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Development of RT-PCR Method to Detect Various
Human Enteric Viruses

Sung Ae Oh*, Mi Suk Kim?, So Young Jang?, Sang Jong Kim?®, Jae In Lee’,
Gyu Cheol Lee® and Chan Hee Lee**

Department of Bioinformation Technique, Chungbuk National University Cheongju,
*Department of Microbiology, Chungbuk National University, Cheongju,
*School of Life Science, Seoul National University, Seoul, “Research Institute of Public Health &
Environment, Seoul and *Water Analysis and Research Center, K-water, Daejeon, Korea

Human enteric viruses are one of the major causes of acute gastroenteritis outbreaks. A rapid and precise detection of
virus is critical for prompt diagnosis. For this purpose, nucleic acid-based techniques such as reverse transcription
(RT)-PCR have been developed. Although RT-PCR is a rapid, specific and sensitive method to detect virus, many steps
or reactions are required, especially when various types of viruses are targeted. In this study, we developed a quick and
effective method to detect human enteric viruses with a few reactions. Our candidate viruses were as follows: one DNA
virus (adenovirus: AdV) and seven RNA viruses including poliovirus (PV), coxsackievirus A (CoxA) and B (CoxB),
human rotavirus (HRV), hepatitis A virus (HAV), norovirus (NorV), and astrovirus (AstV). With this amount of samples,
theoretically, a total of fifteen biomolecular reactions have to be performed, which include seven RT reactions and eight
subsequent PCR with specific primers in each case. Specific primers, enterovirus universal primers, and random primers
were applied independently to compare the outcomes of RT and PCR steps in each viral sample. We found that random
9-mer is ideal for the RT reactions of RNA viruses with negligible differences in sensitivity and specificity of viral
detection except HRV. Hence, HRV cDNA generated by HRV-specific primer and AdV DNA were amplified in a
single tube by duplex PCR. The cDNAs generated by RT using random 9-mers were divided into two reaction tubes
without losing sensitivity: one duplex PCR detects enteroviruses (PV, CoxA, CoxB) and HAV, the other detects NorV
and AstV. In conclusion, it is possible to detect eight enteric viruses with a substantially reduced number of reactions,
which are composed of five reactions, two RT and three PCR reactions.
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9 FAA] wFzAS GHEA| K Ao
7% At} (4). Enzyme-linked immunosorbent
assay, immunofluorescence assay, 18] 31 immunochromato-
graphy 59 FLHEHS vlu A w23 hgek o
2 ¢eA i, 53] immunochromatography2] 78-F- <
el A e AREE AL 2124 polymerase chain reaction
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By w=a gapg o HESH] fle HAAL (reverse
transcription, RT) T} 9] & Fo]il, th&g PCR (multi-
plex PCR) -5 7d3to = A _H_u} w2 w7ksl A

ole] 7o) Aulelg|=E HEY T = WS A

et shain.

HIO| A

DNA Zvlo|# A& ofd|=nlo]2i2 418 [adenovirus
type 41, AdV, strain Dugan, American Type Culture Collection
(ATCC), Manassas, VA, USA]& A8-3131.2H, RNA “4v}
olg| AR oA E Rulo] ] X (astrovirus, AstV, QAR
), FAFELo]E 2~ A9 (coxsackievirus A9, CoxA, strain
Bozek, ATCC), SFA7|vlo]lel2 B5 (coxsackievirus B3,
CoxB, strain Faulkner, ATCC), A¥ ZFdu}o]2] 2~ (hepatitis
A virus, HAV, WA15%) Al 2 E}R}o] 22 (human rotavirus,
HRV, Z50] 24419 1 A1), =2Hlo]#] 2 (norovirus
GII, NorV, Y=, 28l Z8 nfolzi2 (polio-
virus, PV, Sabin A5 A-L-3151T) o] & Aol
o= 2T o 2 o Fule]#{2 3 (echovirus 3, EcV,
strain Morrisey, ATCC), B& 7}F3n}o] 2] (hepatitis B virus,
HBV, 735215, T9ulo]# 22 (measles virus, MV, strain
Edmonston, ATCC), 12|31 B 2]H}lo] &2~ (mumps virus,
MuV, strain Enders, ATCC)E- A}-8-3}%1 T

