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ABSTRACT

ystgnd is1iy :uado’PiN

Introduction: Child mortality due to infectious diseases remains unacceptably high in much of sub-Saharang
Africa. Children who are hospitalized represent a particularly vulnerable population, both during and following §
hospitalization. Children being discharged from hospital represent an accessible high-risk population in whlchH
targeted use of antibiotics could offer clinical benefit.
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Methods and analysis: In this randomized, double-blind, placebo-controlled trial, 1400 children aged 1 tog59§
months discharged from 2 hospitals in western Kenya, in Kisii and Homa Bay, will be randomized to either g5-g'
day course of azithromycin or placebo to determine whether a short-course of azithromycin reduces rateg of‘1>
re-hospitalization and/or death in the subsequent 6-month period. The primary analysis will be mod@ed“
intention-to-treat and will compare the rates of re-hospitalization or death in children treated with azithromygin~
or placebo using Cox proportional hazard regression. The trial will also explore mechanistic questions mclud%gp
the effect of a short course of azithromycin on enteric and nasopharyngeal infections and cause-specificTe-5

hospitalizations. We will also identify clinical and host risk determinants of post-discharge morbidity @do
mortality. The emergence of antibiotic resistance among treated individuals and in a random subset of tgelr

primary caregivers will also be assessed and cost-effectiveness analyses performed to inform policy demsmgs o

Ethics and dissemination: Study procedures were reviewed and approved by the institutional review boa@cgg
of the Kenya Medical Research Institute, the University of Washington, and the Kenyan Pharmacy and Pmsgrfsm
Board. The study is being externally monitored by Westat® and a data safety and monitoring committee Eaﬂ,sc
been assembled to monitor patient safety and evaluate the efficacy of the intervention. The results of this ’mél\.
will be published in peer-reviewed scientific journals and presented at relevant academic conferences an® e o

key stakeholders. g2
2o
S 3.
Trial registration number: NCT02414399 o
TR
Key words: child mortality, antibiotic prophylaxis, post-discharge interventions g%
29
STRENGTHS AND LIMITATIONS OF THIS STUDY a-

e Randomized, placebo-controlled, double-blinded design and intention-to-treat analysis plan will ensufe
unbiased treatment effect measure

o Comprehensive data are collected, including biological specimens for all child participants and a subget
of adult caregivers, for analyses of mechanisms of post-discharge morbidity and mortality, as well as
assessments of antibiotic resistance and cost-effectiveness

o Results will likely be generalizable due to the limited exclusion criteria, large sample size, and multip
study sites

o Causes of death and re-hospitalization may not be accurate due to limited availability of medical
records and recall bias in caregiver report

e The primary endpoint of this study is a combined outcome of re-hospitalization and death, which, wh
improving statistical power, may present challenges for interpretation
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BACKGROUND
An estimated 3.5 million deaths occur annually in children less than 5 years of age in sub-Saharanz
Africa (SSA), approximately 70% of which are due to infectious causes.[1] One-year mortality rates as high as&
15% have been documented following hospital discharge in SSA, a rate that is 8-fold higher than S|m|IarIy-
aged children in the community.[2-4] Children being discharged from hospital in SSA may represent ang
accessible high-risk population in which to target interventions to reduce mortality. 5
A single dose of azithromycin halved mortality rates in among Ethiopian children living in communlges'*
randomized to receive the antibiotic as part of a mass drug administration program.[5, 6] However, concegnSm
about the potential for the emergence of antimicrobial resistance, possible toxicity, and feasibility of deli@ryg
are barriers to community-wide distribution of antibiotics. Targeted antimicrobial interventions, including gheg'
use of cotrimoxazole among HIV-infected children and the use of amoxicillin or cefdinir among malnourlsrged‘1>
children, have been shown to reduce mortality in these specific vulnerable populations.[7-10] Children \@100
have been recently hospitalized are a high-risk population in which targeted azithromycin distribution raay\n
optimize benefit while reducing both individual and population level risks. 8
Among high-risk pediatric populations with history of recent iliness, azithromycin may treat resuﬂ;ﬂal”
disease not eliminated during inpatient therapy, may provide prophylaxis against infectious exposures during ao
time of immune vulnerability following illness, and may reduce carriage of pathogenic organisms, mclucgng
those associated with mucosal surface disruption, inflammation, and immune activation.

nd 1sny :uadQ CINE

OBJECTIVE

The primary objective of this double-blind, placebo-controlled, randomized controlled trial (RCT) i
determine whether a 5-day course of azithromycin in children age 1 to 59 months discharged from hospit
western Kenya reduces rates of re-hospitalizations and/or death in the subsequent six months. The secon
objectives are (1) to evaluate possible mechanism(s) by which azithromycin may affect morbidity and morta
by comparing reasons for re-hospitalization and prevalence of enteric and nasopharyngeal infections betw”v
the randomization arms; (2) to determine whether empiric administration of azithromycin at hospital dischatge
increases risk of antimicrobial resistance in commensal Escherichia coli (E. coli) and Streptococg}g
pneumoniae (S. pneumoniae) isolates from treated children and their primary caregiver; (3) to |derg;@
correlates and intermediate markers of post-discharge mortality and hospital readmission; (4) to determine #es
cost-effectiveness of post-discharge administration of a 5-day course of azithromycin in settings of varﬁn‘g:
antibiotic use, re-hospitalization rates, and mortality rates; and (5) to create a repository of st@ol S
nasopharyngeal, and blood specimens from highly characterized, recently discharged children to be useditoU
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address future research questions. s %
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METHODS e =z
Reporting of this study protocol has been verified in accordance with the SPIRIT (Standard Protcﬁzolé.

Items for Randomized Trials) recommendations. w %
3 =2

Eligibility 2 S

Children age 1 to 59 months old weighing at least 2 kg and have been hospitalized and subsequeﬁtlyc
discharged and who are willing to participate will be eligible for inclusion. Children will be excludedglf ®
azithromycin is contraindicated (children taking or prescribed other macrolide antibiotics, such as erythromg:m'-‘
or clarithromycin, or the protease inhibitor, lopinavir); they were admitted to hospital for a trauma, injury, & ao
birth defect; they do not plan to remain in the study site catchment area for at least 6 months; the Iegalg}1
guardian does not provide consent; or if a sibling was enrolled in the Toto Bora Trial on the same day of
discharge. Caregivers of potentially eligible children must be at least 18 years of age or classified as an%
emancipated minor and be willing to participate in the Adult Contact Cohort if randomly selected.

Recruitment

Children will be recruited from the inpatient wards of Kisii Teaching & Referral and Homa Bay County3
Hospitals where study staff will accompany hospital staff on ward rounds to identify children being dischargeds
each day. All discharged children, as determined by the onsite hospital clinicians, will be screened by study=.
staff during working hours. If the caregiver is interested in participating and indicates consent for screening, the§
study staff will screen the child for eligibility, and if eligible, will obtain informed consent for study participation. 2

1q1g 8ou

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

<
BMJ Open Page 4—0f18

Pavlinac et al_AZM to prevent post-discharge morbidity and mortality BMJ Open_17Aug2017

sJly :uado

Informed consent includes an explanation of the potential risks and benefits of the study and addltlonal”
provision for use of participant data and samples for future studies, and will be conducted in the language ofi
the respondent’s choosing (English, Kiswahili, Kisii, or Luo). The parent or guardian (primary caregiver) musta
sign written informed consent (or provide a witnessed thumbprint if not literate) prior to enroliment.

Enrollment

Children will be enrolled at the time of discharge by the clinical staff. At enroliment, primary careglvgrs'*
will be interviewed to assess demographic information, medical history, and detailed contact information for Qweo»
child. Medical records will also be used to abstract information from the hospitalization (including presen@g%
diagnosis, medical management, length of stay, procedures performed, relevant medical history, physgalo
examination, and laboratory data). All enrolled participants will undergo a physical examination performedoby:,
the study clinician, including measurement of height/length, weight, and mid-upper arm circumference (MUA@)), ]
each of which will be measured three times. The height, weight, and MUAC of the caregiver will alsoge
collected. HIV status will be obtained from medical records or from performed testing if records are %otg
available. Detailed home location and contact information will be collected to enable patient tracing.

‘0T Se pay
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Specimen collection

Specimens will be collected at enroliment (prior to study medication administration, as well as at 3 and
6-month follow-up visits). All children will also be asked to provide a whole stool for enteric pathogenm
identification and storage. Stool samples/swabs will be divided within one hour of collection for the follow§g 3
purposes: 1) placed in Cary-Blair for eventual bacterial culture (FecalSwab Cary-Blair Collection and3
Transport Systemt™, Copan Diagnostics), 2) immediately tested for Giardia and Cryptosporidium using :)
immunoassay (Quik Chek™, Alere) and 3) placed in -80°C storage for future molecular determinatio
pathogen or commensal flora and markers of gut function (whole stool for these purposes will be divided
two separate vials). If a child cannot produce whole stool, two flocked rectal swabs (Pedatric FLOQswa
Copan Diagnostics) will be collected and one placed in Cary-Blair and the other stored in -80°C for fu
analyses.

One flocked swab (Nylon Flocked Dry Swabs, Copan Diagnostics) nasopharyngeal swab will also
collected from all enrolled children at each time point, immediately placed in skim milk, tryptone, glucose,
glycerine (STGG) media, and frozen (-80°C) within 1 hour of collection for future S. pneumoniae culture. &
12] Primary caregivers in the Contact Cohort will also be asked to provide a stool sample (or 2 rectal swad
and nasopharyngeal sample at each visit for testing and storage as described above. >

Venous blood (up to 1 teaspoon [5mL]) will be collected from all enrolled children and caregl\@rs3
enrolled in the Contact Cohort at each at each time point into EDTA tube and separated for the foIIowangg
purposes: 1) 0.5mL for immediate HIV-testing (if indicated according to Kenyan Ministry of Health guidelings), 2
2) 0.4mL for a thin malaria smear which will be stored at room temperature, 3) 0.4mL for a dried blood spot3,
whole blood -80°C storage and eventual sickle cell testing and 4) 2-4mL for plasma and buffy coat isolaffon3
and -80°C storage. 3
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Randomization

Block randomization (1:1) in random sized blocks of no more than 10, stratified by site, will be ussed 3
Primary randomization will include allocation to the Contact Cohorts at a ratio of 1:5 (resulting in 150 perp:
treatment arm). Each subject will be assigned a Patient Identification Number (PID), and the randomlzamng
code linking each PID to the allocated treatment will be maintained by the University of Washington ReseavchN
Pharmacy. Study participants, investigators, the study staff, hospital clinicians, and persons involved in data®
management or analysis will remain blinded to the allocation group during all data collection phases of the&
study.

qig aous

Intervention

Caregivers of enrolled children will be provided a 5-day course of oral suspension formulations
azithromycin (Zithromax® from Pfizer, 10 mg/kg on day 1, followed by 5mg/kg/day on days 2-5) or identicallyﬁ
appearing and tasting placebo at discharge. Dosing ranges were determined such that a given child wouldS
never be under-dosed and not over-dosed by more than 20% that the weight-specific intended dose (Table 1).2
The day 1 dose will be split in half and the first half administered first by study clinician (to be observed by the

|dp?
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caregiver) followed by the second half administered by the caregiver Table 1. Azithrom Cg‘ d°1s':9 chart By C*;"é‘g’e'gh&
under careful observation of the study staff. Caregivers will be | Weight (kg) ay ? dose | Day 2-5 dose g

o
provided with visual instructions in the language of their choosing 20 o(;;L)z (Omzl;)) ;
(English, Kiswahili, Luo, Kisii). - LOX : g

Automated daily text message reminders will be sent for the 2.1-24 0.30x2 030 &
four days following discharge and caregivers asked to respond with 2.5-2.8 0.35x2 0.35 =
whether or not the child took the daily dose. The response text 2.9-3.2 0.40 040-;3 s

. . . . .9-3. A40x2 405 o

message will be free of charge to caregivers and caregivers will be a—o
reimbursed for each response at the final study visit. Caregivers are 3.3-3.6 045x2 0455 g
also asked to record each administered dose on the bottle and to 3.7-4.0 0.50 x 2 050 &
return bottles at the 3 month follow-up visit. 4.1-4.8 0.60 x 2 063 3
< @

Follow-up Procedures 4.9-5.6 0.70x2 07 E—':J

All enrolled children and primary caregivers will be 5.7-6.8 0.85x 2 0.85= Ez
scheduled to return to the health facility at 3 and 6 months following 6.9-8.0 1.0x2 103 4§
enrollment to collect clinical information and samples. 8.1-9.6 12x2 12 c ;
Anthropometric measurements will be obtained from all children and — ' 2
caregivers at both follow up visits (height/length, weight, MUAC) 9.7-11.2 1.4x2 42 8
and caregivers will be asked about any hospitalizations occurring 11.3-13.6 1.6x2 16 c g
since the last time the child was seen by study staff. A flowchart of 13.7-16.0 2.0x2 2.0 83 3
follow-up and sample collection is shown in Figure 5. Caregivers will T
be provided with 400KSH (approximately $4USD) to cover the cost 16.1-19.2 24x2 2.4 2om
of their round-trip transportation. 19.3-23.2 29x2 29 a3q

Transportation cost will be reimbursed at each follow-up 23.3-25.0 32x2 325720
visit. If the participant does not return at their scheduled time, study L
staff will attempt to make contact with the primary caregiver via cell phone; if no telephone number is prowdg@,

or if the participant cannot be reached, study staff will trace the child to the household within 2 weeks of
scheduled follow-up time.

During scheduled follow-up visits, study staff will use a standardized questionnaire to ascertain his
of recent illness/morbidity, post-discharge medication use including antibiotic treatment, and current condl
of the child (any hospitalizations, admission and discharge date of any hospitalization, alive or dead, daté ofu
death if applicable). If caregivers report a hospitalization, causes of admission, medication administration, ﬁ]dc
length of stay will be ascertained from both caregivers and medical records, when available. 5

Caregivers will be encouraged, at enroliment and at each subsequent contact, to bring the child to @e"
study health facility at any time the child is sick. Study staff will triage children to the appropriate health facfity =
staff and will conduct a brief unscheduled visit questionnaire to ascertain adverse event information. If %e__
unscheduled visit leads to a hospitalization, this will trigger the completion of a hospital admission form. o 9

If at any point during follow-up a child dies, a verbal autopsy using the shortened Population Heélth3
Metrics Research Consortium questionnaire will be performed[13] If the death occurred in a hospital, data fr%m:
the hospital records, including cause of death, if available, will be abstracted. If a death certificate is avallaﬁle c
cause(s) and timing of death will be abstracted. : 3

Final causes of re-hospitalization and death will be determined after data collection is complete byaanH
independent adjudication committee comprised of clinicians specializing in pediatrics and infectious dlsease S
Sources of cause of re-hospitalization (medical records and caregiver report) and causes of death (causes‘J1
automatically assigned from the verbal autopsy using SmartVA-Analyze [Tariff 2.0 Method][14], hospitalJ
records, or death certificates) will be presented to the adjudication committee for final cause assignment.

ele
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Laboratory procedures and specimen collection and storage

Stool (rectal swabs), nasopharyngeal swabs and blood will be collected as described above andz
undergo either immediate or future laboratory testing as described in Table 2. All biological samples will be@
collected by staff trained in biosafety and Good Clinical Laboratory Practice (GCLP). Samples will beg
processed in Kenya when technology is available at one of the following laboratories: Kenya Medical Research =
Institute (KEMRI) (Wellcome Trust or Centre for Microbiology Research [CMR]) or at the University of Nairobig
(Microbiology Department). Metagenomic analyses and/or analyses that require technology not available ing
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2 Kenya will be performed at the University of Washington. If stool culture results report Shigella or Salmonellag
3 infection, the study staff will contact the child’s caregiver and encourage the caregiver to bring the child backC
;‘ for an evaluation and treatment if the child is symptomatic. )
[¢°]
o
6 Table 2. Sample processing description. o
7 Specimen Purpose Tests Performed B
8 Collected I -
9 Stool/  flocked | Bacterial ID and Fresh samples/rectal swabs will be cultured to identify Shigella, Salmonella, Campylobac@r, &
10 rectal swabs storage for AST and Escherichia coli usmg standard microbiologic methods and biochemically confirmed g
11 using bioMérieux’s API® strips. All Shigella, Salmonella, and Campylobacter isolates, as wWgll 3
12 as a random subset of E.coli isolates will undergo antimicrobial resistance testing using disc S
13 diffusion for the following antibiotics: amoxicillin-clavulanic acid (augmentin), ampicilijp, @
azithromycin, chloramphenicol, ciprofloxacin, ceftriaxone, ceftazidime, cefoxitin, gentami@ o
14 imipenem, trimethoprim-sulfamethoxazole, ceftazidime/clavulanate (ESBE), 8
15 cefotaxime/clavulanate (ESBL). Categorizations of susceptible, intermediate, and resistéht CT;
16 will be determined using zone-size cut-offs outlined in CLSI interpretive standards (M100-S24
17 2014). 3 7
18 Parasite detection | Fresh stool and rectal swabs will be tested for G/ard/a and Cryptosporidium using e g
19 immunoassay Giardia/ Cryptosporidium QUIK CHEK™ g'-_::
20 Storage Stool/ flocked swabs and colonies of E.coli, Sh/gella spp., Salmonella spp., aAd 3
Campylobacter spp. will be stored at -80°C. S o
21 Nasopharyngeal | Bacterial isolation, | Streptococcus pneumoniae (S. pneumoniae) colonies will be isolated using standafd 3
22 Swabs storage, and microbiologic or molecular diagnostic protocols and susceptibility testing performed usin d-:n%
23 resistance testing | standard microbiologic or molecular techniques. A random subset of S. pneumoniae isolafgsf-.f g
24 will undergo antimicrobial resistance testing using disc diffusion for the following antibiotigsS
25 amoxicillin-clavulanic  acid (Augmentin), ampicillin, azithromycin, chloramphenlqﬁlg =
2% ciprofloxacin, ceftriaxone, ceftazidime, cefoxitin, gentamicin, imipenem, and trlmethoprlﬁnm ~
sulfamethoxazole. Categorizations of susceptible, intermediate, and resistant will ﬁsa g
27 determined using zone-size cut-offs outlined in CLS| interpretive standards M100-S24 20142 £ =
28 Storage Back-up sample and S.pneumoniae colonies will be will be stored at -80°C. 02 %
29 Blood HIV and malaria HIV testing will be performed per Kenyan National Guidelines and malaria microscopy 3;—,;- g
30 testing performed using standard methods. oS o
31 Storage Plasma and buffy coat will be stored at -80°C. Dried blood spots will be stored at room B>
32 temperature. EE
33 =2z
34 Data Management and Confidentiality Q-5
35 Personal information about the participants, including medical records and data ascertained berE

