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Background: Vaginal microbiota is involved in human papillomavirus (HPV)

infection and cervical cancer (CC) progression, and the specific changes in

vaginal microbial composition during this process remains uncertain.

Objective: This study aimed to observe the changes in the specific composition

of vaginal microorganisms in different cervical lesions and identify biomarkers at

different stages of lesions.

Methods: In this study we used the illumina high-throughput gene sequencing

technology to determine the V4 region of 16SrRNA and observed the vaginal

microbial composition in different cervical lesions.

Results: The vaginal microbiota of patients with high-risk HPV infection and

cervical lesions is significantly different from that of the normal population, but

there is no significant difference in the richness of vaginalmicrobes. The diversity of

vaginal species in CC patients is higher than that in high-risk HPV infection or CIN

patients. The main manifestation is an increase in the diversity of vaginal microbes,

a decrease in the relative abundance of cyanobacteria and Lactobacillus, and an

increase in the relative abundance of dialister, peptonephila and other

miscellaneous bacteria. There are characteristic vaginal biomarker in normal

women, high risk HPV patients and CC patients. In detail, the biomarker in the

normal group was varibaculum, the biomarker in the high-risk HPV group was

saccharopolyspora, the biomarker of the CC group was the Proteobacteria,

Corynebacterium, Coprococcus, Peptococcus and Ruminococcus.
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Conclusions: The study indicated that the compositions of vaginal microbes in

different cervical lesions is different. The vaginal microbial composition has a

certain diagnostic effect on healthy women, patients with high-risk HPV infection

and cervical lesions. These microbes may serve as potential biomarkers for CC. It

also provided an effective way for the treatment of HPV infections and

cervical lesions.
KEYWORDS

HPV infection, cervical intraepithelial neoplasia, cervical cancer, vaginal
microecology, 16srRNA
1 Background

Cervical cancer (CC) is one of the most common malignancies

in women which associated with HPV infection in different regions

and populations (Crow, 2012). HPV infection is a common female

reproductive tract disease, 70% of women may be infected with this

disease in their lifetime (Xia et al., 2023), but so far there is still a

lack of effective therapy. How to effectively control the replication of

HPV virus has become a challenge for clinicians.

The human microbiota is considered to be the “second human

genome” (Integrative HMP (iHMP) Research Network Consortium,

2019). As an important part of microbiota, vaginal microbiome plays

a vital role in preventing various infectious diseases of the

reproductive tract. Recent studies have shown that there is a

relatively relationship between vaginal microbiome, HPV infection

and cervical lesions (Chao et al., 2019).

The vaginal microecology is a complex and dynamic system,

mainly composed of related anatomical structures, human immunity,

internal and external environments, and vaginal microbiome. The

normal vaginal micro-ecosystem is parasitized by a variety of bacteria

such as lactobacillus, streptococcus, and a various microorganisms

such as mycoplasma and viruses, and jointly resist the invasion of

external pathogenic bacteria (Liang et al., 2019). When the vaginal

microecological balance is broken, it will cause a decrease in the

number of lactobacilli, an increase in the number of other

miscellaneous bacteria, anaerobic bacteria, and changes in vaginal

microbial diversity (Borgdorff et al., 2016), which may lead to a series

of reproductive tract diseases. A meta-analysis based on related

articles published from 2003 to 2017 showed that among sexually

active women, those with vaginal microecological imbalance are

more likely to develop persistent HPV infections and increase the

risk of cervical intraepithelial neoplasia (CIN) (Brusselaers et al.,

2019). Conversely, patients with HPV infection and cervical lesions

are alsomore likely to develop vaginal infectious diseases. The essence

of HPV infection is an infectious disease of the reproductive tract. In

addition to symptomatic treatment of pathogenic bacteria, attention

should be paid to the microecological balance. Therefore, restoring

the balance of micro-ecology may be another important way to
02
prevent and treat CC in the future. V4 region is one of the 9 variable

regions of 16SrRNA which has a moderate length and high coverage

of bacteria. It has been widely used in microbial sequencing and

analysis in recent years (Caporaso et al., 2012). In this study we used

the illumina high-throughput gene sequencing technology to

determine the V4 region of 16SrRNA and observed the vaginal

microbial composition in different cervical lesions. The purpose is

to explore the causes of HPV infection and cervical lesions, which will

provide relevant theoretical basis for the development of vaginal

microecological therapy and microecological preparations, and

provide new methods for the diagnosis and treatment of HPV

infections and cervical lesions.
2 Materials and methods

2.1 Patients

This study was approved by the Ethics Committee of Suzhou

Sci-tech City Hospital. According to the Declaration of Helsinki,

written informed consent was obtained from all patients.

