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Abstract

Background: The establishment of symbiotic microbiota in pregnant women is important for both the mother and
her offspring. Little is known about the salivary symbiotic bacteria in pregnancy, and analysis of composition of micro-
biome (ANCOM) is useful to detect small differences in the number of bacteria. The aim of this study was to investi-
gate the differences in the salivary bacteria between healthy pregnant and non-pregnant women using ANCOM.

Methods: Unstimulated saliva samples were collected from 35 healthy pregnant women at 35 weeks gestation and
30 healthy non-pregnant women during menstruation. All participants underwent a periodontal examination. Estra-
diol and progesterone levels were examined by enzyme-linked immunosorbent assay. DNA extracted from the saliva
was assessed by 165 ribosomal RNA amplicon sequencing and real-time PCR.

Results: Salivary estradiol and progesterone levels were significantly increased in pregnant women. The alpha and
beta diversities were higher in pregnant women than in non-pregnant women. The largest effect size difference
noted when the microbiota of the pregnant and non-pregnant women were analyzed was that for Bifidobacteriales.

pregnant women compared with non-pregnant women.

Levels of Bifidobacterium dentium, but not of Bifidobacterium adolescentis, were significantly increased in pregnant
women, and the levels were significantly correlated with progesterone concentration.

Conclusion: The results suggest that Bifidobacterium and progesterone levels are elevated in the saliva of healthy
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Background

Plaque-induced gingivitis in women is modified by physi-
ological alterations in the endocrine system, such as dur-
ing puberty, menstruation, and pregnancy [1]. Gingival
inflammation increases during pregnancy and is asso-
ciated with an increase in female sex hormone levels
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[2-5]. Early investigations reported that estradiol and
progesterone are nutrients for Prevotella intermedia (P
intermedia) and are correlated with pregnancy gingivitis,
but recent reports based on molecular methods suggest
that the subgingival microbiota is affected by gingival
inflammation [6]. Porphyromonas gingivalis (P. gingi-
valis) significantly contributes to the worsening of gingi-
val inflammation during pregnancy [4]. Porphyromonas
gingivalis and Aggregatibacter actinomycetemcomitans
(A. actinomycetemcomitans) are also associated with
increased risk of preterm labor and preterm birth [7, 8].
Although abnormal pregnancy or pregnancy gingivitis
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may be associated with the proliferation of some patho-
genic bacterial species, it is unclear whether pregnancy
causes alterations in the symbiotic oral microbiota of
healthy women.

Microbiota variation during pregnancy has been inves-
tigated using various techniques. Microbial-surveying
techniques, such as 16S rRNA amplicon sequencing,
are high-resolution methods that have provided excel-
lent discrimination and detailed characterization of
bacterial communities [9]. Saliva is a biological fluid
secreted from the salivary glands into the oral cavity
and contains bacteria shed from microbial communities
adhering to various intraoral surfaces, including tooth
surfaces, gingival crevices, tongue dorsum, and buc-
cal mucosa. Also, saliva collection is easy, non-invasive,
and usually takes a few minutes. However, few studies
have used 16S rRNA amplicon sequencing to assess the
saliva of pregnant women [10-12]. Lin et al. [11] per-
formed 16S rRNA amplicon sequencing of supragingival
plaque in 11 pregnant women and seven non-pregnant
women and reported that Neisseria, Porphyromonas, and
Treponema were more abundant in pregnant women.
Crusell et al. [10] reported that the alpha diversity of the
salivary microbiota decreases from the third trimester
of pregnancy to the postpartum period. These results
suggest that the salivary microbiota may change during
pregnancy; however, the characteristic differences in the
salivary microbiota between pregnant and non-pregnant
women remain poorly understood.

