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Probiotics’ effects on gut
microbiota in jaundiced
neonates: a randomized
controlled trial protocol

Chen Jiayi", Wei Jinying®, Yuan Yanhan', Liu Tianyu?,
Chen Juanjuan’, Zhang Feng’, Fang Xiaohui' and Zhang Jinping**
'Pediatrics, Shanghai Sixth People's Hospital Affiliated to Shanghai Jiao Tong University School of

Medicine, Shanghai, China, ?College of Food Science and Technology, Shanghai Ocean University,
Shanghai, China, *Pediatrics, Shanghai Sixth People's Hospital, Shanghai, China

Introduction: Recent evidence suggests that blue-light phototherapy impacts
gut microbiota composition in jaundiced newborns, leading to disturbances
closely related to the therapy’'s side effects. As a result, gut microbiota may
serve as a potential intervention target to mitigate these side effects. In this
study, we aim to examine the effects of AB-GG (Lactobacillus rhamnosus
LGG), Bb-12 (Bifidobacterium animalis Bb-12) and M-16V (Bifidobacterium
breve M-16V) and their combination on the intestinal microbiota,
metabolomics and phototherapy-related side effects in neonates with jaundice.
Methods and analysis: A total of 100 jaundiced newborns aged two weeks or
younger will be included in this randomized, single-blind (the parents knew, but
the neonatologists did not know), single-center controlled trial to receive either
10° colony-forming units of AB-GG, Bb-12, M-16V, a combination of the three
probiotics with blue-light phototherapy, or blue-light phototherapy alone. The
experimental group will be treated with oral probiotics once daily for 30 days,
while the control group will receive only blue-light phototherapy. The follow-up
duration will last 30 days. The primary outcomes include changes in gut
microbiota, metabolomics, and the incidence of phototherapy side effects,
assessed after each phototherapy session, as well as on days 10, 20, and 30.

Ethics and dissemination: The study protocol has been approved by the Ethics
Committee of our institution. The findings of this trial will be submitted to a
peer-reviewed pediatric journal. Its abstracts will be submitted to relevant
national and international conferences.

Clinical Trial Registration: http://www.chictr.org.cn/index.aspx, identifer
(ChiCTR2000036013).
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Introduction
Hyperbilirubinaemia and treatments

Hyperbilirubinemia, which manifests as jaundice, is a common benign condition in
newborns and one of the leading causes of hospital readmission during the neonatal
period (1). It can result from elevated unconjugated or conjugated bilirubin levels. In
some infants, jaundice may become severe, with elevated unconjugated bilirubin
potentially progressing to acute bilirubin encephalopathy and kernicterus, posing a
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significant risk of neonatal mortality and long-term
neurodevelopmental impairments (2-5). Currently, phototherapy
is the most widely used, effective, and safe method to reduce
serum bilirubin levels and prevent severe hyperbilirubinemia and
bilirubin encephalopathy, and blood exchange therapy may be

utilized for patients unresponsive to phototherapy (6, 7).

Phototherapy and the intestinal microflora

Phototherapy, while effective, is associated with various side
effects, such as mother-infant separation, fever, water and
electrolyte imbalances, diarrhea, skin damage, bronze baby
syndrome, hematological changes, paralytic intestinal obstruction,
patent ductus arteriosus, eye damage, and circadian cycle
disturbances (8, 9). Research has shown that phototherapy can
significantly impact neonatal gut flora and metabolic markers,
leading to bacterial flora imbalances that play a crucial role in
neonatal jaundice and enterohepatic circulation (10). This
disruption may be a significant cause of phototherapy side
effects, making gut flora intervention a promising approach to
addressing both hyperbilirubinemia and these side effects
(11, 12). Previous studies have employed probiotics in treating
neonatal hyperbilirubinemia. Probiotics’ role in jaundice
treatment is mainly related to regulating gut flora, reducing
intestinal pH, decreasing B-glucuronidase levels and activity,
inhibiting  bilirubin  enterohepatic circulation, maintaining
intestinal motility, promoting bilirubin excretion, and improving
feeding tolerance (13-16). Consequently, probiotics represent an
alternative therapeutic target for neonatal hyperbilirubinemia,
providing a theoretical foundation for using probiotics in the
treatment of jaundiced neonates (17, 18).

All three probiotics are among the most extensively studied
worldwide and have been certified as safe and effective by the
US Food and Drug Administration (FDA) and the European
Food Safety Administration (19, 20). Prior research has
these

conditions, such as inflammatory bowel disease, milk protein

employed probiotics in treating various pediatric
allergy, and eczema. However, there are limited reports on
their use in treating neonatal jaundice, and no systematic
clinical research program has been established (21-23). This
study aims to investigate the application of these three
probiotics in neonatal jaundice treatment and develop a clinical
research protocol that may serve as a reference for other

neonatal pediatricians.

