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Background: Early and accurate risk stratification is crucial in management of severe bronchiolitis among children under two years. This 

study was undertaken with objectives to identify independent clinical predictors of severe bronchiolitis and validate the established Woods-

Downes clinical severity score, and evaluate a novel composite Respiratory Distress Index (RDI) for bedside risk stratification. Material and 

Methods: In a retrospective observational study by evaluating 100 hospitalized children aged 1 to 24 months admitted with acute 

bronchiolitis, admission clinical parameters, including demographics, vital signs, and physical examination findings, were noted. The primary 

outcomes were severe bronchiolitis, prolonged hospitalization (> 5 days), and the requirement for supplemental oxygen. Independent 

predictors were identified using multivariable logistic regression. The discriminatory abilities of the Woods-Downes clinical severity score 

and the proposed 6-point RDI were assessed using Receiver Operating Characteristic (ROC) Area Under the Curve (AUC) analysis. Results: 

The mean age of the cohort was 10.17 ± 6.19 months (62% male). During hospitalization, 44% developed severe bronchiolitis, 67% required 

a prolonged hospital stay, and 57% needed supplemental oxygen. Multivariable analysis identified tachypnoea (aOR 7.72) at admission and 

male sex (aOR 2.88) as the strongest independent predictors of severe bronchiolitis. The Woods Downes score demonstrated significant 

discriminatory ability for predicting severe bronchiolitis (AUC = 0.961) and prolonged hospitalization (AUC = 0.875). The proposed RDI 

also showed robust diagnostic performance, particularly in predicting the need for supplemental oxygen (AUC = 0.863) and severe disease 

(AUC = 0.804). Conclusion: The Woods-Downes score and the newly proposed RDI are highly accurate, non-invasive clinical tools for risk-

stratifying infants with bronchiolitis at the time of admission. Tachypnoea and male sex can identify high-risk infants for severe bronchiolitis, 

requiring supplemental oxygen and prolonged hospitalization (>5 days). 
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INTRODUCTION 
 

Acute viral bronchiolitis, ranging from mild coryza and 

wheezing to imminent respiratory failure requiring 

supplemental oxygen and mechanical ventilation, is the 

most common lower respiratory tract infection among 

infants and young children.[1] It is the leading cause of 

hospitalization in the first two years of life worldwide.[2–4] 

Severe bronchiolitis episodes results in substantial 

emotional burden on families and exert high demands on 

healthcare resources due to hospital length of stay and 

frequent need for pediatric intensive care.[5–7]  

Many risk factors, including a variety of demographic 

factors, environmental and clinical factors have been linked 

to increased disease severity. Recognized predictors of 

severe bronchiolitis and prolonged hospital stay include 

young gestational age, prematurity, low birth weight, and 

exposure to household tobacco smoke.[3,8–10] To facilitate 

objective bedside assessments, many clinical severity 

scoring systems like Woods– Downes,[11,12] Modified Tal 

and BROSJOD,[13] and Wang scores,[14] have been 

developed to categorize respiratory distress and guide 

clinical management.[15,16]  

Despite these risk factor scoring tools, significant lacunae 

remain early clinical prognostication of severe bronchiolitis. As 

the condition is a multifaced disease, reliance on individual 

clinical or molecular markers often fails to adequately 

encapsulate the full severity of illness. Consideration of single 

risk factor stratification tools can lead to inaccurate and 

incomplete categorization of children with severe 

bronchiolitis.[17] Many existing tools, including Woods – 

Downes scoring system, require more clinical validation 

regarding specific discriminatory ability when applied to predict 

prolonged hospitalization length or the distinct requirement for 

supplemental oxygen therapy.[18]  

The present study was undertaken to address the gaps by 

evaluating a comprehensive set of admission clinical parameters 
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to create a more accurate clinical profile of bronchiolitis 

severity. A rigorous validation of the predictive power of 

the established Woods-Downes clinical severity score 

against specific adverse outcomes and proposal of a novel, 

composite Respiratory Distress Index (RDI), can provide 

clinicians with a simple, objective framework for 

identifying high-risk infants early in their clinical course, 

thereby optimizing care and healthcare resource allocation. 