We hypothesized that the levels of several symbiotic
bacteria increase in the saliva of healthy pregnant women
and that the symbiotic bacteria might not be the predom-
inant species in terms of the number. We assume that the
relatively small number of bacteria might be relevant to
support a healthy pregnancy by excluding pathogenic
bacteria that might otherwise increase during pregnancy.
Analysis of composition of microbiome (ANCOM) is
useful to detect small differences in the number of bac-
teria. The aim of this study was to investigate the differ-
ences in the salivary bacteria of healthy pregnant and
non-pregnant women using ANCOM.

Methods

Study population

Thirty-five healthy pregnant women, who were at
35 weeks gestation, were recruited from the obstetrics
clinic of Kagoshima City (Kakinoki Hospital) and the
Health Sciences University of Hokkaido. Pregnancy
outcomes, including age, height, weight, infant birth
weight, and delivery complications, were recorded after
delivery. Thirty healthy non-pregnant women also vol-
unteered for this study. Non-pregnant women were
examined during menstruation. All subjects agreed to
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participate in this study and signed a written informed
consent form, and filled out a questionnaire, includ-
ing smoking habits (never, former, or current). The
subjects had no systemic disease (i.e., no diabetes,
endocrine disorders, or hypertension) and did not use
antibiotics or steroid hormones within the preceding
3 months. All participants were from medium-income
households and had national insurance. Saliva sample
collection and clinical examination were conducted on
the same day. Prior to visiting the clinic, the subjects
were asked to avoid eating, drinking, and brushing their
teeth for 60 min prior to sampling. All pregnant women
were instructed by obstetricians to not consume alco-
hol during pregnancy, and all non-pregnant women
were instructed to not consume alcohol for at least one
month before saliva sampling. Unstimulated saliva was
collected immediately before the clinical examination.
After saliva sample collection, the subjects underwent
a periodontal examination, including assessment of
the gingival index (GI), probing pocket depth (PPD),
bleeding on probing (BOP), tooth mobility, periodon-
tal epithelial surface area (PESA) [13], periodontal
inflamed surface area (PISA) [13], and decayed, miss-
ing, and filled teeth (DMEF). Clinical examination was
conducted by two calibrated periodontal special-
ists (SK and KH-N). A healthy periodontal status was
defined as having no probing attachment loss, probing
depth <3 mm, and <10% BOP [14].

Estradiol and progesterone assay

Saliva Collection Aid (Salimetrics, LLC, State College,
PA, USA) was used to collect unstimulated saliva sam-
ples in a vial. After collection, the samples were stored at
— 80 °C. On the day of the assay, the samples were centri-
fuged at 1500 g for 15 min to remove particulate matter,
and the cleared samples were then subjected to enzyme-
linked immunosorbent assay (ELISA) to detect estradiol
(Salivary 17-Estradiol Enzyme Immunoassay Kit; Sali-
metrics) or progesterone (Salivary Progesterone Enzyme
Immunoassay Kit; Salimetrics). All assay protocols are
available from the kit manufacturers.

Extraction of bacterial DNA from saliva samples
Unstimulated saliva was collected from each subject
using OMNIgene " Oral OM-505 (DNA Genotek Inc,
Ottawa, ON, Canada) according to the protocol. For bac-
terial DNA extraction from the saliva, QIAamp® Min-
Elute Virus Spin (Qiagen, Hilden, Germany) was used
in accordance with the manufacturer’s protocol. DNA
extracts were stored at —20 °C and used for 16S rRNA
amplicon sequencing or real-time PCR.
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Sequencing library preparation

