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Abstract:
Objective To survey the epidemiology of respiratory pathogens during the coronavirus disease 2019

(COVID-19) pandemic using multiplex polymerase chain reaction (PCR).

Methods Specimens were assayed using multiplex nested PCR.

Materials Specimens were obtained from outpatients who presented with symptoms of upper respiratory

tract infection and asymptomatic outpatients who had contact with patients with severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) infection at Tohoku Medical and Pharmaceutical University Hospital in

Sendai, Japan, from November 1, 2020, to May 31, 2023. The analysis included multiple specimens collected

from the same patients at different time-points. Data were collected from the electronic records after testing.

Results This study included 8,335 patients (4,311 men) with a median age of 59 years old, and 11,741 to-

tal specimens were collected. At least 1 positive SARS-CoV-2 result was obtained for 1,710 (14.6%) speci-

mens. Furthermore, 15 pathogens were identified in the positive specimens, and rhinovirus/enterovirus was

detected more frequently than other viruses. We identified a larger number of SARS-CoV-2-positive speci-

mens in patients �10 years old. In contrast, in patients 0-9 years old, we identified a larger number of speci-

mens positive for rhinovirus/enterovirus than for other viruses.

Conclusion In this study, we examined the epidemiology of circulating respiratory pathogens during the

COVID-19 pandemic era.
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Introduction

Coronavirus disease 2019 (COVID-19) was first reported

as an outbreak of pneumonia in Wuhan, China, in December

2019 (1), and the number of infected individuals continues

to increase worldwide (2). The symptoms of COVID-19 are

similar to those of other respiratory diseases. Therefore, it is

difficult to distinguish between COVID-19 and other upper

respiratory infections, such as influenza (3), making the epi-

demiology of upper respiratory syndrome in the COVID-19

era unclear.

The early diagnosis of patients with respiratory symptoms

is necessary to distinguish between COVID-19 and other se-

rious illnesses in the COVID-19 era. The gold standard for

the diagnosis of COVID-19 is the direct detection of severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

RNA using reverse-transcription polymerase chain reaction

(RT-PCR) (4). A multiplex nested PCR assay (BioFireⓇ Res-

piratory Panel (RP) 2.1; BioFire Diagnostics/bioMérieux,

Salt Lake City, USA) targeting various viruses, including

SARS-CoV-2, and three bacterial species was approved for

use in Japan in October 2020. This multiplex PCR assay can

detect adenoviruses, human coronaviruses (HCoV) (229E,
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Figure　1.　Patient flow chart.
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HKU1, NL63, and OC43), human metapneumoviruses, hu-

man rhinoviruses/enteroviruses, influenza virus A (H1, H1-

2009, and H3), B, parainfluenza viruses (types 1-4), respira-

tory syncytial virus (RSV), SARS-CoV-2, Mycoplasma
pneumoniae, Chlamydia pneumoniae, and Bordetella pertus-
sis (5).

We surveyed the epidemiology of respiratory pathogens

during the COVID-19 pandemic using a multiplex nested

PCR assay.

Materials and Methods

This study was approved by the Institutional Review

Board of Tohoku Medical and Pharmaceutical University

Hospital (Approval No. 2022-2-083-1).

Patients and specimens

This study included the following patients: i) outpatients

with upper respiratory tract infection symptoms who visited

Tohoku Medical and Pharmaceutical University Hospital in

Sendai, Japan, and ii) asymptomatic outpatients who had

come in contact with patients infected with SARS-CoV-2

from November 1, 2020, to May 31, 2023.

The pre-alpha, alpha, delta, and omicron variants were

predominant in Japan during the study period (6). We re-

viewed one or more of the following symptoms suggestive

of acute upper respiratory infection: a fever, headache, fa-

tigue, nasal congestion, nasal discharge, sneezing, sore

throat, and cough. Data were collected from electronic re-

cords after the examination. In some cases, more than one

sample was collected from the same patient at different time

points; thus, 11,741 nasopharyngeal swab specimens were

collected. Previous studies have shown an increasing number

of children (0-9 years old) infected with rhinoviruses since

the COVID-19 pandemic (7, 8). Therefore, we investigated

whether or not there were differences in the pathogens de-

tected between children <10 years old and those �10 years

old.

