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Clinical vignette

A previously healthy 4-month-old male infant presented to the emergency department (ED)

during the month of January for evaluation of respiratory distress. His parents reported that

his 6 year-old sister has had a “cold” for the preceding 7 days. Three days prior to the ED

visit, the infant developed a runny nose and cough that had worsened over the previous 2

days. On the day of evaluation, the infant developed “difficulty breathing” and diminished

oral intake.

The infant was born at full term after an uneventful pregnancy and delivery. He does not

have history of eczema. His immunizations were up-to-date. Family history was notable for

maternal asthma. His physical exam was remarkable for moderate respiratory distress with

subcostal and intercostal retractions. His vital signs were: temperature of 38.3°C, heart rate

of 150/min, respiratory rate of 75/min, room air oxygen saturation 89%. His weight and

height were both at the 50th percentiles for his age. Crackles and expiratory wheezes were

present in all lung fields, but the rest of the physical exam is unremarkable. Chest radiograph

showed hyper-inflated lungs with peri-hilar infiltrates. Nasophyaryngeal swab (multiplex

PCR for respiratory pathogens) was positive only for Respiratory Syncytial Virus (RSV). He

was admitted for management of RSV bronchiolitis, which included: supplemental oxygen

for 2 days until his oxygen saturation on room air was higher than 92% and intravenous

fluids until his respiratory distress improved and he was able to resume oral feeding.

Initially, he was treated with intermittent inhalation of albuterol via nebulization, but this

was discontinued for lack of further clinical improvement after albuterol inhalations. His

clinical status gradually improved and he was discharged home after 3 days with a

recommendation to follow up with his primary care physician.

Over the ensuing year, he experienced 5 discrete episodes of respiratory distress

accompanied by wheeze and cough, including one episode leading to emergency department

care. These acute episodes lasted approximately a week, and were always in the context of
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viral respiratory tract illnesses (RTIs); he did not experience any respiratory symptoms

outside of these episodes. Inhaled albuterol was given during these episodes and provided

partial relief of symptoms; he was prescribed oral prednisolone during 3 of these episodes.

The parents are asking for advice regarding the management of these acute wheezing

episodes.

Review

Overview

Wheezing during early childhood is a common and heterogeneous clinical condition, with

approximately 50% of children experiencing at least one wheezing episode before the age of

6 years1, and with evidence of viral infection in 80-90% of these episodes1. In addition to

serving as the most common trigger for wheezing episodes, viral RTIs early in life have

been associated with the inception of recurrent wheezing and the eventual development of

asthma2. The presentation of infection-induced wheezing in childhood is influenced by age,

previous respiratory tract illnesses, genetic background, sensitization to aeroallergens,

environmental factors, and interactions between these factors. Infection-induced wheezing in

children represents a spectrum of clinical manifestations that often evolve over time: acute

viral bronchiolitis is the prototypical initial manifestation of viral-induced wheezing which

is a frequent antecedent to recurrent infection-induced wheezing episodes. Persistent or

recurrent wheezing in the setting of viral respiratory tract infections may progress to asthma,

which is often accompanied by infection-induced asthma exacerbations. In this review, we

will summarize the significance of and treatment recommendations for initial and recurrent

infection-induced wheezing presentations; the management of childhood asthma

exacerbations has been discussed elsewhere 3.

The inception of recurrent wheezing and asthma: the role of viral bronchiolitis

The term viral bronchiolitis describes the initial episode of viral-induced lower respiratory

tract illness (LRTI) in a child younger than 1-2 years. The 2 major respiratory viruses

associated with viral bronchiolitis are RSV and human rhinovirus (HRV); however, other

viruses including human metapneumovirus and parainfluenza virus have been reported as

causative pathogens2. RSV bronchiolitis is the leading cause for hospitalization during the

winter months among young children in the US, and has a major role in the inception of

wheezing and asthma as up to 50% of the children hospitalized for RSV bronchiolitis are

diagnosed with asthma during the first 6 years of life4. The likelihood of recurrent wheezing

or asthma following bronchiolitis is directly associated with the severity of the initial illness,

as children who require hospitalization are more likely to have these long-term outcomes

compared to children who experience milder cases of bronchiolitis5, 6. Moreover, RSV

bronchiolitis requiring hospitalization remains a risk factor for asthma at least until the age

of 18 years, while the risk following non-hospitalized RSV bronchiolitis may abate by the

age of 13 years2.

