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BACKGROUND
Wheezing illnesses are a leading cause of hospitalization for preschool-age children 
and are frequently treated with antibiotics. Observational studies have shown more 
frequent isolation of three pathogenic bacteria (Streptococcus pneumoniae, Moraxella 
catarrhalis, and Haemophilus inf luenzae) from nasopharyngeal samples from children 
with recurrent episodes of wheezing than from those without such illnesses.

METHODS
In this multicenter trial, we randomly assigned patients 18 to 59 months of age who 
presented to an emergency department with a moderate-to-severe episode of wheez-
ing to receive azithromycin once daily at a dose of 12 mg per kilogram of body 
weight or matching placebo for 5 days. The primary outcome was the sum of scores 
on the Asthma Flare-up Diary for Young Children (ADYC) over 5 days. Primary-
outcome scores could range from 5 to 35, with higher scores indicating more severe 
wheezing-related symptoms. Efficacy was assessed separately in patients who tested 
positive for pathogenic bacteria (the positive cohort) and in those who tested nega-
tive (the negative cohort). Secondary outcomes were length of stay in the emergency 
department, length of hospital stay, and return emergency department visits or 
hospitalizations within 72 hours. Bacterial clearance and antimicrobial resistance 
were measured at follow-up visits 1 to 3 weeks after randomization.

RESULTS
Among 840 patients who underwent randomization, 521 tested positive for patho-
genic bacteria. The trial was stopped for futility by the data and safety monitoring 
board after a planned interim analysis. ADYC scores did not differ significantly 
between the azithromycin and placebo groups in either the positive cohort (median, 
9.59 [interquartile range, 7.29 to 12.60] vs. 9.72 [interquartile range, 7.66 to 12.17]; 
P = 0.70) or the negative cohort (median, 9.30 [interquartile range, 6.97 to 11.62] vs. 
9.10 [interquartile range, 7.19 to 11.45]; P = 0.69). In the positive cohort, bacterial 
clearance was 58.7% in the azithromycin group and 11.4% in the placebo group. 
Secondary outcomes appeared to be similar in the two groups for both cohorts, as 
did the development of bacterial resistance and the incidence of adverse events.

CONCLUSIONS
Azithromycin did not lead to a greater reduction in the severity of wheezing-related 
symptoms than placebo in preschool-age children who presented to the emer-
gency department with moderate-to-severe acute wheezing. (Funded by the National 
Heart, Lung, and Blood Institute and others; AZ-SWED ClinicalTrials.gov number, 
NCT04669288.)
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Lower respiratory illnesses that 
present with wheezing are a major cause of 
respiratory distress and health care utiliza-

tion in early life. Rates of hospitalization with a 
diagnosis of asthma are highest in children less 
than 5 years of age, with approximately 30,000 
such admissions in the United States in 2019.1 
Most young children with acute episodes of wheez-
ing after the first year of life have concomitant 
viral infections caused predominantly by rhino-
virus.2 Recently, several studies have shown a high 
incidence of isolation of three pathogenic bacteria 
(Streptococcus pneumoniae, Moraxella catarrhalis, and 
Haemophilus inf luenzae) from nasopharyngeal sam-
ples from preschool-age children with recurrent 
episodes of wheezing.3-5 These findings suggested 
that the bacteria may have a role in the pathogen-
esis of acute lower respiratory illnesses in this age 
group.

On the basis of this assumption, several ran-
domized, placebo-controlled trials have assessed 
the effectiveness of azithromycin for the treatment 
of preschool children with lower respiratory ill-
nesses of different levels of severity, and the re-
sults have been mixed. Stokholm et al.6 found that 
azithromycin, initiated early in the course of ill-
ness, was associated with a shorter duration of 
symptoms than placebo in children with recur-
rent wheezing, and Bacharier et al.7 found that 
azithromycin was associated with lower use of 
oral glucocorticoids than placebo. However, a trial 
performed in an emergency department showed 
that azithromycin did not lead to a shorter dura-
tion of symptoms than placebo in children 12 to 
60 months of age with wheezing.8

Azithromycin has both antiinflammatory and 
antibacterial effects,9 and its potential role in treat-
ing wheezing illnesses in preschool-age children 
could be attributable to one or both of these 
properties. None of the studies described above 
assessed efficacy in association with nasopharyn-
geal bacterial colonization, which may help to 
elucidate the mechanism of action of azithromycin 
in the treatment of wheezing illnesses.

