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Evaluation of Proposed Diagnostic System for Detection of Pan-enterovirus
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Pan-Enterovirus (Pan-EV) infects millions of children and infants worldwide every year. As severe infections have
recently been reported, the need for monitoring has consequently intensified. Pan-EV is a categorical name for waterborne
enteroviruses belonging to the Picornaviridae family, and includes a wide range of pathogens including Coxsackievirus
(CoxV), Echovirus (EcoV) and Enterovirus (EV). In this study, we proposed an optimal RT-nested PCR method for
diagnosis of various types of Pan-EV in an aquatic environment and developed a positive control. Considering detection
sensitivity, specific reaction, and final identification, one condition capable of amplifying 478 bp among the four candidates
in the 1¥ round PCR (RT-PCR) and one condition in the 2™ round PCR (nested PCR) were selected. Through the detection
of nucleic acids extracted from 123 groundwater samples and the detection sensitivity test based on artificial spiking in
the sample, the methods are optimal for non-disinfected water samples such as groundwater. We developed a positive
control for Pan-EV detection that can be amplified to different sizes under the two conditions. Accuracy could be further
improved by testing for contamination from the control group. The method proposed in this study and the positive control
developed are expected to be used in monitoring Pan-EV in aquatic environments including groundwater through future
research using more samples.
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Table 1. The sequence of primer sets of RT-PCR and nested PCR for detection of Pan-enterovirus using in this study

PCR primer information Expected si
PCR  Candidate X?eczdsfe Ret
Target Lenath NCBI of produc eferences
type set# age Name Sequence (5'—3") engt Start End . (bp)
gene (nt) accession #
Primer]  CAAGCACTTCTGTTTCCCCGG 21 157 177
4 SUTR 433 Zoll et al.,
Primer3  ATTGTCACCATAAGCAGCCA 20 570 589 1992
- ! Zolletal.,
(nnﬁ g CAAGCACTICTGTTWCCCCGG 21 157 177 MH716256.1 1992
modifie .
# SUTR 478 (Modified)
o EnR ACCGGATGGCCAATCCAA 18 617 634 USEPA,
PCR (EVR) 2014
VP3 224 GCIATGYTIGGIACICAYRT 20 1927 1,946
) 972
VP1 222 CICCIGGIGGIAYRWACAT 19 2916 2,898 Chiang
U22521 _
ANS9 CCAGCACTGACAGCAGYNGARAYNGG 26 2,570 2,595 ctal, 2012
#4 VPI 577
ANBS8 TACTGGACCACCTGGNGGNAYRWACAT 27 3,116 3,146
EntF
Nested PCR EVD) CCTCCGGCCCCTGAATG 17 439 455 S EPA
[Basedon RT-PCR  S'UTR MH716256.1 196 o4
. EntR
candidate #2] . ACCGGATGGCCAATCCAA 18 617 634
(EV-R)
Abbreviation: EPA, Environmental Protection Agency
o =) =] ) o =)~ a]
2 S oshr] ke 58 3 HS-8 AlskE, & Az L d

(Moore, 1993; Lee and Jeong, 2004; NIER, 2017). ©| & 5

o533 27180l WASE= Pan-Enterovirus (Pan-EV)+&=
A AAA 0= Arofsl o frotollA FulnhEe] elS o
o7IH Hole T5 AHTE s A=A wet
RUEEe] "8 o] A|7]¥] il JATHNIER, 2016). Pan-EV
= ¥ Zte] 2 2x(Family picornaviridae)= 75w 471
A Aol o] WA WA O R Coxsackievirus (CoxV),
Echovirus (EcoV) Enterovirus (EV) & 5= H$ 2 tjofsh
BAA 771 £IATHICTV, 2017, 2019). L &<} Pan-
EVE zdslr] f1e e AE vtse 54 7|4
d B0 U] Hlo|#H2E FH3H= reverse transcription
(RT)-nested polymerase chain reaction (PCR)®] HZ 15+
Azl olal] A R ggEgl o, Z2F WSS Pan-EV
W H2 el Tl dig ek 7hsd vial 5o
gk 5 Hl Aol Aol A8l tigh Hlul A=
1] &3}5 th(Zoll et al., 1992; Chiang et al., 2012; United States
Environmental Protection Agency (US EPA, 2014)). m}2}A]
E Ao ME A H o2 RE Pan-EV AT 93k
# %] RT-nested PCR 3 FAANEEAS 7Igsiith

