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The relationship between the menstrual cycle and the oral microbiome has not
been clarified. The purpose of this study was to assess potential changes in the
oral microbiome of healthy young adults using 16S rRNA-based sequencing.
Eleven females (aged 23-36 years) with stable menstrual cycles and without any
oral problems were recruited. Saliva samples were collected before brushing
every morning during the menstrual period. Based on basal body temperatures,
menstrual cycles were divided into four phases, namely the menstrual, follicular,
early luteal, and late luteal phases. Our results showed that the follicular phase
had a significantly higher abundance ratio of the Streptococcus genus than the
early and late luteal phases, whereas the abundance ratios of the Prevotella 7 and
Prevotella 6 genera were significantly lower in the follicular phase than those in
the early and late luteal phases and that in the early luteal phase, respectively.
Alpha diversity by the Simpson index was significantly lower in the follicular phase
than that in the early luteal phase, and beta diversity showed significant
differences among the four phases. Using the relative abundance data and
copy numbers of the 16S rRNA genes in the samples, the bacterial amounts in
the four phases were compared, and we observed that the follicular phase had
significantly lower amounts of the Prevotella 7 and Prevotella 6 genera than the
menstrual and early luteal phase, respectively. These results indicate reciprocal
changes with the Streptococcus genus and Prevotella genera, particularly in the
follicular phase. In the present study, we showed that the oral microbiome
profiles are affected by the menstrual cycles of healthy young adult females.
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1 Introduction

A menstrual cycle begins with the onset of menstrual flow. The
menstrual phase generally lasts for 4-6 days with the shedding of
the thickened endometrium, which is also known as menstrual
bleeding. The follicular or proliferative phase continues until
ovulation. And the luteal, or secretory phase begins at ovulation
and continues until the onset of the next menstrual flow
(Muizzuddin et al., 2006).

What has recently come to light is that the fluctuation of two
hormones, estradiol and progesterone, plays a crucial role in
neurological and psychological development and function, which
impacts brain function, cognition, emotional status, sensory
processing, and appetite (Farage et al., 2008). The menstrual cycle
comes periodically with these physiological changes from menarche
until menopause, except during pregnancy and childbearing. Because
changes in these female hormones induce a variety of effects on the
female’s physical and mental health, it is important to clarify the
relationship between physical and psychological changes associated
with the menstrual cycle and the mechanisms of their effects in order
to maintain and promote individual health and wellbeing.

The oral cavity, which is the gateway to the gastrointestinal tract,
communicates with the outside environment and contains as many as
5-10 billion bacteria, comprising a unique commensal microbiome
(Dewhirst et al., 2010). In fact, the oral cavity harbors the second most
abundant microbiota next to the gastrointestinal tract. According to
the expanded Human Oral Microbiome Database (eHOMD)
(updated in November 2017) (Chen et al., 2010), approximately 770
bacterial genera have been identified as oral commensals. It is well
known that altered oral microflora has been observed in several
diseases such as diabetes, bacteremia, endocarditis, cancer,
autoimmune disease, and preterm births. Therefore, it becomes
crucial to understand the fluctuation of the oral microbial diversity
under diseased/perturbed conditions (Verma et al., 2018).

The relationship between pregnancy and oral microbiome has
been previously summarized in literature; oral microbiome
composition can contribute to pregnancy complications (Saadaoui
et al, 2021). The pregnant body is affected by a series of hormonal,
metabolic, and immunological changes, resulting in the divergence of
the oral microbiome composition (Lain and Catalano, 2007; Wang
et al,, 2016). Multiple studies have examined microbiome differences
between pregnant and nonpregnant females (Basavaraju et al., 2012;
Borgo et al.,, 2014; Fujiwara et al., 2017). One of these studies showed
that the total number of viable oral microbes was significantly
increased in all stages of pregnancy compared to nonpregnant
females (Fujiwara et al., 2017). Moreover, it has been found that
the growth and proliferation of multiple bacterial taxa, such as
Lactobacillus, Bifidobacterium, Streptococcus, and Escherichia
genera, were altered during pregnancy (Pelzer et al,, 2012).

