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Abstract

Background: Early-onset sepsis is an important cause of neonatal morbidity and mortality in the preterm popula-
tion. Infants perceived to be at increased risk for early-onset sepsis are often treated empirically with broad-spectrum
antibiotics while awaiting confirmatory blood cultures, despite an overall incidence of early-onset sepsis of 2-3%
among extremely-low-birthweight (ELBW) infants. Recent observational studies associate perinatal antibiotic use
with an increased incidence of necrotizing enterocolitis, late-onset sepsis, and mortality among ELBW infants. Given
currently available data and variability in clinical practice, we designed a prospective multi-institutional randomized
controlled trial to determine the safety of early antibiotic use in ELBW infants.

Methods: The NICU Antibiotics and Outcomes (NANO) trial is a multicenter, double-blinded, randomized controlled
trial. A sample of 802 ELBW preterm infants will undergo web-based stratified block randomization to receive empiric
antibiotics (EA; ampicillin and gentamicin) or placebo during routine evaluation for early-onset sepsis. Participating sites
will use preexisting institutional protocols for antibiotic dosage and duration. Infants born at participating sites with a
gestational age of 29 weeks or less are eligible for enrollment. Exclusion criteria include maternal intrauterine infection,
hemodynamic or respiratory instability, delivery by caesarean section for maternal indications without labor or pro-
longed rupture of membranes, and prior administration of antibiotics. The primary outcome is the composite incidence
of necrotizing enterocalitis, late-onset sepsis, or death during participants’index hospitalization. Maternal and infant
samples will be collected longitudinally and assessed for differences in microbiome composition and diversity.

Discussion: The NANO trial is designed to compare the rate of adverse outcomes of EA use at birth versus placebo
in ELBW preterm infants. If EA at birth worsens clinical outcomes, then the results of the trial may help providers
decrease antibiotic utilization in the NICU and subsequently decrease the incidence of complications associated
with early antibiotic use in ELBW infants. If we instead find that EA improve outcomes, then the trial will validate a
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longstanding clinical practice that has not previously been supported by high-quality data. Future studies will assess
long-term clinical and microbial outcomes in infants who received empiric antibiotics following delivery.

Trial registration: Trial registration data: June 25, 2019 NCT03997266.

Keywords: Microbial colonization, Extremely-low-birthweight, Prematurity, Early-onset neonatal sepsis, Late-onset
neonatal sepsis, Necrotizing enterocolitis, Morbidity, Mortality
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Introduction

Background and rationale {6a}

Due to advances in obstetrics and neonatology, increas-
ing numbers of extremely premature infants now survive
[1]. Because of risk factors associated with preterm birth
(e.g., intraamniotic infection, preterm labor, and preterm
premature rupture of membranes), NICU providers fre-
quently administer broad-spectrum antibiotics to pre-
mature low-birthweight infants following delivery [2—4].
Many population-based studies have indicated that 2—-4%
of extremely-low-birthweight (ELBW) infants develop
early-onset sepsis (EOS), a life-threatening vertically
transmitted infection most commonly caused by GBS or
E. coli [5]. Despite the low incidence of EOS, many cli-
nicians choose to treat high-risk populations for EOS
with broad-spectrum antibiotics while awaiting blood
culture results to document the presence or absence of
bacteremia [5]. However, recent observational studies
indicate that administration of empiric antibiotics to this
population may paradoxically increase the risk of adverse
outcomes including late-onset sepsis, necrotizing entero-
colitis (NEC), and death [6-10].

Antibiotics are the most commonly administered
medications within neonatal ICUs (NICUs) [3]. Despite
implementation of antimicrobial stewardship programs,
antibiotic utilization rates and prescribing patterns vary
significantly. Schulman et al. demonstrated that while
antibiotic utilization in Californian NICUs declined
from 2013 to 2016, they noted a persistent lack of cor-
relation between antibiotic usage and proven infection
or necrotizing enterocolitis [11]. Similarly, in a multi-
institutional study using structured self-assessments
regarding newborn specific antimicrobial stewardship
programs and NICU antibiotic use rates, approximately
75% of infants receiving antibiotics for greater than 48
h from 143 participating medical centers did not have
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culture-proven infections [12]. These studies demon-
strate that providers continue to prescribe antibiotics to
uninfected preterm neonates irrespective of the adoption
of antimicrobial stewardship programs.

The infant gut microbiome is dynamic during the first
3 years of life and is believed to be important for healthy
infant development. Preterm birth, caesarean delivery, and
the use of artificial infant formula instead of maternal milk
can each disrupt early patterns of gut microbial coloniza-
tion [13]. Antibiotic treatment is also known to signifi-
cantly disrupt the microbiome for an extended period of
time. The use of antibiotic therapies in children has been
associated with a delay in microbiota maturation as well as
reduced diversity of bacterial species and strains [14—17].
Furthermore, disruptions in the microbiome have been
associated with higher incidences of common morbidi-
ties (bronchopulmonary dysplasia and necrotizing entero-
colitis). However, unlike clinical factors which cannot be
modified (e.g., prematurity), variations in antibiotic utiliza-
tion rates suggest that antibiotic treatment is a risk factor
for a disturbed microbiome (dysbiosis) that can poten-
tially be mitigated. This is important not only because the
microbiome contributes to infant development, but also
because numerous studies have identified specific associa-
tions between intestinal dysbiosis and the occurrence of
late-onset sepsis and NEC [18-21].

We designed a prospective multi-institutional ran-
domized controlled trial to address the current issue of
early antibiotic use in ELBW infants born with a gesta-
tional age less than 29 weeks. Based on current data
regarding the negative effects of empiric antibiotic
administration on the intestinal microbiome, we also seek
to better characterize infant microbiota following perina-
tal antimicrobial administration [14—16]. Completion of
The NICU Antibiotics and Outcomes (NANO) trial will
ultimately help to guide antibiotic usage in NICUs and
may improve outcomes for extremely preterm infants.

Objectives {7}
The primary objective of the NANO trial is to test the
hypothesis that the composite incidence of late-onset sep-
sis (LOS), NEC, or death in ELBW premature infants who
are randomized to receive empiric antibiotics at birth is
significantly different than in infants who receive placebo.
The second objective of the trial is to compare early pat-
terns of gut microbial colonization in premature infants
following randomization. We hypothesize that fecal sam-
ples obtained in the first month of life from infants receiv-
ing empiric antibiotics will contain lower diversity, higher
abundance of pathogenic organisms, and lower abundance
of commensal anaerobes compared to fecal samples from
infants who receive placebo. A final exploratory objective
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of the trial is to identify microbial taxa associated with
delayed or accelerated somatic growth based on weekly
weight and length measurements during the first month of
life in infants receiving early antibiotics or placebo.

