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KEY POINTS

� Wheezing is common in childhood with approximately 50% of children experiencing at
least 1 wheezing episode within their first 6 years of life while only 8% of children have
asthma.

� Lower lung function, in children who wheeze, is set by 6 years of life.

� Respiratory syncytial virus (RSV) and rhinovirus account for most viruses detected in chil-
dren with RSV causing the most wheezing episodes in children aged less than 1 year.
Rhinovirus causes more wheezing episodes in children aged 1 year and older.

� Asthma indices can help predict which wheezing children will develop asthma.

� Inhaled corticosteroids (ICS) are commonly used to treat wheezing in preschool children.
Both intermittent and daily ICS can be used. The effectiveness of oral corticosteroids in
this age range is inconclusive.
INTRODUCTION

Wheezing is common in childhood; approximately 50% of children will have at least
one wheezing episode in their first 6 years of life, yet only 8% of children will develop
asthma.1 Respiratory viral infections are triggers for childhood wheezing with respira-
tory syncytial virus (RSV) and rhinovirus being the 2 most common infections to cause
wheezing in early childhood.2 Children with viral-induced wheezing comprise a cohort
that can go on to develop asthma.
Asthma is chronic, high morbidity disease which requires long-term medical man-

agement. In childhood, there is a male predominance of asthma diagnoses in children
aged 0–9 years, yet the reverse is observed in late adolescence through adulthood.3,4

Up to 60% of asthmatic children have at least one asthma exacerbation per year.4,5
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Children with asthma aged 0 to 4 years have the highest rate of asthma-related health
care visits, accounting for twice the rate of emergency department (ED) visits and 3
times the rate of hospitalizations compared with adolescents with asthma.5,6 In addi-
tion to health care visits and hospitalizations, approximately 50% of school-aged asth-
matics are absent from one or more day of school per year.6
WHEEZING PHENOTYPES

Multiple wheezing phenotypes have been identified in childhood. Classifying these
wheezing phenotypes helps guide management and identifies the children who will
experience future wheezing episodes. The Tuscan Children’s Respiratory Study
(TCRS) prospectively followed 1246 newborns and defined 4 childhood wheezing phe-
notypes: never wheeze (no wheezing episodes, 51.5%), transient early wheeze
(wheezing episodes that stopped after age 3 years, 19.9%), late-onset wheeze (first
wheezing episode after age 4 years, 15%), and persistent wheeze (wheezing episodes
beginning before age 3 years and persisted, 13.7%).1 The TCRS saw that patterns of
lung function and atopy by age 6 years persisted through age 16 years with children
who had higher atopy and immunoglobulin E (IgE) levels in the late-onset wheezers
and persistent wheezers.7 Additionally, lower lung function seen in the transient early
wheezers and persistent wheezers at age 6 also persisted through age 16.7 The TCRS
results indicate that the lung function deficits detected in children with asthma are pre-
sent by age 6 years and not due to their ongoing disease process.1

The Prevention and Incidence of Asthma and Mite Allergy (PIAMA) study used latent
class analysis to identify respiratory phenotypes in 2810 participants from the
Netherlands birth cohort.8 In addition to the 4 phenotypes identified by the TCRS
and described above, the PIAMA study identified a fifth phenotype of intermediate-
onset wheeze (onset of wheeze after age 2 years and persisted).8 The Avon Longitu-
dinal Study of Parents and Children (ALSPAC) study also used latent class analysis to
evaluate 6265 United Kingdom birth cohort participants and, in addition to those phe-
notypes found in the TCRS and PIAMA study, identified a sixth phenotype of pro-
longed early wheeze (wheezing episodes that stopped at age 5 years).9 The
ALSPAC study evaluated lung function at 24 years of age and found lower lung func-
tion in the persistent wheeze and transient-early wheeze compared with the never
wheeze phenotype as also shown with the TCRS cohort.10 Both the ALSPAC and
PIAMA study showed the intermediate-onset, late-onset, and persistent wheeze phe-
notypes were strongly associated with indoor allergen sensitization seen by age
4 years.8