Given that up to one fourth of wheezing epi-
sodes among preschoolers are treated with anti-
biotics,10 we conducted the Azithromycin Therapy 
in Preschoolers with a Severe Wheezing Episode 
Diagnosed at the Emergency Department (AZ-
SWED) trial to evaluate whether a 5-day course 
of azithromycin decreases the severity of illness 
in young children presenting to the emergency 

department with wheezing, with separate anal-
yses according to the presence or absence of 
nasopharyngeal colonization with S. pneumoniae, 
M. catarrhalis, or H. inf luenzae.

Me thods

Trial Design and Oversight

We conducted this randomized, placebo-con-
trolled, clinical trial at eight pediatric emergency 
departments in the United States that are affili-
ated with the Pediatric Emergency Care Applied 
Research Network. Written permission was ob-
tained from the children’s parents or guardians. 
An institutional review board at the University of 
Utah functioned as the single institutional review 
board for all the sites. Each participating site es-
tablished a reliance agreement with the single 
institutional review board, and this board ap-
proved the trial protocol (available with the full 
text of this article at NEJM.org). The National 
Heart, Lung, and Blood Institute (NHLBI) ap-
pointed a data and safety monitoring board to 
periodically review enrollment, the conduct of the 
trial, safety, and efficacy. The funders had no role 
in the trial design; in the collection, analysis, or 
interpretation of the data; in the writing of the 
manuscript; or in the decision to submit the manu-
script for publication. The role of each author is 
described in the Supplementary Appendix (avail-
able at NEJM.org). The authors vouch for the ac-
curacy and completeness of the data and for the 
fidelity of the trial to the protocol.

Patients

The target population was children 18 to 59 
months of age who presented to the emergency 
department with a moderate-to-severe episode of 
expiratory wheezing (as ascertained by emergency 
department care providers). Children were assessed 
according to the Pediatric Respiratory Assessment 
Measure (PRAM)11 by trained care providers (e.g., 
physicians, nurse practitioners, and nurses) as 
soon as possible after arrival in the emergency 
department, and assessments were periodically 
updated. PRAM scores range from 0 to 12, with 
higher scores indicating greater severity of the 
acute wheezing episode. Children were eligible 
for the trial if they had a PRAM score of 4 or 
higher, which indicates moderate-to-severe symp-
toms, at any time during the visit to the emer-
gency department. The most important exclusion 
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criterion was receipt of antibiotics for any reason 
within the previous 2 weeks or presentation to the 
emergency department with an acute infection that 
warranted systemic antibiotics. Additional exclu-
sion criteria were the use of a systemic glucocor-
ticoid for wheezing or suspected foreign-body aspi-
ration within the previous 2 weeks, premature 
birth, known systemic illness other than allergies, 
known sensitivity or allergy to azithromycin, and 
active coronavirus disease 2019 (Covid-19). A com-
plete list of exclusion criteria is provided in the 
protocol.

Randomization, Interventions,  
and Procedures
Patients were randomly assigned to receive one 
dose (12 mg per kilogram of body weight) of 
azithromycin or placebo orally each day for 5 days. 
Formulations of azithromycin and placebo were 
prepared by Sharp Services to be similar in taste, 
color, and smell and were provided in masked 
bottles. Randomization was performed through 
a built-in module of the Research Electronic Data 
Capture (REDCap) system with the use of per-
muted blocks with random block sizes. Random-
ization was stratified according to the clinical 
site and the qualifying PRAM score (4 through 
7 vs. ≥8). Nasopharyngeal samples were obtained 
before the administration of azithromycin or pla-
cebo and were later tested for respiratory viruses 
and for H. influenzae, M. catarrhalis, and S. pneumoniae 
(see the Supplementary Appendix). Randomization 
could not be stratified according to the presence 
of the three pathogenic bacteria because these test 
results were not available at the time of assess-
ment for eligibility. All the patients were expected 
to receive their first dose of azithromycin or pla-
cebo in the emergency department, or shortly 
thereafter in the inpatient unit if admitted, and 
all were prescribed oral or systemic glucocorticoids 
along with albuterol treatment in accordance with 
the guidelines of the NHLBI.

