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Abstract

Background: The rate of recurrent spontaneous preterm delivery (sPTD) ranges between 27% and 34% and is 22.3% in Japan.
Although it currently remains unclear whether probiotics prevent sPTD, retrospective studies recently reported a reduction in the
rate of recurrent sPTD with the administration of probiotics including Clostridium spp., which induce regulatory T cells that play
an important role in maintaining pregnancy.

Objective: The objective of this trial is to evaluate the preventative effects of available oral probiotics, including Clostridium
butyricum, on recurrent sPTD.

Methods: This is a prospective, single-arm, nonblinded, multicenter trial in Japan. The sample size required for this trial is 345
pregnant women with a history of sPTD, considering a clinically significant reduction in the relative risk of 30% (risk ratio=0.7).
The primary endpoint is the rate of recurrent sPTD at <37 weeks of gestation. The secondary endpoints are the rate of sPTD at
<34 weeks of gestation, the rate of recurrent sPTD at <28 weeks of gestation, the ratio of intestinal Clostridium spp. (detected
by next-generation sequencing), and bacterial vaginosis (using the Nugent score).

Results: The trial procedures were approved by the Clinical Research Review Board of Toyama University Hospital (SCR2020008)
on March 31, 2021. The trial was registered on the Japan Registry of Clinical Trial website on April 28, 2021. Recruitment began
on May 1, 2021, and the trial is estimated to finish on March 31, 2025.

Conclusions: The findings will clarify the rate of recurrent sPTD following probiotic administration including Clostridium
butyricum. Outcomes from this trial will inform clinical practice and guide future randomized controlled trials.

Trial Registration: Japan Registry of Clinical Trials jRCTs041210014; https://jrct.niph.go.jp/latest-detail/jRCTs041210014
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Introduction

According to a systemic analysis, 13.4 million (12.3-15.2
million) live neonates were estimated to be delivered as preterm
births (<37 weeks) in 2020 (9.9% [9.1%-11.2%] of all births)
worldwide [1]. In addition, the number of neonate (aged 0 days
to 27 days) deaths due to preterm birth complications is
estimated at 938,000 [2]. Preterm neonates are at an increased
risk of mortality and morbidity, such as sepsis, periventricular
leukomalacia (PVL), intraventricular hemorrhage (IVH),
cerebral palsy, seizures, bronchopulmonary dysplasia (BPD),
necrotizing enterocolitis (NEC), feeding difficulties, and visual
or hearing disorders [3]. Between 30% and 35% of preterm
births are indicated, 65% to 70% are spontaneous preterm
deliveries (sPTD) [4], and the rate of recurrent sPTD ranges
between 27% and 34% [5]. In Japan, the rate of recurrent sPTD
was recently reported to be 22.3%, based on real-world data
from 2014 to 2016 [6].

sPTD is caused by multiple pathological processes [4,5,7], with
intra-amniotic inflammation or infection being the main cause
[7-9]. As the clinical characteristics of sPTD, severe
intra-amniotic inflammation and infection were more frequent
in the earlier weeks of gestation [8-10]. Since preterm labor,
the preterm premature rupture of membranes, and cervical
insufficiency develop due to the collapse of the intrauterine
environment, such as by inflammation or infection, it is difficult
to avoid sPTD after the appearance of clinical symptoms.
Therefore, precautions are needed to prevent sPTD in pregnant
women at a high risk of sPTD starting in the first trimester or
before pregnancy.

In 2013, alliums (garlic, onion, leek, and spring onion) and dried
fruits (raisins, apricots, prunes, figs, and dates) were reported
to be associated with a decreased risk of sPTD [11]. In another
prospective cohort study reported in 2019, intake of fermented
food, such as miso soup, yogurt, and soybeans, before pregnancy
significantly reduced the risk of early sPTD at <34 weeks [12].
According to a large-scale, epidemiological, observational,
cohort study conducted in Norway, the consumption of probiotic
milk during early pregnancy was correlated with a lower risk
of preterm delivery (adjusted odds ratio 0.79, 95% CI 0.64-0.97;
P=.03) [13]. As one of the pathological characteristics in the
intestinal flora of pregnant women with sPTD, the abundance
of Clostridium spp. was significantly lower than in pregnant
women who delivered at term [14]. These findings of large-scale
epidemiological studies and the specificity of the intestinal flora
strongly suggest the potential of prebiotics or probiotics to
improve the intestinal microbiota and prevent sPTD.

On the other hand, clinical studies using probiotics have not
been sufficiently powered to prevent sPTD [15]. The findings
of a systematic review and meta-analysis showed that the
consumption of probiotics or prebiotics during pregnancy did
not affect the risk of sPTD [16,17]. However, the types of
probiotics or prebiotics used in each trial varied. Moreover, the
initiation of their administration was not constant, or the
characteristics of pregnant women at risk of sPTD differed.
Therefore, findings on the efficacy of probiotics to prevent sPTD
have been inconsistent.

Clostridium spp. induce the production of regulatory T (Treg)
cells [18], which are essential for the maintenance of pregnancy
[19-22]. Since the abundance of Clostridium spp. is significantly
reduced in sPTD cases [14], the number of Treg cells produced
may be insufficient to maintain pregnancy. Therefore, probiotics
including Clostridium spp. have the potential to prevent sPTD
in women at risk of sPTD. In 2 retrospective cohort studies,
probiotics including Clostridium spp. reduced the recurrence
of sPTD. One study showed that the rate of preterm delivery at
<32 weeks of gestation was significantly reduced in pregnant
women at a high risk of sPTD [23], while the other demonstrated
that the rate of recurrent sPTD was significantly reduced (9.8%
vs 30.1%, P=.002) by probiotics including Clostridium spp [24].

