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Disi A, Hui Bi, Dai Zhang and Bingbing Xiao*

Department of Obstetrics and Gynecology, Peking University First Hospital, Beijing, China

Introduction: Human papillomavirus (HPV) infection, especially persistent high-
risk HPV, is associated with cervical cancer. Female reproductive tract
microecological disorders and lower genital tract infections have been
increasingly correlated with HPV infection and cervical lesions. Due to their
common risk factors and transmission routes, coinfection with other sexually
transmitted infections (STIs) has become a concern. Additionally, the clinical
significance of Mycoplasma subtypes appear to vary. This study aimed to assess
the correlations between common STls and HPV infection, and to investigate the
clinical significance of Mycoplasma subtypes.

Methods: We recruited 1,175 patients undergoing cervical cancer screening at the
Peking University First Hospital gynecological clinic from March 2021 to February
2022 for vaginitis and cervicitis tests. They all received HPV genotyping and
detection of STls, and 749 of them underwent colposcopy and cervical biopsy.

Results: Aerobic vaginitis/desquamative inflammatory vaginitis and STls (mainly
single STIs) were found significantly more often in the HPV-positive group than in
the HPV-negative group. Among patients with a single STI, rates of infection with
herpes simplex virus type 2 or UP6 in the HPV-positive group were significantly
higher than in the HPV-negative group (OR,q: 1.810, 95%Cl: 1.211-2.705,
P=0.004; OR,q;: 11.032, 95%Cl: 1.465-83.056, P=0.020, respectively).

Discussion: Through detailed Mycoplasma typing, a correlation was found
between different Mycoplasma subtypes and HPV infection. These findings
suggest that greater attention should be paid to detecting vaginal
microecological disorders in those who are HPV-positive. Further, lower
genital tract infections, including both vaginal infections and cervical STls, are
significantly more common among women who are HPV-positive and who thus
require more thorough testing. Detailed typing and targeted treatment of
Mycoplasma should become more routine in clinical practice.

KEYWORDS

sexually transmitted infection, vaginal microecological disorder, human papillomavirus,
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Introduction

Human papillomavirus (HPV) is among the most common
sexually transmitted infections (ST1s), and persistent high-risk HPV
(HR-HPV) infection is associated with cervical cancer
(Tommasino, 2014). More than 200 HPV subtypes have been
found to infect humans, among which 14 (HPV16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66, and 68) have been identified as
carcinogenic (Kombe Kombe et al., 2020; World Health
Organization, 2021). More and more studies have shown that
genital tract microecological disorder may be associated with
HPV infection and cervical lesions (Zeng et al., 2022; Xu
et al., 2023).

Genital tract infections, including vaginitis and cervicitis, can
lead to genital tract microecological disorders. Common types of
vaginitis, including bacterial vaginosis (BV), aerobic vaginitis (AV),
desquamative inflammatory vaginitis (DIV), trichomoniasis (TV),
vulvovaginal candidiasis (VVC), and cervicitis, are associated with
STIs. STIs are a significant medical problem affecting women’s
health, with an estimated global daily incidence of 1 million
(Unemo et al,, 2017). Common causes of STIs include Chlamydia
trachomatis (CT), Neisseria gonorrhoeae (NG), herpes simplex virus
type 2 (HSV-2), Mycoplasma hominis (MH), Mycoplasma
genitalium (MQG), Ureaplasma urealyticum (UU), and Ureaplasma
parvum (UP). The World Health Organization estimates that CT
infection, NG infection, syphilis, and TV together accounted for
357.4 million new infections globally in 2012 (Newman et al., 2015).
The increasing prevalence of Mycoplasma infections and other STIs,
including HSV-2 infection, and rates of antibiotic resistance are also
concerning. Although earlier studies merely detected and analyzed
“genital Mycoplasma infection” (Friedek et al., 2004; Zhang et al,
2010), it is now acknowledged that Mycoplasma can be further
divided into subtypes with varying clinical significance, including
MH, MG, UU, and UP. Among these, MH infection is found to
associate with an increased risk of cervicitis, pelvic inflammatory
disease, and infertility, whereas MG, UU, and UP can be positive in
not only symptomatic but also frequently in healthy individuals
(Zhang and Liu, 2016; Horner et al., 2018; Tuddenham et al., 2022).

In this study we recruited subjects undergoing cervical cancer
screening and tested them for genital tract infection, including
carrying out detailed typing of Mycoplasma, to investigate the
correlation between common STIs and HPV infection. The aim
of the study was to guide more efficient and comprehensive clinical

examination and diagnosis.

Materials and methods

Study cohort and clinical
sample collections

This human study was reviewed and approved by the Ethics
Committee of Peking University First Hospital (2021KY062). We
collected data on 1,175 subjects who underwent cervical cancer
screening at gynecological clinics of The First Hospital of Peking
University from March 2021 to February 2022 and who met the
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following requirements: age 19-50 years; pre-menopausal; sexual
history; not in the menses phase of their menstrual cycle; and
abstention from intercourse or vaginal medication or irrigation for
3 days before sample collection. Cervical samples were collected
from all enrolled subjects for molecular detection of HPV and STI
pathogens. Those referred for colposcopy underwent
comprehensive colposcopy and pathological biopsy of any
abnormal cervical tissue. Exclusion criteria were as follows:
pregnancy within the previous 8 weeks; vaginal bleeding;
history of genital tract tumors; recent treatment for HPV
infection or other STI; a history of hysterectomy, cervical surgery,
pelvic radiotherapy, or cervical ablation or resection in the last
12 months; and use of antibiotics or probiotics within the past
month (Figure 1).

Samples were collected by professional gynecologists after
standardized training. With the patient in the lithotomy position,
vaginal secretions were collected with a swab at a standard
anatomical site (one-third of the way up the lateral vaginal wall)
and rolled onto a glass slide for immediate Gram staining to detect
candidal hyphae and spores and clue cells. Exposing the cervix with
a sterile speculum without lubricant, a sterile cotton swab was
rotated five times in the cervical canal at a depth of 1-2 ¢cm for 15-
20 seconds before removal. Exfoliated cervical cells and secretions
were obtained from the cervical epithelium with two cell brushes
and stored at 4°C. They were then transferred to a buffer for DNA
testing immediately or within 10 days, for separate genotyping of 21
HPV subtypes and STI pathogen detection.

BV was diagnosed by using the Gram stain-based Nugent score
(0-3 was considered BV negative, 4-6 intermediate, and 7-10 BV
positive) (Nugent et al., 1991) and, using the modified Amsel
diagnostic criteria (Amsel et al., 1983) when three of the
following were present: thin homogeneous discharge; a vaginal
pH > 4.5; release of amines on addition of 10% potassium
hydroxide to vaginal fluid; and the presence of clue cells. VVC
was diagnosed by identification of budding yeasts, hyphae, or
pseudo-hyphae in a wet preparation (saline, 10% potassium
hydroxide) of vaginal discharge, or if Gram staining yielded a
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+ vaginal bleeding;
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ent treatment for HPV infection or ST
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and
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FIGURE 1
Flow chart and study design. HPV, human papillomavirus; STI,
sexually transmitted infection; CT, Chlamydia trachomatis; UU,
Ureaplasma urealyticum; MH, Mycoplasma hominis; MG,
Mycoplasma genitalium; UP, Ureaplasma parvum; NG, Neisseria
gonorrhoeae; HSV-2, herpes simplex virus type 2; BV, bacterial
vaginosis; AV/DIV, aerobic vaginitis/desquamative inflammatory
vaginitis; TV, trichomoniasis vaginalis; VVC, vulvovaginal candidiasis.

frontiersin.org


https://doi.org/10.3389/fcimb.2023.1145215
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Aetal.

positive result for a yeast species. TV was diagnosed by wet
mount microscopy immediately following vaginal secretion
swab. AV/DIV was diagnosed using the criteria proposed by
Donders et al. (Donders et al, 2017), based on lactobacillary
grade and the presence of other bacteria, leukocytes, and
parabasal epithelial cells.

