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Vaginal Infections during Pregnancy Increase Breast Milk
Microbiome Alpha Diversity and Alter Taxonomic Composition
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ABSTRACT: We previously reported that breast milk from women with (W) or without (WO) vaginal yeast infection
during pregnancy differs in its immunological and antimicrobial properties, especially against pathogenic vaginal Candida
sp.. Here, we investigated the differences in microbiota profiles of breast milk from these groups. Seventy-two breast
milk samples were collected from lactating mothers (W, n=37; WO, n=35). The DNA of bacteria was extracted from each
breast milk sample for microbiota profiling by 16S rRNA gene sequencing. Breast milk from the W-group exhibited higher
alpha diversity than that from the WO-group across different taxonomic levels of class (P=0.015), order (P=0.011), fam-
ily (P=0.020), and genus (P=0.030). Compositional differences between groups as determined via beta diversity showed
marginal differences at taxonomic levels of phylum (P=0.087), family (P=0.064), and genus (P=0.067). The W-group
showed higher abundances of families Moraxellaceae (P=0.010) and Xanthomonadaceae (P=0.008), and their genera
Acinetobacter (P=0.015), Enhydrobacter (P=0.015), and Stenotrophomonas (P=0.007). Meanwhile, the WO-group showed
higher abundances of genus Staphylococcus (P=0.046) and species Streptococcus infantis (P=0.025). This study shows that,
although breast milk composition is affected by vaginal infection during pregnancy, this may not pose a threat to infant
growth and development.
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INTRODUCTION

Human breast milk is acknowledged as a crucial source
of first food to newborns, with many documented bene-
fits for the health and development of infants, including
for their immunity, and brain and behavioral develop-
ment (Martin et al., 2016). While the main components

of breast milk have always been considered to be its
chemical constituents, such as human milk oligosaccha-
rides, which have attracted substantial attention, infor-
mation on its biological components, especially on the
highly diverse microbial population, is also now accumu-
lating. This population is responsible for the production
of myriad metabolites, which ultimately affect infant
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health status. In addition, milk microbiota has been pro-
ven to exert probiotic effects with myriad health benefits,
ranging from ameliorating metabolic disorders (Fung and
Liong, 2010; Lye et al., 2017) and enhancing immunity
(Chong et al., 2019) to antimicrobial effects (Tham et al.,
2012) and modulating the gut microenvironment (Hor
et al.,, 2019). Notably, these microbial populations are
also among the first to form the microbiota in infants’
gut, which may have a long-term effect on health. Infant
gut microbiota has long been associated with the ability
to acquire new immunity, develop and strengthen innate
immunity, directly inhibit gut pathogenesis, and possibly
develop autoimmune disorders later in life (Turroni et al.,
2020).

The microbiota profile of breast milk is known to vary
depending on various factors, particularly geographical
location, diet, and maternal health status (Zimmermann
and Curtis, 2020). While some distinct diseases and dis-
orders such as inflammatory bowel disease, colorectal
cancer, liver cirrhosis, gestational diabetes, and mastitis
during the lactation period have been reported to alter
the populations of bacteria in breast milk (Patel et al.,
2017), less serious diseases have less pronounced effects
on the microbiota profile of breast milk, which has been
attributed either to limited information about the effects
being available or a lack of assessment of factors causing
biological changes of breast milk.

Vaginal infections are among the most common gyne-
cological conditions affecting women globally, varying in
prevalence from 5% to 50% among different study pop-
ulations across major regions such as the United States,
Europe, and South Asia (Begum et al., 2011). The most
common causes of vaginal infections are vaginal candi-
diasis and bacteriosis. Centers for Disease Control and
Prevention (CDC) reported that there was a higher prev-
alence of such infections among pregnant women, caus-
ing increased risks of systemic infection in neonates and
prematurity after delivery (CDC, 2022). Although rarely
fatal, vaginal infections often cause various other discom-
forts, such as vaginal redness, swelling, itching and/or
soreness, and pain during sexual intercourse, leading to a
reduced quality of life emotionally, socially, and sexually.

