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ABSTRACT

Introduction: Recent studies suggest that the high
mortality rate of respiratory viral infections is a result
of an overactive neutrophilic inflammatory response.
Macrolides have anti-inflammatory properties, including
the ability to downregulate the inflammatory cascade,
attenuate excessive cytokine production in viral
infections, and may reduce virus-related exacerbations.
In this study, we will test the hypothesis that
prophylactic macrolides will reduce the severity of
respiratory viral iliness in children with chronic lung
disease by preventing the full activation of the
inflammatory cascade.

Methods and analysis: A randomised double-blind
placebo-controlled trial that will enrol 92 children to
receive either azithromycin or placebo for a period of
3-6 months during two respiratory syncytial virus
(RSV) seasons (2015-2016 and 2016-2017). We
expect a reduction of at least 20% in the total number
of days of unscheduled face-to-face encounters in the
treatment group as compared with placebo group.
Standard frequentist and Bayesian analyses will be
performed using an intent-to-treat approach.
Discussion: We predict that the prophylactic use of
azithromycin will reduce the morbidity associated with
respiratory viral infections during the winter season in
patients with chronic lung disease as evidenced by a
reduction in the total number of days with unscheduled
face-to-face provider encounters.

Ethics and dissemination: This research study was
approved by the Institutional Review Board of the
University of Texas Health Science Center in Houston
on 9 October 2014. On completion, the results will be
published.

Trial registration number: NCT02544984.

INTRODUCTION
For the past 3 years, the High Risk Children’s

(UTHealth) has been providing a medical
home for medically complex children. We
have demonstrated major benefits of fewer
hospital admissions and emergency room
(ER) visits while providing healthcare savings
for high-risk chronically ill children includ-
ing patients with chronic lung disease
(CLD)." These benefits have not been previ-
ously shown for medical homes for patients
of any kind or age.” > These benefits result
primarily from 24/7 access by phone to
healthcare providers. The clinic offers same
day appointments and provides coordination
of care for this population. We now aim to
further cut morbidity rates by developing
specific outpatient interventions to augment
the care for each major disorder that we
treat.

Almost half (44%) of our patients in the
HRCC are chronically ill children who have
some form of CLD including patients with
bronchopulmonary dysplasia (BPD)." CLD,
as defined by the American Thoracic Society
(ATS) statement from 2002, is ‘a heteroge-
neous group of respiratory diseases of infancy
that usually evolves from an acute respiratory
disorder experienced by a newborn infant’*
specifically, infants with BPD—defined as the
need for supplemental oxygen therapy in
children over 28 days old that were born
before 32 weeks gestation.* These infants
often incur long-term pulmonary function
abnormalities including oxygen dependency
after discharge, recurrent respiratory infec-
tions and other reactive airway diseases. From
our data, we have learnt that many of the hos-
pital admissions in our group of patients were
related to respiratory infections (37%) during
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to all of those eligible patients and access to our compre-
hensive care clinic, viral respiratory illnesses continue to
cause considerable morbidity and high healthcare costs
in this patient population.' Innovative new prophylactic
treatments are needed.

Macrolides have received considerable attention for
their anti-inflammatory and immunomodulatory actions.
Such properties may ensure some efficacy against a wide
spectrum of respiratory viral infections.” Recent studies,
including a study performed in our laboratory with
elderly BALB/c mice infected with respiratory syncytial
virus (RSV), have shown that the high mortality rate of
respiratory virus infections is a result of an overactive
neutrophilic inflammatory response.6 TA recently pub-
lished study examined the inflammatory response in
hospitalised infants with RSV and evaluated the predict-
ive value of cytokines in nasopharyngeal aspirate in com-
parison to disease severity and found an increase in Thl
and Th2 cytokines.® Respiratory viral infections are char-
acterised by the appearance of cytokine storms which
involve an extreme production and secretion of numer-
ous proinflammatory cytokines. Severity of infection is
closely related to virus-induced cytokine dysregulation,
which is responsible for the development of fatal clinical
symptoms, such as massive pulmonary oedema, acute
bronchopneumonia, alveolar haemorrhage and acute
respiratory distress syndrome.” Macrolides downregulate
the inflammatory cascade, attenuate excessive cytokine
production in viral infections and may reduce virus-
related exacerbation.”