36  caregiver interview, will be securely stored in files in the study offices at the study sites. Only pre- de&gn@ed—
37  study staff will have access to the files. Data will be entered into an electronic database (Dacima® Electrc:'hlctj
38 Data Capture) regularly by study staff. Access to the electronic database will be secured using passW@rd
39  protected accounts for study staff. Data reports of screening, enroliment, and exclusion totals will ‘_-‘be3
40  disseminated to the study team on a weekly basis; reports including baseline demographic characterlstws
41 laboratory results, adherence data, and serious adverse event summaries will be distributed to study @o-

42 investigators and data monitors quarterly. Data will be regularly queried to facilitate ongoing data cleaning. 2 S
43 g g
44 Data Analysis % >
45 s =
46 Primary endpoints: Q g

47 The primary study endpoint is a combined outcome of mortality and hospital readmission, as re- hospltallzaﬁon
48 is highly associated with risk of subsequent poor outcome. Re-hospitalizations that are a continuation of’D

49 management from the previous hospitalization (such as elective blood transfusion) or that occur durlng%
g? enroliment procedures, due to a clinical deterioration post-discharge, will be excluded from the analysis. Loss3
52 to follow-up will be defined as non-attendance at both follow-up visits despite up to one month of active tracing ® m
53 and no clear evidence of death. =
54 . . “-cé
55 Secondary endpoints include: 8
56 1. Cause-specific re-hospitalizations assessed by questionnaire (maternal recall of diagnosis) at day 90 and3
57 day 180 follow-up visits and medical record review (discharge diagnosis). In cases when both sources ares
58 o
59 -
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available, information from the medical record will be considered superior. Separate analyses will be
performed for each diagnosis: diarrhea, acute respiratory infection, malnutrition, or malaria.

2. Enteric pathogen carriage, operationalized as presence of a bacterial pathogen-Shigella species (spp.),2
Campylobacter spp., or Salmonella spp., or parasite- Giardia or Cryptosporidium in stool or rectal swabs
assessed at day 90 and day 180 follow-up visits.

3. Streptococcus pneumoniae (S. pneumoniae) isolated from nasopharyngeal swab cultures at 90 and 180-
day follow-up visits. -0-9

4. Antimicrobial resistance, specifically resistance to azithromycin, ampicillin, augmentin, trimethoprim-
sulfamethoxazole, in E.coli and S. pneumoniae isolates, and presence of ESBL in E.coli isolates, from Qay
90 and day 180 samples.
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To compare rates of re-hospitalization and mortality in the 6 months following hospital discharge am§nqo
Kenyan children receiving 5-day azithromycin vs. placebo. Primary analyses will be modified intent-to-tat ™
(mITT) based on randomization allocation to the 5-day course of azithromycin versus placebo. Cumula%ep
incidence of death or first re-hospitalization will be compared between treatment groups using Cox proporth'glal'*
hazards regression. Participants will be censored at the date of their first re-hospitalization, or at the datgofD
death. Median time to hospitalization-free survival will be compared between randomization groups u%ng,\,
Kaplan-Meier (K-M) survival analysis and associated log-rank test. If the baseline assessment—hofg
randomization reveals an imbalance in characteristics between the treatment groups, we will evaluate these 3
variables as potential confounders in a sub-analysis secondary to the mITT. Potential baseline confounders yvﬂ]g
be added stepwise in a multivariable Cox model and maintained in the model if adjustment changes the hazg@m
ratio by more than 10%. In per protocol analyses also secondary to the mITT, we will compare treatnﬁlgto
effects in groups defined by self-reported adherence to the 5-day course of azithromycin (5 doses vs. 45\1
doses; 23 doses vs. <3 doses; >1 dose vs. 1 dose only). In addition, we will conduct Cox regression and KM 9
survival analyses for time to mortality and time to re-hospitalization as separate endpoints to underst%f@s
intervention effects on these outcomes individually. The assumption of proportional hazards will be checke@ﬁla
all models using graphical methods including plotting a In(-In(S(t))) plot for each treatment group and assessi'@m
the parallelism of the two lines and by plotting Schoenfeld residuals over time. If there is substantial mls%vgq
covariate data, multiple imputation using the Markov chain Monte Carlo (MCMC) method will be used to mpgﬂﬁ3
covariate information. Missing outcome data (death or re-hospitalization) will not be imputed, but part|0|pa?ms
will be censored at the last follow-up visit therefore contributing some person-time to the analysis. :

To evaluate possible mechanism(s) by which azithromycin may affect morbidity and mortalltv,vacr
comparing reasons for re-hospitalization and change in prevalence of pathogen carriage between Ei‘he§
randomization arms. To evaluate the association between azithromycin and the rates of cause-specific ge-
hospitalizations (hospitalization due to diarrhea, acute respiratory infection, malnutrition, or malaria) we will @se .
Anderson-Gill proportional hazards modeling with previous re-hospitalizations included as time- depeno%&nt_
covariates in the model to capture the dependent structure of recurrence times. Because we will not haveo
granularity in the time points other than 90-days and 6-months for assessment of pathogen carriage, we §V|II\
compare the prevalence of a bacterial and parasitic pathogens (Shigella, Salmonella, Campylobac%’er 5
Cryptosporidium, Giardia) at 90-days and 6 months by randomization arm using generalized estlmaﬂhgc
equations (GEE) with a Poisson link, exchangeable correlation structure, and will adjust for baseline preselz-oc:erD
of a bacterial pathogen. To determine whether an observed association between the intervention and pathog
carriage wanes over time, we will test the hypothesis that the prevalence ratios comparing carrlagaslno
intervention arms are the same at the two follow-up time points using a chi-squared test.

To determine whether empiric administration of azithromycin at hospital discharge increases risk ofJ
antimicrobial resistance in commensal E. coli and pneumococcal isolates from treated children and theirg
household contacts. Among children and adult household contacts in whom commensal E. coli and/or S.§
pneumoniae are isolated, we will compare the proportion of isolates resistant to azithromycin, ampicillin, m
augmentin, and trimethoprim-sulfamethoxazole, between randomization arms and Contact Cohorts for eachCr
arm, at 90-days and 6 months using GEE with a Poisson link and exchangeable correlation structure. A Chl-tQ
squared test will be used to determine whether the association between intervention arm and antlmlcroblalu
resistance wanes over time. Because the likelihood of having a bacterial pathogen isolated may depend ong
baseline factors, including intervention arm, we will conduct secondary analyses utilizing propensity scores toz
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account for the potential differential likelihood of having antimicrobial susceptibility testing performed, which will
allow us to make inference to the entire study population and their contacts.

To identify correlates and intermediate markers of post-discharge mortality and hospital-readmission®
among _hospitalized children. Enrollment hospital admission diagnosis, indicators of malnutrition, age, HIV-
exposure and HIV-infection status, sickle cell anemia, and randomization arm will be assessed in ag
multivariable Cox regression model to identify correlates of the primary endpoint of death and/or hospital-5
readmission independent of the treatment effect. In addition, Cox regression models will also be builtgori*
correlates of mortality and correlates of re-admission individually to understand distinct cofactors for eachgo
these outcomes. T

To determine the cost-effectiveness of post-discharge administration of a 5-day course of az:thromv:p/n
in settings of varying antibiotic use, re-hospitalization rates, and mortality rates. Costs analysis: We will assgss:
the costs of all supplies, services and equipment necessary to implement the intervention (direct medE:aIN
costs). The perspective will be that of the healthcare provider, i.e. Kenya’s Ministry of Health. Using WEIO %
guidelines and its ingredients approach, we will quantify the resources and associated unit costs required?tog
deliver a 5-day course of azithromycin, organized in standard expenditure categories: personnel (salariéé),':,
supplies including drugs, equipment, services, space and overhead. We will also measure the costs of sevgreo
child hospitalizations, the costs for the different types of personnel employed (e.g. nurses/doctors) and the tgne
demanded from them for conducting the intervention.[15] When data are missing, they will be complemenged‘C>
by data extracted from the literature and other available sources. Full incremental costs will be derived, \Aﬂthﬂ>
estimation of the potential healthcare cost-offset realized in avoiding severe hospitalizations. Costs wﬂl%eg
measured in local currency (Kenyan Shilling) and converted into US$. Our main metric will be cost per c[glgim
treated. Cost-effectiveness analysis (CEA): we will develop a CEA mathematical model, and estima@n
incremental costs and cost-effectiveness for implementation of the intervention. The model will include ﬁn@fﬁ
components: costs (described immediately above) and health benefits. The study will provide clinical outcorfies 9
(mortality/morbidity) over a 6-month follow-up period. Subsequently, deaths averted, life-years saved %‘f@é
disability-adjusted life years (DALYs) averted by the intervention will be estimated. We will estimate 9’5)8
incremental costs and b) incremental cost-effectiveness of the intervention vs. status quo. Incremental c@@‘l
are the net sum of the costs to implement the intervention compared with status quo, and the costs averfed =
due to the decrease in severe child hospitalizations. Incremental cost-effectiveness ratios (ICERSs) wﬂl;bgo
estimated as cost per death averted, cost per life-year saved, and cost per DALY averted. We will use recgdt =
estimates of disability weights for estimation of DALYs.[16, 17] Short-term (over study follow-up i.e. 6 mont*hs)v
and longer-term time horizons (extrapolated to 1, 5, and 10 years) will be used. DALYs and costs W|Ill’becr
discounted at 3% per year, consistent with CEA guidelines (undiscounted results will also be presente‘,d)
Sources of uncertainty in the results will be explored in univariate and probabilistic sensitivity analysis. [18, §9]tj
Finally, we will compare our findings to CEA estimates for other health interventions in sub-Saharan Africa. EZO,
21]
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Data and Safety Monitoring

A Data Safety and Monitoring Committee (DSMC) was established at study initiation to monitor severe
adverse events (SAEs) and to evaluate the statistical analysis plan and associated stopping rules. The DS;S;"IC‘*
includes expertise in clinical trials, statistics, child mortality assessment, ethics, and pediatric care in resoufce @
limited settings. Adverse events will be monitored by the DSMC. Monthly adverse event summaries will be sgnti=
to the DSMC safety officer and individual-child SAE forms, which include detailed medication hlstorycto'\’
evaluate possible drug interactions, will be sent to the safety officer per request. Each SAE will be assigned ‘f‘hem
plausibility of relatedness to study drug by study Pls. The data will not be presented by intervention group-
unless requested by DSMB safety officer. These reports will be descriptive (no statistical analyses). The DSMC@
will make recommendations regarding any imbalances in safety outcomes.

A single interim analysis for re-hospitalization-free survival will be prepared by the study statlst|0|anUJ
using O’Brien-Fleming boundaries for benefit and harm when 50% of expected person time (350 child-years)S
has been accrued. Assuming 157 events will be available at half of the person-time accrual, a z-score criticalS
value of 2.797, or p-value < 0.005, from a Kaplan Meier log-rank test will determine the cut-off of statisticals
significance. A symmetric boundary will be used for benefit and harm. The DSMC will review this analysis andg
make a determination about study continuation. Futility will not be a basis for stopping rules because of theg
trials’ value in understanding mechanisms of post-discharge worsening and antibiotic resistance. Assuming the 2
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DSMC decides to continue the trial after the interim analysis, an alpha of 0.045 will be used as the statistical
significance boundary at the final analysis.

Statistical Power

To compare rates of re-hospitalization and mortality in the 6 months following hospital discharge among
Kenyan children receiving 5-day azithromycin vs. placebo. The total sample size required was calculated for
the primary endpoint of time to death or hospital re-admission within the 6 month post-discharge peri8d, i~
assuming an alpha level of 0.05, power of 0.80, and a ratio of treatment to placebo random assignment of %1
In SSA, it is estimated that 2-15% of children aged less than 5 years died within 6 months of hospital dlschazgeU
and 15.5% of children who survived discharge from the district hospital were re-admitted with the sameo
diagnosis within 6-months[2, 4, 22] Assuming that an additional 5-10% of children are re-admitted for oiﬁerm
conditions, we expect that re-hospitalizations will occur in 20.5 to 30.5% of children enrolled in the stu%ly )
Combined with our expected fatality rate (2-  Finiiva 4 Dawinr and Antantahin hnoard rtine Aivian a ranan Af madaling g
15%), we expect the cumulative incidence
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of the combined endpoint to range from 22.5 =3 §
to 45.5%.[22] Based on a previous ftrial of o c S
mass drug administration of a single dose of 5 2
azithromycin in which a single dose of the n%_ch ‘?; g
antibiotic was associated with a 49% 3 -2
reduction in risk of death, we calculated ‘gv, L
sample sizes using estimates of reduction in @ Cumulative '”Cidenceﬁ% g&_g
risk ranging from 30-50% with the cumulative o 2; 14% g‘% g
incidence range of 22.5 to 45.5%, and found 8/ 179% 8(5; =
the sample size required ranged from 90 to o | LS
550 children per treatment arm.[5] Using the 0 2 4 6 8 1802
most conservative estimates of a hazard ratio Hazard Ratio 2% 5
of 0.70 and 22.5% prevalence of re-admission Z@%
arm) to achieve adequate power. We will recrui 252
to follow-up, resulting in a total planned enrc ;53
considering mortality alone, and estimated mc g@i
Q- g

hazard ratios <0.5 for mortality rates of =2 8% an Q
To evaluate possible mechanism(s) b) >)
comparing reasons for re-hospitalization and prevalence of pathogen carriage between the random/za&bn3
arms. We calculated the minimum detectable association between treatment arm and cause-specific 3 ;re-ts
hospitalizations (hospitalization due to diarrhea, acute respiratory infection, malnutrition, or malaria vs. any
other) among enrolled children, assuming an alpha level of 0.05, power of 0.80, and a ratio of treatmengtoa
placebo of 1:1. Based on data from Kenya, re-hospitalization rates due to specific causes ranged frgm3g
approximately 0.5% to 5.7% in the 6 month post-discharge period.[4] By not conditioning on the child having 3
the same diagnosis as the initial hospitalization, we expect the cumulative incidence of cause-specific ¥e-S
hospitalizations to range from 2.5% to 10%. With this range of outcome rates, we will be able to detect haz@'rd‘*
ratios of 0.48 to 0.70 for the effect of azithromycin on specific severe morbidities. >
We expect 56% of children in the placebo group to have S. pneumoniae isolated from nasopharyn@al
swabs, providing 280% power to detect a prevalence ratio of 0.85 (or 1.15) between the two treatment arm§- atN
each time point.[23-25] Based on prevalences of Shigella, Salmonella, Campylobacter, Cryptosporiditm, &
Giardia among asymptomatic children in Western Kenya, we expect 10% of children in the placebo group to®
have a bacterial pathogen isolated at each time point, resulting in 280% power to detect differences in enterica
pathogen prevalences of 0.67 (1.49) at each time point.[26] 3
To determine whether empiric administration of azithromycin at hospital discharge increases risk of
antimicrobial resistance in_commensal E. coli and pneumococcal isolates from treated children and thelrg
household contacts. We will select a random selection of 400 E. coli and 400 S. pneumoniae isolates (200 perg
arm) for B-lactam and macrolide resistance testing at each timepoint. We will also store all S. pneumoniae, E.£
coli isolates and other isolated bacteria from stool for potential future testing in the event that resistance =
prevalence is lower than expected. As shown in Table 3, we will have > 80% power to detect prevalence ratios§

a//

Q.
@

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

<
BMJ Open Page 10—0f 18

Pavlinac et al_AZM to prevent post-discharge morbidity and mortality BMJ Open_17Aug2017

> 1.1, with an ability to detect the smallest effect sizes Table 3. Power (%) to detect prevalence ratios of macrolide
when the prevalence of resistance in the placebo group and B-lactamase resistance in 200 E.coli and 200 S.

is highest. pneumoniae isolates per treatment group

. . i 0, i
We will enroll 300 adults in the Contact Cohort for E. Resistance prevgar'ﬁ::e(/") in placebo
coli and S. pneumoniae isolation. We expect E.coli t0 |Resistance

be isolated from all adults and S.pnuemoniae isolated | Prevalence 40
from between 5-55%.[23, 27, 28] Assuming an alpha of | (%)
.05, a 1:1 ratio of testable isolates, and a prevalence of
resistance of 50% in the placebo arm, we will have 80%
power to detect a 1.4-fold higher prevalence to 1.9-fold
higher resistance prevalence in the contacts of
azithromycin-treated children.