Purpose and hypothesis

The objective of this study was to explore whether AB-GG, Bb-
12, and M-16V could contribute to neonatal hyperbilirubinemia
treatment by regulating gut flora and metabolic imbalances, as
well as reducing phototherapy side effects. We hypothesized that
children receiving these three probiotics would exhibit a lower
incidence effects.

of phototherapy side Additionally, we

speculated that the experimental group’s fecal samples would
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demonstrate higher diversity and richness in intestinal
microbiota compared to the control group. Moreover, we
anticipated differences in the dominant bacteria, related

metabolites, and metabolic pathways between the experimental
and control groups.

Methods
Trial design

The study was designed as a randomized, single-blind trial with
an allocation ratio of 4:1. (AB-GG combined with phototherapy,
Bb-12 combined with phototherapy, M-16V combined with
phototherapy, all of the above probiotics combined with
phototherapy, or phototherapy alone). The trial was registered at
http://www.chictr.org.cn/index.aspx (registration number:
ChiCTR2000036013) (24) before enrolling the first participant.
Any significant modifications to the trial will be updated on the
mentioned website.

Experiment and subject setup

The trial will be conducted by enrolling newborns admitted to
the NICU unit of East Hospital of Shanghai Sixth People’s
Hospital. As a tertiary hospital, it discharges over 300 newborns
annually, including approximately 100 preterm infants and about
150 jaundiced newborns, ensuring a sufficient source of potential
involved have obtained GCP
certifications and are either members of the current clinical

participants. All researchers
pediatric team or the pediatric graduate team, guaranteeing the
smooth development and execution of basic and clinical trials at
any time. The East Hospital of Shanghai Sixth People’s Hospital
has established a clinical research center and obtained clinical
trial qualifications. Recruitment started in June 2021 and will be
completed over the following there years.

Eligibility criteria

(1) Inclusion criteria: (1) Jaundice index: According to the
American Academy of Pediatrics phototherapy guidelines,
the jaundice index reaches the phototherapy threshold; (2)
age <2 weeks; (3) Term infants with 37 weeks < gestational
age <42 weeks and 2,500 g <birth weight < 4,000 g; (4) No
prior use of antibiotics or ecological agents before specimen
collection; (5) Healthy mothers during pregnancy, with
no history of special drug use, and no intake of antibiotics
or microecological agents before, during, or after
childbirth; (6) Enrolled infants were exclusively breastfed,
exclusively formula-fed, or mixed-fed before admission;
(7) All enrolled infants had neonatal pathological jaundice
as defined by “Practical Neonatology” and required hospital
admission solely for phototherapy; (8) Informed consent

provided voluntarily.
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Exclusion criteria: (1) Gestational age <37 weeks or >42
weeks; (2) bilirubin levels reaching the exchange blood
€)

other

transfusion standard or elevated direct bilirubin;

complications with pneumonia, septicemia, or
diseases; (4) patients with severe immunodeficiency diseases;
(5) those with inherited metabolic diseases; (6) congenital
biliary malformations or other organ malformations; (7)
drug allergies; (8) situations that may warrant exclusion as
determined by the researcher, such as a guardian with
mental illness or frequent changes in living or working
environments, which may result in loss of follow-up.
Elimination criteria: (1) Those refusing the use of their
newborn information and their stools and blood; (2) During
the treatment process, other drugs might be needed to be
added because of other diseases, such as the use of
antibiotics and micro-ecological agents.

Criteria for withdrawal from the study: (1) participants who
suddenly refuse stool and blood collection and request to
the 2)

symptoms, such as intense vomiting, diarrhea, or abdominal

withdraw  from study; severe gastrointestinal
distension, and other adverse events that significantly affect
the treatment process during the probiotics intervention; (3)
neonates requiring exchange blood transfusion due to the
continued worsening of jaundice after active phototherapy;
(4) neonates lost to follow-up, unreachable, or unable to

return to the study center for visits.

Interventions

@

2

Interventions: Neonates will be placed in a blue light treatment
box (Ningbo David Medical Device Co., LTD, XHZ model)
with the temperature set at 30°C and relative humidity at
55%. Phototherapy eye masks (Foshan Forman Medical
Technology Co., Ltd., Yuesun Mechanical Equipment No.
20160015) and phototherapy diapers (Foshan Baojusheng
Medical Equipment Co., Ltd., GB/T33280) will be used to
cover the eyes and perineum. The treatment will involve LED
blue light continuous irradiation with a wavelength of 425-
475 nm. All neonates will undergo continuous phototherapy
for 12 h, rest for 6-8 h, and then receive another 12h of
continuous phototherapy. The decision to continue with the
next 12h treatment session will depend on the changes in
the neonate’s jaundice condition.

Study drug and specifications: The patented probiotic
10,
Lactobacillus rhamnosus 10° and Bifidobacterium animalis
10° per package) (invention patent, 202,010,414,426.7) will
be added to the corresponding groups. The aforementioned

combination  (contains  Bifidobacterium  breve

drugs are freeze-dried powder, stored at room temperature,
with a 30-month shelf life, and manufactured by China
Taiwan Jingiao Biological Co., Ltd. Probiotics intervention:
the probiotics will be administered to jaundiced newborns
requiring phototherapy. The experimental group will receive
the corresponding daily probiotics during phototherapy. The
probiotics will be mixed into the milk and consumed once a
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day, with a treatment course lasting for one month. Clinical
be the
termination of the study.

study criteria will controlled to determine
Criteria for stopping the clinical study: (1) occurrence of
serious adverse events occur that may be related to the use
of probiotics; (2) if the planned interim analysis achieves the
expected difference in efficacy and the intervention is
observed to be significantly more effective in the trial group
compared to the control group.

