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Abstract

Objective: To systematically review and meta-analyse studies of the efficacy of probiotics to
reduce antenatal Group B Streptococcus (GBS) colonisation.

Participants: Antenatal participants with known positive GBS colonisation or unknown GBS
status.

Intervention: Probiotic interventions containing species of Lactobacillus or Streptococcus.
Design: Systematic review and meta-analysis.

Measurements and findings: The systematic review included 10 studies. Five articles
contained in vitro studies of probiotic interventions to determine antagonistic activity against
GBS. Six clinical trials of probiotics to reduce antenatal GBS were systematically reviewed and
meta-analysed. The meta-analysis revealed that the use of an antenatal probiotic decreased the
probability of a positive GBS result by 44% (OR = 0.56, 95% CI = 8.7%, 194.1%, p=0.02) (n=
709). However, only one clinical trial of 10 had a low risk of bias.

Key conclusions: The probiotic interventions subjected to in vitro testing showed antagonistic
activity against GBS through the mechanisms of acidification, immune modulation, and adhesion.
The findings of the meta-analysis of the clinical trials revealed that probiotics are a moderately
effective intervention to reduce antenatal GBS colonisation. More well-controlled trials with
diverse participants and with better elucidation of variables influencing GBS colonisation rates are
needed.

Implications for practice: Probiotic interventions appear to be a safe and effective primary
prevention strategy for antenatal GBS colonisation. Application of this low-risk intervention
needs more study but may reduce the need for intrapartum antibiotic prophylaxis in countries or
regions where antenatal GBS screening is used. Midwives can be instrumental in conducting and
supporting larger well-controlled clinical trials.

Keywords
Probiotics; Antenatal; GBS; in vitro; Systematic Review; Meta-analysis

Introduction

Streptococcus agalactiae, more commonly known as Group B Streptococcus (GBS) is

an encapsulated, beta-haemolytic, grampositive coccus, and a facultative anaerobe that

is part of the commensal microbiome of humans. The gastrointestinal (Gl) tract is the
source for vaginal GBS colonisation in women (American College of Obstetrics and
Gynaecology, ACOG, 2019; Picard and Bergeron, 2004). Prenatal GBS colonisation is
generally asymptomatic (Armistead et al., 2019; Marziali et al., 2019), and may be transient
or persistent (ACOG, 2019; Armistead et al., 2019; Marziali et al., 2019; Meyn et al., 2009;
Picard and Bergeron, 2004). (Brzychczy-Whoch et al., 2014) conducted a descriptive study
with a sample of 42 healthy adult pregnant women without signs of clinical genitourinary
infection. Separate vaginal and rectal GBS swabs were collected in each trimester. Fifteen
participants were GBS positive at some point in pregnancy and 27 were GBS negative. The
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researchers found that vaginal GBS colonisation was relatively stable throughout pregnancy,
averaging 7.42 x 10* CFU/ml in the first trimester and 1.74 x 10* CFU/ml in the third
trimester, while rectal colonisation changed substantially during pregnancy with an average
2.8 x 10 CFU/mlI in the first trimester and 4.37 x 105 CFU/ml in the third trimester.
Several risk factors have been associated with GBS colonisation, including but not limited
to: people who are employed in healthcare, of African descent, overweight or obese, have
low vitamin D levels, have poor vaginal hygiene, engaging in oral sex, or have frequent
sexual intercourse (Akoh et al., 2017; Capan-Melser et al., 2015; Foxman et al., 2007; Le
Doare and Heath, 2013; Stapleton et al., 2005).

During normal vaginal birth, GBS can be vertically transmitted to the fetus. Approximately
50% of neonates born to GBS culture positive women will become colonized with GBS but
of these only 1-2% will develop Early Onset Group B Streptococcus Disease (EOG-BSD)
(Chan et al., 2006; Illuzzi & Bracken, 2006; Virranniemi et al., 2019). EOGBSD can result
in significant neonatal morbidity and mortality (\Verani et al., 2010).

Worldwide, GBS colonizes up to 65% of healthy nonpregnant people and between 15-40%
of pregnant people (Russell et al., 2017; Seale et al., 2017). The global estimate of antenatal
GBS is 18% with a large range of regional prevalence; the lowest rates of colonisation
(11-13%) are in Southern and Eastern Asia while the Caribbean has the highest rate (35%)
(Russell et al., 2017). Seale et al. (2017) performed an extensive analysis of the worldwide
burden of perinatal GBS. Of the 10 GBS serotypes, Il is the most virulent and accounts for
48% of the EOGBSD cases worldwide, while serotypes 1a and 1b are responsible for 30%,
and seven serotypes (I1, 1V, V, VI, VII, VIII, and 1X) account for the remaining cases.