Trial design {8}

The NANO trial is a multicenter, double-blinded, supe-
riority randomized clinical trial. The trial will utilize
parallel groups of infant participants who receive either
standard-of-care empiric antibiotics or placebo follow-
ing randomization. A placebo concurrent control will
be utilized given current conflicting data regarding the
use and duration of empiric antimicrobial therapy for
preterm ELBW neonates [22-24]. Participants will be
randomized using 1:1 web-based block randomization
stratified by study site to receive study drugs or placebo
following eligibility screening and maternal consent.
Stratified and block randomization will be used to mini-
mize sample size imbalance between study arms within
the different study sites participating in the trial. The trial
was registered at ClinicalTrials.gov prior to initiation of
participant enrollment.

Methods: participants, interventions,

and outcomes

Study setting {9}

NANO study sites are university-affiliated academic
teaching hospitals and hospital-based birthing centers
in the USA and Canada. Sites were selected to ensure
an adequate infrastructure needed for completion of the
study protocol and recruitment of maternal and infant
participants. Institutions were also selected in order to
maximize the geographic diversity of our study sites to
assist with the trial’s generalizability. We estimated site-
specific patterns of enrollment based upon the number
of inborn infants admitted to each site with an estimated
gestational age of 23-28 weeks. A complete list of the
IRB-approved NANO study sites may be found on the
corresponding NIH sponsored ClinicalTrials.gov web
portal.

Eligibility criteria {10}

Maternal and infant inclusion and exclusion criteria
ensure that enrolled preterm infants are those patients
for whom the risks and benefits of receiving empiric
antibiotics remains unclear, and clinical equipoise exists.
Clinically stable infants born at a gestational age of 23
to 28 6/7 weeks are eligible for enrollment. Infants are
to be excluded in the presence of ongoing or worsening
respiratory insufficiency, hemodynamic instability, and/
or clinical concern for sepsis based on physical exam
findings. Additional infant exclusion criteria are utilized
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to avoid enrolling infants at high risk for EOS who will
likely require antibiotics, and to avoid enrolling infants at
low risk for EOS who likely will not receive empiric anti-
biotics at birth [25, 26]. High risk for EOS is defined by
the presence of maternal intrapartum fever or diagnosis
of chorioamnionitis [27]. Low risk for EOS is defined
by caesarean delivery for maternal indications without
attempts to induce labor and without rupture of mem-
branes >6 h prior to delivery [28, 29]. Maternal and infant
eligibility criteria are further detailed in Table 1. Study
sites were eligible for participation if they had a prior his-
tory of successful participation in clinical trials involv-
ing neonates and were willing to randomize infants to
the intervention (administration of ampicillin and gen-
tamicin) and control arms.

Who will take informed consent? {26a}
Individualized study site protocols will be created to
enable identification of eligible women who are expected
to deliver an infant between 23 and 28 6/7-week gesta-
tion. If women pass the initial eligibility screening, study
site coordinators and physician investigators will discuss
study participation including informed consent. Coordi-
nators and investigators will provide a study brochure as
well as an IRB-approved informational video that sum-
marizes trial enrollment, risks and benefits of participa-
tion, and the trial protocol including required blood and
stool samples. Per standard practices, consent from one
parent of potential infant participants will be sufficient
for enrollment in the trial. The full consent form, which
details these elements, may be found in the supplemen-
tary materials.

When antenatal consent is obtained, investigators will
track and monitor maternal subjects during their hospital

Table 1 Eligibility criteria
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admission. If study participants are discharged prior
to delivery, coordinators and investigators will moni-
tor for readmission and subsequent delivery. Maternal
participant’s initial informed consent will remain valid
if discharged and subsequently readmitted to a partici-
pating study site. If potentially eligible infants are born
to women that were not screened previously for study
participation and are identified within 4 h after delivery,
coordinators and investigators may attempt to obtain
postnatal informed consent for study participation.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}
Informed consent documentation will disclose the pos-
sible use of de-identified maternal and infant data and
biological specimens in future and/or ancillary studies as
per NIH Guidelines regarding biospecimen storage and
tracking [30]. Participant outcome data, stool specimens,
and genetic data derived from infant blood samples may
be shared with other researchers and federal repositories
following approval by the NANO Steering Committee.
Genetic data will be de-identified and stored according
to the NIH Genomic Data Sharing Policy. Biospecimen
storage, tracking, and security are further detailed in the
NANO Standardized Operating Protocol (SOP) that is
provided as a supplementary material.

Interventions

Explanation for the choice of comparators {6b}

We chose to compare EA to placebo (normal saline
equivalent) given the lack of data demonstrating clini-
cal benefits associated with antibiotic administration.
As demonstrated by recent observational studies, cur-
rent evidence regarding the risks and benefits of EA

Infant inclusion criteria

Infants delivered at participating study sites

Infant exclusion criteria

Newborn infants born with gestational age 23-28 6/7 weeks

Infants at low risk for early-onset-sepsis: infants born for maternal indications via caesarean section with rupture of

membranes within 6 h of delivery, no attempts to induce labor, or no concern for maternal infection

Infants at high risk for early-onset-sepsis: infants born to mothers with intrapartum fever >38 °C or infants with clinical
diagnosis of chorioamnionitis (suspected or definite)

Infants with respiratory insufficiency requiring invasive mechanical ventilation and FiO2 > 0.40 or non-invasive ventila-
tion (i.e,, CPAP) with FiO2 > 0.60 at time of randomization

Infants with ongoing hemodynamic instability requiring vasopressors or more than one 10 ml/kg NS bolus at time of

randomization

Clinician concern for sepsis due to physical exam findings (i.e., minimal responsiveness, poor tone)

Major congenital abnormalities (i.e., cardiac, pulmonary, gastrointestinal anomalies)

Infants not anticipated to survive beyond 72 h

Infants who have received antibiotics prior to randomization

Maternal exclusion criteria

Mothers that are <18 years old at time of consent

FiO, fraction of inspired oxygen, CPAP continuous positive airway pressure
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administration in preterm ELBW infants continues to
remain in flux 8, 10, 31]. Furthermore, current antibi-
otic stewardship efforts focus primarily on shortening
the duration of EA, and do not address the possibility
of eliminating EA altogether in preterm ELBW infants
[12, 32]. Our use of ampicillin and gentamicin as empiric
antibiotics is supported by various studies demonstrat-
ing that the microbiology of EOS has remained largely
unchanged in the USA over the past decade [33]. Escheri-
chia coli and Group B Streptococcus remain the most
common bacterial isolates among very-low-birthweight
preterm infants diagnosed with EOS, followed by other
gram-negative organisms. The combination of ampicillin
and gentamicin is commonly used by neonatologists for
empiric antimicrobial therapy of EOS given its sensitivity
against Group B Streptococcus, enterococcal species, and
Listeria monocytogenes [28, 34—36].

