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A B S T R A C T   

Severe respiratory syncytial virus (RSV) bronchiolitis in early life is a significant risk factor for future recurrent 
wheeze (RW) and asthma. The goal of the Azithromycin to Prevent Wheezing following severe RSV bronchiolitis 
II (APW-RSV II) clinical trial is to evaluate if azithromycin treatment in infants hospitalized with RSV bron-
chiolitis reduces the occurrence of RW during the preschool years. 

The APW-RSV II clinical trial is a double-blind, placebo-controlled, parallel-group, randomized trial, including 
otherwise healthy participants, ages 30 days-18 months, who are hospitalized due to RSV bronchiolitis. The 
study includes an active randomized treatment phase with azithromycin or placebo for 2 weeks, and an 
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observational phase of 18–48 months. Two hundred participants were enrolled during three consecutive RSV 
seasons beginning in the fall of 2016 and were randomized to receive oral azithromycin 10 mg/kg/day for 7 days 
followed by 5 mg/kg/day for an additional 7 days, or matched placebo. The study hypothesis is that in infants 
hospitalized with RSV bronchiolitis, the addition of azithromycin therapy to routine bronchiolitis care would 
reduce the likelihood of developing post-RSV recurrent wheeze (≥3 episodes). The primary clinical outcome is 
the occurrence of a third episode of wheezing, which is evaluated every other month by phone questionnaires 
and during yearly in-person visits. 

A secondary objective of the APW-RSV II clinical trial is to examine how azithromycin therapy changes the 
upper airway microbiome composition, and to determine if these changes are related to the occurrence of post- 
RSV RW. Microbiome composition is characterized in nasal wash samples obtained before and after the study 
treatments. 

This clinical trial may identify the first effective intervention applied during severe RSV bronchiolitis to reduce 
the risk of post-RSV RW and ultimately asthma.   

1. Background 

Childhood asthma is a significant health challenge today, without a 
known effective prevention [1,2]. Several studies have shown that se-
vere respiratory syncytial virus (RSV) bronchiolitis in early life is 
strongly associated with the development of asthma in children [3–5]. 
We have previously demonstrated in a prospective cohort of 206 infants 
hospitalized for RSV bronchiolitis, that 48% of participants had a 
physician diagnosis of asthma and that 75% of participants experienced 
recurrent (at least 3) wheezing (RW) episodes by their 7th birthday (the 
RSV Bronchiolitis in Early Life (RBEL-I) study) [6]. As hospitalized in-
fants have the greatest risk for post-RSV wheezing episodes and asthma, 
they represent the ideal population in which to explore intervention 
strategies for the prevention of post-RSV RW and asthma [7,8]. 

Numerous asthma-related therapies have been investigated and 
found to be unsuccessful in preventing post-RSV wheezing and asthma 
[9]. Airway inflammation associated with acute infectious bronchiolitis 
is typically neutrophil-rich, which may explain the lack of efficacy of 
asthma treatments, such as inhaled corticosteroids (ICS), systemic cor-
ticosteroids, and montelukast on the occurrence of post-bronchiolitis 
wheezing, as these medications typically target eosinophilic airway 
inflammation [10–20]. Therefore, a medication with anti-neutrophil 
properties, such as macrolides, may be effective in attenuating 
RSV-driven airway inflammation, and subsequently, post-RSV wheezing 
and potentially asthma. 

Macrolides provide clinical benefits in other inflammatory airway 
diseases with a dominant neutrophilic airway inflammation component, 
such as cystic fibrosis and diffuse panbronchiolitis, potentially through 
anti-inflammatory activities [21,22]. Based on these reports, we previ-
ously investigated and revealed that azithromycin attenuated airway 
neutrophilic inflammation in a mouse model of bronchiolitis [23]. Based 
on our results from a mouse model, we conducted the azithromycin to 
prevent wheezing following RSV bronchiolitis I (APW-RSV I) trial [24]. 

This proof-of-concept trial in 40 infants hospitalized with RSV bron-
chiolitis revealed that azithromycin treatment for 2 weeks, when added 
to routine bronchiolitis care, significantly reduced the likelihood of RW 
over the following year without significant adverse events [24]. Based 
upon these findings, we are conducting the APW-RSV II clinical trial to 
investigate the effect of azithromycin on post-RSV recurrent (≥3 epi-
sodes) wheeze during the preschool years in a larger and longer clinical 
trial. 

Studies from the past decade have suggested that the airway 
microbiome has an important role in asthma inception [25–27]. In our 
previous proof-of-concept trial in 40 children hospitalized with RSV 
bronchiolitis we detected that azithromycin therapy during severe RSV 
bronchiolitis reduced Moraxella abundance in the upper airway, and 
in-turn, lower Moraxella abundance was associated with lower odds of 
subsequent recurrent wheeze [28]. We concluded that additional studies 
should evaluate the role of the airway microbiome in the development of 
post-RSV recurrent wheeze [28]. In our previous studies we identified 
two potential pathways that may mediate the beneficial effects of azi-
thromycin: anti-inflammatory effects and alterations of the airway 
microbiome [24,28]. Hence, in addition to the clinical outcome, we are 
now investigating potential mechanistic pathways. 

2. Materials and methods 

2.1. Study design overview (Fig. 1) 

The APW-RSV II clinical trial is a double blind, placebo-controlled, 
parallel-group, randomized trial, including otherwise healthy infants, 
ages 1 month (30 days) − 18 months, who are hospitalized due to RSV 
bronchiolitis. The study includes an active treatment phase with azi-
thromycin or placebo for 2 weeks, and an observational phase of 18–48 
months (Fig. 1). 

Study activities began in the fall of 2016 and, as of this writing 

Fig. 1. The APW-RSV II trial design 
V: Visit, *Variable durations of follow-up periods are necessary, as patients were recruited over 3 consecutive RSV seasons. Therefore, not all patients will perform V4 
and V5. **V3–V5 are conducted yearly. APW-RSV: The Azithromycin to Prevent Wheezing following severe RSV bronchiolitis, FU: Follow up. 
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(early-mid 2021), participant follow up continues. We enrolled study 
participants during three consecutive RSV seasons beginning in the fall 
of 2016. The duration of follow up is 18–48 months, which is determined 
based on the year in which the participants are recruited: first year re-
cruits will be followed for up to 48 months, while the 3rd year recruits 
will be followed for at least 18 months (Fig. 1). 

Study objectives:  

1. Primary objectives: To determine if the addition of azithromycin 
therapy (compared to placebo) to routine bronchiolitis care in in-
fants hospitalized with RSV bronchiolitis:  
a) Reduces the occurrence of post-RSV RW (≥3 episodes) measured 

over a follow-up period of 18–48 months and  
b) Changes airway bacterial microbiome community structure, and 

if that change is associated with a reduction in the occurrence of 
post-RSV RW.  

