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A B S T R A C T   

Introduction: Seasonal human coronavirus (HCoV)-229E, -NL63, -OC43, and -HKU1 are seasonal coronaviruses 
that cause colds in humans. However, the clinical characteristics of pediatric inpatients infected with HCoVs are 
unclear. This study aimed to compare and clarify the epidemiological and clinical features of HCoVs and res
piratory syncytial virus (RSV), which commonly causes severe respiratory infections in children. 
Methods: Nasopharyngeal swabs were collected from all pediatric inpatients with respiratory symptoms at two 
secondary medical institutions in Fukushima, Japan. Eighteen respiratory viruses, including RSV and four 
HCoVs, were detected via reverse transcription-polymerase chain reaction. 
Results: Of the 1757 specimens tested, viruses were detected in 1272 specimens (72.4%), with 789 single (44.9%) 
and 483 multiple virus detections (27.5%). RSV was detected in 639 patients (36.4%) with no difference in 
clinical characteristics between RSV-A and RSV-B. HCoV was detected in 84 patients (4.7%): OC43, NL63, HKU1, 
and 229E in 25 (1.4%), 26 (1.5%), 23 (1.3%), and 16 patients (0.9%), respectively. Patients with HCoV mon
oinfection (n = 35) had a significantly shorter period from onset to hospitalization (median [interquartile range] 
days, 2 [1–4.5] vs. 4 [2–5]), significantly shorter hospitalization stays (4 [3–5] vs. 5 [4–6]), and more cases of 
upper respiratory infections (37.1% vs. 3.9%) and croup (17.1% vs. 0.3%) but less cases of lower respiratory 
infection (54.3% vs. 94.8%) than patients with RSV monoinfection (n = 362). 
Conclusion: Seasonal HCoV-infected patients account for approximately 5% of children hospitalized for respi
ratory tract infections and have fewer lower respiratory infections and shorter hospital stays than RSV-infected 
patients.   

1. Introduction 

Seasonal human coronaviruses (HCoVs) are enveloped RNA viruses 
with the largest genomes [1] and are known to cause zoonotic infections 
[2]. There are seven main HCoVs types; HCoV-229E and HCoV-NL63 
belong to the genus alphacoronavirus, whereas HCoV-HKU1, HCo
V-OC43, the Middle East respiratory syndrome (MERS)-CoV, severe 

acute respiratory syndrome (SARS)-CoV-1, and SARS-CoV-2 belong to 
the genus betacoronavirus [3]. HCoV-229E, -NL63, -OC43, and -HKU1 
are seasonal coronaviruses that cause colds in humans [4,5]. Although 
seasonal HCoVs were first isolated and reported in the 1960s [6–8], their 
clinical features, virological features, and epidemic trends received little 
attention until MERS-CoV and SARS-CoV-1 epidemics. 

The seasonal HCoV epidemic in children peaks from winter to spring 
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[9], and most are infected by age 6 years [10]. Most respiratory tract 
infections with seasonal HCoV in children are mild. They are less 
important as causative viruses of hospitalization than respiratory syn
cytial virus (RSV), accounting for approximately 30% of cases of hos
pitalized children with respiratory tract infections [11]. However, 
pediatric immunosuppressed patients may develop severe lower respi
ratory tract inflammation due to seasonal HCoVs infection [12,13]. 
Nevertheless, the proportion and clinical characteristics of seasonal 
HCoV in pediatric inpatients are not well known. Moreover, seasonality 
may be very relevant to the SARS-CoV-2 epidemic in the future, when 
herd immunity is acquired through natural infection with SARS-CoV-2 
or vaccination [14–16]. Therefore, understanding the epidemiological 
and clinical features of SARS-CoV-2 and pre-pandemic seasonal HCoV is 
important. 

This study aimed to investigate the epidemic dynamics and clinical 
features of seasonal HCoV by identifying and comparing the RSV, which 
most commonly causes severe respiratory infections in children, and 
seasonal HCoV before the SARS-CoV-2 epidemic. 