Adverse event observation

Definition of adverse events: In this clinical trial, adverse
events are defined as severe vomiting, diarrhea, disruption of
normal eating habits, or significant necrotizing enterocolitis
occurring during the use of probiotics. Additionally, an
adverse event is defined as a severe increase in jaundice
value that reaches the index for exchange transfusion.

Diagnostic criteria of adverse events: (1) Severe vomiting:
vomit 5 or more times per day for 2 or more days; (2)
Diarrhea 8 or more times per day for 2 or more days; (3)
Necrotizing enterocolitis:Neonatal necrotizing enterocolitis is
diagnosed according to the Clinical guidelines for the
diagnosis and treatment of neonatal necrotizing enterocolitis
(2020); (4) According to the Clinical Practice Guideline
the
Newborn Infant 35 or More Weeks of Gestation, exchange

Revision: Management of Hyperbilirubinemia in
transfusion criteria have been met.

Degree of adverse events: (1) Mild: Neonates can tolerate the
event, which does not affect treatment, does not require
special treatment, and has no impact on the neonates’
health. (2) Moderate: Neonates find the event unbearable,
affecting the treatment and having a direct impact on their
health. (3) Severe: The event endangers the neonate’s life,
potentially causing death or disability, and requires
immediate emergency treatment.

Possibility of adverse events: Although every bacterium in the
probiotic combination used in this study is approved by the
National Ministry of Health as safe and reliable, adverse
events cannot be completely ruled out. However, the
probability of adverse events is expected to be low
Treatment of adverse events, follow-up methods, and time: In
case of adverse events, the incident will be promptly reported,
and the clinical trial for the affected neonate will be
terminated in a timely manner to prioritize their safety. The
will be

monitored daily, and plain abdominal radiographs will be

patient’s stool and gastrointestinal symptoms
performed as needed. For patients with severe jaundice
requiring exchange transfusion, exchange transfusion therapy
will be immediately initiated, as well as monitoring jaundice
dynamically and conducting brain MRI and brainstem
auditory evoked potential assessments. Post-discharge follow-
up will be conducted, selecting various follow-up methods
based on the situation. If a neonate with jaundice experiences
adverse events after taking probiotics or if such events are
suspected to be related to the probiotic administration, strict

records should be maintained, the adverse event form should
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be completed, and the main responsible personnel and the
Clinical Research Center of the East Hospital of Shanghai
Sixth People’s Hospital will be informed within 24h
according to the established process. The ethics committee
will decide whether to halt the trial immediately.

(6) Risk prevention of adverse events: All adverse events
occurring during treatment will be graded according to
severity and documented in detail using a CRF (Case Report
Form). The potential relationship between adverse events
and probiotics will be analyzed. If severe adverse reactions
occur, the trial should be stopped immediately. Serious
adverse events must be reported in strict accordance with
the relevant provisions of GCP (Good Clinical Practice).
The group will not receive any drugs or additional
probiotics in their milk.

Study procedure

Figure 1 illustrates the details of the research procedure.
Parents will continue to receive information about the study for
30 days after enrollment when the newborn has confirmed that
neonatal hyperbilirubinemia has met the criteria for
phototherapy for the appropriate age, including during their
regular follow-up visits to the hyperbilirubinemia clinic.
Pediatricians participating in the study will sign written informed
consent with parents. Subjects will be randomly assigned to
receive AB-GG combined with phototherapy, Bb-12 combined
with phototherapy, M-16V combined with phototherapy, all of
the above probiotics combined with phototherapy, or
method of a digital

randomization list. The probiotic dose is 10° colony-forming

phototherapy alone, following the
units (5 drops) administered orally once daily for 1 month. All
subjects will be followed up for 1 month after the start of the
intervention. Data and specimen collection on days 10, 20, and
30 will be completed during the outpatient follow-up for
hyperbilirubinemia.

The arrangements for enrollment during hospitalization and
outpatient follow-up after discharge are shown in Table 1. At the
beginning of the study, all eligible newborns will undergo a
detailed physical examination. The pediatrician will record
comprehensive general information (including the mother’s
prenatal examination, fetal condition, birth history, medication
history, feeding history, length, weight, etc.). Jaundice indicators
will be recorded before enrollment, blood samples will be
collected (for thyroid function and serum bilirubin), and any
adverse events will be documented.

The investigator will re-check the inclusion/exclusion criteria
on the first day, perform patient management, conduct detailed
physical and serologic examinations prior to phototherapy, and
record the adverse events described in Table 1. They will collect
stool and blood samples from the subjects. Subjects will receive
the first 12 h of phototherapy and the assigned probiotics before
phototherapy. After 12h of phototherapy, researchers will
effects
temperature, rash, stool frequency and shape, etc.), record

observe phototherapy-related side (including  body
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information, collect stool samples, and measure TCB. On the
next day, after 6-8 h of rest, the infant will receive a second 12 h
phototherapy session while the assigned probiotics are orally
administered, and the researchers will again assess and collect
fecal samples. The same process will be followed for the third
day, and if necessary, subjects may continue with the fourth and
fifth 12 h phototherapy sessions, with at least 6 h of rest after
each phototherapy session. Stool collection will still be required
after each phototherapy session. Subjects will not require further
phototherapy and will be discharged once they meet the
discharge criteria.

