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Abstract: Purpose: To study the correlation between the vaginal microenvironment and human papillomavirus (HPV)
infection by meta-analysis. Methods: Databases including the Chinese Journal Full-text Database, China Science
and Technology Journal, Wanfang, PubMed, Embase, Cochrane, and Web of Science were used to comprehensively
retrieve published clinical studies on the correlation between the vaginal microenvironment and HPV infection.
The retrieval was performed according to the inclusion and exclusion criteria, then qualified clinical studies were
included for quality evaluation and data extraction. Revman 5.3 software was used for meta-analysis. The correla-
tion between the vaginal microenvironment and HPV infection was assessed. The statistical results were shown
by forest plots. Publication bias was tested by funnel plot. Results: Ten independent studies were included in this
study, involving 11,649 patients. The meta-analysis results showed that compared with the HPV-negative group, the
HPV-positive group had a significant increase in the aerobic vaginitis (OR = 1.73, 95% CI: 1.19-2.50, P = 0.004),
bacterial vaginosis (OR = 2.52, 95% CI: 1.78-3.57, P < 0.001) and trichomonal vaginitis (OR = 1.60, 95% CI: 1.27-
2.02, P < 0.001) infection rates, while there was no substantial difference in the vulvovaginal candidiasis infection
rate between two groups (OR = 1.48, 95% Cl: 0.99-2.23, P = 0.06). Conclusion: The vaginal microenvironment is
closely related to HPV infection, especially aerobic vaginitis, bacterial vaginosis and trichomonal vaginitis are high-

risk factors for HPV infection.
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Introduction

Human papillomavirus (HPV) is a double-
stranded circular DNA virus belonging to the
papillomaviridae family. It has strong host spec-
ificity, and mainly infects the mucosal epitheli-
um of humans [1, 2]. Studies have confirmed
that persistent high-risk HPV infection (HPV-
HR) is the leading cause of cervical cancer and
pre-cancerous lesions in females [3]. Changes
in women’s vaginal microenvironments are
closely linked to the occurrence and develop-
ment of cervical cancer [4]. The dynamic bal-
ance of vaginal microecology depends primarily
on four micro-ecosystems, vaginal microbiota,
cyclical endocrine changes, vaginal anatomy
and local vaginal immune system [5]. The vagi-
nal microenvironment is susceptible to micro-
ecological imbalance due to infection by patho-
genic bacteria. Because the cervix is directly

exposed to the complex vaginal microenviron-
ment, the risk of cervical lesions increases [6,
7]. Aerobic vaginitis (AV), bacterial vaginosis
(BV), trichomonal vaginitis (TV) and vulvovagi-
nal candidiasis (VVC) infections are common
vaginal diseases caused by vaginal pathogenic
microorganisms [8]. Studies [9] have shown
that abnormal vaginal flora may increase the
risk of HPV infection in women. For a body in a
healthy state, the vaginal microbiome main-
tains a dynamic balance. For a body with HPV
infection, part of the pathogenic bacteria can
be cleared through autoimmunity, and those
pathogenic bacteria that can not be cleared will
continue to infect the cervix, eventually leading
to cervical lesions [10, 11]. Understanding the
relationship between the vaginal microenviron-
ment and HPV infection has practical clinical
significance for preventing and treating HPV. In
recent years, vaginal microecology has attract-
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ed wide attention. Increasing studies have
shown that changes in vaginal microecology
affect HPV infection, but the conclusions are
inconsistent. After an extensive literature se-
arch, we found that there are few systematic
studies on the relationship between vaginal
microecology and HPV infection. Therefore, this
paper used a meta-analysis to explore the cor-
relation between the vaginal microenvironment
and HPV infection, to provide a reliable direc-
tion for clinical treatment.

Materials and methods
Retrieval strategy

With the search strategy based on the
Population, Intervention, Comparison, Outcom-
es and Study (PICOS) framework, literature
retrieval was conducted by 2 researchers inde-
pendently by retrieving related literature in
Chinese Journal Full-text Database, China
Science and Technology Journal, Wanfang,
PubMed, Embase, Cochrane, and Web of
Science. The keywords for searching were va-
ginal microenvironment, vaginal microecology,
vaginal microbiome, lower reproductive tract
infection, vaginitis, human papillomavirus, HPV,
human papillomavirus, microbiome, microbio-
ta, microecology and vaginosis.