Hio|2{A DNA 2 RNA F

e

Adve} HBVE DNAE F%317] ¢13] QlAamp DNA
Mini Kit (QIAGEN, Hilden, Germany)E AF&-3}31.0m A
A A Agshs AAWES wskth 1hds] e okstd
20 pl2] protease KZ 1.5 ml 2o Y31 oJ7]e] 200 plel
ARE Y2 5 AL buffer 200 WE H7Fske] 15%3F 4

1 56ColA 1087F ¥ z«*lﬁﬂ} 100% €k 200 pl=
A7kt - 1527 412 5 £35S QlAamp spin column
o ¥ar 8,000 rpmel 4] E—{ ArlEg it ol
H 3 AWI buffer 500 plE H7kske] 9JoF e Wy
o2 AAREsI A WE]al, AW2 buffer 500 ulE
A7Fek 3 14,000 pmoll A 3i7F LA SHATE A 15
ml FH columne &7]3L AE buffer 200 pl& 23l 1&
Zb Aol WFA]3F 3 8,000 rpmoll A 18-7F QA -] 5lo]
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NorVE A]£]$F RNA H}o]#] 2] RNA F52 QlAamp
Viral RNA Mini Kit (QIAGEN)E AH&-8}3Itk A& 140 pl
o] AVL buffer 560 uls ¥l 41> & oA 1023t
ST 100% o8-S 560 pls Wil 1527 4L 5
£ 5 630 ulE QlAamp spin column®l] ©3l 8,000 rpm

of A 1837F YRSt AW buffer 500 plE ¥ar
8.000 pmell A 183k AR ] olatole M
AW?2 buffer 500 plZ 3L 14,000 pmoll A 357+ QA E-2)
3tk vt e 2 QlAamp spin columnS: A 1.5 ml
B %7 5 AVE buffer 60 plS 211 A-2oA 15
RS A7 3 WA 8,000 rppme] 2 183F AXRaE s
o] RNAE 9Slth RNAE Add A AMEHA] &5

G -70Cell Baapoivirt Aol ARg-sk3it

HHo R Y 2§ wmuto]# 29 RNAT Easy-
RED Total RNA Extraction kit (iNtRON Biotechnology,
Seongnam, Korea)S /\]-*Qhé}oi FE3A . AR 200 plE
1.5 ml FHol| ¥ % Easy-RED solution 750 pl& ¥l
Ao 587F A8kl chloroform &
S A Qo)A 5871 vk 3

ol

O

1523 A2 %

N 200 pE Yol 1523 4 &
F 47, 13,000 rpmoll A 15%3F A= s5h AS5
450 WE 1.5 ml FEZ %31 $ P-buffer (0.8 M sodium
citrate, 1.2 M NaCl) 250 W& 21, 2 propanol 250 s ¥
T FHE 5~6¥ 7PHAl £50 & § A20lA 1027t
x5kl thAl 47C, 13,000 rpmol| A 10231 %@—E 3
HE L 70% NS 1 miE 2ol 4

s %47, 1,3000 rpmoll A 5%-7F %*u
A=A AT Ne AAT FH SwRE Aol A

£ m

E\(

=
Rum

%ﬂﬁiﬂ NE FHF 50 s Yol A

A
ol AR wj71+] -70Co B3It
HAM AL (reverse transcription, RT)

Hlo]2]2=9] RNAZH-E] Sensiscript RT Kit (QIAGEN)S
AHgste] RTS 4805to] cDNAS ATk RT 8H&2 10
X Buffer RT 2 pl, dNTP (Z} 5 mM) 2 pl, 10 pmole primer %3
< Z+7} 2 pl, RNase inhibitor (10 units/ul) 1 pl, reverse
FE% RNA €9 5 ul& €31 RNase-
do] HEH o7 20 Wt HE= 3t 37C
1M3E, 94T 323F HESAIZTE HRVE FE37F RNA 6
5w} 10 pmole primer 8-S 7247} 2 ul W2 § 97C 5%,
70C 5, 4T 23 B A wkg A7 5 919 213

FAS UmA s AL AolFE F 37T 14

transcriptase 1 pl,

=
free water=

-10(
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94C 3% RTE 33T

S AHMELS (polymerase chain reaction, PCR)

