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Precautions against COVID-19 reduce respiratory
virus infections among children in Southwest
China
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Abstract

Acute respiratory tract infections pose a serious threat to the health of children worldwide, with viral infections representing\a
major etiology of this type of disease. Protective measures such as mask-wearing, social distancing, and hand hygiene can be
effective in curbing the spread of severe acute respiratory syndrome coronavirus 2. These precautions may also have an impact
on the spread of other respiratory viruses. In this study, we retrospectively compared the respiratory virus infections of children in
Southwest China before and after the outbreak of COVID-19. Nasopharyngeal swabs were collected from 1578 patients under
14 years old with acute respiratory tract infection symptoms before and after COVID-19 pandemic. Nine common respiratory
viruses including human bocavirus, human rhinoviruses, human coronaviruses, human adenoviruses, human metapneumovirus,
respiratory syncytial virus, influenza A virus, influenza B virus, and parainfluenza virus were measured by advanced fragment
analysis. The respiratory virus infection rates among children of all ages and genders in Southwest China under the precautions
against COVID-19 pandemic were significantly lower than that of the same period before the pandemic. Our findings indicate that
public health measures implemented during the COVID-19 pandemic, including strict mask-wearing, social distancing, and hand
hygiene, may be effective in preventing the transmission of other respiratory viruses in children, thereby controlling the spread of
infections.

Abbreviations: AFA = advanced fragment analysis, ARTIl = acute respiratory tract infections, HAdV = human adenovirus,
HBoV = human bocavirus, HCoV = human coronavirus, HMPV = human metapneumovirus, HRV = human rhinovirus, PCR =

polymerase chain reaction, PIV = parainfluenza virus, RSV = respiratory syncytial virus.
Keywords: advanced fragment analysis, children, COVID-19, infection, public health, respiratory viruses

1. Introduction

Acute respiratory tract infections (ARTI) are divided into 2
categories, lower and upper respiratory tract infections, which
seriously threaten the health of children worldwide.!"?! Lower
respiratory tract infections cause more deaths than any other
infections in some countries, while upper respiratory tract infec-
tions usually lead to relatively mild symptoms but are wide-
spread and account for the majority of respiratory infections.>*
Although bacteria, fungi, and mycoplasmas can lead to ARTI,
viruses are the most common causative pathogens.> In recent
years, viruses that cause ARTI mainly include human bocavi-
rus (HBoV), human rhinoviruses (HRV), human coronaviruses
(HCoV), human adenoviruses (HAdV), human metapneumo-
virus (HMPV), respiratory syncytial virus (RSV), influenza
viruses, and parainfluenza virus (PIV). The accumulated data
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indicate that controlling the spread of respiratory viruses is
beneficial to the growth and development of children. Because
the immune and respiratory systems of infants and preschool-
ers are still immature, early-life respiratory infections may
have a direct effect on lung development and increase the risk
of asthma.”! Additionally, early identification of respiratory
viruses is also important. Due to the wide variation in treatment
options for different respiratory pathogens, inappropriate med-
ication may result in virus escape, mutation, and development
of drug resistance.” Therefore, interrupting the transmission of
respiratory viruses and early diagnosis of virus types with rapid
molecular test platforms will be crucial in reducing unnecessary
use of antibiotics and length of hospital stay, which can help
ensure the health of children.['®!"]

Over the last few decades, routine clinical laboratory test-
ing for respiratory viruses has largely been conducted using
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immunofluorescence assays for the detection of antigen or anti-
body. Given the poor sensitivity and labor-intensity involved,
these methods have been gradually replaced by nucleic acid
amplification tests.'”?) Molecular assays have improved the
detection rate of respiratory infections and also shorten the
detection time dramatically."® With the rapid development
of molecular techniques, multiplex polymerase chain reaction
(PCR) has been increasingly used for the diagnosis of infec-
tious diseases in recent years, due to its high efficiency.l'*!’!
The advanced fragment analysis (AFA) method perfectly com-
bines multiple PCR amplification and capillary electrophore-
sis, allowing it possible to detect dozens of pathogenic genes
simultaneously in a single analysis.!"! In view of these advan-
tages, AFA was utilized in this study to simultaneously detect
9 common respiratory viruses from nasopharyngeal swabs of
children.