2. Secondary objectives: To determine if azithromycin therapy 
(compared to placebo) in infants hospitalized with RSV bronchiolitis 
will result in:  
a. Improved asthma disease activity parameters such as days with 

respiratory symptoms, asthma medications use (controller and 
reliever use), oral corticosteroid use, and asthma related urgent 
visits.  

b. Lower likelihood of developing parent-reported physician asthma 
diagnosis.  

c. Lower mean total IgE levels and eosinophil counts measured at 
the last study visit.  

d. Smaller proportion of children who will develop at least one 
positive specific IgE to inhalant allergens measured at the last 
study visits.  

e. Changes in nasal wash levels of IL-8, and matrix metallopeptidase- 
9 (MMP-9) measured at randomization, on day 15 after 
randomization and 6 months after randomization.  

f. Changes in the rates of upper airway colonization with macrolide- 
resistant bacteria measured at the end of the study treatments 
(day 15 after randomization) and at the 6-month clinic visit. 

2.2. Study sponsor 

APW-RSV II is funded by the National Heart, Lung, and Blood 
Institute (NHLBI), R01HL130876 and is registered at Clinicaltrials.gov 
(NCT02911935). The study was approved by the Institutional Review 
Board (IRB) at Washington University School of Medicine. 

The NHLBI selected the study Data and Safety Monitoring Board 
(DSMB) to monitor the study. All communication between the in-
vestigators and the DSMB courses through the staff of the NHLBI. 

2.3. Intervention: Azithromycin (AZM) 

The optimal dose and duration of AZM treatment needed to provide 
an anti-inflammatory effect is not established. Therefore, we utilize the 
exact dosing regimen used in our previous proof of concept APW-RSV I 
trial, which provided clinical benefit, was effective in exerting anti- 
inflammatory effects as evident by reduced nasal IL-8 levels, and was 
not associated with higher rates of adverse reactions compared to pla-
cebo [24]. Specifically, we randomized study participants to receive PO 
azithromycin 10 mg/kg/day for 7 days followed by 5 mg/kg/day for an 
additional 7 days, or matched placebo. 

The duration of this treatment regimen was determined based upon 
previous studies in animal models of viral bronchiolitis that revealed 
immunologic events up to 21 days after infection that can lead to a Th2- 
prone phenotype [29]. As AZM has a very long half-life in lung tissue, 14 
days of treatment with AZM should result in at least 23 days with 
effective anti-microbial concentrations in lung tissue and at least 35 days 
of measurable quantity in airway macrophages, which should provide 
coverage during recovery from bronchiolitis [30,31]. Moreover, we 

aimed to minimize potential adverse drug reactions by using a dosing 
regimen that was safe in our previous proof of concept APW-RSV I trial, 
and had an excellent safety profile in very-low birth-weight pre-term 
infants (n = 263) treated for up to 6 weeks [24,32,33]. 

2.4. Study population 

The study population includes otherwise healthy infants with severe 
RSV bronchiolitis, defined as an episode that requires hospitalization. 
Severe RSV bronchiolitis is a major independent risk factor for RW ep-
isodes and asthma [6]. We focus on hospitalized infants since they have 
the highest risk to develop RW and asthma [7,8]. Our goal is to treat 
infants with azithromycin early in the disease process in order to provide 
the greatest opportunity to limit inflammatory damage to the airways 
and hence future wheezing. In order to treat early, infants were eligible 
to be enrolled in the study only if the duration of respiratory symptoms 
from onset until admission was 5 days or less, and if they could be 
randomized within 7 days from initiation of symptoms. Based on our 
power analysis, our initial goal was to recruit 188 infants over three 
consecutive RSV seasons. During the last year of recruitment, we 
increased our target to 200 infants for enhanced power after obtaining 
permission for this from the DSMB and IRB. 

RSV infection was confirmed by positive nasal swab results by PCR 
assay (N = 95), direct antigen detection (N = 97) or by both tests (N =
7). Tests were performed by the St. Louis Children’s Hospital (SLCH) 
virology laboratory, or from another Clinical Laboratory (for patients 
tested and transferred from an outside facility). Bronchiolitis was 
defined by the presence of at least two of the following: respiratory rate 
greater than 40 breaths/minute; cough; wheezing; audible rales, 
crackles, and/or rhonchi; paradoxical chest movements (retractions) 
[19]. The inclusion and exclusion criteria are listed in Table 1. 

Table 1 
Inclusion/Exclusion criteria.  

Inclusion Criteria: 
1. Age 30 days-18 months. 
2. Duration of significant respiratory symptoms from onset of symptoms of current 

illness to admission is ≤ 120 h (5 days). 
3. Hospitalization in Saint Louis Children’s Hospital for the first episode of RSV 

bronchiolitis. 
4. Parent/guardian available to provide informed consent. 
5. Randomization can be performed within 168 h (7 days) from onset of significant 

respiratory symptoms. 

Exclusion Criteria: 
1. Diagnosis of asthma. 
2. Chronic treatment with any daily medication other than vitamins or nutritional 

supplements. 
3. Contraindication to the use of azithromycin or any other macrolide antibiotics. 
4. Current treatment with any medication that may cause QT interval prolongation 

(see Appendix 1. for a detailed list of these medications that we have utilized as an 
exclusion criteria). 

5. Failure to thrive (<3% for age). 
6. Gastroesophageal reflux requiring treatment with daily anti reflux medications 

(anti H2 or PPI). 
7. High dose vitamin D therapy (more than 400 IU per day). 
8. History of previous (before the current episode) wheeze or previous (before the 

current episode) treatment with albuterol. 
9. Ongoing need for invasive mechanical ventilation (intubation) or non-invasive 

mechanical ventilation (CPAP, BIPAP) due to RSV bronchiolitis. Can be enrolled 
after weaned from mechanical ventilation/BIPAP/CPAP if meets other criteria. 

10. Participation in another clinical trial. 
11. Prematurity (gestational age < 36 weeks). 
12. Presence or history of other significant disease (CNS, lung, cardiac, renal, GI, 

hepatic, hematologic, endocrine or immune disease). Children with atopic 
dermatitis and/or food allergy were not excluded from the study. 

13. Sibling enrolled in the clinical trial during the same RSV season. 
14. Significant developmental delay. 
15. The family has definitive plans to move from the clinical center area before trial 

completion. 

(continued on next page) 
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2.5. Specifics of study procedures 

2.5.1. Randomization protocol 
Eligible children were randomized to azithromycin or placebo 

groups in a 1:1 fashion based on a blocked randomization allocation 
sequence. Randomization was stratified by use of open-label non-mac-
rolide antibiotic over the past 2 weeks prior to randomization. The in-
vestigators and study coordinators were blinded to treatment 
assignment and to the size of randomization blocks. 

