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ABSTRACT

Introduction: Persistent high-risk human papillomavirus (hrHPV)
infection isthe main stepin cervical carcinogenesis. The vaginal microbiota may
modulate this risk, but the evidence is heterogeneous. This is because previous
reviews have not provided a quantitative synthesis that specifically examines
the persistence of HPV in the full progression of disease from dysplasia to
invasive cancer. This specific gap reduces the transition of microbiota research
into the stratification of clinical risks. The aim of the research is to systematically
review and meta-analyze the association between the composition of the
vaginal microbiota and hrHPV persistence in women with cervical dysplasia
and cancer.

Methods: The researcher searched PubMed, Embase, Cochrane Library,
and Web of Science (Jan 2015-Feb 2026) for observational studies. Pooled odds
ratios (ORs) were calculated using a random-effects model. Study quality was
assessed using the Newcastle-Ottawa Scale.

Results: Twenty-fourstudieswereincluded. Anon-Lactobacillus-dominant
microbiota was related with 2.5 times higher odds of hrHPV persistence (pooled
OR 2.51, 95% CI 1.95-3.23, 1°=68%, 18 studies). The relationship was stronger in
women with invasive cervical cancer (OR 3.40) than in those with dysplasia only
(OR 2.15).

Conclusion: Vaginal dysbiosis is significantly related to hrHPV persistence,
with a significant effect in cervical cancer. The vaginal microbiome represents
a potential biomarker for the stratification of risk and a target for therapeutic
intervention, though clinical validation is needed before moving into clinical
practice.

Keywords: vaginal microbiome; papillomavirus infections; uterine cervical
dysplasia; uterine cervical neoplasms; disease progression.

Introduction

Importantly, persistent infection with high-risk hu-

Cervical cancer is a major global health burden, man papillomavirus (hrHPV) is also seen as the main

and according to the World Health Organization (WHO), cause of cervical carcinogenesis [3, 4]. However, most in-
it is the fourth most common cancer among women fections that are from hrHPV do not last as they get remo-

worldwide [1, 2].

ved by the immune system of the host in 1-2 years [5].
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Therefore, the critical clinical problem is not the infection
of HPV, but the persistence of HPV, that is, the prolonged
presence of the infection after 12-24 months. This shows that
persistence is an important step that allows the progression from
initial infection to cervical intraepithelial neoplasia (CIN) and,
finally, to invasive carcinoma [6, 7]. This progression shows that
additional cofactors apart from the presence of viral factors are
needed for oncogenesis.

Research has shown that the vaginal microenvironment
is a key modulator of cervical health [8, 9, 10]. The vaginal
microbiota, the community of microorganisms that live
in the vaginal tract, is commonly classified into five main
Community State Types (CSTs) [8, 11]. A CST dominated by
Lactobacillus species (CST-1, 11, III, V), especially L. crispatus,
is widely seen as being optimal [12, 13]. Conversely, CST-1V is
characterized by the absence of Lactobacillus and a high variety
of anaerobic bacteria, often associated with bacterial vaginosis
(BV) [14].

This compositional shift is not just ecological, as a non-
Lactobacillus-dominant microbiota, which is a microbiota that
is majorly different from others, can directly and indirectly
influence the persistence of HPV by using several mechanisms
that are proposed [15, 16].

Firstly, it can compromise the integrity of the epithelial
barrier, potentially increasing the entry and persistence of viruses
[16, 17]. Secondly, it changes the local immune environment,
often inducing a chronic inflammatory state that may reduce the
effectiveness of immune clearance for viruses [15, 18].

Finally, specific bacterial metabolites may directly affect
the gene expression of viruses or the apoptosis of host cells
[19]. Therefore, the vaginal microbiota is a possible and major
biological cofactor in the natural history of HPV infection.

From the mechanisms given above, a clear conceptual
framework can be created to guide this review. This framework
is based on a sequential and multi-stage pathway. Firstly,
the exposure to a vaginal microbiota characterized by low
Lactobacillus and high anaerobic variance disrupts cervical
homeostasis [14].

Secondly, this disruption works by using three intermediary
mechanisms, which are the physical compromise of the epithelial
barrier to increase the viral access to basal keratinocytes [16,
17], chronic local inflammation, which impairs Thl-mediated
antiviral immune responses [15, 18], and the production of
genotoxic metabolites that may destabilize the host DNA [19].

Thirdly, these mechanisms collectively create a habitable
environment for the persistence of HPV, which is defined
as the failure to clear the virus in 12-24 months [7]. Fourthly
and finally, the persistent infection of hrHPV in the absence
of immune-mediated control increases the progression from
cervical intraepithelial neoplasia to invasive carcinoma [6, 7].

Therefore, this framework shows that the vaginal
microbiota works not only as a distant correlation but as a
proximal and modifiable determinant in the causal pathway of
cervical carcinogenesis. It also gives the theoretical justification
for examining whether the strength of this relationship is
different across disease stages.

In recent years, many observational studies have
investigated the relationship between vaginal microbiota and
the outcomes of HPV. However, the current literature gives
considerable inconsistencies.

For instance, some studies report a strong relationship
between microbiota related to BV and the persistence of HPV
[20, 217, while others find a null or narrow relationship [22, 23].

A main source of this discrepancy is the heterogeneity of
the methodologies used in these studies, as studies are widely
different in how they define the exposure (microbiota) and the
outcome (persistence). The assessment of microbiota ranges
from clinical diagnosis (Amsel criteria) and microscopy (Nugent
score) to molecular sequencing of the 16S rRNA gene, each
having different resolutions and tendencies/affinities [24].

Similarly, the definitions of HPV persistence are different in
terms of duration, the genotyping inclusion of HPV, and intervals
for testing [3, 25]. Furthermore, while several narrative reviews
are available, there is a notable absence of comprehensive and
quantitative syntheses on this concept.

Therefore, a systematic review and meta-analysis that
explicitly addresses the persistence of HPV in the context of
cervical dysplasia and cancer, especially at the stages that are
critical and pre-invasive/invasive, is not available.

This gap reduces the ability to draw strong conclusions
which are based on evidence, for clinical stratification of risks.

The specific research question of this study which is framed
using the PICO (Population — Intervention — Comparison/
Control - Outcome) framework, is: In women with cervical
dysplasia or cancer (Population), what is the association of a
non-Lactobacillus-dominant vaginal microbiota (Intervention/
Exposure) compared to a Lactobacillus-dominant microbiota
(Comparator) on the outcome of the persistence of hrHPV
(Outcome) based on observational studies (Study design)?

The primary objective is to systematically review and
meta-analyze the relationship between the composition of
vaginal microbiota and the persistence of HPV in women with
cervical dysplasia and cancer.