While there are many studies on pregnancy and oral
contraceptives, few studies have examined the effects of
menstruation on the oral microbiome. Balan et al. reported that
as many as 43% of females experience some oral symptoms during
their menstrual cycle (Balan et al., 2012). Other groups showed an
increase in inflammatory cytokines, such as IL-1f and TNF-q, in
the saliva before menstruation (Baser et al., 2009; Khosravisamani
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et al., 2014). Furthermore, Machtei et al. found that the gingival
index was significantly higher during ovulation and
premenstruation than during menstruation, even though the
mean plaque indices were similar at all time points (Machtei
et al, 2004). These reports indicate that the oral environment
changes in accordance with the menstrual cycle (Gao et al,, 2018).
To date, the relationship between oral microbiome and menstrual
cycles remains uncertain. Fischer et al. concluded that there was no
specific pattern in bacterial changes during the menstrual cycle
(Fischer et al., 2008), while Calil et al. reported that anaerobic
bacteria counts remained unchanged (Calil et al, 2008). On the
contrary, Kawamoto et al. showed that Prevotella intermedia (P.
intermedia) and Porphyromonas gingivalis (P. gingivalis) were
significantly higher during the ovulatory phase compared to the
follicular phase (Kawamoto et al., 2010; Kawamoto et al., 2012).

While these reports on menstrual cycles used culture-based
methods, Bostanci et al. have recently conducted a metagenomics-
based study (Bostanci et al., 2021). Saliva samples were collected from
103 females of reproductive age during the menstrual, follicular, and
luteal phases of the cycle (n = 309), and the abundances of oral bacteria
were analyzed by 16S rRNA V3-V4 sequencing. No significant
differences in o-diversity or clustering were observed among the
three phases. Nonetheless, the authors found that the richness of
Campylobacter, Hemophilus, Prevotella, and Oribacterium genera
varied throughout the cycle, especially during the luteal phases.

The relationship between menstrual cycle and oral microbiome
has not been clarified. Therefore, the purpose of this study was to
clarify the changes in the oral microbiome during the menstrual
cycle in 11 healthy young adult females. One of the pitfalls of oral
microbe studies involves the precise timing of sample collection
because oral samples are affected by brushing and ingesting drinks/
foods. In order to unify collecting conditions, saliva samples were
collected daily for approximately one month from the start of
menstruation, after waking up and before brushing.

2 Materials and methods
2.1 Criteria of subject selection

Female researchers recruited 11 (Subjects #F1-F11) females (aged
23-36 years) with stable menstrual cycles, who had not taken any oral
contraceptives or antibiotics within one month prior to the beginning
of this study (Table S1). Five (Subjects #M1-M5) males (aged 22-32
years), who had not taken any antibiotics within one month prior to
the beginning of this study, were recruited as controls. The participants
were staffs, undergraduate students, and graduate students.

2.2 Saliva collection

Every morning, two milliliters of saliva were collected from each
participant into a drool collection kit before brushing teeth. The
saliva samples were transferred into storage tubes and stored in a
freezer. For DNA extraction, 100 UL of whole saliva was diluted
with 400 UL of phosphate buffered saline to reduce viscosity, and the
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diluted saliva was transferred to a Pathogen Lysis Tube S (QIAGEN
N.V.) and mechanically disrupted for 10 min using a Disruptor
Genie (Scientific Industries). The resultant solution was
subsequently processed using the QIAamp UCP Pathogen Mini
Kit (QIAGEN N.V.) according to the manufacturer’s instruction.
Double stranded DNA concentrations were measured using the
Qubit HS Assay Kit (ThermoFisher SCIENTIFIC). Additionally, the
collected saliva was thawed and centrifuged at 1500 g for 15 min,
and the supernatants were utilized in an ELISA testing below.

