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Macrolides for Acute Wheezing Episodes
in Preschool Children
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The National Asthma Education and Prevention Program’s Expert Panel Report 3, Guidelines for the Diagnosis
and Management of Asthma does not recommend antibiotics for the management of acute episodes of asthma
exacerbation. Macrolides seem to have some potential effect beyond or in addition to their antibacterial effect.
It has been reported that macrolides may potentially benefit patients with chronic inflammatory airway diseases
due to their antibacterial, antiviral, and/or anti-inflammatory effects. This review presents recent data on use of
azithromycin in prevention and management of acute exacerbation of respiratory symptoms in infants and
young children.

Asthma remains the most common chronic disease
among children in the United States. About 50% of

patients with asthma have been reported to have one or more
asthma exacerbations.1 Preschool children seem to have a
greater healthcare use and morbidity compared with older
children.2 Preschool children have their own age criteria for
severity and management of asthma in The National Asthma
Education and Prevention Program’s Expert Panel Report 3
(EPR3), Guidelines for the Diagnosis and Management of
Asthma3 and the decision about when to start long-term
controller medication remains difficult. In addition, these
children have high rate of spontaneous remission of symp-
toms. Low dose of inhaled corticosteroids (ICSs) has been
shown to decrease the likelihood of exacerbations, requiring
oral corticosteroids by 35% compared with placebo. How-
ever, the rate of exacerbations in children on daily ICSs still
remains at 57.4/100 child-years, which warrants identifica-
tion of alternative management approaches.4 This may ex-
plain why wheezing exacerbations are not universally
prevented by ICSs5 nor do they completely respond to oral
corticosteroids6 as corticosteroids more effectively reduce T
helper 2/eosinophilic inflammation.

The use of antibiotics for management of wheezing in
children remains controversial. The EPR3 does not recom-
mend routine use of antibiotics for management of acute
asthma3 since respiratory viruses are detected in 80% of
asthma exacerbations.7–9 A recent meta-analysis in children
under 2 years of age with bronchiolitis did not find suffi-
cient evidence to support use of antibiotics.10 Interestingly,
the rate of antibiotics prescribed within 7 days of wheezing is

reported as 1,309 prescriptions per 1,000 children.11 About
30% of preschool children had immediate dispensing of an-
tibiotic with an increased use of broad spectrum macrolides
(azithromycin and clarithromycin) in wheezing.11

Use of macrolides in other respiratory diseases such
as cystic fibrosis12–14 and diffuse panbronchiolitis15,16 has
provided clinical benefits; although the precise mechanism is
not known, the effect is suggested to be unrelated to macrolides
antimicrobial activity but to its anti-inflammatory activity.
Studies suggest that macrolides attenuate neutrophilic airway
inflammation; neutrophils play a predominant role at the on-
set of most infections including rhinovirus infection.17,18 Re-
spiratory tract infections caused by viruses, Mycoplasma
pneumoniae and Chlamydophila pneumoniae, seem to play a
role in the pathogenesis of asthma.19 Hence macrolides, espe-
cially azithromycin, have been investigated for the manage-
ment of chronic inflammatory airway diseases based on their
antibacterial,20–22 antiviral,23 and/or anti-inflammatory effects.