2. Materials and methods 

2.1. Participants and sample collection 

This study included all children aged <15 years who had respiratory 
symptoms at admission or were hospitalized for respiratory tract in
fections. Specifically, nasopharyngeal swabs (UTM™, COPAM Di
agnostics Inc., Brescia, Italy) were collected from all pediatric inpatients 
with respiratory symptoms at two secondary medical facilities (Hospital 
A in Koriyama City and Hospital B in Fukushima City) in the Fukushima 
Prefecture between September 2017 and March 2020. Each of these 
medical institutions serves a city of about 300,000 people, with about 
300–400 children admitted annually for respiratory infections in each 
hospital. The nasopharyngeal swab was transferred to a storage medium 
and cryopreserved at − 80 ◦C until further analysis. Respiratory tract 
infections, including upper respiratory infection (URI), lower respira
tory infection (LRI), croup, and tympanitis, were comprehensively 
judged based on clinical symptoms such as pharyngeal findings, cough, 
rhinorrhea, wheezing, fever, and imaging findings in the lung field. 
Moreover, we collected the following data at admission from patient 
charts: age; sex; C-reactive protein (CRP), and white blood cell count 
(WBC) at admission; PICU admission; dates of respiratory symptom 
onset, admission, and discharge; and clinical symptoms, including fever, 
cough, rhinorrhea, and wheezing. 

The indications for admission were determined by experienced pe
diatric clinicians. The main reasons for admission included low oxygen 
saturation requiring oxygen support, poor oral intake, dehydration 
requiring fluids, a sick appearance, and bacterial infection requiring 
antimicrobial therapy. 

2.2. PCR analysis for detection of virus 

All swab specimens were tested for the following 18 types of respi
ratory viruses using a one- or two-step reverse transcription-polymerase 
chain reaction (RT-PCR) test: RSV-A and B; influenza virus (Flu) A, B, 
and C; HCoV -229E, -HKU1, -NL63, and -OC43; human meta
pneumovirus (hMPV); human parainfluenza virus (HPIV) -1, 2, 3, and 4; 
and human rhinovirus (HRV), and real-time PCR test: adenovirus (ADV) 
-2, 4; and human bocavirus (HBoV). Briefly, viral nucleic acids were 
extracted using one of the following kits: the QIAamp viral RNA mini kit 
(Qiagen, Hilden, Germany), QIAamp 96 Virus QIAcube HT kit, and 
Nucleospin 96 Virus kit (Macherey-Nagel, Düren, Germany). Moreover, 
AgPath-ID ™ One-Step RT-PCR (Thermo Fisher Scientific, Waltham, 
MA, USA) reagents were used for one-step RT-PCR. For two-step RT- 
PCR, cDNA was synthesized with random hexamer primers and Oligo 
(dT)12–18 Primer (Thermo Fisher Scientific) using SMART M-MLV 
Reverse Transcriptase (Takara Bio, Shiga, Japan). A two-step RT-PCR 

test was conducted using the LightCycler 480 Probes Master (Roche, 
Basel, Switzerland). HPIV -1, 2, 3, and 4, hMPV, HBoV, Flu C, HRV, and 
ADV -2 and 4 were detected using two-step PCR, and the remaining 
viruses were detected by one-step PCR. The setup of each primer, probe, 
and reaction conditions, based on previously described reports, is shown 
in Supplemental Table 1 [17–24]. 

2.3. Statistical analysis 

The chi-squared or Fisher’s exact test was used to compare cate
gorical variables such as age, sex, clinical symptoms, and diagnosis, 

Table 1 
Clinical features of children with respiratory infections or respiratory symptoms 
on admission during the study period (N = 1757).  