To identify correlates and intermediate markers
of post-discharge mortality and hospital-readmission
amongq hospitalized Kenyan children. Conservatively estimating a 20% loss-to-follow-up rate in the RCT ang ay
cumulative incidence of death or re-hospitalization of 22.5%, we will have >80% power to detect hazard rag_oso
21.3 between correlates and the outcome with exposure prevalences of 220% or more and hazard ratios 23. 53
for exposure prevalences <20%.

LT6T0-LT0Z-uadolwa/9eTT 0T Se peusuqnd 1s4yy ruado

Study timeline

The trial began on June 28, 2016 and participant recruitment and follow-up will continue over a
month period, with anticipated final follow-up visit(s) occurring in June 2019. Primary analyses will be comp
by February 2020.
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Potential Challenges and Limitations

In order to ensure adequate power to detect a discernable clinically relevant difference between st
groups in the primary outcome, we have combined hospital readmission with death. Preliminary studh
suggest that sufficient numbers of children will reach this combined outcome. However, we have incorpor.
an interim analysis by the DSMB to review the accrued data and an adapted sample size could be consid
if the combined event frequency is less than predicted. It is possible that since most children receive antibio Q}QB
during hospitalization, the benefit anticipated with the use of azithromycin based on previous trials of m@ss—~
drug administration will not be observed. However, most hospitalized children are treated with penicilligs, <
cephalosporins, gentamicin, or cotrimoxazole while in hospital and the broad spectrum of activity (mcludmga
malaria prevention) and long half-life of azithromycin suggest that there may be additive treatment an&‘onc
prophylactic benefit. Interim analysis will allow us to determine whether children receiving specific ag@ts:
during inpatient treatment are less likely to benefit and will allow us to adapt our study design, sample S|zegor3
approach if necessary. After discharge, it is difficult to ensure adherence with the full 5-day treatment course. 5
We will measure adherence using three different measures (text message responses, bottle check boxes, @da
caregiver-report at follow-up visits). In addition, the mortality benefit of azithromycin observed in Ethiopia was2
from a single dose and in this study the first dose will be directly observed.[5] While relying on caregiver repgprtu
of mortality and morbidity may lead to bias due to outcome misclassification, this misclassification should ﬁot:’
differ between randomization arms and therefore will be non-differential. Further hospital records will be uSZed'-‘
when available to determine diagnoses. Finally, resistance prevalence may be lower than predicted, |Imlﬁ'\gm
power to detect clinically relevant differences in resistance prevalence between the intervention arms. We tvwllN
store all isolates in the event that a greater number of isolates are needed for antimicrobial resistance testing.
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Regulatory Authorities
This study has received IRB approval by the University of Washington Human Subjects Division (HSD), KEMRI ®
Scientific and Ethics Review Unit (SERU), and the Kenya Pharmacy and Poisons Board. The clinical trial isz
also registered with clinicaltrials.gov (NCT02414399). Any modifications to the study protocol or consento
materials will be submitted for approval all regulatory authorities before implementation. Westat® will prowdem
external clinical, pharmacy, and laboratory monitoring.

Dissemination
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Results of this study will be disseminated by publication in a peer-reviewed scientific journal, presented at
relevant academic conferences, and amongst participating partners and health facilities in Kenya.
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STANDARD PrROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TR|A§S
% m
32
Sa
SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents* %g
-2
Section/item Item Description %5; Addressed on
No 25 page number
52
[eRry
c
Administrative information §,§
QD
o8}
Title 1 Descriptive title identifying the study design, population, interventions, and, fa_gpml able, trial acronym

Trial registration

Protocol version
Funding

Roles and
responsibilities

2a
2b

5a
5b
5c

5d

ul

Trial identifier and registry name. If not yet registered, name of intended regis

All items from the World Health Organization Trial Registration Data Set

Date and version identifier

Sources and types of financial, material, and other support

Names, affiliations, and roles of protocol contributors
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Name and contact information for the trial sponsor
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Role of study sponsor and funders, if any, in study design; collection, managemerg analysis, and
interpretation of data; writing of the report; and the decision to submit the repoﬂ foB%publlcatlon including
whether they will have ultimate authority over any of these activities

abvy 1e

Composition, roles, and responsibilities of the coordinating centre, steering commi:ttee endpoint
adjudication committee, data management team, and other individuals or groups m/erseelng the trial, if
applicable (see Item 21a for data monitoring committee)
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5 Introduction g o
>
431 Background and 6a Description of research question and justification for undertaking the trial, mclﬁi:hn%summary of relevant
5 rationale studies (published and unpublished) examining benefits and harms for each infen&ntion
w MO
6 ® >3
7 6b Explanation for choice of comparators g 25
—_—Q =
SN
S Objectives 7 Specific objectives or hypotheses g3R”
- D -
o>
1(1) Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, iaétgrlal single group),
12 allocation ratio, and framework (eg, superiority, equivalence, noninferiority, e exp gr@-tory)
s “af
1;’ Methods: Participants, interventions, and outcomes g’g%
3
2m3
1? Study setting 9 Description of study settings (eg, community clinic, academic hospital) and lisEs¢ountries where data will
18 be collected. Reference to where list of study sites can be obtained 5;' d
19 = c
50  Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria g)r gudy centres and
©
21 individuals who will perform the interventions (eg, surgeons, psychotheraplstsg o
22 o)
23 Interventions 11a  Interventions for each group with sufficient detail to allow replication, mcludmg%o»ﬁ and when they will be
24 administered ‘g =
25 = =
26 11b  Criteria for discontinuing or modifying allocated interventions for a given trial p%rt@pant (eg, drug dose
;; change in response to harms, participant request, or improving/worsening dlséase3
|_\
;g 11c Strategies to improve adherence to intervention protocols, and any proceduregfoq\)monltorlng adherence
31 (eg, drug tablet return, laboratory tests) 1] B
Q
gg 11d Relevant concomitant care and interventions that are permitted or prohibited durirlg the trial
[¢]
g;’ Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement vari%ble (eg, systolic blood
36 pressure), analysis metric (eg, change from baseline, final value, time to event), r@thod of aggregation (eg,
37 median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen
gg efficacy and harm outcomes is strongly recommended )
=
40 Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), %sessments and visits for
j; participants. A schematic diagram is highly recommended (see Figure) 2
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Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 16a
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Allocation 16b
concealment
mechanism

Implementation 16¢

Blinding (masking) 17a

17b

Methods: Data collection, management, and analysis

Data collection 18a
methods

18b
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Estimated number of participants needed to achieve study objectives and howait

clinical and statistical assumptions supporting any sample size calculations

s determined, including

Strategies for achieving adequate participant enrolment to reach target samplesi
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Method of generating the allocation sequence (eg, computer-generated randofp’gngmbers) and list of any
factors for stratification. To reduce predictability of a random sequence, detall%ﬁr any planned restriction
(eg, blocking) should be provided in a separate document that is unavailable t&g@se who enrol participants
or assign interventions S

g wouy

%lw ele
3av)

Mechanism of implementing the allocation sequence (eg, central telephone; s
opaque, sealed envelopes), describing any steps to conceal the sequence un

tially numbered,
rventions are assigned

il in

a//gin

v=h
wdolw

Blurel |

Who will generate the allocation sequence, who will enrol participants, and whs
interventions

wi assign participants to

Hwo

Who will be blinded after assignment to interventions (eg, trial participants, ca
assessors, data analysts), and how

pEbviders, outcome
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If blinded, circumstances under which unblinding is permissible, and procedur& fo

allocated intervention during the trial

revealing a participant’s
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Plans for assessment and collection of outcome, baseline, and other trial data, in€uding any related
processes to promote data quality (eg, duplicate measurements, training of assesgors) and a description of
study instruments (eg, questionnaires, laboratory tests) along with their reliability @d validity, if known.
Reference to where data collection forms can be found, if not in the protocol

Bol

o
Plans to promote participant retention and complete follow-up, including list of anysoutcome data to be
collected for participants who discontinue or deviate from intervention protocols
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Data management 19

Statistical methods 20a

20b
20c

Methods: Monitoring

Data monitoring 21a
21b

Harms 22

Auditing 23

Ethics and dissemination

Research ethics 24
approval

Protocol 25
amendments
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Plans for data entry, coding, security, and storage, including any related proce%seg to promote data quality
(eg, double data entry; range checks for data values). Reference to where detQaIs %f data management

procedures can be found, if not in the protocol ‘?; g

= [¢°]
Statistical methods for analysing primary and secondary outcomes. Reference(::itg glhere other details of the
statistical analysis plan can be found, if not in the protocol g 25

—_—Q =

TN
Methods for any additional analyses (eg, subgroup and adjusted analyses) 33 §

- D -

o>
Definition of analysis population relating to protocol non-adherence (eg, as raniié;glsed analysis), and any
statistical methods to handle missing data (eg, multiple imputation) 253

258

oS o

Q=

8

ELE

Composition of data monitoring committee (DMC); summary of its role and re@aﬂlng structure; statement of
whether it is independent from the sponsor and competing interests; and referencE to where further details
about its charter can be found, if not in the protocol. Alternatively, an explanatlgn gf why a DMC is not
needed

6ugu
‘uado

Description of any interim analyses and stopping guidelines, including who wﬂbhage access to these interim

u
[

results and make the final decision to terminate the trial o 9
3 3
Plans for collecting, assessing, reporting, and managing solicited and spontangously reported adverse
events and other unintended effects of trial interventions or trial conduct g £
z 3
Frequency and procedures for auditing trial conduct, if any, and whether the pgbci@s will be independent
from investigators and the sponsor S0
) N
2
>
2
Plans for seeking research ethics committee/institutional review board (REC/IRB)%pproval
o8}
=2

Plans for communicating important protocol modifications (eg, changes to eligibllltg criteria, outcomes,
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial rglstrles journals,
regulators)
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Consent or assent 26a

26b
Confidentiality 27
Declaration of 28
interests
Access to data 29

Ancillary and post- 30
trial care

Dissemination policy 31a

31b
31c

Appendices

Informed consent 32
materials

Biological 33
specimens
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Who will obtain informed consent or assent from potential trial participants or authgrised surrogates, and
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how (see Item 32) S
N
©
Additional consent provisions for collection and use of participant data and biofpgigal specimens in ancillary
studies, if applicable r3n§
2o
How personal information about potential and enrolled participants will be coII%;Zfeﬁ, shared, and maintained
in order to protect confidentiality before, during, and after the trial T3 §
- D -
o>
Financial and other competing interests for principal investigators for the over@lé}%l and each study site
D o
Statement of who will have access to the final trial dataset, and disclosure of c@ﬁt&ctual agreements that
limit such access for investigators 5§
m
D=

(

Provisions, if any, for ancillary and post-trial care, and for compensation to th o suffer harm from trial

participation

el Y @lu!we
D,
[wayy dg.

Plans for investigators and sponsor to communicate trial results to part|C|pantss h@lthcare professionals,
the public, and other relevant groups (eg, via publication, reporting in results d%talﬁases or other data
sharing arrangements), including any publication restrictions

e

Authorship eligibility guidelines and any intended use of professional writers

fB uo ywoofwg

=}
o
4
3
)
Plans, if any, for granting public access to the full protocol, participant-level daga

set, and statistical code

(e]
>
S
o

o

«Q

£
Model consent form and other related documentation given to participants and’authorised surrogates
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ab

Plans for collection, laboratory evaluation, and storage of biological specimens foﬁ’ggenetic or molecular
analysis in the current trial and for future use in ancillary studies, if applicable
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*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elab(ﬁatlon for important clarification on the items.
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Ggoup under the Creative Commons

“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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ABSTRACT

ystgnd isiiy :usdogN

Introduction: Child mortality due to infectious diseases remains unacceptably high in much of sub-Saharang
Africa. Children who are hospitalized represent an accessible population at particularly high-risk of death, both§
during and following hospitalization. Hospital discharge may be a critical time point at which targeted use_ of'*
antibiotics could reduce morbidity and mortality in high-risk children.

109104d
q/9eTT

Methods and analysis: In this randomized, double-blind, placebo-controlled trial (Toto Bora), 1400 chlldg_eng
aged 1 to 59 months discharged from 2 hospitals in western Kenya, in Kisii and Homa Bay, will be randomlgedo
to either a 5-day course of azithromycin or placebo to determine whether a short-course of azithromyocm_?
reduces rates of re-hospitalization and/or death in the subsequent 6-month period. The primary analysis wilbe 3
modified intention-to-treat and will compare the rates of re-hospitalization or death in children treated &th~
azithromycin or placebo using Cox proportional hazard regression. The trial will also evaluate the effect 6t ag
short course of azithromycin on enteric and nasopharyngeal infections and cause-specific morbidities. We ig\'/ill':,
also identify risk factors for post-discharge morbidity and mortality and subpopulations most likely to be@fitD
from post-discharge antibiotic use. Antibiotic resistance in Escherichia coli and Streptococcus pneumo:@ae

among enrolled children and their primary caregivers will also be assessed and cost-effectiveness analyges

performed to inform policy decisions.

ni
%9Q

» mo
™ >3

Ethics and dissemination: Study procedures were reviewed and approved by the institutional review boa;m;d%m
of the Kenya Medical Research Institute, the University of Washington, and the Kenyan Pharmacy and Pmsgri@o
Board. The study is being externally monitored and a data safety and monitoring committee has beeh<
assembled to monitor patient safety and to evaluate the efficacy of the intervention. The results of this trial Yi#l ©
be published in peer-reviewed scientific journals and presented at relevant academic conferences and to @é

o

stakeholders. 80
[eRry
o Cc
Trial registration number: NCT02414399 %%
3 o8}
Key words: child mortality, Toto Bora, targeted empiric antibiotic therapy, post-discharge interventions g@
@ .
STRENGTHS AND LIMITATIONS OF THIS STUDY ;
Strengths )
e Randomized, placebo-controlled, double-blinded design and modified intention-to-treat analysis will 2
«

ensure unbiased treatment effect measure

e Comprehensive data are collected, including biological specimens for all child participants and a subget
of adult caregivers, for analyses of mechanisms of post-discharge morbidity and mortality, subsets ofe
children most likely to benefit from the antibiotic, as well as assessments of antibiotic resistance and 2.
cost-effectiveness

o Results will likely be generalizable due to the limited exclusion criteria, large sample size, and multip
study sites

[ ]

Limitations

e Causes of death and re-hospitalization may be misclassified due to limited availability of medical
records and recall bias in caregiver report

e The primary endpoint of this study is a combined outcome of re-hospitalization and death, which, while
improving statistical power, may present challenges for interpretation

e Children in both intervention arms may receive other antibiotics over the course of follow-up
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BACKGROUND

An estimated 3.5 million deaths occur annually in children less than 5 years of age in sub-Saharan
Africa (SSA), approximately 70% of which are due to infectious causes. Children who were recentlya
hospitalized have mortality rates 6 to 8-fold higher than similarly-aged children from the same community.” 3“’
Post-discharge mortality rates as high as 15% have been documented in the 12 months following discharge, &
with mortality risk remaining elevated up to two years post-discharge.*® Children who are very young,s
malnourished, or HIV-infected are at particularly high risk of post-discharge mortality within the 3 mor@ns‘*
following discharge. " ®® Children being discharged from hospital in SSA may represent an accessible hlgh
risk population in which to target interventions to reduce mortality and morbidity.

