Am J Transl Res 2025;17(10):7612-7625
www.ajtr.org /ISSN:1943-8141/AJTRO160756

Original Article

Correlation analysis between changes in oral

and vaginal/intestinal microbiota during pregnhancy
and threatened preterm birth in pregnant women

Wenshuang Song, Wenna Hao, Liyuan Dong, Linggai Wang

Department of Obstetrics and Gynecology, Xingtai People’s Hospital, Xingtai 054000, Hebei, China

Received September 25, 2024; Accepted September 15, 2025; Epub October 15, 2025; Published October 30,
2025

Abstract: Objectives: To explore the correlation between changes in oral and vaginal/intestinal microbiota during
pregnancy and threatened preterm birth, providing a theoretical basis for further mechanism research. Methods:
The study retrospectively analyzed pregnant women who gave birth in the gynecological outpatient department of
a medical university affiliated hospital in East China from December 2021 to September 2022. The case group
included pregnant women who experienced regular or irregular uterine contractions (with the cervical canal gradu-
ally shortening but the cervical opening not exceeding 1 cm) within 24 to 28 weeks of pregnancy and were at risk
of preterm birth; The control group included individuals without such symptoms. Two sets of deoxyribonucleic acids
(DNA) were extracted from oral and vaginal/intestinal microbiota, and bioinformatics (Bl) methods were used to
sequence and analyze these three sets. Results: Oral microbiota analysis showed significant differentiation between
two groups, with significant clustering within each group. Vaginal microbiota analysis revealed enrichment of specific
bacteria in Group D compared to Group C. Gut microbiota analysis showed varying proportions of different genera in
Group E and F. Significant differences were observed in species composition between the groups. Conclusions: (1)
Compared to normal and healthy pregnant women, there was a significant imbalance in the diversity of oral micro-
biota in patients with threatened premature delivery. (2) The overall composition and structure of vaginal microbiota
in patients with threatened premature delivery have changed. The relative abundance of probiotic lactobacilli in the
vaginal microbiota decreased in the case group. (3) There was no significant difference in the overall community
structure of gut microbiota in patients with threatened premature delivery compared to normal pregnant women.

Keywords: Pregnant women, oral microbiota, vaginal/intestinal microbiota, threatened preterm birth, relativity

Introduction of preterm birth year by year. Numerous results

have shown that an increase in gestational age

Preterm birth refers to the occurrence of irregu-
lar or regular uterine contractions, accompa-
nied by symptoms such as vaginal bleeding or
bloody secretions, before 37 weeks of pregnan-
cy. Afterwards, there will be regular uterine con-
tractions, progressive shortening of the cer-
vical canal, and enlargement of the uterine
opening, ultimately leading to the entire pro-
cess of delivering the fetus [1-3]. If preterm
birth occurs, due to the young age of the fetus
and the incomplete development of various
organs and systems, it is likely to cause a series
of near and far complications [4, 5]. The imple-
mentaion of China’s two-child policy has led to
an expansion of the overall fertility population,
leading to an increasing trend in the incidence

leads to a decrease in the mortality rate of pre-
term birth, but the incidence of serious compli-
cations gradually increases [6, 7]. At present,
the principle of managing preterm birth is still
to extend the gestational week as much as pos-
sible while the fetal membrane is intact to
reduce the prognosis of preterm birth. At the
same time, it is also necessary to rest appropri-
ately, promote fetal lung maturation, suppress
uterine contractions, and, if necessary, under-
go anti-infection treatment [8, 9]. However, a
considerable number of preterm birth patients
exhibit atypical prodromal symptoms and poor
disease control, which accelerates the progres-
sion of the disease and ultimately results in pre-
term birth. Due to the unclear pathogenesis,
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there is currently no effective prevention and
treatment method. It is worth noting that many
scholars currently believe that infection and
inflammatory reactions are important factors
leading to preterm birth [10, 11].

Microbiomics is a new research field that has
emerged in recent years and is closely related
to various chronic diseases affecting the in-
testine, metabolism, reproduction, and nerves.
It conducts sequence analysis, classification,
and statistical analysis of the microbiome thr-
ough methods such as tag gene analysis, me-
tagenomic analysis, and metatranscriptome se-
quencing, revealing a high degree of diversity
in microbial community structure and function
[12, 13]. Multiple studies have shown that the
abundance and diversity of vaginal microbiota
in preterm and full-term pregnant women are
higher than those in full-term pregnant women
during the 11-16 weeks of pregnancy. The bac-
terial population of the Prevotella genus also
showed obvious discrepancies. The abundan-
ce of vaginal soft membrane fungi in preterm
pregnant women increases and is closely relat-
ed to the gestational age of preterm birth [14].
However, there is currently limited research on
the correlation between extremely early pre-
term birth in the Chinese population and the
oral, vaginal, and intestinal microbiota of preg-
nant women. Based on this, this study investi-
gates the correlation between changes in oral
and vaginal/intestinal microbiota during preg-
nancy and threatened preterm birth in preg-
nant women. The purpose is to explore the
etiology of threatened preterm birth from a mi-
crobial perspective, providing a theoretical ba-
sis for further mechanism research. Addition-
ally, there are currently few studies analyzing
the correlation between changes in oral and
vaginal/intestinal microbiota during pregnancy
and threatened preterm birth, and the study on
the causes of threatened preterm birth from
a microbial perspective has not been refined.
Therefore, this study is innovative.