The PCR reaction targeted the V3-V4 regions of the bac-
terial 16S rRNA gene. Sequencing libraries of the V3-V4
regions in the saliva samples were prepared according
to the 16S Metagenomic Sequencing Library prepara-
tion instructions (Illumina, San Diego, CA, USA). Briefly,
the V3-V4 regions of the 16S rRNA gene were ampli-
fied using a two-step PCR protocol with KAPA HiFi HS
ReadyMix (Nippon Genetics, Tokyo, Japan) and V3-V4
region—specific primers (F341-R805). The index PCR
was performed using KAPA HiFi HS ReadyMix and
a Nextera XT index kit (Illumina). The libraries were
cleaned using Agencourt AMPure XP (Beckman Coul-
ter, Brea, MA, USA) and quantified on a Qubit 3 device
(Thermo Fisher Scientific, Waltham, MA, USA). The
library was diluted to 8 pM (final concentration), mixed
with PhiX (Illumina), and then applied to an Illumina
MiSeq system for sequencing with a MiSeq reagent kit v3
(600 cycles, Illumina). The data were analyzed using the
MiSeq Reporter Metagenomics Workflow (Illumina). An
average of 281,476 raw reads were obtained per sample
and an average of 278,461 trimmed reads per sample.

Quantitative analysis by real-time PCR

The bacterial levels were quantitated using real-time PCR
with primer pairs specific for P. gingivalis, P. intermedia,

Table 1 Primer sequences used in real-time PCR

Bacteria (16S rRNA) Primer sequences (5-3') Reference

Bifidobacterium

F CTCCTGGAAACGGGTGG [17]

R GGTGTTCTTCCCGATATCTACA

B. adolescentis

F GGATCGGCTGGAGCTTGCTCCG [19]

R CCCCGAAGGCTTGCTCCCAGT

P [FAM]CTCCAGTTGGATGCATGTCCT
TCTGG[TAM]

B. dentium

F ATCCCGGGGGTTCGCCTCC [19]

R ATACCGATGGAACCTTTCCCGG

P [FAMITGCTCCGGTTGGATGCATGTC
CTTCC[TAM]

P gingivalis

F AGGCAGCTTGCCATACTGCG [15]

R ACTGTTAGCAACTACCGATGT

P intermedia

F TTTGTTGGGGAGTAAAGCGGG [18]

R TCAACATCTCTGTATCCTGCGT

A. actinomycetemcomitans

F CTTACCTACTCTTGACATCCGAA [16]

R ATGCAGCACCTGTCTCAAAGC

PCR polymerase chain reaction
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A. actinomycetemcomitans, and the genus Bifidobacte-
rium 16S rRNA [15-18]. The sequences of the primers
used for real-time PCR in this study are shown in Table 1.
Real-time PCR was performed using a Light Cycler Nano
Real-Time PCR system (Roche Diagnostics, Basel, Swit-
zerland). The amplification program consisted of one
cycle of 94 °C for 10 min and then 45 cycles of 95 °C for
15 s and of 60 °C for 1 min. The fluorescent data were
analyzed with the Light Cycler Nano software. The num-
ber of bacteria in the saliva was represented by the loga-
rithm to base 10 of the estimated number of cells.

Bifidobacterium species-specific real-time PCR assays using
TagMan probe

A universal probe/primer set for Bifidobacterium adoles-
centis (B. adolescentis) and Bifidobacterium dentium (B.
dentium) was used as described previously (Table 1) [19].
The probes and primers were synthesized by Eurofins
Genomics (Tokyo, Japan). The oligonucleotide probes
were labeled with FAM at the 5 end and TAMRA at
the 3’ end. Real-time PCR was carried out using a Light
Cycler 96 (Roche Diagnostics). Each PCR reaction was
performed in a total volume of 20 pl containing 10 ul of
FastStart Essential DNA Probes Master (Roche Diagnos-
tics), 0.5 ul each of the forward and reverse primers (final
concentration, 500 nm each), an appropriate amount of
the TagMan probe (final concentration 500 nm), 1.0 pl
of template DNA solution, and an appropriate amount
of sterilized DNase-RNase-free water. Each amplifica-
tion reaction was performed in the Light Cycler with the
cycling parameters set at initial denaturation at 95 °C for
10 min and 45 cycles at 95 °C for 10 s and 58 °C for 90 s.
For the standard curves, the results obtained (Cq values)
for each species or group were plotted against the initial
number of cells in the corresponding culture.