Targeted antibiotic interventions, including the use of cotrimoxazole among HIV-infected children g\d
the use of amoxicillin or cefdinir among children with severe acute malnutrition (SAM), have been show to:,
reduce morbidity and mortality in these specific vulnerable populations.®'? Other trials of targeted antibiotic Qseo
in vulnerable populations, including cotrimoxazole in HIV-exposed uninfected (HEU) children and in chlldaen\n
with SAM, have failed to demonstrate a mortality benefit.” ™ In contrast, non-targeted mass dfug:
administration of a single dose of azithromycin halved mortality rates among Ethiopian children I|V|ng|n'*
communities randomized to receive the antibiotic. '® Concerns about the potential emergence of antlblg’ucD
resistance, possible toxicity, and feasibility of delivery are barriers to the non-targeted antibiotic dlstrlbugon,\,
strategies. =3

A short-course of azithromycin given to children with recent severe illness being discharged fro
hospital may optimize benefit while reducing both individual and population level risks. Azithromycin
reduce post-discharge morbidity and mortality through infection related mechanisms such as treaty
undiagnosed, incompletely treated or nosocomial infections or by protecting against new or recrudescg
infections that occur during recovery. Azithromycin may also act through non antimicrobial pathways such
by anti-inflammatory and/or immunomodulatory effects.

ysiiqnd 1say :uadQ CINE
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OBJECTIVE

The primary objective of this double-blind, placebo-controlled, randomized controlled trial (RCT) i
determine whether a 5-day course of azithromycin in children age 1 to 59 months discharged from hospite 4
western Kenya reduces rates of re-hospitalizations and/or death in the subsequent six months. The secondaﬁ3
objectives are (1) to evaluate possible mechanism(s) by which azithromycin may affect morbidity and mortakity >
by comparing reasons for re-hospitalization and prevalence of enteric and nasopharyngeal infections betw@enu
the randomization arms; (2) to determine whether empiric administration of azithromycin at hospital dlschahgecr
increases risk of antibiotic resistance in commensal Escherichia coli (E. coli) and Streptococcus pneumormae—
(S. pneumoniae) isolates from treated children and their primary caregiver; (3) to identify correlates @df’
intermediate markers of post-discharge mortality and hospital readmission; (4) to determine the c&st-o
effectiveness of post-discharge administration of a 5-day course of azithromycin in settings of varying ant|b|8t|ch
use, re-hospitalization rates, and mortality rates; and (5) to create a repository of stool, nasopharyngeal, ando
blood specimens from highly characterized, recently discharged children, half of whom are treated vﬁith\

d”pue 1Xa1 0
I®uadns

azithromycin, to be used to address future research questions. 2 5
g £

METHODS : 2
Reporting of this study protocol has been verified in accordance with the SPIRIT (Standard Protc(g:olr

Items for Randomized Trials) recommendations. o §
: a1

TR 9'_{
Eligibility >

Children age 1 to 59 months old weighing at least 2 kg who have been hospitalized, and subsequently3
discharged, will be eligible for inclusion. Caregivers of potentially eligible children must be at least 18 years of§
age or classified as an emancipated minor and be willing to participate in the Contact Cohort if randomly w
selected. Children will be excluded if: azithromycin is contraindicated (children taking or prescribed other—
macrolide antibiotics, such as erythromycin or clarithromycin, or the protease inhibitor, lopinavir); they werezo
admitted to hospital for a trauma, injury, or a birth defect; they do not plan to remain in the study site catchmentu
area for at least 6 months; the legal guardian does not provide consent; or if a sibling was enrolled in the trlaIQ
on the same day of discharge.

[3pan
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Recruitment

Children will be recruited from the inpatient wards of Kisii Teaching & Referral and Homa Bay Countys
Hospitals where study staff will accompany hospital staff on ward rounds to identify children being discharged
each day. All discharged children, as determined by the onsite hospital clinicians, will be screened by study g
staff during working hours. If the caregiver is interested in participating and indicates consent for screening, the g
study staff will screen the child for eligibility, and if eligible, will obtain informed consent for study part|C|pat|on b=
Informed consent includes an explanation of the potential risks and benefits of the study and addltloglalH
provision for use of participant data and samples for future studies, and will be conducted in the languagé of &
the respondent’s choosing (English, Kiswahili, Kisii, or Luo). The parent or guardian (primary caregiver) r@st%
sign written informed consent (or provide a witnessed thumbprint if not literate) prior to enroliment.

nd 1s1y :uado

Enrollment

Children will be enrolled at the time of discharge by the clinical staff. At enroliment, primary caregivers &
will be interviewed to assess demographic information, medical history, and detailed contact information for %Then-\
child (Table 1). Medical records will also be used to abstract information from the hospitalization (mclucﬁwg\,
presenting diagnosis, medical management, length of stay, procedures performed, relevant medical hlstcgy,D
physical examination, and laboratory data). All enrolled participants will undergo a physical examlnagon
performed by the study clinician, including measurement of height (in children = 24 months), length (in childgen S
<24 months), weight, and mid-upper arm circumference (MUAC), each of which will be measured three times. 3
HIV status will be obtained from medical records or from performed testing if records are not avallafél
Detailed home location and contact information will be collected to enable patient tracing.
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Table 1. Summary of data collected among enrolled children at each study visit

91 pajejal

Enroliment visit
(hospital discharge)

g

3 month follow up visit 6 month follow up visit Unscheduled vi

X

Jadn® 1yswsg uﬁges@;
peojumoq "/Tdz Joqwaded 6

Questionnaire
reported illnessesa’

¢  Questionnaire of o
sociodemographic, clinical

Questionnaire of study drug .
administration, and reported

Questionnaire of reported .
illnesses, hospitalization

ol

history, treatments prescribed
in hospital and at discharge,
hospitalization costs, dietary

illnesses, hospitalization
costs, change in clinical
history, and treatments since

costs, change in clinical
history, and treatments since
last visit

since last schec&l%d_-,"_
visit, change in® > = 3
clinical history, Snﬁ 3

factors, household factors, last visit e Physical exam treatments smcé’ @fr
and environmental exposures | ¢  Physical exam e  Anthropometry visit @

e  Physical exam e  Anthropometry e  Abstraction of medical e Abstraction of »

e  Anthropometry e  Abstraction of medical records (if re-hospitalized) medical records{if

e Abstraction of medical records (if re-hospitalized) e Verbal autopsy (or abstracted re-hospitalized)“_’.
records (if re-hospitalized) e Verbal autopsy (or abstracted medical records) e Verbal autopsy

e Verbal autopsy (or abstracted medical records) e Heel/finger prick (HIV and abstracted medﬁzal
medical records) e Heel/finger prick (HIV and malaria, sickle-cell) records)

e Heel/finger prick (HIV and malaria) e  Stool collection (Shigella,
malaria) e  Stool collection (Shigella, Salmonella, Campylobacter,

Escherichia coli,
Cryptosporidium, and
Giardia)

Nasopharyngeal swab
collection (Streptococcus
pneumoniae)

e  Stool collection (Shigella,
Salmonella, Campylobacter,
Escherichia coli,
Cryptosporidium, and
Giardia) .

e Nasopharyngeal swab
collection (Streptococcus
pneumoniae)

Salmonella, Campylobacter,
Escherichia coli,
Cryptosporidium, and
Giardia) .
Nasopharyngeal swab
collection (Streptococcus
pneumoniae)

‘salBojouyoa) Jejlwis pue

Specimen collection

Specimens will be collected at enroliment (prior to study medication administration, as well as at 3 anda
6-month follow-up visits). All children will also be asked to provide a whole stool for enteric pathogenw
identification and storage. Stool samples will be divided within one hour of collection for the following purposes: 2
1) placed in Cary-Blair for eventual bacterial culture (FecalSwab Cary-Blair Collection and Transport«_czj
Systemt™, Copan Diagnostics), 2) immediately tested for Giardia and Cryptosporidium using thes
immunoassay (Quik Chek™, Alere) and 3) placed in -80°C storage for future molecular determination of
pathogen or commensal flora and markers of gut function (whole stool for these purposes will be divided into&
two separate vials). If a child cannot produce whole stool, two flocked rectal swabs (Pedatric FLOQswab™, &

9ouaby 1 Gzog ‘TT aunrc uo /uJo:J'[qu'uado[Luq//:du
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Copan Diagnostics) will be collected and one placed in Cary-Blair and the other stored in -80°C for future
analyses.

One flocked dry nasopharyngeal swab (Copan Diagnostics) will also be collected from all enrolledg
children at each time point, immediately placed in skim milk, tryptone, glucose, and glycerine (STGG) media, 8

nan

and frozen (-80°C) within 1 hour of collection for future S.pnuemoniae culture."”” ' Primary caregivers in the
Contact Cohort will also be asked to provide a stool sample (or 2 rectal swabs) and nasopharyngeal sample ats
each visit for testing and storage as described above. ﬂ s

w

Venous blood (up to 1 teaspoon [5mL]) will be collected from all enrolled children and careglvgrSm
enrolled in the Contact Cohort at each at each time point into EDTA tube and separated for the foIIO\Ng]g
purposes: 1) 0.5mL for immediate HIV-testing (if indicated according to Kenyan Ministry of Health guidelings),S
2) 0.4mL for a thin malaria smear which will be stored at room temperature, 3) 0.4mL for a dried blood spot, 5
and 4) 2-4mL for plasma and buffy coat isolation and -80°C storage.

waqy

of

A
9
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Randomization

Block randomization (1:1) in random sized blocks of no more than 10, stratified by site, will be u&ed
Primary randomization will include allocation to the Contact Cohorts at a ratio of 1:5 (resulting in 150 ero
treatment arm). Each subject will be assigned a Patient Identification Number (PID), and the randomiza n3
code linking each PID to the allocated treatment will be generated by a designated statistician and maintaified ©
by the University of Washington Research Pharmacy. Study participants, investigators (other than ihem
statistician), the study staff, hospital clinicians, and persons involved in data management or analysis $villS

LT6T0-LT0Z-

J8Q

remain blinded to the allocation group during all data collection phases of the study. gg%
v S

Intervention T3 %
Caregivers of enrolled children will be provided a 5-day course of oral suspension formulatioh
azithromycin (Zithromax® from Pfizer, 10 mg/kg on day 1, followed by 5mg/kg/day on days 2-5) or |dent|<%|gg
appearing and tasting placebo at discharge. Identically appearing bottles will be pre-labelled with the 2
Dosing ranges were determined such that a given child would never be under-dosed or over-dosed by marg &
than 20% of the weight-specific intended dose (Table 2). The day 1 dose will be split in half and the first @8
admin_istered by the study clinician (to be observgc_l by the Table 2. Azithromycin dosing chart by child weug@ =3
caregiver) followed by the second half administered by the ) Day 1 dose | Day 2-5 dos é_mi
caregiver under careful observation of the study staff. Caregivers | Weight (ka) (mL) my 32 E
will be provided with visual instructions in the language of their 2.0 0.25 x 2 025 > S
choosing (English, Kiswahili, Luo, Kisii). g 3
Automated daily text message drug administration 2124 0-30x2 050 2 3
reminders will be sent for the four days following discharge and 2.5-2.8 0.35x2 035 31 3
caregivers asked to respond with whether or not the child took 2.9-3.2 0.40x2 0.40 g g
the daily dose. The response text message will be free of charge 3336 045 x 2 045 o '8.
to caregivers and caregivers will be reimbursed for each 3| 3
response at the final study visit. Caregivers are also asked to 3.74.9 0.50x2 050 & o
record each administered dose on the bottle and to return bottles 41-4.8 0.60 x 2 06 gl ¢
at the 3 month follow-up visit. 4.9-5.6 070 x 2 07 3| 3
o

Follow-up Procedures 5.76.8 0-85x2 085 2 o
All enrolled children and primary caregivers will be 6.9-8.0 1.0x2 10 5 §
scheduled to return to the health facility at 3 and 6 months 8.1-9.6 12x2 1.2 o
following enrollment to collect clinical information and samples. 9.7-11.2 14x2 14 S
Anthropometric measurements will be obtained from all children —— : g
and caregivers at both follow up visits (height/length, weight, 11.3-13.6 1.6x2 16 i
MUAC) and caregivers will be asked about any hospitalizations 13.7-16.0 2.0x2 2.0 =
occurring since the last time the child was seen by study staff. 16.1-19.2 24 %2 24 S
Caregivers will be provided with 400KSH (approximately $4USD) >
to cover the cost of their round-trip transportation. 19.3-23.2 29x2 29 ES
Transportation cost will be reimbursed at each follow-up 23.3-25.0 32x2 3.2 féb

visit. If the participant does not return at their scheduled time, =

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

©CoOoO~NOUITA,WNPE

BMJ Open

Pavlinac et al_AZM to prevent post-discharge morbidity and mortality BMJ Open_Resubmission_070ct2017

d 1sny :uado

study staff will attempt to make contact with the primary caregiver via cell phone; if no telephone number isg
provided, or if the participant cannot be reached, study staff will trace the child to the household within 2 weeksc-
of the scheduled follow-up time.

During scheduled follow-up visits, study staff will use a standardized questionnaire to ascertain history 3
of recent illness/morbidity, post-discharge medication use including antibiotic treatment, and current condition§
of the child (any hospitalizations, admission and discharge date of any hospitalization, vital status, date of 5
death if applicable). If caregivers report a hospitalization, causes of admission, medication administration, c;g)st'*
of admission, and length of stay will be ascertained from both caregivers and medical records, when avallab@ ]

ysi|
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Caregivers will be encouraged, at enroliment and at each subsequent contact, to bring the child to @ec
study health facility at any time the child is sick. Study staff will triage children to the appropriate health fac@ty
staff and will conduct a brief unscheduled visit questionnaire to ascertain adverse event information. If gm
unscheduled visit leads to a hospitalization, this will trigger the completion of a hospital admission form. )

If at any point during follow-up a child dies, a verbal autopsy using the Population Health Metﬁcs:
Research Consortium Shortened Verbal Autopsy Questionnaire." If the death occurred in a hospital, data fr:«emH
the hospital records, including cause of death, if available, will be abstracted. If a death certificate is avallaale,\.
cause(s) and timing of death will be abstracted. =

Final causes of re-hospitalization and death will be determined after data collection is complete byzan
independent adjudication committee comprised of clinicians specializing in pediatrics and infectious dlseage o
Sources of cause of re-hospitalization (medical records and caregiver report) and causes of death (cauges2

automatically assigned from the verbal autopsy using SmartVA-Analyze [Tariff 2.0 Method]?°, hospital recorggjg1
or death certificates) will be presented to the adjudication committee for final cause assignment.

Laboratory Procedures

Stool (rectal swabs), nasopharyngeal swabs and blood will be collected as described above
undergo either immediate or future laboratory testing as described in Table 3. All biological samples wi
collected by staff trained in biosafety and Good Clinical Laboratory Practice (GCLP).
processed in Kenya when technology is available at the Kenya Medical Research Institute (KEMRI) Wellc
Trust or Centre for Microbiology Research [CMR]. Metagenomic analyses and/or analyses that req
technology not available in Kenya will be performed at the University of Washington. If stool culture res
report Shigella or Salmonella infection, the study staff will contact the child’s caregiver and encourage

S.
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caregiver to bring the child back for an evaluation and potential treatment if the child is symptomatic. @ -
>
Table 3. Sample storage and processing descriptions =
Specimen Purpose Tests Performed E)
Collected 32
Stool/ flocked Bacterial ID and Fresh samples/rectal swabs will be cultured to identify Shigella, Salmonella, Campylobacter,

rectal swabs

storage for AST

and Escherichia coli (E.coli) usmg standard microbiologic methods and biochemically
confirmed using bioMérieux’s API® strips. All Shigella, Salmonella, and Campylobacter
isolates, as well as a random subset of E.coli isolates will undergo antibiotic resistance
testing using disc diffusion for the following antibiotics: amoxicillin-clavulanic acid
(augmentin), ampicillin, azithromycin, chloramphenicol, ciprofloxacin, ceftriaxone,
ceftazidime, cefoxitin, gentamicin, imipenem, trimethoprim-sulfamethoxazole,
ceftazidime/clavulanate (ESBL), cefotaxime/clavulanate (ESBL). Categorizations of
susceptible, intermediate, and resistant will be determined using zone-size cut-offs outlined
Clinical and Laboratory Standards Institute (CLSI) interpretive standards.

Gjouyoel Jejiwis pu

16

Parasite detection

9

Fresh stool and rectal swabs will be tested for G/ard/a and Cryptosporidium using the
immunoassay Giardia/ Cryptosporidium QUIK CHEK™

'S

Storage

Stool/ flocked swabs and colonies of E.coli, Shigella spp Salmonella spp., and
Campylobacter spp. will be stored at -80°C.

Nasopharyngeal
Swabs

Bacterial isolation,
storage, and
resistance testing

Streptococcus pneumoniae (S. pneumoniae) colonies will be isolated using standard
microbiologic or molecular diagnostic protocols and susceptibility testing performed using
standard microbiologic or molecular techniques. A random subset of S. pneumoniae isolates
will undergo antimicrobial resistance testing using disc diffusion for the following antibiotics:
amoxicillin-clavulanic acid (Augmentin), ampicillin, azithromycin, chloramphenicol,
ciprofloxacin, ceftriaxone, ceftazidime, cefoxitin, gentamicin, imipenem, and trimethoprim-
sulfamethoxazole. Categorizations of susceptible, intermediate, and resistant will be
determined using zone-size cut-offs outlined in CLSI interpretive standards.

Storage

Back-up sample and S.pneumoniae colonies will be will be stored at -80°C.
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Blood HIV and malaria HIV testing will be performed per Kenyan National Guidelines and malaria microscopy
testing performed using standard methods.
Storage Plasma and buffy coat will be stored at -80°C. Dried blood spots will be stored at room
temperature.