Upon meeting the discharge criteria, the investigator will
perform subject management, a detailed physical examination,
serological testing, and evaluation of adverse events prior to
discharge. Study follow-up on days 10, 20, and 30 will be
completed at the outpatient follow-up for hyperbilirubinemia,
during which stool and related data will be collected. Infants in
the experimental group will continue to receive their assigned
oral probiotics during hospitalization after enrollment and during
outpatient follow-up for one month.

Stool samples weighing 500 mg and blood samples measuring
0.5 microliters were collected from each subject. The stool
samples will be stored at —80°C after freezing, while the blood
samples will be tested immediately. There would be no
restrictions on the feeding patterns of both the experimental and
control groups during the study. Parents are allowed to freely
choose between breastfeeding, artificial feeding, and mixed feeding.

Endpoints

(1) Primary endpoint: significant reduction in the incidence of
clinical side effects (i.e, diarrhea, rash, fever, vomiting,
convulsions, feeding intolerance, etc.).

(2) Secondary endpoints: after the addition of probiotics, the
intestinal flora will be maintained in a stable state after
phototherapy, and the changes in metabolic indicators;
changes in jaundice (i.e., serum bilirubin, bile acid and
transcutaneous bilirubin data), feeding status, changes in
urine volume and weight, and vital signs during phototherapy

Participant timeline

The schedule of enrollment, intervention, assessment, and
follow-up of the subjects is shown in Table 1.

Sample size

In previous clinical trials investigating the effects of probiotics
on phototherapy, it was observed that the use of probiotics reduced
the incidence of digestive tract side effects caused by phototherapy.
Based on the results of a literature review, it was found that the
general incidence of such side effects is approximately 47%, and
our goal is to reduce this incidence to about 10% by adding the
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Exclued
Newborn were diagnosed as hyperbilirubinemia according
l to exclusion
Eligibility criteria were met
!
Informed consent are signed
after an introductory talk
Groups were assigned according to the
randomization form and
svstematic assessment were conducted
|
Control group Treatment groups
| ]
)
Stool samples were collected before phototherapy
Assigned probiotics combined
Phototherapy alone for 1st 12h phototherapy for 1st 12h
[ |
]
Stool samples were collected and
Side effects of phototherapy were evaluated
|
‘ l
Assigned probiotics combined
Phototherapy alone for 2nd 12h phototherapy for 2nd 12h
Stool samples were collected and
Side effects of phototherapy were evaluated
The need for a 3rd (4th) phototherapy was determined
according to assessment
Stool samples were collected on the tenth,twentieth,thirtieth day
after discharge and systematic assessment were conducted at the same time
FIGURE 1

Flow chart of the trial
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TABLE 1 Enrollment and follow-up items during hospitalization and after discharge.
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appropriate combination of probiotics. To achieve this goal, a
margin of 0.05 was assumed, with a type I error of 0.05 and a
power of 0.8. Using a difference test for two-sample ratios, a
sample size of 20 cases per group was calculated, resulting in a
total of 100 cases in both the experimental and control groups.

Randomization

(1) The randomized scheme of this experiment will be as follows:
100 cases are planned to be enrolled and divided into 5
groups: CO (pure phototherapy group), T1 (treatment group
1), T2 (treatment group 2), T3 (treatment group 3) and T4
(treatment group 4), with 20 cases in each group.

(2) The random system parameters will be set as follows:

« Random system: Taimei Medical eBalance random system
« Random method: block random

o Block length: 5

o Number of blocks: 20

« Random number: PO01-P100.

The random operation steps would be as follows: The random-
related parameters are determined according to the project’s
random scheme. The eBalance stochastic system is configured
according to random parameters. The eBalance random system
generated a random grouping table according to the
configuration (calling SAS software). The eBalance random

system exported the random grouping table.

Blinding

The trial is designed to be single-blind. All neonatologists
wouldn’t be aware of the group assignments throughout the
study, while the parents would be aware of their group
assignment to the experimental or control groups.

Allocation concealment

Based on the randomization table, each enrolled subject will be
assigned a serial number in order, which will correspond to one of
the following groups: CO (phototherapy only), T1 (M-16V
combined with phototherapy), T2 (Bb-12 combined with
phototherapy), T3 (AB-GG combined with phototherapy), and
T4 (M-16V combined with Bb-12 combined with AB-GG
combined with phototherapy).

Data collection and management

Each subject will be assigned a unique serial number, and the
Case Report Forms (CRFs) will be maintained as a subject’s
admission history. All fecal microbiota and metabolic results will
be entered and stored in a qualified electronic database. The raw
materials of CRFs and all study data will be stored in a secure
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cryptographic cabinet within the research center and will only be
accessible to the relevant researchers.

