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Abstract

Background: Childhood mortality in low- and middle-income countries (LMICs) remains a magjor public health concern, with
infections being a leading cause of infant death. Probictics have shown promise in reducing infection-related morbidity and
mortality in preterm infants, but their use in full-term newbornsin LMICs requires further investigation.

Objective: This study aims to assess the feasibility, safety, and initial outcomes of administering one of two synbiotic
formulations or a placebo to newborns in Papua New Guinea's Eastern Highlands Province.

M ethods: Between November 2020 and June 2023, healthy neonates (< 72 hours old, n=244) were randomly assigned in a
double-blinded manner (1:1:1) to receive an ora preparation containing Lactiplantibacillus plantarum, Bifidobacterium longum
subspecies infantis, or placebo for 7 consecutive days. Follow-up continued for 6 months, with rectal swabs, stool, blood, saliva,
and/or nasopharyngeal swabs collected pre-intervention, on day 7, at 2 weeks, and at 1, 3, 4 and 6 months of age. Ongoing
analyses will assess probiotic gut colonisation, bacterial nasopharyngeal carriage, antibody responses to Hib, Hepatitis B,
PCV-13, and dTP, as well as hospitalisation and infection rates among intervention groups.

Results: Funding and ethical approvals were obtained in 2018 and 2019. Initial synbiotic preparations were received in August
2020, with participant recruitment beginning in November 2020. All follow-up visits concluded in December 2023. Of the
enroled infants, 218/244 (89%) completed the full 7-day synbiotic/placebo course, and 169/244 (69%) completed the study.
Disruptions due to the COVID-19 pandemic led to family relocations outside the study area, preventing some infants from
completing the study. High rates of sample collection were achieved, with >90% of rectal swabs, nasopharyngeal swabs, saliva,
and blood samples successfully obtained at multiple time points. Sample analysisis ongoing.

Conclusions: This study demonstrates that probiotic supplementation is feasible in full-term infants in an LMIC setting. The
findings from this study will inform the need for larger trials of probiotics and synbiotics to complement existing efforts to
reduce infection-related infant mortality in LMICs while also providing insights into their clinical, immunological, and
microbiological impactsin infants. Clinical Trial: ANZCTR.org.au Identifier: CTRN12620001369910
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Feasibility, safety and impact of the probiotics Lactiplantibacillus
plantarum and Bifidobacterium in Papua New Guinean infants:
methods and feasibility from a randomised controlled trial.

ABSTRACT

Background: Childhood mortality in low- and middle-income countries (LMICs)
remains a major public health concern, with infections being a leading cause of
infant death. Probiotics have shown promise in reducing infection-related
morbidity and mortality in preterm infants, but their use in full-term newborns in
LMICs requires further investigation.

Objectives: This study aims to assess the feasibility, safety, and initial
outcomes of administering one of two synbiotic formulations or a placebo to
newborns in Papua New Guinea's Eastern Highlands Province.

Methods: Between November 2020 and June 2023, healthy neonates (< 72
hours old, n=244) were randomly assigned in a double-blinded manner (1:1:1)
to receive an oral preparation containing Lactiplantibacillus plantarum,
Bifidobacterium longum subspecies infantis, or placebo for 7 consecutive days.
Follow-up continued for 6 months, with rectal swabs, stool, blood, saliva, and/or
nasopharyngeal swabs collected pre-intervention, on day 7, at 2 weeks, and at
1, 3, 4 and 6 months of age. Ongoing analyses will assess probiotic gut
colonisation, bacterial nasopharyngeal carriage, antibody responses to Hib,
Hepatitis B, PCV-13, and dTP, as well as hospitalisation and infection rates
among intervention groups.
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Results: Funding and ethical approvals were obtained in 2018 and 2019. Initial
synbiotic preparations were received in August 2020, with participant
recruitment beginning in November 2020. All follow-up visits concluded in
December 2023. Of the enroled infants, 218/244 (89%) completed the full 7-day
synbiotic/placebo course, and 169/244 (69%) completed the study. Disruptions
due to the COVID-19 pandemic led to family relocations outside the study area,
preventing some infants from completing the study. High rates of sample
collection were achieved, with >90% of rectal swabs, nasopharyngeal swabs,
saliva, and blood samples successfully obtained at multiple time points. Sample
analysis is ongoing.

Conclusion: This study demonstrates that probiotic supplementation is feasible
in full-term infants in an LMIC setting. The findings from this study will inform
the need for larger trials of probiotics and synbiotics to complement existing
efforts to reduce infection-related infant mortality in LMICs while also providing
insights into their clinical, immunological, and microbiological impacts in infants.
Trial Registration: ANZCTR.org.au Identifier: CTRN12620001369910
Keywords: probiotics, synbiotics; Bifidobacterium; Lactiplantibacillus
plantarum; infant health; neonatal infections; gut microbiota; colonisation

INTRODUCTION

Childhood mortality and interventions

Childhood mortality remains one of the greatest public health challenges of our
time. The under 5 year mortality rate was estimated at 38 per 1,000 live births
in 2021, which equates to an estimated 5 million deaths per year in this age
group. The mortality rate has decreased over the past 30 years, with the
greatest improvements in the 1 month to 5 year age bracket. Deaths within the
first 28 days of life (neonates) account for almost half of all deaths within the
first 5 years of life[1].