Material and method
Research object

According to the guidelines issued by the
American College of Obstetricians and Gyne-
cologists in 2016, preterm birth is defined as
an actual pregnancy of 20 weeks but not more
than 37 weeks. The study explores the extreme-
ly early preterm delivery of pregnant women
who have reached 24 weeks but not exceeded
28 weeks.
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(1) Oral analysis grouping criteria: This study
retrospectively analyzed pregnant women who
gave birth in the gynecological outpatient de-
partment of a medical university affiliated hos-
pital in East China from December 2021 to
September 2022. Pregnant women who were
24 weeks pregnant but less than 28 weeks old
and had symptoms of threatened preterm birth
(manifested as regular or irregular uterine con-
tractions, while the cervical canal gradually
became shorter, but the opening of the cervix
did not exceed 1 cm) were used as the basis for
grouping. Among these patients, 71 patients
with symptoms were taken in the case group
(CG). 83 asymptomatic patients were assigned
to the health group (HG). According to the inclu-
sion and exclusion criteria, a total of 109 oral
samples were collected according to strict
operating standards, including 57 samples in
Group A (19 cases of premature delivery until
full term delivery; 38 cases of premature deliv-
ery after fetal protection were considered as
failed) and 48 samples in Group B.

(2) Vaginal analysis grouping criteria: Based
on inclusion and exclusion criteria, a total of
93 vaginal samples were collected after strict
operating procedures. They were also segment-
ed into case group (Group C) and health group
(Group D) according to the actual criteria for
oral grouping. Among them, a total of 46 cases
were collected for the former (15 cases were
saved until full term delivery; 31 cases were
still premature after the protection, indicating
failure to protect the fetus), while a total of 47
cases were collected for the latter.

(3) Intestinal analysis grouping criteria: Based
on inclusion and exclusion criteria, a total of 37
fecal samples were collected after strict oper-
ating procedures. They were case group (Group
E) and health group (Group F) according to the
actual criteria for oral grouping. Among them,
there were a total of 15 cases of the former (6
cases of premature delivery until full term de-
livery; 9 cases of premature delivery after fe-
tal protection), and a total of 21 cases of the
latter.

Inclusion and exclusion criteria, physical ex-
amination and laboratory indicators

Inclusion criteria: (1) Pregnancy reached 24
weeks but did not exceed 28 weeks. (2) There
was no history of acute or chronic gastrointesti-
nal inflammation or surgical procedures in the
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past. (3) No antibiotics (oral, intravenous or
vaginal) were used within one month prior to
actual sampling, and no probiotic preparations
were used within two weeks. (4) There was no
sexual activity and no use of vaginal supposito-
ries within the three days prior to sampling. (5)
Pregnant women gave informed consent and
were willing to join this study.

Exclusion criteria: (1) Pregnant women with iat-
rogenic preterm birth who were forced to termi-
nate their pregnancy due to the mother or fetus.
(2) Cervical insufficiency, premature rupture
of membranes, enlarged uterine opening >
Length of Cervical Measurement (LCM), sus-
pected chorioamnionitis, and physiological ute-
rine contractions. (3) Patients with gestational
diabetes, gestational hypertension, and other
pregnancy complications. (4) Patients with com-
plete placenta previa, partial placenta previa,
blood vessel previa, and placental abruption.

Physical examination indicators: It was mea-
sured by professionally trained outpatient or
ward nursing staff according to unified stan-
dards. Height and weight were measured us-
ing electronic measuring instruments, and the
Body Mass Index (BMI) was calculated using
relevant formulas.

Laboratory indicators: Clinical nursing staff and
ward nursing staff who have received profes-
sional training were responsible for collecting
blood samples and conducting blood routine
tests.

Instruments and reagents

(1) Reagent: Contains sterile cotton swabs,
physiological saline, sterile curved discs, and
fecal sample bottles prepared by Guangzhou
Peiyu Biological Products Co., Ltd. Disposable
sterile speculum produced by Nanchang Aibo
Medical Equipment Co., Ltd. 1.5 ml Eppendorf
(EP) micro centrifuge tube, 96 well plate, and
heat sealing film produced by American Aisijin
Science Co., Ltd. 50 ml centrifuge tube pro-
duced by Corning Corporation in the United
States. Phosphate buffer produced by Ther-
mo Fisher Scientific (China) Co., Ltd. MinkaGene
Bacterial Deoxyribonucleic Acid (DNA) test kit
produced by Guangzhou Microchip Biotech-
nology Co., Ltd. Anhydrous ethanol, sodium do-
decyl sulfate, Tween 20, chloroform, and sodi-
um acetate produced by Guangdong Guang-
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hua Technology Co., Ltd. Phenol produced by
Shanghai McLean Biochemical Technology Co.,
Ltd. DNA extraction solution produced by
Solebao Technology Co., Ltd. Primers produced
by Shanghai Shenggong Biotechnology Servi-
ce Co., Ltd. Real-time quantitative Polymerase
Chain Reaction Detection System (qPCR) rea-
gent kit produced by Dongyang Textile (Shang-
hai) Biotechnology Co., Ltd. These preparations
were expressed as 1-20.

(2) Instruments: Micro pipettes and high-speed
centrifuges (produced by Ebund AG in Germany).
Mini centrifuge and vortex shaker (produced
by Qilin Bell Instrument Manufacturing Co., Ltd.
in Haimen City). Ultra pure water preparation
system (produced by Sedoris Company). High-
pressure sterilization pot [produced by Zhiwei
(Xiamen) Instrument Co., Ltd.]. A commercial
ice maker [produced by Scotsman Ice System
(Shanghai) Co., Ltd.]. Electronic analytical bal-
ance (produced by Changshu Dual State Testing
Instrument Factory). 4°C/-20°C ultra-low tem-
perature refrigerator [produced by Hisense
Rongsheng (Guangdong) Refrigerator Co., Ltd.].
-80°C ultra-low temperature refrigerator, tra-
ce nucleic acid protein concentration analyzer,
and fluorescence quantitative PCR instrument
[produced by Thermo Fisher Scientific (Chi-
na) Co., Ltd.]. Electronic constant temperature
stainless steel water bath pot (produced by
Shanghai Yulong Instrument Equipment Co.,
Ltd.). These instruments were represented by
21-33. Table 1 shows the specific content.