The Childhood Asthma Research and Education (CARE) Network identified 4 phe-
notypes based on atopy and wheezing from 1708 preschool children: (1) minimal
sensitization (30%), (2) sensitization with indoor pet exposure (25%), (3) sensitization
with tobacco smoke exposure (25%) and (4) multiple sensitizations plus eczema
(20%).11 The probability of wheezing per 2-year period was highest in groups 2 and
4.11 As CARE had data from 5 clinic trials, treatment response was available and
showed that daily inhaled corticosteroids (ICS) improved the frequency of exacerba-
tions in groups 2 and 4 only.11 The Urban Environment and Childhood Asthma birth
cohort prospectively evaluated 442 inner city children and identified 5 phenotypes:
(1) low wheeze/low atopy (26%), (2) low wheeze/high atopy (18%), (3) transient
wheeze/low atopy (17%), (4) high wheeze/low atopy (23%), and (5) high wheeze/
high atopy (15%).12 Indoor allergen exposure in the first year of life differed in the
high and low wheezing phenotypes with the 2 high wheezing phenotypes having the
lowest cumulative exposure to indoor allergens.12 Asthma rates were greatest in
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high wheezing/high atopy and high wheezing/low atopy, at 70% and 67%, respec-
tively. Children exhibiting the high wheezing/high atopy phenotype also had the great-
est lung function impairment.12

CHILDHOOD VIRAL INFECTIONS

Viral infections are common among children; the average child will contract 6 to 8 viral
infections per year, with increasing rates if the child attends daycare.13 Wheezing ep-
isodes are frequently triggered by respiratory viral infections.13,14 Viruses have been
detected in 80% to 90% of children with wheeze and cough compared with 21% of
healthy, asymptomatic children.2,14–16 RSV and rhinovirus, the most commonly
detected viral pathogens with wheezing illnesses, account for 69% of all detected viral
infections within the first 3 years of life.2 Children who wheezed with RSV and/or rhino-
virus at ages 0 to 3 years had an increased risk of asthma at age 6.17 The Childhood
Origins of Asthma (COAST) prospective birth cohort of 289 newborns noted that chil-
dren who wheezed with rhinovirus had nearly a 10-fold increase in wheezing by age
3 years, whereas children with RSV-induced wheezing were 2.6 times more likely to
have wheezing by age 3 years.17

RHINOVIRUS

Rhinovirus is the most common virus to cause wheezing in children aged 1 year and
older.14,18 Rhinoviruses (Enterovirus genus, Picornaviridae family) are classified into 3
species: A, B, and C.18 Rhinovirus A and C cause more severe illness in infants than
B.18 Wheezing with rhinovirus infection is a strong predictor of future wheezing epi-
sodes, and this prediction is higher in atopic individuals.14,17 A cross-sectional emer-
gency department (ED) study of 70 children presenting with wheezing showed most
wheezing episodes were in children aged 2 to 16 years with rhinovirus infection and
evidence of atopy or eosinophilic airway inflammation.14 Similar results were seen in
the Childhood Asthma Study (CAS) prospective cohort of 234 Australian children at
high risk for developing atopic disease.16 Preschool children wheezing with
rhinovirus-C infection had 7 times greater risk of wheezing at age 5 and 10 years if
atopic by 2 years of age compared with nonatopic children. Genetics, such as
17q21 variants are associated with rhinovirus wheezing in childhood and an increased
risk of asthma.19

RESPIRATORY SYNCYTIAL VIRUS

RSV is the most common viral infection in infants younger than 1 year to cause
wheezing.18 RSV (Orthopneumovirus genus and the Paramyxoviradae family) has 2
main antigenic groups, A and B with RSV-A causes more severe illness.18 Although
RSV is the leading cause of hospitalization in infants aged younger than 1 year in
the United States, most RSV infections are mild or asymptomatic.18,20 RSV is the
most prominent virus to cause wheezing in infancy; however, it is not significant in ad-
olescents. The TCRS reported that the prevalence of RSV lower respiratory tract ill-
nesses before age 3 years was associated with a significant increase in risk of
subsequent wheezing during the first 10 years but was not significant by age 13.21

Palivizumab is a monoclonal antibody given to high-risk infants to prevent severe
RSV infection.22 In the Netherlands, 429 otherwise healthy preterm infants (33–
35 weeks estimated gestational age) were enrolled in a double-blind, placebo-
controlled trial to receive palivizumab or placebo during RSV season.22 In the first
year of life, the palivizumab cohort had a 61% relative risk reduction of total wheezing
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days compared with placebo.22 The percentage of physician-diagnosed asthma was
similar between the 2 groups: 10% of those treated with palivizumab and 9.9% with
placebo.23 There was no statistical significant difference in lung function between
the 2 groups.23

