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Abstract
Objetive: This study aims to identify risk factors associated with severe bronchiolitis in children. In a
retrospective cohort study, we included all infants younger than two years of age in tertiary centers in
Rionegro, Colombia, hospitalized due to bronchiolitis from January 2019 to December 2019. Severe
bronchiolitis was defined as rhinorrhea, cough, tachypnea, wheezing, rales, and increased respiratory
effort (e.g., grunting, nasal flaring, and intercostal and/or subcostal retraction), with symptoms of severity
(e.g., increased respiratory rate, retractions, and oxygen saturation at 90% or lower). To identify factors
independently associated with severe bronchiolitis, we used log-binomial regression and estimate
prevalences ratio (PR) and adjust for potential confounding variables
Results: Of a total of 417 included, 300 (72.12%) have severe bronchiolitis. After modeling and controlling
for potential confounders in the multivariate analysis: RSV isolation (PR 1.15 95%CI 1.03–1.29) and
current exposure to cigarette smoking (PR 1.19 95%CI 1.04–1.35) were independent predictors of severe
bronchiolitis. We concluded that RSV and exposure to cigarette smoking are independent predictors of
severe bronchiolitis. These potentially modifiable variables associated with severity should guide future
interventions to reduce the morbidity and economic burden of bronchiolitis in our population.

Introduction
Bronchiolitis is the most common cause of hospitalization in pediatric patients worldwide (1). Among
inpatients with bronchiolitis, approximately a quarter have severe bronchiolitis (2, 3). The high medical
cost associates with severe bronchiolitis impose a relevant economic burden, especially in tropical
middle-income countries (4, 5). Some models have identified predictors of severe bronchiolitis such as
age, underlying conditions (congenital heart disease, chronic lung conditions, and immunocompromised
states), low weight, male gender, clinical characteristics at admission, prematurity and RSV isolation (6).
A systematic review of the psychometric properties of eleven predictive models or scales to assess the
severity of the disease, reveals that current bronchiolitis assessment tools lack established reliability and
validity and may not be sensitive to clinically meaningful outcomes for patients (7). In this context, there
is a critical need, especially in tropical middle-income countries, for explores risk factors for severe
bronchiolitis in each population, which allows determining which clinical, laboratory or imaging
characteristics are associated with this condition and thus help decision-making in the emergency
setting. This study aims to identify clinical variables associated with severe bronchiolitis in children in
tropical middle-income countries.

