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Abstract
The first human parechovirus 3 (HPeV3 VGHKS-2007) in Taiwan was identified from a clinical specimen from a male infant. The entire
genome of the HPeV3 isolate was sequenced and compared to known HPeV3 sequences. Genome alignment data showed that HPeV3 VGHKS-
2007 shares the highest nucleotide identity, 99%, with the Japanese strain of HPeV3 1361K-162589-Yamagata-2008. All HPeV3 isolates possess
at least 97% amino acid identity. The analysis of the genome sequence of HPeV3 VGHKS-2007 will facilitate future investigations of the
epidemiology and pathogenicity of HPeV3 infection.
Copyright © 2017, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Human parechovirus (HPeV), a small, round-structured,
non-enveloped virus with a single-strand and positive-sense
RNA genome, belongs to the Picornaviridae.1 It was first
described in 1961 as echoviruses 22 and 23 in the genus
Enterovirus on identification from an outbreak of diarrhea
among children.2 However, further studies showed that the
nucleotide sequence in replication and translation elements of
the virus differ from that of other members of the genus
Enterovirus. So the virus was re-classified into a new genus,
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Parechovirus, and the echoviruses 22 and 23 were re-named
HPeV1 and HPeV2, respectively.3e5 Based on viral protein
1 (VP1) sequence comparison, 16 types of HPeV isolates have
been reported.6

Most HPeV infections occur in infants <1 year old.7

HPeV1 may be the most prevalent type in the world, fol-
lowed by HPeV3.8e11 Most HPeV infections are asymptom-
atic but could be associated with gastrointestinal and
respiratory tract symptoms, often mild in severity.12,13 How-
ever, HPeV3 notably results in severe diseases of the central
nervous system (CNS) and in neonatal sepsis,14 almost
exclusively restricted to infants <3 months old.15

In August 2007, HPeV3 VGHKS-2007 was isolated from a
throat swab of a 3-month-old male infant in Taiwan, who, at
an outpatient visit, presented productive cough with clear
nasal discharge and wheezing. After a diagnosis of acute
bronchiolitis, the management was supportive treatment. The
sevier Taiwan LLC. This is an open access article under the CC BY-NC-ND

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:changth@vghks.gov.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcma.2017.07.007&domain=pdf
www.sciencedirect.com/science/journal/17264901
http://dx.doi.org/10.1016/j.jcma.2017.07.007
http://dx.doi.org/10.1016/j.jcma.2017.07.007
http://www.jcma-online.com
http://dx.doi.org/10.1016/j.jcma.2017.07.007
http://creativecommons.org/licenses/by-nc-nd/4.0/


738 J.-T. Chang et al. / Journal of the Chinese Medical Association 80 (2017) 737e739
entire genome of the HPeV3 isolate was sequenced and
compared to known HPeV3 sequences.

2. Methods
2.1. Sequence analysis
On the basis of the full-length nucleotide sequences of
HPeV3 available in GenBank, 8 pairs of oligonucleotide
primers were designed to amplify the different regions of the
HPeV3 VGHKS-2007 genome, including the 50- and 30-end
fragments. All fragments of PCR products were sequenced
directly in both directions. The complete genome of this virus
is 7349 nucleotides, including the 30 poly(A) tail. Flanked by a
707-nt 50 untranslated region (50 UTR) and a 111-nt 30 UTR,
the predicted polyprotein is encoded by a 6531-nt single open
reading frame (ORF). The genome sequence of HPeV3
VGHKS-2007 has been deposited in GenBank (accession no.
KM986843).

3. Results

The genome organization of this virus, 50 UTRethree
structural proteinseseven nonstructural proteinse30 UTR, is
identical to that of other HPeVs.16 However, unlike HPeV1 but
similar to other HPeV3 strains, HPeV3 VGHKS-2007 lacks an
RGD motif at the C-terminus of the VP1 for binding to
integrin on the host cell membrane as part of viral entry
process. An alternative receptor may exist, which changes the
cellular tropism of HPeV3 and leads to enhanced ability to
spread and replicate in the CNS.16,17

We aligned the entire genome nucleotide sequence of
HPeV3 VGHKS-2007 to the full-length nucleotide sequences
of HPeV3 available in GenBank. HPeV3 VGHKS-2007 shares
Fig. 1. SimPlot comparison of complete genome sequence of HPeV3 VGHKS-200

shown.
the highest nucleotide sequence similarity, 99%, with 1361K-
162589-Yamagata-2008, and more than 87% similarity with
other HPeV3 isolates. However, at the polyprotein level, all
HPeV3 isolates possess at least 97% amino acid identity.