The majority of childhood deaths occur in low-middle income countries (LMICs).
Poor sanitation, limited access to improved water, poor access to health care,
limited childhood vaccination coverage, inadequate nutrition and cost of
healthcare relative to income contribute to high infectious disease burden and
poor health outcomes. Many of these long-recognised contributors are difficult
to rectify in the short-term; to expediate improvements in child health in LMICs
novel approaches are required to complement longer-term initiatives.

Probiotics and synbiotics

Probiotics have long been ingested by humans through the consumption of
fermented foods. The World Health Organization defines probiotics as “live
microorganisms which when administered in adequate amounts confer a health
benefit on the host”[2] with a panel of experts in 2013 supporting the ongoing
use of this definition[3,4]. In addition to fermented foods, probiotics have been
isolated from various sources and commercialised as health supplements, and
more recently as therapeutic agents. A promising strategy for the use of
probiotics is in combination with prebiotics - non-digestible food ingredients
which selectively promote microbial growth. Termed “synbiotics”, these
combinations are thought to be more efficacious in enhancing the survival and
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activity of the probiotic bacteria once ingested, and have the potential to lower
the risk of developing many ilinesses and diseases[5,6]. However, the quality of
synbiotic products available on the market varies significantly, with differences
in probiotic strains, prebiotic types, and dosage levels, which may affect their
effectiveness[7]. Furthermore, while initial studies show promise[8-10], more
robust clinical trials are needed to confirm their therapeutic benefits and safety,
as much of the current evidence is based on in vitro or animal models[11-13]
rather than large-scale human studies. Standardisation in product formulation
and more rigorous clinical proof are essential to fully understand their potential
health impacts.

Study rationale and objectives

One novel approach that has garnered interest in recent years is the use of
probiotics early in life. In particular, probiotics have been shown to improve
health outcomes in preterm infants. Meta-analyses of health outcomes of
probiotics administered to preterm infants, demonstrate that probiotics can
decrease the risk of necrotising enterocolitis (NEC)[14-16], and death[17]. The
administration of probiotics to pre-term infants is now standard practise in
neonatal intensive care units in many high-income settings. Its applicability has
been investigated in some LMIC settings for at least 20 years[18]; with a
systematic review on randomised control trials in India suggesting probiotics
reduce the risk of NEC, late onset sepsis and death[19]. Similarly, another
review of trials conducted in 10 LMICs demonstrated that probiotics decreased
the risk of NEC, late onset sepsis and all-cause mortality[20].

With evidence suggesting that probiotics are beneficial to pre-term babies, there
has been interest over the past decade in the potential role of probiotics in
improving health in full-term babies in LMICs. A large community-based study in
India demonstrated the potential health benefits of probiotics in infants[21]. In a
randomised control trial over 2000 children in the intervention arm were
administered a strain of Lactobacillus plantarum (now Lactiplantibacillus
plantarum) supplemented with fructooligosaccharide (FOS) (together forming a
synbiotic) once-daily over 7 days, starting on day 2-4 of life. Compared to the
placebo group, children in the synbiotic intervention arm had significantly lower
rates of sepsis causing death (the study primary outcome) and sepsis combined
with lower respiratory tract infections. Rates of diarrhoea, omphalitis and local
infections were also significantly lower in the intervention group.

Papua New Guinea (PNG) is a LMIC, in which approximately 40% of the
population live in poverty[22]. In PNG approximately 4.1% of children die before
they reach 5 years old, and the under-one-year mortality rate is estimated to be
around 33 deaths per 1,000 live births: higher than the global averages[23].
Leading causes of death in children in PNG include neonatal complications (such
as pre-term birth, birth asphyxia and birth trauma, and sepsis), lower respiratory
tract infections (LRTIs), tuberculosis, malaria and diarrhoea. The neonatal
mortality rate alone is estimated to currently be around 9.25%[24]. LRTIs, often
driven by pneumococcal infections, play a particularly critical role in child
morbidity and mortality in PNG. The high diversity and prevalence of
nasopharyngeal pneumococcal carriage in children, compounded by limited
vaccine coverage, underscore the importance of understanding local serotype
distribution and the effectiveness of PCV13 (pneumococcal conjugate vaccine)
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antibodies in this setting[25,26]. Given the high burden of serious infections in
children in PNG, there is a need to explore novel approaches to reducing this
burden.

Here we report on the implementation and participant recruitment of a

randomised double blinded placebo controlled trial conducted in the Highlands
of PNG in which newborns were administered one of two synbiotic formulations,
Lactiplantibacillus plantarum or Bifidobacterium longum subspecies infantis, or
a placebo. This was the first study of probiotics supplementation in PNG infants
and the primary aim of this pilot study was therefore to demonstrate the
feasibility and tolerability of giving infants in PNG probiotic supplementation for
7 consecutive days starting within the first 3 days of life before embarking on a
larger-sized clinical impact trial. Secondary and exploratory aims include
assessing gut colonisation by probiotic species at multiple time points,
hospitalisation and infection rates, nasopharyngeal carriage of respiratory
bacteria, vaccine-specific immune responses, microbiome development, and
maternal vaginal colonisation at delivery.

METHODS

Study location

PNG is one of the largest countries in the Oceania region by both landmass and
population. There has been rapid population growth over the past 30 years from
less than 4 million in 1990 to an estimated 11.8 million inhabitants in
2021[27,28].

This study was conducted in Eastern Highlands Province (EHP) of PNG, where an
estimated 785,000 people live. The capital of EHP is Goroka, with the town
(~33,000) and surrounding peri-urban areas having a total population of
~212,000[28]. Goroka is located ~1600 metres above sea level and is situated
on the Highlands Highway (the main highway in PNG). The climate is typically
highland subtropical: rainfall occurs year-round with lower amounts falling from
June to September. The terrain is mountainous and rugged, making access to
many rural villages and communities outside of town challenging and requiring
off-road 4WD vehicles.