Experimental methods

Experimental method for changes in oral mi-
crobiota of pregnant women

(1) Oral swab collection standard: Pregnant
women should not eat, smoke, or drink within 1
hour before sampling. After rinsing with 15 mil-
liliters of sterile physiological saline, a trained
doctor immediately scrapes and rotates 8-10
times on the tonsils of the pregnant woman'’s
jaw and the lateral pharyngeal walls on both
sides using a sterile cotton swab. The collected
samples need to be immediately placed in the
collection tube, sealed, labeled with the sam-
ple number and collection date, and temporar-
ily stored in a -20°C refrigerator. They should be
sent to a-80°C refrigerator as soon as possible
for refrigeration.
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Table 1. Instruments and reagents used in this research

1 2 4 5
Sterile cotton swab Normal saline Sterile curved disc Fecal sample bottle Disposable sterile speculum
6 7 9 10
1.5 mlEP 96-well plates Heat Sealable Film 50 ml centrifuge tube Phosphate buffer
11 12 14 15
MinkaGene Bacterial DNA Kit Anhydrous ethanol Tween 20 Chloroform
16 17 19 20
Sodium acetate Phenol DNA extraction solution Primer qPCR
Instrument
21 22 24 25
Micropipette High speed centrifuge Mini Centrifuge Vortex oscillator Milli-Q Advantage

26 27
Autoclave

Commercial ice maker Analytical balance

31

Micro nucleic acid protein concentration analyzer

Real time PCR

29 30

4°C/-20°C ultra-low -80°C ultra-low
temperature refrigerator temperature refrigerator

33

Electronic constant temperature stainless steel water bath pot

(2) Oral Deoxyribonucleic Acid (DNA) extraction:
The sample is taken out of the -80°C refrigera-
tor and placed on ice cubes to wait for melting.
According to the instructions on the bacterial
DNA extraction kit, the DNA of oral microorgan-
isms is extracted. All assignments are complet-
ed on a super clean workbench and are carried
out on ice.

(3) To achieve better amplification of the V4
region of the 16-Ribosomal Ribonucleic Acid
(16RsRNA) gene, this study does not dilute the
obtained DNA samples, but instead uses quan-
titative Polymerase Chain Reaction (qPCR) tem-
plates. Among them, the upstream primer of
V4 is 514F-5 ‘GTGCCAGCMGCGGTAA3’, and the
downstream primer of V6 is 1063R-5 ‘ACAGCC-
ATGCANCACCT3’, amplifying the conserved re-
gion of the V4 region of the 16RsRNA gene in
the sample. Add a 12 uL amplification reaction
system to a 96 well plate, then cover it with a
heat sealed film and put it on the machine. In
the PCR reaction system, 5.0 uL of DNA tem-
plate, 0.5 pL of upstream and downstream
primers with a concentration of 10 uyM, and 0.6
uL of fluorescent dye are selected. In the gPCR
parameters, the pre-deformation temperature
and time are set at 94°C and 2 min, the dena-
turation is set at 94°C and 30 s, the annealing
is setat 59°C and 30 s, the elongation is set at
72°Cand 30 s, and the final elongation is set at
72°C and 5 min, all with 28 cycles.

(4) lllumina Hiseq: Mix the PCR products from
each well before sequencing the sample. The
mixed samples are frozen with dry ice and sent
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tothe lllumina Hiseq 2500 platform (Guangzhou
Meige Gene) for 250-bp double ended sequenc-
ing. To reduce the error in sequencing de-
pth, PCR amplification is performed on differ-
ent samples. Then, a band scan and an Invi-
trogen fluorescence quantitative analyzer are
used to perform grayscale scanning on each
PCR product, and relative quantitative analysis
is performed on the addition amount of each
sample using the same 500 bp MarkerDL2000
band as a reference.

(5) Bioinformatics analysis: The 16RsRNAV4
region of bacteria belongs to a variable region,
which is relatively conserved within species
and exhibits inter-specific differentiation. It can
also be used to indicate phylogenetic relation-
ships between species. On this basis, this study
aims to obtain the taxonomic characteristics
of this bacterium by amplifying the 16RsRNAV4
region based on previous work. The first step is
to obtain sample classification operation units
and perform species dilution. The next is to per-
form Alpha (&) diversity analysis and continue
with Beta () diversity analysis. Finally, the sig-
nificance of inter-group differences is analyzed.
In o diversity analysis, Shannon index, Chao 1
index, Observed Operational Taxonomic Units
(Observed_0TUs) and PD_whole_tree are sel-
ected. In B diversity analysis, sample similarity
distance (Bray Curtis), Binary_jaccard distance,
Weighted, and Unweighted Unifrac distance are
selected.

In the significance analysis of inter-group differ-
ences, molecular markers are used to identify
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the characteristic species between each group.
After a series of statistical calculations, signifi-
cant inter-species differences are obtained,
and then significant inter-group differences are
analyzed to obtain species with significant dif-
ferences at each level. Various methods are
used to display Leukocyte Differentiation An-
tigen (LDA) numerical distribution histograms,
species evolution branching maps, and feature
tables. In addition, Linear Discriminant Analysis
Effect Size (LEfSe) is a method that combines
non-parametric testing with linear discriminant
analysis. It can detect the most statistically sig-
nificant biological characteristics between gr-
oups. Therefore, this study uses LDA values
greater than 2 under oral microbiota LEfSe as
cutoff values, only showing significant differ-
ences in species where the absolute value of
LDA is greater than the actual preset value.

(6) Statistical analysis: The SPSS 20.0 statisti-
cal software is used to analyze and process
all data. The number of use cases and the
percentage of count data are represented as
“(N)%”". Chi square test or Fisher’s precision test
is used to compare the differences in data. The
econometric data are first tested for normality
using the Kolmogorovsimonov test. When the
data are distributed normally, the mean + stan-
dard deviation (xtsd) is used to express it and
compared using the student t-test. If the data
are not normally distributed, then they are rep-
resented by the median and compared using
the Mann Whitney test. P<0.05 indicates a sig-
nificant difference.

