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Highlights

What are the main findings?

• Rhinovirus was the predominant respiratory pathogen among children hospitalized
for asthma exacerbations and was associated with atopic features.

• Respiratory syncytial virus was detected mainly in younger children and was associ-
ated with greater severity only in unadjusted comparisons.

What are the implications of the main findings?

• Pathogen-specific clinical patterns may help clinicians interpret respiratory pathogen
detections during asthma exacerbations.

• Younger age and moderate-to-severe asthma should be considered important risk
indicators for severe exacerbation.

Abstract

Background/Objectives: Respiratory pathogens are frequently detected during asthma
exacerbations in children. This study aimed to evaluate the distribution of respiratory
pathogens, associated clinical features, and factors related to severe exacerbation in children
hospitalized for asthma exacerbations during a two-year period. Methods: This retro-
spective observational study included children aged 1–18 years hospitalized for asthma
exacerbation between April 2023 and April 2025. Demographic, clinical, laboratory, and
pathogen data were retrospectively obtained from medical records and analyzed. Results:
A total of 312 children were included; 135 patients (43.3%) were female, and the median age
was 5.70 years (IQR, 3.42–8.79). A respiratory pathogen was detected in 235 patients (75.3%).
Among patients with single infections (n = 203), rhinovirus (RV) was the most common
pathogen (n = 130), followed by respiratory syncytial virus (RSV) (n = 18). Compared with
RSV infection, RV infection was associated with higher frequencies of allergic rhinitis and
aeroallergen sensitization, as well as higher neutrophil and eosinophil counts and higher
total IgE levels. RV was detected throughout the year, peaking in autumn, whereas RSV
occurred predominantly in winter. RSV infection was observed in younger children and
was associated with more frequent severe exacerbations in unadjusted comparisons; how-
ever, only younger age and moderate-to-severe asthma remained independently associated
with severe exacerbation in multivariable analysis. Conclusions: Respiratory pathogens
were detected in most children hospitalized for asthma exacerbation, with RV being the
predominant pathogen. Younger age and moderate-to-severe asthma were the main factors
associated with severe exacerbation.
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1. Introduction
Asthma is the most prevalent chronic respiratory disease in children, with global

childhood prevalence estimated at approximately 10% [1,2]. It is a heterogeneous dis-
order characterized by various phenotypes and endotypes, with respiratory infections
commonly associated with exacerbations [3–5]. Rhinovirus (RV) and respiratory syncytial
virus (RSV) are among the most frequently detected pathogens during asthma exacerba-
tions, although other viruses, including influenza virus, parainfluenza virus, coronavirus,
metapneumovirus, and adenovirus, may also be detected [6–8]. These viruses may also
differ in their clinical associations, as RSV-related wheezing has been reported to be more
common in infants and non-atopic children, whereas RV-related wheezing is more closely
linked to pre-existing atopy [9,10].

In a recent study of children with asthma exacerbations presenting to a pediatric
emergency department, at least one respiratory virus was detected in 75.0% of those who
underwent respiratory virus polymerase chain reaction (PCR) testing, with RV being the
most frequently identified virus [11]. Moreover, a population-based study of children
younger than 15 years hospitalized with asthma reported that the proportion of RSV
infection increased from 1.44% in 2016 to 7.4% in 2022 [12].

Viral infections play a significant role, particularly during times when children return
to school following summer and spring breaks [13]. RV circulates year-round, with peak
prevalence in early autumn and late spring, whereas RSV is typically observed during the
winter season [14]. Periods characterized by heightened circulation of respiratory viruses
have been linked to worsening asthma symptoms and a higher likelihood of loss of disease
control [15].

RV is highly prevalent among respiratory viruses. However, most RV infections in
children with asthma do not result in exacerbations [14,16]. Therefore, host-related factors
such as allergic sensitization and airway inflammation may influence susceptibility to
RV-associated exacerbations [17].

There is a need for studies evaluating respiratory pathogens in pediatric asthma
exacerbations across multiple seasons. The aim of this study was to evaluate the distri-
bution of respiratory pathogens, associated clinical features, and factors related to severe
exacerbation in children hospitalized for asthma exacerbations during a two-year period.

2. Materials and Methods
2.1. Study Design and Population

This retrospective observational study was conducted at the Division of Pediatric
Allergy and Immunology, Ankara Atatürk Sanatorium Training and Research Hospital,
Ankara, Türkiye, between 1 April 2023, and 1 April 2025. Participants were eligible if they
were aged 1–18 years, had a respiratory pathogen panel performed, and had a diagnosis of
asthma either previously established or confirmed during hospitalization and subsequent
outpatient follow-up in our pediatric allergy and immunology clinic. For patients with
more than one hospitalization during the study period, only the first hospitalization was
included in the analysis. Children were not included if they had been evaluated only during
hospitalization without documented asthma follow-up before or after admission at our
pediatric allergy and immunology clinic, were hospitalized for a primary condition other
than asthma exacerbation, such as bronchiolitis or pneumonia, or had immunodeficiency,
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congenital heart disease, prematurity <32 weeks of gestation, bronchopulmonary dysplasia,
primary ciliary dyskinesia, cystic fibrosis, other chronic conditions, or incomplete data.
Patients’ demographic and clinical characteristics and laboratory findings were obtained
from electronic medical records. White blood cell (WBC) count, differential leukocyte
counts, and C-reactive protein (CRP) levels were routinely measured using blood samples
collected within the first hour after presentation to our hospital.