Advances in viral detection methodologies have led to the identification of HRV and other

viruses as important triggers for acute wheezing illnesses in early life and as antecedents for

future asthma. The COAST birth cohort 7 of infants at high risk for allergic diseases and/or
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asthma demonstrated that outpatient wheezing illnesses associated with HRV infection

during the first 3 years of life was the most significant predictor of asthma at age 6 years.

Thus, while RSV and HRV infections early in life are both associated with future asthma,

these 2 pathogens may exert their effects on subsequent respiratory tract disease through

different pathways which may differ in terms of the severity of the initial illness

(hospitalized RSV bronchiolitis vs outpatient HRV-associated wheezing) and/or genetic

predispositions (for atopy and/or susceptibility to specific viral infections)2.

It remains uncertain if severe early life bronchiolitis represents the cause of future asthma by

serving as the initial event (‘the first hit’) in creating airway allergic inflammation, or if it

serves as a marker for asthma susceptibility in children with a predisposition for asthma2.

Two recent reports provide enhanced understanding of this complex relationship. Treatment

of late preterm infants with the anti-RSV monoclonal antibody palivizumab during the RSV

season resulted in a significant reduction of wheezing days during the first year of life, with

effects that persisted following the end of the treatment period, suggesting that the

occurrence of RSV bronchiolitis has a major causative role in the pathogenesis of recurrent

wheezing8. Secondly, among participants of the COAST cohort, sensitization to

aeroallergens preceded and served as a significant risk factor for HRV-associated wheezing.

In contrast, having HRV-associated wheeze did not increase the risk of developing allergic

sensitization, suggesting that at least in this high risk cohort, HRV-induced wheezing was a

consequence rather than the cause of atopic tendency9. The progression from a single

episode of early life viral-induced wheeze to recurrent wheeze is also related to interactions

between host genetic background and the virus, since among the COAST cohort, genetic

variants in an asthma-associated gene locus on chromosome 17 (17q21) were associated

with future asthma diagnosis, but only among children who experienced HRV wheezing in

early life 10.

The first episode of infection-induced wheezing in young children: acute management

Despite the conduct of numerous studies examining the efficacy of various asthma-related

therapies in acute bronchiolitis, recent evidence-based recommendations favor supportive

therapy for viral bronchiolitis, since inhaled bronchodilators, corticosteroids (systemic or

inhaled), montelukast, and antibiotics have failed to show consistent and meaningful clinical

benefits11, 12.

Recently, two interventions have been demonstrated to provide clinical benefit among

patients with severe bronchiolitis and may become considerations for incorporation into

clinical guidelines. The combination of nebulized epinephrine with oral dexamethasone

administered in the ED was superior to placebo in preventing hospital admission13.

However, there was no clinical benefit for either medication given alone, and the effect of

the combined intervention became non-statistically significant after adjustment for multiple

comparisons, suggesting that the potential benefit of this combination must be confirmed in

additional studies before it is recommended for patient care. A recent systematic review

concluded that nebulized 3% saline significantly reduced the duration of hospitalization

among infants hospitalized with viral bronchiolitis, but was not associated with a reduction

in the rate of hospitalization when given in the ED setting 14.
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Prevention of subsequent wheezing following an initial episode of infection-induced
wheezing in young children

While recurrent wheezing and asthma are frequent sequelae to bronchiolitis, treatment with

asthma controller therapy (including corticosteroids and montelukast) during or following

bronchiolitis has not been found to be effective in altering the natural history of post-viral

bronchiolitis wheezing. One potential exception to this conclusion is a finding derived from

a post hoc analysis of a study that originally investigated the effect of oral corticosteroid

therapy during acute viral bronchiolitis. While OCS treatment was not associated with a

protective effect for the development of recurrent wheezing among the study group as a

whole, it was associated with a lower likelihood to develop recurrent wheezing over the

following year in the subgroup of children hospitalized with HRV, but not RSV,

bronchiolitis15. This finding must be confirmed in prospective studies before systemic

corticosteroids should be recommended as a preventative approach for post-HRV wheezing.