Furthermore, we randomly selected 15 completed genomes
of HPeV1-8 available in GenBank for SimPlot analysis:
HPeV1 strains Harris (accession no. L02971), SH1 (accession
no.FJ840477), and 7555312 (accession no.FM178558); HPeV2
strain Williamson (accession no.AJ005695); HPeV3 strains
1361K-162589-Yamagata-2008 (accession no.AB668029),
Can82853-01 (accession no.AJ889918) and A308/99 (acces-
sion no.AB084913); HPeV4 strains K251176-02 (accession
no.DQ315670) and Fuk2005-123 (accession no.AB433629);
HPeV5 strains T92-15 (accession no.AM235749) and
CT86-6760 (accession no.AF055846); HPeV6 strains NII561-
2000 (accession no.AB252582) and 2005-823 (accession
no.EU077518); HPeV7 strain PAK5045 (accession
no.EU556224); and HPeV8 strain BR/217/2006 (accession no.
EU716175) (Fig. 1). Throughout the whole ORF, HPeV3
VGHKS-2007 consistently had similarity scores of at least
98% with 1361K-162589-Yamagata-2008, which had resulted
in an epidemic of myalgia in 22 adults in Japan.18 How-
ever, if 1361K-162589-Yamagata-2008 was excluded, HPeV3
VGHKS-2007 had higher similarity with HPeV3 strain
Can82853-01 in the highly variable capsid-encoding regions
VP0, VP3 and VP1 and with HPeV4 strain K251176-02 in the
more conserved regions from 2B to 3C. Such findings may
have resulted from a recombination event during HPeV
evolution.19

4. Discussion

HPeV3 VGHKS-2007 is the first HPeV3 isolated in
Taiwan. Importantly, our study revealed the existence of
7 and genomes of other HPeV strains or types. The viral genome structure is
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endemic circulation of HPeV in Taiwan.20 These data suggest
HPeV3 could be one of the pathogens causing clinical ab-
normalities in newborns or young infants, which should be
noted in the clinical care system. The availability of the
genome sequence of HPeV3 VGHKS-2007 will facilitate
future investigations of the epidemiology and pathogenicity of
HPeV3 infection disease. For example, the genome informa-
tion would be required for viral strain identification and evo-
lution analysis of epidemic HPeV3.21 In addition, with the
viral genome sequence, the individual viral protein genes
could be further cloned for molecular study to understand the
pathogenic mechanism of HPeV3.22,23

Acknowledgments

We thank Chih-Shiang Yang for technical assistance. This
work was supported in part by grants from the Ministry of
Science and Technology, Taiwan (MOST 106-2321-B-075B-
001) and Kaohsiung Veterans General Hospital, Taiwan
(VGHKS106-G02).

References

1. Nateri AS, Hughes PJ, Stanway G. In vivo and in vitro identification of

structural and sequence elements of the human parechovirus 50 untrans-
lated region required for internal initiation. J Virol 2000;74:6269e77.

2. Wigand R, Sabin AB. Properties of ECHO types 22, 23 and 24 viruses.

Arch Gesamte Virusforsch 1961;11:224e47.

3. Ghazi F, Hughes PJ, Hyypia T, Stanway G. Molecular analysis of human

parechovirus type 2 (formerly echovirus 23). J Gen Virol 1998;79(Pt 11):

2641e50.
4. Poyry T, Hyypia T, Horsnell C, Kinnunen L, Hovi T, Stanway G. Mo-

lecular analysis of coxsackievirus A16 reveals a new genetic group of

enteroviruses. Virology 1994;202:982e7.

5. Chang KH, Day C, Walker J, Hyypia T, Stanway G. The nucleotide se-

quences of wild-type coxsackievirus A9 strains imply that an RGD motif

in VP1 is functionally significant. J Gen Virol 1992;73(Pt 3):621e6.

6. Al-Sunaidi M, Williams CH, Hughes PJ, Schnurr DP, Stanway G. Analysis

of a new human parechovirus allows the definition of parechovirus types

and the identification of RNA structural domains. J Virol 2007;81:1013e21.

7. Chieochansin T, Vichiwattana P, Korkong S, Theamboonlers A,

Poovorawan Y. Molecular epidemiology, genome characterization, and

recombination event of human parechovirus. Virology 2011;421:159e66.

8. Benschop K, Molenkamp R, van der Ham A, Wolthers K, Beld M. Rapid

detection of human parechoviruses in clinical samples by real-time PCR.

J Clin Virol 2008;41:69e74.
9. Tapia G, Cinek O, Witso E, Kulich M, Rasmussen T, Grinde B, et al.

Longitudinal observation of parechovirus in stool samples from Norwe-

gian infants. J Med Virol 2008;80:1835e42.

10. Harvala H, Bremner J, Kealey S, Weller B, McLellan S, Lloyd G, et al.

Case report: Eastern equine encephalitis virus imported to the UK. J Med

Virol 2009;81:305e8.