Based on this clinical and pathological background, we are
planning a phase 3, prospective, single-arm trial to confirm the
preventative effects of probiotics, including Clostridium
butyricum, on sPTD in pregnant women with a history of sPTD.
This trial will evaluate the rate of recurrent sPTD based on that
reported in a perinatal registration database from the Japan
Obstetrics and Gynecology Society for the perinatal center
(22.3%) [6], which covers approximately 25% of deliveries in
Japan.

Methods

Trial Design
The Prevention of Recurrent Spontaneous Preterm Delivery by
Probiotics (PPP) trial is designed as a prospective, single-arm,
nonblinded, multicenter clinical trial to confirm the prevention
of sPTD by oral probiotics in pregnant women with a history
of sPTD. In Japan, 31 hospitals are participating, and the trial
is scheduled to run from April 1, 2021, to March 31, 2025
(registration period was from June 1, 2021, to March 31, 2024.)
The design of the trial is summarized in Figure 1. This trial will
be performed according to the ethical principles originating
from the Declaration of Helsinki and the Clinical Trial Act.
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Figure 1. A summary of the design of the Prevention of Recurrent Spontaneous Preterm Delivery by Probiotics (PPP) trial. After informed consent,
the oral administration of probiotics, including Clostridium butyricum (10 mg/tablet), Enterococcus faecium (2 mg/tablet), and Bacillus subtilis (10
mg/tablet), is initiated at 10-14 weeks. BFS: Bristol Stool Form Scale; CRP: C-reactive protein; CSS: constipation scoring system; NGS: next-generation
sequencing; WBC: white blood cell count.

Study Participants

Recruitment Setting
We will recruit pregnant women who meet all the inclusion
criteria and do not have any of the listed exclusion criteria. In
Japan, most women visit an obstetrical clinic between 5 weeks
and 8 weeks of gestation. After confirming the eligibility criteria,
we will register pregnant women. In this trial, a history of sPTD
is defined as preterm delivery by labor pains, clinical
chorioamnionitis, intrauterine infection, or histological
chorioamnionitis diagnosed after preterm delivery, with or
without obstetrical complications. Informed consent will be
obtained from pregnant women prior to their registration.
Pregnant women can review the details of this trial on the Japan
Registry of Clinical Trial.

Inclusion Criteria
The inclusion criteria were women who had been pregnant <15
weeks, with a history of sPTD, aged 18 years to 43 years at
consent, and who provided written informed consent.

Exclusion Criteria
The exclusion criteria included pregnant women with a history
of indicated preterm birth, such as abruptio placentae, gestational
diabetes mellitus, pregnancy-induced hypertension, eclampsia,
HELLP (Hemolysis, Elevated Liver Enzymes, and Low
Platelets) syndrome, pulmonary embolism, cerebral hemorrhage,
pulmonary edema, acute fatty liver of pregnancy, placenta
previa, fetal growth restriction (≤–2.0 SD), oligohydramnios,
polyhydramnios, fetal diseases with chromosomal abnormalities,
fetuses with multiple malformations, fetal edema, fetal
dysfunction, and pregnant women with histories of sPTD for a

multiple pregnancy. In addition, pregnant women with a multiple
pregnancy (singleton cases after multifetal pregnancy reduction
or another fetal death are also excluded), a severe physical
disability, with a history of serious hypersensitivity or
anaphylactic reactions caused by probiotics (including lactomin,
C. butyricum, and amylolytic bacillus), using a medical drug
or supplement including Clostridium spp. within 2 weeks before
enrollment, with a history of cervical conization, with uterine
malformation, with cervical polyps and massive genital bleeding
before 10 weeks of gestation, with subchorionic hematoma and
massive genital bleeding at the time of obtaining informed
consent, who regularly use steroids, with diabetes mellitus, with
autoimmune disease, diagnosed or treated for malignant disease
at the time of informed consent (cases in which malignant
disease has been completely cured may be included), with fetal
morphological abnormalities at the time of informed consent,
currently participating in other clinical trials or those who
previously participated in a clinical trial and for whom at least
1 month has not passed since the last dose of the study drug
was taken, or classified as inapplicable for this trial by the
investigators are excluded.

Study Procedures
The trial schedule is shown in Figure 2. All registered pregnant
women will receive oral probiotics. The probiotics used are
already available drugs including C. butyricum (10 mg/tablet),
Enterococcus faecium (2 mg/tablet), and Bacillus subtilis (10
mg/tablet), because the probiotics containing C. butyricum alone
are not commercially available in Japan. Probiotics are started
from 10 weeks to 14 weeks and stopped at 36 weeks 6 days of
gestation, late miscarriage, or sPTD. The maximum duration
of administration is 188 days.

JMIR Res Protoc 2024 | vol. 13 | e59928 | p. 3https://www.researchprotocols.org/2024/1/e59928
(page number not for citation purposes)

Yoneda et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. The schedule of the Prevention of Recurrent Spontaneous Preterm Delivery by Probiotics (PPP) trial. CSS: constipation scoring system;
NGS: next-generation sequencing; sPTD: spontaneous preterm delivery.