Data Management and Confidentiality
Personal information about the participants, including medical records and data ascertained pere
caregiver interview, will be securely stored in files in the study offices at the study sites. Only pre- deS|gna¢edH
study staff will have access to the files. Data will be entered into an electronic database (Dacima® Electrdhic2
Data Capture) regularly by study staff. Access to the electronic database will be secured using passw&rd3
protected accounts for study staff. Data reports of screening, enrollment, and exclusion totals willSed
disseminated to the study team on a weekly basis; reports including baseline demographic characteristis,
laboratory results, adherence data, and serious adverse event summaries will be distributed to study %o-
investigators and data monitors quarterly. Data will be regularly queried to facilitate ongoing data cleaning.

"0T se paysijgnd 1s.1) :uadQ [INE
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Data Analysis

Primary endpoints:
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The primary study endpoint is a combined outcome of mortality and hospital readmission, as re-hospitalizati ng
is highly associated with risk of subsequent poor outcome. Re-hospitalizations that are a contlnuatlor‘Fo crﬁ‘g
management from the previous hospitalization (such as elective blood transfusion) or that occur dumg
enrollment procedures, due to a clinical deterioration post-discharge, will be excluded from the analysis. Lggs @
to follow-up will be defined as non-attendance at both follow-up visits despite one month of active tracing &gl
no clear evidence of death. 235
°2og

L cw?

Secondary endpoints include: Xc5
1. Cause-specific re-hospitalizations assessed by questionnaire (maternal recall of diagnosis) at month 3 & i §
month 6 follow-up visits and medical record review (discharge diagnosis). In cases when both sources are e
available, information from the medical record will be considered as the primary source. Separate analy@’éﬁg
will be performed for each diagnosis: diarrhea, acute respiratory infection, malnutrition, or malaria. EXE

2. Mild, moderate, and severe events that did not result in re-hospitalization, including diarrhea, vomiting, %ﬁg

rash, lip swelling, difficulty breathing/wheeze, and seizure will be ascertained by caregivers identified byihe
study clinicians during clinical exams at scheduled follow-up visits or during unscheduled visits. Seve:I:lty3
(grade 1-3) will be defined according to 2014 Division of AIDS (DAIDS) Table for Grading the Severltg of_
Adult and Pediatric Adverse Events. E
3. Enteric pathogen carriage, operationalized as presence of a bacterial pathogen-Shigella species (spp)
Campylobacter spp., or Salmonella spp., or parasite- Giardia or Cryptosporidium in stool or rectal swébs
assessed at month 3 and month 6 follow-up visits.
4. Streptococcus pneumoniae (S. pneumoniae) isolated from nasopharyngeal swab cultures at month 3 gnd
month 6 follow-up visits.
5. Antibiotic _resistance, specifically resistance to azithromycin, ampicillin, augmentin, mprfroﬂoxagm >
trimethoprim-sulfamethoxazole, in E.coli and S. pneumoniae isolates, and presence of ESBL in EEoI/H
isolates, from month 3 and month 6 follow-up visits.

wis
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To compare rates of re-hospitalization and mortality in the 6 months following hospital discharge amonqa
Kenyan children receiving 5-day azithromycin vs. placebo. Primary analyses will be modified intent-to-treatg
(mITT) based on randomization allocation to the 5-day course of azithromycin versus placebo. Cumulative @
incidence of death or first re-hospitalization will be compared between treatment groups using Cox proportional &
hazards regression. Participants will be censored at the date of their first re-hospitalization, or at the date ofg.
death. Median time to hospitalization-free survival will be compared between randomization groups usingz
Kaplan-Meier (K-M) survival analysis and associated log-rank test. If the baseline assessment ofS
randomization reveals an imbalance in characteristics between the treatment groups, we will evaluate theseS
variables as potential confounders in a sub-analysis secondary to the mITT. Potential baseline confounders will2

be added stepwise in a multivariable Cox model and maintained in the model if adjustment changes the hazard 2
(0]
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ratio by more than 10%. In per protocol analyses also secondary to the mITT, we will compare treatmentZ
effects in groups defined by self-reported adherence to the 5-day course of azithromycin (5 doses vs. < 55
doses; 23 doses vs. <3 doses; >1 dose vs. 1 dose only). In addition, we will conduct Cox regression and K-M&
survival analyses for time to mortality and time to re-hospitalization as separate endpoints to understand3
intervention effects on these outcomes individually. The assumption of proportional hazards will be checked in g
all models using graphical methods including plotting a In(-In(S(t))) plot for each treatment group and assessmgo
the parallelism of the two lines and by plotting Schoenfeld residuals over time. If there is substantial mlsgngp
covariate data, multiple imputation using the Markov chain Monte Carlo (MCMC) method will be used to impgite &
covariate information. Missing outcome data (death or re-hospitalization) will not be imputed, but participa@ts%
will be censored at the last follow-up visit therefore contributing some person-time to the analysis. In senS|t[g1tyn'
analyses, we will compare treatment effects in children whose caregivers report no additional antibiotic gse:,
over follow-up and separately, who report no additional azithromycin use specifically, and in subsets of chﬂd@no
defined by age, site, and discharge diagnosis.

To evaluate possible mechanism(s) by which azithromycin may affect morbidity and mortality, "'bVl—\
comparing reasons _for re-hospitalization and change in prevalence of pathogen carriage between fhe\.
randomization arms. To evaluate the association between azithromycin and the rates of cause-specific ge-
hospitalizations (hospitalization due to diarrhea, acute respiratory infection, malnutrition, or malaria) we will gse
Anderson-Gill proportional hazards modeling with previous re-hospitalizations included as time- dependgnt‘C>
covariates in the model to capture the dependent structure of recurrence times. Because we will not haveo
granularity in the time points other than 3 months and 6 months for assessment of pathogen carriage, we ggvﬂ]g
compare the prevalence of a bacterial and parasitic pathogens (Shigella, Salmonella, Campylobac%m
Cryptosporidium, Giardia) at 3 and 6 months by randomization arm using generalized estimating equati@ng N
(GEE) with a Poisson link, exchangeable correlation structure, and will adjust for baseline presence ot A%
bacterial pathogen. To determine whether an observed association between the intervention and patho@eh o
carriage wanes over time, we will test the hypothesis that the prevalence ratios comparing carriag
intervention arms are the same at the two follow-up time points using a chi-squared test.

To determine whether empiric administration of azithromycin at hospital discharge increases risk:
antibiotic resistance in commensal E. coli and pneumococcal isolates from treated children and their house
contacts. Among children and adult household contacts in whom commensal E. coli and/or S. pneumoniae 3@
isolated, we will compare the proportion of isolates resistant to azithromycin, ampicillin, augmerﬁlm:
ciprofloxacin, and trimethoprim-sulfamethoxazole, between randomization arms and Contact Cohorts for e@chv
arm, at 3 and 6 months using GEE with a Poisson link and exchangeable correlation structure. A chi-squafeds
test will be used to determine whether the association between intervention arm and antibiotic resistaﬁce§
wanes over time. Because the likelihood of having a bacterial pathogen isolated may depend on base@wetj
factors, including intervention arm, we will conduct secondary analyses utilizing propensity scores to accé@ntz.
for the potential differential likelihood of having antibiotic susceptibility testing performed, which will allow ugto3
make inference to the entire study population and their contacts. Also we will compare resistance proportlonsO
among children (as opposed to among isolates) where absence of an isolated bacteria is considered ilotg
resistant. 2 S

To identify correlates and intermediate markers of post-discharge mortality and hosp/ta/-readm/sSRonc
among _hospitalized children. Enrollment hospital admission diagnosis, indicators of malnutrition, age, I-EV-
exposure and HIV-infection status, sickle cell anemia, and randomization arm will be assessed i ab
multivariable Cox regression model to identify correlates of the primary endpoint of death and/or hosp%l S
readmission independent of the treatment effect. In addition, Cox regression models will also be bunt"i‘org1
correlates of mortality and correlates of re-admission individually to understand distinct cofactors for each of 3
these outcomes. ‘8

To determine the cost-effectiveness of post-discharge administration of a 5-day course of azithromvcin?
in settings of varying antibiotic use, re-hospitalization rates, and mortality rates. Costs analysis: We will aSSGSSUJ
the costs of all supplies, services and equipment necessary to implement the intervention (direct medlcalcr
costs). The perspective will be that of the healthcare provider, i.e. Kenya’s Ministry of Health. Using WHO«:
guidelines and its ingredients approach, we will quantify the resources and associated unit costs required tO'cs
deliver a 5-day course of azithromycin, organized in standard expenditure categories: personnel (salarles),g'
supplies including drugs, equipment, services, space and overhead. We will also measure the costs of severe
child hospitalizations, the costs for the different types of personnel employed (e.g. nurses/doctors) and the time &
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demanded from them for conducting the intervention.?' When data are missing, they will be complemented byg
data extracted from the literature and other available sources. Full incremental costs will be derived, withz
estimation of the potential healthcare cost-offset realized in avoiding severe hospitalizations. Costs will be@
measured in local currency (Kenyan Shilling) and converted into US$. Our main metric will be cost per childg
treated. Cost-effectiveness analysis (CEA): we will develop a CEA mathematical model, and estimate§
incremental costs and cost-effectiveness for implementation of the intervention. The model will include two'*
components: costs (described immediately above) and health benefits. The study will provide clinical outcorgesH
(mortality/morbidity) over a 6-month follow-up period. Subsequently, deaths averted, life-years saved agndo»
disability-adjusted life years (DALYs) averted by the intervention will be estimated. We will estimate ma)g
incremental costs and b) incremental cost-effectiveness of the intervention vs. status quo. Incremental cgtso
are the net sum of the costs to implement the intervention compared with status quo, and the costs aver d‘1>
due to the decrease in severe child hospitalizations. Incremental cost-effectiveness ratios (ICERs) wﬂl@oeo
estimated as cost per death averted, cost per life-year saved, and cost per DALY averted. We will use re@nt\n
estimates of disability weights for estimation of DALYs.** Short-term (over study follow-up i.e. 6 months) and 2
longer-term time horizons (extrapolated to 1, 5, and 10 years) will be used. DALYs and costs will be dlscoungedH
at 3% per year, consistent with CEA guidelines (undiscounted results will also be presented). Sourcegofo
uncertainty in the results will be explored in univariate and probabilistic sensitivity analysis. 2*?* Finally, wegnll
compare our findings to CEA estimates for other health interventions in sub-Saharan Africa.?*#’

cu

Data and Safety Monitoring

A Data Safety and Monitoring Committee (DSMC) will be established at study initiation to mo
severe adverse events (SAEs) and to evaluate the statistical analysis plan and associated stopping rules.
DSMC includes expertise in clinical trials, statistics, child mortality assessment, ethics, and pediatric car:
resource limited settings. Adverse events will be monitored by the DSMC. Monthly adverse event summa
will be sent to the DSMC safety officer and individual-child SAE forms, which include detailed medica
history to evaluate possible drug interactions, will be sent to the safety officer per request. Each SAE wil
assigned the plausibility of relatedness to study drug by study Pls. The data will not be presented
intervention group unless requested by DSMB safety officer. These reports will be descriptive (no statis
analyses). The DSMC will make recommendations regarding any imbalances in safety outcomes.

A single interim analysis for re-hospitalization-free survival will be prepared by the study statistics
using O’Brien-Fleming boundaries for benefit and harm when 50% of expected person time (350 child-yeﬁ 8)5
has been accrued. Assuming 157 events will be available at half of the person-time accrual, a z-score critieal =
value of 2.797, or p-value < 0.005, from a Kaplan Meier log-rank test will determine the cut-off of statlstg>al3
significance. A symmetric boundary will be used for benefit and harm. The DSMC will review this analysis andt:
make a determination about study continuation. Futility will not be a basis for stopping rules because of&
trials’ value in understanding mechanisms of post-discharge worsening and antibiotic resistance. Assuming §1e3
DSMC decides to continue the trial after the interim analysis, an alpha of 0.045 will be used as the statlstﬁ:alO
significance boundary at the final analysis.
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Statistical Power
To compare rates of re-hospitalization and mortality in the 6 months following hospital discharge amc:nq3
Kenyan children receiving 5-day azithromycin vs. placebo. The total sample size required was calculatedQOrH
the primary endpoint of time to death or hospital re-admission within the 6 month post-discharge per@d m
assuming an alpha level of 0.05, power of 0.80, and a ratio of treatment to placebo random assignment of $1.8 N
In SSA, it is estimated that 2-15% of children aged less than 5 years died within 6 months of hospital dlschargem
and 15.5% of children who survived discharge from the district hospital were re-admitted with the same@
diagnosis within 6-months.” ® ® Assuming that an additional 5-10% of children are re-admitted for other:
conditions, we expect that re-hospitalizations will occur in 20.5 to 30.5% of children enrolled in the study. &
Combined with our expected fatallty rate (2-15%), we expect the cumulative incidence of the combinedz
endpoint to range from 22.5 to 45.5%.% Based on a previous trial of mass drug administration of a single doseo
of azithromycin in which a single dose of the antibiotic was associated with a 49% reduction in risk of death, wem
calculated sample sizes using estimates of reduction in risk ranging from 30-50% with the cumulative incidencegr_
range of 22.5 to 45.5% in the placebo-treated group, and found the sample size required ranged from 90 to<
550 children per treatment arm."® Using the most conservative estimates of a hazard ratio of 0.70 and 22.5%%
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prevalence of re-admission/death, we need to enroll 1100 children in the study (550 per arm) to achieve
adequate power. We will recruit an additional 300 children (=20%) to account for possible loss to follow-up, s
resulting in a total planned enroliment of 1400 children, or 700 per treatment group. When considering mortality @
alone, and estimated mortality ranges of 2-17% among place-treated children, we will have >80% power to%
detect hazard ratios <0.5 for mortality rates of = 8% and hazard ratios <0.6 for mortality rates 211% (Figure 1). &
To evaluate possible mechanism(s) by which azithromycin may affect_morbidity and mortality, bvo
comparing reasons for _re-hospitalization_and prevalence of pathogen carriage between the randomization=
arms. We calculated the minimum detectable association between treatment arm and cause-specific ge-&
hospitalizations (hospitalization due to diarrhea, acute respiratory infection, malnutrition, or malaria vs. gnyg
other) among enrolled children, assuming an alpha level of 0.05, power of 0.80, and a ratio of treatmengtoo
placebo of 1:1. Based on data from Kenya, re-hospitalization rates due to specific causes ranged fi m:,
approximately 0.5% to 5.7% in the 6 month post-discharge period.® By not conditioning on the child havmg@eo
same diagnosis as the initial hospitalization, we expect the cumulative incidence of cause-specific @e-~
hospitalizations to range from 2.5% to 10%. With this range of outcome rates, we will be able to detect haz%rdg
ratios of 0.48 to 0.70 for the effect of azithromycin on specific severe morbidities. 3 ':,
We expect 56% of children in the placebo group to have S. pneumoniae isolated from nasopharyn@alo
swabs, providing 280% power to detect a prevalence ratio of 0.85 (or 1.15) between the two treatment armg aty,
each time point.”**° Based on prevalences of Shigella, Salmonella, Campylobacter, Cryptosporidium, Giarglia 5

among asymptomatic children in Western Kenya, we expect 10% of children in the placebo group to have %8

disny :uadoLN

bacterial pathogen isolated at each time point, resulting in 280% power to detect differences in entgr(ng:g
pathogen prevalences of 0.67 (1.49) at each time point.*' 3283

To determine whether empiric administration of azithromycin at hospital discharge increases risk.gf
antibiotic _resistance in_commensal E. coli_and S. pneumoniae_isolates from treated children and theirS
household contacts. We will select a random selection of  Table 4. Power (%) to detect prevalence ratios of macrolige> 9
400 E. coli and 400 S. pneumoniae isolates (200 per arm)  and B-lactamase resistance in 200 E.coli and 200 % ‘é’§
for B-lactam and macrolide resistance testing at each S:Pneumoniae isolates per treatment group 235
timepoint. We will also store all S. pneumoniae, E. coli Resistance preva:ﬁzceu’) in placeba 5 3
isolates and other isolated bacteria from stool for — 170 | 20 | 30 g 40p 50 | 60 ﬁb;:
potential future testing in the event that resistance | £ 2 10 3%
prevalence is lower than expected. As shown in Table 4, § S 20 | 80 EAZES
we will have > 80% power to detect prevalence ratios > | £ X 30 | 599 | 64 St
1.1, with an ability to detect the smallest effect sizes | 3 g Z
when the prevalence of resistance in the placebo group is :"- £ 40 |>99| 99 | 55 §—~§
highest. We will enroll 300 adults in the Contact Cohort | ¢ £| 50 |>99|>99 | 98 | 48 2 %
for E. coli and S. pneumoniae isolation. We expect E.coli | £ §| 60 | >99 | >99 | >99 | >99 | 52 e 7
to be isolated from all adults and S.pnuemoniae isolated | @£l 70 |>99 | >99 | >09 | >99 | 98 |55 [ 3 &
from between 5-55%.%% %% Assuming an alpha of .05, a | & 80 | >99 | >99 | >99 | 99 | >99 | 99 | @1 ©
1:1 ratio of testable isolates, and a prevalence of 3—=
resistance of 50% in the placebo arm, we will have 80% power to detect a 1.4-fold higher prevalence to ﬁ9 S
fold higher resistance prevalence in the contacts of azithromycin-treated children. 2 (g