Statistical analysis

16S rRNA sequencing data were analyzed using the
Quantitative Insights into Microbial Ecology2 soft-
ware package (QIIME2 v2019.4.0) [20] against the 16S
rRNA gene sequences assigned by the Greengenes data-
base v13.8 [21]. Analysis of the amplicon sequence data
employed the DADA2 pipeline. Alpha diversity was
estimated using the observed identified operational
taxonomic units (OTUs), the Chao 1 diversity index,
and the Shannon diversity index. The sequencing depth
was determined to be 28,352 reads from alpha rarefac-
tion. Beta diversity was evaluated based on UniFrac dis-
tances representing the fraction of the branch length
of the phylogenetic tree shared between the groups.
Three-dimensional principal coordinate analysis (PCoA)
was performed to generate UniFrac scatterplots to visu-
ally compare microbial compositions across groups.
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Differences in bacterial communities between non-
pregnant and pregnant women were analyzed using
the weighted and unweighted UniFrac distance metric.
Permutational multivariate analysis of variance (PER-
MANOVA) was used on the weighted and unweighted
UniFrac distance matrix to determine significant dif-
ferences with Bonferroni correction in microbial com-
munities between the different groups [22]. Statistical
significance was set at p<0.05. Significant differences in
microbial taxa abundance between non-pregnant and
pregnant women were analyzed using the ANCOM tool
in QIIME2 [23]. The final significance was expressed
as the empirical distribution of W. To identify possible
biomarkers associated with each group, a linear discri-
minant effect size (LEfSe) analysis was performed using
the Galaxy web application (http://huttenhower.sph.
harvard.edu/galaxy/). Bacterial abundance profiles were
calculated at taxonomic levels from phylum to genus in
percent abundance; alpha values >0.05 and a logarithmic
linear discriminant analysis (LDA) score >2.0 were used
as thresholds [24]. The differences in clinical param-
eters between non-pregnant and pregnant women were
analyzed through the Mann—Whitney U-test. The cor-
relations between clinical parameters and the number of
bacteria were analyzed with Spearman’s correlation test
and multiple regression analysis. The Mann—Whitney
U-test, Spearman’s correlation test, and multiple regres-
sion analysis were performed with the statistical software
package SPSS Statistics version 26 (IBM, Armonk, NY,
USA). A statistical significance level of 5% (p<0.05) was
applied for all statistical tests.

Results

Clinical parameters

All pregnant women had a term delivery without compli-
cations, and all but two of the infants’ birth weights were
within the normal range (mean 3018.39 g, range 2120—
3775 g). The mean PPD, GI, and PESA were significantly
higher in pregnant women than in non-pregnant women.
However, no other clinical parameters were significantly
different between non-pregnant and pregnant women.
The estradiol and progesterone levels were significantly
higher in pregnant women than in non-pregnant women
(Table 2).

Alpha and beta diversity analysis

All 65 samples were sequenced using MiSeq, and
6,702,139 total sequences were amplified (range, 28,352—
185,102 sequences per sample; mean, 103,110 sequences
per sample). The taxonomic identity of the reads was ana-
lyzed using QIIME2. The observed OTUs, Chaol diver-
sity index, and Shannon diversity index were significantly
higher in pregnant women than in non-pregnant women
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(Fig. 1a). Additionally, weighted and unweighted UniFrac
distances were significantly different between the micro-
bial communities of non-pregnant and pregnant women

(Eig. 1b).