Inclusion and exclusion criteria for literature

Criteria for inclusion: (1) Published studies on
the relationship between vaginal microenviron-
ment and HPV infection in academic journals.
(2) In the studies, participants were divided
into case group and control group, with an
HR-HPV positive diagnosis in the case group,
and HR-HPV negative diagnosis in the control
group. (3) The method of HPV detection includ-
ed at least one of the following methods: poly-
merase chain reaction, enzyme-linked immuno-
sorbent assay, immunohistochemistry, in situ
hybridization, hybrid capture Il, matrix-assisted
laser desorption ionization time-of-flight mass
spectrometry, and single base extension. (4)
The HR-HPV infection included over 20 HPV
subtypes (CP8304, 83, 82, 81, 73, 68, 66, 59,
58, 56, 55, 53, 52, 51, 45, 44, 43, 42, 39, 35,
33, 31, 26, 18, 16, 11 and 6). (5) All data
should be complete, including the number of
cases in each group as well as data of AV, BY,
TV and VVC infections. (6) Diagnostic criteria
for changes in vaginal microecology was ref-
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ered to criteria associated with wet microscopy
of vaginal secretions [12]. Diagnosis of AV:
diagnostic criteria for wet microscopy (Ponders
score 3 points), R-glucuronidase positive, H,0,
positive, and sNa positive. Diagnosis of BV:
rapid BV test kit, Gram staining method, and
Nugent (score 7 points). Diagnosis of TV: tricho-
moniasis vaginal can be verified in 0.9% sodi-
um chloride injection under microscopy. Dia-
gnosis of VVC: culture of fungi, pseudohyphae,
and spores can be verified by Gram staining
method, and 0.9% sodium chloride injection
wet mounting [7]. The sample size of the litera-
ture needs to meet the study criteria, or the
required data is analyzed based on the report-
ed results using reasonable statistical meth-
ods. (7) Research methods in all literature were
identical. (8) A study with a large sample size
was selected if it was conducted repeatedly by
the same research institute.

Exclusion criteria: (1) Abstracts from lectures,
literature reviews, duplicate literature and un-
published literature. (2) No specific information
was obtained. (3) The aggregation approach
did not meet the criteria for inclusion in this
study.

Data extraction and quality evaluation

Two researchers collaborated to develop a
screening strategy and then completed the
screening and inclusion of the literature. Then,
materials and data were collected. Screening
strategy: preliminary screening was done by
reading the titles and abstracts of the retrieved
literature, then full texts were read for further
screening. The literature was screened in strict
accordance with the inclusion and exclusion
criteria. Two researchers independently evalu-
ated the quality of the included literature using
the Newcastle-Ottawa Scale (including three
dimensions: selection, comparability and expo-
sure). In the event of any disagreement, the
decision was made by discussion or a third
researcher. The total score of NOS is 9 points.
If the total score is over or equal to 7, the litera-
ture is considered to be of high quality.

Statistical analysis

This meta-analysis was performed using Rev-
Man5b.3. The Z trial was used to analyze the
heterogeneity between the studies, P > 0.1 and
I < 50% indicating that there was no heteroge-
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Preliminary screening:

85 Chinese literatures
and 118 English Other
literatures sources

\ J

normal vaginal microenviron-
ment. Of the 8,626 patients
whose vaginal microenviron-
ments changed, 3,358 were
diagnosed with as positive for

Read the titles and abstract
of the literature, and
eliminate the 107 literatures

v ’L inconsistent with this study

HPV and 5,268 were negati-
ve. The detailed documentary
selection process is set out in
Figure 1.

were screened out

Basic characteristics and as-

{ The 96 literatures

Atotal of 68 literatures

were excluded

sessment of the risk of bias of
the included literature

The quality assessment scores
) of all included literature [13-

were screened out

,( belong to review, meta
Lanalysis, and no full text
‘ The 28 literatures ’

22] were over or equal to 7.

‘ The 18 repetitive and
,L incomplete articles were

excluded ) Table 1.

The basic characteristics of
the literature are shown in

Finally the 10

literatures were
included screening.

neity between the studies. If so, the study data
were analyzed using the Fixed Effects Model
(FEM). If there was statistical heterogeneity
and the source could not be addressed, the
study data were analyzed using the Random
Effects Model (REM). Sensitivity was analyzed
by removing the studies one by one and recal-
culating the size of the combined effect. The
study data were continuous variables, and the
results were expressed as STD mean differ-
ence (MDS) and its 95% confidence interval
(95% Cl).

Results
Results of literature screening

Results of the document analysis: During the
screening, 85 Chinese and 9 English publica-
tions were obtained. By reading the titles and
abstracts to remove some the duplicates, 35
pieces of literature were obtained. Then by
reading the full texts of the 35 pieces of litera-
ture for further screening, 10 pieces of litera-
ture (all in Chinese) were included in this study.
These 10 documents included 11,649 gyne-
cological ambulatory patients undergoing HPV
and vaginal microecology tests. Among them,
8,626 patients had changes in the vaginal
microenvironment, while 2,247 patients had a
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Figure 1. Flow chart of literature

Study results

According to the coinfection

results in 8 included studies,
the infection rates of AV, BV, TV, and VVC in
the HPV positive group were 16.14%, 21.07%,
3.38% and 12.57%, respectively, and those in
the HPV negative group were 9.17%, 12.94%,
3.38% and 8.64%, respectively.

Correlation between vaginal microenvironment
and HPV infection

Correlation between AV and HPV infection:
Since P < 0.1, REM analysis was performed.
According to the analysis of the correlation
between AV-positive and HPV infection, OR =
1.73, 95% CI: 1.19 to 2.50, the HPV-positive
group showed a higher rate of AV positive, with
a statistically significant difference (Z = 2.89,
P =0.004), as displayed in Figure 2.

Correlation between BV and HPV infection:
Since P < 0.1, REM analysis was performed.
According to the analysis of the correlation
between BV-positive and HPV infection, OR =
2.52, 95% CI: 1.78 to 3.57, the HPV-positive
group had a higher rate of BV-positive, with
statistically significant difference (Z = 5.18,
P < 0.001), as displayed in Figure 3.