We previously reported that breast milk from women
with (W) or without (WO) vaginal yeast infections dur-
ing pregnancy share similar levels of biological compo-
nents such as interleukin-10, immunoglobulins (IgA,
IgM, and IgG), and growth factors (epidermal growth
factor and transforming growth factor-o;) (Nisaa et al.,
2022). However, breast milk from the WO-group exhib-
ited higher antimicrobial potential against vaginal patho-
genic Candida sp. than that from the W-group, via both
growth inhibition and aggregation of yeast cells. We
postulate that all of these biological and psychological
changes inflicted by vaginal infections during pregnancy

may eventually affect other biological profiles of breast
milk, typically the microbiota populations within it. It
remains unclear whether breast milk from women in the
W- and WO-groups differs in its microbiota composition
and whether vaginal pathogens are carried forward into
breast milk after pregnancy. To the best of our knowl-
edge, no reports of studies assessing this issue have yet
been published. Thus, the present study was established
to resolve some of these questions.

MATERIALS AND METHODS

Recruitment of subjects

The design of population included in this study has been
described in our previous report (Nisaa et al., 2022).
Written informed consent was obtained from all subjects
prior to study initiation. Subjects were recruited from
Universiti Sains Malaysia (USM) campuses of Kelantan
and Penang, Malaysia. Briefly, lactating mothers were
screened based on the inclusion and exclusion criteria.
For inclusion in this study, subjects had to be lactating
women. Exclusion criteria included long-term medication
due to certain illnesses for over 3 months during preg-
nancy, gestational diabetes during pregnancy, history of
diabetes, coronary heart disease, and hypertension at any
age, body mass index before pregnancy >24.9, consumed
probiotics during pregnancy, and consumed probiotics
during lactation period.

Study protocol

The lactating women were separated into those W and
WO vaginal infection during pregnancy. Vaginal infec-
tions were confirmed by taking their previous medical
history during the period of pregnancy. This study was
conducted in accordance with the Declaration of Helsinki
(World Medical Association, 2001). All procedures in-
volving human subjects were approved by the JEPeM-
USM Review Panel on Clinical Studies (approval no.
USM/JEPeM/20090500) and the study was registered at
ClinicalTrials.gov (identifier no. NCT05005286).

Breast milk was collected via hand expression. Gloves
were put on prior to washing with sterilized and individ-
ually packed hand detergent liquid and sterilized water,
and swabbing with a 70% isopropyl alcohol pad prior to
the expression of breast milk. In addition, nipples were
cleaned with an alcohol swab. The first ten drops of breast
milk were discarded. Fifteen milliliters of fresh breast
milk was collected in a sterile tube and stored at —20°C
until further analyzes.

Microbiota analyses
DNA extraction and purification from all samples were
performed as previously described (Liu et al., 2020). Pu-
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rified DNA was analyzed using a NanoDrop 2000 ultra-
violet-visible Spectrophotometer (Thermo Scientific). The
V3-V4 hypervariable regions of the bacterial 16S rRNA
gene were amplified with the primers 341F (5-CCTAYG
GGRBGCASCAG-3’) and 806R (5-GGACTACHVGGG
TWTCTAAT-3’) by a thermocycler PCR system (Gene-
Amp 9700, Applied Biosystems). The PCR reactions were
performed in triplicate with a reaction volume of 20 pL
containing 4 pL of 5% FastPfu Buffer (TransStart), 2 pL
of 2.5 mM dNTPs, 0.8 uL of each primer (5 uM), 0.4 uL
of FastPfu Polymerase (TransStart), and 10 ng of tem-
plate DNA, in the following sequence: 3 min of denatu-
ration at 95°C; 27 cycles of 30 s at 95°C, 30 s for anneal-
ing at 55°C, and 45 s for elongation at 72°C; and final
extension at 72°C for 10 min. The PCR products were
then extracted from a 2% agarose gel and further purified
using the AxyPrep DNA Gel Extraction Kit (Axygen Bio-
sciences) and quantified using QuantiFluor-ST (Promega),
in accordance with the manufacturer’s protocol.

The purified amplicons were pooled in equimolar sam-
ples and paired-end sequenced (2x300) on an Illumina
MiSeq platform (lllumina). The 16S rRNA gene sequences
were processed using QIIME v.1.9.1 (Caporaso et al.,
2010) and USEARCH v.10.0 (Edgar, 2010). Raw FASTQ
files were quality-filtered by Trimmomatic and merged
by USEARCH (Edgar, 2010) with the following criteria:
removal of barcodes and primers, filtering of low-quality
reads, and finding non-redundant reads. The merged raw
reads numbered at least 50,000 per sample. Operational
taxonomic units (OTUs) were clustered with 97% sim-
ilarity cutoff using UPARSE. The taxonomy for each 16S
rRNA gene sequence was analyzed by the Ribosomal
Database Project Classifier algorithm (http://rdp.cme.
msu.edu/) against the Silva 132 16S rRNA database us-
ing a 60% confidence threshold.