The study was conducted by the Papua New Guinea Institute of Medical
Research (PNGIMR) and international collaborators. The PNGIMR is
headquartered in Goroka. Participants were recruited at the Goroka Provincial
Hospital, the major referral hospital for EHP.

Study design and objectives

In this pilot study, we aimed to demonstrate the feasibility and tolerability of
administration of two synbiotic (probiotic plus prebiotic) formulations in PNG
newborn in the first week of life. The study design was a double-blinded
randomised placebo controlled trial in which newborns received one of two
different synbiotic formulations or placebo, over 7 consecutive days, with the
first dose given before the newborn was 72 hours old and administration
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completed within the first 10 days of life.

The primary study objectives were: a) safety in terms of tolerability during the
7-day supplementation period; and b) feasibility of daily probiotic administration
as measured by the proportion of children who successfully completed 7 days of
the full daily supplementation (7 out of 7). The secondary objective was to
demonstrate colonisation of the gut by probiotic strains at 1 week, 1, 3, 4 and 6
months of age. Exploratory objectives include: hospitalisation rates until 6
months of age; nasopharyngeal carriage of Streptococcus pneumoniae and
other respiratory tract bacteria at 2 weeks, 1 and 4 months of age; IgG antibody
responses to childhood vaccination with 13-valent pneumococcal conjugate
vaccine (PCV13), diphtheria, tetanus and whole cell pertussis (DTwP), and
Haemophilus influenzae type b (Hib); kinetics of colonisation of probiotics at
various time points over first 6 months of Ilife; and maternal
carriage/colonisation with probiotic species and pathogens at time of delivery.

Ethics

Ethical approval was obtained from the University of Western Australia
(2018/RA/1/2301/4) and PNGIMR Institutional Review Board (# 1809) in 2018,
and the PNG Medical Research Advisory Committee (No. 18.20) in 2019. The
study is registered as a clinical trial in PNG under the National Department of
Health Pharmaceutical Standards Branch (CT04 MRAC18.20) and is registered
with the Australian and New Zealand Trials Registry (ACTRN12620001369910).

Assent, consent and recruitment

Prior to and throughout the duration of the study, clinic and field staff conducted
awareness and information sessions within communities in and near Goroka, the
Goroka Provincial Hospital antenatal clinic, and rural health centers. Formal
letters and information about the study were also sent to the Eastern Highlands
Provincial Health Authority and senior management of Goroka Provincial
Hospital, from whom approval was obtained prior to commencement.

Healthy, pregnant women late in the third trimester were approached in the
antenatal clinic at Goroka Provincial Hospital or in their local communities by a
study health extension officer (HEO) or nurse. The women were given
information about the study and given the opportunity to discuss participation
with their families. Women who assented to be part of the study were
approached within 3 days after giving birth to confirm consent and enrol the
infant when meeting all the inclusion criteria. Written parental consent was
obtained prior to enrolment.

Inclusion criteria for the infants to be enroled in the study were:

Birth weight = 1.5 kg

< 72 hours old

Feeding orally

Residing within 60-minute driving distance from IMR, Goroka

Intending to stay in the study area for at least 6 months (duration of the
study)

e Written informed consent.
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Exclusion criteria were:
e Infant had received antibiotics at the time of screening (in first 72 hours of
life)
e |Infant had signs/symptoms of (suspected) infection at the time of
screening
Infant had major congenital abnormality
Mother was HIV positive/status unknown
Apgar score <8
Mother had fever (>38°C) within 2 days before or after delivery
Mother had foul smelling amniotic fluid within 2 days after delivery
Mother had abdominal tenderness within 2 days after delivery
Meconium staining of amniotic fluid
Unable or did not provide consent.

Infants were determined to be eligible to participate and to not have any
congenital abnormalities based on clinical assessments conducted routinely by
hospital paediatricians on newborns delivered at Goroka Provincial Hospital, and
by a study HEO.

Study interventions

The synbiotic products and placebo were manufactured by DuPont Nutrition and
Health (Madison, WI, USA), now International Flavors & Fragrances (IFF), and
supplied in September 2020 prior to the commencement of the study for the full
cohort target number. An extra 10% of products were provided to allow for any
repeat doses that may be required in the case of vomiting after administration
and any additional recruitments to cater for anticipated loss to follow-ups. A full
replacement batch of intervention products was provided by IFF in November
2022 due to expiry of the initial products before recruitment had been
completed.

Two probiotic supplements: single-strain Lactiplantibacillus plantarum and
Bifidobacterium longum subsp. infantis compared to placebo were used in this
study. These two probiotic supplements were prepared as synbiotics and
supplied, as with the placebo, lyophilized in glass vials. Each vial contained a
single dose of one of the following: (i) L. plantarum ATCC strain 202195 (1.0x10°
CFU) + 150 mg of fructo-oligosaccharide, with 100 mg potato maltodextrin as
excipient (corresponding with the preparation used in the Indian trial [8]); (ii) B.
infantis Bi-26 (at least 1x10° CFU) + 1.2g human milk oligosaccharide 2’-
fucosyllactose, with 100 mg potato maltodextrin as excipient; or (iii) placebo
(100 mg potato maltodextrin).