FIAdnlol & 2 Coxsackievirus (CoxV-A6, A24, Bl %
BS), Echovirus (EcoV-5, 11), EV-71 2 Reovirus (ReV)2] 4
AHEE SN S AERS B3 3 ¥ ReverTra
Ace-a-® (Toyobo, Japan)©.Z cDNA #4335} 2, Noro-
virus-GII (NoV-GII; KX356908 715 939 nt), Orthoreovirus
(OrV; NC_013231.1 7]5= 830 nt), Parechovirus-A (PeV-A;
NC _001897.1 715 1237 nt), Poliovirus-type3 (PV-type3;
AY184221.1 715 983 nt) & Sapovirus (SaV; KP298674.1
715 2,000 nt)= Macrogen Co. Ltd. (Seoul, Korea)oll 4] g
= shlth

FA 704 Pan-EV XS 918l &-8-5= A RT-
PCR 471 WHS tjbo 2 3F3thTable 1). 34 Ak &

A S350 PanEVel L35 o= who]e 2 8
| Bold ug-g Isy] Slaln 7 AakEe] golo
2HE 107 34 Nie. T Ak B9 1 ngulE 7]
Fo= 1,000¥] 51413 1 pgul)yS AHE-SFITE PCR 24
2 AccuPower” HotStart PCR PreMix (Bioneer, Dagjeon,
Korea) kit, 8" % "3} PCR Zz}toln] 7} 25p 1 pl,
T A 1L, Bt S 17 Wl 20 pLE S3lal

T
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Fig. 1. Sensitivity based specific reaction of RT-PCR candidates and nested PCR methods. Abbreviations: CoxV, Coxsackievirus;
EcoV, Echovirus; EV, Enterovirus; PeV-A, Parechovirus-A; PV-type3, Poliovirus-type3; NoV-GII, Norovirus-GII; ReoV, Reovirusl OrV,
Orthoreovirus; SaV, Sapovirus; M, 100 bp Ladder marker (Enzynomics, Korea); lane 100, 10 and 1, viral copies; -1 ~ -4; dilution rate

based on 1 ng/uL; P, positive control; N, negative control.

PCR =2 7} Fazde] U sdsiA a3,
Zoll et al., 1992 (Modified)®} US. EPA, 2014 7 714 =&
< Faste] z3ek efo]m <l candidate #27F 95T, 53,
3538] BHE(95C 45%, 55T 60% 2 72°C 60%) 2 72T,
Ho = 3% tHLee etal., 2021a).

2 I

Pan-EVE H#-FE5 & 90 504
#1 (Zoll et al,, 1992)2 L& Hlo|HAE
HES & e, 2719 i 27|18t AANE

Ab 9] Save] A5 H] 5olA] whgo] YElTHFig.
1). Candidate #2 [Zoll et al., 1992 (Modiﬁed) 1; US EPA, 2014]
9} #4 (Chiang et al., 2012)= Z 652 Eol4 kg,
Candidate #3 (Chiang et al., 2012)’1:‘ 5%, Candidate #3
(Chiang et al,, 2012)> 5&ol|A Z42F So 2| ukg-o] vhepsk
o H] Pan-EVOA &= WEg-o] YERA] 29k THFig. 1).
ghd, H] ASFEIE Fdduteld s AEE AsiA
T dWF PCRE o8¢ A4 w& WY 8 EHER
nested PCRS- 2]-83} % Th(Lee et al,, 2021a, 2021b). 54| ¢
75101]}\1 AZ% Pan-EV dHE 83 = 4 5 H]jr_
ATE el 7] US-EPACA] &8 591 Tojo|y
o] 485 A aysiien olo] we} RI-PCRE <&

Hk-S- A3} candidate
g3k Mg ER

§ candidate #27} A18]=| ]t} Candidate #2 AH=E
< O Z PCRY} 5YUE 27O F Pan-EVE 5UTRES
ZE3t 4= 9= nested PCRS =331 THUS EPA, 2014)
(Table 1). =2 A3} Pan-EV 9F0] 5 F= 2 1] So]F
-2 YERFA] e Qkth(Fig. 1).