The public health guidance for COVID-19 compiled by the
Chinese Center for Disease Control and Prevention (briefly
as China CDC) were published at the end of January 2020.
Guidelines state that the public should wear surgical masks or
N95 masks in public places, maintain hand hygiene, and keep
distance from others (at least 1 m). Gatherings were prohib-
ited or restricted. The effectiveness of China’s protective mea-
sures against the spread of severe acute respiratory syndrome
coronavirus 2 was clearly evident. By the end of March, China
had successfully controlled the epidemic.l'” In this study, we ret-
rospectively compared the situation of respiratory virus infec-
tions among children in Southwest China before and after the
COVID-19 pandemic, and analyzed whether the public health
protection measures adopted by the Chinese government can
effectively control the transmission of various respiratory
viruses among children.

2. Materials and Methods

2.1. Participants

A total of 1578 children who visited the West China Second
University Hospital were included in this study, including 784
children from January to June 2019 (Before COVID-19) and
794 children from January to June 2020 (After COVID-19).
They were all under 14 years old and showed signs of ARTI,
such as fever, sore throat, cough, sneezing, runny nose, and nasal
congestion. Clinically collected nasopharyngeal swabs were
stored at 4°C with viral storage solution and tested within 24
hours. Severe acute respiratory syndrome coronavirus 2 nucleic
acid test for patients with fever or respiratory symptoms was
required since January 2020 in our hospital, and all included
children were negative. The study was conducted under the
supervision of the Ethics Committee of West China Second
University Hospital.

2.2. Advanced fragment analysis

In this study, the AFA method was used to detect 9 respira-
tory viruses commonly found in the upper respiratory tract of
children, including HBoV, HRV, HCoV, HAdV, HMPV, RSV,
influenza A virus, influenza B virus, and PIV. In brief, the mul-
tiplex PCR amplification experiment was carried out on Veriti
thermal cycler platform using the multiplex PCR commercial
kit (Health Gene Technologies, Ningbo, China). Subsequently,
capillary electrophoresis was performed on a Dx3500 Series
Genetic Analyzer (Life Technologies, Carlsbad, CA). The frag-
ments were then analyzed by GeneMapper™ software (Applied
Biosystems, Foster City, CA) and the cutoff value was set to
500. Besides the detection of specific viral nucleic acids, human
DNA/RNA and reference genes were also tested to ensure that
the entire process of sampling, extraction, and amplification
was in control.
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2.3. Statistical analysis

Infection rates were compared using the chi-squared test. All
statistical analyses were performed using SPSS 19.0 (IBM,
Armonk, NY). A P value of <.05 was considered to be statisti-
cally significant.

3. Results

3.1. The incidence of respiratory virus infections in children
before and after the outbreak of COVID-19

The characteristics of the children enrolled in this study
are summarized in Table 1. As we can see in Figure 1A, the
positive rate of respiratory virus infections was 63.90%
(501/784) from January to June in the year before the
COVID-19 outbreak, and 34.51% (274/794) in the same
period after the pandemic. In addition, the prevalence of
multiple respiratory virus in children was higher with a per-
centage of 13.27% (104/784) before COVID-19, while the
multiple infection rate in children after the onset of COVID-
19 was only 4.41% (35/794). The above data indicated that
after the outbreak of COVID-19, the rate of respiratory virus
infections and the rate of multiple respiratory virus infec-
tions in children in Southwest China decreased significantly
(P <.001). Notably, the proportion of symptomatic patients
who were undiagnosed in the 2 study periods was 36.10%
and 65.49%, respectively. This may be due to the limited
variety of pathogens detected by AFA. In terms of monthly
infection data, the rate of respiratory virus infection in chil-
dren was lower in each month from January to June after
the outbreak than in the corresponding period before the
outbreak (Fig. 1B). This phenomenon may be closely related
to implementation of the national policies on mask-wearing,
social distancing, and practicing good hand hygiene during
the COVID-19 pandemic.