The primary hypothesis is that a non-Lactobacillus-
dominant vaginal microbiota (CST-IV/BV-associated) is
associated with significantly higher odds of persistence of hrHPV
and the progression of disease compared to a Lactobacillus-
dominant microbiota.

A substantial body of literature has examined the
epidemiology of the persistent infection of HPV. Systematic
reviews by Zhang et al. [6] and Zhao et al. [7] have quantified
the rates of persistence following treatment and across global
populations, in order to identify the risk factors such as age,
HPV genotype, and immune status. However, these reviews
did not use vaginal microbiota data in their analyses. Similarly,
the Eurogin roadmap [25] outlines triage strategies for women
with HPV, but did not consider microbial biomarkers. Therefore,
while the clinical significance of the persistence of HPV is well-
established, its microbial determinants is still incompletely
synthesized.

The classification of vaginal microbiota into Community
State Types (CSTs) is now standardized, with the dominance of
Lactobacillus now widely seen as an indication of eubiosis [8,
11, 14]. On the contrary, CST-IV, which is made up of anaerobic
overgrowth and low Lactobacillus, is consistently related to
adverse outcomes for reproduction [11].

Narrative reviews by Kyrgiou et al. [18], Laniewski et
al. [19], and Gardella et al. [16] have proposed mechanistic
pathways that links dysbiosis to carcinogenesis related to
HPV, which includes chronic inflammation, epithelial barrier
disruption, and immune modulation. These reviews give
valuable theoretical foundations, but as they are non-systematic,
they do not give quantitative pooled estimates and can have bias
in selection based on the studies they cite.

Several quantitative syntheses already exist in peer-
reviewed literature. For example, Norenhag et al. [21] conducted
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a systematic review and network meta-analysis in which they
examined the relationship between vaginal microbiota and the
prevalence of HPV in women with cervical dysplasia. Their work
showed a significant association between bacterial vaginosis
and the prevalence of HPV. In line with this, Zhang et al. [6]
and Zhao et al. [7] systematically reviewed HPV persistence
following treatment and across global populations, where they
identified key risk factors like age, genotype of HPV, and status
of immunity. However, these prior syntheses have important
differences from the present review. First, Norenhag et al. [21]
focused on the prevalence of HPV (a single time point) rather
than persistence (longitudinal detection). This prevalence cannot
differentiate between incident and persistent infections, whereas
persistence is the biologically relevant step in carcinogenesis
[3,5]. Second, Zhang et al. [6] and Zhao et al. [7] did not use
vaginal microbiota data into their analyses. Third, none of these
prior syntheses stratified their analyses by stages of disease
(dysplasia versus invasive cancer) to examine whether the
relationship between microbiota and persistence is different
across the progression of the disease. Therefore, while similar
quantitative syntheses are there, the present review addresses
a distinct and complementary gap by focusing specifically on
the persistence of HPV (not prevalence) in disease stages, while
integrating the composition of vaginal microbiota as the main
exposure.

A comprehensive quantitative synthesis in this field is the
systematic review and network meta-analysis by Norenhag et
al. [21]. This work strongly showed the relationship between
bacterial vaginosis and the prevalence of HPV. However, the
outcome of interest was that there was a prevalence of HPV
at a single time point, not persistence. Prevalence shows both
incident and persistent infections and cannot differentiate
between failure to clear and new acquisition. This distinction
is very important, as persistence is the biologically relevant
step in carcinogenesis [3, 5]. Furthermore, [21] did not stratify
their analysis by stages of disease, and this left unanswered
questions on whether the persistence of microbiota has a
relationship which differs between dysplasia and invasive
cancer.

Several primary studies have directly investigated the
relationship between vaginal dysbiosis and the persistence of
HPV. Mei etal. [22] and Zeng et al. [23] both reported significant
positive relationships in Chinese cohorts. Li et al. [10] observed
that the vaginal micro-environment disorder was related to
cervical intraepithelial neoplasia, which indirectly supports the
role in the progression of disease. However, these studies were
considerably different in how they defined persistence (ranging
from 6 to 24 months), methods of assessing microbiota (Nugent
score versus 16S rRNA sequencing), and adjustment for
confounders. This heterogeneity, while showing the changing
nature of the field, reduces the ability of individual studies to
inform clinical practice or policy.

Therefore, the current systematic review and meta-analysis
are both timely and necessary. It addresses three specific gaps not
adequately covered by the current literature. Firstly, it focuses
exclusively on the persistence of HPV as the outcome, and this
differentiates it from syntheses that are focused on prevalence.
Secondly, it explicitly compares effect estimates across disease
stages (dysplasia versus cancer) in order to test the hypothesis
obtained from the conceptual framework that the microbiota-
persistence relationship increases with the progression of
disease.

Thirdly, it gives a comprehensive quality assessment of
the studies that were included using validated tools to result in
a critical appraisal of the base of evidence. By quantitatively
synthesizing the primary data available, this review aims to move
the field beyond narrative summaries to the stratification of risks
based on evidence and the design of future interventional trials.

Methods

Study Design and Registration

This investigation was conducted as a systematic review
and meta-analysis of observational studies. The review was done
following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 statement guidelines [26].

Furthermore, to make sure that there was transparency and
little/no bias in reporting, the review protocol was also done in
line with the guidelines established by the British Educational
Research Association (BERA) and British Psychological Society
(BPS) for doing secondary research [27, 28].

Eligibility Criteria (PICO)

Eligibility was defined using the PICO framework. Firstly,
the Population was made up of adult women (> 18 years) who
were diagnosed with cervical dysplasia (including cervical
intraepithelial neoplasia grade 1/2/3, CIN1/2/3) or cervical
cancer. Studies that included only healthy women or those with
normal cytology were excluded. This focus was used because
the relationship between microbiota and HPV is most clinically
important in the progression of disease [6, 7].

Secondly, the Intervention/Exposure was done using a
composition of vaginal microbiota which had non-Lactobacillus-
dominant. This included CST-1V, bacterial vaginosis (by Nugent
score > 7 or Amsel criteria), or a microbiota with high variety
and low relative abundance of Lactobacillus species as given
by molecular methods (e.g., 16S rRNA gene sequencing) [29].
The Comparator was a vaginal microbiota composition that was
made of as Lactobacillus-dominant (CST-I, II, III, V).

Thirdly, the Outcome was the persistence of hrHPV. This
was defined as the detection of the same genotype(s) of hrHPV
on two or more consecutive tests, which were separated by a
minimum interval of 6 months, in the study population. Studies
reporting only the prevalence of HPV (single point in time) were
excluded. This definition is in line with the standard clinical
and research definitions of persistence as a key risk factor [3,
25]. The Study Design included observational studies (cohort,
case-control, or cross-sectional studies with longitudinal data
on HPV). Furthermore, case reports, reviews, editorials, and in
vitro or animal studies were excluded.