All patients were screened strictly according to the following criteria:

(1) Having a history of sexual life; (2) Age 20-65 years old; (3) Race is a

Han nationality; (4) No history of sexual life, vaginal treatment and

flushing 3 days before sampling; (5) No history of antibiotic use within 2

weeks before sampling; (6) No history of radiotherapy and

chemotherapy; (7) No history of cervical and vaginal surgery; (8) No

sexually transmitted diseases; (9) No abnormal vaginal bleeding or

vaginal prolapse and other vaginal diseases; (10) No long-term use of

sex hormones, immunosuppressants and steroids; (11) No immune

diseases, other malignant tumors and mental diseases; (12) Not during

menstruation, pregnancy or lactation. If any criterion is not met, it

cannot be included in our study.

125 patients were enrolled in our study who underwent HPV,

Thinprep cytologic test (TCT), and colposcopy in the Second

Hospital of Dalian Medical University and Suzhou Sci-tech City

Hospital from June 2020 to December 2020. HPV typing was
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performed by PCR and reverse point hybridization which can detect

28 HPV types, including high-risk HPV: HPV16, 18, 31, 33, 35, 39,

45, 59, 52, 53, 56, 58, 59, and 66, common low-risk HPV: HPV68,

CP8304, 6, 11, 43, 73, 82, 26, 40, 42, 44, 54, 61, and 83. According to

the HPV and TCT results, they were divided into the normal group

(n=27, N: HPV and TCT are negative) and the high-risk HPV

group (n=40, H: high-risk HPV positive for at least 1 year, TCT

negative). Based on postoperative pathological results, patients with

shunt colposcopy, colposcopy biopsy or cervical conization were

divided into CIN group (n=40, C: CIN2 or 3) and CC group (n=18,

Ca: cervical cancer).

The types of HPV infection, age, menopausal history, pregnancy,

birth history, and contraceptive methods in each group of patients

were analyzed. Using 16SrRNA-V4 region gene amplification

technology and Illlumina high-throughput sequencing technology

to detect vaginal secretions retained in the GUHE Flora Storage buffer

(Zhejiang Hangzhou Equipment Preparation 20190682, GUHE

Laboratories, Hangzhou, China), the composition of the vaginal

microbiota in each sample is verified. Using bioinformatics analysis

methods to analyze the composition of the microbes, diversity of

vaginal microbes, microbial markers and microbial predictive ability

in each group.
2.2 Sampling method

The patients were maintained the lithotomy position, a sterile

vaginal speculum without lubricant was used to gently and fully

expose the cervix, rotate the sterile cotton swab on the upper 1/3

section of the vagina and the lower section of the vagina for 10-15

seconds, put the cotton swab with vaginal secretion into the storage

solution (Zhejiang Hangzhou equipment preparation 20190682), stir

and rinse for 30 seconds, discard the cotton swab and mix the storage

solution, the specimen bottles were stored in the refrigerator at - 20°C.
2.3 DNA extraction

DNA samples from vaginal secretions were extracted using

DNA isolation kit (GUHE Laboratories, Hangzhou, China).

Agarose gel electrophoresis and Nano Drop ND-1000

spectrophotometer (Thermo Fisher Scientific, Waltham, MA,

USA) were used to measure and detect DNA.
2.4 16SrRNA amplicon pyrosequencing

The forward primer 515F(5’-GTGCCAGCMGCCGCGGTAA-

3’) and the reverse primer 806R(5’-GGACTACHVGGGT

WTCTAAT-3’) were used for PCR amplification of the bacterial

16SrRNA gene V4 region. The PCR components contained Phusion

High-Fidelity PCR Master Mix (25 ml), which include DNA

Template (10 ml), Forward primer(3 ml), Reverse primer(3 ml),
DMSO(3 ml), and ddH2O(6 ml). Thermal cycling includes
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initial denaturation for 30 s (98°C), 25 cycles of denaturation for