Characteristics Median/number IQR/% 

Age (months) 18 10–39 
<2 months 127 7.2 
2–5 months 170 9.7 
6–11 months 233 13.3 
12–23 months 506 28.8 
>24 months 719 40.9 

Sex (male) 1004 57.1 
Period from onset to hospitalization (day) 3 2–5 
Hospitalization period (day) 4 3–5 
Fever 1570 89.4 
Rhinorrhea 1189 67.7 
Cough 1530 87.1 
Wheezing 383 21.8 
WBC (/μL) 10100 7300–13800 
CRP (mg/dL) 1.3 0.5–3.3 
Intensive care in PICU 5 0.29 

Diagnosis   
Tympanitis 34 1.9 
URI 300 17.1 
Croup 32 1.8 
LRI 1359 77.3 

Virus detection 1272 72.4 
Single 789 44.9 
Double 372 21.2 
Triple 85 4.8 
Quadruple 21 1.2 
Quintuple 4 0.2 
Qextuple 1 0.06 

RSV-A 289 16.4 
RSV-B 350 19.9 
Flu A 60 3.4 
Flu B 25 1.4 
Flu C 9 0.5 
HCoV-HKU1 23 1.3 
HCoV-OC43 25 1.4 
HCoV-NL63 26 1.5 
HCoV-229E 16 0.9 
hMPV 160 9.1 
HPIV-1 33 1.9 
HPIV-2 12 0.7 
HPIV-3 104 5.9 
HPIV-4 27 1.5 
ADV-2 190 10.8 
ADV-4 79 4.5 
HBoV 236 13.4 
HRV 234 13.3 

Data are shown as median (IQR) or number (%). The denominator for each 
percentage calculation is 1757, which is the total number of patients included in 
this study. The number of patients in whom viruses were detected included those 
with single and multiple virus detections. 
IQR, interquartile range; WBC, white blood cell; CRP, C-reactive protein; PICU, 
pediatric intensive care unit; URI, upper respiratory infection; and LRI, lower 
respiratory infection; RSV, respiratory syncytial virus; Flu, influenza virus; 
HCoV, human coronavirus; hMPV, human metapneumovirus; human HPIV, 
parainfluenza virus; ADV, adenovirus; HBoV, human bocavirus; and HRV, 
human rhinovirus. 
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whereas the Mann–Whitney U test was used to compare continuous 
variables, including age, period from onset to hospitalization, hospital
ization period, WBC count, and CRP level. Moreover, the Kruskal–Wallis 
with Dunn’s test was used to compare three or more groups of contin
uous variables. Statistical analyses were performed using the IBM SPSS 
version 26.0 (IBM Inc. Armonk, NY, USA), and significance was set at p 
< 0.05. 

2.4. Ethics statement 

The survey complied with the Declaration of Helsinki and was 
approved by the ethics review board of Fukushima Medical University 
(No. 29006). Informed consent was obtained from the parents of each 
patient included in this study. 

3. Results 

3.1. Characteristics of study participants 

During the two-year and six-month periods between September 2017 
and March 2020, 1757 specimens were included in the study analysis. 
The median age of patients admitted to the two institutions was 18 
months (interquartile range [IQR], 10–39 months), and the proportion 
of male patients was 57.1%. Of the 1757 specimens targeted, viruses 
were identified in 1272 specimens (72.4%), with 789 single virus de
tections (44.9%) and 483 multiple virus detections (27.5%) (Table 1). 
RSV was the most detected pathogenic virus in hospitalized children, 
and single and multiple virus detection were identified in 639 specimens 
(639/1757, 36.3%). In contrast, single and multiple seasonal HCoV 
detections were observed in only 84 specimens (84/1757, 4.7%). There 
were five severe cases of admission to the PICU, namely three single 
virus detections (RSV, 2 cases; and hMPV, 1 case) and two multiple virus 
detections (RSV + HBoV, 2 cases). Thirty-two (32/1757, 1.8%) hospi
talized children developed croup, of whom 27 (27/32, 84.4%) were 
observed to have the virus, 15 (15/32, 46.9%) were detected to have a 
single virus, and 12 (12/32, 37.5%) were detected to have multiple vi
ruses (Table 2). 