In a recent publication, Bacharier and colleagues reported a
randomized, double-blind, placebo-controlled, parallel group
trial to evaluate early administration of azithromycin in pre-
school children with recurrent severe lower respiratory tract
illness (LRTI).24 The outcome was the number of respi-
ratory tract illnesses (RTI) not progressed to a severe LRTI
defined as use of oral corticosteroids. Nine academic U.S.
medical centers in the National Heart, Lung and Blood In-
stitute’s AsthmaNet network enrolled children aged 12–71
months old with histories of recurrent severe wheezing de-
fined as requiring oral corticosteroids, an unscheduled visit
to physician office, an emergency room or urgent care visit,
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or hospitalization. Patients were excluded if they had sig-
nificant daily symptoms or had inadequate compliance with
diary card completion. Patients were randomly assigned to
either oral azithromycin 12 mg/kg once daily for 5 days or
matching placebo. Parents and study team developed an
individual care plan to start the study medication as soon as
a child developed the starting signs and symptoms of re-
spiratory tract illness (RTI). Parents were also instructed to
start albuterol inhalation treatment four times daily for the
first 48 h of RTI followed by as needed use and to collect
nasal secretion during each treated RTI identified by the
parents. Nasal secretions were also collected at each study
visit. Patients were followed up to 52 weeks and could use
study treatment for maximum of three treated RTIs not
progressing to severe LRTI. A year after the start of the
study, the follow-up period was increased to 78 weeks and
patients were allowed a maximum of four treated RTIs due
to a lower-than-expected RTI episodes/year. Primary out-
come was reached and patients completed the study if they
had £3–4 RTIs in 52–78 weeks or at least one severe LRTI.
Severe LRTI was defined as (a) having more than mild
symptoms after three albuterol treatments over 1 h, (b) need
for albuterol more than once every 4 h, (c) need for albuterol
treatment more than six times over a 24-h period, or (d)
having moderate to severe cough or wheeze for five or more
days after initiation of study medication. Patients were also
terminated if they (a) required emergent care visit due to
respiratory symptoms, (b) use of oral corticosteroids, (c)
symptoms consistent with uncontrolled persistent asthma,
or (d) withdrawal from the study by physician discretion due
to respiratory-related problems. A total of 708 participants
were enrolled in the study and 607 were randomized to
treatment arms. During the study, 164 participants did not
have any RTI (no difference between the treatment arms). A
total of 937 RTIs occurred during the study: 473 in azi-
thromycin group and 464 in placebo group. When compared
with placebo group, the azithromycin group experienced
significantly lower risk of progression to LRTI (hazard ratio,
0.64 [95% CI, 0.41–0.98], P = 0.04; absolute risk for first
RTI: 0.05 for azithromycin, 0.08 for placebo; risk differ-
ence, 0.03 [95% CI, 0.00–0.06]); the result was adjusted for
study site, age, modified Asthma Predictive Index status,
season when RTI occurred, and the follow-up phase (52
weeks versus 78 weeks). Furthermore, the overall severity
of symptoms during LRTI was significantly reduced in the
azithromycin group. Nasal wash swabs were collected for
95% of all treated RTI. Interestingly, viral pathogens were
detected in 47% of children in the azithromycin group
compared with 43% in the placebo group at randomization
visit. During the study, viral pathogens were detected in 83%
of RTIs in the azithromycin group compared with 80% in the
placebo group. There was no difference in the time to the
second treated RTI in the treatment groups. The most com-
mon virus at randomization and during RTIs and severe LRTI
was rhinovirus. To assess antibiotic resistance with use of
azithromycin, one clinical site performed deep oropharyngeal
swab samples at randomization and at study completion at
least 14 days after the final dose of study medication. An
azithromycin-resistant organism was identified in 5 of 41
participants in the azithromycin group and 4 of 45 in the
placebo group at randomization visit (12.2% versus 8.9%,
correspondingly). At the end of the trial, 6 of 36 participants
treated with azithromycin and 4 of 37 participants not treated

by azithromycin acquired azithromycin resistance organisms,
mainly Staphylococcus aureus. The authors concluded that
azithromycin started at the earliest signs of an RTI can reduce
the risk of progression to severe LRTI in addition to a sig-
nificant reduction in severity of LRTI in preschool children.
This study is the first to evaluate use of azithromycin for
prevention of severe LRTI.

Use of macrolides for management of asthma or wheez-
ing illness has also been investigated; however, interpreta-
tion of the results and their general applicability are difficult
due to difference in study design, patient population, out-
come, and treatment protocols. Chronic use of clarithromycin
in adult patients with stable moderate-severe asthma was
investigated; 6 weeks treatment with clarithromycin im-
proved FEV1 in a subgroup of patients with evidence of
infection with M. pneumoniae or C. pneumoniae.25 Use of
clarithromycin was also evaluated in adult patients with mild
to moderate asthma, not well controlled on low dose of ICSs.
Addition of clarithromycin for 16 weeks did not change
asthma control but it significantly improved airway hyperre-
sponsiveness.26 In a similar study,27 adult patients with severe
asthma on high dose of ICSs and long acting beta agonist and
history of at least two asthma exacerbations in the previous
year were randomized to azithromycin (250 mg capsule) or
placebo; patients took study medications for 5 days at ran-
domization visit and then one capsule 3 days per week for 26
weeks. The primary outcome was the rate of asthma exac-
erbation during 26 weeks, and it was not different between
azithromycin and placebo groups, 0.75 versus 0.81 per sub-
ject correspondingly (P = 0.682).