Multiplex nested PCR assay

To survey the epidemiology of respiratory pathogens, we

used a multiplex nested PCR assay (BioFireⓇ RP 2.1;

BioFire Diagnostics/bioMérieux) in accordance with the

manufacturer’s instructions. Nasopharyngeal swab specimens

(300 μL) were injected into the Viral Transport Medium in

the FilmArray pouch, and the reaction proceeded automati-

cally.

This system performs automated nucleic acid extraction,

reverse transcription, nucleic acid amplification, and auto-

mated result analysis in approximately 45 minutes per speci-

men. If any of the internal controls fail, the software pro-

gram automatically returns results of “invalid” for all panel

analytes. Analytes are qualitatively reported as “detected,”

“not detected,” or “equivocal” (for influenza A only). The

BioFireⓇ RP 2.1 contains two independent assays for the

identification of SARS-CoV-2 (one targeting the M gene

and another targeting the S gene). A positive result in either

assay indicates a positive result for SARS-CoV-2.

Results

A total of 11,741 nasopharyngeal swab specimens were

collected from 8,335 patients from November 1, 2020, to

May 31, 2023. This included 897 specimens from patients

0-9 years old and 10,844 specimens from patients �10 years

old (Fig. 1, Table).

At least one positive result was obtained for 1,710

(14.6%) specimens during the study period (November 1,

2020 to May 31, 2023) (Fig. 2, Table). Compared to pa-

tients �10 years old, the percentage of positive specimens

was higher (73.2%) in the 0-9-year-old group (Table).

Fig. 3 shows the trends in the circulation of SARS-CoV-2

and other respiratory pathogens during the COVID-19 pan-

demic. Fifteen pathogens were detected, as follows: rhinovi-

rus (n=682), SARS-CoV-2 (n=624), RSV (n=127), parain-

fluenza virus 3 (n=100), HCoV-OC43 (n=69), human meta-

pneumovirus (n=65), adenovirus (n=63), HCoV-NL63 (n=
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Figure　2.　Trends in the number of samples that tested positive for at least one pathogen. The num-
bers of specimens obtained are presented by month. The number of positive results obtained using 
multiplex PCR is shown in red, and the number of negative results is shown in blue.
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Figure　3.　Trends in the circulation of SARS-CoV-2 and other respiratory pathogens. SARS-CoV-2: 
severe acute respiratory syndrome coronavirus 2, RSV: respiratory syncytial virus
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56), parainfluenza virus 1 (n=39), parainfluenza virus 4 (n=

29), HCoV-HKU1 (n=24), influenza A H3 (n=22), HCoV-

229E (n=2), influenza virus A H1-2009 (n=1), and influenza

virus A unclassified (n=1). We also examined trends in the

detection rates of each pathogen; SARS-CoV-2 and rhinovi-

rus/enterovirus were detected more frequently than other

pathogens (Supplementary material 1-3). The highest detec-

tion rates of SARS-CoV-2 were observed in August 2022

(62.9%) and January 2023 (69.9%). In contrast, the highest

detection rates for rhinovirus/enterovirus were observed in

February 2021 (80%), September 2021 (71.4%), October

2021 (72.2%), and April 2022 (73.6%). Other viruses with

high detection rates were HCoV-NL63 in April 2021

(60.6%), parainfluenza virus 3 in July 2021 (43.7%), RSV

in July 2021 (40.6%), and HCoV-OC43 in December 2021

(47%). Influenza viruses were not detected for approxi-

mately two years during the study period, with H3 begin-

ning in September 2022, peaking during the study period in

March 2023, and accounting for 5.7% of all specimens in

March 2023 (Supplementary material 1-13).

Fig. 4 shows that rhinovirus/enterovirus, RSV, adenovirus,

human metapneumovirus, parainfluenza virus 1, parainflu-

enza virus 3, parainfluenza virus 4, and HCoV-OC43 were

detected more frequently in the 0-9-year-old population than
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Figure　4.　Number of respiratory pathogens detected in patients <10 and ≥10 years old. The num-
bers of respiratory pathogens detected in samples from patients <10 and ≥10 years old are shown. The 
number of respiratory pathogens detected in patients 0-9 years old is shown in blue, and those de-
tected in patients ≥10 years old is shown in red. SARS-CoV-2: severe acute respiratory syndrome 
coronavirus 2, RSV: respiratory syncytial virus
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in the �10-year-old population. In contrast, SARS-CoV-2

was detected more frequently in the �10-year-old population

than in the 0-9-year-old population.

