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Abstract

Studies have demonstrated the importance of the gut microbiota during pregnancy, and there 

is emerging literature on the postpartum maternal gut microbiota. The primary objective of 

this paper was to synthesize the literature on the postpartum gut microbiome composition and 

diversity measured in stool samples from healthy mothers of predominantly term infants. The 

secondary objectives were (1) to identify biological and environmental factors that influence 

postpartum maternal gut microbiota and (2) to assess health conditions and clinical intermediate 

measures associated with postpartum gut microbiota changes in all mothers. Electronic searches 

were conducted November 9, 2020 and updated July 25, 2021 without publication time limits 

on PubMed, Embase, CINHAL, Scopus, Cochrane Library, BioArchives, and OpenGrey.eu. 

Primary research on maternal gut microbiota in the postpartum (up to one year after childbirth) 

were eligible. Postpartum gut microbiota comparisons to pregnancy or non-pregnancy gut 

microbiota were of interest, therefore, studies examining these in addition to the postpartum 

were included. Studies were excluded if they were only conducted in animals, infants, pregnancy, 

or microbiome of other body locations (e.g., vaginal). Data extraction of microbial composition 

and diversity were completed and synthesized narratively. Studies were assessed for risk of 

bias. A total of 2512 articles were screened after deduplication and 27 were included in this 

review. Of the 27 included studies, 22 addressed the primary objective. Firmicutes was the 

predominant phylum in the early (<6 weeks) and late postpartum (6 weeks to 1 year). In early 

postpartum, Bacteroides was the predominant genus. Findings from longitudinal assessments 
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of alpha and beta diversity from the early to the late postpartum varied. Nineteen of the 27 

studies assessed biological and environmental factors influencing the postpartum gut microbial 

profile changes. Timing of delivery, probiotic supplementation, triclosan exposure, and certain 

diets influenced the postpartum gut microbiota. Regarding health conditions and intermediate 

clinical measures assessed in 8 studies; inflammatory bowel disease, postpartum depression, early-

onset preeclampsia, gestational diabetes, excessive gestational weight gain, and anthropometric 

measures such as body mass index and waist-to-hip ratio were related to gut microbiota changes. 

There is limited data on the maternal postpartum gut microbiota and how it influences maternal 

health. We need to understand the postpartum maternal gut microbiome, establish how it 

differs from non-pregnancy and pregnancy states, and determine biological and environmental 

influencers. Future research of the gut microbiome’s significance for the birthing parent in the 

postpartum could lead to a new understanding of how to improve maternal short and long-term 

health.
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Introduction

Background

The gut microbiota is a collection of microorganisms inhabiting the intestinal tract, which 

play a key role across the lifespan in immunity, metabolism, and other health functions. [1] 

Thus, factors that influence the gut microbiota, such as pregnancy, are important research 

areas.

Pregnancy is characterized by immunological changes, such as elevated pro-inflammatory 

cytokines which cause low-grade inflammation. [2,57] Additionally, hormonal and 

metabolic adaptations occur to help sustain fetal and neonatal development. [1,60] These 

adaptations are associated with maternal gut microbiota changes from the first to the 

third trimester, such as reduced alpha diversity (richness), increased Actinobacteria and 

Proteobacteria abundance, decreased Faecalibacterium abundance, and increased beta 

diversity. [2–4].

The effects of pregnancy on gut microbiota are expected to continue during the postpartum 

period. The postpartum period is categorized into three phases: the initial phase occurs in the 

first 6–12 h after birth, the subacute phase follows up to six weeks and the delayed phase can 

last up to six months. [5,61] The initial phase is marked by rapid changes with possible 

crises, such as postpartum hemorrhage, while the subacute phase is characterized by 

slower changes, including genitourinary recovery and metabolic alterations. [5] The delayed 

postpartum phase involves gradual changes, for example, connective tissue restoration. [5] 

Other physiological changes after pregnancy (e.g. cardiovascular changes) occur for up to 

one year after childbirth. [6–7] Given the physiologic changes happening in the first year 

postpartum, there is biological plausibility that changes in the postpartum period could 

influence the maternal gut microbiota. However, many studies of the gut microbiota in this 
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period are focused on bacterial colonization of the newborn gut. [3,8–11] There is limited 

data on the maternal postpartum gut microbiota and how it influences maternal health.

Objectives

The primary objective of this paper was to synthesize the literature on the postpartum gut 

microbiome composition and diversity measured in stool samples from healthy mothers 

of predominantly term infants. The secondary objectives were (1) to identify biological 

and environmental factors that influence postpartum maternal gut microbiota and (2) to 

assess health conditions and clinical intermediate measures associated with postpartum gut 

microbiota changes in all mothers.

Materials/Methods

Our study protocol was registered on the International Prospective Register of Systematic 

Reviews (PROSPERO) on March 25, 2021 (registration number: 238390). The Preferred 

Reporting Items for Systematic Reviews and meta-Analyses (PRISMA) statement guidelines 

were used for conducting and reporting study protocol. [12]

Eligibility Criteria, information Sources, search strategy

Electronic searches were conducted on PubMed, Embase, CINHAL, Scopus and Cochrane 

Library, BioArchives, OpenGrey.eu and hand selection of applicable journals/conference 

proceedings was used to find unpublished and grey literature. Searches were conducted 

on November 9, 2020 and updated on July 25, 2021. Controlled search was utilized with 

Boolean search operations and/or specific database search operations (e.g., MeSH). Search 

terms included keywords and controlled vocabulary in certain databases for the following: 

mothers, maternal, patient, microbiome, postpartum, pregnancy and prepartum. Human filter 

was applied with no restrictions on language, publication period or type. Search equations 

for each database are provided in Table 1. A hand search of references of relevant review 

articles was conducted to identify studies missing from electronic searches.

Study selection

Studies selected for this review were primary research on maternal gut microbiota in the 

postpartum period (up to one year after childbirth) that used quantitative data capture and 

analysis. Comparators or controls of pregnancy or non-pregnancy gut microbiota were of 

interest, therefore studies examining these in addition to the postpartum were included. No 

limits were made to study methods, interventions, or exposures. Studies were excluded if 

they were on animals, infants, the pregnancy period only, other microbiome locations (e.g., 

vaginal), or were secondary research.

Our study populations differed given our objectives. The study population for the primary 

objective are healthy mothers of predominantly term infants, and for the secondary 

objectives the study population are mothers regardless of their neonate’s gestational age 

at birth or their health status. For all objectives, gut microbiota outcomes included alpha 

or beta diversity and relative abundance (composition) at any taxonomy level and domain 

of life. Various indices measuring diversity were expected, such as Shannon’s for alpha 
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and Principal Coordinates Analysis (PCoA) for beta diversity. For the first secondary 

objective, different biological and environmental factors were eligible (e.g., maternal diet, 

medications, and environmental toxins) with exposure from pregnancy up to one year 

post-partum. For the other secondary objective, various maternal health conditions (e.g., 

postpartum depression) and clinical intermediate measures (e.g., anthropometric measures) 

were eligible.

Data extraction

From eligible studies, 20 were randomly chosen for pilot screening of abstracts by two 

reviewers (A.L.J. and W.W.) using the Rayyan screening platform. Cohen’s kappa was 

calculated to interpret inter-rater reliability using the defined inclusion/exclusion criteria. 

The reviewers independently screened the remaining articles. Conflicts were resolved 

together without need for a tiebreaker. Once full text was retrieved (W.W.), 7 articles were 

randomly chosen to pilot full-text screening (L.K. and W.W.). Cohen’s kappa was calculated 

to ensure inter-rater reliability. Once conflict was resolved, reviewers independently 

screened the rest without need for a tiebreaker. Initial and updated electronic search results, 

inclusions, and exclusions were recorded on a PRISMA diagram.

Data extraction utilized a standardized, pre-piloted form. Information extracted included: 

study setting and population, methodology, participant demographics, intervention and 

control conditions, recruitment and retention, measurement timepoints, outcomes including 

indices/scales used, and information used to assess risk of bias. Data was independently 

extracted by three authors (W.W., L.K., and J.S.) with need for an additional reviewer 

(A.L.J.) to resolve discrepancies. Any missing data were requested by contacting study 

author(s).

Assessment of risk of bias

Risk of bias assessment was completed by 2 authors (W.W. and L.K.). Cochrane’s 

ROBINS-1 tool [13] was used for non-randomized studies and Cochrane’s revised RoB 

2 tool [14] was used for randomized controlled trials (RCTs). We piloted the tools on 

2 randomly selected studies to check for consistency. Each reviewer then independently 

assessed risk of bias for each study. Discrepancies in judgement were resolved without need 

for a tiebreaker.

Data synthesis

Data were narratively synthesized and organized by review objective. Statistical analysis 

was not used because included studies were not sufficiently homogenous, with different 

studies reporting different interventions, comparators, and outcomes. When referring to the 

population of interest, terms used by included studies (i.e., “mother”) were used in review 

synthesis instead of gender inclusive terms.
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Results

Study selection and characteristics

There were 7952 records retrieved, 2512 remained after deduplication, and 27 included 

in this review (Fig. 1). Eighteen studies were observational of which 16 were cohort 

and 2 were case-control studies (Table 2). Eight were RCTs, [2,15–21] and 1 used open-

label treatment without treatment randomization. [22] The 8 RCTs were registered on 

ClinicalTrials.gov, but only one registered prior to participant enrollment. [18] None of 

the RCTs were retracted. For included studies, sample size ranged from 4 to 253. Three 

studies used a relatively small sample size of 4–20, [23–25] while 7 studies included ≥ 

100 postpartum women. [17,20–21,26–29] Studies varied in location, with 5 conducted in 

United States, [19,23,31,35,38] 2 in China, [32,36] 1 in Japan, [22] 1 in Kenya, [18] and 18 

in European countries [2,15–17,20–21,24–30,33–34,37,39–40] (e.g., Norway [20–21,27,29, 

33] and Spain [25,37].

Seventeen studies used 16S rRNA gene sequencing, [2,19,22–36] a widely used sequencing 

method. Other sequencing methods used were 16S rDNA in 3 studies, [18,37–38] and whole 

genome shotgun metagenomic sequencing in 3 studies (Table 2). [19,31,39] Regarding 

diversity findings relevant to our objectives, 3 studies assessed only alpha diversity, 

[18,24,29] 1 study assessed only beta diversity [2] and 15 studies assessed both alpha and 

beta diversity. [16,19–20,23,26–28,32–39] Of the studies using clustering analysis for beta 

diversity (N = 13), [2,16,19,23, 26–27,32–38] 12 used unsupervised approaches (Tables 3 

and 4). [2,16,19,23,26–27,33–38] Since the previous literature review on this topic in 2017, 

[41] we included 12 additional studies in this review. [16,18,26,30,32,34–40].

Risk of bias of included studies

The Risk of Bias 2 (ROB 2) was used to assess the 8 RCTs, which categorized all as low risk 

of bias. Risk of Bias in Non-Randomized Studies- of Interventions (ROBINS-1) was used to 

assess the 18 observational studies and 1 open label study. The risk of bias was judged as 

low in 5 studies and moderate in 14 studies (Table 2).

Synthesis of results

Postpartum gut microbiome profile of healthy mothers—Of the 27 included 

studies, 22 analyzed the postpartum gut microbiome profile of healthy mothers of 

predominantly term infants (supplementary material). Thirteen of the 22 studies were 

primarily aimed to understand the maternal microbiome for the sake of infant. Nine studies 

assessed the early postpartum (<6 weeks), [2,15–17,24,27,31–32,38] 9 studies assessed 

the late postpartum (6 weeks − 12 months), [18–22,25,28,30] and 4 studies longitudinally 

assessed early to late postpartum [23,35,37,39] (Table 3). Regarding diversity findings, some 

studies analyzed diversity of the maternal gut microbiome in comparison to their infant’s 

gut microbiome [20,25,28,31,35,38–39] or to microbiomes from other body sites (e.g., oral 

cavity) [31,35] or only looked at diversity of the infant’s gut microbiome. [21] However, 

there were 4 longitudinal studies assessing early to late postpartum that analyzed diversity 

over time, [23,35,37,39] and there were 7 studies that compared diversity in pregnancy to 

postpartum. [2,16,24,26,28,32,39]
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Early postpartum—In the studies of the early postpartum, 4 assessed phylum-level 

composition and reported Firmicutes as predominant. [24,27,31,38] Only 1 study 

assessed family-level and found high relative abundance of families belonging to 

Firmicutes, such as Lachnospiraceae. [24] Compositional analysis on the genus-level by 

2 studies reported Bacteroides as predominant. [24,31] Other abundant genera reported 

include Bifidobacterium, [24,31] Streptococcus, [24] Lactobacillus, [24] Faecalibacterium, 

[24] Roseburia, [24] Staphylococcus, [24,31] Prevotella, [31] Alloprevotella [31] and 

Escherichia. [31] When the early postpartum period was assessed longitudinally, Bacteroides 
remained predominant after delivery and up to 4–6 weeks postpartum. [24,31] There 

were only 2 studies that assessed species-level composition, but only reported in percent 

prevalence. [15,17] In regards to diversity, Jost et al. looked over time in the early 

postpartum (4–6, 9–14, and 25–28 days) and found no changes in alpha diversity. [24]

Late postpartum—Six of the 9 studies assessing the late postpartum period analyzed 

phylum-level composition and all reported Firmicutes as predominant. [18–19,22,25,28,30] 

However, Ribado et al. found Bacteroidetes as the predominant phylum in 17 of 49 

maternal samples. [19] Family-level composition was assessed in two studies. [18,25] 

Similar to the early postpartum, the most abundant families belonged to Firmicutes 

including Lachnospiraceae, Clostridiaceae, Streptococcaceae, and Ruminococcaceae. 
[18,25] Ruminococcaceae was found as predominant. [18,25] Another abundant family 

present in both studies was Bifidobacteriaceae. [18,25] On the genus-level, Butts et al. found 

Bifidobacterium as predominant and Bacteroides as subdominant while Hesla et al. found 

Bacteroides as predominant and Bifidobacterium as subdominant. [28,30] Few studies in 

the late postpartum period conducted species-level composition analysis. [20–21,25] Studies 

that investigated maternal probiotic supplementation focused on certain Bifidobacterium 
and Lactobacillus species. [21,25] In 1 probiotic study, placebo group fecal samples were 

analyzed for B. animalis subspecies lactis, L. acidophilus and L. rhamnosus, and found 

L. acidophillus as predominant. [21] Another study analyzed B. animalis subspecies lactis, 
along with species from Bifidobacterium, and found B. longum as predominant in the 

placebo group. [25] Schei et al. conducted a study on postpartum fungal mycobiome and 

found Saccharomyces cerevisiae as predominant, [20] similar to the Human Microbiome 

Project healthy adult cohort. [42]

Early through late postpartum—Of studies assessing early to late postpartum 

longitudinally, there were no significant changes in alpha diversity over time using 

Shannon’s diversity (evenness and richness) index, [35,37,39] Simpson evenness, [35] or 

Pielou’s evenness. [35] Cortes Martin et al. found that alpha diversity using the Chao1 

richness index was significantly lower at 6 and 12 months postpartum compared to 3 weeks 

and 4 months (P <.05). [37] Studies which reported no differences only assessed up to 3 

months [39] and 6 months [35] while Cortes-Martin et al. assessed up to 1 year postpartum. 

[37]

Regarding beta diversity, the maternal gut microbiome was stable at birth compared to 3 

months postpartum using the Bray-Curtis dissimilarity index (P = 6.34e-08). [39] Williams 

et al. used Bray-Curtis dissimilarity matrix in nonmetric dimensional scaling plots and 
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PCoA for several timepoints (days 2, 5, and 10, and months 1, 2, 3, 4, 5, and 6), and 

also showed no significant differences. [35] The cohort used for this study was previously 

assessed by another study at the same timepoints without one participant, which also showed 

no differences in beta diversity by timepoint using Principal Component Analysis (PCA). 

[23] However, Cortes-Martin et al. using PCA found differences when comparing 3 weeks 

(T1) to 4–6 months (T2&T3) (P =.016) and 12 months (T4) (P =.08) postpartum. [37] 

Regarding composition analysis, there was increased abundance of Actinobacteria (P =.034) 

and decreased abundance of Verrucomicrobia (P =.034) and Akkermansia (P =.016) at T4 

compared to T1. In the Archaea domain, decreased abundance of Euryarcheaota (P =.004) 

and Methanobrevibacter (P =.001) were noted at T4 compared to T1. [37]

Comparison to pregnancy or Non-Peripartum states—Nine studies analyzed 

the postpartum period in comparison with the third trimester of pregnancy. 