Outcome Measures

The primary outcome was the sum of scores on 
the Asthma Flare-up Diary for Young Children 
(ADYC) over the 5 days after randomization, as 
reported by caregivers. The ADYC is a previously 
validated Web-based measure with 17 questions, 
each of which is scored on a scale from 1 to 7, with 
higher scores indicating more severe wheezing-
related symptoms. Daily ADYC scores were calcu-

lated as the average score per question, and the 
primary outcome was the sum of the five daily 
scores. The range of possible primary-outcome 
values was 5 to 35.12

The three prespecified secondary outcomes 
were length of stay in the emergency department, 
length of hospital stay, and return visits (emer-
gency department visits or hospital admissions, 
excluding admissions that resulted from the ini-
tial emergency department visit) within 72 hours 
after randomization. Data regarding adherence 
to the trial regimen were also collected. A safety-
related follow-up survey was completed on day 8.

Before randomization, caregivers were asked 
whether the child would participate in optional 
follow-up visits. If the caregiver agreed to partici-
pate and the child was subsequently found to be 
positive for pathogenic bacteria, the caregiver was 
contacted to bring the child back to the site for 
follow-up visits between 5 and 8 days after ran-
domization and again between 14 and 21 days. 
Nasopharyngeal swab samples were collected at 
these follow-up visits to test for the presence of 
bacteria and, when tests were positive, for anti-
microbial resistance.

Patients who were found to be positive for at 
least one of the three bacterial species were clas-
sified into the positive cohort, whereas those who 
tested negative for all three bacteria were classi-
fied into the negative cohort. Trial outcomes were 
compared separately in the positive and negative 
cohorts.

Antimicrobial resistance in any of the three 
pathogenic bacteria was a safety outcome assessed 
in the subgroup of patients in the positive cohort 
who returned for at least one follow-up visit. All 
adverse events were also reported.

Statistical Analysis

The full statistical analysis plan is available with 
the protocol. In brief, the target sample size was 
1476 patients. The sum of ADYC scores was com-
pared between trial groups with a Van Elteren test, 
which was stratified according to site and PRAM 
category on presentation (4 through 7 vs. ≥8). 
A Bonferroni-adjusted significance level of 0.025 
was used for each of the two primary comparisons 
(i.e., those between the two trial groups in the 
positive and negative cohorts). To account for miss-
ing data, we applied multiple imputation. On the 
basis of this analysis plan, 10 full datasets were 
generated with fully conditional expectation, 
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with backward selection to choose sufficiently 
predictive models for each variable given the 
others. A complete-case analysis was also per-
formed, which was limited to patients with no 
missing data.

Two secondary outcomes, length of stay in 
the emergency department and hospital length 
of stay, were analyzed in the same manner as the 
primary outcome, whereas return visits were ana-
lyzed with a Mantel–Haenszel test, with stratifi-
cation according to site and PRAM category. Be-
cause the number of data points missing for 
secondary outcomes was small, a complete-case 
analysis was used. Significance thresholds for 
secondary outcomes were adjusted for multiple 
comparisons with the use of the Holm procedure.13 
Bacterial resistance was analyzed with standard 
methods (see the Supplementary Appendix).

Significance levels were adjusted for multiple 
subgroups (stratified according to sex and race 
or ethnic group). The consistency of results was 
also analyzed across sites and PRAM categories 
on presentation. We used IVEware software (Uni-
versity of Michigan) for imputation and SAS 
software, version 9.4 (SAS Institute), for all other 
analyses. Results are presented according to the 
2010 Consolidated Standards of Reporting Trials 
(CONSORT) guidelines.14

In December 2024, as specified in the proto-
col, the data and safety monitoring board re-
viewed the results of a futility analysis and deter-
mined that the conditional power of the trial in 
both cohorts was less than 16%, even with the 
assumption that the sum of ADYC scores was 
truly lower with azithromycin than with placebo 
by as much as 1.3 points. On the basis of this 
finding, the NHLBI, on the recommendation of 
the data and safety monitoring board, stopped 
the trial for futility.