Alpha (within-sample richness) and beta diversity (be-
tween-sample dissimilarity) estimates were computed
using MicrobiomeAnalyst phyloseq-R package version
3.6.1 (https://www.microbiomeanalyst.ca/Microbiome
Analyst/home.xhtml) for different taxonomic levels.

Statistical analyses

Data were analyzed using SPSS version 20.0 (IBM Corp.).
The primary hypothesis tested in this study was that the
microbiota profiles differed between groups. Considering
the skewed distribution and nonparametric nature of
our data, differences in OTU relative abundance between
groups were analyzed using the Mann-Whitney U-test,
whereas the correlation analyzes were evaluated using
Spearman’s rank correlations with rho (r) as the correla-
tion coefficient. Alpha diversity of gut microbiota was
measured by Chaol and observed richness indexes, then
compared using Mann-Whitney U-test, whereas beta di-
versity was calculated by principal coordinates analysis

on Bray-Curtis dissimilarity and compared using permu-
tational analysis of variance (PERMANOVA) and analy-
sis of similarities (ANOSIM). As a continuation of our
previous study, data on abundance and co-aggregation of
Candida species used in the present correlation analyzes
were obtained from our previous study (Nisaa et al.,
2022). All tests were two-sided with P<0.05 considered
to indicate statistically significance.

RESULTS

Baseline characteristics

Based on the 85 subjects recruited in our previous study
(Nisaa et al., 2022), only 72 breast milk samples qualified
for microbiota analyzes based on the quantity and qual-
ity of their DNA (WO-group, n=35; W-group, n=37). No
significant differences were observed between the groups
in all of the general characteristics (Table 1).

Alpha and beta diversity

Alpha diversity measures differences within samples.
While both the observed and Chaol indexes provide a
measure of alpha diversity in terms of OTU “richness”,
only Chaol equally takes into account frequent and rare
OTUs, while the observed index only takes into account
observed OTUs. Comparable findings were made for the
breast milk from the two groups in terms of richness and
evenness at the phylum level, but they differed at the
class, order, family, and genus levels for both observed
and Chaol indexes (P<0.05; Fig. 1), where women with
vaginal infections during pregnancy (W-group) showed
higher alpha diversity than those without such infection
(WO-group). Meanwhile, differences of alpha diversity in
terms of OTU diversity, as measured by the Shannon and
Simpson indexes, were not significant. While richness
represents the number of species in a community, diver-
sity represents not only the number of species in a com-
munity but also the abundance of each species.

Beta diversity measures differences between samples.
The Bray-Curtis index considers both the co-occurrence
and differential abundance of OTUs. While both
PERMANOVA and ANOSIM are suitable for analyzing
nonparametric data, they do not measure the same pa-
rameters. PERMANOVA tests whether distance differs
between groups, while ANOSIM tests whether the differ-
ence between groups is greater than that within groups.
The difference in beta diversity between groups was only
observed to reach marginal levels of significance (P<0.10)
and only at the taxonomic levels of phylum (P=0.087),
family (P=0.064), and genus (P=0.067; Fig. 2), as tested
by PERMANOVA, and only reached significance at the
levels of family (P=0.045) and genus (P=0.041; Fig. 2),
as tested by ANOSIM. These findings indicated that vag-
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Table 1. Baseline characteristics of 72 lactating women with or without vaginal yeast infections during pregnancy

Characteristic W-group (n=37) WO-group (n=35) P-value”
Occurrence of vaginal infection (pregnancy wk) 24.19+6.88 - -
Age (yr) 31.59+5.75 31.43+£3.99 0.821
Lactating period (mon) 5.03+4.30 4.87+2.97 0.534
n (%) n (%) P-value?

Body mass index

Normal (18.5~24.9) 24 (64.86) 29 (82.86) 0.083

Overweight (25~29.9) 8 (21.62) 5 (14.29) 0.419

Obesity (=>30) 5 (13.51) 1 (2.85) 0.102
Family income (per month)

<RM 5,999 24 (64.86) 24 (68.57) 0.739

>RM 6,000 13 (35.14) 11 (31.43) 0.739
Occupation

Housewife 16 (43.24) 8 (22.86) 0.067

Self-employed 3(8.11) 5 (14.29) 0.404

Student 2 (5.41) 1 (2.86) 0.589

Waged worker 16 (43.24) 21 (60.00) 0.155
Level of education

Secondary 7 (18.92) 4 (11.43) 0.377

Tertiary 20 (54.05) 21 (60.00) 0.611

Postgraduate 10 (27.03) 10 (28.57) 0.884
Number of people living together in the household

<4 17 (45.95) 15 (42.86) 0.792

>4 20 (54.05) 20 (57.14) 0.792
Residential location

Suburban 10 (27.03) 7 (20.00) 0.483

Urban 27 (72.97) 28 (80.00) 0.483

Data are presented as meanzxstandard error or number (%).
Yp-value obtained via Mann-Whitney U-test.
2 p-value obtained via chi-squared test.