[2,16,20,22,24,26,28,32,39] Three of 4 studies that assessed phylum-level composition 

found Firmicutes as predominant in pregnancy and postpartum. [22,24,28] Conversely, 

Yassour et al. showed that Bacteroidetes and Firmicutes competed for predominance at 

several timepoints throughout pregnancy, birth and 3 months postpartum. [39] On the genus-

level, Jost et al. found Bacteroides as predominant at 3–7 weeks before delivery and 4–6, 

9–14 and 25–28 days postpartum. [24] Hesla et al. also found Bacteroides as predominant in 

the third trimester of pregnancy and 2 months postpartum. [28]

Five of the 6 studies assessing alpha diversity with Shannon’s index did not show 

significant differences when comparing pregnancy to postpartum period (2–3 days-3 

months). [16,24,28,32,39] No differences were found by Jost et al. with Chao1 index [24] 

or by Lv et al. with observed operational taxonomic units (OTUs), Faith’s phylogenetic 

diversity or Pielou’s evenness. [32] However, Crussell et al. showed a reduction with 

Shannon’s diversity index (P =.012), microbial richness (P =.0002), and observed OTUs 

(P =.0002) from pregnancy to late postpartum (8 months), although no differences with 

Pielou’s evenness index. [26]

Three studies compared postpartum gut microbiome beta diversity to pregnant or non-

peripartum states. [2,26,28] Using Bray-Curtis Index of similarity, Hesla et al. found a 

high mean similarity between at 1 week before delivery and 2 months postpartum. [28] 

Another study reported a significant increase in weighted UniFrac (P =.005) and unweighted 

UniFrac distances (P =.001) at around 8 months postpartum compared to third trimester. 

[26] However, principal coordinate ordination showed these differences over time to reflect 

changes in individual bacterial community structure rather than a collective structural shift. 

[26] Koren et al. found a significant increase in beta diversity from the first to third trimester 

using weighted UniFrac distance (P ≤ 0.05). [2] When compared to a healthy reference 

dataset of men and non-pregnant women from the Human Microbiome Project, [43] beta 

diversity in the third trimester was also higher. [2] This high beta diversity persisted to 3 

weeks postpartum. [2] Apart from an indirect comparison by Koren et al., comparisons of 

the postpartum gut microbiota to the non-peripartum state were limited due to lack of a 

non-peripartum control group. [2]
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Factors that influence maternal gut microbial changes in the postpartum 
period—Nineteen studies found various factors influencing postpartum gut microbial 

profile changes (Table 4). These included timing [27,40] and mode of delivery, [27,24–25] 

probiotic supplementation, [15–17,20–22] dietary intake, [23,33,37] breastfeeding status, 

[15,17–18,20–21, 28,30,35,37,24–25] environmental exposures, [19] and lifestyle. [28]

Preterm vs term delivery—Two studies assessed preterm delivery. [27,40] Dahl et 

al. compared spontaneous preterm and term deliveries and found Firmicutes phylum as 

predominant for both groups of mothers, but noted higher abundance of Firmicutes (P 
=.04) and lower abundance of Actinobacteria (P =.01) in preterm deliveries. [27] Morais 

et al. assessed preterm and extremely preterm deliveries without a comparison group of 

term deliveries, and also found Firmicutes as predominant. [40] On order-, family- and 

genus-levels, Dahl et al. found decreased abundances of OTUs belonging to Bifidobacterium 
and Streptococcus genera and Clostridiales order in the spontaneous preterm delivery group. 

[27] Morais et al. found Bifidobacterium genus as predominant in mothers of preterm and 

extremely preterm neonates. [40] Regarding diversity, Dahl et al. found that one interquartile 

range (IQR) increase in alpha diversity was associated with 48 % (95 %CI: 4.2 %,72 %) 

lower odds of preterm birth, but no differences in beta diversity. [27]

Mode of delivery—Two articles assessed the influence of delivery mode on the 

postpartum gut microbial profile. [23,30] One study found no significant differences 

in microbial composition between vaginal and cesarean births. [30] A sub-analysis by 

Carrothers et al. had similar composition findings and found no differences in alpha or beta 

diversity. [23]

Three studies included populations of only vaginal deliveries. [24–25,27] On the phylum-

level, all showed Firmicutes as predominant. [24–25,27] Jost et al. and Turroni et al. 

analyzed lower taxa levels and found most bacterial groups with relatively high abundance 

belonged to the Firmicutes phylum (e.g., Ruminococcaceae). [24–25]

Probiotic supplementation—Six studies explored probiotic supplementation’s (second 

trimester – 3 months postpartum) influence on the maternal gut profile. [15–17,20–22] 

Two studies assessed supplementation of probiotic milk containing strains belonging to L. 

acidophilus, L. rhamnosus and B. animalis subsp lactis administered from 36 gestational 

weeks to 3 months postpartum. [20–21] Dotterud et al. observed increased relative 

abundance and prevalence of all 3 strains at 3 months postpartum in the probiotic group 

compared to placebo (P <.005). [21] Schei et al. analyzed the fungal mycobiome and 

found increased total fungal abundance (quantified by amount of fungal DNA copies) in the 

probiotic group compared to placebo at 3 months postpartum (P <.01). [20]

Gronlund et al. studied the effect of two different probiotic combinations supplemented 

from 2 months prior until 2 months after delivery compared to placebo. [15] One probiotic 

contained L. rhamnosus and B. longum, while the other contained L. paracasei and B. 
longum. [15] At 1 month postpartum, predetermined measures (colonization rates and 

fecal bacterial counts of Bifidobacterium genus, certain species of Bifidobacterium and 

Clostridium, A. muciniphila, and S. aureus) showed no differences between groups. [15] 
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Similarly, there were no differences between groups in Bifidobacterium diversity with the 

bifidobacterium diversity index. [15]

Enomoto et al. administered Bifidobacterium strains B. breve and B. longum, which belong 

to the Actinobacteria phylum, during the last month of pregnancy. [22] The open trial 

only found significant differences in the Proteobacteria phylum with lower abundances 

in the probiotic group compared to placebo at 4–18 months postpartum (P =.007). [22] 

Another trial focused on supplementation of L. reuteri during the last month of pregnancy 

and showed an increase in L. reuteri prevalence in the probiotic group compared to 

placebo at 1 month postpartum (P =.04). [17] Halkjaer et al. studied bacterial strains 

from Bifidobacterium, Lactobacillus and Streptococcus in an intervention trial using a multi-

strain probiotic at 14–20 gestational weeks until delivery. [16] Bifidobacterium significantly 

increased over time from gestational weeks 14–20 until 2–3 days postdelivery in the 

probiotic group compared to placebo (P =.0388). [16] Beta diversity was significantly 

different between groups in the postpartum (P =.0014) and alpha diversity slightly increased 

with probiotic administration (P =.016). [16]

Dietary intake—Two studies assessed dietary intake. [23,33] Mandal et al. found 

that increased saturated fat intake was associated with decreased relative abundance of 

Firmicutes and Proteobacteria, [33] while Carrothers et al. found no association between 

increased saturated fat consumption and enrichment of Bacteroides and Parabacteroides 
as hypothesized. [23] Regarding nutrient and caloric rich diets, Carrothers et al. showed 

consumption of both were positively associated with relative abundance of Firmicutes 

and inversely associated with relative abundance of Bacteroidetes. [23] Both studies also 

assessed protein intake. One study found that increased protein intake was associated 

with increased Methanobrevibacter abundance, [33] while another found a significant 

association between increased intake and decreased Spirochaetes abundance (P ≤ 0.01). 

[23] With regards to vitamin D, Mandal et al. found that higher intake was associated with 

reduced alpha diversity (P <.001), [33] and Carrothers et al. found a positive association 

between intake and Dialister abundance (P <.01). [23] Additionally, Carrothers et al. found 

significantly higher microbial evenness (alpha diversity) in women in the third quartile 

intake of vitamin B-12 compared to other quartiles (P <.05). [23]

Breastfeeding—Thirteen studies assessed the gut microbial profile of a general population 

of breastfeeding mothers, [15,17–18,20–21,28,30,35,37,24–25] but only 3 studies defined 

breastfeeding type (e.g., intensity or duration) of their study population. [23–24,35] 

Regarding breastfeeding duration, Carrothers et al. studied 20 women breastfeeding ≥5 

months and Williams et al. studied the same cohort, with addition of one more mother, 

and both assessed the first 6 months postpartum. [23,35] Both studies found Bacteroides 
among the most abundant and beta diversity as unchanged over time, [23,35] and Williams 

et al. found no changes over time in alpha diversity. [35] Breastfeeding intensity was defined 

in a study population assessed by Jost et al., where the gut microbiome of 8 exclusively 

breastfeeding women at 1 month postpartum was similar to their gut microbiome in the third 

trimester. [24] None of these studies had a comparison group of individuals with different 

breastfeeding status.
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Other factors—An environmental factor was assessed in only 1 study which looked at 

triclosan exposure, a chemical found in personal wash products at home. [19] Triclosan 

exposure increased abundance of species that are broadly antibiotic-resistant and belonged 

to Proteobacteria. Triclosan-resistant E. coli was the most enriched in the exposed group. 

[19] Microbial diversity decreased from 2 to 10 months postpartum with exposure but the 

difference was not significant. [19]

Hesla et al. studied anthroposophic lifestyle, which is characterized by increased fermented 

vegetable consumption, prolonged practices of breastfeeding, a stress-free environment, and 

more homebirths. [28] There were no significantly different gut microbial patterns between 

mothers of the anthroposophic and non-anthroposophic lifestyles. [28] Another study looked 

at secretor status phenotype, where mothers with a secretor phenotype have the functional 

α-1–2-fucosyltransferase enzyme to produce certain residual human milk oligosaccharides 

not found in non-secretor mothers. [18] There was no association between gut microbial 

composition of mothers based on secretor status phenotype, except for higher Clostridium 
perfringens abundance in non-secretor mothers (P =.028). [18] There were no significant 

changes in alpha diversity between secretor status. [18]

Maternal health conditions and intermediate clinical measures associated 
with gut microbiota changes—Eight studies investigated associations between 

postpartum maternal gut microbial profile changes and health conditions and/or 

clinical intermediate measures (Table 4). Health conditions and clinical intermediate 

measures studied were early-onset preeclampsia (early-PE), gestational diabetes (GDM), 

inflammatory bowel disease (IBD), overweight/obese (OW/OB) pre-pregnancy weight, and 

excessive gestational weight gain (GWG) and postpartum depression (PPD).

Maternal health conditions—One longitudinal study assessed early-PE. [32] At the 

genus level, there was enrichment of Actinomyces at 1 week postpartum and Clostridium at 

6 weeks postpartum in mothers with early-PE compared to healthy controls. An unclassified 

species of Streptococcus was also found enriched in mothers with early-PE at 6 weeks 

postpartum. [32]

Decreased abundance of Faecalibacterium was observed in a study that analyzed PPD 

compared to healthy controls. Faecalibacterium was negatively associated with severity of 

depressive symptoms. [36] This study also showed PPD patients had increased abundance 

of bacteria belonging to the Enterobacteriaceae family, which is associated with intestinal 

inflammation. [36,44]

Another study utilizing 16S rRNA gene amplicon sequencing found that within the 

Faecalibacterium genus, some OTUs increased while others decreased at 8 months 

postpartum in women with previous GDM compared to women with a previous 

normoglycemic pregnancy. [26] This study also identified the Actinobacteria phylum and 

several subdominant taxa including Collinsella as taxonomic biomarkers of GDM. Depletion 

of Bacteroides, Isobaculum and Clostridium IV was observed in the third trimester of 

pregnancy and 8 months postpartum compared to healthy controls. [26]
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One study on IBD from pre-pregnancy to the postpartum found that when comparing 

ulcerative colitis patients to Crohn’s disease patients, ulcerative colitis patients had 

higher abundance of Streptococcus, Bacteroides ovatus, and an unclassified member of 

Lachnospiraceae, and Crohn’s disease patients had higher R. bromii. [34]

Most studies did not find an association between the analyzed maternal health condition 

and gut microbial diversity changes. [26,32,34] One exception is the study on PPD, which 

reported significant increase in beta diversity in PPD mothers compared to healthy controls 

(P = 2e−14). [36]

Clinical intermediate measures—Four studies assessed clinical intermediate measures 

in association with gut microbiota changes. [23,29–30,37] One study did not find significant 

changes in microbial composition based on BMI categories (normal, overweight, and 

obese). [30] However, 3 studies on BMI measures reported microbial profile changes. 

One study found a positive correlation between abundance of the Clostridiaceae family 

and certain anthropometric measures including current postpartum BMI, waist-to-hip 

ratio, waist circumference, and weight, while another study found a negative correlation 

between Clostridiaceae and overweight/obese (OW/OB) pre-pregnancy BMI. [29,37] One 

study found that increased abundance of the Parabacteroides genus was associated with 

increased current BMI measured at the postpartum study visit. [23] An oppositive trend was 

seen in another study with decreased Parabacteroides abundance associated with maternal 

OW/OB, but was not significant. However, the study did find a significant association 

between decreased Parabacteroides species OTU with maternal OW/OB. [29] Maternal 

OW/OB was also associated with lower alpha diversity and lower Lachnospira, unclassified 

Christensenellaceae, Parabacteroides sp., and Bifidobacterium sp. abundance. [29] Higher 

Blautia abundance was associated with excessive GWG, [29] while another study found 

lower Blautia abundance associated with increased waist circumference. [37]

When studying urolithin metabotypes, which are polyphenol metabolism profiles that may 

indirectly reflect an individuals’ gut microbiome and possibly influence cardiometabolic 

health, the maternal gut microbiota showed characteristic changes based on the metabotype. 

[37] UM-B (metabotype B) showed higher postpartum energy metabolism and was 

positively associated with microbial groups Archaea, Methanobrevibacter, Ellagibacter and 

Prevotella. [37] Greater reductions in BMI and waist-to-hip ratio were found in UM-A, 

which was predominated by Gordonibacter, compared to UM-B. [37] Microbiota profiles of 

mothers with UM-B displayed higher alpha diversity compared to those with UM-A at 1 

year postpartum (Shannon’s diversity index, P =.083). [37]

Discussion

Principal findings

This review synthesizes findings on general composition and diversity of the gut microbiota 

profile of healthy women of predominantly term infants. In the early and late postpartum 

period, Firmicutes was the predominant phylum and Bacteroides was the predominant genus 

in the early postpartum. Changes in alpha and beta diversity were only reported after 4–6 

months postpartum when compared to pregnancy or early postpartum. For alpha diversity, 
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changes were only observed with diversity estimators of microbial richness (i.e., Chao1 and 

observed OTUs).

We also synthesize findings on biological and environmental factors and clinical 

intermediate measures associated with gut microbial changes in all mothers in the 

postpartum. Regarding factors influencing microbial profiles, several microbial taxa were 

depleted and/or enriched based on delivery timing. No significant changes in microbial 

composition or diversity were noted with delivery mode. RCTs on probiotic supplementation 

showed depletion and/or enrichment of several genera and species compared to placebo 

groups. Dietary intake showed associations between increased consumption of fat-soluble 

vitamins, cholesterol, nutrient, calories, protein, and carbohydrates on enrichment and/or 

depletion of certain microbial taxa levels. In terms of environmental influences, triclosan 

exposure resulted in enrichment of species that are resistant to this chemical. Microbial 

profiles of mothers did not significantly differ based on secretor status phenotype or 

anthroposophic lifestyle.

Studies assessing maternal health conditions (early-PE, PPD, and GDM) all observed 

enrichment and/or depletion of various microbial taxa compared to healthy controls. Only 

1 of 4 studies assessing various anthropometric measures did not find changes associated 

with microbial composition. Regarding maternal OW/OB and urolithin metabotype A, lower 

alpha diversity was seen.

Comparison with existing literature

Mutic et al. published in 2017 the only review on postpartum maternal microbiota. 

[41] It synthesized findings on biological, environmental, and maternal health influences 

on microbial changes. However, findings were limited since most included studies did 

not directly analyze the human postpartum maternal gut microbiota. [41] The only 

study included with a primary objective of studying the human postpartum maternal gut 

microbiota was authored by Koren et al. regarding GDM. [2] This study [2] was included in 

this systematic review along with new studies published after Mutic et al. [41] on associated 

health conditions and postpartum maternal microbiota changes.

Strengths and limitations

Previous research of the gut microbiota in the postpartum period is focused on neonatal 

microbial colonization. This is the first systematic review that focuses on the maternal 

gut microbiota. Inclusion of more studies on postpartum maternal human gut microbiota 

strengthens this review, compared to the previous review [41] where direct connections to 

human population were very limited. [41]

Although the studies in this review directly examined the population of interest (i.e., 

postpartum mothers), findings are limited by the narrative synthesis approach used. This 

approach was necessary due to the large study heterogeneity across all studies. Included 

studies differed in study population, sample size and study design. Studies also varied in 

methods of DNA sequencing, where certain primers have been found to bias composition 

and diversity analysis. [2,58,59] Different sub-regions of 16S rRNA sequencing are poor 
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at classifying certain microbial taxa, such as V1-V2 with sequences of Proteobacteria. [45] 

Studies in this review sequenced various sub-regions, which also contribute to the large 

study heterogeneity and limits the synthesized findings. Some studies performed OTU level 

analysis based on 16S rRNA gene amplicon sequencing data, however, OTU level analysis is 

most reliably addressed with shotgun metagenomic sequencing or targeted qPCR.

There are various combinations of distance measures and algorithms, [46] and because 

there is not one standard pipeline approach to clustering, [46] use of varied combinations 

may lead to differences in clustering performance. [46–48] Additionally, clustering methods 

(supervised or unsupervised) [49] could contribute to differences in study findings, however, 

most of the relevant studies in our review (Tables 3 and 4) used unsupervised clustering 

approaches.