Monitoring

The results obtained through this study may be published in
medical journals, but all trial data and recorded information will
be kept confidential in strict accordance with the law. The
subjects’ personal information will be kept strictly confidential
and will not be disclosed unless required by the corresponding
law or with their explicit consent. When necessary, the
administrative department of the government and the hospital’s
ethical committee may consult the subjects’ data in accordance
with the regulations, but only after obtaining appropriate ethical
and legal approvals.

This study will develop a data security monitoring plan based
on the risk level. All adverse events will be documented in detail
and properly handled and followed up until they are resolved or
stabilized. Serious adverse events will be promptly reported to
the ethics committees, competent authorities, initiators, and
drug regulators.

Statistical analysis

Metagenomic sequencing:Sample extraction and detection:
(1) Genomic DNA will be extracted from stool samples using the
CTAB method. The quality of the DNA will be analyzed using
the Agilent Fragment Analyzer 5,400 automatic capillary
electrophoresis system. Library construction and quality control:
DNA samples that pass the quality control will be randomly
sheared using the Covaris ultrasonic breaker to produce
fragments with an average length of approximately 350 bp. (2)
These fragments would then be purified and amplified using
PCR to generate the final library. Library construction will be
performed using the NEB Next®Ultra™ DNA Library Prep Kit
for Illumina. Sequencing: The index-coded samples were
clustered using the Illumina PE Cluster Kit on the cBot Cluster
Generation System. The DNA library was then sequenced using
the Ilumina Novaseq 6,000 platform to generate 150 bp paired-

end reads.

Statistical analysis and bioinformatics
analysis

In SPSS software (version 22.0), chi-square distribution and
mean value analysis will be used to analyze the characteristics of
subjects. The Mann-Whitney test will be used to compare
differences between groups, and the Wilcoxon test will be used
to analyze differences in alpha diversity. There are five main
steps in bioinformatics analysis:

o Data quality control and de-hosting sequence: KneadData
software was used for quality control (based on Trimmomatic)
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and de-hosting (based on Bowtie2) of original data. FastQC
was used to test the rationality and effect of quality control
before and after KneadData.

o Species annotation: Kraken2 and self-built microbial nucleic
acid database (screening NCBI NT nucleic acid database and
RefSeq whole genome database belonging to bacteria, fungi,
archaea, and viruses) would be used to calculate the sequence
number of the species contained in the sample, and then
Bracken will be used to estimate the actual abundance of the
species in the sample.

o Common functional database comments: Starting from the
quality control and the removal of host gene reads,
HUMAnNN?2 software (based on DIAMOND) will be used to
align the reads of each sample to the database (UniRef90).
According to the correspondence between UniRef90 ID and
each database, we will obtain the annotation information and
relative abundance table of each functional database.

« Based on the species abundance table and functional abundance
table, PCoA and NMDS dimension reduction analysis (only
species) and sample clustering analysis will be analyzed to
obtain a diversity, B diversity, bacterial symbiosis network
results, etc. When grouping information is available, LEfSe
biomarker mining analysis and metabolic pathway comparison
analysis can be performed to mine the differences in species
composition and functional composition between samples,
count metabolite content and screen out characteristic
metabolites. Mann-Whitney will be used for assessing gut
microbiota and metabolites.

o Annotation of resistance genes: Starting from the clean reads of
removing host genes, DIAMOND software will be used to
compare and annotate the quality control of each sample and
the reads of removing host genes with the antibiotic resistance
gene database CARD, and the abundance distribution of
resistance genes could be obtained.

o metabolome analysis using the R language MetaboAnalystR

This

metabolite content and the identification of characteristic

metabolites. MannWhitney U and Kruskal-Wallis tests will
be used to analyze differences in gut flora and metabolites

package. package enables the quantification of

between groups.

Discussion

Neonatal jaundice is a common condition that affects a
significant proportion of newborns, with a prevalence ranging
from 2.4% to 15% (25). Probiotic supplementation has been
shown to improve neonatal jaundice recovery and reduce
phototherapy’s side effects by regulating bacterial colonies and
enhancing immunity (26-28). Previous studies have evaluated the
clinical value of probiotic supplementation in treating neonatal
that
conventional treatment with probiotic supplementation, including
Streptococcus Chlamydia butyrate,
probiotic  oligosaccharide, and Bacillus subtilis, significantly

jaundice and have provided evidence combining

Bifidobacterium, brachii,

improves the therapeutic efficacy of neonatal jaundice (16, 29-32).
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In addition, probiotic supplementation has been shown to
total
bilirubin levels and accelerating jaundice regression, which can

significantly improve neonatal jaundice by reducing
also lead to a reduction in the duration of phototherapy and
hospitalization (33-35).

The following limitations of this trial should be considered.
First, this study will not include a pure blank control group
without phototherapy, and the control group with phototherapy
alone will lack data from healthy newborns in the same region
and period as a reference. Second, the trial is single-blinded, and
the investigators would be aware of the trial-group assignments,
which might influence the results. Third, the sample size would
be relatively small, the trial will focus on a short observation
period with no long-term follow-up of patients, and the study
will be conducted only in a single center. Therefore, the
methodological ~ quality of clinical trials of probiotic
supplementation for neonatal jaundice would need further
improvement, and well-designed, larger randomized double-blind

trials are necessary to further confirm the efficacy of probiotics.