Clinical trials have demonstrated controversial
results in the effects of macrolides in respiratory viral
infections.”™"' To date, studies have only evaluated
macrolide use as a treatment, not as a prophylactic
therapy. Long-term therapy with the macrolide anti-
biotic erythromycin was shown to alter the clinical
course of diffuse pan bronchiolitis in the late 1980s.'”
Since then, macrolides have been found to have a
large number of anti-inflammatory properties in add-
ition to their antimicrobial effect. These observations
provided the rationale for many studies performed
over the last decade to assess the usefulness of macro-
lides in other inflammatory airways diseases including
cystic fibrosis, asthma, chronic obstructive pulmonary
disease (COPD) and bronchiolitis obliterans syn-
drome.”” One randomised controlled trial (RCT)
looked at the daily use of macrolides for up to
6 weeks to prevent BPD in premature infants in a neo-
natal intensive care unit (NICU) setting and found
the neonates had better outcomes without an increase
in adverse effects.!* However, the chronic use of
macrolides to prevent respiratory infection complica-
tions in patients with CLD of infancy has not been
studied. We will test the hypothesis that prophylactic
macrolides are effective in reducing the severity of
respiratory viral illness by preventing the full activa-
tion of an inflammatory cascade.

METHODS AND ANALYSIS

Study design

A single-site double-blinded RCT that will enrol 92 chil-
dren age 6 months to 6 years who have CLD secondary
to BPD during two respiratory viral seasons defined as
1 October to 31 March of each year (2015-2016 season
and 2016-2017 season). At the conclusion of the first
season, an interim analysis will be performed to justify
the need for the second season. Clinic electronic health-
care records will be screened to determine eligibility.

Study intervention

This will be a pragmatic study design with a rolling
enrolment time period from 1 October untl 31
December. At enrolment, patients who have parental
consent will undergo a baseline ECG, a nasal aspirate
and an oscillometer reading (over 2 years of age only).
At the initial study visit (which will be done during a
regularly scheduled follow-up clinic visit), enrolees will
receive a 6-month supply of either the medication or the
placebo. All patients will take the medication until the
end of the treatment phase (31 March). Patients will
therefore end up receiving the medication for a time
period ranging from 3 to 6 months, and extra medica-
tion will be discarded. The medication or placebo will
be taken once a day 3 days a week (Monday, Wednesday
and Friday). The azithromycin medication will be dosed
at 5mg/kg/day. Any child who is eligible to receive
palivizumab will receive it every 28-30 days in clinic as
per usual care. Patients will be monitored closely for
adverse reactions over phone, in clinic during their
regularly scheduled appointments, and/or during any
necessary illness visits. Any children with adverse reac-
tions will discontinue the medication but will continue
to be followed clinically. At any clinic visit in which a
child presents with respiratory infections including
pneumonia, upper respiratory illness, bronchiolitis, etc,
he/she will have an additional nasal aspirate and/or tra-
cheal aspirate (if applicable) and an oscillometer
reading (only for children >2years) performed. At the
completion of the treatment phase, each child will have
a final nasal aspirate and/or tracheal aspirate, and an
oscillometer reading performed. Data will continue to
be collected for the following 2 months (1 April to 31
May), to monitor for respiratory illnesses and possible
side effects.

Study population

High risk children, born before 37 weeks gestation with
a current diagnosis of CLD secondary to BPD between
the chronological age of 6 months and <6 years, who
attend either the HRCC or the High Risk Infant Clinic
(HRIC) at UTHealth at the McGovern Medical School
in Houston, Texas USA, will be screened by the clinic
providers. The HRIC follows premature infants born
before 32 weeks gestation for their first 2 years of life;
the high risk paediatric clinic follows medically complex
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children who have had at least three emergency depart-
ment (ED) visits, two hospitalisations, and/or one paedi-
atric intensive care unit (PICU) visit within the last year
for a chronic health condition. We have chosen to exclu-
sively recruit from these two clinics because ~90% of
premature children with CLD from the UTHealth
System are followed up at either one of these two clinics.
We will ensure patient recruitment by screening both
clinics weekly during the enrolment process. Eligible
patients will be approached by the research coordinator
and/or one of the providers. Patients who have further
questions will be given time to think and will be
approached later with a phone call or next time they are
in clinic.