EOS remains poorly defined in current literature, with
treating physicians and institutions choosing to utilize
various clinical signs, laboratory, and microbiology data
as evidence for neonatal sepsis. Currently, the isolation
of an infective organism in either blood or cerebrospi-
nal fluid remains as one of the most common criteria
for diagnosing neonatal sepsis [37]. Various studies have
demonstrated that the overwhelming majority of ELBW
infants receiving empiric antibiotics do not have culture-
positive EOS [38, 39]. In a study of 227 well-appearing
term and late preterm infants exposed to chorioamnio-
nitis but not treated with empiric antibiotics, there were
no documented cases of culture-positive EOS [40]. Thus,
even in those well-appearing infants with maternal risk
factors for EOS, such as chorioamnionitis or premature
ROM, the use of antibiotics may not prove necessary.

Intervention description {11a}
Following determination of maternal and infant trial eligi-
bility, infants will be randomized by IRB-approved study
site investigators into one of two study groups: empiric
antibiotics (parenteral ampicillin and gentamicin) or vol-
ume-matched placebo (normal saline). Antibiotics used
during the trial will be commercially available medications
at each study site. Dosages and dosing intervals of ampi-
cillin and gentamicin will be based on local site-approved
dosing guidelines and protocols documented in each of
the study sites’ standard operating protocols. Infants ran-
domized to receive placebo will receive volume-matched
equivalents of normal saline on an analogous schedule to
that of ampicillin and gentamicin administration.
Randomization will take place within the first 4 h of life.
Infants will then receive their first dose of unlabeled study
drug (ampicillin and gentamicin, or placebo) within 120
min of randomization by registered neonatal ICU nurses.
Subjects will continue to receive either empiric antibiotics
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or placebo as originally assigned until the end of the study
drug administration period. Following the intervention
period, administration of further antibiotics will be at the
discretion of treating neonatologists. A timeline of study
interventions for maternal and infant participants can be
seen in additional files [see Additional file 1].

Criteria for discontinuing or modifying allocated
interventions {11b}

We anticipate that <5% of infant subjects will experience
worsening of conditions prompting clinicians to order
additional antibiotics that will be termed “rescue antibi-
otics” Clinicians will be allowed to order rescue antibi-
otics as they see fit, with no restrictions imposed by the
study protocol. Should this occur, the treating physicians
will remain blinded to the initial study drug assignment
and study pharmacists will be unblinded. Patients who
have received a rescue option will continue to be fol-
lowed until discharge from the NICU.

There are two anticipated clinical scenarios where res-
cue antibiotics may be required. The first scenario will
involve an attending neonatologist wishing to guarantee
the infant receives ampicillin and gentamicin and not
only placebo. When this occurs, a second set of study
drug orders will be placed. If the infant’s original assign-
ment was placebo, pharmacy will prepare unlabeled
ampicillin and gentamicin. If the original assignment
was ampicillin and gentamicin, pharmacy will prepare
unlabeled placebo and placebo. Investigational pharma-
cists will then proceed to assist with appropriate study
drug dosing based on the infant’s initial treatment arm
assignment. This will allow study investigators to remain
blinded to participants’ allocation.

The second rescue scenario will involve a decision by
an attending neonatologist to empirically treat suspected
or confirmed bacterial threats not optimally covered by
ampicillin and gentamicin with open-label non-study
antibacterial (e.g., penicillin for congenital syphilis,
meropenem for ESBL producing E. coli). These are
ordered outside of the study per routine care and are not
the responsibility of the site investigational drug service.
Treating physicians may also choose to discontinue study
medications prior to the end of the study drug period for
infants who are deemed to be at low risk of developing
EOS following randomization.

Strategies to improve adherence to interventions {11c}

The NANO Clinical Coordinating Center (CCC) at the
University of Pittsburgh will provide formal training to
team members at all approved study sites. The training
will detail all aspects of the study protocol and carefully
review the process for data entry using the secure web-
based trial portal. For all maternal and infant subjects,
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trial timepoints including the time of randomization
and time of study drug administration will be recorded
into the portal and monitored for protocol deviations.
Coordinators and investigators will be responsible for
documentation of study drug orders, including the dis-
continuation of study drugs and use of rescue antibiotics.
The CCC will promote compliance with regular feed-
back to each study site and identify solutions for rectify-
ing non-compliance. The CCC will also continue to track
site performance on a monthly basis with standardized
reports of study enrollments as well as protocol devia-
tions. Clinical coordinators and study investigators will
routinely communicate to help minimize protocol devia-
tions and to address ongoing concerns or questions per-
taining to the trial protocol.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Maternal and infant participants will receive standard-
of-care medical therapies following enrollment into the
NANO trial. Therapies include but are not limited to
blood draws, urine collections, administration of intra-
venous fluids, and enteral nutrition as deemed appropri-
ate by treating physicians. Infants may undergo invasive
procedures and interventions as indicated. Sites will also
be allowed to administer probiotics to infants if currently
utilized in institutional protocols. Recent animal models
and clinical studies have demonstrated conflicting evi-
dence regarding probiotics and their association with the
incidence of necrotizing enterocolitis, sepsis, and mortal-
ity [41]. Use of probiotics by study sites will be accounted
for in secondary statistical analyses.

Provisions for post-trial care {30}

The NANO trial has no provisions for ancillary or post-
trial care. Participants that experience adverse events
during trial participation will receive standard-of-care
medical therapies from each of the individual study sites
by licensed healthcare providers. Neither maternal nor
infant participants will receive monetary compensation
for incurring harm due to the NANO trial.

Outcomes {12}

Primary outcome

The primary outcome of the NANO trial is the compos-
ite incidence of NEC, LOS, or death during an infant’s
index hospitalization. The use of a composite incidence
of outcomes as the study’s primary outcome was based
on the observed individual incidence rates of NEC,
LOS, and mortality in preterm neonates [42—44]. Given
reported low incidence rates of NEC, LOS, or mortality
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in neonates, the use of a composite outcome increased
the feasibility of achieving an adequate sample size and
proceeding with a randomized clinical trial.

We define NEC by Bell’s stage II or III criteria for mod-
erate or advanced NEC in infants who are greater than
7 days of age [45, 46]. ELBW infants presenting with
similar symptoms at less than 7 days of age will be con-
sidered to have spontaneous intestinal perforation unless
proven otherwise during subsequent laparotomy, given
observational studies demonstrating an earlier presenta-
tion of intestinal perforation versus NEC in premature
infants [47-49]. We define LOS as a positive blood cul-
ture obtained after 72 h of life that results in treatment
with antibiotics for 5 days or more [37].