There was no difference between the two hospitals with respect to 
the detection rate of RSV (304/819, 37.1% vs. 335/938, 35.7%) and 
seasonal HCoV (37/819, 4.5% vs. 47/938, 5.0%). The clinical differ
ences in single detection of RSV and seasonal HCoV between Hospitals A 
and B are shown in Supplemental Table 2 and Supplemental Table 3, 
respectively. For RSV, the length of hospital stay tended to be signifi
cantly longer in Hospital B than in Hospital A. However, there were no 
other clinically significant differences between Hospital A and Hospital 

Table 2 
Causative virus detected in children with croup (n = 32).  

Croup n (%) 

Single virus detection 15 (46.9) 
HCoV-NL63 6 (18.8) 
HPIV-1 3 (9.4) 
Flu B 2 (6.3) 
RSV-B 1 (3.2) 
HPIV-2 1 (3.2) 
HPIV-3 1 (3.2) 
HRV 1 (3.2) 

Multiple virus detection 12 (37.5) 
HPIV-1+HBoV 2 (6.3) 
RSV-A + HPIV-2 1 (3.2) 
RSV-B + HRV 1 (3.2) 
HCoV-NL63+HBoV 1 (3.2) 
hMPV + HBoV 1 (3.2) 
HPIV-2+ADV-2 1 (3.2) 
HPIV-3+ADV-2 1 (3.2) 
HPIV-3+ADV-4 1 (3.2) 
HPIV-3+HBoV + HRV 2 (6.3) 
RSV-A + HPIV-2+ADV-2 1 (3.2) 

Data are shown as number (%). The denominator for each 
percentage calculation is 1757, which is the total number of 
patients included in this study. 
RSV, respiratory syncytial virus; Flu, influenza virus; HCoV, 
human coronavirus; hMPV, human metapneumovirus; HPIV, 
human parainfluenza virus; ADV, adenovirus; HBoV, human 
bocavirus; and HRV, human rhinovirus. 

Fig. 1. Trends in the number of patients with RSV and those with HCoV per month during the two-year and six-month survey period. A: RAV A and B; and B: HCoV- 
HKU1, -OC43, -NL63 and 229E.RSV, respiratory syncytial virus; and HCoV, human coronavirus. 
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B for RSV and HCoV infections. Regarding RSV infection, the hospital
ized children were younger in Hospital B than in Hospital A, and this 
may have been a factor in the longer hospital stay. 

3.2. Epidemic status and clinical characteristics of RSV subgroup 

The epidemic characteristics of RSV subgroups A and B are shown in 
Fig. 1A. During the study period, RSV was detected all year-round, with 
an epidemic peak from summer to autumn. Of the 639 RSV specimens, 
RSV-A and RSV-B were detected in 289 (289/639, 45.2%) and 350 
(350/639, 54.7%) specimens, respectively. There was no clinically sig
nificant difference in any of the items (Table 3). 

3.3. Epidemic status and clinical characteristics of four seasonal HCoVs 

Fig. 1B shows the epidemic situation of HCoV-HKU1, -OC43, -NL63, 
and 229E. Of the 84 patients with seasonal HCoV, OC43, NL63, HKU1, 
and 229E were detected in 25 (29.8%), 26 (30.9%), 23 (27.3%), and 16 
patients (19.0%), respectively. In total, 35 patients (35/84, 41.7%) were 
detected to have a single HCoV, and the remaining 49 (58.3%) had 
multiple viruses. There were five multiple detections of seasonal HCoVs 
(the combinations were HCoV-OC43 and -HKU1 in two, -OC43 and 229E 
in one, 229E and NL63 in one, and -OC43, -HKU1, and -NL63 in one 
case). The virus most detected with HCoV was RSV (n = 21, 25.0%). 

None of the HCoV-infected patients required intensive care in the PICU. 
Notably, among the HCoV-infected individuals, only those with HCoV- 
NL63 had croup, accounting for 26.9% (7/26) of the NL63 infections 
(Table 4). 

