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Background: Cervical cancer remains a significant global health challenge, 
with increasing evidence suggesting the crucial role of vaginal bacteria in its 
development and progression. This study aims to analyze the global research 
landscape and trends in vaginal bacteria and cervical cancer research through 
bibliometric analysis.

Methods: Literature data were retrieved from the Web of Science Core 
Collection (WOSCC) database. Bibliometric analysis was performed using 
VOSviewer, CiteSpace, and R-bibliometrix to evaluate publication patterns, 
research collaboration networks, and emerging trends.

Results: A total of 372 publications were identified, showing an annual growth 
rate of 8.41%. China and USA emerged as leading contributors, with the Imperial 
College London and University of Arizona being the most productive institutions. 
Herbst-Kralovetz MM and Laniewski P were identified as the most influential 
authors, while BMC Infectious Diseases and Frontiers in Cellular and Infection 
Microbiology were the primary publication venues. Keyword co-occurrence 
analysis identified “bacterial vaginosis,” “women,” and “inflammation” as the 
most frequent terms, while burst detection revealed emerging research trends 
in “lactobacillus,” “intraepithelial neoplasia,” and “16 s rRNA gene sequencing.”

Conclusion: This bibliometric analysis provides comprehensive insights into 
the evolution and current status of vaginal bacteria research in cervical cancer, 
highlighting key research themes and collaborative patterns. These findings 
offer valuable guidance for future research directions and potential clinical 
applications in cervical cancer prevention and treatment strategies.
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Introduction

Cervical cancer remains a significant global health challenge, ranking as the fourth 
most common cancer in women worldwide (Sung et al., 2021). In 2020, an estimated 
604,000 new cases were diagnosed and 342,000 women died from the disease (Cao et al., 
2024). The burden is particularly severe in low- and middle-income countries, which 
account for approximately 90% of cervical cancer deaths (Arbyn et al., 2020). Despite 
advances in prevention and treatment, the disease continues to pose substantial healthcare 
and socioeconomic challenges, significantly impacting patients’ quality of life. Early 
detection and appropriate treatment significantly influence cervical cancer prognosis. The 
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standard screening approach combines cervical cytology and HPV 
testing (Perkins et al., 2023). Treatment strategies vary by disease 
stage, ranging from local excision for precancerous lesions to 
multimodal therapy incorporating surgery, radiotherapy, and 
chemotherapy for advanced cases, with 5-year survival rates 
declining from 92% for localized disease to 17% for metastatic cases 
(Cohen et al., 2019).

Despite these advances, significant challenges persist in 
understanding disease progression mechanisms. While HPV 
infection is necessary for cervical cancer development, only few 
infections progress to invasive cancer, suggesting crucial roles for 
additional cofactors (Schiffman and Wentzensen, 2013). Current 
research limitations include incomplete understanding of host–
microbe interactions in disease progression (Leon-Gomez and 
Romero, 2025) and insufficient predictive biomarkers for 
identifying high-risk precancerous lesions (Holcakova et  al., 
2021). These knowledge gaps hinder the development of more 
effective, personalized treatment approaches and 
prevention strategies.

While persistent human papillomavirus (HPV) infection is 
recognized as the primary etiologic factor, recent evidence suggests 
that the vaginal bacteria plays a crucial role in disease development 
and progression (Mitra et al., 2016). Studies have demonstrated that 
vaginal microbial dysbiosis may influence HPV persistence and 
cervical carcinogenesis through various mechanisms. For instance, 
specific bacterial communities can alter local immune responses and 
epithelial barrier function, potentially creating conditions favorable 
for viral persistence and oncogenic transformation (Łaniewski et al., 
2019). However, the complex interactions between vaginal microbiota, 
HPV infection, and cervical cancer development remain 
incompletely understood.

The vaginal bacteria has emerged as a potential biomarker for 
disease risk and progression, with studies demonstrating that specific 
microbial signatures may predict HPV persistence and cervical lesion 
development (Di Paola et al., 2017). Furthermore, microbiome-based 
therapeutic approaches, such as probiotics and microbiota 
modulation, are being investigated as novel treatment strategies 
(Norenhag et al., 2020). These advances suggest potential applications 
in disease screening, risk stratification, and personalized treatment 
approaches. However, the increasing volume and complexity of 
research make it challenging to identify key trends and emerging 
directions in this field.