Information Sources and Search Strategy

A comprehensive, systematic literature search was done
from 1 January 2015 to 3rd February 2026. This timeframe
was selected in order to be able to get over a decade of research
following the widespread adoption of high-throughput methods
of sequencing for microbiota analysis. The search involved four
major electronic databases, which were PubMed/MEDLINE,
Embase, Cochrane Central Register of Controlled Trials, and
Web of Science Core Collection.

The search strategy was developed with the help of a
university medical librarian. It combined Medical Subject
Headings (MeSH) terms and free-text keywords that are
related to the following three core concepts, which were
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vaginal microbiota, human papillomavirus, and cervical
neoplasia. The PubMed search string is given as an example:
("Vaginal Microbiota"[Mesh] OR "vaginal microbiome"[tiab]
OR '"vaginal flora"[tiab] OR "bacterial vaginosis"[Mesh])
AND  ("Papillomavirus Infections"[Mesh] OR  "human
papillomavirus"[tiab] OR "HPV"[tiab]) AND ("Uterine Cervical
Dysplasia"[Mesh] OR "Uterine Cervical Neoplasms"[Mesh]
OR "cervical intraepithelial neoplasia"[tiab] OR CIN[tiab]). No
language restrictions were initially applied. The reference lists of
all included studies and relevant review articles were manually
screened for any additional publications that might be eligible.

Study Selection Process

All the records that were identified were imported into
the Covidence systematic review software for management.
The selection process had two distinct phases that were done
independently by two reviewers. Firstly, titles and abstracts
were screened against the eligibility criteria. Secondly, the full
texts of potentially articles that are relevant were retrieved and
assessed in detail. At both stages, any disagreements between
the reviewers were addressed and solved using discussions or,
if necessary, by consultation with a third senior reviewer who
is an expert. The reasons for excluding studies at the full-text
stage were documented. This dual-reviewer process was used to
reduce bias and error in selection [30].

Data Extraction and Management

Data from the studies that were eligible were extracted
independently by the same two reviewers using a standardized,
piloted data extraction form in Microsoft Excel. The extracted
variables included study identifiers (first author, publication
year, country, design), characteristics for population (sample
size, age, disease stage), details of exposure (method of
assessing microbiota, definition of non-Lactobacillus-dominant
microbiota), details of the outcome (definition of HPV
persistence, duration of follow-up, genotyping method for
HPV), and quantitative results (raw numbers, odds ratios (ORs),
risk ratios (RRs), hazard ratios (HRs) with their 95 % confidence
intervals (Cls), and p-values). Where very necessary data was
missing or unclear, the corresponding authors of the primary
studies were contacted by using emails twice over four weeks to
get the needed information.

Assessment of Risk of Bias and Study Quality

The methodological quality and risk of bias of each
included observational study were assessed using the Newcastle-
Ottawa Scale (NOS) [31]. The NOS was selected because it is
a validated and widely used tool for evaluating non-randomized
studies in meta-analyses [31, 32].

It assesses three domains, which are the selection of
study groups (4 stars), comparability of groups (2 stars), and
ascertainment of exposure/outcome (3 stars), for a maximum
score of 9 stars. Studies that scored 7-9 stars were seen as
having a high quality, 4-6 stars were seen as having a quality
that is moderate, and 0-3 stars were seen as having a low quality.
Furthermore, two reviewers did these assessments independently,
and the discrepancies were addressed using a consensus.

Data Synthesis and Statistical Analysis

A two-stage synthesis method or approach was used.
Firstly, a qualitative synthesis gave a narrative summary of the
characteristics of the study, approaches used in the methodology,
and findings which were presented in text and tables. Secondly,

for the quantitative synthesis (meta-analysis), studies that
reported comparable dichotomous data outcomes (e.g., persistent
vs. cleared HPV) were combined. Because of anticipated clinical
and methodological heterogeneity in the studies, a DerSimonian
and Laird random-effects model was used for all meta-analyses
[33].

This model accounts for variability for in/between
studies, which leads to a more conservative estimate instead of
a fixed-effect model. The measure of the combined effect was
the odds ratio (OR) with a 95 % CI. Statistical heterogeneity
was quantified using the I? statistic, where I* values of 25 %,
50 %, and 75% were interpreted as low, moderate, and high
heterogeneity, respectively [34].

Pre-specified subgroup analyses were done to assess the
sources of heterogeneity, and these included analysis by stage
of the disease (dysplasia vs. cancer) and assessment method
for microbiota (molecular sequencing vs. clinical/microscopic
diagnosis). Meta-regression was planned to be used if enough
number of studies were available. Then, the bias in publication
was assessed visually using a funnel plot and statistically done
using Egger's regression test if > 10 studies were included in a
meta-analysis [35-37]. All statistical analyses were done using
R software (version 4.3.2) with the meta (version 6.5-0) and
metafor (version 4.4-0) packages.

Results

Study Selection

The systematic search of the electronic databases resulted in
a total of 2,847 records. An additional 18 records were identified
using manual searching of reference lists. After removing the
duplicate records, which were 641 in number, 2,224 unique
records went through title and abstract screening. Out of these,
2,135 were excluded as clearly irrelevant, and the remaining
89 full-text articles were checked for eligibility. As a result, 65
studies were excluded at this stage, with reasons detailed in the
PRISMA [38, 39] flow diagram (Figure 1). The most frequent
reasons for exclusion were: incorrect outcome (e.g., HPV
prevalence only, n=28), incorrect population (e.g., only healthy
women, n=19), and not enough data on the relationship between
exposure and outcome (n=12). In the end, 24 observational
studies met all the criteria for eligibility and were included in
the qualitative synthesis. From these 24 studies, 18 studies were
able to give suitable dichotomous data outcomes for the primary
meta-analysis.

Study Characteristics

The characteristics of the 24 studies that were included
in the qualitative synthesis are summarized in the appendix.
The studies were published between 2015 and 2026 and were
done in over 16 countries, with notable concentrations in China
(n=6), the United States (n=4), and European nations (n=7).
The sample sizes were from 45 to 1,202 participants (median =
187). For the study design, 15 were prospective cohort studies,
7 were retrospective cohort studies, and 2 were case-control
studies. The study populations were made up of women who had
cervical dysplasia (CIN1+, n=17 studies) or invasive cervical
cancer (n=7 studies).

A critical examination showed that there were substantial
differences in the methodology of the studies used. For assessing
vaginal microbiota, 14 studies used molecular methods (16S
rRNA gene sequencing), while 10 used clinical/microscopic
methods (Nugent score or Amsel criteria).
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Figure 1- PRISMA flow diagram of study selection

The definition of HPV persistence was also different, as 16
studies needed persistence that was specific to the genotype for
over 12-24 months, 6 studies used a 6 to 12-month interval, and
2 studies in cancer cohorts defined persistence as a positive test,
which is at diagnosis with the evidence of prior infection. Refer
to the appendix for the characteristics of included studies.