Conclusion

Inconsistent findings in some areas of the addressed review objectives left unanswered 

questions about the reason for variability. Most differences in competing findings seen 

across the addressed review objectives were limited by study population and methodology 

heterogeneity. Larger sample size and use of DNA sequencing with universal primers, 

similar sub-regions and gene depth sequencing criteria that do not bias against certain 

bacterial taxa would be important future research. Analysis of other domains of microbes 

(archaea, fungi, protozoa, and viruses) and all taxa levels should be encouraged. 

Furthermore, functional associations between species-level composition and maternal health 

are valuable.

There is a need to understand the postpartum maternal gut microbiome for the mother’s 

sake. We need to establish how it differs from non-pregnancy and pregnancy states and 

determine biological and environmental factors that influence the maternal gut microbiota 

during postpartum. Further studies which include a healthy non-peripartum group for 

comparison could be especially useful.

Important research questions include: does the gut microbiota return to pre-pregnant states? 

If so, when does the gut microbiota return to pre-pregnant state? What practices or 

exposures during pregnancy or post-partum ensure a healthy postpartum microbiota profile? 

What factors influence the transition back to pre-pregnant state? And how does the transition 

or lack of transition influence the health of the mother, infant, and subsequent pregnancies? 

Further research of the gut microbiota’s significance during this period could lead to new 

understanding of how to improve maternal and child health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations:

BMI Body Mass Index
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CINAHL Cumulative Index to Nursing and Allied Health Literature

early-PE early onset pre-eclampsia

GDM gestational diabetes mellitus

GWG gestational weight gain

IBD inflammatory bowel syndrome

MeSH Medical Subject Headings

OTUs operational taxonomic unit

OW/OB overweight/obese

PCA Principal Component analysis

PCoA Principal Coordinate analysis

PPD postpartum depression

PRISMA Preferred Reporting Items for Systematic Reviews and meta-

Analyses

RCTs Randomized controlled trials

ROBINS Risk Of Bias In Non-Randomized Studies – of Interventions

RoB 2 Risk of Bias for Randomized Trials

UM-A Urolithin Metabotype A

UM-B Urolithin Metabotype B
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Fig. 1. 
PRISMA flow diagram: summary of record searches and selections Arrows depict flow 

of records through each stage. Number of records in each stage is represented by (n=#). 

PRISMA, Preferred Reporting Items for Systematic Review and meta-Analyses From: 
Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred 

Reporting Items for Systematic Reviews and meta-Analyses: The PRISMA Statement. PLoS 

Med 6(7): e1000097. https://doi.org/10.1371/journal.pmed1000097.
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Table 1

Full Search Equations Used in Each Database.

Database Search Equation

Scopus (TITLE-ABS-KEY (maternal OR mother OR mothers OR patient) AND (TITLE-ABS-KEY (microbiome OR microbiota)) 
AND (TITLE-ABS-KEY (pregnancy OR postpartum OR prepartum OR pregnant)) AND (LIMIT-TO (EXACTKEYWORD, 
“Human”) OR LIMIT TO (EXACTKEYWORD, “Humans”))

Cochrane 
Library

#1: MeSH descriptor: [Mothers] explode all trees
#2: maternal OR Mother OR Mothers OR Patient
#3: #1 AND #2
#4: MeSH descriptor: [Microbiota] explode all trees
#5: Microbiome OR Microbiota
#6: #4 AND #5
#7: MeSH descriptor: [Postpartum Period] explode all trees
#8: MeSH descriptor: [Pregnancy] explode all trees
#9: Pregnancy OR postpartum OR prepartum OR Pregnant
#10: #7 AND #8 AND #9
#11: #3 AND #6 AND #10

CINAHL #1: (MH “Mothers+”)#2: (MH “Mothers+”) OR maternal OR Mother OR Mothers OR Patient#3: (MH “Microbiota+”)#4: 
(MH “Microbiota+”) OR Microbiome OR Microbiota#5: (MH “Pregnancy+”)#6: (MH “Postnatal Period+”) #7: Pregnancy 
OR postpartum OR prepartum OR Pregnant OR (MH “Postnatal Period+”) OR (MH “Pregnancy+”)#8: Pregnancy 
OR postpartum OR prepartum OR Pregnant OR (MH “Postnatal Period+”) OR (MH “Pregnancy+”)#9: Pregnancy OR 
postpartum OR prepartum OR Pregnant OR (MH “Postnatal Period+”) OR (MH “Pregnancy+”) AND (#2 AND #4 AND #8) 
#10: AB (#2 AND #4 AND #8) OR TI (#2 AND #4 AND #9)

PubMed ((“Mothers”[Mesh]) OR (maternal[tiab] OR Mother[tiab] OR Mothers[tiab] OR Patient[tiab])) AND (((“Microbiota”[Mesh] 
OR Microbiome[tiab] OR Microbiota[tiab]) AND ((Pregnancy [tiab] OR postpartum[tiab] OR prepartum[tiab] OR Pregnant 
[tiab] OR “Postpartum Period”[Mesh] OR “Pregnancy”[Mesh])))) AND (humans[Filter])

BioArchives (((maternal OR Mother OR Mothers OR Patient)) AND (((Microbiome OR Microbiota) AND ((Pregnancy OR postpartum 
OR prepartum]))))

Embase #1:’mother’:ab,ti OR ’maternal’/exp OR maternal:ab,ti OR ’mother’/exp OR mother:ab,ti OR ’mothers’/exp OR 
mothers:ab,ti OR ’patient’/exp OR patient:ab,ti#2: ’microflora’/exp OR microbiome:ab,ti OR microbiota:ab,ti #3: 
pregnancy:ab,ti OR postpartum:ab,ti ORprepartum:ab,ti OR pregnant:ab,ti OR ’pregnancy’/exp #4: #1 AND #2 AND #3 
AND [humans]/lim

Table above displays the full search equations used specifically for each selected database. Separate numbered lines indicate separate search lines 
used when applicable.

Eur J Obstet Gynecol Reprod Biol. Author manuscript; available in PMC 2023 July 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Weerasuriya et al. Page 20

Ta
b

le
 2

Su
m

m
ar

y 
of

 I
nc

lu
de

d 
St

ud
ie

s.

F
ir

st
 a

ut
ho

r,
 y

ea
r 

(c
ou

nt
ry

)
St

ud
y 

T
yp

e
St

ud
y 

P
op

ul
at

io
n

In
cl

us
io

n 
C

ri
te

ri
a

E
xc

lu
si

on
 C

ri
te

ri
a

SR
 

A
im

 
(s

)

M
ic

ro
bi

al
 

A
na

ly
si

s
R

O
B

 T
oo

l &
 

R
O

B
 

A
ss

es
sm

en
t

A
br

ah
am

ss
on

 e
t 

al
., 

20
09

 (
Sw

ed
en

) 
[1

7]
D

ou
bl

e-
bl

in
d 

R
C

T
23

2 
m

ot
he

rs
 e

nr
ol

le
d 

at
 g

es
t w

k 
35

 
(p

ro
bi

ot
ic

 g
ro

up
 (

N
 =

 9
5)

 a
nd

 p
la

ce
bo

 
gr

ou
p 

(N
 =

 9
3)

 c
om

pl
et

ed
 th

e 
st

ud
y)

 
[5

0]

A
t l

ea
st

 1
 f

am
ily

 m
em

be
r 

w
ith

 
al

le
rg

ic
 d

is
ea

se
In

fa
nt

s 
th

at
 r

eq
ui

re
d 

ne
on

at
al

 
ca

re
1,

 2
a

cu
ltu

re
 (

L
. r

eu
te

ri
 

an
d 

L
ac

to
ba

ci
llu

s)

R
oB

-2
: l

ow

B
ut

ts
 e

t 
al

., 
20

20
 

(N
ew

 Z
ea

la
nd

) 
[3

0]
L

on
gi

tu
di

na
l 

C
oh

or
t

78
 B

F 
m

ot
he

rs
 o

f 
di

ff
er

en
t e

th
ni

ci
tie

s 
(N

Z
 E

ur
op

ea
n 

(N
 =

 5
3)

, A
si

an
 (

N
 =

 
8)

, M
ao

ri
 a

nd
 P

ac
if

ic
 I

sl
an

d 
(N

 =
 1

7)
) 

(B
M

I 
no

rm
al

 (
N

 =
 2

7)
, o

ve
rw

ei
gh

t (
N

 
=

 3
1)

, o
be

se
 (

N
 =

 2
0)

) 
(v

ag
in

al
 (

N
 =

 
63

) 
ce

sa
re

an
 (

N
 =

 1
4)

) 
[5

1]

E
B

F 
or

 p
ri

m
ar

ily
 B

F 
w

ith
 ≤

2 
fo

rm
ul

a 
fe

ed
s/

da
y 

(a
ge

d 
18

–
55

) 
an

d 
pe

rm
an

en
t r

es
id

en
ce

 in
 

M
an

aw
at

u–
W

an
ga

nu
 r

eg
io

n

Pr
et

er
m

 b
ir

th
, i

nf
an

ts
 

th
at

 r
eq

ui
re

d 
ne

on
at

al
 

ca
re

, c
lin

ic
al

ly
 s

ig
ni

fi
ca

nt
 

bi
lia

ry
, c

ar
di

ac
, e

nd
oc

ri
ne

, 
he

m
at

ol
og

ic
, h

ep
at

ic
, 

ne
ur

ol
og

ic
al

, p
an

cr
ea

tic
, 

pu
lm

on
ar

y,
 m

en
ta

l d
is

or
de

rs
 in

 
m

ed
ic

al
 h

x,
 a

ct
iv

e 
di

et
in

g.

1,
 2

a,
 

2b
16

S 
rR

N
A

 (
V

3-
V

4)
R

O
B

IN
S-

1:
 

m
od

er
at

e

C
ar

ro
th

er
s 

et
 a

l.,
 

20
15

 (
U

SA
) 

[2
3]

L
on

gi
tu

di
na

l 
C

oh
or

t
20

 h
ea

lth
y 

w
om

en
 (

al
l E

B
F 

fo
r 

≥ 
4 

m
o)

 (
va

gi
na

l (
N

 =
 1

6)
 c

es
ar

ea
n 

(N
 =

 
4)

)

18
 y

rs
 o

r 
ol

de
r 

an
d 

pl
an

ni
ng

 to
 

B
F

–
1,

 2
a,

 
2b

16
S 

rR
N

A
 (

V
1-

V
3)

R
O

B
IN

S-
1:

 
m

od
er

at
e

C
hu

 e
t 

al
., 

20
17

 
(U

ni
te

d 
St

at
es

) 
[3

1]
L

on
gi

tu
di

na
l 

co
ho

rt
; 

m
at

ch
ed

 c
ro

ss
-

se
ct

io
na

l 
co

ho
rt

15
7 

dy
ad

s 
at

 d
el

iv
er

y 
fr

om
 b

ot
h 

co
ho

rt
s 

(N
 =

 6
0 

dy
ad

s 
sa

m
pl

ed
 in

 P
P 

lo
ng

itu
di

na
lly

)

Pr
eg

na
nc

y 
at

 >
 2

8 
ge

st
 w

ks
),

 
≥ 

18
 y

rs
 o

f 
ag

e,
 w

ill
in

g 
to

 
co

ns
en

t t
o 

pr
ot

oc
ol

H
IV

 o
r 

H
ep

at
iti

s 
C

 in
fe

ct
io

n,
 

im
m

un
os

up
pr

es
si

ve
 d

is
ea

se
, 

cy
to

ki
ne

/im
m

un
os

up
pr

es
si

ve
 

ag
en

t u
se

 w
ith

in
 p

re
vi

ou
s 

6 
m

o,
 

ca
nc

er
 h

x 
(e

xc
ep

t s
qu

am
ou

s/
ba

sa
l s

ki
n 

ce
ll 

ca
rc

in
om

a 
m

an
ag

ed
 w

ith
 lo

ca
l e

xc
is

io
n,

 
tr

ea
tm

en
t o

f 
su

sp
ic

io
n 

of
 e

ve
r 

ha
vi

ng
 to

xi
c 

sh
oc

k 
sy

nd
ro

m
e,

 
m

aj
or

 g
as

tr
oi

nt
es

tin
al

 s
ur

ge
ri

es
 

(e
xc

ep
t c

ho
le

cy
st

ec
to

m
y/

ap
pe

nd
ec

to
m

y)
 in

 la
st

 5
 y

rs

1
16

S 
rR

N
A

 (
V

5-
V

3)
, w

ho
le

-
ge

no
m

e 
sh

ot
gu

n 
m

et
ag

en
om

ic
 

se
qu

en
ci

ng

R
O

B
IN

S-
1:

 
m

od
er

at
e

C
or

te
s-

m
ar

ti
n 

et
 a

l.,
 

20
19

 (
Sp

ai
n)

 [
37

]
L

on
gi

tu
di

na
l 

C
oh

or
t

40
 h

ea
lth

y 
w

om
en

 r
ec

ru
ite

d 
1 

w
k 

PP
 

(v
ag

in
al

 (
N

 =
 2

8)
 a

nd
 c

es
ar

ea
n 

(N
 =

 
12

))
 d

el
iv

er
y 

of
 h

ea
lth

y 
B

F 
in

fa
nt

s)

H
ea

lth
y 

w
om

en
 d

el
iv

er
in

g 
a 

he
al

th
y 

ba
by

 a
nd

 B
F 

in
 

ne
on

at
al

 p
er

io
d

D
ie

ta
ry

 s
up

pl
em

en
ta

tio
n 

(p
re

bi
ot

ic
 a

nd
 p

ro
bi

ot
ic

 
su

pp
le

m
en

ts
) 

an
d 

dr
ug

 
ad

m
in

is
tr

at
io

n 
(a

bx
) 

1 
yr

 P
P

1,
 2

b
16

S 
rD

N
A

R
O

B
IN

S-
1:

 
m

od
er

at
e

C
ru

se
ll 

et
 a

.L
, 2

01
8 

(D
en

m
ar

k)
 [

26
]

L
on

gi
tu

di
na

l 
C

oh
or

t
21

3 
m

ot
he

rs
 e

nr
ol

le
d 

in
 th

ir
d 

tr
im

es
te

r 
(G

D
M

 (
N

 =
 5

0)
 a

nd
 n

on
-G

D
M

 (
N

 =
 

16
1)

) 
of

 w
hi

ch
 1

25
 w

er
e 

as
se

ss
ed

 in
 

PP
 (

pr
ev

io
us

 G
D

M
 (

N
 =

 4
3)

 a
nd

 n
on

-
G

D
M

 (
N

 =
 7

9)
)

Si
ng

le
to

n 
pr

eg
na

nc
y,

 o
f 

D
an

is
h 

w
hi

te
 o

ri
gi

n,
 

w
ith

ou
t p

re
ec

la
m

ps
ia

 a
t t

he
 

tim
e 

of
 e

nr
ol

lm
en

t, 
an

d 
m

ul
tip

ar
ou

s 
w

ith
 a

 p
re

vi
ou

s 
no

rm
og

ly
ce

m
ic

 p
re

gn
an

cy

A
bx

 w
ith

in
 2

 m
o 

be
fo

re
 f

ir
st

 
vi

si
t

1,
 2

b
16

S 
rR

N
A

 (
V

1-
V

2)
R

O
B

IN
S-

1:
 

lo
w

D
ah

l e
t 

al
., 

20
17

 
(N

or
w

ay
) 

[2
7]

C
as

e-
co

nt
ro

l
12

1 
PP

 m
ot

he
rs

 o
f 

te
rm

 (
N

 =
 1

02
) 

an
d 

pr
et

er
m

 (
N

 =
 1

9)
 v

ag
in

al
 d

el
iv

er
y 

[f
ro

m
 N

or
w

eg
ia

n 
M

ic
ro

bi
ot

a 
St

ud
y 

(N
oM

IC
)]

 [
52

]

Fl
ue

nt
 in

 N
or

w
eg

ia
n,

 r
es

id
en

ce
 

in
 E

as
te

rn
 N

or
w

ay
A

bx
 u

se
 o

n 
or

 a
ft

er
 b

ir
th

1,
 2

a
16

S 
rR

N
A

 (
V

4)
R

O
B

IN
S-

1:
 

m
od

er
at

e

Eur J Obstet Gynecol Reprod Biol. Author manuscript; available in PMC 2023 July 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Weerasuriya et al. Page 21

F
ir

st
 a

ut
ho

r,
 y

ea
r 

(c
ou

nt
ry

)
St

ud
y 

T
yp

e
St

ud
y 

P
op

ul
at

io
n

In
cl

us
io

n 
C

ri
te

ri
a

E
xc

lu
si

on
 C

ri
te

ri
a

SR
 

A
im

 
(s

)

M
ic

ro
bi

al
 

A
na

ly
si

s
R

O
B

 T
oo

l &
 

R
O

B
 

A
ss

es
sm

en
t

D
ot

te
ru

d 
et

 a
l.,

 2
01

5 
(N

or
w

ay
) 

[2
1]