The objectives of this study was to identify factors 

associated with severe bronchiolitis, requirements of 

supplemental oxygen with  among hospitalized children 

aged 1–24 months. In addition, utility of the Woods-

Downes Clinical Severity Score in predicting oxygen 

requirement and hospitalization duration was explored. A 

simple clinical risk model for predicting severe bronchiolitis 

using admission clinical parameters was proposed. 

 

MATERIALS AND METHODS 

Study design: This retrospective observational study was 

conducted in the Department of Paediatrics, of a tertiary 

care hospital. The study involved a review of hospital 

records of children admitted with acute bronchiolitis during 

the study period from January 2022 to December 2025. 

Study population: The study population comprised 

children aged 1–24 months admitted with a diagnosis of 

acute bronchiolitis. Bronchiolitis was defined as the first 

episode of wheezing associated with signs and symptoms of 

an acute viral lower respiratory tract infection in children 

younger than two years, in accordance with established 

international guidelines.[19] 

Sample size 

Several studies report oxygen supplementation rates ranging 

from 7%,[20] to 26%,[21] among hospitalized bronchiolitis 

patients. For example, Schroeder et al. reported prolonged 

hospitalization related to oxygen therapy in 26% of 

hospitalized infants with bronchiolitis.  Therefore, the 

sample size was calculated using a prevalence of 20% of 

infants requiring supplemental oxygen among bronchiolitis 

patients, using the formula n=Z^2 pq/d^2, where Z=1.96 at 

95% confidence level, p=20% (expected proportion of 

hospitalized children with bronchiolitis requiring oxygen 

therapy), q=80%, and d=8%absolute precision. The 

calculated sample size was 96. Therefore, a minimum 

sample size of 100 children was considered adequate for the 

study. 

Eligibility Criteria: Children aged between 1 and 24 

months admitted with a first episode of wheezing and a 

clinical diagnosis of bronchiolitis were eligible for study. 

Only records with complete clinical and outcome data were 

considered for analysis. 

Children with congenital heart disease, chronic lung disease 

including bronchopulmonary dysplasia, previously 

diagnosed bronchial asthma or recurrent wheezing 

disorders, myocarditis, primary or secondary 

immunodeficiency disorders, and incomplete medical 

records were excluded from the study. 

Data Collection: Required data was extracted from 

inpatient records available from medical record section of 

the medical college hospital using a structured data collection 

form. Medical records included admission notes, nursing charts, 

investigation reports, and discharge summaries. Demographic 

details including age, sex, weight, nutritional status, residence, 

birth history, prematurity, immunization status, and 

breastfeeding history whenever available were recorded. 

Clinical variables recorded at admission included duration of 

symptoms of fever, cough, rhinorrhea, feeding difficulty, 

breathing difficulty, apnea, cyanosis, respiratory rate, heart rate, 

oxygen saturation (SpO₂), and chest examination findings 

including wheeze, crepitations, and retractions were noted.  

The severity of bronchiolitis was assessed using the Woods-

Downes Clinical Severity Score documented at admission. The 

score was calculated based on respiratory rate, wheezing, air 

entry, chest retractions, and cyanosis. Available laboratory and 

radiological investigations including complete blood count, 

inflammatory markers, and chest radiography findings 

whenever performed and recorded in the files as part of routine 

clinical care were also noted from each patient/  

Outcome variables included requirement of supplemental 

oxygen, duration of oxygen therapy, duration of hospital stay, 

requirement for intensive care admission, need for respiratory 

support, and in-hospital mortality. 

Operational Definitions: Hypoxemia was defined as oxygen 

saturation below 92% on room air at admission, while severe 

hypoxemia will be defined as oxygen saturation below 90%. 

Tachypnea was defined according to age-specific World Health 

Organization criteria. For infants aged 2–11 months, a 

respiratory rate of 50 breaths per minute or greater was 

considered tachypnea, whereas a respiratory rate of 40 breaths 

per minute or greater was considered tachypnea in children 

aged 12–24 months. Prolonged hospitalization was defined as a 

hospital stay exceeding five days. The requirement for 

supplemental oxygen during hospitalization was considered as 

oxygen dependency.  

