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Exploring the respiratory viral
landscape beyond influenza and
SARS-CoV-2: a 2020-2023 study
in Fujian, China

Libin You?, Zhengtao Zhang? Hongjin Li* and Yuwei Weng**

!Key Laboratory of Fujian Province for Zoonotic Disease Research, Fujian Center for Disease Control
and Prevention, Fuzhou, China, 2Nanping First Hospital, Nanping, China

Introduction: In this study, we investigated the local epidemiology and pathogen
spectrum of acute respiratory infections caused by common respiratory viruses
other than influenza virus (IFV) and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) in Fujian Province, China, from September 2020 to December 2023.

Methods: Samples negative for IFV and SARS-CoV-2 were randomly selected
from individuals presenting with influenza-like illness. These samples were tested
for seven common respiratory viruses—human respiratory syncytial virus (HRSV),
human parainfluenza virus (HPIV), human adenovirus (HAdV), rhinovirus (RV), human
metapneumovirus, human coronavirus (HCoV), and human bocavirus. Quantification
fluorescence polymerase chain reaction (QPCR) was used for detection.

Results: One or more respiratory viruses were identified in 30.2% (n = 1,010/3,345)
of the collected samples. RV was the most prevalent (10.9%), followed by HPIV
(6.2%) and HRSV (4.5%). HPIV-3 was the dominant HPIV subtype (44.0%), and
HCoV-OC43 was the predominant HCoV genotype (54.4%). Co-infections were
observedin 2.9% (n = 96) of cases, with RV and HPIV co-infection being the most
frequent. Age-specific variations were observed for most viruses, except for
HCoV. HRSV exhibited a notably higher prevalence in young children (<5 years)
and seniors (>60 years), while HAdV was more common in children younger
than 15 years. Regarding seasonal distribution, RV peaked in spring and autumn,
whereas HRSV peaked in summer and autumn. No clear seasonal trends were
observed for HPIV and HAdV. A negative correlation was observed between the
incidence of IFV and the seven targeted respiratory viruses.

Discussion: These findings collectively underscore theimportance of age-specific
and seasonally tailored interventions, as well as the need for comprehensive
diagnostic tools capable of simultaneously identifying multiple pathogens.

KEYWORDS

acute respiratory infection, common respiratory viruses, prevalence, influenza-
negative, SARS-CoV-2

1 Introduction

Acute respiratory infection (ARI) is one of the most common infectious diseases globally,
causing significant human morbidity and mortality (1). In 2019, pneumonia and other lower
respiratory infections constituted the deadliest group of communicable diseases worldwide,
collectively ranking as the fourth leading cause of death (2). ARIs can result in mortality across
all age groups. Current evidence suggests that ARI is the leading cause of infectious disease-
related deaths in children under 5 years of age, accounting for 15% of total deaths in this age
group, with a global average mortality rate as high as 118.9 per 100,000 (3).
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ARIs typically present as polymicrobial infections involving
multiple pathogenic microorganisms. In recent years, the etiological
profile of community-acquired pneumonia (CAP) has undergone
significant changes, with a notable increase in the detection rate of
viral pneumonia and a corresponding decrease in bacterial
pneumonia (4-6). A wide range of human respiratory viruses,
including influenza virus (IFV), severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), human respiratory syncytial virus
(HRSV), human parainfluenza virus (HPIV), human adenovirus
(HAdAV), rhinovirus (RV), and human coronavirus (HCoV), can
cause ARIs. Due to geographical, climatic, and other factors, the
prevalence and spectrum of pathogens causing ARIs exhibit
substantial heterogeneity across different countries and regions.
Situated in the subtropical southeastern coastal zone of China, Fujian
Province experiences a warm and humid climate. With its densely
populated areas and pronounced seasonal climate shifts, the region
is predisposed to recurrent ARI outbreaks caused by various
respiratory pathogens. Therefore, understanding the local
epidemiological landscape, pathogen spectrum, and influencing
factors of ARIs is crucial for formulating comprehensive prevention
and control strategies tailored to local conditions, as well as
optimizing the allocation and utilization of medical and
healthcare resources.