W-group, with vaginal infection; WO-group, without vaginal infection; RM, ringgit Malaysia.

inal infections during pregnancy contributed to a mild
shift in composition of the microbial community, with a
more prevalent effect at the lower taxonomic levels of
family and genus.

Compositional differences
As alpha and beta diversity analyzes revealed differences
between W- and WO-groups, we further analyzed the
differences in microbiota of breast milk at different taxo-
nomic levels. The dominant phyla of breast milk were
consistently Firmicutes and Proteobacteria, with there
being no significant differences in their levels between
the W- and WO-groups (Fig. 3A). Meanwhile, regarding
the less dominant phyla, the W-group had higher abun-
dances of Actinobacteriota (P=0.006) and Bacteroidota
(P=0.001) than the WO-group. These findings were at-
tributable mainly to higher abundance at lower taxonom-
ic levels in the W-group, such as for Micrococcaceae (P=
0.001), Prevotellaceae (P=0.005), and Weeksellaceae
(P=0.002) at the family level (Fig. 3B), and their genera
Prevotella (P=0.009) and Chryseobacterium (P=0.003; Fig.
3C), compared with the levels in the WO-group.
Although the abundance of the phylum Proteobacteria

in breast milk remained similar between the groups (n=
72), at lower taxonomic levels there were differences be-
tween the groups. Specifically, the W-group showed high-
er abundance of the family Moraxellaceae (P=0.01; Fig.
3B) and its genera Acinetobacter (P=0.015) and Enhydro-
bacter (P=0.015; Fig. 3C), along with the species Acineto-
bacter baumannii (P=0.046), compared with the levels in
the WO-group.

Similarly, the abundances of the family Xanthomonad-
aceae (P=0.008), its genus Stenotrophomonas (P=0.007),
and its species Stenotrophomonas pavanii (P=0.002) were
also higher in breast milk of the W-group than in that of
the WO-group. Resembling the findings for the phylum
Proteobacteria, the phylum Firmicutes also showed sim-
ilar abundances between groups, but differences between
the groups emerged at lower taxonomic levels. Breast
milk from the WO-group showed higher abundances of
the genus Staphylococcus (P=0.046; Fig. 3C) and the spe-
cies Streptococcus infantis (P=0.025) than the W-group.

Correlation analyzes
We previously reported that breast milk of the W-group
had lower potential to inhibit Candida species commonly
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Fig. 1. Alpha diversity plots for breast milk from women without (WO) or with (W) vaginal infection during pregnancy. Diversity
measured by Chao1 richness index for class (A, £=0.015), order (B, ~£=0.011), family (C, £=0.020), and genus (D, ~=0.030). Diversity
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U-test (Total=72; W, n=37. WO, n=35).

found in vaginal regions of women with vaginal candi-
diasis than that from the WO-group (Nisaa et al., 2022).
This may be an effect of various microbiota in breast milk
that are present at higher levels in the W-group as ob-
served here. Chryseobacterium had positive correlations
with the growth of Candida albicans (P=0.018, r=0.279),
Candida glabrata (P=0.039, r=0.243), Candida krusei (P=
0.002, r=0.363), and Candida tropicalis (P=0.002, r=
0.359), along with negative correlations with the co-ag-
gregation potential of breast milk against C. albicans (P=
0.038, r=—0.245), C. glabrata (P=0.004, r=—0.338), C.
krusei (P=0.002, r=—0.363), and C. tropicalis (P=0.010,
r=—0.301). A similar observation was obtained for S.
pavanii, which had positive correlations with the growth
of C. albicans (P=0.038, r=0.245), C. krusei (P=0.010,
r=0.302), and Candida parasilopsis (P=0.013, r=0.293),
along with negative correlations with the co-aggregation
potential of breast milk against C. albicans (P=0.031, r=
—0.255), C. krusei (P=0.001, r=—0.368), and C. parasi-
lopsis (P=0.005, r=—0.330). To a lesser degree, Prevotella
showed a positive correlation with the growth of C. krusei
(P=0.001, r=0.380), along with a negative correlation