Inclusion/exclusion criteria

All children who currently attend either the HRCC or
the HRIC who are between 6 months and 6 years at the
time of enrolment and meet the ATS definition of CLD
secondary to BPD will be screened. CLD, as defined by
the ATS statement from 2002, is ‘a heterogeneous group
of respiratory diseases of infancy that usually evolves
from an acute respiratory disorder experienced by a
newborn infant’.* BPD is defined as (1) infants born
<32 weeks who need supplemental oxygen for at least
28 days or (2) infants born between 32 weeks and
36 weeks who need supplemental oxygen for at least
56 days.* All screening will be done by clinic providers
(table 1).

Exclusion criteria include children with cystic fibrosis
or bronchiectasis,’”” because the prophylactic use of
macrolides has already demonstrated value and become
usual care for these patients. Children with cardiac
arrhythmias will be excluded due to the potential
increase in cardiovascular death that has been shown in
the adult population.16 Patients with known cyanotic
heart disease will be excluded. Children with colitis or
short bowel syndrome will also be excluded due to the
potential effects to the gastrointestinal flora or

Table 1
Inclusion criteria

Inclusion and exclusion criteria

Exclusion criteria

» Age of 6 months to 6 years  » Cystic fibrosis or

during respiratory viral bronchiectasis
season (1 October—31 » Cardiac arrhythmias
December) » Cyanotic heart

» Diagnosis of chronic lung disease

disease (CLD) secondary to » Colitis
bronchopulmonary dysplasia » Known macrolide
(BPD) as defined by the allergy

American Thoracic Society » Taking medications

(ATS). known to interact with
» Receive primary care at macrolides

High Risk Infant Clinic » Short bowel

(HRIC) or High Risk syndrome

Children’s Clinic (HRCC) » Kidney or liver failure

malabsorption. In addition, any child with a known
macrolide allergy or who is taking any medication that
has a known interaction with macrolides and any child
with kidney or liver failure will also be excluded.

Study procedures

After patients are screened as eligible, they will be
approached during a routine office visit in the clinic. If
the patient is interested in participating in the study, a
baseline ECG will be conducted to ensure that patients
enrolled do not have a prolonged QT interval or any
other undiagnosed arrhythmias. If the ECG is normal,
written informed consent will be obtained in the clinic
from the parent or legal guardian of each eligible child
by any of the coinvestigators or the research nurse at the
time of enrolment.

Once a patient is deemed eligible, he or she will be
randomised to either azithromycin or placebo using the
REDCap randomisation module. Allocation ratio will be
1:1 and will be stratified by use of palivizumab and pres-
ence of tracheostomy. The statistician will create the ran-
domisation sequence using labelling of A or B for the
two groups and will upload it into REDCap. This will be
double-blinded as neither the providers nor the patients
will know whether they are receiving placebo or medica-
tion. Allocation concealment will be ensured, as the allo-
cation sequence is only known to the study statistician
(who is also blinded to the labelling of the groups) and
is not made available in REDCap until after the patient
has been recruited into the trial.

After randomisation, the research nurse or another
clinical member of the HRCC team will then collect a
nasal aspirate sample at the first study visit (description
in Laboratory section). The nasal aspirate will be stored
and studied after the conclusion of the treatment phase
for its levels of myeloperoxidase (MPO), cytokines,
respiratory virology and microbiome. In addition, all
patients two and older who can, will have a spirometry
reading performed using a TremoFlo airway oscillometry
system (AOS) manufactured by Thorasys. Patients will be
recruited and enrolled for this study on a rolling basis
from 1 October to 31 December. Once enrolled, all par-
ticipants will complete the intervention phase of the
protocol on 31 March. Half of the patients will receive
azithromycin at a dose of 5 mg/kg to be given once a
day on Monday, Wednesday and Friday. The other half,
the control group, will be provided with a placebo medi-
cation of similar taste, colour, texture and consistency,
also to be taken once a day on Monday, Wednesday and
Friday. The study medication and the placebo will have a
fish oil base to ensure a shelf life of >6 months and fla-
voured with citrus to improve palatability. Parents will be
contacted monthly, either in clinic or by phone, to
monitor for their progress and potential adverse reac-
tions. If a significant adverse reaction occurs, the medi-
cation will be discontinued. If an allergic reaction (such
as rash or shortness of breath) is noted, the blind will be
broken by the statistician, who is not involved with
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patient care or data collection. This unblinding will be
done to note if it is an allergy to the azithromycin or the
preparation. Confidentiality will be maintained as
patients will be identified using only a study identifica-
tion number. All data will be entered into a Health
Insurance Portability and Accountability Act of 1996
(HIPAA) compliant database, and all paper copies will
be kept in a locked office to ensure patient
confidentiality.