R esult s

Patients and Adherence to Trial Intervention

From the initiation of the trial in September 2021 
through December 2024, a total of 840 patients 
were enrolled, among whom 521 (62.0%) tested 
positive for one or more of the three pathogenic 
bacteria, 312 (37.1%) tested negative, and 7 (0.8%) 
had an unknown bacterial status. Randomization 
and follow-up are summarized in Figure 1. In each 
cohort and assigned trial group, at least 80% of 

the patients had all the daily surveys completed, 
and at least 94% had at least one survey com-
pleted.

The demographic and baseline characteristics 
of the children who underwent randomization are 
shown in Table 1. The patients were generally 
representative of similarly affected children in the 
United States (Table S1 in the Supplementary Ap-
pendix).

Respiratory viruses were isolated from the 
nasopharynx in 86.1% of the patients. The most 
frequently isolated virus was rhinovirus (72.5%), 
followed by respiratory syncytial virus (9.2%), bo-
cavirus (4.6%), and metapneumovirus (3.7%). The 
incidence of isolation of rhinovirus was similar 
in the positive and negative cohorts (Table S2). 
Adherence to the assigned trial regimen (defined 
as caregiver report of the patient receiving at least 
four of five daily doses) was 78.3% in the posi-
tive cohort and 80.4% in the negative cohort.

Primary Outcome

The sum of ADYC scores over 5 days did not differ 
significantly between the azithromycin and pla-
cebo groups in either the positive cohort or the 
negative cohort (Table 2 and Fig. 2). Only 11.7% 
of ADYC questionnaire data points from the posi-
tive cohort and 11.2% from the negative cohort 
were missing and required imputation, with simi-
lar missingness in all the trial groups. The results 
of the complete-case analysis and per-protocol 
analysis were similar to those of the primary 
analysis (Table S3 and Fig. S1).

Secondary Outcomes and Subgroups

Approximately half the patients who had under-
gone randomization (416 of 840; 49.5%) were 
hospitalized, and the percentages were similar in 
all the trial groups: in the positive cohort, 123 of 
257 patients (47.9%) in the azithromycin group 
and 138 of 263 (52.5%) in the placebo group were 
hospitalized, as were 77 of 158 (48.7%) and 78 
of 154 (50.6%), respectively, in the negative co-
hort. The length of stay in the emergency de-
partment and the length of the hospital stay ap-
peared to be similar in the two trial groups in 
both cohorts (Table 2 and Fig. S2). The incidence 
of return visits also appeared to be similar in the 
trial groups. Prespecified subgroup analyses of the 
primary and secondary outcomes according to sex 
and race or ethnic group, as well as exploratory 
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Figure 1. Screening, Randomization, and Follow-up.

Among the patients who underwent randomization, those who tested positive for any of three pathogenic bacteria — Streptococcus 
pneumoniae, Moraxella catarrhalis, or Haemophilus influenzae — were included in the positive cohort. Those who tested negative for all 
three bacteria were included in the negative cohort.

840 Underwent randomization

4407 Patients 18–59 mo of age met inclusion
criteria and were assessed for eligibility

1765 Were excluded

418 Were assigned to receive
azithromycin

422 Were assigned to receive
placebo

3 Had unknown
bacterial status

257 Were included in intention-to-
treat population in positive
cohort

252 Received azithromycin

158 Were included in intention-to-
treat population in negative
cohort

156 Received azithromycin

264 Were included in intention-to-
treat population in positive
cohort

251 Received placebo

4 Had unknown
bacterial status

2347 Had families approached for consent

847 Had families give consent 

1500 Had families who did not give
consent

2642 Were eligible

295 Had families who were not
approached

81 Did not have parent or guardian
available

31 Had provider with clinical
preference

74 Had unavailable research staff
14 Were wards of state
7 Had language barrier

88 Had other reason

154 Were included in intention-to-
treat population in negative
cohort

153 Received placebo

245 Completed at least one daily 
survey follow-up

208 Completed all daily survey
follow-ups

153 Completed at least one daily 
survey follow-up

131 Completed all daily survey
follow-ups

253 Completed at least one daily 
survey follow-up

213 Completed all daily survey
follow-ups

145 Completed at least one daily 
survey follow-up

123 Completed all daily survey
follow-ups
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subgroup analyses, are shown in Figures S3 
through S6.

