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Abstract

Adenovirus, respiratory syncytial virus, and influenza virus are common causes of respiratory infections. The COVID-19
pandemic had a significant impact on their prevalence. The aim of this study was to analyze the epidemic changes of com-
mon respiratory viruses in the Affiliated Hospital of Hangzhou Normal University in Hangzhou, China, from October of
2017 to February of 2021. We collected statistics from 121,529 patients in the outpatient and inpatient departments of the
hospital who had throat or nose swabs collected for testing for four virus antigens by the colloidal gold method. Of these,
13,200 (10.86%) were positive for influenza A virus, 8,402 (6.91%) were positive for influenza B virus, 6,056 (4.98%) were
positive for adenovirus, and 4,739 (3.90%) were positive for respiratory syncytial virus. The positivity rates of the influenza
A virus (0-14 years old, P = 0.376; over 14 years old, P = 0.197) and respiratory syncytial virus (0-14 years old, P = 0.763;
over 14 years old, P = 0.465) did not differ significantly by gender. After January of 2020, influenza virus infection decreased
significantly. The positivity rate of respiratory syncytial virus remained high, and its epidemic season was similar to before.
Strict respiratory protection and regulation of crowd activities have a great impact on the epidemic characteristics of viruses.
After major changes in the public health environment, virus epidemics and their mutations should be monitored closely,
extensively, and continuously.

Introduction

Adenovirus (ADV), respiratory syncytial virus (RSV),
influenza A virus (IFVA), and influenza B virus (IFVB) are
important causes of respiratory infections. These viruses
cause fever, cough, and headache as well as impaired liver,
kidney, and heart function, and severe infections can lead to
pneumonia, sepsis, and even death. They also can be associ-
ated with asthma [1, 2]. IFVA and IFVB epidemics cause
a large number of deaths and major economic losses each
year [3]. ADV causes respiratory tract infections, cystitis,
hepatitis, and digestive tract infections [4]. RSV is the most
common pathogen causing respiratory infection in infants
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and is also one of the most important pathogens causing
respiratory infections in adults [5, 6].

The COVID-19 epidemic has had an enormous impact
on health internationally since 2019. The prevalence of
common respiratory viruses may have changed since this
pandemic began. In this study, we investigated the preva-
lence of common respiratory viruses in Hangzhou, China,
since October of 2017 and determined the positivity rate
of these viruses in different age groups and seasons. This
will provide a scientific basis for the subsequent diagnosis,
treatment, and prevention of infections with these viruses.

Methods

This is a retrospective analysis of clinical statistics about
patients who visited the outpatient and inpatient depart-
ments of the Affiliated Hospital of Hangzhou Normal Uni-
versity from October 1, 2017, to February 28, 2021. Not all
of these patients had respiratory symptoms. Throat or nose
swabs were collected, and one sample was analysed simul-
taneously for four virus antigens, including IFVA, IFVB,
RSV, and ADV. Samples that lacked all required information
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were excluded. The data include basic information, such as
demographics, period of biological sample collection, test-
ing results, and dates. The subjects were divided into six
age groups: 0-2 years old, 3-6 years old, 7-14 years old,
15-34 years old, 35-59 years old, and over 59 years old.
Written informed consent was waived due to the retrospec-
tive nature of the study. The study plan was approved by the
Scientific Ethics Committee of the Clinical Medical College
of Hangzhou Normal University.

The IFVA and IFVB antigens were detected using an
Influenza A & Influenza B Nucleoprotein Antigen Test
Kit (colloidal gold method, KaiBiLi), ADV antigen was
detected using an Adenovirus Antigen Test Kit (colloidal
gold method, KaiBiL.), and RSV antigen was detected using
a Respiratory Syncytial Virus Antigen Test Kit (colloidal
gold method, KaiBiL). The test kits were produced by Hang-
zhou Genesis Biodetection & Biocontrol Ltd, China (http://
www.hgb.com.cn/En/about.html). Samples obtained from
the throat or nose swabs were immediately prepared for
analysis. Samples were stored at 2 °C to 8 °C for up to eight
hours if they were not analyzed immediately.