3.4. Comparison of clinical features of RSV and seasonal HCoV 

To investigate the clinical features of less popular HCoVs, the spec
imens of patients with RSV monoinfection (n = 362), those with HCoV 
monoinfection (n = 35), and those with a co-infection of RSV and HCoV 
(n = 9), excluding other specimens with multiple viruses, were statis
tically compared. Patients with HCoV monoinfection had a significantly 
shorter period from onset to hospitalization (2 [1–4.5] days vs. 4 [1–4] 
days, P = 0.004) and a significantly shorter hospitalization period (4 
[2–4] days vs. 5 [3–5] days, P = 0.008) than patients with RSV mono
infection. Additionally, patients with HCoV monoinfection had a 
significantly higher incidence of URI (13/35, 37.1% vs. 14/362, 3.9%), 
tympanitis (2/35, 5.7% vs. 2/362, 0.6%), and croup (6/35, 16.1% vs. 1/ 
362, 0.3%), but a lower incidence of LRI (19/35, 54.3% vs. 343/362, 
94.8%), than patients with RSV monoinfection (Table 5). 

4. Discussion 

This study revealed that the detection rates of RSV and seasonal 
HCoV in hospitalized children with airway symptoms in two secondary 
medical institutions in Japan for the two-year and six-month survey 
periods were 36.4% and 4.7%, respectively. Moreover, patients with 
seasonal HCoV monoinfection had a significantly shorter period from 
onset to hospitalization and period of hospitalization and a significantly 
higher incidence of URIs, tympanitis, and croup, but a lower incidence 
of LRI, than those with RSV monoinfection. 

Although it depends on the virus detection methods, the virus 
detection rate by a PCR test in children hospitalized for respiratory tract 
infections was reported to be approximately 40–85% [25–28]. The RSV 
and seasonal HCoV detection rates in children hospitalized for respira
tory tract infections were between 10 and 40% [25,27–32] and 
2.5–9.0% [25,26,28–30,32–36], respectively. Furthermore, previous 
reports have shown that the co-detection rate of seasonal HCoV and 
other respiratory viruses was 35–80% [25,26,28–30,33–35,37], of 
which the co-detection rate with RSV and seasonal HCoV was 10–49% 
[25,26,28–30,33–35,37]. In this study, the co-detection rate between 
seasonal HCoV and other respiratory viruses was 58.3%, of which the 
co-detection rate with RSV was 25.0%. The detection rate of multiple 
viruses during airway infection is reportedly higher in children than in 
adults [38]. Regarding the clinical severity of the detection of multiple 
or single viruses, a previous meta-analysis reported no clinically sig
nificant difference between the detection of multiple viruses and the 
detection of a single virus [39]. On the contrary, the detection of a single 
virus showed a significantly higher frequency of radiographic findings of 
alveolar pneumonia than the detection of multiple viruses [40]. The 
clinical severity of multiple virus detection remains unclear [41]. 
Although the number of overlapping detections of RSV and seasonal 
HCoV was small, our results do show that there was little difference in 
clinical severity compared to single detections. 

Clinical differences have been reported among RSV subgroups. 
Several previous reports indicated that RSV-A infection is more severe 
than RSV-B infection [31,32]. In contrast, in children aged <6 months, 
RSV-B infection was associated with a significantly prolonged hospital 
stay and required respiratory support therapy [42]. There is no 
consensus on the differences in clinical symptoms and severity between 
subgroups [43]. Meanwhile, the BA genotype of RSV-B has been re
ported to cause more severe infections in patients than the ON1 geno
type of RSV-A [44,45]. During this research period, the predominant 
genotypes of RSV-A and RSV-B worldwide were reportedly BA9 and 
ON1, respectively [46–48]. Nevertheless, this study showed no differ
ence in severity, including the PICU admission rate and hospitalization 

Table 3 
Clinical features associated with different RSV subgroups (n = 639).  