Methods
We conducted a retrospective cohort study that included all infants with bronchiolitis younger than two
years of age in tertiary centers in Rionegro, Colombia, from January 2019 to December 2019. Rionegro is
a city in Antioquia, Colombia, located in the subregion of Eastern Antioquia, at an average elevation of
2,125 meters above sea level. The average annual precipitation varies between 1,800 and 2,500
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millimeters with an average temperature of 17 °C. The municipality of Rionegro had a total population of
101,046 inhabitants, with two tertiary referral hospitals(8). Inclusion criteria were defined as children
younger than two years of age admitted to the pediatric ward diagnosed with bronchiolitis, according to
the national clinical guideline of bronchiolitis (first wheezing episode younger than 24 months of age (9).
Patients without lower respiratory compromise, with positive bacterial cultures on admission, confirmed
whooping cough (culture or PCR) were excluded. The study protocol was reviewed and approved by the
Institutional Review Board of the University of Antioquia (No 18/2015).
Procedures : Medical records of all patients admitted to the emergency department were reviewed. We
collected the following variables: age, sex, weight, height, signs, and symptoms on admission (including
fever, chest indrawing, chest auscultation, %SpO2), vaccination scheduled chart for age, current exposure
(maternal o paternal) to cigarette smoking, history of prematurity and bronchopulmonary dysplasia
confirmed by a neonatologist at the time of discharge from the NICU, comorbidities (congenital heart
disease, neurological disease), diagnostic tools as chest X rays, hemograms, etc. Additionally, we
collected variables related to outcomes of care or disease-severity parameters such as length of hospital
stay. In our hospitals, bronchodilators and systemic steroids are used at the discretion of attending
physicians according to national clinical guidelines of bronchiolitis (9). Also, children are transferred to
the PICU if they have worsening hypoxemia or hypercapnia, respiratory distress, inspired fraction of
oxygen more than 50%, hemodynamic instability, or apnea. NPA was taken immediately upon admission
to the emergency department within 48 hrs of admission using standardize technique. RSV was
confirmed using direct immunofluorescence (Light Diagnostics TM Respiratory Panel 1 DFA, MerckMillipore Laboratory).NPA data for other viruses were no available in our institution consistently
Outcome definition: Severe bronchiolitis was defined as increased respiratory rate, retractions, and
oxygen saturation at 90% or lower) (10)
Statistical analysis: Continuous variables were presented as mean ± standard deviation (SD) or median
(interquartile range [IQR]), whichever appropriate. Categorical variables are shown as numbers
(percentage). Differences between continuous variables were analyzed using the unpaired t-test or
Wilcoxon's signed-rank test, whichever was appropriate. Associations between categorical variables and
the outcome variable were analyzed using the chi-square test or Fisher's exact test, as needed. To identify
factors independently associated with severe bronchiolitis, we used log-binomial regression and estimate
prevalences ratio (PR) and adjust for potential confounding variables. Log-binomial regressions provide
correct estimates PR and are a better alternative for the analysis of cross-sectional studies with binary
outcomes than logistic regression; PR is a better measure of the association than odds ratio when the
prevalence of event is high (11, 12). We only include initially variables associated with severe
bronchiolitis with values of p < 0.2 or that changes the effect estimate by more than 10% after their
inclusion. The variable selection and modeling processes were made following the recommendations of
Greenland(13). The goodness of fit of the model was evaluated using the Hosmer–Lemeshow test. All
statistical tests were two-tailed, and the significance level used was p < 0.05. The data were analyzed with
Statistical Package Stata 15.0 (Stata Corporation, College Station, TX).
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Results
Study population: During the study period, 417 cases of bronchiolitis were included. 66% of the patient
was less than 6 month, most of them males (60%), with O2 supportive (83%), RSV was isolated in 200
patients (48%). 81 patients had a history of premature birth and 17 of them with BPD. 20 patients had
some cardiac o neurological disease and 10 of them with a history of use of palivizumab. 49 patients
(12%) referred to current exposure (maternal o paternal) to cigarette smoking. The median of the length
of hospital stay was 3.68 days, with a range of 0.74 days to 29 days and an interquartile range of 4.06
days. In Table 1 is presents the clinical characteristics of the population.
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Table 1
Demographic features and clinical information of the patients included in the study
Variable. n(%)

n (%)

Age less than 6 month

277(66.43)

Male, n(%)

251(60.34)

Premature birth

81(19.47)

Comorbidities (CHD or neurological)

20(4.81)

BPD

17(4.09)

Atopy

17(4.09)

Previously hospitalization by bronchiolitis

30(7.21)

Exposure to cigarette smoking

49 (11.9)

Complete vaccination for age

415(99.5)

Exclusive maternal breastfeeding for at least six month

102(24.4)

SpO2, median(ds)

89(0.28)

O2 supportive, n(%)

347(83.41)

Clinical & laboratory parameters
Respiratory rate

41(13.35)

Fever

119(28.61)

Chest indrawing

184(44.23)

Tachypnea

48(13.30)

Rhonchi

137(32.93)

Crepitation

137(32.93)

Abnormal X-ray*

109(26.33)

Leucocytosis (> 15.000/mm3)

51(12.26)

RSV positive

200(48.48)

Increased C-reactive protein (> 4 mg/lit.)

327(78.61)

Outcomes
*Atelectasis (n = 7), alveolar(n = 16) or interstitial (n = 48) infiltrates, hyperinflation(n = 38)
CHD : Congenital heart disease, BPD: Bronchopulmonary dysplasia, PICU: pediatric intensive care unit
admission, RSV: Respiratory syncytial virus
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Variable. n(%)

n (%)

Severe hypoxemia

115 (27.58)

Length of hospital stay, median (range)

3.68(0.74-29)

pneumonia

80(19.23)

Sepsis

19(4.57)

Atelectasis

8 (1.92)

Pneumothorax

1(0.24)

PICU

55(13.22)