We analyzed the monthly sample number, age, gender,
and testing date. The data were reported as the number of
cases and the positivity rate (%). We used the chi-square
test and Fisher’s exact test to conduct statistical analysis
using SPSS 23.0 statistical software. P < 0.05 was consid-
ered statistically significant, and the calibrated test level
for pairwise comparison between groups was P’ = 0.05/[K
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(K — 1)/2], where K represents the number of independent
samples for pairwise comparison between multiple groups.

Results

We collected information on a total of 121,529 patients,
ranging in age from 20 h to 102 years old. Of these,
81,406 patients were 0-14 years old, and 40,123 were
over 14 years old. In all, 31,253 patients were positive
for only one virus, 1,811 were positive for two viruses,
388 were positive for three viruses, 25 were positive
for four viruses, and 88,052 were negative for all of the
viruses tested. Among all samples, 13,200 (10.86%)
were positive for IFVA, 8,402 (6.91%) were positive for
IFVB, 6,056 (4.98%) were positive for ADV, and 4,739
(3.90%) were positive for RSV. The mixed infection rate
(coinfection with more than one virus) was the highest
for ADV, and the highest coinfection rates were observed
with ADV+FLU and ADV+RSV mixed infection (Fig. 1),
which is consistent with a previous study [7]. The positiv-
ity rate of each virus in patients under 15 years of age was
higher than those in patients over 14 years of age (Fig. 1,
Table 1). The positivity rate of mixed infection in the 0-
to 14-year-old age group was higher than in those over 14
years old (Fig. 1).
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Fig. 1 Virus positivity rates in the group aged 0-14 years old and in the group aged above 14 years old. IFVA, influenza A virus; IFVB, influ-

enza B virus; ADV, adenovirus; RSV, respiratory syncytial virus
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Tab!g 1. Comparison of virus Male Female X2 P_value
positivity rates between males
and females (positive cases/ IFVA 0-14y 6823/43736 (15.60) 5962/37670 (15.83) 0.784 0.376
number of samples [%1) Sl4y 1379/17221 (8.01) 1754122902 (7.66) 1.663 0.197
IFVB 0-14y 3930/43736 (8.99) 3301/37670 (8.76) 1.241 0.265
>14y 728/17221 (4.23) 935/22902 (4.08) 0.519 0.471
ADV 0-14y 3622/43736 (8.28) 2481/37670 (6.59) 83.881 0.000
>14y 215/17221 (1.25) 251/22902 (1.10) 1.991 0.158
RSV 0-14y 2583/43736 (5.91) 2206/37670 (5.86) 0.091 0.763
>14y 51/17221 (0.30) 59/22902 (0.26) 0.534 0.465

IFVA, influenza A virus; IFVB, influenza B virus; RSV, respiratory syncytial virus; ADV, adenovirus

Differences in age

Pairwise comparison of the virus positivity rate in dif-
ferent age groups (Table 2) showed that the majority of
IFVA-infected patients were 3-6 years old or 7-14 years
old, and there was no statistical difference between these
two groups. The IFVA positivity rate of the 0- to 2-year-
old group ranked second, and the IFVA positivity rate
in those above 14 years old was lower than that in those
below 14 years old. IFVB infection was most common in
the 7- to 14-year-old group, followed by the 3- to 6-year-
old group, and a pairwise comparison between the two
groups showed statistical differences. The positivity rate of
ADV in those aged 3-6 years old was highest, while the 7-
to 14-year-old group ranked second, and the O- to 2-year-
old group ranked third (Table 2). There was no significant
difference in the ADV positivity rate between those aged
35-59 years old and those over 60 years old, which had
the lowest rates. The positivity rate of RSV in the 0- to
2-year-old group was significantly higher than that in
other age groups. The positivity rate of RSV in the 3- to
6-year-old group was the second highest. There was no
significant difference in RSV infection rates among those
aged 15-34 years old, 35-59 years old, and over 59 years

old. For the same age group, the positivity rates of IFVA
and RSV in the 0- to 2-year-old group were higher than
those for IFVB and ADV. In the 3- to 6-year-old group,
the most common virus was IFVA, followed by ADV and
IFVB, and the RSV positivity rate was relatively low. In
the 7- to 14-year-old group, IFVA and IFVB were the most
common viruses, ADV ranked second, and RSV infection
was rare. For people over 14 years of age, IFVA and IFVB
were the most common infections, and the ADV and RSV
infection rates were very low (Table 1).