Oral bacterial taxonomy of the saliva

QIIME2 helped detect a total of 167 different bacte-
rial genera in non-pregnant and pregnant women. The
most abundant genus among all samples was Prevo-
tella, followed by Streptococcus, Veillonella, and Neis-
seria. We analyzed the bacterial DNA sequence profiles
of the saliva samples and identified significant differ-
ences in the microbial taxa between non-pregnant
and pregnant women using the ANCOM feature of
the QIIME2 program. At the order level, Bifidobacte-
riales, Lactobacillales, Actinomycetales, and Mycoplas-
matales were determined to be differentially abundant
between non-pregnant and pregnant women (Table 3).
The order with the most significant difference between
the two groups was Bifidobacteriales (W =21). Bifi-
dobacteriales had the largest effect size difference in
pregnant women compared with non-pregnant women
(median=18.0, max=1143.0). At the family level,
Bifidobacteriaceae, Streptococcaceae, and Carnobacte-
riaceae were determined to be differentially abundant
between non-pregnant and pregnant women (Table 3).
The most significant difference was observed in Bifi-
dobacteriaceae levels (W =30). Bifidobacteriaceae had
the largest effect size difference in pregnant women
compared with non-pregnant women (median=18.0,
max = 1143.0). No significant differences were observed
at the genus level between non-pregnant and pregnant
women using the ANCOM method. To evaluate micro-
bial contents between non-pregnant and pregnant
women, LDA was performed using LEfSe. We identified
106 bacterial taxa with LDA >2.0. There were 77 bacte-
rial taxa in the pregnant women with the highest LDA
score. They belonged to the family Bifidobacteriaceae
(phylum Actinobacteria, class Actinobacteria, order
Bifidobacteriales) and order Bifidobacteriales (phylum
Actinobacteria, class Actinobacteria), consistent with
the ANCOM findings. There were 29 bacterial taxa in
the non-pregnant women with the highest LDA score
(Fig. 2).

Real time PCR analysis of Bifidobacterium

and periodontopathic bacteria

The genus Bifidobacterium, Bifidobacterium species
(B. adolescentis and B. dentium), and periodontopathic
bacteria (P gingivalis, P. intermedia, and A. actinomy-
cetemcomitans) were quantified using real time PCR.
The genus Bifidobacterium and B. dentium numbers
were significantly higher in pregnant women than in
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Table 2 Clinical parameters of non-pregnant and pregnant women
Non-pregnant women (n=30) Pregnant women (n=35) P

Age (years) 313458 301439 0.649
(20-42) (23-40)

Height (cm) 1585+59 1584+6.0 0974
(148.0-168.0) (145.0-169.0)

Weight (Kg) 53079 623+84 0.000
(44.0-86.0) (48.6-80.6)

Estradiol (pg/mL) 159+£0.12 56.04+£6.61 0.000
(0.54-5.14) (3.37-267.00)

Progesterone (pg/mL) 87.60£7.99 1760.85+106.91 0.000
(3.37-394.09) (283.42-9187.01)

Infant birth weight (g) - 301839442542 -

(2120-3775)

Mean PPD (mm) 1.96+0.17 2224028 0.000
(1.7-2.3) (1.6-2.9)

PD >4 mm (%) 0.33+0383 148+£3.59 0.647
(0-4.17) (0-10.71)

BOP (%) 8.18+6.25 7.77+£8.15 0427
(0-20.8) (0-28.6)

Mean Gl 0.04£0.08 029+£041 0.001
(0-0.30) (0-1.43)

PESA (mm?) 968.97 +106.86 1199.29+£155.30 0.000
(780.5-1166.3) (891.6-1571.2)

PISA (mm?) 86.74+71.02 106.57+£122.13 0.946
(0-237.4) (0-521)

DMF 6.03+5.71 5594503 0.780
(0-22) (0-17)

Smoker 3 3 0.844
(former 1, current 2) (former 3)

Bold values are statistically significant

Clinical cut offs; probing depth >4 mm and > 10% BOP (Definition of healthy; no probing attachment loss, probing depth <3 mm and < 10% BOP)

Values are shown as mean =+ standard deviation (SD) (range) or percentage + SD (range)

PPD probing pocket depth, BOP bleeding on probing, G/ gingival index, PESA periodontal epithelial surface area, PISA periodontal inflamed surface area, DMF decayed,
missing, and filled teeth. Statistical analysis of clinical parameters in non-pregnant and pregnant women was performed by Mann-Whitney U-test

non-pregnant women. However, B. adolescentis was
not detected in pregnant or non-pregnant women. No
significant difference in the number of periodonto-
pathic bacteria was found between pregnant and non-
pregnant women (Fig. 3).

