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OPEN Co-detection of various viruses

In SARS-CoV-2 in children with
respiratory infections

I-Hsin Tai%+?, Chiung-Tzu Hsiao?, Chi-Hsiang Chu*, Wan-Jane Tsai®, Ying-Ju Chen® &
Han-Ping Wu’8¢

The co-detection of SARS-CoV-2 variant with other respiratory virus has been extensively investigated.
However, conclusive evidence remains elusive and conflicted. This study investigated the source- and
age-dependent prevalence, incidence, and co-detection of multiple viral infections in children younger
than 18 years old who presented with clinical symptoms indicative of respiratory infections during
SARS-CoV-2 pandemic. We retrospectively obtained and analyzed pediatric patients admitted to the
institution and underwent Film Array Respiratory Panel (BIOFIRE® RP2.1) testing between January
2021 and December 2022. This encompassed pre-Delta, Delta and omicron periods, evaluating Film
Array results for singular and co-detections. The overall detection rate was 84.2% (1670/1983) among
1,983 pediatric patients. Of these, 106 were SARS-CoV-2 positive. Notably, 45 patients (42%) harbored
SARS-CoV-2 as the sole pathogen. Co-detection was significant; 32 cases (30.2%) involved Human
Rhinovirus/Enterovirus, 29 (24.5%) involved parainfluenza 3, and 26 (24.5%) involved Respiratory
syncytial virus. Peaks of co-detected parainfluenza 3 and Respiratory syncytial virus were evident in
the winter of 2022 and absent in 2021. The top three viral strain for co-detection was HRV/EV, PIV-3,
and RSV. The emergence order of co-detection strain was HRV/EV ¢PIV-30 RSV during the Omicron
period in Taiwan. We identified characteristic patterns of SARS-CoV-2-associated co-detections,

with a notable emphasis on the co-detection of HRV/EV, PIV3, and RSV alongside SARS-CoV-2. This
association appears to hold heightened significance during the Omicron variant era compared to earlier
SARS-CoV-2 variants, which contrast with previous studies. The simultaneous circulation of different
variants may contribute to variations in viral co-detection, particularly in young children, warranting
further investigation.
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The relationship between acute illness and postacute sequelae and SARS-CoV-2 has been extensively investigated
by researchers aiming to understand its underlying nature!~. Studies conducted during the omicron period
revealed a substantial high risk of postacute sequealae even among vaccinated subjects’. Notably, patients with
chronic diseases, particularly neurological conditions, showed an elevated risk of severe SARS-CoV-2 during
distinct periods dominated by different variants®. Correspondingly, hospitalizations due to SARS-CoV-2 have
increased following the emergence of the omicron variant’®. In line with these findings, a previous study
reported a significant increase in the frequency of this clinical presentation during the high transmission period
of omicron compared to the delta variant®!°.

Previous studies showed co-detection of respiratory viruses among adult patient with SARS-CoV-2 is
common and clinical correlated significantly, thus routine testing should be advised!! Although Agathis, N.T.,
et al. reported that the co-detection of non-SARS-CoV-2 viral infections in pediatric cases with SARS-CoV-2
infection may increase illness severity, the details of the co-detected pathogens were lacking, and further
investigation was limited'2.

1 Department of Pediatrics, College of Medicine, China Medical University, Taichung, Taiwan. 2Department of
Pediatric Cardiology, Structural/Congenital heart disease and Echocardiography Center, China Medical University
Children’s Hospital, Taichung, Taiwan. 3Department of laboratory medicine, China Medical University Children’s
Hospital, Taichung, Taiwan. “Department of Statistics, Tunghai University, Taichung, Taiwan. °Pulmonary
Hypertension and Pulmonary Vascular Disease Center, China Medical University Hospital, Taichung, Taiwan.
®Department of Rehabilitation, New Tai-Ping Cheng Ching Hospital, Taichung, Taiwan. ’College of Medicine, Chang
Gung University, Taoyuan, Taiwan. 8Department of Pediatrics, Chiayi Chang Gung Memorial Hospital, No. 6, W. Sec.,
Jiapu Rd, Puzi City, Chiayi, Taiwan. “‘email: arthur1226 @gmail.com

Scientific Reports |

(2025) 15:8312 | https://doi.org/10.1038/s41598-025-92878-w nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-92878-w&domain=pdf&date_stamp=2025-3-10

www.nature.com/scientificreports/

Thus, considering the existing knowledge gaps, utilizing a multiplex PCR Film Array, a diagnostic tool
capable of systemically detecting multiple pathogens with standardized methodology, presents a promising tool
for examining the potential association between co-detection pathogen and SARS-CoV-2. This study aimed to
investigate the prevalence, incidence, and co-detection of multiple viral infections in children younger than 18
years old during SARS-CoV-2 pandemic.

