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Abstract: Respiratory tract infections (RTIs) are common in children. Viruses are known to be related to most
pediatric infections. However, some pediatric cases of RTI have been found to be associated with multiple
viruses. In this study, we collected samples from the nasopharynx of all pediatric patients admitted to our
hospital with RTI between April 2022 and March 2023 and performed multiple quantitative real-time PCRs.
Out of 77 patients involved, 67 (87.0%) tested positive for some or the other virus. Rhinovirus was the most
detected, followed by the RS virus and parainfluenza virus type 3. Among the patients, 18 (26.9%) had multiple
viral infections and 14 had complications associated with obstructive respiratory diseases, including bronchial
asthma, acute bronchiolitis, and asthmatic bronchitis. Furthermore, some cases were found to have both the
main and non-main viruses. Multiple viruses were detected in approximately one-fourth of the children with
RTIs; complications associated with obstructive respiratory diseases were considered to be the main factors.
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1. Introduction

Respiratory tract infections (RTIs) are common among children?. Of the various RTIs, upper
respiratory tract infections present as common cold caused by viral infections2), and the rate of
occurrence is quite high, especially among children2). Moreover, viruses have been detected in many
in-patients with respiratory infectious diseases3)4)5)6).

Multiplex real-time PCR has been used in recent years for the survey of viral pathogens in RTIs
3)6); it has enabled the rapid and simultaneous detection of various viruses 7)8)9).

Despite its high sensitivity, the simultaneous detection of multiple viruses remains a challenge,
leading to potential difficulties in interpretation.

This study aimed to use quantitative multiplex PCR in pediatric patients admitted to our
hospital due to respiratory infections to not only identify the types of viruses but also compare the
quantity of each virus in cases where multiple viruses are detected, thereby enabling a
comprehensive analysis.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods

2.1. Specimen Collection

From April 2022 to March 2023, we surveyed all pediatric cases of RTI that were admitted to
the pediatric department of Kawasaki Medical School Hospital.
We obtained nasopharyngeal samples from the patients and recorded their age, sex, presence of
underlying conditions, and the diseases that led to their hospitalization.

2.2. Nucleic Acid Isolation and RT-gPCR Tests

Real-time PCR was performed using FTD Respiratory Pathogens 21® (RIKEN Genesis). It
determined the cycle threshold (Ct) values for 20 respiratory viruses, including influenza (A/B),
respiratory syncytial virus (RSV), rhinovirus, coronavirus NL63, 229E, OC43, HKU1, parainfluenza
virus 1,2,3, human metapneumovirus (A/B), influenza A (H1IN1), adenovirus, bocavirus, Mycoplasma
pneumoniae, enterovirus, and parechovirus?.

2.3. Evaluation of Ct Values

With reference to previous reports?, we classified the Ct values. Specifically, Ct values below
25 were classified as "very high," Ct values between 25 and 30 were considered "high," Ct values
between 30 and 35 were "moderate," and Ct values 36 or above were classified as "low."

If more than one virus was detected in a patient, the virus with the lowest Ct value was
considered the main virus. In other words, if the Ct values for two detected viruses were "very high"
and "moderate,” the virus with the "Very high" Ct value was considered the main virus.

3. Results

3.1. Background of the Cases under Consideration

Table 1 presents the background of the cases under consideration. The total number of patients
included in the study was 77, with a median age of 1 year. Among them, 41 were male and 36 were
female.

Among the cases under consideration, 17 cases (22.1%) had underlying medical conditions as
shown on the slides. Acute pneumonia was the most common disease that led to their hospitalization.

Other prevalent conditions included acute bronchiolitis (16 patients), asthmatic bronchitis (12
patients), and bronchial asthma (9 patients). Diseases causing expiratory wheezing were
predominant.

For conditions causing expiratory wheezing, we categorized the diseases based on the presence
or absence of fever or the use of steroids.