2.5.2. Recruitment and characteristics of enrolled patients 
We identified 1284 children who were hospitalized with RSV bron-

chiolitis and were within the target age range during three consecutive 
RSV seasons (fall 2016–spring 2019). Out of these, 200 children met 
inclusion criteria, gave consent for participation, and were randomized 
(Fig. 2 (screening) and Table 2 (exclusions)). 

Enrollment seasons for these 200 children are as below:  

1. Fall 2016-Spring 2017: 39 participants were enrolled  
2. Fall 2017-Spring 2018: 96 participants were enrolled  
3. Fall 2018-Spring 2019: 65 participants were enrolled 

The characteristics of enrolled children are described in Table 3. 
Median age of enrolled children was 3.3 months. The majority (72%) of 
enrolled children were Caucasian. 36% had parental history of asthma. 
Median duration of hospitalization was 52 hours. 

2.6. Enrollment and study visits (Table 4) 

2.6.1. Enrollment and randomization visit (RZ) during the acute 
hospitalization (Table 4) 

During enrollment and prior to randomization, the following 

Fig. 2. Screening and enrollment of study participants.  

Table 2 
Reasons for exclusion of children hospitalized with RSV bronchiolitis.  

Reason for exclusion Number of 
children 

Prior wheeze, bronchiolitis or asthma diagnosis 298 
Significant other medical history or use of daily medications 258 
Parents were not available for approach or refused participation 228 
Prematurity (gestational age < 36 weeks) 200 
Met other exclusion criteria* 169 
Duration of respiratory symptoms longer than 5 days at the time 

of admission (or 7 days at randomization), or on mechanical 
ventilation at the time of screening 

157 

Did not meet protocol definition of bronchiolitis 53 

This table summarizes the reasons for exclusion of children aged 1–18 months 
that were hospitalized at St. Louis Children’s Hospital due to RSV Bronchiolitis. 
Some children had more than one reason for exclusion. 
* These include: Significant developmental delay, current use of macrolide or 
medication that may prolong QT interval, contraindication for azithromycin use, 
participation in another clinical trial or sibling enrolled in the clinical trial 
during the same RSV season, family is living out of the St. Louis metro area. 

Table 1 (continued ) 

16. Treatment with any macrolide antibiotic (azithromycin, clarithromycin or 
erythromycin) over the past 4 weeks or current treatment with any macrolide 
antibiotic. Current or prior treatment with non-macrolide antibiotic was not an 
exclusion criterion. 

17. Treatment (past or present) with montelukast. 

18. History of previous treatment with corticosteroid (systemic or inhaled) for 
respiratory conditions. (This criterion was included to identify children who may 
have wheezed in the past.) 

Post randomization exclusion criteria 
Use of any medication that can cause QT prolongation during the first 14 days of the 

study (see Appendix 1.) 

* Significant respiratory symptoms defined as wheezing, significant cough, re-
tractions. Time of admission is defined as the time that the child was seen in the 
ED for the visit that led to the hospitalization. 

BIPAP: Bilevel Positive Airway Pressure, CPAP: Continuous positive airway 
pressure, CNS: Central nervous system, GI: Gastrointestinal, IU: International 
units, RSV: Respiratory syncytial virus, PPI: Proton pump inhibitor. 

Table 3 
Baseline characteristics of study population.   

Mean ± SD, median (IQR) or n 
(%) 

Age at enrollment (months) median (IQR) 3.3 (2, 6.9) 
Male 109 (54.5%) 
Race/Ethnicity* 

African American 40 (20.1%) 
Caucasian 144 (72.4%) 
More than one race 15 (7.5%) 

Birth Weight (kg) 3.3 ± 0.5 
Birth by C-section 57 (28.5%) 
Gestational age at birth (weeks) 38.8 ± 1.2 
Maternal smoking during pregnancy 32 (16%) 
History of breast feeding 155 (77.5%) 
History of eczema 29 (14.5%) 
Food allergy diagnosis 8 (4%) 
Parental history of asthma 72 (36%) 
Parental history of other atopic diseases 129 (64.5%) 
Pet exposure 130 (65%) 
Tobacco smoke exposure 66 (33%) 
Duration of Hospital Stay (hours) 1 52 (35, 85) 
Duration of oxygen requirement, if required 

(hours) 2 
47 (25, 68) 

Lowest oxygen saturation on room air (%) 3 90.7 ± 4.8 
Need for BiPAP ventilation 1, 4 13 (6.6%) 

IQR: Interquartile range, SD: Standard deviation. 
Variables with a strongly skewed distribution are presented as median (IQR). 
The total sample is 200 participants unless otherwise specified: 1. N=198. 2. 
N=114 (the other participants did not require oxygen). 3. N=197. 4. no child 
required invasive ventilation. 
* One participant refused to answer this question. 
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activities were completed: parental consent, a physical examination, 
collection of patients’ medical and family history, including an envi-
ronmental allergy questionnaire. Parents were educated about study 
medication administration and on the need to avoid any macrolide 
antibiotic or other QT prolonging medication during the active phase of 
the study. Baseline blood, stool, urine (if able to collect while the child is 
hospitalized), and nasal wash and nasal brush samples were collected. 
Nasal wash and nasal brush samples were obtained using the technique 
previously described [6,24]. 

2.6.2. Daily follow up during the acute hospitalization 
Patients were followed daily while hospitalized by the study co-

ordinators. We collected information on the use of supplemental oxygen, 

intravenous fluids, medications administered (albuterol or other bron-
chodilators, hypertonic saline inhalations, antibiotics, oral steroids, ICS, 
and montelukast), and length of hospitalization. 

2.6.3. Weekly phone calls during the 2 weeks of active treatment phase of 
the study (MED 1, MED 2) 

Weekly phone calls were made to review the study medication diary 
to monitor for adherence and adverse reactions. 

2.6.4. Clinic visit: V1: 14 days after randomization (day 15 with a window 
of ±3 days) 

The following procedures were performed: A brief history (including 
adverse drug reactions) and physical exam. The presence or absence of 

Table 4 
Study visits and study sample collections. 