Correlation between clinical parameters, periodontopathic
bacteria, and Bifidobacteria

The results of the Spearman’s correlation test between
clinical parameters and oral bacteria in all subjects
(non-pregnant and pregnant women) are shown in
Table 4. The abundance of the genus Bifidobacteria sig-
nificantly correlated with patient weight (p=0.013),
mean GI (p =0.00004), DMF (p=0.021) and estradiol
levels (p =0.0004). Bifidobacterium dentium abundance

was significantly correlated with the mean PPD
(»p=0.009), PESA (p=0.007), estradiol (p =0.037), and
progesterone (p=0.006) levels.

Porphyromonas gingivalis abundance was signifi-
cantly positively correlated with age (p=0.00006)
and significantly negatively correlated with mean GI
(p=0.023). Prevotella intermedia abundance was sig-
nificantly negatively correlated with DMF (p =0.005).

The genus Bifidobacteria abundance was significantly
positively correlated with the mean GI (p=0.011) and
significantly negatively correlated with age (p=0.004).
Porphyromonas gingivalis abundance was significantly
positively correlated with age (p=0.004) and signifi-
cantly negatively correlated with mean GI (p=0.004).
Aggregatibacter actinomycetemcomitans abundance
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Table 3 Significant differential abundance of the genera with their 50th percentile abundance, max percentile abundance, and

W-statics of the ANCOM method

Median percentile abundance Max percentile abundance w
Non-pregnant Pregnant Non-pregnant Pregnant
Order
Bifidobacteriales 1.0 18.0 98.0 11430 21
Lactobacillales 6919.0 25,800.0 28,490.0 68,006.0 15
Actinomycetales 2258.0 7289.0 10,058.0 23,0720 1
Mycoplasmatales 1.0 12.0 1330 5130 11
Family
Bifidobacteriaceae 1.0 18.0 98.0 11430 30
Streptococcaceae 5849.5 23,121.0 25,192.0 65,374.0 15
Carnobacteriaceae 814.0 2284.0 32570 4667.0 1

ANCOM was performed to identify significant differences in order abundances based on 50th percentile abundance (Median), highest sequence count found in a

sample (Max), and W statistic
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Fig. 2 Linear discriminant analysis effect size. The differentially
abundant taxonomic profile of saliva microbiota of pregnant women
versus non-pregnant women

<

B non-pregnant I pregnant

K Bacteria.p_Fifmicutes.c_8a [ Jacillales
K Bacteria.p Firmicutes.c_Ba [ ptococcaceae.q_Streptococcus
K gacteria p_Firmicutes

i Backeria p_Actinobacteria

K Bacteria p_Actinobacteria. [ Inobacteria o Actinomycetales.

was significantly negatively correlated with weight
(p=0.04) and mean GI (p=0.01).

The Spearman’s correlation coefficients between clin-
ical parameters and salivary hormones are shown in
Table 5. Both estradiol and progesterone were signifi-
cantly associated with weight, mean PPD, mean GI, and
PESA in all subjects (Table 5).