The United States (US) Centers for Disease Control and Prevention (CDC) 2010 guidelines
recommended universal vaginal to rectal screening at 35-37 weeks gestation and intrapartum
antibiotic prophylaxis (1AP) for those who test positive. Implementation of these guidelines
resulted in an 80% reduction in EOGBSD in the US, from 1.8 newborns per 1,000 live
births in the 1990s to 0.23 per 1,000 live births in 2015 (Nanduri et al., 2019; Verani

et al., 2010). Residual GBS, including missed or transient GBS and late onset neonatal

GBS disease, remain persistent challenges despite the introduction of the CDC guidelines
(Berardi et al., 2013; Parente et al., 2017; Van Dyke et al., 2009). In 2019, ACOG American
College of Obstetricians and Gynecologists (ACOG) 2019 American Academy of Pediatrics
(AAP) 2019 assumed stewardship of GBS recommendations for all maternity care providers
and newborns respectively, replacing and updating the CDC 2010 guidelines. Subsequently,
the American Society for Microbiology (ASM) issued new recommendations for standard
laboratory practices related to GBS (Filkins et al., 2020). An important change in the recent
ACOG guidelines is that of later vaginal to rectal antenatal GBS screening between 36 0/7
and 37 6/7 weeks gestation to assure that the culture result is valid for a five-week period
before anticipated birth (ACOG, 2019).

Strategies used to prevent EOGBSD vary based on the recommendations of guideline-
setting organizations and by regional variations in GBS prevalence. Three main EOGBSD
prevention strategies are used worldwide: (a) universal antenatal screening for GBS
according to the ACOG guidelines, (b) the risk-based approach, or (c) a combination of
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both (Kolkman et al., 2013). Although considered a standard of care in the US, the CDC and
ACOG/AAP universal screening approaches are both considered cost-effective in regions
where the prevalence of newborn GBS infection is high (> 1.2/1,000 births) (Santhanam
etal., 2017). In regions where the rate of newborn GBS infection is considered low, a risk-
based approach is often used to determine candidates for IAP administration (Santhanam et
al., 2017). Risk factors for GBS transmission and a comparison of the antenatal screening
and risk-based approaches appear in Table 1.

Efforts aimed at primary prevention of antepartum GBS colonisation are of interest to
healthcare consumers and providers, including midwives. Intrapartum vaginal chlorhexidine
gel/cream or washes were examined in a systematic review that included four clinical trials
(all graded as very low quality) with outcomes for 1,125 infants. Vaginal chlorhexidine did
not reduce EOGBSD (Ohlsson et al., 2014). Although research, development, and testing
continue, efforts to develop a GBS vaccine have not yet been successful (Hillier et al., 2019).
Midwives have suggested probiotics as an approach to reduce GBS colonisation (Bishara,
2006; Singleton, 2007), but until very recently this strategy had not been scientifically
studied.

Probiotics are live microorganisms, which when administered in sufficient amounts confer
health benefits on the host (Food and Agriculture Organization of the United Nations,
FAO, and World Health Organization, WHO, 2001). Probiotic interventions produce health
benefits on mucosal surfaces like the Gl tract and vagina. Mechanisms of action include
secretion of organic acids, vitamins, and bacteriocins to prevent the adhesion of pathogens
and work synergistically with the host immune system (Reid et al., 2013).

Probiotic names include genus and species (e.qg., Lactobacillus acidophilus). Strains are
designated by letter and/or numbers (e.g., NCFM, or North Carolina Food Microbiology).
Probiotic intervention dosages are described in Colony Forming Units (CFUs). CFUs are the
number of colonies multiplied by the dilutions on the plate, divided by the volume of culture
on the plate, and are reported in scientific notation (Brugger et al., 2012).

