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Bronchiolitis and more specifically respiratory syncytial virus (RSV) bronchiolitis is

a leading cause of global childhood morbidity and mortality. Despite the previous

identification of possible risk factors associated with the severity of bronchiolitis, the data

from Lebanon remains limited. We described the burden of bronchiolitis hospitalizations

in children under 5 years of age in a tertiary care center in Lebanon from October 2004

to October 2014 and identified the risk factors associated with severe bronchiolitis. This

was a retrospective cohort study conducted at the American University of Beirut Medical

Center. Records of children younger than 5 years of age admitted with a diagnosis

of bronchiolitis were reviewed. More than half the patients were RSV positive. RSV

bronchiolitis was found to be significantly associated with longer hospital stay compared

to children with non-RSV bronchiolitis (P = 0.007). Children exposed to smoking had an

increased risk for longer hospital stay (P = 0.002) and were more likely to require ICU

admission (P < 0.001) and supplemental oxygen (P = 0.045). Congenital heart disease

was found to be a significant risk factor for severe bronchiolitis (P < 0.005).

Conclusion: Patients with RSV bronchiolitis had a longer hospital stay compared to

patients with non-RSV bronchiolitis. Exposure to smoking was associated with a more

severe and complicated RSV infection. Congenital heart disease was the only risk factor

significantly associated with all markers of bronchiolitis disease severity.

Keywords: bronchiolitis, respiratory syncytial virus, risk factors, hospitalization, retrospective

INTRODUCTION

Lower respiratory tract infection (LRTI), including bronchiolitis and pneumonia, constitute the
leading cause of global child morbidity and mortality (1). Bronchiolitis is considered the most
common respiratory disease in young children and is a major cause of hospitalization (2). From
1997 to 2006 in the United States, the average annual rate of bronchiolitis among children younger
than 5 years of age was 27.9 per 1,000 with half a million annual hospitalizations (3). Hospital costs
for care related to bronchiolitis in children younger than 5 years of age have been on the rise in the
United States and exceeded 1.7 billion US dollars in 2009 (2).

Respiratory Syncytial Virus (RSV) is the most common pathogen causing bronchiolitis in
young children and the most frequent cause of hospitalization within the pediatric population
in developed countries (4). An estimated 33.8 million new episodes of RSV infections occur in
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children under 5 years of age worldwide accounting for 22% of
LRTI episodes. Of those, 3.4 million episodes represent severe
disease and require hospital admission (5). Moreover, according
to a prospective population-based surveillance study of acute
respiratory infections in children <5 years conducted in three
U.S. counties, RSV was associated with 20% of hospitalizations,
18% of emergency department visits, and 15% of office visits for
acute respiratory infections (6).

Contrary to non-RSV respiratory disease, RSV infection
frequently leads to serious complications. Two retrospective
studies conducted in two tertiary medical centers in Texas in
2010 and in Spain in 2012 over periods of 5 and 10 years,
respectively, compared the rate of hospitalization and outcomes
of RSV and non-RSV bronchiolitis in children under the age of 2
years (1, 7). Both studies concluded that RSV bronchiolitis was
more severe than non-RSV bronchiolitis in terms of need for
supplemental oxygen, intensive care unit (ICU) admission and
length of hospital stay (1, 7).

Across the Middle East and North Africa (MENA) region,
RSV imposes a significant burden of disease as well, and has been
commonly identified in hospitalized infants and children with
bronchiolitis (8). In a study involving 3,168 Jordanian pediatric
patients, RSV was positive in 44% (9). High prevalence rates of
hospitalizations due to RSV have been reported in Turkey, Egypt,
and Lebanon as well (10–13). The severity of RSV bronchiolitis
varies between studies, and data highlighting the risk factors for
severity is still lacking.

To date, a variety of demographic features and risk
factors have been associated with a higher likelihood of RSV
bronchiolitis (7). Recent studies are exploring chronic conditions
as possible risk factors associated with increased risk of severe
RSV infection (14).