with the co-aggregation potential against C. krusei (P=
0.002, r=—0.366), while Staphylococcus showed a neg-
ative correlation with the growth of the same pathogen
(P=0.019, r=—0.276), along with a positive correlation
with the co-aggregation potential (P=0.004, r=0.334).
As we previously reported, antimicrobial effects of breast
milk may be exhibited via cellular aggregation potential,
where the ability of aggregated pathogenic cells to attach
to the hosts’ urogenital epithelial surface is reduced, lead-
ing to greater elimination from the hosts’ systems (Nisaa
et al,, 2022).

The abundance of Enhydrobacter in breast milk showed
positive correlations with the growth of C. glabrata (P=
0.003, r=0.346), C. krusei (P=0.044, r=0.238), C. para-
silopsis (P=0.019, r=0.276), C. tropicalis (P=0.034, r=
0.251), and A. baumannii (P=0.030, r=0.256). The pres-
ent data led us to believe that a higher abundance of En-
hydrobacter in breast milk of the W-group may be crucial
as an immune defense against vaginal Candida sp., which
may be transferred to newborns during natural birth, and
also against any potential harm associated with the high-
er abundance of A. baumannii in breast milk of the W-
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group. Breast milk as a natural first food for newborns
may have its own protective and balancing mechanisms
to sustain the general wellbeing of infants.

DISCUSSION

The diversity of microbial communities in breast milk of-
ten affects the profiles of gut microbiota in infants, with
human breast milk having been reported to reduce the
richness of infant gut microbiota (Haddad et al., 2021).
This was mainly attributed to the presence of human
milk oligosaccharides that favor the growth of specific
microbial species. The introduction of formula feeding
eventually diversifies the gut microbiota of infants to in-
clude taxa with a higher degree of proteolytic fermenta-
tion (Laursen, 2021). It is thus important to evaluate
microbiota communities in breast milk. Maternal health
conditions during pregnancy have been reported to affect
the bacterial diversity of breast milk, potentially leading
to microbial dysbiosis. This includes diseases such as in-
flammatory bowel disease, rheumatoid arthritis, color-
ectal cancer, liver cirrhosis, and type 2 diabetes during
pregnancy, and mastitis during lactation, where microbial
diversity and species richness were lower than in healthy
women (Patel et al., 2017). However, this remains con-
troversial as some other health conditions had little or
opposite impacts on the microbial diversity profiles of
breast milk. Regardless of the immunity status, HIV-pos-
itive women as determined by high or low cluster of dif-
ferentiation count did not show a difference in the levels
of microbiota diversity of breast milk (Magsood et al.,
2021). Meanwhile, gestational weight gain or intrapartum
antibiotic use (penicillin, cephalothin, or cephalexin) has
been shown to contribute to increased levels of microbial
diversity in breast milk samples compared with that in
normal controls (Hermansson et al., 2019; Lundgren et
al., 2019). Our present study indicated that vaginal in-
fections during pregnancy contributed to a shift in the
richness and evenness of breast milk samples, which were
consistent across different taxonomic levels.

The compositional differences in the W-group may have
contributed to a higher microbiota diversity within breast
milk samples of the W-group, as supported by the high-
er alpha diversity that we identified. While maternal gut
Prevotella during pregnancy has been shown to be asso-
ciated with protection against food allergy in infants
(Vuillermin et al., 2020), the vaginal microbiota in cases
of bacterial vaginosis is also often dominated by Prevotella,
compared with the more lactobacillus-dominated profile
in healthy women (Superti and De Seta, 2020). Similar-
ly, while Chryseobacterium is found in common pairs be-
tween breast milk and infant stool samples (Duale et al.,
2022), this genus is also found in the high vaginal re-

gions (Bernardet et al., 2005) and in the urobiomes of
women with urinary tract infections (Omar et al., 2014).
Based on the higher abundance of Prevotella and Chryseo-
bacterium in breast milk of the W-group compared with
the levels in the WO-group, we have reason to believe
that these populations may be passed on during vaginal
infections via breast milk. This is supported by the pos-
itive correlations of Chryseobacterium with the growth of
several pathogenic yeasts, namely, C. albicans, C. glabrata,
C. krusei, and C. tropicalis, during inhibitory assays. How-
ever, considering that Chryseobacterium is rarely virulent
(Duale et al., 2022), while Prevotella aids in the metabo-
lism of gut carbohydrates (Prasoodanan et al., 2021), we
postulate that the higher abundance of these genera in
breast milk may not pose a health risk for infants.