Secondary outcomes

Secondary outcomes are the individual incidence of
NEC, LOS, and death during infants’ index hospitaliza-
tions. The microbiome analysis endpoints are (1) the
alpha diversity (Richness and Shannon Index), (2) the
beta diversity, and (3) the differential abundance of indi-
vidual bacterial taxa.

Participant timeline {13}
Table 2 shows the intervention schedule.

Sample size {14}

Sample size was calculated based on our primary hypoth-
esis that the incidence of composite adverse events
including NEC, LOS, and/or death is significantly dif-
ferent in ELBW infants that receive empiric antibiotics
versus infants that receive placebo. Based on 1,000,000
simulations for the group-sequential test for comparing
two proportions and the O’Brien-Fleming alpha spending
method for two interim analyses, we need 382 infants in
each arm to reach 90% power to test the primary hypoth-
esis using a two-sided significance level of 0.05. Antici-
pating a 5% attrition rate, we will recruit 802 infants to
reach at least 90% power.

Most or all ELBW infants have historically received
empiric antibiotics, and most published studies of
clinical outcomes for ELBW infants have not sepa-
rated those babies born at high or low risk for EOS.
Thus, to our knowledge, there is no perfect bench-
mark to guide estimates of the incidence of LOS, NEC,
and death in the NANO study population. To calcu-
late event rates in this study, we used data from the
Vermont Oxford Network and Pediatrix Clinical Data
Warehouse (CDW) after attempting to recapitulate
NANO inclusion and exclusion criteria. We conserva-
tively estimate that the composite incidence of LOS,
NEC, or death in infants receiving empiric antibiotics
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Table 2 Intervention schedule
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TIMEPOINT STUDY PERIOD

Prenatal
enroliment

Postnatal
enrollment

Allocation Post-allocation Close-out

4 h after delivery  2h 24h 36h 48h >48 h

ENROLLMENT:
Eligibility screen X X
Informed consent X X
Allocation
Study drug administration
INTERVENTIONS:
Empiric antibiotics
Placebo
Rescue antibiotics
ASSESSMENTS:
Demographic variables X X
Incidence of NEC, LOS, death
Infant fecal samples
Infant blood sample
Maternal fecal samples
Maternal vaginal swab
Infant weight and length measurements

X X X X X X

" Administration of rescue antibiotics determined by site physician investigators

will be 22%, which is similar to incidence rates seen
in data from the CDW. To estimate the effect size
between experimental groups, we considered pub-
lished data regarding the incremental daily increased
risk of adverse events with administration of antibi-
otics [50, 51]. We estimate the odds of the composite
outcome will increase by 1.35 with each day of anti-
biotic therapy assuming a total of 48 h of antibiotic
administration. Thus, we estimated incidence of the
composite outcome in infants that do not receive anti-
biotics as approximately 13.5%.

For microbiome analyses, assuming that the alpha
diversity is normally distributed, we will need a total sam-
ple size of 78 over two groups to detect a 43% reduction
in alpha diversity at a 14-day timepoint with a 5% level
of significance and 90% power. The effect size is based on
previously published reports demonstrating the negative
effects of antibiotic administration on the human micro-
biome [52-54]. We will exceed power to discern differ-
ences in alpha diversity, but will plan for much larger
sample size to allow not only for taxonomic analyses
across samples from the overall EA and placebo groups,
but also subgroups (e.g., caesarean delivery only).

Recruitment {15}
IRB-approved study coordinators and physician investiga-
tors at each site will utilize electronic medical records and

direct communication to identify and recruit potential
maternal and infant participants. Individualized site proto-
cols within obstetric units will be created at each of the study
sites to enable consistent identification of eligible women
who are likely to deliver an infant at or before 28 6/7week
gestation. Recruitment strategies may include review of
admission to obstetric triage as well as labor and delivery
units for potential maternal participants and neonatology
consultation. Women presenting within this gestational age
window routinely meet with one or more neonatologists
prior to delivery. At the time of consultation, neonatologist
co-investigators and research staff will provide women with
informational study brochures and a link to the NANO trial
video. Study team members will remain available for consul-
tation with maternal participants throughout their hospital
admission to answer questions and provide reassurance as
needed relating to the NANO trial.

Each NANO study site will maintain screening logs to
assist with participant recruitment. Screening logs will
contain de-identified data including maternal age, mater-
nal race, and screening date. Sites will submit screening
logs on regular intervals to the CCC for review. Overall
and individual site enrollment will be closely monitored
throughout the trial period. If we are unable to recruit
sufficient numbers of participants to reach the target
sample size, additional sites will be added as needed fol-
lowing approval by the NANO Steering Committee.
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Assignment of interventions: allocation

Sequence generation {16a}

After parental consent has been obtained, study coordina-
tors and investigators will continually monitor maternal par-
ticipants to ensure that they remain eligible for participation
(e.g., absence of chorioamnionitis). When infants are deliv-
ered by maternal participants, the infants likewise will be
assessed for eligibility (Table 1). Staff will subsequently input
patient identification information including medical record
number and/or birth date into the study’s secure web-based
portal. For mothers and infants meeting all criteria for par-
ticipation, the family will be randomized 1:1 using web-
based block randomization with random block sizes from 2
to 6 stratified by study site to the different treatment arms of
ampicillin and gentamicin or volume-matched equivalent of
normal saline (placebo). As such, multiples (siblings) will be
randomized to the same treatment arm which would limit
parental consent burden and cross-contamination between
arms. In addition, randomizing multiples to the same treat-
ment arm is commonly utilized due to their similar genetic
backgrounds as well as prenatal exposures.

Concealment mechanism {16b}

Investigational pharmacists at each study site will be the
only clinical providers unblinded to infant treatment arm
assignments. Following computer-generated block ran-
domization, investigational pharmacists will receive a
secure notification from the study portal regarding final
treatment allocation as well as pertinent patient data
including weight (kg) for dosing purposes. Investigators
who performed the initial randomization will receive an
electronic confirmatory message via the trial portal if the
pharmacy was appropriately notified and randomization
was successful. Pharmacists will then proceed to formu-
late ampicillin and gentamicin or placebo (normal saline
equivalent) based on previously determined study site
antibiotic weight-based dosages. Unlabeled study drugs
will then be delivered to the infant’s hospital room for
prompt administration by a registered NICU nurse.

Implementation {16c}

In summary, IRB-approved study site coordinators
and physician investigators will work with their fel-
low obstetricians and neonatologists to identify and
recruit mothers of infants with an estimated gestational
age of 23 to 28 6/7 weeks. Following successful enroll-
ment into the trial after maternal and infant eligibility
screening, site coordinators or investigators will input
participant data in the secure web-based trial portal
for randomization. The computerized portal system
will generate a secure allocation sequence based on 1:1
block randomization stratified by study site. Investiga-
tional pharmacists will be securely notified as to infant
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participant allocation and will subsequently prepare
study drugs as indicated.