2.3 Phase classification

Basal body temperature was measured every morning upon waking
up with a gynecological thermometer for approximately one month from
the first day of menstruation to the beginning of the following month. An
obstetrician and several midwives estimated ovulation periods based on
the subjects” temperatures (Figure S1). For some of participants, we also
measured salivary progesterone concentrations using an ELISA kit
(SALIMETRICS) to estimate periods as complementary data (Figure
S2). Because the periods of Subject #F2 and #F6 were not estimated, their
data were excluded. The luteal phase was divided into two subphases
because the first and second halves of a luteal phase can be affected by the
follicular cycle and the upcoming menstruation, respectively. In addition,
the menstrual cycle was divided into four phases: menstrual, follicular,
early luteal, and late luteal phase (Figure S1). Male subjects used samples
from the periods corresponding to the number of days (first duration,
Days 1-2; second duration, Day 14; third duration, Day 21-22; fourth
duration, Day 28).

2.4 Next generation sequencing and
microbiome analysis

We prepared libraries of the V3-V4 region of the 16S rRNA
gene with KAPA HiFi HS ReadyMix (KAPA BIOSYSTEMS)
using the salivary DNAs as templates according to the 16S rRNA
metagenomics protocol for MiSeq system (Illumina). The PCR
samples were cleaned up by AMPure XP beads (Beckman Coulter)
and the read data were obtained by a MiSeq sequencer using Miseq
Reagent Kit v3 and PhiX Control v3 (Illumina). The raw reads data
have been registered with DNA Data Bank of Japan under the
accession number DRA015154 (Table S1). The obtained read data
were analyzed by the QIIME2 program (Caporaso et al., 2010)
(https://qiime2.org/). After merging the pair end reads, quality
check and chimera checks were conducted with the DADA2 plugin
(Callahan et al., 2016) . To analyze taxonomy, a classifier was trained
using SILVA 16S rRNA database (Ver. 123) (Quast et al., 2013). The
samples were rarefied at 10,000 depths of sequences.

2.5 Quantitative PCR

Quantitative PCR targeting part of the 16S rRNA gene (regions 321-
524) was performed using Quantifast SYBR kit (QIAGEN) with a pair of
primers: Forward 5-(ACTGAGAYACGGYCCA)-3’ and Reverse 5-
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(CTGCTGGCACGDAGTTAGCC)-3* (Wang and Qian, 2009). The
copy numbers of the gene in saliva were calculated using the indicated
copy numbers of the Staphylococcus caprae strain JMUB145, which
contains six copies of 16S rRNA genes in a chromosome (Watanabe
et al, 2018). The bacterial amount was calculated by multiplying the
relative abundance ratio by the copy number.

2.6 Statistical analysis

Data were expressed as box plots (the middle horizontal line
refers to the median value and the width of the box represents the
interquartile range), and all statistical analyses were performed in
SPSS version 24 (IBM) or R version 4.1.1. Alpha diversity was
calculated as the observed number of species as well as Simpson,
Shannon, and Chaol. Differences among menstrual cycles or
trimesters were calculated with the Friedman test, followed by post
hoc pairwise comparisons using the Bonferroni test. Correlations
were calculated with Spearman’s rank correlation coefficient test. Beta
diversity was calculated on Bray-Curtis distances and clustered on
complete linkage. The factors that affect bacteria compositions on
beta diversity assessed through a permutational multivariate analysis
(PERMANOVA). A p-value < 0.05 was considered significant.

3 Results
3.1 Demographic data of subjects

The saliva samples were taken from healthy young adult females
(aged: 23-36 years, body mass index: 18.0-30.6, and menstrual
duration: 25-43 days), and males (aged: 22-32 years and body mass
index: 18.7-34.5). All subjects had no oral problems, and no habit of
using dental floss (Table S1).