15 s (98°C), annealing for 15 s (58°C), extension for 15 s (72°C),

final extension for 60 s (72°C). PCR amplicons were purified and

quantified using AgencourtAMPure XP Beads (Beckman Coulter,

Indianapolis, IN, USA) and the PicoGreen dsDNA Assay Kit

(Invitrogen, Carlsbad, CA, USA). The Illumina NovoSeq6000

platform (GUHE Info technology Co., Ltd, Hangzhou, China)

was used for paired-end 2×150 bp sequencing.
2.5 Sequence analysis

Sequencing data were processed by Quantitative Insights Into

Microbial Ecology (QIIME, v1.9.1) (Caporaso et al., 2010). Low-

quality sequences were filtered by specific criteria (Chen and Jiang,

2014).Operational taxonomic unit(OTU) was selected by Vsearch

v2.4.4 (Rognes et al., 2016) and classified by VSEARCH to search

representative sequences in the SILVA132 database (Quast et al.,

2013). To prevent environmental contamination, all samples in the

project were processed side by side using the same batches of

reagents, at the same time, we have added a sample with a control

check and a native sample of a standard strain. Decontam was used

to remove contamination sequences.
2.6 Bioinformatics and statistical analysis

Sequence data were analyzed by R packages (v3.2.0) and

QIIME. The OTU table was used for the calculation of OTU-level

alpha diversity and generation of OTU-level ranked abundance

curves. Taxa abundance at the phylum, class, order, family, genus

and species levels were compared among samples or groups by

Kruskal test from R stats package. Kruskal.test and Wilcox.testwere

were used to analyze the alpha diversity of each group. Anosim test

was used to determine whether the grouping was meaningful.

Linear discriminant analysis was used for effect size (LEfSe) to

detect significantly different taxa across groups (Segata et al., 2011).
2.7 Data analysis

SPSS 21.0 (SPSS, Chicago, Illinois, USA) was used for statistical

analysis of clinical data. Continuous variables and categorical variables

was analyzed by the t-test and c2 test or Fisher’s test separately. P

values <0.05 were considered to be statistically significant.
3 Results

3.1 Clinical data

97 of the 125 patients, were infected with HPV. In those 97 HPV

patients, the most HPV subtype is type 16, accounting for 47.4%

(n=46), followed by type 52 (22.7%) (n=22), type 58 (16.5%) (n=16)
frontiersin.or
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and type 18 (12.4%) (n=12) respectively. In the high-risk HPV

group, HPV16 and/or 18 infections accounted for 52.5% (n=21). In

the CIN group, HPV16 and/or 18 infections accounted for 50%

(n=20), and 1 case without HPV infection, accounting for 2.5%. In

the CC group, HPV16 and/or 18 infection accounted for 94.4%

(n=17). The ages of the enrolled patients were 21 to 65 years old.

There were no statistical differences in general clinical data among

the groups including age, menopausal history, fertility status,

contraceptive methods and BMI (Table 1).
3.2 Microbial composition

The Relative abundance of phyla in four groups was shown in

Figure 1. The Phylum Firmicutes occupied the highest proportion.

The relative abundances of Firmicutes in the normal group, high-risk

HPV group, CIN group and CC group were 60.1%, 68.7%, 68.6%, and

59.2%, respectively and there was no significant difference among the

groups. The other top 10 phyla in vagina are Actinobacteria,

Bacteroides, Proteobacteria, Fusobacteria, Tenericutes, Chlamydiae,

TM7, Thermi, and Cyanobacteria (Figure 1A). The Wilcoxon test

results showed that compared to the normal group, the relative

abundance of Cyanobacteria and Proteobacteria in the CIN group

was significantly decreased, and that of Thermi was significantly
Frontiers in Cellular and Infection Microbiology 04
increased, while that of Cyanobacteria and Thermi in the CC group

was significantly decreased. Compared with the CIN group, the

relative abundance of Fusobacteria in the CC group was

significantly decreased while that of Proteobacteria was significantly

increased, In addition, the relative abundance of Cyanobacteria in the

CIN group was significantly lower than that of high-risk HPV group

(Figures 1B–E).