HPV genotyping and detection of sexually
transmitted pathogens

The 21 HPV GenoArray Diagnostic Kit (HBGA-21PKG;
HybriBio, Ltd., Chaozhou, China) was used, with the Rapid
Capture System, using a HPV genotyping macroarray for HPV
identification. The kit detects 14 HR-HPV types (HPV16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 68, and 66), one suspected HR-HPV
type (HPV53), and six low-risk HPV (LR-HPV) types (HPV®, 11,
42, 43, 44, and CP8304). We used the kit in accordance with the
manufacturer’s instructions and analyzed the results of cell lysis,
DNA extraction, polymerase chain reaction (PCR) amplification,
and hybridization.

A nucleic acid detection kit (HBRT-STD6; HybriBio, Ltd.) was
used to detect STI pathogens including UU, UP (UP1, 3, 6, and 14),
CT, HSV-2, MH, MG, and NG. A real-time PCR fluorescence probe
was used to detect the pathogenic STI microorganisms. This
method was used for single and mixed infections.

Liquid-based cytology test

Exfoliated cervical cell specimens were collected by one of two
gynecologists using a conical cytobrush, placed into a tube
containing 4 mL of preservation solution and temporarily stored
at 4°C until testing. Cervical cytology samples were diagnosed using
a ThinPrep® cytologic test (TCT) (TriPath Imaging, Inc.,
Burlington, VT, USA) in accordance with the manufacturer’s
instructions and double checked by cytotechnologists. Reported
cytological results were classified in accordance with the 2001
Bethesda system (Solomon et al., 2002).

Colposcopy test

Colposcopy referral criteria were those of the most recent
American Society of Colposcopy and Cervical Pathology
(ASCCP) colposcopy standards (Wright, 2017), and colposcopy
was performed following standard procedures. According to the
ASCCP criteria and terminology, colposcopy impressions can be
classified as benign, low-grade features, high-grade features, or
cancer, as defined by the International Federation of Cervical
Pathology and Colposcopy (Bornstein et al., 2012; Board, 2020;
Hohn et al, 2021). In this study we categorized two groups for
analyses: lower than low-grade squamous intraepithelial lesions
(< LSIL), including benign and low-grade features, and higher
than high-grade squamous intraepithelial lesions (= HSIL),
including high-grade features and cancer.
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Statistical analyses

IBM SPSS Statistics version 28.0 (IBM Corporation, Armonk,
NY, USA) software was used for statistical analyses. Frequency data
are described as a percentage of cases, and co-occurrence of HPV
and other bacteria was compared using chi-squared and Fisher’s
exact probability tests, as appropriate. The Bonferroni correction
test level was 0.05/3 = 0.0168 for multiple comparisons between
different age groups. Univariate logistic regression was used to
analyze the relative risk (odds ratio [OR] and 95% confidence
interval [CI]) of HPV infection with different pathogens. After
adjusting for age and AV/DIV infection status, the adjusted OR
(OR,4j) and 95% CI were calculated. All tests were two-sided, and a
p-value < 0.05 was considered statistically significant.

Results

Clinical characteristics and prevalence of
HPV and STIs

A total of 1,175 subjects screened at Peking University First
Hospital from March 2021 to February 2022 were enrolled. The age
range of the study cohort was 19-50 years, with an average ( + SD)
age of 35.37 + 6.773 years, and an approximately normal
distribution. The overall HPV infection rate was 66.0% (775/
1,175), with a monotypic infection rate of 54.2% (420/775) and a
polytypic infection rate of 45.8% (355/775). The HR-HPV infection
rate in the HPV-positive group was 95.7% (742/775), of which
HPV16/18 infection accounted for 29.2% (217/742). Calculating the
number of infections by HPV subtype revealed that the three most
common HR-HPV subtypes were HPV16, HPV58, and HPV52,
whereas the three most common low-grade HPV subtypes were
HPV11, HPV CP8304, and HPV6 (Figure 2). For TCT, 97.4%
(1,145/1,175) were < LSIL, and 2.6% (30/1,175) were > HSIL. A total
of 63.7% of the cohort (749/1,175) underwent colposcopy and
cervical biopsy in accordance with the most recent ASCCP
colposcopy standards (Wright, 2017), among whom 82.9% (621/
749) were < LSIL and 17.1% (128/749) were > HSIL.
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FIGURE 2

Number of people infected by different HPV subtypes classified by
risk. HR-HPV subtypes include HPV16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66, and 68. Suspected HR-HPV subtypes include HPV53.
LR-HPV subtypes include HPV®6, 11, 42, 43, 44, and CP8304.
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The overall STI pathogen rate was 61.0% (717/1,175), of which
single and multiple infections accounted for 68.9% (494/717) and
31.1% (223/717), respectively. The most prevalent infections were
UP3 infection, at 20.2% (237/1,175), followed by UP6 infection, at
18.3% (215/1,175), UU infection, at 14.3% (168/1,175), and CT
infection, at 11.3% (133/1,175) (Figure 3). We also tested for
common types of vaginitis, including BV, AV/DIV, TV, and
VVC, which were detected in 8.1% (95/1,175), 10.8% (127/1,175),
0.1% (1/1,175), and 3.1% (36/1,175) of subjects, respectively.

Vaginal microbiome based on HPV
infection status and TCT and biopsy results

There were no significant differences in BV, TV, or VVC
infection rate between the groups with and without HPV
infection; however, the AV/DIV infection rate was significantly
higher in the HPV-positive group than in the HPV-negative group
(p = 0.026, Supplementary Table 1). In the HPV-positive group,
there were no significant differences in BV, AV/DIV, TV, or VVC
infection rates between those with and those without HR-HPV
infection (Supplementary Table 2). Likewise, in the HR-HPV-
positive group, there were no significant differences in BV, AV/
DIV, TV, or VVC infection rates between the groups with and
without HPV16/18 (Supplementary Table 3). Moreover, when
classified by single or multiple HPV infection type, there were no
significant between-group differences in BV, AV/DIV, TV, or VVC
infection rates (Supplementary Table 4). After adjusting for HPV
infection status, there were no significant differences in BV, AV/
DIV, TV, or VVC infection rate between groups based on TCT
results (Supplementary Table 5). Those referred for colposcopy had
a significantly higher AV/DIV infection rate than those not referred
for colposcopy (p = 0.011, Supplementary Table 6), whereas there

z
2
s
=

FIGURE 3

Types and proportions of the detected STI pathogens. Numbers of
subjects with single infection, multiple infection, and total infection
with detected STI pathogens shown. ST, sexually transmitted
infection; CT, Chlamydia trachomatis; UU, Ureaplasma urealyticum;
MH, Mycoplasma hominis; MG, Mycoplasma genitalium; UP,
Ureaplasma parvum; NG, Neisseria gonorrhoeae; HSV-2, herpes
simplex virus type 2.
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were no between-group differences in BV, AV/DIV, TV, or VVC
infection rates between these groups (Supplementary Table 7).

STls in HPV infection status groups

Compared with the HPV-negative group, the overall STI
pathogen rate, single STI pathogen rate, and multiple STI
pathogens rate were all significantly higher (p < 0.001) in the
HPV-positive group. Considering that there were > 50 potential
STI pathogen combinations in the multiple STI group, and that that
were < 15 cases of any combination, this group was combined for
analyses. Although there was no age group effect for HPV infection
rate (inconsistent with many previous studies), logistic regression
was performed after adjusting for age and AV/DIV infection status.
The UP6 (OR,4j 1.810, 95% CI 1.211-2.705; p = 0.004; Table 1) and
HSV-2 (OR,q; 11.032, 95% CI 1.465-83.056; p = 0.020; Table 1)
infection rates were significantly higher in the HPV-positive group
than in the HPV-negative group. There were no other between-
HPYV infection group differences in STI pathogen rates.