Before the initiation of probiotics, stool (for the NGS) and
vaginal secretion (for the Nugent score) samples will be
collected, and the Bristol Stool Form Scale (BFS; Figure 3) and
the constipation scoring system (CSS: Table 1) are rated. The
BFS expresses the characteristics of stool as numbers: the lower
the number, the less water the stool contains and the harder it
is, whereas the higher the number, the more watery and soft it
is. Stool is classified into 7 levels from Type 1 to Type 7, with
Type 3 to Type 5 being considered the normal range of stool,
and Type 4 stool being ideal. The BFS is evaluated before and
during treatment. The CSS results in a subjective score of 30

points resulting from 7 items being rated on a scale from 0 to
4 and 1 item rated on a scale from 0 to 2; the items include the
number of bowel movements per week, residual bowel
movements, frequency of abdominal pain, and time required
for bowel movements [25]. In this trial, the CSS is a modified
CSS consisting of 26 points, excluding the “duration of
constipation,” and is evaluated before and during treatment. At
22 ± 2 weeks of gestation, these samples will be collected again,
the questionnaire will be completed for evaluations during
probiotic administration, and cervical lengths will be measured.
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Figure 3. The Bristol Stool Form Scale.

Table 1. The Constipation Scoring System (total of 30 points possible).

PointsItems evaluated

43210

Less than once per
month

Less than once per
week

Once per week2 times per week1-2 times per 1-2
days

Frequency of bowel movements

AlwaysUsuallySometimesRarelyNeverPainful evacuation effort

AlwaysUsuallySometimesRarelyNeverFeeling of an incomplete evacua-
tion

AlwaysUsuallySometimesRarelyNeverAbdominal pain

≥3020-2910-195-9<5Time spent on the toilet to defecate
(minutes)

——aDigital assistance or
enema

Stimulative laxativesNo assistanceType of assistance

≥107-94-61-30Unsuccessful attempts to evacuate
per 24 hours

≥2111-206-101-5<1Duration of constipation (years)

aNot applicable.

In this trial, any treatment to prevent late miscarriage or sPTD,
such as progesterone (17-alpha-hydroxyprogesterone caproate,
which is used at a dosage of 125 mg and covered by the national
health insurance system in Japan but is not used to prevent sPTD
in the first trimester), cerclage, tocolysis, and antibiotics, could
be used because there is no evidence to support their prevention
of sPTD. The previously reported rate of recurrent sPTD of
22.3% in Japan [6] is presumed to be the result of these
treatments.

Endpoints
The primary endpoint is the rate of recurrent sPTD at <37 weeks
of gestation. The secondary endpoints are the rate of sPTD at
<34 weeks of gestation, the rate of recurrent sPTD at <28 weeks
of gestation, the proportion of stillbirth, constipation (using the
BFS and CSS), the ratio of intestinal Clostridium spp. (as
measured using next-generation sequencing [NGS]), and
bacterial vaginosis (using the Nugent score). In cases of sPTD,
histological chorioamnionitis, or funisitis, neonatal prognosis
(gestational weeks at delivery, birth weight, hospitalization in

JMIR Res Protoc 2024 | vol. 13 | e59928 | p. 5https://www.researchprotocols.org/2024/1/e59928
(page number not for citation purposes)

Yoneda et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


the neonatal intensive care unit [NICU], neonatal death,
respiratory distress syndrome, PVL, BPD, IVH, and NEC) will
be evaluated.

In this trial, to analyze the composition of the microbiota (using
NGS), a stool collection brush and storage tube (Fujifilm
WAKO Pure Chemicals) containing DMSO-EDTA salt solution
buffer [26] was prepared, and 2 tubes were delivered to each
participant. Pretreatment feces were collected in the tubes by
each participant and stored under cool conditions. Posttreatment
(22±2 weeks of gestation) feces were also collected. These tubes
were compiled at ReLife Inc at a temperature <4°C, then
transported to the Kyoto Institute of Nutrition and Pathology
for analyses of the microbiota composition.

Fecal DNA was extracted using a commercial kit (QuickGene
DNA tissue kit, KURABO) as described elsewhere [27]. The
procedure for metagenomic 16S rRNA sequencing using Miseq
(Illumina) was the same as that previously described [28]. The
processing of sequencing data, including quality filtering,
chimera checks, operational taxonomic unit definitions, and
taxonomy assignments, was performed using QIIME1.9.1,
USEARCH, and UCHIME in the same manner as previously
described [28]. Alpha-diversity metrics (the Chao1 or Shannon
index) were calculated using QIIME1.9.1 software. To calculate
the distances between samples, beta-diversity was estimated
using the UniFrac metric and visualized using a principal
coordinate analysis.

Adverse Event Reporting and Harms
As for safety evaluations, all adverse events will be reported
and evaluated. Adverse events refer to any unfavorable change
in clinical symptoms, laboratory data, or disease temporally
associated with probiotics used in this trial, regardless of
whether it is considered to be related to the trial product.
However, unfavorable clinical symptoms such as constipation,
which could be considered due to maternal physiological
changes, are not treated as an adverse event. When an adverse
event occurs, patients will receive appropriate treatment, and
the cost will be supported by the national health insurance. All
serious adverse events that could be assumed to be caused by
probiotics used in this trial must be reported and investigated
to the Clinical Research Review Board of Toyama University
Hospital. In addition, the information will be shared with all
investigators.

