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Enterovirus 68 (EV-D68) was associated with
mild to severe respiratory infections. In the last
4 years, circulation of different EV-D68 strains
has been documented worldwide. In this study,
the phylogenetic characterization of nine EV-
D68 strains identified in patients in the 2010–
2012 period and 12 additional EV-D68 Italian
strains previously identified in 2008 in Italy
was described. From January 2010 to Decem-
ber 2012, a total of 889 respiratory specimens
from 588 patients stayed or visited at the
Fondazione IRCCS Policlinico San Matteo were
positive for HRV or HEV. Extracted nucleic
acids were amplified by one-step RT-PCR with
primer specific for VP1 region of EV-D68 and
purified positive PCR products were directly
sequenced. Overall, 9/3736 (0.24%) patients
were EV-D68 positive. Of these, 7/9 (77.8%)
were pediatric and two (22.2%) were adults.
Five out of seven (71.4%) pediatric patients had
lower respiratory tract infection with oxygen
saturation <94%. Four cases were detected
from August through October 2010, while five
other cases from September through Decem-
ber 2012. The Italian EV-D68 strains in 2008
belonged to clade A (n¼ 5) and clade C (n¼ 7).
In 2010 all the Italian strains belonged to clade
A (n¼ 4) and in 2012, four Italian strains
belonged to clade B and one to clade A. In
conclusion, we provide additional evidence
supporting a role of EV-D68 in severe respira-
tory infection in pediatric patients. In addition,
all the three EV-D68 clades circulating world-
wide were identified in Italy in a 5-year period
of time. J. Med. Virol. 86:1590–1593, 2014.
# 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Human enterovirus 68 (EV-D68) belongs to the
genus Enterovirus species D and was originally
isolated in 1962 from patients with respiratory illness
[Schieble et al., 1967]. Then, EV-D68 was occasional-
ly associated with respiratory syndromes ranging
from mild to severe respiratory infections [Oberste
et al., 2004; Jacobson et al., 2012; Khetsuriani et al.,
2006]. More recently, circulation of different EV-D68
strains has been documented worldwide [Imamura
et al., 2011; Kaida et al., 2011; Rahamat-Langendoen
et al., 2011; Ikeda et al., 2012; Lauinger et al., 2012;
Linsuwanon et al., 2012; Meijer et al., 2012; Piralla
et al., 2012; Tokarz et al., 2012]. In particular, the
circulation of three different EV-D68 clades, defined
by the phylogenetic analysis of VP1 sequences, has
been recently reported [Linsuwanon et al., 2012;
Meijer et al., 2012; Tokarz et al., 2012].
In a previous study, our group identified 12 EV-

D68 strains in respiratory samples from as many
hospitalized patients in 2008 [Piralla et al., 2011,
2012]. In this study, the phylogenetic characteriza-
tion of nine additional EV-D68 strains identified in
patients during the 2010–2012 period in Italy was
described. In addition, the VP1 sequences of all 21
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EV-D68 strains [Piralla et al., 2011, 2012] detected so
far in Italy were analyzed.

MATERIALS AND METHODS

From January 2010 to December 2012, 6,211
respiratory samples (nasopharyngeal aspirates, nasal
swabs and bronchoalveolar lavage) were collected
from 3,736 patients (both inpatients and outpatients)
who exhibited acute respiratory syndrome. The study
was performed according to guidelines of the Institu-
tional Review Board of the Fondazione IRCCS Policli-
nico San Matteo on the use of biologic specimens for
scientific purposes in keeping with Italian law (art.13
D.Lgs 196/2003), and after having obtained informed
written consent.
A panel of respiratory viruses (including human

