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Abstract: 
Human papillomavirus (HPV) infection is the primary etiological factor for cervical cancer, yet only a subset of 
infections progress to high-grade lesions or malignancy. Emerging evidence suggests that the composition of the 
cervico-vaginal microbiome, particularly Lactobacillus dominance, plays a critical role in HPV persistence, 
immune modulation, and progression to cervical intraepithelial neoplasia (CIN). This review synthesizes current 
knowledge on the gut–vaginal microbial axis, mechanisms through which dysbiosis promotes cervical 
carcinogenesis, and the therapeutic potential of microbiome modulation. Vaginal microbial communities 
dominated by anaerobes such as Gardnerella, Prevotella, Atopobium, and Sneathia are associated with chronic 
inflammation, epithelial barrier disruption, and impaired viral clearance. Conversely, Lactobacillus species—
especially L. crispatus—maintain low vaginal pH, enhance epithelial integrity, and regulate immune responses. 
Clinical studies demonstrate that probiotic and prebiotic supplementation can restore Lactobacillus-dominant 
flora, reduce HPV viral load, improve cytological abnormalities, and increase HPV clearance rates. While early 
findings are promising, heterogeneity in strains, dosages, and treatment duration limits generalizability. Larger, 
standardized clinical trials are needed to establish microbiota-targeted therapies as adjuncts to screening and 
vaccination programs. Modulating the vaginal microbiome through probiotics, prebiotics, or emerging approaches 
such as vaginal microbiota transplantation may represent a novel, non-invasive strategy to improve HPV outcomes 
and reduce the global burden of cervical cancer. 
Keywords: Vaginal microbiome, Human papilloma virus, Lactobacillus, Short Chain Fatty Acids (SCFA), 
cervical cancer, Microbial dysbiosis, Probiotics, Immune modulation, Cervical Intraepithelial Neoplasia (CIN), 
Tumour microenvironment. 
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Introduction  

Cancer is one of the leading causes of death in the 
world International Agency for Research on Cancer 
(IARC) reported 19.3 million new cases of cancer 
and 10 million deaths in 2020 [1]. According to the 
prediction of World Health Organization (WHO), 
cancer incidence will beincreased by 70% over the 
next two decades [2].  

Cervical cancer is a major global public health 
concern and is primarily associated with persistent 
infectionby high-risk human papillomavirus 
(HrHPV) types [3]. It is the fourth most prevalent 
cancer among women worldwide[4]. Apart from 
cervical cancer HPV infection[8] is the risk factor 
in90% anal cancers, 70% vaginal and vulvar cancers 
and 60% of oropharyngeal cancers. According to the 
World Health Organisation (WHO), cervical cancer 

is more prevalent in low-and middle-income 
countries (LMIC), owing to the lack of vaccination 
and screening facilities, accounting for over 90% of 
deaths worldwide [5].The risk factors for developing 
cervical cancer include chronic cervicitis, lowsocio-
economic status, early marriage, young age at first 
coitus[6]. Having multiple sexual partners, smoking, 
long term use of contraceptives and hormonal pills, 
multiple pregnancies, genetic background, 
epigenetic changes, weakened immune system, race 
and vaginal microbiota dysbiosis are noted as 
cofactors [7,8,9,10].The HrHPV types associated 
with cervical cancer are HPV 16 ,18,31, 33, 35, 39, 
45, 51, 52, 56, 58, and 59, are strongly linked to 
cervical lesions [11]. HPV is mainly transmitted 
through sexual activity, but skin-to-skin contact can 
also cause HPV infection. The vast majority of both 
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men and women, approximately 80%, might get 
exposed to HPV at some point in their lives [13–
15].Mostly in such cases, the immune system is 
activated and it eliminates the virus, however in 
some cases the infection persists and can lead to pre-
cancerous lesions, like CIN 2 and 3. 38% of CIN 2 
lesions are resolved at 1 year and 68% are cleared at 
3 year [16].This gradual advancement of the disease 
offers an opportunity for timely intervention before 
advanced disease sets in. Various targeted 
approaches are being used like vaccination and 
education to remove risk factors like use of barrier 
methods to prevent sexually transmitted disease, 
vaccination in an effort to eradicate cervical cancer 
by 2030.[3]. 