Data Analysis

Sample Size Calculation
Based on the previously reported rate of recurrent sPTD at <37
weeks of gestation of 22.3% in Japan [6], we considered a
clinically significant reduction in the relative risk to be 30%
(risk ratio=0.7). Assuming the effect of the probiotics
corresponds to a risk ratio of 0.7 (with the rates under the null
hypothesis being 0.223 and under the alternative hypothesis
being 0.156) and using a 1-sided test with a significance level
of .025 and a power of 80%, the required sample size was
calculated to be 298 participants. We considered a withdrawal
rate of 10% based on the incidence of miscarriage at <22 weeks
of gestation [29] and a dropout rate of 5% and, thus, set the
required sample size to 345 participants.

Statistical Analysis
The efficacy analysis set consists of all patients enrolled in this
trial except for patients who will not be treated with the protocol
treatment, whose data will not be collected after the protocol
treatment starts, who are designated to be ineligible after
enrollment, or in whom pregnancy was terminated before 21
weeks of gestation for any reason.

The safety analysis set consists of patients who will be treated
with the protocol treatment at least once. Frequencies and
percentages are calculated for discrete variables, and summary
statistics (mean, standard deviation, minimum, median, or
maximum) are calculated for continuous variables. As the
primary analysis, we will conduct a binomial test on the rate of
recurrent sPTD at <37 weeks of gestation.

Data Management
After registration, the maternal characteristics (the number of
pregnant histories, the number and gestational weeks of previous
miscarriage or sPTD, date of birth, age, height, weight, BMI,
smoking, uterine myoma, allergy, medical history, diseases,
internal medicine) will be recorded. BFS and CSS will be
calculated before probiotic initiation and again at 22±2 weeks
of gestation, at which time cervical length will also be recorded.

In cases of term delivery, information, such as neonatal body
weight, sex, and Apgar scores, will be recorded. On the other
hand, in cases of preterm delivery, more information will be
recorded for the 4 weeks after delivery, including histological
chorioamnionitis, funisitis, and neonatal prognosis
(hospitalization in the NICU, neonatal death, respiratory distress
syndrome, PVL, BPD, IVH, and NEC). All trial data are housed
within a Research Electronic Data Capture (REDCap) system
in Toyama University Hospital. The local principal investigator
in each hospital will input the trial data online. Data management
will be performed every 6 months by the data center in Toyama
University Hospital.

Monitoring
This trial is monitored to ensure the safety of pregnant women,
that the protocol is being followed, and that data are being
accurately collected. The monitor is not involved in this trial
and is approved by the investigator.

Ethical Considerations
The protocol for this trial was approved by the Clinical Research
Review Board of Toyama University Hospital (SCR2020008)
on March 31, 2021. This trial was registered in the Japan
Registry of Clinical Trials on April 28, 2021. All participants
will be required to sign and date an informed consent form.
Each participant will be given a unique ID for the PPP trial and
will be registered in the RedCap system without personal
information such as their name. Participants will receive
probiotic tablets at no cost but will not receive any monetary
compensation.

Results

Recruitment began on May 1, 2021. This trial is ongoing, and
345 pregnant women with a history of sPTD have been
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registered to date. Data collection is expected to be completed
by October 2024, and the trial will finish on approximately
March 31, 2025.

Discussion

The reasons behind the effectiveness of probiotics or prebiotics
for preventing sPTD have not been verified by meta-analysis
[15-17]; potential reasons include differences between the
characteristics of pregnant women at risk of sPTD, the types of
probiotics or prebiotics, and initiation of their administration.
In addition, the main probiotic used in previous research was
Lactobacillus spp. This trial will examine the effects of
probiotics, including Clostridium spp., which induce the
production of Treg cells that play an important role in
maintaining pregnancy [18-22]. There are a few reports that
probiotics, including Clostridium spp., improved clinical
symptoms in inflammatory bowel disease [30,31]. However,
there is no report showing changes in intestinal flora or Treg
cells. The proliferation of Treg cells in this study cannot be
shown as direct evidence at present, and all theories remain a
matter of speculation.

We are carrying out a prospective, single-arm, nonblinded,
multicenter clinical trial to confirm the efficacy of oral probiotics
including C. butyricum, E. faecium, and B. subtilis for the
prevention of sPTD starting in the first trimester in pregnant
women with a history of sPTD. E. faecium and B. subtilis can
coexist symbiotically, and they increase their metabolic products
and themselves [32]. In addition, B. subtilis and C. butyricum
can coexist symbiotically, and they increase their metabolic
products and themselves [33]. Therefore, these 3 bacteria,
namely E. faecium, B. subtilis, and C. butyricum, might coexist
symbiotically. Furthermore, proliferation of C. butyricum might
further lead to the proliferation of Clostridium spp. in the human

intestine [34,35]. Hence, the presence of these 3 types of bacteria
is predicted to increase the proliferation of Clostridium spp. in
the intestine.

The rate of sPTD in each country is different depending on
region, ethnicity, income, and the level of medical care.
Although the rate of sPTD in Japan tends to be low [1] and the
recurrence of sPTD is also low [6], it is important in this
single-arm trial to investigate the rate of recurrent sPTD (22.3%)
using reliable data [6]. Antimicrobial agents could affect the
prolongation of pregnancy. Therefore, we would like to consider
excluding cases in which antibiotics were used for a long time
(1 week or more). However, most cases who receive antibiotics
for a long time have sPTD. Therefore, we did not exclude study
participants. In addition, the use of antibiotics in the first
trimester would be rare.