Visit RZ V1 PC1 PC2
V2

(PC3) PC4 PC5 PC6 PC7 PC8
V3

(PC9) PC10 PC11 PC12 PC13 PC14
V4

(PC15) PC16 PC17 PC18 PC19 PC20
V5

(PC21) PC22 PC23 PC24

Month 0 0.5 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

History √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

Physical exam
a

√ √ √ √ √ √
Safety / adverse events 

monitoring

√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

Adherence monitoring √ √

Nasal wash: √ √ √ √
b

√c

• Microbiome √ √ √

• Inflammatory 
markers

√ √

• Viral √

• An�bio�cs 

resistance

√ √ √

• Bio-banking √ √ √ √
b

√c

Nasal brush √ √ √

Blood: √ √ √b √c

• CBC & differential √

• Eo sinoph i l  cou nt √b √c

• Serum IgE √ √b √c

• Serum Specific- IgE √b √c

• Gene�cs bio-banking √

• Serum bio-banking √ √
√b √c

Stool collec�on √ √ √ √
b

√
c

√
c

√
c

√c

Urine collec�on √ √

The table presents the maximal number of visits and phone calls for a participant enrolled early during the 
first RSV season (2016-2017) who will have up to 48 months of follow-up. As a result of the variable 
duration of follow-up not all participants will have the V4-V5 visits or phone calls.RZ: Enrollment and 
randomization visit, V: clinic visit, PC: Phone call.
a Complete physical exam during the randomization visit, then brief physical exams during the following 
clinic visits. b Nasal wash, blood, and stool will be obtained at V3 visit only for the year three recruits as 
they won’t be in the study long enough for a V4 and V5 visits. c Nasal wash, blood, and stool will be 
obtained at V4 visit for the year one and year two recruits. If for some reason the year one recruits are not 
able to provide the designated samples at V4 visit, samples may be obtained at their V5 visit with parental 
permission. The samples that are listed to be obtained at V4 will be obtained at V5 ONLY if they were not 
obtained at V4 (applicable to participants recruited at the 1st year of the study). In any case, each 
participant will contribute only one set of samples at the V3-V5 visits.
DNA sample was obtained from the blood sample, unless the parent did not agree to the blood draw. In 
this case DNA sample was obtained by a buccal swab.
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wheezing on examination was documented. The study medication diary 
was reviewed. Collection of blood, nasal wash and brush samples, urine, 
and stool samples (collected before or during visit). If a stool sample was 
not obtained, the family was given instructions to collect it at home and 
ship it to the study team by a courier service. If the family was unable to 
attend the clinic visit, a phone call was conducted in lieu of the clinic 
visit to collect clinical outcomes. 

2.6.5. Follow up telephone calls (PC): 2 months after enrollment, and then 
every 2 months (these phone calls have a window of ±3 weeks) 

Follow up phone calls are used to obtain the following information: 

a) Symptoms of wheezing (with and without a cold), use of rescue al-
buterol and oral corticosteroids, ED/unscheduled office visits, hos-
pitalizations for respiratory symptoms, and parental absence from 
work due to the child’s respiratory illnesses.  

b) Parent-reported physician diagnosis of asthma.  
c) Use of antibiotics, ICS, montelukast.  
d) Changes in pet exposure, day care status, and cigarette smoke 

exposure, and any unanticipated changes in medical status. 

2.6.6. Yearly clinic visits (V2–V5): the first yearly visit was conducted 6 
months after randomization, and then every 12 months (these yearly visits 
have a time window of ±1 month) 

Participants recruited early during the first RSV season (2016–2017) 
may have up to four yearly visits (V2–V5). Participants recruited late 
during the last RSV season (2018–2019) may have only one yearly visit 
(V3). If any of these visits are conducted within the time frame of any of 
the phone calls, then the information from this visit is recorded in lieu of 
the phone call data. However, if the family cannot attend the yearly 
clinic visit (e.g., left the St. Louis metro area, Coronavirus disease of 
2019 pandemic), a phone call is conducted in lieu of the clinic visit to 
collect clinical outcomes. The clinic visit includes the following:  

a) Brief physical exam (including weight and height) performed by the 
study coordinator.  

b) Monitoring for the same symptomatology, medication use, and 
parent-reported physician diagnosis of asthma as specified in the 
follow up phone call section.  

c) Obtaining nasal wash sample (V2 and V4 or last visit (V3) for year 
three recruits and nasal brush sample (V2 only)).  

d) Collecting stool sample that was obtained at home (V2 and V4 or last 
visit (V3) for year three recruits).  

e) Obtaining blood for V4, or last study visit (V3) for year three recruits. 

2.7. Sample collection 

2.7.1. Blood samples 
Blood was collected at randomization and V1 for all enrolled patients 

whose parents consented to the blood collection. For the participants 
recruited at the first and second RSV season, blood samples were 
collected at V4. For the participants recruited at the third RSV season, 
blood samples were collected at V3 as they will not be in the study long 
enough for a V4 visit (Table 4). Baseline eosinophil count was obtained 
as a potentially relevant covariate for RW development. Eosinophil 
count and serum IgE levels to aeroallergens (house dust mite, cat, dog, 
mouse, and cockroach) were obtained as specified in Table 4 to evaluate 
the effect of azithromycin on atopy development. 

2.7.2. Nasal wash 
Nasal wash samples were obtained using the technique we utilized in 

our pilot APW-RSV study and in the RBEL study [6,24]. These samples 
will be utilized to measure a) inflammatory markers (IL-8 and, matrix 
metallopeptidase 9) in samples obtained at RZ, V1, and V2, b) upper 
airway microbiomes including antibiotic resistance studies in samples 
obtained at RZ, V1, and V2. 

2.8. Study outcomes 

The primary clinical outcome is the occurrence of a third episode of 
post-RSV wheezing measured over a follow up duration of 18–48 
months. 

2.8.1. Primary outcome selection rationale 
Recurrent wheeze has been demonstrated to be a significant risk 

factor for physician-diagnosed asthma at seven years of age among 
children with RSV bronchiolitis in our previous RBEL study, and thus 
represents a robust intermediate outcome [6,34]. 

Defining the primary outcome as the “occurrence of a third episode 
of post-RSV wheezing”, which will be assessed using survival analysis 
methodology and not just “proportion of patients with recurrent 
wheeze”, will allow for the comparison of both the proportion of partic-
ipants who develop recurrent wheeze and the time until this event between 
the treatment arms. 

As the follow up period is 18–48 months, there is a 30-month vari-
ance in duration of follow up between the first and last recruit. This 
variance is related to recruitment over 3 RSV seasons and limitation of 
funding duration for up to 5 years. These 2 limitations did not allow for a 
uniform duration of follow up, unless each participant will be followed 
for no more than 18 months. Hence, we chose to use a variable duration 
of follow up in order to maximize follow up duration, and to increase our 
power to detect an effect of the intervention. Due to the variable dura-
tion of follow-up, we chose to analyze the primary outcome by survival 
analysis methodology, which fits this study design. 

2.8.2. Episode of wheezing 
The primary outcome is assessed during clinic visits that are con-

ducted at 6, 18, 30, and 42 months from randomization, and by tele-
phone call interviews that are conducted every two months (Table 4). 
Episode of wheezing is detected by the question “Has your child’s chest 
sounded wheezy or whistling (with and without a cold)?” This question 
was adopted from the International Study of Asthma and Allergies in 
Childhood, and was previously utilized in our pilot APW-RSV study and 
in the RBEL study [6,24,35]. 

To define a new wheezing episode, a period of at least seven days 
between wheezing events must pass. If the time frame from the previous 
wheezing episode (last time that the child wheezed) to the onset of 
wheezing symptoms is shorter than seven days, these wheezing symp-
toms are attributed to the previous wheezing episode and not counted as 
a new event. 