Numerous authors have published claims about the variety of bacterial species

that are considered effective as probiotics for human health benefits (Fijan, 2014).
Commercially available probiotic supplements commonly include species of Lactobacillus
and Bifidobacterium. Lactobacilli are frequently used for women’s health applications, since
numerous species secrete acids, such as hydrogen peroxide that acidify the vaginal mucosa.
The presence of Lactobacillus is a marker of vaginal health, as this species plays an integral
role in the microbiologic homeostasis of the genitourinary tract referred to as eubiosis

(Reid et al., 2016). Bifidobacterium species are less commonly used for women’s health
applications, since their actions takes place in the Gl tract. The presence and diversity of
Bifidobacteria are markers of Gl wellness (Mitsuoka, 1990).

The scientific premise of probiotic interventions to reduce antenatal vaginal and rectal
GBS colonisation is based on the observation that women with higher counts of vaginal
Lactobacilli have fewer GBS CFUs (Altoparlak et al., 2004; Moghaddam, 2010; Ronngvist
et al., 2006; Rosen et al., 2017; Whitney et al., 2004). Therefore, the administration of
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probiotic interventions aims to increase vaginal Lactobacilli. Several scientific investigations
have demonstrated that an oral probiotic intervention may colonize the vagina in 2-10 days
(Ehrstrom et al., 2010; Hemmerling et al., 2010).

The purpose of this article is to systematically review and meta-analyse studies of the
efficacy of probiotics to reduce antenatal GBS. Both in vitro laboratory studies of probiotic
supplements used to inhibit GBS and clinical trials of probiotic interventions used to

reduce antepartum GBS colonisation are systematically reviewed. The GBS outcomes of the
clinical trials are meta-analysed. The implications for clinical practice and future research
are discussed.

In consultation with a health sciences librarian, the literature search was developed. Searches
were completed using the following electronic databases: PubMed, CINAHL (Cumulative
Index to Nursing and Allied Health Literature), Cochrane Library, and Web of Science.
Structures of the search included terms related to probiotic interventions and reduction

of antepartum GBS colonisation and its related vocabulary. Sample search terms included
probiotics, prebiotics, pregnancy, antenatal care, Group B Strepfococcus. Particular attention
was used for transmission terminology, such as vertical infection transmission and maternal-
child transmission. The initial search was conducted in November 2019. For a complete list
of the literature search strategies see Appendix A.

The results were limited to English language only, with no limit on publication date

range nor type of publication. The search strategy was first established in PubMed

using a combination of MeSH (medical subject headings; database-controlled vocabulary)
and key words. The MeSH headings were searched along with the keywords. Specific
MeSH terminology included probiotics, “gastrointestinal agents,” “Bsp protein, group B
Streptococcus,” and “Infectious Disease Transmission, Vertical.” From there, the other
database search strategies were developed, and searches were conducted. With each database
search, database-controlled vocabulary was searched in combination with keywords. The
initial search ran in November 2019 and yielded 574 results with the removal of 34
duplicates. Additional searches were run using the ClinicalTrials.gov website, as well as
hand searching and reviewing reference lists of articles. There were an additional eight
articles found for a total of 540 titles screened with a final 10 articles chosen for the review,
one of which (Martin et al., 2019) included both types, in vitro and a RCT. Figure 1 contains
the PRISMA diagram for reporting systematic reviews, according to the most recent update
(Page et al., 2021).

Clinical trials of probiotic interventions were included if they reported 36-week GBS
results. In vitro studies were included in this systematic review if probiotics were tested

for antagonist activity against GBS. Data were obtained from the five in vitro studies and
six clinical trials of probiotics to reduce GBS. The first two authors extracted data using the
Cochrane data form for RCTs and non-RCTs Cochrane Collaboration (2020). Only clinical
trials were rated for quality using the Cochrane risk of bias criteria (Sterne et al., 2019). The
first two authors performed these appraisals independently and reached consensus on the

Miawifery. Author manuscript; available in PMC 2022 October 17.


http://ClinicalTrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hanson et al.

Page 6

ratings where there was a difference. The final ratings were shared with the third and final
authors who verified them. Table 2 contains the risk of bias ratings.

Meta-analysis

Findings

In vitro

Descriptive statistics and meta-analysis were completed in the software platform R (R Core
Team, 2021), with the R package metafor (Viechtbauer, 2010). The Odds Ratio (OR) was
used to calculate the effect size, or the difference between the control and intervention
groups (probiotics), in relation to the prevalence of a negative GBS result. The OR,
Confidence Interval (Cl), and the percent weight contribution for each study were used

to summarize the results estimated from the random effect model, implying that there is

a population distribution of effect sizes, and the selected studies represent samples of this
distribution Card (2012). The results present the random effect OR with a 95% CI across the
six studies meta-analysed shown in a forest plot. Statistical heterogeneity was assessed in the
meta-analysis using Cochrane’s Q t 2, and | 2 statistics (Viechtbauer, 2010).