The aim of this study is to provide a comprehensive view
of the epidemiologic characteristics and burden of bronchiolitis
in hospitalized children younger than 5 years of age admitted
to a tertiary care center in Beirut-Lebanon, and to examine the
risk factors, clinical features, outcomes, and severity of RSV vs.
non-RSV bronchiolitis.

MATERIALS AND METHODS

Study Design
This was a retrospective cohort study conducted at the American
University of Beirut Medical Center (AUBMC) located in Beirut,
Lebanon. The study was approved by the institutional review
board (IRB) at AUBMC (IRB approval number was PED.GD.08).

AUBMC is a tertiary medical care center located in Beirut, the
capital of Lebanon.

It has a total of 420 hospital beds, including 28 pediatric
inpatients beds, 21 neonatal intensive care unit (NICU) beds, 10
pediatric (PICU) beds; in addition there are 18 hospital beds in
the inpatient cancer unit. AUMBC accommodates around 9,500

Abbreviations: RSV, Respiratory Syncytial Virus; AUBMC, American University
of Beirut; LRTI, Lower respiratory tract infection; ICU, Intensive care unit; AAP,
American Academy of Pediatrics; CHD, Congenital heart disease.

pediatric inpatient admissions to these different units per year,
that present from different areas all around Lebanon.

Most of the hospital admissions during the study period were
covered by private medical insurances (around 45%), and the rest
by public governmental coverage or by self-payers.

All patients were identified retrospectively and their charts
reviewed manually through medical records by looking at the
following ICD-9 codes for discharge diagnosis: “Bronchiolitis,”
“RSV bronchiolitis,” or “RSV infection.” Children <5 years of
age with one of the above discharge diagnosis, admitted to the
hospital between October 1st, 2004 and October 31st, 2014, were
included in the study.

Data Collection
Data collected included the following information: basic
demographic and epidemiologic characteristics (age, gender,
year, and month of hospital admission, breastfeeding, exposure
to secondhand smoking, previous NICU admission, previous
history of intubation), presence of underlying medical
conditions [including prematurity, chronic lung disease of
prematurity, congenital heart disease (CHD), primary or
secondary immunodeficiencies, cystic fibrosis, neuromuscular
disorders, and asthma], hospital stay (regular floor/ICU, length
of hospital/ICU stay). In addition, data was collected on
outcomes including requirement and duration of supplemental
oxygen [by nasal cannula, facemask, high-flow nasal cannula,
nasal continuous positive airway pressure ventilation (CPAP),
intubation, and mechanical ventilation], need and length of
mechanical ventilation, and mortality.

In order to investigate dissimilarities in disease severity
between RSV and non-RSV bronchiolitis, we explored multiple
parameters including length of hospital stay in days, need
for supplemental oxygen including oxygen by nasal cannula,
facemask, high-flow nasal cannula, nasal CPAP, intubation, and
mechanical ventilation, need and length of ICU admission as well
as need and duration of mechanical ventilation.

The laboratory diagnosis of RSV was made on respiratory
secretions by the use of rapid assay utilizing antigen capture
technology (SASTM RSV Alert test by SA Scientific, San Antonio,
Texas, USA). The same test was used during the whole study
period. The sensitivity and specificity of the test are 83.5 and
91.3%, respectively (15).

Statistical Analysis
Descriptive analyses were performed by using frequency
distributions or rates. Means [± standard deviation (SD)]
were used to summarize the demographic data and patients’
baseline characteristics.

Statistical analysis was performed using Pearson Chi-square
test and the Student’s t-test to compare the demographic and
epidemiologic characteristics between hospitalized children with
RSV and non-RSV bronchiolitis. For variables with count <5
cases, Chi-square Fisher’s exact test was used. Predictors of
disease severity regardless of the etiology of bronchiolitis were
then studied using binary logistic regressions. All covariates
that showed a p-value <0.30 at the bivariate level were
added in the final logistic regression model. Disease severity
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was defined as showing separately one of the four following
outcomes: longer stay at the hospital above 7 days, need for
oxygen supplementation, need for ICU admission and need for
ventilatory support.

A p-value <0.05 was considered a statistically significant
result. All statistical analyses were performed with the use of the
Statistical Package for Social Sciences (SPSS) program, version
23.0 for Windows (IBM, Armonk, NY).