As HR-HPV is a persistent infection associated with cervical
cancer, we further analyzed the STI status in groups with or without
HR-HPV infection in the HPV-positive group. The UP6 infection
rate was significantly higher in the HR-HPV-negative group than in
the HR-HPV-positive group (ORadj 0.373, 95% CI 0.153-0.909;
p = 0.030; Table 2), whereas there were no differences in the other
STI pathogen rates between the HR-HPV infection status groups.
Because the most commonly reported HR-HPV infection types are
HPV16 and 18, the STT status in groups with or without HPV16/18
infections in the HR-HPV-positive group was also analyzed. There
were no between- HPV16/18 infection group differences in any STI
pathogen rate (Table 3).

Based on the number of HPV infection types, the STT status in
the groups with various HPV infection genotypes was analyzed
further, including single and multiple HPV infection profiles. There
were no between-HPV infection genotype differences in STI
pathogen rates (Table 4).

STls in TCT status groups

Beyond the HPV-STI association, we explored whether or not
STI may be associated with TCT results after adjustment for HPV
infection status. Overall, there was not a between-TCT result group
difference in STT pathogen rate after adjusting for HPV infection
status. However, when analyzing only those with single infections,
the STI infection rates for CT and MH were significantly higher in
the group with TCT 2= HSIL (p = 0.046 and p = 0.026,
respectively; Table 5).

STls in biopsy status groups
Because the relation between HPV infection and cervical

intraepithelial neoplasia (CIN) is well known, we also assessed
whether STT pathogen status differed between groups with diverse
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TABLE 1 Infection rates of STls in groups with or without HPV infection.

. Multiple STI
Single STI P .
STls negative
UP1 UP3
n 35 61 17 4 59 152 140 4 3 19 223 458
HPV negative, n 0 52
9(25 19 (4.8 7 (1.8 25 (6.3 37 (9.3 2 (0.5 1(0.3 1(0.3 45 (11.3 202 (50.5
%) (2.5) (4.8) (1.8) (00) (6.3) (13.0) (9:3) (0.5) (0.3) (0.3) (11.3) (50.5)
HPYV positive, n 4 100 103
26 (3.4 42 (54 10 (1.3 34 (44 2(0.3 2(03 18 (2.3 178 (23.0 256 (33.0
) GO 2EH 1003 oo MEH e ey 209 203 @3) (230) (330)
OR 1.751 1.338 0.847 - 0.797 1.172 1.792 0.593 1.190 11.005 3.121 2.068
95% 0.811- 0.766— 0.319- 0.467- 0.814- 1.200- 0.083- 0.108- 1.463- 1.616-
Crude - 2.144-4.543
CI 3.780 2.340 2.245 1.360 1.688 2.677 4.230 13.170 82.796 2.647
P 0.154 0.307 0.738 0.999* 0.405 0.392 0.004 0.602 0.887 0.020 < 0.001 < 0.001
OR 1.637 1.289 0.672 - 0.803 1.194 1.810 0.627 1.138 11.032 3.072 2.069
. 95% 0.754- 0.735- 0.243- 0.470- 0.829- 1.211- 0.088- 0.102- 1.465- 1.617-
Adjusted - 2.104-4.487
CI 3.554 2.260 1.854 1.371 1.721 2.705 4.477 12.699 83.056 2.648
P 0.212 0.375 0.443 0.999* 0.422 0.341 0.004 0.642 0.917 0.020 < 0.001 < 0.001

Percentages are row percentages with respect to the corresponding group with different HPV infection status.

*Fisher’s exact test.

Adjusted: Age, AV/DIV infection status.

STI, sexually transmitted infection; HPV, human papillomavirus; OR, odds ratio; CI, confidence interval; CT, Chlamydia trachomatis; UU, Ureaplasma urealyticum; MH, Mycoplasma hominis;

MG, Mycopl, genitalium; UP, Ureapl parvum; NG, Neisseria gonorrhoeae; HSV-2, herpes simplex virus type 2.
-, Meaningless calculation results.

cervical biopsy results after adjusting for HPV infection status  [Discussion

among the 749 individuals referred for colposcopy. There was not

a significant between-cervical biopsy group difference in either total Increasing attention has been paid in recent years to possible
STI pathogen rate or individual STI pathogen rates after adjusting ~ HPV risk factors, including lower genital tract infection and vaginal
for HPV infection status (Table 6). microecological disorder, to prevent cervical lesions (Fracella et al.,

TABLE 2 Infection rates of STls in groups with or without HR-HPV infection among HPV-positive subjects.

. Multiple STI
Single STI P .
STls negative
UP1
n 26 42 10 4 34 100 103 2 2 18 178 256
HR-HPV negative, 0 0
2(6.1 2(6.1 0 (0.0 0 (0.0 4 (121 8 (24.2 0 (0.0 0 (0.0 10 (30.3 7 (21.2
1 (%) (6.1) (6.1) (0.0) (0.0) (0.0) (12.1) (242) (0.0) (0.0) (0.0) (30.3) (212)
HR-HPV positive, 10 4 34 2 18
24 (32 40 (54 96 (12.9 95 (12.8 2(03 168 (22.6 249 (33.6
n (%) (32) 54 (1.3) (0.5) (4.6) (129) (128) 03) (0.3) (2.4) (226) (336)
OR 0.458 0.787 - - - 0.954 0.372 - - - 0.472 0.533
Crude 95% 0.102- 0.178- 0.317- 0.153- 01761265 0.228-
CI 2.068 3474 2.867 0.902 ’ ’ 1.245
P 0.310 0.751 0.999* | 0.999*  0.998* 0.933 0.029 0.999* | 0.999* = 0.998* 0.136 0.146
OR 0.434 0.727 - - - 0.981 0.373 - - - 0.423 0.514
Adiasted | 0% 0.094~ 0.163- 0.324- 0.153- 01571136 0.219-
! CI 2.008 3.244 2.970 0.909 ’ ’ 1.204
P 0.285 0.676 0.999* | 0.999*  0.998* 0.973 0.030 1.000% | 1.000% = 0.998* 0.088 0.125

Percentages are row percentages with respect to the corresponding group with different HPV infection status.

*Fisher’s exact test.

Adjusted: Age, AV/DIV infection status.

STI, sexually transmitted infection; HPV, human papillomavirus; OR, odds ratio; CI, confidence interval; CT, Chlamydia trachomatis; UU, Ureaplasma urealyticum; MH, Mycoplasma hominis;
MG, Mycopl, genitalium; UP, Ureapl, parvum; NG, Neisseria gonorrhoeae; HSV-2, herpes simplex virus type 2.

-, Meaningless calculation results.
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TABLE 3 Infection rates of STlIs in groups with or without HPV 16/18 infection among HR-HPV-positive subjects.