Viral-induced recurrent wheezing in early childhood

Recurrent wheezing among preschool children is a heterogeneous disorder with multiple

phenotypes, and identification of these phenotypes might assist in predicting the progression

to asthma in childhood, and potentially in predicting treatment response. Commonly,

preschool children experience the majority of their wheezing activity during acute episodes

triggered by viral URI (typically HRV) while experiencing minimal-to-no symptoms

between these episodes1. The terms episodic viral wheeze and severe intermittent wheezing

have been proposed to describe the phenotype of children who wheeze exclusively during

viral infections. In contrast, the term multiple-trigger wheeze has been suggested for

children who wheeze when exposed to multiple triggers (including allergens, exercise, and

viruses) rather than with viral infections only. However, the classification of episodic and

multiple-trigger wheeze appear to be unstable over time, since many children will

commonly switch between these two categories3. Most of the children who wheeze during

early life do not continue to wheeze at school age3 . Models which include indicators of

subsequent asthma risk have been developed to help the clinician identify children at

greatest risk for continued wheezing (and presumably asthma) into older childhood. One of

these models is the modified Asthma Predictive Index (mAPI) that includes a combination

of risk factors in addition to recurrent wheezing: parental history of asthma, personal history

of atopic dermatitis, allergic sensitization to inhalant or food allergens, peripheral blood

eosinophilia, and wheezing not related to a cold. The clinical utility of identifying children

at high risk for recurrent wheezing using the mAPI is supported by a study demonstrating

significantly fewer wheezing exacerbations requiring oral corticosteroids among children

with positive mAPIs receiving daily low dose ICS compared to placebo3. A detailed

assessment of the relative benefits of daily controller therapy regimens (which may include

ICS and/or montelukast) for the prevention of recurrent wheezing episodes is beyond the

scope of this review and is discussed elsewhere 3

Acute management of recurrent viral-induced wheezing episodes in children

As in bronchiolitis, the management of acute viral-associated wheezing illnesses in young

children has traditionally consisted of asthma medications as inhaled bronchodilators,
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corticosteroids (systemic or inhaled), and/or montelukast1. Inhaled β2-agonists are

recommended for short-term relief of acute wheezing symptoms 16, although the efficacy of

this approach during confirmed viral-induced wheezing episodes has not been studied

outside of the context of viral bronchiolitis. Intermittent montelukast given at the first sign

of URI has not been effective in preventing the progression to severe exacerbation requiring

OCS17 but has been associated with attenuation of clinical severity of the acute episodes

measured by symptom severity17 and heath care utilization18, and is a recommended

approach by the ERS for episodic viral wheeze16. The beneficial effects of intermittent

montelukast on symptomatology during acute RTIs in this wheezing phenotype have been

demonstrated among children with positive modified-APIs17, further emphasizing the need

to customize treatment according to disease phenotype.

Given the episodic nature of this condition, the role of intermittent high dose ICS therapy

among children with recurrent, but not persistent, wheezing has been a topic of recent

research. Intermittent high dose fluticasone propionate (750 mcg BID) beginning at the

onset of an URI among preschool children with histories of recurrent wheezing triggered by

viral infections was associated with a 50% reduction in the rate of exacerbations requiring

OCS19. However, the clinical applicability of this specific approach was limited by

significantly smaller gains in height and weight among patients treated with this specific

high dose ICS regimen19. In preschool children with episodic wheeze and positive modified-

API, intermittent high dose ICS treatment (budesonide 1mg BID for 7 days), when started at

the earliest signs of an RTI was comparable to daily low dose ICS (budesonide 0.5mg once

daily) in prevention of progression from early RTI symptoms to severe exacerbation

requiring OCS20. Taken together, these studies suggest that intermittent treatment with high

dose ICS or montelukast may have a role early in the manifestations during acute wheezing

episodes in preschool children, particular those with asthma risk factors (i.e. positive mAPI).

However, additional studies are required to maximize the efficacy of these treatments, to

prevent side effects, and to identify the children who will benefit the most from these

treatments.