Randomisation

A randomisation list was computer-generated and kept by Dupont/IFF such that
the research investigators, research and laboratory staff, and study participants
were blinded to the intervention arms. A single randomisation code (sequential
number 1 to 215) was assigned to a carton of intervention product containing 7
vials of product, and allocated to each enroled child consecutively. Each vial of
product was labelled with the specific trial randomisation code and the day of
administration (D1 - D7).
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Intervention administration, vaccination and follow-up

The intervention, vaccine and specimen collection schedules are shown in Figure
1. Just prior to administration, a single vial of intervention product corresponding
to the appropriate day of administration (D1, D2, D3, D4, D5, D6 or D7), was
diluted by adding 3 mL of either breast milk or sterile water directly to the vial,
and inverting five times to mix and resuspend. The suspension was then
delivered in oral drops to the infant using a Pasteur pipet (comparable to giving
oral polio vaccine). Before administering, infants were breastfed and burped.
The intervention was administered by IMR study staff (HEO or study nurse). The
baby was monitored for 30 min after receiving the intervention. In the case of
vomiting, the dose was repeated an hour later. Unwell babies during the
observation period were taken to the IMR clinic for examination and treatment
(if intervention had taken place elsewhere) and referred to Goroka Provincial
Hospital when needed. Obstetrics information and baseline characteristics were
obtained at the day of enrolment. A review of the babies’ health was conducted
at each follow-up visit prior to any intervention administration, vaccination or
specimen collection. Weight and length measurements were recorded and
information on feeding practices were also collected.

Routine childhood vaccines (pentavalent: whole-cell pertussis, diphtheria,
tetanus, Hepatitis B and Haemophilus influenzae type B (Hib) vaccine, PCV13
and oral polio vaccine; see Figure 1) were obtained through the Eastern
Highlands Provincial Health supply chain and administered by the study
HEOs/nurses at 1, 2, and 3 months of age as per PNG’s Expanded Programme
on Immunisation. Inactivated polio vaccine was also administered at 3 months
of age, and the first dose of the measles vaccine was administered at the
completion of the study (6 months). Birth doses of Bacillus Calmette-Guérin
(BCG) vaccine and Hepatitis B vaccines were generally administered by hospital
staff. In instances where this did not occur, study HEOs/nurses administered
them at the time of enrolment. All vaccinations administered were recorded in
the child’s health book held by the parent or guardian.

Follow-up visits were conducted at either the IMR clinic or at the participant’s
home. At time points where blood was scheduled to be collected (day of
enrolment, day of last intervention administration, 1 month and 4 months of
age), participants were brought to the IMR clinic for review and sample
collection. All other follow-up visits were carried out by the clinical and field staff
at the participants’ place of residence. Up to three home visit attempts were
made for each participant follow-up before a child was withdrawn from the study
after being deemed unlocatable. Children were also withdrawn from the study if
information had been received that the family had moved out of the study area
permanently, if parents or guardians withdrew their consent for continuation in
the study, by the investigators following a protocol violation, or if deemed
appropriate for the well-being of the child.

Morbidity surveillance

All serious adverse events (SAEs) that occurred during the study period were
recorded. The variability in diagnostic terms and lack of gold-standard case
definitions for neonatal sepsis make it difficult to compare incidence, severity,
aetiology, or outcomes of disease across studies and settings. Instead of sepsis,
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we therefore studied ‘Severe Infection’ as a clinical outcome to recognize that
many infants will not manifest overt signs of sepsis, and with the qualifier
‘severe’ indicating that localised infections without systemic features (e.g., skin
pustules) will be excluded. Severe clinical infection was defined as the presence
of at least one of the following signs or symptoms to align the a similar study of
synbiotics in Bangladesh[29]:

i) Poor feeding (not sucking effectively or not sucking at all, on direct

observation)

ii) Lethargy (movement only when stimulated or not moving at all, on direct

observation)

iii) Convulsions (observed, or strongly suspected by clinician based on

caregiver or community health worker report)

iv) Severe chest in-drawing (observed)

v) Fever (axillary temperature greater than or equal to 38°C)

vi) Hypothermia (axillary temperature less than 35.5°C);

and any subsequent positive sterile site cultures, and/or hospitalisations with
intention to treat with antibiotics for at least 5 days.

Throughout the study the paediatric ward at Goroka Provincial Hospital was
monitored daily for possible study infants admitted. For any participant
admitted, clinical information on health status, reason for admission, treatment
and discharge outcomes were recorded. Additionally, parents or guardians were
encouraged to bring their infants to the IMR clinic for any illness experienced to
enable SAEs to be recorded in this period. If clinically indicated, specimens were
collected to aid in health assessment and diagnosis. Clinical samples included
small volumes of blood (~2 ml), faeces and/or an NPS. Samples were processed
at the PNGIMR laboratory, and results returned to the study clinicians for
dissemination to the parent or guardian of the participant.

If a child was unwell during a scheduled study visit, routine procedures such as
administration of the intervention and collection of samples were still conducted
unless there were contra-indications to do so.

In addition, as with previous clinical trial studies led by PNGIMR, unwell family
members of study children were also seen at the PNGIMR clinic as required
throughout the 6-month duration of participation.

Specimen collection

For secondary and exploratory objectives of the study, a number of biological
samples were collected at several timepoints throughout the study (Figure 1). To
assess intestinal colonisation of probiotic species, rectal swabs and stool were
collected. Rectal swabs were collected at the day of enrolment, at the day of the
last intervention (7-10 days old), and at 2 weeks, 1 month, 3 months, 4 months
and 6 months of age, and stored in eNAT® preservation and transport media
(Copan Diagnostics, USA). Stool samples were collected in addition to rectal
swabs if infants were passing stool at the time of the study visit to allow for
sensitivity comparisons of detecting probiotics strains in rectal swabs versus
stool. Stool samples were collected in stool specimen containers and transferred
to cryovials by laboratory staff. Rectal swabs and stool samples were then
stored at —80 °C.