Derived Clinical Variables: To facilitate risk stratification, a 

composite Respiratory Distress Index was constructed using 

admission clinical parameters. One point was assigned for the 

presence of tachypnea, hypoxemia (SpO₂ <92%), feeding 

difficulty, nasal flaring, chest retractions, and oxygen 

requirement. The cumulative score was used to evaluate its 

association with severe disease and adverse hospital outcomes. 

Children were categorized into age groups of 1–5 months, 6–11 

months, and 12–24 months to assess age-related differences in 

disease severity and outcomes. Severe bronchiolitis was defined 

by the presence of severe respiratory distress, severe 

hypoxemia, need for respiratory support, intensive care 

admission, or a Woods-Downes severity score corresponding to 

severe disease. 

Statistical Analysis: Data entered in Microsoft Excel and 

analyzed using JASP statistical software (open-source statistical 

software, University of Amsterdam, Netherlands). Continuous 

variables were tested for normality using the Shapiro-Wilk test. 

Normally distributed variables were expressed as mean ± 

standard deviation, whereas non-normally distributed variables 

were expressed as median with interquartile range. Categorical 

variables were presented as frequencies and percentages. 

Comparisons between severe and non-severe bronchiolitis 

groups were performed using the Chi-square test or Fisher's 
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exact test for categorical variables and the independent 

Student's t-test or Mann-Whitney U test for continuous 

variables, as appropriate. 

Variables demonstrating a p-value less than 0.20 on 

univariate analysis was entered into a multivariable logistic 

regression model to identify independent predictors of 

severe bronchiolitis. Adjusted odds ratios with 95% 

confidence intervals were reported. Separate regression 

models was constructed to identify predictors of oxygen 

requirement and prolonged hospitalization. The 

discriminatory ability of the Woods-Downes score and 

Respiratory Distress Index was evaluated using receiver 

operating characteristic (ROC) curve analysis, and area 

under the curve values were reported. All statistical tests 

were two-tailed, and a p-value less than 0.05 was 

considered statistically significant. 

Ethical Considerations: Approval was obtained from the 

Institutional Ethics Committee before commencement of 

the study. As the study involved retrospective review of 

existing medical records without direct patient contact or 

intervention, a waiver of informed consent was obtained. 

Confidentiality of patient information was strictly 

maintained by anonymizing all records prior to analysis. No 

personal identifiers were included in the study database, 

presentations, or publications. 

 

RESULTS 

Baseline characteristics of the study population: A total 

of 100 children aged 1–24 months hospitalized with acute 

bronchiolitis were included in the study. The mean age of 

the study population was 10.17 ± 6.19 months. Males 

constituted 62% (n=62) of the cohort, while females 

accounted for 38% (n=38). Among the study participants, 

44 children (44%) fulfilled the criteria for severe 

bronchiolitis. Supplemental oxygen therapy was required in 

57 patients (57%), while prolonged hospitalization (>5 

days) was observed in 67 patients (67%). 

 

 
Figure 1: Distribution of major clinical outcomes among 

children hospitalized with acute bronchiolitis.  

 

Factors associated with severe bronchiolitis: Tachypnoea was 

significantly more frequent among children with severe 

bronchiolitis than among those with non-severe disease (86.4% 

vs. 42.9%, p<0.001). Similarly, hypoxemia at admission (SpO₂ 

<92%) was observed in 65.9% of severe cases compared with 

14.3% of non-severe cases (p<0.001). Requirement for 

supplemental oxygen was also significantly higher among 

children with severe bronchiolitis (81.8% vs. 37.5%, p<0.001). 

Although not statistically significant at the conventional 5% 

level, age, male sex, and presence of cough demonstrated p-

values below 0.20 and were therefore included in the 

multivariable logistic regression analysis. 