D
ou

bl
e-

bl
in

d 
R

C
T

41
5 

en
ro

lle
d 

pr
eg

na
nt

 m
ot

he
rs

; 
sa

m
pl

es
 a

na
ly

ze
d:

 p
ro

bi
ot

ic
 g

ro
up

 (
N

 
=

 1
11

 in
 p

re
gn

an
cy

, N
 =

 1
16

 a
t 3

 m
o 

PP
) 

an
d 

pl
ac

eb
o 

gr
ou

p 
(N

 =
 1

20
 in

 
pr

eg
na

nc
y,

 N
 =

 1
24

 a
t 3

 m
o 

PP
)[

fr
om

 
Pr

ev
en

tio
n 

of
 A

lle
rg

y 
A

m
on

g 
C

hi
ld

re
n 

in
 T

ro
nd

he
im

 (
PA

C
T

) 
st

ud
y]

 [
53

]

Pr
eg

na
nt

 w
om

en
 >

 3
6 

ge
st

 
w

ks
, u

nd
er

st
oo

d 
N

or
w

eg
ia

n,
 

si
gn

ed
 w

ri
tte

n 
fo

rm
 f

or
 

co
ns

en
t, 

pl
an

ni
ng

 to
 B

F 
in

 
fi

rs
t 3

 m
o 

PP
, l

ik
ed

/to
le

ra
te

d 
fe

rm
en

te
d 

m
ilk

, n
ot

 a
t r

is
k 

of
 

pr
eg

na
nc

y 
co

m
pl

ic
at

io
ns

To
ok

 p
ro

bi
ot

ic
 s

up
pl

em
en

ts
 in

 
la

st
 4

 w
ks

, p
la

n 
to

 m
ov

e 
aw

ay
 

fr
om

 T
ro

nd
he

im
 <

 2
5 

m
o 

af
te

r 
ra

nd
om

iz
at

io
n

1,
 2

a
qP

C
R

R
oB

-2
: l

ow

E
no

m
ot

o 
et

 a
l.,

 2
01

4 
(J

ap
an

) 
[2

2]
O

pe
n-

la
be

l, 
no

n-
R

C
T

16
6 

en
ro

lle
d 

m
ot

he
rs

; p
ro

bi
ot

ic
 g

ro
up

 
(N

 =
 1

30
 a

t b
as

el
in

e,
 N

 =
 4

9 
an

al
yz

ed
 

in
 P

P)
 a

nd
 c

on
tr

ol
 g

ro
up

 (
N

 =
 3

6 
at

 
ba

se
lin

e,
 N

 =
 1

5 
an

al
yz

ed
 in

 P
P)

Pr
eg

na
nt

 w
om

en
Se

ve
re

 h
ep

at
ic

 d
ys

fu
nc

tio
n,

 
re

na
l a

nd
 r

es
pi

ra
to

ry
 

dy
sf

un
ct

io
n,

 c
ar

di
ov

as
cu

la
r 

di
so

rd
er

s,
 e

nd
oc

ri
ne

 d
is

or
de

rs
, 

m
et

ab
ol

ic
 d

ys
fu

nc
tio

n,
 h

ab
itu

al
 

in
ge

st
io

n 
of

 p
ro

bi
ot

ic
s

1,
 2

a
16

S 
rR

N
A

 (
V

6-
V

8)
R

O
B

IN
S-

1:
 

m
od

er
at

e

G
ro

nl
un

d 
et

 a
l.,

 
20

11
 (

F
in

la
nd

) 
[1

5]
D

ou
bl

e-
bl

in
d 

R
C

T
80

 P
P 

dy
ad

s 
w

ith
 L

. r
ha

m
no

su
s 

an
d 

B
. l

on
gu

m
 s

up
pl

em
en

ta
tio

n 
(N

 =
 2

9 
dy

ad
s)

, L
. p

ar
ac

as
ei

 a
nd

 B
. l

on
gu

m
 

su
pp

le
m

en
ta

tio
n 

(N
 =

 2
9 

dy
ad

s)
 o

r 
pl

ac
eb

o 
(N

 =
 2

2 
dy

ad
s)

C
lin

ic
al

 s
x 

of
 a

lle
rg

y 
w

ith
 

re
ac

tiv
ity

 p
ro

ve
n 

by
 p

ri
ck

-t
es

t 
ag

ai
ns

t t
he

 a
lle

rg
en

, E
B

F 
≥ 

4 
m

o 
an

d 
pa

rt
ia

l/e
xc

lu
si

ve
 

B
F 

co
nt

in
ue

d 
un

til
 6

 m
o 

of
 in

fa
nc

y,
 h

ig
h 

ri
sk

 a
lle

rg
y 

fa
m

ili
es

1,
 2

a
qP

C
R

R
oB

-2
: l

ow

H
al

kj
ae

r 
et

 a
l.,

 2
02

0 
(D

en
m

ar
k)

 [
16

]
D

ou
bl

e-
bl

in
d,

 
R

C
T

50
 o

be
se

 n
ul

lip
ar

ou
s 

w
om

en
 e

nr
ol

le
d 

an
d 

ra
nd

om
iz

ed
 to

 p
la

ce
bo

 (
N

 =
 2

5)
 

an
d 

pr
ob

io
tic

 (
N

 =
 2

5)
 (

an
al

yz
ed

 in
 P

P:
 

fr
om

 p
la

ce
bo

 (
N

 =
 2

4)
 a

nd
 p

ro
bi

ot
ic

 
gr

ou
p 

(N
 =

 2
4)

)

N
ul

lip
ar

ou
s 

si
ng

le
to

n 
pr

eg
na

nt
 

w
om

en
 w

ith
 B

M
I 

≥ 
30

 a
nd

 <
 

35
 k

g/
m

2,
 ≥

18
 y

rs
 o

ld
, n

or
m

al
 

nu
ch

al
 tr

an
sl

uc
en

cy
, r

ea
d 

an
d 

sp
ea

k 
D

an
is

h,
 c

on
se

nt
 to

 
co

m
pl

et
e 

O
G

T
T

 a
t 1

4–
20

 g
es

t 
w

ks

>
20

 w
k 

ge
st

; p
re

ge
st

at
io

na
l 

di
ab

et
es

 o
r 

ot
he

r 
se

ri
ou

s 
di

se
as

es
; p

re
vi

ou
s 

ba
ri

at
ri

c 
su

rg
er

y;
 p

ro
bi

ot
ic

s 
us

e 
w

ith
in

 
th

e 
la

st
 m

o 
be

fo
re

 in
cl

us
io

n;
 

pr
ob

io
tic

s 
us

e 
du

ri
ng

 th
e 

st
ud

y 
in

te
rv

en
tio

n 
pe

ri
od

 o
th

er
 th

an
 

th
e 

st
ud

y 
pr

ov
id

ed
 p

ro
bi

ot
ic

s;
 

al
co

ho
l o

r 
dr

ug
 a

bu
se

1,
 2

a
SS

U
 r

R
N

A
R

oB
-2

: l
ow

H
es

la
 e

t 
al

., 
20

14
 

(S
w

ed
en

) 
[2

8]
L

on
gi

tu
di

na
l 

C
oh

or
t

11
6 

PP
 m

ot
he

rs
 o

f 
an

th
ro

po
so

ph
ic

 
(N

 =
 5

1)
 a

nd
 n

on
-a

nt
hr

op
os

op
hi

c 
lif

es
ty

le
s 

(N
 =

 6
5)

[f
ro

m
 th

e 
A

L
A

D
D

IN
 c

oh
or

t]
 [

54
]

[F
ro

m
 th

e 
A

L
A

D
D

IN
 c

oh
or

t]
In

fa
nt

s 
bo

rn
 p

ri
or

 to
 3

6 
ge

st
 

w
ks

 o
r 

m
is

ca
rr

ia
ge

1,
 2

a
16

S 
rR

N
A

 (
V

3-
V

4)
R

O
B

IN
S-

1:
 

lo
w

Jo
st

 e
t 

al
., 

20
14

 
(S

w
it

ze
rl

an
d)

 [
24

]
L

on
gi

tu
di

na
l 

C
oh

or
t

7 
he

al
th

y 
m

ot
he

rs
 d

el
iv

er
in

g 
va

gi
na

lly
 

an
d 

E
B

F
E

B
F

Pr
et

er
m

 a
nd

/o
r 

ca
es

ar
ea

n 
de

liv
er

y,
 f

or
m

ul
a 

fe
ed

in
g,

 
an

y 
va

ri
ab

le
s 

af
fe

ct
in

g 
m

at
er

na
l m

ic
ro

bi
ot

a,
 

di
et

ar
y 

su
pp

le
m

en
ta

tio
n 

an
d 

m
ed

ic
at

io
n 

us
e 

du
ri

ng
 la

ct
at

io
n 

an
d 

≥ 
4 

m
o 

pr
ep

ar
tu

m

1,
 2

a
16

S 
rR

N
A

 g
en

e 
(V

5-
V

6)
, q

PC
R

R
O

B
IN

S-
1:

 
m

od
er

at
e

K
or

en
 e

t 
al

., 
20

12
 

(F
in

la
nd

) 
[2

]
R

C
T

91
 p

re
gn

an
t w

om
en

 [
55

]
<

 1
7 

ge
st

 w
ks

H
is

to
ry

 o
f 

m
et

ab
ol

ic
 o

r 
ch

ro
ni

c 
di

se
as

es
1

16
S 

rR
N

A
 (

V
1-

V
2)

R
oB

-2
: l

ow

L
v 

et
 a

l.,
 2

01
9 

(C
hi

na
) 

[3
2]

L
on

gi
tu

di
na

l 
C

oh
or

t
15

0 
si

ng
le

to
n 

pr
eg

na
nt

 w
om

en
 w

ith
 

liv
e 

bi
rt

h 
in

cl
ud

in
g 

th
os

e 
w

ith
 n

ew
ly

 
di

ag
no

se
d 

PE
 in

 th
ir

d 
tr

im
es

te
r 

(N
 =

 7
8 

en
ro

lle
d;

 3
5 

at
 1

 w
k 

PP
, 1

8 
at

 6
 w

ks
 

PP
) 

an
d 

no
rm

ot
en

si
ve

 c
on

tr
ol

s 
(N

 =
 7

2 

C
es

ar
ea

n 
de

liv
er

ie
s

C
om

or
bi

di
tie

s,
 m

ul
tip

le
 

pr
eg

na
nc

ie
s,

 G
D

M
, c

hr
on

ic
 

hy
pe

rt
en

si
on

1,
 2

b
16

S 
rR

N
A

 (
V

4)
R

O
B

IN
S-

1:
 

m
od

er
at

e

Eur J Obstet Gynecol Reprod Biol. Author manuscript; available in PMC 2023 July 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Weerasuriya et al. Page 22

F
ir

st
 a

ut
ho

r,
 y

ea
r 

(c
ou

nt
ry

)
St

ud
y 

T
yp

e
St

ud
y 

P
op

ul
at

io
n

In
cl

us
io

n 
C

ri
te

ri
a

E
xc

lu
si

on
 C

ri
te

ri
a

SR
 

A
im

 
(s

)

M
ic

ro
bi

al
 

A
na

ly
si

s
R

O
B

 T
oo

l &
 

R
O

B
 

A
ss

es
sm

en
t

en
ro

lle
d;

 1
7 

at
 1

 w
k 

PP
, 1

1 
at

 6
 w

ks
 

PP
)

M
an

da
l e

t 
al

., 
20

16
 

(N
or

w
ay

) 
[3

3]
C

as
e-

co
nt

ro
l

60
 P

P 
m

ot
he

rs
[f

ro
m

 th
e 

N
oM

IC
] 

[5
2]

Pr
os

pe
ct

iv
e 

di
et

ar
y 

in
ta

ke
 

in
fo

rm
at

io
n 

co
lle

ct
ed

–
2a

16
S 

rR
N

A
 (

V
4)

R
O

B
IN

S-
1:

 
lo

w

M
aq

so
od

 e
t 

al
., 

20
19

 
(U

SA
) 

[3
8]

L
on

gi
tu

di
na

l 
C

oh
or

t
28

 m
ot

he
rs

 [
56

 in
fa

nt
s 

(2
8 

pa
ir

s 
of

 
tw

in
s)

] 
[5

6]
Pr

eg
na

nt
 w

ith
 tw

in
s

–
1

16
S 

rD
N

A
 (

V
4)

R
O

B
IN

S-
1:

 
m

od
er

at
e

M
or

ai
s 

et
 a

l.,
 2

02
0 

(P
or

tu
ga

l)
 [

40
]

L
on

gi
tu

di
na

l 
C

oh
or

t
93

 m
ot

he
rs

 o
f 

pr
et

er
m

 in
fa

nt
s 

(N
 =

 
11

7)
Pr

et
er

m
 n

eo
na

te
s 

an
d 

ve
ry

 
pr

et
er

m
 n

eo
na

te
s 

(<
32

 w
ks

 
ge

st
 a

ge
) 

ho
sp

ita
liz

ed
 in

 N
IC

U

–
2a

qP
C

R
R

O
B

IN
S-

1:
 

m
od

er
at

e

P
ag

ni
ni

 e
t 

al
., 

20
19

 
(K

en
ya

) 
[1

8]
D

ou
bl

e-
bl

in
d 

R
C

T
75

 B
F 

K
en

ya
n 

m
ot

he
rs

 (
PP

 f
ec

al
 

sa
m

pl
es

 a
na

ly
ze

d:
 N

 =
 6

6)
M

ot
he

rs
 o

f 
he

al
th

y 
in

fa
nt

s 
6.

5–
9.

5 
m

os
 o

f 
ag

e 
w

ith
 

he
m

og
lo

bi
n 

>
 7

0 
g/

L
, Z

-s
co

re
s 

w
ei

gh
t-

fo
r-

ag
e 

an
d 

w
ei

gh
t-

fo
r-

le
ng

th
 >

 –
 3

In
ad

eq
ua

te
 f

ec
al

 a
nd

/o
r 

br
ea

st
 

m
ilk

 s
am

pl
e 

co
lle

ct
io

n,
 m

ot
he

rs
 

of
 in

fa
nt

s 
w

ho
 r

ec
ei

ve
d 

vi
ta

m
in

 
or

 m
in

er
al

 s
up

pl
em

en
ts

 8
 w

ks
 

or
 a

bx
 1

0 
w

ks
 p

ri
or

 to
 s

tu
dy

1,
 2

a
16

S 
rD

N
A

 (
V

3-
V

4)
R

oB
-2

: l
ow

R
ib

ad
o 

et
 a

l.,
 2

01
7 

(U
SA

) 
[1

9]
R

C
T

39
 h

ou
se

ho
ld

s 
w

ith
 2

6 
co

m
pl

et
ed

 
sa

m
pl

in
g 

fo
r 

al
l t

hr
ee

 ti
m

ep
oi

nt
s;

 
ho

us
eh

ol
ds

 r
an

do
m

iz
ed

 to
 tr

ic
lo

sa
n 

an
d 

tr
ic

lo
ca

rb
an

 (
T

C
) 

ex
po

su
re

 (
N

 =
 

17
) 

or
 n

o 
T

C
 (

N
 =

 2
2)

M
ot

he
rs

 w
ho

 s
po

ke
/r

ea
d 

E
ng

lis
h 

or
 S

pa
ni

sh
, 1

8–
42

 y
rs

, 
lo

w
-r

is
k 

si
ng

le
to

n 
pr

eg
na

nc
y 

of
 >

 3
6 

ge
st

 w
ks

, n
o 

G
D

M
 

or
 o

th
er

 e
nd

oc
ri

ne
 c

on
di

tio
ns

, 
w

ill
in

g 
to

 p
ro

vi
de

 b
io

lo
gi

ca
l 

sa
m

pl
es

 a
nd

 m
ed

ic
al

 r
ec

or
d 

ac
ce

ss
 o

f 
he

rs
el

f/
in

fa
nt

, 
in

te
nt

io
n 

to
 r

em
ai

n 
in

 s
tu

dy
 

ar
ea

 f
or

 n
ex

t 1
5 

m
o,

 a
t l

ea
st

 
5 

of
 6

 e
xp

ec
te

d 
st

oo
l s

am
pl

es
 

av
ai

la
bl

e 
fr

om
 h

ou
se

ho
ld

–
1,

 2
a

16
S 

rR
N

A
 (

V
4)

, 
w

ho
le

-g
en

om
e 

sh
ot

gu
n 

m
et

ag
en

om
ic

 
se

qu
en

ci
ng

R
oB

-2
: l

ow

Sc
he

i e
t 

al
., 

20
17

 
(N

or
w

ay
) 

[2
0]

Pr
os

pe
ct

iv
e 

co
ho

rt
, R

C
T

29
8 

dy
ad

s,
 w

he
re

 p
re

gn
an

t (
N

 =
 2

48
) 

an
d 

PP
 (

N
 =

 2
53

) 
m

ot
he

rs
’ 

fe
ca

l 
sa

m
pl

es
 w

er
e 

an
al

yz
ed

);
 r

an
do

m
iz

ed
 

to
 p

ro
bi

ot
ic

 o
r 

he
at

-t
re

at
ed

 f
er

m
en

te
d 

sk
im

m
ed

 m
ilk

 w
ith

 n
o 

pr
ob

io
tic

 f
ro

m
 

36
 g

es
t w

ks
 u

nt
il 

3 
m

o 
PP

 [
fr

om
 th

e 
Pr

o-
PA

C
T

 S
tu

dy
] 