Asthma was diagnosed according to the Global Initiative for Asthma (GINA) criteria,
based on a history of variable respiratory symptoms (wheeze, shortness of breath, chest
tightness, and cough) and the presence of variable expiratory airflow limitation [18]. For
children aged ≤5 years, asthma was diagnosed by pediatric allergy and immunology spe-
cialists based on recurrent wheezing episodes or at least one acute wheezing episode with
asthma-like symptoms between episodes, absence of an alternative diagnosis, supportive
clinical features including allergic disease, allergen sensitization or asthma in first-degree
relatives, and clinical improvement with asthma treatment when applicable [18]. Asthma
exacerbations were defined according to the GINA recommendations available during the
study period as a worsening of symptoms and lung function beyond the patient’s baseline
condition. Underlying asthma severity was classified according to the same recommendations
based on the level of treatment required to achieve asthma control and was categorized as
mild or moderate-to-severe asthma for analysis [18]. The severity of acute asthma exacerbation
was assessed using the Pediatric Asthma Severity Score (PASS), which includes three clinical
components—wheezing, work of breathing, and prolongation of expiration—each scored
from 0 to 2, yielding a total score ranging from 0 to 6. For descriptive purposes, PASSs were
categorized as mild (0–2), moderate (3–4), and severe (5–6) [19].

2.2. Pathogen Detection

Respiratory pathogen panel testing was routinely performed in children hospitalized
for asthma exacerbation at our institution. Nasopharyngeal swab samples were obtained
within the first 2 h of admission by experienced clinicians and processed in accordance
with the manufacturer’s instructions. Pathogen detection was performed using real-time
polymerase chain reaction (RT-PCR) with the Bosphore Respiratory Pathogens Kit (Anatolia
Geneworks, Istanbul, Türkiye), and was defined as laboratory identification of viral or
bacterial targets by RT-PCR from nasopharyngeal samples. Coinfection was defined as
the detection of more than one pathogen by RT-PCR, regardless of whether the detected
organisms were viral or bacterial. The following respiratory pathogens were analyzed:
influenza A (H1, H1N1/2009, and H3), influenza B, RSV A/B, adenovirus, enterovirus,
parainfluenza viruses (types 1–4), human metapneumovirus, bocavirus, RV, human coron-
aviruses (NL63, OC43, 229E, and HKU1), parechovirus, Mycoplasma pneumoniae, Chlamydia
pneumoniae, Legionella pneumophila, Haemophilus influenzae, Streptococcus pneumoniae, and
Bordetella pertussis. SARS-CoV-2 was not included in the respiratory pathogen RT-PCR
panel. However, according to institutional practice, rapid antigen testing was routinely
performed in patients with clinical suspicion of COVID-19, and no SARS-CoV-2-positive
cases were identified among the study population.

2.3. Allergy Testing

Allergic evaluation was routinely performed during outpatient follow-up at our pe-
diatric allergy and immunology clinic, rather than during the acute asthma exacerbation,
using skin prick testing (SPT) and/or measurement of allergen-specific IgE levels according
to the clinical status of each child. Because all included children were followed in our
pediatric allergy and immunology clinic for asthma management, aeroallergen sensitization
data were available for all patients included in the study. Total IgE levels were obtained
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from outpatient allergy follow-up records. SPT was performed with standardized allergen
extracts (Lofarma, Milan, Italy). The aeroallergen panel included house dust mites, grass
pollen mix, cereal pollen mix, tree pollen mix, Cupressus, Plantago, Artemisia, Ambrosia,
Chenopodium, Parietaria, Alternaria, Aspergillus, as well as cat, dog, and cockroach allergens.
A positive SPT result was defined as a wheal diameter ≥ 3 mm greater than that of the
negative control. Allergen-specific IgE levels were measured for house dust mite, grass
pollen mix, mold mix, and animal dander mix, with concentrations ≥ 0.35 kU/L considered
indicative of sensitization. Total and specific IgE levels were measured using a chemilumi-
nescent immunoassay system (IMMULITE 2000 XPI, Siemens, Erlangen, Germany).

2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics (version 22.0; IBM Corp.,
Armonk, NY, USA). The normality of data distribution was assessed using the Kolmogorov–
Smirnov and Shapiro–Wilk tests. As none of the continuous variables followed a normal
distribution, all continuous variables are presented as median (interquartile range, IQR). The
Mann–Whitney U test was used to compare non-normally distributed variables. Categorical
variables were compared using Pearson’s chi-square test or Fisher’s exact test, as appropriate.
Logistic regression analysis was performed to identify factors associated with severe exacer-
bations. Candidate variables for the multivariable model were identified using a univariate
screening threshold of p < 0.20, combined with clinical plausibility. Multicollinearity among
the candidate variables was assessed using variance inflation factors (VIF) and no relevant
multicollinearity was detected. Because only 24 children experienced a severe exacerbation,
corresponding to an events-per-variable ratio of 8 for the final three-variable model, a Firth
penalized logistic regression approach was used to reduce small-sample bias and to provide
stable estimates for rare exposures. This analysis was performed in R (version 4.5.2; R Founda-
tion for Statistical Computing, Vienna, Austria) using the logistf package (version 1.26.1). Odds
ratios (OR) with 95% profile-penalized-likelihood confidence intervals (CI) were calculated.
Overall model significance was evaluated using the likelihood ratio test, and model discrimi-
nation was assessed using the area under the receiver operating characteristic curve (AUC).
Odds ratios with 95% CIs were presented graphically using GraphPad Prism (version 11.0.2;
GraphPad Software, Boston, MA, USA). Analyses were performed using available data for
each variable, and no imputation procedures were applied. A p value < 0.05 was considered
statistically significant.

The study was conducted in accordance with the principles of the Declaration of
Helsinki and received approval from the Scientific Research Ethics Committee of Ankara
Atatürk Sanatorium Training and Research Hospital (Approval No: 2024-BÇEK/300). The
study was approved as a retrospective review using anonymized medical records. No
patient contact or intervention was involved, and the requirement for informed consent
was waived by the Ethics Committee.