3.2 Genera abundances in the
oral microbiome

The oral microbiome in both females and males mainly consists of
Streptococcus, Prevotella, Veillonella, Porphorymonas, Nesseria, and
Gemella genera (Figure 1). With respect to the Prevotellaceae family,
the Prevotella 7, Prevotella 6, and Prevotella (unnumbered) genera were
detected. Species in the Prevotella 7, Prevotella 6, and Prevotella
(unnumbered) genera in the SILIVA database (Ver. 123) are listed in
Table S2. Among the abundance ratios of the top 20 oral microbiomes,
Friedman tests revealed significant differences in five genera among
females. The abundance ratio of the Streptococcus genus in the follicular
phase was significantly higher than that in the early and late luteal
phases (P < 0.05, Figure 2A), while the abundance ratios of the
Prevotella 7 and Prevotella 6 genera were significantly lower in the
follicular phase than in the early and late luteal phases (P < 0.05, Figure
2B) and in the early luteal phase (P < 0.05, Figure 2C), respectively. The
abundance ratio of the Saccharibacteria genus was significantly lower
in the follicular phase than in the late luteal phase (P < 0.05, Figure 2D).
While Friedman test detected significant difference in the abundance
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ratio of Atopobium genus, there was no significant difference by post
hoc pariwise comparisons (Figure 2E). Furthermore, the abundance
ratio of the Oribacteirum genera tended to be lower in the follicular
phase than in the early lutealphase (P = 0.064, Figure 2F). In contrast,
there were no significant differences in the abundance ratios of genera
among males.

3.3 Alpha diversity and beta diversity

In females, the Simpson index was significantly lower in the follicular
phase than in the early luteal phase (P < 0.05, Figure 3A) and tended to
be lower than in the late luteal phase (P = 0.064, Figure 3A), while neither
the Shannon nor the Chaol index showed significant differences among
the four phases. In contrast, beta diversity revealed significant differences
among the four phases (P < 0.01, Figure 3B). There were no significant
differences among the periods in males.

3.4 Copy numbers of the 16S rRNA genes

In order to examine changes in bacterial amounts during the
menstrual cycles, the copy numbers of the 16S rRNA genes were

-
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FIGURE 1
Abundance ratios of the top 20 bacteria genera in the oral microbiome. Stacked bar plots showing the composition of the most dominant genera
color-coded and ranked according to abundance, while Prevotella 6 and Prevotella unnumbered genera were arranged next to Prevotella 7 genus.
The abundance ratios in females are shown in four phases: menstrual, follicular, early luteal, and late luteal phases. The abundance ratios in males
are shown with four durations corresponding to the number of days: days 1-2, 1% duration; day 14, 2" duration; days 21-22, 3™ duration; day 28,
4™ duration. Females, N = 9; Males, N = 5.
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calculated by quantitative PCR (Figure 4). In females, Friedman test
revealed that the 16S rRNA gene copy number absolute value
tended to be difference (P = 0.072, Figure 4). In contrast, there
were no significant differences in the copy numbers of the 16 S
rRNA gens among males.

3.5 Bacterial amounts

To estimate changes in the numbers of each bacterial genus
during the menstrual cycles, we multiplied the copy numbers by the
abundance ratio. Our results demonstrate there were no significant
differences in the amount of the Streptococcus genus among the four
phases (Figure 5A). In contrast, the amount of the Prevotella 7
genus was significantly lower in the follicular phase than in the
menstrual phase (P < 0.01, Figure 5B) while that of the Prevotella 6
genus was significantly lower in the follicular phase than in the early
luteal phase (P < 0.05, Figure 5C) but not in the late luteal phase.
Finally, the total amount of the Saccharibacteria genus was
significantly lower in the follicular phase than in the late luteal
phase (P < 0.05, Figure 5D).
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3.6 Correlation of bacteria genera in the
oral microbiome

The Spearman’s rank correlation coefficients were r = —0.850,
-0.783, and -0.850 in the menstrual, follicular, and early luteal
phase, respectively, indicating a negative correlation between the
Streptococcus and Prevotella 7 genera (P < 0.05), while there was no
significant correlation in the late luteal phase (Table 1). Correlation
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between the Streptococcus genus and Prevotella 6 genera was
observed only in the late luteal phase (r = -0.717, P < 0.05).
There was no correlation between the Streptococcus genus and
Prevotella (unnumbered) genera in the four phases. Although
Prevotella (unnumbered) and Porphyromonas genera tended to be
positively correlated in the early luteal phase (r = 0.6, P = 0.088), the
abundance ratios were correlated negatively in the follicular phase
(r =-0.817, P < 0.05) (Table S3).
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4 Discussion

