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Comparison of the Real-Time Nucleic Acid Sequence-Based Amplification (NASBA) Assay, Reverse
Transcription-PCR (RT-PCR) and Virus Isolation for the Detection of Enterovirus RNA. Young-Ran
Na, Hyeon-Cheol Joe, Young-Suk Lee, Jae-Hun Bin, Hong-Sik Cheigh and Sang-Kee Min'. Division of
Epidemiology, Busan Institute of Health and Environment, Busan 613-104, Korea - Rapid detection of enter-
ovirus (EVs) is important in the management of aseptic meningitis. We examined the relative efficiency
and specificity of the real-time nucleic acid sequence-based amplification (NASBA) comparing with the
established reverse transcription polymerase chain reaction (RT-PCR) and viral culture method which
were used for the detection of enterovirus RNA in clinical specimens. Of the total 292 samples, 145
were found to be positive to enterovirus RNA by real-time NASBA, 101 were positive by viral culture,
and 86 were positive by RT-PCR. 147 samples and 46 samples were determined to be negative and
positive by all methods respectively, but 4 samples were positive only by real-time NASBA. To compare
the specificity of each method, various clinical samples which were diagnosed for herpes simplex virus
(HSV)-1, HSV-2, adenovirus, mumps, and rhinovirus were applied. Except one rhinovirus sample which
was false positive to enterovirus RNA by RT-PCR, the other different samples were negative to all
three methods. The real-time NASBA procedure can be completed within 5 hours in contrast with 9
hours for the RT-PCR and 3-14 days for the viral culture. From this study, it was suggested that the
real-time NASBA assay could be a standardized, rapid, specific, and sensitive procedure for the detection

of enterovirus RNA.
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Lysis Buffer9} NucleiSens Isolation ReagentZ A}-&-3}e] A%
Al(bioMerieux, Boxtel)2] £ EZo| ule} 85l gch A
200 pl9} 900 plo] lysis bufferE AME3MH L 25 plE elutiond}
gt} o] RNA & E & real-time NASBAS} RT-PCRo] A}-&
a9

Real-time NASBA Ald

Real-time NASBAZE ©]£-3} enterovirus RNA A&2 98}
o 190 nucleotides?] specific primers$} molecular beacon
probe [3]= Eurogentec (Seraing, Belgium)ol] 2] =]3}e] 34
92 HPLC AA&¥al, NucleiSens Amplification kit
(bioMerieux, Boxtel)2 A3t 4305} % H{Table 1). 10 pl
master mix (0.2 pM primer 1, 02 pM primer 2, 0.2 pM molec-
ular beacon probe, 9 mM KCljol| 5 yl template RNAZ 7}
3 % template RNA 9] predenaturation®} master mixdl| pri-
mer7} &3 H A 317] Y5 65°C 53, 41°C 587+ w334 o
283 o] mixtured] 5 pl9] enzyme mix (T7 RNA polymer-
ase, AMV reverse transcriptase and RNase H)E #7}3}¢
NucleiSens EasyQ analyzer (bioMerieux, Boxtel, The
Netherlands)o]] A 41°Cejl A 1508-7F 3-8l 8 M 2 4 A=
< 483H}. do]E = NuceiSens EasyQ analyzer A ZA}
9] NucleiSens EasyQ director software (version 1.2.1.0)% ]
&38ka] EA3ATh 207 9] enterovirus S AAE ©] &3}
43) 9] real-ime NASBA A8 L &35t} U A3 %S A
ZALe] whRl o) whal A 4Fsle] threshold fluorescence level &
A3t

RT-PCR Alg

Enterovirus®] 74 H&S Adtole BEAC] & 20
2 437 5-NCR regiong target® & 2 step RT-PCRE 3]
g o2, vty s FAHAY S 817] HAstodE vle]
Y2 capsid F VP1 regiong target® 2 2 step RT-PCRE
42393} TH17,18]. Z+2+9] 2 step RT-PCRO) A AL&-¥ primer