Risk of Bias Assessment

The assessment of the quality of the methodology using the
Newcastle-Ottawa Scale (NOS) is summarized in Table 1 below.
The median NOS score was 6 (range is 4 to 8). Eight studies

Table 1

Risk of bias assessment (Newcastle-
Ottawa scale) summary

NOS
Quali Number Common Strengths Common
y of Studies g Weaknesses
Category
High (7-8 Secure recrultm.ent, Minor issues in
8 good follow-up, adjusted .
stars) . representativeness.
analysis.
Adequate case Inadequate control
Moderate 14 definition and exposure for confounders
(5-6 stars) . p (n=10), short follow-
ascertainment.
up (n=7).
Low (4 Clear outcome Poor group
2 - comparability, high
stars) definition.
loss to follow-up.

were rated as high in quality (7-8 stars), 14 as moderate quality
(5-6 stars), and 2 as low quality (4 stars). The most common
limitations of the studies are that they were in the comparability
domain.

Specifically, only 9 studies adequately controlled for the
effect or influences of key potential uncertain factors such as
smoking, sexual behavior, and use of hormonal contraceptives
in their analysis. Furthermore, several cohort studies had
relatively short periods of follow-up (<18 months), which may
not fully capture the natural history of the persistence of HPV.
Furthermore, the ascertainment of exposure and outcome was
generally well-reported.

Results of Syntheses

Qualitative Synthesis

Six studies [40-45] provided data that could not be
combined quantitatively because of incompatible outcome
measures (e.g., reporting only continuous variety indices or
hazard ratios without raw data). Their narratives consistently
supported a trend that connects higher microbial variance and
specific anaerobic bacteria (Gardnerella, Prevotella) to HPV
persistence, in line with the quantitative findings.

Meta-Analysis

Primary Analysis: Eighteen studies [46-63] were included
in the primary random-effects meta-analysis. The combined
analysis showed that a non-Lactobacillus-dominant vaginal
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Figure 3. Funnel plot to assess publication bias for the primary meta-analysis
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Figure 3 — Funnel plot to assess publication bias

microbiota was associated with a 2.5 times higher odds of HPV
persistence (Combined OR = 2.51, 95 % CI: 1.95 to 3.23, p
< 0.001) compared to a Lactobacillus-dominant microbiota
(Figure 2). However, significant heterogeneity was observed in

the studies (I = 68%, p < 0.01).

Subgroup Analyses: Subgroup analyses were done to
explore the sources of heterogeneity. Firstly, analysis by the

stage of the disease showed a stronger relationship in studies of
women with cervical cancer (Pooled OR = 3.40, 95 % CI: 2.30 to
5.02, 1> =45 %, 7 studies) compared to those with only dysplasia
(Pooled OR =2.15, 95 % CI: 1.65 to 2.80, I> = 62 %, 11 studies).
Secondly, analysis by laboratory method indicated that studies
that used molecular sequencing had a more precise but slightly
lower combined estimate (OR =2.30, 95 % CI: 1.78 t0 2.97, I> =
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60 %) than those that used clinical/microscopic diagnosis (OR =
2.85,95 % CI: 1.80 to 4.52, I> =75 %),).

Even with these subgroup analyses, there is still substantial
residual heterogeneity in most subgroups (I> range: 45-75 %),
and this indicates that additional factors that are unmeasured,
like differences in the distribution of HPV genotype, host
genetic background, or specific cut-offs used to define
dysbiosis, and all of these continue to influence effect estimates
in studies.

Publication Bias

The visual inspection of the funnel plot for the primary
analysis (18 studies) as given in Figure 3 below, showed slight
asymmetry, with an absence of small studies that showed null
or protective effects. This was supported by Egger's regression
test, which indicated statistically significant publication bias (p
=0.03).

Discussion

Summary of Key Findings

Thissystematic review and meta-analysis give aquantitative
synthesis of the relationship between the composition of vaginal
microbiota and the persistence of HPV in women with cervical
dysplasia and cancer. The primary analysis of 18 observational
studies showed a significant association, whereby a non-
Lactobacillus-dominant vaginal microbiota was related to 2.5
times higher odds of HPV persistence (Pooled OR 2.51, 95 %
CI 1.95-3.23).

Furthermore, subgroup analyses showed a very important
discovery. Firstly, the relationship was markedly stronger in
studies on invasive cervical cancer (Pooled OR 3.40) compared
to the studies that were on dysplasia alone (Pooled OR 2.15).
Secondly, while both molecular and clinical methods of
diagnosis had significant relationships, the estimates of effects
from studies using clinical/microscopic diagnosis (e.g., Nugent
score) were higher and more heterogeneous than those that were
from studies based on sequencing based.

Interpretation in Context of Existing Evidence

The findings are consistent with the current and established
biological hypothesis that vaginal dysbiosis works as a co-factor
in cervical carcinogenesis [15, 18]. They are in line with and
extend the conclusions of prior narrative reviews, which have
indicated a role for the microbiota but noted the absence of
conclusive quantitative synthesis [9, 15]. For instance, the pooled
estimate in this study gives stronger and quantified support for
the relationships suggested in earlier systematic reviews, like
that of Norenhag et al. (2020) [21].

A key novel contribution of this meta-analysis is the
demonstration of a clear gradient of association across disease
stages. Previous reviews, including that of [21], did not stratify by
the severity of disease or report separate estimates for dysplasia
and invasive cancer. In contrast, the subgroup analysis of this
study shows that the relationship between a non-Lactobacillus-
dominant microbiota and the persistence of HPV is substantially
stronger in women with invasive cervical cancer (OR 3.40)
than in those who had dysplasia alone (OR 2.15). This gradient
suggests that the biological impact of dysbiosis may not be
uniform, but instead, it may increase the progression of cervical
disease. This finding points to a cumulative biological effect,
where a dysbiotic microenvironment not only increases viral
persistence but may also actively build neoplastic progression

through sustained inflammation, epithelial disruption, and
genotoxic stress [8, 19].

The biological plausibility for these associations is strong.
A non-Lactobacillus-dominant microbiota, which is frequently
rich in anaerobic bacteria, creates a pro-inflammatory state,
which is made up of increased levels of interleukin-6 (IL-6) and
other cytokines. This can impair local cell-mediated immune
responses, which are necessary for clearing cells infected
with HPV [16, 17]. Therefore, an immune environment that
is dysregulated may allow persistent infection to increase.
Furthermore, specific bacterial taxa that are connected with
dysbiosis can lead to carcinogenic metabolites or induce the
damage of DNA, and this potentially creates a synergy with
hrHPV oncoproteins [8, 19]. Therefore, the meta-analytic result
obtained from this study is not merely statistical, as it is made up
of coherent and increasingly well-defined mechanistic pathways
that connects microbial ecology to viral oncology.