Discussion

In this study, we assessed the epidemiology of respiratory

pathogens, including SARS-CoV-2, from 11,741 nasopha-

ryngeal specimens obtained during approximately 2.5 years

of the COVID-19 pandemic. More specimens tested positive

for SARS-CoV-2 in patients �10 years old, whereas in pa-

tients 0-9 years old, more specimens tested positive for rhi-

novirus/enterovirus than other viruses.

The COVID-19 pandemic may influence the seasonality

of respiratory pathogens. For example, seasonal coronavirus

outbreaks in the United States were slower at the beginning

of the COVID-19 pandemic than in previous season (9). Al-

though the trends of seasonal coronaviruses in Japan prior to

the COVID-19 pandemic are unknown, it is possible that

they followed a course similar to that in the United States.

This might be attributed to changes in human behavior asso-

ciated with the COVID-19 pandemic, such as decreased do-

mestic and international travel, mask use, school and office

closures, and physical distancing (10). As the pandemic

dragged on, human behavior gradually reverted to pre-

pandemic conditions, which may have resulted in the detec-

tion of influenza viruses that remained undetected for ap-

proximately two years.

In this study, before the outbreak of the omicron strain,

the number of patients <10 years old who were infected

with SARS-CoV-2 was lower than that of patients �10 years

old. Since the emergence of the omicron strain, the number

of children <10 years old infected with SARS-CoV-2 has in-

creased (11). Why there were fewer pediatric infections in

the period leading up to the emergence of the delta strain is

unclear, although factors such as exposure patterns (12) and

differences in gene expression (13) are thought to be respon-

sible.

Whether or not the number of patients infected with rhi-

noviruses/enteroviruses has increased compared to those in-

fected with other viruses is controversial. Preschool children

are reservoirs of rhinoviruses (14). Our finding that rhinovi-

rus/enterovirus is more common in children 0-9 years old

than in those �10 years old is consistent with previous re-

ports (7, 8). This may be because it is difficult to control

rhinovirus infection in homes with preschool children.

Strengths and limitations

Our study has several strengths. First, the results of our

study reflect a real-world clinical setting for COVID-19 in

Japan. Second, our study included the largest number of pa-

tients with upper respiratory symptoms (n=11,741 speci-

mens) for investigating the epidemiology of circulating res-

piratory pathogens using a multiplex PCR assay among such

studies.

However, several limitations associated with the present

study also warrant mention. First, our study was a single-

center retrospective study in Miyagi Prefecture, and our re-

sults were reflected in the local prevalence of upper respira-

tory tract pathogens during the COVID-19 epidemic. Sec-

ond, which is the causative organism if multiple pathogens

are detected is unclear, and this may have biased our results.

Third, the study included patients who were in close contact

with confirmed COVID-19 patients, and it was difficult to

distinguish between patients with or without close contact

with confirmed COVID-19 due to the nature of the database.
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Thus, the results may have been biased. Fourth, this study

was based only on PCR methods. However, the BioFireⓇ RP

2.1 PCR assay detected SARS-CoV-2 in nasopharyngeal

specimens with a positive agreement rate of 98.4% and a

negative agreement rate of 98.9% (15); therefore, these re-

sults are reliable for further epidemiological studies. Fifth,

we did not use bacterial sputum culture, which may have bi-

ased our results; instead, nasopharyngeal specimens were

examined using the BioFireⓇ RP 2.1 PCR assay. Finally, in-

formation regarding each patient’s SARS-CoV-2 vaccination

history and SARS-CoV-2 subtype was unknown in this

study, which may have influenced our results (16).

Conclusion

In the present study, using the multiplex PCR assay, we

acquired epidemiological data for a variety of respiratory vi-

ruses circulating during the COVID-19 pandemic.

The authors state that they have no Conflict of Interest (COI).
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