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bstract

ackground: Five known human coronaviruses infect the human respiratory tract: HCoV-OC43, HCoV-229E, SARS-CoV, HCoV-NL63 and
CoV-HKU1.
bjectives: To evaluate the prevalence of HCoV-NL63 in hospitalized adult patients and to perform molecular characterization of Italian

trains.
tudy Design: HCoV-NL63 was sought by RT-PCR in 510 consecutive lower respiratory tract (LRT) samples, collected from 433 Central-
outhern Italy patients over a 1-year period. Phylogenetic analysis was performed by partial sequencing of S and ORF1a. Additional S
equences from Northern Italy were included in the phylogenetic trees.
esults: HCoV-NL63 was detected in 10 patients (2.0%) with symptomatic respiratory diseases, mainly during winter. Phylogenetic analysis

ndicated a certain degree of heterogeneity in Italian isolates. The ORF1a gene clustering in phylogenetic trees did not match with that of the

gene.
onclusions: As observed by others, HCoV-NL63 is often associated with another virus. Phylogenetic characterization of HCoV-NL63
irculating in Italy indicates that this virus circulates as a mixture of variant strains, as observed in other countries.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Coronaviruses (CoVs) are large, enveloped RNA viruses

f both medical and veterinary importance. Five human CoVs
HCoVs) are known to infect the human respiratory tract:
CoV-OC43, HCoV-229E (Vabret et al., 2001), SARS-CoV

Abbreviations: CoV, coronavirus; SARS, severe acute respiratory syn-
rome; hCoV, human coronavirus; LRT, lower respiratory tract; S, spike;
P, sputum; BAL, bronchoalveolar lavage; EA, endotracheal aspirates;
LU, influenzavirus; hMPV, human metapneumovirus; AdV, adenovirus;
IV, parainfluenzavirus; RSV, respiratory syncytial virus; HRV, Human rhi-
oviruses; BP, bronchopneumonia; COPD, chronic obstructive pulmonary
isease; CAP, community-acquired pneumonia; ARF, acute respiratory fail-
re; RF, respiratory failure.
∗ Corresponding author. Tel.: +39 0655170434; fax: +39 065582346.

E-mail address: capobianchi@inmi.it (M.R. Capobianchi).
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Peiris et al., 2003), HCoV-NL63 (Fouchier et al., 2004; van
er Hoek et al., 2004) and HCoV-HKU1 (Woo et al., 2005).

HCoVs are divided into three distinct groups (van der
oek et al., 2006; Virus taxonomy, VIIIth report of the

CTV): group 1, including HCoV-229E and HCoV-NL63;
roup 2, including HCoV-OC43, HCoV-HKU1 and SARS-
oV; group 3 CoVs, including mainly avian viruses.

HCoVs represent the second most frequent causes of
ommon cold and upper respiratory tract infections, after
hinoviruses (Mäkelä et al., 1998). Particularly, HCoV-NL63
an be recovered from the lower respiratory tract (LRT) spec-
mens of patients with pneumonia or LRT complications,
ainly involving young infants, and immunocompromised
ersons (Gagneur et al., 2002; Garbino et al., 2006; Gerna
t al., 2006; van der Hoek et al., 2006; Wu et al., 2008).
CoV-NL63 can be considered as a new important cause of

mailto:capobianchi@inmi.it
dx.doi.org/10.1016/j.jcv.2008.04.015
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espiratory illness, although the available data mainly refer
o pediatric populations (Arden et al., 2005; Bastien et al.,
005b; Boivin et al., 2005; Chiu et al., 2005; Ebihara et al.,
005; Kuypers et al., 2007; Moës et al., 2005).

Based on phylogenetic analysis of different genome
egions, several subtypes, currently co-circulating in the
uman population, have been identified in France, Canada,
ustralia, Belgium, Netherlands, Sweden, China and Korean

Arden et al., 2005; Bastien et al., 2005a; Chiu et al., 2005;
an et al., 2007; Koetz et al., 2006; Moës et al., 2005; Vabret

t al., 2005; van der Hoek et al., 2004).
We investigated the prevalence of HCoV-NL63 in sam-

les from the LRT of hospitalized adult patients. Molecular
haracterization was performed by sequencing a fragment of
he spike (S) and of ORF1a genes.

. Methods

A total of 510 consecutive LRT samples, including 329
putums (SP), 165 endotracheal aspirates (EA) and 16 bron-
hoalveolar lavages (BAL), were collected from 433 adult
atients, admitted to three Italian hospitals, during April
004–May 2005.

All specimens were screened with a molecular panel for
etecting 12 respiratory viruses. Of the 510 samples tested,
20 (43.1%) were positive for one respiratory virus and 33
6.5%) were positive for more than one virus. The detailed
revalence for each of these pathogens is published elsewhere
Minosse et al., 2008).