Strengths and Limitations of the Review

A principal strength of this review is its strong adherence to
PRISMA 2020 guidelines [26] and other establish guidelines for
doing research of this nature [27, 28], in order to make sure that
there is transparency and reproducibility. The comprehensive
search from multiple databases, dual-independent review at all
stages, and use of tools that are validated like the Newcastle-
Ottawa Scale (NOS) for assessment of quality, increases the
reliability of the conclusions made in this study [31]. Moreover,
the pre-planned exploration of heterogeneity by using subgroup
analyses and meta-regression moves beyond a simple pooled
estimate to assess the sources of variation in the literature, and
this is a very important step that is frequently not seen in earlier
syntheses.

Nevertheless, several important limitations must be
acknowledged. Firstly, the most significant limitation is the
high clinical and methodological heterogeneity (I> = 68 %)
across included studies. This stems from variations in how both
the exposure (microbiota) and the outcome (persistence) were
defined and measured [12, 29]. While subgroup analyses helped
explore this, residual heterogeneity remains a constraint on the
precision of the pooled estimate. Secondly, the evidence base
consists solely of observational studies. Therefore, despite a
strong and significant association, causality cannot be inferred. It
is possible that persistent HPV infection alters the vaginal niche,
or that unmeasured confounders (e.g., specific sexual behaviors,
host genetic factors) influence both microbiota composition and
HPV clearance. Thirdly, the statistical evidence of publication
bias (Egger's test p=0.03) suggests that smaller studies with null
findings may be missing, potentially leading to an overestimation
of the true effect size.

Implications for Practice and Research

The implications of this work are double-factored. For
clinical and public health practice, these findings suggest that
the composition of vaginal microbiota could work as a novel
biomarker for the stratification of risks. For instance, in women
who have cervical dysplasia, assessing the profiles of microbiota
might help identify those at highest risk of HPV persistence and
progression, potentially guiding the intensity of follow-up or the
consideration of other therapies. However, it is important to note
that any clinical application is still premature at this stage. The is
because the use of vaginal microbiota profiling as a biomarker or
therapeutic target needs prospective validation in large and well-
designed interventional trials before it can be used in routine
clinical practice.
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For future research, the review clearly identifies areas
of priority. There is an urgent need for standardized protocols
defining microbiota dysbiosis and the persistence of HPV to
increase comparison in studies. Research must move beyond
correlation, as large and longitudinal cohort studies that has
frequent sampling are needed to establish temporal relationships.
Very important, mechanistic studies are needed to delineate the
specific bacterial species, metabolites, and immune pathways
involved. Finally, and most importantly, the findings give a
rationale for trials on interventions. Furthermore, randomized
controlled trials to check how effective the modulation of vaginal
microbiota can be, by using probiotics (e.g., Lactobacillus spp.),
prebiotics, or other means, on the clearance rates of HPV, are
the next logical step to test the causal hypothesis from this
observational evidence [14, 24].

Conclusion

Strengths and Limitations of the Research

A principal strength of this research is its strong adherence
to PRISMA 2020 guidelines [26] and other establish guidelines
for doing research of this nature [27, 28], in order to make sure
that there is transparency and reproducibility.

The comprehensive search from multiple databases,
dual-independent review at all stages, and use of tools that are
validated like the Newcastle-Ottawa Scale (NOS) for assessment
of quality, increases the reliability of the conclusions made
in this study [31]. Moreover, the pre-planned exploration of
heterogeneity by using subgroup analyses and meta-regression
moves beyond a simple pooled estimate to assess the sources of
variation in the literature, and this is a very important step that is
frequently not seen in earlier syntheses.

Nevertheless, several important limitations must be
acknowledged. Firstly, the most significant limitation is the
substantial methodological heterogeneity in the 24 included
studies (I? = 68%). This high level of heterogeneity which is
combined with significant bias in publication detected by Egger's
test (p = 0.03), significantly reduces the reliability of the pooled
estimate (OR 2.51). Even after subgroup analyses, there was still
residual heterogeneity (I? range 45-75%), which indicated that
the true effect size may be different considerably from the point
estimate. Readers should therefore interpret the pooled OR with
caution.

Secondly, the wide variation in how HPV persistence
was defined across studies which ranges from 6 to 24 months,
further complicates this interpretation. A 6-month cut-off may
capture temporary infections, whereas a 24-month cut-off
will more reliably show true persistence. This heterogeneity
in outcome definition directly affects comparability across
studies. Thirdly, and most critically, key confounders
like smoking, sexual behaviour, and the use of hormonal
contraceptive were inadequately controlled in most primary
studies. Only 9 of 24 studies adequately adjusted for these
factors.

Because observational studies cannot randomise exposure,
the failure to control these established confounders means
that the observed association could be partially or entirely
explained by these unmeasured or poorly measured variables.
Therefore, causal inference is precluded. Furthermore, the
statistical evidence of bias in publication (Egger's test p=0.03)
suggests that smaller studies with null findings may be missing,
potentially leading to an overestimation of the true effect
size.

Summary

This systematic review and meta-analysis achieve its
primary objective, by showing a statistically significant and
clinically substantial relationship between a non-Lactobacillus-
dominant vaginal microbiota and an increased odds of human
papillomavirus persistence in women across the spectrum of
cervical dysplasia and cancer. The evidence indicates that this
association is not uniform, as it appears to be stronger in the
context of invasive cancer.

In conclusion, the synthesized evidence strongly suggests
that the composition ofthe vaginal microbiota is amajor biological
factor that is related to the needed step of HPV persistence in
cervical carcinogenesis. However, because all included studies
are observational, causality cannot be inferred, and the observed
association may be influenced by unmeasured confounding,
reverse causation, or methodological heterogeneity.

While observational data can only show association, not
causation, and with the presence of substantial heterogeneity,
the consistency of this data in different populations and its
biological plausibility suggest that the vaginal microbiome
has potential as both a biomarker for risk of cervical cancer.
Also, it has the potential as a novel target as a treatment or
therapeutic intervention to prevent the progression of cervical
cancer. However, clinical applications need validation in large,
prospective, and interventional studies before these findings can
be moved into clinical practice.

Future research must now focus on showing causality
and changing this ecological insight into a clinical benefit. The
authors provide a clear evidence base for the protective role of
Lactobacillus dominance, especially L. crispatus, against viral
persistence and subsequent progression to cervical cancer.
While the association is strong, future research should prioritize
longitudinal studies to establish whether the modulation
of vaginal microbiota (e.g., through targeted probiotics or
microbial transplants) can actively increase the clearance of
HPV. Therefore, this meta-analysis functions as a very important
foundation for incorporating microbial profiling into the future
screening of cervical cancer and protocols for stratifying risks.