Table 1. Primer and probe sequences for detection of enterovirus RNA

Methods Primer Nucleotide sequence (5°-3") References
primer 1 F-AATTSTAATACGACTCACTATAGGGCACCGGATGGCCAATCCA
5-NCR” primer 2 F-GATGCAAGGTCGCATATGAGGGTGTGAAGAGCCTATTGAG 3]
NASBA rolecular beacon | FFCCATGCGTCCTCCGGCCCCTGAATGOGCGCATGG
5’- Fluorescent dye: FAM, 3"-Quencher: DABSYL
5_NCR ENTF F-CAAGCACTTCTGTTTCCCCGG 1)
RT-PCR ENTR R-ATTGTCACCATAAGCAGCCA
VPt 292 F-MIGCIGYIGARACNGG
RT-PCR 222 R-CICCIGGIGGIAYRWACAT 7

4 NCR: noncoding region, ® VP: virus protein.
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+ Table 19 A A|3t4th RT 5H8-& reverse primer$} MMLV
reverse transcriptase (Promega, USA)E Al-4-3}t}. RT vHg-
A& 5 pl nucleic acid elute, 3 ul 5x buffer, 3 ul ANTP, 1
ul reverse primer, 0.5 ul MMLV reverse transcriptase® ¥ 3§
8t 15 w7t HA FHSHFE H718HA Reverse tran-
scription HF3-£& 20°C 104, 42°C 90 0. & A A8ttt PCR
Hh-g- ool A2 ¢DNA 1 ploj] 2.5 pl 10x buffer, 3 pl ANTP,
05 pl forward primer, 0.5 pl reverse primer, 0.5 ul Taq DNA
polymerase (Takara, Japan)& £33N Bd2FFE 37}
o F 25 pl2 2A3HTh PCR 32 95°C 587t pre-
denaturationd & 95°C/30%, 56°C/30%, 1831 72°C/30%
A 3GAR 3bcycles F38T F vlA GO E 72°C 3R} ex-
tensiong AA)8H4I T FEAEL 15% agarose gel S AL8-3}
o] "7]%9% 3l 5-NCR region 436 bp, VP-1 region 358 bp2]
band & F<15tHTt
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NucleiSens Lysis Bufferg A}-8-3to] RNAS #2319 enter-
ovirus real-time NASBAE 483} 11, ¥4 5-NCR 2 step
RT-PCR A)&le] 436 bp 4H2-2 891545t} (Fig. 2). Tl 42
A3 HH5d 17, AFEZE 371 5 F 46744 3744 A
Ay BT FAHoZ ey, tiw U, H 55 467, A%
T#E 84 § F 14749 AAE A AP EFAA o4
ot} A A A= real-time NASBA 1454, A 8] ¢F 1014,
2 step RT-PCR 86714202 U} itThTable 2). v}o] )2 )%k
3} 5-NCR 2 step RT-PCR¢] Z#E vlmdle BH T 71X
AF BFo] kg AAe Ui 24, HFHFY 14, AFE
A2 34 5 F 4670|305, vhol# 2wl A RAAMT Y
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Fig. 1. Morphological changes in RD cells infected with enteroviruses.



Fig. 2. Electrophoresis of the RT-PCR products with each tar-
get region. (A} 5-NCR region amplification. Lane M:
100 bp DNA ladder, Lane 2-5: Positive of 5-NCR 2
step RT-PCR, Lane 6: Negative Control. (B) VP1 region
amplification. Lane M: 100 bp DNA ladder, Lane 1-7:
Positive of VP1 2 step RT-PCR. Each final products

were resolved by 15% agarose gel electrophoresis,
respectively.

Table 2. Comparison with real-time NASBA, viral culture and
5'-NCR 2 step RT-PCR for detection of EV-positive

samples
. No. (%) of EV positive samples
Detection 3 5
methods Total Stool CSF TS
(n=292) (n=197) (n=69) (n=26)
Real-time NASBA 145 (49.7) 103 24 18
Viral culture 101 (34.6) 75 18 8
5-NCR 2
step RT-PCR 86 (29.5) 68 5 13

ICSE: cerebrospinal fluid, OTS: throat swab

Table 3. Comparison of viral culture and 5-NCR 2 step RT-PCR
for detection of EV in different samples