Bibliometric analysis serves as a valuable tool for evaluating 
research impact and trends, offering quantitative insights into 
scientific literature development (Chen, 2017). Previous bibliometric 
studies have analyzed cervical cancer research from different 
perspectives, including global research trends in HPV and cervical 
cancer screening and early detection strategies (Khumalo et al., 2022) 
and treatment modalities (Duan et  al., 2024). However, no 
comprehensive bibliometric analysis has yet examined the 
intersection of vaginal bacteria research and cervical cancer.

This study aims to provide the first systematic bibliometric 
analysis of research linking vaginal bacteria to cervical cancer, 
examining publication trends, research hotspots, and emerging 
directions. Understanding these patterns will help researchers 
identify promising research directions and potential collaborative 
opportunities, ultimately advancing our understanding of how 

vaginal microbiota influence cervical cancer development 
and progression.

Materials and methods

Data source and collection

The literature data analyzed in this study was sourced from the 
Web of Science Core Collection (WOSCC) database. WOSCC is a 
comprehensive citation database developed by Clarivate Analytics, 
which has been indexing the world’s most impactful research outputs 
since 1900, covering high-quality academic journals in natural 
sciences, social sciences, arts and humanities (Zhang et al., 2020). The 
search was conducted on November 6, 2024, with the following search 
strategy: (TS = ((genital OR vagin) AND (“microbiota” OR 
“microbiome” OR “vaginosis” OR “vaginoses” OR “vaginitis” OR 
“vaginitides” OR “lactobacill*” OR “monilia*” OR “candida” OR 
“candidiasis” OR “candidosis” OR “gardnerella”))) AND TS = (“cervical 
carcinoma” OR “cervical cancer” OR “cervical neoplasm” OR “cervical 
tumor” OR “cervical malignant”). The “Full Record and Cited 
References” format was chosen, and the selected literature was 
downloaded and saved as plain text files for subsequent analysis.

Data analysis and visualization

Three analytical tools were employed for bibliometric analysis: 
VOSviewer (Version 1.6.20), R-bibliometrix (Version 4.3.3), and 
CiteSpace (Version 6.3. R1). The following data were extracted for 
analysis: publication counts, citations, titles, author information, 
institutions, countries/regions, keywords, and journal metrics.

VOSviewer was utilized to analyze collaboration networks and 
generate visualization maps of keyword co-occurrence (Arruda et al., 
2022). In these visualizations, nodes represent individual elements 
(authors, institutions, countries, or keywords), with node size 
indicating frequency of occurrence. The connecting lines between 
nodes represent collaboration relationships or co-occurrence 
frequencies, with line thickness indicating the strength of these 
relationships. R-bibliometrix package was used to perform statistical 
analysis of scientific literature indices, including annual publication 
trends, country contributions, and journal impact metrics (Aria and 
Cuccurullo, 2017). CiteSpace was employed to identify research 
frontiers and emerging trends through burst detection analysis of 
keywords (Şahin and Yılmaz, 2022).

Several bibliometric indices were used to evaluate the academic 
impact of researchers and journals. The h-index, a measure of both 
the productivity and citation impact of a researcher, was calculated 
(Abbas, 2012). The g-index, which gives more weight to highly cited 
articles, was also computed (Egghe, 2006). Additionally, the m-index, 
calculated as the h-index divided by the number of years since the 
researcher’s first publication, was determined (Bažant and Nguyen, 
2023). The Journal Citation Reports (JCR) 2023 was consulted to 
obtain journal impact factors (IF) and quartile rankings, where 
journals are classified into quartiles (Q1-Q4) based on their IF 
ranking within their respective subject categories (Kosyakov and 
Pislyakov, 2024; Rocha MOdC, 2013).
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Results

