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Introduction

Background: Human papilloma virus (HHPV) infection is an important risk factor for vaginal intraepithelial
neoplasia (VAIN). Recent studies have suggested that the microbiome may play a potential role in
cervicovaginal diseases. This study aimed to explore the characteristics of the types and viral load of HPV in
VAIN, as well as the association between vaginal microbiota and VAIN.

Methods: A total of 176 women, either with VAIN, or without VAIN but with HPV infection were
enrolled in the study. Among them, 109 HPV positive cases were qualified for viral load assay. The vaginal
microbiota of 122 HPV positive women, who were matched by severity of cervical lesions and menopause
status, was determined by 16S ribosomal RNA (16S rRNA) sequencing.

Results: The top 5 types of HPV-associated vaginal lesions were HPV16 (24.2%), HPV52 (24.2%),
HPV53 (16.1%), HPV58 (14.5%) and HPV66 (14.5%). The viral load of HPV types 16, 52, and 58
appeared higher in separate vaginal lesions than in histopathologically normal cases (P=0.026, 0.002, and
0.013, respectively). The vaginal microbiota of HPV-positive patients with VAIN did not exhibit a large
change in diversity. Vaginal microbiota of VAIN was characterized by an increased abundance of Aropobium,
Gardnerella, Allobaculum and Clostridium, as well as decreased abundance of Finegoldia, Actinobaculum and
Blautia. A higher level of Enterococcus and some specific Clostridium spp. might be associated with an elevated
risk of VAIN2/3.

Conclusions: A higher level of viral load of HPV16, 52, and 58 may indicate VAIN. The composition
of vaginal microbiota changes during the progression of VAIN and specific bacteria such as Aropobium,

Guardnerella, Allobaculum, Enterococcus and Clostridium, may help to promote its development.
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VAIN1, VAIN2 and VAIN3 (1). Previously, only a very

low rate of intraepithelial neoplasia of the lower genital

Vaginal intraepithelial neoplasia (VAIN) is a preinvasive
lesion, which potentially leads to vaginal cancer. The natural
history of VAIN is similar to that of cervical intraepithelial
neoplasia (CIN), including categorization into three grades,
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tract was reported, with an incidence of 0.2 to 0.3 per
100,000 women (2). Thanks to the widespread application
of cytology, human papilloma virus (HPV) testing, and
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colposcopy cervical cancer screening, the diagnosis of VAIN
has been growing steadily over time (3). Nevertheless,
owing to a lack of symptoms and doctors’ attention to
cervical lesions, VAIN can be easily overlooked.

It is acknowledged that VAIN shares common risk
factors with CIN and HPV, while high-risk HPV (hrHPV)
in particular plays an important role in its development (4).
Studies on distribution of HPV types in VAIN and vaginal
cancer have been inconsistent in their conclusions (5,6).
Over recent years, an increasing number of research has
investigated the relationship between hrHPV viral load
and cervical lesions (7,8). These studies discovered that a
group of 09 species including HPV16, 31, 33, 35, 52 and
58 were positively associated with the severity of CIN, and
the optimal cutoffs of the logl0-transformed viral loads of
these specific HPV types might help identify high-grade
squamous intraepithelial lesions (HSIL). Controversy
surrounds the correlation between CIN and a7 species such
as HPV18 (7-9). However, few studies have explored the
correlation of HPV types, viral load and vaginal lesions, or
the potential role of HPV viral load to serve as an indicator
for VAIN.

Although HPV infection is prevalent worldwide, most
infections are not persistent and do not develop into
vaginal neoplasm, suggesting other factors are involved
in the process. Emerging evidence shows the stability and
composition of vaginal microbiota may play a significant
part in the development of persistent HPV infection, the
progression of CIN, and cervical cancer (10-16). Increased
vaginal microbiome diversity, high levels of potential
pathogenic bacteria such as Sueathia and Anaerococcus, and
decreased abundance of Lactobacillus have been connected
with cervical lesions. However, up to now, there have
been no reports on a possible association between vaginal
microbiota and the development of vaginal neoplasm.