The first limitation of the PPP trial is that it has not been proven
whether intestinal Clostridium spp. directly induce the
proliferation of Treg cells. This trial focuses on the rate of
recurrent sPTD. Second, this is a single-arm trial with no
placebo group. This clinical trial involves pregnant women and
requires the administration of oral medicine for a long time,
approximately 6 months. Although a randomized controlled
trial (RCT) is considered the gold standard for evaluating the
efficacy of probiotics, pregnant women and children are
considered a high-risk group for RCTs. In such trials, real-world
data could be used and analyzed for comparison [36]. If the
results of this single-arm trial show a significant reduction in
the rate of recurrent sPTD, an RCT may be performed in the
near feature. Probiotics are not expensive, and their use is
already widespread. Therefore, the use of probiotics to prevent
recurrent sPTD may be easily used in many countries. In
lower-income countries with a high rate of sPTD, probiotics
could contribute to the prevention of recurrent sPTD.

Acknowledgments
We thank each local principal investigator who contributed to the Prevention of Recurrent Spontaneous Preterm Delivery by
Probiotics (PPP) trial: Katsufumi Otsuki (Showa University Koto Toyosu Hospital), Akihito Nakai (Nippon Medical School
Tama-Nagayama Hospital), Kanji Tanaka (Hirosaki University Hospital), Mao Sakura (Tokyo Metropolitan Ohtsuka Hospital),
Hironobu Hyodo (Tokyo Metropolitan Bokutoh Hospital), Yoshimasa Kamei (Saitama Medical University Hospital), Keiichi
Kumasawa (University of Tokyo Hospital), Masahiko Nakata (Toho University Omori Medical Center), Kazumasa Kumazawa
(National Hospital Organization Okayama Medical Center), Manabu Nakamura (Japanese Red Cross Saitama Hospital), Shintaro
Makino (Juntendo University Urayasu Hospital), Nagayoshi Umehara (National Center for Child Health and Development),
Takahiro Yamashita (Aiiku Hospital), Rie Oyama (Iwate Medical University), Yoshimitsu Kuwabara (Nippon Medical School
Hospital), Shinji Tanigaki (Kyorin university), Rie Usui (Jichi Medical University Hospital), Michio Sanada (Japanese Red Cross
Narita Hospital), Youhei Maki (Miyazaki Medical Association Hospital), Masato Kamitomo (Kagoshima City Hospital), Momoko
Kuribayashi (Funabasi central hospital), Yuki Kodama (University of Miyazaki Hospital), Munekage Yamaguchi (Kumamoto
University Hospital), Kosuke Kobayashi (Asahi General Hospital), Takayoshi Sumitani (Toyama Prefectural Central Hospital),
Masakatsu Sase (Yamaguchi Prefectural Grand Medical Center), Naoko Ueno (Hiroshima City Hiroshima Citizens Hospital),
Akiko Toko (Yamaguchi Women’s Hospital), Ken Fukuhara (Kurashiki Central Hospital), and Hirokazu Sugii (National Hospital
Organization Iwakuni Clinical Center).

This trial is sponsored by TOA Biopharma Co Ltd. The funds needed for the Prevention of Recurrent Spontaneous Preterm
Delivery by Probiotics (PPP) trial will be paid every year when its schedule proceeds as planned. Oral probiotics, including
Clostridium butyricum (10 mg/tablet), Enterococcus faecium (2 mg/tablet), and Bacillus subtilis (10 mg/tablet), will be provided
free of charge. The authors declare that they have no competing interests. TOA Biopharma Co Ltd will not be involved in the
collection, analysis, or interpretation of data.

JMIR Res Protoc 2024 | vol. 13 | e59928 | p. 7https://www.researchprotocols.org/2024/1/e59928
(page number not for citation purposes)

Yoneda et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Data Availability
The data set used and analyzed in this study will be available from the corresponding author upon reasonable request.

Authors' Contributions
SY, KO, AN, and SS developed the original concept for the trial, and SY, TK, KK, SI, TT, DC, KO, AN, and SS designed the
study. SY is the principal investigator of the trial. SI is a biostatistician and responsible for statistical planning and analyses. TK,
KK, TT, and DC provided advice about the outcome measures for the protocol. SY wrote the manuscript, and the other authors
revised and commented on the subsequent draft. All authors read and approved the final manuscript.

Conflicts of Interest
None declared.

References

1. Ohuma E, Moller A, Bradley E, Chakwera S, Hussain-Alkhateeb L, Lewin A, et al. National, regional, and global estimates
of preterm birth in 2020, with trends from 2010: a systematic analysis. Lancet. Oct 07, 2023;402(10409):1261-1271. [FREE
Full text] [doi: 10.1016/S0140-6736(23)00878-4] [Medline: 37805217]

2. Perin J, Mulick A, Yeung D, Villavicencio F, Lopez G, Strong K, et al. Global, regional, and national causes of under-5
mortality in 2000-19: an updated systematic analysis with implications for the Sustainable Development Goals. Lancet
Child Adolesc Health. Feb 2022;6(2):106-115. [FREE Full text] [doi: 10.1016/S2352-4642(21)00311-4] [Medline: 34800370]

3. Chawanpaiboon S, Vogel J, Moller A, Lumbiganon P, Petzold M, Hogan D, et al. Global, regional, and national estimates
of levels of preterm birth in 2014: a systematic review and modelling analysis. The Lancet Global Health. Jan
2019;7(1):e37-e46. [doi: 10.1016/s2214-109x(18)30451-0]

