}0], 59T 27 2= RT-
CRS 33513tk 2% PCR AMZ-L 2% oF7F 2.9 =2 o]| 4]
Qlst3iet.
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6) SAHMZ|

A&E| tigt SA A 2l+= SPSS version 14.0 (SPSS Inc.,
Chicago, IL, USA)S ©]8st%aL, 7z 9] Blal= crosstab
(McNemar) test=2 #415F3lt}, PEk 0.05 m|Rkel H9-5 &
A foldo] Qe A o= st

2

P

El

1. PCR ELISAHS| AR M™

= YR 507100 Histe] SBEE S5kl o] o]
gl FAAE 0.45 253t 59U RT-PCR AHaS
RT-PCR ELISA AJ2:g]o] E}Eﬂl HEAZE o, 0.987/
1uL, 1.217/8 uL, 1.807/5 uL, 2.204/10 uLo] A= Bt
(Fig. 2). £ ofe] 7HA 9] 54 Aol A-8AZE i, 0.163-
0.2239] FF=E Uehfict.

2. RT-PCR ELISA2| TIZIE AlE

AEE 47}A] volHAE e 2 A&E RT-PCR ELISA
Alzdlo] M7t & 22313t PV29] 7 -$-ol= vlo]g A o7}
7F10°%/mLY o, Al HHET= 107744 BEE 9T, RT-

PCR¥} RT-PCR ELISA°l|A= 10742 /S gl 4= 9l
2t} CVA9S] Z-f-olli= vlole|A A7kt 10°/mLY w, A2
HHAET= 10°, RT-PCRS 1074 /o] ERI=|Qict 1
21+ RT-PCR ELISA/] Ao Ae 1071 FdE gl
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PCR-ELISA Optical density Samples
0.987 1 uL of positive sample
1.217 3 uL of positive sample
1.807 5 uL of positive sample
2.204 10 uL of positive sample
0.163 5 uL of negative sample
0.223 10 uL of negative sample
0.130 5 uL of different virus sample
0.174 5 ul of distilled water

Fig. 2. The results from PCR ELISA using amplified PCR product
for enteroviruses.

4= USich CVB1Y| 7§, Hieol2|Ao] 9717} 107 /mLY i,
AzEEE A= 10°, RT-PCRY} RT-PCR ELISA ZutojlA]
10°714] ZR1=]Slet, ECVIQ] 7%, Hholej 28] &77} 107/mL
A o, AZHHaI= 10°, RT-PCR#} RT-PCR ELISA®]A]
10742 7o) ZRI=SIrkFig. 3).

50719] 2etutoles S Kl HAF AAIE eR &
Hho]g|2of Eo]#¢l RT-PCR¥} RT-PCR ELISAS 433t
A1}, 5071 BF7F o] T uhellA SAS et 121
Tt/ uhed 22t 100989 B HAIE W& RT-PCRY}
RT-PCR ELISAS Hw 3t A3} RT-PCROA 4470014 %A
< %131, RT-PCR ELISA||A] 51719] &5 Holw RT-
PCROA ¥t 7% =& HEES YEti A=, ofd Pak>
0.016°.2 SAH o2 {9514},

J_,_ F

[l

pole| 2] Ak Alsufers F3t vhole A Eef 9
3t AT RT-PCRHo] Utk AlZufHS 39 oy
iRl Al 42%, 7Y oI e wiFellA 85%7F ¥ At Hel
oH17]. 22y vlolAE FAgsket, oF 2-3529] Algte] F
Qokar A azaj gt SIS Fshet A 20 7l
o] a-FTt E5F CVAQ Zfoll= 2 S AefstaL 7t
TS 2= AEETE glo HholelA Eej7t ks8], o]
23t EAEQ] tiete g 7iikE Zlo] RT-PCRoIt, o] #H
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Enterovirus 10" 10? 10° 10* 10° 10° 107 10® TCIDso

Cytopathic effect ~ +++ +4++ +4++ +++ +++ ++ +v v
SBTEASELISA 0614 0.809 0889 0.849 0.727 0.638 1.463 1.3!)7
Cytopathic effect ~ +++ +++ +++ +++ +v+ v

SBTASSELISA 0904 0635 0763 0828 1.008 1.124 0.46! 0.360

\

Cytopathic effect ~ +++ +4++ +++ +++ ++ v

SBTAS:)ELISA 3.205 2009 1.261 1.916 1.007 1.0!2 0.297 0.382
Cytopathic effect +++ +++ 4+ +H+ +v v

SBTASSELISA 0950 1.043 1.076 1.829 1.315 1.9!0 0.274 0.325

Fig. 3. The comparative results of sensitivity for various assays for the detection of enteroviruses. §, Detection limit; +, Relative low; ++,
Moderate; +++, High.

Abbreviations: TCIDs, Tissue Culture Infections Dose 50; RT-PCR, reverse transcription-PCR; OD, optical density.

