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Abstract Human coronavirus NL63 (HCoV-NL63) is a
global respiratory tract pathogen; however, the epidemiol-
ogy of this virus in subtropical area is not well known. To
evaluate the epidemics and disease spectrum of HCoV-
NL63 infection in children in Taiwan, we prospectively
screened children admitted to the hospital with respiratory
tract infection from May 2004 to April 2005. Every
enrolled child had a nasopharyngeal aspirate (NPA) sample
taken. Quantitative RT-PCR was used to detect 1b gene of
HCoV-NL63. A total of 539 NPAs were collected. Seven

(1.3%) were positive for HCoV-NL63. All cases were boys
younger than 3 years of age and most cases occurred in
autumn. Co-infection with other pathogens was observed in
three cases. The most common symptoms/signs of HCoV-
NL63 infection were cough, fever, and inspiratory stridor.
HCoV-NL63 was the most common pathogen (14.7%) in
children with croup and was the cause of three cases of
croup in October. The odds ratio of croup in children
infected with HCoV-NL63 was 43.4 (95% CI 8.1∼233.1).
In conclusion, HCoV-NL63 is an important respiratory tract
pathogen as the main cause in children admitted to the
hospital in Taiwan.

Keywords Coronavirus infections .

Respiratory tract infections . Croup . Taiwan

Introduction

Respiratory tract infection (RTI) occurs frequently in young
children, immuno-compromised persons and the elderly
and often leads to hospitalization. Coronaviridae have been
the focus of attention since the SARS outbreak in 2003.
Human coronavirus NL63 (HCoV-NL63) is the fourth
human coronavirus identified and is mostly related to
HCoV-229E with 65% sequence identity [13]. HCoV-
NL63 has been shown to be a worldwide pathogen
responsible for upper and lower RTI [1–3, 6, 9, 11, 12].
This virus could be detected in 2–8.8% of nasopharyngeal
aspirates (NPA) from patients with respiratory tract diseases
[1, 6]. Infection with HCoV-NL63 occurs mainly in winter
seasons in temperate countries, and peaks in summer in
Hong Kong [3]. This study is aimed to understand the
seasonal distribution and clinical manifestations of HCoV-
NL63 infection in children in Taiwan.
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Materials and methods

Study population

From May 2004 to April 2005, we screened HCoV-NL63
in NPA specimens collected from children under 15 years
of age admitted to National Taiwan University Hospital
(NTUH). Those recruited were suffering from pneumonia,
acute bronchiolitis, acute bronchitis, croup, acute otitis
media, acute paranasal sinusitis, acute tonsillitis, acute
conjunctivitis, or young infant fever. This study excluded
all cases with the diagnosis of herpangina, hand-foot-mouth
disease and herpetic gingivostomatitis. We reviewed the
medical charts and chest X-rays of children with positive
NPA specimens. The clinical characteristics of HCoV-NL63
infection were compared with those caused by respiratory
syncytial virus (RSV). This study was approved by the
ethical committee of National Taiwan University Hospital.

Laboratory examination

The NPA specimens were subjected to virus isolation using
five cell lines (human embryonic lung fibroblast, HEp-2,
RD, MK-2, MDCK), and antigen detection of RSV and
parainfluenza viruses was performed by the indirect
fluorescent assay (Dako, USA). Real time quantitative RT-
PCR was used to detect human metapneumovirus and
HCoV-NL63. The oligomers for detecting N gene sequen-
ces of HCoV-NL63 are: forward primer 5′-CTAGTTCTTC
TGGTACTTCCACTCC-3′, reverse primer 5′-TCTGGTAG
GAACACGCTTCCAA-3, and the TaqMan probe (Roche)
FAM-5 ′-TAAGCCTCTTTCTCAACCCAGGGC-3 ′-
TAMRA. The viral RNA was isolated using viral RNA
Mini kit (Qiagen, Hilden, Germany). The viral load was
quantified by real-time PCR analysis with a LightCycler

(Roche, Mannheim, Germany). Positive samples were
further confirmed by RT-PCR for 1b gene (forward primer
5′-GTGATGCATATGCTAATTTG-3′, reverse primer 5′-
CTCTTGCAGGTATAATCCTA-3′) and by sequencing of
amplicons.