This study took place at the Obstetrics and Gynecology
Hospital of Fudan University, the largest obstetrics and
gynecology specialist hospital in China. In 2015, 834
and 5303 women were diagnosed with VAIN and CIN
respectively in the hospital, and the diagnosis rate of
VAIN has been increasing (3). We aimed to explore the
distribution of HPV types in patients with VAIN, and the
correlation between viral load and vaginal lesions. We also
sought to characterize the composition and alteration of
vaginal microbiome of VAIN. We present the following
article in accordance with the MDAR checklist (available at
http://dx.doi.org/10.21037/atm-20-622).
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Methods
Sample collection and study design

Patients were recruited at the Obstetrics and Gynecology
Hospital of Fudan University, Shanghai from December
2018 to May 2019. The eligible population consisted of
two arms, (I) patients with VAIN and (II) patients without
VAIN but with HPV infection. The exclusion criteria were
as follows: (I) pregnant or currently menstruating; (II) known
immunosuppressive diseases or receiving immunosuppressive
therapy; (III) use of antibiotics within 14 days of sampling;
(IV) use of vaginal applied medications and vaginal lavage
within 3 days of sampling; (V) current vaginitis.

At screening, a sterile, disposable speculum without
lubricant was inserted into the patient’s vagiba. Swabs were
taken from the vaginal fornix, placed immediately in dry
ice, and then stored at -80 °C within 3 hours. Vaginal cells
were collected with plastic brushes and stored in specimen
preservation solution.

A total of 176 female patients with a definite pathological
diagnosis were enrolled in this study. Among them, 109 HPV-
positive patients qualified for viral load assay. The vaginal
microbiota of 122 HPV-positive patients, matched by severity
of cervical lesions and menopause status, were determined
using 16S rDNA amplicon sequencing (Figure I).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Our study
was performed in accordance with the norm of the Ethical
Committee of Obstetrics and Gynecology Hospital of
Fudan University (Approval number: 2019-79). All the
subjects had signed the informed consent forms and study
outcomes will affect the future management of the patients.

HPV genotyping and viral load assay

Type-specific HPV viral load measurement and genotyping
were simultaneously conducted by using the Bioperfectus
Technologies Human Papillomavirus Genotyping Real
Time PCR Kit (Bioperfectus Ltd, Jiangsu, China) to detect
21 different types of HPV in patient specimens, comprising
18 high-risk HPV types (HPV16, 18, 31, 33, 35, 39, 45,
51, 52, 53, 56, 58, 59, 66, 68, 26, 73, and 82) and 3 low-
risk HPV types (HPV 6, 11, and 81). Amplification was
carried out on the ABI 7500 Real Time PCR System. The
distribution of HPV infection within the specimens was
uneven, so the calculated viral load was the average viral
load of all cells entering the test.
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Arm1: patients with vaginal intraepithelial
neoplasia (VAIN)

Obstetrics and Gynecology Hospital of Fudan University

Exclusion criteria

176 women included
With VAIN: n=99
Without VAIN: n=77

Severity of cervical lesions
and menopause status
matched cases

Arm2: patients without VAIN but with HPV
infection

Qualified for viral load assay

122 cases
VAIN: n=34 NILM: n=34
VAIN + CIN: n=27 CIN: n=27

VAIN: n=44 NILM: n=31
VAIN + CIN: n=18 CIN: n=16

109 cases

16S rDNA amplicon sequencing

HPV genotyping and viral load assay

Statistical analysis

Figure 1 Study flowchart. VAIN, vaginal intraepithelial neoplasia; NILM, negative for intraepithelial lesion or malignancy; CIN, cervical

intraepithelial neoplasia.

Bacterial DNA extraction and 16S ¥yRNA amplicon

sequencing

Total bacterial genomic DNA samples were extracted and
stored at =20 °C until analysis. The concentration of the
whole genomic DNA samples was tested by fluorescence.
Agarose Gel Electrophoresis was used to test the integrity
of the samples. The V4 hypervariable regions of 16S
rRNA genes were amplified through dual-index paired-end
sequencing approach by polymerase chain reaction (PCR).
The Hiseq 2500 (MiSeq Reagent Kit) was employed for
pair-end sequencing of the qualified sample libraries.