RESULTS

Study Group
We identified 402 cases of children below the age of 5 years with
an admission diagnosis of “bronchiolitis,” “RSV bronchiolitis,” or
“RSV infection” admitted to the hospital during the study period.
The medical records of 362 patients were available for review;
43 patients were excluded from the final analysis because of
unknown RSV status leaving a final study cohort of 319 patients
for statistical analysis. Among the 319 patients, 194 were RSV
positive (60.8%) and 125 were RSV negative (39.2%) (Figure 1).

To note that out of 402 patients, 11 patients were readmitted
for bronchiolitis during different seasons.

Seasonal Distribution
RSV hospitalizations started to rise at the end of October and
early November and peaked during the months of January

FIGURE 1 | Identification and inclusion of cases in the study. RSV, respiratory

syncytial virus.

and February. A small number of RSV bronchiolitis cases
were diagnosed and hospitalized off season along the year.
Contrariwise, cases of non-RSV bronchiolitis hospitalizations
weremost frequent during themonth of December and displayed
a dispersed distribution throughout the year with no significant
peak in hospital admissions (Figure 2).

Demographic Characteristics
The demographic characteristics and features of the patients with
RSV and non-RSV bronchiolitis are summarized in Table 1.

The mean age at diagnosis of bronchiolitis was similar
between the two groups (7.05 ± 9.06 and 7.01 ± 6.42
months [mean, ± SD]) in patients with RSV and non-RSV
bronchiolitis, respectively. There were no differences in the
percentage of premature patients between the two groups
(19.2 and 18.5%, respectively, P = 0.89). More males were
diagnosed with RSV bronchiolitis but this difference did not
reach statistical significance.

Risk Factors in Children Hospitalized
With Bronchiolitis
The risk factors reported in the literature known to be associated
with bronchiolitis were compared in patients hospitalized with
RSV and non-RSV bronchiolitis (Table 1).

Breastfeeding was more frequent among patients with RSV
bronchiolitis compared to patients with non-RSV bronchiolitis
(52.6 vs. 37.6%, P = 0.02), but passive smoking was not found to
be a statistically significant risk factor for RSV bronchiolitis.

Chronic lung disease of prematurity was more frequent
in patients with non-RSV bronchiolitis compared to RSV
bronchiolitis (4 vs. 1.6%). Nevertheless, this difference did not
reach statistical significance (P = 0.27). All asthmatic patients
included in the study tested positive for RSV but asthma was
not found to be a statistically significant risk factor for RSV
bronchiolitis (P = 0.08). Other suggested risk factors including
congenital heart disease and malignancy were comparable
between the two groups.

Management Modalities
Management modalities were compared in patients hospitalized
with RSV and non-RSV bronchiolitis (Table 2).

Inhaled bronchodilators were used in 80.8% of the patients
(79.9 and 82.4%, P = 0.58 in RSV and non-RSV bronchiolitis,
respectively). Systemic steroids were more commonly used in
non-RSV bronchiolitis patients compared to RSV bronchiolitis
patients (P = 0.001). Antibiotics were used in half of
the patients hospitalized with RSV bronchiolitis and non-
RSV bronchiolitis. The most commonly used antibiotics were
Ceftriaxone, Ampicillin and Clarithromycin. The mean duration
of antibiotic use was 4.64 days.

Disease Severity in RSV and
Non-RSV Bronchiolitis
RSV bronchiolitis was found to be associated with a longer
hospital stay (P < 0.05). Moreover, children diagnosed with
RSV bronchiolitis spent a longer period in ICU compared to
children with non-RSV bronchiolitis but this difference did not
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FIGURE 2 | Seasonal variations of respiratory syncytial virus (RSV) and non-RSV associated bronchiolitis hospitalizations. The horizontal axis represents the months of

the year and the vertical axis exhibits the total number of RSV and non-RSV bronchiolitis cases hospitalized during the study period. RSV, respiratory syncytial virus.

....RSV positive; —— RSV negative.

reach statistical significance (P = 0.18). Need for supplemental
oxygen and ventilatory support were comparable between the
two groups (Table 3).