Both viral-induced wheezing and aeroallergen sensitization are risk factors for
asthma development in childhood. The COAST birth cohort study sought to determine
the developmental sequence for asthma diagnosis.2 This was a prospective, birth-
cohort of 285 children at high risk for allergic disease and asthma followed through
13 years of age.2,24 Children who were sensitized to aeroallergens had a greater
risk of developing viral wheeze than nonsensitized children.2 Additionally, the earlier
in life sensitization occurred, the higher the rate of asthma at age 13.24 This study
demonstrated that allergic sensitization precedes rhinovirus wheezing and that viral
wheezing did not increase the likelihood of developing allergic sensitization.2

CHILDHOOD BACTERIAL INFECTIONS

In addition to viral infections, airway bacteria can also influence the development of
asthma.18 Upper airway bacteria colonization is common, and the colonized species
can influence wheeze in childhood.20 The most common bacterium found in upper air-
ways in childhood include Staphylococcus, Streptococcus, Moraxella, Haemophilus,
Dolosigranulum, and Corynebacterium.20 In children aged 0 to 3 years, pathogenic
bacteria have been identified in 86% of wheezing episodes with 31% of episodes
without viral detection.25 Although certain bacterial pathogens are associated with
wheezing and asthma, a diverse airway microbiome can be protective against
wheezing illnesses.18 Many studies have demonstrated colonization with S. pneumo-
niae, M. catarrhalis, and H. influenzae in infants are associated with an increased inci-
dence of recurrent wheezing and asthma in childhood, whereas Corynebacterium,
Staphylococcus, and Dolosigranulum are more often found in the absence of respira-
tory symptoms and viral detection.18,26

Bacterial colonization before the first upper respiratory infection influences the
development of asthma.16,27 The CAS prospective birth cohort of 234 Australian chil-
dren at high risk for atopic disease were evaluated for bacteria and viruses when
asymptomatic at scheduled screenings and with respiratory illness.16 Infants who
had early asymptomatic colonization with Streptococcuswere subject to an increased
risk of asthma 3-fold to 4-fold.16

Because bacteria and viruses are so prevalent in childhood, studies have evaluated
the effects of different bacterial and viral combinations. Cross-sectional cohort studies
have demonstrated increased Moraxella and Haemophilus in rhinovirus bronchiolitis,
whereas RSV bronchiolitis had increased Streptococcus and Haemophilus species.20

Rhinovirus and S. pneumoniae detection was associated with increased moderate
asthma exacerbations.27 In the absence of rhinovirus, S. pneumoniae was associated
with increased upper respiratory symptoms and moderate asthma exacerbations.27

PREDICTING ASTHMA IN CHILDHOOD

Although there are many wheezing infants, it is difficult to know from their clinical pre-
sentation who will develop asthma. Additionally, there is not a single biomarker to pre-
dict which children will develop asthma.28 Predictive indices are useful in
prospectively identifying those infants at risk to develop asthma and distinguishing
them from the transient wheezers. The initial asthma predictive index (API) was estab-
lished using data from the TCRS.28 The API has been modified (mAPI) and used in clin-
ical trials for the CARE network.29 A positive mAPI is defined as 4 or more wheezing
Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en National Library of Health 
and Social Security de ClinicalKey.es por Elsevier en noviembre 16, 2022. Para uso personal exclusivamente. No 

se permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Box 1

Modified asthma predictive index

� A history of 4 or more wheezing episodes in the last year with at least one that was physician-
diagnosed

� Must meet 1 major or 2 minor conditions

Major Criteria
� Parental history of asthma
� Physician-diagnosed atopic dermatitis
� Allergic sensitization to at least 1 aeroallergen

Minor Criteria
� Allergic sensitization to milk, egg, or peanut
� Wheezing unrelated to colds
� Blood eosinophils �4%
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episodes in the prior year with at least 1 physician-diagnosed event accompanied with
either 1 major or 2 minor criteria (Box 1). Major criteria for the mAPI include parental
history of asthma, physician-diagnosed atopic dermatitis, or allergic sensitization to
at least 1 aeroallergen. Minor criteria include allergic sensitization to milk, egg, or pea-
nut, wheezing unrelated to colds, and blood eosinophilia 4% or greater. The mAPI has
high a posttest probability at 72% for unselected populations and 90% in high-risk
populations.30