Phylogenetic analysis

PCR-amplified products of partial spike gene (654 bp) were
sequenced and then aligned with sequences of other strains
using DNAMAN, version 5.2.2. Other reference sequences
(DQ445911, DQ445912, AY518894, AY567487) of spike
gene of HCoV-NL63 were obtained in GenBank (http://
www.ncbi.nlm.nih.gov/Genbank/index.html). HCoV-229E
(DQ243986) is used as an outgroup.

Statistical analysis

Chi-square and Fisher’s exact test were used to analyse
categorical variables such as the percentage of the symp-
toms and signs of patients with HCoV-NL63 compared to
those with respiratory syncytial virus infection. Mann-
Whitney U test was used to compare the difference of
HCoV-NL63 viral load between single infection and co-
infection groups. A significant statistical result is achieved
if the p value <0.05.

Results

A total of 539 NPA samples were screened for HCoV-NL63
from April 2004 to May 2005. There were 190 NPA
samples collected between February and April, 106
between May and July, 121 between August and October,
and 122 between November and January. Seven samples

Fig. 1 Positive real time RT-
PCR rate of HCoV-NL63 from
May 2004 to April 2005
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were positive for HCoV-NL63. Among the positive
samples, one was collected in August, five in October,
and one in February. The positive detection rate was 1.3%
for this year. The positive rates of HCoV-NL63 per month
were between 0 and 9.8% (Fig. 1). The most prevalent
season of HCoV-NL63 infection was autumn in Taiwan
(5.0%). During the study period, 187 NPA samples yielded
at least one pathogen by all diagnostic methods. Thus,
HCoV-NL63 was responsible for 3.7% of childhood viral
respiratory tract infections which were detectable by our
methodology.

The demographic and clinical manifestations are shown
in Table 1. The median age of the seven children infected
with HCoV-NL63 was 1 year and 10 months (range from
8 months to 2 years 10 months) and all infected subjects
were male. The positive samples were taken from 2 to
6 days after disease onset. Viral loads in NPA ranged from
50 to 9,760 RNA copies/μl. Partial sequences of two
positive NPA specimens (nos. 567 and 754) with higher
HCoV-NL63 copy number were determined, and aligned
with other available spike gene sequence worldwide
(Fig. 2). No underlying disease was apparent in these
patients, except for one child with biliary atresia who had
received orthotic liver transplantation and was treated with
FK-506. Four cases had family members with respiratory
tract infection in the preceding week.

The hospitalization durations of these seven children
ranged from 2 to 5 days. The clinical symptoms were fever
(71%), cough (100%), coryza (43%), dyspnea (43%), and
abdominal distension or diarrhea (43%). Fever lasted for 2
to 6 days. The clinical signs included stridor (71%),
wheezing (29%), and rales/rhonchi (29%).

The median white cell count was 16,200/mm3 (range
from 8,260 to 28,150/mm3), with 45–79% neutrophils.
Levels of C-reactive protein were between 0.03 and
4.86 mg/dL. All HCoV-NL63 positive patients had abnor-
mal findings on chest X-ray examination, including four
cases with neck steeple sign, two cases with increased
infiltration over lung fields, and one case with pneumonia
patch. The major diagnoses of children with HCoV-NL63
infection were croup in five cases (including one case
diagnosed with acute bronchiolitis concurrently) and
pneumonia in two cases.

We made a comparison between the illnesses caused by
HCoV-NL63 and RSV (Table 2). There was no statistically
significant difference in the rates of fever, cough, coryza,
dyspnea, diarrhea or wheezing. However, there were more
cases with stridor in children infected with HCoV-NL63
(P<0.01), while rhonchi and rales were more common in
children infected with RSV (P<0.01).