Furthermore, the genus Bifidobacteria abundance
was negatively associated with P gingivalis and A.
actinomycetemcomitans abundance in pregnant women
as well as in all subjects (Table 6).
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Multivariate analysis

The results from the multiple regression analysis are
shown in Table 7. Bifidobacterium dentium abundance
was significantly associated with the concentration of
salivary progesterone in all subjects. The relationship
was also observed in pregnant women (Table 7).
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Fig. 3 Oral bacteria in non-pregnant and pregnant women as analyzed by Mann-Whitney U-test

women [6]. In this study, the PPD and mean GI of preg-
nant women were slightly greater than those of non-
pregnant women (Table 2). Furthermore, the PPD and GI
values were associated with both estradiol and proges-
terone salivary concentrations. In fact, pregnancy-asso-
ciated gingivitis improves postpartum [27]. Generally,
plasma estradiol and progesterone levels are 10 and 30
times higher, respectively, in pregnant women than in
menstruating women [6]. Salivary estradiol and proges-
terone levels are also higher in pregnant women than
in non-pregnant women [28-31]. These hormones are
used as nutrients by bacteria, such as P. intermedia [28]
and P. gingivalis [32]. Several studies have reported that
increased levels of P. intermedia in pregnant women are
associated with gingivitis [2, 3, 6], and another study sug-
gested that P gingivalis significantly contributes to the
worsening of gingival inflammation during pregnancy
[4]. In addition to the bacterial factor, estradiol and pro-
gesterone enhanced the production of inflammatory
cytokines by human gingival fibroblasts, suggesting that
female sex hormones enhance gingivitis during preg-
nancy [33].

Inflammation may be a risk factor for preterm birth
and for morbidity in preterm infants. Periodontitis is a
chronic inflammatory disease caused by bacterial plaque
attached to the tooth surface. Porphyromonas gingivalis
is a late colonizer in the plaque biofilm [34] and is asso-
ciated with local and systemic inflammation in patients
with periodontitis [35]. The presence of P gingivalis in
pregnant women is associated with an increased risk

of preterm delivery and low infant birth weight [7], and
appropriate periodontal treatment might potentially be
associated with suppression of preterm birth [12, 36—41].

In this study, estradiol and progesterone levels were
increased in the saliva of pregnant women (Table 2),
but the P intermedia and P. gingivalis levels were not
significantly different between pregnant and non-
pregnant women (Fig. 2). The increased levels of Bifi-
dobacteria observed in healthy pregnant women could
suppress P intermedia because both Bifidobacterium
and P intermedia use these hormones as nutrients.
Lin et al. reported that Neisseria, Porphyromonas, and
Treponema were more abundant in the salivary micro-
biota of pregnant women compared with non-pregnant
women [11]. The GI reported in their study was higher
than that observed in the present study, and the rela-
tionship between BOP and GI may vary according to
PPD at the individual site examined [42], suggesting
that high GI may be associated with plaque-associated
gingival inflammation. GI is slightly increased in healthy
women throughout pregnancy without a concomitant
increase in the plaque levels [43]. The lack of increase
in periodontopathic bacteria and slightly increased GI
values observed in the current study might be attributed
to the participants, who were periodontally healthy and
had minimal plaque associated-gingivitis. Consistent
with this, the GI negatively correlated with P. gingivalis
in this study.

Bifidobacterium is a major symbiotic intestinal microbe
in infants [44, 45]. Bifidobacterium seems to play a crucial
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Table 5 Spearman’s correlation coefficients between clinical
parameters and salivary hormones
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Table 6 Spearman’s  correlation coefficients between

Bifidobacterium and periodontopathic bacteria

Estradiol Progesterone Bifidobacterium B. dentium
All subjects Pregnant All subjects Pregnant women All subjects Pregnant All subjects Pregnant women
women women