11. Watanabe K, Oie M, Higuchi M, Nishikawa M, Fujii M. Isolation and

characterization of novel human parechovirus from clinical samples.

Emerg Infect Dis 2007;13:889e95.

12. Benschop KS, Schinkel J, Minnaar RP, Pajkrt D, Spanjerberg L,

Kraakman HC, et al. Human parechovirus infections in Dutch children

and the association between serotype and disease severity. Clin Infect Dis

2006;42:204e10.

13. Calvert J, Chieochansin T, Benschop KS, McWilliam Leitch EC,

Drexler JF, Grywna K, et al. Recombination dynamics of human par-

echoviruses: investigation of type-specific differences in frequency and

epidemiological correlates. J Gen Virol 2010;91:1229e38.

14. Pistorius LR, Smal J, de Haan TR, Page-Christiaens GC, Verboon-

Maciolek M, Oepkes D, et al. Disturbance of cerebral neuronal migration

following congenital parvovirus B19 infection. Fetal Diagn Ther 2008;24:

491e4.

15. Ghanem-Zoubi N, Shiner M, Shulman LM, Sofer D, Wolf D, Marva E,

et al. Human parechovirus type 3 central nervous system infections in

Israeli infants. J Clin Virol 2013;58:205e10.

16. Harvala H, Simmonds P. Human parechoviruses: biology, epidemiology

and clinical significance. J Clin Virol 2009;45:1e9.

17. Benschop KS, Williams CH, Wolthers KC, Stanway G, Simmonds P.

Widespread recombination within human parechoviruses: analysis of

temporal dynamics and constraints. J Gen Virol 2008;89:1030e5.

18. Mizuta K, Kuroda M, Kurimura M, Yahata Y, Sekizuka T, Aoki Y,

et al. Epidemic myalgia in adults associated with human parechovirus

type 3 infection, Yamagata, Japan, 2008. Emerg Infect Dis 2012;18:

1787e93.

19. Benschop KS, de Vries M, Minnaar RP, Stanway G, van der Hoek L,

Wolthers KC, et al. Comprehensive full-length sequence analyses of

human parechoviruses: diversity and recombination. J Gen Virol 2010;91:

145e54.

20. Huang YP, Hsieh JY, Wu HS, Yang JY. Molecular and epidemiological

study of human parechovirus infections in Taiwan, 2007e2012.

J Microbiol Immunol Infect 2016;49:321e8.

21. Williams CH, Panayiotou M, Girling GD, Peard CI, Oikarinen S,

Hyoty H, et al. Evolution and conservation in human parechovirus ge-

nomes. J Gen Virol 2009;90:1702e12.

22. Krogerus C, Samuilova O, Poyry T, Jokitalo E, Hyypia T. Intracellular

localization and effects of individually expressed human parechovirus 1

non-structural proteins. J Gen Virol 2007;88:831e41.

23. Samuilova O, Krogerus C, Poyry T, Hyypia T. Specific interaction be-

tween human parechovirus nonstructural 2A protein and viral RNA. J Biol

Chem 2004;279:37822e31.

http://refhub.elsevier.com/S1726-4901(17)30199-5/sref1
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref1
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref1
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref1
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref1
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref2
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref2
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref2
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref3
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref3
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref3
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref3
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref4
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref4
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref4
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref4
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref5
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref5
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref5
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref5
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref6
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref6
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref6
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref6
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref7
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref7
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref7
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref7
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref8
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref8
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref8
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref8
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref9
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref9
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref9
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref9
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref10
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref10
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref10
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref10
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref11
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref11
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref11
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref11
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref12
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref12
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref12
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref12
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref12
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref13
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref13
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref13
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref13
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref13
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref14
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref14
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref14
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref14
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref14
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref15
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref15
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref15
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref15
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref16
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref16
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref16
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref17
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref17
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref17
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref17
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref18
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref18
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref18
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref18
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref18
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref19
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref19
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref19
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref19
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref19
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref20
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref20
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref20
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref20
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref20
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref21
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref21
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref21
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref21
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref22
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref22
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref22
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref22
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref23
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref23
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref23
http://refhub.elsevier.com/S1726-4901(17)30199-5/sref23

	Complete genome sequence of the first human parechovirus type 3 isolated in Taiwan
	1. Introduction
	2. Methods
	2.1. Sequence analysis

	3. Results
	4. Discussion
	Acknowledgments
	References