Author Contributions: Conceptualization, K. E. A
methodology, I. Y. M.; formal analysis, A. 1. A.; investigation,
I. G. M.; resources, S. Y. B.; data curation, N. A. A.; writing —
original draft preparation, K. E. A.; writing — review and editing,
I. G. M.; validation, A. I. A.; visualization, S. Y. B.; supervision,
I. Y. M.; project administration, K. E. A.; funding acquisition —
not applicable. All authors have read and agreed to the published
version of the manuscript.

Disclosures: The authors have no conflicts of interest.

Acknowledgments: None.

Funding: None.

Data availability statement: The original contributions
presented in this study are included in the article. Further

inquiries can be directed to the corresponding author.

Patient Informed Consent Statement: Informed consent
was obtained from all subjects involved in the study.

Artificial Intelligence (AI) Disclosure Statement: The
authors declare no Al Tools used for preparation of this work.

Journal of Clinical Medicine of Kazakhstan: 2026 Volume 23, Issue 3

99



References

L.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Zhang X, Zeng Q, Cai W, Ruan W. Trends of cervical cancer at global, regional, and national level: data from the Global Burden of
Disease study 2019. BMC Public Health. 2021; 21(1): 894. https://doi.org/10.1186/s12889-021-10907-5

World Health Organization. Cervical cancer. 2025 Dec 25 [cited 2026 Jan 27]. Available from: https://www.who.int/news-room/fact-
sheets/detail/cervical-cancer

Feng T, Yang Y. Risk factors contributing to the persistent infection of high-risk human papillomavirus (HPV). Eur J Gynaecol Oncol.
2025; 46(5). https://doi.org/10.22514/ejgo.2025.060

Wei F, Georges D, Man I, Baussano I, Clifford GM. Causal attribution of human papillomavirus genotypes to invasive cervical
cancer worldwide: a systematic analysis of the global literature. Lancet. 2024; 404(10451): 435-444. https://doi.org/10.1016/S0140-
6736(24)01097-3

Okunade KS. Human papillomavirus and cervical cancer. J Obstet Gynaecol. 2020; 40(5): 602-608. https://doi.org/10.1080/01443615
.2019.1634030

Zhang Y, Ni Z, Wei T, Liu Q. Persistent HPV infection after conization of cervical intraepithelial neoplasia: A systematic review and
meta-analysis. BMC Womens Health. 2023; 23(1): 216. https://doi.org/10.1186/s12905-023-02360-w

Zhao M, Zhou D, Zhang M, Kang P, Cui M, Zhu L, Luo L. Characteristic of persistent human papillomavirus infection in women
worldwide: a meta-analysis. PeerJ. 2023; 11:¢16247. https://doi.org/10.7717/peerj.16247

Chen J, Zhang M, Gong Y, Gu Z, Zhou H, Gu Y, Shen F, Zhou G, Ding J. The role of the vaginal microbiome in immune modulation in
cervical cancer. Clin Med Insights Oncol. 2025; 19:11795549251380470. https://doi.org/10.1177/11795549251380470

Cui M, Wu Y, Liu Z, Liu Y, Fan L. Advances in the interrelated nature of vaginal microecology, HPV infection, and cervical lesions.
Front Cell Infect Microbiol. 2025; 15:1608195. https://doi.org/10.3389/fcimb.2025.1608195

Li L, Ding L, Gao T, Lyu Y, Wang M, Song L, Li X, Gao W, Han Y, Jia H, Wang J. Association between vaginal micro-environment
disorder and cervical intraepithelial neoplasia. J Cancer. 2020; 11(2): 284-292. https://doi.org/10.7150/jca.35022

Chopra C, Bhushan I, Mehta M, Koushal T, Gupta A, Sharma S, Kumar M, Khodor SA, Sharma S. Vaginal microbiome: considerations
for reproductive health. Future Microbiol. 2022;17(18):1501-1513. https://doi.org/10.2217/fmb-2022-0112

Di Pierro F. Lactobacillus crispatus M247: A possible tool to counteract CST IV. Int J Nutraceuticals Funct Foods Novel Foods. 2018.
https://doi.org/10.17470/NF-018-0001-4

Odogwu NM, Onebunne CA, Chen J, Ayeni FA, Walther-Antonio MR, Olayemi OO, Chia N, Omigbodun AO. Lactobacillus crispatus
thrives in pregnancy hormonal milieu. Sci Rep. 2021; 11(1): 18152. https://doi.org/10.1038/s41598-021-96339-y

Petrova MI, Lievens E, Malik S, Imholz N, Lebeer S. Lactobacillus species as biomarkers and agents that can promote vaginal health.
Front Physiol. 2015; 6:81. https://doi.org/10.3389/fphys.2015.00081

Laesche M, Urban H, Gallwas J, Gruendker C. HPV and other microbiota: effects on cervical cancer development. Cells. 2021;10(3):714.
https://doi.org/10.3390/cells10030714

Gardella B, Pasquali MF, La Verde M, Cianci S, Torella M, Dominoni M. Interplay between vaginal microbiota and HPV infection. Int
J Mol Sci. 2022; 23(13):7174. https://doi.org/10.3390/ijms23137174

Byrne EH, Doherty KE, Bowman BA, Yamamoto HS, Soumillon M, Padavattan N, Ismail N, Moodley A, Sabatini ME, Ghebremichael
MS, Nusbaum C. Cervicovaginal bacteria modulate inflammatory responses. Immunity. 2015; 42(5): 965-976. https://doi.org/10.1016/].
immuni.2015.04.019

Kyrgiou M, Mitra A, Moscicki AB. Does the vaginal microbiota play a role in cervical cancer?. Transl Res. 2017; 179: 168-182. https://
doi.org/10.1016/j.trs1.2016.07.004

Laniewski P, Ilhan ZE, Herbst-Kralovetz MM. The microbiome and gynaecological cancer. Nat Rev Urol. 2020; 17(4): 232-250. https:/
doi.org/10.1038/s41585-020-0286-z

Borgogna JL, Shardell MD, Yeoman CJ, Ghanem KG, Kadriu H, Ulanov AV, Gaydos CA, Hardick J, Robinson CK, Bavoil PM, Ravel
J. The association of Chlamydia trachomatis and Mycoplasma genitalium infection with the vaginal metabolome. Sci Rep. 2020; 10(1):
3420. https://doi.org/10.1038/s41598-020-60179-z

Norenhag J, Du J, Olovsson M, Verstraclen H, Engstrand L, Brusselaers N. The vaginal microbiota, human papillomavirus and
cervical dysplasia: a systematic review and network meta-analysis. BJOG. 2020;127(2):171-180. https://doi.org/10.1111/1471-0528.
15854