Correlation between TV and HPV infection:
Since P > 0.1, FEM analysis was performed.
According to the analysis of the correlation
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Table 1. Basic characteristics of literature

First author Year  Studysubjects \UMPerof B Tv oy Qualityassessment
cases (points)
Chen [13] 2017 HPV* 542 40 149 7 68 8
HPV- 870 74 155 13 94
Zhong [14] 2018 HR-HPV* 468 78 184 56 83 8
HR-HPV- 2477 224 394 169 193
Wang [15] 2018 HR-HPV* 160 27 83 6 39 9
HR-HPV- 402 21 52 12 30
Yuan [16] 2019 HPV* 1614 206 106 21 164 9
HPV- 1450 97 50 18 122
Zhang [17] 2019 HPV* 60 3 43 2 8 7
HPV- 60 0 14 0 10
Zhang [18] 2020 HR-HPV* 635 129 97 10 14 8
HR-HPV- 1412 198 154 11 25
Cheng [19] 2021 HPV* 130 10 72 11 47 8
HPV- 220 19 64 4 114
Yang [20] 2021 HPV* 121 19 52 13 46 9
HPV- 119 10 24 10 18
Lin [21] 2022 HR-HPV* 138 6 68 o 18 8
HR-HPV- 310 17 120 4 36
Rahkola[22] 2009 HR-HPV* 175 - 20 - ; 7
HR-HPV: 153 - 19 - ;

Notes: *represents positive; represents negative; AV = Aerobic Vaginitis; BV = Bacterial Vaginosis; TV = Trichomonal Vaginitis;
VVC = Vulvovaginal Candidiasis; HR = High Risk; HPV = Human Papillomavirus.

Case group Control group

Study or Subgroup Events Total Events Total Weight
Chen 2017 40 542 74 870 14.0%
Cheng 2021 10 130 19 220 9.4%
Lin 2022 5} 138 17 310 7.9%
VWang 2018 27 160 21 402 11.6%
Yang 2021 19 121 10 119 9.3%
Yuan 2019 296 1614 97 1450 15.6%
Zhang 2019 3 60 0 60 1.4%
Zhang 2020 129 635 198 1412 156%
Zhong 2018 78 468 224 2477 15.3%
Total (95% Cl) 3868 7320 100.0%
Total events 608 660

Heterogeneity: Tau® = 0.21; Chi? = 46.52, df = 8 (P < 0.00001); I* =83%

Test for overall effect: Z = 2.89 (P = 0.004)

Odds Ratio Odds Ratio
M-H., Random, 95% CI M-H, Random, 95% ClI
0.86[0.57, 1.28] ™
0.88[0.40, 1.96] T
0.78[0.30, 2.03) R
3.68([2.01,673] -
2.03[0.90, 457] T
3.13[2.46, 3.99] -
7.37[0.37,14575) v r
1.56 [1.22, 2.00] -
2.01[1.52, 266) -
1.73 [1.19, 2.50] <&
I } } |
0.01 0.1 1 10 100

Case group Control group

Figure 2. Correlation between AV and HPV infection. AV = Aerobic Vaginitis; HPV = Human Papillomavirus.

between TV-positive and HPV infection, OR =
1.60, 95% Cl: 1.27 to 2.02, the HPV-positive
group had a higher rate of TV positive, with sta-
tistically significant difference (Z = 3.93, P <
0.001), as displayed in Figure 4.

Correlation between VVC and HPV infection:
Since P < 0.1, REM analysis was performed.
According to the analysis of the correlation
between VVC-positive and HPV infection, OR =

633

1.48, 95% Cl: 0.99 to 2.23, the HPV-positive
group had a higher rate of VVC-positive, but
the difference was not statistically significant
(Z=1.90, P = 0.06), as displayed in Figure 5.

Assessment of risk of bias
The results of funnel plots showed that the fun-

nel plots were symmetrical, indicating that
there was no bias in the literature. The results
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% Cl M-H, Random, 95% CI
Chen 2017 149 542 156 870 11.3% 1.75[1.35, 2.26) -
Cheng 2021 72 130 64 220 10.0% 3.03[193,475] -
Lin 2022 68 138 1200 310 10.4% 1.54 [1.03, 2.30] I
Rahkola 2009 20 175 19 153 8.3% 0.91[047,1.78] T
Vvang 2018 83 160 52 402 102% 7.26 [4.74,11.10] -
Yang 2021 52 121 24 119 9.1% 2.98[168, 5.30] —
Yuan 2019 106 1614 50 1450 10.8% 1.97 [140, 2.78] -
Zhang 2019 43 60 14 60 7.2% 8.31 [3.66, 18.88)] -
Zhang 2020 97 635 154 1412 11.2% 1.47[1.12,1.94] -
Zhong 2018 184 468 394 2477 11.5% 343[276,4.24)] -
Total (95% CI) 4043 7473 100.0% 2.52[1.78, 3.57] <&
Total events 874 1046 ) ) ‘ ‘
Heterogeneity: Tau® = 0.26, Chi# =79.07, df =9 (P < 0.00001), I*> = 89% IO.OW 0!1 1 1‘0 100‘
Test for overall effect: Z=5.18 (P <0.00001) Case group  Control arow
group group
Figure 3. Correlation between BV and HPV infection. BV = Bacterial Vaginosis; HPV = Human Papillomavirus.
Experimental Control Odds Ratio QOdds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% CI
Chen 2017 7 542 13 870 9.5% 0.86 [0.34, 2.18] T
Cheng 2021 1 130 4 220 2.6% 4.99[1.56, 16.02]
Lin 2022 0 138 4 310 2.7% 0.25[0.01, 4.60]
Wyang 2018 6 160 12 402 6.3% 1.27[047,343)] -1
Yang 2021 13 121 10 119 8.6% 1.31[0.55,3.12] -
Yuan 2019 21 1614 18 1450 18.0% 1.05 [0 .56, 1.98] -
Zhang 2019 2 60 1] 60 05% 517[0.24, 11001] *
Zhang 2020 10 635 11 1412 6.5% 2.04 [0.86,482] T
Zhong 2018 56 468 169 2477 454% 1.86 [1.35, 2.56] L
Total (95% CI) 3868 7320 100.0% 1.60 [1.27, 2.02] *
Total events 126 241 . . ‘ .
11 . 2 - - -_— 2 = T T T 1
Heterogeneity: Chi* = 1076, df = 8 (P = 0.22); F = 26% 0.01 01 ) 10 100