3. Results
During the study period, 980 hospitalized children underwent respiratory pathogen

panel testing for various clinical indications, including asthma exacerbation, bronchiolitis,
pneumonia, unexplained fever, rash, and other suspected infectious conditions. After
review of medical records, 312 children aged 1–18 years who were hospitalized for asthma
exacerbation met the eligibility criteria and were included in the study. These children ac-
counted for 351 hospitalization records during the study period; to avoid non-independence
of repeated observations, only the first hospitalization of each child was included in the
analysis. The full analytic cohort therefore consisted of 312 children (Figure 1). The com-
parison according to pathogen detection status included all 312 children, comprising
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235 pathogen-positive and 77 pathogen-negative children (Table 1). Subgroup analyses
were then performed using the relevant comparison groups: children with single RV
(n = 130) or RSV (n = 18) detection for the RV–RSV comparison (Table 2), and children
with single pathogen detection (n = 203) or coinfection (n = 32) among pathogen-positive
children (Table 3).

Figure 1. Flow diagram of patient selection and analytic cohort structure.

Overall, 135 patients (43.3%) were female, and the median age was 5.70 years (IQR,
3.42–8.79). Preterm birth was present in 32 patients (10.3%), a family history of atopy in
89 (28.5%), exposure to cigarette smoking in 198 (63.5%), and parental consanguinity in 39
(12.5%). In terms of asthma severity, 168 patients (53.8%) had mild asthma, while 144 (46.2%)
had moderate-to-severe asthma. Allergic rhinitis was the most frequent comorbid allergic
disease, observed in 143 patients (45.8%), followed by atopic dermatitis in 57 patients (18.3%).
The median length of hospital stay was 5 days (IQR, 4–6). Hospitalizations were most
common in autumn (n = 127, 40.7%). Based on the PASS classification, 288 patients (92.3%)
had mild-to-moderate exacerbations and 24 (7.7%) had severe exacerbations (Table 1).

A pathogen was detected in 235 of the 312 patients (75.3%), whereas no pathogen
was identified in 77 patients (24.7%) (Table 1). Patients with pathogen positivity were
significantly younger than those without an identified pathogen (median age, 5.50 [IQR,
3.14–8.43] vs. 6.87 [IQR, 3.90–9.90] years; p = 0.018).

Among the 235 patients with an identified pathogen, 203 (86.4%) had a single infection.
In this single-infection subgroup, RV was the most frequently detected pathogen (n = 130),
followed by respiratory syncytial virus (RSV) (n = 18). A comparison of patients with single RV
and single RSV infections is presented in Table 2. Patients with RSV infection were younger
than those with RV infection (median age, 3.7 [IQR, 1.9–5.5] vs. 5.8 [IQR, 3.6–9.7] years;
p = 0.006). A higher proportion of patients with RSV infection were aged ≤5 years compared
to those with RV infection (88.9% vs. 54.6%; p = 0.010). Mild asthma was more common among
patients with RSV infection than those with RV infection (72.2% vs. 46.9%; p = 0.044). Despite
this, severe attacks were more frequent in patients with RSV infection than in those with RV
infection (27.8% vs. 9.2%; p = 0.037). In addition, high-flow oxygen therapy was required
more frequently in patients with RSV infection (27.8% vs. 6.9%; p = 0.015). Allergic rhinitis
was more prevalent in patients with RV infection than in those with RSV infection (53.1% vs.
5.6%; p < 0.001). Aeroallergen sensitization was also higher in the RV group (52.3% vs. 11.1%;
p = 0.002), with pollen and pet dander sensitization being significantly more frequent among
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patients with RV infection. RV infections were most common in autumn but were detected
across all seasons, whereas RSV infections predominantly occurred in winter (p < 0.001). WBC
count, neutrophil count, eosinophil count, eosinophil percentage, and total IgE levels were
significantly higher in patients with RV infection than in those with RSV infection (Table 2). A
sensitivity analysis excluding children younger than 2 years yielded similar results for most
RV–RSV comparisons (Supplementary Table S1). Severe exacerbation and high-flow nasal
cannula use remained numerically more frequent in the RSV group, but these differences
were no longer statistically significant.

Table 1. Comparison of patient characteristics according to pathogen detection status (n = 312).

Characteristic Total
(n = 312)

Pathogen (+)
(n = 235)

Pathogen (−)
(n = 77) p Value

Female, n (%) 135 (43.3) 101 (43.0) 34 (44.2) 0.856

Age, median (IQR), years 5.70 (3.42–8.79) 5.50 (3.14–8.43) 6.87 (3.90–9.90) 0.018

Age group, n (%) 0.055
≤5 years 169 (54.2) 136 (57.9) 33 (42.9)
6–11 years 105 (33.6) 71 (30.2) 34 (44.1)
≥12 years 38 (12.2) 28 (11.9) 10 (13.0)

Preterm birth, n (%) 32 (10.3) 25 (10.6) 7 (9.1) 0.863

Family history of atopy, n (%) 89 (28.5) 64 (27.2) 25 (32.5) 0.377

Exposure to cigarette smoking, n (%) 198 (63.5) 153 (65.1) 45 (58.4) 0.292

Parental consanguinity, n (%) 39 (12.5) 31 (13.2) 8 (10.4) 0.655

Asthma severity, n (%) 0.700
Mild 168 (53.8) 128 (54.5) 40 (51.9)
Moderate–severe 144 (46.2) 107 (45.5) 37 (48.1)

Comorbid allergic diseases, n (%)
Allergic rhinitis 143 (45.8) 102 (43.4) 41 (53.2) 0.132
Atopic dermatitis 57 (18.3) 43 (18.3) 14 (18.2) 0.982
Food allergy 19 (6.1) 13 (5.5) 6 (7.8) 0.582
Urticaria/angioedema 12 (3.8) 9 (3.8) 3 (3.9) 0.979
Anaphylaxis 5 (1.6) 4 (1.7) 1 (1.3) 0.807

Aeroallergen sensitization, n (%)
Pollen 95 (30.4) 66 (28.1) 29 (37.7) 0.113
House dust mite 75 (24.0) 56 (23.8) 19 (24.7) 0.880
Pet dander 82 (26.3) 63 (26.8) 19 (24.7) 0.826
Mold 32 (10.3) 26 (11.1) 6 (7.8) 0.545