Risk Factors for Severe RSV Disease
RSV diagnosis was significantly associated with a longer hospital
stay (P < 0.05). Children exposed to secondhand smoking had
an increased risk for longer hospital stay (P < 0.05). They were
also more likely to require ICU admission (P < 0.001) and
supplemental oxygen (P < 0.05). CHD was associated with all
markers of disease severity (Table 4).

DISCUSSION

Bronchiolitis is a leading cause of hospitalization in infants
and young children (2). In our study, a total of 319 patients
hospitalized at AUBMC during the study period from October
2004 till October 2014 with a diagnosis of bronchiolitis, RSV
bronchiolitis or RSV infection were included in the final analysis.
RSV bronchiolitis was diagnosed in 61% of the cohort. This value
was higher than the one reported by Assaf-Casals et al. at another
tertiary care center in Beirut (22.1%) between 2012 and 2014 (12).

In contrast with a previous study conducted in Lebanon (12),
we found that the seasonality patterns for RSV and non-RSV
bronchiolitis hospitalizations were somewhat different. Whereas
Assaf-Casals et al. described peak prevalence for both subgroups
during the month of December; RSV hospitalizations in our
study peaked higher and later than non-RSV hospital admissions.
These findings are in accordance with previous studies conducted
in Israel (16), Turkey (17), and Jordan (9) which showed that RSV

hospitalizations were most common during the first 3 months of
the year.

A variety of demographic features and risk factors
were associated with a higher likelihood of acquiring RSV
bronchiolitis. Recently, in a US multicenter prospective cohort
study of 1,836 pediatric patients with bronchiolitis, 60% of
the patients were males and the mean age at diagnosis was
4 months (18). Our study also revealed male predominance
which is expected since male infants are suspected to have
decreased pulmonary function compared to female infants (19).
However, we found that the rates of bronchiolitis requiring
hospitalization were higher during infancy with an older mean
age at admission of 7 months for both RSV and non-RSV
subgroups. Although prematurity is evidently recognized as a
predisposing factor for RSV bronchiolitis (2, 14, 20); our data
did not show significantly higher rates of hospitalization for RSV
and non-RSV bronchiolitis among preterm infants.

The role of breastfeeding in protecting against RSV
bronchiolitis and preventing hospitalization and death has
been very well-established (14, 20–22). Surprisingly, we found
that patients with RSV bronchiolitis were more likely to be
breastfed compared to patients with non-RSV bronchiolitis.
This result might be lacking in accuracy due the retrospective
nature of our study and possibility of improper charting.
Moreover, information on duration of breastfeeding was
unavailable for review and was not included in the analysis.
In addition, we did not have accurate assessment of the
prevalence of breastfeeding in a control group of patients
without bronchiolitis. Another limitation of the above
observation is that patients with non-RSV bronchiolitis did
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TABLE 1 | Demographic characteristics and risk factors of children younger than 5 years of age hospitalized with bronchiolitis (RSV and non-RSV) during the study period.

RSV bronchiolitis

(N = 194)

Non-RSV bronchiolitis

(N = 125)

p-value†

DEMOGRAPHIC CHARACTERISTICS

Mean age in months (SD) 7.05 (9.06) 7.01 (6.42) 0.958

Gender, n (%)

Male 109 (56.2) 64 (51.2) 0.383

Female 85 (43.8) 61 (48.8)

RISK FACTORS, N (%)

Prematurity, N’ = 317 37 (19.2) 23 (18.5) 0.890

Breastfeedinga, N’ = 261 80 (52.6) 41 (37.6) 0.016

Exposure to smokingb, N’ = 222 32 (25.4) 24 (25.0) 0.946

Previous NICU admission, N’ = 308 32 (17.4) 28 (22.6) 0.259

Previous history of intubation, N’ = 297 8 (4.4) 7 (6.0) 0.554

Congenital heart disease, N’ = 318 14 (7.3) 8 (6.4) 0.769

Chronic lung disease of prematurity, N’ = 318 3 (1.6) 5 (4.0) 0.271*

Asthma, N’ = 318 6 (3.1) 0 (0) 0.085

Significant differences for p-values are indicated in bold.