respiratory syncytial virus A and B, human meta-
pneumovirus A and B, human influenza virus type A
and B, human parainfluenza viruses 1–4, human
coronaviruses OC43, 229E, HKU1, and NL63, human
rhinoviruses, and human enteroviruses) was investi-
gated as described previously [Piralla et al., 2011,
2012]. A total of 889 samples from 588 patients were
positive for HRV and HEV. Extracted nucleic acids
were pooled in groups of 10 and amplified by one-step
RT-PCR with primers specific for EV-D68 (EV68-36f
50-gtgggtcatgcccaacaacc-30 and EV68-1r 50-attg-
gatccctgggccttcaa) generating a 1,400 bp amplicon
spanning the VP3 and 2A genes. Individual nucleic
acid extracts from positive pools were re-amplified
with EV-D68 specific RT-PCR to identify positive
patients. Purified PCR products were directly se-
quenced using the following primers: EV68-36f,
EV68-37f 50-gccaatgttggctacgttacctg-30, EV68-45f 50-
caccatactcacaactgtggca-30, EV68-2r 50-tggtgtcttccat-
gagcagcaa-30, EV68-9r 50-actgccagtggaatgaatcctgc-30,
and EV68-1r. Cycle sequencing was performed using
the BigDye Terminator Cycle-Sequencing kit (Applied
Biosystems, Foster City, CA) with an ABI Prism 3100
DNA sequencer (Applied Biosystems).
The sequences were assembled by using Sequencher

software, version 4.6 (Gene Codes Corporation, Ann

Arbor, MI) and aligned with MEGA software,
version 5 [Tamura et al., 2011]. Phylogenetic ana-
lysis was performed online using the program
PhyML [Guindon et al., 2010] and the TN93þGþ I
nucleotide substitution model, which was selected
with the hierarchical likelihood ratio test. The reli-
ability of specific clades in the inferred tree was
evaluated by using the SH-like approximate likeli-
hood ratio test (aLRT). Nucleotides dataset of the
VP1 gene was obtained by including sequences from
all available countries (France, Gambia, Japan, The
Netherlands, New Zealand, Senegal, South Africa,
and USA). The EV-D68 sequences were deposited in
the GenBank database (accession number: KC763157
to KC763177).

RESULTS

Overall, 9/3,736 (0.24%) patients were EV-D68
positive. Seven out of nine (77.7%) were pediatric
patients (median age 15 months; range 4 months to 6
years) and two (22.2%) were adults (Table I). Among
pediatric patients, 5/7 (71.4%) had a lower respirato-
ry tract infection with oxygen saturation <94%. In
these patients, the median hospitalization duration
was 6 days (range 4–12 days). The remaining pediat-
ric patients 2/7 (28.6%), as well as the two adults had
upper respiratory tract infections. Four cases were
detected between August and October 2010, while
five cases were detected between September and
December 2012 (Table I). In all patients, EV-D68 was
the only virus detected in respiratory samples.
In addition to EV-D68 strains identified during the

2010–2012 seasons, the VP1 gene was sequenced in
12 previously reported EV-D68 Italian strains [Pi-
ralla et al., 2011, 2012]. The VP1 phylogenetic tree
showed that all three EV-D68 clades (referred to as
clades A to C) circulated in our geographical area
(Fig. 1). The Italian EV-D68 strains in 2008 belonged
to clade A (n¼ 5) and clade C (n¼ 7). In 2010, all of
the Italian strains belonged to clade A (n¼ 4). Final-
ly, in 2012, four Italian strains belonged to clade B
and one to clade A. Of note, the strain 20528/12

TABLE I. Epidemiologic and Clinical Data of EV-D68 Positive Patients During 2010–2012 in Italy

Patient ID
Sampling

date
Sex/age
(years) Diagnosis or signs SaO2

a (%)
Underlying
disease

Days of
hospitalization

31742/10 Aug-2010 M/1 Dyspnea, pneumonia 93 6
33658/10 Oct-2010 M/6 Fever, dyspnea 88 Dystrophy 12
33707/10 Oct-2010 M/25 cough None
34800/10 Oct-2010 M/56 Fever, rhinorrhea HSCT in 2007 None
19391/12 Sep-2012 F/14 Fever, cough Hodgkin

lymphoma
6

20528/12 Oct-2012 M/4 Cough, asthma episode, wheezing, 93 4
22516/12 Nov-2012 M/18 months Cough, dyspnea, pneumonia 92–94 7
23695/12 Nov-2012 F/1 Fever, cough, respiratory distress 92 5
24518/12 Dec-2012 M/4 months Cough None