3.2. The characteristics of respiratory virus infections in
children before and after the outbreak of COVID-19

Among the types of respiratory virus infections in children, HRV
was the most common virus detected in nasopharyngeal swab
samples before and after the COVID-19 outbreak. The infection
rates of HBoV and HAdV, 2 DNA viruses, have decreased sig-
nificantly since the COVID-19 outbreak (P < .05). Among RNA
viruses, only influenza A virus, HCoV, influenza B virus, PIV, and
HRV showed a significant decline after the pandemic (P <.05)
(Fig. 2A). For the gender analysis in Figure 2B, the data showed
higher positive rates of respiratory virus infections in boys than
in girls both before and after the pandemic, suggesting that boys
are more susceptible to respiratory virus infections. The results

Characteristics of included children.

COVID-19 outhreak

Characteristics Before After
Sex, n (%)
Male 432 (55.10%) 481 (60.58%)
Female 352 (44.90%) 313 (39.42%)
Age group (year), n (%)
<1 387 (49.36%) 298 (37.53%)
>110<3 167 (21.30%) 157 (19.77%)
>3 t0 <6 108 (13.78%) 123 (15.49%)
>6to <14 122 (15.56%) 216 (27.20%)
Ethnicity (Han Chinese), n (%) 784 (100%) 794 (100%)

The characteristics of children aged 0 to 14 years with respiratory tract infection symptoms in the
first half of 2019 and 2020 (corresponding to Before and After in the table, respectively).
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Figure 1. Precautions for COVID-19 may effectively reduce respiratory virus infections in children. (A) The total respiratory virus infection rate was 63.90%
(501/784) before COVID-19 outbreak, and 34.51% (274/794) after COVID-19 outbreak. For multiple viral infections, which were 13.27% (104/784) before
COVID-19 outbreak, and then fell to 4.41% (35/794) after COVID-19 outbreak. (B) Compared to the same period before the COVID-19 outbreak, the infection
rate decreased in each month from January to June after the outbreak, and the difference was statistically significant from February to May. These results
indicated significant decline in respiratory virus infection rates as well as the prevalence of multiple viral infections among children in Southwest China after the
outbreak of COVID-19.
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Figure 2. Characteristics of respiratory virus infections in children before and after COVID-19 outbreak. (A) HBoV, HAdV, Flu A, HCoV, Flu B, PIV, and HRV
infection rates were significantly lower after the COVID-19 outbreak. (B) Respiratory viral infections in both boys and girls decreased significantly since the
COVID-19 outbreak. For male participants, the total viral detection rate was higher than that of girls. (C) There was a significant decline in respiratory virus
infection rates in all age groups of children since the outbreak of COVID-19. These results indicated that under the strict public health measures for COVID-19
prevention and control, the infection rates of both DNA and RNA viruses decreased, and the prevalence rates of children of different genders and ages also
decreased significantly. Flu A = influenza A virus, Flu B = influenza B virus, HAdV = human adenovirus, HBoV = human bocavirus, HRV = human rhinovirus, PIV
= parainfluenza virus.

may be linked to boys” more outdoor activity. In detail, the pos-
itive rate of respiratory virus infections in boys before and after
COVID-19 was 68.29% (295/432) and 37.42% (180/481),
respectively. With regard to girls, the detection rate was 58.52%
(206/352) and 30.03% (94/313), respectively. According to the

effectively reduce the transmission of other respiratory virus
infections among children in Southwest China.

4. Discussion

age analysis in Figure 2C, the positive rates of virus in the 4 age
groups of 0 tol, 1 to 3, 3 to 6, and 6 to 14 years old after the
outbreak of COVID-19 decreased compared to that before the
outbreak of the pandemic. Both before and after the onset of
COVID-19, the rates of respiratory virus infection children aged
6 to 14 years old were significantly lower than that in younger
age groups. These results indicated that under the strict pub-
lic health measures of COVID-19, the infection rates of both
DNA and RNA viruses have decreased, and the prevalence rates
of children of different genders and ages have also decreased
significantly. Therefore, the precautions against COVID-19 may

Respiratory diseases associated with viral infections pose a
major threat to human health, with pediatric respiratory infec-
tions placing a huge burden on health care infrastructure.'®!
Studies have shown that children are the main victims of respira-
tory infections, so particular attention is needed.!"*?° Although
the clinical characteristics of respiratory virus infections vary
around the world, the routes of transmission remain consistent,
primarily through droplets but also through direct or indirect
contact. This study compared the prevalence of respiratory
virus infections among children in Southwest China before and
after the outbreak of COVID-19, aiming to analyze whether the
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public health protection measures adopted by the Chinese gov-
ernment can effectively control the spread of various respiratory
viruses among children.

