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Abstract
Background: Coronavirus disease (COVID- 19), which is caused by severe acute res-
piratory syndrome coronavirus 2 (SARS- CoV- 2), was first detected in Japan in January 
2020 and has spread throughout the country. Previous studies have reported that 
viral interference among influenza virus, rhinovirus, and other respiratory viruses can 
affect viral infections at the host and population level.
Methods: To investigate the impact of COVID- 19 on influenza and other respira-
tory virus infections, we analyzed clinical specimens collected from 2244 patients in 
Japan with respiratory diseases between January 2018 and September 2020.
Results: The frequency of influenza and other respiratory viruses (coxsackievirus A 
and B; echovirus; enterovirus; human coronavirus 229E, HKU1, NL63, and OC43; 
human metapneumovirus; human parainfluenza virus 1, 2, 3, and 4; human parecho-
virus; human respiratory syncytial virus; human adenovirus; human bocavirus; human 
parvovirus B19; herpes simplex virus type 1; and varicella- zoster virus) was appre-
ciably reduced among all patients during the COVID- 19 pandemic except for that 
of rhinovirus in children younger than 10 years, which was appreciably increased. 
COVID- 19 has not spread among this age group, suggesting an increased risk of rhi-
novirus infection in children.
Conclusions: Rhinovirus infections should be continuously monitored to under-
stand their increased risk during the COVID- 19 pandemic and viral interference with 
SARS- CoV- 2.
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1  | INTRODUC TION

In Japan, coronavirus disease (COVID- 19), which is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS- CoV- 2), was first 
detected in January 2020 and has spread throughout the country. 
With the COVID- 19 pandemic still ongoing, the annual season of in-
fluenza and other respiratory virus epidemics has arrived. Previous 
studies have reported that viral interference among influenza virus, 
rhinovirus, and other respiratory viruses can affect viral infec-
tions at the host and population level.1,2 To investigate the effect 
of COVID- 19 on these virus infections, we analyzed clinical speci-
mens collected from patients in Japan with respiratory diseases from 
January 2018 through September 2020.

2  | METHODS

2.1 | Clinical specimens

Respiratory specimens (nasal swab, throat swab, nasal discharge, 
saliva, tracheal aspiration fluid, or sputum) were collected from 
2244 patients with respiratory diseases in Yokohama, Japan, from 
January 2018 through September 2020 as part of the National 
Epidemiological Surveillance of Infectious Diseases and the Active 
Epidemiological Investigation for COVID- 19 in Japan. Of these 2244 
patients, 1197 (53.3%) were men, 1044 (46.5%) were women, and 
3 (0.1%) provided no sex information; 1119 (49.9%) were younger 
than 10 years, 1105 (49.2%) were aged 10 years or older, and 20 
(0.9%) provided no age information. Specimens were negative for 
SARS- CoV- 2.

2.2 | Virus detection

Influenza virus,3 rhinovirus, and other respiratory viruses (coxsacki-
evirus A and B4; echovirus4; enterovirus4; human coronavirus 229E, 
HKU1, NL63, and OC43; human metapneumovirus; human parain-
fluenza virus 1, 2, 3, and 4; human parechovirus5; human respira-
tory syncytial virus; human adenovirus6,7; human bocavirus; human 
parvovirus B198; herpes simplex virus type 19; and varicella- zoster 
virus10) were detected by using virus isolation, PCR, RT- PCR, real- 
time RT- PCR, sequencing, FTD Respiratory pathogens 21 (Fast Track 
Diagnostics), or Seeplex RV15 OneStep ACE Detection (Seegene) as 
shown in Table 1.

3  | RESULTS

Of the 2244 specimens, 592 influenza virus, 155 rhinovirus, and 475 
other respiratory viruses were detected. Two or three viruses were 
co- detected in 61 specimens. Virus- specific seasonality was ob-
served for influenza virus, rhinovirus, and other respiratory viruses 
as previously reported2 (Figure 1, Table S1). Influenza virus peaked in 

winter, whereas rhinovirus and the other respiratory viruses peaked 
in spring and autumn. After the first case of COVID- 19 in Yokohama 
was detected in February 2020, the frequency of influenza and 
other respiratory viruses was appreciably reduced. In contrast, the 
frequency of rhinovirus infection increased appreciably during the 
COVID- 19 pandemic. A study in Australia has also reported a high 
incidence of rhinovirus infection during the COVID- 19 pandemic.11