RT 7H& A7 A4 cDNAE ©]&3t PCRS 53
aith PCR WHS-9] &9l xALS 10 X Buffer (100 mM
Tris-HCI, pH 8.3, 500 mM KCIl, 20 mM MgCl,, Enhancer
solution) 5 pl, 10 mM dNTPs (Z} 2.5 mM) 4 pl, 10~20 pmole
o] Zhzte] A - ek glo]w 2 pul, Taq polymerase (5
U/ul, iNtRON Biotechnology) 0.5 wlE ¥3F3h wk-g-olo
cDNA T3 5 WE ¥al SFTE A9 ATH2= 50 pl
7 HES Sl 7 olelz AES A% Leolrel
g @ Qo FuEE e Taple 19 YeRARITE
% PCR 2H=2 1.5% agarose geloll A7 538t 235
Fleksith

o|ME (Table 1)& o]
%2 Zefoln g Zlolu gkth Norvel o“roﬂ‘:‘ 71&2
xetolr o] flo ke . AFAA] RIS Al Fe] X
g}o]w (MUN2-1F/R, MUN2-2F/R, MUN2-3F/R)S +7}3}
o AE U= AY & oM E 2z} Gtk
PCR WHZ7AL 71& FuEs oA AAIS vE =
skl 21 A3 AdVe] 95 hexAA1885/1913, AstVe]
739 Mon340/Astman-2, HAV«] 45 16A/6A, HRVE]
739+ aBTI/RVGY, NorVe| 74-9-= MUN2-2FR Z2}o]
:q o PCstu% Lq] 7 74%@57

lF Fl

F£& A& &<
3} T} (Table 1). CoxA, B9} PVE 714 & a8 &
a4zl gk T zefoln ANES vl o &)
Atk o]E Zetolw Aol o3k HEF T doro] B
© AdelA PCR WZE HlaL HFA| 7|Fo® ALE-S}
Ak

RT 1Fgo M9 50| Z2to|Het FA2 Z2f0|He| H|ul

RNA ﬂ}o]a{/\ AE387] $13 PCRE 317] Slaiiie=
5}o] ¢cDNAZ == RT HH’—Ol

P‘-"lﬂi*f’ﬂ thah E‘-"V#"J



Table 1. The list of viruses and their specific primers used in this study

SA Oh, et al.

Virus Primer Sequence (5'—3") Reference Detection limit*
hexAA1885 GCCGCAGTGGTCTTACATGCACATC
hexAA1913 CAGCACGCCGCGGATGTCAAAGT P >3
AV Adhex-1 GCCACCGATACGTACTTCAGCCTG
Adhex-2 GGCAGTGCCGGAGTAGGGTTTAAA : !
MON340 CGTCATTATTTGTTGTCATACT
Astman-2 TCGCTTCATACATCAAACCC b 10 ¢
Asty MON340 CGTCATTATTTGTTGTCATACT
MON348 ACATGTGCTGCTGTTACTATG 16 !
Cox UC52 CAAGCACTTCTGTTTCCCCGG . 4 (CoxA)
UC53 TTGTCACCATAACCAGCCA 5 (CoxB)
Primer 1 CAAGCACTTCTGTTTCCCCGG
FeV Primer 3 ATTGTCACCATAAGCAGCCA 8 )
EVI AAGCACTTCTGTTTCC
EV2 CATTCAGGGGCCGGAGGA v >
EnfV? E2 TCCGGCCCCTGAATGCGG 20 p
El CACCGGATGGCCAATCCAAT
Primer 1 CAAGCACTTCTGTTTCCCCGG 8 5.5 (CoxB)~
Primer 3 ATTGTCACCATAAGCAGCCA 6 (CoxA)
16A GTTTTGCTCCTCTTTATCATGCTATG
6A GGAAATGTCTCAGGTACTTTCTTTG 2 67
fav HAVC-L CAGCACATCAGAAAGGTGAG
HAVC-R CTCCAGAATCATCTCCAAC 2 2
409 CATCCTGCTGCTATGCCTCATCT
By 703A CGAACCACTGAACAAATGGCACT 2 )
aBT1 CAAGTACTCAAATCAATGATGG
RVG9 GGTCACATCATACAATTCT ? >7
RV Con3 TGGCTTCGCCATTTTATAGACA " A
Con2 ATTTCGGACCATTTATAACC
MV1 TTAGGGCAAGAGATGGTAAGG
v MV2 GTTCTTCCGAGATTCCTGCCA » )
MuV first F ATGTAATTAATGCCAACTGCAAGG
My MuV first R GAAAAGCTTATATCTAACGATGGG % )
NV-GIIF1 GGGAGGGCGATCGCAATCT
NV-GIIR1 CCRCCIGCATRICCRTTRTACAT 27 !
V12 ATACCACTATGATGCAGATTA
NorV 28,29 4
V13 TCATCATCACCATAGAAAGAG
MUN2-1F GATTACTCTCGGTGGGATTCA
MUN2-1R GGGGTCCTTCAGTTTTGTCA This study !
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Table 1. Continued