Prior to 2020, etiological surveillance of ARIs in China
primarily focused on the influenza virus. Following the 2019
coronavirus disease (COVID-19) pandemic, SARS-CoV-2 was
included in systematic surveillance. However, the potential impact
of other respiratory viruses on ARI epidemics remained largely
uncharacterized. Data from the China National Influenza Center
revealed that the mean nucleic acid testing positive rate for IFV
among influenza-like illness (ILI) cases in Fujian Province between
2015 and 2019 was only 14.7%. This finding suggested that a
substantial proportion of ARI cases, potentially exceeding 80%,
could be attributed to pathogens other than IFV. It is widely
recognized that the burden of non-influenza ARIs is significant.
Despite intensified surveillance efforts for SARS-CoV-2 and
COVID-19 pandemic, the
epidemiological and etiological characteristics of ARIs caused by

influenza virus during the
other respiratory viruses in Fujian Province remained poorly
understood. To address this knowledge gap, we conducted a
prospective study. ILI samples were collected in Fujian Province,
excluding those that tested positive for IFV and SARS-CoV-2.
These samples underwent comprehensive screening using
quantification fluorescence polymerase chain reaction (qPCR)
detection methods. The primary objective of this study was to
elucidate the spectrum and distribution of pathogens in ARI cases
caused by various viruses other than IFV and SARS-CoV-2 in
Fujian Province.

2 Materials and methods

2.1 Ethics statement

The samples utilized in this study were obtained from the
intensified surveillance program for SARS-CoV-2 and influenza virus.
No additional sampling was conducted for this specific study. All
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samples were uniformly renumbered to ensure complete
de-identification and the removal of any personal information. As a

result, ethical approval for this study was not deemed necessary.

2.2 Patients and sample collection

All samples in this study were collected from sentinel hospitals
participating in ILI surveillance across nine prefecture-level cities
in Fujian Province. Each week, 20 oropharyngeal swabs were
obtained from ILI cases, defined as individuals presenting with a
fever of 38°C or higher and exhibiting respiratory symptoms such
as sore throat and/or cough, at each sentinel hospital. These
samples were subsequently transported to the respective Municipal
Centers for Disease Control and Prevention (CDC) for nucleic
acid testing of influenza virus and SARS-CoV-2. Among the
samples that tested negative for both influenza virus and SARS-
CoV-2, approximately 10 samples per month were randomly
selected from each municipal CDC for further screening of
multiple viral pathogens. To ensure both randomness and
representativeness in the selection process, a systematic sampling
method was employed. The negative samples were sorted by their
unique identification numbers, and every fifth sample in the
sequence was chosen for analysis. This method resulted in the
submission of approximately 10 samples per month to our
laboratory for further examination. The identification numbers
were randomly generated, minimizing the risk of periodic bias. All
samples were stored at —80°C immediately after collection and
tested within 2 months.

Between September 2020 and December 2023, a total of 3,345
oropharyngeal swab samples were collected, yielding a mean of 84
samples per month (range: 68-97). The study population consisted of
1,818 males and 1,527 females, resulting in a male-to-female ratio of
1.19. Patient ages ranged from approximately 1 month to 94 years,
with a median age of 9 years (inter-quartile range [IQR]: 3-30 years).
For comparative analysis, participants were stratified into five age
groups: young children (0-4 years), children (5-14 years), adolescents
and young adults (15-24 years), adults (25-59 years), and older adults
(>60 years).

2.3 DNA/RNA extraction

Viral genomic DNA or RNA was extracted using a Viral Nucleic
Acid Isolation Kit (TTANLONG, Xian, China) in conjunction with the
GeneRotex System (TIANLONG, Xian, China), following the
manufacturer’s instructions.

2.4 Multiplex real-time gqPCR detection

The qPCR screening was performed using the Multiplex Real-
Time PCR Diagnostic Kit (D334LYH, Abtechnology, Beijing, China).
This kit is specifically designed for the detection of various respiratory
pathogens. The kit comprises four distinct multiplex reactions that
collectively enable the identification of six species of respiratory
viruses: HRSV, HPIV, human metapneumovirus (HMPV), HCoV,
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RV, and human bocavirus (HBoV). Furthermore, the kit can
differentiate among the four serotypes of HPIV (HPIV-1, -2, -3, —4)
and four genotypes of HCoV (HCoV-229E, -OC43, -HKU1, -NL63).
qPCR assays were performed on an ABI QuantStudio 7 Dx real-time
PCR system (Thermo Fisher Scientific, Massachusetts, United States)
following the manufacturer’s instructions.