Recent research suggests that the microbiota of the 
gut and vagina may be associated with progression 
of HPV Infection to Pre Invasive Cervical Epithelial 
Lesions. Microbiomeis the genomic aggregate of 
organisms inhabiting various anatomical body sites 
like skin mucosa, gastrointestinal tract, respiratory 
tract, urogenital tract, and mammary gland. There 
are approximately 4 × 10^13 bacteria in the human 
gastrointestinal tract alone, which is slightly more 
than all of our own cells together [12]. Dysbiosis 
(disruption of micro-biota homeostasis) can threaten 
health condition dueto increasing host susceptibility 
to infections [17]. Itis shown that different factors 

including life style, age, hygiene, sex, host genetic, 
diet, environmental factors, type of birth delivery, 
infant feeding methods, diseases, and exposure to 
antibiotics can affect microbiota. The hall mark of 
vaginal dysbiosis during cervical malignancy 
progression is the reduction of Lactobacillus 
species[18].Patients with high grade CIN show non-
Lactobacillus dominated vaginal microflora. Recent 
advances have highlighted the close connections 
between female gut and vaginal microflora (Fig.1) 
secondary to their anatomical proximity and shared 
microbial ecosystem)[18]the gut -vagina axis. 
Hence, upto 30% of microbial species are common 
in both microbial eco-systems[19]. Within the gut, 
the intestinal microbiota predominantly manifest 
anti-inflammatory properties, a role crucial for 
anaerobic bacteria in preserving gut homeostasis. 
Contrarily, patients with cervical lesions exhibit a 
high abundance of anaerobic bacteria in vagina as 
well, including Gardnerella, Prevotella, Atopobium, 
Sneathia, and Megasphaera. These bacteria have 
been linked to chronic inflammation and an elevated 
risk of cervical epithelial neoplasia [18].  Moreover, 
certain strains of microflora have been implicated in 
regulating the tumour immune response [20]. In this 
review, we wish to summarize all existing evidence, 
discuss mechanisms linking Gut-Cervico-vaginal 
microbiome with cervical pathology and finally 
consider the pre-probiotics as a therapeutic option. 

 

 
Figure 1: The female reproductive system harbours more than 50 species with bacterial counts ranging 
from 10^8 to 10^9. There is sharing and migration of microbial flora among the urinary, reproductive 

and gastrointestinal tracts through both direct and indirect pathways, suggesting a continuous 
microbiome. The vaginal microbiome is susceptible to hormonal changes and advent of exogenous 

bacteria, which can alter the homeostasis of the vaginal environment 
 
Materials and Methods 

The search strategy for this review was as follows. 
Online searches of Google Scholar, Embase, Web of 

Science and PubMed were conducted to retrieve 
English language based eligible articles published 
since 2016. Keywords like “Vaginal microbiome”, 
“human papilloma virus”, “Lactobacillus”, “Short 
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Chain Fatty Acids(SCFA)”, “cervical cancer”, 
“microbial dysbiosis”, “Probiotics”, “immune 
modulation”, ”CIN”, “tumour microenvironment” 
were incorporated to build the search query. Further, 
to capture latest research advancements, specific 
microbial species and above mentioned keywords 
were constructed into queries and online searches 
were done. From the initial over 450retrieved 
articles, we restricted the literature types to review 
articles, original research, and clinical trials. Highly 
relevant studies with sufficient data were selected 
for further analysis. 

The Human Microbiome 

A steady symbiotic state of the human microbiota is 
essential for the general wellbeing of the human 
body. Dysbiosis (unbalanced microbiota) can lead to 
life threatening complications like cancers, 
cardiovascular disease, inflammatory bowel disease 
and antibiotic resistant bacterial infections[21].  

The largest concentration of human microbiome is 
found in the gut which plays an essential role in 
maintaining homeostasis. The Human Microbiome 
Project (HMP), launched by the National Institute of 
Health (NIH), revealed that shifts in human immune 
responses caused dysbiosis in the gut flora[22,23]. 