Harms

The principal investigators will conduct a weekly review of all
adverse events and conduct an investigator meeting when
necessary to assess the risks and benefits of the study. The
committee will monitor the safety and efficacy of the data to
make recommendations for further research.

Auditing

The hospital ethics committee requires the study to be reviewed
every 12 months and may adjust the frequency of reviews based on
the actual progress of the study.

Data availability statement

The datasets presented in this article are not readily available
because of ongoing research. Requests to access the datasets
should be directed to the corresponding authors.

Ethics statement

The study protocol has been reviewed and approved by the
Ethics Committee of the East Hospital of Shanghai Sixth People’s
Hospital in compliance with the Declaration of Helsinki and
other relevant regulations. The study involves the use of human
genetic resources (feces and blood) but not highly pathogenic
microorganisms. The investigator will provide an annual study
report to the Ethics Committee, and any changes to the protocol
will be notified to the Ethics Committee. In case of trial
suspension or completion, the Ethics Committee must be
informed in writing and the study work must be reported. The

Frontiers in Pediatrics

10.3389/fped.2024.1296517

results of this randomized controlled trial will be submitted to a
peer-reviewed journal, and abstracts will be presented at relevant
national and international conferences. The trial protocol
followed the standards outlined in the Uniform Standard Guide
for Trial Protocols. All researchers involved in the study will
have access to the final trial database. The Ethics approval

number 2020-071.

Author contributions

Data
Methodology, Software, Supervision, Writing - original draft. JW:

JC:  Conceptualization, curation,  Investigation,
Conceptualization, Data curation, Investigation, Software, Writing
- original draft. YY: Formal Analysis, Project administration,
Validation, Writing — original draft. TL: Formal Analysis, Project
administration, Supervision, Validation, Writing - original draft.
JC: Data curation, Resources, Supervision, Validation, Writing -
draft. FZ: Validation,

Visualization, Investigation,

original Software,  Supervision,
draft. XF:

Methodology, Software, Supervision, Writing - original draft. JZ:

Writing - original
Conceptualization, Funding acquisition, Investigation, Resources,
Software, Visualization, Writing - original draft, Writing -
review & editing.

Funding

The authors declare financial support was received for the
research, authorship, and/or publication of this article.

This research was supported by funding from clinical research
Plan of SHDC (SHDC2020CR3055B).

Acknowledgments

We thank Jiang Wei for improving our statistical strategy. We
also thank the Ethics Committee of Shanghai Sixth People’s Hospital.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fped.2024.1296517
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Jiayi et al.

References

1. Kardum D, Serdarusi¢ I, Biljan B, Santi¢ K, Zivkovi¢ V. Readmission of late
preterm and term neonates in the neonatal period. Clinics (Sao Paulo). (2022)
77:100005. doi: 10.1016/j.clinsp.2022.100005

2. Kemper AR, Newman TB, Slaughter JL, Maisels MJ, Watchko JF, Downs SM,
et al. Clinical practice guideline revision: management of hyperbilirubinemia in the
newborn infant 35 or more weeks of gestation. Pediatrics. (2022) 150(3):
€2022058859. doi: 10.1542/peds.2022-058859

3. Bhutani VK, Stark AR, Lazzeroni LC, Poland R, Gourley GR, Kazmierczak S, et al.
Initial clinical testing evaluation and risk assessment for universal screening for
hyperbilirubinemia study group. Predischarge screening for severe neonatal
hyperbilirubinemia identifies infants who need phototherapy. J Pediatr. (2013) 162
(3):477-82.el. doi: 10.1016/j.jpeds.2012.08.022

4. Liu HW, Gong LN, Lai K, Yu XF, Liu ZQ, Li MX, et al. Bilirubin gates the TRPM2
channel as a direct agonist to exacerbate ischemic brain damage. Neuron. (2023) 111
(10):1609-25.¢6. doi: 10.1016/j.neuron.2023.02.022

5. Faulhaber FRS, Procianoy RS, Silveira RC, Par EJ, Hughes CA, DeRico P.
Neonatal hyperbilirubinemia: evaluation and treatment. Am Fam Physician. (2023)
107(5):525-34.

6. Dijk PH, de Vries TW, de Beer JJ, Dutch Pediatric Association. Guideline
"Prevention, diagnosis and treatment of hyperbilirubinemia in the neonate with a
gestational age of 35 or more weeks’. Ned Tijdschr Geneeskd. (2009) 153:A93.