To identify correlates and intermediate markers of post-discharge mortality and hosp/tal-readm/ssﬁong

among hospitalized Kenyan children. Conservatively estimating a 20% loss-to-follow-up rate in the RCT ang a+
cumulative incidence of death or re-hospitalization of 22.5%, we will have >80% power to detect hazard rafos S

=1.3 between correlates and the outcome with exposure prevalences of 220% or more and hazard ratios >, 5§
for exposure prevalences <20%. >

«Q
Study timeline %

The trial began on June 28, 2016 and participant recruitment and follow-up will continue over a 36-

month period, with anticipated final follow-up visit(s) occurring in June 2019. Primary analyses will be Complete_
by February 2020. a

QD
Potential Challenges and Limitations E’r

In order to ensure adequate power to detect a discernable clinically relevant difference between studyc
groups in the primary outcome, we have combined hospital readmission with death. Preliminary StUdleSD.
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suggest that sufficient numbers of children will reach this combined outcome. However, we have incorporatedg
an interim analysis by the DSMB to review the accrued data and an adapted sample size could be consideredz
if the combined event frequency is less than predicted. It is possible that since most children receive antibiotics @
during hospitalization, the benefit anticipated with the use of azithromycin based on previous trials of mass3
drug administration will not be observed. However, most hospitalized children are treated with penicillins,
cephalosporins, gentamicin, or cotrimoxazole while in hospital and the broad spectrum of activity (includings
malaria prevention) and long half-life of azithromycin suggest that there may be additive treatment an ori:
prophylactic benefit. Similarly, children may receive azithromycin during follow up - either as treatment formano»
illness or because the caregiver sought out azithromycin upon learning of the hypothesis — and @33
azithromycin use may lead to contamination in the placebo-arm. After discharge, it is difficult to ensgreo
adherence with the full 5-day treatment course. We will measure adherence using three different measuges:,
(text message responses, bottle check boxes, and caregiver-report at follow-up visits) although all are Ilmmed'\’
by caregiver-report. In addition, the mortality benefit of azithromycin observed in Ethiopia was from a sirgjle
dose and in this study the first dose will be directly observed.” While relying on caregiver report of mortdfity 2
and morbidity may lead to bias due to outcome misclassification, this misclassification should not diifer':,
between randomization arms and therefore will be non-differential. Further hospital records will be used wlggano
available to determine diagnoses. Finally, resistance prevalence may be lower than predicted, limiting powegto

detect clinically relevant differences in resistance prevalence between the intervention arms. We will storec-;all‘o

isolates in the event that a greater number of isolates are needed for antibiotic resistance testing. c m%
. 823

Regulatory Authorities 322
This study has received IRB approval by the University of Washington Human Subjects Division (HSD), KEMR]
Scientific and Ethics Review Unit (SERU), and the Kenya Pharmacy and Poisons Board. The clinical tna%%'in
also registered with clinicaltrials.gov (NCT02414399). Any modifications to the study protocol or consgmto
materials will be submitted for approval all regulatory authorities before implementation. Westat® will prm&%é
external clinical, pharmacy, and laboratory monitoring. £22
o253

Dissemination S
Results of this study will be disseminated by publication in a peer-reviewed scientific journal, presenteds @3
relevant academic conferences, and amongst participating partners and health facilities in Kenya. 28>
R
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Figure 1. Power and detectable hazard ratios assuming a range of mortality rates from 2-17%
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Criteria for discontinuing or modifying allocated interventions for a given trial part@pant (eg, drug dose
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1e G20

Relevant concomitant care and interventions that are permitted or prohibited durirlg the trial

[¢]
Primary, secondary, and other outcomes, including the specific measurement vari%ble (eg, systolic blood
pressure), analysis metric (eg, change from baseline, final value, time to event), r@thod of aggregation (eg,
median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen
efficacy and harm outcomes is strongly recommended

Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for

participants. A schematic diagram is highly recommended (see Figure)
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opaque, sealed envelopes), describing any steps to conceal the sequence un

tially numbered,

il inferventions are assigned

a//gin

v=h
wdolw

Blurel |

Who will generate the allocation sequence, who will enrol participants, and whs
interventions

wi assign participants to

Hwo

Who will be blinded after assignment to interventions (eg, trial participants, ca
assessors, data analysts), and how

pEbviders, outcome

WEs pue ‘6
/1@0

ya) Je|l
amUN[ uo

If blinded, circumstances under which unblinding is permissible, and procedur& fo

allocated intervention during the trial

revealing a participant’s

‘salbojou
Vv e G202 ‘TT

Plans for assessment and collection of outcome, baseline, and other trial data, in€uding any related
processes to promote data quality (eg, duplicate measurements, training of assesgors) and a description of
study instruments (eg, questionnaires, laboratory tests) along with their reliability @d validity, if known.
Reference to where data collection forms can be found, if not in the protocol

Bol

o
Plans to promote participant retention and complete follow-up, including list of anysoutcome data to be
collected for participants who discontinue or deviate from intervention protocols
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Data management 19

Statistical methods 20a
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20c

Methods: Monitoring

Data monitoring 21a
21b

Harms 22

Auditing 23

Ethics and dissemination

Research ethics 24
approval

Protocol 25
amendments
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Plans for data entry, coding, security, and storage, including any related proce%seg to promote data quality
(eg, double data entry; range checks for data values). Reference to where detQaIs %f data management

procedures can be found, if not in the protocol ‘?; g

= [¢°]
Statistical methods for analysing primary and secondary outcomes. Reference(::itg glhere other details of the
statistical analysis plan can be found, if not in the protocol g 25

—_—Q =

TN
Methods for any additional analyses (eg, subgroup and adjusted analyses) 33 §

- D -

o>
Definition of analysis population relating to protocol non-adherence (eg, as raniié;glsed analysis), and any
statistical methods to handle missing data (eg, multiple imputation) 253

258

oS o

Q=

8

ELE

Composition of data monitoring committee (DMC); summary of its role and re@aﬂlng structure; statement of
whether it is independent from the sponsor and competing interests; and referencE to where further details
about its charter can be found, if not in the protocol. Alternatively, an explanatlgn gf why a DMC is not
needed

6ugu
‘uado

Description of any interim analyses and stopping guidelines, including who wﬂbhage access to these interim

u
[

results and make the final decision to terminate the trial o 9
3 3
Plans for collecting, assessing, reporting, and managing solicited and spontangously reported adverse
events and other unintended effects of trial interventions or trial conduct g £
z 3
Frequency and procedures for auditing trial conduct, if any, and whether the pgbci@s will be independent
from investigators and the sponsor S0
%) N
2
>
2
Plans for seeking research ethics committee/institutional review board (REC/IRB)%pproval
o8}
=2

Plans for communicating important protocol modifications (eg, changes to eligibllltg criteria, outcomes,
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial rglstrles journals,
regulators)
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Consent or assent 26a

26b
Confidentiality 27
Declaration of 28
interests
Access to data 29

Ancillary and post- 30
trial care

Dissemination policy 31a

31b
31c

Appendices

Informed consent 32
materials

Biological 33
specimens

R
BMJ Open A
3
Who will obtain informed consent or assent from potential trial participants or thﬁrised surrogates, and

1sasn %4 Buipn@ui ‘1yBAdc

how (see Item 32) S
N
©
Additional consent provisions for collection and use of participant data and biofpgigal specimens in ancillary
studies, if applicable r3n§
2o
How personal information about potential and enrolled participants will be coII%;Zfeﬁ, shared, and maintained
in order to protect confidentiality before, during, and after the trial T3 §
- D -
o>
Financial and other competing interests for principal investigators for the over@lé}%l and each study site
D o
Statement of who will have access to the final trial dataset, and disclosure of c@ﬁt&ctual agreements that
limit such access for investigators 5§
m
D=

(

Provisions, if any, for ancillary and post-trial care, and for compensation to th o suffer harm from trial

participation

el Y @lu!we
D,
[wayy dg.

Plans for investigators and sponsor to communicate trial results to part|C|pantss h@lthcare professionals,
the public, and other relevant groups (eg, via publication, reporting in results d%talﬁases or other data
sharing arrangements), including any publication restrictions

e

Authorship eligibility guidelines and any intended use of professional writers

fB uo ywoofwg

=}
o
4
3
)
Plans, if any, for granting public access to the full protocol, participant-level daga

set, and statistical code

(e]
>
S
o

o

«Q

2
Model consent form and other related documentation given to participants and’authorised surrogates

V ¥e5e0g ‘TT 8u

ab

Plans for collection, laboratory evaluation, and storage of biological specimens foﬁ’ggenetic or molecular
analysis in the current trial and for future use in ancillary studies, if applicable

oliqig

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elab(ﬁatlon for important clarification on the items.
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Ggoup under the Creative Commons

“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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ABSTRACT

ysiiqnd 1say :uad

Introduction: Child mortality due to infectious diseases remains unacceptably high in much of sub-Saharang
Africa. Children who are hospitalized represent an accessible population at particularly high-risk of death, both§
during and following hospitalization. Hospital discharge may be a critical time point at which targeted use of5
antibiotics could reduce morbidity and mortality in high-risk children. 3

ajol
/9ETT

(2]
Methods and analysis: In this randomized, double-blind, placebo-controlled trial (Toto Bora Trial), 1@03
children aged 1 to 59 months discharged from hospitals in western Kenya, in Kisii and Homa Bay, willgoeg'
randomized to either a 5-day course of azithromycin or placebo to determine whether a short-coursegof3
azithromycin reduces rates of re-hospitalization and/or death in the subsequent 6-month period. The pring@ary 3
analysis will be modified intention-to-treat and will compare the rates of re-hospitalization or death in childgen~
treated with azithromycin or placebo using Cox proportional hazard regression. The trial will also evaluate E—heg
effect of a short course of azithromycin on enteric and nasopharyngeal infections and cause-spedific
morbidities. We will also identify risk factors for post-discharge morbidity and mortality and subpopulatigns o
most likely to benefit from post-discharge antibiotic use. Antibiotic resistance in Escherichia coli gndy,
Streptococcus pneumoniae among enrolled children and their primary caregivers will also be assessed and 5
cost-effectiveness analyses performed to inform policy decisions. é .
[ ]
Ethics and dissemination: Study procedures were reviewed and approved by the institutional review bo
of the Kenya Medical Research Institute, the University of Washington, and the Kenyan Pharmacy and Pois
Board. The study is being externally monitored and a data safety and monitoring committee has b

/T0Z 1aqwaos

oo

assembled to monitor patient safety and to evaluate the efficacy of the intervention. The results of this trial Qv
be published in peer-reviewed scientific journals and presented at relevant academic conferences and to @%
stakeholders. 2
Qo
o Cc
Trial registration number: NCT02414399 %%
3 o8}
Key words: child mortality, Toto Bora, targeted empiric antibiotic therapy, post-discharge interventions g@
@ .
STRENGTHS AND LIMITATIONS OF THIS STUDY ;
Strengths S
e Randomized, placebo-controlled, double-blinded design and modified intention-to-treat analysis will =
«

ensure unbiased treatment effect measure
o Comprehensive data are collected, including biological specimens for all child participants and a subﬁet
of adult caregivers, for analyses of mechanisms of post-discharge morbidity and mortality, subsets ot
children most likely to benefit from the antibiotic, as well as assessments of antibiotic resistance and2.
cost-effectiveness 2
e Results will likely be generalizable due to the limited exclusion criteria, large sample size, and multip@

. =y

study sites 3

3

Limitations o

o Causes of death and re-hospitalization may be misclassified due to limited availability of medical
records and recall bias in caregiver report

e The primary endpoint of this study is a combined outcome of re-hospitalization and death, which, while
improving statistical power, may present challenges for interpretation

¢ Children in both intervention arms may receive other antibiotics over the course of follow-up

1
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BACKGROUND

Close to 3 million deaths occur annually in children Iess than 5 years of age in sub-Saharan Africaz
(SSA), over half of which are attributed to infectious causes.' Children who were recently hospitalized have @
mortality rates 6 to 8-fold higher than similarly-aged children from the same community.>* Post- dlschargeﬂ>
mortality rates as high as 15% have been documented in the 12 months following discharge, with mortality risk §
remaining elevated up to two years post-discharge.>® Children who are very young, malnourished, or HIV—'5
infected are at particularly high risk of post-discharge mortality within the 3 months following discharge.“5 2790
Children being discharged from hospital in SSA may represent an accessible high-risk population in whlchgtOm
target interventions to reduce mortality and morbidity.

Targeted antibiotic interventions, including the use of cotrimoxazole among HIV-infected children gﬁdo
the use of amoxicillin or cefdinir among children with severe acute malnutrition (SAM), have been shownovto:,
reduce morbidity and mortality in these specific vulnerable populations.'®'® Other trials of targeted antibigtic
use in vulnerable populations, including cotrimoxazole in HIV-exposed uninfected (HEU) children anﬁln\n
children with SAM, have failed to demonstrate a mortality benefit.'* ' In contrast, non-targeted mass dfugg
administration of a single dose of azithromycin halved mortality rates among Ethiopian children I|V|ng|n'*
communities randomized to receive the antibiotic.'® ' Concerns about the potential emergence of antlblgtlco
resistance, possible toxicity, and feasibility of delivery are barriers to community-wide antibiotic d|str|bugon,\,
strategies.

A short-course of azithromycin given to children with recent severe illness being discharged frd
hospital may optimize benefit while reducing both individual and population level risks. Azithromycin n‘;fg
reduce post-discharge morbidity and mortality through infection related mechanisms such as treaty
undiagnosed, incompletely treated or nosocomial infections or by protecting against new or recrudesc®
infections that occur during recovery. Azithromycin may also act through non-antimicrobial pathways suc
by anti-inflammatory and/or immune-modulatory effects.

nd 1sny :uadQ CINE

/9ETT

aé%%ﬁze >

2
} papeojumoq °/10Z Jeqwadad 6

OBJECTIVE
The primary objective of this double-blind, placebo-controlled, randomized controlled trial (RCT) i
determine whether a 5-day course of azithromycin in children age 1 to 59 months dlscharged from hospite i
western Kenya reduces rates of re-hospitalizations and/or death in the subsequent six months. The secondzauy S
objectives are (1) to evaluate possible mechanism(s) by which azithromycin may affect morbidity and mortaBity; >
by comparing reasons for re-hospitalization and prevalence of enteric and nasopharyngeal infections betw@env
the randomization arms; (2) to determine whether empiric administration of azithromycin at hospital discha®je
increases risk of antibiotic resistance in commensal Escherichia coli (E. coli) and Streptococcus pneumorﬁae—
(S. pneumoniae) isolates from treated children and their primary caregiver; (3) to identify correlates @df’
intermediate markers of post-discharge mortality and hospital readmission; (4) to determine the c&st-2
effectiveness of post-discharge administration of a 5-day course of azithromycin in settings of varying ant|b|8t|c_
use, re-hospitalization rates, and mortality rates; and (5) to create a repository of stool, nasopharyngeal, &ndo
blood specimens from highly characterized, recently discharged children, half of whom are treated \Elth\

ﬁ’bue 1Xa1 0
Tladns u

(o]

azithromycin, to be used to address future research questions. 2 5
® £

METHODS s 2
Reporting of this study protocol has been verified in accordance with the SPIRIT (Standard Protcg:olr

Items for Randomized Trials) recommendations. ) §
: a1

T )
Eligibility >

Children age 1 to 59 months old weighing at least 2 kg who have been hospitalized, and subsequentlyg
discharged, will be eligible for inclusion. Caregivers of potentially eligible children must be at least 18 years of§
age or classified as an emancipated minor and be wiIIing to participate in the Contact Cohort if randomly w
selected. Children will be excluded if: azithromycin is contraindicated (children taking or prescribed otherCr
macrolide antibiotics, such as erythromycin or clarithromycin, or the protease inhibitor, lopinavir); they wereg
admitted to hospital for a trauma, injury, or a birth defect; they do not plan to remain in the study site catchmentu
area for at least 6 months; the legal guardian does not provide consent; or if a sibling was enrolled in the trlaIQ
on the same day of discharge.

[3pan
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Recruitment

Children will be recruited from the inpatient wards of health facilities in Kisii and Homa Bay Countiess
where study staff will accompany hospital staff on ward rounds to identify children being discharged each day.&
All discharged children, as determined by the onsite hospital clinicians, will be screened by study staff duringd
working hours. If the caregiver is interested in participating and indicates consent for screening, the study staffg
will screen the child for eligibility, and if eligible, will obtain informed consent for study participation. Informed”
consent includes an explanation of the potential risks and benefits of the study and additional provision for gse'*
of participant data and samples for future studies, and will be conducted in the language of the respondeft's &
choosing (English, Kiswahili, Kisii, or Luo). The parent or guardian (primary caregiver) must sign writfen3
informed consent (or provide a witnessed thumbprint if not literate) prior to enroliment.

