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Background: This study aimed to assess the impact of the COVID-19 pandemic on the prevalence and clinical characteristics of
seasonal human coronavirus (HCoV) infections among children hospitalized in Hebei, China.

Methods: We examined nasopharyngeal aspirate (NPA) specimens for seasonal HCoVs from January 2018 to December 2021, at the
Children’s Hospital of Hebei Province. We used a GeXP-based multiplex reverse transcription PCR assay for the detection of 11
common respiratory viruses (including seasonal HCoVs), chlamydia, and Mycoplasma pneumoniae. The demographic and clinical
characteristics of children who tested positive for seasonal HCoVs were recorded and analyzed.

Results: A total of 377 (1.96%) of the 19,248 specimens from 2018 to 2019 and 263 (1.96%) of the 13,426 specimens from 2020 to
2021 exhibited seasonal HCoVs. Compared to 2018 and 2019, the positive rate of seasonal HCoVs was lower from January to July of
2020 and increased beginning in August 2020, peaking in the autumn and winter. In 20202021, nasal blockage and swollen adenoids
were detected more frequently in children who tested positive for seasonal HCoVs. During 2018-2019, however, the duration of fever
was significantly longer, and cough and dyspnea were more prominent among children who had fallen ill. In addition, seasonal HCoV-
positive patients in 2018-2019 were more likely to experience complications, had a higher risk of severe community-acquired
pneumonia (CAP), and had a tendency to require a longer hospital stay than patients in 2020-2021.

Conclusion: According to our findings, there were significant changes in the epidemiology of seasonal HCoVs in Hebei, China
during the COVID-19 pandemic, and children infected with seasonal HCoVs usually experienced milder clinical symptoms during the
pandemic than before it.
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Introduction
Human coronaviruses (HCoVs) are enclosed, single-stranded, positive-sense RNA viruses. There are currently seven
HCoVs, including SARS-CoV-2, MERS-CoV, SARS-CoV, and four seasonal HCoV species—NL63, 229E, OC43, and
HKU1. The four seasonal HCoVs are significant causes of respiratory illnesses and circulate worldwide. Approximately
one-third of all “common colds” are typically linked with relatively mild upper respiratory tract illnesses.' > In some
cases, however, acute respiratory failure might develop, particularly in immunosuppressed patients, children, and patients
with preexisting pulmonary diseases.*

In December 2019, the COVID-19 epidemic caused by SARS-CoV-2 first emerged in Hubei Province, China, and
subsequently swiftly spread throughout the world.>® To control the transmission of SARS-CoV-2, China implemented

numerous public health preventative measures, including the prohibition of social gatherings, the wearing of masks, and

Risk Management and Healthcare Policy 2023:16 1801-1807 1801
Received: 26 May 2023 © 2023 Thao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 19 August 2023
Published: 8 September 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Zhao et al Dove

vaccination. The public’s understanding of respiratory protection and health has also increased. Several studies conducted
in Hangzhou and Shanghai have demonstrated that the COVID-19 outbreak and these diverse efforts have had varying
effects on the incidence of common respiratory viruses.”® In Hebei, China, information regarding seasonal HCoV's
among children hospitalized during the COVID-19 pandemic is limited. In this study, we evaluated the influence of the
COVID-19 pandemic on the prevalence and clinical characteristics of seasonal HCoV infections among hospitalized
children with acute respiratory tract infection (ARTI) in Hebei, Northern China, between January 2018 and
December 2021.

Materials and Methods
Study Population

This retrospective analysis included children under the age of 14 years with suspected acute respiratory tract infections
(ARTI) who underwent detection of respiratory pathogens at the Children’s Hospital of Hebei Province between
January 2018 and December 2021. Children’s Hospital of Hebei Province is a tertiary, pediatric, specialist hospital,
which only accepts children aged 14 years and under. Children were diagnosed with ARTI if they had one or more
respiratory tract infection symptoms (fever, cough, nasal obstruction, sneezing) or lower respiratory infection symptoms
(tachypnea, dyspnea, or wheezing/rales upon auscultation). Patients with ARTI with radiographic evidence (consolida-
tion, other infiltrate, or pleural effusion) were diagnosed with community-acquired pneumonia (CAP). Patients with
severe CAP had one of the following clinical signs: hypoxemia [oxygen saturation < 92%, cyanosis, respiratory rate > 70
(infants) or 50 (older children) breaths/min, intermittent apnoea, clinical manifestations of chest wall inspiratory
depression or nasal flapping or moaning sounds]; central cyanosis; severe respiratory distress, anorexia or dehydration,
and consciousness disorders (lethargy, coma, convulsion).