2.5 Human adenovirus detection

Primers and probes specific for adenovirus genogroups B, C, and
E associated with ARIs were designed and selected based on the
Penton gene sequence of HAdV-2 (accession number: AC_000007).
Primer-Premier 5 (Premier Biosoft International, Palo Alto, CA) and
MAFFT (7) were utilized for primer design. The forward primer
(5-ACCATYACCACCGTCAGTGA-3'), reverse primer (5-CGGTAG
SGTCCCGTGATCT-3"), and probe (5-FAM-AACGTTCCTGCT
CTC-TAMRA-3’) were synthesized by Sangon Biotech Co., Ltd.,
Shanghai, China.

One-step real-time PCR was performed to detect HAdV using the
Path-ID™ qPCR Master Mix (Applied Biosystems) and the primers/
probes specified above. The qPCR reaction was carried out in a total
volume of 25 pL, comprising 12.5 pL of 2 x PCR master mix (containing
an optimized buffer system, DNA polymerase, MgSO4, and dN'TPs),
2 pL of primers, 0.5 pL of probe (each at a concentration of 10 pmol/L),
5 pL of nuclease-free water, and 5 pL of template DNA. Thermal cycling
was performed using the CFX-96 Real-Time System (Bio-Rad,
Hercules, United States), with an initial denaturation step at 95°C for
10 min, followed by 40 cycles of denaturation at 95°C for 15 s and
annealing/extension at 60°C for 1 min. The threshold cycle (Ct) value
was defined as the cycle number at which the fluorescence signal
crossed the background threshold. A sample was considered positive if
it exhibited a complete amplification curve and yielded a Ct value < 38,
indicating the presence of detectable viral DNA.

2.6 Influenza and SARS-CoV-2 surveillance
data collection

To investigate the interrelationships between other respiratory
viral infections and the prevalence of influenza virus and SARS-
CoV-2, we conducted a comprehensive data acquisition process using
the China Information System for Disease Control and Prevention.
Our data collection specifically focused on the number of influenza
virus tests performed and the corresponding number of influenza
virus-positive cases throughout the study period. The monthly
positive rate for influenza virus was calculated by dividing the number
of influenza virus-positive samples by the total number of tests
conducted in each month. Monthly figures for confirmed COVID-19
cases in Fujian Province were obtained from September 2020 to
December 2023.

2.7 Statistical analysis

Statistical analyses were performed using SPSS version 23.0 (SPSS
Inc., Chicago, IL, United States). Descriptive statistics were calculated
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for all variables. Chi-square (*) tests were used to assess differences
in viral positivity rates across age, gender, year, and season. Statistical
significance was set at p < 0.05.

The correlation between the positive detection rates of seven
targeted respiratory viruses and the influenza virus was assessed using
Spearman’s rank correlation coefficient. Two-sided p-values less than
0.05 were considered statistically significant.

3 Results
3.1 Detection of respiratory viruses

A total of 1,010 of 3,345 samples (30.2%) tested positive for one
or more respiratory viruses. Of these, 914 samples (27.3%) were
positive for only one of the 13 viruses examined, which included four
serotypes of HPIV and four genotypes of HCoV. Additionally, 89
samples (2.7%) were positive for two viruses, and 7 samples (0.2%)
were positive for three viruses.

Among the seven common respiratory viruses detected, RV was
the most prevalent (10.9%, 364/3,345), followed by HPIV (6.2%,
209/3,345) and HRSV (4.5%, 152/3,345; Figure 1). Among the HPIV-
positive samples, HPIV-3 was the most common (44.0%, 92/209),
followed by HPIV-1 (32.1%, 67/209), HPIV-2 (13.4%, 28/209), and
HPIV-4 (11.0%, 23/209). Among the HCoV positive samples, HCoV-
OC43 was the predominant genotype (54.4%, 56/103). The remaining
three HCoV genotypes were detected less frequently: HCoV-NL63
(25.2%, 26/103), HCoV-229E (10.7%, 11/103), and HCoV-HKU1
(10.7%, 11/103).