Length of hospital stay, median (IQR), days 5 (4–6) 5 (4–6) 5 (4–6) 0.709

Season, n (%) 0.633
Autumn 127 (40.7) 97 (41.3) 30 (38.9)
Winter 61 (19.6) 44 (18.7) 17 (22.1)
Spring 65 (20.8) 52 (22.1) 13 (16.9)
Summer 59 (18.9) 42 (17.9) 17 (22.1)

Oxygen saturation, median (IQR), % 92 (90–94) 92 (90–93) 92 (90–94) 0.045

PASS attack severity, n (%) 0.232
Mild–moderate 288 (92.3) 214 (91.1) 74 (96.1)
Severe 24 (7.7) 21 (8.9) 3 (3.9)

Duration of systemic corticosteroid therapy,
median (IQR), days 4 (3–5) 4 (3–5) 4 (3–5) 0.992

High-flow nasal cannula, n (%) 24 (7.7) 19 (8.1) 5 (6.5) 0.835

WBC, median (IQR), ×109/L 12.1 (9.1–15.5) 12.4 (9.2–15.9) 11.4 (8.4–15.0) 0.191

Eosinophil count, median (IQR), ×109/L 0.28 (0.10–0.52) 0.26 (0.09–0.52) 0.30 (0.11–0.51) 0.426

Eosinophil percentage, median (IQR), % 2.4 (0.9–4.3) 2.2 (0.8–4.3) 2.6 (1.1–4.8) 0.203

CRP, median (IQR), mg/L 12 (5–30) 11.5 (5–30) 12 (4–32) 0.913

Total IgE, median (IQR), IU/mL (n = 260) 118.7 (34.3–333.3) 102.5 (33.9–307.9) 163.1 (35.1–447.8) 0.137

Abbreviations: CRP, C-reactive protein; IQR, interquartile range; PASS, Pediatric Asthma Severity Score; WBC,
white blood cell count. Note: Analyses were performed at the patient level using only the first hospitalization of
each child during the study period. Bold values indicate statistically significant p values (p < 0.05).
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Table 2. Comparison of patients with single RV and RSV infections (n = 148).

Characteristic RV (n = 130) RSV (n = 18) p Value

Female, n (%) 53 (40.8) 9 (50.0) 0.457

Age, median (IQR), years 5.8 (3.6–9.7) 3.7 (1.9–5.5) 0.006

Age group, n (%) 0.010
≤5 years 71 (54.6) 16 (88.9)
6–11 years 41 (31.5) 1 (5.6)
≥12 years 18 (13.8) 1 (5.6)

Preterm birth, n (%) 13 (10.0) 1 (5.6) 0.862

Family history of atopy, n (%) 33 (25.4) 7 (38.9) 0.260

Exposure to cigarette smoking, n (%) 87 (66.9) 11 (61.1) 0.824

Parental consanguinity, n (%) 15 (11.5) 1 (5.6) 0.694

Asthma severity, n (%) 0.044
Mild 61 (46.9) 13 (72.2)
Moderate–severe 69 (53.1) 5 (27.8)

Comorbid allergic diseases, n (%)
Allergic rhinitis 69 (53.1) 1 (5.6) <0.001
Atopic dermatitis 20 (15.4) 2 (11.1) 0.901
Food allergy 6 (4.6) 2 (11.1) 0.251
Urticaria/angioedema 3 (2.3) 0 1.000
Anaphylaxis 3 (2.3) 0 1.000

Aeroallergen sensitization, n (%) 68 (52.3) 2 (11.1) 0.002
Pollen 42 (32.3) 1 (5.6) 0.039
House dust mite 42 (32.3) 2 (11.1) 0.117
Pet dander 42 (32.3) 1 (5.6) 0.039
Mold 18 (13.8) 0 0.130

Length of hospital stay, median (IQR), days 4 (3–6) 5.5 (3–7) 0.290

Season, n (%) <0.001
Autumn 64 (49.2) 7 (38.9)
Winter 17 (13.1) 11 (61.1)
Spring 30 (23.1) 0
Summer 19 (14.6) 0

Oxygen saturation, median (IQR), % 91 (90–93) 91 (88–93) 0.901

PASS attack severity, n (%) 0.037
Mild–moderate 118 (90.8) 13 (72.2)
Severe 12 (9.2) 5 (27.8)

Duration of systemic corticosteroid therapy, median (IQR), days 4 (3–5) 4 (3–7) 0.623

High-flow nasal cannula, n (%) 9 (6.9) 5 (27.8) 0.015

WBC, median (IQR), ×109/L 14.4 (11.3–17.0) 9.1 (7.9–13.3) <0.001

Neutrophil count, median (IQR), ×109/L 10.1 (7.8–13.3) 5.9 (3.8–8.4) <0.001

Lymphocyte count, median (IQR), ×109/L 2.3 (1.5–3.4) 2.3 (1.4–4.0) 0.639

Eosinophil count, median (IQR), ×109/L 0.38 (0.19–0.61) 0.08 (0.02–0.24) <0.001

Eosinophil percentage, median (IQR), % 2.8 (1.4–4.6) 1.1 (0.3–2.5) 0.002

CRP, median (IQR), mg/L 10 (5–19.3) 18 (10.5–39) 0.051

Total IgE, median (IQR), IU/mL (RV n = 109, RSV n = 16) 116.6 (43.4–350.3) 41.9 (16.9–113.9) 0.003

Abbreviations: CRP, C-reactive protein; IQR, interquartile range; PASS, Pediatric Asthma Severity Score; RSV,
respiratory syncytial virus; RV, rhinovirus; WBC, white blood cell count. Note: Analyses were performed at
the patient level using only the first hospitalization of each child during the study period. Bold values indicate
statistically significant p values (p < 0.05).
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Table 3. Comparison of patients with single infection and coinfection (n = 235).