7. Demirel G, Celik IH, Erdeve O, Dilmen U. Impact of probiotics on the course of
indirect hyperbilirubinemia and phototherapy duration in very low birth weight
infants. J Matern Fetal Neonatal Med. (2013) 26(2):215-8. doi: 10.3109/14767058.
2012.725115

8. Faulhaber FRS, Procianoy RS, Silveira RC. Side effects of phototherapy on
neonates. Am J Perinatol. (2019) 36(3):252-7. doi: 10.1055/s-0038-1667379

9. Fan S, Zhang K, Zhang J, Zhang L, Liu L, Lv A, et al. Analysis of the effect of
phototherapy on intestinal probiotics and metabolism in newborns with jaundice.
Front Pediatr. (2022) 10:878473. doi: 10.3389/fped.2022.878473

10. Zhang K, Fan S, Lv A, Ma Y, Fang X, Zhang J, et al. Integrated analysis of
microbiota with bile acids for the phototherapy treatment of neonatal jaundice.
Arch Med Sci. (2021) 19(2):401-10. doi: 10.5114/a0oms/134023

11. Winston JA, Rivera A, Cai J, Patterson AD, Theriot CM. Secondary bile acid
ursodeoxycholic acid alters weight, the gut microbiota, and the bile acid pool in
conventional mice. PLoS One. (2021) 16(2):¢0246161. doi: 10.1371/journal.pone.
0246161

12. Kemp KM, Colson J, Lorenz RG, Maynard CL, Pollock JS. Early life stress in mice
alters gut microbiota independent of maternal microbiota inheritance. Am ] Physiol
Regul Integr Comp Physiol. (2021) 320(5):R663-74. doi: 10.1152/ajpregu.00072.2020

13. Navarro-Tapia E, Almeida-Toledano L, Sebastiani G, Serra-Delgado M, Garcia-
Algar O, Andreu-Fernéndez V. Effects of microbiota imbalance in anxiety and eating
disorders: probiotics as novel therapeutic approaches. Int ] Mol Sci. (2021) 22(5):2351.
doi: 10.3390/ijms22052351

14. V1 Tek L, Kotal P, Jirsa M. Intestinal colonization in neonates leading to fecal
urobilinoid excretion may play a role in the pathogenesis of neonatal
hyperbilirubinemia. J Pediatr Gastroenterol Nutr. (2000) 30:294-8. doi: 10.1097/
00005176-200003000-00015

15. Duan M, Han ZH, Huang T, Yang Y, Huang B. Characterization of gut
microbiota and short-chain fatty acid in breastfed infants with or without breast
milk jaundice. Lett Appl Microbiol. (2021) 72(1):60-7. doi: 10.1111/lam.13382

16. Mutlu M, Aslan Y, Kader §, Aktirk Acar F. Preventive effects of probiotic
supplementation on neonatal hyperbilirubinemia caused by isoimmunization. Am J
Perinatol. (2020) 37(11):1173-6. doi: 10.1055/s-0039-1692690

17. Kappeler KV, Anbalagan S, Dmitriev AV, McDowell EJ, Neely MN, Chaussee
MS. A naturally occurring rgg variant in serotype M3 Streptococcus pyogenes does

Frontiers in Pediatrics

09

10.3389/fped.2024.1296517

not activate speB expression due to altered specificity of DNA binding. Infect
Immun. (2009) 77(12):5411-7. doi: 10.1128/IAL.00373-09

18. Elhani D. Les béta-lactamases a spectre étendu: le défi s’accentue. The widening
challenge of extended spectrum P-lactamases. Ann Biol Clin (Paris). (2012) 70
(2):117-40. (French). doi: 10.1684/abc.2012.0686

19. U.S Department of health and human services. U.S Food and drug. Available
online at: http://www.accessdata.fda.gov/scripts/fdcc/?set=GRASNotices (accessed
March 31, 2017).

20. efsa. Qualified presumption of safety (QPS). Available online at: http://www.efsa.
europa.eu/en/topics/topic/qps.htm (Accessed March 31, 2017).

21. Ghosh TS, Gupta SS, Nair GB, Mande SS. In silico analysis of antibiotic
resistance genes in the gut microflora of individuals from diverse geographies
and age-groups. PLoS One. (2013) 8(12):e83823. doi: 10.1371/journal.pone.
0083823

22. Ramy N, Ghany EA, Alsharany W, Nada A, Darwish RK, Rabie WA, et al.
Jaundice, phototherapy and DNA damage in full-term neonates. ] Perinatol. (2016)
36(2):132-6. doi: 10.1038/jp.2015.166

23. Yahia S, Shabaan AE, Gouida M, El-Ghanam D, Eldegla H, El-Bakary A, et al.
Influence of hyperbilirubinemia and phototherapy on markers of genotoxicity and
apoptosis in full-term infants. Eur J Pediatr. (2015) 174(4):459-64. doi: 10.1007/
s00431-014-2418-z

24. Chinese Clinical Trial Registry. Available online at: https://www.chictr.org.cn/
index.html (accessed January 1, 2021).

25. Tham EH, Loo EXL, Goh A, Teoh OH, Yap F, Tan KH, et al. Phototherapy for
neonatal hyperbilirubinemia and childhood eczema, rhinitis and wheeze. Pediatr
Neonatol. (2019) 60(1):28-34. doi: 10.1016/j.pedneo.2018.03.004

26. Chen Z, Zhang L, Zeng L, Yang X, Jiang L, Gui G, et al. Probiotics
supplementation therapy for pathological neonatal jaundice: a systematic review and
meta-analysis. Front Pharmacol. (2017) 8:432. doi: 10.3389/fphar.2017.00432

27. Ru CW, Qin T, Wang L, Jiang SS, Wu FG, Chen H. The correlation between
bacteria in breast milk and newborn feces and breast milk jaundice. Chin
] Microecol. (2015) 27:325-7.