*Atelectasis (n = 7), alveolar(n = 16) or interstitial (n = 48) infiltrates, hyperinflation(n = 38)
CHD : Congenital heart disease, BPD: Bronchopulmonary dysplasia, PICU: pediatric intensive care unit
admission, RSV: Respiratory syncytial virus

Multivariate analysis of predictors associated with severe bronchiolitis : Among all 417 patients, 300
(72.12%) have severe bronchiolitis. As mentioned above, to identify factors independently associated
with severe bronchiolitis, we used log-binomial regression. The predictive variables included in the
complete model were age, sex, premature birth, comorbidities, BPD, atopy, parental smoking, previously
hospitalization by bronchiolitis, %SpO2, fever, signs of respiratory distress, RSV, Leucocytosis (>
15.000/mm3) and increased C-reactive protein (> 4 mg/lit.). After modeling and controlling for potential
confounders in the multivariate analysis: RSV isolation and parental smoking were independent
predictors of severe bronchiolitis (Table 2).
Table 2
Final model of log-binomial regression analysis
PR

CI 95%

p

RSV isolation

1.15

1.028–1.297

0.015

Exposure to cigarette smoking

1.19

1.045–1.355

0.008

Discussion
The main purpose of this study was clinical variables associated with severe bronchiolitis in children in
tropical middle-income countries with bronchiolitis. Our study shows that RSV and parental smoking were
independent predictors of severe bronchiolitis. While some predictors of severity, such as age,
comorbidities, and maybe initial signs of respiratory distress, cannot be modified, others as RSV isolation
and parental smoking are potentially modifiable by interventions such as futures vaccines or palivizumab
in high-risk population or smoking cessation interventions in parents. Respect to the association between
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RSV and severity, previous studies in other populations had revealed the importance of RSV as a predictor
of the severity of the disease. Dumas, et al analyzed data from two prospective, multicenter cohorts of
children younger than 2 years hospitalized with bronchiolitis, one in the USA (2007–2010 winter seasons,
n = 2207), and one in Finland (2008–2010 winter seasons, n = 408). Using latent class analysis, found
that in the profiles with wheezing at ED presentation and profile with the most severely ill group with the
longer hospital were associated with a higher probability of RSV infection in USA and Finland. (14).
Rodriguez et al, in a retrospective cohort study of 6344 children with acute lower respiratory infection in
Colombia, during 2 years (2009–2011), found that mixed RSV-adenovirus was a predictor of severe
disease (RR 2.09; CI 95% 1.60–2.73; P < 0.001). DeVicenzo et al, in a sample of 141 infants < 24 months
old without previous chronic cardiac or lung disease or prematurity, in Tennessee found that higher nasal
RSV load was an independent predictor of longer hospitalization. A 1-log higher RSV load predicted a 0.8da longer hospitalization, reflects the higher RSV load that occur earlier in the disease (15–17).
Mansbasch et al, in a prospective cohort of 2207 infants of 16 US hospital without excluding patients
previous chronic cardiac or lung disease or prematurity, also found that patients with RSV have a higher
proportion of patient with severity and prolonged LOS (> 3 days) than patients with only HSV infection but
less than RSV + HRV infection ( 48% vs 28% vs 54%, p < 0.001), and in the multivariate model presence of
RSV + HRV was an independent predictor of length of stay > 3 days among children with severe