Nasopharyngeal swabs to assess bacterial carriage and load were collected at
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ages 2 weeks, 1 and 4 months using a flocked swab (Copan Diagnostics, USA).
Two swabs per time point were collected: one swab was stored in skim-milk
tryptone-glucose-glycerol broth (STGGB) (priority) for culturing of bacterial
pathogens and the second was stored in PrimeStore® MTM (ThermoFisher,
Australia) for deep sequencing. Both samples were stored at —80 °C.

Venous blood samples (max 2 mL at visit 1 & 2; max 4 mL at visits 9 & 12) and
saliva samples (visits 1, 7, 9 & 12) were obtained to assess systemic and
mucosal vaccine responses and identify intervention-associated pathways or
markers of immune maturation using systems biology approaches. Blood
samples were obtained using small butterfly gauge 20 needles and syringe
techniques to lower the chances of veins collapsing. A maximum of two
attempts were made to collect a blood sample, after which no further attempts
were made. For systems biology studies up to 2 mL of blood were collected in
heparin tubes. These samples were processed at the PNGIMR laboratory within
15 min of collection for RNA (transcriptomic analysis), plasma (proteomic and
metabolomic analysis), flow (single cell immunophenotyping) and WBC
(proteomic, metabolomic and epigenetic analysis) as per an established protocol
by the EPIC-HIPC clinical core Boston Children’s Hospital group[30]. For serology,
up to 2 mL of blood were collected in standard serum tubes, and the serum
separated and stored in cryovials by laboratory staff. Blood for serology was
prioritized at 1 month and 4 months over blood for systems biology. Saliva
samples were collected from infants, ideally at least 30 min after being
breastfed, using 4-6 surgical eye spears (Defries Industries, Australia) placed in
floor of mouth to soak up saliva from the gums until saturated. The eye spears
were then transported in 15 mL falcon tubes to the PNGIMR laboratory where
they were centrifuged at 10,000 g at 5 °C for 10 min. Saliva recovered after
centrifugation was transferred to cryovials for storage. If no liquid (saliva) was
obtained after centrifugation, the sample was discarded. All blood products and
saliva samples were initially stored at -80 °C at PNGIMR, before being shipped
on dry ice to The Kids Research Institute Australia (formerly Telethon Kids
Institute) in Perth, Australia.

Mothers were asked to self-collect vaginal swabs shortly after delivery using
eNAT® flock swabs. This was to collect information on the background
prevalence of maternal vaginal carriage of probiotic species, in addition to
pathogens associated with neonatal sepsis, such as Group B Streptococcus and
Escherichia coli, which may be vertically transmitted to the infant at the time of
delivery. The swabs were stored at -80 °C.

Excess expressed breast milk was also collected at each intervention visit (visits
1-7) and stored at -80 °C at PNGIMR for later measurement of proteins
(including antibodies) and carbohydrate contents.

Study data and management

All data collection forms were checked manually before entry into a password-
protected electronic database management system (REDCap) housed at the The
Kids Research Institute Australia. Access to the de-identified database was
accessible to authorised researchers and study personnel only at PNGIMR and
collaborating institutions. To ensure any problems or queries were addressed as
soon as possible, investigators in PNG and Australia attended fortnightly
teleconferences.
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Data safety monitoring board

A data safety monitoring board (DSMB) of independent clinicians from PNG and
Australia was established. All serious adverse events (SAEs) were reported
within 24 hours to an appointed PNG Safety Monitor and the Chair of the DSMB
for review, followed by a final report with outcome. Quarterly reports including a
summary of all SAEs, all morbidities, protocol violations and status of enrolment
and follow-up were prepared by the investigators and sent to the Chair of the
DSMB and distributed to other DSMB members. A teleconference with DSMB
members and the study investigators was held every quarter.

Sample size calculation

It was determined that sample sizes of n = 50 per group would achieve 90%
power to detect the colonisation rate of 30% in the probiotic versus 5% in the
placebo groups when using a two-sided test of proportions with continuity
correction at 5% significance level. A final sample size of 65 per group was
decided upon, which takes into account a presumed 10% loss to follow-up and
difficulties in collecting timely bio-samples. Based on this sample size, it was
estimated that the study would have 80% power to detect a 50% reduction in
pneumococcal colonisation rate in the probiotic versus control group at a 5%
significance level.

Statistical analyses

The data will be cleaned prior to analysis. All data will be downloaded from
REDCap and a back-up copy archived before data cleaning. Missing data,
outliers, and inconsistencies will be queried and verified against source
documentation. Where data requires changing, the database will be updated
accordingly. All queries and corresponding amendments will be documented.
Per-protocol and intention-to-treat analyses will be performed, analysing those
with available outcome data. The distribution of missing data across the
treatment groups will be described, and reasons for missing data will be
explored where possible to check if they occurred randomly.

The primary objective is to determine the feasibility and safety of treatment.
The number of solicited and unsolicited adverse events, as well as the number
of discontinued, missed, and completed doses will be summarized descriptively
by treatment groups. Pearson x2 and Fisher's exact tests will be used as
appropriate to determine the significance of differences between groups.