It is worth mentioning that this study was conducted in
the context of the COVID-19 in China. At the start of the
COVID-19 outbreak in January 2020, the Chinese govern-
ment instructed all citizens to strictly wear masks, main-
tain social distancing, and practice instant hand hygiene.
Entrances to scenic spots, schools, hospitals, markets, and
other public places have been equipped with special person-
nel for supervision and inspection. Disinfectants are pro-
vided free of charge in all public places to ensure timely hand
hygiene is available to all. In Southwest China, where our
research institute is located, the government controlled large
gatherings of more than 50 people and urged people to can-
cel unnecessary daily gatherings. Our findings indicated that
the incidence of respiratory virus infections was significantly
reduced in children of all genders and ages following gov-
ernment public health measures. These measures reduce the
spread of the viruses from person to person through droplets,
as well as direct or indirect contact. A study conducted by Ma
et al suggested that mask-wearing and instant hand hygiene
can slow the exponential spread of avian influenza virus.!?!!
According to Chiu et al, when the physical distance between
people is greater than 1 m, the possibility of virus trans-
mission is low, and this possibility decreases with increasing
distance.l?”) Our results are consistent with these findings.
Notably, in Figure 1B, there was no significant decrease in
the rate of respiratory virus infections in January and June
after the outbreak of COVID-19. We speculate that the rea-
son for this phenomenon is that January was the beginning
of the COVID-19 outbreak and people gradually adapted to
a series of precautions. And in June, when COVID-19 was
well contained in China, less stringent precautions might
have been taken. As shown in Figure 2A, the infection rates
for 7 common seasonal respiratory viruses declined signifi-
cantly after the COVID-19 outbreak. However, HMPV and
RSV infection rates did not decrease significantly after the
outbreak. Further analysis revealed that HMPV and RSV
infections were concentrated in January and February after
the outbreak of COVID-19, while no positive samples for
either virus were found in March to June. It is worth men-
tioning that before the outbreak, HMPV and HRV positive
samples were found every month. Therefore, COVID-19 pre-
ventive measures also have a role in blocking HMPV and
HRYV transmission. Our data are similar to accumulated data
showing that infants and young children under 6 years of
age are more susceptible to respiratory viruses than children
between 6 and 14 years of age, mainly due to physiologi-
cal differences in the respiratory tract and immaturity of the
immune system.>? In terms of gender, our study found that
boys were more likely to be infected with respiratory viruses,
which is consistent with previous reports.?+2’]

The study still has some limitations. Firstly, at present there
is no consensus for single and multiple viral infections. Some
studies suggest that multiple viral infections are closely related
to high hospitalization rate and clinical disease severity.?%2"!
Other studies found no significant differences in clinical severity,
outcome, and patient management between single and multiple
viral infections.!'3?%2%1 Therefore, whether concurrent multiple
viral infections are related to the severity of disease needs further
study. Secondly, the population immunization against COVID-
19 vaccine was introduced in 2021. Therefore, the effect of
vaccination was not included in this study. However, we will
consider the role of the vaccine in future studies. Finally, some
studies suggest that boys have a higher risk of primary infec-
tions leading to hospitalization and a higher mortality rate than
girls.’-321 Further studies are necessary to fully elucidate the
mechanisms of gender differences in respiratory virus infections.
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In conclusion, the positive detection rate of respiratory virus
in children has decreased significantly since the outbreak of
COVID-19. This achievement may be attributed to the imple-
mentation of national policies on mask-wearing, social distanc-
ing, and good hand hygiene during the COVID-19 pandemic.
In the context of the COVID-19 pandemic and the absence
of vaccine during the study periods, our findings suggest that
preventive measures to block the route of transmission of the
respiratory viruses are effective. This research may have some
guiding significance for the prevention and control of other pos-
sible pathogen pandemics in the future.
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