Multiple viral detections (samples testing positive for more than
one virus) were observed in 96 of 3,345 samples (2.9%). RV was the
most frequently identified virus in these multiple detections (68.8%,
66/96) and co-occurred with all other respiratory viruses detected in
this study. Of the multiple positive detections, the co-existence of RV
and HPIV was the most common (26/96), followed by the co-existence
of RV and HAdV (22/96).

3.2 Demographic characteristics

Of the 1,010 positive samples, 564 (55.8%) were from males and
446 (44.2%) from females. There was no significant difference in
positivity rates between the genders (y* = 1.298, p = 0.255). The overall
positivity rate of the seven targeted respiratory viruses differed
significantly among age groups (p < 0.01; Supplementary Table S1).
Children under 5 years of age presented with the highest positivity
rate (45.1%, 483/1,072), while individuals aged 25 years and older had
the lowest (17.2%, 145/843; Supplementary Table S1). Figure 2 shows
the prevalence of individual respiratory viruses by age group,
demonstrating a concentration of positive detections in children
under 5 years old. Significant differences in positivity rates were
observed across age groups for several respiratory viruses (p < 0.01),
except for HCoV (p > 0.05).

The positivity rate of RV decreased with increasing age. However,
the positivity rates of other viruses showed a decreasing trend only in
the first three age groups, except for HAdV, which peaked in the
5-10 year age group.
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3.3 Seasonal fluctuations in respiratory
virus prevalence

From 2021 to 2023, the annual viral positivity rates were 29.0%
(279/961), 33.3% (344/1,032), and 25.5% (259/1,015), respectively.
Analysis of the annual positivity rate excluded the year 2020, as data
were only available from September to December of that year. The
difference in viral detection rates across these years was statistically
significant (y* = 25.672, p < 0.01). Seasonal comparisons of respiratory
virus positivity rates among ARI patients are detailed in Table 1. The
positivity rates for all seven respiratory viruses during spring (March
through May), summer (June through August), autumn (September
through November), and winter (December through February) were
29.8% (225/756), 31.2% (239/767), 34.3% (333/971), and 25.0%
(213/851), respectively. These seasonal differences were statistically
significant (p < 0.01). Notably, the positivity rate of RV was
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significantly higher in spring and autumn (p < 0.05). HRSV showed a
markedly higher positivity rate during summer and autumn (p < 0.05).
In contrast, the positivity rates for HPIV and HAdV remained
relatively stable throughout the year, with no clear seasonal trends
(p > 0.05). The other viruses—HMPYV, HCoV and HBoV—presented
relatively low positive rates year-round, without any pronounced
seasonal variations (p > 0.05).

3.4 Association with influenza virus
infection and COVID-19 pandemic

Statistical analysis of the relationship between influenza incidence
and the detection rates of seven targeted respiratory viruses revealed
correlation

a significant negative (Spearman’s  correlation

coefficient = —0.325, p < 0.05). This inverse association indicated that
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TABLE 1 Seasonal comparison of the incidence of other respiratory virus infections during the study period [n(%)].

10.3389/fpubh.2025.1558716

Pathogen Spring Summer Autumn Winter
(N = 756) (N =767) (N =971) (N = 851)

Total 225 (29.8) 239 (31.2) 333 (34.3) 213 (25.0) 18.922 0.000
RV 111 (14.7) 67 (8.7) 123 (12.7) 63 (7.4) 28717 0.000
HPIV 42 (5.6) 41(5.3) 72 (7.4) 54 (6.3) 6.056 0.417
HRSV 19 (2.5) 60 (7.8) 57 (5.9) 16 (1.9) 44.056 0.000
HAdV 36 (4.8) 27 (3.5) 40 (4.1) 41 (4.8) 2.154 0.541
HMPV 20 (2.6) 22(2.9) 24 (2.5) 37 (4.3) 6.381 0.094
HCoV 15 (2.0) 30 (3.9) 37 (3.8) 21 (2.5) 10.544 0.104
HBoV 4(0.5) 10 (1.3) 13 (1.3) 9(1.1) 3.130 0372
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an increase in influenza incidence tended to be accompanied by a
decrease in the detection rates of these respiratory viruses, and vice
versa (Figure 3).