Assignment of interventions: blinding

Who will be blinded {17a}

Infant participants will receive unlabeled study medica-
tions formulated by investigational pharmacists accord-
ing to their computer-based allocation. Medications will
be formulated by investigational pharmacists to ensure
that they are undistinguishable by investigators and
nursing staff, including temperature regulation and stor-
age. Maternal and infant participants, clinical coordina-
tors, study personnel, and physician investigators will
remain blinded to participant treatment arm assignments
throughout the duration of the trial. In the setting of the
need to administer “rescue antibiotics,” healthcare pro-
viders will continue to remain blinded to infants’ initial
treatment allocation. Investigational pharmacists will
assist as needed in the formulation of additional ampicil-
lin and/or gentamicin based on the infant’s initial treat-
ment arm allocation.

Following the study drug administration period, par-
ticipants will continue to remain blinded to infants’
allocation until completion of the trial. Unblinded data
evaluation during the active recruitment phase of the
trial will be restricted to a designated study statistician
and the DSMB. Investigators will be unblinded when all
data collection is completed, and the web-based data col-
lection system is locked for final analysis.

Procedure for unblinding if needed {17b}

Unblinding is not recommended throughout the dura-
tion of the NANO trial. Administration of antibiotics
beyond the study drug period will be at the discretion of
healthcare providers at each of the study sites. In situ-
ations in which NICU providers wish to continue the
use of gentamicin following the completion of the study
period, they will require site-specific gentamicin thera-
peutic drug monitoring. This poses an unavoidable risk
for discerning treatment allocation of study participants
by clinical pharmacists and healthcare providers. The
study protocol recommends documenting clinical phar-
macokinetic assessments in a patient’s secure web-based
NANO dispensing log to decrease the risk of unblinding
and to continue to utilize investigational pharmacists as
able to assist with gentamicin level monitoring.

Data collection and management

Plans for assessment and collection of outcomes {18a}
Study site coordinators and investigators will undergo
data management training by the CCC prior to the ini-
tiation of the trial. Training will consist of a review of
the secure web-based portal created for the NANO trial,
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including web-based data collection forms, online report-
ing of adverse events, documentation of specimen col-
lections, and weekly infant length and weight data entry.
The CCC will oversee the creation and management of
the NANO trial web-based portal and make changes to
data collection forms as needed based on feedback from
the study sites.

Trained study site coordinators and co-investigators
will obtain de-identified baseline demographic and clini-
cal information via medical chart review and patient
and/or physician interviews following trial enrollment.
An encoding table will assign an individual study num-
ber to every participant’s name and medical record at
each institution. All relevant clinical and trial data will be
entered into web-based forms on the trial’s secure web-
based portal by study site coordinators and investigators.
The portal will utilize primarily drop-down selections
and multiple-choice responses and provide automatic
prompting for missing variables. Variables that will be
inputted into data collection forms for mother and infant
pairs are listed in Table 3.

Plans to promote participant retention and complete
follow-up {18b}

The NANO trial will maximize both enrollment and partic-
ipant retention via consistent and reliable communication

Table 3 Data variables
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between parents and physician investigators responsible for
the care of their infants. Each institution will develop site-
specific communication strategies to optimize participant
retention. Such strategies will include clear communica-
tion of the study protocol, including timing and frequency
of sample collections, provision of contact information
for local research coordinators and/or investigators, and
continued reinforcement of the trial’s goal to improve out-
comes for preterm infants. Research staff will also strive to
preserve and respect the privacy of participants and their
families throughout the study period.

Infant participants will be monitored throughout their
hospitalization in the NICU following the study drug
administration period, ensuring complete study follow-up.
Data regarding the incidence of the primary and secondary
outcomes will be obtained by study site coordinators and/
or investigators regardless of discontinuation or deviations
from the study protocol, including administration of res-
cue antibiotics or cessation of study drugs prior to the end
of the study period. Outcomes will also still be assessed
despite the continuation of antibiotic therapies follow-
ing the end of the study drug period; total days of antibi-
otic administration and the type and dosage of antibiotic
therapies will be recorded for infants receiving additional
antibiotics. Fecal samples will also be obtained from these
infants for subsequent microbiome analyses.

Data variables for data collection form

Maternal

Infant baseline

Infant hospital course

Demographics
Lifestyle
Current pregnancy history

Diagnoses (Yes/No)

Antibiotics administered
within 30 days of delivery

Other drugs

Delivery
Randomization
Outcomes at 1 week of age

Weekly
Nutrition (days 3, 7, 14, 28, 60)
Discharge

Antibiotics prescribed
IV antifungal medications

DOB, race, highest education level
Tobacco and alcohol use, BMI

Final antepartum admission date, number of fetus(es), prenatal obstetrics visit, history of
spontaneous preterm birth

Insulin-dependent diabetes, maternal hypertension, preeclampsia, antepartum hemor-
rhage, placenta previa, abruptio placenta, fetal growth restriction, cervical insufficiency,
preterm labor

Diagnoses: positive urine cultures, genital tract infection, skin/soft tissue infection, vaginal
yeast infection, PPROM, GBS, presumed or confirmed intraamniotic infection or chorioam-
nionitis; drug names, length of treatment

Tocolytic therapy, betamethasone, antenatal corticosteroids; drug names, length of treat-
ment

Date, time, gestational age, sex, birth weight (kg)
Date

EOS diagnosis
1. If Yes: causative organism, antibiotics and dates of treatment
Days of antibiotics received during week 1 of life

Weight (kg), length (cm), LOS diagnosis (Yes/No), NEC diagnosis (Yes/No), death (Yes/No)

Enteral nutrition, type of milk or formula received, date subject reached full enteral feed-
ings

Date of discharge, culture results, diagnoses: Grade 3 or 4 IVH, ROP, CLD, days of endotra-
cheal intubation, positive blood cultures, positive respiratory cultures, positive urine
cultures, positive cerebrospinal fluid cultures

Diagnosis, drug name, total number of days administered
Total number of days prescribed
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If parents choose to refuse or withdraw consent for
infant participants following enrollment into the trial,
a limited set of demographic data, such as sex, age, and
race, will be collected via site screening logs. This infor-
mation will allow for comparison of patients who did and
did not successfully enroll in the study, permitting the
analysis of potential selection biases and the generalizabil-
ity of the final study results. Collection of information will
be determined by the individual study site’s IRB approval.