The secondary objective is to measure gut colonisation of probiotic strains on
the last day of treatment (Day 7 up to Day 10), 1 month, 3 months, and 4
months. Prevalence of colonisation at each timepoint will be summarised
descriptively by treatment group. Gut colonisation, categorised as positive or
negative, in each treatment group will be compared using Pearson x2 test, while
continuous descriptors of colonisation (i.e. Ct or RFU) will be analysed using
one-way ANOVA.

Exploratory objectives include measuring the hospitalisation rates throughout
the study, nasopharyngeal carriage of S. pneumoniae and other respiratory
bacteria, IgG antibody titers to PCV13, DTwP, and Hib, kinetics of probiotic gut
colonisation, and maternal carriage of probiotic species at the time of delivery.
Hospitalisation rates will be reported descriptively per treatment group and
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compared using Pearson x2 or Fisher’'s exact tests as appropriate.
Nasopharyngeal carriage of S. pneumoniae and other respiratory bacteria, as
well as gut colonisation, will be summarised descriptively at each corresponding
time point. A Cox regression analysis will be done, adjusting for birth weight,
sex, previous antibiotic use, and breastfeeding status. Hazard ratios, their 95%
confidence intervals, and p-values will be reported.

IgG antibody levels to PCV13, DTwP, and Hib will be reported descriptively at
baseline (prior to vaccination at one month) and at 4 months (one month after
the third dose). The differences between treatment groups will be estimated
using linear regression, adjusting for birth weight, sex, breastfeeding status, and
previous antibiotic use at each time point. The model will also adjust for
maternal antibody titers to diptheria, tetanus, and pertussis when comparing
IgG titers to DTwP, using pre-vaccination infant titers as proxy measures. All IgG
levels will be log-transformed prior to analysis. The corresponding coefficients,
95% confidence interval, and p-values will be reported.

Maternal vaginal carriage of probiotic species will be reported descriptively and
compared using Pearson x2 test.

Ad hoc analyses will include comparison of IgG antibody levels, nasopharyngeal
carriage of respiratory bacteria, adverse events, and other growth outcomes
among those colonised and not colonised by B. infantis or L. plantarum. Pearson
X2, Fisher’'s exact test, and regression modelling will be used as appropriate. The
models will adjust for similar variables as above.

The results of the analysis will be reported according to the Consolidated
Standards of Reporting Trials (CONSORT) guidelines.

RESULTS

Assent and enrolment

A total of 244 children were enroled between 29 October 2020 and 30 June 2023
and randomised to receive one of either L. plantarum 202195, B. infantis (Bi-
26), or placebo (maltodextrin). A flow chart (Figure 2) shows the number of
women assented, number of infants randomised, number of children seen at
subsequent visits and number of early terminations. In the first year of the
study, only 32% of the target 195 infants were enroled. This was largely due to
the onset of the COVID-19 pandemic, which brought multiple government-
imposed lockdowns and curfews that restricted field activity and hindered
recruitment efforts. However, recruitment increased during the second year and
by the end of December 2022 the full 195 of the initial cohort had been
recruited with 48% (94/195) of participants being enroled during March through
to the end of June 2022 (Figure 3). Due to a higher loss to follow-up than
anticipated as a result of families leaving the study area, largely due to the
COVID pandemic, ethical approval was obtained at the end of March 2023 for
the recruitment of an additional 45 participants (an increase from 195 to 240
(n=80/treatment group)), who were enroled between April to June 2023 (Figure
3).

Follow-ups and early study terminations
169/244 (69%) infants successfully completed the study by December 2023. Of

https://preprints.jmir.org/preprint/73926 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Ford et d

the 75 early study terminations, 37 were lost to follow-up (15% of study cohort);
28 moved out of the study area before study completion (11% of study cohort);
9 had consent withdrawn by the parents (4% of study cohort); and 1 participant
was withdrawn by physician for medical reasons not related to the study
intervention. The majority of these early terminations (76%) occurred after the 1
month visit (Figure 2).

Protocol violations

There were no protocol violations; however, there was one incident of an
accidental delivery of study intervention to a non-study participant. This child
was monitored over several days by study staff to ensure their well-being, and
the parents were informed to contact one of the study team in the event of any
illness. No adverse events were subsequently reported for this child.

In addition, during July and August of 2023 there was a shortage of routine
vaccines available in Goroka which delayed some of the follow-up visits and
specimen collections for 45 study participants. Of the birth vaccines, 11
participants did not receive Hepatitis B and 15 did not receive BCG; 5
participants received neither Hepatitis B nor BCG, with 4 of these subsequently
lost to follow-up before 1 month. Twenty-four participants were delayed in
receiving BCG, with 14 receiving it 2-3 months after birth.

Among the routine monthly vaccination visits, delays were as follows: 7
participants had their 1 month vaccines delayed, 11 had their 2 month vaccines
delayed, and 4 had their 3 month vaccines delayed. For participants with a
delayed monthly vaccination visit, the timing of all subsequent scheduled
follow-up visits for sample collections and immunisation were readjusted
accordingly. For instance, if a participant’s 1 month vaccines were delayed by 24
days, their 2 and 3 month vaccines were also delayed by 24 days. Of the 22
participants with delayed monthly vaccinations and sample collections, 3 were
subsequently lost to follow-up: 1 prior to receiving their 1 month immunisations
and 2 prior to receiving their 3 month immunisations. No participant remaining
in the study experienced more than one additional delayed monthly
immunisation.