Difference in seasonality

We analyzed the monthly positivity rates of IFVA, IFVB,
ADYV, and RSV from October 1, 2017, to February 28, 2021.
On the abaxial axis, x = — 2 refers to October of 2017,
x = — 1 refers to November of 2017, x = 0 refers to Decem-
ber of 2017, and x = 1 refers to January of 2018. We plotted
the fluctuation curve of the monthly positivity rate (Fig. 2).
In 2018 and 2019, peaks of IFVA infections appeared in
February. In 2020, the peak of IFVA infection appeared in
December. There was no significant peak of IFVA infec-
tion from December of 2020 to February of 2021 (Fig. 2).
The positivity rate of IFVA in the O- to 14-year-old group

Table 2 Results for each virus

- Cases*! IFVA (%)*? IFVB (%) ADV (%) RSV (%)

by age group (positive cases

[rate%]) 0-2y 23,264 2811 (12.08) 1089 (4.68) 1112 (4.78) 2618 (11.25)
3-6y 30,810 5200 (16.88) 2861 (9.29) 3227 (10.47) 1582 (5.13)
7-14y 27,332 4784 (17.50) 3270 (11.96) 1762 (6.45) 430 (1.57)
15-34y 21,401 1646 (7.69) 1136 (5.31) 349 (1.63) 62 (0.29)
35-59y 12,509 997 (7.97) 418 (3.34) 92 (0.74) 23 (0.18)
>59y 6213 400 (6.44) 119 (1.92) 25 (0.40) 25 (0.40)
X2 . 1962.348 1970.835 3058.611 5284.138
P-value . 0.000 0.000 0.000 0.000

IFVA, influenza A virus; IFVB, influenza B virus; RSV, respiratory syncytial virus; ADV, adenovirus; *!,
Cases detected in each age group; *2, number of positive cases and the positivity rate of the corresponding

virus in each age group
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Fig.2 Monthly positivity rate
curves of four viruses from

October 2017 to February 2021.

IFVA, influenza A virus; IFVB,
influenza B virus, RSV, res-
piratory syncytial virus; ADV,
adenovirus
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was higher than that in those over 14 years of age in four
periods: 2017.12.01-2018.02.28, 2018.12.01-2019.02.28,
2019.12.01-2020.02.29, and 2020.12.01-2021.02.28.
The positivity rate of IFVA between December of 2020
and February of 2021 decreased significantly compared
with the same period in previous years, regardless of age
(Table 3). Peaks of IFVB infection appeared in December
of 2017, January of 2018, and January of 2020, but in 2019,
it appeared in April. There was no peak of IFVB infection
from December of 2020 to February of 2021 (Fig. 2). In the
0- to 14-year-old group, there was no statistically significant
difference in the ADV positivity rates between June—August
2018 and June—August 2019. The ADV positivity rates in
these two periods were higher than that in 2020 (Fig. 2,
Table 4).

The positivity rate of ADV after January of 2020 was
lower than in the previous two years. The peak of RSV
infection in the 0- to 14-year-old group in 2017 was in
November. In 2018 and 2019, the RSV infection peak
occurred in December. A significant RSV peak occurred
between December of 2020 and January of 2021, which
was roughly the same peak time as in the previous three
years (Fig. 2). We made a pairwise comparison of the
RSV positivity rate between four periods: 2017.10.01-
2018.02.28, 2018.10.01-2019.02.28, 2019.10.01-
2020.02.29, and 2020.10.01-2021.02.28 (Table 5). For
people over 14 years old, there was no significant differ-
ence in the positivity rate among the four periods. For
those younger than 14 years old, the RSV positivity rate
was the highest in 2018.10.01-2019.02.28 and the lowest in
2019.10.01-2020.02.29. However, there was no statistical
difference in the positivity rate between the other two peri-
ods of 2017.10.01-2018.02.28 and 2020.10.01-2021.02.28.