Methods

Study design

This study retrospectively conducted pediatric patients admitted to the China Medical University (CMU)
Children’s Hospital between January 2021 and December 2022, and performed molecular analysis of data
obtained from the Film Array Respiratory Panel (BIOFIRE™ RP2.1) testing, reviewed data (FA-RP). Inclusion
criteria: Pediatric patient presented to outpatient department (OPD), Emergency Department (ED) or impatient
(AD) of the institution with symptoms included but were not limited to cough, fever, sore throat, nasal congestion,
and difficulty breathing and received the exam of FA-RP was enrolled. Exclusion criteria: Patient older than
18-year-old was excluded from the study. OPD refers to a section staffed to provide healthcare for limited hours
to pediatric patients with minor illnesses, while the ED provides 24-hour services and typically treats pediatric
patients presenting with more critical conditions.

Data collection and analysis

Deidentified FA-RP full data abstraction was conducted by the laboratory medicine department of the
institution, capturing variables such as age, sex, date of FA-RP examination, and the corresponding FA-RP
results. The FA-RP assay, a multiplex polymerase chain reaction (PCR) panel, was used to detect multiple
respiratory pathogens simultaneously. FA-RP testing was performed as part of the standard clinical care at the
CMU Children’s Hospital. The assay employed the BIOFIRE" RP2.1 panel, which encompasses 22 respiratory
pathogens, including SARS-CoV-2, influenza, parainfluenza (PIV), coronal viral strain, respiratory syncytial
virus (RSV), human rhinovirus/enterovirus (HRV/EV), human metapneumovirus (HMPV), adenovirus, as well
as bacterial targets like Bordetella pertussis and Mycoplasma pneumoniae.

The demographic and clinical characteristics of the study population were summarized using descriptive
statistics. The prevalence of single viral infections and co-detection of multiple viral pathogens were determined
based on the results obtained from FA-RP. Furthermore, multi-viral co-detection was compared considering
the pathogen, timing, and key events. We defined different variants according to the pandemic period reported
by Taiwan CDC database because not all the sample was send for identification of variants. (Taiwan CDC data:
Pre-delta : April - June 2021, Delta : July 2021 - January 2022, Omicron : since February 2022)!*!* Continuous
variables were expressed as mean (SD), and differences between groups were assessed using analysis of variance
(ANOVA) or the Mann-Whitney U test based on the normality assumption. Discrete variables are presented as
N (%), and differences between groups were evaluated using the chi-square test or Fisher’s exact test. Statistical
analyses were performed using appropriate software, with p-values <0.05 indicating statistical significance.

Ethical considerations

This study complied with the ethical principles outlined in the Declaration of Helsinki. The research protocol
was approved by the Institutional Review Board (IRB: CMUH110-REC3-083) of the CMU Children’s Hospital.
All methods were performed in accordance with relevant guidelines and regulations. Data were collected,
reviewed, deidentified, and anonymized before analysis. The ethics committee of China Medical University
Hospital waived the requirement for informed consent because of the anonymous nature of the data and the
scientific purpose of the study.

Results
Demographic data and prevalence
A total of 1983 pediatric patients under the age of 18 years were collected in this study. The overall positivity
rate for respiratory infections was 84.2% (1670/1983) after excluding duplicated subjects. Table 1 showed an
enumeration of the 10 most prevalent viruses detected. Among these, the top three aligned closely with the most
recently published data'>'®. Within this cohort, several noteworthy discoveries have emerged concerning the
prevalence of various viruses in pediatric patients across distinct healthcare settings. Specifically, the admitted
children were notably younger than their counterparts seeking treatment in the OPD or ED. In the group of
admitted children, the rates of detection for HRV/EV was significantly lower (p=0.004) than in ED and OPD.
RSV has the highest detection rates at ED compared with OPD and AD. Notably, PIV 3 has emerged as the
second most prevalent virus detected in this cohort, displayed no significant variance across the different patient
source settings.