Temporal development and publication 
characteristics

According to our analysis of publication data from 1978 to 2024, 
this field has shown a continuous growth trend. The initial literature 
search identified 506 studies from the Web of Science Core Collection 
database. After systematic screening, 134 records were excluded based 
on the following criteria: review articles (n = 102), meeting abstracts 
(n = 10), early access publications (n = 4), editorial materials (n = 2), 
proceeding papers (n = 8), letters (n = 3), book chapters (n = 1), 
retracted publication (n = 1), and non-English publications (n = 6). 
The final analysis included 372 studies (Figure 1). The annual growth 
rate was 8.41%. During the initial stage spanning 1978–2000, research 
activity was relatively low, with annual publications generally 
remaining under 2 papers per year. The steady growth stage from 2001 
to 2015 saw annual publications gradually increase, reaching around 
10–15 papers per year. Finally, the rapid development stage from 2016 

to 2024 witnessed a sharp increase in publications, with annual output 
exceeding 30 papers and reaching a peak of 53 papers in 2022. The 
cumulative number of publications reached 372 by 2024 (Figure 2).

The analysis identified 203 publication sources, with an 
international co-authorship rate of 23.12% and an average of 7.39 
co-authors per document. Among the 2,436 contributing authors, 
only 8 papers were single-authored. The publications generated 10,393 
references and averaged 21.46 citations per document, with a mean 
document age of 6.8 years. Author keyword analysis revealed 784 
unique terms.

Global research distribution and 
collaboration networks

Based on bibliometric analysis of global research output, a total 
of 20 productive countries or regions contributed to vaginal 
bacteria and cervical cancer research (Supplementary Table  1; 
Figure 3A). China emerged as the leading contributor with 111 

FIGURE 1

Literature screening flowchart for vaginal bacteria and cervical cancer research publications.
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articles (29.8% of total publications), followed by USA with 70 
articles (18.8%). UK ranked third with 17 articles (4.6%). Analysis 
of international collaboration patterns revealed different 
cooperation intensities among countries. South  Africa 
demonstrated the highest international collaboration rate with an 
MCP ratio of 0.75, followed by Belgium (0.714) and Nigeria (0.667). 
In terms of citation impact, USA accumulated the highest total 
citations (2328), ranking first in citation performance. Belgium 
achieved the highest average citations per paper (95.3), while 
China, despite having the most publications, averaged 9.7 citations 
per paper.

The visualization network map illustrated that USA acted as a 
central hub for international collaboration with the highest total 
link strength of 66, forming strong cooperative links with 
European countries and China. The UK demonstrated the second 
strongest international collaboration network with a total link 
strength of 30, followed by Belgium (21) and Sweden (20). Among 
Asian countries, China showed moderate international 
connectivity with a total link strength of 12, while Japan had 
relatively limited international collaboration (total link 
strength = 6). Major European countries like France (15), Greece 
(17), and Denmark (12) maintained stable collaborative networks. 
This pattern suggests that while European countries formed 
interconnected research clusters, Asian countries showed 
relatively independent research patterns with lower international 
collaboration intensity (Figure 3B).

Institutional research capacity and 
partnership patterns

The Imperial College London, University of Arizona, and 
University of California System emerged as the leading institutions, 
each contributing 20 publications to the field. The University of Cape 
Town followed with 18 publications, while Fudan University and 
University of Puerto Rico each produced 16 publications. Among 

Chinese institutions, Peking Union Medical College made notable 
contributions with 15 publications (Figure 4A).

The visualization network revealed distinct color-coded 
institutional clusters. The orange cluster was centered around 
University of Arizona, forming strong linkages with Maricopa 
Integrated Health System and US Oncology. The green cluster was 
dominated by University of California institutions and their 
affiliated campuses. The red cluster predominantly consisted of 
Chinese institutions, including Chinese Medical Sciences 
institutions and Fudan University. The purple cluster included 
institutions like University of Cape Town and University of 
Washington, while the light blue cluster was centered around China 
Medical University. In terms of collaboration strength, the 
University of Arizona demonstrated the highest connectivity (total 
link strength = 13), followed by Dignity Health St. Joseph’s Hospital 
& Medical Center and US Oncology (both with total link 
strength = 11). Imperial College London, Lund University, and 
University of Washington each showed strong collaborative ties 
(total link strength = 10). Among Chinese institutions, China 
Medical University (total link strength = 7) and various Chinese 
Academy institutions (total link strength = 6) displayed moderate 
connectivity. While regional collaborations were strong within 
clusters, cross-regional partnerships were also evident, particularly 
between North American and European institutions, though 
Chinese institutions showed relatively limited international 
connectivity despite their strong internal collaboration patterns 
(Figure 4B).