Age P.gingivalis
Rho —0.146 —0.363 —0.057 0.157 Rho —0.295 —0.462 0.027 —0.024
p 0.247 0.032 0.652 0.368 p 0.017 0.005 0.830 0.892
Height P intermedia
Rho  0.001 —0.085 —0.083 —0.120 Rho —0.111 —0.042 0.178 0.107
p 0.992 0.629 0510 0491 p 0378 0.809 0.156 0.539
Weight A. actinomycetemcomitans
Rho  0.647 0.287 0490 —0.005 Rho —0.338 —0.366 0.025 —0.204
p 0.000 0.095 0.000 0.978 p 0.006 0.031 0.843 0.239
Mean PPD Bold values are statistically significant
Rho 0498 0.168 0.562 0.168
p 0.000 0.342 0.000 0.341
PPD > 4 mm be a symbiotic bacterium, the presence of Bifidobacterium
Rho - 0076 0170 0114 0057 may be a risk factor for caries development.
b 0551 0337 0369 0748 Bifidobacterium dentium is, however, well-adapted
80P for commensalism in the gastrointestinal tract [54].
Rho 0009 0271 0,029 0053 Hojo et al. reported that the B. dentium count may be
b 0,941 0209 0820 0765 associated with periodontal health [55]. Bifidobacte-
Mean G ria were shown to inhibit the growth of P. gingivalis in
Rho 0530 0356 0438 0164 an in vitro biofilm model [56]. Bifidobacterium strains
b 0.000 0.039 0.000 0353 are nutritionally competitive with P gingivalis, and
PESA consumption of vitamin K by P gingivalis may sup-
Rho 0662 0308 0.700 0.19] press Bifidobacterium strains [32]. Bifidobacterium
p 0.000 0076 0.000 0280 may interfere with the growth of P gingivalis through
PISA nutrient and niche deprivation, and suppression of P
Rho  00% 0204 0,096 0021 gingivalis is important in increasing symbiotic Bifido-
p 0452 0246 0,079 0.908 bacterium in the mother’s saliva. In the present study,
DME the genus Bifidobacterium abundance was negatively
Rho 0,040 0917 . 0174 correlated with P gingivalis, but this relationship was
, 075 0918 0491 0326 not observed with B. dentium. Furthermore, probi-

Bold values are statistically significant

role in protecting against pathogens, contributing to the
priming of the mucosal immune system and maintaining
human health [46—48]. In this study, the genus Bifidobacte-
rium abundance was correlated with DMF, but the associa-
tion was not observed with B. dentium. Several reports have
suggested that B. dentium is associated with the develop-
ment of plaque and dental caries [49-51]. Bifidobacterium
dentium is frequently isolated from children and young
adolescents with severe caries [52] and is related to fluoride
tolerance [53]. Although Bifidobacterium is considered to

otic therapy using Bifidobacterium improved clinical
parameters in chronic periodontitis [57]. Bifidobacte-
rium suppressed biofilm formation and transcription
of pathogenic genes of P. gingivalis [58]. A limitation of
this study is its cross-sectional study design; we could
not discuss the causal relationships between Bifidobac-
terium and healthy pregnancy. In addition, although we
found that Bifidobacterium was significantly increased
in the saliva of pregnant women, we could not deter-
mine all Bifidobacterium species.

Conclusion

Within the limitations of this study, our investigation
showed that the abundance of the genus Bifidobac-
terium and particularly of B. dentium was greater in
pregnant women than in non-pregnant women.
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Table 7 Multiple regression analysis of the association between salivary B. dentium and other parameters

Model Unstandardized coefficient Standardized t p 95% Cl Adjusted R?
coefficient -
(B) Standard error (B) Low High
All subjects
(Constant) 2178 0.178 12.236 0.000 1.822 2.534 0.198
Progesterone 0.000 0.000 0.445 3916 0.000 0.000 0.001
Pregnant women
(Constant) 2243 0.338 6.638 0.000 1.555 2.931 0.159
Progesterone 0.000 0.000 0429 2.686 0.011 0.000 0.001

The dependent variable was B. dentium abundance. Independent variables were age, height, weight, mean PPD, %PPD > 4 mm, %BOP, mean Gl, DMF, smoking,
estradiol, progesterone, P. gingivalis abundance, P. intermedia abundance, and A. actinomycetemcomitans abundance. Cl confidence interval
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