Investigators in five laboratory studies were successful at inhibiting GBS in vitro (Ephraim
etal., 2012; (Martin et al., 2019; Marziali et al., 2019; Patras et al., 2015; Zarate and
Nader-Macias, 2006). These studies are summarized in Table 3, including probiotic species
tested, study duration, source of GBS, and findings specific to mechanisms of action.
Lactobacillus was chosen as the probiotic bacterial genus for four of the five studies, while
Streptococcus salivarius was chosen for use in one. Since adhesion to host epithelial cells

is vital for pathogen colonisation and clinical outcomes, most investigators measured the
ability of probiotic species and GBS to compete for adhesion to human vaginal epithelial
cells (VEC) (Martin et al., 2019; Patras et al., 2015; Zarate and Nader-Macias, 2006) or
animal-derived epithelial cells (Ephraim et al., 2012). In addition, some researchers explored
acidification and/or immune modulation interactions by coculturing bacterial cells in various
culture media (Ephraim et al., 2012; Marziali et al., 2019; Patras et al., 2015), and/or

within a murine model (Patras et al., 2015). All but one article (Zarate and Nader-Macias,
2006) contained a list of the GBS isolates used in the laboratory experiments. Most used
GBS from an internationally available standard cell line manufacturer (American Type
Culture Collection, ATCC; Spanish Type Culture Collection, STCC); others used locally
derived GBS samples. In one of the articles, the researchers linked the GBS isolates studied
to serotypes relevant to clinical practice (Marziali et al., 2019). Marziali and colleagues
(2019) tested 14 strains of Lactobacillifor efficacy of eradicating GBS. They found no
difference in probiotic inhibitory activity against three strains of GBS. Therefore, they

only reported the findings of activity against one GBS strain (SA 24/serotype I11). The
researchers concluded that acidification by lactic acid was the driving mechanism of action
for probiotic inhibition of GBS. Martin et al. (2019) conducted extensive genotyping to
choose 10 strains of Lactobacillus salivariusisolated from vaginal exudates for their in vitro
testing. L. salivarius CECT 9145 (STCC) was selected as most effective against GBS for
their pilot clinical trial, discussed later in this article. L. salivarius CECT 9145 showed high
anti-GBS activity and produced lactic acid and hydrogen peroxide, corroborating Marziali’s
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conclusion that acidification is a key mechanism of action against GBS. In addition to
acidification, strong L. salivarius CECT adhesion to VEC and ability to co-aggregate with
GBS was found. Patras et al. (2015) tested nine strains of Streptococcus salivarius, an oral
commensal, against 13 human GBS isolates to find the likely most effective strain (K12)
to use in future clinical vaginal trials. K12 exhibited a higher adhesion affinity to in vitro
human and in vivo murine VEC than GBS. In addition, interleukin-8 levels were lower in
human VEC incubated with K12 and GBS compared to VEC incubated with GBS alone.
Ephraim et al. (2012) studied the antagonistic effects of Lactobacillus rhamnosus HN0OO1
and the combination product Florajen3® against GBS. Inhibition and complete exclusion
of some GBS strains cocultured with Florajen3® was correlated with lower pH values and
higher probiotic adhesion affinity to epithelial cells, however exact pH values were not
reported. Finally, Zarate et al. (2006) focused exclusively on VEC adhesion to determine
that Lactobacillus acidophilus (CRL 1259) and Lactobacillus paracasei (CRL 1289) were
the most effective Lactobacilli species to inhibit GBS. The authors noted that L. acidophilus
(CRL 1259) is a known lactic acid producer and L. paracasei (CRL 1289) is a known
hydrogen peroxide producer, but they did not report pH measurements throughout the
adhesion experiments.

Together these five in vitro studies identified mechanisms of action of probiotics to reduce
GBS, including acidification, immune modulation, and adhesion. Two of these laboratory
studies (Ephraim et al., 2012; Martir\ et al., 2019) were performed to determine the choice of
probiotic intervention for subsequent clinical trials (Hanson et al., 2014; Martin et al., 2019).

