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Detection of Enterovirus in Cerebrospinal Fluid by Real-Time Nested Reverse Transcription
Polymerase Chain Reaction

Se Ran Heo', Sun Kyung Jin', Ho Eun Chang', Kyoung Un Park, M.D."?, Junghan Song, M.D.'?, and Eui Chong Kim, M.D.2

Department of Laboratory Medicine', Seoul National University Bundang Hospital; Department of Laboratory Medicine?, Seoul National
University College of Medicine, Seoul, Korea

Background : Enterovirus is a common cause of aseptic meningitis, respiratory disease and non-
specific febrile illness. The conventional methods for laboratory diagnosis of enterovirus infections
have been virus culture and serotyping by an immunofluorecent test. We studied a new and more
rapid approach for enterovirus detection in cerebrospinal fluid (CSF) by real-time nested PCR.

Methods : This study was performed on 50 CSF specimens from patients suspected of aseptic
meningitis. Enterovirus was detected in CSF by PCRs for 3 different targets and real-time nested
PCR. Enterovirus culture was also performed in 44 CSF specimens.

Results : The positive rate of PCRs for each of the 3 different targets was 26.0%, 40.0%, or 46.0%,
and that of real-time nested PCR was 86.0%. Only 6.8% were positive in culture. Thus, the positive
rate of real-time nested PCR was much higher than other methods.

Conclusions : Our study revealed that the real-time nested PCR should be useful for diagnosis of
enterovirus infections because of a high sensitivity and rapid detection. (Korean J Lab Med 2006; 26:

9-13)
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A7t A2 2] H 8 AH(single-stranded positive sense RNA)
07 FAHE Poliovirus, coxsackievirus Aw-Z} B, echovirus
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At 27170gel go] "o 7-9].
AN 7-Z8E A A9 9k (real-time PCR)-&

< FAAY T2t
Bol A% JAEAZREH UEEHE IFFS ANTLE 2F
slt}, Hybridization probet %o EA|H 3l 2] 222K probe)

E ARl Eojdo g 7:‘5“\] 71 &, FRET (fluorescence
resonance energy transfer) Wh3ol| o] W&y E 348 24
k= WAolth 9 hydr01YSIS probe= 2224 2k9] o ol
o] FFE& mA8Y A BolH o AT
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gktl: 10XRT buffer 2
uL, ANTP 8 u A% (random primer)
1 uL (50 pmol), 10 <] E]HG AR g4 A A (ribonu-
clease inhibitor), 7 ©$]2] AMV %A} &4 (avian myeloblas-
=8 2RI 2 ul. 25C
oA 104, 41°ColA 6087 HAANEE Al Fof] 4°CollA
1027 T SA 2| B3 5ke] b3t uha5 Alsdskileh. ddAmkE:
& PTC-200 thermal cycler (MJ Research Inc, Waltham,
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tosis virus reverse transcriptase), 5

MA, USA)E ol &3ttt w ¥k
AAukSS el AAZRY FE3
2 AREskTh
Al FF 7] g8 24E

ot ARRE AEA 2 wkga7d
o{10, 11]. ¥R (25 pL) o
AlEA S FRY O B UHA 22 B
buffer 25 yL, dNTP 05 uL (Z}0.05 m

(10 pmol), 0625 T 9| Tag f;.id\_(TaKaRa Shiga, Japan),
A OEAZ B 15 pl, FFE A2 ethidium bro-
mide (05 pg/mL)7} £33 3% op/t2 2% A (agarose gel)ol
41100 V, 20% 59t 71953t SRlaith(Fig. 1).
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CTG AAT GCG GCT AAT CC-3'), AlZA EV3-R (5'-
CAA TTG TCA CCA TAA GCA GCC A-3") ¥ &3z
EV3-P (6-FAM-5-CAC GGA CAC CCA AAG TAG TCG
GTT CC-3 -TAMRA)E A3} tH Bioneer, Daejeon, Korea)
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Fig. 1. Detection of enterovirus by RT-PCR methods for 3 different
targets using CSF specimens. (A) The amplified products of first
method using EV1-F and EV1-R primers are 114 bp. (B) The am-
plified products of second method using EV2-F and EV2-R primers
are 154 bp. (C) The amplified products of third method using EV3-
F and EV3-R primers are 149 bp. Lane 1, negative control; lane
2, positive control; lane M, 100 bp DNA size marker; lane 3-12,
specimens.
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RNA Master HybProbe (Roche, Penzberg, Germany) 7.5 uL,
55 mM Mn*, 04 uM ZH AP, 02 uM 447, 3249 2
HE 4 gL, 61'CAN 20870] JHARKS F 95°ColA 28