After the initial appointment, at any face-to-face
encounter (unscheduled sick visit or hospital or ED
admission Monday through Friday) in which the patient
presents with respiratory symptoms, the patient will be
evaluated by the research nurse or one of the coinvesti-
gators. Specifically, if a patient presents with the follow-
ing symptoms: cough, wheeze, tachypnoea, rhinorrhoea,
increased respiratory secretions, hypoxaemia, and/or an
increased oxygen requirement, an additional nasal aspir-
ate sample and, if applicable, a tracheal aspirate will be
done. Oscillometer reading will also be performed for
those above 2 years of age when the patients are in clinic
during each sick clinic visit for respiratory illness or after
the study. At the conclusion of the 3-6 months treat-
ment phase, a final nasal aspirate and/or tracheal aspir-
ate and an ECG will be collected. Additionally, an
oscillometer reading will also be collected in those
patient 2years of age and older. There will be no
expected/additional study visits and no compensation
will be provided for parents or patients.

Risks

Potential risks include an allergic reaction or adverse
reaction to the medication or placebo. Examples of
potential side effects include nausea, vomiting, diar-
rhoea and skin reactions. In addition, there may be an
increased risk of diaper rash and/or oral thrush with the
increased use of antibiotics. Other adverse outcomes
associated with azithromycin include an increase in
pyloric stenosis with prenatal and infant exposure for
the first 4 months of life;'” however, our population for
this project will be >6 months of age as approved by the
Institutional Review Board (IRB). Any changes to the
protocol or staff will be communicated by the research
coordinator to the UTHealth IRB using the Integrated
Research Information System (iRIS). Each of these risks
and any other unexpected outcomes will be monitored
at any visits to the clinic, or with monthly phone calls to
see if any patients experience any adverse events. If
there is a symptom, the providers will be made aware,
and if in their professional opinion they believe the
event is an adverse reaction to the medication, it will be
recorded in the REDCap database, and parents will be
advised to stop the medication immediately. In case of
any serious adverse events, the IRB will also be notified
and, if needed, the statistician will break the blind. With
the anti-inflammatory properties of the macrolide, we
predict an overall reduction in the severity of respiratory
illnesses during the study period. Additionally, we will

continue to monitor patients for a 2-month period fol-
lowing the last azithromycin administration as the medi-
cation may lead to a more lasting reduction in the
number of unscheduled office visits, ER visits and hos-
pital admissions. With less face-to-face provider encoun-
ters, there will be less opportunity for potential exposure
to other viruses, as well as less time away from home or
work for the patients’ parents and, potentially, decreased
healthcare-related costs.

Study outcomes

Our primary outcome is the total number of days of
unscheduled face-to-face encounters for all diagnoses
(defined as unscheduled sick visits, urgent care visits, ER
visits and hospital admissions) during the 3-6 month
treatment phase of the study.