The Institutional Review Board of the Children’s Hospital of Hebei Province approved this study. As data records and
clinical specimens were totally deidentified and anonymized, informed consent was waived.

Information Collection and Detection of Pathogens

Demographic and clinical data on seasonal HCoV-positive cases were collected from the database of the hospital. The
nasopharyngeal aspirate (NPA) specimens of the children were routinely analyzed using a GeXP-based multiplex reverse
transcription PCR assay for a range of targets, including influenza A (Flu A), influenza B (Flu B), influenza A HIN1
pdm09 (09H1), influenza H3N2 (H3), human parainfluenza virus (HPIV), respiratory syncytial virus (RSV), human
adenovirus (HAdV), human metapneumovirus (HMPV), rhinovirus (HRV), human bocavirus (HBoV), seasonal HCoVs
(including HKU1, NL63, 229E, and OC43), chlamydia (Ch) and Mycoplasma pneumoniae (MP).’ Bronchial alveolar
lavage fluids or pleural effusions were employed to identify any bacteria or fungi in HCoV-positive children during their
entire hospital admission.

Statistical Analysis

Statistical Product and Service Solutions (SPSS) 25.0 software was utilized for the data analysis. The median and
interquartile range were used to characterize quantitative data. Categorical variables were defined using frequency and
percentages before being tested using the chi-squared test and Fisher’s exact test, where appropriate. All tests were two-
tailed, and a P< 0.05 was regarded as statistically significant.

Results

Study Population

During the study period, a total of 32,674 children who were hospitalized were enrolled, including 9442 in 2018, 9806
in 2019, 6226 in 2020, and 7200 in 2021. Among these children, there were 19,656 males (60.16%) and 13,018
females (39.84%). The ages ranged from 1 month to 14 years. Among them, 2562 (78.54%) were under the age of 3
years old.
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Epidemiological Characteristics
Among the 32,674 children, 640 (1.96%) seasonal HCoV-positive cases were identified, with 377 (1.96%) cases from 2018
to 2019 and 263 (1.96%) cases from 2020 to 2021. The median age of children who were positive for seasonal HCoV was
older in 20202021 than in 20182019 (16 months vs 11 months, Z=-5.07, P<0.001, Table 1). There were no statistically
significant differences in the gender in the years 2018-2019 and 2020-2021 (> = 0.096, P = 0.757, Table 1).

We analyzed the seasonal distribution of seasonal HCoVs from 2018 through 2021. Seasonal HCoV infections
occurred throughout the year from 2018 to 2019, with a peak in the spring of 2018. (Figure 1). Seasonal HCoVs were

Table | Comparison of the Demographic and Clinical Characteristics of Children with Seasonal HCoV-
Positive During the COVID-19 Pandemic (2020-2021) with the Previous Year (2018-2019)

Characteristics 2018-2019 2020-2021 Statistic P-value
[N (%)] [N (%)] Value
HCoVs-positive 377 (1.96) 263 (1.96) o° 0.999
Co-detection® 205 (54.38) 157(59.70) 1.893° 0.169
Gender, male 219 (58.09) 156 (59.32) 0.096° 0.757
Age (years) 11(19)? 16(27) -5.07¢ <0.001
Clinical data
Fever 239(63.4) 178(67.68) 1.253° 0.263
Days of total fever 3(5)° 2(4)° —2.609° 0.009
Cough 353(93.63) 232(88.21) 5.79¢° 0.016
Runny nose 56(14.85) 55(20.91) 3.967° 0.046
Nasal obstruction 25(6.63) 33(12.55) 6.58° 0.010
Pharyngeal hyperemia 358(94.96) 248(94.30) 0.136° 0.713
Antiadoncus 24(6.37) 45(17.11) 18.593° <0.001
Wheezing 102(27.06) 60(22.81) 1.475° 0.225
Dyspnea 87(23.08) 32(12.17) 12.182° <0.001
Headache 2(0.53) 3(1.14) 0.165° 0.684
Abdominal pain 4(1.06) 4(1.52) 0.024° 0.878
Diarrhea 17(4.51) 7(2.66) 1.465° 0.226
Vomit 28(7.43) 16(6.08) 0.437° 0.509
Rash 15(3.98) 4(1.52) 3.247° 0.071
Complications
Pleural effusion 6(1.59) 7(2.66) 0.891° 0.345
Respiratory failure 11(2.92) 1(0.38) 4.131° 0.042
Cardiac failure 2(0.53) 1(0.38) o° |
Liver dysfunction 13(3.45) 12(4.56) 0.513° 0.474
Myocardial damage® 45(11.94) 18(6.84) 4.527° 0.033
Anemia 67(17.77) 44(16.73) 0.117° 0.732
Underlying conditions
Respiratory disease 64(16.98) 42(15.97) 0.114° 0.736
Neurological Disease 11(2.92) 5(1.90) 0.657° 0.418
Gastrointestinal Diseases 8(2.12) 5(1.90) 0.038° 0.845
Cardiovascular disease 23(6.10) 11(4.18) 1.133° 0.287
Others 7(1.86) 4(1.52) o° |
Disease severity parameters
Severe CAP 36(9.55) 12(4.56) 5.552° 0.018
PICU admission 34(9.02) 21(7.98) 0.211° 0.646
Noninvasive positive pressure ventilation 3(0.80) 1(0.38) 0.021° 0.883
Invasive mechanical ventilation 1(0.27) 1(0.38) o° |
Length of stay 7(4)° 6(3)° —3.435¢ 0.001