OCS are recommended as a treatment for acute asthma exacerbations by asthma

guidelines21. However, despite the substantial body of evidence supporting the efficacy of

this treatment for asthma exacerbations among school-aged children and adolescents,

evidence supporting the benefits of OCS for viral-induce wheeze among preschool-aged

children is very limited22. A recent large placebo controlled clinical trial investigated the

efficacy of OCS among 700 preschool children hospitalized with clinically suspected (but

not confirmed) viral-induced wheeze23. This study did not show a significant difference in

the duration of hospitalization or in the rate of symptom resolution following discharge

among children treated with OCS vs placebo23, nor was there a difference in OCS response

among those with asthma risk factors. A recent post-hoc analysis in two independent

outpatient cohorts of preschool children with episodic wheeze, including more than 1500

RTIs, also revealed that OCS did not reduce symptom severity during these episodes24. The

lack of OCS response among preschool children with viral-induced wheezing might be

related the heterogeneity of wheezing phenotypes in early life and/or a lesser extent of

eosinophilic airway inflammation, which is steroid responsive, among most of these young
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children. These studies and accompanying editorials suggest reconsideration of OCS use in

preschool viral-associated wheeze, with added consideration of avoidance using OCS for

outpatient wheezing illnesses while reserving this treatment to the seriously ill hospitalized

children22, 25. Additional prospective randomized controlled trials are required in confirm

this finding in outpatient episodes before abandoning this longstanding therapy.

The Case Revisited

The patient has history of severe RSV bronchiolitis in infancy, which is a known

independent risk factor for subsequent wheezing episodes and eventually asthma. Indeed,

over the year following the initial RSV bronchiolitis the patient experienced multiple

discrete episodes of respiratory distress accompanied by wheeze and cough that were

triggered by viral illness. Although the patient experienced significant morbidity during

these LRTI, he did not have respiratory symptoms outside of these episodes. The parents

were advised that inhaled albuterol should be provided for short-term relief of these acute

respiratory symptoms. In addition, early intermittent treatment with high dose ICS or oral

montelukast could be given to reduce clinical symptoms during these acute illnesses given

the patient’s high likelihood of response to this approach based on his positive modified-API

index (maternal history of asthma). The parents were informed that recent studies and expert

opinions questioned the beneficial effects of oral corticosteroids. Based upon this

uncertainty, the decision whether to start OCS treatment should be determined by the

severity of symptoms during future episodes, as well as considering not using OCS during

milder episodes that do not require inpatient care. The current data and recommendations

regarding the acute management of infection induced wheezing in young children are

summarized in Table 1.

This case highlights many of aspects associated with the complex interaction between

respiratory viral infections early in life and asthma. Viral infections are the dominant trigger

of wheezing illnesses during early childhood. Despite the remarkably high prevalence of

these illnesses and their attendant morbidity, the optimal treatment strategies remain

undefined for management of acute episodes and prevention of recurrent episodes. Future

research should focus on expanding the currently limited evidence base for decision-making

in these clinical situations.
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Question 1

Which of the following statements best describes the role of early life viral bronchiolitis

in the inception of recurrent wheezing and childhood asthma?

1. Early life viral bronchiolitis is rarely followed by a diagnosis of asthma

2. Early life viral bronchiolitis is associated with an increased risk for the

development of future childhood asthma, but it is not clear if it is the direct

cause of asthma

3. All children who have early life viral bronchiolitis will be subsequently

diagnosed with asthma

4. Early life viral bronchiolitis is not associated with subsequent recurrent

wheezing

Early life viral wheeze is a risk factor for subsequent recurrent wheezing and childhood

asthma. However, it remains uncertain if early life viral wheeze represents the cause of

future asthma by serving as the initial event (‘the first hit’) in creating a pattern of airway

allergic inflammation, or if it serves as a marker for asthma susceptibility in children with

a predisposition for asthma. Both basic science and epidemiological research support

both of these possibilities, which are not likely to be mutually exclusive1.

Beigelman and Bacharier Page 10

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Questions 2

Which of the following viruses are most commonly associated with viral induced wheeze

in early childhood:

1. Parainfluenza and Respiratory Syncytial virus

2. Respiratory Syncytial Virus and human rhinovirus

3. Parainfluenza and human rhinovirus

4. Metapneumovirus and Parainfluenza

The 2 major respiratory viruses associated with viral wheeze in early childhood are

Respiratory Syncytial virus and human rhinovirus; however, other viruses including

human metapneumovirus and parainfluenza virus have been reported as causative

pathogens1.
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Question 3

Which one of the following treatments is the most appropriate evidence based

recommendation for treatment of an infant hospitalized with viral bronchiolitis?