Research leadership and collaborative 
research groups

Herbst-Kralovetz MM and Laniewski P emerged as leading 
contributors, each with an h-index of 7 and 436 total citations. Zhang 
Y demonstrated the highest productivity with 8 total publications (TP) 
and ranked first in TP rank, though ranking tenth in total citations 

FIGURE 2

Annual publication trends of vaginal bacteria and cervical cancer research from 1978 to 2024.
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with 115. Kyrgiou M, despite having fewer publications (TP = 5), 
achieved the highest citation impact with 903 total citations 
(Supplementary Table 2).

The visualization network map demonstrates four distinct color-
coded collaboration clusters. Among these, three researchers—Apresa-
Garcia Teresa, Lopez-Romero Ricardo, and Salcedo Mauricio—showed 

FIGURE 3

Geographic distribution and international collaboration network among vaginal bacteria and cervical cancer publications. (A) Global distribution map 
of publications by country/region. (B) International collaboration network visualization, where node size indicates publication volume and line 
thickness represents collaboration strength.
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the highest collaboration intensity (total link strength = 35 each). The 
next tier of collaborative strength included Mezzari Melissa and Xue 
Fengxia (total link strength = 29 each). A group of researchers including 
Bekker Linda-Gail, Godoy-Vitorino Filipa, Kyrgiou M, Paraskevaidis E, 
Passmore Jo-Ann S, and Romaguera Josefina all demonstrated strong 
connectivity (total link strength = 26 each) (Figure 5).

Publication venues and knowledge 
dissemination patterns

The journal co-occurrence network revealed four distinct clusters 
differentiated by colors. BMC Infectious Diseases, Frontiers in Cellular 
and Infection Microbiology, and PLOS ONE led with the highest 

FIGURE 4

Institutional analysis and collaboration patterns in vaginal bacteria and cervical cancer. (A) Distribution of publications among top 10 contributing 
institutions. (B) Inter-institutional collaboration network visualization, with node size representing publication count and connecting lines indicating 
collaborative relationships.
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h-indices of 8. The American Journal of Obstetrics and Gynecology 
showed the highest impact factor of 8.7, followed by Journal of Medical 
Virology (6.8) and Frontiers in Cellular and Infection Microbiology 
(4.6). In terms of publication volume, Frontiers in Cellular and 
Infection Microbiology and PLOS ONE shared the highest output with 
15 papers each. PLOS ONE garnered the highest total citations (517), 
followed by Scientific Reports (368) (Supplementary Table 3). The 
earliest contributing journal was the Journal of Medical Microbiology, 
which began publishing relevant research in 1982. The visualization 
network in Figure 6 shows four main journal clusters, with Scientific 
Reports, PLOS ONE, and BMC Infectious Diseases forming central 
nodes within their respective clusters. The citation links between 
journals demonstrate that biomedical and clinical medicine journals 
served as primary knowledge sources in this field.

Most cited publications

Analysis of citation impact identified several landmark papers that 
have shaped the field (Supplementary Table 4). The most cited article 
(511 citations, TC per year 30.06) was published in BMJ in 2008, titled 
“Perinatal mortality and other severe adverse pregnancy outcomes 
associated with treatment of cervical intraepithelial neoplasia: meta-
analysis” (Arbyn et  al., 2008). The second most cited paper (304 
citations, TC per year 30.40), “Cervical intraepithelial neoplasia 
disease progression is associated with increased vaginal microbiome 
diversity,” was published in Scientific Reports in 2015 (Mitra et al., 
2015). The third highest cited work (280 citations, TC per year 40.00), 
“The natural history of human papillomavirus infection,” appeared in 
Best Practice & Research Clinical Obstetrics & Gynaecology in 2018 (de 
Sanjose et al., 2018).