. Multiple STI
Single STI P .
STls negative
UP1 UP3
n 24 40 10 4 34 9 95 2 2 18 168 249
HPV 16/18 4 0
13 (25 32(6.1 5 (1.0 24 (46) 61 (116) | 66(12.6) 2 (0.4 14 (2.7 126 (24.0 178 (33.9
negative, 7 (%) (2.5) (6.1) (1.0) ©08) (4.6) (1L.6) (12.6) (0.4) 00) 2.7) (24.0) (33.9)
HPV 16/18 0 2
11 (5.1 8 (3.7 5023 10 (4.6)  35(16.1) | 29(134)  0(0.0 4018 42 (194 71 (327
positive, 1 (%) (.1 (3.7) (23) ©00) (4.6) (16.1) (13.4) (0.0) 09) (1.8) (19.4) (32.7)
OR 1.992 0.549 2318 - 0.947 1.385 1.002 - - 0.643 0.836 1.055
95% 0.874- 0.248- 0.662- 0.443- 0.875- 0.621- 0.209- 0.754-
Crude - - - 0.536-1.304
I 4.538 1.218 8.110 2.025 2.194 1.616 1.983 1.476
p 0.101 0.140 0.188 | 0.999*  0.888 0.165 0.993 0.999% | 0.999* | 0.442 0.429 0.756
OR 1.921 0.535 2.427 - 0.951 1.396 1.004 - - 0.649 1.366 1.034
95% 0.834- 0.241- 0.657- 0.444- 0.880- 0.622- 0211- o 0.737-
Adjusted =~ CI 4425 1.189 8.967 2.035 2215 1.621 2.002 ) ’ 1.450
vfl;m 0.125 0.125 0.184 0999  0.896 0.156 0.987 0.999%  0.999* = 0.452 0.334 0.847

Percentages are row percentages with respect to the corresponding group with different HPV infection status.

*Fisher’s exact test.

Adjusted: Age, AV/DIV infection status.

STI, sexually transmitted infection; HPV, human papillomavirus; OR, odds ratio; CI, confidence interval; CT, Chlamydia trachomatis; UU, Ureaplasma urealyticum; MH, Mycoplasma hominis;
MG, Mycopl, genitalium; UP, Ureapl, parvum; NG, Neisseria gonorrhoeae; HSV-2, herpes simplex virus type 2.

-, Meaningless calculation results.

2022; Guo et al, 2022). In this study we found that AV/DIV  Previous investigators have shown a correlation between common
infection was higher in the HPV-positive group than in the HPV-  vaginitis and HPV infection, suggesting that this is a risk factor (Wu
negative group (p = 0.026), although no significant between-group et al., 2022; Huang et al., 2023). BV is an infectious disease caused
differences in BV, TV, or VVC infection rates were observed. by the displacement of vaginal Lactobacillus by potentially

TABLE 4 Infection rates of STls in groups with monotypic and multiple-type infection of HPV among HPV-positive subjects.

Multiple STI
STls negative

Single STI

MG UP1 UP3

n 26 42 10 4 34 100 103 2 2 18 178 256
HPV monotypic 64 57 0 0
12 (2.9 30 (7.1 5(1.2 2 (0.5 19 (4.5 2 (0.5 71 (16.9 158 (37.6
infection, n (%) @29 1) 12 ©.5) “5) (15.2) (13.6) ©5) (0.0) (0.0) (169) (37.6)
HPV polytypic 46 2 18
14 (3.9 12 (3.4 5(14 2 (0.6 15 (4.2 36(10.1 0 (0.0 107 (30.1 98 (27.6
infection, n (%) 9 4 (14 ©.6) “2) (10.1) (13.0) ©.0) (0.6) (5.1) (30.1) 27.6)
OR 1.680 0.541 1.416 1.411 1.118 0.756 1.167 - - - 2.430 1.581
Crude 95% 0.763— 0.271- 0.405- 0.197- 0.557- 0.484- 0.760- 1.642-3.595 1.166-
CI 3.698 1.078 4943 10.082 2.246 1.180 1.790 ' ’ 2.146
P 0.197 0.081 0.586 0.732 0.754 0.219 0.480 0.999* | 0.999* = 0.998* < 0.001 0.003
OR 1.761 0.540 1.750 1.327 1.123 0.747 1.161 - - - 2.413 1.596
. 95% 0.794- 0.270- 0.476- 0.184- 0.559- 0.478- 0.756— 1.175-
Adjusted - - - 1.626-3.583
CI 3.906 1.079 6.431 9.543 2.258 1.168 1.782 2.168
P 0.164 0.081 0.399 0.779 0.744 0.201 0.493 0.999* 0.999* | 0.998* < 0.001 0.003

Percentages are row percentages with respect to the corresponding group with different HPV infection status.

*Fisher’s exact test.

Adjusted: Age, AV/DIV infection status.

STT, sexually transmitted infection; HPV, human papillomavirus; OR, odds ratio; CI, confidence interval; CT, Chlamydia trachomatis; UU, Ureaplasma urealyticum; MH, Mycoplasma hominis;
MG, Mycopl italium; UP, Ureapl, parvum; NG, Neisseria gonorrhoeae; HSV-2, herpes simplex virus type 2.

&

-, Meaningless calculation results.

Frontiers in Cellular and Infection Microbiology 06 frontiersin.org


https://doi.org/10.3389/fcimb.2023.1145215
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Aetal 10.3389/fcimb.2023.1145215

TABLE 5 Infection rates of STls in groups with different TCT results.

. Multiple STI
Single STI P .
STls negative
UP1 UP3
n 35 61 17 4 59 152 140 4 3 19 223 458
TCT < LSIL, n 4 59 148 137 3 19
32 (2.8 59 (5.2 15 (1.3 4(0.3 217 (19.0 448 (39.1
(%) 28) 2 (13) (0.3) (52) (12.9) (12.0) ©3) (0.3) (1.7) (19.0) (39.1)
TCT > HSIL, n 0 0 0 0
3 (10.0 2(6.7 2(6.7 4 (133 3 (10.0 0 (0.0 6 (20.0 10 (33.3
%) (10.0) (6.7) (6.7) ©00) ©00) (13.3) (10.0) (0.0) 0.0) 00) (20.0) (33.3)
OR 4.000 1.339 5.533 - - 1.054 0.825 - - - 1.239 1.286
Crude 95% 1.135- 0.307- 1.192- 0.355- 0.243- 0444345 0.596-
Cl 14.102 5.831 25.677 3.128 2.803 ’ ' 2.772
P 0.031 0.697 0.029 0.999* | 0.997* 0.924 0.758 0.999* | 0.999* | 0.998* 0.682 0.522
OR 3.643 1.265 5.867 - - 1.020 0.736 - - - 0.971 1.099
) 95% 1.026- 0.289- 1.241- 0.343— 0.216- 0.506-
Adjusted - - - - - 0.343-2.746
CI 12.942 5.533 27.745 3.036 2,513 2.388
P 0.046 0.755 0.026 0.999* | 0.997* 0.971 0.625 0.999* | 0.999* | 0.998* 0.955 0.812

Percentages are row percentages with respect to the corresponding group with different TCT results.

*Fisher’s exact test.

Adjusted: HPV infection.

TCT, liquid-based cytology test; STI, sexually transmitted infection; HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesions; HSIL, high-grade squamous intraepithelial
lesions; OR, odds ratio; CI, confidence interval; CT, Chlamydia trachomatis; UU, Ureaplasma urealyticum; MH, Mycoplasma hominis; MG, Mycopl genitali UP, Ureapl parvum;
NG, Neisseria gonorrhoeae; HSV-2, herpes simplex virus type 2.

-, Meaningless calculation results.

pathogenic microorganisms such as Gardnerella vaginalis and ~ 2023). However, the relationship between TV, VVC, and HPV
Prevotella species, resulting in vaginal microecology imbalance. A infection remain unclear (Wang et al.,, 2020; Heikal et al., 2023).
possible correlation between BV and HPV infection and cervical ~ AV/DIV, identified relatively late compared with other types of
lesions has also been reported (Usyk et al., 2022; Martins et al.,  vaginitis, is characterized by Lactobacillus decline and increases in

TABLE 6 Infection rates of STIs in groups with different cervical biopsy results.

