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Human coronaviruses (HCoVs) are a common
etiological agent of acute respiratory tract infec-
tions. HCoV infections, especially those caused
by the two HCoVs identified most recently, NL63
and HKU-1, have not been characterized fully. To
evaluate the prevalence and clinical presenta-
tions of HKU1 and NL63 in adults with acute
respiratory tract infections, an investigation of
HCoV infections in Beijing, China from 2005 to
2009 was performed by using reverse transcrip-
tase PCR assays and sequencing analysis.
Among 8,396 respiratory specimens studied, 87
(1%) clinical samples were positive for HCoVs, of
which 50 samples (0.6% of the total) were positive
for HCoV-OC43, 15 (0.2%) for HCoV-229E, 14
(0.2%) for HCoV-HKU1, and 8 (0.1%) for HCoV-
NL63. The prevalence of HCoV infection in adults
exhibited distinct seasonal fluctuations during
the study period. In addition, patients positive for
HCoV-229E infections were more likely to be co-
infected with other respiratory viruses. Enter-
ovirus, rhinovirus, and parainfluenza virus type 3
were the most common viruses found in patients
with HCoV infections. The demographic and
clinical data present in this study of HCoV
infections in adults with acute respiratory tract
infections should improve our understanding
of the pathogenesis of HCoVs. J. Med. Virol.
83:291–297, 2011. � 2010 Wiley-Liss, Inc.
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INTRODUCTION

Coronaviruses (CoVs) are enveloped viruses with
large positive-sense, single-stranded RNA genomes.
They cause a wide range of illnesses including respira-

tory tract infections, diarrhea, and disorders of the
central nervous system in birds, humans, and other
mammals [Holmes, 2001]. Based on genome sequence
and serology, CoVs can be divided into three distinct
groups, I, II, and III. Human CoVs (HCoVs) belong to
group I and II [Lai and Cavanagh, 1997; Woo et al.,
2009]. The first two identified HCoVs were HCoV 229E
and OC43 [Tyrrell and Bynoe, 1965; Hamre and
Procknow, 1966; McIntosh et al., 1967].

Due to the outbreak of severe acute respiratory
syndrome (SARS) caused by a CoV (SARS-CoV) in
2003, these viruses have garnered renewed interest in
the scientific community. Novel HCoVs are continuously
being identified with the help of advancing molecular
techniques [Drosten et al., 2003; Kuiken et al., 2003;
Gibbs et al., 2004; Woo et al., 2009]. Two novel HCoVs,
NL63, a group I CoV [Fouchier et al., 2004; van der Hoek
et al., 2004], and HKU1, a group II CoV [Woo et al.,
2005], were identified first in respiratory tract samples
in the Netherlands and Hong Kong. All of the HCoVs
found to date are reported to be associated with acute
respiratory tract infections.
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HCoV infections can present clinical symptoms
ranging from a mild cold to severe lower respiratory
tract infections such as pneumonia [Esper et al., 2005;
van der Hoek 2007; Perlman and Netland, 2009].
The roles of HCoVs have been investigated in patients
with more severe clinical symptoms caused by HCoV
infection, such as in children, elderly adults, immuno-
compromised adults, and the patients with severe
disease symptoms [Varkey and Varkey, 2008; van der
Hoek et al., 2007; Gorse et al., 2009; Perlman and
Netland, 2009]. Seroepidemiological studies have
shown a trend of steady increased incidence of IgG
antibodies against non-SARS HCoVs, with about 70% of
healthy adults being detected seropositive for the virus
[McIntosh et al., 1970; Shao et al., 2007; Dijkman et al.,
2008; Chan et al., 2009], suggesting the wide spread of
HCoV infections in human populations. However, the
clinical significance of non-SARS HCoV infections, in
particular the novel HCoVs found recently, has not been
fully addressed.