The Relative abundance of genera in all groups was shown in

Figure 2. The Lactobacillus occupied the highest proportion. The

relative abundances in the normal group, high-risk HPV group, CIN

group, and CC group were 48.9%, 57.4%, 53.8%, 33.6% and the

remaining top 10 bacterial genera included Prevotella, Megasphaera,

Streptococcus, Sneathia, Dialister, Anaerococcus, Ureaplasma,

Peptoniphilus, and Mycoplasma (Figure 2A). The Wilcoxon test

results showed that there were significant differences in bacterial

genera among groups. For the top 10 bacterial genera, there are

significant differences between the high-risk HPV group and the CC

group or between the CIN group and the CC group. Compared with

the high-risk HPV group, the relative abundance of Lactobacillus in

the CC group was significantly reduced while that of Dialister was

significantly increased. Compared with the CIN group, the relative

abundance of Lactobacillus in the CC group was also significant

reduced, while that of Dialister and Peptoniphiluswere significantly

increased (Figures 2B–G).
TABLE 1 Clinical data.

characteristics N (n=27) H (n=40) C (n=40) Ca (n=18) c2 value P value

age 7.15 0.067

≤50 24 32 31 10

>50 3 8 9 8

menopausal history 6.94 0.074

premenopausal 24 28 31 10

postmenopausal 3 12 9 8

fertility status 5.88 0.105*

had not given birth 6 6 3 0

had given birth 21 34 37 18

contraceptive methods 14.5 0.192*

Non-contraception 9 20 13 12

safe period 0 1 0 0

condom 13 16 17 4

Intrauterine device 5 3 9 2

Sterilization 0 0 1 0

BMI 3.354 0.773*

≤18.5 7 11 8 7

18.5-25 15 22 27 9

≥25 5 7 5 2
P value is calculated using c2 and Fishers test (*).
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3.3 Microbial Alpha diversity

First, we described the Alpha diversity of the bacterial

community by measuring Chao1 index and Shannon index.

Second, we created the rarefaction curves to test the sequencing

depth and the result showed that the amount of sampling is

reasonable (Figure 3A). We found the Shannon index of the CC

group was significantly higher than that of the HPV group

(P=0.034) and the CIN group (P=0.019) (Figure 3B). But there
Frontiers in Cellular and Infection Microbiology 05
was no significant difference of the Chao1 index between groups

(P>0.05) (Figure 3C).
3.4 Biomarkers

In order to fully determine the role of vaginal microbiota and

the differences in microbial between the groups, we performed the

Anosim test. The results showed that there were significant
A

B C

D E

FIGURE 1

Comparative analysis of the relative abundance of phyla in four groups. (A) Bar chart of relative abundance of top 10 phyla in four groups.
(B) Histogram of differential phylum between Group N and Group C. (C) Histogram of differential phylum between Group N and Group Ca.
(D) Histogram of differential phylum between Group H and Group C. (E) Histogram of differential phylum between Group C and Group Ca.
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differences between the groups(P=0.044) (Figure 4). Furthermore,

the composition of vaginal microbes in each group was analyzed by

LEfSe, and Figure 5 showed the clade diagram and bar graph of

LDA value (only microbes with LDA>2).In this way, biomarkers
Frontiers in Cellular and Infection Microbiology 06
(species with significant differences between groups) were screened

between groups. The difference markers between groups selected by

LEfSe are the dominant species, and these markers are distinguished

by specific significant differences between this group and other
A

B C

D E

F G

FIGURE 2

Comparative analysis of the relative abundance of genera in four groups. (A) Bar chart of relative abundance of top 10 genera in four groups.
(B) Histogram of differential genera between Group N and Group H. (C) Histogram of differential genera between Group N and Group C.
(D) Histogram of differential genera between Group N and Group Ca. (E) Histogram of differential genera between Group H and Group C.
(F) Histogram of differential genera between Group H and Group Ca. (G) Histogram of differential genera between Group C and Group Ca.
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groups. At the phylum level, the biomarker of the CC group was the

Proteobacteria, and at the genus level, the biomarkers of the CC

group were Corynebacterium (LDA=3.16), Coprococcus

(LDA=2.27), Peptococcus (LDA=2.25) and Ruminococcus

(LDA=2.08), the biomarker in the high-risk HPV group was

saccharopolyspora (LDA=2.04), the biomarker in the normal

group was varibaculum (LDA=2.34), and no biomarker have been

found in the CIN group (Figure 5).
Frontiers in Cellular and Infection Microbiology 07
3.5 Microbial prediction ability