Next, we compared the frequency of five representative respi-
ratory viruses by year to examine whether the frequency of these 
viruses increased during the COVID- 19 pandemic (Figure 2). The 
representative viruses— coxsackievirus A and B; human metapneu-
movirus; human parainfluenza virus 1, 2, 3, and 4; human respiratory 
syncytial virus; and human adenovirus— were detected in more than 
50 patients during the study period, and their maximum frequency 
per month was >10%. The frequency of these viruses was apprecia-
bly reduced after the COVID- 19 pandemic began. These data show 
that the emergence of SARS- CoV- 2 is inversely correlated with the 
number of patients with other respiratory virus infections.

SARS- CoV- 2 infections have been less frequent in children than 
in adults worldwide, including Yokohama, since the first case was 
detected. We compared the frequency of influenza virus and rhino-
virus between children <10 years of age and patients aged 10 years 

TA B L E  1   Laboratory diagnostic methods used in this study

Virus Diagnostic method

Influenza virus Virus isolation, rRT- PCR

Rhinovirus rRT- PCR (FTD), RT- PCR (Seeplex)

Coxsackievirus A, B Virus isolation, RT- PCR, Sequencing, 
rRT- PCR (FTD)

Echovirus RT- PCR, Sequencing, rRT- PCR (FTD)

Enterovirus Virus isolation, RT- PCR, Sequencing, 
rRT- PCR (FTD), RT- PCR (Seeplex)

Human coronavirus 
229E, HKU1, NL63, 
OC43

rRT- PCR (FTD), RT- PCR (Seeplex)

Human 
metapneumovirus

rRT- PCR (FTD), RT- PCR (Seeplex)

Human parainfluenza 
virus 1, 2, 3, 4

rRT- PCR (FTD), RT- PCR (Seeplex)

Human parechovirus Virus isolation, RT- PCR, Sequencing, 
rRT- PCR (FTD)

Human respiratory 
syncytial virus

rRT- PCR (FTD), RT- PCR (Seeplex)

Human adenovirus Virus isolation, PCR, Sequencing, rRT- 
PCR (FTD), RT- PCR (Seeplex)

Human bocavirus rRT- PCR (FTD), RT- PCR (Seeplex)

Human parvovirus B19 PCR, Sequencing

Herpes simplex virus 
type 1

Virus isolation, PCR, Sequencing

Varicella- zoster virus PCR, Sequencing

Abbreviations: rRT- PCR, real- time RT- PCR; FTD, FTD Respiratory 
pathogens 21 (Fast Track Diagnostics, Sliema, Malta); Seeplex, Seeplex 
RV15 OneStep ACE Detection (Seegene, Seoul, Republic of Korea).
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or older (Figure 3, Table S1). The frequency of influenza virus was 
appreciably reduced in both age groups after the COVID- 19 pan-
demic began. However, the frequency of rhinovirus increased appre-
ciably during the COVID- 19 pandemic in children <10 years of age 
but not in patients aged 10 years or older. Although COVID- 19 has 
not spread among children, there is an increased risk of rhinovirus 
infection in children.

4  | CONCLUSIONS

To prevent SARS- CoV- 2 infection, precautions such as physical 
distancing, mask wearing, keeping rooms well- ventilated, avoid-
ing crowds and close contact, washing hands, covering coughs and 
sneezes, and cleaning and disinfecting touched surfaces are rec-
ommended. These precautions also help prevent other virus infec-
tions.12 In this study, we found that the frequency of influenza and 
other respiratory viruses (coxsackievirus A and B; human metapneu-
movirus; human parainfluenza virus 1, 2, 3, and 4; human respiratory 

syncytial virus; and human adenovirus) was appreciably reduced 
during the COVID- 19 pandemic. These reductions might be caused 
by these non- pharmaceutical interventions.

After May 2020, we did not detect enveloped viruses (ie, influ-
enza virus; human metapneumovirus; human parainfluenza virus 1, 
2, 3, and 4; and human respiratory syncytial virus), but we did detect 
non- enveloped viruses, including rhinovirus; coxsackievirus A and B; 
and human adenovirus. This difference in detection between envel-
oped and non- enveloped viruses might be related to their stability.