Experimental method for changes in vaginal
microbiota in pregnant women

(1) Vaginal swab collection standard: No sexual
history or vaginal medication history within 3
days before sampling. Pregnant women take
bladder incisions and are sampled by profes-
sionally trained doctors. Under sterile endos-
copy, vaginal secretions are extracted from
both sides of the vagina and the posterior for-
nix area, and rotated 5-6 times without trying to
touch the vulva and vaginal opening. The col-
lected samples are immediately placed in the
collection tube and then sealed. After pasting
the sample number and collection date on it, it
is temporarily stored in a refrigerator at -20°C
and then moved to a refrigerator at -80°C as
soon as possible.
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(2) Vaginal DNA extraction: The sample is re-
moved from the -80°C refrigerator, placed on
ice, and waited for melting. Vaginal microbiota
DNA is extracted in accordance with the bacte-
rial DNA extraction kit instructions. The entire
process is completed on an ultra clean work-
bench and is carried out at extremely low tem-
peratures.

(3) Due to the high DNA content of actual vagi-
nal specimens, it is necessary to uniformly
dilute the concentration of vaginal DNA extrac-
tion products to 10 pL before amplification and
use it as the template for the next PCR amplifi-
cation step. Among them, the upstream and
downstream primers are the same as the
experimental method for changes in oral micro-
biota in pregnant women. The amplification
reaction conditions are only set at 72°C and 6
minutes for final extension. The rest are the
same as the experimental method for changes
in oral microbiota. The actual PCR products are
stored in a -20°C refrigerator.

(4) llumina Hiseq sequencing, bioinformatics,
and statistical analysis are the same as the
experimental methods for changes in oral mi-
crobiota in pregnant women.

Experimental method for changes in gut micro-
biota of pregnant women

(1) Standard for collecting fecal samples:
Trained doctors distribute sterile sample bot-
tles to pregnant women and inform them how
to collect fecal samples. After all urine is dis-
charged, the feces are discharged into the dis-
infection tray provided to prevent contact with
pollutants such as urine, blood, and vaginal dis-
charge. Using a sterile sampler in a sample
bottle, 5-6 g of samples are taken from the
inner side of the middle of the feces. After the
collection is completed, it is immediately cov-
ered, sealed and placed in a refrigerator at
-20°C. Itis transferred to a refrigerator at-80°C
as soon as possible for frozen storage.

(2) DNA extraction from fecal samples: Samples
are taken out of a refrigerator at -80°C and
placed on ice. Use a sterile spoon to remove
2-3 grams of personal feces and place them in
a 1.5 ml EP test tube. The rest of samples are
stored at -80°C for freezing. All assignments
are completed on a super clean workbench.
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Table 2. Comparative results of clinical data of research subjects

Grouping

and inspection Age Parity

White blood

Sampling period cell count

Hemoglobin

Primiparous Menopausal

180.5+8.89 days  11.07+3.81 x10%/L 111.49+11.48 ¢g/L
182.29+8.93 days  9.24+1.97 x10%/L  118.19+11.62 g/L
1.25 3.61 3.43
0.21 0.00 0.00

woman
CG 30.00 years (20.00-43.00) 37.00 (52.10) 34.00 (47.88)
HG 28.00 years (21.00-41.00) 50.00 (60.25) 33.00 (39.75)
X2/t 1.03
P 0.11 0.30
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Figure 1. Oral microbiota of pregnant women o di-
versity analysis results. A. The results of Shannon
index and PD_whole_tree index; B. The results of
Chao 1 index and Observed_OTUs index; C. Compari-
son results of the first two indices between the two
subgroups in Group A; D. Comparison results of two
indices after two subgroups in Group A. Note: X and
Y represent the subgroups of failed and successful
abortion in Group A, respectively.

(3) Due to the high DNA content in gut microbi-
ota samples, it is necessary to uniformly dilute
the samples before amplification to 10 yL. The
other operations are the same as the experi-
mental method for vaginal microbiota chang-
es.

(4) llumina Hiseq sequencing, bioinformatics,
and statistical analysis are the same as the
experimental methods for changes in oral
microbiota in pregnant women.

Results

Comparison of clinical data of research sub-
jects

A total of 154 cases were collected, including
71 cases in the CG and 83 cases in the HG.
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According to relevant inclusion, exclusion crite-
ria, and total medical history, 57 patients in
Group A and 48 in Group B were selected for
oral analysis. In vaginal analysis, there were 46
cases in Group C and 47 cases in Group D. In
the intestinal analysis, there were 15 in Group
E and 21 in Group F. As shown in Table 2, over-
all, in the comparison of general data between
the CG and the HG, the differences in age, par-
ity, and sampling period between the two gr-
oups were not statistically significant (P>0.05).

The o diversity analysis of oral and vaginal/
intestinal microbiota in pregnant women

In the o diversity analysis of oral microbiota in
pregnant women, the Shannon index, Chao 1
index, PD_whole_tree index, and Observed_
OTUs index values of oral microbiota in Group B
were slightly higher than those in Group A. The
o diversity of oral microbiota in Group B was
greater than that in Group A. Therefore, the
richness and diversity of oral microbiota in
Group A decreased, but the difference between
the two groups was not statistically significant
(P>0.05). The P values of the four indicators
were 0.52, 0.58, 0.86, and 0.97, respectively.
There was statistically no discrepancy in the o
diversity of oral microbiota between pregnant
women in Group A who has successfully and
failed to conceive (P>0.05). The P values of the
four indicators were 0.91, 0.53, 0.89, and 0.74,
respectively. The specific content is shown in
Figure 1.