Data management {19}

The NANO trial’s primary data entry system will be a
secure online-based portal accessible via a password-
protected study website that will be maintained via the
Data Coordinating Center at the University of Pittsburgh
CRISMA Biostatistics and Data Management Core. The
portal will be used for patient randomization, electronic
data collection forms, tracking logs for sample collec-
tion and shipment, as well as storage of study-related
documents. Access will be restricted to study investiga-
tors, research staff, and committee members via unique
usernames and passwords. Clinical site coordinators and
additional trained research staff will be responsible for
ensuring that all necessary patient data is collected and
entered into the electronic data collection form. Required
patient data variables can be seen in Table 3. Clinical
coordinators will also be responsible for completing and
maintaining all mandatory source documents in each of
the participants’ research records.

Confidentiality {27}

Personal information of potential and enrolled par-
ticipants will be collected by IRB-approved study
site coordinators and investigators and input into the
secure web-based NANO portal system. Only approved
research staff will have access to participants’ personal
information.

Cryopreserved patient stool and blood samples will
be de-identified such that no patient identifier informa-
tion is accessible. A key of de-identified samples will be
maintained on a secure password-protected institutional
server at The University of Pittsburgh until the comple-
tion of the NANO trial. De-identified patient samples may
be released or studied only with express written consent
of the NANO Steering Committee. All banked specimens
will be stored indefinitely at The University of Pittsburgh.

Plans for collection, laboratory evaluation and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

One to two spontaneously expelled infant fecal samples
will be obtained weekly by nursing staff until 8 weeks of
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life or discharge from the NICU for microbiome analyses.
If infant participants remain in the NICU for longer than
8 weeks, monthly fecal samples will be collected until dis-
charge. Study site coordinators and research personnel
will store fecal samples in predesignated research areas
prior to being shipped to the CCC. If a subject is diag-
nosed with NEC or LOS, additional stool samples may
be collected. In addition to stool, one infant blood draw
will be requested within the first week of life during the
time of other clinical blood draws for genetic analyses. A
volume of 0.3 to 0.4 mL will be drawn by trained NICU
personnel who routinely perform blood draws per insti-
tution-specific protocols. Blood draws may be limited by
treating providers as indicated based on the infant’s clini-
cal status. After blood samples are collected, they will
be frozen and stored prior to shipment to the CCC for
genomic analyses.

Study sites with the ability to obtain maternal intrapar-
tum vaginal and rectal swabs for microbiome analyses by
obstetric co-investigators will be identified prior to study
site on-boarding and NANO training. If vaginal and/or
rectal swabs cannot be obtained due to lack of study site
infrastructure or research personnel availability, a post-
partum maternal fecal sample will be obtained via self-
collection. Fecal samples will be obtained within 1 week
postpartum and subsequently sent to the CCC for micro-
biome analyses following site storage protocols.

Further details involving biospecimen collection and
storage may be found in the trial’s manual of operating pro-
cedures (MOP) as listed in the supplementary materials.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The distribution of baseline variables between study
arms will be evaluated for successful randomization.
The primary analysis is an intent-to-treat (ITT) analy-
sis that includes two interim analyses at 1/3 and 2/3 of
enrollment using O’Brien-Fleming stopping rules, and
a final analysis. The primary outcome will be analyzed
using a generalized linear model (GLM) with a log link
fitted via generalized estimating equations (GEE) with
exchangeable working correlation matrix and employ-
ing robust variance estimates. This will account for non-
independence of observations due to clustering of infants
within families. The model will include treatment as a
fixed effect adjusted for site and gestational age. Our
primary hypothesis that the rate of composite adverse
events (NEC, LOS, and mortality) differ between infants
receiving empiric antibiotics compared to those receiving
placebo will be tested via the Wald test of the treatment
assignment. Effect estimates will be presented using risk
ratios (RR) with 95% confidence intervals (CI).
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In secondary analyses, we will examine each compo-
nent (NEC, LOS, death) of the composite adverse out-
come separately using the same analytic approaches as
the primary outcome.

Interim analyses {21b}

Two planned interim analyses prior to the final analy-
sis will be performed by the NANO Data Coordinat-
ing Center at The University of Pittsburgh. Analyses
will occur at 1/3 and 2/3 of expected participant enroll-
ment. The DSMB will be responsible for reviewing over-
all recruitment, safety, and data collection at each of the
interim analyses. The DSMB and a designated study stat-
istician will have access to unblinded study data to allow
for interim data analyses using O’Brien and Fleming
stopping rules defined a priori controlling for an over-
all Type I error of 0.05. As demonstrated in Table 4, the
DSMB will make their final recommendations regard-
ing the results of interim data analyses and may recom-
mend early trial termination with unanticipated safety
concerns, including an increased incidence of composite
adverse outcome in either the EA or placebo arm. They
may also recommend cessation of the trial if it is unable
to successfully recruit participants, encounters improper
data handling, or is not able to successfully implement
study protocols.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

Subgroup analyses will be conducted to better under-
stand treatment effects and to identify subgroups of
patients for whom the treatment was particularly ben-
eficial or harmful. Subgroups will be predefined to limit
selection bias. Subgroups will include: study site, pre-
term rupture of membranes, infant sex, gestational age,
delivery mode, preterm labor, maternal antenatal anti-
biotic doses, maternal socioeconomic status including
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education and insurance status, and infant diet (mater-
nal milk, donor milk, or formula).

Bacterial DNA will be extracted from maternal and
infant fecal samples and swabs, amplified, and sequenced
according to established protocols. In analyses of these
samples, we shall investigate alpha diversity (Richness
and Shannon Index), beta diversity, and the differential
abundance of individual bacterial taxa. Data from each
experimental group will be compared at each time point
during the infant’s first month of life as well as in longi-
tudinal trend analyses conducted throughout the dura-
tion of the infant’s NICU admission. Alpha diversity, beta
diversity, and abundance of taxa will be analyzed using
linear mixed-effects models, PERMANOVA (permu-
tational multivariate analysis of variance) for repeated
measurements data, and ANCOM-BC (ANalysis of
Composition Of Microbiomes with Bias Correction)
respectively.