Characteristic Single Infection (n = 203) Coinfection (n = 32) p Value

Female, n (%) 90 (44.3) 11 (34.3) 0.387

Age, median (IQR), years 5.64 (3.27–8.54) 5.03 (2.48–6.96) 0.349

Age group, n (%) 0.786
≤5 years 116 (57.1) 20 (62.5)
6–11 years 63 (31.0) 8 (25.0)
≥12 years 24 (11.9) 4 (12.5)

Preterm birth, n (%) 22 (10.8) 3 (9.4) 0.803

Family history of atopy, n (%) 58 (28.6) 6 (18.8) 0.344

Exposure to cigarette smoking, n (%) 134 (66.0) 19 (59.4) 0.594

Parental consanguinity, n (%) 26 (12.8) 5 (15.6) 0.586

Asthma severity, n (%) 0.241
Mild 107 (52.7) 21 (65.6)
Moderate–severe 96 (47.3) 11 (34.4)

Comorbid allergic diseases, n (%)
Allergic rhinitis 95 (46.8) 7 (21.9) 0.014
Atopic dermatitis 33 (16.3) 10 (31.3) 0.073
Food allergy 10 (4.9) 3 (9.4) 0.394
Urticaria/angioedema 8 (3.9) 1 (3.1) 0.823
Anaphylaxis 4 (2.0) 0 0.423

Aeroallergen sensitization, n (%) 94 (46.3) 9 (28.1) 0.083
Pollen 63 (31.3) 3 (9.4) 0.020
House dust mite 53 (26.1) 3 (9.4) 0.066
Pet dander 56 (27.6) 7 (21.9) 0.643
Mold 24 (11.8) 2 (6.3) 0.545

Length of hospital stay, median (IQR), days 5 (4–6) 5 (4–7) 0.168

Season, n (%) 0.351
Autumn 88 (43.3) 9 (28.1)
Winter 38 (18.7) 6 (18.8)
Spring 42 (20.7) 10 (31.3)
Summer 35 (17.2) 7 (21.9)

Oxygen saturation, median (IQR), % 91 (90–93) 92 (90–94) 0.302

PASS attack severity, n (%) 0.747
Mild–moderate 184 (90.6) 30 (93.8)
Severe 19 (9.4) 2 (6.3)

Duration of systemic corticosteroid therapy, median (IQR), days 4 (3–5) 3.5 (3–6) 0.878

High-flow nasal cannula, n (%) 16 (7.9) 3 (9.4) 0.730

WBC, median (IQR), ×109/L 12.6 (9.2–16.0) 11.6 (9.3–14.3) 0.380

Eosinophil count, median (IQR), ×109/L 0.28 (0.10–0.53) 0.17 (0.04–0.40) 0.112

Eosinophil percentage, median (IQR), % 2.4 (0.9–4.3) 1.5 (0.3–2.9) 0.098

CRP, median (IQR), mg/L 11.5 (5.0–25.8) 13.1 (4.5–57.8) 0.511

Total IgE, median (IQR), IU/mL (single infection n = 175,
coinfection n = 23) 100.5 (33.0–311.0) 124.9 (34.2–282.0) 0.931

Abbreviations: CRP, C-reactive protein; IQR, interquartile range; PASS, Pediatric Asthma Severity Score; WBC,
white blood cell count. Note: Analyses were performed at the patient level using only the first hospitalization of
each child during the study period. Bold values indicate statistically significant p values (p < 0.05).

A comparison of patients with single infection (n = 203) and coinfection (n = 32)
among those with an identified pathogen (n = 235) is presented in Table 3. Among the
32 patients with coinfection, 21 (65.6%) had viral–viral combinations and 11 (34.4%) had
viral–bacterial combinations; no bacterial–bacterial coinfections were identified. Allergic
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rhinitis (p = 0.014) and pollen sensitization (p = 0.020) were more frequently observed in
patients with single infection than in those with coinfection.

The distribution of pathogens identified in the study population is shown in Figure 2.
RV accounted for the majority of detected pathogens, followed by RSV, Mycoplasma pneu-
moniae, and parainfluenza virus, while other pathogens comprised a smaller proportion.

Figure 2. Distribution of detected respiratory pathogens in the study population. Percentages were
calculated using the total study population as the denominator (n = 312). Pathogen categories are not
mutually exclusive due to coinfections. The figure presents only detected pathogens.

The seasonal distribution of hospitalizations and identified pathogens during the two-
year study period is shown in Figure 3. Hospitalizations were most frequent in autumn,
followed by winter. Consistent with the findings presented in Table 2, RV infections were
observed throughout all seasons, with a peak in autumn, whereas RSV infections were
most common in winter. Mycoplasma pneumoniae was detected across almost all months
during the second year.

Figure 3. Seasonal distribution of hospitalizations and identified pathogens during the two-year
study period (patient-level analysis, n = 312).
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Univariable logistic regression analyses for factors associated with severe exacerbation
are presented in Table 4. Because only 24 severe exacerbation events were observed,
multivariable associations were evaluated using Firth penalized logistic regression. The
results of the multivariable Firth penalized logistic regression model are presented in Table 5.
The final model included age, asthma severity, and RSV positivity. Increasing age was
associated with a reduced risk of severe exacerbation (OR, 0.84; 95% CI, 0.72–0.96; p = 0.008),
whereas moderate-to-severe asthma was independently associated with increased odds of
severe exacerbation (OR, 3.06; 95% CI, 1.29–7.83; p = 0.011). RSV positivity was associated
with higher odds of severe exacerbation (OR, 2.68), but this association was not statistically
significant after adjustment (95% CI, 0.82–7.80; p = 0.099). The overall model was statistically
significant (likelihood ratio test, p = 0.001), and showed acceptable discrimination (AUC,
0.71). The results are illustrated in Figure 4.

Table 4. Univariable logistic regression analysis of factors associated with severe exacerbation (n = 312).