Clinical trials

Table 4 contains a summary of the six clinical trials of probiotics to reduce antenatal GBS
colonisation: three randomized controlled trials (RCTs) (Ho et al., 2016; Olsen et al., 2018;
Sharpe et al., 2019), two prospective cohort studies (Di Pierro et al., 2016; Martin et al.,
2019), and one quasi experiment (Hanson et al., 2014). Each study is briefly described and
critically analysed, then the findings are synthesized and meta-analysed.

No significant differences were found between groups for demographic characteristics such
as age and parity in any of the clinical trials. However, participant race and ethnicity were
only reported in two (Di Pierro et al., 2016; Hanson et al., 2014) of the six studies.

All the studies included an oral probiotic intervention with at least one Lactobacillus species.
The total dosages of the oral probiotic interventions varied from 1 x 10° to 15 x 10°. The
timing of the onset of the intervention also varied between studies. In two of the RCTs (Di
Pierro et al., 2016; Sharpe et al., 2019) and the one quasi-experiment (Hanson et al., 2014),
the intervention was initiated during the second trimester (26-28 weeks gestation) with the
goal of reducing colonisation at 36 weeks. In the remaining three studies (Ho et al., 2016;
Martin et al., 2019; Olsen et al., 2018), the intervention was initiated between 26-36 weeks
in GBS positive participants with the goal of eradicating it before the time of birth. None of
the studies reported adverse events.
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GBS outcomes were reported using standard of care vaginal to rectal swabs (qualitative
positive or negative) and/or quantitative GBS colony counts in CFUs using separate swabs of
the vagina and rectum. One study collected only vaginal swabs (Olsen et al., 2018).

Probiotics to prevent antenatal colonisation

In three of the clinical trials, researchers used probiotic interventions to reduce antenatal
GBS colonisation at 36 weeks. Hanson and colleagues (2014) conducted an open-

label quasi-experiment and feasibility study of a probiotic intervention to reduce GBS
colonisation at 35—-37 weeks in a midwifery practice. The 10 probiotic group participants
were enrolled first, followed by the 10 controls. The standard of care vaginal to rectal

GBS swab was collected at 35—-37 weeks. Vaginal and rectal quantitative GBS swabs were
collected at baseline (28 + 2 weeks) and at 35-37 weeks in both groups. The probiotic
intervention was initiated at 28 + 2 weeks. Two participants in each group had positive
GBS cultures at 36 weeks. Although the study was not powered to show efficacy of

the intervention, participants in the probiotic group had lower quantitative GBS colony
counts. The eight GBS negative participants in the probiotic group averaged 90% probiotic
adherence compared to 68% adherence in the two who were GBS positive. The probiotic
was well tolerated and five participants in the intervention group reporting improved Gl
symptoms. Outcomes related to yogurt ingestion, vaginal cleaning, and sexual practices
were collected as potentially confounding variables. Yogurt ingestion was inversely related
to GBS colonisation (p=0.02). No other statistical differences between groups were found
in analysis of these variables.

Di Pierro et al. (2016) performed a prospective cohort study of antenatal probiotic outcomes,
including GBS colonisation. Of all 406 antenatal clients who received care in the study
setting, 166 who reported third trimester vaginitis, bacterial vaginosis, constipation, colitis,
diarrhea, or bladder infections, were offered treatment with the probiotic. The intervention
group was formed by 127 women who had accepted the probiotic. The 39 who declined
probiotics plus the 240 women (1= 279) who did not experience symptoms related to

the inclusion criteria were considered controls. The intervention was administered from 30—
40 weeks gestation. Participants who received therapeutic antibiotics in their pregnancy
were instructed to stop the probiotics intervention and resume it once treatment was
completed. Vaginal-rectal swabs for GBS were taken at 36—-37 weeks in all participants.
Among the participants in the probiotic group, 27 (21.3%) were GBS positive at 36—-37
weeks, compared to 76 (27.3%) of controls (p < 0.05). Di Pierro et al. (2016) found that

Gl symptoms were lessened in the probiotic group participants. Intervention adherence

was not monitored in this study. No baseline GBS measures were collected. The addition

of 2 previous years of GBS outcomes as combined points of comparison inflated the

control group with known higher GBS rates and confounded the statistical analysis. The
researchers reported statistically significant positive intrapartum outcomes in the probiotic
group compared to controls including premature rupture of membranes (0% versus 31.2%; p
< 0.01), caesarean section (5.51% vs. 10.39%; p < 0.05), and umbilical cord <7.2 (0% versus
6.09%; p < 0.01). Although the researchers attributed the positive intrapartum outcomes of
the probiotic intervention to the “antimicrobial effects...[and] improved...general condition
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of the mother and fetus” (p. 263), the probiotic group was formed by including women with
infections and inflammatory states.