No significant differences were observed between severe and 

non-severe groups with respect to fever, feeding difficulty, 

nasal flaring, chest retractions, or severe hypoxemia (SpO₂ 

<90%). 

Multivariable logistic regression analysis: Admission 

tachypnoea with adjusted OR (aOR) 7.72 (95% CI: 3.50 – 

15.20) was the strongest independent risk factor predicting 

severe bronchitis [Figure 2]. In addition, male gender was also 

significant predictor of severe disease (aOR 2.88, 95% CI: 

1.20–6.50). In the parallel model evaluating the need for 

supplemental oxygen, the presence of a cough was the most 

prominent predictor (aOR 3.42, 95% CI: 1.50–7.80), followed 

closely by male sex (aOR 2.92, 95% CI: 1.30–6.20), admission 

hypoxemia (aOR 2.22, 95% CI: 1.10–4.50), and tachypnoea 

(aOR 1.86, 95% CI: 1.05–3.20). 

 

 
Figure 2: Forest plot of multivariable logistic regression analysis 

for adverse bronchiolitis outcomes.  

 

The plot illustrates the Adjusted Odds Ratios (aOR) and 

corresponding 95% Confidence Intervals (CI) for independent 

clinical predictors of supplemental oxygen requirement in the 

top panel and severe bronchiolitis in the bottom panel. 

Predictors with CI located to the right of the reference line 

demonstrate a statistically significant increased risk for the 

respective outcomes. 

Predictive performance of clinical severity scores: Receiver 

operating characteristic (ROC) curve analysis was performed to 

evaluate the discriminatory ability of the Woods-Downes 

Clinical Severity Score and the Respiratory Distress Index 

(RDI). 
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Figure 3: a) Receiver Operating Characteristic (ROC) curve 

evaluating the diagnostic accuracy of the Woods-Downes 

clinical severity score. The plot illustrates the discriminatory 

ability of the Woods-Downes to predict severe bronchiolitis in 

hospitalized infants at the time of admission. The curve plots 

the true positive rate (sensitivity) on the y-axis against the false 

positive rate (1 - specificity) on the x-axis across various RDI 

cut-off thresholds. (AUC = 0. 961). b) Predicted probability of 

severe bronchiolitis based on the Woods-Downes score. These 

conditional estimates plot demonstrates the direct positive 

correlation between a patient's Woods-Downes on the x-axis 

and their predicted probability of developing severe 

bronchiolitis on the y-axis. The solid black line represents the 

estimated probability, showing a smooth rise in risk as clinical 

parameters of distress accumulate, reaching over 70% in 

patients with a maximum score. The shaded grey band 

indicates the 95% confidence interval for the model's 

predictions, and the scattered grey dots reflect the actual 

distribution of patient outcomes within the cohort. 

 

Prediction of Severe Bronchiolitis: The Woods-Downes 

score demonstrated excellent discriminatory performance 

for identifying severe bronchiolitis, with an area under the 

ROC curve (AUC) of 0.961 [Figure 3]. The Respiratory 

Distress Index also demonstrated good predictive ability, 

with an AUC of 0.804 [Figure 4]. 

 

 
Figure 4: a) Receiver Operating Characteristic (ROC) curve 

evaluating the diagnostic accuracy of the Respiratory Distress 

Index (RDI). The plot illustrates the discriminatory ability of 

the composite RDI to predict severe bronchiolitis in 

hospitalized infants at the time of admission. The curve plots 

the true positive rate (sensitivity) on the y-axis against the false 

positive rate (1 - specificity) on the x-axis across various RDI 

cut-off thresholds. (AUC = 0.804). b) Predicted probability of 

severe bronchiolitis based on the cumulative RDI score. These 

conditional estimates plot demonstrates the direct positive 

correlation between a patient's total RDI score (ranging from 

0 to 6) on the x-axis and their predicted probability of 

developing severe bronchiolitis on the y-axis. The solid black line 

represents the estimated probability, showing a smooth rise in risk 

as clinical parameters of distress accumulate, reaching over 70% 

in patients with a maximum score. The shaded grey band indicates 

the 95% confidence interval for the model's predictions, and the 

scattered grey dots reflect the actual distribution of patient 

outcomes within the cohort. 