[2
1]

Pr
eg

na
nt

 w
om

en
 >

 3
6 

ge
st

 
w

ks
, u

nd
er

st
oo

d 
N

or
w

eg
ia

n,
 

si
gn

ed
 w

ri
tte

n 
fo

rm
 f

or
 

co
ns

en
t, 

pl
an

ni
ng

 to
 B

F 
in

 
fi

rs
t 3

 m
o 

PP
, l

ik
ed

/to
le

ra
te

d 
fe

rm
en

te
d 

m
ilk

, n
ot

 a
t r

is
k 

of
 p

re
gn

an
cy

 c
om

pl
ic

at
io

ns
; a

t 
le

as
t o

ne
 p

ai
r 

of
 f

ec
al

 s
am

pl
es

 
fr

om
 m

ot
he

r 
an

d 
of

fs
pr

in
g 

fr
om

 P
ro

-P
A

C
T

 S
tu

dy

To
ok

 p
ro

bi
ot

ic
 s

up
pl

em
en

ts
 in

 
la

st
 4

 w
ks

, p
la

n 
to

 m
ov

e 
aw

ay
 

fr
om

 T
ro

nd
he

im
 <

 2
5 

m
o 

af
te

r 
ra

nd
om

iz
at

io
n

1,
 2

a
18

S 
rR

N
A

 g
en

e 
lT

S1
 r

eg
io

n
R

oB
-2

: l
ow

St
an

is
la

w
sk

i e
t 

al
., 

20
17

 (
N

or
w

ay
) 

[2
9]

L
on

gi
tu

di
na

l 
C

oh
or

t
16

9 
PP

 w
om

en
 c

om
pa

ri
ng

 p
re

-
pr

eg
na

nc
y 

B
M

I 
gr

ou
ps

: o
ve

rw
ei

gh
t/

ob
es

e 
(O

W
/O

B
) 

(N
 =

 1
17

),
 n

on
-

O
W

/O
B

 (
N

 =
 5

2)
 a

nd
 c

om
pa

ri
ng

 
G

W
G

 g
ro

up
s 

(N
 =

 1
16

):
 lo

w
 (

N
 =

 1
2)

, 
ad

eq
ua

te
 (

N
 =

 4
1)

, e
xc

es
si

ve
 (

N
 =

 6
3)

[f
ro

m
 N

oM
IC

] 
[5

2]

Pr
ov

id
ed

 a
 f

ec
al

 s
am

pl
e,

 
sa

m
pl

e 
w

ith
 h

ig
h 

qu
al

ity
 

Il
lu

m
in

a 
da

ta
, a

nd
 h

ei
gh

t a
nd

 
pr

e-
pr

eg
na

nc
y 

w
ei

gh
t w

er
e 

av
ai

la
bl

e 
to

 c
al

cu
la

te
 B

M
I

W
om

en
 m

is
si

ng
 g

es
t w

ei
gh

t 
ga

in
, n

ot
 f

ul
l-

te
rm

 p
re

gn
an

ci
es

, 
m

ul
tip

le
 g

es
ta

tio
n

2b
16

S 
rR

N
A

 (
V

4)
R

O
B

IN
S-

1:
 

m
od

er
at

e

Tu
rr

on
i e

t 
al

., 
20

12
 (

It
al

y,
 I

re
la

nd
, 

Sp
ai

n)
 [

25
]

Pr
os

pe
ct

iv
e 

C
oh

or
t

11
 in

fa
nt

s 
of

 w
hi

ch
 4

 d
ya

ds
 w

er
e 

av
ai

la
bl

e 
(o

f 
dy

ad
s:

 a
ll 

w
er

e 
va

gi
na

l 
H

ea
lth

y 
m

ot
he

rs
, n

o 
ab

x 
or

 
pr

ob
io

tic
 u

se
 in

 p
re

vi
ou

s 
3 

m
o

–
1,

 2
a

16
S 

rR
N

A
 (

V
6-

V
8)

R
O

B
IN

S-
1:

 
m

od
er

at
e

Eur J Obstet Gynecol Reprod Biol. Author manuscript; available in PMC 2023 July 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Weerasuriya et al. Page 23

F
ir

st
 a

ut
ho

r,
 y

ea
r 

(c
ou

nt
ry

)
St

ud
y 

T
yp

e
St

ud
y 

P
op

ul
at

io
n

In
cl

us
io

n 
C

ri
te

ri
a

E
xc

lu
si

on
 C

ri
te

ri
a

SR
 

A
im

 
(s

)

M
ic

ro
bi

al
 

A
na

ly
si

s
R

O
B

 T
oo

l &
 

R
O

B
 

A
ss

es
sm

en
t

de
liv

er
ie

s,
 B

F 
(N

 =
 3

),
 a

nd
 b

ot
h 

B
F 

an
d 

bo
ttl

e-
fe

d 
(N

 =
 1

))

V
an

 d
er

 G
ie

ss
en

 
et

 a
l.,

 2
02

0 
(N

et
he

rl
an

ds
) 

[3
4]

L
on

gi
tu

di
na

l 
C

oh
or

t
22

5 
pr

eg
na

nt
 w

om
en

 e
nr

ol
le

d 
w

ith
 

IB
D

 (
N

 =
 4

6,
 o

f 
w

hi
ch

 h
ad

 C
D

 (
N

 
=

 3
1)

 o
r 

U
C

 (
N

 =
 1

5)
) 

an
d 

he
al

th
y 

co
nt

ro
l (

N
 =

 1
79

);
 w

ith
 o

nl
y 

19
 I

B
D

, 
13

 C
D

 a
nd

 6
 h

ea
lth

y 
co

nt
ro

l s
am

pl
es

 
an

al
yz

ed
 in

 P
P

IB
D

 d
ia

gn
os

is
, C

D
 a

nd
 U

C
 

ba
se

d 
on

 H
B

I 
an

d 
SC

C
A

I 
sc

or
in

g

U
na

bl
e 

to
 p

ro
vi

de
 c

on
se

nt
2b

16
S 

rR
N

A
 (

V
4)

R
O

B
IN

S-
1:

 
m

od
er

at
e

W
ill

ia
m

s 
et

 a
l.,

 2
01

9 
(U

SA
) 

[3
5]

L
on

gi
tu

di
na

l 
C

oh
or

t
21

 h
ea

lth
y 

B
F 

w
om

en
 [

23
]

≥1
8 

yr
s 

ol
d 

an
d 

pl
an

ne
d 

to
 B

F 
≥ 

6 
m

o
–

1,
 2

a
16

S 
rR

N
A

 (
V

1-
V

3)
R

O
B

IN
S-

1:
 

m
od

er
at

e

Y
as

so
ur

 e
t 

al
., 

20
18

 
(F

in
la

nd
) 

[3
9]

Pa
ir

ed
-

lo
ng

itu
di

na
l 

co
ho

rt

44
 f

am
ili

es
 o

f 
w

hi
ch

 s
om

e 
PP

 s
am

pl
es

 
fr

om
 m

ot
he

rs
 w

er
e 

an
al

yz
ed

 (
N

 =
 3

3)
E

lig
ib

le
 h

um
an

 le
uk

oc
yt

e 
an

tig
en

 (
H

L
A

) 
ge

no
ty

pe
 o

f 
th

e 
ne

w
bo

rn
 c

on
fe

rr
in

g 
in

cr
ea

se
d 

ri
sk

 f
or

 ty
pe

 1
 d

ia
be

te
s

A
n 

ol
de

r 
si

bl
in

g 
en

ro
lle

d,
 

m
ul

tip
le

 g
es

t, 
pa

re
nt

s 
un

w
ill

in
g 

or
 u

na
bl

e 
to

 f
ee

d 
th

e 
in

fa
nt

 w
ith

 
co

w
’s

 m
ilk

-b
as

ed
 p

ro
du

ct
s,

 <
 

35
 w

ks
 g

es
t a

t b
ir

th
; t

ec
hn

ic
al

 
ch

al
le

ng
es

 to
 p

ar
tic

ip
at

e;
 n

o 
H

L
A

 s
am

pl
e 

ob
ta

in
ed

 b
ef

or
e 

th
e 

ag
e 

of
 8

 d
ys

1
w

ho
le

-g
en

om
e 

sh
ot

gu
n 

m
et

ag
en

om
ic

 
se

qu
en

ci
ng

, 
qP

C
R

R
O

B
IN

S-
1:

 
lo

w

Z
ho

u 
et

 a
l.,

 2
02

0 
(C

hi
na

) 
[3

6]
Pr

os
pe

ct
iv

e 
C

oh
or

t
N

 =
 5

7 
PP

 m
ot

he
rs

 o
f 

w
hi

ch
 h

ad
 P

PD
 

(N
 =

 3
9)

 c
om

pa
re

d 
to

 h
ea

lth
y 

co
nt

ro
ls

 
(N

 =
 1

8)

20
–4

9 
ye

ar
s 

ol
d,

 P
PD

 
di

ag
no

si
s,

17
- 

H
am

ilt
on

 
de

pr
es

si
on

 r
at

in
g 

sc
al

e 
(H

A
M

D
) 

sc
or

e 
is

 7
–2

4,
 

di
se

as
e 

on
se

t a
ft

er
 d

el
iv

er
y 

is
 

w
ith

in
 1

 y
r

B
ip

ol
ar

 d
is

or
de

r/
ot

he
r 

se
ri

ou
s 

m
en

ta
l d

is
or

de
r, 

dy
sn

oe
si

a,
 

pr
eg

na
nc

y,
 s

co
re

 >
 2

 o
n 

“s
ui

ci
de

” 
ite

m
 o

f 
17

-H
A

M
D

, 
pr

ev
io

us
 s

ui
ci

de
 a

tte
m

pt
 w

ith
in

 
1 

yr
, a

no
re

xi
a 

ne
rv

os
a

2b
16

S 
rR

N
A

 (
V

4)
R

O
B

IN
S-

1:
 

lo
w

 (
N

I)
 *

Ta
bl

e 
ab

ov
e 

di
sp

la
ys

 (
fr

om
 le

ft
 to

 r
ig

ht
):

 s
um

m
ar

y 
of

 s
tu

di
es

. S
ys

te
m

at
ic

 r
ev

ie
w

 (
SR

) 
ai

m
 d

ep
ic

ts
 w

hi
ch

 s
tu

di
es

 p
er

ta
in

ed
 to

 o
ur

 s
tu

dy
 a

im
s 

(1
: g

ut
 m

ic
ro

bi
al

 p
ro

fi
le

 o
f 

he
al

th
y 

bi
rt

he
rs

 o
f 

te
rm

 in
fa

nt
s,

 2
a:

 
bi

ol
og

ic
al

/e
nv

ir
on

m
en

ta
l f

ac
to

rs
 in

fl
ue

nc
in

g 
gu

t m
ic

ro
bi

al
 c

ha
ng

es
 in

 a
ll 

bi
rt

he
rs

 in
 th

e 
po

st
pa

rt
um

, 2
b:

 h
ea

lth
 c

on
di

tio
ns

/c
lin

ic
al

 in
te

rm
ed

ia
te

 m
ea

su
re

s 
as

so
ci

at
ed

 w
ith

 g
ut

 m
ic

ro
bi

al
 c

ha
ng

es
 o

f 
al

l b
ir

th
er

s 
in

 th
e 

po
st

pa
rt

um
).

L
as

t c
ol

um
n 

w
ith

 r
is

k 
of

 b
ia

s 
(R

O
B

) 
to

ol
 u

se
d 

al
so

 s
ho

w
s 

R
O

B
 ju

dg
em

en
t w

hi
ch

 r
an

ge
s 

fr
om

 R
O

B
IN

S-
1:

 L
ow

, M
od

er
at

e,
 S

er
io

us
, C

ri
tic

al
, N

I 
an

d 
in

 R
oB

 2
: L

ow
, H

ig
h,

 S
om

e 
C

on
ce

rn
s.

St
ud

y 
m

et
ho

do
lo

gy
 r

ef
er

ri
ng

 to
 p

re
vi

ou
s 

pu
bl

is
he

d 
fr

om
 a

ut
ho

rs
 o

f 
in

cl
ud

ed
 s

tu
dy

.

* G
ui

de
lin

es
 r

eq
ui

re
 o

ve
ra

ll 
R

O
B

 ju
dg

em
en

t t
o 

be
 a

ss
es

se
d 

ev
en

 th
ou

gh
 “

N
I”

 w
as

 c
on

cl
ud

ed
 b

y 
bo

th
 r

ev
ie

w
er

s,
 th

er
ef

or
e 

se
co

nd
 a

ss
es

sm
en

t a
s 

‘m
od

er
at

e’
 w

as
 c

on
cl

ud
ed

 b
y 

bo
th

.

A
bx

, a
nt

ib
io

tic
(s

),
 B

F,
 b

re
as

tf
ee

di
ng

/b
re

as
tf

ed
, B

M
I,

 b
od

y 
m

as
s 

in
de

x,
 C

D
, C

ro
hn

’s
 d

is
ea

se
, D

N
A

, d
eo

xy
ri

bo
nu

cl
ei

c 
ac

id
, D

y(
s)

, d
ay

(s
),

 E
B

F,
 e

xc
lu

si
ve

 b
re

as
tf

ee
di

ng
/b

re
as

tf
ed

, G
D

M
, g

es
ta

tio
na

l 
di

ab
et

es
 m

el
lit

us
, G

es
t, 

ge
st

at
io

n/
ge

st
at

io
na

l, 
IB

D
, i

nf
la

m
m

at
or

y 
bo

w
el

 d
is

ea
se

, M
o,

 m
on

th
(s

),
 N

I,
 n

o 
in

fo
rm

at
io

n,
 P

C
R

, P
ol

ym
er

as
e 

ch
ai

n 
re

ac
tio

n,
 P

E
, p

re
ec

la
m

ps
ia

, P
P,

 p
os

tp
ar

tu
m

, P
PD

, p
os

tp
ar

tu
m

 
de

pr
es

si
ve

 d
is

or
de

r, 
qP

C
R

, r
ea

l-
tim

e 
po

ly
m

er
as

e 
ch

ai
n 

re
ac

tio
n,

 r
R

N
A

, r
ib

os
om

al
 r

ib
on

uc
le

ic
 a

ci
d,

 R
oB

-2
, r

is
k-

of
-b

ia
s 

to
ol

 f
or

 r
an

do
m

iz
ed

 tr
ia

ls
, R

O
B

IN
S-

1,
 R

is
k 

O
f 

B
ia

s 
In

 N
on

-r
an

do
m

iz
ed

 S
tu

di
es

 -
 o

f 
In

te
rv

en
tio

n,
 U

C
, u

lc
er

at
iv

e 
co

lit
is

, W
ee

ks
, w

ks
, Y

r, 
ye

ar
.

Eur J Obstet Gynecol Reprod Biol. Author manuscript; available in PMC 2023 July 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Weerasuriya et al. Page 24

Ta
b

le
 3

Po
st

pa
rt

um
 G

ut
 M

ic
ro

bi
al

 P
ro

fi
le

 o
f 

H
ea

lth
y 

B
ir

th
er

s 
of

 T
er

m
 I

nf
an

ts
.

F
ir

st
 a

ut
ho

r
T

im
es

 p
oi

nt
s 

m
ea

su
re

d
C

om
p*

D
iv

er
si

ty
M

aj
or

 F
in

di
ng

s:

P
re

gn
an

cy
E

ar
ly

 P
P

L
at

e 
P

P

A
br

ah
am

ss
on

 e
t a

l. 
[1

7]
35

 g
es

t w
k

1 
w

k
–

sp
ec

ie
s

–
Pr

ev
al

en
ce

 o
f 

L
. r

et
ue

ri
 w

as
 8

5 
%

 a
nd

 p
re

va
le

nc
e 

of
 a

ny
 L

ac
to

ba
ci

lli
 p

op
ul

at
io

n 
w

as
 8

5 
%

 a
t 1

 w
k 

PP
. L

. r
eu

te
ri

 p
re

va
le

nc
e 

w
as

 s
ig

ni
fi

ca
nt

ly
 h

ig
he

r 
fr

om
 3

5 
ge

st
 w

k 
– 

1 
w

k 
PP

.

B
ut

ts
 e

t a
l. 

[3
0]

–
–

6–
8 

w
ks

ph
yl

um
, 

ge
nu

s
–

Fi
rm

ic
ut

es
 w

as
 th

e 
pr

ed
om

in
an

t p
hy

lu
m

. O
n 

th
e 

ge
nu

s 
le

ve
l, 

B
if

id
ob

ac
te

ri
um

 w
as

 
pr

ed
om

in
an

t a
nd

 B
ac

te
ro

id
es

 w
as

 s
ub

do
m

in
an

t. 
Pr

ev
al

en
t b

ac
te

ri
a 

fo
r 

al
l e

th
ni

c 
gr

ou
ps

 
w

er
e 

R
um

in
oc

oc
ca

ce
ae

, B
ac

te
ro

id
es

 a
nd

 L
ac

hn
os

pi
ra

ce
ae

.