Bacterial Clearance and Resistance

Of the 521 patients in the positive cohort, 444 
(85.2%) had caregivers who agreed to participate 
in follow-up visits. Of those patients, 116 (26.1%) 
returned for the 1-week follow-up visit and 188 
(42.3%) returned for the follow-up visit at 2 to 3 
weeks, for a total of 209 patients (47.1%; 99 in 
the azithromycin group and 110 in the placebo 
group) with at least one follow-up visit to assess 
bacterial clearance and resistance. Clearance of 
the three pathogenic bacteria from the upper 
airway was 58.7% in the azithromycin group and 
11.4% in the placebo group (Table S4). The ef-
fect of azithromycin on the ADYC score appeared 
to be similar in those found to be positive for 
bacteria and those found to be negative at the 
1-week follow-up (Table S5).

Among patients with at least one follow-up 
visit, antimicrobial resistance in at least one of 
the three pathogenic bacteria at baseline was 
found in 16 (16.2%) in the azithromycin group 
and 19 (17.3%) in the placebo group, and these 
patients were thus excluded from the analysis of 
the development of bacterial resistance. Bacterial 
resistance at follow-up was present in 21.7% of 
the samples from the azithromycin group and in 
22.0% of those from the placebo group (Table S6).

Adverse Events and Side Effects

In the positive cohort, three patients in the 
azithromycin group and five in the placebo group 
had at least one serious adverse event. Serious 
adverse events in this cohort consisted of respira-
tory distress, bronchospasm, increased work of 
breathing, and respiratory syncytial virus infec-
tion. In the negative cohort, three patients in the 
azithromycin group and one in the placebo group 
had at least one serious adverse event; events con-
sisted of Covid-19 pneumonia, respiratory distress, 
respiratory failure, septic shock, and worsening 
cough (Table S7). Nonserious adverse events were 
evenly distributed between the two trial groups in 
both cohorts (Table S8). No deaths were reported.

Discussion

An important finding of our trial was that ap-
proximately 50% of preschool-age children who 
presented to the emergency department with 

wheezing and a PRAM of 4 or higher were admit-
ted to the hospital for treatment. This result con-
firms our initial assumption that, notwithstand-
ing recent advances in our understanding of the 
pathogenesis and heterogeneity of acute wheezing 
illnesses,15 these illnesses remain a substantial 
cause of respiratory distress and a driver of health 
care costs, and new approaches are needed to 
prevent and treat them.

Respiratory viruses are frequently isolated 
from preschool children with wheezing episodes; 
in our trial, 72.5% of the patients tested positive 
for rhinoviruses, and only 13.9% tested negative 
for all the viruses covered in our assays of naso-
pharyngeal swabs. Several studies have shown 
that at least one of three pathogenic bacterial taxa, 
S. pneumoniae, M. catarrhalis, and H. inf luenzae, was 
more likely to be present in children with a his-
tory of recurrent wheezing illnesses than in con-
trols.3-5 These findings suggested the hypothesis 
that the bacteria could have a role in the patho-
genesis of these illnesses and, therefore, that an-
tibiotics such as azithromycin could decrease the 
severity of such illnesses.10 In our trial involving 
wheezing episodes for which care was sought in 
an emergency department, the severity and clini-
cal outcomes of the wheezing episodes did not 
differ between children treated for 5 days with 
azithromycin and those treated with placebo. 
This finding was consistent regardless of whether 
any of the three bacteria were present or absent. 
The lack of efficacy met the pre-established con-
ditional power threshold for both cohorts in the 
trial, and in accordance with the planned in-
terim analysis, the data and safety monitoring 
board recommended stopping the trial early, after 
840 patients had undergone randomization.