Test for overall effect: Z=3.93 (P < 0.0001)

Case group C

ontrol group

Figure 4. Correlation between TV and HPV infection. TV = Trichomonal Vaginitis; HPV = Human Papillomavirus.

Case group Contrel group Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H Random, 95% Cl M-H, Random, 95% CI
Chen 2017 68 542 94 870 126% 1.18[0.85, 165] ™
Cheng 2021 47 130 114 220 118% 053[0.24,082] -
Lin 2022 18 138 36 310 105% 1.14[0.62, 2.09] -
YWang 2018 39 160 30 402 11.2% 4.00[2.38,6.71] -
Yang 2021 46 121 18 119 104% 344[1.85 641] -
Yuan 2019 164 1614 122 1450 131% 1.23[0.96, 1.57] ™
Zhang 2019 8 60 10 B0 75% 0.7700.28,2.11] T
Zhang 2020 14 635 25 1412 101% 125[0.65,242] T
Zhong 2018 83 468 193 2477 128% 255[1.93,3.37] -
Total (95% CI) 3868 7320 100.0% 1.48[0.99, 2.23] .
Total events 487 542

(TN 2 _ . 2 — - 2 — 870, + l |
Heterogeneity: Tau® =0.32; Chi2=63.13, df = 8 (P < 0.00001); I* = 87% 001 01 1 10 100

Test for overall effect: Z = 1.90 (P =0.06)

Case group Control group

Figure 5. Correlation between VVC and HPV infection. VVC = Vulvovaginal Candidiasis; HPV = Human Papillomavirus.

also indicated that compared with the HPV-
negative group, the HPV infection of the HPV-
positive group was associated with AV, BV and
TV, but was not with VVC (Figure 6). In the fun-
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nel plots, there were dots placed on or outside
the slant, so these studies may have a risk of
bias, which may be because the quantity of lit-
erature included in this study was small.
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Figure 6. Funnel plots. Note: (A) Funnel plot of correlation between AV and HPV; (B) Funnel plot of correlation be-
tween BV and HPV; (C) Funnel plot of correlation between TV and HPV; (D) Funnel plot of correlation between VVC
and HPV. AV = Aerobic Vaginitis; BV = Bacterial Vaginosis; TV = Trichomonal Vaginitis; VVC = Vulvovaginal Candidia-
sis; HPV = Human Papillomavirus.

Case group Control group Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Chen 2017 40 542 74 870 0.0% 0.86 [0.57, 1.28]
Cheng 2021 10 130 19 220 5.9% 0.88 [040, 1.96] -
Lin 2022 B 138 17 310 53% 0.78[0.30, 2.03] - 1
Wyang 2018 27 160 21 402 0.0% 3.68[2.01,6.73]
Yang 2021 19 121 10 119 4.5% 2.03[0.90,4.57] T
Yuan 2019 296 1614 a7 1450 0.0% 313 [246,3.99]
Zhang 2019 3 50 0 60 0D2% 7.37[0.37,145.75] 4
Zhang 2020 129 635 108 1412 517% 1.86 [1.22, 2.00] L
Zhong 2018 78 468 224 2477 314% 2.01[1.52, 2.66) -
Total (95% CI) 1552 4598 100.0% 1.65 [1.39, 1.96] ’
Total events 245 468
Heterogeneity: Chiz =8.05, df =5 (P =0 15); I? = 38% ‘001 051 : 1‘0 100“

Test for overall effect: Z =572 (P <0.00001) Case group  Control group

Figure 7. Correlation between AV and HPV infection (after eliminating the lower quality studies). AV = Aerobic Vagi-

nitis; HPV = Human Papillomavirus.

difference in the positive rate of VVC between
the two groups (Z = 1.95, P = 0.05). This is con-

Sensitivity analysis

According to the results of the risk of bias
assessment, the studies with a higher risk of
bias were excluded, and meta-analysis was
performed again. The positive rates of AV, BV
and TV in HPV positive group were higher, and
the differences were statistically significant
(2=5.72,8.22, 3.34). There was no significant
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sistent with the results of the previous analyses
(Figures 7-10).