In this study, 50 different bacterial communities were screened,

a random forest graph was made (Figure 6), and an ROC curve was

plotted (Figure 7). The results showed that the vaginal microbial

composition had a predictive effect on each group. The prediction

accuracy of HPV group (AUC=0.51) and CC group (AUC=0.68)

was lower than that of the normal group (AUC=0.75) and CIN

group (AUC=0.71).
4 Discussion

The female reproductive tract is a channel that communicates

with the outside world which is easily invaded by external

microorganisms, leading to HPV infections and other infectious

diseases. The infection of high-risk HPV subtypes may lead to the

CC (Yang et al., 2020). Consistent with the previous study, this

study showed that more than 90% of patients with CIN or cervical

cancer are infected with high-risk HPV. Among all HPV subtypes,

types 16 and 18 are considered to have the highest carcinogenic

effects (de Sanjosé et al., 2007) (Torre et al., 2015). However, most

HPV infections subside within a short period of time, and only a

few patients will gradually cause CC after prolonged infection. It is

known that the vaginal microecology has played an important role

in the process of HPV infections-induced cervical lesions

(Kovachev, 2020). Vaginal microecology is affected by the factors

such as age, menstruation, medication, vaginal lavage, contraceptive

methods and other factors. It is a dynamic equilibrium system

formed by the mutual restriction and coordination of

microorganisms and the environment in the host (Mitra et al.,
A

B

C

FIGURE 3

The microbial Alpha diversity analysis in different groups.
(A) Shannon-Winner curve in different groups. (B) Shannon index
box chart for each group. (C) Chao1 index box chart for each
group. (*P<0.05).
FIGURE 4

Anosim test box diagram of each group.
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2016). If the vaginal microecological balance is broken and the

immune system is compromised, foreign microorganisms will

invade the reproductive system and reduce the immune system’s

clearance rate of HPV and other pathogens (Chehoud et al., 2017).

Firmicutes is the dominant phyla and Lactobacillus is the

dominant genera for normal vaginal microbiome. Similar to

previous studies (Walther-António et al., 2016; Chao et al., 2019;

Norenhag et al., 2020; So et al., 2020; Xie et al., 2020), our study found

that Firmicutes did not differ significantly between the groups.

Compared with the cervical lesions group, Lactobacillus were

significantly reduced in the CC group, while the relative abundance

of Dialister and Peptoniphilus was significantly increased. It has been

suggested that pathogenic mechanism of Peptoniphilus may be

related to its strong adhesion to the vaginal epithelium and the

formation of biofilms (Patterson et al., 2010), while the pathogenic

mechanism of Lactobacillus may vary with different strains (Ravel

et al., 2011; Teka et al., 2023). The research on Proteobacteria is

inconclusive (Chao et al., 2019; Cheng et al., 2020). Recent study has

found that Proteobacteria in colon cancer are positively correlated

with tumor burden (Lee et al., 2021). Our study also showed that
Frontiers in Cellular and Infection Microbiology 08
Proteobacteria in CC patients has significantly increased compared

with CIN patients. It indicated that Proteobacteria may be involved in

tumor progression. Fusobacteria is another one of the common

bacterial phyla in the vagina. Harrandahet al. found that

Fusobacteria potentially enhanced the invasiveness and survival

rate of cancer cells in the oral cavity (Harrandah et al., 2020), but

our results demonstrated that the relative abundance of Fusobacteria

has decreased significantly in the development of cervical lesions, The

reasons for this difference may due to the selection of different cases,

different geographic region and microenvironment. Therefore, it

needs to be further explored.

There are few studies on the distribution and function of

cyanobacteria in human microecology all over the world. Previous

studies have shown that cyanobacteria are one of the common

intestinal microorganisms of small intestinal adenocarcinoma (Pan

et al., 2021). Cyanobacteria are also described in the breast. Some

studies show that the relative abundance of cyanobacteria in Chinese

women is significantly higher than that in Slovak women and it

indicates that cyanobacteria are related to the geographical area. The

relative abundance of cyanobacteria in primary breast cancer is lower
A

B

FIGURE 5

Biomarkers of each group. (A) The evolutionary branch diagram of microorganism with significant differences in each group. (B) LDA value
histogram of microorganism with significant differences in each group.
frontiersin.org

https://doi.org/10.3389/fcimb.2024.1405789
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Fan et al. 10.3389/fcimb.2024.1405789

Frontiers in Cellular and Infection Microbiology 09
than that of healthy women in China (Hadzega et al., 2021) and this

result similar to ours. Although its mechanism is unclear, it suggests

that cyanobacteria may play an inhibitory role in tumor progression.

However, there are few studies on the physiological role and

mechanism of cyanobacteria in the vaginal. Our findings may lay a

foundation for future research. Previous studies have shown that

thermi may be related to HPV16 (Huang et al., 2018). Other studies

have shown that the relative abundance of thermi is higher in advanced

lung cancer than in early lung cancer (Yu et al., 2016). Our study also

suggests that the relative abundance of thermi in CIN group is high. It

indicates that thermi may be related to tumors development. However,

the specific mechanism remains to be further explored.