In the analysis of vaginal microbiota diversity «,
the values of Shannon index, Chao 1 index,
PD_whole_tree index, and Observed_OTUs in-
dex in Group C were higher than those in Group
D. The richness and diversity of its vaginal
microbiota have increased compared to Group
D. However, the difference did not have statisti-
cal significance (P>0.05). The P values of the

Am J Transl Res 2025;17(10):7612-7625



Oral-vaginal-gut microbiota changes & preterm birth risk in pregnancy

— =0.2 - -
A4_ P=0.16 P=0.21 B 600" P=0.86 P=0.06
12 2008
(o]
k
= I -
8 £ o I
= =) & g
7] Ql B 2
. &5 é =} %
0 o R
Group Group
Cap P=0.10 . 140 P=043 Dgoor P=0.30 P=059
2001
E B
= I — =}
15 L) ° ey
E E = g
=2 E o =
7 2 EF h s
2 ) 100f i o

Q Group PoQ P Group PoQ

Figure 2. Two groups of vaginal microbiota o diversity
analysis results. A. The results of Shannon index and
PD_whole_tree index; B. The results of Chao 1 index
and Observed_OTUs index; C. Comparison results of
the first two indices between the two subgroups in
Group C; D. Comparison results of two indices after
two subgroups in Group C. Note: P and Q represent
the subgroups of failed and successful abortion in
Group C.

four indicators were 0.16, 0.06, 0.68, and 0.21,
respectively. There was no significant differ-
ence in vaginal microbiota diversity o between
the two subgroups in Group C (P>0.05), with P
values of 0.10, 0.30, 0.43, and 0.59, respec-
tively, as shown in Figure 2.

The four indicators of actual gut microbiota o
diversity in Group F were higher than those in
Group E, indicating a decrease in the richness
and diversity of gut microbiota in Group E com-
pared to Group F. The distinction was not signifi-
cant (P>0.05). At this point, the P-values of the
Shannon index, Chao 1 index, PD_whole_tree
index, and Observed_OTUs index were 0.71,
0.75, 0.69, and 0.75, respectively. Additionally,
there was no significant difference (P>0.05) in
gut microbiota « diversity between the two sub-
groups of successful and failed abortion in
Group E. At this point, the four P-values were
0.72, 1.00, 0.91, and 0.81, respectively, as
shown in Figure 3.

Oral and vaginal/intestinal microbiota of preg-
nant women (3 diversity analysis

In the analysis of oral microbiota (B diversity
in pregnant women, the corresponding Princi-
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Figure 3. Two groups of gut microbiota o diversity
analysis results. A. Analysis results of four indices;
B. Analysis results of two subgroups and four indi-
ces within Group E. Note: K and J represent the sub-
groups of successful and failed abortion in Group E.

pal Coordinate Analysis (PCoA) was performed
using unweighted Unifrac distance, and the
contribution rates of Principal Coordinate 1
(PC1) axis and PC2 axis were 8.77% and 5.73%,
respectively. There was a significant distinction
between the two groups of samples, and signifi-
cant clustering occurred within the group. The
difference in the species composition structure
of the oral microbiota between the two groups
in the analysis of inter-group differences had
statistical significance (P=0.002<0.05). The
contribution of PCoA using Binary_jaccard dis-
tance to the PC1 axis was 5.14%, and to the
PC2 axis was 4.19%. The samples of Group B
and Group A could be clearly distinguished, but
there were independent clusters between each
group, and the differences between the groups
had statistical significance (P=0.001<0.05). In
addition, in the PCoA of the oral microbiota for
successful and failed abortion based on Un-
weighted Unifac and Binary_jaccard in Group A,
there was no significant difference (P>0.05) in
the composition of the microbiota between the
two subgroups, as displayed in Figure 4.

In the analysis of vaginal microbiota B diversity,
when using unweighted Unifrac distance for
corresponding PCoA, the contribution rate of
the PC1 axis was 11.47%, and the contribution
rate of the PC2 axis was 9.03%. There was a
significant clustering within the two groups,
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Figure 4. Oral microbiota of pregnant women  diver-
sity analysis results. A. Results of using Unweighted
Unifac distance between groups; B. Results of using
Binary_jaccard distance between groups; C. Results
of using Unweighted Unifac distance within Group A;
D. Results of using Binary_jaccard distance within
Group A. Note: * indicates P<0.05. ** indicates
P<0.01.
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Figure 5. Two groups of vaginal microbiota B diver-
sity analysis results. A. Results of using Unweighted
Unifac distance between groups; B. Results of using
Binary_jaccard distance between groups; C. Results
of using Unweighted Unifac distance within Group C;
D. Results of using Binary_jaccard distance within
Group C. Note: * means P<0.05; ** means P<0.01.

and the samples between the groups were sep-
arated from each other. There was a significant
difference in the composition of vaginal mi-
crobiota between Group C and Group D (P=
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Figure 6. Two groups of gut microbiota B diversity
analysis results. A. Results of using Unweighted Uni-
fac distance between groups; B. Results of using
Binary_jaccard distance between groups; C. Results
of using Unweighted Unifac distance within Group E;
D. Results of using Binary_jaccard distance within
Group E.

0.001<0.05). In the PCoA using Binary_jaccard
distance, the contribution of the PC1 axis was
7.91%, and the contribution of the PC2 axis was
5.77%. The samples of Group C and Group D
were clearly separated, and the samples of
the same group showed good clustering (P=
0.001<0.05). In addition, there was no statisti-
cally significant difference in the 3 diversity of
related vaginal microbiota between the two
subgroups in Group C using unweighted Unifrac
distance and Binary_jaccard distance for PCoA
(P>0.05). The specific content is shown in Fi-
gure 5.