Discussion

According to different structures, functions and
pathogenesis, HPV is clinically divided into the
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Experimental Control

Study or Subgroup Events Total Events Total Weight
Chen 2017 149 542 155 870 415%
Cheng 201 72 130 64 220 102%
Lin 2022 68 138 120 310 18.0%
Rahkola 2009 20 175 19 153 00%
VWang 2018 33 160 52 402  00%
Yang 2021 52 121 24 119  B6%
Yuan 2019 106 1614 50 1450 237%
Zhang 2019 43 60 14 60 00%
Zhang 2020 97 635 154 1412 0.0%
Zhong 2018 184 468 394 2477 00%
Total (95% CI) 2545 2969 100.0%
Total events 447 413

Heterogeneity: Chi2 = 7.74, df =4 (P =0.10); I* = 48%
Test for overall effect: Z = 8.22 (P < 0.00001)

Odds Ratio
MH, Fixed, 95% CI

Odds Ratio

MH, Fix

d, 95% CI

1.75[1.35, 2.26]
3.03[193,4.75)
1.54 [1.03, 2.30]
0.91[047,1.78)
7.6 [4.74, 11.10)
2.98 [1.68, 5.30)
1.97 [1.40,2.78]
8.31(2.68, 18.88)
147 [1.12, 1.94]
343 (278, 4.24)

1.97 [1.68, 2.32]

b

—_—

—a—

0.01

t
0.1

1

10 100

Case group  Control group

Figure 8. Correlation between BV and HPV infection (after eliminating the lower quality studies). BV = Bacterial

Vaginosis; HPV = Human Papillomavirus.

Experimental Control

Study or Subgroup Events Total Events Total Weight
Chen 2017 7 542 13 870 9.7%
Cheng 2021 ™ 130 4 220 0.0%
Lin 2022 0 138 4 310 2.7%
Wyang 2018 6 160 12402 6.5%
Yang 2021 13 121 10 119 8.9%
Yuan 2019 21 1614 18 1450 18.5%
Zhang 2019 2 60 0 60 0.5%
Zhang 2020 10 635 11 1412 6.6%
Zhong 2018 56 468 169 2477 46.6%
Total (95% CI) 3738 7100 100.0%
Total events 115 237

Heterogeneity: Chi2=7 .07, df=7 (P=042).12P=1%
Test for overall effect: Z =3 .34 (P = 0.0008)

QOdds Ratio
M-H. Fixed, 95% ClI

Qdds Ratio
M-H. Fixed, 95% CI

0.36 [0.34, 2.18]
4,99 [1.56, 16.02]
0.25 [0.01, 4.60]
1.27 [0.47, 3.43]
1.31[055,3.12]
1.05 [0.56, 1.98]
517 [0.24, 110.01]
2.04 [0.86, 4.82]
1.86 [1.35, 2.56]

1.51 [1.18, 1.92]

. 3
*

-

001

01

1

|
10 100

Case group  Control group

Figure 9. Correlation between TV and HPV infection (after eliminating the lower quality studies). TV = Trichomonal

Vaginitis; HPV = Human Papillomavirus.

Case group Control group

Study or Subgroup  Events Total Events Total Weight
Chen 2017 68 542 94 870 285%
Cheng 2021 47 130 114 220 0.0%
Lin 2022 18 138 36 310 87%
Wyang 2018 39 160 30 402 00%
Yang 2021 46 121 18 119 0.0%
Yuan 2019 164 1614 122 1450 521%
Zhang 2019 8 60 10 60 3.9%
Zhang 2020 14 635 25 1412 6.8%
Zhong 2018 83 468 193 2477 0.0%
Total (95% CI) 2989 4102 100.0%
Total events 272 287

Heterogeneity: Chi* =0.83, df =4 (P =093}, I =0%
Test for overall effect Z =195 (P =005)

Odds Ratio
M-H. Fixed. 95% CI

Odds Ratio

118 [0.85, 1.65]
0.53 [0.34, 0.82]
1.14 [0.62, 2.09]
4.00[2.38,6.71)
3.44 185, 6.41]
1.23 [0.96, 1.57]
0.77[0.28, 2.11]
1.25 [0.65, 2.42]
255 [1.93,3.37]

1.19 [1.00, 1.43]

M-H. Fixed, 95% CI
m

.

0.01

01

1 10 100

Case group  Control group

Figure 10. Correlation between VVC and HPV infection (after eliminating the lower quality studies). VVC = Vulvovagi-

nal Candidiasis; HPV = Human Papillomavirus.

high-risk and low-risk types [23]. It mainly
invades the immune system of the host [24].
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During epithelial differentiation, HPV changes
the growth mode of cells and realizes immune
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escape by replication and encoding, which spe-
cifically interferes with innate and adaptive
immunity by hiding itself, causing sustained
infection in the host [25]. HPV infection is
involved in the development of cervical cancer,
while the vaginal microenvironment affects
HPV infection and its persistent infection [26,
27]. A growing number of studies suggested
that changes in the vaginal microenvironment
are strongly associated with HPV infection. The
correlation between the vaginal microenviron-
ment and HPV infection was systematically
evaluated in this meta-analysis by collecting
the results of previous studies and using an
evidence-based medical method.