Furthermore, SARS-CoV-2 was detected more frequently in pediatric patients who visited the ED (p=0.019).
However, the incidence rates of PIV 4 and coronavirus 229E were higher in the OPD group (p=0.005 and 0.002,
respectively) (Fig. 1).

SARS-CoV-2 co-detection strains and their trends

Over a 2-year retrospective observational study, HRV/EV presented as the predominant detected strain,
displaying a pronounced seasonal decline, particularly evident in July 2021. Furthermore, in 2022, this decline
occurred earlier and shifted to June (Fig. 2, label 1). Concurrently, a noticeable increase in SARS-CoV-2 detection
rate was observed during the same period (Fig. 2, label 2).
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Subjects, N 1983 705 390 888 -
Male (%) 1093 (55.1) | 389(55.2) | 216(55.4) | 488(55.0) | 0.989
Age, year 3.51(4.19) |4.10 (4.37) | 4.03 (4.61) | 2.81(3.73) | <0.001
Positive FA-RP counts, N=1670 (84.2%) in the order of prevalence

Human Rhinovirus/Enterovirus | 620(31.3) 235(33.3) | 140(35.9) | 245(27.6) | 0.004
Parainfluenza 3 336(16.9) | 138(19.6) |65(16.7) |133(15.0) | 0.052
RSV 279(14.1) 123(17.4) | 58(14.9) 98(11.0) 0.001
Adenovirus 169(8.5) 61(8.7) 42(10.8) 66(7.4) 0.143
SARS-CoV-2 106(5.3) | 51(7.2) 15(3.8) 40(4.5) 0.019
Human Metapneumovirus 94(4.7) 24(3.4) 17(4.4) 53(6.0) 0.053
Parainfluenza 4 37(1.9) 11(1.6) 15(3.8) 11(1.2) 0.005
Coronavirus 229E 7(0.4) 2(0.3) 5(1.3) 0(0.0) 0.002
Influenza A 7(0.4) 3(0.4) 0(0.0) 4(0.5) 0.551
Influenza A/H3 6(0.3) 2(0.3) 0(0.0) 4(0.5) 0.506
Other 9(0.5) 7(1.0) 0(0.0) 2(0.2) 0.044

Table 1. Source (ED, OPD, AD)-dependent demographic data and respective FA-RP result comparisons, with
significant differences highlighted in bold. FA-RP denotes to FilmArray respiratory panel, ED; Emergency
Department, OPD; out-patient department, AD; admission.
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Fig. 1. The viral co-detection associated with SARS-CoV-2 analysis showed Human Rhinovirus/enterovirus to
be the most prevalent one, parainfluenza virus 3 the second, and respiratory syncytial virus (RSV) the third.

Among the 106 patients who tested positive for SARS-CoV-2, 45 (42%) had SARS-CoV-2 as the sole
pathogen. The top three viral strain for co-detection was HRV/EV, PIV-3, and RSV, with 32 (30.2%) had co-
detection of HRV/EV, 29 (24.5%) had co-detection of PIV 3, and 26 (24.5%) had co-detection of RSV (Fig. 1).
Additionally, 5 cases had co-detection with adenovirus, and only 1 showed co-detection with influenza B. The
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Fig. 2. “The line chart (above) illustrates the seasonal correlation change between SARS-CoV-2 and the co-
detected viruses during October 2021 to December 2021 when human rhinoviral prevalence was observed
without SARS-CoV-2 or other viral detections. With the presence of SARS-CoV-2 since April 2022 (label 3),
both Parainfluenza-3 and RSV became more prevalent than during the same period last year (2021). Labels:
1: Decline in Human rhinovirus. 2: Increase in SARS-CoV-2 detection rate. 3: Beginning of SARS-CoV-2
detection. 4: Parainfluenza-3 detection as a single pathogen. 5: RSV detection as a single pathogen. 6: Co-
detection of Human rhinovirus with SARS-CoV-2. 7: Co-detection of Parainfluenza-3 with SARS-CoV-2. 8:
Co-detection of RSV with SARS-CoV-2.

peak emergence order of co-detection pairs was observed (HRV/EV QPIV-30 RSV) after July 2022, the Omicron
period in Taiwan!”18,

The FA-RP analysis revealed multiple pathogen co-detection of up to five pathogens within a single patient,
predominantly among those younger than 4 years. In children aged 5-9 years old, the maximum number of co-
detected pathogens decreased to four, and further declined to three in the age group of 10-18 years.