Feasibility

218/244 (89.3%) of the study infants successfully completed the daily
intervention from day 1-7. Of the 26 newborns who did not complete daily
treatment, 10 (4 L. plantarum group; 5 B. infantis group; 1 placebo group) were
lost to follow-up before completion of the 7 doses, and 16 newborns (5 L.
plantarum group; 6 B. infantis group; 5 placebo group) missed one or more
doses (15 missed a single dose and 1 missed 2 doses) but continued in the
study.

Specimen collection

Rectal swabs, nasopharyngeal swabs, saliva and blood were successfully
collected from more than 91% of infants who were still enroled in the study at
the time of their follow-up visits (Table 2). Sufficient blood volumes were
collected from 80-81% of participants at the two timepoints where more than
one analysis was proposed for the sample. Rectal swabs were collected from
over 99% of participants at each of the seven timepoints, except at the 3 month
visit, where the collection rate was 91.3%. Collection of stool was low with the
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majority (40.4%) being obtained within the first week of the study. Two NPS were
collected from more than 98% of participants at each of the three timepoints.

Of the saliva sponge specimens collected, 21% (n=184) failed to recover a
viable sample for subsequent analyses after centrifugation and were discarded.
Excess breastmilk was successfully obtained from mothers for up to 7 days
during the first week of the study in 77% of cases. However, only 18% of vaginal
swabs were obtained.

Table 2: Participant specimens collected at designated time points during the 6
month follow-up.

Age
<72 8-10 2 1 3 4 6
Sample Type hrs Days week mont month months months
n=244 n=234 S h S n=178 n=169
n=22 n=22 n=196
7 6
Maternal:
Vaginal swabs, 43/244
n (%) (18)
Breast milk, n 1,281/1,7
(%) 08 (75)
Infant:
Rectal swabs, n 244 233 225 226 179 177 168
(%) (100) (99.6) (99.1) (100) (91.3) (99.4) (99.4)
89 104 27 28 22 10 8
Stool, n (%) (36)  (44.4) (11.9) (12.4) (11.2)  (5.6) (4.7)
Nasopharyngeal
448 451 356
(S(Y/‘;?bs (x2), n (98.7)  (99.8) (100)
. 244 232 226 178
Saliva, n (%) (100)  (99.1) (100) (100)
Blood
244 232 182 144
OMICs, n (%) (100)  (99.1) (80.5) (80.9)
Serology, n 225 175
(%) (99.6) (98.3)
DISCUSSION

Feasibility of probiotic administration in PNG

Evidence of the benefits of probiotics in the health of full-term infants is scarce,
but warrants further exploration given the health benefits of administering
probiotics to pre-term neonates. The study conducted in India demonstrated
reduced risks of NEC and mortality in children receiving probiotics early in life,
highlighting their potential as an effective health intervention in neonates in
LMICs[31]. Given there are numerous variables in probiotics studies, additional
studies will be required before such an intervention is widely adopted. This pilot
study aimed to assess the feasibility and tolerability of probiotics (or placebo)
supplementation administered to neonates in PNG for 7 consecutive days—
marking the first such study in this population.

Our study is one of very few examining the effects of probiotics in full-term
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babies in a community setting within an LMIC, and particularly in exploring
immunological outcomes. As highlighted by a systematic review conducted by
Imdad et al (2021)[32], research on probiotics in community settings in LMICs is
lacking. By addressing this gap, we have demonstrated both successes and
challenges in participant recruitment and field work, with laboratory outcomes
to follow (once analyses are completed).

We successfully completed participant recruitment, probiotic administration and
specimen collection in a challenging and labour-intensive research environment.
Crucial to this success was maintaining a strong rapport with hospital staff,
particularly those in the labour ward, and was a testament to the study team.
Daily home visits were conducted by study staff for synbiotic administration,
resulting in over 90% of study infants receiving all doses, and more than 95%
receiving at least six of seven doses. Just over two-thirds of participants
recruited were followed through to completion, despite the impact of the COVID-
19 pandemic on families. These results demonstrate the feasibility of
implementing such an intervention in the PNG community.

Specimen collection: successes and challenges

This study ambitiously sought to collect up to 27 specimens per infant across 13
visits. For rectal swabs, nasopharyngeal swabs, saliva and blood for serology the
rate of collection was >98% at all timepoint-specimen combinations except for
one (at 3 months 91% of participants provided a rectal swab). Blood for serology
(vaccine immunogenicity) was prioritised over blood for potential omics studies
at 1 and 4 month collection points, thus the collection rate was lower for omics
research at those time points (~80%). Stool samples (collected in addition to
rectal swabs) were sought “when feasible” and had a low collection rate,
particularly at 4 and 6 months where only ~55 of participants provided a stool
sample. Likely reasons for this include timing (the baby did not pass faecal
matter during the visit) and perhaps a cultural reluctance to provide stool
samples in this setting[33].

Viable saliva was unable to be recovered from 21% of samples collected. Over
half were from samples collected at the first visit, within 72 hours of birth, and
therefore likely a reflection of age and the ability to produce sufficient quantities
of saliva. The high overall collection rates demonstrated the feasibility of
intensive specimen collection in this setting. Future studies will streamline
specimen collection based on the findings from this study.

In addition to specimens from infants, we also sought breast milk during the first
7 days of participation and a vaginal swab self-collected from mothers of infant
participants prior to giving birth. Collection of breast milk was successful, with
77% of potential samples being collected. However, <20% of mothers provided
a vaginal swab. This is likely due to the allowable time for recruitment and
enrolment in this study of up to 72 hours post-delivery. While not critical to this
study’s outcomes, vaginal microbiota could be relevant in future research on
infant gut colonisation.