C
ar

ro
th

er
s 

et
 a

l. 
[2

3]
–

2,
5,

10
 d

; 1
 

m
o

2,
3,

4,
5,

6 
m

o
ph

yl
um

, 
ge

nu
s

al
ph

a 
&

 b
et

a
Fi

rm
ic

ut
es

 a
nd

 B
ac

te
ro

id
es

 w
er

e 
th

e 
m

os
t a

bu
nd

an
t p

hy
lu

m
 a

nd
 g

en
us

, r
es

pe
ct

iv
el

y.
 

A
lp

ha
 d

iv
er

si
ty

 d
id

 n
ot

 c
ha

ng
e 

ov
er

 ti
m

e.
 U

si
ng

 P
C

A
, t

he
re

 w
er

e 
no

 d
if

fe
re

nc
es

 in
 b

et
a 

di
ve

rs
ity

 b
y 

tim
ep

oi
nt

s.

C
hu

 e
t a

l. 
[3

1]
ea

rl
y 

3r
d 

tr
im

es
te

r
de

liv
er

y&
 4

–
6 

w
ks

ph
yl

um
, 

ge
nu

s
–

Fi
rm

ic
ut

es
 w

as
 th

e 
pr

ed
om

in
an

t p
hy

lu
m

 in
 m

at
er

na
l s

to
ol

. B
ac

te
ro

id
es

 w
as

 p
re

va
le

nt
 

an
d 

hi
gh

ly
 s

pe
ci

fi
c 

fo
r 

th
e 

m
at

er
na

l s
to

ol
 w

ith
 a

vg
. a

bu
nd

an
ce

 2
7.

8 
%

, I
nd

V
al

 =
 0

.9
43

. 
B

ac
te

ro
id

es
 w

as
 p

re
do

m
in

an
t a

ft
er

 d
el

iv
er

y 
an

d 
up

 to
 4

–6
 w

ee
ks

 p
os

tp
ar

tu
m

. O
th

er
 

ab
un

da
nt

 g
en

er
a 

in
cl

ud
ed

 B
if

id
ob

ac
te

ri
um

, S
ta

ph
yl

oc
oc

cu
s,

 P
re

vo
te

lla
, A

llo
pr

ev
ot

el
la

, 
an

d 
E

sc
he

ri
ch

ia
.

C
or

te
s-

m
ar

tin
 e

t a
l. 

[3
7]

–
3 

w
ks

4,
6,

12
 m

o
ph

yl
um

, 
ge

nu
s,

 
fa

m
ily

, 
cl

as
s

al
ph

a 
&

 b
et

a†
T

he
re

 w
as

 in
cr

ea
se

d 
ab

un
da

nc
e 

of
 A

ct
in

ob
ac

te
ri

a 
(P

 =
 0

.0
34

) 
an

d 
de

cr
ea

se
d 

ab
un

da
nc

e 
of

 V
er

ru
co

m
ic

ro
bi

a 
(P

 =
 0

.0
34

) 
an

d 
A

kk
er

m
an

si
a 

(0
.0

16
) 

at
 1

2 
m

os
 c

om
pa

re
d 

to
 3

 
w

ks
 P

P.
 I

n 
th

e 
A

rc
ha

ea
 d

om
ai

n,
 d

ec
re

as
ed

 a
bu

nd
an

ce
 o

f 
E

ur
ya

rc
he

ao
ta

 (
P 

=
 0

.0
04

) 
an

d 
M

et
ha

no
br

ev
ib

ac
te

r (
P 

=
 0

.0
01

) 
w

er
e 

no
te

d 
at

 1
2 

m
os

 c
om

pa
re

d 
to

 3
 w

ks
 P

P.
 T

ot
al

 
ba

ct
er

ia
 (

p 
=

 0
.0

35
) 

w
as

 in
cr

ea
se

d 
at

 1
2 

m
os

 c
om

pa
re

d 
to

 3
 w

ks
 P

P.
 U

si
ng

 th
e 

Sh
an

no
n’

s 
di

ve
rs

ity
 in

de
x 

fo
r 

al
ph

a 
di

ve
rs

ity
, t

he
re

 w
er

e 
no

 s
ig

ni
fi

ca
nt

 c
ha

ng
es

 o
ve

r 
th

e 
PP

 p
er

io
d.

 
U

si
ng

 th
e 

C
ha

o1
 r

ic
hn

es
s 

in
de

x,
 a

lp
ha

 d
iv

er
si

ty
 w

as
 s

ig
ni

fi
ca

nt
ly

 lo
w

er
 a

t 6
 a

nd
 1

2 
m

os
 

PP
 w

he
n 

co
m

pa
re

d 
to

 3
 w

ks
 a

nd
 4

 m
os

 (
P 

<
 0

.0
5)

. U
si

ng
 p

ri
nc

ip
al

 c
om

po
ne

nt
 a

na
ly

si
s,

 
th

er
e 

w
er

e 
si

gn
if

ic
an

t d
if

fe
re

nc
es

 in
 b

et
a 

di
ve

rs
ity

 w
he

n 
co

m
pa

ri
ng

 3
 w

ks
 to

 4
–6

 m
o 

(P
 =

 
0.

01
6)

 a
nd

 1
2 

m
o 

PP
 (

P 
=

 0
.0

8)
.

C
ru

se
ll 

et
 a

l. 
[2

6]
28

.4
 +

/−
 1

.1
 

ge
st

 w
ks

–
~ 

8 
m

o
ph

yl
um

, 
cl

as
s,

 
or

de
r, 

fa
m

ily
, 

ge
nu

s

al
ph

a 
&

 b
et

a†
A

lp
ha

 d
iv

er
si

ty
 w

as
 s

ig
ni

fi
ca

nt
ly

 in
cr

ea
se

d 
w

ith
 S

ha
nn

on
’s

 d
iv

er
si

ty
 in

de
x 

(P
 =

 0
.0

12
) 

an
d 

O
bs

er
ve

d 
O

T
U

s 
(P

 =
 0

.0
00

2)
, b

ut
 n

ot
 w

ith
 P

ie
lo

u’
s 

ev
en

ne
ss

 a
nd

 b
et

a 
di

ve
rs

ity
 w

as
 

si
gn

if
ic

an
tly

 d
ec

re
as

ed
 (

P 
=

 0
.0

01
) 

in
 p

re
gn

an
cy

 c
om

pa
re

d 
to

 P
P.

D
ah

l e
t a

l. 
[2

7]
–

4 
d

–
ph

yl
um

–
Fi

rm
ic

ut
es

 w
as

 th
e 

pr
ed

om
in

an
t p

hy
lu

m
 a

nd
 a

t s
ub

do
m

in
an

t l
ev

el
s 

w
er

e 
B

ac
te

ro
id

et
es

 
an

d 
A

ct
in

ob
ac

te
ri

a.

D
ot

te
ru

d 
et

 a
l. 

[2
1]

30
–3

6 
ge

st
 w

ks
–

3 
m

o
sp

ec
ie

s
–

In
 th

e 
pl

ac
eb

o 
gr

ou
p,

 L
. a

ci
do

ph
ill

us
 w

as
 f

ou
nd

 a
s 

th
e 

pr
ed

om
in

an
t s

pe
ci

es
. P

re
va

le
nc

e 
an

d 
re

la
tiv

e 
ab

un
da

nc
e 

of
 L

. a
ci

do
ph

ilu
s 

L
a-

5,
 L

. r
ha

m
no

su
s 

G
G

, a
nd

 B
. a

ni
m

al
is

 d
id

 n
ot

 
si

gn
if

ic
an

tly
 c

ha
ng

e 
w

he
n 

co
m

pa
ri

ng
 p

re
gn

an
cy

 to
 P

P 
pe

ri
od

s 
in

 th
e 

pl
ac

eb
o 

gr
ou

p.

E
no

m
ot

o 
et

 a
l. 

[2
2]

3 
w

ks
 b

ef
or

e 
de

liv
er

y
–

~ 
4–

18
 m

o
ph

yl
um

–
Fi

rm
ic

ut
es

 w
as

 th
e 

pr
ed

om
in

an
t p

hy
lu

m
. S

ig
ni

fi
ca

nt
ly

 in
cr

ea
se

d 
pr

op
or

tio
ns

 o
f 

A
ct

in
ob

ac
te

ri
a 

in
 th

e 
m

ic
ro

bi
ot

a 
of

 m
ot

he
rs

 a
t P

P 
co

m
pa

re
d 

to
 p

re
gn

an
cy

.

G
ro

nl
un

d 
et

 a
l. 

[1
5]

–
1 

m
o

–
–

bi
fi

do
ba

ct
er

iu
m

 
di

ve
rs

ity
T

he
 m

ed
ia

n 
(i

nt
er

qu
ar

til
e 

ra
ng

e,
 I

Q
R

) 
bi

fi
do

ba
ct

er
ia

l d
iv

er
si

ty
 in

de
x 

(D
I)

 w
as

 5
0 

%
 (

28
.6

 
%

–5
7.

1 
%

) 
in

 m
ot

he
rs

 1
 m

o 
PP

. I
n 

m
at

er
na

l s
am

pl
es

 a
t 1

 m
o 

PP
, t

he
 p

re
va

le
nc

e 
of

 
sa

m
pl

es
 w

ith
 B

if
id

ob
ac

te
ri

um
 g

en
us

 w
as

 1
00

 %
 in

cl
ud

in
g 

98
.7

 %
 B

. l
on

gu
m

. C
lo

st
ri

di
um

 
co

cc
oi

de
s 

gr
ou

p 
w

as
 1

00
 %

 p
re

va
le

nt
 a

nd
 A

kk
er

m
an

si
a 

m
uc

in
ip

hi
lla

 w
as

 8
5.

3 
%

 
pr

ev
al

en
t i

n 
m

at
er

na
l s

am
pl

es
.

Eur J Obstet Gynecol Reprod Biol. Author manuscript; available in PMC 2023 July 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Weerasuriya et al. Page 25

F
ir

st
 a

ut
ho

r
T

im
es

 p
oi

nt
s 

m
ea

su
re

d
C

om
p*

D
iv

er
si

ty
M

aj
or

 F
in

di
ng

s:

P
re

gn
an

cy
E

ar
ly

 P
P

L
at

e 
P

P

H
al

kj
ae

r 
et

 a
l. 

[1
6]

14
–2

0,
 2

7–
30

, 
36

–3
7 

ge
st

 w
ks

2–
3 

d
–

ge
nu

s,
 

sp
ec

ie
s

al
ph

a
R

el
at

iv
e 

ab
un

da
nc

e 
of

 L
ac

to
ba

ci
llu

s 
lo

w
er

 in
 b

as
el

in
e 

th
an

 P
P 

(P
 =

 0
.0

2)
. 

B
if

id
ob

ac
te

ri
um

 n
om

in
al

ly
 in

cr
ea

se
s 

ov
er

 ti
m

e 
in

 th
e 

pl
ac

eb
o 

gr
ou

p,
 b

ut
 n

o 
si

gn
if

ic
an

t 
di

ff
er

en
ce

 b
et

w
ee

n 
sa

m
pl

e 
tim

es
 f

or
 B

if
id

ob
ac

te
ri

um
, L

ac
to

ba
ci

llu
s 

or
 S

. s
al

iv
ar

iu
s.

 N
o 

si
gn

if
ic

an
t d

if
fe

re
nc

es
 in

 a
lp

ha
 d

iv
er

si
ty

 in
 p

re
gn

an
cy

 c
om

pa
re

d 
to

 P
P.

H
es

la
 e

t a
l. 

[2
8]

1 
w

k 
be

fo
re

 
de

liv
er

y
–

2 
m

o
ph

yl
um

, 
ge

nu
s

al
ph

a,
 b

et
a

Fi
rm

ic
ut

es
 w

as
 th

e 
pr

ed
om

in
an

t p
hy

lu
m

 b
ef

or
e 

an
d 

af
te

r 
de

liv
er

y.
 C

lo
st

ri
di

al
es

 a
nd

 
B

ac
te

ro
id

es
 w

er
e 

pr
ed

om
in

an
t a

ft
er

 d
el

iv
er

y,
 w

hi
le

 B
if

id
ob

ac
te

ri
um

 w
as

 s
ub

do
m

in
an

t 
af

te
r 

de
liv

er
y.

 M
ea

n 
Sh

an
no

n 
in

de
x 

re
m

ai
ne

d 
si

m
ila

r 
be

tw
ee

n 
sa

m
pl

es
 b

ef
or

e 
an

d 
af

te
r 

bi
rt

h 
be

tw
ee

n 
al

l s
am

pl
es

. T
he

re
 w

as
 h

ig
h 

m
ea

n 
si

m
ila

ri
ty

 w
ith

 B
ra

y 
C

ur
tis

 in
de

x 
of

 
si

m
ila

ri
ty

 b
et

w
ee

n 
pr

eg
na

nc
y 

an
d 

PP
 s

am
pl

es
.

Jo
st

 e
t a

l. 
[2

4]
3–

7 
w

ks
 b

ef
or

e 
de

liv
er

y
4–

6,
 9

–1
4,

 &
 

25
–2

8 
d

–
ph

yl
um

, 
fa

m
ily

, 
ge

nu
s

al
ph

a
Fi

rm
ic

ut
es

 w
as

 th
e 

pr
ed

om
in

an
t p

hy
lu

m
. T

he
re

 w
as

 h
ig

h 
ab

un
da

nc
e 

of
 f

am
ili

es
 b

el
on

gi
ng

 
to

 F
ir

m
ic

ut
es

 in
cl

ud
in

g 
L

ac
hn

os
pi

ra
ce

ae
 w

hi
ch

 w
as

 p
re

do
m

in
an

t a
nd

 R
um

in
oc

oc
ca

ce
ae

. 
B

ac
te

ro
id

es
 w

as
 th

e 
pr

ed
om

in
an

t g
en

us
 a

nd
 r

em
ai

ne
d 

pr
ed

om
in

an
t a

ft
er

 d
el

iv
er

y 
un

til
 

28
 d

 p
os

tp
ar

tu
m

. O
th

er
 a

bu
nd

an
t g

en
er

a 
in

cl
ud

ed
 B

if
id

ob
ac

te
ri

um
, S

tr
ep

to
co

cc
us

, 
L

ac
to

ba
ci

llu
s,

 F
ae

ca
lib

ac
te

ri
um

, R
os

eb
ur

ia
, a

nd
 S

ta
ph

yl
oc

oc
cu

s.
 T

he
re

 w
er

e 
no

 
si

gn
if

ic
an

t c
ha

ng
es

 in
 b

ac
te

ri
al

 a
bu

nd
an

ce
 o

ve
r 

th
e 

pe
ri

na
ta

l p
er

io
d.

 S
tr

ep
to

co
cc

us
 

de
cr

ea
se

d 
nu

m
er

ic
al

ly
 o

ve
r 

th
e 

PP
, w

ith
ou

t s
ig

ni
fi

ca
nc

e.
 A

lp
ha

 d
iv

er
si

ty
 d

id
 n

ot
 

si
gn

if
ic

an
tly

 c
ha

ng
e 

ov
er

 ti
m

e 
be

tw
ee

n 
pr

eg
na

nc
y 

an
d 

PP
 ti

m
ep

oi
nt

s.

K
or

en
 e

t a
l. 

[2
]

T
1 

(1
3.

84
 +

/−
 

0.
16

 g
es

t w
ks

) 
an

d 
T

3 
(3

3.
72

 
+

/−
 0

.1
2 

ge
st

 
w

ks
)

1 
m

o
–

ph
yl

a,
 

ge
nu

s,
 

sp
ec

ie
s

be
ta

†
H

ig
h 

le
ve

ls
 o

f 
be

ta
 d

iv
er

si
ty

 in
 th

ir
d 

tr
im

es
te

r 
pe

rs
is

te
d 

fo
r 

w
om

en
 1

 m
th

 P
P.

 R
el

at
iv

e 
ab

un
da

nc
e 

of
 S

tr
ep

to
co

cc
us

, i
s 

si
gn

if
ic

an
tly

 e
nr

ic
he

d 
in

 3
rd

 tr
im

es
te

r 
an

d 
1 

m
o 

PP
 

sa
m

pl
es

 c
om

pa
re

d 
to

 1
st

 tr
im

es
te

r 
is

 in
 h

ig
he

st
 a

bu
nd

an
ce

 in
 1

 m
o 

PP
.

L
v 

et
 a

l. 
[3

2]
39

.8
 +

/−
 1

.3
 

ge
st

 w
ks

1w
k 

&
 6

 w
ks

ge
nu

s,
 

sp
ec

ie
s

al
ph

a
N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
es

 in
 a

lp
ha

 d
iv

er
si

ty
 b

et
w

ee
n 

an
te

pa
rt

um
 a

nd
 P

P 
sa

m
pl

es
 in

 
he

al
th

y 
no

n-
PE

 g
ro

up
 (

P 
>

 0
.0

5 
fo

r 
al

l d
iv

er
si

ty
 in

de
xe

s)
. M

ic
ro

bi
al

 c
om

po
si

tio
n:

 s
am

pl
es

 
at

 b
ot

h 
1 

an
d 

6 
w

ks
 P

P 
w

er
e 

hi
gh

ly
 c

on
si

st
en

t w
ith

 s
am

pl
es

 a
t a

nt
ep

ar
tu

m
 (

P 
<

 0
.0

5 
fo

r 
tw

o 
co

m
pa

ri
so

ns
).