Characteristics RSV-A (n = 289) RSV-B (n = 350)  

Median [IQR] 
/number (%) 

Median [IQR] 
/number (%)  

Age (months) 15 [5–29] 14 [5–26] 0.368 
<2 36 (12.5) 45 (12.9)  
2–5 39 (13.5) 46 (13.1)  
6–11 37 (12.8) 38 (16.6)  
12–23 81 (28.0) 100 (28.6)  
>24 96 (33.2) 101 (28.9)  

Sex (male) 144 (49.8) 204 (58.3) 0.074 
Period from onset to 

hospitalization (day) 
4 [2–5] 3 [2–5] 0.938 

Hospitalization period (day) 5 [4–6] 5 [4–6] 0.834 
Fever 250 (86.5) 304 (86.9) 0.997 
Rhinorrhea 222 (76.8) 251 (71.7) 0.092 
Cough 269 (93.1) 325 (92.9) 0.544 
Wheezing 78 (27.0) 95 (27.1) 0.960 
WBC (/μL) 9400 

[7100–12300] 
9600 
[7200–13125] 

0.312 

CRP (mg/dL) 1.1 [0.3–2.6] 1.1 [0.2–3.7] 0.831 
Admission of PICU 3 (1.0) 1 (0.3) 0.225 

Diagnosis    
Tympanitis 2 (0.7) 6 (1.7) 0.254 
URI 15 (5.2) 29 (8.3) 0.135 
Croup 2 (0.7) 2 (0.6) 0.838 
LRI 270 (93.4) 315 (90.0) 0.058 

Single virus detection 174 (60.2) 188 (53.7) 0.077 
Multiple virus detection 115 (39.8) 162 (46.3)  
Flu (A, B, C) 8 (2.8) 8 (2.3) 0.679 
HCoV (HKU1, OC43, 229E, and 

NL63) 
8 (2.8) 13 (3.7) 0.412 

hMPV 11 (3.8) 20 (5.7) 0.310 
HPIV (1, 2, 3, 4) 19 (6.6) 30 (8.6) 0.466 
ADV (2, 4) 32 (11.1) 52 (14.9) 0.148 
HBoV 40 (13.8) 53 (15.1) 0.550 
HRV 30 (10.4) 44 (12.6) 0.263 

Data are shown as median (IQR) or numbers (%). 
RSV, respiratory syncytial virus; IQR, interquartile range; WBC, white blood cell; 
CRP, C-reactive protein; PICU, pediatric intensive care unit; URI, upper respi
ratory infection; LRI, lower respiratory infection; Flu, influenza virus; HCoV, 
human coronavirus; hMPV, human metapneumovirus; HPIV, human para
influenza virus; ADV, adenovirus; HBoV, human bocavirus; and HRV, human 
rhinovirus. 
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Table 4 
Clinical features associated with four different HCoVs (n = 84).   

Total (n = 84) OC43 (n = 25) NL63 (n = 26) HKU1 (n = 23) 229E (n = 16) 

Median [IQR] 
/number (%) 

Median [IQR] 
/number (%) 

Median [IQR] 
/number (%) 

Median[IQR] 
/number (%) 

Median [IQR] 
/number (%) 

Age (Months) 16.5 [7.0–38.3] 12.0 [5.0–29.0] 16.5 [7.5–23.8] 34 [9.5–46.5] 18 [7.5–43.8] 
<2 months 8 (9.5) 3 (12.0) 1 (3.8) 3 (13.0) 3 (18.8) 
2–5 months 10 (11.9) 4 (16.0) 4 (15.4) 1 (4.3) 1 (6.3) 
6–11 months 11 (13.1) 5 (20.0) 4 (15.4) 2 (8.7) 1 (6.3) 
12–23 months 23 (27.4) 6 (24.0) 10 (38.5) 4 (17.4) 4 (25.0) 
>24 months 32 (38.1) 7 (28.0) 7 (26.9) 13 (56.5) 7 (43.8) 