Use of macrolides for management of acute asthma ex-
acerbation has also been investigated. Recently, Stockholm
and colleagues reported a randomized, double-blind,
placebo-controlled trial in children 1–3 years of age with
recurrent troublesome lung symptoms.28 Recurrent trouble-
some lung symptoms were defined as (a) five episodes of
daily diary recorded troublesome lung symptoms (consisting
of cough, wheeze, dyspnea severely affecting the well-being
of the child for at least 3 days, and confirmed by study
physician’s examination) in the last 6 months, (b) 4 weeks
of continuous symptoms, and (c) severe acute episode re-
quiring oral steroid or hospitalization. A total of 207 chil-
dren were enrolled and 158 episodes were randomly
assigned to a 3-day course of azithromycin (10 mg/kg) or
placebo for acute troublesome lung symptoms episode
lasting at least 3 days and confirmed by the study physician.
Patients remained in the study for up to seven treated epi-
sodes or age of 3. The primary outcome was duration of the
episodes after starting the treatment. There was no differ-
ence in baseline characteristics between the treatment
groups. The mean duration of episodes was 13.7 days
(median 6 days) as reported in daily diary cards. The du-
ration of the episodes was 63.3% shorter for azithromycin
group than placebo, 3.4 days versus 7.7 days, correspond-
ingly (95% CI 56.0–69.3: P < 0.0001). Interestingly, the
duration of episodes was reduced by 83% in the subset of
patients whose treatment was initiated before day 6 of the
episode compared with only 36% reduction if it was started
after day 6 (P < 0.0001). Duration of beta agonist treatment
was reduced by 22% in the azithromycin group (8.9 days
versus 10.1 days, 95% CI 7.0–34.6; P = 0.006). Concurrent
treatment with ICS or montelukast and or presence of any
virus or bacteria did not modify the treatment effects. Oral
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corticosteroid use or hospital admission was reported for
three episodes (4%) in the azithromycin group compared
with two (3%) episodes in the placebo group. Treatment
with azithromycin did not affect the time to the next acute
episode. Authors suggested that azithromycin could have a
role in acute management of physician-confirmed asthma
exacerbation by reducing the duration of episodes in chil-
dren with history of recurrent asthma-like symptoms. This
study is the first to investigate clinical benefit of azi-
thromycin for the management of acute asthma-like symp-
toms. However, it is important to note that these episodes
were confirmed by a physician.

Fonseca-Aten and colleagues29 investigated the effect of
clarithromycin on serum and nasopharyngeal cytokine and
chemokine concentrations in children 4–17 years old with
an acute asthma exacerbation and history of recurrent
wheezing or asthma. Forty-three patients were randomized
within 72 h of the onset of acute exacerbation to clari-
thromycin (15 mg/kg) or placebo for 5 days. All patients
received beta agonists and systemic corticosteroids. Patients
were evaluated in 3–5 days (28 patients) and then 3–8 weeks
(19 patients) after randomizations. Although clarithromycin
reduced nasopharyngeal concentration of tumor necrosis
factor-a, interleukin-1b, and interleukin-10 significantly and
persistently in both follow-up visits, there was no difference
in clinical outcome of the patients in 3–5 days follow-up and
they all had complete resolution. In a randomized, double-
blind, placebo-controlled study, 278 adult patients with
acute asthma were randomized to telithromycin (800 mg/
day) or placebo for 10 days.30 Patients on telithromycin
reported a significantly greater reduction in asthma symp-
toms compared with placebo regardless of evidence of in-
fection with C. pneumoniae and or M. pneumoniae.

As we learn more about macrolides and their potential
efficacy in patients with asthma, we need more data on
development of macrolide-resistant organisms and disturb-
ing the lung microbiome especially in children.31–33 In ad-
dition, the rate of exposure to macrolides should be noted in
clinical trials. Larger studies are needed to assess the po-
tential increased risk of macrolide resistance when used for
management of wheezing illnesses. Nearly 40% of children
have intermittent asthma and the need for identifying a
novel treatment approach for management of recurrent
wheezing in preschool children is well recognized.34 Ba-
charier and colleagues reported the first study for prevention
of severe LRTI through early intervention with azi-
thromycin; they also reported a reduction in severity of
LRTI with this approach. Previous reports have shown that
oral prednisone does not reduce the severity of these epi-
sodes.7,35,36 Nor do low dose chronic or high dose inter-
mittent ICS therapies completely prevent them. It is also
important to note how the patient population is defined and
how the episodes are identified. Bacharier and colleagues
allowed the start of azithromycin at home using an indi-
vidual care plan identified by parents. Stockholm and
colleagues managed physician-confirmed acute exacerba-
tion episodes, which may result to a less generalizable
approach. The result of these recent studies in the pediatric
population is promising; however, it does not auger the
widespread use of azithromycin for management of wheez-
ing in clinical practice. More clinical trials are needed to
identify patients who would most benefit from this ap-
proach. In addition, investigating duration and frequency

of macrolide use is paramount. The long-term use of mac-
rolides and its safety and efficacy require continued research.
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