bronchiolitis(18). Rodríguez-Martínez in 303 infants with acute bronchiolitis in Bogota, also found that
RSV isolation correlated with a hospital stay of 5 or more days (OR 1.92, CI 95% 1.02 to 3.73)(19). The
actual evidence supports a strong association between decreased cellular immunity and severe RSV
bronchiolitis, suggesting that a maturation-related defect of the cellular immune system facilitates severe
RSV. A low level of cellular and humoral immunity would explain that higher viral titers are found in
infants with the most severe illness (20).
In our study, exposure to cigarette smoking was an independent risk factor associated with severe
bronchiolitis. This result is consistent with those from previous studies that reported children’s exposure
to maternal cigarette smoking increased the risk of hospitalization in infants and young children with
bronchiolitis. Robledo-Aceves et al, in a retrospective study, in Mexico, included 134 children 2 years or
younger with severe viral bronchiolitis, and 134 healthy age-matched. Its study report that exposure to
cigarette smoking was independently associated with hospitalization for severe bronchiolitis in the
multivariate analysis (OR, 3.5; 95% CI, 1.99–6.18; P = .0001). Bradley et al, in a prospective study of 206
hospitalized infants, all under 12 months old with bronchiolitis in Missouri, found that maternal smoking
were independent predictors of reduced O2 Saturation (OR, 2.3; 95% CI, -0.05, − 4.66; P = .05)(21).
Chatzimichael et at, in 40 consecutive infants with bronchiolitis aged from 6 to 24 months in Greece,
found using a multivariate regression analysis that exposure to environmental tobacco smoke (OR = 2.2,
95% CI = 1.1–3.6) showed significant association with severe bronchiolitis and prolonged hospitalization
(22). Farzana et al, in Farzana in a case-control study of 128 infants with bronchiolitis ( 64 cases and 64
controls) found that parental smoking carried 2.8 times the risk of developing severe bronchiolitis ( OR
2.8,95% CI 1.36 t-5.72). Cigarette smoke exposure decreased cyclic adenosine monophosphate levels and
increased phosphodiesterase-4 enzymatic activity, resulting in increased airway hyperresponsiveness,
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which may explain the potential mechanism by which smoke exposure decreases lung function and
severe bronchiolitis (23).
Limitations.
Our study has limitations. First, since this study was based on medical records review, we cannot include
other variables such as environmental pollution and genetic factors, and residual confounding cannot be
excluded. Second, the study was conducted in a tertiary referral hospital, and therefore the patients
included represent the high spectrum of severity, limiting the generalization of results to other contexts.
However, the similarity of our population in terms of clinical characteristics, risk factors, and seasonality
of bronchiolitis in our country with previous reports suggest strength and consistency in our results(5,
19). Third, in our study, we used an immunofluorescence assay for the diagnosis of RSV infections that,
despite being widely available, being easy to perform, but we did not determine the RSV genomic load,
and also we did not test for viruses. This can generate some differential misclassification bias, which
could have overestimated the true association between RSV isolation and the outcome variable, however,
the previous evidence in other populations had confirmed this association being plausibility our results.