Weight, length, and head circumference Z-scores will
be calculated for birth and weekly postnatal growth
measurements using Fenton and Olsen growth curves for
preterm infants [55]. A temporal growth curve model will
be developed for each group of babies. We will use these
growth models to compare the temporal differences in
growth curve patterns between the two groups of infants.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
We will provide reasons for any missing data and sum-
marize the proportion of patients with missing data
for each outcome and by study arm and site. Baseline
patient characteristics will be compared between those
who have complete outcome data and those that do not.
Multiple imputations using multivariate imputation by
chained equations will be used to conduct ITT analyses
in the case of missing participant data. Predictive mean

Table 4 Stopping rules based on the O'Brien-Fleming alpha spending method

Interim Decision action Z test statistic boundary value? P value
First § Stop the trial due to higher incidence of composite adverse events in EA 7> 366474 P < 0.00025
§ Stop the trial due to higher incidence of composite adverse events in placebo 7 < —3.66474 P < 0.00025
§ Continue the trial Zin [—3.66474, 3.66474] P30.00025
Second § Stop the trial due to higher incidence of composite adverse events in EA 7>250210 P<0.01235
§ Stop the trial due to higher incidence of composite adverse events in placebo 7< —2.50210 P<0.01235
§ Continue the trial Zin [—2.50210, 2.50210] P?0.01235
Final § Incidence of composite adverse events is significantly higher in EA Z>196 P < 0.05
§ Incidence of composite adverse events is significantly higher in placebo 7<—196 P <0.05
§ Incidence of composite adverse events is not significantly different between EA  Zin [—1.96, 1.96] P30.05

and placebo

@ 7 test statistic = [(incidence of NEC/LOS/death in EA) — (incidence of NEC/LOS/death in placebo)]/SE
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matching and logistic regression will be used to impute
continuous and binary outcomes, respectively. We will
assume that missing outcome data are missing-at-ran-
dom (MAR) and that they can be imputed reasonably
well from the observed study data. Imputations will be
performed based on the study arm to which the patient
was originally assigned.

Given per-protocol analyses may suffer from selec-
tion bias, we will use an instrumental variable approach
to estimate the complier average casual effect (CACE).
The CACE will measure the impact of the treatment in
the subgroup of the population that complies with the
assigned treatment. The treatment assignment will be
used as the instrument because its impact on outcome is
expected to be entirely mediated through the receipt of
the treatment.

Plans to give access to the full protocol, participant
level-data and statistical code {31c}

Trial protocol, data, and statistical code will be made
available as per the NIH Policy on Dissemination of NIH-
Funded Clinical Trial Information. Results from the trial
will be submitted less than 1 year after the trial’s primary
completion date.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The NANO trial will be led by the Clinical Coordinating
Center (CCC) and Data Coordinating Center (DCC) at
the University of Pittsburgh as well as the NANO Steer-
ing Committee. The primary decision-making body of
the study will be the NANO Steering Committee, con-
sisting of the primary investigators at the University of
Pittsburgh, Mary Sharp Birch Hospital, and Columbia
University.

The CCC will be responsible for the finalization of
the clinical protocol and manual of operations, facili-
tation of study recruitment, data collection, and the
organization and oversight of the individual clini-
cal sites. The CCC will maintain close communica-
tion with all study sites via scheduled coordinator and
co-investigator meetings. Furthermore, members of
the CCC will perform site visits as needed to ensure
adherence to the protocol and data management pro-
cedures. The CCC will also serve as the primary liai-
son to the central IRB at the University of Pittsburgh
as well as the Data and Safety Monitoring Board
(DSMB) and will complete and submit reports docu-
menting enrollment, adverse events, site performance,
and quality control as needed.

The NANO Steering Committee will be responsible
for overseeing the trial and making decisions regarding
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protocol and data management system changes, as well
as the recruitment of additional study sites. The commit-
tee will continuously monitor recruitment and work with
each clinical site to reach recruitment goals. The Steering
Committee will also serve as the Publication Committee
and will ensure that the results from the NANO trial will
be published in a manner consistent with CONSORT and
ICMJE authorship guidelines. Secondary and ancillary
studies will be evaluated and approved by the Steering
Committee on an as needed basis.

Composition of the data monitoring committee, its role
and reporting structure {21a}

The University of Pittsburgh Office of Clinical Research
will support the trial's Data Safety and Monitor-
ing Board (DSMB). The DSMB will be responsible
for reviewing the study protocol prior to initiation
of enrollment. The DSMB will also be responsible for
reporting data and safety monitoring, adverse event
data, an assessment of relevant scientific literature and
its impact on the design of the study, and a summary of
procedural reviews conducted to ensure subject privacy
to the primary study site’s IRB.

The University of Pittsburgh will be the home of the
NANO Data Coordinating Center (CRISMA BDMC)
and the central Institutional Review Board (Pitt HRPO).
The DCC will be responsible for assuring the standardi-
zation, collection, management, and quality control of
the data as well as the statistical design and analysis
of the study. The DCC will monitor the data collected
from all participating study sites and subsequently
entered into the NANO secure web-based portal.

Adverse event reporting and harms {22}

All adverse events and serious adverse events will be
recorded from the time of consent until hospital dis-
charge. Events will be solicited from parents of infant
subjects, attending physicians, and bedside nurses.
The medical record will also be reviewed for presence
of adverse events. Study sites are instructed to notify
the CCC regarding any adverse event within 48 h of its
recognition.

Adverse events that are unexpected and serious and
suggest that the interventions place subjects at greater
risk than previously recognized will be reported to the
IRB within 30 days. External adverse events are to be
reported to the respective study site’s IRB or research
monitoring committee. The CCC will also be respon-
sible for reporting any serious adverse event to the
DSMB within 24—48 h of their knowledge of the event.
After review of the SAE report, the DSMB may choose
to call an emergency meeting to review the event. All
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other adverse events are to be recorded and logged for a
cumulative quarterly adverse event report to the DSMB.
All deaths will be reviewed by the DSMB within 30 days
of the event.

Study site investigators are responsible for review-
ing participant’s medical records, laboratory values,
and radiographic data following the occurrence of
an adverse event. Pertinent information as well as
the investigators impression of the diagnosis will be
recorded in the participant’s file on the secure study
portal. The study site investigator will assess causality
between the event and the study protocol using best
clinical judgement. The DSMB will review the investi-
gator’s findings and recommend follow-up or protocol
modifications as needed.

Frequency and plans for auditing trial conduct {23}

Study site screening logs, data entry, and participant
enrollment will be continually monitored by the Clinical
Coordinating Center. The CCC will conduct individual
study site visits as needed if there is a concern that a site
is not meeting trial expectations regarding enrollment
and protocol adherence. The review process will be over-
seen by the NANO Steering Committee.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

The CCC will be responsible for disseminating infor-
mation regarding study protocol amendments to all the
study centers and responsible parties. The University of
Pittsburgh SOP will be updated as needed and disbursed
to the Steering Committee and study centers for review
following the central IRB approval of protocol changes.
The DSMB will be notified as needed as to major protocol
amendments as determined by the primary investigators.