Notes: *Quantitative data were described by median with interquartile range. ®Pearson Chi-Square. “Kruskal-Wallis test. “Seasonal HCoVs
co-detection with other respiratory pathogens. *Myocardial damage refers to the elevation of myocardial enzymes to varying degrees.
Abbreviations: HCoVs, human coronaviruses; N, number; CAP, community-acquired pneumonia; PICU, pediatric intensive Care Unit.
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Figure | Monthly distribution of seasonal human coronaviruses compared before (Jan 2018-Dec 2019) and during (Jan 2020-Dec 2021) the COVID-19 pandemic.

identified throughout the year in 2020 and 2021. From January through July of 2020, the positive rate of seasonal HCoV's
was lower than that in 2018 and 2019. Subsequently, in August 2020, the positive rate grew, reaching a peak in autumn
and winter, which was higher than the same period in 2018 and 2019. The positive rates of seasonal HCoVs was lower in
2021 than in 2018 and 2019 throughout the entire year.

From 2018 to 2019, 205 (54.38%) of the 377 seasonal HCoV-positive cases were co-detected with other respiratory
pathogens. Of the 263 seasonal HCoV-positive cases from 2020 to 2021, 157 (59.70%) were co-detected with other
respiratory pathogens. There were no statistically significant differences in the co-detection rate between 2018-2019 and
202-2021 (* = 1.893, P = 0.169, Table 1).

Clinical Characteristics
Table 1 provides a summary of the differences in clinical data, complications, underlying conditions and disease severity
parameters between seasonal HCoV-positive cases in 2018-2019 and 2020-2020.

Fever, cough, and pharyngeal hyperemia were the most prevalent clinical manifestations of seasonal HCoV-positive
children. Headache, abdominal pain, and rashes were rare extra-respiratory symptoms. The most prevalent complication
in these children was anemia, followed by myocardial damage (myocardial enzymes increased in different degrees).
Compared to seasonal HCoV-positive children in 2018-2019, the duration of fever in seasonal HCoV-positive children in
2020-2021 was considerably shorter (Z = —2.609, P = 0.009). Cough (5* = 5.796, P =0.016) and dyspnea (;* = 12.182,
P <0.001) were more prevalent in seasonal HCoV-positive children in 2018-2019; however, nasal obstruction (){2 =6.85,
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P = 0.01) and swollen adenoids (y* = 18.593, P < 0.001) were more prevalent in seasonal HCoV-positive children in
2020-2021. In terms of complications, seasonal HCoV-positive children in 2018-2019 were more likely to develop
cardiac injury (y* = 4.527, P < 0.033) and respiratory failure (y* = 4.131, P = 0.042) than those in 2020-2021. When
comparing these two research periods, no significant differences in underlying circumstances were detected.

Among the seasonal HCoV-positive children in 2020-2021, 4.56% (12/263) had a diagnosis of severe CAP, which
was significantly lower than the 9.55% (36/377) in 2018-2019 (x> = 5.552, P = 0.018). Moreover, compared to seasonal
HCoV-positive children in 2018-2019, seasonal HCoV-positive children in 2020-2021 had a shorter hospitalization stay
(Z=-3.435, P =0.001). However, seasonal HCoV-positive children in 2020-2021 who required pediatric intensive care
unit (PICU) level treatment, noninvasive positive pressure ventilation, and invasive mechanical ventilation were
comparable to those in 2018-2019 (> = 0.211, 0.021 and 0, P = 0.646, 0.883 and 1).