M
aq

so
od

 e
t a

l. 
[3

8]
–

−
 3

60
 to

 
16

80
 h

rs
 

af
te

r 
bi

rt
h

–
ph

yl
um

al
ph

a 
&

 b
et

a†
Fi

rm
ic

ut
es

 w
as

 th
e 

m
os

t a
bu

nd
an

t p
hy

lu
m

. B
ac

te
ro

id
et

es
, A

ct
in

ob
ac

te
ri

a,
 a

nd
 

Pr
ot

eo
ba

ct
er

ia
 w

er
e 

fo
un

d 
as

 s
ub

do
m

in
an

t p
hy

la
.

Pa
ga

ni
ni

 e
t a

l. 
[1

8]
–

–
7.

2 
m

o 
(a

vg
 

ba
se

lin
e)

, 3
 

&
 4

 m
o 

af
te

r

ph
yl

um
, 

fa
m

ily
, 

ge
nu

s

–
A

t b
as

el
in

e 
in

 s
ec

re
to

r 
an

d 
no

n-
se

cr
et

or
 m

ot
he

rs
, g

ut
 m

ic
ro

bi
ot

a 
w

as
 c

om
po

se
d 

of
 

A
ct

in
ob

ac
te

ri
a 

(8
.9

 %
 o

f 
th

e 
16

S 
rD

N
A

 r
ea

ds
),

 F
ir

m
ic

ut
es

 (
73

.7
 %

),
 B

ac
te

ro
id

et
es

 (
12

.6
 

%
) 

an
d 

Pr
ot

eo
ba

ct
er

ia
 (

3.
6 

%
).

 T
he

 m
os

t p
re

do
m

in
an

t p
hy

lu
m

 w
as

 F
ir

m
ic

ut
es

, a
nd

 
th

e 
m

os
t p

re
do

m
in

an
t f

am
ily

 w
as

 R
um

in
oc

oc
ca

ce
ae

. O
th

er
 a

bu
nd

an
t f

am
ili

es
 in

cl
ud

ed
 

L
ac

hn
os

pi
ra

ce
ae

, C
lo

st
ri

di
ac

ea
e,

 S
tr

ep
to

co
cc

ac
ea

e,
 a

nd
 B

if
id

ob
ac

te
ri

ac
ea

e.

R
ib

ad
o 

et
 a

l. 
[1

9]
–

2,
 6

, 1
0 

m
o

ph
yl

um
, 

ge
nu

s,
 

sp
ec

ie
s

al
ph

a,
 b

et
a†

Fi
rm

ic
ut

es
 w

as
 th

e 
pr

e-
do

m
in

an
t p

hy
lu

m
 in

 3
2/

49
 m

at
er

na
l s

am
pl

es
 a

nd
 B

ac
te

ri
od

et
es

 
w

as
 th

e 
pr

ed
om

in
an

t p
hy

lu
m

 in
 1

7/
49

 m
at

er
na

l s
am

pl
es

.

Sc
he

i e
t a

l. 
[2

0]
35

–3
8 

ge
st

 w
ks

–
3 

m
o

sp
ec

ie
s

al
ph

a 
&

 b
et

a
Sa

cc
ha

ro
m

yc
es

 c
er

ev
is

ia
e 

w
as

 th
e 

pr
ed

om
in

an
t s

pe
ci

es
 in

 th
e 

m
at

er
na

l f
un

ga
l 

m
yc

ob
io

m
e.

 M
ot

he
rs

 h
ad

 a
 h

ig
he

r 
al

ph
a 

an
d 

be
ta

 d
iv

er
si

ty
 in

 p
re

gn
an

cy
 th

an
 P

P,
 h

ow
ev

er
 

th
e 

di
ff

er
en

ce
 w

as
 n

ot
 s

ig
ni

fi
ca

nt
ly

 d
if

fe
re

nt
. F

un
ga

l a
bu

nd
an

ce
 w

as
 s

ig
ni

fi
ca

nt
ly

 lo
w

er
 in

 
PP

 v
s 

pr
eg

na
nt

 w
om

en
 (

P 
< 

0.
00

1)
.

T
ur

ro
ni

 e
t a

l. 
[2

5]
–

–
3 

m
o

ph
yl

um
, 

fa
m

ily
, 

sp
ec

ie
s

–
Fi

rm
ic

ut
es

 w
as

 th
e 

pr
ed

om
in

an
t p

hy
lu

m
 w

ith
 lo

w
er

 le
ve

ls
 o

f 
de

te
ct

ed
 B

ac
te

ro
id

et
es

. 
O

n 
th

e 
fa

m
ily

 le
ve

l, 
R

um
in

oc
oc

ca
ce

ae
 w

as
 p

re
do

m
in

an
t. 

O
th

er
 a

bu
nd

an
t f

am
ili

es
 

in
cl

ud
ed

 L
ac

hn
os

pi
ra

ce
ae

, C
lo

st
ri

di
ac

ea
e,

 S
tr

ep
to

co
cc

ac
ea

e,
 a

nd
 B

if
id

ob
ac

te
ri

ac
ea

e.
 I

n 
th

e 
pl

ac
eb

o 
gr

ou
p,

 B
. l

on
gu

m
 a

nd
 B

. a
do

le
sc

en
tis

 w
er

e 
th

e 
pr

ed
om

in
an

t s
pe

ci
es

, 

Eur J Obstet Gynecol Reprod Biol. Author manuscript; available in PMC 2023 July 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Weerasuriya et al. Page 26

F
ir

st
 a

ut
ho

r
T

im
es

 p
oi

nt
s 

m
ea

su
re

d
C

om
p*

D
iv

er
si

ty
M

aj
or

 F
in

di
ng

s:

P
re

gn
an

cy
E

ar
ly

 P
P

L
at

e 
P

P

co
ns

tit
ut

in
g 

38
.2

 %
 a

nd
 2

0.
3 

%
, r

es
pe

ct
iv

el
y,

 o
f 

th
e 

se
qu

en
ce

s 
th

at
 w

er
e 

as
si

gn
ed

 to
 th

e 
ge

nu
s 

B
if

id
ob

ac
te

ri
um

.

W
ill

ia
m

s 
et

 a
l. 

[3
5]

**
–

2,
5,

10
 d

; 1
 

m
o

2,
3,

4,
5,

6 
m

o
ph

yl
um

, 
ge

nu
s

al
ph

a 
&

 b
et

a†
M

os
t a

bu
nd

an
t g

en
us

 w
as

 B
ac

te
ro

id
es

 (
22

.9
 +

/−
 1

.3
 %

).
 T

he
re

 w
er

e 
no

 c
ha

ng
es

 
ac

ro
ss

 ti
m

e 
fo

r 
al

ph
a 

di
ve

rs
ity

 (
Sh

an
no

n’
s 

di
ve

rs
ity

, S
im

ps
on

 e
ve

nn
es

s,
 a

nd
 P

ie
lo

u’
s 

ev
en

ne
ss

) 
of

 m
at

er
na

l f
ec

al
 s

am
pl

es
. U

si
ng

 B
ra

y-
C

ur
tis

 d
is

si
m

ila
ri

ty
 m

at
ri

x 
in

 n
on

m
et

ri
c 

di
m

en
si

on
al

 s
ca

lin
g 

pl
ot

s 
an

d 
pr

in
ci

pa
l c

oo
rd

in
at

e 
an

al
ys

is
, n

o 
si

gn
if

ic
an

t d
if

fe
re

nc
es

 in
 

be
ta

 d
iv

er
si

ty
 w

er
e 

ob
se

rv
ed

 o
ve

r 
tim

e.

Y
as

so
ur

 e
t a

l. 
[3

9]
27

 g
es

t w
k

de
liv

er
y

3 
m

o
ph

yl
um

, 
sp

ec
ie

s
al

ph
a 

&
 b

et
a

M
ot

he
rs

 h
ad

 a
 h

ig
he

r 
fr

ac
tio

n 
of

 B
ac

te
ro

id
et

es
 a

nd
 F

ir
m

ic
ut

es
. M

at
er

na
l s

am
pl

es
 

co
nt

ai
ne

d 
20

 o
r 

m
or

e 
sp

ec
ie

s 
ab

ov
e 

1 
%

 r
el

at
iv

e 
ab

un
da

nc
e.

 T
he

re
 w

er
e 

no
 d

if
fe

re
nc

es
 

in
 a

lp
ha

 d
iv

er
si

ty
 f

ro
m

 p
re

gn
an

cy
 to

 p
os

tp
ar

tu
m

 u
si

ng
 th

e 
Sh

an
no

n’
s 

di
ve

rs
ity

 in
de

x.
 

T
he

 m
at

er
na

l m
ic

ro
bi

al
 c

om
m

un
iti

es
 d

is
pl

ay
ed

 s
ta

bi
lit

y 
w

ith
 s

ig
ni

fi
ca

nt
 o

ve
rl

ap
 in

 th
e 

sp
ec

ie
s-

le
ve

l c
om

po
si

tio
n 

be
tw

ee
n 

tim
e 

po
in

ts
 r

el
at

iv
e 

to
 r

an
do

m
 s

ub
je

ct
 p

ai
ri

ng
s 

(P
 

=
 2

.8
2e

-1
1,

 6
.3

4e
-0

8,
 c

al
cu

la
te

d 
w

ith
 t-

te
st

) 
us

in
g 

th
e 

B
ra

y-
C

ur
tis

 d
is

si
m

ila
ri

ty
 in

de
x.

 
B

ac
te

ro
id

es
 s

pe
ci

es
 (

B
. u

ni
fo

rm
is

, B
. v

ul
ga

tu
s,

 a
nd

 B
. d

or
ei

),
 tw

o 
B

if
id

ob
ac

te
ri

um
 

sp
ec

ie
s 

(B
. a

do
le

sc
en

tis
 a

nd
 B

. l
on

gu
m

),
 a

nd
 E

. c
ol

i w
er

e 
pr

es
en

t w
ith

 5
 %

 r
el

at
iv

e 
ab

un
da

nc
e 

gr
ea

te
r 

th
an

 o
r 

eq
ua

l t
o 

5 
%

 in
 m

ot
he

rs
 w

ith
 B

. u
ni

fo
rm

is
 b

ei
ng

 th
e 

m
os

t 
pr

ev
al

en
t.

Ta
bl

e 
ab

ov
e 

di
sp

la
ys

 a
 s

um
m

ar
y 

of
 a

ll 
in

cl
ud

ed
 s

tu
di

es
 a

ss
es

si
ng

 m
ic

ro
bi

al
 c

om
po

si
tio

n 
of

 h
ea

lth
y 

bi
rt

he
rs

 o
f 

te
rm

 in
fa

nt
s.

 C
ol

um
ns

 d
is

pl
ay

 s
tu

dy
 in

fo
rm

at
io

n 
re

ga
rd

in
g 

tim
e 

po
in

ts
 a

ss
es

se
d,

 m
ic

ro
bi

al
 ta

xa
 

le
ve

l(
s)

 a
ss

es
se

d 
an

d 
ty

pe
 o

f 
di

ve
rs

ity
 (

if
 c

om
po

si
tio

n 
an

d/
or

 d
iv

er
si

ty
 a

na
ly

si
s 

w
as

 p
er

fo
rm

ed
),

 D
N

A
 s

eq
ue

nc
in

g 
m

et
ho

d,
 a

nd
 m

aj
or

 f
in

di
ng

s.
 P

-v
al

ue
s 

sh
ow

ed
 f

or
 s

ta
tis

tic
al

ly
 s

ig
ni

fi
ca

nt
 f

in
di

ng
s,

 o
th

er
 

va
lu

es
 in

pu
tte

d 
as

 m
ea

n 
+

/−
 s

ta
nd

ar
d 

de
vi

at
io

n,
 ~

 s
ho

w
s 

ap
pr

ox
im

at
ed

 v
al

ue
s.

* N
ot

 a
ll 

ta
xa

 le
ve

ls
 m

en
tio

ne
d 

an
al

yz
ed

 r
el

at
iv

e 
ab

un
da

nc
e 

an
d 

th
er

ef
or

e 
w

er
e 

no
t d

is
cu

ss
ed

 in
 th

e 
re

vi
ew

.

N
ot

e:
 f

or
 s

tu
di

es
 o

n 
be

ta
 d

iv
er

si
ty

 u
si

ng
 c

lu
st

er
in

g 
an

al
ys

is

† in
di

ca
te

s 
us

e 
of

 a
n 

un
su

pe
rv

is
ed

 a
pp

ro
ac

h 
an

d

‡ in
di

ca
te

s 
us

e 
of

 a
 s

up
er

vi
se

d 
ap

pr
oa

ch
.

d,
 d

ay
(s

),
 h

r, 
ho

ur
(s

),
 I

nd
V

al
, i

nd
ic

at
or

 v
al

ue
, m

o,
 m

on
th

(s
),

 O
T

U
, o

pe
ra

tio
na

l t
ax

on
om

ic
 u

ni
t, 

PP
, p

os
tp

ar
tu

m
, w

k,
 w

ee
k(

s)
.

Eur J Obstet Gynecol Reprod Biol. Author manuscript; available in PMC 2023 July 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Weerasuriya et al. Page 27

Ta
b

le
 4

Fa
ct

or
s 

In
fl

ue
nc

in
g 

an
d 

C
on

di
tio

ns
/M

ea
su

re
s 

A
ss

oc
ia

te
d 

w
ith

 th
e 

Po
st

pa
rt

um
 G

ut
 M

ic
ro

bi
om

e.

2a
. I

nf
lu

en
ci

ng
 B

io
lo

gi
ca

l/
E

nv
ir

on
m

en
ta

l F
ac

to
rs

F
ir

st
 a

ut
ho

r
F

ac
to

rs
(s

)
A

na
ly

si
s

C
om

p
D

iv
er

si
ty

M
aj

or
 F

in
di

ng
s

A
br

ah
am

ss
on

 e
t 

al
. [

17
]

pr
ob

io
tic

 s
up

p 
B

F
cu

ltu
re

: L
. r

eu
te

ri
 

&
 L

ac
to

ba
ci

llu
s

ge
nu

s,
 

sp
ec

ie
s

–
O

ra
l s

up
pl

em
en

ta
tio

n 
w

ith
 L

. r
eu

te
ri

 d
ur

in
g 

th
e 

la
st

 m
on

th
 o

f 
pr

eg
na

nc
y 

le
ad

s 
to

 in
cr

ea
se

d 
L

. r
eu

te
ri

 in
 

m
at

er
na

l s
to

ol
 s

am
pl

es
 a

t 1
 w

k 
PP

 w
he

n 
co

m
pa

re
d 

to
 p

la
ce

bo
 (

P 
=

.0
4)

.

B
ut

ts
 e

t a
l. 

[3
0]

m
od

e 
of

 d
el

iv
er

y 
B

F
16

S 
rR

N
A

 (
V

3-
V

4)
ph

yl
um

, 
ge

nu
s

–
N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
e 

in
 b

ac
te

ri
a 

ab
un

da
nc

es
 in

 P
P 

m
at

er
na

l f
ec

es
 c

om
pa

re
d 

by
 e

th
ni

ci
ty

 a
nd

 
de

liv
er

y 
m

od
e 

at
 p

hy
lu

m
 o

r 
ge

nu
s 

le
ve

l.

C
ar

ro
th

er
s 

et
 a

l. 
[2

3]
m

od
e 

of
 d

el
iv

er
y 

B
F

16
S 

rR
N

A
 (

V
1-

V
3)

ph
yl

um
, 

ge
nu

s
al

ph
a 

&
 b

et
a†

In
 2

0 
fu

lly
 B

F 
(≥

4 
m

on
th

s)
 w

om
en

, a
t t

he
 p

hy
lu

m
 le

ve
l, 

m
em

be
rs

 o
f 

Fi
rm

ic
ut

es
 a

nd
 B

ac
te

ro
id

et
es

 
w

er
e 

m
os

t a
bu

nd
an

t, 
fo

llo
w

ed
 b

y 
le

ss
er

 a
m

ou
nt

s 
of

 P
ro

te
ob

ac
te

ri
a,

di
et

ar
y 

in
ta

ke
ph

yl
um

, 
ge

nu
s

al
ph

a 
&

 b
et

a†
V

er
ru

co
m

ic
ro

bi
a,

 u
nc

la
ss

if
ie

d 
ba

ct
er

ia
, a

nd
 A

ct
in

ob
ac

te
ri

a.
 A

t t
he

 g
en

us
 le

ve
l, 

un
cl

as
si

fi
ed

 b
ac

te
ri

a 
do

m
in

at
ed

 f
ol

lo
w

ed
 b

y 
B

ac
te

ro
id

es
, F

ae
ca

lib
ac

te
ri

um
, L

ac
hn

os
pi

ra
ce

a 
in

ce
rt

ae
 s

ed
is

 (
de

no
te

d 
as

 
L

ac
hn

os
pi

ra
ce

a 
un

cl
as

si
fi

ed
 in

 s
om

e 
fi

gu
re

s)
, a

nd
 P

re
vo

te
lla

. T
he

re
 w

er
e 

no
 s

ig
ni

fi
ca

nt
 d

if
fe

re
nc

es
 in

 
re

la
tiv

e 
ab

un
da

nc
e 

an
d 

al
ph

a 
or

 b
et

a 
di

ve
rs

ity
 in

de
xe

s 
by

 m
od

e 
of

 d
el

iv
er

y.
 N

o 
as

so
ci

at
io

n 
w

as
 f

ou
nd

 
be

tw
ee

n 
in

cr
ea

se
d 

sa
tu

ra
te

d 
fa

t c
on

su
m

pt
io

n 
an

d 
en

ri
ch

m
en

t o
f 

B
ac

te
ro

id
es

 a
nd

 P
ar

ab
ac

te
ro

id
es

. 
Sp

ea
rm

an
 r

an
k 

co
rr

el
at

io
ns

 s
ug

ge
st

ed
 th

at
 in

cr
ea

se
d 

in
ta

ke
 o

f 
pa

nt
ot

he
ni

c 
ac

id
, r

ib
of

la
vi

n,
 v

ita
m

in
 

B
-6

, a
nd

 v
ita

m
in

 B
-1

2 
w

er
e 

re
la

te
d 

to
 in

cr
ea

se
d 

re
la

tiv
e 

ab
un

da
nc

e 
of

 P
re

vo
te

lla
 (

r 
=

 0
.4

5,
 0

.3
9,

 0
.3

4,
 

an
d 

0.
24

, r
es

pe
ct

iv
el

y;
 P

 ≤
 0

.0
1)

 a
nd

 d
ec

re
as

ed
 r

el
at

iv
e 

ab
un

da
nc

e 
of

 B
ac

te
ro

id
es

 (
r 

=
 2

0.
55

, 2
0.