Sharpe et al. (2019) randomized 139 participants from 19 midwifery practices to probiotic
or placebo capsules beginning at 23—-25 weeks gestation in a double-blind manner. The
recruitment rate was described as low (12%) owing to participants’ desire to take their own
probiotic product and/or the exclusion criteria of antibiotic use. While no baseline GBS tests
were used in this study, the population rate of GBS colonisation was approximated at 21%.
The study was concluded before the desired sample size (n=200) was achieved, due to
expiration of the probiotics. Based on pill counts, the average adherence to the intervention
was 87%. Among the 113 cases analysed, the GBS colonisation positive rate at 36 weeks
was 9 of 57 (15.8%) in the probiotic group versus 12 of 56 (21.4%) in the placebo group (o
=0.48).

Probiotic interventions administered to GBS positive participants

Researchers in three investigations administered oral probiotic interventions targeted to
women positive for GBS during pregnancy. In two RCTs (Ho et al., 2016; Olsen et al.,
2018), the probiotics were administered to women following the 36-week positive GBS
screen, with intrapartum GBS cultures obtained as the major study outcome. These final
GBS results were not available until after the woman gave birth, therefore they did not alter
intrapartum care to study participants. Study methods and outcomes are described below.

Ho and colleagues (2016) randomized 110 GBS positive pregnant participants who were
midwifery clients to either the probiotic or placebo condition until the time of birth. Three
women gave birth precipitously and therefore GBS cultures were not obtained. Among the
99 women who completed the study, 21 women (42.9%) of the GBS positive participants
in the probiotic group tested negative at time of birth, while only 9 (18%) were negative

in the control group (Chi-square, p= 0.0007). Researchers reported an average of 20 days
of probiotic intervention and placebo duration but did not report individual participant
adherence.

A similar study was conducted as a pilot in a setting where pregnant women routinely
self-collected lower vaginal GBS swabs at 36 weeks gestation. Olsen and colleagues (2018)
randomized 34 women, who were GBS positive at 36 weeks gestation, to receive usual care
or to ingest a daily oral probiotic capsule for 3 weeks or until the time of birth. Probiotic
adherence was not reported. Repeat GBS testing was done 3 weeks post intervention.
However, the use of vaginal only swabs provided no GBS culture of the rectal reservoir. Of
the 21 participants in the probiotic group, only 7 (30%) completed 14 or more days of the
allocated treatment. Of those who had 2 weeks of probiotics, 4 (57%) of the seven were
negative at 39 weeks or later, while two (15%) of the 13 control group participants were
negative in that same time period. There was no significant in difference in GBS between
the two groups (Fisher’s exact test, p = 0.7). However, use of the probiotic intervention
significantly increased the probability of commensal vaginal organisms, such as Lactobacilli
(Fisher’s exact test, p=0.048).
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Martin et al. (2019) used Lactobacillus salivarius (CECT 9145) as the probiotic intervention
in a prospective cohort study. The probiotic group was comprised of 25 GBS positive
women who were 12-26 weeks gestation, with the intervention initiated at 26 weeks.
Adherence was not reported. One of the two control cohorts consisted of 14 GBS positive
participants; the other included 18 GBS negative participants. Separate vaginal and rectal
quantitative GBS swabs were collected at frequent intervals (26, 28, 30, 32, 35, and 38
weeks gestation), with the study ending at 38 weeks gestation. Of the 25 participants

in the probiotic cohort, 18 (72%) had negative GBS rectal swabs and 17 (68%) had
negative vaginal swabs. The average quantitative CFUs decreased from 5.14 (26 weeks)

to 3.80 (38 weeks). Although the researchers described this finding as significant, a p value
was not provided. The GBS status of participants in both control groups (GBS positive

or GBS negative) remained unchanged. The findings were not statistically analysed. The
number of group comparisons and measures detracted from the clarity of the findings and
interpretation.