Discussion

During the pandemic, a range of preventative and control actions against SARS-CoV-2 resulted in a drop in both the
number of requests for respiratory virus testing and the proportion of positive results.”*'° In this study, respiratory virus
testing requests decreased throughout the pandemic (2020-2021). However, no significant changes were observed in the
positive rates of seasonal HCoVs before and during the pandemic, which contradicts the findings of our earlier
research.”®!° We analyzed the monthly distribution of seasonal HCoVs during the COVID-19 pandemic to determine
the reasons for the discrepancy. The positive rates of seasonal HCoVs remained relatively low from January to
June 2020, when the most stringent epidemic prevention measures were implemented, indicating that wearing masks,
closing schools, frequent handwashing, and home quarantine were also effective at preventing the spread of seasonal
HCoVs. Upon the reopening of schools and kindergartens in Hebei in June 2020, subsequent to the efficient suppression
of the pandemic, a rapid increase in seasonal HCoVs was seen. A recent study found a similar rapid increase in the
prevalence of rhinoviruses following the reopening of schools.!! There are two possible explanations for the correlation
between seasonal increases in HCoVs and the reopening of schools. Initially, seasonal HCoV-protective immunity was
short-lasting.'*> Antibody levels that neutralize seasonal HCoVs often decrease after six months, and reinfections may
occur. After six months of home quarantine and social distancing during the epidemic, most of the protective immunity
of the children would decline, resulting in an increase in vulnerability to seasonal HCoVs. Second, maintaining strict
social distance at school and kindergarten was challenging for children. The positive rates of seasonal HCoVs declined
again from January 2021 and remained lower than that in 2018 and 2019 throughout the year. This could be explained by
the development of protective immunity in the second half of 2020 and the increase in public awareness of self-
protection.

The major impact of the COVID-19 pandemic on the clinical characteristics of seasonal HCoV infection in
hospitalized children in China was another significant finding of this study. First, we note that symptoms of upper
respiratory tract infection, including nasal obstruction and swollen adenoids, were reported more frequently among
seasonal HCoV-positive children in 2020-2021. During 2018-2019, however, the duration of fever was significantly
longer, and signs of lower respiratory tract infection, such as cough and dyspnea, were also more common among these
children. Second, in 2018-2019, seasonal HCoV-positive patients were more likely to have complications (myocardial
damage and respiratory failure) than the patients in 2020-2021. Third, seasonal HCoV-positive patients in 2018-2019
exhibited a greater incidence of severe CAP and tended to require longer hospitalizations than those in 2020-2021.
According to these findings, during the COVID-19 pandemic, seasonal HCoV-positive children typically had milder
clinical symptoms than they did prior to the pandemic.

Seasonal HCoVs are considered to be common cold viruses; nevertheless, they can also cause a more severe
respiratory disease in children, the elderly, and patients with underlying conditions.'® In this study, a comparable
distribution of underlying conditions was seen across seasonal HCoV-positive children in 2018-2019 and 2020-2021;
however, seasonal HCoV-positive children in 2020-2021 were older than those in 2018-2019. Consequently, we
hypothesize that age differences may be one of the causes for the milder clinical signs during the COVID-19 pandemic.
Immunity against one HCoV type may affect subsequent infection by another HCoV type.'* Recent studies found that

15-17

SARS-CoV-2 vaccination considerably improved the neutralizing activity against seasonal HCoVs, suggesting that
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SARS-CoV-2 vaccination may give some cross-protection against seasonal HCoVs. China began administering SARS-
CoV-2 vaccinations to children aged between 3 and 11 in June 2021, and the immunization rate for this age group
reached 50% by the end of 2021. Perhaps this strategy also affected the clinical manifestations of seasonal HCoV
infection.

There are several limitations to this study. First, this was a small-sample, single-center study that may not be
representative of the total Chinese pediatric population. Further studies using multi-center and large samples are required
to demonstrate the efficacy of our findings. Second, although we detected seasonal HCoVs from the respiratory samples
of patients, it is questionable if their clinical symptoms were caused by these seasonal HCoVs, hence introducing
an uncertainty bias to our results.

Conclusions

During the COVID-19 pandemic, significant changes in the epidemiology and clinical aspects of seasonal HCoV
infection in hospitalized children occurred in Hebei, China. In comparison to before the pandemic, the positive rate of
seasonal HCoVs rose sharply after August 2020, with peaks in autumn and winter, while the positive rate of seasonal
HCoVs decreased significantly during the other periods of the pandemic. In addition, seasonal HCoV-positive children
typically exhibited less severe clinical signs during the COVID-19 pandemic compared to before the outbreak.
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