Table 1. Background of the cases under consideration

A total of 77 cases

Age (years) Median (Interquartile range) 1(0-3)
Male:Female 41:36
Underlying conditions (%) 17 (22.1%)
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Bronchial asthma: 9
Chromosomal abnormalities: 2
Genetic abnormality: 2
Congenital neurological and muscular
disorders: 1
VSD: 1
Acute necrotizing encephalopathy: 1
Hypothyroidism: 1

Disease leading to hospitalization (%) Acute pneumonia: 17
Acute bronchiolitis: 16
Asthmatic bronchitis: 12
Bronchial asthma: 9
Acute upper respiratory tract infection: 6
COVID-19: 4
Acute pharyngotonsillitis: 4
Acute otitis media: 3
Acute bronchitis: 2
Influenza: 2
Croup syndrome: 2

% Among the diseases causing expiratory wheezing,Accompanied by fever and steroid use — Asthmatic
bronchitis;Accompanied by fever, without steroid use — Acute bronchiolitis;Without fever, with steroid use —

Bronchial asthma.

3.2. Detected Viruses

The types of viruses detected in the samples are shown in Figure 2. Some forms of the virus
were detected in 87% of the cases. The viruses detected, in descending order of frequency, were
rhinovirus in 30%, RSV in 27%, parainfluenza type 3 in 11%, and human metapneumovirus in 10%.

PV oca3 Rev _—HKUL_NLE3 Rhino: Rhinovirus
— f\i,v,, o 2%7 o e W8 1% RS: Respiratory Syncytial Virus (RSV)
2 PIV3: Parainfluenza Virus Type 3
Inﬂu MpV: Human Metapneumovirus
- 2%
Bov EV: Enterovirus

BoV: Bocavirus

- _/ Influ: Influenza Virus

5% AdV: Adenovirus
PIV1: Parainfluenza Virus Type 1
0C43: Coronavirus (Conventional Type)
PeV: Human Parechovirus

HKU1: Coronavirus (Conventional Type)

Figure 1. Some form of virus was detected in 87% of the total cases. The viruses detected, in
descending order of frequency, were rhinovirus at 30%, RSV at 27%, parainfluenza type 3 at 11%, and
human metapneumovirus at 10%.

3.3. Cases with Multiple Detected Viruses and their Background

The cases with multiple viruses and their background are shown in Table 2.
Among the 67 cases in which viruses were detected, 18 (26.9%) had multiple viruses. The median
age for such cases was 1 year, and no significant difference in sex distribution was seen compared to
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that in all the cases. Although the proportion of patients with underlying medical conditions was
equivalent to the overall cases at 22.2%, all underlying conditions were related to bronchial asthma.
Bronchial asthma was the most common disease leading to hospitalization in patients with
multiple detections, accounting for 66.7% of all bronchial asthma cases.
Other diseases associated with expiratory wheezing, such as acute bronchiolitis and asthmatic
bronchitis, were also prevalent. However, only one among all the cases of acute pneumonia showed
multiple virus detections.

Table 2. Cases with multiple virus detection and their background

Age (years) Median (Interquartile Range) 1 (0-3)
Male:Female 8:10
Underlying conditions (%) 4 (22.2%)
Bronchial asthma : 4
Disease leading to hospitalization Bronchial asthma: 6 (66.7%)
(Percentage of Total Cases) Acute bronchiolitis: 5 (31.3%)

Asthmatic bronchitis: 3 (25.0%)
Acute bronchitis: 1 (50.0%)
Acute pharyngotonsillitis: 1 (25.0%)
Acute upper respiratory tract infection: (16.7%)
Acute pneumonia: 1 (5.9%)

3.4. Virus Profiles in Cases with Multiple Viruses (n = 44)

Virus profiles in cases where multiple viruses were detected are shown in Figures 2 and 3. As
shown in Figure 2, among the viruses identified as 'main,' such as rhinovirus, RS, and parainfluenza
type 3, no significant difference was seen in their overall proportions.

On the other hand, some viruses were identified as 'non-main,' in addition to rhinovirus, RS,
and parainfluenza type 3, such as bocavirus and adenovirus, as indicated in Figure 3, Notably, the
viruses detected as mon-main,’ meaning those with lower viral loads, would require careful
interpretation regarding whether they are causative pathogens.

Figure 2. Virus considered to be the main (n =27 (61.4%)).
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Figure 3. Viruses detected other than the main virus (n=17 (38.6%)).

4. Discussion

Multiplex PCR assays have recently been developed for clinical settings and have become
increasingly popular. However, most of them provide qualitative results, that is, positive or negative
results®. Therefore, the evaluation of pathogens in a child is still difficult when multiple viruses are
present. Multiple viruses have been reported to be found in hospitalized children®%); the detection
rate of multiple viruses in samples taken from hospitalized children with respiratory diseases ranges
from 18% to 42.5%.