Variable OR 95% CI p Value

Age, years 0.84 0.73–0.96 0.012

Female sex 1.12 0.49–2.58 0.792

Preterm birth 0.78 0.18–3.49 0.747

Family history of atopy 1.03 0.41–2.59 0.942

Exposure to cigarette smoking 1.44 0.58–3.57 0.437

Moderate-to-severe asthma 2.50 1.04–6.03 0.041

Allergic rhinitis 0.57 0.24–1.37 0.206

Atopic dermatitis 0.89 0.29–2.70 0.833

Food allergy 0.65 0.08–5.11 0.684

Urticaria/angioedema 2.53 0.52–12.26 0.250

Anaphylaxis 3.09 0.33–28.77 0.322

Aeroallergen sensitization 0.69 0.29–1.63 0.396

House dust mite sensitization 1.33 0.53–3.35 0.542

Pollen sensitization 0.43 0.14–1.30 0.136

Mold sensitization 1.28 0.36–4.54 0.707

Pet dander sensitization 0.54 0.18–1.63 0.272

Any pathogen detection 2.42 0.70–8.35 0.162

Rhinovirus positivity 1.54 0.66–3.59 0.314

RSV positivity 3.03 1.04–8.87 0.043

Coinfection 0.78 0.18–3.49 0.747
Abbreviations: CI, confidence interval; OR, odds ratio; RSV, respiratory syncytial virus.

Table 5. Multivariable Firth penalized logistic regression analysis for severe exacerbation (n = 312).

Variable Adjusted OR 95% CI p Value

Age, years 0.84 0.72–0.96 0.008

Moderate-to-severe asthma 3.06 1.29–7.83 0.011

RSV positivity 2.68 0.82–7.80 0.099
Abbreviations: CI, confidence interval; OR, odds ratio; RSV, respiratory syncytial virus.
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Figure 4. Forest plot of factors associated with severe exacerbation based on Firth penalized logistic
regression. Points indicate odds ratios and horizontal lines indicate 95% confidence intervals, and the
dashed vertical line indicates the null effect line (OR = 1).

4. Discussion
In this two-year retrospective study of children hospitalized for asthma exacerbations,

respiratory pathogens were detected in three-quarters of patients, with RV being the
predominant pathogen. RV-associated exacerbations were characterized by a stronger
atopic profile, including higher frequencies of allergic rhinitis, aeroallergen sensitization,
eosinophilia, and elevated total IgE. RSV was detected mainly in younger children and
was associated with greater severity only in descriptive comparisons. Younger age and
moderate-to-severe asthma were independently associated with severe exacerbation.

RV was the most frequently detected pathogen in approximately half of the study
population. Although a wide range of respiratory viruses have been associated with asthma
exacerbations, RV is recognized as one of the most frequently detected viruses in childhood
asthma exacerbations, likely reflecting its high prevalence among circulating respiratory
viruses [11,20–22]. RV infections can present with a broad clinical spectrum, ranging from
asymptomatic cases to severe illness requiring hospitalization [23]. However, not all RV
infections in children with asthma result in exacerbations, and several factors may increase
this risk, particularly atopic predisposition [13,14,24].

The frequency of allergic rhinitis and aeroallergen sensitization was higher in pa-
tients with RV infection than in those with RSV infection. In addition, eosinophil count
and percentage, as well as total IgE levels, were higher in the RV group. Consistent
with these findings, previous studies have demonstrated that children with aeroallergen
sensitization and elevated total IgE levels are at increased risk of RV-induced asthma
exacerbations [17,25,26]. In contrast, allergic sensitization does not appear to be a signifi-
cant risk factor for RSV-induced wheezing in children [14,27]. Moreover, several studies
have demonstrated an association between atopy and RV-induced wheezing [14,16,28–32].
While it is not fully established whether allergic sensitization precedes viral infection or
vice versa, a clear association between allergic sensitization and RV-induced wheezing has
been consistently observed [13,32].

In addition to eosinophilic inflammation, neutrophilia was observed in patients with
RV infection in our study. Zheng et al. [20] similarly reported higher neutrophil levels in
RV-positive patients. These findings suggest that RV-associated asthma exacerbations may
be accompanied by a broader inflammatory profile characterized by both eosinophilic and
neutrophilic responses. Previous studies have reported that respiratory viral infections may
increase airway neutrophils and mononuclear cells during the acute phase and that im-
paired early antiviral responses may be associated with enhanced airway inflammation [16].
In addition, neutrophil extracellular trap formation (NETosis) and altered interferon re-
sponses have been proposed as potential mechanisms involved in RV-associated airway
inflammation [33]. However, these mechanisms were not directly evaluated in our study
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and therefore should be considered possible explanations derived from the existing lit-
erature rather than findings demonstrated in our cohort. The coexistence of elevated
eosinophil and neutrophil levels observed in patients with RV detection is consistent with
these previously proposed mechanisms, although no causal inference can be made from
our data.

Patients without an identified pathogen had a significantly higher median age. Consis-
tent with this, Heymann et al. [17] demonstrated a gradual decline in pathogen detection
rates with increasing age in children with wheezing. This may be attributed to narrower
airways and greater susceptibility to infections in younger children, as well as more mature
immune responses and an increasing role of non-infectious factors, such as aeroallergen
sensitization, with advancing age. Additionally, the median age was significantly lower
in patients with RSV infection compared to those with RV infection, supporting previous
reports that RV infections are more common in older children, whereas RSV predominantly
affects younger age groups [25,26,34].

RSV infections were most frequently observed during the winter season, followed by
autumn, whereas RV infections occurred throughout the year, with a peak in autumn. This
seasonal distribution is consistent with observations in the literature showing that RV circu-
lates year-round with peaks in early autumn and late spring, while RSV is predominantly
observed during the winter months [14]. Findings from the two-year study period further
support these well-established epidemiological patterns.

Allergic rhinitis and aeroallergen sensitization—particularly pollen sensitization—
were more frequently observed in patients with single infections compared to those with
coinfections. However, no significant differences were found between the groups regarding
other demographic, clinical, or laboratory parameters, including asthma severity and
exacerbation severity. These findings suggest that coinfection was not associated with
greater exacerbation severity in our cohort. These findings are in line with those reported
by Abe et al. [25], who similarly did not observe a significant effect of coinfection on
clinical severity. Although patients with coinfection were younger in our cohort, this
difference did not reach statistical significance. Consistent with this trend, Abe et al. [25]
reported younger age in the coinfection group, although their findings reached statistical
significance, possibly due to differences in study design, including the inclusion of patients
aged ≥6 months. In their study, aeroallergen sensitization was assessed using mite-specific
IgE alone and was found to be more frequent in patients with single infections. In our
cohort, pollen sensitization was significantly higher in the single infection group, while mite
sensitization was also more frequent but did not reach statistical significance (p = 0.066).