Sequencing analysis

The 16S rRNA sequencing analysis was performed by BGI
Co., Ltd. Raw data was filtered to obtain clean reads and
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then merged to tags. Tags were clustered to operational
taxonomic units (OTU) at 97% sequence similarity. Based
on the abundance of OTU, most analysis was performed
with software R (v3.1.1), including Venn diagram, principal
component analysis (PCA), alpha diversity, and heat map
analysis. To detect differentially abundant genera and
species among groups, linear discriminant analysis effect
size (LEfSe) was carried out using LEFSE software.
Metastats (http://metastats.cbcb.umd.edu/) was used to
determine which taxonomic groups were significantly
different and adjusted the obtained P-value by a Benjamini-
Hochberg false discovery rate correction.

Statistical analysis

HPV genotype and viral load were analyzed. The mean,
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Table 1 Clinicopathologic characteristics

Characteristic Median [range]/number (%)

Age(yr) 48.02 [21-74]
Menopause
Yes 57 (562.29)
No 52 (47.71)
Hysterectomy state
Yes 16 (14.68)
No 83 (85.32)
Previous hysterectomy indication
CIN/CIS 6 (37.50)
Cervical cancer 5(31.25)
Benign disease 5(31.25)
Present histology
Vaginal lesion 44 (40.37)
VAIN1 40 (90.90)
VAIN2/3 4(9.10)
Vaginal & cervical lesion 18 (16.51)
VAIN1 + CIN1 16 (88.89)
VAIN2/3 + CIN2/3 2 (11.11)
Cervical lesion 16 (14.68)
CIN1 14 (87.50)
CIN2/3 2 (12.50)
NILM 31 (28.44)

CIN, cervical intraepithelial neoplasia; CIS, carcinoma in situ;
VAIN, vaginal intraepithelial neoplasia; NILM, negative for
intraepithelial lesion or malignance.

standard deviation, median and quartile interval of the
log10-transformed virus copy numbers per 10,000 human
cells were considered the type-specific HPV viral load.
Continuous variables were compared using Student’s #-test
or the Mann-Whitney U-test. Categorical variables were
compared by Pearson’s chi squared test. A receiver operating
characteristic (ROC) curve and Youden’s index were utilized
to identify the optimal cutoff value of the type-specific HPV
viral load for predicting VAIN. SPSS, version 22.0 (SPSS,
Chicago, IL, USA) was used for all analysis. All statistical
tests were two-sided, and P values of <0.05 were considered
statistically significant.
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Zhou et al. Types and viral load of HPV, and vaginal microbiota in VAIN

Results
HPV genotyping characteristics of patients with VAIN

A total of 176 female patients with a definite pathological
diagnosis were enrolled in this study, comprising 99 patients
with vaginal lesions and 77 patients without vaginal lesions.
The HPV detection rate for VAIN was 89.7% (87/99).
Patients with VAIN2/3 (n=12) or vaginal cancer (n=2) were
all HPV positive, and 57.14% (8/14) of those patients were
HPV16 positive.

For the 109 qualified cases, which included separate
vaginal lesions (n=44), NILM (n=31), separate cervical
lesions (n=16) and vaginal lesions concomitant with cervical
lesions (n=18), HPV genotyping and viral load were
detected. The mean age of the patients with VAIN was
48.68 years (SD, 11.19) (1able 1). The HPV genotyping
assay revealed the top 5 HPV types of vaginal lesions to
be HPV16 (24.2%), HPV52 (24.2%), HPV53 (16.1%),
HPV58 (14.5%) and HPV66 (14.5%) (Table S1). Unlike
CIN patients, HPV18 was rare in VAIN patients, especially
in VAIN1, with only 2 patients infected by HPV18.
Compared with histopathologically normal cases, separate
vaginal lesions had a higher rate of HPV multiple infection
(47.7% wvs. 29.0%), although the difference was not
statistically significant (P=0.104). Taken together, these
data suggested that HPV16, 52, 53, 58, and 66 were more
prevalent in vaginal lesions, and infection with HPV16
might be a higher risk for VAIN2/3 or vaginal cancer.

Higher level of viral load of HPV16, 52, and 58 might be
associated with VAIN

By comparing the viral load of separate vaginal lesions with
normal samples, we found that, irrespective of HPV types,
the viral load was significantly higher for women with VAIN
(P all <0.001) after the log10-transformation. The combined
viral load of a9 HPV, as well as the individual viral load of
HPV16, 52, and 58 increased as the pathological diagnosis
changed from NILM to VAIN (P HPV-a9 <0.001, P
HPV16 =0.026, P HPV52 =0.002, P HPV58 =0.013),
whereas the combined viral load of a7 HPV (including
HPV18, 39, 45, 59, and 68) was not significantly increased
(P HPV-a7 =0.57). The ROC curve model was used to
estimate an appropriate cut-off value of type-specific HPV
for the identification of VAIN. The optimal cutoff value of
a9 HPV was 3.97 (Se = 0.824, and SP=0.857) and the area
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Table 2 Type-specific HPV viral loadt
Log10-transformed HPV viral load
. Cut off e ... .. Youden’s
Variable NILM, mean (SD)/median (quartile VAIN, mean (SD)/media (quartile P value value Sensitivity Specificity index
interval) interval)

All quantity 3.38 (2.30-4.58) 5.23 (4.08-6.40) <0.001**  4.04 0.795 0.742 0.537
a9* quantity 2.40 (2-3.40) 5.15 (4.07-6.60) <0.001**  3.97 0.824 0.857 0.681
HPV16 2.51+0.48 4.23+1.71 0.026* 3.36 0.625 1 0.625
HPV52 2.48 (2-3.15) 4.88 (3.26-5.87) 0.002** 3.19 0.909 0.889 0.798
HPV58 2.96+1.00 4.73+1.27 0.013* 3.31 0.857 0.714 0.571
a7* quantity 3.63 (3.34-5.02) 4.53 (3.08-6.15) 0.57 3.92 0.643 0.625 0.268

', the mean, SD, median and quartile interval of the log10-transformed virus copy numbers per 10,000 human cells were considered the
type-specific HPV viral load. Values of HPV16 and HPV58 quantity are presented as mean (SD, standard deviation) and compared using
t-test. Values of all quantity, a9 quantity, HPV52 quantity and a7 quantity are presented as media (Q1-Q3, quartile interval) and compared
using Mann-Whitney U-test. * a9 species including HPV-16, -31, -33, -35, -52, -58; a7 species including HPV-18, -39, -45, -59, -68.
**P<0.001, *P<0.01, *P<0.05. NILM, negative for intraepithelial lesion or malignancy; VAIN, vaginal intraepithelial neoplasia.

under the curve (AUC) of a9 HPV was 0.899 (95% CI:
0.791-1.000, P<0.001). HPV52 had an optimal cutoff value
of 3.19 (Se =0.909, and SP=0.889) and an AUC of 0.884
(95% CI: 0.722-1.000, P=0.004). HPV58 had an optimal
cutoff value of 3.31 (Se =0.857, and SP=0.714) and an AUC
of 0.878 (95% CI: 0.697-1.000, P=0.018) (Table 2).

For women with cervical lesions, the viral load of
HPV showed little difference whether or not there was
coexistence of vaginal lesions (Table S2). These data
demonstrated the association between some type-specific
HPYV viral load and vaginal lesions, and that viral load of
HPV16, 52, and 58 might provide indication for vaginal
lesions.

Vaginal microbial diversity of menopausal women was
increased compared with that of pre-menopausal women

After being matched according to the severity of cervical
lesions and menopause status, 122 HPV-positive women
were enrolled in 16S rDNA amplicon sequencing for vaginal
microbiota. The women were divided into the following
groups: the s-VAIN group (separate vaginal lesions, n=34);
the NILM group (negative for intraepithelial lesion or
malignancy, n=34); the s-CIN group (separate cervical
lesions, n=27), and the VAIN+CIN group (vaginal lesions
concomitant with cervical lesions, n=27). We combined
s-VAIN group with VAIN+CIN group to form the with-
VAIN group (patients with vaginal lesions), and the NILM
and s-CIN groups to form the without-VAIN group (patients
without vaginal lesions). Among the women with vaginal

© Annals of Translational Medicine. All rights reserved.

lesions, there were 47 with VAINT and 14 with VAIN2/3.

PCA was applied to confirm whether menopausal
status is an important factor in the composition of vaginal
microbiota. Menopausal patients, whether with or without
VAIN, shared a different construction of microbiome
compared with pre-menopausal patients (Figure 2A4). Alpha
diversity was applied for analyzing complexity of species
diversity. For women without VAIN, a significant difference
was found between menopausal and pre-menopausal group
(Shannon index, P<0.001; Simpson’s index, P<0.001),
indicating that there was a higher level of microbial diversity
in the menopausal group. Menopausal women with VAIN
also showed a higher diversity, but no statistical significance
was observed (Shannon index, P=0.11; Simpson’s index,
P=0.18) (Figure 2B). Also, heat map and LEfSe analysis
suggested that the abundance of Lactobacillus was decreased,
while some anaerobes such as Streprococcus, Prevotella, and
Anaerococcus were increased in menopausal women versus
pre-menopausal women [absolute value of linear discriminant
analysis (LDA) score >3.6] (Figure S1). These data indicated
that the microbial diversity of menopausal women was
increased, and that the microbiota became less stable after
menopause with a decreased abundance of Lactobacillus, which
also suggested that it is necessary to take menopausal status
into consideration when matching patients.

The characteristics and composition of vaginal microbiota

in patients with VAIN

High microbial diversity is commonly recognized to be
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Figure 2 Vaginal microbial diversity and richness in pre-menopausal women versus menopausal patients and in vaginal intraepithelial

neoplasia (VAIN) compared with non-VAIN. (A) Principal component analysis (PCA), Nm: menopausal women without VAIN, Np: pre-

menopausal women without VAIN; Ym: menopausal women with VAIN; Yp: pre-menopausal women with VAIN. (B) As for women without

VAIN, menopausal group showed a higher level of microbial diversity compared with pre-menopausal group (Shannon index, P<0.001;

Simpson index, P<0.001); as for women with VAIN, the microbial diversity of menopausal women increased but was not statistically

significant (Shannon index, P=0.11; Simpson index, P=0.18). (C) diversity analysis between group with-VAIN versus group without-VAIN
(Shannon index, P=0.701; Simpson index, P=0.874; chao index, P=0.008; ace index, P=0.004). (D) Venn diagram showing increased OTU

abundance in group with-VAIN.

associated with cervical lesions. However, no significant
differences in the microbial diversity of vaginal lesions were
found between the with-VAIN and without-VAIN groups,
the s-VAIN and NILM groups, or the VAIN+CIN and
s-CIN groups. The with-VAIN group showed increased
abundance of OTU and species richness (chao index,
P=0.008; ace index, P=0.004) (Figure 2C,D). Data indicated
that HPV-positive patients with VAIN had a tendency for
increased microbial species richness but did not exhibit a
large alteration in diversity.

© Annals of Translational Medicine. All rights reserved.

Species heat map analysis was utilized to further study the
structure of vaginal microbiota. The vaginal microbiota was
grouped into four major clusters based on the differences
in species composition and their relative abundances.
Clusters I, II, IIT were dominated by Lactobacillus helveticus,
Lactobacillus iners, and Streptococcus anginosus, respectively;
cluster IV was dominated by Aropobium vaginae and other
species, such as Escherichia coli, Peptostreptococcus anaerobius,
and Burkhbolderia bryophila (Figure 3A). Cluster IV was the
most abundant cluster in the with-VAIN group, while
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distribution in multiple and single HPV infection, cluster IV was most abundant in multiple infection, cluster IT was most abundant in single

infection.

cluster II was predominant in the without-VAIN group
(Figure 3B). The number with cluster IV was twice as
large in the with-VAIN group as in the without-VAIN
group. Among the women with VAIN, HPV genotype was
available for 56 women. Cluster IV was most frequently
observed in women with multiple HPV infections (14/25,
56.0%), while single HPV-positive women were most likely
to have cluster II (14/31, 45.2%) (Figure 3C). These data
suggested that Lactobacillus iners was a dominant member in
the microbiota of patients without VAIN. In patients with
VAIN, cluster IV was predominant, particularly in women
with multiple HPV infections.

Finally, we identified the difference in microbiota
composition. In the with-VAIN group, there were 10
significant different genera (P<0.05). In the without-VAIN

© Annals of Translational Medicine. All rights reserved.

group, there were 15 enriched genera (P<0.05) (Figure 4).
Gardnerlla, Atopbium, Allobaculum and Clostridium were
far more abundant in the with-VAIN group as well as in
the s-VAIN and VAIN + CIN groups, while Finegoldia,
Actinobaculum and Blautia were significantly over-
represented in the without-VAIN as well as in the NILM
and s-CIN groups (Figure S2). At species level, Clostridium
celatum (P<0.001, FDR =0.018) and Atopobium vaginae
(P=0.001, FDR =0.049) were significantly enriched in
the with-VAIN group. However, despite a decrease
of Lactobacillus and Lactobacillus iners in the microbiota
of VAIN patients, the difference was not statistically
significant. Taken together, cluster IV was predominant
in patients with VAIN, and an increased abundance of
Aropobium, Gardnerella, Allobaculum, and Clostridium, as well
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Figure 4 Identification for difference of vaginal bacteria genera in VAIN versus non-VAIN by LEfSe analysis. In group with-VAIN,

observing 10 significant different genera (P<0.05), in group without-VAIN, discovering as many as 15 genera enriched (P<0.05); only taxa

with absolute values of LDA scores >2 was presented.

as a decreased abundance of Finegoldia, Actinobaculum, and
Blautia, might be associated with vaginal lesions.

Enterococcus, Allobaculum and some Clostridium apps.
increased in VAIN2/3

When comparing the vaginal microbiota of VAINI
and VAIN2/3, there was a trend of VAIN2/3 exhibiting
increasing species diversity and abundance, however, the
difference was not significant (Figure S3). LEfSe modeling
and differences analysis both showed that VAIN2/3 was
characterized by a higher level of Enterococcus (absolute value
of LDA score >4, FDR =0.015). The genus Allobaculum,
which was much more enriched in VAIN versus non-
VAIN, was also observed to be more abundant in VAIN2/3
versus VAIN1 (absolute value of LDA score >3, P=0.015,
FDR =0.2) (Figure S4). At species level, we discovered that
Prevotella copri was significantly increased in VAIN2/3,
and Clostridium ramosun and Clostridium symbiosum were
only detected in VAIN2/3. Moreover, Lactobacillus and
Lactobacillus iners were decreased in VAIN2/3, without
statistical significance, which is similar to the result
of comparison between VAIN and non-VAIN. These
data suggested that Enterococcus, Allobaculum, and some
Clostridium apps. might indicate more severe vaginal lesions.

© Annals of Translational Medicine. All rights reserved.

Discussion

The incidence rate of VAIN is extremely low. Available
data on the distribution of HPV is limited, and no data
have been reported about the potential influence of vaginal
microbiota on VAIN.

In our study, the HPV detection rate in VAIN samples
(89.7%) was much higher than the 69.3% (273/394)
reported in one large series (n=490) using PCR (5).
However, Ki-67 staining revealed 98.8% of VAIN
specimens to be HPV positive. Another meta-analysis
reported high HPV detection rates of 100% and in 90.1%
in VAINT1 and VAIN2/3 patients, respectively (6). These
differences might derive from the HPV detection methods
chosen and diverse detection cutoff values. Ki-67 staining
sites were determined to have vaginal lesions while samples
collected by swabs were not always from lesion sites. De
Vuyst et al. (6) detected all types of HPV, while we only
identified 18 high-risk HPV types and 3 low-risk HPV
types. HPV16 was present in 58.3% (7/12) of VAIN2/3
patients and in 50% (1/2) of vaginal cancer patients in our
study, De Vuyst et al. (6) reported similar HPV16 infection
rates of 57.6% in VAIN2/3 and 53.7% in vaginal cancer.
Our results suggested that the five leading HPV types of
vaginal lesions were HPV16 (24.2%), HPVS52 (24.2%),
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HPV33 (16.1%), HPV58 (14.5%) and HPV66 (14.5%). In
Shanghai, China, the predominant types of HPV in cervical
screening are HPV16, 18, 58, and 52 (17), which, except
HPV18, are consistent with the most prevalent HPV types
in vaginal lesions according to our study. Some other studies
also supported the rare detection rate of HPV18 in VAIN
(5,18). This may be because HPV18 and other a7 species
tended to develop in columnar epithelial cells instead of
squamous epithelial cells (7).

Studies have explored whether some types of HPV with
a higher viral load might indicate an increased risk of CIN
(7,8). With respect to VAIN, few data were accessible.
Our study demonstrated that the viral loads of a9 species,
especially HPV16, 52, and 58 were related to vaginal
lesions, and were also positively correlated with the severity
of cervical lesions (7). When no obvious cervical lesions
are found by colposcopy, a higher viral load may remind
the clinician that careful detection for vaginal lesions may
be necessary. However, the viral loads of a7 species did
not bear a similar connection. Studies have demonstrated
that different HPV genotypes share distinct biological
properties. As mentioned above, a7 species tend to affect
columnar epithelial cells, indicating that diverse HPV
types enjoy different tropism for host cells. Furthermore,
one of the a7 species, HPV45, is more often in the state
of integration instead of duplication (19). Tropism and
behavior of different types of HPV are suggested to partly
account for this type-dependent association with VAIN.
A possible mechanism underlying the positive correlation
between viral loads and incidence of CIN and VAIN is that
the number of cells infected and integrated by HPV rises as
increased virus copies in individual cells (20). Several studies
have also suggested that higher viral load is connected
with persistent HPV infection, and persistence of HPV
usually indicates high risk of vaginal lesions, which may be
another possible underlying pathogenic mechanism (21,22).
A higher viral load is also likely to be associated with
immunological factors affecting VAIN progression, such as
genetic susceptibility. Further studies are needed to verify
these mechanisms (9). Furthermore, we discovered that, for
women with cervical lesions, the viral load of HPV showed
little difference whether accompanied with vaginal lesions
or not. The threshold of viral load resulting in VAIN is
likely to be similar to that leading to CIN.

HPV infection is a significant risk factor for vaginal
lesions, however, only a small number of women have a
persistent infection and subsequently develop VAIN. Vaginal
microbiota may play an important role. Some influencing
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factors of vaginal microbiota composition include ethnicity,
HPV infection status, and female hormones (10). In a twin
cohort study, HPV-positive women showed higher diversity
and less Lactobacillus compared to their uninfected sisters (11).
After menopause, reduced oestrogen and progestin might
result in increased diversity and Lactobacillus depletion (23),
which was confirmed in our study. For women without
VAIN, the difference in diversity was significant, while for
those with VAIN, the gap in the difference was smaller,
indicating that the microbiome becomes less stable
in VAIN. We also found that some anaerobes such as
Streptococcus, Prevotella, and Anaerococcus were increased in
menopausal women versus pre-menopausal women. The
condition, characterized by Lactobacillus depletion and
anaerobic species overgrowth, is associated with bacterial
vaginosis (BV), which has been related to delayed clearance
of the virus (24), meaning that menopausal women probably
have a higher risk of VAIN.

An increasing number of studies suggest that the
structure of vaginal microbiota differs at various stages
of CIN and cervical cancer. To control the variables
influencing vaginal composition, we matched the species
according to the patients’ severity of cervical lesions and
menopause status, and classified them into four groups
before analysis. Ravel ez 4/. (25) studied vaginal microbiome
of asymptomatic and reproductive-age women, grouped
into five “community-state types” (CSTs). CSTs I, 11, III,
and V were dominated by Lactobacillus crispatus, L. gasseri,
L. iners and L. jensenii, respectively. CST IV was devoid
of Lactobacillus spp. and instead enriched with Atopobium
vaginae and other anaerobic species such as Gardnerella,
Sneathia, and Prevotella. In our data, the microbiota of
species was classified into four clusters. Clusters I, and III
were dominated by L. helveticus and Streptococcus anginosus,
respectively. Cluster II resembled CST III and cluster IV
resembled CST V. Higher rates of CST IV were observed
to be associated with increasing disease severity of cervical
lesions (12). Similarly, we found that cluster IV was the
most abundant cluster in VAIN, while cluster I was the
least. L. helveticus and L. crisparus are affiliated to the
L. delbrueckii group, and are known as probiotics (26).
L. helveticus has been shown to produce hydrogen peroxide,
hinder pathogens adhesion, and reduce the viability of
BV associated bacteria (27). Taken together, vaginal
microbiota of VAIN was characterized by increased cluster
IV, which might interplay with HPV and cause vaginal
lesions. Incremental microbiome diversity is commonly
thought to be associated with an increased severity of CIN.
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Our data did not show significant increased diversity in
VAIN versus non-VAIN nor in VAIN2/3 versus VAINI,
although more abundant species richness was observed
(12,28). No significant increase of diversity could be
attributed to various factors, including sample collection
methods (14) and the relatively small number of VAIN2/3
patients in our study. Another possibility is that some
bacteria, the abundance of which is too low to obviously
alter microbiome diversity, may be important during the
process of VAIN.

We further identified distinctions in microbiota
composition. At the genus level, Aropobium, Gardnerella,
Allobaculum and Clostridium were detected more abundantly
in VAIN. At the species level, Clostridium celatum and
Atopobium vaginae were significantly enriched in VAIN.
Recent reports have shown that predominance of
Atopobium vaginae, Gardnerella vaginalis and Lactobacillus
iners has a higher CIN risk (15,16). Atopobium vaginae
can facilitate inflammation including interfering with
T-cell expression and activating the NF-kB signaling
pathway in vaginal epithelial cells (29). All of these may
generate damage to the mucosal and epithelial barriers
of the vagina (30), resulting in a high risk of persistent
HPV infection and virus integration. Clostridium celatum
is a potential pathogenic bacteria that can result in severe
infection (31), although it is rarely reported in vaginal
diseases. Whether an increase in C. celatum is a cause
or consequence of VAIN development needs further
exploration. Two further Clostridium spp., Clostridium
ramosun, and Clostridium symbiosum, were detected only
in VAIN2/3. In the studies of colorectal microbiome,
C. ramosun is considered as an inducer of Tregs in vivo
(32-34). Clostridium symbiosum is identified as a potential
microbial marker for the early detection of colorectal
cancer and may potentially support the development
of carcinogenesis (35). An increase in Allobaculum,
associated with BV (36), was observed not only in VAIN
versus non-VAIN, but also in VAIN2/3 versus VAIN1.
A higher level of Allobaculum is thought to be a potential
risk indicator for female hepatocellular carcinoma (37),
and may be potential marker for the progress of VAIN.
Enterococcus and Prevotella copri were also relatively more
enriched in VAIN2/3. Enterococcus, normal commensal
bacteria in human vaginal vault, can act as pathogens by
adhering to host tissues and secreting potentially toxic
products (38). Prevotella is commonly thought to be
associated with BV. The level of Prevotella copri was found
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to be markedly elevated in the mucosa and stools of patients
with HIV infection (39,40). Increased levels of P. copri
might similarly contribute to driving chronic inflammation
in HPV infected individuals.

Moreover, Blautia was detected at significantly
reduced levels in VAIN. It is mostly mentioned in the gut
microbiome and usually act as beneficial bacteria, owing to
its potential anti-inflammatory effect (41). No significant
decrease of Lactobacillus was observed in VAIN against non-
VAIN, nor in VAIN2/3 against VAIN1, which was detected
in CIN. In our study, the most abundant Lactobacillus was L.
iners, which did not decline sharply. L. iners is a dominant species
when the vaginal flora changes from a normal to an abnormal
state (42). It fails to produce effective D-isomer of lactic acid or
H,0, to play a protective role (43). L. iners appears to be more
capable of surviving in stress conditions (10).

There are several limitations in our study. First, the
sample size was relatively small, especially for the VAIN2/3.
Consequently, the differential analysis of viral load between
VAIN2/3 and VAINTI is missing. Second, we did not record
data of patients’ behavior, including sexual behavior and
contraception, which would influence the composition of
vaginal microbiota. Finally, we conducted a cross-sectional
study, which means findings need to be further determined in
longitudinal studies Our focused was on associations rather
than causation. Large-scale prospective design and better
controlled trials are required to extend the clinical meaning of
viral load tests and to determine specific differential bacteria
which are causal factors, causes or consequences of VAIN.

In conclusion, we explored the association between
VAIN, HPYV, and vaginal microbiota. The study showed
that HPV-16, 52, 53, 58, and 66 are more prevalent
in vaginal lesions, and viral loads of HPV16, 52, and
58 were significantly increased in VAIN. Data on genotype
distribution and viral loads of HPV types in VAIN
might help to provide guidance on screening for vaginal
neoplasms. Also, we revealed that the proportion of
cluster IV rose from non-VAIN to VAIN and the vaginal
microbiome of VAIN was characterized by an increased
abundance of Aropobium, Gardnerella, Allobaculum, and
Clostridium, and a decreased abundance of Finegoldia,
Actinobaculum, and Blautia. Furthermore, a higher level
of Enterococcus and some specific Clostridium spp. might be
correlated with an elevated risk of VAIN2/3. Future studies
are required to better understand the roles that vaginal
microbiota structure or individual bacterial species may play
in the development of VAIN.
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