Whipps et al. first defined microbiome as “a 
characteristic microbial community occupying a 
reasonably well-defined habitat which has distinct 
physio-chemical properties” and to date, this term 
has been enriched by the numerous microbial 
functions and properties that form the ecological 
niches [24]. Both host and microbial genomes act in 
synergy to confer distinct health benefits in humans. 
Microbial assembly is dynamic, and undergoes four 
major evolutionary processes like dispersal, 
selection, diversification and drift[25,26,27]. 

Vaginal Microbiome (VMB) 

The female reproductive system and its specific 
microbiota are highly dynamic and undergo changes 
throughout life and menstrual cycle [28].In healthy 
state, the diversity of vaginal flora is low, [29,30] 
characterised by lactobacillus dominance[Fig 
2].Lactobacillus levels positively correlate with 
estrogen and glycogen levels [31].  

Like the initial colonisation and long-term 
dominance of lactobacillus in female neonates 

correlates with maternal vertical transmission of 
estrogen and lactobacillus species [32]. During 
pubertal transition, rapid fall in estrogen  and vaginal 
glycogen levels correlates with decrease in 
lactobacillus. With the advent of reproductive age 
lactobacillus dominates. Lastly, during menopause 
lactobacilli reach its nadir [33].  

The diversity and balance within the vaginal 
microbial communities may determine whether 
bacterial vaginosis, yeast infections, sexually 
transmitted diseases (STDs), and/or urinary tract 
infections emerge and persist. During menstruation, 
when estrogen and progesterone levels are at their 
lowest, there is a corresponding decrease 
in lactobacillus abundance, increasing the risk of 
vaginal infections. In the follicular phase, a surge in 
estrogen levels allows lactobacilli to predominate. 
During the luteal phase, lactobacillus levels 
decrease, predisposing the women for an elevated 
risk of Bacterial Vaginosis (BV) and yeast infections 
[33,34]. 

VMB is categorised into 7 distinct Community State 
Types (CSTs), distinguished by their dominant 
microbial species, through using high-throughput 16 
s rRNA gene sequencing. In healthy women, CST I 
and CST V are dominant. CST IV B are associated 
with higher proportion of anaerobes Atopobium, 
Prevotella, Parvimonas, Gardnerella, Megasphera, 
Ruminococcaceae, Mobiluncus, Sneathia, and 
empty of Lactobacillus spp. During HPV infections, 
CST II prevails and enhances HPV clearance[35-38] 
[Fig 3].  

The main mechanisms by which Lactobacillus 
species protect the female reproductive system 
include: (i) competition with pathogens for vaginal 
epithelium adhesion due to steric hindrance or 
specific blockage of the receptor site, (ii) inhibition 
of pathogen migration and progression of epithelial 
integrity by up-regulating tight junction proteins, 
(iii) prevention of growth and expansion of 
pathogens by lactic acid production and acidifying 
vaginal environment, (iv) production of bacteriocins 
and hydro-gen peroxide  (H2O2) which have 
antimicrobial effect, (v) developing the autophagy 
of cells infected by pathogens and help their 
elimination, and (vi) modulation of local defense. 
[39-42]. 
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Figure 2: A woman’s Vaginal Microbiota (VMB) is dynamic and undergoes changes throughout her life. 

Lactobacillus levels peak at birth and then gradually reduces. Hormonal fluctuations occur during 
menstrual cycle and pregnancy alter the VMB. Other factors like genetics, stress, hygenic status, obesity 

contribute to diversification of VMB 

 
Figure 3:  Classification of VMB 

 
Flora Structure Shifts in HPV Infection and 
Cervical Cancer 

Global researchers have summarised the molecular 
mechanism of bacterial carcinogenesis into 5 
categories: Chronic toxin induced damage, 
epithelial- mesenchymal transition, DNA damage, 
cell cycle regulation and modulation of apoptosis 
[43-47]. 

HPV Infection is the primary cause of cervical 
cancer, only 10% progresses to CIN or Invasive 
Cervical Carcinoma (ICC), with majority of 
infections self-resolving.  