. Multiple STI
Single STI STls negative
UP1 UP3
n 27 41 13 3 40 94 9% 3 2 14 144 272
< LSIL, 7 (%) 26(42) | 32(52) | 10 (1.6) 3 35 (5.6) 82 76 2(0.3) 2 13(2.1)  115(185)  225(362)
s AR - - : (0.5) : (132) (122) - (03) : : :
> HSIL, 1 (%) 1(0.8) 9(7.0) 3(23) 0 5(39)  12(94) 20 1(0.8) 0 1(0.8) 29 (22.7) 47 (36.7)
S AR ) : i (0.0) : ’ (15.6) : (0.0) : : :
OR 0.188 1.481 1.550 - 0.716 0713 1432 2571 - 0387 1.207 0.979
95%  0.025- 0.684- 0.419- 0.273- 0.373- 0.828- 0.231- 0.050- 0.660-
Crude ’ - - 0.722-2.019
I 1.405 3209 5.736 1.875 1.364 2477 28.636 2.992 1.453
P 0.103 0319 0512 | 0999 | 0496 0307 0.199 0.442 0.999* 0327 0473 0917
OR 0.177 1.535 1.743 - 0.831 0.649 1315 3.546 - - 1.095 0.898
Adused | % 0024 0.699- 0.454- 0312- 0.338- 0.756- 0.272- 0042 s 0.601-
/ CI 1.324 3.371 6.685 2212 1.247 2.286 46.308 2.531 : ’ 1.341
p 0.092 0.286 0418 | 0.999* | 0710 0.194 0.332 0334 | 0999 0284 0.733 0.600

Percentages are row percentages with respect to the corresponding group with different biopsy results.

*Fisher’s exact test.

Adjusted: HPV infection.

STI, sexually transmitted infection; HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesions; HSIL, high-grade squamous intraepithelial lesions; OR, odds ratio; CI,
confidence interval; CT, Chlamydia trachomatis; UU, Ureaplasma urealyticum; MH, Mycoplasma hominis; MG, Mycopl itali UP, Ureapl, parvum; NG, Neisseria gonorrhoeae;
HSV-2, herpes simplex virus type 2.

-, Meaningless calculation results.
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multiple aerobes, including Streptococcus agalactiae and
Streptococcus anginosus (Donders et al., 2002). Previous studies
have found that AV/DIV may be correlated with adverse pregnancy
outcomes, such as abortion, stillbirth, premature delivery, and
premature rupture of membranes, possibly due to toxin
production or local effects on immunity, which in turn lead to
infection (Han et al., 2019; Ma et al., 2022; Ncib et al., 2022).

Limited studies have previously been conducted to assess the
association between AV/DIV and HPV infection. Jahic et al. (Jahic
et al,, 2013) found that AV/DIV may be associated with cervical
LSIL. Vieira-Baptista et al. (Vieira-Baptista et al., 2016) found that
moderate or severe AV/DIV, rather than BV, was independently
associated with increased risk for major cervical cytological
abnormalities. In addition, Plisko et al. (Plisko et al., 2021) found
that moderate to severe AV/DIV and smoking were the most
significant factors contributing to the development of CIN in
HPV-positive women, especially high-grade CIN. Current
speculation regarding pathogenesis includes that there is a link
between AV/DIV, characterized by various degrees of inflammation
and present with increased vaginal leucocytes, and highly increased
concentrations of interleukin 1 beta (IL-1) and IL-6, which are also
characteristic of progressive CIN (Donders et al., 2017). Although
additional large-sample studies will be needed to confirm and
clarify this association, we suggest that greater attention is paid to
AV/DIV in the association between vaginal microbiome and
cervical lesions.

Recent studies have also identified a possible association
between STIs and HPV infection. For instance, several studies
have found that CT infection is associated with a high risk of,
and persistent infection with, HPV (Naldini et al., 2019; Chen et al.,
2020). Studies of the association between NG and HPV infection
have been few. Others have found that persistent MH infection is
associated with a high risk of HPV infection and CIN (Alotaibi
etal., 2020; Klein et al., 2020). Similar correlations have been shown
between UU and HPV infection (Kim et al.,, 2018). In this study,
both single and multiple STI pathogen rates were found to be
significantly higher in the HPV-positive group than in the HPV-
negative group. The difference was particularly marked in the case
of UP6 and HSV-2 infection rates (which refers to infection with
only one of these organisms). However, by contrast, the UP6
infection rate was significantly higher in the HR-HPV-negative
group than in the HR-HPV-positive group.

Detailed Mycoplasma typing has received insufficient clinical
attention, partly because specific detection methods were lacking. In
this study, we performed detailed Mycoplasma typing and, after
analyzing the associations between common STI pathogens and
HPV infection, were surprised to find significant differences in
several UP subtype infection rates based on HPV infection status.
To date, 14 Ureaplasma serovars have been identified, divided into
two species: UP contains serovars 1, 3, 6, and 14, and UU contains
the remaining 10 (Xiao et al,, 2011). Few studies have addressed the
association between UP and HPV. In 2016, Drago et al. (Drago
et al, 2016) proposed that UP is a possible HPV-induced CIN
enhancer agent, and confirmed this in a study 5 years later, showing
that UP infection is a risk factor for persistent genital HPV infection
(Ciccarese et al., 2021). In their study of 283 patients, Noma et al.
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(Noma et al, 2021) found that UP and HR-HPV coinfection
increased LSIL risk. Similarly, a study of 480 patients found that
UP14 and HR-HPYV coinfection increased HSIL and cervical cancer
risks, as did UP1 coinfection (Wang et al., 2019). A retrospective
study of 668 patients found that UP6 infection was a risk factor for
both HR-HPV infection and CIN, and that UP3 infection was a risk
factor for CIN (¥ie et al., 2021). Moreover, the possible role of UP in
other illnesses has been investigated. Zanotta et al. found active UP3
infection in women with asymptomatic HR-HPV, and with
idiopathic infertility, thus presenting a possible therapy target
(Zanotta et al, 2019). Analogously, Rittenschober-Bohm et al.
(Rittenschober-Bohm et al., 2019) observed that UP3 colonization
increased the risk of spontaneous preterm birth and may be a target
for therapeutic intervention studies. In this study, we found a
significantly higher UP6 infection rate in the HPV-positive group
than in the HPV-negative group (OR,q; 1.810, 95% CI 1.211-2.705;
p = 0.004). Furthermore, the UP6 infection rate was significantly
higher in the HR-HPV-negative group than in the HR-HPV-
positive group (OR.g; 0.373, 95% CI 0.153-0.909; p = 0.030),
suggesting that UP6 infection may be a risk factor for HPV
infection. Our results are not uniformly consistent with those of
previous studies, probably because of cohort differences or sample
size limitations. Although the correlation between different UP
serovars and HPV infection remains to be clearly established,
based on our extant findings we nevertheless propose that further,
detailed classification of Mycoplasma, especially different UP
serovars, is needed to advance clinical practice.

Furthermore, the HPV infection rate group was significantly
higher in the HSV-2-positive than in the HSV-2-negative group
(OR,gj 11.032, 95% CI 1.465-83.056; p = 0.020). HSV-2 infection is
among the most common STIs worldwide and is the leading cause
of recurrent genital herpes. Many previous studies have used blood
samples to detect HSV-2, partly because a specific kit for testing
cervical samples was unavailable at the time. In this study, we used
cervical samples to detect HSV-. Regarding the correlation between
HSV-2 and HPV infection and cervical lesions, Smith et al. (Smith
et al,, 2002) found that HSV-2 seropositivity was associated with
increased risks of squamous cell carcinoma (OR 2.19, 95% CI 1.41-
3.40) and adeno- and adenosquamous cell carcinomas (OR 3.37,
95% CI 1.47-7.74), after adjustment for potential confounders. A
cross-sectional study in 2020 observed significant differences in
HSV-2 seroprevalence and HSV-2 active infection rates between
negative and positive HR-HPV cases (Bahena-Roman et al.,, 2020).
Li et al. (Li and Wen, 2017) used eight datasets and a sample of
8,184 participants, finding that HSV-2 was associated with cervical
cancer after adjusting for HR-HPV (OR,g; 1.90, 95% CI 1.09-3.34),
suggesting that HSV-2 serostatus may serve as an independent
predictor of cervical cancer. Our results appear to be consistent with
these studies, though they are limited by the small sample size and
the potential correlation between HSV-2 and HPV infection
requires further study.