46
, 

20
.3

2,
 a

nd
 2

0.
35

, r
es

pe
ct

iv
el

y;
 P

 ≤
 0

.0
1)

. I
nt

ak
es

 o
f 

co
pp

er
, m

ag
ne

si
um

, m
an

ga
ne

se
, a

nd
 m

ol
yb

de
nu

m
 

w
er

e 
po

si
tiv

el
y 

as
so

ci
at

ed
 w

ith
 F

ir
m

ic
ut

es
 (

r 
=

 0
.3

3,
 0

.3
8,

 0
.4

4,
 a

nd
 0

.5
1,

 r
es

pe
ct

iv
el

y;
 P

 ≤
 0

.0
1)

 a
nd

 
ne

ga
tiv

el
y 

as
so

ci
at

ed
 w

ith
 B

ac
te

ro
id

et
es

 (
r 

=
 2

0.
38

, 2
0.

44
, 2

0.
48

, a
nd

 2
0.

53
, r

es
pe

ct
iv

el
y;

 P
 ≤

 0
.0

1)
. 

In
cr

ea
se

d 
pr

ot
ei

n 
in

ta
ke

 w
as

 a
ss

oc
ia

te
d 

w
ith

 d
ec

re
as

ed
 a

bu
nd

an
ce

 o
f 

Sp
ir

oc
ha

et
es

 (
P 

≤ 
0.

01
).

 V
ita

m
in

 
D

 in
ta

ke
 w

as
 p

os
iti

ve
ly

 a
ss

oc
ia

te
d 

w
ith

 D
ia

lis
te

r a
bu

nd
an

ce
. C

om
pa

re
d 

w
ith

 a
ll 

ot
he

r 
qu

ar
til

es
, r

el
at

iv
e 

ab
un

da
nc

e 
of

 P
ro

te
ob

ac
te

ri
a 

w
as

 h
ig

he
r 

in
 in

di
vi

du
al

s 
co

ns
um

in
g 

th
e 

hi
gh

es
t q

ua
rt

ile
 o

f 
vi

ta
m

in
 B

-1
2 

(P
 <

.0
5)

. E
ve

nn
es

s 
w

as
 h

ig
he

r 
in

 w
om

en
 g

ro
up

ed
 in

 th
e 

th
ir

d 
qu

ar
til

e 
of

 v
ita

m
in

 B
-1

2 
in

ta
ke

 (
P 

<
.0

5)
 

co
m

pa
re

d 
w

ith
 a

ll 
ot

he
r 

nu
tr

ie
nt

 in
ta

ke
 q

ua
rt

ile
s.

C
or

te
s-

m
ar

tin
 e

t 
al

. [
37

]
B

F
16

S 
rD

N
A

 
m

et
ag

en
om

ic
 

se
qu

en
ci

ng

ph
yl

um
, 

fa
m

ily
, 

ge
nu

s

al
ph

a 
&

 b
et

a†
In

 B
F 

w
om

en
, t

he
re

 w
as

 s
ig

ni
fi

ca
nt

 c
ha

ng
es

 in
 a

lp
ha

 d
iv

er
si

ty
 c

om
pa

ri
ng

 f
ou

r 
as

se
ss

ed
 lo

ng
itu

di
na

l 
tim

ep
oi

nt
s 

in
 P

P 
us

in
g 

C
ha

o1
 in

de
x 

(P
 =

.0
04

).
 C

ha
o1

 m
ic

ro
bi

al
 r

ic
hn

es
s 

w
as

 d
ec

re
as

ed
 a

t 6
 a

nd
 1

2 
m

on
th

s 
co

m
pa

re
d 

to
 3

 w
ee

ks
 a

nd
 4

 m
on

th
s 

(P
 <

.0
5)

 H
ow

ev
er

 n
o 

si
gn

if
ic

an
t c

ha
ng

es
 w

er
e 

ob
se

rv
ed

 
us

in
g 

Sh
an

no
n’

s 
in

de
x.

 I
nc

re
as

ed
 a

bu
nd

an
ce

s 
of

 A
ct

in
ob

ac
te

ri
a,

 P
ro

te
ob

ac
te

ri
a,

 V
er

ru
co

m
ic

ro
bi

a,
 

B
if

id
ob

ac
te

ri
ac

ea
e,

 C
or

io
ba

ct
er

ia
ce

ae
, a

nd
 A

kk
er

m
an

si
a 

ob
se

rv
ed

 in
 e

ar
ly

 la
ct

at
io

n.
 4

 a
nd

 6
 m

o 
PP

 
w

er
e 

si
m

ila
r 

in
 m

ic
ro

bi
al

 c
om

po
si

tio
n,

 b
ut

 d
if

fe
re

nt
 c

om
pa

re
d 

to
 e

ar
ly

 la
ct

at
io

n 
pe

ri
od

. S
ig

ni
fi

ca
nt

 
di

ff
er

en
ce

s 
in

 b
et

a 
di

ve
rs

ity
 w

er
e 

se
en

 b
et

w
ee

n 
ea

rl
y 

an
d 

es
ta

bl
is

he
d/

af
te

r-
la

ct
at

io
n 

tim
ep

oi
nt

s.

D
ah

l e
t a

l. 
[2

7]
pr

et
er

m
 v

s 
te

rm
 

de
liv

er
y 

m
od

e 
of

 
de

liv
er

y

16
S 

rR
N

A
 (

V
4)

ph
yl

um
, 

fa
m

ily
, 

ge
nu

s

al
ph

a 
&

 b
et

a†
Fi

rm
ic

ut
es

 w
as

 th
e 

pr
ed

om
in

an
t p

hy
lu

m
 in

 b
ot

h 
sp

on
ta

ne
ou

s 
pr

et
er

m
 a

nd
 te

rm
 d

el
iv

er
ie

s.
 H

ig
he

r 
ab

un
da

nc
e 

of
 F

ir
m

ic
ut

es
 (

P 
=

.0
4)

 a
nd

 lo
w

er
 a

bu
nd

an
ce

 o
f 

A
ct

in
ob

ac
te

ri
a 

ph
yl

um
 (

P 
=

.0
1)

 w
as

 
ob

se
rv

ed
 in

 p
re

te
rm

 d
el

iv
er

ie
s.

 M
ot

he
rs

 w
ho

 d
el

iv
er

ed
 p

re
te

rm
 h

ad
 lo

w
er

 O
T

U
s 

ab
un

da
nc

e 
be

lo
ng

in
g 

to
 B

if
id

ob
ac

te
ri

um
 a

nd
 S

tr
ep

to
co

cc
us

 g
en

er
a 

an
d 

C
lo

st
ri

di
al

es
 o

rd
er

. T
he

re
 is

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

lo
w

 b
ac

te
ri

al
 d

iv
er

si
ty

 a
nd

 in
cr

ea
se

d 
pr

et
er

m
 d

el
iv

er
y 

ri
sk

. O
ne

 in
te

rq
ua

rt
ile

 r
an

ge
 (

IQ
R

) 
in

cr
ea

se
 in

 
al

ph
a 

di
ve

rs
ity

 w
as

 a
ss

oc
ia

te
d 

w
ith

 4
8 

%
 (

95
 %

C
I:

 4
.2

 %
,7

2 
%

) 
lo

w
er

 o
dd

s 
of

 p
re

te
rm

 b
ir

th
 a

nd
 th

e 
as

so
ci

at
io

n 
w

as
 s

tr
on

ge
r 

af
te

r 
co

nt
ro

lli
ng

 c
on

fo
un

de
rs

 in
cl

ud
in

g 
ag

e,
 a

nt
ib

io
tic

 u
se

 d
ur

in
g 

pr
eg

na
nc

y,
 

et
hn

ic
ity

, b
od

y 
m

as
s 

in
de

x,
 s

m
ok

in
g,

 a
nd

 e
du

ca
tio

n.
 P

C
oA

 s
ho

w
ed

 n
o 

di
ff

er
en

ce
 in

 th
e 

m
at

er
na

l b
et

a 
di

ve
rs

ity
 o

f 
pr

et
er

m
 v

s 
fu

ll-
te

rm
 d

el
iv

er
ie

s.
 A

ll 
pa

rt
ic

ip
an

ts
 w

er
e 

va
gi

na
l d

el
iv

er
ie

s.

D
ot

te
ru

d 
et

 a
l. 

[2
1]

pr
ob

io
tic

 s
up

p 
B

F
qP

C
R

sp
ec

ie
s

–
Pr

ev
al

en
ce

 a
nd

 r
el

at
iv

e 
ab

un
da

nc
e 

of
 L

. a
ci

do
ph

ilu
s 

L
a-

5 
(P

 <
.0

05
),

 L
. r

ha
m

no
su

s 
G

G
 (

P 
<

.0
05

),
 

an
d 

B
. a

ni
m

al
is

 (
P 

<
 0

.0
05

) 
w

er
e 

in
cr

ea
se

d 
in

 m
ot

he
rs

 in
 p

ro
bi

ot
ic

 g
ro

up
 c

om
pa

re
d 

to
 p

la
ce

bo
. 

Pe
ri

na
ta

l a
dm

in
is

tr
at

io
n 

of
 th

e 
pr

ob
io

tic
 b

ac
te

ri
a 

L
G

G
, B

b-
12

, a
nd

 L
a-

5 
le

ad
s 

to
 a

 s
ig

ni
fi

ca
nt

ly
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in
cr

ea
se

d 
re

la
tiv

e 
ab

un
da

nc
e 

of
 th

es
e 

ba
ct

er
ia

 in
 m

ot
he

rs
 3

 m
o 

PP
; n

o 
di

ff
er

en
ce

s 
be

tw
ee

n 
gr

ou
ps

 in
 

no
n-

ad
m

in
is

te
re

d 
ba

ct
er

ia
.

E
no

m
ot

o 
et

 a
l. 

[2
2]

pr
ob

io
tic

 s
up

p
16

S 
rR

N
A

 (
V

6-
V

8)
, e

m
ul

si
on

 
PC

R
, 

py
ro

se
qu

en
ci

ng

ph
yl

um
–

A
ft

er
 a

dm
in

is
tr

at
io

n 
of

 B
if

id
ob

ac
te

ri
um

 s
tr

ai
ns

, B
. b

re
ve

 a
nd

 B
. l

on
gu

m
 d

ur
in

g 
th

e 
la

st
 m

on
th

 o
f 

pr
eg

na
nc

y 
in

 th
e 

pr
ob

io
tic

 g
ro

up
, t

he
 p

ro
po

rt
io

n 
of

 P
ro

te
ob

ac
te

ri
a 

w
as

 s
ig

ni
fi

ca
nt

ly
 lo

w
er

 c
om

pa
re

d 
to

 p
la

ce
bo

 a
t 4

–1
8 

m
os

 P
P 

(P
 =

.0
07

).
 T

he
 p

ro
po

rt
io

n 
of

 P
ro

te
ob

ac
te

ri
a 

de
cr

ea
se

d 
in

 th
e 

pr
ob

io
tic

 
gr

ou
p 

bu
t i

nc
re

as
ed

 in
 th

e 
co

nt
ro

l g
ro

up
 o

f 
m

ot
he

rs
 a

t P
P 

w
he

n 
co

m
pa

re
d 

w
ith

 th
ei

r 
pr

op
or

tio
ns

 b
ef

or
e 

be
gi

nn
in

g 
th

e 
st

ud
y.

 S
ig

ni
fi

ca
nt

ly
 in

cr
ea

se
d 

pr
op

or
tio

ns
 o

f 
A

ct
in

ob
ac

te
ri

a 
in

 th
e 

m
ic

ro
bi

ot
a 

of
 m

ot
he

rs
 

at
 P

P 
co

m
pa

re
d 

to
 p

re
gn

an
cy

.

G
ro

nl
un

d 
et

 a
l. 

[1
5]

pr
ob

io
tic

 s
up

p 
B

F
qP

C
R

ge
nu

s,
 

sp
ec

ie
s

bi
fi

do
ba

ct
er

iu
m

 
di

ve
rs

ity
Su

pp
le

m
en

ta
tio

n 
fo

r 
2 

m
os

 b
ef

or
e 

un
til

 2
 m

os
 a

ft
er

 d
el

iv
er

y 
w

ith
 a

 p
ro

bi
ot

ic
 c

on
ta

in
in

g 
L

. r
ha

m
no

su
s 

an
d 

B
. l

on
gu

m
 o

r 
w

ith
 a

 p
ro

bi
ot

ic
 c

on
ta

in
in

g 
L

. p
ar

ac
as

ei
 a

nd
 B

. l
on

gu
m

 s
ho

w
ed

 n
o 

si
gn

if
ic

an
t 

di
ff

er
en

ce
s 

in
 b

if
id

ob
ac

te
ri

al
 d

iv
er

si
ty

 in
de

xe
s 

be
tw

ee
n 

in
te

rv
en

tio
n 

gr
ou

ps
. N

ei
th

er
 p

ro
bi

ot
ic

 
in

te
rv

en
tio

n 
ha

d 
ef

fe
ct

 o
n 

th
e 

co
lo

ni
za

tio
n 

ra
te

s 
or

 b
ac

te
ri

al
 c

ou
nt

s 
of

 th
e 

ge
nu

s 
B

if
id

ob
ac

te
ri

um
, 

ce
rt

ai
n 

sp
ec

ie
s 

of
 B

if
id

ob
ac

te
ri

um
 a

nd
 C

lo
st

ri
di

um
, a

nd
 th

e 
sp

ec
ie

s 
A

. m
uc

in
ip

hi
la

, a
nd

 S
. a

ur
eu

s.

H
al

kj
ae

r 
et

 a
l. 

[1
6]

pr
ob

io
tic

 s
up

p
SS

U
 r

R
N

A
ge

nu
s,

 
sp

ec
ie

s
al

ph
a 

&
 b

et
a†

M
ul

ti-
st

ra
in

 p
ro

bi
ot

ic
 c

on
ta

in
in

g 
B

if
id

ob
ac

te
ri

um
, L

ac
to

ba
ci

llu
s,

 a
nd

 S
tr

ep
to

co
cc

us
 a

dm
in

is
te

re
d 

at
 1

4–
20

 g
es

t w
ks

 u
nt

il 
de

liv
er

y 
ca

n 
in

cr
ea

se
 a

lp
ha

 d
iv

er
si

ty
 in

 o
be

se
 w

om
en

 w
ith

 a
n 

in
cr

ea
se

 
in

 la
ct

ob
ac

ill
i, 

bi
fi

do
ba

ct
er

ia
l, 

an
d 

S.
 s

al
iv

ar
us

 o
ve

r 
tim

e 
un

til
 2

–3
 d

s 
po

st
de

liv
er

y.
 B

ra
y–

C
ur

tis
 

di
ss

im
ila

ri
ty

 b
et

w
ee

n 
ba

se
lin

e 
sa

m
pl

es
 a

nd
 s

am
pl

es
 f

ro
m

 g
es

ta
tio

na
l w

k 
27

–3
0 

an
d 

36
–3

7,
 a

nd
 a

ft
er

 
bi

rt
h 

w
er

e 
gr

ea
te

r 
in

 p
ro

bi
ot

ic
 v

s 
pl

ac
eb

o 
gr

ou
p 

(P
 =

 3
.7

2e
 –

 6
, 1

.2
6e

 –
 4

, a
nd

 0
.0

01
4,

 r
es

pe
ct

iv
el

y)
.

H
es

la
 e

t a
l. 

[2
8]

ot
he

r 
fa

ct
or

s 
B

F
16

S 
rR

N
A

 (
V

3-
V

4)
, 

py
ro

se
qu

en
ci

ng

ph
yl

um
, 

fa
m

ily
, 

ge
nu

s,
 

sp
ec

ie
s

al
ph

a 
&

 b
et
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