High risk Hr HPV correlates with High grade 
Squamous Intraepithelial Lesions (HSIL) and is 
associated with anaerobic bacteria like Atopobium, 
Clostridium and Enterococcus and BV, leading to 
increased diversity of VMB in disease.There is a 
marked fall in lactobacilli and hence, raised vaginal 
pH, thereby, diminishing resistance to pathogens. L. 
crispatus which produces H2O2 thereby, enhancing 
pathogen elimination [48]. L. iners secretes a 
cytotoxin, inerolysin similar to vaginolysin from 
Gardnella (BV) [49].  VMB with dominance 
displayed by L. iners is associated with high risk of 
HPV, CIN and ICC. 
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Figure 4: Vaginal microbiota composition in health and disease: Under healthy conditions, the VMB is 
dominated by lactobacilli (L. crispatus which produces H2O2production) thereby, enhancing pathogen 
elimination and providing effective protection. However, in the presence of cervical epithelial lesions, 

microenvironment is disrupted and lactobacilli are depleted. Consequently, dysregulated immune 
responses ensue, causing chronic inflammatory damage. These changes further compromise the integrity 

of the cervical epithelium, exacerbating HPV infection and promoting tumour progression 
 
Vaginal microbiome modulation approaches 

Novel approaches to modulate VMB include 
probiotics, prebiotics, vaginal microbiota 
transplantation (VMT), and biofilm disruptors 
[50,51]. 

Role of Probiotics in the treatment of HPV, CIN 
and Cervical Cancer 
Probiotics are considered as live microorganisms in 
the form of supplements or within a food product 
that when administered in sufficient amounts confer 
a health benefit to the host. benefit to the host [52]. 
These include living bacteria like Bifidobacteria, 
Lactobacillus, and Streptococci species [Fig 5] 
which can modify the composition of microbiota, 

enhance host immune response, used as an auxiliary 
to antibiotics. Lactobacillus rhamnosus GR-1 along 
with Limosilacto bacillusreuteri RC-14 increases the 
Lactobacillus dominance in VMB[7,30]. Prebiotics 
are non-digestible compounds that induce the 
growth or activity of beneficial microorganisms 
which include the fructo-oligosaccharise (FOS) and 
gluco-oligosaccharide (GOS), sugar alcohols, 
lactulose, inulin and raffinose [53]. 

In Cste et al. study, an intravaginal prebiotic gel was 
used and it effectively promoted the recovery after 
BV treatment. Hence, Pre and Probiotics seem to be 
a positive intervention. 

 

 
Figure 5: Micro-organisms involved in Probiotics 
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Improvement in Vaginal Microbiota 

Liu et al. (2024) found that in high risk HPV 
patients, probiotic treatment significantly increased 
the abundance of Firmicutes (the phylum containing 
Lactobacillus) while reducing Bacteroidetes and 
Actinobacteria levels. Lactobacillus abundance 
increased significantly, while reducing Prevotella 
and Gardnerella[54]. Hence, a shift towards 
healthier BMV. 

Di Pierro et al. reported that at baseline, 69% of 
participants exhibited poor Lactobacillus content 
(CST IV).After 90 days of oral L. crispatusM247, 
97% showed a Lactobacillus-dominated microbiota, 
with 33participants dominated specifically by L. 
crispatus (CST I). The bacterial richness (as 
measured byOperational Taxonomic Unit, OTU) 
decreased significantly from 35±9 to 18±5 post-
treatment[55]Ou YC etal. examined the effects of a 
combination of L. rhamnosusGR-1 and L. reuteri. 
The study group showed significant cytological 
improvements, in atypical squamous cells of 
undetermined significance (ASCUS) and low-grade 
squamous intraepithelial lesions (LSILs) [56]. 

Reduction of HPV Viral Load and Enhanced 
HPV Clearance Rate 
A randomized controlled study by Liu et al. reported 
a 12.13% higher HPV clearance rate in patients 
treated vaginally for five months with L. crispatus 
Chen-01 compared to the placebo group [54]. 

Verhoeven et al. used Yakult (containing L. 
caseistrain Shirota) as the probiotic ofchoice, 
reporting clearance rates of 25% at three months and 
29.2% at six months, compared to 7.7% and19.2% 
clearance in the placebo group. 