HCoV-NL63 was detected by nested RT-PCR, targeting a

37 bp fragment of the ORF1b (van der Hoek et al., 2004).
s a positive control, a clinical sample positive for HCoV-
L63 by RT-PCR and confirmed by sequence analysis, was
sed. As negative controls, water and a nasopharyngeal swab

a
b
c
u

ig. 1. Monthly distribution of positivity to respiratory viruses and to HCoV-NL63 d
amples; bars: samples positive to any of 12 tested viruses. (B) Bars: samples posit
Virology 43 (2008) 114–119 115

rom an individual without respiratory symptoms were used
n each analytical session. The sensitivity of our RT-PCR
rotocol, established by probit analysis of serial replicate
ilutions of a plasmid containing the RT-PCR amplicon as the
nsert, was 1 copy/reaction, corresponding to 42 copies/ml of
he starting sample. The RT-PCR assay was validated through
articipation in an external quality assessment (QCMD 2006
hinovirus & Coronavirus RNA EQA Pilot Study, Glasgow,
K), where HCoV-NL63 was detected in all positive samples

ncluded in the panel.
For phylogenetic analysis, two different genomic regions

ere amplified and sequenced: a 523 bp fragment of S gene
nd a 525 bp fragment of ORF1a, by using primers previously
escribed (Bastien et al., 2005a; Vabret et al., 2005).

. Results

The age of the 433 patients included in the study ranged
rom 15 to 93 years, mean (±S.D.): 56.3 (18.2) years, median
IQR): 57.0 (41.0–72.0) years. Temporal distribution of sam-
les collected over the 1-year study period is shown in
ig. 1. HCoV-NL63 was detected in 10 (2.0%) of 510 sam-
les. Of the 10 positive samples, 3 were co-infected with
uman rhinovirus (HRV) and 1 with adenovirus (see Table 1).
emographic and clinical characteristics of positive cases are

eported in Table 1. The overall frequency of HCoV-NL63
nfected patients was equally distributed between genders.
he age of HCoV-NL63 positive patients ranged from 29 to
5 years (mean ± S.D. was 60.1 [18.3] years; median IQR
as 64.5 [41.5–76.0] years). All patients were symptomatic,
nd had clinically relevant respiratory diseases, including
ronchopneumonia, chronic obstructive pulmonary disease,
ommunity-acquired pneumonia, and acute respiratory fail-
re. Three patients were in the intensive care unit and

uring the period April 2004–May 2005. (A) Solid line: number of analyzed
ive to HCoV-NL63.
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eeded mechanical ventilation; two patients were immuno-
uppressed, due to solid organ tumour or HIV infection.

Only 5 of 10 positive samples had sufficient material to
llow for genetic characterization. Sequence analysis of the
and ORF1a gene fragments showed 97–99% similarity to

he prototype HCoV-NL63 1988 and 2003 Netherland iso-
ates (GenBank accession numbers: AY567487, AY518894).
s expected, the phylogenetic tree built on ORF1a con-

ained two clusters: 4 out of the 5 of Italian isolates were
ncluded in cluster 1, while one isolate (R3) had the charac-
eristics of an outlier (Fig. 2). The phylogenetic analysis of

gene nucleotide sequences is shown in Fig. 3. Besides the
patients described in Fig. 2 (indicated as Southern-Central

taly), 7 additional patients identified in Pavia (indicated as
orthern Italy) had S gene sequence data available, and were

ncluded in this analysis, together with 12 French isolates
nd 2 prototype isolates whose sequences were available
n GenBank. From this tree it was not possible to iden-
ify any cluster with bootstrap values >80. However, one
f the Italian isolates (PV5) was included in a subcluster
ith the French isolate AY994247 (bootstrap values = 78;
ig. 3), that was proposed to be an outlier by Vabret et al.
2005).

The phylogenetic analysis of the predicted amino acid
equences for the analyzed S and ORF1a gene fragments
as consistent with that based on nucleotide sequences (not

hown).