In this study, rhinovirus infection appreciably increased in chil-
dren despite the recommended precautions. Previous studies have 
shown that rhinovirus can be transmitted by either fomites13 or 
aerosol.14 Since rhinovirus is a non- enveloped virus, it is relatively 
resistant to ethanol- containing disinfectant,15 and it can survive 
on environmental surfaces for a prolonged period of time.13 These 
viral properties might hamper the prevention of rhinovirus infection. 
Furthermore, Leung et al identified human coronavirus HKU1, NL63, 
and OC43, influenza virus, and rhinovirus in the exhaled breath and 
coughs of children and adults with acute respiratory illness and 

F I G U R E  1   Detection of influenza virus, rhinovirus, and other respiratory viruses from January 2018 through September 2020 
in Yokohama, Japan. Influenza virus (n = 592), rhinovirus (n = 155), and other respiratory viruses (coxsackievirus A and B; echovirus; 
enterovirus; human coronavirus 229E, HKU1, NL63, and OC43; human metapneumovirus; human parainfluenza virus 1, 2, 3, and 4; human 
parechovirus; human respiratory syncytial virus; human adenovirus; human bocavirus; human parvovirus B19; herpes simplex virus type 
1; and varicella- zoster virus; n = 475) were detected from 2244 patients with respiratory diseases as part of the National Epidemiological 
Surveillance of Infectious Diseases and the Active Epidemiological Investigation for COVID- 19 in Japan. Gray bars indicate the number of 
COVID- 19 patients reported by local government officials from February through September, 2020 (n = 3131)
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reported that surgical face masks could prevent the transmission of 
seasonal human coronaviruses and influenza viruses, but not that of 
rhinoviruses, from symptomatic individuals.16

Viral interference between influenza A virus and rhinovirus 
has been reported at the host and population level.1,2 Rhinovirus 
infection induces an antiviral interferon response that protects 
against influenza A virus infection in human airway epithelial cells,2 
supporting the potential role of virus- induced innate immunity in 
driving the asynchronous circulation of rhinovirus and influenza 
virus. In fact, data from several European countries indicate that 
the rhinovirus epidemic might have interrupted and delayed the 
spread of the pandemic virus during the influenza A(H1N1) 2009 
pandemic.17- 19 However, the analysis of influenza and rhinovirus 
infections since 2018 in this study shows an inverse correlation 
between these two virus infections: when the number of influenza 

cases increases, the number of rhinovirus infections decreases, 
suggesting that there might be interference of rhinovirus infec-
tions by influenza virus. After SARS- CoV- 2 emerged, we found 
that rhinovirus infection appreciably increased in children younger 
than 10 years, possibly due to the lack of influenza viruses in the 
population.

Our results suggest an increased risk of rhinovirus infection in 
children. Rhinovirus causes the common cold but can also cause se-
vere respiratory tract infection, which may be followed by pulmo-
nary and extrapulmonary complications in some patients.20 Previous 
studies reported that rhinovirus is more likely to cause severe dis-
ease in winter, although peak prevalence occurs in the spring and 
autumn.21,22 Consequently, rhinovirus infections should be con-
tinuously monitored to understand their increased risk during the 
COVID- 19 pandemic and viral interference with SARS- CoV- 2.

F I G U R E  2   Comparison of detection of respiratory viruses from January 2018 through September 2020 in Yokohama, Japan. 
Coxsackievirus A and B (n = 76); human metapneumovirus (n = 105); human parainfluenza virus 1, 2, 3, and 4 (n = 56); human respiratory 
syncytial virus (n = 84); and human adenovirus (n = 69) were detected from 2244 patients with respiratory diseases as part of the National 
Epidemiological Surveillance of Infectious Diseases and the Active Epidemiological Investigation for COVID- 19 in Japan
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F I G U R E  3   Detection of influenza virus and rhinovirus by age group from January 2018 through September 2020 in Yokohama, Japan. 
Influenza virus and rhinovirus were detected from children younger than 10 y (A; n = 394) and patients aged 10 y or older (B; n = 345) with 
respiratory diseases as part of the National Epidemiological Surveillance of Infectious Diseases and the Active Epidemiological Investigation 
for COVID- 19 in Japan. Gray bars indicate the number of COVID- 19 patients (A; n = 117, B; n = 3007) reported by local government officials 
from February 2020 through September 2020. Seven COVID- 19 patients were excluded because no age information was available
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