 

Prediction of Prolonged Hospitalization: For predicting 

prolonged hospitalization (>5 days), the Woods-Downes score 

achieved an AUC of 0.875, while the Respiratory Distress 

Index demonstrated an AUC of 0.820. 

 

DISCUSSION 

Evaluation of admission clinical parameters to predict severe 

bronchiolitis, prolonged hospitalization and need for 

supplemental oxygen in paediatric cohort, leading to 

multivariate analysis, identified tachypnoea and male sex as 

strong independent predictors of severe disease. In addition, 

both Woods-Downes clinical severity score and proposed 

composite RDI demonstrated robust discriminatory ability for 

risk stratifying infants at the time of admission. In our cohort of 

100 infants, a significant proportion experienced severe 

bronchiolitis (44%) and required a prolonged hospitalization of 

more than 5 days (67%). Identifying clinical predictors of 

severity and prolonged hospitalization is critical for counselling 

patients, and for resource allocation. This area is actively 

explored by previous researchers. Studies by Weisgerber et al,[9] 

and Masarweh et al,[10] have demonstrated that the severity of 

clinical presentation such as the degree of respiratory distress, 

strongly predicts the length of hospital stay. In our multivariable 

models, tachypnoea emerged as the most significant 

independent predictor of severe disease (aOR 7.72), alongside 

male sex (aOR 2.88). The vulnerability of male infants to more 

severe respiratory outcomes aligns with broad epidemiological 

profiling of bronchiolitis cohorts and comprehensive reviews of 

the disease's natural history.[22,23] Early identification of high-

risk factors is crucial, not only to anticipate the failure of initial 

supportive therapies like high-flow nasal cannula but also to 

maintain vigilance for complications.[20,21] 

Through this study, Woods-Downes score exhibited excellent 

discriminatory ability in our cohort, accurately predicting severe 

bronchiolitis (AUC = 0.961) and prolonged hospitalization 

(AUC = 0.875), with sensitivity of nearly 84% and a specificity 

of 82%.This high predictive validity is consistent with recent 

comparative studies by De Rose et al,[14] and Sankannavar et 

al,[15] which have reinforced the value of standardized clinical 

scores in anticipating the need for respiratory support.  

A novel, 6-point composite RDI incorporating easily obtainable 

bedside parameters (tachypnea, hypoxemia, feeding difficulty, 

nasal flaring, chest retractions, and oxygen requirement) 

showed good discriminatory ability for predicting severe 

bronchiolitis (AUC = 0.804). Interestingly, the RDI slightly 

outperformed the Woods-Downes score in predicting the 

specific need for supplemental oxygen (AUC 0.863 vs 0.823). 

The logistic regression probability curve for the RDI confirmed 

a clear, positive correlation. Indicating whenever an infant’s 

RDI score increased, the probability of severe disease rose 

predictably, reaching over 70% in patients scoring maximum 
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points. 

Limitations of the study: The retrospective design limits 

the ability to completely exclude unmeasured confounding 

variables or missing clinical data. The study was conducted 

at a single centre with a relatively small sample size 

(n=100), leading to minimal generalizability of the findings. 

Additionally, the study has not included complete viral 

panel testing and therefore, study fails to account viral 

etiologies for severity of bronchiolitis. 

 

CONCLUSION 

The present study validates the Woods-Downes score and 

the proposed Respiratory Distress Index (RDI) (based on 

tachypnoea, hypoxemia, feeding difficulty, nasal flaring, 

chest retractions, and oxygen requirement) as highly 

accurate, simple bedside tools for predicting severe 

bronchiolitis, prolonged hospital stays, and oxygen 

requirements. Among infants with severe bronchiolitis, 

recognizing independent risk factors such as tachypnoea 

and male sex at admission can predict early risk 

stratification, aids optimal patient care and resource 

management. Future prospective, multicenter studies are 

warranted to further validate the RDI and integrate it into 

standardized bronchiolitis care pathways. 
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