Abbreviations
CHD : Congenital heart disease, BPD: Bronchopulmonary dysplasia, PICU: pediatric intensive care unit
admission, RSV: Respiratory syncytial virus

Declarations
Ethics approval: The Universidad de Antioquia’s Medicine Faculty Ethics Committee reviewed and
approved the protocol before any procedure was undertaken
Authors’ Contributions: All the authors (JAB, RAC) contributed in the same way from conception of the
work to the publication of results. All Authors read and approved
Consent for publication: Not Applicable
Competing interests: None declared.
Funding: Own funding’s
Availability of Data and Materials: The raw data supporting your findings can request to CIEMTO-UdeA
(http://ciemto.medicinaudea.co/)
Acknowledgments: None declared.

References
Page 8/10

1. Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA, Singleton RJ, et al. Global burden of acute lower
respiratory infections due to respiratory syncytial virus in young children: a systematic review and
meta-analysis. Lancet. 2010;375(9725):1545–55.
2. Rodriguez DA, Rodriguez-Martinez CE, Cardenas AC, Quilaguy IE, Mayorga LY, Falla LM, et al.
Predictors of severity and mortality in children hospitalized with respiratory syncytial virus infection
in a tropical region. Pediatr Pulmonol. 2014;49(3):269–76.
3. Flores-Gonzalez JC, Mayordomo-Colunga J, Jordan I, Miras-Veiga A, Montero-Valladares C,
Olmedilla-Jodar M, et al. Prospective Multicentre Study on the Epidemiology and Current Therapeutic
Management of Severe Bronchiolitis in Spain. Biomed Res Int. 2017;2017:2565397.
4. Buendia JA, Patino DG. Costs of Respiratory Syncytial Virus Hospitalizations in Colombia.
Pharmacoecon Open. 2020.
5. Rodriguez-Martinez CE, Sossa-Briceno MP, Castro-Rodriguez JA. Direct medical costs of RSV-related
bronchiolitis hospitalizations in a middle-income tropical country. Allergol Immunopathol (Madr).
2019.
6. Luo G, Nkoy FL, Gesteland PH, Glasgow TS, Stone BL. A systematic review of predictive modeling for
bronchiolitis. Int J Med Inform. 2014;83(10):691–714.
7. Davies CJ, Waters D, Marshall A. A systematic review of the psychometric properties of bronchiolitis
assessment tools. J Adv Nurs. 2017;73(2):286–301.
8. Estadisticas DAN. Proyecciones de poblacion 2018 [03/07/2019]. Available from:
https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/proyecciones-depoblacion.
9. Colciencias MdSyPS-. Guía de Práctica Clínica Para el diagnóstico, atención integral y seguimiento
de niños y niñas con diagnóstico de Asma. Guía No. 01 2014 [Available from:,
http://gpc.minsalud.gov.co/gpc_sites/Repositorio/Conv_500/GPC_asma/GPC_Comp_Asma.pdf.
10. Ralston SL, Lieberthal AS, Meissner HC, Alverson BK, Baley JE, Gadomski AM, et al. Clinical practice
guideline: the diagnosis, management, and prevention of bronchiolitis. Pediatrics.
2014;134(5):e1474-502.
11. Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sectional studies: an empirical
comparison of models that directly estimate the prevalence ratio. BMC Med Res Methodol.
2003;3:21.
12. Ye R, Gao YH, Yang Y, Chen Y. [Using log-binomial model for estimating the prevalence ratio].
Zhonghua Liu Xing Bing Xue Za Zhi. 2010;31(5):576–8.
13. Greenland S. Modeling and variable selection in epidemiologic analysis. Am J Public Health.
1989;79(3):340–9.
14. Cunningham S, Nair H, Campbell H. Deciphering clinical phenotypes in acute viral lower respiratory
tract infection: Bronchiolitis is not an island. Thorax. 2016;71(8):679–80.
15. DeVincenzo JP, El Saleeby CM, Bush AJ. Respiratory syncytial virus load predicts disease severity in
previously healthy infants. J Infect Dis. 2005;191(11):1861–8.
Page 9/10

16. El Saleeby CM, Li R, Somes GW, Dahmer MK, Quasney MW, DeVincenzo JP. Surfactant protein A2
polymorphisms and disease severity in a respiratory syncytial virus-infected population. J Pediatr.
2010;156(3):409–14.
17. El Saleeby CM, Bush AJ, Harrison LM, Aitken JA, Devincenzo JP. Respiratory syncytial virus load, viral
dynamics, and disease severity in previously healthy naturally infected children. J Infect Dis.
2011;204(7):996–1002.
18. Mansbach JM, Piedra PA, Teach SJ, Sullivan AF, Forgey T, Clark S, et al. Prospective multicenter
study of viral etiology and hospital length of stay in children with severe bronchiolitis. Arch Pediatr
Adolesc Med. 2012;166(8):700–6.
19. Rodriguez-Martinez CE, Sossa-Briceno MP, Nino G. Predictors of prolonged length of hospital stay for
infants with bronchiolitis. J Investig Med. 2018;66(6):986–91.
20. Bont L, Kimpen JL. Immunological mechanisms of severe respiratory syncytial virus bronchiolitis.
Intensive Care Med. 2002;28(5):616–21.
21. Bradley JP, Bacharier LB, Bonfiglio J, Schechtman KB, Strunk R, Storch G, et al. Severity of respiratory
syncytial virus bronchiolitis is affected by cigarette smoke exposure and atopy. Pediatrics.
2005;115(1):e7–14.
22. Chatzimichael A, Tsalkidis A, Cassimos D, Gardikis S, Tripsianis G, Deftereos S, et al. The role of
breastfeeding and passive smoking on the development of severe bronchiolitis in infants. Minerva
Pediatr. 2007;59(3):199–206.
23. Singh SP, Barrett EG, Kalra R, Razani-Boroujerdi S, Langley RJ, Kurup V, et al. Prenatal cigarette
smoke decreases lung cAMP and increases airway hyperresponsiveness. Am J Respir Crit Care Med.
2003;168(3):342–7.

Page 10/10

