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The new enterovirus C strain EV-C118 belongs to the human enterovirus C species of the Picornaviridae family. We report the
complete genome sequence of this strain, which was identified in respiratory specimens of two children hospitalized in Israel
because of acute otitis media and community-acquired pneumonia who were enrolled in the Community-Acquired Pneumonia
Pediatric Research Initiative (CAP-PRI) study.
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The genus Enterovirus in the family Picornaviridae is a group of
related viruses associated with various clinical syndromes, in-

cluding asymptomatic infection, respiratory illness, gastroenteri-
tis, and meningitis (1). There are four known species of enterovi-
ruses, which are classified on the basis of their divergences within
the VP1 region: human enterovirus (HEV) types HEV-A, HEV-B,
HEV-C, and HEV-D (2, 3). We report the characterization of a
new HEV-C species, EV-C118, which is the 23rd identified so far
(http://www.picornaviridae.com/enterovirus/ev-c/ev-c.htm).

EV-C118 was found in two Bedouin children living in Israel
who were hospitalized because of acute otitis media (AOM) and
community-acquired pneumonia (CAP). One strain, ISR10, was
found in a 21-month-old girl and the other, ISR38, was found in a
15-month-old boy. Their nasopharyngeal samples were positive
for enterovirus as revealed by PCR using primers that target the
VP1 region as described previously (4). The complete genome
sequences were obtained using degenerate primers designed by
means of the multiple alignment of the EV-C104 and EV-C109
genomes available in GenBank, and additional primers were de-
signed using primer-walking methods. These primer sequences
are available upon request. The terminal sequences were con-
firmed using a 5=/3= Rapid Amplification of cDNA Ends (RACE)
kit (Roche, Mannheim, Germany). The sequences were aligned
using ClustalX 2.1 (5), and the phylogenetic trees were con-
structed using Molecular Evolutionary Genetics Analysis (MEGA)
5 (6). The bootscan and similarity plot analyses were made using
SimPlot 3.5.1 (7).

ISR10 was designated EV-C118 by the Picornaviridae study group
on the basis of the sequencing of the complete VP1 region (GenBank
accession no. JQ768163) (http://www.picornastudygroup.com
/types/enterovirus/ev_c_types.htm). Its closest relative is EV-
C109, which has 30.1% nucleotide and 22.6% amino acid differ-

ences in the VP1 region. The full genomes of both EV-C118 strains
are 7,357 bp in length, excluding the polyadenylated tract. The
genome organization of these viruses is similar to those of the
previously reported EV genomes. The 5= untranslated region
(UTR) contains 666 nucleotides, and the 3= UTR contains 70 nu-
cleotides. EV-C118 has a single open reading frame that encodes a
2,206-amino-acid polyprotein. The base compositions of the full
genomes of ISR10 and ISR38 strains are 27.9% A, 24.0% C, 24.3%
G, and 23.7% U. Phylogenetic analysis showed that both strains of
EV-C118 grouped with EV109 and that the recently described
EV105 (8) is in a separate subgroup of HEV-C.

The genome sequences of the P2 and P3 regions of both EV-
C118 strains are more similar to those of EV-C109 and EV-C105
than that of the P1 region. SimPlot analysis showed that the sim-
ilarity is greatest in the 3D gene, which had a high level of boot-
strap support (�75%) for clustering with EV-C105. As in the
cases of EV-C104 and EV-C109, the 5= UTR of EV-C118 is phylo-
genetically distinct from the classical HEV-C 5= nontranslated re-
gion (NTR) (9, 10). This suggests a recombinant origin and, there-
fore, independent evolution of the different genomic regions;
however, further extensive analyses are needed to determine its
origin precisely.

Nucleotide sequence accession numbers. The genome se-
quences of EV-C118 strains ISR10 and ISR38 have been deposited
in GenBank under the accession no. JX961708 and JX961709.

ACKNOWLEDGMENTS

This study was supported by grants from the Italian Ministry of Health
(Bando Giovani Ricercatori 2007) and Amici del Bambino Malato (ABM)
Onlus.