The results of this study showed that AV, BV
and TV were the high-risk factors for HPV infec-
tion, with OR of 1.73, 2.52 and 1.60 respec-
tively, which were of statistical significance. The
risk of publication bias was relatively small, and
the conclusions were stable and reliable to
some degree. However, the correlation between
VVC and HPV infection was not statistically sig-
nificant, and this conclusion needs to be fur-
ther verified. The conclusion of this study on BV
was consistent with most of the studies pub-
lished so far, but the conclusions of AV, TV and
VVC were inconsistent with the conclusions of
some studies, so further research is needed.
BV is characterized by excessive growth of
dominant bacteria in the vagina, from Lactoba-
cillus to microorganisms dominated by anaero-
bic bacteria. Studies have shown that BV is
associated with HPV infection, particularly
HR-HPV infection [28]. Other studies have al-
so shown a substantial statistical association
between HPV and BV [29]. Patients with BV are
more susceptible to HPV due to the increased
pHvalue inthe vagina and missing Lactobacillus
[30]. HPV patients often have AV and TV [31],
but the results of studies on the correlation of
AV and TV with HPV infection were not the
same. AV is characterized by changes in the
Lactobacillus accompanied by an increase in
local inflammation and immune response [32].
Some studies have indicated that AV is strongly
associated with HPV infection [33], but some
reported no association between them [34].
There are currently few studies about the cor-
relation between AV and HPV infection, and
there are differences between the results of
different studies. So further studies with larger
sample sizes are needed. TV can increase the
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susceptibility to HPV [35, 36]. The reasons may
be that TV can cause damage to the mucosa of
reproductive organs, vaginitis and acute inflam-
matory diseases, thus promoting secondary
infections including HPV and HIV [37]. There
was also a study showing that TV was not asso-
ciated with HPV infection [38]. Whether TV can
affect HPV infection or not, is still controver-
sial. This needs to be further confirmed by more
studies with large sample sizes.

The meta-analysis results of this study showed
that VVC was not a high-risk factor for HPV
infection, with OR value of 1.48, which was not
statistically significant. A previous study report-
ed that VVC was not associated with HPV infec-
tion [39]. There are also studies showing that
VVC was a high-risk factor for HPV infection.
When Lactobacillus is abnormal, the rate of
VVC and recurrent VVC infection will increase
substantially [40]. Some scholars believe that
VVC infection can increase tissue permeability
through inflammations, produce invasive enzy-
mes, and destroy reproductive tract epithelial
cells, making patients susceptible to HPV. HPV
infection contributes to the breakdown of the
vagina’'s defensive barrier through microtrau-
ma, leading to dysbacteriosis, which further
aggravates the VVC. In summary, abnormaliti-
es in the vaginal microenvironment (especially
AV, BV, and TV) are closely associated with HPV
infection. Microbial infections of the female
genital tract can cause damage to the mucosa
of the genital tract, increasing the chance of
HPV infection. HPV infection may disrupt the
microecological balance by altering the host'’s
immune function, which leads to changes in the
structure of the vaginal microbial community,
thus predisposing the host to vaginal infection
[41].

Advantages and limitations

This study is the first meta-analysis of studies
published in the past 10 years about the corre-
lation between the vaginal microenvironment
and HPV infection. When screening the litera-
ture, the language and nationality of the litera-
ture were not limited. So, the conclusions of
this study can provide clinical guidance for the
prevention, control and treatment of HPV to a
certain extent. However, the number of includ-
ed literature is quite small, so the risk of bias in
this study cannot be ignored. Therefore, the
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sample size should be increased in future sys-
tematic analysis, so as to further enhance the
reliability of the conclusions.

Conclusion

In summary, the vaginal microenvironment is
closely related to HPV infection, especially AV,
BV and TV are high-risk factors for HPV
infection.

Disclosure of conflict of interest
None.

Address correspondence to: Hong Zhang, Depart-
ment of Gynaecology, Lianyungang Hospital of
Traditional Chinese Medicine, No. 160, Chaoyang
Middle Road, Haizhou District, Lianyungang, Jiangsu,
China. Tel: +86-0518-85821885; E-mail: zhang-
hong_zxc@126.com

References

[1] Aldakak L, Huber VM, RUhli F and Bender N.
Sex difference in the immunogenicity of the
quadrivalent human papilloma virus vaccine:
systematic review and meta-analysis. Vaccine
2021; 39: 1680-1686.

[2] Lehtinen M, Lagheden C, Luostarinen T, Eriks-
son T, Apter D, Bly A, Gray P, Harjula K, Heikkila
K, Hokkanen M, Karttunen H, Kuortti M, Nie-
minen P, Nummela M, Paavonen J, Palmroth J,
Petaja T, Pukkala E, Soderlund-Strand A, Veivo
U and Dillner J. Human papillomavirus vaccine
efficacy against invasive, HPV-positive can-
cers: population-based follow-up of a cluster-
randomised trial. BMJ Open 2021; 11:
e050669.

[3] Ogilvie GS, van Niekerk D, Krajden M, Smith
LW, Cook D, Gondara L, Ceballos K, Quinlan D,
Lee M, Martin RE, Gentile L, Peacock S, Stuart
GCE, Franco EL and Coldman AJ. Effect of
screening with primary cervical hpv testing vs
cytology testing on high-grade cervical intraep-
ithelial neoplasia at 48 months: the hpv focal
randomized clinical trial. JAMA 2018; 320: 43-
52.

[4] Xia Y and Du R. Relationship of HPV infection
and vaginal microenvironment with different
grades of cervical lesions. Chin Gen Pract
2022; 25: 2881-2884.