The Pediatric Asthma Risk Score (PARS) used data from the Cincinnati Childhood
Allergy and Air Pollution study birth cohort of 762 children and identified 6 risk factors
in children at age 3 years to predict asthma development at age 7 years (Table 1).31 In
addition to parental asthma, atopic dermatitis, and wheezing unrelated to colds as
identified in the API, risk factors included early wheezing, sensitization to 2 or more
food allergens or aeroallergens, and African American race.31 PARS is a more effective
system for predicting mild-to-moderate asthma compared with the API as children
with mild asthma commonly have fewer risk factors and do not meet the API criteria.31
Table 1
Pediatric asthma risk score

Yes/No Question
Point
Value

Total
Score

Risk of
Asthma
by Age 7

Parental Asthma 2 0–4 3%–11%
Eczema by Age 3 2

Early Wheezing by Age 3 3 5–8 15%–32%
Wheezing when Healthy 3

African Ancestry 2 9–14 40%–79%
Positive SPT to �2 Food or Aeroallergen 2

Abbreviation: SPT, skin prick test.
TREATMENT
Daily Inhaled Corticosteroids

ICS are effective in reducing the risk of asthma exacerbations in school-aged children,
adolescents, and adults. As such, multiple trials have evaluated ICS in preschool-aged
children. The Preventing Early Asthma in Kids (PEAK) trial was a double-blind, ran-
domized, placebo-controlled, parallel group comparison of daily inhaled fluticasone
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propionate with placebo in 285 children aged 2 to 3 years with a positive mAPI.29

PEAK was designed to evaluate the efficacy of daily ICS use during a 2 year period
and its effect preventing high-risk children from developing asthma.29 Children on
daily ICS had more episode-free days, fewer exacerbations, and decreased use of
other controlled medications compared with children receiving placebo.29 A 1 year
observation period followed the 2 year treatment period. At the end of the observation
year, there were no differences in the number of exacerbations, episode-free days, or
lung function in the 2 groups.29 Even though the use of ICS did not prevent asthma, it
demonstrated patients who benefited from daily ICS: male sex, Caucasian, history of
ED visit or hospitalization for asthma within the prior year, aeroallergen sensitization,
and less than 80% episode-free days during the run-in period.29

The Individualized Therapy for Asthma in Toddlers (INFANT) study was a random-
ized, double-blind, double-dummy clinical trial in 300 children aged 12 to 59 months
with asthma requiring treatment with daily controller.32 The study included 3 crossover
periods consisting of daily ICS, daily leukotriene receptor antagonists (LTRAs), and as-
needed ICS treatment coadministered with albuterol.32 Seventy-four percent of the
participants had a differential response to the 3 treatments with approximately 50%
having the best response to daily ICS and 25% each with the best response to inter-
mittent ICS or daily LTRA.32 Factors that predicted best control with daily ICS included
aeroallergen sensitization and blood eosinophil count of 300/mL or greater.32 Addi-
tionally, serum eosinophilic cation protein levels of 10 mg/L or greater and sensitiza-
tion to dog and/or cat predicted greater daily ICS response. The children without
differential response had less disease activity.32 Serum IgE levels and mAPI status
did not influence a differential response pattern. No factors were noted for improved
response to as-needed ICS or LTRA.32

Papi and colleagues33 performed a randomized, parallel-group, three-group,
double-blind, double-dummy, placebo-controlled study in 276 children aged 1 to
4 years with frequent wheeze randomized to receive daily ICS and as-needed short-
acting beta agonist (SABA), daily placebo and as-needed ICS 1 SABA, or daily pla-
cebo and SABA. The daily ICS cohort exhibited the greatest number of symptom-
free days at 70%, followed by as-needed ICS 1 SABA at 65%, and the SABA only
group having the least number of symptom-free days at 61%.33 There was a greater
time to first exacerbation in the daily ICS group with no difference in time to first exac-
erbation in the 2 remaining groups.
Kaiser and colleagues34 performed a meta-analysis using 15 studies of daily ICS

versus placebo showing an overall reduction in exacerbation rate with daily ICS
compared with placebo at 12.9% and 24.0%, respectively. They estimated that the
treatment of 9 children would prevent an asthma exacerbation in 1 child.34 Studies
have examined increasing the ICS dose at the onset of acute exacerbation in patients
adherent to daily ICS and found no difference in the rate of exacerbations requiring
treatment with systemic corticosteroids compared with maintaining standard daily
ICS.35 This does not hold true for children who are not taking daily ICS and benefits
have been observed in starting ICS at the onset of symptoms as discussed below.