Logistical and operational barriers

Implementing this study in PNG required overcoming significant logistical
challenges, including impassable roads, frequent road tolls and maintenance of
study vehicles. Due to the intensive nature of the follow-up visits, study staff
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had to remain flexible, and it was often the case that a different member of the
team attended different follow-up visits for a particular participant. This was the
reason for the accidental probiotic delivery to a non-study infant on one
occasion, but also reflects the trust of PNGIMR in the community. On this
particular visit the study participant was not at their place of residence, but
another infant was. The staff member administering the intervention had not
attended this participant before and the parent/guardian of the infant that was
present gave no indication that the child was not part of the study and allowed
for the intervention to be administered. It is likely there was a misunderstanding
on the part of the parent/guardian and the probiotic was seen as a medicine and
of benefit to the infant.

Additional logistical hurdles included a vaccine supply shortage in the EHP in
2023. Study participants received their routine vaccinations from study nurses,
with the vaccines acquired through the government medical supply. This supply
was temporarily disrupted through July and August and delayed vaccine
administration for 45 participants. Furthermore, we also experienced difficulties
in importing a second batch of synbiotics into PNG due to delays in obtaining
approval to do so from the relevant government organisations. Subsequent
delays in obtaining ethical approval to expand the study size by more than 10%
contributed to a lapse in recruitment from January to April in 2023 (Figure 3).
Adding to the complexity of this study and further enhancing the challenges,
recruitment occurred during the COVID pandemic, commencing in PNG in late
October 2020. COVID cases remained in low numbers until March 2021;
however, for the following ~12 months there was high COVID transmission,
including the rise of the Delta variant around September 2021 and the first
Omicron case reported in December 2021. This impacted study recruitment in
numerous ways. First and foremost, there were government sanctioned
lockdowns and enforced curfews. This resulted in reduced field activities,
including participant recruitment, particularly during the periods of high
transmission. Secondly, the high burden of COVID meant periods of sick leave
for study staff themselves, as well as family-care obligations, both in terms of
trying to keep family members safe from COVID and assisting in care and
treatment of COVID patients. Another impact of COVID worthy of mention is that
some families moved during COVID times, meaning some children were lost to
follow-up or withdrew from the study.

In PNG the concept of probiotics and ‘good germs’ is not well understood, and
considerable investment of time and resources was required by the study team
to promote awareness in the community prior to and throughout the study. This
is likely one reason why recruitment was slow to gather momentum.
Compounding this lack of knowledge of probiotics was the rollout of the COVID
vaccine. There was considerable hesitancy around the COVID vaccine in PNG,
resulting in a very low vaccine uptake: <5% of the population received one or
more doses[34]. At the time of the vaccine rollout, commencing in May 2021 in
EHP, there was confusion within some study communities that the probiotics
were COVID vaccines, and that we were trialling COVID vaccines on the babies.
In PNG, like many countries, there are times of political and civil unrest.
Elections can be highly contested, thus conducting field work in the lead up,
during and shortly after elections can be dangerous. During the National
election in mid-2022 there was considerably less field work conducted. Not long
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after the election in 2022 (but not related to it) in September was the death of a
senior bureaucrat in Goroka, leading to violence and arson attacks, with an
estimated 3000 people fleeing their home to avoid it. This also led to a pause in
recruitment and follow-up. At around the same time an earthquake hit the
highlands of PNG which caused damage to infrastructure including roads: this
caused some further minor delays in recruitment and follow up.

Implications for future research

While intervention studies can be challenging to implement in resource
constrained settings, it is in these settings where health interventions are most
needed to improve health outcomes. Through this pilot study, we have
demonstrated the feasibility of administering probiotics to PNG infants in a
clinical trial environment, supporting the implementation of a larger RCT to
study clinical impact.

The aforementioned challenges no doubt contributed to the 75 early study
terminations, accounting for 31% of all infant participants. However, almost
90% of participants completed their 7-day course of probiotic (or placebo), and
a further 15 participants missed only one of seven doses (>95% of participants
had at least six of seven doses). The comparatively high number of participants
completing six or more doses provides some evidence that such an intervention
could be feasible and be met with public acceptance provided sufficient
education and dissemination of information accompanied the intervention.
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Intervention, routine vaccination and specimen collection schedule. The timeline for synbiotic administration, routine infant
vaccinations, and designated specimen collection points throughout the study for each participant are illustrated.
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Flow chart of participants enroled and visits completed. Over two-thirds of participants enroled completed the study with no
significant differences observed between any of the treatment groups.
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Participant recruitment trends from October 2020 to June 2023. Overall, recruitment increased as the study progressed. Periods
of disruption due to COVID-19 enforced lockdowns, local elections, civil unrest, probiotic importation delays and ethics
approval delays for study expansion are reflected as lullsin recruitment.

&

300

Is earthguake

[t
wn

250
rrest o DO el {
200
150
100
50
i]
3
g

COVID-19 enforced lockdowns

PHG Port Official’s deatk

P
[=]

=
[
Cumulative number of participants recruited

Number of participants recruited per month
[y
i

- u -l il I|| l
AR EE LR LR S EELEE RS EEEE:
- e E = B 5 W = e E e = o 5 = E [
3858555537383 583533537583¢8¢k828353

e Mumber Cumulative

https://preprints.jmir.org/preprint/73926 [unpublished, non-peer-reviewed preprint]


http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Figures
	Figure 1
	Figure 2
	Figure 3