Wheezing detected during the initial RSV bronchiolitis is not 
included in the count of post-RSV wheezing. The time frame for the 
measurement of post-RSV wheezing (and other long-term outcomes) 
starts at the end of the treatment period (2 weeks after randomization) 
and ends at the last follow-up encounter. Therefore, a wheezing episode 
that occurs at the first 2 weeks of the study does not “count” toward the 
outcome of RW. 

2.8.3. Secondary and exploratory outcomes 
Secondary outcomes include: time to parent-reported physician 

diagnosis of asthma, annualized number of days of lower respiratory 
tract symptoms, rate of use of albuterol or corticosteroids (systemic and 
ICS), and the rates of drug related side effects and severe adverse re-
actions (SAE). 

IgE levels and eosinophil counts measurements: Previous studies 
from in mouse models of viral bronchiolitis have shown that the viral 
bronchiolitis may lead to the development of type 2 airway inflamma-
tion [29,36]. In addition, a higher IGE level at the age of one year was 
detected in a cohort of infants hospitalized with RSV bronchiolitis in 
infancy [37]. Hence, we are aiming to characterize whether our study 
participants would develop characteristics of T2 inflammation and 
whether azithromycin may affect these markers. 

Secondary and exploratory outcomes are listed in Table 5 
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These clinical outcomes are assessed during clinic visits that are 
conducted at 6, 18, 30, and 42 months from randomization, and by 
telephone call interviews that are conducted every 2 months (Table 4). 
These are measured as we previously described [6,24]. 

2.8.4. Impact of azithromycin on nasal wash IL-8 and MMP-9 levels 
We will measure the effects of the intervention on IL-8 and MMP-9 

nasal wash levels as markers for azithromycin’s potential anti- 
inflammatory effects. Prior studies have shown that IL-8 and MMP-9 
are biomarkers that may be affected by azithromycin therapy during 
RSV bronchiolitis and may predict future respiratory morbidity. 

IL-8 is a neutrophil chemoattractant and elevated upper airway IL-8 
levels have been associated with bronchiolitis severity [38,39]. We 
initially investigated the anti-inflammatory effects of azithromycin in a 
mouse model of viral bronchiolitis [23]. We reported that azithromycin 
decreased neutrophil accumulation in the lung and BAL and reduced the 
concentrations of CXCL1 (mouse equivalent of the human IL-8). 
Following this mouse study, we have performed the APW-RSV I proof 
of concept trial in 40 children hospitalized with RSV bronchiolitis. We 
reported that azithromycin decreased airway IL-8 levels in children with 
RSV bronchiolitis [24]. 

MMP-9 is a biomarker that correlates with the severity of lung injury 
and inversely correlates with lung function [40,41]. Hence, measuring 
its levels will complement the information we obtained from the IL-8 
measurements. In a recent randomized phase 2 clinical trial that 
included children admitted to the pediatric intensive care unit with RSV 
bronchiolitis and required mechanical ventilation high dose azi-
thromycin compared to placebo was associated with lower endotracheal 
MMP-9 levels on day 3 of treatment [42]. Future follow-up studies are 
required to evaluate if lower endotracheal MMP-9 levels would be 
associated with reduction in post-RSV wheezing. 

Levels of both cytokines will be measured in nasal wash samples 
obtained at randomization, at the end of the study treatments (V1), and 
6 months later (V2). 

2.8.5. Microbiome outcomes 
Airway microbiome has an important role in asthma inception 

[25–27]. Asymptomatic colonization of the hypopharynx with organ-
isms such as Streptococcus pneumonia, Haemophilus influenzae, and Mor-
axella catarrhalis, was reported to be associated with a higher risk of 
developing bronchiolitis or pneumonia, persistent wheezing, and 
asthma during the preschool years [27,43]. Our preliminary data sug-
gested that azithromycin treatment during RSV bronchiolitis modified 
the upper-airway microbiome composition, including a reduction in 
Moraxella abundance, which in turn was associated with lower odds of 
subsequent RW [28]. 

To evaluate the effect of AZM treatment on the upper airway 
microbiome, we compare the bacterial community structure between 
AZM and placebo groups at each of the following three time points: 
randomization, 2 weeks, and 6 months. Upper airway microbiome 
community structure is measured at the end of study treatments and is 
correlated with the occurrence of post–RSV RW using methods previ-
ously described [44]. 

The primary clinical outcome and the microbiome studies could be 
confounded by non-study antibiotic use, daycare attendance, breast-
feeding and other infant feeding practices, upper respiratory infections 
(most commonly caused by rhinovirus), and indoor environmental ex-
posures (allergens, tobacco smoke). We are systematically collecting 
data on these exposures during each encounter and will incorporate 
these into our analyses. 

2.8.6. Antibiotic resistance studies 
Macrolide antibiotic resistance patterns are being examined at 

samples taken at baseline, at the end of study treatments, and 6 months 
following randomization. 

Nasal wash fluid was collected with Eswab and placed in Amies 
medium. After vortexing to remove specimen material from the swab, 
100 μl of the eluate was inoculated onto two tryptic soy agar+5% sheep 
blood plates (BAP) and two chocolate agar plates (Hardy Diagnostics) 
which were streaked for isolation. Two azithromycin (15 μg) disks and 
one erythromycin (15 μg) disk (Hardy Diagnostics) were placed in the 
first quadrant of one BAP and one chocolate agar plates to screen for 
bacterial isolates with macrolide resistance. Plates were incubated at 
35 ◦C in 5% CO2 and were examined for growth at 24 h and 48 h of 
incubation. 

Upon examination of the plates, the presence or absence of upper 
respiratory microbiota was noted semi-quantitatively. On the agars 
containing no disks, all pathogenic organisms, including Streptococcus 
pneumoniae, beta-hemolytic Streptococcus species, Staphylococcus aureus, 
Staphylococcus intermedius, Moraxella catarrhalis, Enterococcus species, 
and Haemophilus species were isolated and identified. On the agars with 
disks, only isolates that were resistant to a macrolide (growing up to the 
disk) were isolated and identified. All isolates were identified using the 
VITEK MS MALDI-TOF (bioMerieux, Inc.). In addition, the identification 
of Streptococcus pneumoniae was confirmed using an optochin disk 
(Hardy Diagnostics). 

Antimicrobial susceptibility testing (AST) was performed on Strep-
tococcus pneumoniae, beta-hemolytic Streptococcus species, Staphylo-
coccus aureus, Staphylococcus intermedius, and Enterococcus species 
recovered from the macrolide screening agars. On the non-screening 
agars, AST was performed on Staphylococcus aureus and Staphylococcus 
intermedius only. AST was performed using disk diffusion for cefoxitin, 
erythromycin, clindamycin, and azithromycin (Hardy Diagnostics) in 
accordance with and interpreted according to the Clinical and Labora-
tory Standards Institute guidelines. Inducible resistance to clindamycin 
was assessed using D-test when applicable. 