[5] LiM,ZengZ, FengH, CaoY, ZhangQ, Lv T, Yang
X, Song D, Li P, Hu L, Fan S, An R, Zhang B,
Zhang L and Liao Q. Accurate 16 S absolute
quantification sequencing revealed vaginal mi-
croecological composition and dynamics dur-
ing mixed vaginitis treatment with Fufang Fu-

638

(6]

(7]

(11]

[12]

(13]

(14]

(16]

(17]

Rong effervescent suppository. Front Cell
Infect Microbiol 2022; 12: 883798.

Li L, Ding L, Lv Y, Wang M, Liu C, Han Y and
Wang J. Interaction between vaginal micro-en-
vironment alterations and HPV16 infection in
cervical intraepithelial neoplasia. Chin J Epide-
miol 2018; 39: 1486-1490.

Li X, Ding L, Song Li, Gao W, LI L, LVY, Wang M,
Hao M, Wang Z and Wang J. Relations of hu-
man papillomavirus infection, vaginal micro-
environmental disorder with cervical lesion.
Chin J Epidemiol 2020; 41: 2135-2140.

Zhu JB, Pan XJ and Xu YK. Analysis of vaginal
microecology in patients with high-risk human
papillomavirus infection and its correlation
with cervical lesions. Matern Child Health Care
China 2021; 36: 3705-3707.

Zhang JD, Liu ZH and Li YF. Correlation be-
tween vaginal microecology and high risk-hu-
man papillomavirus infection as well as cervi-
cal lesions. Hebei Med J 2022; 44: 1535-1538.
Ogilvie GS, van Niekerk D, Krajden M, Smith
LW, Cook D, Gondara L, Ceballos K, Quinlan D,
Lee M, Martin RE, Gentile L, Peacock S, Stuart
GCE, Franco EL and Coldman AJ. Effect of
screening with primary cervical HPV testing vs
cytology testing on high-grade cervical intraep-
ithelial neoplasia at 48 months: the HPV focal
randomized clinical trial. JAMA 2018; 320: 43-
52.

Carrasquillo O, Seay J, Amofah A, Pierre L,
Alonzo Y, McCann S, Gonzalez M, Trevil D, Ko-
ru-Sengul T and Kobetz E. HPV self-sampling
for cervical cancer screening among ethnic mi-
nority women in south Florida: a randomized
trial. J Gen Intern Med 2018; 33: 1077-1083.
Xu Z and Zhang D. Effects of colposcopy proce-
dure on vaginal microecology. Chinese Journal
of Microecology 2022; 34: 590-594, 598.
Chen W, Wu L and Yan Y. Relationship between
human papillomavirus infection and vaginal
microecology. Chin J Microecol 2017; 29: 832-
834.

Zhong Y, Chen Y, Xiao X, Guo F and Min Q. Re-
lationship between the change of vaginal mi-
croenvironment and high-risk human papillo-
mavirus infection. Lab Med Clin 2018; 15:
1960-1962.

Wang S, Yuan XH, Ke YY, Li QL, Wang ZH and
Zheng LS. Relationship among abnormal vagi-
nal microecology, high-risk human papillomavi-
rus infection and cervical lesions. Chin J Micro-
ecol 2018; 30: 959-963.

Yuan X, Zhang W, He P and Yang J. Analysis of
correlation between HPV infection and vaginal
micro-ecology. Chin J Human Sex 2019; 28:
102-105.

Zhang W and Zhao S. The relationship be-
tween high-risk human papillomavirus infec-

Am J Transl Res 2023;15(2):630-640


mailto:zhanghong_zxc@126.com
mailto:zhanghong_zxc@126.com

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

639

Meta-analysis of HPV infection

tion and vaginal microecology. J Wenzhou Med
Univ 2019; 49: 59-62.

Zhang D, Chen H and Feng Y. Relationship
among abnormal vaginal microecology, high-
risk human papillomavirus infection and cervi-
cal lesions. Chin J Microecol 2020; 27: 1299-
1304.

Cheng Q, Song D, Wang Y, Guo J, Zhao L, Chen
X, Zhang Q and Wang Q. Study on the relation-
ship between vaginal microecology and HPV
infection in outpatients. J Int Obstet Gynecol
2021; 48: 704-709.

Yang C, Chen Y, Zhou L and Zhang D. Vaginal
microenvironmental imbalance and persistent
infection with high-risk human papillomavirus.
Chin J Obstet Gynecol Pediatr Electron Ed
2021; 17: 740-744.

Lin W, Zhang Q, Chen Y, Dong B, Xue H, Lei H,
Lu Y, Wei X and Sun P. Changes of the vaginal
microbiota in HPV infection and cervical in-
traepithelial neoplasia: a cross-sectional anal-
ysis. Sci Rep 2022; 12: 2812.

Rahkola P, Mikkola TS, Ylikorkala O and Vai-
sanen-Tommiska M. Association between high
risk papillomavirus DNA and nitric oxide re-
lease in the human uterine cervix. Gynecol On-
col 2009; 114: 323-6.

Kim M, Park NJ, Jeong JY and Park JY. Multiple
human papilloma virus (HPV) infections are as-
sociated with HSIL and persistent HPV infec-
tion status in Korean patients. Viruses 2021;
13:1342.