SHA, candidate #2 (1" round PCR)2} US-EPA nested PCR
(2 round PCR)O] % I glom 9 Ao el HA
o] 7Fs3t FANETS JNLEI thlee et al., 2021a). 1%
round PCR HF-3 A] AFE-2] Z o] 400 bp, 2™ round PCR
Al 374 bpE SET S Ao ® FAEATKFig. 2).
Gl—k]s} sﬂ/\]-_‘,} /\g_]/\ a}o]a{ = o] Q O]—o:] /\164/\1 7F uu
grlo]lds sty & d IS 1 ngulE
71Eo R 1079 Bl HE N EE EA4E%laL 97
H]E 7] A (CoxV-A24, EchoV-11, NoV-GII, PV-type3, ReV,
EV-71, OrV, SaV % 57 ool tigh So]2 9 1] Hoj
dsllom, PCR A 9 =A< 1% round 2

™ round PCR 5% 543 stdvk 1 Ay}, & Wzt
%3 1% round A19F 1 pg/ul ~ 100 fg/uL, 2™ round PCR A]
ok 100 fg/ul ~ 10 fg/ulL o2 YEhg 25 7|d =17]¢]
cbEo] gRlvlon, g RE 7|#elA Pan-EV X3

= Hlo]# e TS SE3)SIti(Fig. 3).
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1st round PCR forward primer binding 2 round PCR forward primer binding
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Restrictionenzyme (EcoRV) sequence
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I
I
1%t round PCRreverse primer binding
2™ round PCRreverse primer binding

Synthesized  1RoundPCR
control  2ndRound PCR Fig. 2. A positive control map

Vius  1#*RoundPCR developed for he detection of Pan-

e Enterovirus. *, any sequences (A or
(Pan-EV) 2nd Round PCR Pan-EV 2" round PCR (196 bp) GorCor T).

RT-PCR Nested PCR
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Fig. 3. The result of three interlaboratory validation tests of RT-PCR and nested PCR for Pan-enterovirus. M, 100 bp Ladder marker
(Enzynomics); -1 ~ -4; dilution rate based on positive control (1 ng/uL); PN, PCR negative; N, negative; P, positive control; 1, CoxV-A24;
2, EcoV-11; 3, NoV-GIL 4, PV-type3; 5, ReV; 6, EV-71; 7, OrV; 8, SaV; 9, environmental sample # 4; *, virus included in Pan-enterovirus.

12338& A1F ¥ 28 4 +5Z(Elution and Concentration) %1 ThData not shown). oJol wel, A& &2k U] CoXV-A24
35, HF FFN O ZHE RNeasy Mini Kit (Qiagen, & 21914 #H7Isk3lar, vlele}z 557} 107 (10 fgpl)y7t
Germany)?] el Wl F RNAS FE190H, RT- A 104] @7 3]413}¢] RTnested PCRE 221513} 1
nested PCR 24 % 2312 o]de] 7o} sdaiA =+ A3}, 1% round PCROIA = 715 Bt} oF 10¥) 3 &
&FFHLee et al, 2021b). REPCROIA = FAHZTS A19] W=7} sobxl o1, 2 round PCROIA = &5 e o=
o BE AN FEAE] BEE A ko, nested  UER} Sl We] H] AEoae] HEAdo] FelE )
PCR A}, P A7]|9} Ak M= 1717 S&Edent  hFig 5).
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Fig. 4. Detection of Pan-enterovirus from groundwater samples using RT-nested PCR. M, 100 bp Ladder marker (Enzynomics); lane
#1-123, sample number; N, negative; P, positive control; PN, PCR negative.

RT-PCR Nested PCR

Fig. 5. Detection sensitivity of RT-PCR and nested PCR for
detection of Enterovirus 71. M, 100 bp Ladder marker (Enzy-
nomics); lane -1 ~ -5, 10-fold serially diluted nucleic acid (NC) OF
CoXV-A24 from undiluted (1 ng/uL) CoXV-A24 NC; N, negative
control; PN, PCR negative.
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et al, 1992 (Modified); CAAGCACTTCTGTTWCCCCGG]
25 p 1 uL9} EntR (EV-R) (US EPA, 2014; ACCGGATGG-
CCAATCCAA) 25 p 1 pL, SL® Non-specific reaction inhibitor
(LSLK Gyeonggi, Korea) 3 pL, 53 34t 1 L, B 57
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