Thematic evolution and research focus 
areas

The keyword co-occurrence network reveals distinct research 
themes in vaginal bacteria and cervical cancer studies. The analysis 
identified “bacterial vaginosis” (108 occurrences, link strength 439), 
“women” (94 occurrences, link strength 398), and “cancer” (73 
occurrences, link strength 306) as the most prominent terms. The 
visualization software classified keywords into six thematic clusters 
(Figure 7A): Cluster 1 (Clinical Epidemiology and Risk Assessment, 
red, 20 items) focused on “bacterial vaginosis,” epidemiology and 
clinical aspects, with key terms including “risk factors,” “pregnant 
women” and “ureaplasma urealyticum”; Cluster 2 (Microbial 
Community Dynamics, green, 20 items) concentrated on 
“microbiome” characteristics, featuring “diversity,” “bacteria” and 
“lactobacillus”; Cluster 3 (Cervical Disease Progression, blue, 9 items) 
covered “cervical cancer” and related conditions, including “neoplasia,” 
“persistence” and “cytology”; Cluster 4 (Diagnostic and Detection 
Methods, yellow, 8 items) emphasized diagnostic aspects, with terms 
like “diagnosis,” “coinfection” and “trichomonas vaginalis”; Cluster 5 
(Viral-Host Interactions, purple, 8 items) focused on viral factors, 
including “human papillomavirus,” “hiv” and “lesions”; and Cluster 6 
(Inflammatory Pathways, light blue, 6 items) addressed inflammatory 
conditions, featuring terms such as “inflammation,” “high risk” and 
“disease.” These clusters demonstrate the multifaceted nature of 
research in this field, encompassing microbial, clinical, and 
pathological aspects of vaginal health and cervical cancer.

The citation burst analysis (Figure 7B) revealed the evolution of 
research hotspots from 1978 to 2024. Early research emphasis was on 
“cervical dysplasia” (1994–2009, strength 1.7) and “epidemiology” 
(2006–2013, strength 2.26). Mid-period bursts included “infection” 

FIGURE 5

Author collaboration network visualization in vaginal bacteria and cervical cancer.
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FIGURE 6

Journal analysis network in vaginal bacteria and cervical cancer. (A) Distribution and relationship of publishing journals based on citation patterns. 
(B) Journal bibliographic coupling network showing research theme clusters.
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(2009–2010, strength 2.44) and “DNA” (2011–2015, strength 1.77). 
During 2014–2016, there was significant interest in “HPV” (strength 
3.67) and related terms. Recent burst keywords (2020–2024) included 
“lactobacillus” (strength 2.2), “intraepithelial neoplasia” (strength 
2.25), “genital inflammation” (strength 1.65), and “16 s rRNA gene 
sequencing” (strength 1.3) (Figure 8).

Discussion

This bibliometric analysis reveals significant growth in vaginal 
bacteria and cervical cancer research from 1978 to 2024, with 372 
publications and an 8.41% annual growth rate. The field shows 
increasing international collaboration, evidenced by a 23.12% 
international co-authorship rate and an average of 7.39 co-authors per 
document. The three most cited papers reflect the field’s key research 
priorities: clinical outcome assessment of cervical treatments (511 
citations), microbiome diversity in disease progression (304 citations), 
and HPV infection natural history (280 citations), demonstrating the 
evolution from clinical observations to mechanistic understanding of 
microbiome-disease relationships.

Global research contributions show distinct regional patterns. 
High and upper-middle-income countries, such as China and USA, 
lead publication output, reflecting their substantial investment in 
women’s health research infrastructure (Fung et al., 2015), although 
most of the cervical cancer cases are in the low- and middle-income 
countries (Arbyn et al., 2020). Consequenly, progress in terms of a 
reduction in cervical cancer incidence and mortality, has thus far been 
observed predominantly in high and upper-middle-income countries, 

where high-quality screening, timely treatment, and follow-up care 
services are routinely available (He and Li, 2021). Besides, incidence 
of cervical cancer was three times higher in countries with low Human 
Development Index (HDI) than countries with very high HDI, 
whereas mortality rates were six times higher in low HDI countries 
versus very high HDI countries (Singh et al., 2023).