Intermittent Inhaled Corticosteroids

Many preschool children only wheeze with viral infections and are symptom free be-
tween episodes. Given this pattern, intermittent ICS has been studied to evaluate the
efficacy of as-needed therapy compared with daily ICS. The Maintenance and Inter-
mittent Inhaled Corticosteroids in Wheezing Toddlers (MIST) trial enrolled 278 children
aged 12 to 53months with a positive mAPI and recurrent wheezing episodes (at least 1
in the 12 months before the trials) in a randomized, double-blind, parallel group
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study.36 Treatment groups included intermittent, high-dose budesonide for 7 days at
the start of symptom onset or daily, low-dose budesonide with corresponding
placebos.36 There was no significant difference in the number of exacerbations
requiring systemic corticosteroids, time to first or second exacerbation, or treatment
failures between the groups.36 The mean ICS exposure was 69% less in the intermit-
tent regimen than daily regimen, 46 mg versus 150 mg, respectively.36

The Prevention of Asthma in Childhood study enrolled 411 1-month-old infants of
asthmatic mothers in a double-blind, randomized, placebo control trial.37 Treatment
consisted of budesonide or placebo given for 2 weeks after a 3 day episode of
wheezing. No statistical differences were seen in the number of symptom-free days,
duration of acute episodes, or persistent wheezing between the 2 groups.37

Ducharme and colleagues38 performed a randomized, parallel-group, placebo-
controlled trial with triple blinding in 5 institutions in Quebec in 129 children aged 1
to 6 years to receive as-needed ICS versus placebo.38 Participants were required to
have 3 or more wheezing episodes in their lifetime. The children were randomized
to ICS twice daily for 10 days at the onset of upper respiratory tract infection or pla-
cebo.38 At the end of the 6 to 12 months treatment period, the ICS cohort required
less treatment with systemic corticosteroids, 8% in the treatment group compared
with 18% in placebo.38 A statistically significant difference was observed in height
with greater slowing of height in the treatment group at 6.23 cm compared with
6.56 cm in the placebo cohort.38

Kaiser and colleagues34 meta-analysis of 5 studies involving 422 participants aged
6 years or younger treating with intermittent high-dose ICS with intermittent asthma or
recurrent viral-triggered wheezing reduced the risk of exacerbation by 35% compared
with placebo. They estimated that the treatment of 6 children will prevent an asthma
exacerbation in 1 child.34 In meta-analysis of 2 studies comparing daily ICS to intermit-
tent ICS in 498 children with ages ranging 12 to 59 months, there was no difference in
rates of severe exacerbation.34 When deciding treatment of daily versus intermittent
ICS preschool children with persistent symptoms, elevated blood eosinophils or aero-
allergen sensitization benefited from daily ICS over intermittent treatment. Those chil-
dren who had no wheezing episodes between respiratory infections, who are male,
Caucasian, and visited the ED or were hospitalized in the past year due to wheezing
or have aeroallergen sensitization, may have greater benefit from daily ICS. In all other
children aged 5 years and younger, intermittent ICS should be sufficient.

Leukotriene Receptor Antagonists

Valovirta and colleagues39 evaluated 1771 patients aged 6 months to 5 years in a
double-blind, double-dummy, parallel group study randomized to receive daily mon-
telukast, intermittent montelukast, or placebo in a 52-week study. Enrollment require-
ments included episodes of asthma symptoms in the preceding year that required
SABA treatment, at least 1 treatment with oral corticosteroids (OCS) or hospitalization
for asthma with asymptomatic periods between episodes. There were no significant
differences in the daily versus intermittent montelukast group compared to placebo
in the total number of asthma attacks that required treatment with corticosteroids or
unscheduled medical visits. There was a reduction in beta-agonist use in both monte-
lukast groups compared to placebo.39