Virus Primer Sequence (5'—3") Reference Detection limit*
MUN2-2F GGTGGGATTCAACACAACAG
This study 5
NorV MUN2-2R GTTCTCCGCAGGAAAGTCAG
or
MUN2-3F GGCACCGTGGTCACACTACT
This study 3
MUN2-3R TGGTTTTCTTGGCAGCTTCT
PVPCR2 GTCAATGATCACAACCCAC
PV 30, 31 6.4
2A AAGAGGTCTCTATTCCACAT

Detection limit: Limit of detection by (RT)-PCR using specific primer sets for each virus, °EntV: enterovirus (PV, CoxA, CoxB)
AdV, Adenovirus; AstV, Astrovirus; Cox, Coxsackievirus; EcV, Echovirus; EntV, Enterovirus; HAV, Hepatitis A virus; HBV, Hepatitis B
virus; HRV, Human rotavirus; MV, Measles virus; MuV, Mumps virus; NorV, Norovirus; PV, Poliovirus

szefo|m (specific primers)& AHE-SH) wheba] AEsH
+ Hpole] o] FR7F WolAH ankEe] xefojmrl 3
7o g Fdastr, & AFeAAH 752 RNA Hiol
25 e w sk 779 Zefolm g 7S] RT o
e ZAA A ol B3-S =017] flal utole]
2 Tl Adaglo]l T2 A o2 RNA T3 Ajtge
RT WHg-o] 7153t F219] 2 2}o]™ (random primer)
& AHg3E Rodth F2F9] oW & random 6-mers}
random 9-mer®] F FFE ARESte] HEFES AolE
A RSkt 18] al RT ¥he-& 98l 2 vhole] 5ol
Zatolm S ARESE 4-g-oF 72 ZetolmE ARSS 4
o] A& WAEE vlas] Bkt F 74 B PCRS
Z} wtolef ol thgk SolA Lol S ARgate]
gepoiet 1 A BE vpo]g] ol A FARe] Zefo]n
% random 9-mer”} random 6-mer®.U} B @ &% o]t}
AstV, HAV 1831 PVE] 7Zd-9-o|+= random 9-mer’} £-9|
2 setoluol] wls| HE WFLETF 2w Won & At
o]Z YehA= &2kl NorVel 73-9-0ll+= random 6-mer,
random 9-mer 1|31 5o]%] Zlo|oA BF T A
& UAEE BYo, CoxA9t CoxB2 74-$- random 9-
mers AHSEE W) O 2 HE TIHEE BT (Table
2). BFA HRV ] H-9-+= Eo0]% Zefo|m 2 RTE 85}
Re W7E FAS ZefolwE ARESINlS W Bk Y%
3] HE WA= FJYT (Table 2). o3 AHANE
o g2 nlolel s HAE: WAIE Fol7] 98 RT Al
A= HRVEF 50]% ZgtolmE ARgstal, v~ 659
nto] ] 2~of th3| A+ random 9-merE AHE-SH7|E A S}
Stk olFA FFomM 7] RT vkg S 2R

=4 7 =ik

X

h

Table 2. Comparison of specific and random primers in reverse
transcription reactions to detect RNA enteric viruses by RT-PCR

Detection limit (-log dilution)

Viruses
Specific primer Random 6-mer Random 9-mer

AstV 6 5 5
CoxA 4 4 5
CoxB 5 5 6
HAV 6.7 5 6
HRV 5.7 1 2
NorV 5 5 5
PV 6.4 5.5 6

RT reactions were performed with specific, random 6-mer or
random 9-mer and the resulting cDNAs were subjected to PCRs
using pairs of specific primers for each viruses.