The family Moraxellaceae includes species that colonize
mucosal membranes or the skin of humans and other
animals and can occasionally cause a variety of infections.
This is notable in species such as A. baumannii, which has
emerged as an important agent of opportunistic infec-
tions in healthcare-associated infections that are difficult
to treat (Rosenberg et al., 2014). It primarily affects those
who are immunocompromised, so it is increasingly being
reported as a hospital-derived infection isolate (Howard
et al,, 2012). The human milk oligosaccharides have
been found to inhibit biofilm activity, and have been em-
ployed against multidrug-resistant pathogens and suscep-
tible isolates of A. baumannii (Spicer et al., 2021). While
Enhydrobacter is a major taxon of the human skin and
within the ocular microbiome (Leung et al., 2020), it may
be opportunistic and has been detected in individuals
with blepharitis (Fredricks, 2001). In breast milk, Enhy-
drobacter has been identified in sample pairs of breast
milk and infant feces (Zhu et al., 2021), and also found
at high levels in human colostrum, where it is associated
with the infant metabolism of nutrients and immune de-
velopment against diseases (Klein-Jobstl et al., 2019).

The Xanthomonadaceae family consists of opportunis-
tic human pathogens such as those from the genus Steno-
trophomonas (Pak et al., 2015). The species S. pavanii has
been identified to be multidrug-resistant against carba-
penems and aminoglycosides, harboring many resistance
genes against various antibiotics in the genome, with the
potential to transmit antibiotic resistance in the environ-
ment (Kenzaka and Tani, 2018). The abundance of Steno-
trophomonas was reportedly increased in breast milk in
women undergoing chemotherapy for the treatment of
Hodgkin’s lymphoma compared with the level in women
not undergoing this treatment. This was accompanied by
reduced concentrations of inositol and docosahexaenoic
acid in breast milk, which are crucial components that
reduce the risks of preterm birth and infant brain malde-
velopment, respectively (Fernandez et al., 2020). In the
present study, the abundance of Stenotrophomonas was
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higher in breast milk of the W-group than in the WO-
group, suggesting that Stenotrophomonas may be passed
on during vaginal infections via breast milk. This is sup-
ported by the positive correlations of S. pavanii with the
growth of C. albicans, C. krusei, and C. parasilopsis during
inhibitory assays.

Staphylococcus is a common genus in breast milk (Togo
et al., 2019), where many species of staphylococci play
inhibitory roles against the growth and virulence of S.
aureus that are present in breast milk (Heikkild and Saris,
2003). Considering that the abundance of S. aureus spe-
cifically remains similar between the groups, we postu-
late that the higher abundance of Staphylococcus in breast
milk in the WO-group does not pose a health risk to in-
fants. This is supported by a potential protective role of
Staphylococcus given its negative correlation with the
growth of C. krusei in inhibitory assays.

S. infantis is a non-inflammatory and commensal spe-
cies commonly reported in breast milk samples, and in
paired samples of breast milk and breastfed infants’ oral
swabs (Biagi et al., 2017), breast milk and infant feces
(Biagi et al., 2017), and mother and infant feces (Kage-
yama et al., 2022). During vaginal infection which vaginal
pH increases, the abundance of S. infantis was reported
to decrease along with its replacement by Prevotella spe-
cies, compared with the findings in women with normal
vaginal pH (Xu et al., 2020). Hormone therapy also de-
creases the abundance of S. infantis in urobiomes of wom-
en compared with that of women without hormone ther-
apy (Neugent et al., 2021). While S. infantis is a common
oral pathogen, this species often acts as a mediator in
pathways to eliminate gut pathogens such as Escherichia
coli (He et al., 2014). We postulate that the higher abun-
dance of S. infantis in breast milk may be beneficial for
infant immunity, growth, and development.

Taken together, our findings show that the composition
of breast milk differs between groups, as an effect of vag-
inal infection during pregnancy. While some vaginal path-
ogens may have been passed on via breast milk, the cur-
rent differences in composition between women with or
without vaginal infections during pregnancy may not
pose a health threat to infant growth and development,
which is mainly attributed to the presence of beneficial
and/or protective microbiota to counter potential detri-
mental impacts. Breast milk is clearly a complex ecosys-
tem, where microbiota is merely a fraction of the entire-
ty that makes it beneficial as a newborn’s first food.
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