In the analysis of gut microbiota B diversity,
when using in the overall composition structu-
reunweighted Unifrac distance and Binary_jac-
card distance for PCoA, it was not possible to
distinguish between the Group E and Group F.
There was no significant difference (P>0.05) in
the overall composition structure between the
two sample groups. Among them, there were
P=0.67 for unweighted Unifrac distance and
P=0.76 for Binary_jaccard distance. In addi-
tion, there was no significant difference (P>
0.05) in gut microbiota B diversity between the
two subgroups when using unweighted Unifrac
distance and Binary_jaccard distance for PCoA
between the successful and failed abortion
groups in the Group E. The specific content is
shown in Figure 6.
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Figure 7. Analysis of the phylum level composition
of the community structure of two groups of oral
microbiota. A. Group A Gate Level Analysis Results;
B. Group B Gate Level Analysis Results; C. Analysis
results of genus level in Group A; D. Analysis results
of genus level in Group B.

Phylum level analysis of the composition of
oral and vaginal/intestinal microbiota commu-
nity structure in pregnant women

In the horizontal analysis of the composition
phyla of oral microbiota community structure in
groups A and B, the oral microbiota genus of
pregnant women was mainly composed of thick
walled, rod-shaped, actinomycete, deformed,
and shuttle rod-shaped bacteria, accounting
for up to 99.4%. Other bacteria included cyano-
bacteria and spirochetes. The proportion of
Firmicutes in Group A and Group B was 61.17%
and 61.12%, respectively. Bacteroidetes ac-
counted for 14.52% and 13.76%, Actinobacter-
ia accounted for 11.64% and 11.18%, Prote-
obacteria accounted for 10.40% and 11.37%,
and Fusobacteria accounted for 1.87% and
1.51%. In the genus level analysis, the two gr-
oups of oral microbiota were mainly composed
of Streptococcus, accounting for 47.1%, fol-
lowed by Prevotella, Rochella, Neisseria, and
Vibrio. In addition, the proportion of Strepto-
coccus in Group A and Group B was 46.65%
and 47.63%, respectively. Prevotella accounted
for 12.95% and 12.47%, Rochella accounted
for 7.80% and 7.78%, Neisseria accounted for
5.99% and 5.28%, and Vibrio accounted for
4.88% and 5.04%. However, there was no sig-
nificant difference in the actual composition
and structure of the oral microbiota between
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the two groups at the phylum level (P>0.05), as
shown in Figure 7.

In the phylum level analysis of the community
structure of vaginal microbiota in groups C and
D, the vaginal microbiota in groups C and D
belonged to 6 phyla. Among them, Firmicutes
accounted for 82.99% and 80.98%, Actino-
bacteria accounted for 12.18% and 18.27%,
Bacteroidetes accounted for 2.27% and 0.48%,
Firmicutes accounted for 1.65% and 0.01%,
Proteobacteria accounted for 0.71% and
0.07%, and Fusobacteria accounted for 0.08%
and 0.07%, respectively. In addition, the vagi-
nal microbiota of Group C and Group D were
mainly composed of Lactobacillus genus, fol-
lowed by genus 3, genus 1, and genus 10 under
the Streptococcidae family. The proportion of
genus 13 in group C and group D was 43.53%
and 46.00%, respectively. The proportion of
genera (represented by v) under the Strepto-
coccidae family was 33.29% and 33.31%, with
genus 3 of 7.75% and 12.71%, genus 1 of
3.00% and 2.30%, and genus 10 of 1.03% and
3.04%. The specific results are shown in Figure
8.

In the phylum level analysis of the composition
of gut microbiota community structure in gr-
oups E and F, the gut microbiota in groups E
and F belonged to 5 phyla. The proportion of
Firmicutes was 77.77% and 71.16%, Actinob-
acteria was 7.82% and 12.09%, Proteobacteria
was 6.81% and 12.65%, Bacteroidetes was
2.02% and 2.88%, and Verrucomycetes was
4.80% and 0.37%, respectively. In addition, the
gut microbiota of Group E and Group F were
mainly composed of genera under the family G,
genera under the family H, Bifidobacterium,
Macromonas, and Streptococcus. The propor-
tion of genera under the family G in Group E
and Group F was 34.88% and 38.66%, under
the family H was 4.32% and 11.05%, under the
genus Bifidobacterium was 6.30% and 7.26%,
under the genus Macromonas was 5.69% and
5.05%, and under the genus Streptococcus
was 4.05% and 3.80%. Table 3 shows the de-
tails.

Linear discrimination and cladistic analysis of
species evolution of oral and vaginal/intestinal
microbiota in pregnant women

In the linear discriminant analysis of oral mi-
crobiota in groups A and B, there were a total

Am J Transl Res 2025;17(10):7612-7625



Oral-vaginal-gut microbiota changes & preterm birth risk in pregnancy

LDA values greater than 2.5
under the vaginal microbiota
LEfSe were considered cutoff
values. In the linear discrimi-
nant analysis and species
evolution branch analysis of
vaginal microbiota in groups

B

Fungi 10

Fungi 1
Q Q

g £ Fungi3
=

. v

Proteobacteria
Fusobacteria Fungi 13 Frrrerm
0 30 60 90 0

Proportion (%)

Figure 8. Analysis results of two groups of vaginal microbiota community
structure composition at the phylum level. A. Gate level analysis results; B.

Genus level analysis results.

of 32 common characteristic species between
groups A and B in the oral microbiota, set at
1-32. 1-10: Bifidobacteria, Bifidobacteriaceae,
Gardnerella, Burkholderia, Lauteropus, Coldba-
cteria, Gram vaginal bacteria, Actinobacteria,
Red hoppers, and strange bacteria. 11-24: Red
stink bug order, Lactobacillus family, Lacto-
bacillus genus, Skadobia genus, Campylobacter
genus, Campylobacter order e-Proteobacteria,
Campylobacter family, Vibrio order, Macroglo-
bular genus, Vibrio family, Vibrio genus, red sn-
ail order, and acetobacter family. 25-32: Twins,
Twins, Botanidae, Streptomyces, Clostridium,
Bacteroidei, Bacteroideaceae, and 0-Proteo-
bacteria. Among them, the first 24 species
were enriched in Group B, and the last 8 spe-
cies were enriched in Group A.