For each virus, the RT primer with the lowest detection limit is in
bold type and underlined.

2 AFlA HE g R sk F 8F9 Hiole s
(RNA Hlo]#]2~ 7%, DNA Hlolg 2 [5)E 5o]4 =
glo]ME ARE-S PCR W o2 HET 49 F s¥9
PCRE Faafof gt} o]o] wh2 AJXHA], 74|
(universal primen)& ©]- 834711} of2] Zatolm e Alo] o
Holl ofe] mlole~E HEShs vs PCRS Al=dl] B
Sttt WA PV CoxA, CoxBE SlE|ZHFO]#| 2 (entero-
virus, EntV)ll &34, 0|58 FAl| A&7 fIg &
& Zetoln7} dEA Qo A 7pA|e] ¥ o]
WS ALR-EFe] PVE} CoxA, CoxBY] T4 A& A =8}
Atk RT oAM= 3% Z&o|H 2] random 6-mer



random 9-merE S| ALE-
Zetolw & AREER] %
7} vpole| 2ol HE
gfolm & ARSI S

£ OHH L
[ oH

o

Table 3. Comparison of universal primers to detect enteroviruses
by multiplex PCR

Detection limit (-log dilution)

Virus Universal primers for PCR
Control*  RT primer
EVI/EV2 El/E2 Primerl/3
Random 6-mer 42 4.7 5
Random 9-mer 6 6 4
PV 64 EVI/EV2 5 - -
El/E2 -t 6 -
Primer1/3 - - 5.7
Random 6-mer 5 6 55
Random 9-mer 45 6.3 5
CoxA 4 EVI/EV2 5 - -
E1/E2 - 6 -
Primer1/3 - - 6
Random 6-mer  4.25 6.25 5
Random 9-mer 5 6.7 5
CoxB 5 EVI/EV2 5 - -
E1/E2 - 6 -
Primer1/3 - - 5.5

Pairs of RT primers and PCR primers with the lowest detection

limit are in bold type and underlined.

*Control: Limit of detection by RT-PCR with specific primers for
RT and PCR as shown in the Table 2.

®—: Not applicable

SA Oh, et al.

O},oﬂr;], 1 734,}, /\1?5-101]
FolA EI/E2E *F‘l%*
1-103 o RT ¥ »o—JJr PCR &

AE V3L d ?9%4 (Table 3). w}aw El/E
] ZS Entve] FEC ARSI 2 AASS
2} g3l9] PCR #A & Mo ZU 5 QU El Atk
UEo® 6ol PCR & & B E°7] 98 b=
PCRS A E&I3TE t% PCRS $air = 2t ulo]e) e
PCR 5FHe2] 37|17} Y241, annealing =5=7) H]S3]
of 3} Zalo|w| % Alo]ol| cross-dimerd} S o|x}-
Z%7do] Aojof gt} oo} 2 iﬁ% WA 7= Bf
3k7] 9l mpole]x z}zke] whgaks A
719} annealing % B oJA 2P dolE Atk 1
A} zbzte] wtole] 29o] WhSALE F7)7) gepba] i
73+ AL, EntV, HAV, NorVe}l AstVe] annealing %7}
H]=31al, AdVEF HRVE] annealing %7} H| S8}
(Table 4). B3+ Netprimer = 195 ©]-§3}o] 7} Zejo]
W AES] olAF2F S FRIg A7 AdvE HRV}:
NorV, AstVi= NorV$}, EntVi= HAVS} cross-dimer 347 ©]
71 e AL o 4 91T} (Table 4).
9l A= wpgo & AdVSF HRY, AstVe} NorV, 1]

I EntVe} HAVE BA HES F e Zetoly =%

SEENE ¥
2] 0
=

o]

o F A vlo]HAE PCRE HEZ = A=A Lol
okth. 7t ulo]g A2 el RLPCRE HEsluAl 319<
] AEEE HAaTS | X& Fhal, o)5 8% nlolg~