9, CVA9, CVBI, 183 ECV9Z ARS3Htt. PV29] Zf-oll=
Fi= TCIDs©] 10°%/mLY wf, AlEHH A= 107, RT-PCR¥} RT-
I PCR ELISAS] - 10704 AL e 5= Qi) 28y

o4 e R%L Zﬂﬂ o%%«l °oF 501 WP 4= leH12], Aiptgo] glof RT-PCRE 100014 ez o= offt Avs
2 dtelM= RT—PCR‘%L‘EE} WHert =11, 71 247 UERAAYE RT-PCR ELISA Zilol|AE 10717 73t oA
2 9lalo] Eolwrl om[19] 9] HHES HeE 4 9= A3E Bk, TCIxo| 10°°/mLel CVA9 7-$-oll= A=y

RT-PCR ELISA ﬁ%*]i‘%l% Zto]# A RT-PCR AFE9] HEIH= 10°7404] BQ1E|9l3, RT-PCRE 10° 12|3 RT-
HAZo| Aealtt 2R Aufo] ] Ao Eo|Ho|HA o7 PCR ELISA®| Aol A= 10’7°1W% ofgt o/ 2xpt 2l
uolg|zo] AR FEg ol gsto] AlFFekglaL, Ak Atk daka oz CVA9el glefAM, RT-PCR ELISA= A1
o] Bl 107] A= F7iete] mihike-s o golstes Bl% th= 1008, RT-PCREC 108] 9I7H=7} #9kct CVB19
3t 7ol TCIDwO] 10°%/mLY o, AEHHARE= 107, RT-

Autol@ A RT-PCR ELISAY] WIZ% B|mE 9J3] PV2, PCR¥} RT-PCR ELISA 10°7H] &4 Aks R}, 1
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U 10%0|4] At 02 RT-PCR ELISA 237} & 78H4 U
Epgitt, uiAeke 2 BCVIL] 7-$-olli= TCIDx o] 107/mLY u,
AZHHaTH= 10°, RT-PCR¥Z} RT-PCR ELISA Z3H=10°°
3&50]@} E{_]%LE 3:1]'?_]?_—__}‘ 2 0104;<]1:r]— O}:H E}oﬂ 0101 RT-
PCR ELISA ¥#o] ] gt 23tE 2ot HAH o2 Al
W ate] gt vizte Brh= CVA9S A|2J8kal RT-PCRO|
U RT-PCR ELISA ®ellA] 108 %= #943L, RT-PCR%
RT-PCR ELISAY] H|io|A= RT-PCR ELISA®% o] 104)
A& EAY npA o] dutcto] o golskgltt, Tt
aho]g| & 7to) whE FFE O Afol= HoR| ol o] & ATk

o7 o]goh= A2 ofgfg Alolzt AZtET
24 o A4 504-E tjAke. 2 RT-PCRY} RT-PCR ELISA
£ o83t AARE e A1 BE AAloA F Y B S
3 ATE Yetigloh, B3 Autol A o] Yl sl it
3 Sk AR EE 100719 4 AlRE t4dS & RT-PCR
¥} RT-PCR ELISA®| Z¥E H]ugE o, RT-PCR ELISA
NN 7% A=) FHH O R =2 HEES KL oA &4

2 (P=0.016) 2.2 8955t

A3} 22 RT-PCR ELISAE RT-PCRETH H& UZ®
o} HEES B9 on £3] RT-PCRY 7 Tt wjx|g
Fog Aoz 71141E1E¥ Eg Aﬂ:EHH"hf‘*OH A EE 5 Sle
/RO

ol sk A3 8 A2 10-101/gS] ol

7 whE ko0l 2 e A4S A AlRe] 27 Ag

B ARl Boh o ke udEs wel Zoje i

Azioel Wagh AAH w7 wele A 7
A0z Azt

i R

Fo
1L

HiZ : Fufol# A(enterovirug)= A £ 0
Aot Tt ko] SalEls A9 Aol o) g
Jeket Zcto] "Wz o|z|nt 7]E 0] M| Euljoke Fet vlolg A

o o

2T = =
of EeWe g AR iao] Zasie), IHHR FHToe
Apstolalzs MBS lalol A4relan wIgre BAAESH
o] AHE T 9lct,

B @ o] 2| fAt F 2 HEE FE9l Snon—cod—

ing region®] tgt £AAE 0]-83}4 reverse transcription
(RT)-PCR ELISA 7|EZ Altstaint. A2 RT-PCR ELISA
7|E+ RT-PCRY Y} H| = ¢l=t, Hiol2|A fejet FA]
Furedo] SnE= F HAlo thste] RIFEe} Sol=E &
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gttt
Zat : RT-PCR ELISAH 9| A&%HA= AlZujgks 53t vt
olgjA Ea|Hu} RT-PCRHECE 10-1008] &9kom, =3t &

A Sk Bkxto) oA A B E At & 3 RT-PCR ELISA
Hol AEE°] RT-PCRY Rt} 7% 7| YERTHP=0.016).

AR 1 E o)A 8% RT-PCR ELISAHS =2 vzt
w9l Bo|wE Hol Zulo|#A Ao & o83 g Aot
Ei=d
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