4. Goldenberg R, Culhane J, Iams J, Romero R. Epidemiology and causes of preterm birth. The Lancet. Jan
2008;371(9606):75-84. [doi: 10.1016/s0140-6736(08)60074-4]

5. Romero R, Dey S, Fisher S. Preterm labor: one syndrome, many causes. Science. Aug 15, 2014;345(6198):760-765. [FREE
Full text] [doi: 10.1126/science.1251816] [Medline: 25124429]

6. Seyama R, Makino S, Nojiri S, Takeda J, Suzuki T, Maruyama Y, et al. Retrospective study of the recurrence risk of preterm
birth in Japan. J Matern Fetal Neonatal Med. Feb 2022;35(3):515-519. [doi: 10.1080/14767058.2020.1727435] [Medline:
32068466]

7. Frey H, Klebanoff M. The epidemiology, etiology, and costs of preterm birth. Semin Fetal Neonatal Med. Apr
2016;21(2):68-73. [doi: 10.1016/j.siny.2015.12.011] [Medline: 26794420]

8. Romero R, Miranda J, Chaiworapongsa T, Korzeniewski S, Chaemsaithong P, Gotsch F, et al. Prevalence and clinical
significance of sterile intra-amniotic inflammation in patients with preterm labor and intact membranes. Am J Reprod
Immunol. Nov 2014;72(5):458-474. [FREE Full text] [doi: 10.1111/aji.12296] [Medline: 25078709]

9. Yoneda S, Shiozaki A, Ito M, Yoneda N, Inada K, Yonezawa R, et al. Accurate prediction of the stage of histological
chorioamnionitis before delivery by amniotic fluid IL-8 level. Am J Reprod Immunol. Jun 2015;73(6):568-576. [doi:
10.1111/aji.12360] [Medline: 25600281]

10. Yoneda N, Yoneda S, Niimi H, Ueno T, Hayashi S, Ito M, et al. Polymicrobial amniotic fluid infection with
mycoplasma/ureaplasma and other bacteria induces severe intra-amniotic inflammation associated with poor perinatal
prognosis in preterm labor. Am J Reprod Immunol. Feb 2016;75(2):112-125. [doi: 10.1111/aji.12456] [Medline: 26668114]

11. Myhre R, Brantsæter AL, Myking S, Eggesbø M, Meltzer H, Haugen M, et al. Intakes of garlic and dried fruits are associated
with lower risk of spontaneous preterm delivery. J Nutr. Jul 2013;143(7):1100-1108. [FREE Full text] [doi:
10.3945/jn.112.173229] [Medline: 23700347]

12. Ito M, Takamori A, Yoneda S, Shiozaki A, Tsuchida A, Matsumura K, et al. Japan Environment and Children’s Study
(JECS) Group. Fermented foods and preterm birth risk from a prospective large cohort study: the Japan Environment and
Children's study. Environ Health Prev Med. May 01, 2019;24(1):25. [FREE Full text] [doi: 10.1186/s12199-019-0782-z]
[Medline: 31039736]

13. Nordqvist M, Jacobsson B, Brantsæter AL, Myhre R, Nilsson S, Sengpiel V. Timing of probiotic milk consumption during
pregnancy and effects on the incidence of preeclampsia and preterm delivery: a prospective observational cohort study in
Norway. BMJ Open. Jan 23, 2018;8(1):e018021. [FREE Full text] [doi: 10.1136/bmjopen-2017-018021] [Medline: 29362253]

14. Shiozaki A, Yoneda S, Yoneda N, Yonezawa R, Matsubayashi T, Seo G, et al. Intestinal microbiota is different in women
with preterm birth: results from terminal restriction fragment length polymorphism analysis. PLoS One. 2014;9(11):e111374.
[FREE Full text] [doi: 10.1371/journal.pone.0111374] [Medline: 25372390]

15. Yang S, Reid G, Challis J, Kim S, Gloor G, Bocking A. Is there a role for probiotics in the prevention of preterm birth?
Front Immunol. 2015;6:62. [FREE Full text] [doi: 10.3389/fimmu.2015.00062] [Medline: 25741339]

16. Jarde A, Lewis-Mikhael A, Moayyedi P, Stearns J, Collins S, Beyene J, et al. Pregnancy outcomes in women taking
probiotics or prebiotics: a systematic review and meta-analysis. BMC Pregnancy Childbirth. Jan 08, 2018;18(1):14. [FREE
Full text] [doi: 10.1186/s12884-017-1629-5] [Medline: 29310610]

JMIR Res Protoc 2024 | vol. 13 | e59928 | p. 8https://www.researchprotocols.org/2024/1/e59928
(page number not for citation purposes)