Secondary outcomes

1. Individual component of the primary outcome—
unscheduled sick visits, urgent care visits, ER visits
and hospital admissions

2. Adverse side effects including gastrointestinal upset
(vomiting/diarrhoea) and diaper rash

3. Total hospital and clinic costs from a healthcare
system perspective. We expect the intervention to be
cost-effective from a healthcare system perspective
defined as following:
A. Decreased days of care without increasing cost
B. Decreased cost without increasing days of care
C. Decreased days of care while decreasing cost

4. Level of MPO in the nasopharyngeal secretions col-
lected during respiratory illnesses that require a
face-to-face provider encounter

5. Level of proinflammatory cytokines in the nasopha-
ryngeal secretions collected during respiratory ill-
nesses that require a face-to-face provider encounter

6. Level of airway obstruction as measured by a
TremoFlo AOS during the 3-6 month treatment
phase during respiratory illness and at the conclusion
of the intervention phase

Laboratory evaluation

Microbiologic studies for exploratory outcomes will be
conducted. The study involves collecting a minimum of
two nasal aspirates from each patient. Nasal aspirate
samples will be tested to measure the levels of MPO and
lactate dehydrogenase (LDH); we will also use ELISA
tests to measure the levels of specific proinflammatory
cytokines, including interleukin 8 (IL-8) and interleukin
6 (IL-6), and PCR, in order to screen for several major
respiratory viral pathogens.

Nasal aspirate specimens will be collected at the first
visit, the final visit, and during any episodic respiratory
sick visits at clinic or at Children’s Memorial Hermann
Hospital during regular office hours. Once collected,
the specimen will be immediately diluted (1:1 solution)
with viral transport medium (15% glycerol in Iscove’s
media). The final solution (aspirated specimen mixed
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with viral transport medium) will contain a maximum of
9 mL (with a range of 3-9 mL). After dilution, the speci-
mens will be immediately refrigerated at 37° Fahrenheit
until transportation to the freezers, where they will be
stored at —80°C. The samples will be frozen and stored
until the completion of the trial (table 2).

Laboratory procedures

The level of MPO will be measured using reagent tests,
and several cytokines that are markers of inflammation
will be tested using ELISA tests; details of the primers
and probes to be used are found in a 2005 article by
Beckham et al'® In addition, reverse transcription PCR
(RT-PCR) assays will be performed using TagMan-based
primers and probes to detect the presence of 5-6 major
respiratory viruses, and the remaining volume of aspirate
will be stored for future studies of additional biomar-
kers. Nasal aspirate samples will be collected for assays of
up to four cytokines and chemokines. Samples will be
tested according to the manufacturer’s instructions.
Samples and serial dilutions of the cytokine standards
will be incubated with antihuman cytokine-coated beads
in a 96-well filtration plate.

Data collection, management and analysis plan

All data will be kept in REDCap database. REDCap is a
HIPAA compliant and safe database that can be accessed
from any computer with an internet access. It is backed
up on a regular basis. Collected data at baselines
include: demographic information, baseline ECG, base-
line nasal aspirate and baseline oscillometer reading. At
the conclusion of the study, the ECG and nasal aspirate
will be repeated. If any patient presents to the clinic, ED
or hospital with respiratory symptoms during business

Table 2 Study schedule

hours, a nasal aspirate and oscillometer reading will be
collected. Data on when symptoms started and the symp-
toms experienced will also be collected.

Data can only be entered into REDCap by the
research coordinator. At the end of the medication
period, the research coordinator will ensure that all
encounters were entered correctly by double checking
the medical records. Each patient will be called once a
month to follow-up on their medication status and to
assess for any possible side effects.

Standard frequentist and Bayesian analyses will be per-
formed using an intent-to-treat approach. Total number
of days with unscheduled face-to-face encounters, total
hospital admissions (counting each hospitalisation as an
event), total ER/urgent care visits (counting one day for
each ER/urgent care visit), and total unscheduled clinic
visits (counting one day for each visit) will be analysed
and related to treatment group (azithromycin vs
placebo) using Poisson regression models with robust
SEs to estimate relative risks (RRs) and 95% CIs. All
models will include treatment group and stratification
variables (use of palivizumab and current tracheostomy)
as covariates and length of follow-up as an offset. To
assess the probability of benefit, we will use Bayesian
models with interaction terms between treatment group
(azithromycin vs placebo) and two predefined potential
moderators—use of palivizumab and current tracheos-
tomy. The conservative Bayesian approach of Dixon and
Simon allows us to shrink the subgroup estimates to the
overall mean treatment effect. For all Bayesian analyses,
prior distributions for all regression coefficients will be
centred at RR of 1.0 (normal with mean 0 and SD of
1 in the log scale), and half-normal (0, 1) for SD para-
meters. Point estimates of treatment effect and 95%