There were a total of 34 cases of croup during the study
period. HCoV-NL63 was the most common pathogen,
responsible for 14.7% of the croup cases. The odds ratio T
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of croup in children infected with HCoV-NL63 was 43.4
times higher than in children without HCoV-NL63 infection
(95% CI 8.1∼233.1). Other causes of croup were para-
influenza type 3 (11.8%), parainfluenza type 1 (8.8%) and
influenza B virus (8.8%). Of note was that no pathogens
could be found in 19 children suffering from croup. The
age distribution, clinical severity, laboratory data and
hospitalization course of viral croup were indistinguishable
for patients infected with HCoV-NL63 or one of the other
viruses.

Discussion

HCoV-NL63 is the fourth human coronavirus identified.
The clinical significance of this new virus is gradually

being revealed. Apparently, HCoV-NL63 is largely a
respiratory tract pathogen, capable of inducing upper and
lower RTI, with symptoms considered to be more severe
than those caused by HCoV 229E or HCoV OC43 [1]. In
this study, we prospectively studied the role of HCoV-NL63
in Taiwanese children hospitalized due to respiratory tract
infection. Among the 539 patients, seven cases of HCoV-
NL63 infection were identified. Proportionally, 1.3% of
children with RTI were infected with HCoV-NL63 in the
study period. This rate is lower than those reported for other
countries, which ranged from 2–8.8% [1–3, 6, 9, 11, 12].
However, this study recruited only admission cases and
would miss children with mild symptoms that were not
admitted. Indeed, HCoV-NL63 may be more prevalent in
the out-patient than the in-patient group [14]. The majority
of infected children were under 3 years old and all male in
gender, which is similar to what has been reported
previously [1–3, 6, 9, 11, 12]. Dual infections were frequent
(43%) in this study. Van der Hoek et al. [14] described a
significant difference between the HCoV-NL63 viral loads
of singly infected and co-infection groups; however, we did
not have similar observations in this study (p=0.229).
Whether dual infection would lead to more severe clinical
manifestations needs further study.

We have made a summary of the published data on
HCoV-NL63 (Table 3). In the present study, HCoV-NL63
was detected using quantitative RT-PCR targeting N gene,
while previous studies targeted ORF 1a or 1b by conven-
tional RT-PCR. The seasonality in the present study was in
autumn, while in temperate countries it is winter [2, 6, 9,
11, 12], and summer in Hong Kong [3]. Phylogenetic
analysis of partial spike gene showed two lineages of
HCoV-NL63 in the world; however, our study could not
answer whether there was cocirculation of these two
variants in 2004 and 2005 in Taiwan due to the small
number of positive cases.

The clinical symptoms/signs in children infected with
HCoV-NL63 were quite similar to those with other virus
infection. One striking finding was the frequent occurrence
of stridor and diagnosis of croup in patients with HCoV-
NL63 infection. Previous studies found that acute bron-

Fig. 2 Phylogenetic analysis of partial spike gene region (654 bp) of
HCoV-NL63. Phylogenetic trees were constructed by the neighbor-
joining method, and bootstrap values were determined by 1,000
replicates in DNAMAN, version 5.2.2. Two available sequences in
Taiwan (nos. 567 and 754) and other reference sequences obtained in
GenBank (DQ445911, DQ445912, AY518894, AY567487) were
included. HCoV-229E (DQ243986) is used as an outgroup. Genetic
sequences from five other NPA specimens could not be obtained due
to lower PCR product amplification

Table 2 Comparisons of clin-
ical presentation among chil-
dren with HCoV-NL63 and
respiratory syncytial virus
(RSV) infection

*P values are from Fisher’s
exact probability test

Clinical symptoms and signs HCoV-NL63 n=7 (%) RSV n=61 (%) P value*

Fever 5 (71) 44 (72) 0.97
Coryza 3 (43) 45 (74) 0.09
Cough 7 (100) 60 (98) 0.73
Dyspnea 3 (43) 37 (61) 0.36
Diarrhea 2 (29) 13 (21) 0.66
Stridor 5 (71) 1 (2) <0.01
Wheezing 2 (29) 27 (69) 0.42
Rhonchi/rales 3 (43) 56 (92) <0.01
Retractions 1 (14) 31 (51) 0.07
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chiolitis was a common diagnosis in children with HCoV-
NL63 infection (38∼67%). The relationship between
Kawasaki disease and HCoV-NL63 was suggested in one
study [7], but could not be confirmed thus far in other

studies [5, 10]. No children with HCoV-NL63 infection
were suffering from Kawasaki disease in this case series.