In addition, in the analysis of the cladistic dia-
gram of species evolution in Group A and Group
B, at the class level, Group B mainly included:
Order Rhodobacter, e-Proteobacteria, Related
Bifidobacteria under Actinobacteria, Related
Lactobacillus bacteria under the Bacillus class,
o-Related red snail bacteria under the class
Proteobacteria, and y-Related Vibrio bacteria
under the class Proteobacteria. At the level of
group A, there were: 8-Proteobacteria, Related
Bacillus bacteria under the Bacillus class, and
Lactobacillus bacteria. The specific content is
shown in Figure 9.

In the analysis of group A and group B at the
genus level, the microorganisms in Group A’s
oral cavity were mainly enriched in the genera
Clostridium, Bacteroides, and Streptococcus.
The microorganisms in Group B’s oral cavity
were mainly enriched in the genera Gardnerella,
Lactobacillus, Bifidobacteria, and Gram nega-
tive bacteria. Figure 10 shows the specific re-
sults.
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Proportion (%)

30 40 50 C and D, there were a total of

15 species with significant dif-
ferences between the actual
vaginal microbiota in groups C
and D, set at a~o. It included:
genera Bifidobacteria, Aeroco-
ccus, Balloon Bacteriaceae, Clostridia, Clostri-
dia, Gammaproteobacteria, Rumen bacteria,
Enterobacteriaceae family, Enterobacterales
order, Trichospira, Salmonella, Pseudomonad-
aceae, Pseudomonas, Corynebacterium, and
Xanthomonas. Among them, a~c was enriched
in Group D, while the rest was enriched in Group
C. The results showed a P<0.05 in the species
diversity of vaginal microbiota between Group
C and Group D, as shown in Figure 11..

LDA values greater than 2 under the intestinal
microbiota LEfSe were used as cutoff values. In
linear discriminant analysis and cladistic analy-
sis of species evolution of gut microbiota in
groups E and F, the gut microbiota in group E
was enriched in the genus Trichospira, Ery-
sipelotrichia, Erysipelotrichales, and Erysipel-
othrix, designated as r~u. However, there was
no significant enrichment of characteristic bac-
terial genera in Group F. The specific content is
shown in Figure 12.

Discussion

The oral cavity is an open and microcirculation
system, which is an organ in contact with the
outside world. There are over 1.9x10* types
of microorganisms in the oral cavity of normal
individuals, including bacteria, fungi, and virus-
es. The symbiotic bacteria within the biofilm
can promote the development of the immune
system, compete, or inhibit foreign pathogens,
thereby maintaining the homeostasis of the
oral microbiota. However, if the environment in
the oral cavity changes, they will become a
pathogen and participate in the development of
the disease [15-17]. The disorder of microor-
ganisms in the oral cavity can lead to the occur-
rence of oral and maxillofacial diseases, which
can lead to adverse pregnancy results such as
miscarriage and preterm birth [18, 19]. In addi-
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Table 3. Results of phylum level analysis on the composition of two groups of gut microbiota commu-

nity structure

Analysis results of intestinal hilum level

Firmicutes Actinobacteria
T7.77% 7.82%
F 71.16% 12.09%

Proteobacteria Bacteroidetes Verrucomicrobia
6.81% 2.02% 4.80%
12.65% 2.88% 0.37%

Analysis results of gut genus level

Genus under Fungaceae g  Genus under Mycobacteriaceae h Bifidobacterium Macromonas Streptococcus
E 34.88% 4.32% 6.30% 5.69% 4.05%
F 38.66% 11.05% 7.26% 5.05% 3.80%
A mucosal barrier. The immune cells on the
_ i EZ mucosa can prevent the aggregation and trans-
g location of symbiotic bacteria. The two interact
_0.’2 and play an important role in maintaining
2 the integrity of the body’s immune barrier, pre-
g venting pathogen colonization, and regulating
= “ the body’s immune balance. The imbalance
-4 S R N of intestinal microecology during pregnancy is

LDA Score (log 10)

Figure 9. Linear discriminant analysis of two groups
of oral microbiota and branch of species evolution. A.
Linear discriminant analysis results of two groups of
oral microbiota; B. Results of two groups of species
evolutionary branches.

tion, the vaginal microbiota is the primary bar-
rier to maintaining female reproductive health,
and lactobacilli play an important role in it.
When the number of lactobacilli decreases, it
can cause a large number of pathogenic bacte-
ria to colonize the vagina, leading to vaginal
microbiota imbalance [20, 21]. Many potential
pathogenic microorganisms can invade cells
through adhesion, secrete toxic factors, obtain
nutrients, evade host defense, and cause in-
flammation of the lower reproductive tract,
such as bacterial vaginosis. Severe cases can
lead to uterine infections, ultimately leading to
diseases such as preterm birth, premature rup-
ture of membranes, and pelvic inflammatory
disease [22, 23].

At the same time, gut microbiota maintains the
microecological balance of the body through a
series of ways under long-term symbiotic condi-
tions, thereby affecting a series of complex life
processes such as nutritional metabolism, gr-
owth and development, and immune regulation
of the body [24]. Among them, the intestinal
mucosal barrier blocks symbiotic bacteria and
intestinal epithelium. The symbiotic bacteria
on one side of the lumen can strengthen the
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closely related to many pregnancy complica-
tions, such as pre-eclampsia, pregnancy diabe-
tes, obesity, etc. Numerous studies have shown
a correlation between changes in oral and vagi-
nal/intestinal microbiota and threatened pre-
term birth. Therefore, this study conducts a
detailed analysis of the three factors to deter-
mine their correlation with threatened preterm
delivery during pregnancy in pregnant women
and provides a theoretical basis for further
mechanism research.