The main study limitation was its cross-sectional observational
design. The sample size was also relatively small. Thus, larger,
prospective studies are needed to confirm the relationship between
STIs and HPV infection. Additional basic research is also needed to
explain the specific underlying mechanisms.

frontiersin.org


https://doi.org/10.3389/fcimb.2023.1145215
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Aetal.

In conclusion, HPV infection is associated with a disordered
lower genital tract microecology, with a total STI pathogen rate of
61.0% in this cohort of participants who were undergoing routine
cervical cancer screening. The total STI rate and multiple STT rate,
as well as AV/DIV infection rate in HPV-positive patients were
significantly higher than those in HPV-negative patients, which
suggests that attention should be paid to the screening of lower
genital tract infection in cervical cancer screening women, what’s
more, especially the STI screening in HPV positive patients.
Specifically, HSV-2 and Mpycoplasma, especially UP6, infection
rates were significantly higher in the HPV-positive group,
emphasizing the importance of detailed typing and targeted
treatment of Mycoplasma in clinical practice. Prospective cohort
studies are now needed to further explore the relations and
mechanisms between STI pathogens and HPV infection, and
persistent infection and cervical lesions, to improve cervical
cancer prevention, screening, diagnosis, and treatment.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by The Ethics Committee of Peking University First
Hospital (2021KY062). The patients/participants provided their
written informed consent to participate in this study.

Author contributions

BX conceived the study design. BX, DZ, and HB recruited
volunteers and collected samples. DA and BX performed the data
analysis. DA wrote the initial manuscript. BX and DA revised the
manuscript. All authors contributed to the article and approved the
submitted version.

References

Alotaibi, H. J., Almajhdi, F. N,, Alsaleh, A. N,, Obeid, D. A, Khayat, H. H.,
Al-Muammer, T. A,, et al. (2020). Association of sexually transmitted infections
and human papillomavirus co-infection with abnormal cervical cytology among
women in Saudi Arabia. Saudi J. Biol. Sci. 27 (6), 1587-1595. doi: 10.1016/
j.51b.2020.03.021

Amsel, R, Totten, P. A, Spiegel, C. A., Chen, K. C,, Eschenbach, D., and Holmes, K.
K. (1983). Nonspecific vaginitis. diagnostic criteria and microbial and epidemiologic
associations. Am. J. Med. 74 (1), 14-22. doi: 10.1016/0002-9343(83)91112-9

Bahena-Roman, M., Sanchez-Aleman, M. A., Contreras-Ochoa, C. O., Lagunas-
Martinez, A., Olamendi-Portugal, M., Lopez-Estrada, G., et al. (2020). Prevalence of
active infection by herpes simplex virus type 2 in patients with high-risk human
papillomavirus infection: A cross-sectional study. J. Med. Virol. 92 (8), 1246-1252.
doi: 10.1002/jmv.25668

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2023.1145215

Funding

This work was supported by the grants of the National Key Research
and Development Program of China (NO.2021YFC2301000), the
National Natural Science Foundation of China (NO.81971342), and
the Clinical Medicine Plus X-Young Scholars Project of Peking
University (NO.PKU2020LCXQ021).

Acknowledgments

We would like to thank all the participants for their support and
cooperation. We would also like to thank all the researchers,
clinicians, and technicians involved in our study for their
participation and technical support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.2023.1145215/

full#supplementary-material

Board, W. (2020). WHO classification of tumours: female genital tumours (Lyon
(France: IARC Publications), 1-632.

Bornstein, J., Bentley, J., Bosze, P., Girardi, F., Haefner, H., Menton, M., et al. (2012).
2011 colposcopic terminology of the international federation for cervical pathology and
colposcopy. Obstet Gynecol 120 (1), 166-172. doi: 10.1097/A0G.0b013e318254f90c

Chen, H., Luo, L., Wen, Y., He, B, Ling, H., Shui, J., et al. (2020). Chlamydia
trachomatis and human papillomavirus infection in women from southern hunan
province in China: A Large observational study. Front. Microbiol. 11. doi: 10.3389/
fmicb.2020.00827

Ciccarese, G., Herzum, A., Pastorino, A., Dezzana, M., Casazza, S., Mavilia, M. G.,
et al. (2021). Prevalence of genital HPV infection in STI and healthy populations and
risk factors for viral persistence. Eur. J. Clin. Microbiol. Infect. Dis. 40 (4), 885-888.
doi: 10.1007/s10096-020-04073-6

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2023.1145215/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1145215/full#supplementary-material
https://doi.org/10.1016/j.sjbs.2020.03.021
https://doi.org/10.1016/j.sjbs.2020.03.021
https://doi.org/10.1016/0002-9343(83)91112-9
https://doi.org/10.1002/jmv.25668
https://doi.org/10.1097/AOG.0b013e318254f90c
https://doi.org/10.3389/fmicb.2020.00827
https://doi.org/10.3389/fmicb.2020.00827
https://doi.org/10.1007/s10096-020-04073-6
https://doi.org/10.3389/fcimb.2023.1145215
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Aetal.

Donders, G. G. G., Bellen, G., Grinceviciene, S., Ruban, K., and Vieira-Baptista, P.
(2017). Aerobic vaginitis: no longer a stranger. Res. Microbiol. 168 (9-10), 845-858.
doi: 10.1016/j.resmic.2017.04.004

Donders, G. G., Vereecken, A., Bosmans, E., Dekeersmaecker, A., Salembier, G., and
Spitz, B. (2002). Definition of a type of abnormal vaginal flora that is distinct from
bacterial vaginosis: aerobic vaginitis. Bjog 109 (1), 34-43. doi: 10.1111/j.1471-
0528.2002.00432.x

Drago, F., Herzum, A., Ciccarese, G., Dezzana, M., Casazza, S., Pastorino, A., et al.
(2016). Ureaplasma parvum as a possible enhancer agent of HPV-induced cervical
intraepithelial neoplasia: Preliminary results. J. Med. Virol. 88 (12), 2023-2024.
doi: 10.1002/jmv.24583

Fracella, M., Oliveto, G., Sorrentino, L., Roberto, P., Cinti, L., Viscido, A., et al. (2022).
Common microbial genital infections and their impact on the innate immune response
to HPV in cervical cells. Pathogens 11 (11):1361. doi: 10.3390/pathogens11111361

Friedek, D., Ekiel, A., Chetmicki, Z., and Romanik, M. (2004). [HPV, Chlamydia
trachomatis and genital Mycoplasmas infections in women with low-grade squamous
intraepithelial lesions (LSIL)]. Ginekol Pol. 75 (6), 457-463.