Viral culture

Total
No. of positives No. of negatives
46 40
?;ﬁsf (42 Stool; (26 Stool; 86
2step L 1 CSFY3TSY) 4 CSE 10 T9)
RT-PCR 55 151
No. of
negative (33 Stool; (96 Stool; 206
& Y/ CSF; 5 TS) 47 CSF; 8 TS)

Total 101 19 292
ICSF: cerebrospinal fluid, PTS: throat swab
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Table 4. Genotype analysis of enteroviruses isolated from
Busan, Korea in 2005

No. (%) of isolation

Serogroup Genotype (n=141)
Coxsackievirus A CA4 1(0.7)
Coxsackievirus B CB1 2 (14

CB2 1 (0.7)

CB3 24 (17.0)

CB5 53 (37.6)

Echovirus E9 13 (9.2)
E18 4 (31.2)

E30 1 (0.7)

Enteroviruses Untypable 2 (14)

358 bpo] F-EAHE o] 3915 of(Fig. 1) sequencing £4& F
sttt 1 A coxsackievirus CA43 174, CB13 24, CB2
3 17, CB3 2471(17.0%), CB5 5371(37.6%), echovirus E9%
1371(9.2%), E18% 4471(31.2%), E308 17, untypable enter-
ovirus 27402 E4EQtHTable 4). 1 F A Tu]dox e
+490]3 2 step RT-PCRO} AT %A Holx Ax 4032
coxsackievirus CA43 174, CB3 27, CB5 44, echovirus F98
374, E18¢ 274, E308 14,
eyt

untypable enterovirus 27 0. E
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3} real-time NASBAE =88 23} real-time NASBAO| A=
25§90l A% 2 step RT-PCRA A 3719 rhinovirus7}
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5, dAE 740l Ae)n] AR = 149 o]Ato] AU
aa A7l Qg YolE AEFE 34 HZH ez &
Ast7] gk A 7te] e 2 AQY P E enterovirusE A&5
A AEste vle A7 Aok 283 A e S 98] BSL
(BioSafety Level) 235502 dx 9] 13 © 4343 A
¥ 9] A % CPE (Cytopathic Effect)® 3918 913 <& g
Aol Beste] Aol LdAd5urd Acko) 24879
T of#fo] Atk 2 step RT-PCRE: (DNAEZ A sk #A7
PCRE FFste AR 2 A79AA7F Bosng o4
HAE 9Jste] HER 3~47)9) AF 70| Basiy 9A 7t
Az FyAI7te] Hastth 121} real-time NASBAE
molecular beacon probe$} NucleiSens EasyQ analyzer A%
AL€] NucleiSens EasyQ director softwareE A}g-5ho] ZZ3}
Ago] AATICR #go g 5A7 Avd Ang B 4
Atk °]ZM NucleiSens EasyQE ©]|--3t enterovirus re-
altime NASBA7} th2 A90) ula) ALgA-e) Hel 93 45
o) AL BT 4 YRk 22T BAR Fug
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enterovirus] ATE $3}d real-time NASBA, 2 step
RT-PCR A|53} A X0} A58 2tz A 3ho] 2k A el
AEE, 5o, AHA AE4, A4 e AR, wate g9
Vs T& v AESAT. vuAg A7 HA 29279
AR ZEE] real-time NASBAO} A 14574, A E v kel A 101
7, 2 step RT-PCRoIA 867 0] ¥ 2 YElY real-time
NASBAZF 7% %80l ¥e AUWYS ¢ & Ak
Erterovirus 2)¢] 27455H9] felnfo|e 2ol )@ ol
vl A8 A3 2 step RT-PCR A& A thinovirus 1071 F
1200] %4 98¢ Yehio] e Aol B8 Soler)
Hoj 2= Aoz Uelydth Real-time NASBAE &) 5B
oA 223 AEo] SAd Yo} e AW Mwae T
A28 H550] rom Ei AP 28470 542 HE
2 X G-14Y A8) 2 2 step RT-PCROAITFA L) o
Hlste] A&atA A9 § o] gAY Lo} AN
enteroviruss HE2 HAsto] 283 4 IS Ao Algdo
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