Improvement in Cytology and Inflammatory 
Status 

Dellino et al. reported significant resolution of 
cytological abnormalities within 12 months oforal 
administration of L. crispatus M247 [57]. 

Discussion 

The intricate interplay between the vaginal 
microbiota and cervical health has gained significant 
attention in recent years, especially regarding the 
persistence and clearance of high-risk human 
papillomavirus (HrHPV) infection. The evidence 
summarized in this review indicates that a balanced, 
lactobacillus-dominant vaginal microbiome plays a 
pivotal role in maintaining cervical epithelial 
integrity and immune surveillance, thereby limiting 
viral persistence and neoplastic transformation. 

Lactobacillus species, particularly L. crispatus, 
maintain vaginal pH and produce bacteriocins and 
hydrogen peroxide, creating a microenvironment 
that is unfavorable for the proliferation of anaerobes 

such as Gardnerella, Atopobium, Prevotella, and 
Sneathia. These anaerobes have been associated 
with chronic inflammation, epithelial barrier 
dysfunction, and local immunosuppression—factors 
that promote HPV persistence and progression to 
CIN and cervical carcinoma [48,49]. Furthermore, 
the emerging concept of the gut–vaginal axis 
underscores that dysbiosis in the gut can have 
systemic immunological repercussions that affect 
cervical microecology and HPV outcomes [18,19]. 
Clinical evidence supports the hypothesis that 
modulation of the vaginal microbiota using 
probiotics and prebiotics may enhance HPV 
clearance and regression of cervical dysplasia. 
Multiple studies have demonstrated increased 
Lactobacillus abundance, restoration of normal 
vaginal pH, and improved cytological profiles 
following probiotic supplementation, either orally or 
intravaginally [54–57]. The use of L. crispatus M247 
and L. rhamnosus GR-1 with L. reuteri RC-14 has 
yielded encouraging results, including higher HPV 
clearance rates, reduced inflammatory markers, and 
normalization of vaginal flora. Prebiotic 
formulations, by providing selective substrates for 
beneficial microbes, also offer synergistic benefits 
when combined with probiotics [53]. However, 
there remain certain limitations. Many of the current 
studies are small-scale, heterogeneous in design, and 
vary in dosage, duration, and strain specificity. The 
long-term sustainability of probiotic-induced 
microbiota changes and their direct correlation with 
regression of CIN2/3 or prevention of invasive 
carcinoma require further large-scale randomized 
controlled trials. Moreover, inter-individual 
varriation due to hormonal status, lifestyle, and 
immune factors continues to challenge uniform 
clinical outcomes. There is also a need to explore 
novel therapeutic strategies such as vaginal 
microbiota transplantation (VMT) and targeted 
biofilm disruptors as adjuncts to standard 
management of HPV-related dysplasia [50,51]. 
Taken together, while evidence remains preliminary, 
the immunomodulatory and microbiome-restorative 
effects of probiotics represent a promising 
adjunctive approach to existing preventive strategies 
such as vaccination and screening. The growing 
understanding of microbial ecology and host–
microbe interactions provides a foundation for 
future personalized microbiota-based interventions 
in cervical disease prevention. 

Conclusion\ 

The human cervico-vaginal microbiome plays a 
crucial role in determining the outcome of HPV 
infection and progression to cervical dysplasia. 
Restoration and maintenance of a Lactobacillus-
dominated vaginal ecosystem through probiotic or 
prebiotic supplementation show encouraging 
potential in promoting HPV clearance, improving 
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cytological abnormalities, and preventing 
recurrence [54–57]. While current evidence supports 
their beneficial role, standardized protocols 
regarding strain selection, dosing, and duration are 
lacking. Future large-scale, well-controlled clinical 
studies are warranted to validate these findings and 
establish microbiota modulation as a mainstream 
therapeutic strategy in HPV-associated cervical 
pathology. Integrating microbiome-targeted 
therapies with vaccination and early screening could 
represent a paradigm shift toward a more holistic 
approach in cervical cancer prevention and 
management. 
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