The higher citation impact of U. S. publications compared to 
Chinese publications suggests differences in research focus and 
international visibility. The institutional analysis reveals concentrated 
expertise in specific regions. The University of California System’s 
prominent role aligns with its historical strengths in microbiome 
research and gynecologic oncology (Knight et al., 2018). Chinese 
institutions, led by Peking Union Medical College, demonstrate 
substantial contributions but relatively isolated collaboration 
patterns, indicating potential opportunities for enhanced 
international partnerships. Key researchers have shaped distinct 
research directions. Herbst-Kralovetz and Laniewski’s high citation 
rates reflect their pioneering work in vaginal bacteria characterization 
(Hummelen et  al., 2011), while Kyrgiou’s impact stems from 
systematic investigations of cervical cancer risk factors (Kyrgiou 
et al., 2017). The prominence of specialized journals reflects the field’s 
interdisciplinary nature. BMC Infectious Diseases and Frontiers in 
Cellular and Infection Microbiology have emerged as leading 
platforms, suggesting growing interest in microbiome-related 
research in oncology. This aligns with broader trends in microbiome 
research applications in cancer biology. The high impact factor of the 
Journal of Medical Virology indicates the importance of viral factors 
in cervical cancer pathogenesis, particularly regarding HPV infection 
mechanisms (Furumoto and Irahara, 2002).

FIGURE 7

Keywords analysis in vaginal bacteria and cervical cancer.
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The keyword co-occurrence analysis reveals complex research 
landscapes across these six clusters, with research focused primarily 
on establishing clinical associations within Cluster 1 (Clinical 
Epidemiology). Clinical studies demonstrated that women with 
bacterial vaginosis showed a 2–3 fold increased risk of acquiring 
sexually transmitted infections and developing cervical intraepithelial 
neoplasia (22). This fundamental finding was further supported by 
Castle et al. (27), who specifically quantified a 2.5-fold increased risk 
of cervical intraepithelial neoplasia (CIN2+), while Watts et al. (28) 
identified specific bacterial taxa associated with dysplastic progression.

A significant advancement in Cluster 2 (Microbial Community 
Dynamics) came when Ravel et  al. (2011) characterized five 
community state types (CSTs) of vaginal microbiota: four dominated 
by different Lactobacillus species (CST I, II, III, V) and one diverse 
type (CST IV) featuring anaerobic bacteria characteristic of bacterial 
vaginosis. CST IV, marked by high proportions of Gardnerella, 
Prevotella, and other anaerobes with depleted Lactobacillus, was 
associated with increased risk of both HPV infection and cervical 
dysplasia (Di Paola et  al., 2017). This taxonomic and clinical 
foundation was later expanded by mechanistic investigations.

The strong co-occurrence between Clusters 1 and 6 is evidenced 
by “bacterial vaginosis” linking with both “hpv” and “inflammation” 
in our network analysis, reflecting emerging understanding of how 
vaginal dysbiosis may create a microenvironment conducive to viral 
persistence and neoplastic transformation. This progression from 
clinical associations to molecular mechanisms represents a key 
advancement in understanding the vaginal bacteria’s role in cervical 
cancer development.

The network connections between Clusters 2 and 5 (Viral-Host 
Interactions) reveals an interesting dichotomy in research approaches. 

While some studies focus on direct viral-bacterial interactions, others 
examine broader ecological disruptions. Łaniewski et al. (2019) found 
that HPV infection correlates with increased microbial diversity and 
decreased Lactobacillus abundance, specifically noting a reduction in 
L. crispatus and L. jensenii. Di Paola et al. (2017) demonstrated that 
L. crispatus depletion, rather than overall community diversity, 
strongly correlates with HPV persistence, as this species produces 
high levels of D-lactic acid maintaining vaginal pH below 4.5. These 
seemingly conflicting findings were reconciled by Champer et  al. 
(2018), who showed that while L. crispatus provides direct antiviral 
effects through lactic acid production, overall community stability 
prevents the overgrowth of anaerobes that produce 
harmful metabolites.