Dissemination plans {31a}
Prior to study completion, examples of data collec-
tion forms and the study protocol will be available upon
request for other members of the scientific community.
The finalized NANO dataset will be made public with
appropriate documentation and provided to the NICHD.
The study investigators will disseminate study results and
write manuscripts including primary results as well as
other methodology and pre-planned analyses of second-
ary outcomes supported by The University of Pittsburgh
BDMC. Following the publication of the primary results
paper, an archived dataset with documentation will be
made available for additional uses by outside investiga-
tors in collaboration with the study investigators.

The Publications and Presentations policies and
procedures for the NANO trial will be developed,
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implemented, and enforced by the Publications Com-
mittee. The Publications Committee will be composed
of the NANO Steering Committee. The P&P policies and
procedures will be developed as part of the MOP and
communicated to all participating study sites. All investi-
gators will be encouraged to participate in opportunities
for presentation and publications. These policies will pro-
vide for optimizing the use of valuable data collected by
the study and provide an additional non-financial incen-
tive for participating investigators.

Discussion

We encountered several study design challenges during
the creation and initiation of the NANO trial. These chal-
lenges revolved around key aspects of the trial: identify-
ing the appropriate target population, our antenatal and
postnatal consent process, and the selection and use of
antibiotics. Decisions regarding these aspects of the trial
incorporated current literature and previous research
efforts and were based on discussions between the CCC,
Steering Committee, and participating clinical sites.

During the initial discussions for the NANO trial in
2018, the study’s target population consisted of infants
at low risk for EOS, including those born for mater-
nal indications without preterm premature rupture of
membranes (PPROM) or preterm labor (PTL). At that
time, feedback from potential study sites indicated that
these were the only infants that neonatologists would
consider managing without empiric treatment for EOS.
However, over the course of just a few years, antibiotic
practice patterns in the NICU shifted and many poten-
tial study sites reported that they no longer administered
EA on a routine basis to infants delivered prematurely for
maternal indications. This has become common practice
among neonatologists following recommendations from
the Committee on Fetus and Newborn, and similarly
it remains common practice among neonatologists to
administer EA to infants at the other end of the risk spec-
trum—infants at high risk for EOS due to the presence
of maternal intrapartum fever or intraamniotic infection
[5]. Accordingly, we developed inclusion and exclusion
criteria to define our population of interest, for whom
neonatologists are likely to retain equipoise regarding the
decision to treat or not treat empirically for EOS. Com-
mon examples of this patient population are infants born
prematurely to mothers with PPROM and/or PTL but
without evidence of intraamniotic infection as defined by
the American College of Obstetricians and Gynecologists
(ACOG) [56].

Given the unpredictable nature of preterm delivery and
short enrollment window, identification and enrollment
of mother and infant pairs will be a rate-limiting step
for execution of the NANO trial. There are advantages
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and disadvantages to antenatal and postnatal strategies
for approaching potential maternal participants. With
antenatal enrollments, it is far simpler after delivery to
administer study drug within the first 6 h of life to new-
borns that meet criteria for study participation. How-
ever, mothers presenting in preterm labor may not be
approachable prior to delivery by study coordinators
and physician investigators. With postnatal enrollments,
coordinators and investigators can know with certainty
whether mothers fit study criteria and concomitantly can
assess infant eligibility. Nevertheless, it may be difficult to
find the opportunity to review details of the trial with par-
ents in the postpartum period. It also may not be possi-
ble to obtain postnatal consent and randomize a newborn
within the first 4 h of life as detailed in the study protocol.
The CCC will assist each of the study sites in developing
consent processes that tailor to their specific neonatal and
obstetric practices. Based on site feedback, we believe that
there will be a role for both antenatal and postnatal con-
sent to allow accrual of 802 infant participants.

We sought to respect clinician and site practices and
ensure patient safety, while preserving methodologic
rigor and blinding. First, we discussed choice of EA type
and duration with sites. Issues included the use of gen-
tamicin and variable EA administration patterns. Simi-
lar to practices documented in current literature, most
institutions utilized ampicillin and gentamicin given
their known efficacy toward microbes associated with
EOS in preterm neonates [34]. After discussions regard-
ing the benefits and risks to using gentamicin versus
cephalosporins, including the risk of unblinding with
gentamicin level monitoring, sites agreed to the use of
ampicillin and gentamicin to infants who are allocated to
receive empiric antibiotics. We elected to write the study
protocol such that sites may utilize previously approved
institution-specific guidelines for antibiotic administra-
tion with the assistance of investigational pharmacists.
This flexibility in study drug administration will allow
for ease of implementation of the study protocol at the
various sites. Sites did agree to the discontinuation of
study drugs following a period of 36—48 h, given recent
observational data demonstrating the safety of discon-
tinuing empiric antibiotic therapies 36-48 h following
initial administration in those infants without positive
cultures and without clinical evidence of EOS [23, 43, 57,
58]. Both of these features allow a uniform protocol with
local customization and will preserve blinding.

Second, we crafted a “rescue antibiotics” plan to
ensure patient safety while minimizing threats to blind-
ing. Neonatologists may choose to administer “res-
cue antibiotics” if clinical conditions change and they
become uncomfortable with the possibility that a given
study subject may have been allocated to the placebo
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arm of the study. This aspect of the study protocol
will ensure the safety of infants by guaranteeing that,
regardless of initial treatment allocation, subjects will
receive ampicillin and gentamicin if desired by treat-
ing providers. Providers may also choose to discontinue
study drug and prescribe other antibiotics as indicated
if they believe the infant is not appropriately covered by
ampicillin or gentamicin. To ensure that providers con-
tinue to remain blinded to participant’s initial treatment
allocation, investigational pharmacists will assist with
the formulation and delivery of “rescue antibiotics” By
maintaining our double-blinded design and prevent-
ing investigators from knowledge of infant treatment
allocation, we hope to prevent the incorporation of
observer bias into our final analyses while also provid-
ing appropriate clinical care to participants. Following
the cessation of the 36-72-h study period, neonatolo-
gists may choose to prescribe additional antibiotic ther-
apies as they see fit.

In summary, the NICU Antibiotics and Outcomes
Trial is the first multicenter, placebo-controlled, double-
blinded, randomized controlled trial to assess whether
empiric antibiotic use in the first hours of life increases
or decreases the rate of adverse outcomes in ELBW pre-
term infants. Results of the trial may demonstrate that
EA increases the composite incidence of late-onset sep-
sis, necrotizing enterocolitis, and/or mortality. If the
incidence of the primary outcome is found to be higher
in infants who have received antibiotic therapies, then
empiric use of antibiotics in NICUs in this population
should be reconsidered. Further studies may be designed
to ascertain the long-term sequelae of early empiric anti-
biotic administration including their effect on growth,
cognitive development, and development of other child-
hood disease states.

Trial status

Protocol version 5/September 2020
Recruitment start: September 2020
Recruitment end: Spring 2024
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