Mild asthma was more common in patients with RSV infection than in those with RV
infection; however, the frequency of severe exacerbations and the need for high-flow nasal
cannula were higher in the RSV group in descriptive comparisons. Nevertheless, RSV posi-
tivity was not independently associated with severe exacerbation in the multivariable Firth
penalized logistic regression model, whereas younger age and moderate-to-severe asthma
were independently associated with severe exacerbation. In the study by Selmanoğlu
et al. [35], RV and RSV were detected at relatively similar frequencies in children admitted
to the intensive care unit. Although RV is generally more prevalent in the literature [6]
and was also the predominant pathogen in our cohort, the higher frequency of severe
clinical features among RSV-positive children in descriptive comparisons suggests that
RSV detection may be associated with a more severe clinical presentation in some hos-
pitalized children. However, this interpretation should be made cautiously because the
RSV subgroup was small and RSV positivity did not remain statistically significant after
adjustment. In addition, only 24 severe exacerbation events were observed in the overall
cohort. Therefore, the final multivariable model was restricted to three clinically relevant

https://doi.org/10.3390/children13070853

https://doi.org/10.3390/children13070853


Children 2026, 13, 853 13 of 16

variables, corresponding to an events-per-variable ratio of 8, and Firth penalized logistic
regression was used to reduce small-sample bias and improve estimate stability.

This study has several limitations, including its retrospective design, absence of a
control group, lack of RV subtyping, absence of viral load data, and lack of detailed
information on symptom duration before sampling or recent infection history. In addition,
detailed exclusion reasons were not available for all non-included patients in the initial
screening population because the source database included hospitalized children who
underwent respiratory pathogen testing for a broad range of clinical indications. SARS-CoV-
2 was not included in the respiratory pathogen RT-PCR panel, and testing was performed
only in patients with clinical suspicion of COVID-19; therefore, asymptomatic or mild
SARS-CoV-2 infections may have been missed. Furthermore, because this was a single-
center study conducted in a pediatric allergy and immunology clinic and included only
children with documented asthma follow-up, the generalizability of the findings to all
hospitalized children with wheezing or asthma-like illness may be limited. Moreover,
pathogen detection was based on RT-PCR identification from nasopharyngeal samples, and
no formal clinical adjudication criteria were available to determine causality. Therefore,
detected pathogens, particularly bacterial organisms such as Streptococcus pneumoniae
and Haemophilus influenzae, may have represented upper airway colonization rather than
causative pathogens of asthma exacerbation. The number of severe exacerbation events
was also relatively small (n = 24), resulting in an events-per-variable ratio of 8 in the final
three-variable model, which limited the number of variables that could be included in the
multivariable model and reduced the precision of some estimates. To mitigate small-sample
bias, we used Firth penalized logistic regression; nevertheless, the confidence interval for
RSV positivity remained wide and the association did not reach statistical significance
after adjustment. Therefore, the independent contribution of RSV detection to exacerbation
severity should be interpreted with caution and confirmed in larger cohorts. The unequal
subgroup sizes, particularly the small number of children with RSV detection, should also
be considered when interpreting the RV–RSV comparison, as the limited RSV sample size
may have reduced statistical power and affected the precision of between-group estimates.
Nevertheless, the inclusion of hospitalized children during the two-year study period,
together with the evaluation of pathogen distribution, clinical characteristics, and risk
factors for severe exacerbation, represents an important strength of the study.

5. Conclusions
Respiratory pathogens were detected in most children hospitalized for asthma exac-

erbation, with RV being the predominant pathogen across the two-year study period. RV
detection was associated with atopic characteristics, whereas RSV detection was observed
mainly in younger children. Younger age and moderate-to-severe asthma were indepen-
dent predictors of severe exacerbation. These findings suggest that pathogen-related clinical
patterns may provide additional clinical context, while patient age and underlying asthma
severity remain important indicators of severe exacerbation.
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24. Ljubin-Sternak, S.; Meštrović, T. Rhinovirus-A True Respiratory Threat or a Common Inconvenience of Childhood? Viruses 2023,
15, 825. [CrossRef] [PubMed]

25. Abe, N.; Yasudo, H.; Fukano, R.; Nakamura, T.; Okada, S.; Wakiguchi, H.; Okazaki, F.; Shirabe, K.; Toda, S.; Okamoto, R.; et al.
Multi-Season Analyses of Causative Pathogens in Children Hospitalized with Asthma Exacerbation. Pediatr. Allergy Immunol.
2019, 30, 724–731. [CrossRef] [PubMed]

26. Rakes, G.P.; Arruda, E.; Ingram, J.M.; Hoover, G.E.; Zambrano, J.C.; Hayden, F.G.; Platts-Mills, T.A.; Heymann, P.W. Rhinovirus
and Respiratory Syncytial Virus in Wheezing Children Requiring Emergency Care. IgE and Eosinophil Analyses. Am. J. Respir.
Crit. Care Med. 1999, 159, 785–790. [CrossRef] [PubMed]

27. Stein, R.T.; Sherrill, D.; Morgan, W.J.; Holberg, C.J.; Halonen, M.; Taussig, L.M.; Wright, A.L.; Martinez, F.D. Respiratory Syncytial
Virus in Early Life and Risk of Wheeze and Allergy by Age 13 Years. Lancet 1999, 354, 541–545. [CrossRef] [PubMed]

28. Jackson, D.J.; Evans, M.D.; Gangnon, R.E.; Tisler, C.J.; Pappas, T.E.; Lee, W.-M.; Gern, J.E.; Lemanske, R.F.J. Evidence for a Causal
Relationship between Allergic Sensitization and Rhinovirus Wheezing in Early Life. Am. J. Respir. Crit. Care Med. 2012, 185,
281–285. [CrossRef] [PubMed]