Given the study period encompassed the COVID-19 pandemic,
we categorized the research timeline into four distinct phases based
on evolving epidemic prevention and control policies in Fujian
Province. These phases include: (1) the Strict COVID-19 Management
Period (September 2020-June 2021), during which no local
transmissions occurred, but imported cases were present, and
stringent control measures were implemented; (2) the Dynamic Zero-
COVID-19 Period (July 2021-November 2022), initiated with the
release of the ninth version of the national prevention and control
plan; (3) the Acute Phase of the COVID-19 Pandemic (November
2022-January 2023), a critical transition period marked by a shift
from stringent measures to “Category B management with
Precautions,” culminating in a peak of cases on December 22; and (4)
the Post-Pandemic Period (February-December 2023).

As presented in Table 2, following the implementation of the
COVID-19 Class-B management with optimized control protocols, a
significant decline in the overall positivity rate of the seven targeted
respiratory viruses was observed from the acute phase of the
COVID-19 pandemic to the post-pandemic period (p < 0.05). Upon
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further analysis of individual pathogens, the positivity rates of HRSV,
RV, HAdV, and HCoV did not exhibit significant differences across the
four defined stages. Conversely, significant differences in positivity
rates were observed among the four stages for HMPV, HBoV,
and HPIV.

4 Discussion

In China, the prevalence of ARIs exhibits regional variability due
to diverse geographical, environmental, and climatic factors.
Continuous surveillance of pathogen composition and ARI prevalence
is crucial for effective prevention and control of respiratory infectious
diseases. This study comprehensively analyzed common respiratory
viral infections from 2020 to 2023, providing valuable insights into the
epidemiological landscape of non-influenza and non-SARS-CoV-2
respiratory viruses within Fujian Province, China.

The study period exhibited substantial fluctuations in virus
detection rates, with marked interannual variations. Comparable
annual oscillations were observed in other studies (8). This variability
can be ascribed to a confluence of factors, including shifts in
population immunity (9), human mobility patterns (10), and the
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TABLE 2 Positivity rates of respiratory virus across different epidemic phases [n(%)].

Pathogen Phase | (N = 846) Phase Il Phase Il Phase IV

(N =1,416) (N = 155) (N =928)
Total 284 (33.6) 472 (33.3) 43 (27.7) 249 (26.8) 14.269 0.003
RV 106 (12.5) 155 (10.9) 12(7.7) 91 (9.8) 5.058 0.168
HPIV 71 (8.4) 91 (6.4) 6(3.9) 41 (4.4) 15.858 0.015
HRSV 30 (3.5) 73(5.2) 3(1.9) 46 (5.0) 5.959 0.114
HAdV 37 (4.4) 58 (4.1) 8(5.2) 41 (4.4) 0.464 0.927
HMPV 38 (4.5) 32(23) 3(1.9) 30(3.2) 9.594 0.022
HCoV 29 (3.4) 47 (3.3) 6(3.9) 21(2.2) 6210 0.400
HBoV 4(0.5) 22 (1.6) 4(2.6) 6(0.6) 10.829 0.013

Phase I: strict COVID-19 management period (Sept 2020-Jun 2021); Phase II: dynamic zero-COVID-19 period (Jul 2021-Nov 2022); Phase III: acute phase of COVID-19 (Dec 2022-Jan

2023); Phase IV: post-pandemic period (Feb-Dec 2023).

impact of non-pharmaceutical interventions on community
transmission (11) during the COVID-19 pandemic.

The detection of respiratory viruses other than influenza virus and
SARS-CoV-2 in approximately one-third of the samples (30.2%)
underscored their substantial contribution to ARIs. The present study
revealed a pronounced age-related pattern of viral infection, with
children under 5 years of age comprising 47.8% (483/1,010) of positive
samples. This high prevalence in young children was likely attributable
to their developing immune systems and frequent exposure within
communal settings such as childcare centers. Children aged 5 to
14 years also exhibited a considerable positive detection rate (33.0%),
emphasizing the importance of targeted interventions within
educational and social institutions frequented by children to
minimize transmission.

The predominance of RV as the foremost viral pathogen (10.9%)
aligned with findings from a previous study conducted in Guangdong
Province between 2019 and 2021 (12). This contrasts with the
predominance of HRSV observed in several studies conducted before
the COVID-19 pandemic (13-15). While IFV was prevalent, an
epidemiological investigation conducted in Fuzhou in 2019 identified
HAAV as the leading respiratory pathogen of ARI (16).