7S Alatsith SES(F 603]) = S8 95°C oA
5% Fo HAS AFIEI T, 70°ColM 62°C7HA & 3% 027C
v YWH7HEE A (step size: 0.2°C/cycle) 10% EoF 2

u , 72CollA 10% 5 QS-S AA 40C
FZ2 P%% P, SERS2 LightCy-

7k

N

cler 20 (Roche, Penzberg, Germany)= ©]-&3lo] Alg)a} o
H, $ZN59] A&S Y8 S43 530 nm, A3 530/

705 nmE 44Xt AguksolAe] FFANSE GO E £4
319 tH(single fluorescence measurement).

o)A} AAI-FHELAM o= YA AAT-AAAFTHE
SQAHS FEHFAES SHTE S0v] XA 53 Ao
WHNH 242 93 et FASHA AE ST AL
2E Cox-F (5'-GTA ACG GGC AAC TCT GCA GC-3'),
Pol-F (5'-CGT AAC GCG CAA GTC TGT GG-3') %
Ent-R (5'-ATT GTC ACC ATA AGC AGC CA-3)%
AH-EFATH Bioneer, Daejeon, Korea)[11]. WHEo1o] ZA(20 u
L)& ofe-3} 7+kth: 10 X LightCycler FastStart DNA Master
HybProbe (Roche, Penzberg, Germany) 2 pL, 4 mM MgCl,
02 uM Cox-F AEA|, 02 uM Pol-F A2, 04 uM Ent-R
AR 02 uM &AL F3 84 2 pl. 95°CelA 108 &<t
271848 AP, 089 FHASE5C 5%, 65C 10%,
72°C 10%)& AF8E 5 40°CelA 30% FoF "1/‘}%0 or4
ST FESG 98 B 9AF ke sdsA A8
5

Table 1. Oligonuclectide primers used to detect enterovirus and
reaction conditions

Methods PCR*
1 Primers EV1-F: 5 -ACA CGG ACA CCC AAA GTAGTC
GGTTCC-3
EV1-R: 5-TCC GGC CCC TGA ATG CGG CTA
ATC C-3
Conditions 95°C 45 sec-58°C 45 sec-72°C 45 sec (35 cycles)
Productsize 114 bp
2 Primers EV2-F: 5-CCT CCG GCC CCT GAA TGC GGC
TAAT3
EV2-R: 5"-ATT GTC ACC ATA AGC AGC CA-3’
Conditions 90°C 45 sec-46°C 45 sec-72°C 45 sec (37 cycles)
Product size 154 bp
3 Primers EV3-F: 5-CCC CTG AAT GCG GCT AAT CC-3’
EV3R: 5-CAATTG TCA CCATAA GCAGCC A3’
Conditions 95°C 45 sec-64.5°C 45 sec-72°C 45 sec (35 cycles)

Product size 149 bp

*Reverse transcription PCR.
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Table 2. Comparison between the results of real-time PCR and
PCRs for 3 different targets

PCR 1* PCR2' PCR3'
Real-time
PCR® Negative Positive Negative Positive Negative Positive
(74.0%) (26.0%) (60.0%) (40.0%) (54.0%) (46.0%)
Negative 7 0 7 0 7 0
(14.0%)
Positive 30 13 23 20 20 23
(86.0%)