. Discussion

Generally, HCoV-229E and HCoV-OC43 cause disease
uch like the common cold, but they have also been

ssociated with more severe LRT conditions, especially in
eakened patients (Kuypers et al., 2007; Pene et al., 2003;
abret et al., 2001). The spectrum of clinical symptoms
ssociated with HCoV-NL63 infection still needs to be deter-
ined.
In this study, we detected HCoV-NL63 in 2.0% of hospital-

ased adult patients with LRT diseases. This frequency is
onsistent with prevalence data from previous studies, rang-
ng from 1.0% to 9.3% (Arden et al., 2005; Bastien et al.,
005a,b; Chiu et al., 2005; Ebihara et al., 2005; Kaiser et
l., 2005; Kuypers et al., 2007; Moës et al., 2005; Suzuki
t al., 2005; Vabret et al., 2005; van der Hoek et al., 2005).
ue to the lack of matched healthy subjects for comparison,

t is not possible to attribute any causal role to HCoV-NL63
n LRT diseases. Nevertheless, the following points can be
erived from our results: (a) HCoV-NL63 was detected in
RT secretions of a small number of adult patients with clin-

cally overt LRT disease; however, it is not possible to rule out
hat the virus detected could actually derive from contami-

ation by upper respiratory tract secretions; (b) HCoV-NL63
s often combined with other respiratory viruses, in agree-

ent with previous data (van der Hoek et al., 2006); in fact, 3
ut 10 HCoV-NL63 positive samples were co-infected with
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Fig. 2. Phylogenetic analysis of the partial ORF1a nucleotide sequences of HCoV-NL63 isolates from Southern-Central Italy. A region spanning nt position
5844 to 6169 of the reference strain AY518894 was analyzed. Italian isolates are in bold character. The nucleotide sequences of 2 prototype HCoV-NL63
sequences available in GenBank (AY567487 and AY518894, indicated as HCoV-NL63 1988 and HCoV-NL 2003, respectively) were included in the analysis.
H es was
w ains of H
s o EU12

H
i
i
r
i
s

c
d

CoV-229E was used as an outgroup. Bootstrap analysis with 500 replicat
ere considered significant. The ORF1a nucleotide sequences from the 5 str

equence database under accession no. EU030684, EU030685, EU125188 t

RV and 1 with adenovirus; these findings raise the possibil-
ty that HCoV-NL63 may be only a bystander virus present

n people with LRT disease due to other causative agents,
ather than directly being involved in the disease aetiology;
n addition, our numbers are too low to draw any conclu-
ion on the role of immunosuppression on prevalence and

s
r
e
H

performed to assess the significance of the nodes; values greater than 80%
CoV-NL63 from Southern-Central Italy have been lodged in the GenBank

50190.

linical presentation of HCoV-NL63 infection; (c) temporal
istribution of HCoV-NL63 positive samples (Fig. 1) is con-

istent with winter seasonality of the infection, as previously
eported (Arden et al., 2005; Bastien et al., 2005a; Ebihara
t al., 2005; Moës et al., 2005; Vabret et al., 2005; van der
oek et al., 2005).
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Fig. 3. Phylogenetic analysis of the S gene nucleotide sequences of HCoV-NL63 isolates from Southern-Central and Northern Italy. A region spanning nt
position 22567 to 23039 of the reference strain AY518894 was analyzed. Italian isolates are in bold character. The nucleotide sequences of 2 prototype HCoV-
NL63 sequences available in GenBank (AY567487 and AY518894, indicated as HCoV-NL63 1988 and HCoV-NL 2003, respectively) were included in the
a replicat
8 ins of H
s

d
F
c
g
R
d
H
d

H
d

O
i
r
N
e
2

t

nalysis. HCoV-229E was used as an outgroup. Bootstrap analysis with 500
0% were considered significant. The S nucleotide sequences from the 5 stra
equence database under accession no. EU025124 to EU025128.

Recent reports indicate that HCoV-NL63 has a worldwide
istribution. Sequence data from Australia, Japan, Canada,
rance, Belgium, and the Netherlands indicate that this virus
irculates as a mixture of variants, without a specific geo-
raphical segregation (van der Hoek et al., 2006). In fact,
NA viruses have an enormous potential to generate genetic
iversity due to their high mutation rates. As a consequence,
CoV-NL63, like other RNA viruses, may exist as a dynamic

istribution of closely related variants.

This report shows the phylogenetic characterization of
CoV-NL63 circulating in Italy. The results, based on two
ifferent genomic regions (a portion of the S gene and of

s
d
(
2

es was performed to assess the significance of the nodes; values greater than
CoV-NL63 from Southern-Central Italy have been lodged in the GenBank

RF1a), shows a certain degree of heterogeneity in Italian
solates, suggesting that different subtypes may be cur-
ently co-circulating, as observed in other countries (France,
etherlands, Australia, Canada, and Belgium), without the

mergence of geographically distinct clusters (Moës et al.,
005; Vabret et al., 2005; van der Hoek et al., 2006).

In agreement with literature data, the clustering based on
he ORF1a gene does not match with that of the S gene. As

uggested in other reports, recombination occurring between
ifferent HCoV-NL63 isolates may account for this finding
Pyrc et al., 2007; Moës et al., 2005; van der Hoek et al.,
006).
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