Kouni et al. reported microarray data in which 70.1% were viruses; RS virus types A and B
(56.6%) were the most identified, followed by parainfluenza virus (PIV) (29.7%) and rhinovirus (RV)
(18.4%)%. Although the results showed some differences in the detection rate, the types of viruses
detected frequently were almost the same as those in our reports.

Martin et al. reported quantitative PCR data for detecting viruses in samples taken from children
treated for respiratory illness at their hospital; 63% of the children were detected with at least one
virus. RS was the most frequently detected (25%), followed by influenza (Flu) A and adenovirus
(AdV). Since rhinovirus was not included in this qPCR, the distribution of detected viruses did not
differ to some degree?.

Furthermore, these reports investigated the presence of multiple viruses (i.e., co-infection) in a
child. Kouni’s report showed that 42.5% of children were infected with more than two viruses. The
most frequent pattern of co-infection was RSVA-RSVB (27.2%), followed by RSV-INFL (11.8%) and
RSV-RYV (10.6%)%. In another report, multiple viruses were detected in 18% of the enrolled children.
Among them, the most common co-infection was Ad+RSV(23.3%), followed by RS-CoV (16.5%) and
AdV-Flu A (13.6%). RS viruses are common not only in single infections but also in multiple
infections.

In a previous report, many viruses, including RV, were investigated, but the PCR used was not
quantitative. Therefore, they were unable to identify the viruses that were the main pathogens among
the multiple viruses. In later reports, PCR was quantitative and RV, one of the main pathogens, was
found predominant in single-detection as well as in multiple detections, as in the previous report and
in our current report. Furthermore, the relationships between co-infections and the severity of
respiratory diseases were referred to in both past reports, although the opinion was different between
them at that time.

Compared to these reports, we investigated many viruses, including RV, using quantitative PCR
and focused not on the severity, but on the types of respiratory diseases, such as obstructive
respiratory diseases, including bronchial asthma, acute bronchiolitis, and asthmatic bronchitis. For
example, many respiratory viruses, which cause a type of obstructive respiratory disease, have been
detected in adult patients with chronic obstructive pulmonary disease®”). Furthermore, the frequency
of detection is reportedly influenced by the severity of FEV1”. Obstructive respiratory conditions may
lead to viral invasion.
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However, the evaluation of whether the detected viruses are real pathogens or just carriages is
difficult when multiple viruses are detected in one person. Gazeau et al. reported the diagnoses of 44
hospitalized patients with various respiratory manifestations based on a quantitative PCR assay, and
all but one, who were detected at less than 35 Ct (high values), were consistent with the clinical
history®.

As described previously, we referred to the standard in Gazeau’s reports for the evaluation of
viral load; therefore, the values of Ct are very important. In the present study, most viruses were
detected as both main and non-main viruses.

Whether the detected viruses are real pathogens is difficult to judge when multiple viruses are
detected in one person, unless qPCR assays are performed.

There are two limitations in our study. First, it was a single-center study. Therefore, the number
of children enrolled was low. Moreover, quantitative PCR is not as popular as qualitative PCR owing
toits high cost. Hence, a detailed analysis using a qualitative approach, such as our data, is considered
very important. Second, there was no standard Ct in qPCR to determine whether the detected viruses
were genuine pathogens. Therefore, we had to refer to a previous report?. Taken together, a more
detailed investigation, including a comparison between the values of Ct and clinical courses, would
be required in the future.

5. Conclusions

In this study, we analyzed the viral etiological agents responsible for respiratory tract diseases.
The most prevalent identified virus was SARS-CoV-2, which was significantly more common in
adults, regardless of sex. Although the spread of COVID-19 has been a major public health concern,
SARS-CoV-2 may not be the only pathogen responsible for respiratory infections. Other viruses, such
as adenovirus, rhinovirus, metapneumovirus, enteroviruses, and influenza, have been detected more
frequently in mono-infections as well as in co-infections (mainly with SARS-CoV-2). Notably,
respiratory tract coinfections, depending on the patient’s immune system status and comorbidities,
usually result in a worse prognosis.
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