Guo, C,, Dai, W., Zhou, Q., Gui, L., Cai, H., Wu, D,, et al. (2022). Cervicovaginal
microbiota significantly changed for HPV-positive women with high-grade squamous
intraepithelial lesion. Front. Cell Infect. Microbiol. 12. doi: 10.3389/fcimb.2022.973875

Han, C,, Li, H,, Han, L., Wang, C,, Yan, Y., Qi, W,, et al. (2019). Aerobic vaginitis in
late pregnancy and outcomes of pregnancy. Eur. J. Clin. Microbiol. Infect. Dis. 38 (2),
233-239. doi: 10.1007/s10096-018-3416-2

Heikal, E. A., Elamir, A. M., Hegazi, M. A., Salem, H. S., Tawfeik, A. M., Bosilah, A.
H., et al. (2023). Signature of real-time PCR in detection of trichomonas vaginalis
infection and its association with human papillomavirus genotype 16. Eur. Rev. Med.
Pharmacol. Sci. 27 (2), 501-510. doi: 10.26355/eurrev_202301_31050

Hohn, A. K, Brambs, C. E., Hiller, G. G. R., May, D., Schmoeckel, E., and Horn, L. C.
(2021). 2020 WHO classification of female genital tumors. Geburtshilfe Frauenheilkd 81
(10), 1145-1153. doi: 10.1055/a-1545-4279

Horner, P., Donders, G., Cusini, M., Gomberg, M., Jensen, J. S., and Unemo, M.
(2018). Should we be testing for urogenital Mycoplasma hominis, Ureaplasma parvum
and Ureaplasma urealyticum in men and women? - a position statement from the
European STI guidelines editorial board. J. Eur. Acad. Dermatol. Venereol 32 (11),
1845-1851. doi: 10.1111/jdv.15146

Huang, J., Yin, C., and Wang, J. (2023). Relationship between vaginal
microecological changes and oncogene E6/E7 and high-risk human papillomavirus
infection. J. Obstet Gynaecol 43 (1), 2161349. doi: 10.1080/01443615.2022.2161349

Jahic, M., Mulavdic, M., Hadzimehmedovic, A., and Jahic, E. (2013). Association
between aerobic vaginitis, bacterial vaginosis and squamous intraepithelial lesion of low
grade. Med. Arch. 67 (2), 94-96. doi: 10.5455/medarh.2013.67.94-96

Kim, S. I, Yoon, J. H., Park, D. C., Lee, D. S., Lee, S. J., Choe, H. S., et al. (2018). Co-
Infection of Ureaplasma urealyticum and human papilloma virus in asymptomatic
sexually active individuals. Int. J. Med. Sci. 15 (9), 915-920. doi: 10.7150/ijms.26523

Klein, C., Samwel, K., Kahesa, C., Mwaiselage, J., West, J. T., Wood, C., et al. (2020).
Mycoplasma Co-infection is associated with cervical cancer risk. Cancers (Basel) 12
(5):1093. doi: 10.3390/cancers12051093

Kombe Kombe, A. ], Li, B, Zahid, A., Mengist, H. M., Bounda, G. A., Zhou, Y., et al.
(2020). Epidemiology and burden of human papillomavirus and related diseases,
molecular pathogenesis, and vaccine evaluation. Front. Public Health 8. doi: 10.3389/
fpubh.2020.552028

Li, S., and Wen, X. (2017). Seropositivity to herpes simplex virus type 2, but not type
1 is associated with cervical cancer: NHANES, (1999-2014). BMC Cancer 17 (1), 726.
doi: 10.1186/s12885-017-3734-2

Ma, X., Wu, M., Wang, C,, Li, H,, Fan, A, Wang, Y., et al. (2022). The pathogenesis
of prevalent aerobic bacteria in aerobic vaginitis and adverse pregnancy outcomes: a
narrative review. Reprod. Health 19 (1), 21. doi: 10.1186/s12978-021-01292-8

Martins, B. C. T., Guimaries, R. A., Alves, R. R. F., and Saddi, V. A. (2023). Bacterial
vaginosis and cervical human papillomavirus infection in young and adult women: a
systematic review and meta-analysis. Rev. Saude Publica 56, 113. doi: 10.11606/s1518-
8787.2022056004412

Naldini, G., Grisci, C., Chiavarini, M., and Fabiani, R. (2019). Association between
human papillomavirus and Chlamydia trachomatis infection risk in women: a
systematic review and meta-analysis. Int. J. Public Health 64 (6), 943-955.
doi: 10.1007/s00038-019-01261-w

Ncib, K., Bahia, W., Leban, N., Mahdhi, A., Trifa, F., Mzoughi, R,, et al. (2022).
Microbial diversity and pathogenic properties of microbiota associated with aerobic
vaginitis in women with recurrent pregnancy loss. Diagnostics (Basel) 12 (10):2444.
doi: 10.3390/diagnostics12102444

Newman, L., Rowley, J., Vander Hoorn, S., Wijesooriya, N. S., Unemo, M., Low, N.,
et al. (2015). Global estimates of the prevalence and incidence of four curable sexually
transmitted infections in 2012 based on systematic review and global reporting. PloS
One 10 (12), e0143304. doi: 10.1371/journal.pone.0143304

Noma, I. H. Y., Shinobu-Mesquita, C. S., Suehiro, T. T., Morelli, F., De Souza, M. V.
F., Damke, E., et al. (2021). Association of righ-risk human papillomavirus and
Ureaplasma parvum Co-infections with increased risk of low-grade squamous

Frontiers in Cellular and Infection Microbiology

10

10.3389/fcimb.2023.1145215

intraepithelial cervical lesions. Asian Pac J. Cancer Prev. 22 (4), 1239-1246.
doi: 10.31557/apjcp.2021.22.4.1239

Nugent, R. P., Krohn, M. A,, and Hillier, S. L. (1991). Reliability of diagnosing
bacterial vaginosis is improved by a standardized method of gram stain interpretation.
J. Clin. Microbiol. 29 (2), 297-301. doi: 10.1128/jcm.29.2.297-301.1991

World Health Organization (2021). WHO guideline for screening and treatment of
cervical pre-cancer lesions for cervical cancer prevention, 2nd ed. Geneva: World Health
Organization

Plisko, O., Zodzika, J., Jermakova, L, Pcolkina, K., Prusakevica, A., Liepniece-Karele,
L, et al. (2021). Aerobic vaginitis-underestimated risk factor for cervical intraepithelial
neoplasia. Diagnostics (Basel) 11 (1):97. doi: 10.3390/diagnostics11010097

Rittenschober-Bohm, J., Waldhoer, T., Schulz, S. M., Pimpel, B., Goeral, K,
Kasper, D. C, et al. (2019). Vaginal Ureaplasma parvum serovars and spontaneous
preterm birth. Am. J. Obstet Gynecol 220 (6), 594.e591-594.e599. doi: 10.1016/
j.2j0g.2019.01.237

Smith, J. S., Herrero, R., Bosetti, C., Mufioz, N., Bosch, F. X., Eluf-Neto, ., et al.
(2002). Herpes simplex virus-2 as a human papillomavirus cofactor in the etiology of
invasive cervical cancer. J. Natl. Cancer Inst 94 (21), 1604-1613. doi: 10.1093/jnci/
94.21.1604

Solomon, D., Davey, D., Kurman, R., Moriarty, A., O'Connor, D., Prey, M., et al.
(2002). The 2001 Bethesda system: terminology for reporting results of cervical
cytology. Jama 287 (16), 2114-2119. doi: 10.1001/jama.287.16.2114

Tommasino, M. (2014). The human papillomavirus family and its role in
carcinogenesis. Semin. Cancer Biol. 26, 13-21. doi: 10.1016/j.semcancer.2013.11.002

Tuddenham, S., Hamill, M. M., and Ghanem, K. G. (2022). Diagnosis and treatment
of sexually transmitted infections: A review. Jama 327 (2), 161-172. doi: 10.1001/
jama.2021.23487

Unemo, M., Bradshaw, C. S., Hocking, J. S., de Vries, H. J. C,, Francis, S. C., Mabey,
D., etal. (2017). Sexually transmitted infections: challenges ahead. Lancet Infect. Dis. 17
(8), €235-€279. doi: 10.1016/s1473-3099(17)30310-9