Yoneda et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(23)00878-4
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(23)00878-4
http://dx.doi.org/10.1016/S0140-6736(23)00878-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37805217&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-4642(21)00311-4
http://dx.doi.org/10.1016/S2352-4642(21)00311-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34800370&dopt=Abstract
http://dx.doi.org/10.1016/s2214-109x(18)30451-0
http://dx.doi.org/10.1016/s0140-6736(08)60074-4
https://europepmc.org/abstract/MED/25124429
https://europepmc.org/abstract/MED/25124429
http://dx.doi.org/10.1126/science.1251816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25124429&dopt=Abstract
http://dx.doi.org/10.1080/14767058.2020.1727435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32068466&dopt=Abstract
http://dx.doi.org/10.1016/j.siny.2015.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26794420&dopt=Abstract
http://hdl.handle.net/2027.42/109340
http://dx.doi.org/10.1111/aji.12296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25078709&dopt=Abstract
http://dx.doi.org/10.1111/aji.12360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25600281&dopt=Abstract
http://dx.doi.org/10.1111/aji.12456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26668114&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0022-3166(22)01242-1
http://dx.doi.org/10.3945/jn.112.173229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23700347&dopt=Abstract
https://environhealthprevmed.biomedcentral.com/articles/10.1186/s12199-019-0782-z
http://dx.doi.org/10.1186/s12199-019-0782-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31039736&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29362253
http://dx.doi.org/10.1136/bmjopen-2017-018021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29362253&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0111374
http://dx.doi.org/10.1371/journal.pone.0111374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25372390&dopt=Abstract
https://europepmc.org/abstract/MED/25741339
http://dx.doi.org/10.3389/fimmu.2015.00062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25741339&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-017-1629-5
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-017-1629-5
http://dx.doi.org/10.1186/s12884-017-1629-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29310610&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


17. Othman M, Neilson J, Alfirevic Z. Probiotics for preventing preterm labour. Cochrane Database Syst Rev. Jan 24,
2007;2007(1):CD005941. [FREE Full text] [doi: 10.1002/14651858.CD005941.pub2] [Medline: 17253567]

18. Atarashi K, Tanoue T, Shima T, Imaoka A, Kuwahara T, Momose Y, et al. Induction of colonic regulatory T cells by
indigenous Clostridium species. Science. Jan 21, 2011;331(6015):337-341. [FREE Full text] [doi: 10.1126/science.1198469]
[Medline: 21205640]

19. Inada K, Shima T, Ito M, Ushijima A, Saito S. Helios-positive functional regulatory T cells are decreased in decidua of
miscarriage cases with normal fetal chromosomal content. J Reprod Immunol. Feb 2015;107:10-19. [doi:
10.1016/j.jri.2014.09.053] [Medline: 25453751]

20. Sasaki Y, Sakai M, Miyazaki S, Higuma S, Shiozaki A, Saito S. Decidual and peripheral blood CD4+CD25+ regulatory T
cells in early pregnancy subjects and spontaneous abortion cases. Mol Hum Reprod. May 2004;10(5):347-353. [doi:
10.1093/molehr/gah044] [Medline: 14997000]

21. Aluvihare V, Kallikourdis M, Betz A. Regulatory T cells mediate maternal tolerance to the fetus. Nat Immunol. Mar
2004;5(3):266-271. [doi: 10.1038/ni1037] [Medline: 14758358]

22. van der Zwan A, van Unen V, Beyrend G, Laban S, van der Keur C, Kapsenberg H, et al. Visualizing dynamic changes at
the maternal-fetal interface throughout human pregnancy by mass cytometry. Front Immunol. 2020;11:571300. [FREE
Full text] [doi: 10.3389/fimmu.2020.571300] [Medline: 33193353]

23. Kirihara N, Kamitomo M, Tabira T, Hashimoto T, Taniguchi H, Maeda T. Effect of probiotics on perinatal outcome in
patients at high risk of preterm birth. J Obstet Gynaecol Res. Feb 2018;44(2):241-247. [doi: 10.1111/jog.13497] [Medline:
28994162]

24. Arai E, Yoneda S, Yoneda N, Ito M, Tsuda S, Shiozaki A, et al. Probiotics including Clostridium butyricum, Enterococcus
faecium, and Bacillus subtilis may prevent recurrent spontaneous preterm delivery. J Obstet Gynaecol Res. Mar
2022;48(3):688-693. [doi: 10.1111/jog.15166] [Medline: 35081670]

25. Agachan F, Chen T, Pfeifer J, Reissman P, Wexner S. A constipation scoring system to simplify evaluation and management
of constipated patients. Dis Colon Rectum. Jun 1996;39(6):681-685. [doi: 10.1007/BF02056950] [Medline: 8646957]

26. Kawada Y, Naito Y, Andoh A, Ozeki M, Inoue R. Effect of storage and DNA extraction method on 16S rRNA-profiled
fecal microbiota in Japanese adults. J Clin Biochem Nutr. Mar 2019;64(2):106-111. [FREE Full text] [doi: 10.3164/jcbn.18-84]
[Medline: 30936622]

27. Tsukahara T, Inoue R, Nakayama K, Inatomi T. Inclusion of Bacillus amyloliquefaciens strain TOA5001 in the diet of
broilers suppresses the symptoms of coccidiosis by modulating intestinal microbiota. Anim Sci J. Apr 2018;89(4):679-687.
[doi: 10.1111/asj.12980] [Medline: 29282825]

28. Inoue R, Ohue-Kitano R, Tsukahara T, Tanaka M, Masuda S, Inoue T, et al. Prediction of functional profiles of gut microbiota
from 16S rRNA metagenomic data provides a more robust evaluation of gut dysbiosis occurring in Japanese type 2 diabetic
patients. J Clin Biochem Nutr. Nov 2017;61(3):217-221. [FREE Full text] [doi: 10.3164/jcbn.17-44] [Medline: 29203964]

29. McPherson E. Recurrence of stillbirth and second trimester pregnancy loss. Am J Med Genet A. May
2016;170A(5):1174-1180. [doi: 10.1002/ajmg.a.37606] [Medline: 26945668]

30. Tsuda Y, Yoshimatsu Y, Aoki H, Nakamura K, Irie M, Fukuda K, et al. Clinical effectiveness of probiotics therapy
(BIO-THREE) in patients with ulcerative colitis refractory to conventional therapy. Scand J Gastroenterol. Nov
2007;42(11):1306-1311. [doi: 10.1080/00365520701396091] [Medline: 17852859]