In recent years, the research on the diversity of the vaginal

microbiome has gradually become a hot topic, and Alpha diversity

is the main indicator to measure the diversity and richness of

microbial communities. The diversity index is mainly used to

measure the heterogeneity of the community, and the richness is

mainly used to measure the number of species in a single sample. A

study on the change of vaginal microecological under different

cervical lesions showed that patients with normal cervix had a

higher vaginal microbiome richness than patients with cervical
frontiersin.or
FIGURE 7

ROC curve of each group.
FIGURE 6

Random-forest graph of top 50 different bacterial communities between each group.
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lesions, but the difference was not statistically significant (Wu et al.,

2020). Another study has also shown that there is no significant

difference in the abundance and diversity of vaginal bacteria under

different cervical lesions, but HPV infection significantly increases

the abundance and diversity of vaginal bacteria (Chen et al., 2020).

Mitra et al. found that following the degree of cervical lesions

increases, the richness and diversity of vaginal bacteria also increase

(Teka et al., 2023). In current study, the Shannon index was used to

estimate the microbial diversity, and the Chao1 index was used to

estimate the microbial richness. The results showed that there is no

significant difference in microbial richness but the diversity of

vaginal microbiome in patients with CC was significantly higher

than that in patients with high-risk HPV infection and CIN

patients. These different results in various studies on the diversity

of vaginal microbiome may be related to different geographic

regions, races, sample numbers, and sample collection techniques

(Kovachev, 2020). A study involving almost all ethnic females

showed that the risk of increased microbiota diversity and vaginal

microecological imbalance in Caribbean African women is four

times than that of European/Caucasian and African women

(Mortaki et al., 2020), indicating that race is a key factor affecting

the vaginal bacterial community. All the research objects of this

study are from the Han nationality, it only represent the

characteristics of vaginal microorganisms of the Han nationality.

Based on the above studies, a worldwide multi-center study may be

quite necessary.

It has been believed that there are characteristic biomarkers in

patients with HPV infection and different degrees of cervical lesions,

the biomarkers derived from the results of various studies are

different. In recent years, studies found that Delftia and Gardnerella

may be biomarkers of cervical precancerous lesions (Usyk et al., 2020;

Wu et al., 2020) and bacteria such as Gardnerella vaginalis,

Gardnerella, Peptostreptococcusanaerobius, Mobiluncuscurtisii,

Prevotella genus and Fusobacterium nucleatum may be

characteristic biomarkers of HPV16-positive patients (Yang et al.,

2020). This study used LEfSe analysis to explore the characteristic

biomarkers and showed that Proteobacteria, Corynebacterium,

Coprococcus, Peptococcus and Ruminococcus may be used as

biomarkers for CC patients. The biomarker for high-risk HPV

patients is Saccharopolyspora, and the biomarker for normal

patients is varibaculum. These characteristic bacterial genera are

not only related to the degree of different cervical lesions, but may

also be related to certain reproductive tract infections. Previous

studies have shown that Proteobacteria (Wei et al., 2023),

Corynebacterium (Wang et al., 2014) and Peptococcus (Lefèvre

et al., 1985) are related to bacterial vaginosis. The relationship

between CC and bacterial vaginosis is also worthy of further study.

Varibaculum is a kind of actinomycete and previous studies have

shown that its specific strain may exist in the intestine of premature

infants (Brown et al., 2013). And a data searched in HMP showed

that Varibaculum in healthy human microecology were mainly

distributed in the vagina (Integrative HMP (iHMP) Research

Network Consortium, 2019) and it is consistent with our results.

Recently, a new strain of varibaculum has been extracted from the

vagina of healthy Senegalese women (Fall et al., 2019). Therefore, the
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distribution and mechanism of varibaculum and its subordinate

species may be a new research field of vaginal microecology. The

composition of the vaginal microbiome is different between patients

with CIN1 and CIN2, and this different composition has extremely

high accuracy in predicting the severity of CIN (Lee et al., 2020). Our

results also demonstrated that the composition of vaginal microbes

may predict high-risk HPV infection and cervical lesions.
5 Conclusion

This study found that the vaginal microecology is different under

various pathological conditions of the cervix, but no difference in the

richness of vaginal microbes. The diversity of vaginal species in CC

patients is mainly manifested as a reduction in the number of

Cyanobacteria and Lactobacillus, accompanied by an increase in the

number of Dialister, Peptoniphilus and other miscellaneous bacteria.