Table 5 
Secondary and exploratory outcome variables.  

Secondary outcomes: 

Annualized number of days with: any respiratory symptoms (wheezing, cough, or 
shortness of breath), or albuterol use. 

Rate of oral corticosteroid courses. 
Rate of antibiotic courses. 
Rates of drug related side effects and severe adverse reactions*. 
Time to parent-reported asthma diagnosis OR to the third episode of wheezing. 
Time to parent-reported physician asthma diagnosis. 

Exploratory outcomes: 

Annualized number of days with wheezing, and of days with nighttime awakening due 
to respiratory symptoms. 

Cumulative number of wheezing episodes. 
Annualized number of days with parental absence from work due to child’s respiratory 

symptoms, and days with child absence from day-care. 
Proportion of children prescribed asthma controller medications (ICS, LTRA). 
Proportion of children with at least one positive serum specific IgE (SIgE) to inhalant 

allergen. 
Rates of ED and urgent care visits, and of hospitalizations for respiratory symptoms. 
Rates of upper respiratory tract infections. 
Time to the fourth wheezing episode. 
Total IgE level and eosinophil count**. 

ED: emergency department, ICS: inhaled corticosteroids; LTRA: leukotriene re-
ceptor antagonist. 
* The monitoring of potential drug related side effects starts immediately after 
randomization. The time frame for measurement of all other long-term outcomes 
starts at the end of the treatment period (2 weeks from randomization) and ends 
at the end of the follow-up period. 
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2.9. Study medications 

Generic azithromycin was purchased and dispensed by the investi-
gational pharmacy at SLCH. We obtained an FDA’s Investigational New 
Drug (IND) approval for using azithromycin as detailed in this protocol 
(IND: 112,359 (Exempt status)). The investigational pharmacy at SLCH 
also manufactured and dispensed the matching placebo using the 
following formulation for 30 ml of placebo:  

1. Mixed 31.5 g of SyrSpend SF Alka powder with 70 mg FD&C Red #3.  
2. Combined 2 g of SyrSpend SF Alka powder with 30 mg of powder 

obtained from Step #1. 

Since azithromycin suspension, once reconstituted, is only stable for 
10 days, we supplied parents with study medication for both the first and 
the second week of treatment. 

Suspension for the first week of therapy was prepared (reconstituted 
with water) by the SLCH investigational pharmacy. The study medica-
tion powder was provided to the parents in the study medication bottle 
to be reconstituted by the parents for the second week of therapy. Before 
initiation of the second week of therapy, the parents were instructed to 
add sterile water to the study medication bottle based on our instruction 
(premeasured bottle of water was provided to the family). The study 
coordinator contacted the parents to assure the successful completion of 
this process. 

2.10. Adherence 

Parents were provided with a study medication diary at enrollment. 
Parents were instructed to write down medication administered in the 
diary. This was reviewed each day by the study coordinator during 
hospitalization and during the weekly phone call during the active 
treatment phase of the study. The diary was reviewed during the initial 
clinic visit (V1). Adherence assessment of the azithromycin versus pla-
cebo was based upon the medication diary entries. 

2.11. Statistical design and analysis 

The primary goal of this analysis is to test the null hypothesis that 
post- RSV RW is present at the same rate in the azithromycin group as 
compared to the placebo group. The primary analysis will be an intent- 
to-treat, comparing treatment groups using a Kaplan-Meier survival 
analysis. A Cox proportional hazards regression model will be used to 
estimate the magnitude of the treatment effect in terms of the hazard 
ratio for the occurrence of RW. In order to maximize the duration of 
follow-up in this trial which recruited subjects over 3 consecutive RSV 
seasons, participants have variable follow up durations determined by 
the year in which each participant is recruited. 

2.11.1. Primary outcome analysis 
The initial analytic strategy will be a log-rank test, which compares 

the Kaplan Meier survival curves describing the time to the third episode 
of wheezing. Then we will proceed to a multivariate Cox regression 
model that adjusts for potentially confounding variables. Race and 
parental history of asthma were significant predictors of childhood 
asthma development following severe RSV bronchiolitis in our RBEL 
cohort [6], and these covariates will be included in the multivariate 
model. We will assess other key (non-time-dependent) covariates using 
chi-square tests, t-tests, and potentially Wilcoxon’s test to determine 
whether they will be included in subsequent multivariate models. Those 
fixed-time covariates that indicate a between-group difference (p < 0.1) 

will then be included in a stepwise multivariate Cox regression analysis 
along with the time dependent covariates (e.g., pet exposure). Addi-
tional analyses will include the use of an Anderson-Gill model in which 
wheezing episodes are treated as recurrent events when compared be-
tween groups [45]. In Cox models that do not contain time-dependent 
covariates, we will evaluate the proportional hazards assumption by 
assessing the parallelism of the log-log plots and using martingale re-
siduals and the method of Lin and Ying [46]. The Cox models which 
contain time-dependent covariates will be assessed using Schoenfeld 
residuals [47]. 

The key statistic to be generated by the Cox regression analyses, for 
primary outcome reporting, will be covariate adjusted hazard rate ratios 
that compare the RW hazard rate in the azithromycin group with the 
corresponding hazard rate in the control group. Ninety-five percent 
confidence bounds will be generated for all calculated hazard rate ratios. 

Finally, we will explore potential interactions between study treat-
ment assignment and pre-specified covariates to evaluate whether these 
covariates are predictors of response to azithromycin therapy:  

a. Demographics: Sex, age, and race.  
b. Baseline asthma/allergy phenotypic characteristics: Personal history 

of eczema, parental history of asthma, and peripheral eosinophil 
count on enrollment.  

c. Environmental phenotypic characteristics: secondhand smoking, and 
pet exposure. 

d. Acute bronchiolitis characteristics: Duration of respiratory symp-
toms before enrollment, and the presence of co-infection with other 
respiratory viruses during RSV bronchiolitis (e.g. rhinovirus). 

2.11.2. Censoring considerations 
All subjects that do not attain the primary outcome (RW) will be 

censored at the time of the last contact with the subject. This applies 
whether the subject has dropped out or has completed the study without 
RW (administrative censoring). 

2.11.3. Sensitivity analyses 
Additional pre-specified statistical analyses will examine subset dif-

ferences between children who were intubated during the acute RSV 
bronchiolitis and children who were not intubated to better interpret the 
results of the primary analysis based on the entire dataset. This will be 
performed by the following steps:  

1. We will examine potential differences in baseline covariates between 
children who were and were not intubated. If this analysis yields at 
least some suggestion of a between-group difference (p < 0.1), the 
presence/absence of intubation will be included as a covariate in the 
model that will be used for the primary outcome analysis.  

2. We will explore potential interaction between intubation and study 
treatment assignment although the power to detect such differences 
may be low (no preliminary data is available to project the expected 
power).  