We thank the participants of the Community-Acquired Pneumonia
Pediatric Research Initiative (CAP-PRI) Study Group: Javier Diez Do-

Genome AnnouncementsJanuary/February 2013 Volume 1 Issue 1 e00121-12 genomea.asm.org 1

http://creativecommons.org/licenses/by/3.0/
http://www.picornaviridae.com/enterovirus/ev-c/ev-c.htm
http://www.ncbi.nlm.nih.gov/nuccore?term=JQ768163
http://www.picornastudygroup.com/types/enterovirus/ev_c_types.htm
http://www.picornastudygroup.com/types/enterovirus/ev_c_types.htm
http://www.ncbi.nlm.nih.gov/nuccore?term=JX961708
http://www.ncbi.nlm.nih.gov/nuccore?term=JX961709
http://genomea.asm.org


mingo (Valencia, Spain), Oana Falup-Pecurariu (Brasov, Romania), Fer-
nanda Rodrigues (Coimbra, Portugal), Vana Spoulou (Athens, Greece),
Georges Syrogiannopoulos (Larissa, Greece), and Vytautas Usonis (Vil-
nius, Lithuania).

REFERENCES
1. Daleno C, Piralla A, Scala A, Baldanti F, Usonis V, Principi N, Esposito

S. 2012. Complete genome sequence of a novel human enterovirus C
(HEV-C117) identified in a child with community-acquired pneumonia.
J. Virol. 86(19):10888 –10889.

2. Brown BA, Maher K, Flemister MR, Naraghi-Arani P, Uddin M, Ober-
ste MS, Pallansch MA. 2009. Resolving ambiguities in genetic typing of
human enterovirus species C clinical isolates and identification of entero-
virus 96, 99 and 102. J. Gen. Virol. 90(Pt 7):1713–1723.

3. Knowles NJ, Hovi T, Hyypiä T, King AMQ, Lindberg AM, Pallansch
MA, Palmenberg AC, Simmonds P, Skern T, Stanway G, Yamashita T,
Zell R. 2012. Picornaviridae, p 855– 880. In King AMQ, Adams MJ,
Carstens EB, Lefkowitz EJ (ed), Virus taxonomy: classification and no-
menclature of viruses: ninth report of the International Committee on
Taxonomy of Viruses. Elsevier, San Diego, CA.

4. Oberste MS, Maher K, Flemister MR, Marchetti G, Kilpatrick DR,
Pallansch MA. 2000. Comparison of classic and molecular approaches for
the identification of untypeable enteroviruses. J. Clin. Microbiol. 38(3):
170 –1174.

5. Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG.

1997. The CLUSTAL_X windows interface: flexible strategies for multiple
sequence alignment aided by quality analysis tools. Nucleic Acids Res.
25(24):4876 – 4882.

6. Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. 2011.
MEGA5: molecular evolutionary genetics analysis using maximum likeli-
hood, evolutionary distance, and maximum parsimony methods. Mol.
Biol. Evol. 28(10):2731–2739.

7. Lole KS, Bollinger RC, Paranjape RS, Gadkari D, Kulkami SS, Novak
NG, Igersoll R, Sheppard HW, Ray SC. 1999. Full-length human immu-
nodeficiency virus type 1 genomes from subtype C-infected seroconvert-
ers in India, with evidence of intersubtype recombination. J. Virol. 73(1):
152–160.

8. Lukashev AN, Drexler JF, Kotova VO, Amjaga EN, Reznik VI, Gmyl
AP, Grard G, Tay Taty R, Trotsenko OE, Leroy EM, Drosten C. 2012.
Novel serotypes 105 and 116 are members of distinct subgroups of human
enterovirus C. J. Gen. Virol. 93(Pt 11):-2357–2362.

9. Tapparel C, Junier T, Gerlach D, Van-Belle S, Turin L, Cordey S,
Mühlemann K, Regamey N, Aubert JD, Soccal PM, Eigenmann P,
Zdobnov E, Kaiser L. 2009. New respiratory enterovirus and recombi-
nant rhinoviruses among circulating picornaviruses. Emerg. Infect. Dis.
15(5):719 –726.

10. Yozwiak NL, Skewes-Cox P, Gordon A, Saborio S, Kuan G, Balmaseda
A, Ganem D, Harris E, DeRisi JL. 2010. Human enterovirus 109: a novel
interspecies recombinant enterovirus isolated from a case of acute pediat-
ric respiratory illness in Nicaragua. J. Virol. 84(18):9047–9058.

Daleno et al.

Genome Announcements2 genomea.asm.org January/February 2013 Volume 1 Issue 1 e00121-12

http://genomea.asm.org

	Full Genome Sequence of a Novel Human Enterovirus C (EV-C118) Isolated from Two Children with Acute Otitis Media and Community-Acquired Pneumonia in Israel
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES


