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Abstract 

The common human coronaviruses (HCoVs) HCoV-229E, HCoV-OC43, HCoV-NL63, and HCoV-HKU1 which are mem-
bers of the coronavirus family are long co-existed with humans and widely distributed globally. Common HCoVs usu-
ally cause mild, self-limited upper respiratory tract infections (URTI), and also associated with lower respiratory tract 
infections (LRTI), especially in children. However, there are little multicentre studies have been conducted in children 
of several different areas in China, and the epidemic potential of common HCoVs remains unclear. Understanding 
of the common HCoVs is valuable for clinical and public health. Herein, we retrospectively analysed the medical 
records of children with acute lower respiratory tract infection admitted to 9 hospitals from different regions in China 
from 2014 to 2019. Of the 124 patients who tested positive for coronaviruses, OC43 was the predominant type, 
accounting for 36.3% (45/124) of the detections. Children aged ≤ 6 months and 12–23 months had the highest detec-
tion rate of common HCoVs, and the detection rate gradually declined after 2 years old. These four HCoVs could be 
detected all year round. Among the areas of our study, the overall positive rate was higher in southern China, espe-
cially in Guangzhou (29/124, 23.4%). Moreover, common HCoV-positive patients were codetected with 9 other com-
mon respiratory pathogens. 229E (11/13, 84.6%) was the most frequently associated with codetection, with EV/RhV 
was the most frequently codetected virus. Cough (113/124, 91.1%) and fever (73/124, 58.9%) were the most common 
symptoms of common HCoVs infection.
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Introduction
Human coronaviruses (HCoVs), which are enveloped, 
positive-strand RNA viruses belonging to the Coronaviri-
dae family [1–3], are the main causes of respiratory tract 
infections ranging from subclinical and mild infections 
(such as the common cold) to severe acute respiratory 
syndrome (such as pneumonia and bronchitis) [3–8]. The 
first human coronavirus was detected in the mid-1960s 
[9, 10]. To date, seven HCoVs have been detected: human 
coronavirus 229E (HCoV-229E, 1962), human coronavi-
rus OC43 (HCoV-OC43, 1967), severe acute respiratory 
syndrome coronavirus (SARS-CoV, 2002), human coro-
navirus NL63 (HCoV-NL63, 2004), human coronavirus 
HKU1 (HCoV-HKU1, 2005), middle east respiratory syn-
drome coronavirus (MERS-CoV, 2012), and severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2, 2019) 
[3, 11–13]. Coronaviruses (CoVs) are separated into four 
genera bases on its genomic structures and phylogenetic 
relationships: alpha-, beta-, gamma- and delta-coronavi-
ruses [1]. Of these, NL63 and 229E belong to the genus 
alpha-coronavirus, while OC43 and HKU1 are mem-
bers of the genus beta-coronavirus, which also includes 
SARS-CoV, MERS-CoV and SARS-CoV-2 [5, 6, 11–13].

The common HCoVs also called “seasonal HCoVs” 
which include 229E, OC43, NL63 and HKU1 have long 
co-existed with humans, especially in children [5, 14]. As 
mentioned earlier, there are many similarities between 
SARS-CoV-2 and common HCoVs infections in children. 
This four HCoVs species are distributed globally and with 
seasonal patterns [2, 3], meanwhile, the prevalence of 
them is varies by region, country and time [4, 14–21]. In 
general, OC43 and NL63 are the most commonly HCoV, 
while HKU1 and 229E are relatively less [22, 23]. They are 
more prevalent during the spring and winter months [3, 
14, 16, 21], while a study of NL63 infection in Hong Kong 
showed an epidemic trend from spring to summer [19]. 
The common HCoVs were low pathogenic and usually 
cause mild-moderate respiratory tract diseases [5, 13]. 
It is one of the most frequently detected aetiologic agent 
of the seasonal common cold [24], and most frequently 
causes a wide range of upper respiratory tract infec-
tions (URTIs), characterised by cough, nasal congestion, 
and rhinorrhoea, as well as mild fever [16, 18, 25]. It also 
results in lower respiratory tract illness (LRTI), includ-
ing bronchiolitis and pneumonia, eventually leading to 
hospitalisation, especially in immunocompromised chil-
dren and infants [2, 3, 16, 18, 25–28]. Several studies have 
indicated that OC43 and 229E are associated with mild, 
self-limiting upper respiratory tract diseases, while NL63 
and HKU1 are associated with lower respiratory tract 
diseases and more serious respiratory tract infections [2, 
3, 17]. In addition, approximately 30–50% of common 

HCoV infections are codected with other respiratory 
pathogens [14, 29].

Until now, although some research has analysed the 
clinical or epidemiological characteristics of common 
HCoV infections, these studies just limit to a certain area 
in China. However, multicentre studies focusing on chil-
dren from different regions in China at the same time 
are rare [14, 18, 19]. The epidemic potential of common 
HCoVs remains unclear. Hence, this multicentre study 
aimed at characterising the epidemiological, clinical and 
codetection characteristics of common HCoV infections 
in children admitted to hospitals of various regions in 
China. The results of this study will assist in the devel-
opment of prevention and control strategies for common 
HCoV infections in children.

Materials and methods
Patient enrolment
We performed a multicentre retrospective study of hos-
pitalised children under the age of 18  years with acute 
lower respiratory tract infections admitted to various 
hospitals in China from January 2014 to December 2019. 
Chest X-rays were taken for all children. The diagnosis of 
pneumonia relies on the identification of a novel infiltrate 
on chest X-rays, accompanied by at least one of the sub-
sequent symptoms: hypothermia (temperature < 35.0  °C) 
or fever (temperature ≥ 38.0 °C), pleuritic chest pain, the 
onset of a new cough with or without sputum production, 
or discernible changes in breath sounds during ausculta-
tion. While the diagnosis of bronchopneumonia based 
on acute onset and the presence of respiratory symp-
toms and signs, as well as chest X-rays revealed irregu-
lar patchy shadows distributed along the lung texture, 
with light and fuzzy edge density, and no signs of con-
solidation [30]. Patients were enrolled from 9 hospitals 
in 8 cities in 6 different areas of China: Beijing Children’s 
Hospital in Beijing (central China), Capital Institute of 
Paediatrics in Beijing (central China), Yinchuan Mater-
nal and Child Health Hospital in Yinchuan (northwestern 
China), Shengjing Hospital of China Medical University 
in Shenyang (northeastern China), Guangzhou Women 
and Children’s Medical Center in Guangzhou (south-
ern China), Children’s Hospital of Chongqing Medicine 
University in Chongqing (southwestern China), Guiyang 
Women and Children Health care Hospital in Guiyang 
(southwestern China), Yuying Children’s Hospital of 
Wenzhou Medical University in Wenzhou (southeastern 
China), and The Children’s Hospital of Zhejiang Uni-
versity School of Medicine in Hangzhou (southeastern 
China). Patients with nosocomial respiratory infections, 
inhaled airway foreign bodies, and acute upper respira-
tory infections were excluded.
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Specimens and clinical information collection
Enrolled children and/or their caregivers were inter-
viewed using a standardised questionnaire, and medical 
charts were abstracted after discharge. Demographic, 
epidemiologic, and clinical data were systematically col-
lected. Patient clinical records and information were 
anonymised and de-identified prior to analysis. Naso-
pharyngeal aspirates (NPAs) specimens were collected 
using sterile flocked Dacron swabs with flexible shafts. 
Swabs were passed through one nostril to the nasophar-
ynx and rotated to collect epithelial tissue and absorb 
secretions. Swabs were combined in 3  mL sterile uni-
versal transport medium. All specimens were obtained 
in the first 24  h of hospitalisation and stored frozen 
(− 80  °C) until analysis. All patients were enrolled in 
a network that monitored viral pathogens of children 
with acute lower respiratory tract infections, and all the 
patients’ information was submitted to the Infectious 
Disease Surveillance System of China. This study was 
performed in strict accordance with the human subject 
protection guidance and was approved by the Ethical 
Review Committees of Beijing Children’s Hospital, Capi-
tal Institute of Pediatrics, Yinchuan Maternal and Child 
Health Hospital, Shengjing Hospital of China Medical 
University, Guangzhou Women and Children’s Medical 
Center, Children’s Hospital of Chongqing Medicine Uni-
versity, Guiyang Women and Children Healthcare Hos-
pital, Yuying Children’s Hospital of Wenzhou Medical 
University, and The Children’s Hospital of Zhejiang Uni-
versity School of Medicine. Written informed consent 
was obtained from the participants (≥ 8  years) or their 
parents/guardian (< 8 years).

Molecular detection
Viral nucleic acids in the clinical samples were extracted 
using the NucliSens easyMAG system (bioMérieux, 
Marcy-l’Etoile, France) according to the manufacturer’s 
instructions. The Luminex xTAG respiratory viral panel 
(RVP) assay and Luminex 200 instrument (Luminex, 
Austin, TX) were used to detect 18 common respiratory 
viral pathogens and subtypes in the nucleic acid samples, 
including HMPV, influenza A, influenza A subtype H1, 
influenza A subtype H3, 2009 H1N1, influenza B, human 
adenoviruses (HAdVs), human parainfluenza virus 
(HPIV) 1–4, respiratory syncytial virus (RSV) A and 
B, enteroviruses and rhinoviruses (EVs/RhVs), human 
coronavirus (HCoV) HKU1, 229E, NL63 and OC43, and 
human bocavirus (HBoV). An internal positive control 
(MS2) was added to each specimen before nucleic acid 
extraction, and a positive PCR control (Lambda DNA) 
was added in every PCR batch run, following the manu-
facturer’s manual. Bacterial infection tests were not per-
formed in our study.

Statistical analysis
Statistical analyses were performed using SPSS version 
19.0 (SPSS Inc., Chicago, IL). The continuous variables 
between two groups were compared using a two-tailed 
independent-samples t test. The differences in the detec-
tion rate of HCoVs in children of different sexes, age 
groups, years and areas were compared using χ2 tests or 
Fisher’s exact test. A value of P < 0.05 was considered sta-
tistically significant.

Results
Detection of HCoVs among enrolled patients
Of the 6815 hospitalised children’s nasopharyngeal swab 
samples, we excluded 447 patients with missing speci-
mens, and 6368 (93.4%) patients were finally enrolled in 
this study. A flowchart of our enrolled patients is shown 
in Fig.  1. Respiratory viruses were detected in 3396 of 
the 6368 (53.3%) children, and common HCoVs were 
detected in 124 of the 3396 (3.7%) children with res-
piratory virus infection. Among all the common HCoV-
infected patients, 45 (36.3%) were positive for OC43, 26 
(21.0%) for NL63, 13 (10.5%) for 229E and 40 (32.3%) for 
HKU1. Overall, our results showed that the most com-
mon HCoV was OC43, followed by HKU1, NL63 and 
229E.

Sex and age distribution characteristics of HCoV‑positive 
patients
Among all HCoV-infected children, 93 (75.0%) were 
male, and the ratio of males to females was 3:1 (93:31). 
There were no significant differences in children’s sex 
between these four HCoVs (p = 0.939).

The median age of the common HCoV-positive cases 
was 1.25  years (interquartile range [IQR]: 0.5–3  years), 
and the patients who were positive for a single HCoV 
species were as follows: OC43, 1.75  years (interquartile 
range [IQR]: 0.56–3.19  years); NL63, 1.08  years (inter-
quartile range [IQR]: 0.5–2.25  years); 229E, 0.92  years 
(interquartile range [IQR]: 0.08–1.83  years); and HKU1, 
1  year (interquartile range [IQR]: 0.5–2.87  years). 
Patients with common HCoV positivity aged ≤ 6 months 
and 12–23 months had the highest detection rate, which 
began to decline after 24  months (Fig.  2). Similarly, for 
OC43, NL63, 229E, and HKU1, the highest positive 
rates were also in the ≤ 6 months and 12–23 months age 
groups (Fig. 2). No significant differences were observed 
between these age groups (P = 0.958) (Table 1).

Regional distribution characteristics of HCoV‑positive 
patients
The detection rate of HCoV varied in different regions 
(P = 0.019, Fig. 3). According to the difference in regions, 
statistically significant differences were observed in the 
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detection rate of common HCoVs (P = 0.042), OC43 
(P = 0.004), NL63 (P = 0.039) and 229E (P = 0.035). 
Regarding common HCoVs, Guangzhou showed the 
highest detection rate, with a positive rate up to 5.39% 
(29/538), followed by Yinchuan at 3.08% (22/714), Wen-
zhou at 2.75% (25/910), Chongqing at 2.37% (9/380), 
Beijing at 1.37% (24/1753), Guiyang at 0.89% (8/897), 
Shenyang at 0.67% (5/748), and Hangzhou at 0.37% 
(2/538). The region with the highest positive rate of 
OC43 was Beijing (26.7% (12/45)), followed by Yinchuan 
(22.2% (10/45)). The highest positive rate of NL63 was 
in Yinchuan (34.6% (9/26)), followed by Beijing (23.1% 
(6/26)) and Guangzhou (23.1% (6/26)). The highest posi-
tive rate of 229E was in Wenzhou (38.5% (5/13)), fol-
lowed by Chongqing (23.1% (3/13)). The highest positive 
rate of HKU1 was in Guangzhou (47.5% (19/40)), fol-
lowed by Wenzhou (27.5% (11/40)) (Fig. 3). Furthermore, 
the detection rates of the common HCoVs in Beijing and 
Wenzhou in 2015 and 2018 were both higher, while those 
in Shenyang, Hangzhou and Chongqing were higher in 
2015, and those in Guangzhou, Yinchuan, Guiyang were 
higher in 2018 (Fig.  4). The detection rate of common 
HCoV infection seems to be higher in southern China 

(58.9%, 73/124) than in northern China (41.1%, 51/124), 
as deduced from our results (Fig. 5). There were signifi-
cant differences in the detection rate of HCoV between 
northern and southern China (P = 0.0002). For OC43 
(60.0%, 27/45) and NL63 (57.7%, 15/26), the positive rate 
was higher in northern China, but 229E (76.9%, 10/13) 
and HKU1 (85.0%, 34/40) were higher in southern China 
(Fig. 5).

Seasonal distribution characteristics of HCoV‑positive 
cases
The positive rate of the common HCoVs varied through-
out each year (P < 0.001), was highest in 2018 (54.0%, 
67/124) and lowest in 2014 (0.8%, 1/124) and demon-
strated a distinct peak in 2018 and a slightly lower peak 
in 2015 (Fig.  6A). OC43 was mainly detected in 2015 
(40.0%, 18/45) (P = 0.037), 229E was mainly detected in 
2015 (53.8%, 7/13), and NL63 (92.3%, 24/26) and HKU1 
(75.0%, 30/40) were mainly detected in 2018 (Fig. 6B–E). 
OC43, NL63, 229E, and HKU1 all peaked in 2015 and 
2018, although the peaks varied. Furthermore, the posi-
tive rates of OC43 and 229E fluctuated from 2015 to 
2019. NL63 demonstrated a distinct peak and a small 

Fig. 1 Flowchart of enrolled children and the detection of respiratory virus
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peak in 2018, with a less pronounced peak in 2015. 
HKU1 demonstrated two peaks in 2018 and a small peak 
in 2015, with a less pronounced peak in 2014. To learn 
more about the seasonality of the four HCoVs, the year 
was divided into March–May (spring), June–August 
(summer), September–November (autumn), and Decem-
ber-February (winter). There were significant differences 
in the detection rate of each HCoV (P = 0.008, Fig.  7), 
common HCoVs (P = 0.003), OC43 (P = 0.022) and HKU1 
(P = 0.011) between various seasons. Our results illus-
trate that OC43 and 229E were mainly detected in spring, 
with some cases detected in autumn and winter; NL63 
was mainly detected in summer and autumn and some 
in winter. The positive rate of HKU1 was high in every 
season except for summer, which showed a slightly lower 
rate.

Codetection with other respiratory viruses
Children who were HCoV-positive were also tested for 
9 other common respiratory pathogens: enterovirus/
rhinovirus, human bocavirus, herpes simplex virus, 
respiratory syncytial virus, human metapneumovirus, 
mycoplasma pneumoniae, human adenovirus, parain-
fluenza viruses and influenza viruses (Table  2). There 
were no statistically significant differences observed 

in the detection rate of HCoV when comparing single 
detected and codetected cases (P = 0.558) (Table 2). Out 
of the 124 HCoV-positive patients, 32.3% (40/124) were 
detected with only one HCoV strain, whereas 67.7% 
(84/124) were identified as being codetected with one 
or more other strains of HCoV or another respiratory 
pathogen (Table 2). The highest rate of codetection was 
229E (84.6%, 11/13), followed by HKU1 (70.0%, 28/40), 
OC43 (66.7%, 30/45) and NL63 (57.7%, 15/26). Among 
them, one non-HCoV respiratory virus was codetected 
in 64 (76.2%, 64/84) patients, and two and three non-
HCoV respiratory viruses were codetected in 16 (19.0%, 
16/84) and 4 (4.8%, 4/84) patients, respectively. For 
OC43, NL63, 229E, and HKU1, the rates of dual infec-
tions were 80.0% (24/30), 80.0% (12/15), 72.7% (8/11), 
71.4% (20/28), respectively. Moreover, EV/RhV was the 
most common codetected pathogen, followed by HBoV 
(Table 2). In addition to the most frequent codetected 
virus of HKU1 being HBoV, the most frequent code-
tected virus of OC43, NL63 and 229E was EV/RhV. The 
codetection rate of EV/RhV and HBoV was higher with 
OC43 and HKU1, respectively, than with other types 
of HCoV. Surprisingly, only OC43 was codetected with 
other HCoVs (two children codetected with OC43 and 
229E and one child codetected with OC43 and HKU1), 
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no NL63 and other HCoV codetected were detected, 
and HAdV was only codetected with HKU1.

Clinical presentations of HCoV‑positive patients
HCoV infections are accompanied by a variety of clini-
cal manifestations. Most patients presented with mild 
clinical symptoms, with cough and fever being the most 
common symptoms of HCoV infection (Table  3). There 
were significant differences in children’s clinical presenta-
tions (P = 0.045). Of these, patients with 229E and HKU1 
infection all developed symptoms of coughing, and only 
HKU1 infection was accompanied by rash. HCoV infec-
tion was mainly associated with various pneumonias. 
Patients with common HCoV positivity were diagnosed 
with pneumonia (44.4%), bronchopneumonia (38.7%), 

mycoplasma pneumonia (3.2%), bronchitis (4.0%), 
bronchiolitis (4.8%), viral pneumonia (1.7%), and some 
uncertainty (3.2%). The most frequent diagnosis was 
pneumonia, followed by bronchopneumonia. Compared 
with other HCoV, the most common diagnosis of OC43 
and 229E infection was bronchopneumonia (46.7% and 
46.2%, respectively), while the most common diagno-
sis of NL63 and HKU1 infection was pneumonia (57.7% 
and 47.5%, respectively). Furthermore, comparing sin-
gle HCoV detected and HCoV condetected cases, the 
most common clinical presentations was cough (85.0% 
and 94.0%, respectively), and the most common clini-
cal diagnosis was pneumonia (47.5% and 42.9%, respec-
tively). There were no significant differences in children’s 
clinical presentations and diagnoses. Meanwhile, no 

Table 1 Clinical characteristics of common human coronavirus-positive patients

Parameter No. events detected in 124 children tested (%)

OC43‑Positive
(%, n = 45)

NL63‑Positive
(%, n = 26)

229E‑Positive
(%, n = 13)

HKU1‑Positive
(%, n = 40)

Common‑
HCoVs‑Positive
(%, n = 124)

P Value

Age-year

 Median 1.75 1.08 0.92 1 1.25

 Interquartile range 0.56–3.19 0.5–2.25 0.08–1.83 0.5–2.87 0.5-3

Age group-no. (%) 0.958

 ≤ 6 m 11 (24.4) 8 (30.8) 4 (30.8) 13 (32.5) 36 (29.0) 0.062

 7–11 m 3 (6.7) 3 (11.5) 2 (15.4) 6 (15.0) 14 (11.3) 0.064

 12–23 m 10 (22.2) 7 (26.9) 4 (30.8) 8 (20.0) 29 (23.4) 0.060

 24–35 m 4 (8.9) 2 (7.7) 2 (15.4) 3 (7.5) 11 (8.9) 0.060

 36–47 m 9 (20.0) – 1 (7.7) 5 (12.5) 15 (12.1) 0.095

 48–59 m 1 (2.2) 1 (3.8) – – 2 (1.6) 0.099

 ≥ 60 m 7 (15.6) 5 (19.2) – 5 (12.5) 17 (13.7) 0.072

Sex- no. (%) 0.939

 Male 35 (77.8) 20 (76.9) 10 (76.9) 28 (70.0) 93 (75.0) 0.063

 Female 10 (22.2) 6 (23.1) 3 (23.1) 12 (30.0) 31 (25.0) 0.064

Clinical symptoms-no. (%) 0.045

 Cough 38 (84.4) 22 (84.6) 13 (100.0) 40 (100.0) 113 (91.1) 0.063

 Fever 31 (68.9) 17 (65.4) 5 (38.5) 20 (50.0) 73 (58.9) 0.067

 Expectoration 7 (15.6) 3 (11.5) – – 10 (8.1) 0.113

 Wheeze 12 (26.7) – 4 (30.8) 3 (7.5) 19 (15.3) 0.094

 Haemoptysis – 3 (11.5) – 2 (5.0) 5 (4.0) 0.103

 Rash – – – 2 (5.0) 2 (1.6) 0.178

Admitting diagnosis-no. (%) 0.296

 Pneumonia 16 (35.6) 15 (57.7) 5 (38.5) 19 (47.5) 55 (44.4) 0.062

 Bronchopneumonia 21 (46.7) 6 (23.1) 6 (46.2) 15 (37.5) 48 (38.7) 0.068

 Mycoplasma pneumonia – 3 (11.5) – 1 (2.5) 4 (3.2) 0.120

 Bronchitis 3 (6.7) – – 2 (5.0) 5 (4.0) 0.103

 Bronchiolitis 1 (2.2) 2 (7.7) 1 (7.7) 2 (5.0) 6 (4.8) 0.061

 Viral pneumonia – – 1 (7.7) 1 (2.5) 2 (1.7) 0.099

 Uncertainty 4 (8.9) – – – 4 (3.2) 0.391
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family clustering and reinfection of CoVs were found in 
this study.

Discussion
In this study, our findings aligned with research con-
ducted in other regions whereby OC43 is the most 
frequently detected HCoV, with detection rate 36.3% 
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Fig. 7 Seasonal distribution of human coronaviruses OC43, NL63, 229E and HKU1 in patients from January 2014 to December 2019. The year 
was divided into spring (March–May), summer (June–August), autumn (September–November), and winter (December–February)

Table 2 Codetection of common HCoVs and other respiratory viruses in the study

OC43 NL63 229E HKU1 Common 
HCoVs

Codetection 
viruses

No
(%, n = 45)

Codetection 
viruses

No
(%, n = 26)

Codetection 
viruses

No
(%, n = 13)

Codetection 
viruses

No
(%, n = 40)

No
(%, n = 124)

Single detec-
tion

15 (33.3) 11 (42.3) 2 (15.4) 12 (30) 40 (32.3)

Codetection

1 Virus

EV/RhV 10 (22.2) EV/RhV 4 (15.4) EV/RhV 3 (23.1) HBoV 9 (22.5) 64 (51.6)

HMPV 4 (8.9) HBoV 3 (11.5) RSV 3 (23.1) EV/RhV 5 (12.5)

PIV 3 (6.7) RSV 1 (3.8) OC43 1 (7.7) PIV 2 (5.0)

HBoV 2 (4.4) HMPV 1 (3.8) Flu 1 (7.7) RSV 2 (5.0)

RSV 2 (4.4) Flu 1 (3.8) OC43 1 (2.5)

HKU1 1 (2.2) PIV 1 (3.8) MP 1 (2.5)

229E 1 (2.2) HRV 1 (3.8)

HRV 1 (2.2)

2 Viruses

EV/RhV + 229E 1 (2.2) EV/RhV + MP 3 (11.5) EV/RhV + PIV 1 (7.7) HAdV + HBoV 4 (10) 16 (12.9)

EV/RhV + HMPV 1 (2.2) EV/RhV + OC43 1 (7.7) PIV + HMPV 1 (2.5)

Flu + MP 1 (2.2) PIV + HAdV 1 (2.5)

EV/RhV + PIV 1 (2.2)

HRV + PIV 1 (2.2)

3 Viruses

RSV + HMPV + HRV 1 (2.2) RSV + EV/
RhV + HBoV

1 (7.7) HBoV + Flu + HAdV 1 (2.5) 4 (3.2)

RSV + Flu + HAdV 1 (2.5)

Total 45 26 13 40 124
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(45/124) [14, 16, 18, 31–33]. The reason may be that 
OC43 induces an immune response to suppress infec-
tion by NL63, 229E or HKU1 [14, 26]. However, there are 
some results from some regions and countries inconsist-
ent with us, with NL63 is the most common HCoV, such 
as Zhejiang province, Hong Kong, Japan, etc. [34–36]. As 
the previously observation of studies has been reported, 
the detection frequency of 229E is relatively lower com-
paring with other common HCoVs [15, 22].

Our data indicate that children < 2  years old are the 
main population of common HCoVs infection, which is 
consistent with the results of previous studies in other 
regions [4, 35]. In addition, we also found that the highest 
positive rates of these four HCoVs among children were 
all aged ≤ 6  months and 12–23  months, which suggests 
that the age distribution of children with HCoV infection 
is not associated with HCoV species. Our results also 
show that there is significantly more males than females 
among all HCoV-infected children, which is in agree-
ment with previous findings [16, 18, 37]. These findings 
suggested that boys are more susceptible to HCoVs than 
girls. The observed sex variations could potentially be 
attributed to genetic differences. Type I interferons (IFN) 
are known to have a crucial role in the innate immune 
responses of the host against viral infections [38]. It is 
noteworthy that the X chromosome expresses TLR7, a 
prevalent sensor for viruses, resulting in women exhibit-
ing more robust type I IFN responses when stimulated by 
TLR7 ligands [39].

The common HCoVs seasonality may results from the 
combination of viral, host, and environmental factors 
[40]. In general, the common HCoVs tend to be detected 

during the winter month in temperate-climate countries 
predominantly [3]. Our results indicate that common 
HCoVs were mainly prevalent in spring and autumn, 
which is consistent with other reports in China, but 
inconsistent with some other countries [14–16, 18, 25, 
35, 41]. Therefore, studies which include more regions 
and cover longer time span are still necessary in China. 
Only then can we understanding the transmission of 
these four HCoVs better, and develop effective preven-
tion and control strategies. Meanwhile, several studies 
pay attention to the seasonal patterns [42–44], and our 
findings also showed that OC43, NL63, and 229E dis-
played marked seasonality. Of these, OC43 caused dis-
eases predominantly during spring and autumn, different 
with earlier studies which have shown it predominantly 
prevent in winter [16]. Consistent with the tropics [45], 
NL63 mainly detected during summer and autumn and 
rarely in spring and winter, but a study in Guangzhou 
have shown that NL63 infection mainly occurs in sum-
mer and winter [46]. 229E predominantly detected dur-
ing spring and winter, which is partly consistent with the 
results of other studies [16, 46]. As for HKU1, the detec-
tion rate was high throughout the year except summer, 
which contrasts with some earlier findings [4, 16]. These 
results further show that the frequency of detection of 
the common HCoVs is difference in different regions or 
countries, and the seasonal epidemic characteristics of 
common HCoVs are greatly affected by temperature and 
geographical environments [40].

We investigated the prevalence pattern of these four 
HCoVs for 6 consecutive years, from 2014 to 2019. In 
concordance with previous studies [4, 14, 16, 18, 31, 

Table 3 Clinical characteristics of common HCoV infections: comparison between single detection and viral codetection

Parameter Total HCoV infections
(%, n = 124)

Single HCoV infections
(%, n = 40)

HCoV coinfections
(%, n = 84)

P value

Clinical symptoms-no. (%) 0.978

 Cough 113 (91.1) 34 (85.0) 79 (94.0) 0.081

 Fever 73 (58.9) 25 (62.5) 48 (57.1) 0.072

 Expectoration 10 (8.1) 3 (7.5) 7 (8.3) 0.081

 Wheeze 19 (15.3) 6 (15.0) 13 (15.5) 0.078

 Haemoptysis 5 (4.0) 3 (7.5) 2 (2.4) 0.063

 Rash 2 (1.6) – 2 (2.4) 0.184

Admitting diagnosis-no. (%) 0.937

 Pneumonia 55 (44.4) 19 (47.5) 36 (42.9) 0.072

 Bronchopneumonia 48 (38.7) 15 (37.5) 33 (39.3) 0.079

 Mycoplasma pneumonia 4 (3.2) 1 (2.5) 3 (3.6) 0.094

 Bronchitis 5 (4.0) 1 (2.5) 4 (4.8) 0.109

 Bronchiolitis 6 (4.8) 1 (2.5) 4 (4.8) 0.120

 Viral pneumonia 2 (1.7) – 2 (2.4) 0.184

 Uncertainty 4 (3.2) 3 (7.5) 1 (1.2) 0.094
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47], we found that different HCoV types were predomi-
nant in different years: OC43 peaked annually from 2015 
to 2019, while NL63, 229E and HKU1 had pronounced 
peaks in one or two years in 2015 or 2018. This suggested 
that individual species may only display peak activity 
every 2–3 years [4]. Furthermore, we also found that the 
detection rate of these four HCoVs was all higher in 2015 
and 2018. We speculate that there were outbreaks in 2015 
and 2018 in many Chinese areas. At the same time, the 
detection rate of individual HCoV infection may exhibit 
independent fluctuations, while the presence of cross-
immunity within or between α-coronavirinae (NL63 
and 229E) and β-coronavirinae (OC43 and HKU1) could 
potentially impact the detection rate of all four HCoV 
infections [15].

In our study, the detection rate of HCoV in Guang-
zhou was the highest, followed by Yinchuan, Wenzhou, 
Chongqing, and Beijing, while the other areas in our 
study (Guiyang, Shenyang, Hangzhou) were lower. The 
detection rate of HCoV infection in southern China was 
higher than that in northern China, which may be due to 
the number of hospitals was higher in southern China 
(5/8). Furthermore, OC43 infection was mainly concen-
trated in Beijing and Yinchuan, while HKU1 infection 
was mainly concentrated in Guangzhou and Wenzhou. 
Thus, OC43 might be more susceptible to epidemics in 
northern China, and HKU1 might be more susceptible to 
epidemics in southern China.

The common HCoVs were most commonly co-detected 
with other respiratory viruses [44]. In our study, of the 
124 HCoV-positive patients, 40/124 (32.3%) were identi-
fied as involving only one virus, with NL63 was the most 
frequently mono-detected, while 229E was the most fre-
quently co-detected. A pervious study in Shanghai also 
confirmed that 229E was the most frequency HCoV 
associated with codetection [14]. However, some earlier 
studies indicate that 229E was more frequently single-
detected and HKU1 was more frequently co-detected] 
[48]. This may be due to a smaller number of cases of 
229E. Moreover, a total of 84/124 (67.7%) HCoV-positive 
patients were codetected with one or more other res-
piratory viruses, and dual detection (64/124, 51.6%) were 
the most common detection patterns. Interestingly, only 
OC43 was codetected with other HCoVs, but no NL63-
HCoV was detected. Similar to previous studies [15, 
18], of the 9 codetected pathogens, the most commonly 
detected was EV/RhV, followed by HBoV, RSV and PIV. 
The most common codetected pathogen of OC43, NL63 
and 229E was EV/RhV, while that of HKU1 was HBoV. 
Some reports indicated that coinfection probably influ-
ence the clinical characteristics of common HCoVs posi-
tive patients and associated with more severe diseases 
and higher mortality [14, 18, 44].

A number of studies showed, children with HCoV 
infection presented some pronounced respiratory symp-
toms, with cough (113/124, 91.1%) and fever (73/124, 
58.9%) were the most common symptoms [18, 49]. 
Although once recognised as a “common cold” virus, an 
increasing number of studies have recognised HCoV as 
a respiratory virus associated with a wide range of upper 
respiratory tract infections and lower respiratory tract 
infections [2–6, 27, 50]. In our study, we verified findings 
from other studies that pneumonia and bronchopneu-
monia were the most common clinical diagnoses associ-
ated with common HCoVs [15, 16, 18]. Of these, OC43 
and 229E were more associated with bronchopneumo-
nia, while NL63 and HKU1 were more associated with 
pneumonia. In addition, there were no significant differ-
ences in the clinical presentations and clinical diagnoses 
between single HCoV detected and HCoV coinfection, 
which suggested that the severity of the disease was 
not associated with virus codetected, which is consist-
ent with the study in Korean children [16]. However, as 
mentioned above, there were also reports that coinfec-
tion may influence the clinical presentations of HCoV-
infected patients. Therefore, it remains unclear whether 
coinfection is associated with the severity of the disease.

However, although it included a long duration and 
large sample size, our study also has some limitations. 
First, we only admitted children who were hospitalised. 
Therefore, the results of our study may not necessarily 
reflect the overall burden of common HCoV infections 
in the paediatric population. Second, this study has una-
voidable bias due to it being a retrospective study and the 
lack of healthy subjects. In addition, the hospitals studied 
may not be representative of those in the region, and the 
number of hospitals in our study is different between dif-
ferent regions.

Conclusion
In this study, common HCoVs are one of the frequently 
detected respiratory pathogens of children in China. 
OC43 was the most commonly detected HCoV. We find 
that children are more susceptible to infection during 
spring, especially those who are under 2  years old. The 
detection rate of the four HCoVs was higher in southern 
China; however, OC43 and HKU1 were higher in north-
ern and southern China, respectively. From our results, 
EV/RhV was the most commonly codetected pathogen. 
The most common symptoms were cough and fever, and 
the most common diagnoses were pneumonia and bron-
chopneumonia. Overall, common HCoVs are important 
in hospitalised children with respiratory pathogen infec-
tions in China. Our data provide further insight into the 
epidemiological, clinical and codetection features of four 
HCoV strains in paediatric patients.



Page 12 of 13Han et al. Virology Journal          (2023) 20:229 

Acknowledgements
Not applicable.

Author contributions
SBH performed the experiments and drafted the manuscript. QYF, ZHF, YZ, 
JHA performed the data analysis. BPX, LD, CCL, LC, YS, ZF, RJ, YXS, and ZMC 
collected and provided clinical specimens and information. LLX, KLS and ZDX 
participated in the study design and coordinated the drafting of the manu-
script. All the authors read and approved the final manuscript.

Funding
This work was funded by the National Natural Science Foundation of China 
(82172275), Beijing Natural Science Foundation (L222076), High-level Public 
Health Technical Talents Project by Beijing Municipal Commission of Health 
(Key discipline personnel-02-05), and the CAMS Innovation Fund for Medical 
Sciences (CIFMS, 2019-I2M-5-026).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This study was performed in strict accordance with human subject protection 
guidance and was approved by the Ethical Review Committee of Beijing 
Children’s Hospital.

Consent for publication
Written informed consent was obtained on the participants’ behalf from their 
parents or guardians.

Competing interests
The authors have no potential competing interests.

Author details
1 Beijing Key Laboratory of Pediatric Respiratory Infection Diseases, Key Labora-
tory of Major Diseases in Children, Ministry of Education, National Clinical 
Research Center for Respiratory Diseases, National Key Discipline of Pediat-
rics (Capital Medical University), Beijing Pediatric Research Institute, Beijing 
Children’s Hospital, Capital Medical University, National Center for Children’s 
Health, Beijing 100045, China. 2 Research Unit of Critical Infection in Children, 
Chinese Academy of Medical Sciences, 2019RU016, Beijing 100045, China. 
3 Department of Respiratory Diseases I, Beijing Children’s Hospital, Capital 
Medical University, National Clinical Research Center for Respiratory Diseases, 
National Center for Children’s Health, Beijing 100045, China. 4 Guangzhou 
Women and Children’s Medical Center, Guangzhou 510623, China. 5 The 2nd 
Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical Univer-
sity, Wenzhou 325027, China. 6 Children’s Hospital, Capital Institute of Pedi-
atrics, Beijing 100020, China. 7 Yinchuan Maternal and Child Health Hospital, 
Yinchuan 750000, China. 8 Children’s Hospital of Chongqing Medical University, 
Chongqing 400015, China. 9 Guiyang Women and Children Healthcare Hospi-
tal, Guiyang 550003, China. 10 Shengjing Hospital of China Medical University, 
Shenyang 110004, China. 11 The Children’s Hospital of Zhejiang University 
School of Medicine, Hangzhou 310005, China. 

Received: 20 April 2023   Accepted: 2 October 2023

References
 1. Cui J, Li F, Shi ZL. Origin and evolution of pathogenic coronaviruses. Nat 

Rev Microbiol. 2019;17(3):181–92.
 2. Geller C, Varbanov M, Duval RE. Human coronaviruses: insights into 

environmental resistance and its influence on the development of new 
antiseptic strategies. Viruses. 2012;4(11):3044–68.

 3. Su S, et al. Epidemiology, Genetic Recombination, and Pathogenesis of 
Coronaviruses. Trends Microbiol. 2016;24(6):490–502.

 4. Killerby ME, et al. Human coronavirus circulation in the United States 
2014–2017. J Clin Virol. 2018;101:52–6.

 5. Kolehmainen P, et al. Serological follow-up study indicates high seasonal 
coronavirus infection and reinfection rates in early childhood. Microbiol 
Spectr. 2022;10(3):e0196721.

 6. Li SW, Lin CW. Human coronaviruses: clinical features and phylogenetic 
analysis. Biomedicine (Taipei). 2013;3(1):43–50.

 7. Rajapakse N, Dixit D. Human and novel coronavirus infections in children: 
a review. Paediatr Int Child Health. 2021;41(1):36–55.

 8. Park S, et al. Global seasonality of human coronaviruses: a systematic 
review. Open Forum Infect Dis. 2020;7(11):ofaa443.

 9. Li JY, et al. The epidemic of 2019-novel-coronavirus (2019-nCoV) 
pneumonia and insights for emerging infectious diseases in the future. 
Microbes Infect. 2020;22(2):80–5.

 10. Habas K, et al. Resolution of coronavirus disease 2019 (COVID-19). Expert 
Rev Anti Infect Ther. 2020;18(12):1201–11.

 11. da Costa VG, Moreli ML, Saivish MV. The emergence of SARS, MERS 
and novel SARS-2 coronaviruses in the 21st century. Arch Virol. 
2020;165(7):1517–26.

 12. Quan C, et al. Immunopathogenesis of coronavirus-induced acute 
respiratory distress syndrome (ARDS): potential infection-associ-
ated hemophagocytic lymphohistiocytosis. Clin Microbiol Rev. 
2020;34(1):10–1128.

 13. Kesheh MM, et al. An overview on the seven pathogenic human corona-
viruses. Rev Med Virol. 2022;32(2):e2282.

 14. Kong D, et al. Epidemiological and co-infection characteristics of com-
mon human coronaviruses in Shanghai, 2015–2020: a retrospective 
observational study. Emerg Microbes Infect. 2021;10(1):1660–8.

 15. Gaunt ER, et al. Epidemiology and clinical presentations of the four 
human coronaviruses 229E, HKU1, NL63, and OC43 detected over 3 
years using a novel multiplex real-time PCR method. J Clin Microbiol. 
2010;48(8):2940–7.

 16. Jo KJ, et al. Epidemiology and clinical characteristics of human coronavi-
ruses-associated infections in children: a multi-center study. Front Pediatr. 
2022;10:877759.

 17. Madhi A, Ghalyanchilangeroudi A, Soleimani M. Evidence of human 
coroanvirus (229E), in patients with respiratory infection, Iran, 2015: the 
first report. Iran J Microbiol. 2016;8(5):316–20.

 18. Zeng ZQ, et al. Epidemiology and clinical characteristics of human coro-
naviruses OC43, 229E, NL63, and HKU1: a study of hospitalized children 
with acute respiratory tract infection in Guangzhou, China. Eur J Clin 
Microbiol Infect Dis. 2018;37(2):363–9.

 19. Chiu SS, et al. Human coronavirus NL63 infection and other coronavirus 
infections in children hospitalized with acute respiratory disease in Hong 
Kong, China. Clin Infect Dis. 2005;40(12):1721–9.

 20. Dijkman R, van der Hoek L. Human coronaviruses 229E and NL63: close 
yet still so far. J Formos Med Assoc. 2009;108(4):270–9.

 21. Friedman N, et al. Human coronavirus infections in Israel: epidemiol-
ogy, clinical symptoms and summer seasonality of HCoV-HKU1. Viruses. 
2018;10(10):515.

 22. Alamri KA, et al. Prevalence of human coronaviruses in children and 
phylogenetic analysis of HCoV-OC43 during 2016–2022 in Riyadh, Saudi 
Arabia. Viruses. 2022;14(12):2592.

 23. Zimmermann P, Curtis N. Coronavirus infections in children including 
COVID-19: an overview of the epidemiology, clinical features, diagno-
sis, treatment and prevention options in children. Pediatr Infect Dis J. 
2020;39(5):355–68.

 24. Sagar, M., et al., Recent endemic coronavirus infection is associated with 
less-severe COVID-19. J Clin Invest. 2021; 131(1).

 25. Killerby ME, et al. Human coronavirus circulation in the United States 
2014–2017. J Clin Virol. 2018;101:52–6.

 26. Dijkman R, et al. The dominance of human coronavirus OC43 and NL63 
infections in infants. J Clin Virol. 2012;53(2):135–9.

 27. Soonnarong R, et al. Molecular epidemiology and characterization of 
human coronavirus in Thailand, 2012–2013. Springerplus. 2016;5(1):1420.

 28. Gerna G, et al. Genetic variability of human coronavirus OC43-, 229E-, and 
NL63-like strains and their association with lower respiratory tract infec-
tions of hospitalized infants and immunocompromised patients. J Med 
Virol. 2006;78(7):938–49.

 29. Cawcutt K, Kalil AC. Pneumonia with bacterial and viral coinfection. Curr 
Opin Crit Care. 2017;23(5):385–90.



Page 13 of 13Han et al. Virology Journal          (2023) 20:229  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 30. Goulding J, et al. CD8 T cells use IFN-gamma to protect against 
the lethal effects of a respiratory poxvirus infection. J Immunol. 
2014;192(11):5415–25.

 31. Ren L, et al. Prevalence of human coronaviruses in adults with acute 
respiratory tract infections in Beijing, China. J Med Virol. 2011;83(2):291–7.

 32. Venter M, et al. Contribution of common and recently described respira-
tory viruses to annual hospitalizations in children in South Africa. J Med 
Virol. 2011;83(8):1458–68.

 33. Fischer N, et al. Monitoring of human coronaviruses in Belgian primary 
care and hospitals, 2015–2020: a surveillance study. Lancet Microbe. 
2021;2(3):e105–14.

 34. Chiu SS, et al. Human coronavirus NL63 infection and other coronavirus 
infections in children hospitalized with acute respiratory disease in Hong 
Kong, China. Clin Infect Dis. 2005;40(12):1721–9.

 35. Zhang Y, et al. Etiology and clinical characteristics of SARS-CoV-2 and 
other human coronaviruses among children in Zhejiang Province, China 
2017–2019. Virol J. 2021;18(1):89.

 36. Matoba Y, et al. Detection of the human coronavirus 229E, HKU1, NL63, 
and OC43 between 2010 and 2013 in Yamagata, Japan. Jpn J Infect Dis. 
2015;68(2):138–41.

 37. Zhu Y, et al. A multicenter study of viral aetiology of community-acquired 
pneumonia in hospitalized children in Chinese mainland. Virol Sin. 
2021;36(6):1543–53.

 38. Sui Y, et al. SARS-CoV-2 spike protein suppresses ACE2 and Type I inter-
feron expression in primary cells from macaque lung bronchoalveolar 
lavage. Front Immunol. 2021;12:658428.

 39. Brodin P. Immune determinants of COVID-19 disease presentation and 
severity. Nat Med. 2021;27(1):28–33.

 40. Shah MM, et al. Seasonality of common human coronaviruses, United 
States, 2014–2021(1). Emerg Infect Dis. 2022;28(10):1970–6.

 41. Vabret A, et al. Human (non-severe acute respiratory syndrome) corona-
virus infections in hospitalised children in France. J Paediatr Child Health. 
2008;44(4):176–81.

 42. Smuts H. Human coronavirus NL63 infections in infants hospitalised with 
acute respiratory tract infections in South Africa. Influenza Other Respir 
Viruses. 2008;2(4):135–8.

 43. Heimdal I, et al. Human coronavirus in hospitalized children with respira-
tory tract infections: a 9-year population-based study from Norway. J 
Infect Dis. 2019;219(8):1198–206.

 44. Baillie VL, et al. Epidemiology and seasonality of endemic human corona-
viruses in South African and Zambian children: a case-control pneumonia 
study. Viruses. 2021;13(8):1513.

 45. Lau SKP, et al. Coronavirus HKU1 and other coronavirus infections in Hong 
Kong. J Clin Microbiol. 2006;44(6):2063–71.

 46. Zhang SF, et al. Epidemiology characteristics of human coronaviruses 
in patients with respiratory infection symptoms and phylogenetic 
analysis of HCoV-OC43 during 2010–2015 in Guangzhou. PLOS ONE. 
2018;13(1):e0191789.

 47. Kim T, et al. Epidemiology and clinical features of common community 
human coronavirus disease. J Thorac Dis. 2021;13(4):2288–99.

 48. Jevsnik M, et al. Coronavirus infections in hospitalized pediatric patients 
with acute respiratory tract disease. BMC Infect Dis. 2012;12:365.

 49. Dominguez SR, Robinson CC, Holmes KV. Detection of four human 
coronaviruses in respiratory infections in children: a one-year study in 
Colorado. J Med Virol. 2009;81(9):1597–604.

 50. Mackay IM, et al. Co-circulation of four human coronaviruses (HCoVs) in 
Queensland children with acute respiratory tract illnesses in 2004. Viruses. 
2012;4(4):637–53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Multicenter analysis of epidemiological and clinical features of pediatric acute lower respiratory tract infections associated with common human coronaviruses in China, 2014–2019
	Abstract 
	Introduction
	Materials and methods
	Patient enrolment
	Specimens and clinical information collection
	Molecular detection
	Statistical analysis

	Results
	Detection of HCoVs among enrolled patients
	Sex and age distribution characteristics of HCoV-positive patients
	Regional distribution characteristics of HCoV-positive patients
	Seasonal distribution characteristics of HCoV-positive cases
	Codetection with other respiratory viruses
	Clinical presentations of HCoV-positive patients

	Discussion
	Conclusion
	Acknowledgements
	References