Table 3 Comparison of All

. . - 0-14y >4y Comparison of two
influenza A virus positivity
. . age groups

during December-February in

different years (positive cases/ X2 P-value

number of samples [%])
2017 4830/26,255 (18.40) 4161/18,258 (22.79) 659/7997 (8.24) 785.440 0.00
2018 3728/18,542 (20.11) 2743/11,474 (23.91) 1015/7068 (14.36) 246.625 0.00
2019 5453/26,304 (20.73) 4433/16,849 (26.31) 1020/9455 (10.79) 887.980 0.00
2020 2/4231 (0.05) 2/3790 (0.05) 0/441 (0.00) 1.000
X’ 1069.163 1248.899 200.899
P- value 0.000 0.000 0.000

Table 4 Comparison of All 0-14y >l4y Comparison of two

adenovirus positivity during a

o ge groups

June to August in different

years (positive cases/number of Xz P-value

samples [%])
2018 111/1770 (6.27) 90/726 (12.40) 21/1044 (2.01) 78.573 0.000
2019 609/6019 (10.12) 545/4095 (13.31) 64/1924 (3.33) 143.433 0.000
2020 89/2401 (3.71) 89/2165 (4.11) 0/236 (0.00) 10.075 0.002
x2 104.677 132.589 11.474
P-value 0.00 0.000 0.003

Tablf"‘ 5 Comparis.on O_f All 0-14y >4y Comparison of two

respiratory sypcytlal virus age groups

positivity during October-

February in different years X’ P-value

(positive cases/number of

samples [%]) 2017 1503/27,519 (5.46) 1461/19,408 (7.53) 41/8111 (0.51) 546.668 0.000
2018 1319/20,399 (6.47) 1394/12,656 (11.01) 25/7743 (0.32) 848.451 0.000
2019 1083/29,403 (3.68) 1051/19,176 (5.48) 32/10,227 (0.31) 502.119 0.000
2020 439/6783 (6.47) 438/6132 (7.14) 1/651 (0.15) 47.580 0.000
X’ 230.879 335.812 5.430
P-value 0.000 0.000 0.128
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Differences in gender

The positivity rate of IFVA in males was higher than that
in females. However, after further differentiation by age,
there was no significant difference in the IFVA infection
rates between women and men. The IFVB and RSV posi-
tivity rates of males and females were similar to those
for IFVA. The positivity rate of ADV in males aged 0-14
was higher than that in females. However, the group over
14 years of age demonstrated no significant difference in
ADYV positivity between men and women (Table 1).

Discussion

Influenza virus, ADV, and RSV are common pathogens
causing human respiratory tract infections. Previous stud-
ies have shown that the populations most susceptible to
influenza virus are young children, the elderly, immuno-
deficient patients, and women who are more than three
months pregnant [8—10]. Our study showed that the age
group most susceptible to influenza virus infection was
the 3- to 14-year-old group. This may be due to the daily
activities these children partake in and the fact that their
activity space is relatively concentrated, which increases
the risk of close exposure to aerosols containing viruses
or respiratory pathogens.

No significant difference in influenza virus positivity rate
was found between males and females, which is inconsistent
with previous studies showing that women were more likely
to test positive for influenza virus [11]. Studies performed
in some countries have indicated that men were at higher
risk of influenza virus infection than women, but there are
no such obvious differences in countries with large popula-
tions, such as the United States or China [12]. Age, racial
differences, and regional medical care conditions may be
responsible for these inconsistent results. According to our
research, the IFVA prevalence season was winter, and the
IFVB prevalence season was winter or spring, which was
similar to previous research findings [11, 13]. Previous stud-
ies have shown that influenza epidemics occur yearly during
the winter and spring, which is consistent with the results
of this study. This is partly because cold and dry conditions
facilitate virus transmission [14]. Since February 2019, no
seasonal influenza epidemic peak has been observed. How-
ever, influenza virus A can spread between animals and
humans and is prone to mutate to produce a variety of new
subtypes. A future mutation or subtype may trigger another
influenza pandemic.

Previous studies have suggested that there are certain
age and seasonal differences in the prevalence of ADV.