31. Yoshimatsu Y, Yamada A, Furukawa R, Sono K, Osamura A, Nakamura K, et al. Effectiveness of probiotic therapy for
the prevention of relapse in patients with inactive ulcerative colitis. World J Gastroenterol. May 21, 2015;21(19):5985-5994.
[FREE Full text] [doi: 10.3748/wjg.v21.i19.5985] [Medline: 26019464]

32. Chen S, Fu Y, Liu L, Gao W, Liu Y, Fei S, et al. Live combined Bacillus subtilis and Enterococcus faecium ameliorate
murine experimental colitis by immunosuppression. Int J Inflam. 2014;2014:878054. [FREE Full text] [doi:
10.1155/2014/878054] [Medline: 25276470]

33. Tran H, Cheirsilp B, Hodgson B, Umsakul K. Potential use of Bacillus subtilis in a co-culture with Clostridium butylicum
for acetone–butanol–ethanol production from cassava starch. Biochemical Engineering Journal. Jan 2010;48(2):260-267.
[doi: 10.1016/j.bej.2009.11.001]

34. Jia L, Li D, Feng N, Shamoon M, Sun Z, Ding L, et al. Anti-diabetic effects of Clostridium butyricum CGMCC0313.1
through promoting the growth of gut butyrate-producing bacteria in type 2 diabetic mice. Sci Rep. Aug 01, 2017;7(1):7046.
[FREE Full text] [doi: 10.1038/s41598-017-07335-0] [Medline: 28765642]

35. Jia L, Shan K, Pan L, Feng N, Lv Z, Sun Y, et al. CGMCC0313.1 protects against autoimmune diabetes by modulating
intestinal immune homeostasis and inducing pancreatic regulatory T cells. Front Immunol. 2017;8:1345. [FREE Full text]
[doi: 10.3389/fimmu.2017.01345] [Medline: 29097999]

36. Dang A. Real-world evidence: a primer. Pharmaceut Med. Jan 2023;37(1):25-36. [FREE Full text] [doi:
10.1007/s40290-022-00456-6] [Medline: 36604368]

Abbreviations
BFS: Bristol Stool Form Scale

JMIR Res Protoc 2024 | vol. 13 | e59928 | p. 9https://www.researchprotocols.org/2024/1/e59928
(page number not for citation purposes)

Yoneda et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/17253567
http://dx.doi.org/10.1002/14651858.CD005941.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17253567&dopt=Abstract
https://europepmc.org/abstract/MED/21205640
http://dx.doi.org/10.1126/science.1198469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21205640&dopt=Abstract
http://dx.doi.org/10.1016/j.jri.2014.09.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25453751&dopt=Abstract
http://dx.doi.org/10.1093/molehr/gah044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14997000&dopt=Abstract
http://dx.doi.org/10.1038/ni1037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14758358&dopt=Abstract
https://europepmc.org/abstract/MED/33193353
https://europepmc.org/abstract/MED/33193353
http://dx.doi.org/10.3389/fimmu.2020.571300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33193353&dopt=Abstract
http://dx.doi.org/10.1111/jog.13497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28994162&dopt=Abstract
http://dx.doi.org/10.1111/jog.15166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35081670&dopt=Abstract
http://dx.doi.org/10.1007/BF02056950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8646957&dopt=Abstract
https://dx.doi.org/10.3164/jcbn.18-84
http://dx.doi.org/10.3164/jcbn.18-84
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30936622&dopt=Abstract
http://dx.doi.org/10.1111/asj.12980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29282825&dopt=Abstract
https://dx.doi.org/10.3164/jcbn.17-44
http://dx.doi.org/10.3164/jcbn.17-44
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29203964&dopt=Abstract
http://dx.doi.org/10.1002/ajmg.a.37606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26945668&dopt=Abstract
http://dx.doi.org/10.1080/00365520701396091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17852859&dopt=Abstract
https://www.wjgnet.com/1007-9327/full/v21/i19/5985.htm
http://dx.doi.org/10.3748/wjg.v21.i19.5985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26019464&dopt=Abstract
https://doi.org/10.1155/2014/878054
http://dx.doi.org/10.1155/2014/878054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25276470&dopt=Abstract
http://dx.doi.org/10.1016/j.bej.2009.11.001
https://doi.org/10.1038/s41598-017-07335-0
http://dx.doi.org/10.1038/s41598-017-07335-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28765642&dopt=Abstract
https://europepmc.org/abstract/MED/29097999
http://dx.doi.org/10.3389/fimmu.2017.01345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29097999&dopt=Abstract
https://europepmc.org/abstract/MED/36604368
http://dx.doi.org/10.1007/s40290-022-00456-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36604368&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


BPD: bronchopulmonary dysplasia
CSS: constipation scoring system
HELLP: Hemolysis, Elevated Liver Enzymes, and Low Platelets
IVH: intraventricular hemorrhage
NEC: necrotizing enterocolitis
NGS: next-generation sequencing
NICU: neonatal intensive care unit
PPP: Prevention of Recurrent Spontaneous Preterm Delivery by Probiotics
PVL: periventricular leukomalacia
RCT: randomized controlled trial
RDS: respiratory distress syndrome
REDCap: Research Electronic Data Capture
sPTD: spontaneous preterm delivery
Treg: regulatory T
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