The PREvention of Virally Induced Asthma trial was a multicenter, double-blind, par-
allel-group study of 549 children aged 2 to 5 years with a history of intermittent asthma
symptoms.40 Children were randomized to either daily montelukast or placebo for the
12 month treatment period. In children treated with montelukast, the average yearly
asthma exacerbation rate was significantly lower than that of the placebo group by
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31.8%. In addition, montelukast extended the time to the first exacerbation by
2 months and lowered the rate of inhaled corticosteroid use.
The Acute Intermittent Management Strategies (AIMS) trial was a randomized,

double-blind, placebo-controlled study evaluating 238 children aged 12 to 59 months
with a history of at least 2 wheezing respiratory tract infections in the preceding year
with one episode within the last 6 months.41 There were 3 treatment groups consisting
of montelukast, ICS, and placebo with all treatment arms including albuterol as
needed for the 12 months study period. There was no significant difference in
episode-free days, OCS use, health-care use, linear growth, or quality of life among
the 3 treatment groups. In participants with a positive mAPI, both montelukast and
ICS improved breathing scores, interference with activity scores, and total symptom
scores compared with placebo. For those with a negative mAPI, the study showed
improvement only in the interference with activity score in the cohort receiving mon-
telukast. Similar to the INFANT trial, 25% of children with asthma responded best to
LTRA, though mAPI did not determine which treatment (daily ICS, intermittent PRN,
or LTRA) the children would respond to best.32

A Cochrane meta-analysis was performed on 5 studies evaluating LTRAs as main-
tenance and intermittent therapy for episodic wheezing in children aged 1 to 6 years.42

Although individual studies did show some benefit of LTRA therapy, the authors deter-
mined that there was no evidence of benefit from maintenance or intermittent LTRA
treatment compared with placebo in decreasing the number of viral-induced wheezing
episodes requiring rescue OCS.
The Wheeze And Intermittent Treatment study was a multicenter, randomized,

placebo-controlled, parallel-group study to assess the efficacy of intermittent monte-
lukast.43 Enrollment included 1358 children aged 10months to 5 years with a history of
2 or more wheezing episodes, 1 in the preceding 3 months. Children were allowed to
continue their baseline medications that could include bronchodilators and ICS. Mon-
telukast or placebo was started at home at the onset of wheezing or viral infection for
more than a 12-month period. The intermittent montelukast cohort required fewer
courses of OCS. No differences were seen in the number of wheezing episodes, dura-
tion of wheezing episodes, or unscheduled medical visits. In 2004 and updated in
2020, the US Food and Drug Administration added a black box label to montelukast
stating that serious mental health side effects may include suicidal thoughts or actions
have been reported in patients.44

Oral Corticosteroids

OCS are a mainstay of treatment of asthma exacerbation; however, in preschool chil-
dren, OCS have not been consistently shown to be beneficial in wheezing epi-
sodes.45,46 This may be due to the fact that many preschool children who wheeze
do not develop asthma. One of the earlier studies looking at hospital admission rates
recruited 74 participants aged 7 to 54 months who were evaluated in the ED for acute
wheezing.47 In this double-blind trial, participants received either a dose of intramus-
cular methylprednisone or placebo.47 Patients were evaluated 3 hours after treatment
with 20% of the methlyprednisone cohort being admitted to the hospital compared
with 43% of the placebo cohort. This was more significant in children aged 7 to
24 months with only 18% of the treatment group requiring admission compared
with 50% of the placebo group. The older children aged 24 to 54 months had a smaller
difference in admission rates with 23% versus 31% requiring admission.47

Another study involving 230 children aged 6 to 35 months presenting to the ED with
acute respiratory distress were randomized to 3 days of oral prednisone versus pla-
cebo.48 Children were hospitalized at similar rates between the 2 groups but those
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treated with OCS had a shorter hospital duration by 1 day, 2 versus 3 days, in treat-
ment versus placebo cohorts, respectively. Additionally, when compared with the pla-
cebo cohort, the treatment group had decreased need for additional asthma
medication and shorter duration of symptoms by 1 day compared with the placebo
group.
An Australian ED randomized, double-blind, placebo-controlled trial evaluated 624

children aged 24 to 72 months presenting to the ED with virus-associated wheeze.49