*First RT-PCR method using EV1-F and EV1-R primers; 'Second RT-PCR
method using EV2-F and EV2-R primers; ‘Third RT-PCR method using
EV3-F and EV3-R primers; *Real-time nested RT-PCR.
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1 # olfd FAHL 53] STFHEY] A7 & Aol Aztsig W
Hol| AAZH-THELAYNSES TEF4 Cp 2 AAAY
I FHellA] o]z o% FAFHAS] fs AR ARE Ao} BEIEE A Fxo) oA FHAQ] IS H)
v Qlth{12-16]. 1997'del {38 FarodS I Mol F3y3l AT 4 Ak
9 Ads OE S o, 2o} SR} FA B2 Al At F o] FHNE AANT-FFELAANNZH F-8790]
WA S 0 W echovirus type 30, 6, 49} coxsackievirus type BS5, HIET QITH20, 21]. ARES Anpolg|s HEd| AA7-5
A2 5 & EF7F okd o 7Y Hrtela s HF o] S FEAAANSE o] &FoZN 71ES WHE W3 AEES
FHEHACH6]. o] WeAA F2 FHFHIY 80-92% =4 F Jdon mE AUl A 4 93 AAH] Aol
7F Autolgi o os) dEH[17], FEUE o= $F7183, 75 ERlE At AAZ-FREAAN NS B8 gkl
NFAAE, AT, HE T O gl e e 29 AZL FA5Hdd A s dgstal Zeet
B2 Z7)d Aol aE AEste Ao 88tk i el f851A 2 F gl AR A
aelE g AEE F e W T ANT-FHELAAN
o2 71EY FHEAAA oY wholg 2 Wik HlEl] wHE
AIZE Yol utolg g A& 4 gloke Ao AUtk Ed A <
< AT Futelg A AEY F e w2 WHEE AeT
[18, 19]. 719 FHELAAGS TS A 27953t BiZ : “guto]H X (enterovirus) & Fa5HYE, 57143, 9
7IMA <k 4AZko] 2SI, HlolH & ik A¥E AVIA w4, WY 5o e S4E #EE 4 Qloh 7
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P FTHEAAHNE A BF ] AAE BAW THES At A TR ] e 284S U R A THELS
ANT-FHFELAN AT P A5 BAoh wfFelA Ao Azt 247} 260%, 40.0%, 460%<] Aulolg 2~ AE
H 2As BYd Al FEle AAT-FHEAAA TS IME 5 Hlom volys wjFye] HES 68%ATh AT
BT otk 3 Al $/9 7] tE BHL UPdeR A9 THELAYS] Guto|H L AZEL 86.0% AT,
o FHEAAANNO] rtelH s AEES 27 26.0%, 40.0%, ZE : telgls AZEA oA AT HE LAY
46.0% 2 50.0% oI35 Wi AAZ-FHEAAY TGS 860 <= 71ES] WHE vl AEES =Y F lom mE AT Y
%9 AZES Ho(Table 2), AN-ZFELAN IS =& o A& F glol, FHFUdH g FU4EY AEs 4
UAEE AT g Al St 7 o] §-45 2Y § JdS ASR AZHE
AANT-FHRAAHTS AT =l 9loJA crossing point
(Cp) Fto] AEHIL Ao $hst SZ2IHE Holg 9ol
Yo Ftgem, Cp ol AEHA FAY ASHTHE Sht ANE6
3 FEFAE YA B> Arole SH0E A=l &
AF}E A= wE g AAY Cp @I ZEZFAHE EAlq) 4 1. Rotbart HA, Sawyer MH, Fast S, Lewinski C, Murphy N, Keyser
HHolof sk Fo7t P slth AAE AAMLNA A 7H-01F- EF, et al. Diagnosis of enteroviral meningitis by using PCR with a
FRGLANNEE AT v, A B 2 Y F e colorimetric microwell detection assay. J Clin Microbiol 1994;32:
SENEC] 99 WAE] SI8te] YA wg A Cp #hol At 2590-92.
E5 3 et SEFME PAFtA PR AFo] T A 2. Cherry ID, ed. Pediatric infectious disease. 3rd ed. Philadelphia: WB
dl& oz W& AlSHA G AL 1Es & F AS Aolth Saunders, 1992:1705-53.
Al 279 Z7] g2 545 YAOE AFE SgaihdAqnt 3. White DO and Fenner FJ. Picoronaviridae. In: Fenner FJ, ed. Medical
OPIRQZ Ao A7 Esle] AYE AESIHE, ook 9 virology. 4th ed. San Diego: Academic Press, 1994:381-406.
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