Zbzb 1 %, 10 %, 283 100 X 9 4L 5 ol
DNA%} RNAE %owm FE3 RNAE & oA
Fo] di= HRV Eol4 xgto|w =z, U5 random

Table 4. Scores of the secondary structure among the primer sets for detection of human enteric viruses

Number of cross-dimer formed®

Viruses ADTb Size

AdV AstV EntV HAV HRV NorV (©) (bp)
AdV - 4 7 7 1 1 45 308
AstV - 6 7 6 3 51 345
EntV - 2 4 7 55 195
HAV - 7 5 55 247
HRV - 3 42 749
NorV 53 448

Pairs of primers yielding the least number of cross-dimers are in bold type and underlined.
“Number of cross-dimer formed: calculated by NetPrimer program. ° AT: annealing temperature
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Figure 1. Detection of human enteric viruses by multiplex RT-PCR. DNA or RNA was extracted from a mixture of 8 different human
enteric viruses. cDNA was synthesized from RNA sample by RT reaction using specific primers for HRV or random 9-mer. PCR was
performed with specific primer sets for each virus (lane 2, AdV; lane 3, AstV; lane 4, PV; lane 5, CoxA; lane 6, CoxB; lane 7, HAV; lane 8,
HRYV; lane 9, NorV). Multiplex PCR was performed by using combinations of primer sets for two viruses (lane 10, EntV+HAYV; lane 11,
AstV+NorV; lane 12, AAV+HRV) or four viruses (lane 13, EntV+HAV+AstV+NorV). Lane 1, size marker. AdV, Adenovirus; AstV,
Astrovirus; CoxA, Coxsackievirus A; CoxB, Coxsackievirus B; HAV, Hepatitis A virus; HRV, Human rotavirus; NorV, Norovirus; PV,
Poliovirus; EntV, Enterovirus, PV+CoxA+CoxB. Arrows indicate the DNA bands corresponding to the expected PCR products.

9-mer= RT B3-S F-8J31lth HRV 504 Zejo]mz
RT W35 5303+ cDNA A HE F53 AdVe] DNASH
£33lo] AdV-HRV Zzlo|w %302 PCRS 3313
t}. Random 9-mer® RT WHg-S F=3fs}o] I cDNAE
Al 22 o] dh= AstV-NorV Zdfo|n] Zsto g
U 3= EntV-HAV Zefolw| X307 o|F PCRe
Sk 1 A3 XE o]F PCR £ol|lA @ PCR
= shlS wiek A Aolrt A s RIREE vk
25 AT F AAJY Fig. 1). "L =Z cross-dimer
342 vl 4 EA|T annealing >%=7F H|S:8E AstV-
NorV-EntV-HAV = 2}o| &0 & t}a PCRS A3
ok wztmol A ©@d PCR ¥ olug} o]F PCRE
oh ofef 10v] A% FhAashes RS 4 AT (Fig 1,
lane 13).

Aw7HA e W& gutol2] 27k DNA Hpo] 224}
RNA HlolH 25 K57 E31eb7| wol| i5Z7 ol
Al RNA®} DNAE w2 FZE3)|oF she fIAZR<] St
olefdt MARFS /Wstaat tFE T Ao 4 RNASL
DNAE FAld +5& 4 )& QlAamp MinElute Virus
Spin Kit (QIAGEN)E AF&-3}o] Hlus] & 23 DNAS
RNAE W& g FEs90s we} $d3 234E I

i
rir

O

Unknown Sample
7
|

v

\

RNA and DNA Extraction

[§
— T~

- -4
| Random HRV || RT
v 9mer Primer
. / . \Jr

— =& = :|

1= | | PCR

v v v

EntV+HAV AstV +NorV AdV+HRV

Figure 2. Suggested protocol of the RT-PCR with minimum
hands-on steps to detect human enteric viruses from an unknown
sample. AdV, Adenovirus; AstV, Astrovirus; EntV, Enterovirus,
CoxA+CoxB+PV; HAV, Hepatitis A virus; HRV, Human rotavirus;
NorV, Norovirus.

U} (data not shown). B3t o] 5 gulole] s Lotz
o= ool 3, BY 7hdufolg 2, Zoufole] s,

T EAEbbel 28 ARESIRlE o ol ubele s
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