Discussion

Although the positive rates were high, there is still approximately 16% pediatric patient with negative result
among the 22-pathogen collected via FA-RP. The possible reason could be the routine use of FA-RP as an
admission screen test to differential whether infected with SARS-CoV-2 or not during Taiwan SARS-CoV-2
pandemic without respiratory infection criteria oversight.

Based on our study, SARS-CoV-2 began to emerge in the results of the FA-RP in April 2022 (Fig. 2, label 3),
coinciding with the local Omicron period in Taiwan. During this period, there was a noticeable upward trend
in the incidence rates of both PIV 3 and RSV, whether detected as single pathogens or co-detected (Fig. 2, label
4,5,7,8). The occurrence of PIV3 and RSV peaks (Fig. 2, label 4, 5) was not observed during the winter of 2021
as it should be, maybe suggest the correlation with SARS-CoV-2 may be stronger than a mere seasonal factor.
Meanwhile, co-detection including RSV and HRV/EV may increase illness severity among children under 5
years of age hospitalized with SARS-CoV-2 infection!2 These findings highlight the importance of investigations
to understand the co-detection between SARS-CoV-2 and other respiratory viruses and their potential impact
on disease severity in pediatric.

The occurrence of SARS-CoV-2 co-detection with HRV/EV, PIV 3, or RSV showed sequential peaks, with
HRV/EV peaking in September 2022 (Fig. 2, label 6), PIV 3 reaching its highest point in October 2022 (Fig. 2,
label 7), and RSV showing its last peak in November 2022 (Fig. 2, label 8). This temporal relationship may
be correlated with the concurrent pandemic pattern. However, the potential insight from this result lies in
the observation that the co-detection of SARS-CoV-2 and HRV/EV, PIV3, and RSV was rarely observed or
mentioned before the emergence of the omicron variant (since February 2022)!718,

The hypothesis posited in the preceding document suggests that the viruses exhibited consistent patterns
between years, called seasonality'®. However, this theory encounters significant challenges when attempting to
elucidate why SARS-CoV-2 infected pediatric population exhibit a diverse array of co-detection pattern with
different SARS-CoV-2 variant. Although Japan study group (Arimura et al.) has reported the reduced likelihood
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of SARS-CoV-2 co-detection of parainfluenza virus, the research didn’t report on the basis of variant differential
outcome. The present investigation showed different co-detection pattern among different SARS-CoV-2 variants,
which predominant over Omicron pandemic. We identified characteristic patterns of SARS-CoV-2-associated
co-detections, with a notable emphasis on the co-detection of HRV/EV, PIV3, and RSV alongside SARS-
CoV-2. This association appears to hold heightened significance during the Omicron variant era compared to
earlier SARS-CoV-2 variants, which contrast with previous studies. The simultaneous circulation of different
variants may contribute to variations in viral co-detection, particularly in young children, warranting further
investigation.

Limitations

This study had certain limitations that warrant consideration. First, owing to the deidentified nature of the
results, it was challenging to comprehensively analyze the clinical outcomes and evaluate the severity of
illness associated with multi-viral co-detection. Additionally, the inclusion of SARS-CoV-2 in the FA-RP was
implemented only in January 2021 (as the 22nd pathogen in RP2.1), thus limiting the traceability of the data
to this time point. Furthermore, the successful control of the SARS-CoV-2 pandemic in Taiwan led to negative
results for SARS-CoV-2 in all 941 FA-RP cases in 2021, leaving a smaller dataset for analysis during this period.
These constraints highlight the need for cautious interpretation and further investigation in future studies to
gain a more comprehensive understanding of this subject.

Conclusion
This study proposes that the co-detection of PIV3 and SARS-CoV-2, as well as HRV and RSV, may play a more
important role in the era of omicron than previous variants, such as delta, regarding clinical manifestations.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author upon
reasonable request.
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