3. We will repeat steps #1 and #2 for examining the effect of any 
mechanical ventilation (intubation, CPAP, BiPAP). 

2.11.4. Secondary and exploratory outcomes analyses 
Secondary outcome measures will be analyzed using a variety of 

statistical approaches. Biological outcome measures such as IL-8 levels 
measured at baseline and at two weeks after completion of the treatment 
will be evaluated using analysis of covariance with the post treatment 
measure as the dependent variable and with predictor variables that 
include the baseline value, the treatment group, and other pre-defined 
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covariates. 
Secondary outcome measures that are time-to-event variables such 

as asthma diagnosis will be compared across groups using survival and 
Cox regression approaches. Other secondary outcome measures are 
continuous measures that will be based on patient reports at phone calls 
that are made every two months. These include the number of days 
during the prior two months in which the subject experienced respira-
tory symptoms, used the rescue inhaler, or awakened at night due to 
such symptoms. These frequently occurring events will be evaluated 
using mixed model repeated measures analysis of variance in which the 
repeated outcome will be quantified every two months. We anticipate 
using an autoregressive or Toeplitz covariance structure in the repeated 
measures analyses because we expect within subject correlation co-
efficients to be smaller when data points are close together. However, 
the determination of the appropriate covariance structure will be based 
on more formal assessments of these correlation coefficients as well as 
on the Schwarz-Bayesian criterion and Akaike’s information criterion. 

Data regarding antibiotic use, systemic corticosteroids use, and the 
occurrence of upper respiratory infections will be also collected every 
two months. These data will be used to determine the rate of these 
events during each six months study interval, and these repeated mea-
sures data will be compared across groups using Generalized Estimating 
Equations. 

2.11.5. Power calculation for the primary clinical outcome 
Power calculations were performed using the program Power and 

Precision, Version 4 [48]. They accounted for the recruitment of patients 
over 3 consecutive RSV seasons (~5 months per year) with a follow up 
period of 18–48 months (Fig. 1: Study Design). Our power computations 
were based on an evaluation of the four year survival and hazard curves 
generated by 190 participants of the RBEL I cohort who share the same 
characteristics as the controls in this proposed research, and hence are 
used to estimate the RW rate in the control group [6]. The survival 
pattern observed in our randomized pilot study (APW-RSV) was utilized 
to estimate the effect of the intervention [24]. The RBEL survival curves 
showed a low placebo group hazard rate (HR) of about 2% during the 
first three months after hospitalization. This HR increased steadily to 
about 5% per month at the end of the first year. After that, HRs 
decreased steadily to 3% per month by the end of year two down to a 
monthly rate of 2% during year three, and 1% during year four. These 
assumptions yielded a four-year hazard rate of 71.6%, nearly identical to 
the actual rate of 70.4% observed in RBEL I. We used the HR as described 
as the basis for the placebo group in our power computation. These 
projected hazard rates yielded a four-year hazard rate of 55.1%. Thus, 
the power computations represented hazard rates of 71.6% in the pla-
cebo group and 55.1% in the azithromycin group over the follow-up 
period. Based on the parameters described above, two-sided tests at 
the 0.05 level of significance, and assuming a dropout rate of 20%, 
power computations yielded a requirement of 94 randomized subjects 
per group for a power of 0.9, and 70 per group for a power of 0.8. In 
evaluating these computations, it is important to note that we have 
assumed a hazard ratio during the first 18 months of at least two. Based 
on these considerations, we initially planned on randomizing a total of 
188 subjects but for enhanced power, and with permission from the 
DSMB, we randomized a total of 200 subjects. 

2.11.6. Microbiome outcomes 
We will sequence all the nasal wash samples by 16S rRNA gene 

sequencing (V1-3 region) at Illumina MiSeq platform at Jackson Labo-
ratory for Genomic Medicine [49,50]. 16S data are processed using 
USEARCH pipeline [51]. To evaluate the effect of azithromycin treat-
ment on the upper airway and gut microbiome, we will compare the 

bacterial community structure between azithromycin and placebo 
groups at each of the following three time points: randomization, at two 
weeks and at six months, utilizing multivariate statistical testing that are 
widely used for the 16S microbiome analysis [52]. Data dimension 
reduction approaches will be used to identify the microbial clustering 
patterns and assess the similarity between the two groups in a reduced 
dimensional space at two individual time points. We will use PERMA-
NOVA to test the significant differences of the overall bacterial com-
munity between the two groups [53]. To correct for potential 
confounding factors, we will test individual clinical variables in a 
PERMANOVA model. All the variables that show a trend towards an 
association with the treatment assignment will be included in the model, 
as described previously [54]. We will apply statistical approaches 
developed for differential bacteria feature identification to identify the 
signature bacteria taxa that contribute to the difference between two 
compared groups [55]. 

We will measure both alpha and beta diversity of the bacterial 
community in the two groups. Alpha diversity index such as Shannon 
diversity and richness will be used to evaluate the complexity of the 
whole microbial community; and Wilcox-sum-Rank testing will be used 
to test the difference diversities between compared groups. Beta di-
versity represented by Bray-Curtis dissimilarity will be used to indicate 
the inter-subject variation in the bacterial composition. The above an-
alyses will allow us to characterize the microbial community at each 
individual sampling point, and to evaluate how it is affected by the 
azithromycin treatment. 

To examine the relationship between microbiome changes and the 
diagnosis of RW, we will apply a linear mixed model to bacteria of in-
terest such as the bacteria that are significantly different between the 
two groups identified at individual time points, as we have previously 
performed [56]. Microbiome data will be normalized to satisfy the 
assumption of normality by a logarithmic transformation. In the linear 
mixed model, transformed bacterial abundance will be modeled as the 
response, the sample collection time points, treatment groups, and RW 
outcome as fixed effects, and patients as random effect. P-values from 
multiple comparisons will be corrected by the false discovery rate (FDR) 
approach. 

2.11.7. Power calculation for the microbiome outcomes 
We utilized the whole study population (n = 200) for this aim. This 

sample size provided 90% power to detect the difference for a given taxa 
between the two groups, with effect size (5%) and standard deviation 
(SD1 = 2 and SD2 = 10) and alpha = 0.05. However, 141 patients are 
sufficient to provide 80% power to detect the same effect size. All sample 
size calculations assume 10% sample failed rate, which may be from 
different stages of the experiments, such as patient drop out, sample 
preparation and sequencing failure (the combined failure rate related to 
the last 2 reasons in our APW-RSV trial was less than 4%). These power 
calculations were performed based on the assumption that we will 
observe half of the effect size and standard deviation detected in our 
preliminary data, in which Moraxella decreased significantly after azi-
thromycin treatment. We used a decreased effect size to infer the sample 
size as Moraxella was a relatively high abundance taxon in the data and 
was affected by the intervention in our preliminary studies. We are also 
interested in comprehensive detection of the difference of relatively rare 
taxa in those two groups. 