N’ represents information available on the variable.
†
Pearson Chi-Square was used (no expected count <5).

*Fisher’s exact test was used (at least one expected count <5).
aBreastfeeding: data collected on 261 patients (152 with RSV bronchiolotis and 109 with non-RSV bronchiolitis).
bExposure to smoking: data collected on 222 patients (126 with RSV bronchiolitis and 96 with non-RSV bronchiolitis).

RSV, respiratory syncytial virus; NICU, neonatal intensive care unit.

TABLE 2 | Management modalities used in children younger than 5 years of age

hospitalized with RSV and non-RSV bronchiolitis from 2004 to 2014.

Management modalities RSV bronchiolitis,

n (%)

(N = 194)

Non-RSV

bronchiolitis n(%)

(N = 125)

p-value

Inhaled beta-agonist 155 (79.9) 103 (82.4) 0.58

Inhaled steroids 18 (9.3) 12 (9.6) 0.92

Systemic steroids 33 (17.0) 41 (32.8) 0.001

Antibiotics 108 (55.7) 55 (44.0) 0.042

Significant differences for p-values are indicated in bold.

Pearson Chi-Square was used (no expected count <5).

RSV, respiratory syncytial virus.

not have during the study period additional testing (like
molecular assays to determine if they have RSV or other
viruses). Regardless of these results and according to the 2014
American Academy of Pediatrics (AAP) guidelines for the
management of bronchiolitis, all mothers should be encouraged
to breastfeed for at least 6 months to prevent lower respiratory
tract infections (23).

Although associations between exposure to smoking and
lower respiratory tract infections in children have been
documented in the literature, many investigators have not
found an increase in the risk of acquiring RSV-bronchiolitis in
children exposed to secondhand smoking (12, 24, 25) which
is in accordance with our findings. Several studies showed

that second-hand smoke exposure is associated with increased
severity of RSV infection (26–32).

In agreement with previous studies (7, 12, 33), we found
that RSV infections led to a longer hospital course. This finding
underscores the need for a treatment modality against RSV
infection in infants. The only humanized monoclonal antibody
Palivizumab has been approved in 1998 by the US Food and Drug
Administration and is being used for RSV infection prevention
in children at high risk for the disease (34). The AAP issued an
updated guidance on Palivizumab prophylaxis in high risk infants
and young children in which it did not consider healthy preterm
infants born at 29 and 35 weeks as candidates for Palivizumab
prophylaxis (34). Ongoing research is currently focusing on
characterizing pediatric subpopulations that should be offered
immunoprophylaxis (35).

According to the most recent AAP guidelines for the
diagnosis and management of bronchiolitis; bronchiolitis is a
clinical diagnosis and does not require routine laboratory or
radiologic tests for diagnosis (23). The routine use of multiple
management modalities including bronchodilators, antibiotics
and corticosteroids have not been shown to be effective and
should be avoided (36). In our study, inhaled bronchodilators
and antibiotics were frequently used in RSV and non-RSV
bronchiolitis patients. However, it is difficult to assess whether the
usage of those therapies was warranted due to the retrospective
nature of our study. Regardless of our findings, physicians
should abide by the evidence-based guidelines and not regularly
prescribe bronchodilators, antibiotics, and/or corticosteroids to
children with bronchiolitis (23).
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TABLE 3 | Disease severity characteristics in children younger than 5 years of age hospitalized with bronchiolitis (RSV and non-RSV) from 2004 to 2014.

Parameters of disease severity RSV bronchiolitis

(N = 194)

Non-RSV bronchiolitis

(N = 125)

p-value

Length of hospital stay, mean (SD), days 7.48 (6.73) 5.60 (4.86) 0.007

Supplemental oxygen, n (%) 82 (42.3) 43 (34.4) 0.160

Nasal CPAP, n (%) 4 (2.1) 0 (0) 0.158

ICU admission, n (%) 39 (20.1) 19 (15.2) 0.268

ICU admission duration, mean (SD), days 8.97 (9.91) 5.68 (5.34) 0.182

Invasive ventilatory support need, n (%) 17 (8.8) 5 (4.0) 0.101

Mortality, n (%) 2 (1.0) 1 (0.8) 1.000

Significant differences for p-values are indicated in bold.