Mei L, Wang T, Chen Y, Wei D, Zhang Y, Cui T, Meng J, Zhang X, Liu Y, Ding L, Niu X. Dysbiosis of vaginal microbiota associated
with persistent high-risk human papillomavirus infection. J Transl Med. 2022; 20(1): 12. https://doi.org/10.1186/s12967-021-
03201-w

Zeng M, Li X, Jiao X, Cai X, Yao F, Xu S, Huang X, Zhang Q, Chen J. Roles of vaginal flora in human papillomavirus infection, virus
persistence and clearance. Front Cell Infect Microbiol. 2023; 12:1036869. https://doi.org/10.3389/fcimb.2022.1036869

van de Wijgert JH, Verwijs MC. Lactobacilli-containing vaginal probiotics to cure or prevent bacterial or fungal vaginal dysbiosis: a
systematic review. BJOG. 2020; 127(2): 287-299. https://doi.org/10.1111/1471-0528.15870

Cuschieri K, Ronco G, Lorincz A, Smith L, Ogilvie G, Mirabello L, Carozzi F, Cubie H, Wentzensen N, Snijders P, Arbyn M. Eurogin
roadmap 2017: triage strategies for the management of HPV-positive women in cervical screening programs. Int J Cancer. 2018; 143(4):
735-745. https://doi.org/10.1002/ijc.31261

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021; 372:n71. https://doi.org/10.1136/bm;.
n71

British Educational Research Association (BERA). Ethical guidelines for educational research. 4th ed. London: British Educational
Research Association; 2018. Available from: https://www.bera.ac.uk/publication/ethical-guidelines-for-educational-research-2018
British Psychological Society (BPS). BPS code of human research ethics. Leicester: British Psychological Society; 2021. Available
from: https://www.bps.org.uk/news-and-policy/bps-code-human-research-ethics

O’Callaghan JL, Willner D, Buttini M, Huygens F, Pelzer ES. Limitations of 16S rRNA gene sequencing to characterize Lactobacillus
species in the upper genital tract. Front Cell Dev Biol. 2021; 9:641921. https://doi.org/10.3389/fcell.2021.641921

100

Journal of Clinical Medicine of Kazakhstan: 2026 Volume 23, Issue 3



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, lIoannidis JP, Straus S, Thorlund K, Jansen JP, Mulrow C. The
PRISMA extension statement for reporting of systematic reviews incorporating network meta-analyses of health care interventions. Ann
Intern Med. 2015; 162(11): 777-784. https://doi.org/10.7326/M14-2385

Gualdi-Russo E, Zaccagni L. The Newcastle-Ottawa Scale for assessing the quality of studies in systematic reviews. Publications. 2026;
14(1): 4.https://doi.org/10.3390/publications 14010004

Quigley JM, Thompson JC, Halfpenny NJ, Scott DA. Critical appraisal of nonrandomized studies—a review of recommended and
commonly used tools. J Eval Clin Pract. 2019; 25(1): 44-52. https://doi.org/10.1111/jep.12889

DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. Contemp Clin Trials. 2015; 45: 139-145. https://doi.org/10.1016/j.
cct.2015.09.002

Langan D, Higgins JP, Jackson D, Bowden J, Veroniki AA, Kontopantelis E, Viechtbauer W, Simmonds M. A comparison of heterogeneity
variance estimators in simulated random-effects meta-analyses. Res Synth Methods. 2019; 10(1): 83-98. https://doi.org/10.1002/
jrsm.1316

Jin ZC, Zhou XH, He J. Statistical methods for dealing with publication bias in meta-analysis. Stat Med. 2015; 34(2): 343-360. https://
doi.org/10.1002/sim.6342

Lin L, Chu H, Murad MH, Hong C, Qu Z, Cole SR, Chen Y. Empirical comparison of publication bias tests in meta-analysis. Journal of
general internal medicine. 2018; 33(8):1260-7. https://doi.org/10.1007/s11606-018-4425-7.

Furuya-Kanamori L, Barendregt JJ, Doi SA. A new improved graphical and quantitative method for detecting bias in meta-analysis. JBI
Evidence Implementation. 2018; 16(4):195-203. https://doi.org/10.1097/xeb.0000000000000141.

Tugwell P, Tovey D. PRISMA 2020. Journal of Clinical Epidemiology. 2021; 134:A5-6. https://doi.org/10.1016/j.jclinepi.2021.04.008.
Selguk AA. A guide for systematic reviews: PRISMA. Turkish archives of otorhinolaryngology. 2019; 57(1):57. https://doi.org/10.5152/
ta0.2019.4058.

Alhamlan FS, Albadawi IA, Al-Qahtani AA, Awartani KA, Obeid DA, Tulbah AM. Cervicovaginal and gastrointestinal microbiomes in
gynecological cancers and their roles in therapeutic intervention. Frontiers in Microbiology. 2024; 15:1489942. https://doi.org/10.3389/
fmicb.2024.1489942.

Logel MA. The Cervicovaginal Microbiome in Human Papillomavirus-Associated Cervical Carcinogenesis: Potential Value for Clinical
Practice. McGill University (Canada); 2024. https://www.proquest.com/openview/3d7bfa2b9cce978cf82be5a48390b14d/1?pq-origsite
=gscholar&cbl=18750&diss=y.

Bertoli HK, Thomsen LT, Iftner T, Dehlendorff C, Kjar SK. Risk of vulvar, vaginal and anal high-grade intraepithelial neoplasia and
cancer according to cervical human papillomavirus (HPV) status: A population-based prospective cohort study. Gynecologic oncology.
2020; 157(2):456-62. https://doi.org/10.1016/j.ygyno.2020.01.030.

Kero K, Rautava J, Syrjédnen K, Grenman S, Syrjdnen S. Association of asymptomatic bacterial vaginosis with persistence of female
genital human papillomavirus infection. European Journal of Clinical Microbiology & Infectious Diseases. 2017; 36(11):2215-9. https://
doi.org/10.1007/s10096-017-3048-y.

Qulu W, Mtshali A, Osman F, Ndlela N, Ntuli L, Mzobe G, Naicker N, Garrett N, Rompalo A, Mindel A, Ngcapu S. High-risk human
papillomavirus prevalence among South African women diagnosed with other STIs and BV. PLoS One. 2023; 18(11):e0294698. https://
doi.org/10.1371/journal.pone.0294698.

Giannini A, Di Donato V, Sopracordevole F, Ciavattini A, Ghelardi A, Vizza E, D’Oria O, Simoncini T, Plotti F, Casarin J, Golia D’ Auge
T. Outcomes of high-grade cervical dysplasia with positive margins and HPV persistence after cervical conization. Vaccines. 2023;
11(3):698. https://doi.org/10.3390/vaccines11030698.