Several studies have addressed the changes in the oral
environment during the menstrual cycle (Baser et al., 2009;
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relationship between the menstrual cycle and the oral
microbiome has not been clarified. Therefore, in this study, we
used 16S rRNA-based sequencing to examine the cyclical changes
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0.01. N = 9.

in oral microbiome and assess their impact on females’ health and
wellbeing. Our study revealed the presence of various
microorganisms during the menstrual cycles of healthy young
adult females, indicating reciprocal changes with the
Streptococcus genus and Prevotella genera, especially in the
follicular phase. To the best of our knowledge, this is the first
study to prove the cyclical changes with specific bacteria genus
during the menstrual cycle by 16S rRNA-based sequencing. The
results of this study may provide a basis for etiological studies of
female hormone-influenced oral disorders.

The main finding of this study is that changes in the
Streptococcus and Prevotella genera abundances in healthy young
adult females in Japan occur in accordance with their menstrual
cycles. Previously, Bostanci et al. reported that the abundances of
these bacteria were not altered during the menstrual cycles in adult
females in Denmark (Bostanci et al., 2021). This discrepancy might
be attributed to the methods used for the collection of samples. In
this study, we collected saliva samples immediately after waking,
while Bostanci et al. collected their samples after 30 minutes of
fasting in the hospital. In addition, dietary and racial differences

TABLE 1 Correlation of the abundance ratios of bacterial genera in menstrual cycles.

Menstrual
Streptococcus/Prevotella 7 —0.850*
Streptococcus/Prevotella 6 -0.433
Streptococcus/Prevotella (unnumbered) —-0.533

Follicular Early Luteal Late Luteal
-0.783* ~0.850** -0.433
-0.583 -0.100 -0.717*
-0.150 -0.483 -0.417

Spearman’s rank correlation coefficient test, *P < 0.05 and **P < 0.01. N = 9.
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could also be associated with this discrepancy. In our study, bacteria
of the Streptococcus genus were the most predominant followed by
bacteria of the Prevotella 7 genus. In a previous report, bacteria of
the Prevotella genus (including all Prevotella 1—9 and unnumbered
genera) were the most abundant followed by bacteria of the
Streptococcus genus, indicating that the effect of menstrual cycle
correlates with the composition of the oral microbiome.

Alpha diversity represents microbiome richness and
community diversity in a sample or site, and it is calculated by
different formulas based on the Simpson, Shannon, and Chaol
indices. Generally, the Simpson index gives more weight to higher
abundant genera. In our study, compared with the Shannon or
Chaol index, the Simpson index revealed was significantly
decreased in the follicular phase, suggesting notable changes in
the predominant Streptococcus and Prevotella genera. To our
knowledge, there are no variations in the alpha diversity of the
oral microbiome between healthy young people and depression.
However, it has been previously reported that the Shannon index is
different in the depressed group than in healthy adults, although
there was no significant difference in the mean values of the
diversity (Wingfield et al, 2021). Several reports concluded that
there was no significant difference in the alpha diversity of oral
microbiome between pregnant and nonpregnant groups (Sparvoli
et al., 2020), between patients with anxiety and depression and
control subjects (Simpson et al., 2020), or between postpartum and
nonpregnant females (Khadija et al., 2021). Further analysis is
required to clarify whether changes in the alpha diversity of oral
microbiome depend on the oral environment, disease, and/or
mouth conditions.