29. Midulla, F.; Pierangeli, A.; Cangiano, G.; Bonci, E.; Salvadei, S.; Scagnolari, C.; Moretti, C.; Antonelli, G.; Ferro, V.; Papoff, P.
Rhinovirus Bronchiolitis and Recurrent Wheezing: 1-Year Follow-Up. Eur. Respir. J. 2012, 39, 396–402. [CrossRef] [PubMed]

30. Kusel, M.M.H.; Kebadze, T.; Johnston, S.L.; Holt, P.G.; Sly, P.D. Febrile Respiratory Illnesses in Infancy and Atopy Are Risk Factors
for Persistent Asthma and Wheeze. Eur. Respir. J. 2012, 39, 876–882. [CrossRef] [PubMed]

31. Holt, P.G.; Sly, P.D. Viral Infections and Atopy in Asthma Pathogenesis: New Rationales for Asthma Prevention and Treatment.
Nat. Med. 2012, 18, 726–735. [CrossRef] [PubMed]

32. Stenberg-Hammar, K.; Hedlin, G.; Söderhäll, C. Rhinovirus and Preschool Wheeze. Pediatr. Allergy Immunol. 2017, 28, 513–520.
[CrossRef] [PubMed]

https://doi.org/10.3390/children13070853

https://doi.org/10.1016/j.jaip.2025.08.017
https://www.ncbi.nlm.nih.gov/pubmed/40882892
https://doi.org/10.3390/jcm14041311
https://www.ncbi.nlm.nih.gov/pubmed/40004841
https://doi.org/10.3390/v16111749
https://www.ncbi.nlm.nih.gov/pubmed/39599863
https://doi.org/10.1016/j.anai.2019.06.020
https://www.ncbi.nlm.nih.gov/pubmed/31276807
https://doi.org/10.1016/j.jaci.2017.08.003
https://www.ncbi.nlm.nih.gov/pubmed/28987219
https://doi.org/10.1016/j.jaci.2010.01.059
https://www.ncbi.nlm.nih.gov/pubmed/20392488
https://doi.org/10.1016/j.jaip.2022.01.006
https://www.ncbi.nlm.nih.gov/pubmed/35074599
https://doi.org/10.1016/j.jaci.2004.04.006
https://www.ncbi.nlm.nih.gov/pubmed/15316497
https://ginasthma.org
https://doi.org/10.1197/j.aem.2003.07.015
https://www.ncbi.nlm.nih.gov/pubmed/14709423
https://doi.org/10.1002/jmv.24850
https://www.ncbi.nlm.nih.gov/pubmed/28500687
https://doi.org/10.1080/1744666X.2023.2239504
https://www.ncbi.nlm.nih.gov/pubmed/37470413
https://doi.org/10.2147/JAA.S277455
https://www.ncbi.nlm.nih.gov/pubmed/37791040
https://doi.org/10.1016/j.jaci.2026.01.009
https://www.ncbi.nlm.nih.gov/pubmed/41581615
https://doi.org/10.3390/v15040825
https://www.ncbi.nlm.nih.gov/pubmed/37112805
https://doi.org/10.1111/pai.13102
https://www.ncbi.nlm.nih.gov/pubmed/31251831
https://doi.org/10.1164/ajrccm.159.3.9801052
https://www.ncbi.nlm.nih.gov/pubmed/10051251
https://doi.org/10.1016/S0140-6736(98)10321-5
https://www.ncbi.nlm.nih.gov/pubmed/10470697
https://doi.org/10.1164/rccm.201104-0660OC
https://www.ncbi.nlm.nih.gov/pubmed/21960534
https://doi.org/10.1183/09031936.00188210
https://www.ncbi.nlm.nih.gov/pubmed/21852336
https://doi.org/10.1183/09031936.00193310
https://www.ncbi.nlm.nih.gov/pubmed/21920891
https://doi.org/10.1038/nm.2768
https://www.ncbi.nlm.nih.gov/pubmed/22561836
https://doi.org/10.1111/pai.12740
https://www.ncbi.nlm.nih.gov/pubmed/28599066
https://doi.org/10.3390/children13070853


Children 2026, 13, 853 16 of 16

33. Toussaint, M.; Jackson, D.J.; Swieboda, D.; Guedán, A.; Tsourouktsoglou, T.-D.; Ching, Y.M.; Radermecker, C.; Makrinioti, H.;
Aniscenko, J.; Bartlett, N.W.; et al. Host DNA Released by NETosis Promotes Rhinovirus-Induced Type-2 Allergic Asthma
Exacerbation. Nat. Med. 2017, 23, 681–691. [CrossRef] [PubMed]

34. Kwon, J.-M.; Shim, J.W.; Kim, D.S.; Jung, H.L.; Park, M.S.; Shim, J.Y. Prevalence of Respiratory Viral Infection in Children
Hospitalized for Acute Lower Respiratory Tract Diseases, and Association of Rhinovirus and Influenza Virus with Asthma
Exacerbations. Korean J. Pediatr. 2014, 57, 29–34. [CrossRef] [PubMed]

35. Selmanoglu, A.; Celik, H.I.; Genis, C.; Kockuzu, E.; Emeksiz, Z.S.; Misirlioglu, E.D. Evaluation of Asthma Course in Patients
Hospitalized in Pediatric Intensive Care Unit Due to Severe Asthma Exacerbation. Medicina 2025, 61, 341. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/children13070853

https://doi.org/10.1038/nm.4332
https://www.ncbi.nlm.nih.gov/pubmed/28459437
https://doi.org/10.3345/kjp.2014.57.1.29
https://www.ncbi.nlm.nih.gov/pubmed/24578714
https://doi.org/10.3390/medicina61020341
https://www.ncbi.nlm.nih.gov/pubmed/40005457
https://doi.org/10.3390/children13070853

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Pathogen Detection 
	Allergy Testing 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