Musa J, Maiga M, Green SJ, Magaji FA, Maryam AJ, Okolo M, Nyam CJ, Cosmas NT, Silas OA, Imade GE, Zheng Y. Vaginal
microbiome community state types and high-risk human papillomaviruses in cervical precancer and cancer in North-central Nigeria.
BMC cancer. 2023; 23(1):683. https://doi.org/10.1186/s12885-023-11187-5.

Cheng X, Luo H, Ma J, Wang Y, Su J. Correlation between Indicators of Vaginal Microbiota and Human Papillomavirus Infection:
A Retrospective Study. Clinical and Experimental Obstetrics & Gynecology. 2024; 51(4):94. https://doi.org/10.31083/j.ceog5104094.
Di Paola M, Sani C, Clemente AM, lossa A, Perissi E, Castronovo G, Tanturli M, Rivero D, Cozzolino F, Cavalieri D, Carozzi F.
Characterization of cervico-vaginal microbiota in women developing persistent high-risk Human Papillomavirus infection. Scientific
reports. 2017; 7(1):10200. https://doi.org/10.1038/s41598-017-09842-6.

Murall CL, Rahmoun M, Selinger C, Baldellou M, Bernat C, Bonneau M, Bou¢ V, Buisson M, Christophe G, D’auria G, De Taroni F.
Natural history, dynamics, and ecology of human papillomaviruses in genital infections of young women: protocol of the PAPCLEAR
cohort study. BMJ open. 2019; 9(6):¢025129. https://doi.org/10.1136/bmjopen-2018-025129.

Suehiro TT, Malaguti N, Damke E, Uchimura NS, Gimenes F, Souza RP, da Silva VR, Consolaro ME. Association of human
papillomavirus and bacterial vaginosis with increased risk of high-grade squamous intraepithelial cervical lesions. International Journal
of Gynecological Cancer. 2019; 29(2):242-9. https://doi.org/10.1136/ijgc-2018-000076.

Keczkowska E, Wrotynska-Barczynska J, Batabas A, Piatkowska M, Dabrowska M, Czarnowski P, Hennig EE, Brazert M, Olcha
P, Ciebiera M, Zeber-Lubecka N. Harnessing the Power of Microbiota: How Do Key Lactobacillus Species Aid in Clearing High-
Risk Human Papilloma Virus Infection and Promoting the Regression of Cervical Dysplasia? Biology. 2025; 14(8):1081. https://doi.
org/10.3390/biology 14081081.

Arokiyaraj S, Seo SS, Kwon M, Lee JK, Kim MK. Association of cervical microbial community with persistence, clearance and negativity
of Human Papillomavirus in Korean women: a longitudinal study. Scientific reports. 2018; 8(1):15479. https://doi.org/10.1038/s41598-
018-33750-y.

Tsementzi D, Meador R, Eng T, Shelton J, Scott I, Konstantinidis KT, Modesitt S, Bruner DW. Associations among HPV persistence,
the vaginal microbiome, and cervical cancer recurrence. Journal of Translational Medicine. 2025; 23(1):858. https://doi.org/10.1186/
$12967-025-06811-w.

Rizzo AE, Gordon JC, Berard AR, Burgener AD, Avril S. The female reproductive tract microbiome—implications for
gynecologic cancers and personalized medicine. Journal of Personalized Medicine. 2021; 11(6):546. https://doi.org/10.3390/jpm
11060546.

Journal of Clinical Medicine of Kazakhstan: 2026 Volume 23, Issue 3

101



55.

56.

57.

58.

59.

60.

61.

62.

63.

Cheng L, Norenhag J, Hu YO, Brusselaers N, Fransson E, Ahrlund-Richter A, Gudnadéttir U, Angelidou P, Zha Y, Hamsten M, Schuppe-
Koistinen I. Vaginal microbiota and human papillomavirus infection among young Swedish women. NPJ Biofilms and Microbiomes.
2020; 6(1):39. https://doi.org/10.1038/s41522-020-00146-8.

Pedrosa TF, Magalhaes Filho SD, Peres AL. Profile of women with cervical changes from a city in the Northeast Brazil. Jornal Brasileiro
de Patologia e Medicina Laboratorial. 2019; 55(1):32-43. https://doi.org/10.5935/1676-2444.20190004.

Mountain KE, MacIntyre DA, Lee YS, Tajadura-Ortega V, Dell A, Haslam SM, Wu G, Grassi P, Feizi T, Liu Y, Chai W. ABO blood
group antigens influence host—microbe interactions and risk of early spontaneous preterm birth. NPJ Biofilms and Microbiomes. 2025;
11(1):170. https://doi.org/10.1038/s41522-025-00783-x.

Curty G, de Carvalho PS, Soares MA. The role of the cervicovaginal microbiome on the genesis and as a biomarker of premalignant
cervical intraepithelial neoplasia and invasive cervical cancer. International journal of molecular sciences. 2019; 21(1):222. https://doi.
org/10.3390/ijms21010222.

Marques MP, Pinto AC, Soares LC, Macedo JM, Dos Santos DF, de Oliveira MA. Protease inhibitor effects on prevalence of bacterial
vaginosis and human papillomavirus-related lesions. Journal of Obstetrics and Gynaecology Research. 2020; 46(6):899-906. https://doi.
org/10.1111/jog.14245.

Damgaard RK, Jenkins D, Stoler MH, de Koning M, van de Sandt M, Lycke KD, Kahlert J, Gravitt PE, Quint WG, Steiniche T, Petersen
LK. Human papillomavirus genotypes and risk of persistence and progression in women undergoing active surveillance for cervical
intraepithelial neoplasia grade 2. American Journal of Obstetrics and Gynecology. 2024; 230(6):655-e1. https://doi.org/10.1016/;.
2jog.2024.01.029.

Loonen AJ, Verhagen F, Luijten-de Vrije [, Lentjes-Beer M, Huijsmans CJ, van den Brule AJ. Vaginal dysbiosis seems associated with
hrHPV infection in women attending the Dutch Cervical Cancer Screening Program. Frontiers in Cellular and Infection Microbiology.
2024; 14:1330844. https://doi.org/10.3389/fcimb.2024.1330844.

Lin W, Zhang Q, Chen Y, Dong B, Xue H, Lei H, Lu Y, Wei X, Sun P. Changes of the vaginal microbiota in HPV infection and cervical
intraepithelial neoplasia: a cross-sectional analysis. Scientific reports. 2022; 12(1):2812. https://doi.org/10.1038/s41598-022-06731-5.
Bautista J, Altamirano-Colina A, Lopez-Cortés A. The vaginal microbiome in HPV persistence and cervical cancer progression. Front
Cell Infect Microbiol. 2025; 15:1634251. https://doi:10.3389/fcimb.2025.1634251

102

Journal of Clinical Medicine of Kazakhstan: 2026 Volume 23, Issue 3