Usyk, M., Schlecht, N. F., Pickering, S., Williams, L., Sollecito, C. C., Gradissimo, A.,
et al. (2022). molBV reveals immune landscape of bacterial vaginosis and predicts
human papillomavirus infection natural history. Nat. Commun. 13 (1), 233.
doi: 10.1038/s41467-021-27628-3

Vieira-Baptista, P., Lima-Silva, J., Pinto, C., Saldanha, C., Beires, J., Martinez-de-
Oliveira, J., et al. (2016). Bacterial vaginosis, aerobic vaginitis, vaginal inflammation and
major pap smear abnormalities. Eur. J. Clin. Microbiol. Infect. Dis. 35 (4), 657-664.
doi: 10.1007/s10096-016-2584-1

Wang, W., Zhang, X. H,, Li, M., Hao, C. H,, and Liang, H. P. (2020). Association
between vaginal infections and the types and viral loads of human papillomavirus: A
clinical study based on 4,449 cases of gynecologic outpatients. Can. J. Infect. Dis. Med.
Microbiol. 2020, 9172908. doi: 10.1155/2020/9172908

Wang, L., Zhu, L, Li, H,, Ma, N,, Huang, H,, Zhang, X., et al. (2019). Association
between asymptomatic sexually transmitted infections and high-risk human
papillomavirus in cervical lesions. J. Int. Med. Res. 47 (11), 5548-5559. doi: 10.1177/
0300060519865633

Wright, T. CJr. (2017). The new ASCCP colposcopy standards. J. Low Genit Tract
Dis. 21 (4), 215. doi: 10.1097/1gt.0000000000000337

Wu, M, Li, H,, Yu, H,, Yan, Y., Wang, C,, Teng, F,, et al. (2022). Disturbances of
vaginal microbiome composition in human papillomavirus infection and cervical
carcinogenesis: A qualitative systematic review. Front. Oncol. 12. doi: 10.3389/
fonc.2022.941741

Xiao, L., Paralanov, V., Glass, J. L, Duffy, L. B., Robertson, J. A., Cassell, G. H., et al.
(2011). Extensive horizontal gene transfer in Ureaplasmas from humans questions the
utility of serotyping for diagnostic purposes. J. Clin. Microbiol. 49 (8), 2818-2826.
doi: 10.1128/jcm.00637-11

Xie, L., Li, Q., Dong, X., Kong, Q., Duan, Y., Chen, X,, et al. (2021). Investigation of
the association between ten pathogens causing sexually transmitted diseases and high-
risk human papilloma virus infection in shanghai. Mol. Clin. Oncol. 15 (1), 132.
doi: 10.3892/mc0.2021.2294

Xu, X, Rao, H,, Fan, X, Pang, X., Wang, Y., Zhao, L., et al. (2023). HPV-related
cervical diseases: Alteration of vaginal microbiotas and promising potential for
diagnosis. J. Med. Virol. 95 (1), €28351. doi: 10.1002/jmv.28351

Zanotta, N., Campisciano, G., Morassut, S., Castro-Silva, E., Luksa, V., Zito, G., et al.
(2019). Emerging role for Ureaplasma parvum serovar 3: Active infection in women
with silent high-risk human papillomavirus and in women with idiopathic infertility.
J. Cell Physiol. 234 (10), 17905-17911. doi: 10.1002/jcp.28423

Zeng, M, Li, X,, Jiao, X., Cai, X,, Yao, F., Xu, S., et al. (2022). Roles of vaginal flora in
human papillomavirus infection, virus persistence and clearance. Front. Cell Infect.
Microbiol. 12. doi: 10.3389/fcimb.2022.1036869

Zhang, D., and Liu, Z. (2016). Consensus on the diagnosis and treatment of
mycopasma infection in genital tract. Chin. J. Hum. Sexuality 25 (03), 80-82.

Zhang, L. D., Pei, J., Zhang, H. M., and Sun, X. F. (2010). [Relationship between
Mycoplasma and chlamydia infection and lesions in the cervical tissue in high-risk
HPV-positive patients]. Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi 24 (5),
346-348. doi: 10.3760/cma.j.issn.1003-9279.2010.05.009

frontiersin.org


https://doi.org/10.1016/j.resmic.2017.04.004
https://doi.org/10.1111/j.1471-0528.2002.00432.x
https://doi.org/10.1111/j.1471-0528.2002.00432.x
https://doi.org/10.1002/jmv.24583
https://doi.org/10.3390/pathogens11111361
https://doi.org/10.3389/fcimb.2022.973875
https://doi.org/10.1007/s10096-018-3416-2
https://doi.org/10.26355/eurrev_202301_31050
https://doi.org/10.1055/a-1545-4279
https://doi.org/10.1111/jdv.15146
https://doi.org/10.1080/01443615.2022.2161349
https://doi.org/10.5455/medarh.2013.67.94-96
https://doi.org/10.7150/ijms.26523
https://doi.org/10.3390/cancers12051093
https://doi.org/10.3389/fpubh.2020.552028
https://doi.org/10.3389/fpubh.2020.552028
https://doi.org/10.1186/s12885-017-3734-2
https://doi.org/10.1186/s12978-021-01292-8
https://doi.org/10.11606/s1518-8787.2022056004412
https://doi.org/10.11606/s1518-8787.2022056004412
https://doi.org/10.1007/s00038-019-01261-w
https://doi.org/10.3390/diagnostics12102444
https://doi.org/10.1371/journal.pone.0143304
https://doi.org/10.31557/apjcp.2021.22.4.1239
https://doi.org/10.1128/jcm.29.2.297-301.1991
https://doi.org/10.3390/diagnostics11010097
https://doi.org/10.1016/j.ajog.2019.01.237
https://doi.org/10.1016/j.ajog.2019.01.237
https://doi.org/10.1093/jnci/94.21.1604
https://doi.org/10.1093/jnci/94.21.1604
https://doi.org/10.1001/jama.287.16.2114
https://doi.org/10.1016/j.semcancer.2013.11.002
https://doi.org/10.1001/jama.2021.23487
https://doi.org/10.1001/jama.2021.23487
https://doi.org/10.1016/s1473-3099(17)30310-9
https://doi.org/10.1038/s41467-021-27628-3
https://doi.org/10.1007/s10096-016-2584-1
https://doi.org/10.1155/2020/9172908
https://doi.org/10.1177/0300060519865633
https://doi.org/10.1177/0300060519865633
https://doi.org/10.1097/lgt.0000000000000337
https://doi.org/10.3389/fonc.2022.941741
https://doi.org/10.3389/fonc.2022.941741
https://doi.org/10.1128/jcm.00637-11
https://doi.org/10.3892/mco.2021.2294
https://doi.org/10.1002/jmv.28351
https://doi.org/10.1002/jcp.28423
https://doi.org/10.3389/fcimb.2022.1036869
https://doi.org/10.3760/cma.j.issn.1003-9279.2010.05.009
https://doi.org/10.3389/fcimb.2023.1145215
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Association between human papillomavirus infection and common sexually transmitted infections, and the clinical significance of different Mycoplasma subtypes
	Introduction
	Materials and methods
	Study cohort and clinical sample collections
	HPV genotyping and detection of sexually transmitted pathogens
	Liquid-based cytology test
	Colposcopy test
	Statistical analyses

	Results
	Clinical characteristics and prevalence of HPV and STIs
	Vaginal microbiome based on HPV infection status and TCT and biopsy results
	STIs in HPV infection status groups
	STIs in TCT status groups
	STIs in biopsy status groups

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	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
  /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

  /CreateJDFFile 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