@ Springer

Zheng et al. found that the ADV infection rate in adults
was higher than that in children [15], but Wu et al. found
that the majority of children with adenovirus respiratory
tract infections were under 6 years of age [16]. Our study
showed that ADV infection was most common in chil-
dren aged 3-6 years, that the infection rate in those aged
7-14 years ranked second, that the infection rate in the
group aged 0-2 years ranked third, and that the positivity
rate of ADV in patients over age 14 year was low. This is
similar to the findings of Wu et al. We speculate that the
high positive rate of ADV in children 3-6 years of age
was because they were in kindergarten in Hangzhou and
prone to cross-infection. According to another study on
ADV prevalence in adults in Harbin, China, ADV inci-
dence typically was highest in the spring, followed by
winter [17]. A study conducted in Mainz, Germany [18],
showed a negative correlation between ADV infection and
temperature, which was similar to the results reported in
Harbin. However, our study showed a higher incidence
of ADV in July-August. Another 19-year epidemiologi-
cal study on ADV infection in children hospitalized in
Autonomous City, Buenos Aires [19], found that a peak
in ADV infection in children occurred in July, which was
similar to our results. Interestingly, the climate in Autono-
mous City, Buenos Aires, is similar to that in the region
of our study, which is relatively warm and humid. The
seasonal characteristics of ADV incidence varied among
studies due to differences in regional climate, sample size,
study time-span, and other factors. Long-term monitoring
and analysis of the ADV positivity rate in different regions
must be carried out, and the correlation between ADV
positivity rate and climate factors requires further study.

Previous studies showed that the RSV infection rate
rose in late autumn and early winter [6, 20]. Similarly, our
work showed that the peak RSV pandemic season was from
November to January. Previous studies comparing RSV
infection rates between men and women have shown dif-
ferent results. Some studies suggest no gender difference
in RSV infection rates [11, 21], while others suggest that
RSV infection rates are higher in males than in females [19,
22]. Our study showed no significant gender difference in
the RSV positivity rate, regardless of age. Therefore, both
men and women are susceptible to RSV infection. Rice et al.
determined that the seasonal epidemic of RSV was on aver-
age 6 weeks earlier than the IFVA epidemic, although in
some years the RSV and IFVA epidemics occurred simul-
taneously [11]. Our study showed similar results. From late
2017 to early 2018 and late 2018 to early 2019, the RSV
prevalence season was about 8-12 weeks earlier than that
of IFVA, but from late 2019 to early 2020, the RSV preva-
lence season was almost at the same time as that of IFVA.
An influenza outbreak may be imminent about two months
after an RSV epidemic.
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The coronavirus pandemic has had varied effects on
the prevalence of the three respiratory viruses. After the
COVID-19 outbreak, awareness of health and respiratory
protection improved. The government actively promoted
hand sanitization, wearing surgical masks, social distanc-
ing, school holidays, factory shutdowns, home isolation,
and reduced social activities. We conclude that these
measures decreased ADV and influenza virus infections
after February 2019 [23-27]. Reduced industrial produc-
tion and improved environmental quality also play impor-
tant roles in decreasing the rate of respiratory virus infec-
tions [28, 29]. However, compared with previous years, the
RSV positivity rate from December of 2020 to February
of 2021 was still quite high, possibly due to the suscep-
tibility of those under 2 years old to RSV infection. The
respiratory tracts of these children are not protected suf-
ficiently by masks, and they have weak immune systems.
Furthermore, an effective RSV vaccine has not yet been
developed.

The detection method used in this study did not allow
classification of virus subtypes. Further virus classifica-
tion and epidemiological surveillance of the circulating
subtype will reveal more-detailed epidemiological char-
acteristics [30]. Our study data were collected from one
hospital, and the patient sourcing had strong regional limi-
tations. The results of a multi-center research trial may
provide further information for control, prevention, and
treatment of respiratory virus infections.

In conclusion, the influenza epidemic season is typi-
cally in the winter but occasionally in the spring. ADV is
prevalent throughout the year and may have a small epi-
demic peak in the summer. The RSV epidemic season is
in late autumn and early winter. After the COVID-19 epi-
demic, an influenza peak was not observed, and the ADV
infection rate decreased. However, the RSV epidemic sea-
son and infection rate were not significantly affected. This
phenomenon must be studied further. Respiratory virus
infections may be reduced by the use of masks, vaccination
efforts, social distancing measures, and enhanced air qual-
ity control. After these dramatic public health changes,
the characteristics of viral epidemics and their mutations
should be extensively and continuously monitored and
analyzed.
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