Sex (male) 52 (61.9) 16 (64.0) 18 (69.2) 16 (69.6) 6 (37.5) 
Period from onset to hospitalization (day) 3 [1–5] 3 [1–4] 2.5 [1.3–4] 4 [1–5] 2 [2–4] 
Hospitalization period (day) 4 [4–5] 4 [4–5] 4 [3–5] 5 [4–6] 4.5 [4–6.3] 
Fever 74 (88.1) 18 (72.0) 24 (92.3) 21 (91.3) 14 (87.5) 
Rhinorrhea 53 (63.1) 20 (80.0) 11 (42.3) 18 (78.3) 9 (56.3) 
Cough 77 (91.7) 24 (96.0) 25 (92.3) 20 (87.0) 14 (87.5) 
Wheezing 23 (27.4) 4 (16.0) 8 (30.8) 7 (30.4) 5 (31.3) 
WBC (/μL) 10400 [7350–14275] 10400 [7800–12200] 8650 [7225–13675] 9100 [6700–15500] 11150 [8650–14375] 
CRP (mg/dL) 1.1 [0.3–2.6] 0.8 [0.3–1.7] 1.0 [0.5–2.5] 1.2 [0.3–2.2] 0.9 [0.4–2.9] 

Diagnosis      
Tympanitis 4 (4.8) 1 (4.0) 1 (3.8) 2 (8.7) 0 (0.0) 
URI 19 (22.6) 4 (16.0) 10 (38.5) 3 (13.0) 3 (18.8) 
Croup 7 (8.3) 0 (0.0) 7 (26.9) 0 (0.0) 0 (0.0) 
LRI 59 (70.2) 18 (72.0) 15 (57.7) 18 (78.3) 11 (68.8) 

Single virus detection 35 (41.7) 9 (36.0) 11 (42.3) 10 (43.5) 2 (12.5) 
Multiple virus detection 49 (58.3) 16 (64.0) 15 (57.7) 13 (56.6) 14 (87.5) 

RSV (A, B) 21 (25.0) 7 (28.0) 8 (30.8) 2 (8.7) 5 (31.3) 
Flu (A, B, C) 3 (3.6) 1 (4.0) 1 (3.8) 1 (4.3) 0 (0.0) 
HCoV (HKU1, OC43, 229E, NL63) 6 (7.1) 4 (16.0) 2 (7.7) 2 (8.7) 3 (18.8) 
hMPV 10 (20.4) 1 (4.0) 2 (7.7) 5 (21.7) 2 (12.5) 
HPIV (1, 2, 3, 4) 3 (6.1) 0 (0.0) 0 (0.0) 2 (8.7) 1 (6.3) 
ADV (2, 4) 11 (13.1) 4 (25.0) 4 (15.4) 1 (4.3) 1 (6.3) 
HboV 12 (14.3) 3 (12.0) 4 (15.4) 3 (13.0) 2 (12.5) 
HRV 10 (11.9) 2 (8.0) 2 (7.7) 3 (13.0) 3 (18.8) 

Data are shown as median (IQR) or numbers (%). 
IQR, interquartile range; WBC, white blood cell; CRP, C-reactive protein; PICU, pediatric intensive care unit; URI, upper respiratory infection; LRI, lower respiratory 
infection; RSV, respiratory syncytial virus; Flu, influenza virus; HCoV, hMPV, human metapneumovirus; HPIV, human parainfluenza virus; ADV, adenovirus; HBoV, 
human bocavirus; and HRV, human rhinovirus. 

Table 5 
Comparison of clinical characteristics among patients with RSV monoinfection, HCoV monoinfection, and RSV and HCoV co-infection.   

RSV (n = 362) HCoV (n = 35) RSV + HCoV (n = 9)     

Median [IQR]/number (%) Median [IQR]/number (%) Median [IQR]/number (%) PA PB PC PD 

Age (Months) 14.0 [3.3–25.0] 16.0 [8.0–40.0] 7.0 [1.0–20.0] 0.047 0.076 0.424 0.167 
<2 months 58 (16.0) 2 (5.7) 3 (33.3)     
2–5 months 56 (15.5) 5 (14.3) 2 (11.1)     
6–11 months 46 (12.7) 5 (14.3) 3 (22.2)     
12–23 months 105 (29.0) 9 (25.7) 2 (22.2)     
>24 months 98 (27.1) 14 (40.0) 1 (11.1)     