To evaluate the prevalence and clinical presentations
of HCoV infections, especially of HKU1 and NL63 in
adults, reverse transcriptase PCR (RT-PCR) assays
were performed on clinical specimens taken from adults
with acute respiratory tract infections from 2005 to 2009
in Beijing, China. The clinical and epidemiological
characteristics of the different HCoV infections (exclud-
ing SARS-CoV) were compared, and the phylogenetic
features of HCoV strains were analyzed in this study.

MATERIALS AND METHODS

Clinical Specimens

Nasal and throat swabs were collected from adults
with acute respiratory symptoms who visited the Fever
Outpatient Clinic at Peking Union Medical College
Hospital, Beijing, China. All samples were collected
from May 2005 to April 2009, except in July and
November of 2005. Patients over 14 years of age were
selected for this study according to a set of criteria that
included respiratory symptoms, acute fever (body
temperature�388C), and normal or low leukocyte count,
but not pulmonary abnormalities found by radiography
[Ren et al., 2009]. Swabs were kept in viral transport
medium and were stored at �808C prior to analysis.

Clinical Data

Symptoms, history of illness, results of clinical
examination and laboratory investigations, and demo-
graphic data were recorded for each patient, using a
standardized form. Clinical information of patients with
HCoV infection was reviewed retrospectively from the
records.

RT-PCR Screening for Coronaviruses

RNA and DNA were extracted from 200ml viral
transport medium, using NucliSens easyMAGTM (bio-
Mérieux, Marcy l’Etoile, France) according to the
manufacturer’s protocol [Boom et al., 1990]. Consensus

primers targeting the RNA-dependent RNA polymerase
(pol) gene, which generate an amplicon of about 440-bp
in size, were used to screen all HCoV infections as
described previously [Woo et al., 2005]. The analytic
sensitivity of the RT-PCR for the detection of CoVs is 100
molecules. All PCR products were confirmed by sequenc-
ing. Various HCoVs in the samples, including OC43,
229E, NL63, and HKU1, were identified based on the
alignment analysis of sequences of PCR products with
the corresponding sequences of the pol gene of known
HCoVs in the GenBank database, using BLAST soft-
ware (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The pres-
ence of other known respiratory viruses in the clinical
specimens in addition to HCoVs including influenza
virus types A, B, and C, parainfluenza virus types 1–4,
enterovirus, rhinovirus, human metapneumovirus,
adenovirus, and respiratory syncytial virus were also
examined by RT-PCR or PCR as described previously
[Ren et al., 2009].

Phylogenetic Analysis

Phylogenetic trees were constructed based on nucleo-
tide sequences of PCR product corresponding to the
partial pol gene of OC43, 229E, NL63, and HKU1, using
the MEGA 4.0 software [Tamura et al., 2007]. The
neighbor-joining method applying the Kimura two-
parameter model with bootstrap values calculated from
1,000 replicates was used for phylogenetic analysis.

Statistical Analysis

Age, maximum body temperature, laboratory param-
eters, clinical features, and annual incidence of each
HCoV infection were compared for patients using the
w2-test or Fisher’s exact test for categorical variables,
and Student’s t-test for continuous variables. P<0.05
was considered significant.

Sequence Accession Numbers

The nucleotide sequences of the partial pol genes of
the HCoV strains of OC43, 229E, HKU1, and NL63
identified in this study have been submitted to
GenBank. The accession numbers are HM130737–
HM130814. GenBank accession numbers for reference
sequences of OC43, 229E, NL63, HKU1A and B are
NC005147, NC002645, NC005831, NC006577, and
AY884001, respectively.

RESULTS

Prevalence of HCoV Infections

Totally 8,396 patients with ages ranging from 14 to
97 years old (median 30 years; mean 35.5 years) were
enrolled in this study. Specimens were collected from
both female (4,538; 54%) and male (3,858; 46%) patients.
HCoV RNA was detected in 87 (1%) of 8,396 patients.
Based on the BLAST and phylogenetic analysis of the
sequences of PCR products, 50 (0.6% of the total)
patients were positive for OC43, 15 (0.2%) for 229E,
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14 (0.2%) for HKU1, and 8 (0.1%) for NL63. Age of
HCoV-positive patients ranged from 14 to 90 years old
(median 39 years; mean 43.5 years). The ratio of
male:female (0.91:1.15) patients with HCoV infections
showed no significant difference.

The detection rates of OC43, 229E, HKU1, and NL63
in the subjects are summarized in Table I. The overall
detection rates of HCoVs varied significantly during
the years of the study period (2005–2009; w2¼35.602,
P<0.001).

Co-detection with other known respiratory viruses
was found in 11 cases: nine with upper and two with
lower respiratory tract infections. Rhinovirus, enter-
ovirus, parainfluenza virus, and influenza virus were
detected with HCoV strains OC43, 229E, and HKU-1,
but not with NL63. Co-detection with parainfluenza
virus type 3 and enterovirus was also found in two cases
of lower respiratory tract infections. The details of co-
detection with other respiratory viruses for the various
HCoVs are presented in Table III.

Seasonality of HCoV Infections

The study period covered 4 consecutive years, from
May 2005 to April 2009. The seasonal distribution of
HCoVs varied during the study period (Fig. 1). The
detection rates of HCoVs spiked every 2 years, that is, in
October 2005, June 2007, and April 2009. OC43 was
detected in all of the studied years, with the highest
rates found in June 2007. No positive cases were found
in winter season (November–February) of year 2005 to
2007. 229E was detected mainly in October of 2005,

October and November of 2007, and April of 2009, but
was not detected in 2006 and 2008. HKU1 was detected
in every year from 2005 to 2009, with the highest rates
found in May and July 2006, and in February 2008.
NL63 appeared sporadically during the study period
in August–December in 2005–2007. NL63 was not
detected in any spring season (March–May) during the
study period; nor was it found in 2008 or during the
period from January to April 2009.

HCoV Infections in Different Age Groups

HCoV infection was detected in all age groups, but
the detection rate varied significantly (w2¼43.569,
P< 0.001). A higher rate of OC43 infection was detected
in the age group >65 years. 229E and HKU1 were
detected mainly in elderly adults, and NL63 seemed
mainly to affect younger and elderly adults; however,
there were not enough positive cases to obtain mean-
ingful statistical data (Table II).

Clinical Characteristics of HCoV Infections

Of the 87 HCoV-positive patients, 79 (90.8%) had
upper respiratory tract infections, and 8 (9.1%) had
lower respiratory tract infections, that is, pneumonia
and bronchiolitis with an increased number or density
of lung markings apparent on chest radiograph. The
incidence of lower respiratory tract infections in
patients infected with the HKU-1 strain of HCoV
(14.3%) was higher than that of patients infected with
OC43 (10%) or NL63 (12.5%), but these incidences were
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TABLE I. Human Coronavirus (HCoV)-Positive Cases Detected in Adult Patients From May 2005 Through April 2009

HCoV

Year

2005 (n¼ 1,156) 2006 (n¼ 179) 2007 (n¼ 2,214) 2008 (n¼ 1,367) 2009 (n¼ 480)

OC43a 6 (0.5)b 6 (0.2) 33 (1.5) 2 (0.2) 3 (0.6)
229E 6 (0.5) 0 3 (0.1) 0 6 (1.3)
HKU1 1 (0.1) 8 (0.3) 1 (0.1) 3 (0.2) 1 (0.2)
NL63 2 (0.2) 2 (0.1) 4 (0.2) 0 0
Total casesa 15 (1.3) 16 (0.5) 41 (1.9) 5 (0.4) (2.1)

aw2¼35.602, P<0.001.
bNumbers in parentheses indicate the percentages of positive infection in total samples.

Fig. 1. Number and detection rate of human coronavirus positive respiratory samples during the study
period. The bar graph indicates the number of OC43, 229E, NL63, and HKU1 positive cases, and the line
graph indicates the total detection rate of human coronavirus in each month.
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not significantly different. No patient infected with
229E was diagnosed with a lower respiratory tract
infection in this study. Furthermore, there were few
meaningful differences between clinical presentation
and outcome of different HCoV infections. The max-
imum body temperature (mean�SD) of patients was
similar for different HCoV infections: OC43 (38.4�
0.58C), 229E (38.4�0.48C), HKU1 (38.3�0.48C), and
NL63 (38.6�0.68C). Other symptoms frequently
encountered included runny nose (71.8%), headache
(69%), muscle pain (67.8%), sore throat (67.8%), chills
(67.8%), sneezing (62.1%), and cough (49.4%). Vomiting
was observed more frequently in patients infected with
229E than in those infected with HKU1 or NL63 in this
study (Table III).

Peripheral blood counts indicated that 84 (96.6%) of
the 87 HCoV-positive patients had no evidence of
leucocytosis (Table III). In 229E-positive patients, the
mean leukocyte count was lower than that in patients
with other HCoV infections (Student’s t-test, P¼0.013).

No significant difference in the percentage of neutro-
philic granulocytes, mean lymphocyte count, or per-
centage of lymphocytes was found among the patients
infected by various HCoV strains.

Phylogenetic Analysis of HCoV Strains

Phylogenetic trees were constructed based on the
alignment analysis of a 381-nucleotide fragment of the
HCoV pol gene. All strains of 229E, NL63, and HKU1
identified in this study were included in the phyloge-
netic analysis. Sequences that showed 100% nucleotide
identity were excluded, leaving 13 of the 50 OC43
strains to be further analyzed. OC43 had 97.8–100%
and 98.3–100% identity, respectively, for the nucleotide
and the amino acid sequences. 229E had 98.6–100% and
98.4–100%, HKU1A had 98.9–100% and 99.2–100%,
HKU1B had 98.9–100% and 98.4–100%, and NL63 had
98.6–100% and 97.6–100% nucleotide and amino
acid identity, respectively. No significant differences

J. Med. Virol. DOI 10.1002/jmv

TABLE II. Age Distribution of Human Coronavirus Infections in Adults With Acute Respiratory Tract Infections

�25 years 26–65 years >65 years Total (%)

No. of detected 2,769 5,020 607 8,396
OC43 11 (1.0)a 24 (0.8) 15 (3.6) 50 (0.6)
229E 6 (0.4) 8 (0.5) 1 (2.5) 15 (0.2)
HKU1 5 (0.2) 5 (0.1) 4 (0.7) 14 (0.2)
NL63 5 (0.2) 1 (0.02) 2 (0.3) 8 (0.1)
Total (%)b 27 (1.0) 38 (0.8) 22 (3.6) 87 (1.0)

aNumbers in parentheses indicate the percentages of positive infection in total samples.
bw2¼43.569, P<0.001.

TABLE III. Clinical Characteristics of Patients With Human Coronavirus (HCoV) Infections

Parameters

HCoV (%)

OC43 229E HKU1 NL63

No. of patients 50 15 14 8
Age range (year) 14–90 14–68 24–78 15–85
Age mean/median (year) 47.3/46 37.9/36 41.2/27.5 34.6/18.5
Gender (M/F) 16/34 6/9 7/7 6/2
URTI 45 (90.0)a 15 (100) 12 (85.7) 7 (87.5)
LRTI 5 (10.0) 0 2 (14.3) 1 (12.5)
Clinical symptoms
Cough 26 (52.0) 7 (46.7) 6 (42.9) 4 (50.0)
Sputum production 6 (12.0) 3 (20.0) 0 2 (25.0)
Headache 34 (68.0) 11 (73.3) 9 (64.3) 6 (75.0)
Muscle pain 29 (58.0) 12 (80.0) 12 (85.7) 6 (75.0)
Sore throat 33 (66.0) 12 (80.0) 8 (57.1) 6 (75.0)
Chilly 37 (74.0) 12 (80.0) 11 (78.6) 6 (75.0)
Vomiting 1 (2.0) 12 (80.0) 0 0
Runing nose 36 (72.0) 12 (80.0) 9 (64.3) 5 (62.5)
Sneezing 30 (60.0) 12 (80.0) 8 (57.1) 4 (50.0)
Peripheral blood tests
Mean leukocyte count (�109/L) 7.5� 1.6 6.5� 1.8b 8.1� 1.7 8.1� 1.8
Co-detection 5 (10.0) 4 (26.7) 2 (14.3) 0

EV (n¼ 2) HRV (n¼ 2) HRV (n¼ 1)
PIV3 (n¼ 2) IFVA (n¼ 1) PIV3 (n¼ 1)

EVþHRV (n¼ 1) IFVB (n¼ 1)

LRTI, lower respiratory tract infection; URTI, upper respiratory tract infection.; PIV, parainfluenza virus; EV, enterovirus; IFV, influenza virus;
HRV, human rhinovirus.
aThe numbers in parentheses indicate the percentages of positive infection in total samples.
bStudent’s t-test: P¼ 0.013.
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were observed between HCoV strains identified in
different years and seasons (Fig. 2.).

DISCUSSION

This study reports the prevalence and clinical pre-
sentations of HCoV infections in Chinese adults with
symptoms of respiratory tract infections over a 4-year
period. HCoV infections were found to be responsible for
1% of all cases of acute respiratory tract infections
during the study period. OC43 strain led to the most
prevalent HCoV infection (0.6%), followed by 229E
(0.2%), HKU1 (0.2%), and NL63 (0.1%). The prevalence
of HCoV infections in this study is lower than that in
previous studies, in which detection rate of HCoV ranges
from 2.1% to 5.7% [Gerna et al., 2006; Lau et al., 2006;
Pierangeli et al., 2007; Bellei et al., 2008; Gorse et al.,
2009; Leung et al., 2009]. Several factors may account
for this disparity: (1) the subjects recruited in this study
were adult outpatients whereas those in other studies
were mainly hospitalized children [Gerna et al., 2006;
Lau et al., 2006; Pierangeli et al., 2007; Leung et al.,

2009] or adults with underlying diseases [Lau et al.,
2006; Bellei et al., 2008; Gorse et al., 2009]; (2) the viral
infection rate from nasal and throat swabs used in this
study may be lower than that of nasopharyngeal
aspirates used in other studies [Lambert et al., 2008;
Meerhoff et al., 2010]; and (3) differences in study time
frame and geographical area [Lau et al., 2006].

Previous reports have shown that the infections by
229E and OC43 strains are highest during the winter–
spring seasons and can recur every 2–4 years [McIntosh
et al., 1970; Monto and Lim, 1974; Shao et al., 2007]. Our
results for infection rates of OC43 and 229E are different
from those of previous reports, which may be due to the
geographic location and the alternating pattern of viral
seasonality in our study. This study indicates that in
China, OC43 infections peaked every other year,
whereas 229E appeared every other year. Furthermore,
OC43 was found mainly in summer and early autumn,
and only a few cases appeared in November (winter
season) 2008, whereas 229E was detected mainly in
spring and summer. The seasonal distribution feature of
HKU1 and NL63 infections from year to year is not very

J. Med. Virol. DOI 10.1002/jmv

Fig. 2. Phylogenetic analysis of human coronavirus based on the partial sequence of the gene ORF 1ab.
Phylogenetic trees were constructed based on nucleotide sequences of PCR products corresponding to the
partial pol gene of OC43, 229E, NL63, and HKU1, analyzed by MEGA4.0 software using the distance
method and the neighbor-joining algorithm with Kimura 2 parameters. Each strain from this study is
indicated by a specific identification code (PUMCH) followed by the patient number and GenBank accession
number. The GenBank accession numbers of the reference sequences of OC43, 229E, NL63, HKU1A and B
were NC005147, NC002645, NC005831, NC006577, and AY884001, respectively. Scale bar indicates
nucleotide substitutions per site.
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clear. As most of the previous studies covered only short
periods, our understanding of the epidemiology for these
subgroups is still incomplete. We found that HKU1
occurred in spring, early summer and winter, which
concurred with a previous study of children in Hong
Kong [Lau et al., 2006]. NL63 peaked in autumn as
reported by others [Lau et al., 2006; Leung et al., 2009]
but was absent in spring. Therefore, the seasonal
pattern of NL63 infection appears to be similar to that
of 229E. Taken together, these findings indicate that
HCoV infections fluctuate by season although some
HCoV subtypes such as OC43, 229E, and NL63 display
biennial prevalence. However, continuous surveillance
of HCoV infections over a long period is necessary to
describe their temporal distribution more precisely.

Although the samples employed here were from
immunocompetent adults, the age distribution for these
patients was similar to that of immunocompromised
adults or patients with severe underlying disease, such
as chronic obstructive pulmonary disease [Lau et al.,
2006; Varkey and Varkey, 2008]. There was a higher
detection rate of all HCoVs in individuals >65 years of
age, with a total positive rate of 3.6% in that age group.
Of note, there was a lower detection rate (0.02%) for
NL63 in the 25–65 years age group, indicating that
young adults are less affected by this strain. Because the
number of patients who were positive for this virus was
limited, further studies in different age groups should be
carried out in the future.

HCoV infections elicited common symptoms such as
fever, headache, muscle pain, sore throat, chills, runny
nose, and cough. These symptoms were similar to those
in other reports of HCoV infections [Bastien et al., 2005;
Esper et al., 2005; Lau et al., 2006]. However, the clinical
presentations were slightly different among OC43,
229E, NL63, and HKU1. In this study, vomiting was
more common in 229E-positive patients but not in those
infected by HKU1 and NL63 strains. Sputum produc-
tion was also absent in HKU1 infections. During the
study period, lower respiratory tract infections were
found in individuals infected by OC43, HKU1, and
NL63, but not in those with 229E infections. Because all
the samples were taken from outpatients and they were
not screened for co-detection with bacteria, an associa-
tion between infection with different HCoVs and disease
severity, and with different results from laboratory
investigations such as peripheral blood tests, needs to be
investigated further.

The simultaneous screening for common respiratory
viruses allowed us to investigate co-infection of HCoV-
infected patients with other viral pathogens. Co-detec-
tion of other viruses was found in patients with OC43,
229E, and HKU1 infection. However, in 229E-infected
patients, the co-detection rate was higher than those
infected by other HCoVs. By contrast, no other viruses
were detected in adult patients with NL63 infections in
this study, although in children with acute respiratory
tract infections NL63 was co-detected with other
pathogens previously [Gerna et al., 2006]. Given that
the number of NL63-positive cases was limited in this

study, further investigation would help to clarify
whether the difference of co-infection with other
respiratory viruses in adults and children reflects the
pathogenic feature of different HCoVs.

The phylogenetics of HCoVs was analyzed based on
the sequences of partial pol gene. However, this may not
reflect the actual variation level of HCoVs. Further
investigations are necessary to characterize the genet-
ics, variation, and evolution of HCoVs by sequencing the
whole viral genome or other representative genes, for
example, spike and nucleocapsid, rather than the pol
gene only.

In summary, this study reports a large-scale, detailed
analysis of the prevalence and clinical presentations of
different HCoV infections in adults with acute respira-
tory tract infections in Beijing, China during the period
2005 to 2009. All known HCoVs, including the recently
identified HKU1 and NL63 strains, were detected in
adults with acute respiratory tract infections. The
results from this study should help to improve our
understanding of the pathogenesis of HCoVs and
provide information for evaluating the disease burden
in clinics and disease control policies. However, given
that the study population was limited and the number of
HCoV-positive samples studied was low, future inves-
tigations are needed to characterize the infections of the
various HCoVs in adults more thoroughly.
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