2.12. Data and safety monitoring plan 

The APW-RSV II clinical trial is overseen by the Washington Uni-
versity Human Research Protection Office (HRPO). We submitted an 
FDA Investigational New Drug (IND) application to allow the use of 
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azithromycin in children 30 days-6 months of age, given the current 
indication for azithromycin is limited to children aged 6 months or 
older. The FDA reviewed our applications and concluded that an IND 
was not required to conduct this study (PIND 112359). 

The PIs, Co-Investigators, the Washington University HRPO, and a 
National Heart, Lung, and Blood Institute (NHLBI) Data and Safety 
Monitoring Board (DSMB) monitor the study for adverse events, 
adherence to protocol, and patient accrual and withdrawal. All adverse 
events are reported to the Washington University School Medical Center 
IRB and the DSMB. In addition, we are following the NHLBI criteria for 
expedited reporting of severe adverse events (SAE) and unanticipated 
problems: these are reported to the IRB, NHLBI and if required will also 
be reported to the FDA. 

2.12.1. Safety monitoring 
The safety-reporting period began at the time of enrollment and ends 

with the completion of study participation (last visit or phone call). The 
intervention (study drug administration) ended 14 days after enroll-
ment. Therefore, while reporting will continue for 48 months from 
enrollment, the study-related risks to the safety of children in the final 47 
months of participation are limited to monitoring procedures at the four 
study visits (V2–V5). Therefore, all Severe Adverse Events (SAEs) and 
Adverse Events (AEs) were collected and reported from enrollment to 
time of Phone Call-1 (2 months following randomization). After Phone 
call 1, AE reporting is focused on the AEs of Special Interest (AESI; 
related to study procedures) for the remainder of the study period. SAEs 
will be continued to be reported until the end of study participation. 

The PI or one of the other investigators, designated by the PI, decided 
if a SAE was related to the study medication. If it was determined that a 
SAE was possibly related, probably related, or definitely related to the 
study medication, then the study medication was discontinued. As with 
all AE/SAE, the participants will be followed until resolution of this 
event. We will not withdraw the participants from the study, as our 
analysis approach is an intention to treat approach. 

3. Discussion 

The APW-RSV II clinical trial is designed to investigate whether 
azithromycin therapy, an easily implemented intervention during RSV 
bronchiolitis, can reduce the risk of development of subsequent RW and 
asthma. This clinical trial has the potential to greatly impact pediatric 
health as up to 13% of new childhood asthma cases are attributable to 
RSV bronchiolitis [57]. 

Previous reviews and meta-analyses have established that early life 
RSV- lower respiratory tract infection (LRTI) is associated with future 
RW, asthma, and with impaired respiratory physiologic measurements 
such as reduced lung function and increased airway reactivity [3–5]. 
Since RSV-LRTI may have a causative role in asthma inception, primary 
prevention of RSV-LRTI may prevent this outcome. Indeed, a Dutch trial 
investigated this question and revealed that the prophylactic adminis-
tration of the anti-RSV monoclonal antibody palivizumab to late 
pre-term infants resulted in approximately 50% reduction in wheezing 
days during the 1st year of life [58]. A follow-up study at the age of six 
years reported a reduction in parent-reported asthma, but there was no 
difference in physician-diagnosed asthma or lung function [59]. This 
Dutch trial focused on prevention of RSV-LRTI as an approach to prevent 
post-RSV RW. The attempt to prevent childhood asthma by RSV vacci-
nations is complicated by methodological issues resulting in inadequate 
power, as demonstrated by a recent analysis, which estimated that up to 
30,000–100,000 participants are required to detect the effect of 
maternal RSV vaccines on RW/Asthma in their offspring [60]. In the 

APW-RSV II clinical trial, we have chosen a different approach as we are 
aiming to prevent wheezing episodes in children who already developed 
severe RSV- LRTI. 

The target population of the APW-RSV II clinical trial includes chil-
dren with severe RSV-LRTI (i.e., all required hospitalization). We 
decided to focus on this target population as not all RSV infections are 
the same in regards to the consequences of post-RSV RW and asthma. It 
has been reported that there is a gradient of increasing risk of asthma 
based upon bronchiolitis severity (as reflected by level of heath care 
utilization), with the greatest risk of asthma following bronchiolitis 
hospitalization [7,8]. 

There is an ongoing discussion on the question of whether early life 
RSV-LRTI is the cause of post-RSV RW and asthma, or just a marker of 
asthma tendency [61]. The APW-RSV II clinical trial may add new data 
on this important “cause and effect” question as we are investigating 
whether an intervention during the initial RSV-LRTI can prevent 
post-RSV RW. If RSV is indeed the cause of future wheezing and asthma, 
and since these consequences are associated with the RSV severity, then 
an intervention during the acute RSV-LRTI aiming to attenuate inflam-
matory response in this critical time may reduce the risk of developing 
future wheezing and asthma. 

The APW-RSV II study has several unique characteristics: we applied 
a relatively short intervention (2 weeks) during the initial event (RSV- 
LRTI), and we are monitoring its effect for up to four years. A relatively 
long duration of follow-up is valuable, as it will allow us to evaluate 
whether the effect of the intervention is stable and does not subside with 
time. We have designed ancillary studies to investigate potential 
mechanisms that may mediate azithromycin effects: anti-inflammatory 
(nasal IL-8 measurements), prevention of lung tissue damage (nasal 
MMP-9 measurements), and airway microbiome modifications. 

One limitation of azithromycin therapy is its potential to induce 
airway colonization with macrolide-resistant bacteria. Therefore, we are 
conducting an ancillary study investigating the short and long-term ef-
fect of azithromycin on the rate of airway colonization with macrolide- 
resistant bacteria. Our future recommendations for clinical management 
will depend not only on the efficacy of the intervention, but also on the 
magnitude of emergence and persistence of macrolide-resistant bacteria. 
In addition, azithromycin therapy during acute LRTI in preschool chil-
dren was reported to be associated with short-term, but not long-term, 
changes to the gut microbiome [62]. Moreover, recent retrospective 
study revealed positive dose-dependent associations between the use of 
antibiotics, and mainly azithromycin, during acute bronchiolitis and 
future asthma [63]. This association was significant if the exposure was 
in the second or third year of life, but not if the exposure was in the first 
year of life. Based on the results of our previous pilot trial, and since the 
mean age of our cohort is 3 months, we do not believe this is a concern in 
our study population [24]. Nevertheless, azithromycin effect on the 
outcome of asthma will be evaluated in our current APW-RSV II clinical 
trial. 

To conclude, if our hypothesis is confirmed, it will change the 
management of severe RSV bronchiolitis. The focus in the treatment will 
be shifted from the current approach of supportive care only to long- 
term prevention of post-RSV RW, potentially representing the first suc-
cessful post-RSV asthma prevention modality. 
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