Different cervical lesions have specific biomarkers, so the composition

of the vaginal microecological flora has a diagnostic effect on cervical

lesions. These results may provide new evidences for the diagnosis of

HPV infection and cervical lesions. Due to the changes in the vaginal

microecology under cervical lesions, restoring the balance of vaginal

microecology may be an effective way for the treatment of HPV

infection and cervical lesions.
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versatile open source tool for metagenomics. PeerJ. 4, e2584. doi: 10.7717/peerj.2584
frontiersin.org

https://doi.org/10.1371/journal.pone.0150767
https://doi.org/10.1186/2049-2618-1-30
https://doi.org/10.1016/j.ajog.2018.12.011
https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.1038/ismej.2012.8
https://doi.org/10.1038/ismej.2012.8
https://doi.org/10.1136/ijgc-2018-000032
https://doi.org/10.1136/ijgc-2018-000032
https://doi.org/10.1097/QAD.0000000000001421
https://doi.org/10.1097/QAD.0000000000001421
https://doi.org/10.3389/fmicb.2014.00508
https://doi.org/10.1186/s12879-020-05324-9
https://doi.org/10.1016/j.jiph.2020.05.024
https://doi.org/10.1016/j.jiph.2020.05.024
https://doi.org/10.1038/488S2a
https://doi.org/10.1038/488S2a
https://doi.org/10.1016/S1473-3099(07)70158-5
https://doi.org/10.1016/j.nmni.2019.100585
https://doi.org/10.3390/ijms22169058
https://doi.org/10.3390/ijms22169058
https://doi.org/10.1080/20002297.2020.1849493
https://doi.org/10.1002/ijc.31342
https://doi.org/10.1038/s41586-019-1238-8
https://doi.org/10.1007/s00203-019-01747-4
https://doi.org/10.1016/j.biopha.2020.111206
https://doi.org/10.1016/j.biopha.2020.111206
https://doi.org/10.3390/diagnostics10121013
https://doi.org/10.3390/diagnostics10121013
https://doi.org/10.1186/s13027-019-0243-8
https://doi.org/10.1186/s13027-019-0243-8
https://doi.org/10.1186/s40168-016-0203-0
https://doi.org/10.4274/jtgga.
https://doi.org/10.1111/1471-0528.15854
https://doi.org/10.1111/1471-0528.15854
https://doi.org/10.1111/cas.15119
https://doi.org/10.1099/mic.0.034280-0
https://doi.org/10.1093/nar/gks1219
https://doi.org/10.1073/pnas.1002611107
https://doi.org/10.7717/peerj.2584
https://doi.org/10.3389/fcimb.2024.1405789
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Fan et al. 10.3389/fcimb.2024.1405789
Segata, N., Izard, J., Waldron, L., Gevers, D., Miropolsky, L., Garrett, W. S., et al.
(2011). Metagenomic biomarker discovery and explanation. Genome Biol. 12, R60.
doi: 10.1186/gb-2011-12-6-r60

So, K. A., Yang, E. J., Kim, N. R., Hong, S. R., Lee, J. H., Hwang, C. S., et al. (2020).
Changes of vaginal microbiota during cervical carcinogenesis in women with human
papillomavirus infection. PloS One 15, e0238705. doi: 10.1371/journal.pone.0238705

Teka, B., Yoshida, K., Firdawoke, E., Chanyalew, Z., Gizaw, M., Addissie, A., et al.
(2023). Cervicovaginal microbiota profiles in precancerous lesions and cervical
cancer among Ethiopian women. Microorganisms. 11, 833. doi: 10.3390/
microorganisms11040833

Torre, L. A., Bray, F., Siegel, R. L., Ferlay, J., Lortet-Tieulent, J., and Jemal, A. (2015).
Global cancer statistics, 2012. CA Cancer J. Clin. 65, 87–108. doi: 10.3322/caac.21262

Usyk, M., Zolnik, C. P., Castle, P. E., Porras, C., Herrero, R., Gradissimo, A., et al.
(2020). Cervicovaginal microbiome and natural history of HPV in a longitudinal study.
PloS Pathog. 16, e1008376. doi: 10.1371/journal.ppat.1008376