Among the commonly investigated viruses, HPIV demonstrated
the second highest prevalence (6.2%), with HPIV-3 as the
predominant subtype (44.0% of HPIV-positive detections). This
finding aligned with pre-COVID-19 studies conducted in Chengdu,
China (17). A study from South Africa observed a shift in dominant
serotype of HPIV during the pandemic, with subsequent waves
primarily driven by HPIV-3 while circulation of HPIV-1, —2, and —4
declined (18). Similarly, a delayed HPIV-3 outbreak peaked in
Gwangju, South Korea, in 2021 (19). Genetic analysis revealed
reduced diversity among HPIV-3 strains, raising concerns that the
emergence of new lineages could compromise existing collective
immunity. The high incidence of HPIV necessitates further
investigation and  the implementation of  potential
surveillance measures.

In the present study, HRSV was detected in 4.5% of samples,
with a predominance of positive cases observed in young children
and the older adults. Prior research has extensively documented
the substantial health burden imposed by HRSV, particularly
within these vulnerable populations, including infants, the older
adults, and immunocompromised individuals, leading to severe
respiratory illnesses (20, 21). Our findings corroborate the
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heightened susceptibility of these age groups to HRSV infections,
underscoring the critical need for the implementation of targeted
preventive strategies, such as vaccinations, and the provision of
healthcare their
unique requirements.

specialized services  tailored  to

It is generally acknowledged that most respiratory virus infections
exhibit seasonality. In temperate regions, these viruses typically
demonstrate higher prevalence during winter, while they peak during
the rainy season in tropical areas (22). Previous studies have
established that outbreaks of influenza virus, HRSV, and HCoV
commonly occur during the winter season, while other human
respiratory viruses, such as HPIV, HMPV and RV showed highest
activity during the spring or autumn seasons in temperate climates
(23). This study preliminarily observed distinct seasonal patterns in
the prevalence of certain respiratory viruses in Fujian Province, a
region with a subtropical climate. RV demonstrated increased activity
during spring and autumn, while HRSV displayed higher detection
rates during summer and autumn. HPIV exhibited steady epidemic
intensity throughout the year without apparent seasonal trends, and
the other respiratory viruses appeared to occur sporadically
year-round.

The simultaneous detection of multiple viruses within a single
patient sample indicates co-infection with several respiratory
pathogens. The identification of co-infections in 2.9% of patients in
this study highlights the intricate nature of respiratory viral infections
and emphasizes the critical need for comprehensive diagnostic
testing. Among these co-infections, RV emerged as the most
prevalent pathogen, exhibiting a notable association with
HPIV. Notably, previous studies have documented severe clinical
outcomes associated with RV co-infections, including a reported case
of severe pneumonia with RV/HBoV co-infection (24) and another
involving a 3-month-old infant who succumbed to acute respiratory
distress syndrome and multi-organ thrombotic microangiopathy due
to RV/HCoV-229E co-infection (25). Amat et al. (26) suggested RV/
HRSV co-infection was a risk factor for recurrent bronchial
obstruction. Nevertheless, the clinical impact of co-infections
involving RV and other respiratory viruses, such as synergistic or
antagonistic effects, remains less understood. Whether RV
co-infection would result in more severe clinical outcomes remains
inconclusive among different studies (27, 28). In our study, the
observed predominance of co-infections in children under 5 years of
age underscores their heightened susceptibility to these infections,
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necessitating the implementation of tailored clinical management
and robust infection control measures.

The multifaceted strategies implemented to mitigate the
transmission of SARS-CoV-2 likely had a significant impact on the
circulation of other respiratory pathogens. Epidemiological and
clinical characteristics of ARIs notably shifted during the COVID-19
pandemic (29). Kurskaya et al. (30) documented dramatic
fluctuations in the prevalence of common respiratory viruses before
and during the COVID-19 pandemic. Fernanda et al. (8) even found
an absence of detection of HRSV and IFV during the pandemic in a
Brazilian cohort. In Fujian, China, distinct phases of COVID-19
prevention and control were observed. Strict isolation policies during
initial phases effectively suppressed local transmission, followed by a
period of more relaxed measures leading to sporadic outbreaks. The
recent shift toward Class B management policies has resulted in a
rapid surge in infections, transitioning into a post-epidemic phase.
An analysis of pathogen epidemic patterns across distinct phases of
the COVID-19 outbreak demonstrated a significant decrease in the
overall positivity rate of seven targeted respiratory viruses during
both the acute and post-pandemic periods compared to earlier stages.
While stringent quarantine measures effectively suppressed the
transmission of SARS-CoV-2, they did not substantially diminish the
prevalence of other respiratory viruses within the population. This
finding underscores the critical role of efficient isolation strategies in
preventing and controlling the transmission of respiratory viruses
among individuals. Conversely, the data suggest that personal
protective measures such as mask-wearing and frequent hand
hygiene may have a relatively limited impact on the broader spectrum
of respiratory virus circulation.