RSV, respiratory syncytial virus; CPAP, continuous positive airway pressure; ICU, intensive care unit.

TABLE 4 | Odds ratios (ORs) for risk factors associated with disease severity in hospitalized children younger than 5 years of age hospitalized from 2004 to 2014.

Predictors Hospital stay longer than 7 days Need of supplemental oxygen Need of ICU admission Need of ventilatory support

OR [95% CI] p-value OR [95% CI] p-value OR [95% CI] p-value OR [95% CI] p-value

RSV 2.50 [1.15–5.14] 0.02 1.22 [0.68–2.20] 0.506 1.29 [0.56–2.96] 0.547 1.11 [0.27–4.57] 0.888

DEMOGRAPHIC CHARACTERISTICS

Age 1.00 [0.96–1.04] 0.921 1.03 [0.99–1.06] 0.181 1.02 [0.98–1.07] 0.286 1.04 [0.99–1.10] 0.133

Male 1.43 [0.70–2.95] 0.327 0.80 [0.45–1.45] 0.472 1.51 [0.67–3.44] 0.323 0.86 [0.21–3.56] 0.835

RISK FACTORS

Prematurity 1.70 [0.70–4.22] 0.249 1.83 [0.87–3.88] 0.112 3.09 [1.19–8.07] 0.021 1.60 [0.29–8.83] 0.591

Congenital heart disease 7.31 [2.20–24.26] 0.001 11.15 [2.37–52.40] 0.002 15.33 [4.20–56.02] <0.001 12.34 [2.68–56.74] 0.001

Exposure to smoking 3.36 [1.59–7.10] 0.002 2.20 [1.15–4.22] 0.017 5.32 [2.27–12.50] <0.001 3.49 [0.85–14.29] 0.082

Significant differences for p-values are indicated in bold.

OR, Odds Ratio; CI, Confidence Interval.

In our study, infants exposed to secondhand cigarette smoking
appeared to have a predilection to develop severe bronchiolitis
after acquiring RSV infection. Similar results were highlighted in
a study by Gurkan et al. in which infants admitted with serious
RSV bronchiolitis were found to have higher serum cotinine
levels compared to infants admitted for other causes (37). Along
these lines, it is imperative for physicians and pediatricians to
inform parents of the risks associated with secondhand smoking
exposure and encourage them to avoid such a practice. In a
population-based retrospective cohort study of 764 children
younger than 2 years of age admitted with bronchiolitis, CHD
was associated with a 50% longer hospital stay compared to
patients without cardiac problems (38). In agreement with those
observations, we found that CHD was associated with more
severe bronchiolitis in terms of hospital stay, need for ICU
admission, supplemental oxygen and ventilatory support.

Limitations of the Study
The retrospective design of our study limited our ability to collect
accurate and complete data on demographic characteristics and
risk factors. This study enrolled patients from only one tertiary
care center in Lebanon and not multiple ones.

In addition, we had low numbers of young infants who are
mostly at risk of severe bronchiolitis. Moreover, the results on
disease severity should be carefully interpreted since a diagnosis

of RSV could have biased the management of these patients
leading to a longer hospital stay, ICU admission and more
invasive interventions. We had also limited numbers of patients
during the study period who were managed with CPAP or
high-flow nasal cannula. Furthermore, some of the non-RSV
bronchiolitis cases might have had RSV since we were using
RSV antigen testing for the diagnosis of the cases in our
medical center and not Polymerase Chain Reaction (PCR) based
diagnostic technologies.

CONCLUSION

More than half of patients with bronchiolitis were RSV positive.
Patients with RSV Bronchiolitis had a longer hospital stay
compared to patients with non-RSV bronchiolitis. Exposure to
smoking was associated with a more severe and complicated RSV
infection. CHD was the only risk factor significantly associated
with all markers of disease severity.
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