The experimental results showed that in the
analysis of oral microbiota 3 diversity in preg-
nant women, the contribution rates of PC1 axis
and PC2 axis were 8.77% and 5.73%, respec-
tively, when using unweighted Unifrac distance
for corresponding PCoA analysis. There was a
significant distinction between the two groups
of samples, and significant clustering occurred
within the group. The difference in the species
composition structure of the oral microbiota
between the two groups in the analysis of inter-
group differences had statistical significance
(P=0.002<0.05). In the analysis of vaginal mi-
crobiota B diversity, when using unweighted
Unifrac distance for corresponding PCoA, the
contribution rate of the PC1 axis was 11.47%,
and the contribution rate of the PC2 axis was
9.03%. There was a significant clustering within
the two groups, and the samples between the
groups were separated from each other. There
was a significant difference in the composition
of vaginal microbiota between Group C and
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Figure 11. Results of linear discriminant analysis
and branch analysis of species evolution for two
groups of vaginal flora. A. Linear discriminant anal-
ysis results of two groups of vaginal microbiota; B.
Species evolution analysis results of two groups of
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Figure 12. Results of linear discriminant analysis
and branch analysis of species evolution for two
groups of intestinal microflora. A. Linear discriminant
analysis results of two groups of gut microbiota; B.
Branch analysis results of species evolution of two
groups of gut microbiota.

Group D (P=0.001<0.05). This result is basical-
ly correlated with the findings of Borkent et al.
[25]. In the genus level analysis, the propor-
tions of various bacterial groups in Group A and
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and Bacteroides.

57

Group B were 46.65% and
47.63% for Streptococcus,
12.95% and 12.47% for Pre-
votella, 7.80% and 7.78% for
Rochella, and 5.99% and
5.28% for Neisseria. The pro-
portion of genus 13 in Group
C and Group D was 43.53%
and 46.00%, respectively, whi-
le the proportion of genus un-
der the Streptococcidae was
33.29% and 33.31%, respec-
tively. The proportion of gen-
era under the bacteriaceae g
in Group E and Group F was
34.88% and 38.66%, respec-
tively, while under the bacteri-
aceae h it was 4.32% and
11.05%, with Bifidobacterium
for 6.30% and 7.26%, and
Macromonas for 5.69% and

5.05%. The richness of the analysis content is
significantly better than the results of Fu et al.
[26]. In the CG, the study found that the relative
abundance of probiotic lactobacillus in Group E
decreased. The reason may be the changes in
hormone levels during pregnancy and the regu-
lation of the immune system, which leads to
changes in the ecological balance of the vagi-

nal microbiota, thereby affecting the growth

environment of lactic acid bacteria. The occur-
rence of preterm birth is usually associated
with inflammation, infection, etc. These factors
may inhibit the growth of lactobacillus, so that

pathogenic bacteria or other harmful microor-
ganisms can reproduce and further cause mi-

25

35

LDA Score (log 10)

crobial imbalance. The findings show clear dif-
ferences between the oral microbiota of pa-
tients with threatened preterm birth and that of
healthy pregnant women, suggesting that char-
acteristics of the oral microbiota may be asso-
ciated with the risk of preterm birth. Conse-
quently, further research and analysis, particu-
larly longitudinal and large-scale clinical stud-
ies, are necessary to more accurately ascertain
the validity and reliability of oral microbiota in
predicting preterm birth. This will provide new
directions for early intervention and clinical
management.

The overall structure of the gut microbiota in

patients with threatening preterm birth was not
observed to be significantly different from that
of healthy pregnant women in this study, which
is different from the conclusions of some previ-
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ous studies. Yin et al. reported that patients
with preterm birth had significant changes in
the gut microbiota and showed a higher propor-
tion of common oral bacteria [27]. The differ-
ences in these results may result from a num-
ber of factors. First, geographical and ethnic
differences in the study subjects may lead to
changes in microbial composition, affecting the
comparability of the results. Second, differenc-
es in study design and methods, such as sam-
ple collection time, sample size, and data anal-
ysis methods, may affect the detection results
of microbiota. Finally, the dynamic properties
of the microbiome and individual differences
may lead to different microbial structures being
observed in different studies at specific points
in time. Therefore, future studies need larger
samples and cross-regional comparisons to
more fully reveal the association between gut
microbiota and preterm birth.

Conclusion

Overall, the enrichment of Streptococcus gran-
ulosa in Group A led to a decrease in the
immune system and mucosal immune function
of pregnant women during pregnancy, leading
to preterm birth. The enrichment of Lactoba-
cillus and Bifidobacterium in Group B enhanced
the stability of the cavity microbiota. In addi-
tion, when threatened with preterm birth, the
overall composition of the vaginal microbiota
might change. The number of beneficial bacte-
ria and lactic acid bacteria in the vaginal micro-
biota of Group C in clinical samples significantly
decreased, while pathogenic bacteria such as
Enterobacterium and Gammaproteobacteria
were abundant, leading to vaginal microbiota
imbalance. Meanwhile, compared with heal-
thy pregnant women, there was no significant
change in the overall structure of gut microbio-
ta in patients with threatened preterm delivery.
However, in Group E, the abundance of rumen
cocci decreased, the abundance of gut mi-
crobiota Firmicutes increased, while actinomy-
cetes, Proteobacteria, and Bacteroides de-
creased. Overall, changes in oral and vaginal
microbiota are strongly correlated with threat-
ened preterm birth, while changes in intestinal
microbiota are weakly correlated with threat-
ened preterm birth. However, the actual sample
size included in this study is still relatively limit-
ed, and it is necessary to increase the sample
size to verify the current results.
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