Further examination of pathogens revealed no significant
variation in positivity rates for HRSV, RV, HAdV, and HCoV across all
four epidemic stages in this study. Conversely, positivity rates for
HPIV and HMPV gradually declined as epidemic intensity increased
but rebounded after the conclusion of the epidemic period. Notably,
the positivity rate of HBoV increased concurrently with the rise in
COVID-19 cases and subsequently decreased to a low prevalence level
in the post-pandemic period. Several studies have also demonstrated
that the clinical manifestation of RV remained unchanged, establishing
it as a predominant co-circulating virus during the COVID-19
pandemic (8, 27, 29, 31). This phenomenon can be attributed to RV’s
diverse modes of transmission and the absence of an enveloped
structure, rendering it more resistant to common disinfectants and
soaps, thereby contributing to its continued prevalence (32). These
findings indicate that future public health initiatives should adopt
tailored intervention strategies based on the specific characteristics of
viral agents. For instance, emphasis should be placed on enhancing
environmental elimination measures for RV, rather than relying
exclusively on social isolation.

The observed negative correlation between influenza and other
respiratory viruses suggests potential competition among these
pathogens within the human population. The dominance of influenza
virus may suppress the circulation of other respiratory viruses. This
phenomenon could be attributed to various factors, including viral
interference, altered human behavior in response to influenza
outbreaks, or shifts in host immunity that favor influenza over other
viruses (33). Anestad et al. (34) hypothesized that influenza virus
infection might confer short-lived, non-specific immune protection,
potentially decreasing susceptibility to other respiratory viral
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infections. Several studies have also demonstrated that influenza virus
infection reduced the risk of non-influenza respiratory infections, or
that the circulation of other respiratory viruses was delayed during
influenza seasons (33, 35, 36). This phenomenon has significant
implications for the control of ARIs, highlighting the need for
surveillance strategies that screen for a broader range of viruses
beyond influenza virus. Further research is crucial to elucidate the
underlying mechanisms of this phenomenon and to assess the
effectiveness of current respiratory virus control and prevention efforts.

This study has several limitations that should be acknowledged.
Firstly, the investigation was restricted to a specific set of respiratory
viruses, excluding other potential pathogens such as bacteria and
mycoplasma. This may have led to an underestimation of the diversity
of respiratory pathogens contributing to ARIs. Secondly, as the study
focused on samples negative for both influenza and SARS-CoV-2, the
findings may not accurately reflect the overall prevalence of ARIs
within the general population. However, the results provide valuable
insights into the infection status of seven common respiratory viruses
within the population of Fujian province.

In summary, this study expanded our understanding of the
epidemiology of common respiratory viruses beyond influenza and
SARS-CoV-2. Key findings underscored the significance of
age-specific and seasonally-tailored interventions. Based on the
observed age and seasonal distribution patterns, we propose
actionable strategies, such as implementing disinfection protocols in
schools and prioritizing multiplex testing for children during peak RV
activity in spring and autumn to address wheezing cases. Besides,
enhancing early detection and supportive care for the older adults
during HRSV surges in summer and autumn can be achieved through
community-based rapid testing networks. Another promising avenue
for future research and public health planning involves leveraging
seasonal data to develop predictive models that optimize healthcare
resource allocation in the Fujian Province. Our analysis of viral
circulation patterns across different phases of COVID-19 further
highlights the need for public health strategies to adapt to the unique
transmission dynamics of specific pathogens. Continued surveillance
remains essential, particularly for vulnerable populations like young
children and the older adults, remains critical to improving
responsiveness to emerging respiratory threats.
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