Participants were treated with oral prednisone for 3 days or placebo. The average
length of stay was decreased in the treatment group at 370 minutes compared with
540 minutes in the placebo group. This study found that in children with more severe
symptoms, children who used albuterol before ED presentation and previously diag-
nosed with asthma were more likely to improve with OCS use. Another ED study
treated 687 infants aged 10 to 60 months without bronchiolitis who presented to the
EDwith acute viral wheezing.50 In this double-blind, placebo controlled study, children
were randomized to prednisolone for 5 days versus placebo. There was no significant
difference noted in the duration of hospitalization, albuterol use, or 7-day symptom
score.
Seventy-nine children aged 3 to 23 months were evaluated for the effects of OCS in

rhinovirus wheeze.51 Children with an initial, acute, moderate–severe wheezing
episode were randomized to receive 3 days of oral prednisone versus placebo and
were followed for 12 months. Oral steroids improved short-term respiratory symptoms
during the initial 2 weeks posttreatment. Long-term outcomes did not differ between
treatment groups and included future wheezing episodes and controller medication
for asthma. The use of home-administered OCS for viral-induced wheezing was eval-
uated in 108 children aged 1 to 5 years with a previous history of hospital admission for
viral-induced wheeze.52 These children were subsequently randomized to 5 days of
OCS or placebo to use at that start of their next viral wheezing episode. There was
no difference in daytime or nighttime lower respiratory tract symptoms, need for
rescue medications, or hospital admission between the 2 groups or in children with
above-average eosinophil priming determined by the level of serum eosinophil
cationic protein greater than 20 mg/L and eosinophil protein X > 40 mg/L.
The following post hoc analysis focuses on OCS given for outpatient exacerbations

in children who did not require ED evaluation. Beigelman and colleagues53 performed
a post hoc analysis on high-risk children enrolled in the AIMS trial and MIST trial; the
investigators did not find any difference in total symptom score or length of symptoms
during outpatient exacerbations among children who were treated or not treated with
OCS. There were no risk factors that predicted which group of children would have
greater benefit from OCS. Positive mAPI, atopic dermatitis, and family history of
asthma are factors that would have been expected to yield greater benefit from
OCS, although these groups did not have any additional benefit than those without
atopic risk factors. Furthermore, there was also no difference noted in OCS treatment
in patients on daily ICS versus no controller therapy as half of the children in the MIST
trial were receiving daily ICS. This analysis shows minimal evidence to support the use
of OCS in preschool children treated at home for intermittent viral wheezing.
The national and international asthma guidelines address OCS in young children

with exacerbations. Updated asthma guidelines released by the Global Initiative for
Asthma support consideration for OCS in children aged 5 years and younger if the
child requires ED evaluation for hospital admission for exacerbation; OCS are not
listed as a recommendation for outpatient exacerbation management.54 The expert
panel working group of the National Heart, Lung, and Blood Institute released an up-
date to the national asthma management guidelines in 2020.35 For children 4 years
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and younger with acute exacerbation, this group states to consider OCS if the child
has a severe exacerbation or a history of severe exacerbations.35 OCS can be bene-
ficial in reducing hospital-based care in young children with a diagnosis of asthma, use
of bronchodilators, and more severe wheezing episodes who seek ED evaluation;
OCS are not in the list of recommendations for outpatient exacerbation manage-
ment.49 Additional studies are still needed in young children to best determine which
subgroups will receive the greatest benefit from OCS.

Azithromycin

Bacteria, specifically S. pneumoniae andM. catarrhalis, are often detected in children
who wheeze, both with and without the presence of viral infections.18 As such, azithro-
mycin has been studied in wheezing children. In the Copenhagen Prospective Study
on Asthma in Childhood 2000 birth cohort, 72 children aged 1 to 3 years with a history
of recurrent asthma symptoms were enrolled in a study to assess the duration of
wheezing episodes when treated with azithromycin.55 Children were randomized to
receive 3 days of azithromycin or placebo with each wheezing episode of 3 consecu-
tive days in duration. Azithromycin shortened the duration of symptoms to 3.4 days
comparted to 7.7 with placebo, corresponding to a calculated reduction in episode
length of 63.3%. Greater improvement was seen when the treatment was started
earlier in the episode; however, treatment did not significantly affect the time to
next episode of respiratory symptoms.
The Azithromycin for Preventing the Development of Upper Respiratory Tract Illness