Findings in this trial are similar to those 
from a trial by Mandhane et al.8 that involved 
222 preschoolers who presented to the emer-
gency department with wheezing. That trial, 
which did not include stratification according to 
bacterial colonization status, showed no effect 
of azithromycin on the duration of symptoms. 
Our results differ from those of two outpatient 
trials involving children with milder wheezing 
episodes. Bacharier et al.7 compared the frequen-
cy of use of oral glucocorticoids in 607 preschool-
age children who were given azithromycin or 
placebo at the first signs that preceded the de-
velopment of a wheezing illness. The azithromy-
cin group had a 36% lower risk of progression to 
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severe illness than the placebo group. The num-
ber needed to treat to prevent one severe illness 
was higher for the first respiratory tract infec-

tion (33) than for the fourth respiratory tract in-
fection (7), a finding that indicates justification 
for this approach in children with a history of 

Figure 2. Distribution of Sums of Scores on the Asthma Flare-up Diary for Young Children (ADYC) and ADYC Scores 
According to Day.

Shown are the sums of scores on the ADYC (Panel A) and the mean daily scores (Panel B) in the positive and nega­
tive cohorts over the 5 days after randomization, as reported by caregivers. The ADYC comprises 17 questions, each 
of which is scored on a scale from 1 to 7, with higher scores indicating more severe wheezing-related symptoms. 
Daily ADYC scores were calculated as the average score per question, and the five daily scores were added to deter­
mine the total score (the primary outcome). The range of possible primary-outcome values was 5 to 35. In Panel A, 
the horizontal lines within the boxes indicate the medians; the circles within the boxes indicate the means; the bot­
tom and top of the boxes indicate the 25th and 75th percentiles, respectively; and the I bars indicate the lowest and 
highest values within 1.5 times the interquartile range. Individual data points above the bars indicate outliers be­
yond this threshold. In Panel B, I bars indicate 95% confidence intervals.
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severe recurrent illnesses. Stokholm et al.6 com-
pared the duration of asthma-like episodes in 72 
children and found that the episodes were 63.3% 
shorter in the azithromycin group than in the 
placebo group. In our trial involving children who 
received treatment in an emergency department, 
we found that the severity of illness decreased 
substantially after the first day of treatment and 
generally became relatively mild by the fifth day 
(Fig. 2B), with similar trajectories among the trial 
groups.

One potential explanation for the discrepancy 
in the results between clinical settings (i.e., emer-
gency departments vs. outpatient care) is the se-
verity of the illness, with azithromycin having an 
effect when the respiratory infection has not yet 
caused severe lower-airway obstruction. In sup-
port of this explanation is the fact that in the 
trial by Bacharier et al., azithromycin was given 
before any clinical signs of airway obstruction 
were observed, and in the trial by Stokholm et al., 
the effect of azithromycin was stronger if the 
drug was taken early in the course of the illness.

Azithromycin is known to have antiinflamma-
tory effects in addition to its defining antibacte-
rial effects.16 Our large trial did not show benefit 
from azithromycin in children with colonization 
by S. pneumoniae, M. catarrhalis, or H. inf luenzae, 
despite substantial bacterial clearance from the 
nasopharynx in the azithromycin group. On the 
basis of that observation, we speculate that azithro-
mycin may have been more effective in the out-
patient setting than in our emergency department 
cohort with more severe illness owing to the 
preventive antiinflammatory effects of the drug, 
and we suggest that azithromycin should not be 
used to treat children with established respiratory 
distress.

Our trial has some limitations. Although the 
decision to stop the trial early was justified, given 
the results of the interim analysis, stopping early 
limited the sample size, decreased the precision 
of estimated differences, and greatly reduced the 
power of the trial. However, the results show that 
a moderate or large true effect is implausible. 
Owing to sample-size constraints and the pre-
liminary evidence that supported azithromycin, 
we did not test the effectiveness of other antibi-
otics, but as noted, the differences in bacterial 
clearance between the groups do not support a 
role for antibacterial agents in these episodes.

In our trial, azithromycin was not associated 

with a greater reduction in the severity of wheezing-
related symptoms than placebo in preschool-age 
children who presented to the emergency depart-
ment with moderate-to-severe acute wheezing.
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