Walther-António, M. R., Chen, J., Multinu, F., Hokenstad, A., Distad, T. J., Cheek, E.
H., et al. (2016). Potential contribution of the uterine microbiome in the development
of endometrial cancer. Genome Med. 8, 122. doi: 10.1186/s13073-016-0368-y

Wang, B., Xiao, B. B., Shang, C. G., Wang, K., Na, R. S., Nu, X. X., et al. (2014).
Molecular analysis of the relationship between specific vaginal bacteria and bacterial
vaginosis metronidazole therapy failure. Eur. J. Clin. Microbiol. Infect. Dis. 33, 1749–
1756. doi: 10.1007/s10096-014-2128-5
Frontiers in Cellular and Infection Microbiology 12
Wei, G., Liu, Q. Y., Wang, X. Y., Zhou, Z., Zhao, X., Zhou, W., et al. (2023). A
probiotic nanozyme hydrogel regulates vaginal microenvironment for Candida
vaginitis therapy. Sci. Adv. 9, eadg0949. doi: 10.1126/sciadv.adg0949

Wu, M., Gao, J., Wu, Y., Li, Y., Chen, Y., Zhao, F., et al. (2020). Characterization of
vaginal microbiota in Chinese women with cervical squamous intra-epithelial
neoplasia. Int. J. Gynecol Cancer. 30, 1500–1504. doi: 10.1136/ijgc-2020-001341

Xia, S., Li, S., and Li, H. (2023). HPV-infection status and urinary incontinence: a
population-based analysis of the NHANES 2005-2016. World J. Urol. 41, 1597–1603.
doi: 10.1007/s00345-023-04425-9

Xie, Y., Feng, Y., Li, W., Zhan, F., Huang, G., Hu, H., et al. (2020). Revealing the
disturbed vaginal micobiota caused by cervical cancer using high-throughput sequencing
technology. Front. Cell Infect. Microbiol. 10, 538336. doi: 10.3389/fcimb.2020.538336

Yang, J., Wang, W., Wang, Z., Wang, Z., Wang, Y., Wang, J., et al. (2020). Prevalence,
genotype distribution and risk factors of cervical HPV infection in Yangqu, China: a
population-based survey of 10086 women. Hum. Vaccin Immunother. 16, 1645–1652.
doi: 10.1080/21645515.2019.1689743

Yang, Q., Wang, Y., Wei, X., Zhu, J., Wang, X., Xie, X., et al. (2020). The alterations of
vaginal microbiome in HPV16 infection as identified by shotgun metagenomic
sequencing. Front. Cell Infect. Microbiol. 10, 286. doi: 10.3389/fcimb.2020.00286

Yu, G., Gail, M. H., Consonni, D., Carugno, M., Humphrys, M., Pesatori, A. C., et al.
(2016). Characterizing human lung tissuemicrobiota and its relationship to epidemiological
and clinical features. Genome Biol. 17, 163. doi: 10.1186/s13059-016-1021-1
frontiersin.org

https://doi.org/10.1186/gb-2011-12-6-r60
https://doi.org/10.1371/journal.pone.0238705
https://doi.org/10.3390/microorganisms11040833
https://doi.org/10.3390/microorganisms11040833
https://doi.org/10.3322/caac.21262
https://doi.org/10.1371/journal.ppat.1008376
https://doi.org/10.1186/s13073-016-0368-y
https://doi.org/10.1007/s10096-014-2128-5
https://doi.org/10.1126/sciadv.adg0949
https://doi.org/10.1136/ijgc-2020-001341
https://doi.org/10.1007/s00345-023-04425-9
https://doi.org/10.3389/fcimb.2020.538336
https://doi.org/10.1080/21645515.2019.1689743
https://doi.org/10.3389/fcimb.2020.00286
https://doi.org/10.1186/s13059-016-1021-1
https://doi.org/10.3389/fcimb.2024.1405789
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Analysis of the correlation between cervical HPV infection, cervical lesions and vaginal microecology
	1 Background
	2 Materials and methods
	2.1 Patients
	2.2 Sampling method
	2.3 DNA extraction
	2.4 16SrRNA amplicon pyrosequencing
	2.5 Sequence analysis
	2.6 Bioinformatics and statistical analysis
	2.7 Data analysis

	3 Results
	3.1 Clinical data
	3.2 Microbial composition
	3.3 Microbial Alpha diversity
	3.4 Biomarkers
	3.5 Microbial prediction ability

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