Mitchell KR, Erio T, Whitworth HS, Marwerwe
G, Changalucha J, Baisley K, Lacey CJ, Hayes
R, de SanJosé S and Watson-Jones D. Does
the number of doses matter? A qualitative
study of HPV vaccination acceptability nested
in a dose reduction trial in Tanzania. Tumour
Virus Res 2021; 12: 200217.

Otterhaug T, Janetzki S, Welters MJP, Hakerud
M, Nedberg AG, Edwards VT, Boekestijn S, Loof
NM, Selbo PK, Olivecrona H, van der Burg SH
and Hggset A. Photochemical internalization
enhanced vaccination is safe, and gives prom-
ising cellular immune responses to an HPV
peptide-based vaccine in a phase | clinical
study in healthy volunteers. Front Immunol
2021; 11: 576756.

Koliopoulos G, Nyaga VN, Santesso N, Bryant
A, Martin-Hirsch PP, Mustafa RA, Schiinemann
H, Paraskevaidis E and Arbyn M. Cytology ver-
sus HPV testing for cervical cancer screening
in the general population. Cochrane Database
Syst Rev 2017; 8: CDO08587.

Chen S, Shi H and Leng J. Relation between
cervical HPV infection and bacterial and immu-
nological environment in vagina. J Reprod Med
2019; 28: 711-716.

(28]

[29]

[30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

Naidoo K, Abbai N, Tinarwo P and Sebitloane
M. BV associated bacteria specifically BVAB 1
and BVAB 3 as biomarkers for HPV risk and
progression of cervical neoplasia. Infect Dis
Obstet Gynecol 2022; 2022: 9562937.

Liu J, Liu W, LiuY, Zhou X, Zhang Z and Sun Z.
Prevalence of microorganisms co-infections in
human papillomaviruses infected women in
Northern China. Arch Gynecol Obstet 2016;
293: 595-602.

Lv P, Zhao F, Xu X, Xu J, Wang Q and Zhao Z.
Correlation between common lower genital
tract microbes and high-risk human papilloma-
virus infection. Can J Infect Dis Med Microbiol
2019; 2019: 9678104.

Lazenby GB, Taylor PT, Badman BS, McHaki E,
Korte JE, Soper DE and Young Pierce J. An as-
sociation between Trichomonas vaginalis and
high-risk human papillomavirus in rural Tanza-
nian women undergoing cervical cancer
screening. Clin Ther 2014; 36: 38-45.

Heczko PB, Tomusiak A, Adamski P, Jakimiuk
AJ, Stefanski G, Mikotajczyk-Cichoniska A, Su-
da-Szczurek M and Strus M. Supplementation
of standard antibiotic therapy with oral probiot-
ics for bacterial vaginosis and aerobic vagini-
tis: a randomised, double-blind, placebo-con-
trolled trial. BMC Womens Health 2015; 15:
115.

Wang X. Analysis of the relationship between
human papillomavirus infection, and vaginal
microecology and inflammatory response. J
Bengbu Med Coll 2020; 45: 102-105.
Vieira-Baptista P, Lima-Silva J, Pinto C, Sal-
danha C, Beires J, Martinez-de-Oliveira J and
Donders G. Bacterial vaginosis, aerobic vagini-
tis, vaginal inflammation and major Pap smear
abnormalities. Eur J Clin Microbiol Infect Dis
2016; 35: 657-64.

Gaydos CA, Schwebke J, Dombrowski J, Mar-
razzo J, Coleman J, Silver B, Barnes M, Crane L
and Fine P. Clinical performance of the Sola-
na® Point-of-Care Trichomonas Assay from cli-
nician-collected vaginal swabs and urine spec-
imens from symptomatic and asymptomatic
women. Expert Rev Mol Diagn 2017; 17: 303-
306.

Yang M, Li L, Jiang C, Qin X, Zhou M, Mao X and
Xing H. Co-infection with trichomonas vaginalis
increases the risk of cervical intraepithelial
neoplasia grade 2-3 among HPV16 positive fe-
male: a large population-based study. BMC In-
fect Dis 2020; 20: 642.

Ghosh I, Mandal R, Kundu P and Biswas J. As-
sociation of genital infections other than hu-
man papillomavirus with pre-invasive and inva-
sive cervical neoplasia. J Clin Diagn Res 2016;
10: XEO1-XEOG.

Am J Transl Res 2023;15(2):630-640



(38]

[39]

640

Meta-analysis of HPV infection

Wang W, Zhang XH, Li M, Hao CH and Liang HP.
Association between vaginal infections and
the types and viral loads of human papilloma-
virus: a clinical study based on 4,449 cases of
gynecologic outpatients. Can J Infect Dis Med
Microbiol 2020; 2020: 9172908.

Meng L, Xue Y, Yue T, Yang L, Gao L and An R.
Relationship of HPV infection and BV, VVC, TV:
a clinical study based on 1 261 cases of gyne-
cologic outpatients. Chin J Obstet Gynecol
2016; 51: 730-733.

[40] TianY, Pan Y and Cao M. Analysis of vaginal

microecological diversity, HPV infection sub-
types and their correlation with cervical le-
sions in 100 women. Chin J Human Sex 2022;
31:67-71.

Zhang X, He X, Huang W, LI W, Luo M, Zhang Y
and Wang S. A Meta-analysis of the relation-
ship between cervical high-risk HPV infection
and vaginal microecology in Chinese women. J
Cap Med Univ 2018; 39: 841-848.

Am J Transl Res 2023;15(2):630-640