HSCT, hematopoietic stem cell transplant; SaO2, oxygen saturation.
aSaO2 measured at time of hospital admission.
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clustered in a separate branch, with respect to the
other Clade B sequences (Fig. 1).
A total of 41/306 (13.4%) amino acids changes were

observed in Italian EV-D68 sequences with respect to
the prototype Fermon strains (accession number,
AY426531). Of these, 15/41 (36.6%) were found in
regions that are exposed on the outside of the virus
in the folded VP1 capside protein (data not shown).
The 20528/12 VP1 sequence had a nucleotide identity
less than 94.9% with respect to other EV-D68 clade B
strains. In addition, this strain was characterized by
the T98A, and N290S mutations, not observed previ-
ously in the VP1 sequences already available (up to
10 March 2013).
Three out of five (60.0%) patients with severe

respiratory syndrome were infected by EV-D68 be-
longing to clade B (strain 22516/12, 23695/12, and
20528/12) during the 2012 season. On the other
hand, the other two patients were infected by EV-
D68 strains belonging to clade A (strain 31742/10 and
33658/10).

DISCUSSION

In recent years, the circulation of EV-D68 has been
reported worldwide [Kaida et al., 2011; Rahamat-

Langendoen et al., 2011; Lauinger et al., 2012;
Linsuwanon et al., 2012; Meijer et al., 2012; Tokarz
et al., 2012]. In this study, the prevalence of EV-D68
positive patients was lower than those reported by
other studies [Ikeda et al., 2012; Linsuwanon et al.,
2012]. On the other hand, our study included both
pediatric and adult patients while previous studies
presented data only from pediatric patients.
In keeping with other studies, positive patients

were primarily children and pediatric EV-D68 infec-
tions were associated with more severe clinical
symptoms with respect to adults [Khetsuriani et al.,
2006; Imamura et al., 2011; Kaida et al., 2011;
Rahamat-Langendoen et al., 2011]. Although the
etiologic role of EV-D68 infections in severe respirato-
ry infection remains to be fully elucidated, the
absence of other agents in the respiratory samples in
pediatric patients with lower respiratory syndromes
suggests a significant pathogenic impact of EV-D68.
All EV-D68 strains identified in this study were

observed in summer-fall 2010 and in fall 2012. The
circulation of EV-D68 in 2010 was similar to that of
EV-D68 described in Japan, the Netherlands and the
USA [Khetsuriani et al., 2006; Kaida et al., 2011;
Rahamat-Langendoen et al., 2011; Tokarz et al.,
2012]. In addition, the circulation of EV-D68 was

Fig. 1. Phylogenetic tree based on the alignment of complete VP1 sequences of EV-D68. The
aLRT values >0.70 are indicated at nodes. Italian strains are reported in red. The EV-D68
prototype strain Fermon is reported in italics. The reference strains are reported with accession
number, country of origin, and year of collection.
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reported also in 2012. The phylogenetic relationship
between EV-D68 strains circulating in 2008 [Piralla
et al., 2011, 2012] and EV-D68 circulating in 2010–
2012 in Italy was investigated showing that strains
circulating in 2008 and 2010 belonged to clades A
and C, while most of strains in 2012 belonged to
clade B. In the Italian EV-D68 sequences, one third
of amino acid changes were observed in VP1 regions
corresponding to antigenic epitopes. In enteroviruses,
these residues were reported to undergo a more rapid
evolutionary changes compared with other genomic
regions [Oberste et al., 1999]. In addition, as de-
scribed previously, amino acid changes or deletion in
the loop regions were involved in altered antibody
recognition in enterovirus species [McPhee et al.,
1994].
In conclusion, additional evidence supporting the

role of EV-D68 in severe respiratory infections in
Italian hospitalized pediatric patients were provided.
In addition, all the three EV-D68 clades circulated in
Italy during a 5-year period.
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