ToZ-uadol

Enroliment

Children will be enrolled at the time of discharge by the clinical staff. At enrollment, primary caregivgrs <
will be interviewed to assess demographic information, medical history, and detailed contact information forf‘t_heH
child (Table 1). Medical records will also be used to abstract information from the hospitalization (mcluqlgng\,
presenting diagnosis, medical management, length of stay, procedures performed, relevant medical histay, o
physical examination, and laboratory data). All enrolled participants will undergo a physical examinafon,
performed by the study clinician, including measurement of height (in children = 24 months), length (in childgeng
<24 months), weight, and mid-upper arm circumference (MUAC), each of which will be measured three times. 3
HIV status will be obtained from medical records or from performed testing if records are not avallalglggsn1 3

1Adoo Aq

9

Page 4%f 20

Detailed home location and contact information will be collected to enable patient tracing. ig.g
D SN

DO

Table 1. Summary of data collected among enrolled children at each study visit 3;; ':.
Enrollment visit i iai o g

(hospital discharge) 3 month follow up visit 6 month follow up visit Unscheduled vuiitg) g

e Questionnaire of e Questionnaire of study drug e Questionnaire of reported ¢ Questionnaire 8 )
= o

sociodemographic, clinical administration, and reported illnesses, hospitalization reported illnessesa o

history, treatments prescribed
in hospital and at discharge,
hospitalization costs, dietary

illnesses, hospitalization
costs, change in clinical
history, and treatments since

costs, change in clinical
history, and treatments since
last visit

since last sche@l%d_—'i
visit, change ing > = 3
clinical history, aﬁ 3

factors, household factors, last visit e Physical exam treatments since. |g;;§
and environmental exposures | e  Physical exam e Anthropometry visit @ =
e Physical exam e Anthropometry e  Abstraction of medical e Abstractionof » 3
e Anthropometry e Abstraction of medical records (if re-hospitalized) medical recordsif
e Abstraction of medical records (if re-hospitalized) e Verbal autopsy (or abstracted re-hospitalized)2.
records (if re-hospitalized) e Verbal autopsy (or abstracted medical records) e Verbal autopsy B
e Verbal autopsy (or abstracted medical records) e Heel/finger prick (HIV and abstracted medeal
medical records) o Heelffinger prick (HIV and malaria, sickle-cell) records)
e Heel/finger prick (HIV and malaria) e  Stool collection (Shigella,
malaria) e  Stool collection (Shigella, Salmonella, Campylobacter,

e  Stool collection (Shigella,
Salmonella, Campylobacter,
Escherichia coli,
Cryptosporidium, and
Giardia) o

e Nasopharyngeal swab
collection (Streptococcus
pneumoniae)

Salmonella, Campylobacter,
Escherichia coli,
Cryptosporidium, and
Giardia) .
Nasopharyngeal swab
collection (Streptococcus
pneumoniag)

Escherichia coli,
Cryptosporidium, and
Giardia)

Nasopharyngeal swab
collection (Streptococcus
pneumoniae)

‘salBojouyoa) Jejlwis pue

Specimen collection

Specimens will be collected at enrollment (prior to study medication administration, as well as at 3 and3
6-month follow-up visits). All children will also be asked to provide a whole stool for enteric pathogenm
identification and storage. Stool samples will be divided within one hour of collection for the following purposes:Z
1) placed in Cary-Blair for eventual bacterial culture (FecalSwab Cary-Blair Collection and Transport«_czj
Systemt™, Copan Diagnostics), 2) immediately tested for Giardia and Cryptosporidium using the&
immunoassay (Quik Chek™, Alere) and 3) placed in -80°C storage for future molecular determination of =
pathogen or commensal flora and markers of gut function (whole stool for these purposes will be divided into
two separate vials). If a child cannot produce whole stool, two flocked rectal swabs (Pedatric FLOQswab™, &

9ouaby 1 Gzog ‘TT aunrc uo /woo'[wq'uadolwq//'
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Copan Diagnostics) will be collected and one placed in Cary-Blair and the other stored in -80°C for future
analyses.

One flocked dry nasopharyngeal swab (Copan Diagnostics) will also be collected from all enrolledg
children at each time point, immediately placed in skim milk, tryptone, glucose, and glycerine (STGG) media, 3

lgn

and frozen (-80°C) within 1 hour of collection for future S.pnuemoniae culture.”'® Primary caregivers in theg
Contact Cohort will also be asked to provide a stool sample (or 2 rectal swabs) and nasopharyngeal sample ats
each visit for testing and storage as described above. * ,':

Venous blood (up to 1 teaspoon [5mL]) will be collected from all enrolled children at each time point @tOm
EDTA tubes and separated for the following purposes: 1) 0.5mL for immediate HIV-testing (if mdrca@_edg
according to Kenyan Ministry of Health guidelines), 2) 0.4mL for a thin malaria smear which will be storegato
room temperature, 3) 0.4mL for a dried blood spot, and 4) 2-4mL for plasma and buffy coat isolation and 8@°C“’
storage. Blood will also be collected from primary caregivers for HIV-testing if indicated.

“ybuAd

Randomization
Block randomization (1:1) in random sized blocks of no more than 10, stratified by site, will be uaed
Primary randomization will include allocation to the Contact Cohorts at a ratio of 1:5 (resulting in 150 er
treatment arm). Each subject will be assigned a Patient Identification Number (PID), and the randomiza
code linking each PID to the allocated treatment will be generated by a designated statistician and malntalned©
by the University of Washington Research Pharmacy. Study participants, investigators (other than lhem
statistician), the study staff, hospital clinicians, and persons involved in data management or analysis $vill &

0 0,T6T0-2T02-U

J8Q

3
remain blinded to the allocation group during all data collection phases of the study. gg 2
D SN
Intervention g3
Enrolled children will be prescribed a 5-day course of oral suspension formulation azr'[hromyz_c@]U
(Zithromax® from Pfizer, 10 mg/kg on day 1, followed by Smg/kg/day on days 2-5) or identically appearing gnd 2
tasting placebo at discharge. ldentically appearing bottles will be pre-labelled with the PID. Dosing ranges wgrg =
determined such that a given child would never be under-dosed or over-dosed by more than 20% of #eg
weight-specific intended dose (Table 2). The day 1 dose will be split in half and the first half administere HC g
the SthY clinician (to be observed by the .. Table 2. Azithromycin dosing chart by child wei%fg o
caregiver) followed by the second half administered by the i Day 1 dose | Day2-5 doseéjmi
caregiver under careful observation of the study staff. Day 2-5 | Weight(kg) (mL) mL 3 E
doses will be administered by caregivers at their home. 2.0 0.25x 2 025 » 3
Caregivers erI_ be pr_ovrded yvrth yrsuall linstructions in the 21-2.4 0.30 x 2 030 3| 3
language of their choosing (English, Kiswahili, Luo, Kisii). S| S
Automated daily text message drug administration 25-2.8 0.35x2 035 3| S
reminders will be sent for the four days following discharge and 2.9-3.2 0.40 x 2 0.40 g g
caregivers asked to respond with whether or not the child took 3.3-3.6 0.45 x 2 045 2 '8.
the daily dose. The response text message will be free of charge 3.7%.0 050 x 2 3 3
. , . . 7-4. 50 x 050 =
to caregivers and caregivers will be reimbursed for each & 9
response at the final study visit. Caregivers are also asked to 4.1-4.8 0.60 x 2 06 gl o
record each administered dose on the bottle and to return bottles 4.9-5.6 0.70 x 2 0.7 % 3
at the 3-month follow-up visit. The questionnaire administered 5.7-6.8 0.85x2 oss 2| R
during the 3-month follow up visit also includes questions about : Qe N
how many doses of the study drug the child received. 6.9-8.0 1.0x2 10 5 §
8.1-9.6 1.2x2 1.2 2
Follow-up Procedures 9.7-11.2 1.4x2 1.4 §
All enrolled children and primary caregivers will be 113136 Tex2 Iy 3
scheduled to return to the health facility at 3 and 6 months T ' : i
following enroliment to collect clinical information and samples. 13.7-16.0 2.0x2 2.0 5
Anthropometric measurements will be obtained from all children 16.1-19.2 24x2 24 S
and caregivers at both follow up visits (height/length, weight, i >
MUAC) and caregivers will be asked about any hospitalizations 19:3-23.2 29x2 29 ES
occurring since the last time the child was seen by study staff. 23.3-25.0 32x2 32 2
Q.
(0]
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Caregivers will be provided with 400KSH (approximately $4USD) to cover the cost of their round-trip.
transportation.

Transportation cost will be reimbursed at each follow-up visit. If the participant does not return at theira
scheduled time, study staff will attempt to make contact with the primary caregiver via cell phone; if no‘D
telephone number is provided, or if the participant cannot be reached, study staff will trace the child to the§
household within 2 weeks of the scheduled follow-up time. =

During scheduled follow-up visits, study staff will use a standardized questionnaire to ascertain hlsi;gryH
of recent illness/morbidity, post-discharge medication use including antibiotic treatment, and current condlfiono»
of the child (any hospitalizations, admission and discharge date of any hospitalization, vital status, datqgofg
death if applicable). If caregivers report a hospitalization, causes of admission, medication administration, @sto
of admission, and length of stay will be ascertained from both caregivers and medical records, when availab

Caregivers will be encouraged, at enroliment and at each subsequent contact, to bring the child to@eo
study health facility at any time the child is sick. Study staff will triage children to the appropriate health facgity &
staff and will conduct a brief unscheduled visit questionnaire to ascertain adverse event information. If #he 2
unscheduled visit leads to a hospitalization, this will trigger the completion of a hospital admission form. 3

If at any point during follow-up a child dies, a verbal autopsy using the Population Health Metgcsg
Research Consortium Shortened Verbal Autopsy Questionnaire.? If the death occurred in a hospital, data f@m
the hospital records, including cause of death, if available, will be abstracted. If a death certificate is avallalgle,
cause(s) and timing of death will be abstracted.

Final causes of re-hospitalization and death will be determined after data collection is complete by
independent adjudication committee comprised of clinicians spemahzmg in pediatrics and infectious dlsea§
Sources of cause of re-hospitalization (medical records and caregiver report) and causes of death (cau
automatically assigned from the verbal autopsy using SmartVA-Analyze [Tariff 2.0 Method]?', hospital reco
or death certificates) will be presented to the adjudication committee for final cause assignment.

||qnd 18414 :uado
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Laboratory Procedures

Stool (rectal swabs), nasopharyngeal swabs and blood will be collected as described above
undergo either immediate or future laboratory testing as described in Table 3. All biological samples wi
collected by staff trained in biosafety and Good Clinical Laboratory Practice (GCLP). Samples wil
processed in Kenya when technology is available at the Kenya Medical Research Institute (KEMRI) Wellcos
Trust or Centre for Mlcroblology Research [CMR]. Metagenomic analyses and/or analyses that req@
technology not available in Kenya will be performed at the University of Washington. If stool culture resuﬂts\
report Shigella or Salmonella infection, the study staff will contact the child’s caregiver and encourage §1e3

ue 1xa} O1¢p:
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caregiver to bring the child back for an evaluation and potential treatment if the child is symptomatic. 2
«

Table 3. Sample storage and processing descriptions o
Specimen Purpose Tests Performed %
Collected 5
Stool/ flocked Bacterial ID and Fresh samples/rectal swabs will be cultured to identify Shigella, Salmonella, Campylobacte%
rectal swabs storage for AST and Escherichia coli (E.coli) usmg standard microbiologic methods and biochemically =
confirmed using bioMérieux’s API® strips. All Shigella, Salmonella, and Campylobacter 8§

isolates, as well as a random subset of E.coliisolates will undergo antibiotic resistance =

testing using disc diffusion for the following antibiotics: amoxicillin-clavulanic acid =3

(augmentin), ampicillin, azithromycin, chloramphenicol, ciprofloxacin, ceftriaxone, e

ceftazidime, cefoxitin, gentamicin, imipenem, trimethoprim-sulfamethoxazole, é'

ceftazidime/clavulanate (ESBL), cefotaxime/clavulanate (ESBL). Categorizations of
susceptible, intermediate, and resistant will be determined using zone-size cut-offs outlined in
Clinical and Laboratory Standards Institute (CLSI) interpretive standards.

Parasite detection | Fresh stool and rectal swabs will be tested for G/ard/a and Cryptosporidium using the
immunoassay Giardia/ Cryptosporidium QUIK CHEK™

Storage Stool/ flocked swabs and colonies of E.coli, Shigella spp Salmonella spp., and
Campylobacter spp. will be stored at -80°C.

Nasopharyngeal | Bacterial isolation, | Streptococcus pneumoniae (S. pneumoniae) colonies will be isolated using standard

Swabs storage, and microbiologic or molecular diagnostic protocols and susceptibility testing performed using
resistance testing | standard microbiologic or molecular techniques. A random subset of S. pneumoniae isolates
will undergo antimicrobial resistance testing using disc diffusion for the following antibiotics:
amoxicillin-clavulanic acid (Augmentin), ampicillin, azithromycin, chloramphenicol,
ciprofloxacin, ceftriaxone, ceftazidime, cefoxitin, gentamicin, imipenem, and trimethoprim-
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sulfamethoxazole. Categorizations of susceptible, intermediate, and resistant will be
determined using zone-size cut-offs outlined in CLSI interpretive standards.
Storage Back-up sample and S.pneumoniae colonies will be will be stored at -80°C.
Blood HIV and malaria HIV testing will be performed per Kenyan National Guidelines and malaria microscopy
testing performed using standard methods.
Storage Plasma and buffy coat will be stored at -80°C. Dried blood spots will be stored at room
temperature.

Data Management and Confidentiality
Personal information about the participants including medical records and data ascertained perS
caregiver interview, will be securely stored in files in the study offices at the study sites. Only pre-designaieds
study staff will have access to the files. Data will be entered into an electronic database (Dacima® Electronlcm
Data Capture) regularly by study staff. Access to the electronic database will be secured using pass rdN
protected accounts for study staff. Data reports of screening, enrollment, and exclusion totals wmg)
disseminated to the study team on a weekly basis; reports including baseline demographic characterlst%s,H
laboratory results, adherence data, and serious adverse event summaries will be distributed to study So-

Q/9cTT 0T Se paysiignd 1s.1) :uadQ CINE
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investigators and data monitors quarterly. Data will be regularly queried to facilitate ongoing data cleaning. %
S
Data Analysis ‘?;
Primary endpoints o m
The primary study endpoint is a combined outcome of mortahty and hospital readmission, as re-hospitalizatfof

ae
(23]

&
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is highly associated with risk of subsequent poor outcome.? Re-hospitalizations that are a continuatio
management from the previous hospitalization (such as elective blood transfusion) or that occur du
enrollment procedures, due to a clinical deterioration post-discharge, will be excluded from the analysis. L
to follow-up will be defined as non-attendance at both follow-up visits despite one month of active tracing
no clear evidence of death.

Q
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Secondary endpoints

1. Cause-specific re-hospitalizations assessed by questionnaire (maternal recall of diagnosis) at month 3
month 6 follow-up visits and medical record review (discharge diagnosis). In cases when both sources
available, information from the medical record will be considered as the primary source. Separate analyg
will be performed for each diagnosis: diarrhea, acute respiratory infection, malnutrition, or malaria.

2. Mild, moderate, and severe events that did not result in re-hospitalization, including diarrhea, vomiting, §§<m5
rash, lip swelling, difficulty breathing/wheeze, and seizure will be ascertained by caregivers identified by theg
study clinicians during clinical exams at scheduled follow-up visits or during unscheduled visits. Seveq!ltyc
(grade 1-3) will be defined according to 2014 Division of AIDS (DAIDS) Table for Grading the Severlt)% of2
Adult and Pediatric Adverse Events.