Sex (male) 188 (51.9) 25 (71.4) 6 (66.7) 0.067    
Period from onset to hospitalization (day) 4 [2–5] 2 [1–4.5] 3 [2–3] 0.003 0.004 0.540 1.0 
Hospitalization period (day) 5 [4–6] 4 [3–5] 5 [4–5] 0.007 0.008 0.897 1.0 
Fever 308 (85.1) 32 (91.4) 8 (88.9) 0.670    
Rhinorrhea 280 (77.3) 18 (51.4) 8 (88.9) 0.002    
Cough 344 (95.0) 32 (91.4) 9 (100) 0.510    
Wheezing 95 (26.2) 11 (31.4) 1 (11.1) 0.462    
WBC (/μL) 9600 [7200–12850] 11300 [7300–15300] 8900 [7100–10300] 0.207    
CRP (mg/dL) 1.0 [0.2–2.7] 1.2 [0.6–2.8] 0.2 [0.1–0.8] 0.138    
Admission of PICU 2 (0.6) 0 (0.0) 0 (0.0) 0.885    

Diagnosis        
Tympanitis 2 (0.6) 2 (5.7) 0 (0.0) 0.012    
URI 14 (3.9) 13 (37.1) 0 (0.0) <0.001    
Croup 1 (0.3) 6 (17.1) 0 (0.0) <0.001    
LRI 343 (94.8) 19 (54.3) 9 (100) <0.001    

PA: Kruskal–Wallis test or Chi-squared test, PB, PC, PD: Dunn’s multiple comparison tests. 
PB, RSV vs. HCoV; PC, RSV vs. RSV + HCoV PD, HCoV vs. RSV + HCoV. 
Data are shown as median (IQR) or number (%). 
IQR, interquartile range; WBC, white blood cell; CRP, C-reactive protein; PICU, pediatric intensive care unit; URI, upper respiratory infection; and LRI, lower res
piratory infection. 
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period, between RSV-A and RSV-B. 
The number of days from the onset of RSV to the peak of symptoms 

has been reported to be approximately 3–6 days [49,50]. The median 
time from onset to admission of patients with RSV monoinfection was 4 
days (IQR 2–5 days), indicating that the time from onset to hospitali
zation was almost the same as that from onset to peak. Meanwhile, the 
median time from onset to admission of patients with seasonal HCoV 
monoinfection was shorter than that of patients with RSV mono
infection. To the best of our knowledge, there is limited knowledge on 
the time from onset to the peak of the HCoV infection; this is the first 
study to report that the time from onset to the peak of HCoV infection 
may be shorter than that of RSV infection. 

PIV, HCoV, RSV, Flu, and hMPV are causative viruses of croup 
[51–53]. In the 32 children requiring hospitalization who developed 
croup during the study period, HCoV-NL63 was the most frequently 
detected causative virus (n = 7, 21.8%), and among patients infected 
with HCoV, only those with HCoV-NL63 developed croup. Although 
receptors in each HCoV associated with the establishment of infection 
are different [54], the receptor for HCoV-NL63 is ACE2, similar to 
SARS-CoV-2 [54], and ACE2 is also present in the epithelium of the 
larynx [55]. SARS-CoV-2 can also cause croup in children [56–58]; 
however, croup symptoms, including barking cough and stridor, are not 
the main symptoms of the SARS-CoV-2 infection in children. Therefore, 
whether the presence of ACE2 is strongly involved in the development of 
croup remains unclear. Further studies on children infected with 
SARS-CoV-2 are needed to verify our results. 

This study had a few limitations. Co-infection with bacteria, 
including Mycoplasma pneumoniae, was not considered. Co-infection 
with bacteria may affect the test values of CRP, WBC, and disease 
severity. It is also necessary to further investigate bacterial and viral 
infections. 

In conclusion, this study showed that the detection rates of RSV and 
seasonal HCoV in hospitalized children up to the time immediately 
before the SARS-CoV-2 epidemic were 36.4% and 4.7%, respectively. 
Patients with seasonal HCoV monoinfection had less LRI and a shorter 
period from onset to hospitalization and hospital stay than those with 
RSV monoinfection. We believe that seasonal HCoV trends before the 
epidemic of SARS-CoV-2 will be helpful in understanding symptoms if 
SARS-CoV-2 becomes common in children after the pandemic. 
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