Meta-analysis

The six published clinical trials of probiotics against GBS were meta-analysed, including

a total of 709 participants. Overall, there was significant statistical homogeneity between
studies [Cochrane’s Q (d7=5) = 9.39, p=0.09. £2 =0.08, SE=0.22]. Based on the meta-
analysis, probiotics significantly decreased the likelihood of a positive GBS test by 44%
(OR=10.56, 95% CI = [0.34, 0.92], p=0.02). The random effects test for the meta-analysis
indicates that the overall effect is different from 0 (estimate = —0.582, SE = 0.253, p=0.022,
95% CI =[-1.08, —0.09]). A forest plot, with the OR and 95% CI, and the percent weight
contribution for each study and Random Effects (RE) Model summarizing the results are
presented (Figure 2).

Discussion

This systematic review and meta-analysis included both RCTs and non-RCTs. The inclusion
of non-RCTs has become more common when evaluating the efficacy of therapeutic
interventions (Faber et al., 2016). Three of the studies were led by midwifery researchers
(Hanson et al., 2014; Olsen et al., 2018; Sharpe et al., 2019). Sharpe and colleagues (2019)
included participants who gave birth at home, birth centers, and hospitals in their multisite
study, while the other five studies included only hospital birth participants. Only one of
clinical trials had a statistically significant GBS outcome (Ho et al., 2016), while two

others described reduced GBS without supporting statistics (Di Pierro et al., 2016; MartinA

et al., 2019). When results were pooled, the meta-analysis demonstrated that probiotic
interventions significantly decreased the probability of a positive GBS result. These findings
suggest that probiotic interventions have a moderate effect on GBS colonisation. Probiotics
are a primary prevention strategy that could reduce the need for IAP.

Researchers themselves offered possible explanations for nonsignificant findings. Examples
included: length of probiotic intervention was too short, the dose of probiotic was too low,
and/or ineffective strains were used (Olsen et al., 2018). Sharpe et al. (2019) described
recruitment challenges and overly strict inclusion criteria as possible explanations. Properly
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collected GBS cultures are critical to valid and reliable GBS study outcomes. Self-collected
GBS swabs are considered equivalent to provider collected swabs and may be preferable to
participants (Arya et al., 2008); however, the sampling procedure described by Olsen and
colleagues (2018) was a “routine lower vaginal swab.” This differs from those recommended
by the CDC (n.d.) Centers for Disease Control and Prevention (CDC), n.d 2021, which
includes the swab being inserted into the vaginal canal to 2cm, then into the rectum to a
depth of 1cm.

The systematic review of the in vitro studies demonstrated that numerous probiotic
strains or combination products showed antagonist activity against GBS. These in vitro
studies established possible mechanisms of action as acidification, immune modulation,
and adhesion to epithelial cells. Limitations of these studies include large variations in
the probiotic species explored, laboratory methods used, and timepoints of data collection
to measure adhesion and acidity. Advances in laboratory analysis procedures including
DNA sequencing (Malloy et al., 2020) will facilitate future reproduceable in vitro studies.
Selecting probiotics with in vitro antagonist activity against GBS should facilitate the
selection of interventions with potential for clinical efficacy.

For clinicians, there are other relevant considerations for probiotic choice since the clinical
outcomes of one probiotic strain cannot necessarily be to be attributed to another (Reid

et al., 2009). Among the six clinical trials reviewed, there were five different single or
combination probiotic products studied. Commercial over-the-counter probiotic labels may
not include species, strain, and isolate identification. Availability of probiotic products varies
by country.

Exclusion criteria varied between studies and included current probiotic use (Hanson et al.,
2014; Sharpe et al., 2019) and/or antibiotic use (Ho et al., 2016; Sharpe et al., 2019). Olsen
and colleagues (2018) removed participants from the study if they developed an infection
after enrolment, while Di Pierro et al. (2016) instructed study participants to suspend the
probiotic intervention during antibiotic administration. Antibiotics are a well-known factor
in the disruption of vaginal flora (Sullivan et al., 2001). Simultaneous administration of
antibiotics and probiotics could destroy the probiotic within the digestive tract (Boyanova &
Mitov, 2012). Current recommendations include using probiotics during antibiotic therapy
to decrease antibiotic associated diarrhea, but to separate the respective doses by 2-4 hours
(Boyanova & Mitav, 2012). In one study, researchers collected information related to yogurt
ingestion (Hanson et al., 2014). Nutrition appears to play a role in the health of the vaginal
and rectal microbiome (Martin et al., 2019). The association between diet and outcomes

of probiotics interventions used during pregnancy needs more controlled clinical scientific
investigation.