28. Zhou JL, Zhou SM, Wang MB, Cheng YW, Dai DL, Cai HB, et al. Metagenome
of gut microbiota of patients with breast milk jaundice. Chin J Microecol. (2016)
28:893-8.

29. Serce O, Gursoy T, Ovali F, Karatekin G. Effects of Saccharomyces boulardii on
neonatal hyperbilirubinemia: a randomized controlled trial. Am J Perinatol. (2015) 30
(2):137-42. doi: 10.1055/s-0034-1376390

30. Suganthi V, Das AG. Role of Saccharomyces boulardii in reduction of neonatal
hyperbilirubinemia. J Clin Diagn Res. (2016) 10(11):SC12-5. doi: 10.7860/JCDR/2016/
20115.8878

31. Shadkam MN, Jalalizadeh F, Nasiriani K. Effects of probiotic lactobacillus reuteri
(DSM 17938) on the incidence of necrotizing enterocolitis in very low birth weight
premature infants. Iran ] Neonatology. (2015) 6:15-20.

32. Torkaman M, Mottaghizadeh F, Khosravi MH, Najafian B, Amirsalari S,
Afsharpaiman S. The effect of probiotics on reducing hospitalization duration in
infants with hyperbilirubinemia. Iran ] Pediatr. (2017) 27:¢5096.

33. Liu W, Liu H, Wang T, Tang X. Therapeutic effects of probiotics on neonatal
jaundice. Pak ] Med Sci. (2015) 31(5):1172-5. doi: 10.12669/pjms.315.7921

34. Tian ], Guo YX. Efficacy of Bacillus licheniformis in the treatment of breast milk
jaundice. Chin ] Microecol. (2016) 28:1172-4.

35. Chandrasekhar J, Varghese TP, Gopi A, Raj M, Sudevan R, Jayakumar H.
Treatment effect of probiotic bacillus clausii on neonatal jaundice in late preterm
and term newborn babies: an experimental study. Pediatr Ther. (2017) 7:326.
doi: 10.4172/2161-0665.1000326

frontiersin.org


https://doi.org/10.1016/j.clinsp.2022.100005
https://doi.org/10.1542/peds.2022-058859
https://doi.org/10.1016/j.jpeds.2012.08.022
https://doi.org/10.1016/j.neuron.2023.02.022
https://doi.org/10.3109/14767058.2012.725115
https://doi.org/10.3109/14767058.2012.725115
https://doi.org/10.1055/s-0038-1667379
https://doi.org/10.3389/fped.2022.878473
https://doi.org/10.5114/aoms/134023
https://doi.org/10.1371/journal.pone.0246161
https://doi.org/10.1371/journal.pone.0246161
https://doi.org/10.1152/ajpregu.00072.2020
https://doi.org/10.3390/ijms22052351
https://doi.org/10.1097/00005176-200003000-00015
https://doi.org/10.1097/00005176-200003000-00015
https://doi.org/10.1111/lam.13382
https://doi.org/10.1055/s-0039-1692690
https://doi.org/10.1128/IAI.00373-09
https://doi.org/10.1684/abc.2012.0686
http://www.accessdata.fda.gov/scripts/fdcc/?set=GRASNotices
http://www.efsa.europa.eu/en/topics/topic/qps.htm
http://www.efsa.europa.eu/en/topics/topic/qps.htm
https://doi.org/10.1371/journal.pone.0083823
https://doi.org/10.1371/journal.pone.0083823
https://doi.org/10.1038/jp.2015.166
https://doi.org/10.1007/s00431-014-2418-z
https://doi.org/10.1007/s00431-014-2418-z
https://www.chictr.org.cn/index.html
https://www.chictr.org.cn/index.html
https://doi.org/10.1016/j.pedneo.2018.03.004
https://doi.org/10.3389/fphar.2017.00432
https://doi.org/10.1055/s-0034-1376390
https://doi.org/10.7860/JCDR/2016/20115.8878
https://doi.org/10.7860/JCDR/2016/20115.8878
https://doi.org/10.12669/pjms.315.7921
https://doi.org/10.4172/2161-0665.1000326
https://doi.org/10.3389/fped.2024.1296517
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Probiotics' effects on gut microbiota in jaundiced neonates: a randomized controlled trial protocol
	Introduction
	Hyperbilirubinaemia and treatments
	Phototherapy and the intestinal microflora
	Purpose and hypothesis

	Methods
	Trial design
	Experiment and subject setup
	Eligibility criteria
	Interventions
	Study procedure
	Endpoints
	Participant timeline
	Sample size
	Randomization
	Blinding
	Allocation concealment
	Data collection and management
	Monitoring
	Statistical analysis
	Statistical analysis and bioinformatics analysis

	Discussion
	Harms
	Auditing

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