It is interesting to note that croup is a major clinical
illness caused by HCoV-NL63. Viral croup accounts for

Table 3 International trends of HCoV-NL63 infection

France [12] Belgium [9] Canada [2] Australia [1] USA [6] Taiwan (Wu et al.,
present study)

Seasonal
distribution

Peak in Feb 2003 Jan/Feb 2003 Peak in Mar
2003

Peak in mid-winter Most in first 10 weeks Peak in Oct 2004

Method RT-PCR (N, S gene) RT-PCR (N
gene, ORF 1a,
ORF1b)

RT-PCR
(N gene,
ORF 1a)

RT-PCR (ORF 1a,
1b)

RT-PCR (ORF 1a) Real-time PCR (N gene,
ORF 1b)

Population In-patients In-patients Out- and in-
patients

Out- and in-patients In-patients, prematurity In-patients

Incidence 9.3% 2.3% 2.1% 2.0% 8.8% 1.3%
Susceptible
population

18 cases under
2 years

6 cases under
2 years

22 cases
under 2 years

14 cases under 2 y
4 m

50 cases under 1 year 7 cases under 3 years

Co-
infection
rate

– – – 38% 11.8% 42.8%

Diagnosis Bronchiolitis,
pneumonia , AGE,
otitis, pharyngitis,
Conjunctivitis

3 URTI and 4
LRTI

Bronchiolitis,
croup,
asthma
exacerbation

Acute bronchiolitis,
croup, pneumonia

– Croup, pneumonia,
AGE, bronchiolitis

Clinical
symptoms
or signs

Fever, rhinorrhea Fever, cough,
wheezing,
respiratory
distress,
diarrhea

Fever, cough,
dyspnea,
desaturation

Fever, cough,
coryza, respiratory
distress, wheezing,
rales, stridor

Fever , cough,
rhinorrhea, tachypnea,
rhonchi/rales, retractions,
wheezing, stridor

Fever, cough, coryza,
dyspnea, GI problems,
stridor, wheezing, rales /
rhonchi

Image
study

– – Abnormal
CXR 92%

Abnormal CXR
56%

Abnormal CXR 65.8% Abnormal CXR 100%

AGE acute gastroenteritis, URTI upper respiratory tract infection, LRTI lower respiratory tract infection, CXR chest X-ray

Fig. 3 The incidence of croup
and viral epidemics in NTUH
from May 2004 to April 2005
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15% of respiratory tract infections in children [4] and
41,000 hospitalizations annually in the United States [8].
The highest incidence, three to five cases per 100 children,
occurs during the second year of life [8]. The etiology of
viral croup includes parainfluenza types 1 to 3, influenza A
and B, adenovirus, RSV, rhinovirus, measles and Myco-
plasma pneumoniae. However, no pathogen can be defined
in 36% to 62% of croup cases [8]. There were 34 cases of
croup in this study and five (14.7%) were caused by HCoV-
NL63.

The role of HCoV-NL63 in croup has also been revealed
by a recent European study [14]. We regard HCoV-NL63 to
be a real pathogen of croup because of the overlapping age
and seasonality of croup and virus infection and HCoV-
NL63 being the only identified pathogen in three cases.
During the study period, four clusters of croup were noted.
Three of the four clusters were caused by parainfluenza
type 1 and type 3, HCoV-NL63, and influenza B,
respectively, while no pathogen could be found in fourth
cluster (Fig. 3).
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