The research themes in Cluster 6 (Inflammatory Pathways) reveals 
complex microbe-host interactions mediated by specific bacterial 
metabolites. Valenti et al. (2018) identified that BV-associated bacteria, 
particularly Gardnerella vaginalis and Prevotella bivia, produce short-
chain fatty acids (primarily succinate and acetate) and polyamines 
(cadaverine, putrescine) that significantly alter the local immune 
environment. These metabolites trigger NOD-like receptor activation 
in cervical epithelial cells, leading to increased production of 
pro-inflammatory cytokines IL-1β, IL-6, and IL-8. Mitra et al. (2016) 
further demonstrated that these inflammatory patterns correlate with 
disease progression, showing that women with cervical intraepithelial 
neoplasia grade 2 + (CIN2+) had significantly elevated levels of IL-1β 
(2.3-fold) and TNF-α (1.8-fold) compared to controls. Additionally, 
they found that succinate-producing bacteria were enriched 3.5-fold 
in CIN2 + cases.

The bidirectional relationship between inflammation and 
microbial composition, bridging Clusters 2 and 6, was elucidated by 

FIGURE 8

Timeline view of the top 20 keywords with the strongest citation bursts from 1978 to 2024.
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Shannon et al. (2017), who showed that pre-existing inflammatory 
conditions, characterized by elevated pro-inflammatory cytokines 
(particularly IL-1β > 200 pg./mL), significantly reduced Lactobacillus 
abundance while promoting the growth of anaerobes. This creates a 
feedback loop where inflammation-induced changes in the microbial 
community lead to increased production of pro-inflammatory 
metabolites, further perpetuating the inflammatory state. Specifically, 
they observed that sustained inflammation resulted in a 4-fold 
increase in Gardnerella vaginalis and a 3-fold increase in Atopobium 
vaginae abundance, while reducing L. crispatus levels by 60%.

The strong co-occurrence of “bacterial vaginosis” with both “hpv” 
and “inflammation” in our network analysis reflects this emerging 
understanding of how vaginal dysbiosis may create a 
microenvironment conducive to viral persistence and neoplastic 
transformation. This progression from clinical associations to 
molecular mechanisms represents a key advancement in 
understanding the vaginal bacteria’s role in cervical 
cancer development.

In a further step, the temporal analysis of keyword bursts reveals 
the evolution of vaginal bacteria research in cervical cancer from 
initial pathological observations to mechanistic understandings. The 
temporal evolution of keyword bursts reveals the progression of 
research focus in this field.

The temporal analysis shows how research evolved across these 
clusters, particularly in Cluster 4 (Diagnostic and Detection Methods). 
The “epidemiology” burst marked the transition to population-level 
investigations of vaginal bacteria patterns in cervical disease. Stoler 
et al. (1992) conducted a meta-analysis of 12 studies involving 6,372 
women, establishing a significant association between bacterial 
vaginosis and HPV infection (pooled OR 1.43, 95% CI 1.11–1.84). 
This period also saw the emergence of large-scale studies 
characterizing vaginal bacteria profiles across diverse populations, 
with Arbyn et al. (2011) identifying five distinct community state 
types (CSTs) and their associations with cervical health outcomes.

A significant advancement occurred during 2014–2016, when 
“HPV” showed an intense burst, coinciding with deeper investigations 
into virus-microbiome interactions. Franceschi et al. (2009) revealed 
that HPV-positive women showed a 2-fold increase in 
non-Lactobacillus-dominant communities compared to HPV-negative 
controls. Sankaranarayanan et al. (2009) further demonstrated that 
persistent HPV infection was associated with a 3.5-fold decrease in 
L. crispatus abundance and increased anaerobic diversity. Following 
these epidemiological observations, mechanistic studies revealed 
L. crispatus as a key protective species, operating through multiple 
pathways including bacteriocin production, epithelial barrier 
maintenance, and pH regulation. These molecular mechanisms 
collectively establish Lactobacillus species as promising therapeutic 
targets in cervical disease prevention (Doorbar et al., 2015).

The emergence of “16 s rRNA gene sequencing” (2022–2024) 
alongside “genital inflammation” (2022–2024) has enabled 
unprecedented resolution in microbiome-immune interaction studies. 
Multi-omic analyses combining 16S sequencing with metabolomics 
have identified specific microbial signatures associated with cervical 
health and disease states. Mitra et al. (2016) used this approach to 
demonstrate that bacterial vaginosis-associated anaerobes, precisely 
identified through 16S sequencing, produce specific metabolites that 
may promote oncogenesis through DNA damage pathways. These 
metabolites were shown to decrease expression of tumor suppressor 

proteins and increase inflammatory mediators in cervical epithelial 
cells (Wentzensen et al., 2016; Thomas et al., 2024).