3. Enteric pathogen carriage, operationalized as presence of a bacterial pathogen-Shigella species (sp§)
Campylobacter spp., or Salmonella spp. - or parasite- Giardia or Cryptosporidium-in stool or rectal sw&bsS
assessed at month 3 and month 6 follow-up visits. o

4. Streptococcus pneumoniae (S. pneumoniae) isolated from nasopharyngeal swab cultures at month 3 @dm
month 6 follow-up visits. o

5. Antibiotic resistance, specifically resistance to azithromycin, ampicillin, augmentin, mprofloxa‘(‘,—ﬁm,G
trimethoprim-sulfamethoxazole, in E.coli and S. pneumoniae isolates, and presence of ESBL in E.8olio:
isolates, from month 3 and month 6 follow-up visits.

e
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Statistical analysis
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To compare rates of re-hospitalization and mortality in the 6 months following hospital discharge among<
Kenyan children receiving 5-day azithromycin vs. placebo &
Primary analyses will be modified intent-to-treat (mITT) based on randomization allocation to the 5-day course£
of azithromycin versus placebo. Cumulative incidence of death or first re-hospitalization will be compared=-
between treatment groups using Cox proportional hazards regression. Participants will be censored at the date s
of their first re-hospitalization, or at the date of death. Median time to hospitalization-free survival will be &
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compared between randomization groups using Kaplan-Meier (K-M) survival analysis and associated log-rankg
test. If the baseline assessment of randomization reveals an imbalance in characteristics between thez
treatment groups, we will evaluate these variables as potential confounders in a sub-analysis secondary to thea
mITT. Potential baseline confounders will be added stepwise in a multivariable Cox model and maintained in&
the model if adjustment changes the hazard ratio by more than 10%. In per protocol analyses also secondary g
to the mITT, we will compare treatment effects in groups defined by self-reported adherence to the 5- dayO
course of azithromycin (5 doses vs. < 5 doses; 23 doses vs. <3 doses; >1 dose vs. 1 dose only). In addltr@n
we will conduct Cox regression and K-M survival analyses for time to mortality and time to re- hospltahzatlor{gaSm
separate endpoints to understand intervention effects on these outcomes individually. The assumptlorgofg
proportional hazards will be checked in all models using graphical methods including plotting a In(-In(S goto
for each treatment group and assessmg the parallelism of the two lines and by plottlng Schoenfeld reS|dLg:1Is:,
over time. If there is substantial missing covariate data, multiple imputation using the Markov chain Mo@teo
Carlo (MCMC) method will be used to impute covariate information. Missing outcome data (death orge--
hospitalization) will not be imputed, but participants will be censored at the last follow-up visit theret%reg
contributing some person-time to the analysis. In sensitivity analyses, we will compare treatment effecté'in':.
children whose caregivers report no additional antibiotic use over follow-up and separately, who report@oo
additional azithromycin use specifically, and in subsets of children defined by age, site, and dlscha@e,\,
diagnosis. =) U
= (D
To evaluate possible mechanism(s) by which azithromycin may affect morbidity and mortality, by compagr@g
reasons for re-hospitalization and change in prevalence of pathogen carriage between the randomization argig o o
To evaluate the association between azithromycin and the rates of cause-specific re- hospltallzatlezn’g)o
(hospitalization due to diarrhea, acute respiratory infection, malnutrition, or malaria) we will use Anderson %EI\.
proportional hazards modeling with previous re-hospitalizations included as time-dependent covariates in #® 9
model to capture the dependent structure of recurrence times. Because we will not have granularity in the t%é
points other than 3 months and 6 months for assessment of pathogen carriage, we will compare greo
prevalence of a bacterial and parasitic pathogens (Shigella, Salmonella, Campylobacter, Cryptospor/d@ﬁ,m
Giardia) at 3 and 6 months by randomization arm using generalized estimating equations (GEE) with a Pms@%ag
EcE

E

link, exchangeable correlation structure, and will adjust for baseline presence of a bacterial pathogen
determine whether an observed association between the intervention and pathogen carriage wanes over tlm@,:
we will test the hypothesis that the prevalence ratios comparing carriage in intervention arms are the samé atv
the two follow-up time points using a chi-squared test.

ell |
quJq/

To determine whether empiric administration of azithromycin at hospital discharge increases risk of anz‘/b@i‘lcU
resistance in commensal E. coli and pneumococcal isolates from treated children and their household conta@ts =

Among children and adult household contacts in whom commensal E. coli and/or S. pneumoniae %re__
isolated, we will compare the proportion of isolates resistant to azithromycin, ampicillin, augmentin, 3
ciprofloxacin, and trlmethopnm -sulfamethoxazole, between randomization arms and Contact Cohorts for eé*chi
arm, at 3 and 6 months using GEE with a Poisson link and exchangeable correlation structure. A chi- squa?ed:
test will be used to determine whether the association between intervention arm and antibiotic ressta@cec
wanes over time. Because the likelihood of having a bacterial pathogen isolated may depend on base%efD
factors, including intervention arm, we will conduct secondary analyses utilizing propensity scores to accoantH
for the potential differential likelihood of having antibiotic susceptibility testing performed, which will allow usstOo
make inference to the entire study population and their contacts. Also we will compare resistance proportlonsU1
among children (as opposed to among isolates) where absence of an isolated bacteria is considered not,>
resistant.

aouab

To identify correlates and intermediate markers of post-discharge mortality and hospital-readmission amongw
hospitalized children =2

_Enrollment hospital admission diagnosis, indicators of malnutrition, age, HIV-exposure and HIV-&
infection status, sickle cell anemia, and randomization arm will be assessed in a multivariable Cox regressmnu
model to identify correlates of the primary endpoint of death and/or hospital-readmission independent of the =
treatment effect. In addition, Cox regression models will also be built for correlates of mortality and correlateSm
of re-admission individually to understand distinct cofactors for each of these outcomes. o
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To determine the cost-effectiveness of post-discharge administration of a 5-day course of azithromycin in
settings of varying antibiotic use, re-hospitalization rates, and mortality rates

Costs analysis: We will assess the costs of all supplies, services and equipment necessary too
implement the intervention (direct medical costs). The perspective will be that of the healthcare provider, i.e.8
Kenya’s Ministry of Health. Using WHO guidelines and its ingredients approach, we will quantify the resources
and associated unit costs required to deliver a 5-day course of azithromycin, organized in standard expendltureH
categories: personnel (salaries), supplies including drugs, equipment, services, space and overhead. We 3{V|IIH
also measure the costs of severe child hospitalizations, the costs for the different types of personnel emplogedo»
(e.g. nurses/doctors) and the time demanded from them for conducting the intervention.?? When data greg
missing, they will be complemented by data extracted from the literature and other available sources. EuIIO'
incremental costs will be derived, with estimation of the potential healthcare cost-offset realized in avoiding3
severe hospitalizations. Costs will be measured in local currency (Kenyan Shilling) and converted into US$. S
Our main metric will be cost per child treated. Cost-effectiveness analysis (CEA): we will develop a GEA%
mathematical model, and estimate incremental costs and cost-effectiveness for implementation of E—heg
intervention. The model will include two components: costs (described immediately above) and health beneﬁ*’ts.':.
The study will provide clinical outcomes (mortality/morbidity) over a 6-month follow-up period. Subsequergly,o
deaths averted, life-years saved and disability-adjusted life years (DALYs) averted by the intervention W|Il§oe,\,
estimated. We will estimate: a) incremental costs and b) incremental cost-effectiveness of the interventionys. 5
status quo. Incremental costs are the net sum of the costs to implement the intervention compared with sta&usn
quo, and the costs averted due to the decrease in severe child hospitalizations. Incremental cost-effecttveng%g
ratios (ICERs) will be estimated as cost per death averted, cost per life-year saved, and cost per Dﬁg,l_gm
averted. We will use recent estimates of disability weights for estimation of DALYs.?*?* Short-term (over st&cg/o
follow-up i.e. 6 months) and longer-term time horizons (extrapolated to 1, 5, and 10 years) will be used. DAI2
and costs will be discounted at 3% per year, consistent with CEA gwdellnes (undiscounted results will aIsoSb%U
presented). Sources of uncertainty in the results will be explored in univariate and probabilistic sensm%g
analysis. *°? Finally, we will compare our findings to CEA estimates for other health interventions in syt
Saharan Africa.?’ %

u !|qnd 18414 :uadO CINE

Data and Safety Monitoring
A Data Safety and Monitoring Committee (DSMC) will be established at study initiation to mong
severe adverse events (SAEs) and to evaluate the statistical analysis plan and associated stopping rules. 'Ewe
DSMC includes expertise in clinical trials, statistics, child mortality assessment, ethics, and pediatric carexins
resource limited settings. Adverse events will be monitored by the DSMC. Monthly adverse event summa@es3
will be sent to the DSMC safety officer and individual-child SAE forms, which include detailed medlcataong
history to evaluate possible drug interactions, will be sent to the safety officer per request. Each SAE W|Ilaoe3
assigned the plausibility of relatedness to study drug by study Pls. The data will not be presented’”bya
intervention group unless requested by DSMB safety officer. These reports will be descriptive (no statlstﬁ;al
analyses). The DSMC will make recommendations regarding any imbalances in safety outcomes. 3 i
A single interim analysis for re-hospitalization-free survival will be prepared by the study statisticgan 8
using O’Brien-Fleming boundaries for benefit and harm when 50% of expected person time (350 child-yedfs) &
has been accrued. Assuming 157 events will be available at half of the person-time accrual, a z-score crit€al@
value of 2.797, or p-value < 0.005, from a Kaplan Meier log-rank test will determine the cut-off of statistgal =
significance. A symmetric boundary will be used for benefit and harm. The DSMC will review this analysis @nd'\)
make a determination about study continuation. Futility will not be a basis for stopping rules because of the
trials’ value in understanding mechanisms of post-discharge worsening and antibiotic resistance. Assuming the®
DSMC decides to continue the trial after the interim analysis, an alpha of 0.045 will be used as the statisticala
significance boundary at the final analysis.
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Statistical Power
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To compare rates of re-hospitalization and mortality in the 6 months following hospital discharge amongg
Kenyan children receiving 5-day azithromycin vs. placebo
The total sample size required was calculated for the primary endpoint of time to death or hospital re- c
admission within the 6 month post-discharge period, assuming an alpha level of 0.05, power of 0.80, and as1
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ratio of treatment to placebo random assignment of 1:1. In SSA, it is estimated that 2-15% of children agedg
less than 5 years died within 6 months of hospital discharge and 15.5% of children who survived dischargez
from the district hospital were re-admitted with the same diagnosis within 6-months.?*® Assuming that ana
additional 5-10% of children are re-admitted for other conditions, we expect that re-hospitalizations will occur |n‘D
20.5 to 30.5% of children enrolled in the study. Combined with our expected fatallty rate (2-15%), we expect§
the cumulative incidence of the combined endpoint to range from 22.5 to 45.5%.° Based on a previous trlal of 5
mass drug administration of a single dose of azithromycin in which a single dose of the antibiotic vgas'*
associated with a 49% reduction in risk of death, we calculated sample sizes usmg estimates of reductlortg mov
risk ranging from 30-50% with the cumulative incidence range of 22.5 to 45.5% in the placebo -treated gro;gj_p,

and found the sample size required ranged from 90 to 550 children per treatment arm.'® Using the r@sto
conservative estimates of a hazard ratio of 0.70 and 22.5% prevalence of re-admission/death, we needto3
enroll 1100 children in the study (550 per arm) to achieve adequate power. We will recruit an additional @ON
children (=20%) to account for possible loss to follow-up, resulting in a total planned enroliment of 1@0\1
children, or 700 per treatment group. When considering mortality alone, and estimated mortality ranges of2-2 =
17% among place-treated children, we will have >80% power to detect hazard ratios <0.5 for mortality rateg of'*
> 8% and hazard ratios <0.6 for mortality rates =11% (Figure 1).

@Bu!pn
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To evaluate possible mechanism(s) by which azithromycin may affect morbidity and mortality, by compari
reasons for re-hospitalization and prevalence of pathogen carriage between the randomization arms

We calculated the minimum detectable association between treatment arm and cause-specific
hospitalizations (hospitalization due to diarrhea, acute respiratory infection, malnutrition, or malaria vs.
other) among enrolled children, assuming an alpha level of 0.05, power of 0.80, and a ratio of treatmen
placebo of 1:1. Based on data from Kenya, re-hospitalization rates due to specific causes ranged f
approximately 0.5% to 5.7% in the 6 month post-discharge period.* By not conditioning on the child having
same diagnosis as the initial hospitalization, we expect the cumulative incidence of cause-specific
hospitalizations to range from 2.5% to 10%. With this range of outcome rates, we will be able to detect haz
ratios of 0.48 to 0.70 for the effect of azithromycin on specific severe morbidities.

We expect 56% of children in the placebo group to have S. pneumoniae isolated from nasopharyn
swabs, prowdlng >80% power to detect a prevalence ratio of 0.85 (or 1.15) between the two treatment armg &
each time point.**®' Based on prevalences of Shigella, Salmonella, Campylobacter, Cryptosporidium, G/aEﬂa
among asymptomatic children in Western Kenya, we expect 10% of children in the placebo group to havé ‘ad
bacterial pathogen isolated at each time point, resultlng in =280% power to detect differences in entérlc
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pathogen prevalences of 0.67 (1.49) at each time point.*? s %
3. O
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To determine whether empiric administration of azﬂhromycm at hospital discharge increases risk of an'ﬂbl‘ﬁ'ﬂc3
resistance in commensal E. coli and S. pneumoniae isolates from treated children and their houselﬁ)ld_3
contacts Table 4. Power (%) to detect prevalence ratios of macrolide 9
We will select a random selection of 400 E. coli and B-lactamase resistance in 200 E.coli and 200 2 3

and 400 S. pneumoniae isolates (200 per arm) for B- S:Pneumoniaeisolates per reatment group 2 3
lactam and macrolide resistance testing at each ReglStagice preva:ﬁﬂ;e(/") " placeb’o‘? €
timepoint. We will also store all S. pneumoniae, E. coli = 10 | 20 | 30 940 50 | 60 %0—2
isolates and other isolated bacteria from stool for | £ o[ 7o o I
potential future testing in the event that resistance § 3 20 80 - §
prevalence is lower than expected. As shown in Table 4, | 2 2 30 | 299 | 64 2 4
we will have > 80% power to detect prevalence ratios > | 3 S, N
1.1, with an ability to detect the smallest effect sizes :ﬂ;g 10 |>99] 99 | 5 ®
when the prevalence of resistance in the placebo groupis | ¢ £| 50 |>99|>99| 98 | 48 &
highest. We will enroll 300 adults in the Contact Cohort | £ §| 60 | >99 | >99 | >99 | >99 | 52 W
for E. coli and S. pneumoniae isolation. We expect E.coli | 9 £/ 70 |>99 | >99 | >99 | >99 | 98 | 55 2
to be isolated from all adults and S.pnuemoniae isolated | = 80 |99 |99 |99 |99 |>99]|99]| 64 @
from between 5-55%.% %% Assuming an alpha of .05, a 5

1:1 ratio of testable isolates, and a prevalence of resistance of 50% in the placebo arm, we will have 80%3
power to detect a 1.4-fold higher prevalence to 1.9-fold higher resistance prevalence in the contacts ofm
azithromycin-treated children. 2
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To identify correlates and intermediate markers of post-discharge mortality and hospital-readmission amongs
hospitalized Kenyan children

Conservatively estimating a 20% loss-to-follow-up rate in the RCT and a cumulative incidence of death®
or re-hospitalization of 22.5%, we will have >80% power to detect hazard ratios 21.3 between correlates andg
the outcome with exposure prevalences of 220% or more and hazard ratios 21.5 for exposure prevalences'*
<20%.
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Study timeline

The trial began on June 28, 2016 and participant recruitment and follow-up will continue over a 36-5
month period, with anticipated final follow-up visit(s) occurring in June 2019. Primary analyses will be complgte
by February 2020.

610-2T0z-uadolWa/9ETT 0

‘1ybiAdo

Potential Challenges and Limitations
In order to ensure adequate power to detect a discernable clinically relevant difference between stgdyp
groups in the primary outcome, we have combined hospital readmission with death. Preliminary studiesd
suggest that sufficient numbers of children will reach this combined outcome. However, we have incorpor@ed%
an interim analysis by the DSMB to review the accrued data and an adapted sample size could be considefed &
if the combined event frequency is less than predicted. It is possible that since most children receive antlbloﬁcsm
during hospitalization, the benefit anticipated with the use of azithromycin based on previous trials of mgs;
drug administration will not be observed. However, most hospitalized children are treated with penicillifig =
cephalosporins, gentamicin, or cotrimoxazole while in hospital and the broad spectrum of activity mclu@ﬁgm
malaria prevention) and long half-life of azithromycin suggest that there may be additive treatment an@%O
prophylactic benefit. Similarly, children may receive azithromycin during follow up - either as treatment foraﬁl
illness or because the caregiver sought out azithromycin upon learning of the hypothesis — and
azithromycin use may lead to contamination in the placebo-arm. After discharge, it is difficult to ensgrg_
adherence with the full 5-day treatment course. We will measure adherence using three different measuEe%Q
(text message responses, bottle check boxes, and caregiver-report at follow-up visits) although all are Im&e@la
by caregiver-report. In addition, the mortality benefit of a2|thromycm observed in Ethiopia was from a si %o
dose and in this study the first dose will be directly observed.'® While relying on caregiver report of mort )}]P
and morbidity may lead to bias due to outcome misclassification, this misclassification should not dlger—-
between randomization arms and therefore will be non-differential. Further hospital records will be used when\
available to determine diagnoses. Finally, resistance prevalence may be lower than predicted, limiting powef;toa
detect clinically relevant differences in resistance prevalence between the intervention arms. We will storesallt,
isolates in the event that a greater number of isolates are needed for antibiotic resistance testing.

Ethics and Dissemination
This study has received IRB approval by the University of Washington Human Subjects Division (HSD), KEI\ﬁRI 3
Scientific and Ethics Review Unit (SERU), and the Kenya Pharmacy and Poisons Board. The clinical trd’lso
also registered with clinicaltrials.gov (NCT02414399). Any modifications to the study protocol or cons@ntu
materials will be submitted for approval all regulatory authorities before implementation. The study is be::ng(D
externally monitored and a data safety and monitoring committee has been assembled to monitor pat@nt'—‘
safety and to evaluate the efficacy of the intervention. Results of this study will be disseminated by publlca@on S
in a peer-reviewed scientific journal, presented at relevant academic conferences, and amongst par'uclpafﬁng(J1
partners and health facilities in Kenya.
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Figure Legend
Figure 1. Power and detectable hazard ratios assuming a range of mortality rates from 2-17%
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