Probiotic dosage and administration are notable elements of comparison and contrast
between studies. In the six clinical trials, the probiotic interventions were once daily oral
capsules with dosages ranging from 18 CFU to 159 CFU. Ho et al. (2016) demonstrated
clinically significant conversion from positive for GBS at 36 weeks gestation to negative
GBS colonisation at the time of labour and birth after an average 20 days of probiotics.
Yet Sharpe et al. (2019) were unable to demonstrate significant findings using more than
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twice the dose of the same probiotic combination given for 13-14 weeks. In both studies,
the capsules that contained the probiotics were made of gelatin, excluding vegetarians and
persons following Kosher or Halal diets, from study participation.

No adverse events related to probiotic interventions were reported in any of the studies. Di
Pierro et al. (2016) compared minor symptoms and found no significant difference between
probiotic versus control groups (p < 0.01). Both Di Pierro et al. (2016) and Hanson et al.
(2014) reported reduced Gl symptoms in the participants treated with probiotics.

In five of the studies (Di Pierro et al., 2016; Hanson et al., 2014; Ho et al., 2016, (Martin
etal., 2019; Olsen et al., 2018), the probiotic intervention was continued until the time of
labour and birth, in one (Sharpe et al., 2019), it was stopped after the 36-week GBS culture.
Cessation of the probiotic intervention before labour and birth has the potential to alter the
GBS colonisation of study participants at this critical time. Adherence to the intervention
was measured in two studies and found to be highly similar, 87% (Sharpe et al., 2019) and
86% (Hanson et al., 2014). In one small study, increased probiotic intervention adherence
was associated with a trend towards reduced GBS colonisation (Hanson et al., 2014).

Two clinical trials were designed as feasibility studies to determine sample size for larger
studies (Hanson et al., 2014; Sharpe et al., 2019). Variations in GBS carrier status by
country impacted recruitment and sample size requirements in clinical trials. Studies in
populations that include higher rates of GBS colonisation could require smaller sample sizes
to demonstrate intervention efficacy. Further studies with pregnant participants require an
ample dropout rate for anticipated pregnancy complications, such as premature birth, that
can necessitate study withdrawal prior to the measurement of the primary GBS outcome.
Similarly, investigators who sought to measure conversion of positive GBS to negative by
the time of birth were challenged by precipitous labour and birth before GBS could be
collected (Ho et al., 2016).

Limitations

This study was limited by the paucity of in vitro and clinical trials of probiotics to reduce
GBS colonisation in pregnancy. Only one clinical trial had a low risk of bias (Sharpe

et al., 2019). Several of the studies were complex to interpret (Martin et al., 2019) and
presented limited statistical analyses (Di Pierro et al., 2016; Ho et al., 2016; Martin et al.,
2019). All included relatively small samples and antenatal participants with unknown GBS
status, and/or those with known GBS colonisation. Race, ethnicity, and factors, such as
diet, infection, and antibiotic use, were inconsistently reported in the studies reviewed. In
one study, participants with infections or inflammatory conditions who accepted probiotics
formed the intervention group (Di Pierro et al., 2016). Future research using diverse
populations with critical measures of characteristics and confounding variables relevant to
GBS colonisation will strengthen the evidence for antenatal probiotic interventions.

One of the clinical trials was conducted in the US (Hanson et al., 2014) where clinical
investigations of probiotics to reduce antenatal GBS require Food and Drug Administration
(FDA, 2021) Investigational New Drug (IND) applications. This process is rigorous and
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requires corporate engagement in research to share proprietary information about the
manufacture of probiotics. The reduction of GBS colonisation meets the FDA (2017)
definition of a “drug use” of an over-the-counter product. The special population of
pregnancy also has been determined to signal the need for an IND application. A review

of the clinicaltrials.gov website indicated that several clinical trials are in process in the US
and other countries.

Conclusion

Efforts to prevent EOGBSD vary by country and region. Where the universal screening
approach is used, up to 30% of birth givers are exposed to IAP. Given the call for

antibiotic stewardship and the potential perinatal microbiologic sequela of exposure, primary
prevention of EOGBSD is needed. Several probiotic species have antagonist activity

against GBS. Although a total of six clinical trials were included, this systematic review

and meta-analysis demonstrated that antenatal probiotic interventions are low risk and
significantly increase the probability of a negative GBS culture by 79%. Future double-
blind, randomized controlled clinical trials are needed with larger diverse samples. Midwives
can be instrumental in conducting and supporting these trials.
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Fig. 2.
Forest plot of meta-analysis.
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