Furthermore, the present study found that the amount of the
Prevotella 7 genus significantly decreased in the follicular phase.
During that phase, estradiol reaches its highest levels, as opposed to
progesterone, which reaches its highest levels during the early luteal
phase. Previous studies have investigated the relationships between
female hormones (estradiol and progesterone) and bacterial
amounts. For example, ovariectomy in mice showed that oral
bacterial amounts increased as a result of estradiol deficiency
(Lucisano et al,, 2021), although this report did not focus on
Prevotella species. In addition, Prevotella species have been found
to change their characteristics according to estradiol levels
(Kononen et al., 2022), of which Prevotella intermedia, Prevotella
nigrescens, and Prevotella pallens increased biofilm formation in the
presence of estradiol (Fteita et al., 2015; Fteita et al., 2017). The
decrease observed in the Prevotella 7 genus in saliva might be due to
the fact that estradiol-induced biofilm prevents Prevotella from
flowing into the saliva. Regarding progesterone, Prevotella species as
well as Porphyromonas gingivalis utilize progesterone as a source of
nutrition (Basavaraju et al., 2012; Butera et al,, 2021), indicating that
the increase in the amount of Prevotella 7 genus in the late luteal
phase is due to a progesterone-dependent growth. Further studies
are required to identify the mechanisms with which female
hormones influence the amount of Prevotella species.

Interestingly, the Prevotella 7 genus was negatively correlated
with the Streptococcus genus in the menstrual, follicular, and early
luteal phases, and the Prevotella 6 genus was negatively correlated
with the Streptococcus genus in the late luteal phase. These results
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demonstrate that the Prevotella genera are associated with the
menstrual cycle and/or other bacterial genera under different
regulations. According to the SILIVA database (Ver. 123),
Prevotella 7 contains P. buccae, P. dentasini, P. denticola, P.
enoeca, and P. melaninogenica (Table S2). Among them, P.
melaninogenica was found in high proportions in the saliva of
225 systemically healthy individuals (Mager et al., 2003), although
this species is recognized as pathogenic. However, it remains
unknown whether the increase and decrease in P. melaninogenica
and other Prevotella 7 genera in this study affected the health status
of the females. P. intermedia and P. nigrescens, members of the
Prevotella (unnumbered) (Table S2), are associated with
inflammatory periodontal diseases together with Porphyromonas
gingivalis (Lafaurie et al, 2017; Tusan et al., 2022). Although the
abundance ratio of Prevotella (unnumbered) and Porphyromonas
tended to be positively correlated in the early luteal phase, the
abundance ratios were significantly negative in the follicular phase
(Table S3). These results indicate that the menstrual cycle is
associated with periodontal diseases through affecting interaction
between Prevotella (unnumbered) and Porphyromonas.

The SILVA database is a comprehensive web resource for up-
to-date, quality-controlled databases of aligned rRNA gene
sequences from the Bacteria, Archaea and Eukaryota domains
(Quast et al., 2013). Several previous studies have also used the
SILVA database for oral microbiome analysis (Kennedy et al., 2016;
Zhao et al, 2021; Zhao et al.,, 2022). Furthermore, a recent
systematic review of oral peri-implant and periodontal microbiota
(Gazil et al., 2022) showed a specific database for oral microbiomes,
such as the HOMD (Chen et al., 2010) (https://www.homd.org/).
Further analysis using oral-specific databases, such as the HOMD
would be interesting.

Limitations

Our study has several limitations. First, only saliva, but not
intragingival, samples were collected. Consequently, it is unclear
whether our results do reflect the bacterial flora in the gingiva.
Second, the subjects included in this study had no oral issues;
therefore, it is unclear how the affected oral microbiome in subjects
with oral problems may influence our results. Third, our sample size
was small and limited (only included Japanese subjects), restricting
the generalization of our present findings. Finally, our participants
included one female with overweight and one male with obesity,
thereby restricting the generalization of our present findings.

5 Conclusion

Oral microbiome profiling in menstrual cycles using 16S
rRNA sequencing revealed the presence of a community of
microorganisms in healthy young adult females, indicating
reciprocal changes with the Streptococcus and Prevotella genera,
especially in the follicular phase. Further studies are required to
identify the mechanism with which these cyclical changes affect
oral microbiome.
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