1. High dose inhaled corticosteroids

2. Systemic corticosteroids

3. Oral montelukast

4. Supportive therapy

Despite the conduct of numerous studies examining the efficacy of various asthma-

related therapies in acute bronchiolitis, recent evidence-based recommendations favor

supportive therapy for viral bronchiolitis, since inhaled bronchodilators, corticosteroids

(systemic or inhaled), montelukast, and antibiotics have failed to show consistent and

meaningful clinical benefits2, 3.
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Question 4

Which of the following statements best describes the evidence of efficacy of intermittent

montelukast therapy and/or intermittent high dose inhaled corticosteroids (ICS) therapy

when given at the first sign of URI in children with history of recurrent viral-induced

wheeze?

1. Studies have revealed benefits for intermittent montelukast treatment, but not

for high dose intermittent ICS treatment

2. Daily low dose ICS is superior to intermittent high dose ICS treatment at the

earliest signs of an RTI for the prevention severe exacerbations requiring oral

corticosteroids

3. Neither one of these approaches has been proven as an effective therapy in this

clinical scenario

4. Both of these approaches have been shown to provide clinical benefit in terms

of episode severity

Intermittent montelukast given at the first sign of URI has not been effective in

preventing the progression to severe exacerbation requiring OCS4 but has been

associated with a modest attenuation of clinical severity of the acute episodes4 and heath

care utilization5, and is a recommended approach by the ERS for episodic viral wheeze6.

Intermittent high dose fluticasone propionate (750 mcg BID) beginning at the onset of an

URI among preschool children with histories of recurrent wheezing triggered by viral

infections was associated with a 50% reduction in the rate of exacerbations requiring

OCS7. However, the clinical applicability of this specific approach and dosing was

limited by significantly smaller gains in height and weight among patients treated with

this specific high dose ICS regimen7. In preschool children with episodic wheeze and

positive modified-API, intermittent high dose ICS treatment (budesonide 1mg BID for 7

days), when started at the earliest signs of an RTI was comparable to daily low dose ICS

(budesonide 0.5mg once daily) in prevention of progression from early RTI symptoms to

severe exacerbation requiring OCS, and both approaches had a similar safety profile8. In

addition, intermittent montelukast and high dose ICS treatment, when given at the first

sign of respiratory tract illness symptoms, have been shown to attenuate respiratory

symptoms, most notably among children with positive mAPIs4.
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Question #5

Which of the following statements describe the role of oral corticosteroids (OCS) for the

acute management of viral-induce wheezing episodes?

1. There is limited high-quality evidence for the benefits of OCS treatment for

viral-induced wheeze among preschool-aged children.

2. Multiple studies have revealed consistent efficacy of OCS treatment for viral-

induced wheeze among preschool-aged children.

3. Studies among preschool children hospitalized with viral wheeze showed that

OCS treatment compared to placebo resulted in a shorter duration of

hospitalization.

4. Oral corticosteroids given to preschool children with outpatient wheezing

episodes significantly reduce the duration of illness and risk for hospitalization.

OCS are recommended as a treatment for acute asthma exacerbations by asthma

guidelines 9, 10. Despite substantial evidence for the efficacy of OCS in asthma

exacerbations in school-aged children and adolescents 11-14, evidence supporting the

efficacy of OCS among in non-hospitalized preschool aged children is limited15.

Furthermore, a large trial among hospitalized children with presumed viral-induced

wheezing failed to demonstrate a reduction in duration of hospitalization among those

treated with OCS16, and a recent post-hoc analysis of two independent outpatient cohorts

of preschool children with episodic wheeze, also revealed that OCS did not reduce

symptom severity during these episodes17. Recent data on the potential lack of efficacy

of this traditional intervention have led several authors question the benefit of OCS for

wheezing illnesses in this age group18, 19.
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Learning objectives

1. To learn about the significance of viral infections in the inception of wheezing

episodes and asthma

2. To review treatment recommendations for the initial episode of viral-induced

wheeze in children

3. To review the acute management of recurrent viral-induced wheeze in children
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