The “intraepithelial neoplasia” (2021–2022) research trend 
highlights the crucial pre-cancerous stage in cervical cancer 
development. Cervical intraepithelial neoplasia (CIN) represents a 
spectrum of pre-malignant changes, with approximately 10–15% of 
high-grade lesions progressing to invasive cancer if left untreated 
(Schiffman et  al., 2007). Studies have demonstrated that the 
progression from low-grade (CIN1) to high-grade lesions (CIN2/3) is 
associated with specific shifts in microbial communities. An analysis 
of 273 women by Mitra et  al. (2015) found that increasing CIN 
severity correlates with decreasing Lactobacillus abundance and 
increasing microbial diversity. Similar findings were reported by Oh 
et  al. (2015), who observed that women with CIN2 + showed 
significant reductions in L. crispatus compared to those with normal 
cytology. Citation analysis reveals a clear progression from basic 
science discoveries to clinical validation studies, with increasing focus 
on identifying microbiome signatures that could predict CIN 
progression risk. The impact of this research is reflected in clinical 
practice, with recent cervical cancer screening guidelines 
incorporating microbiome-based assessments as complementary tools 
for CIN management (Gao et al., 2023; Ni et al., 2024).

The temporal evolution of keyword bursts in vaginal bacteria 
research reflects a remarkable progression from descriptive studies to 
sophisticated mechanistic understanding. The transition from early 
keywords like “cervical dysplasia” (1994–1999) through 
“epidemiology” (2006–2013) to recent bursts in “Lactobacillus” (2020–
2021) and “16 s rRNA gene sequencing” (2022–2024) demonstrates 
the field’s maturation. This progression has revealed critical insights 
into microbiome-host interactions, particularly the protective 
mechanisms of Lactobacillus species and their metabolites in cervical 
health. The convergence of multiple research directions, evidenced by 
concurrent bursts in inflammation-related terms and “intraepithelial 
neoplasia” (2021–2022), has established a comprehensive framework 
linking microbial communities, host immunity, and disease 
progression. These advances have not only enhanced our fundamental 
understanding but also opened promising avenues for microbiome-
based therapeutic interventions and diagnostic strategies in cervical 
cancer prevention and treatment.

Strengths and limitations

This study offers significant strengths through its 
comprehensive bibliometric analysis spanning multiple decades, 
providing a longitudinal perspective on research evolution, and its 
integration of citation analysis with content review, enabling 
identification of both influential works and emerging research 
frontiers. However, several limitations should be noted: the reliance 
on citation counts as a metric of impact may underestimate the 
clinical significance of recently published works or practice-
changing studies that have not yet accumulated substantial 
citations, and the exclusion of non-English publications and gray 
literature might have omitted relevant research contributions, 
particularly from regions with significant disease burden but 
limited English-language publications. Additionally, although our 
search strategy included broad terms to maximize bacterial, some 
species may have been missed. Similarly, cervical intraepithelial 
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neoplasia, a kind of precancerous lesions of cervical cancer, was 
miss in our search strategy, which may introduce the bias into the 
results. Given the limited literature on non-HPV microbes in 
cervical cancer, this omission likely does not affect overall 
bibliometric trends.

Conclusion

This bibliometric analysis of vaginal bacteria and cervical cancer 
research (1978–2024) identified 372 publications. Research evolved 
from descriptive studies to mechanistic investigations, revealing six 
major research clusters: clinical epidemiology, microbial community 
dynamics, disease progression, diagnostic methods, viral-host 
interactions, and inflammatory pathways. Key research trends 
progressed from basic bacterial vaginosis studies to sophisticated 
analyses of Lactobacillus protective mechanisms and inflammatory 
responses. These findings highlight promising directions for 
microbiome-based approaches in cervical cancer prevention, 
diagnosis, and treatment, offering valuable guidance for future 
research and clinical applications.
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