into Lower Respiratory Tract Symptoms in Children study was a randomized, double-
blind, placebo-controlled, parallel-group trial evaluating intermittent azithromycin for
respiratory tract infections.56 Participants included 607 children aged 12 to 71 months
with a history of recurrent severe lower respiratory tract infections with minimal impair-
ment between episodes. Children were treated with 5 days of azithromycin or placebo
at the onset of respiratory tract illness before lower respiratory tract illness developed.
A total of 937 respiratory tract infections were treated during a period of 12 to
18 months. Azithromycin significantly reduced the risk of progression to a severe
lower respiratory tract infection by 37%. Antimicrobial resistance was evaluated in a
subset of participates throughout the study. At initial randomization, azithromycin-
resistant organisms were isolated from 5 of 41 treatment participants and 4 of 45 pla-
cebo participants. At the completion of the study, azithromycin-resistant organisms
were identified in an additional 3 patients per group: 8 of 40 in the treatment cohort
and 7 of 41 in the placebo cohort. As the placebo cohort had a similar rate of azithro-
mycin resistance, this secondary outcome measure was not statistically significant.
Further studies are needed to evaluate the potential increased risk in resistance.
The use of azithromycin in the prevention of future wheezing episodes has been

looked at in this recent prospective, double-blind, placebo-controlled study of 200
children aged 1 to 18 months admitted with RSV bronchiolitis assigned to 14 days
of azithromycin or placebo.57 Despite evidence of biologic activity on nasal
interleukin-8 levels, azithromycin did not reduce the risk of post-RSV recurrent wheeze
during the 2 to 4 year observation period (47% in the azithromycin group vs 36% in the
placebo group). There were no differences in the number of days with respiratory
symptoms, annualized days with albuterol use, or number of subsequent antibiotic
courses or OCS courses. A greater number of participants in the azithromycin group
were given a diagnosis of asthma by the end of the trial data collection compared with
placebo at 15.6% and 8.7%, respectively. The hazard ratio for having an asthma diag-
nosis by the end of data collection was 1.95. Although azithromycin is an option for
treatment in intermittent wheezing children, it has not been effective for asthma
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Fig. 1. Treatment Recommendations for Preschool Children with Wheeze. ICS, inhaled corti-
costeroid; mAPI, modified asthma predictive index.
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prevention. Fig. 1 illustrates the therapeutic options for the treatment of wheezing ep-
isodes in preschool children.
SUMMARY

Wheezing is common in childhood, although only a small percentage of these children
develop asthma. The child’s wheezing phenotype and asthma predictive indices help
predict the likelihood of future asthma diagnosis. Lung function patterns are estab-
lished in childhood where lung function deficits are established by 6 years of life. Viral
infections are common in childhood with RSV accounting for most wheezing episodes
in children aged less than 1 year and rhinovirus in children aged 1 year and greater.
Many treatment options exist for wheezing children, including those that wheeze
persistently or only due to viral infections. In atopic persistent wheezing children, daily
ICS has been shown to be most effective. In nonatopic persistent wheezers, options
include daily ICS, intermittent ICS, and daily montelukast. Intermittent wheezing chil-
dren with a negative mAPI are best suited for intermittent azithromycin. Children inter-
mittently wheezing with a positive mAPI and positive risk factors respond best to daily
ICS, whereas those without risk factors can be treated with intermittent ICS. The
benefit of OCS for exacerbations in this age is still inconclusive, although there is
greater evidence to support OCS in those requiring ED evaluation or hospital
admission.
CLINICS CARE POINTS

� Rhinovirus is the most common virus to cause wheezing in children aged 1 year and older.
Wheezing with rhinovirus infection is a strong predictor of future wheezing episodes, and
this prediction is higher in atopic individuals.

� Respiratory syncytial virus (RSV) is themost common virus to cause wheezing in children aged
1 year and younger. RSV lower respiratory tract illnesses before age 3 years is associated with
a significant increase in risk of subsequent wheezing during the first 10 years but is not
significant by age 13.

� Themodified asthma predictive index and the pediatric asthma risk score are tools to identify
infants at risk to develop asthma.

� Many treatment options are available for preschool children who wheeze:
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� Those with persistent wheeze and elevated blood eosinophils or aeroallergen sensitization
are best treated with daily inhaled corticosteroids (ICS).

� Persistent wheezing without eosinophilia or aeroallergen sensitization can be treated
with daily ICS, intermittent ICS, or daily leukotriene receptor antagonist (LTRA).

� Intermittent wheezing with a negative modified (mAPI) can be treated with intermittent
LTRA.

� Intermittent wheezing with a positive mAPI and risk factors of male gender, Caucasian,
greater symptoms, prior emergency department visit or hospitalization, or aeroallergen
sensitization may be best treated with daily ICS. Those without the above risk factors can
be treated with intermittent ICS.

� The effectiveness of oral corticosteroids in this age range is inconclusive.
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