Study period

Enrolment

Time point October-December

Allocation
October-December

Close out
March—October

Post allocation
October—March

Enrolment
Eligibility screen
Informed consent
ECG
Nasal aspirate
Oscillometer
Allocation
Intervention
Take medicine
Take placebo
Assessment
Demographics X
Unscheduled clinic visits
Unscheduled hospital visits
Emergency room visits
Evaluation of nasal aspirates
Analysis
Publication

X X X X X

X X X X X X
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credible intervals will be reported along with probability
of treatment benefit.

Sample size and power

Based on data from our HRCC, we expect the placebo
group to have 1.6 encounters per child-year (SD=1.66).
Assuming a two-sided a of 0.05, a sample size of 92 (46/
group) will have 80% power to detect a difference of 1
in the encounter rate between placebo and azithromycin
groups (ie, 1.6 vs 0.6 in encounter rate or 38% reduc-
tion). Power will be more limited for secondary out-
comes, but Bayesian analyses will provide an estimate of
the probability of benefit in these outcomes. A reduc-
tion of 1 encounter per child-year in the HRCC and the
HRIC is clinically significant and realistically achievable.
Since our clinics have been proven to decrease the
number of days of care given outside the home by pro-
viding comprehensive care, we believe that the reduc-
tion of face-to-face provider encounters could be more
pronounced in usual care.

Ethics and dissemination
This research study was approved by the IRB of the
UTHealth in Houston on 9 October 2014
(HSC-MS-14-0476) (see online supplementary appendix
A). Parental informed consent was obtained at time of
enrolment by either the provider who approached the
family or the research coordinator. Details concerning the
enrolment process can be found in the Standard Protocol
Items: Recommendations for Interventional Trials
(SPIRIT) checklist (see online supplementary appendix
B).

Results from this trial will be published on completion
in a peer reviewed scientific journal.

DISCUSSION

A substantial portion of our high risk chronically ill chil-
dren have some form of CLD, including patients with
tracheostomies, BPD, and chronic respiratory failure
requiring mechanical ventilation. Most of the hospital
admissions in this group of patients were related to
respiratory infections in children <6 years of age (37%
during the winter season for the previous 3 years).
Despite vaccination rates of nearly 100% and 24/7 access
to our clinic, viral respiratory illnesses continue to cause
considerable morbidity and high healthcare costs.'
Innovative new prophylactic treatments are needed.

With this proposal, we will determine if the prophylac-
tic use of azithromycin will (1) reduce the total number
of days when wunscheduled medical treatment
healthcare-related encounters was given outside the
home, (2) reduce the number of ER/urgent care visits,
hospitalisations and clinic visits due to respiratory illness,
(3) reduce the level of MPO and proinflammatory cyto-
kines during viral illnesses requiring face-to-face phys-
ician interaction, (4) demonstrate a reduction in airway
obstruction as measured by an oscillometer (5) have a

similar safe profile compared with the placebo and (6)
demonstrate cost-effectiveness of macrolides use.
Understanding the anti-inflammatory effects of azithro-
mycin when used as a prophylactic drug will provide
important insight into the prevention of more serious
sequelae of respiratory infections. In particular, this
study will contribute to understanding disease in chil-
dren ages 6 months to 6years with CLD, a population
that has a higher rate of hospitalisations for respiratory
symptoms.

We predict that the prophylactic use of azithromycin
will reduce the morbidity associated with respiratory
viral infections during the winter season in patients with
CLD as evidenced by a reduction in the days with
unscheduled face-to-face provider encounters based on
the preliminary results from our laboratory study that
indicated that prophylactic azithromycin can effectively
reduce airway inflammation and disease severity in a
RSV-infected mouse model.’® 7 Recent studies have
shown that the high morbidity rate of respiratory virus
infections is a result of a neutrophilic overactive inflam-
matory response.” Macrolides downregulate the inflam-
matory cascade, attenuate excessive cytokine production
in viral infections and may reduce virus-related
exacerbation.'”
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