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Abstract. Background and aim: Ovarian cancer (OC) remains the most lethal gynecological malignancy, al-
though advancements in treatment strategies. Emerging data suggested the potential role of ovarian micro-
biota in ovarian cancer pathogenesis. The objective of this review and meta-analysis is to analyze available 
literature to investigate this correlation. Methods: According to the recommendations in the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement, the Pubmed database and 
the Embase database were searched in February 2024. No limitation of the countries was considered. Results: 
Twenty-seven studies met the inclusion criteria. Five thousand and fourteen ovarian carcinoma cases were in-
cluded of which 1659 (33.1%) showed dysbiosis. The fixed-effect model and the random-effect model showed 
no significant correlation between ovarian cancer patients and dysbiosis (p<0.001 and p<0.001 with 95% 
Confidence Interval 0.21-0.35 and effect size 0.28, respectively). The heterogeneity between studies was high 
with an I2 of 95.76% (p<0.001). Conclusions: Our meta-analysis suggests no significant difference in dysbiosis 
prevalence between OC patients and controls. Considering the substantial heterogeneity found, more studies 
with control groups and precise methodologies are needed to further evaluate the potential role of the ovarian 
microbiota in the OC. (www.actabiomedica.it)
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Introduction

Ovarian cancer is the most lethal gynecological 
malignancy in women worldwide and represents the 
fifth most common malignancy (1, 2) with a 5-year 
standardized survival rate of 30–40% (3). Patients 
often present with advanced-stage disease and intra-
peritoneal dissemination due to the asymptomatic 

clinical course, lack of effective screening methods, 
and not well defined etiologic factors (4). Except for 
the known association between BRCA1/2 mutations 
and increased ovarian cancer risk, which accounts for 
approximately 10-15% of ovarian cancers (5), cur-
rent knowledge of ovarian carcinogenesis is sparse 
(6). More recently, the scientific gynecologic oncol-
ogy community turned its attention to new potential 
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pathogenetic factors, highlighting the possible correla-
tion between cancer and patterns of microbial organ-
isms colonizing affected organs. In non-gynecological 
cancer, this correlation is well established for chronic 
inflammation such as Helicobacter pylori-related to gas-
tric adenocarcinoma (7). In a gynecological setting, 
the focus is usually on the involvement of the vaginal 
microbiota, as evidenced by its role in the mediators 
mechanism of the persistence of human papillomavi-
rus (HPV) infection (8). In this regard, dysbiosis, de-
fined as a numerical and/or qualitative alteration of a 
microbial population, may represent a crucial factor in 
the development of ovarian cancer. Of particular in-
terest is the potential role of bacterial presence. Chla-
mydia trachomatis is associated with salpingitis and 
pelvic inflammatory disease (PID) (9). These condi-
tions have been shown to be associated with an in-
creased risk of ovarian cancer(10), and this bacterium 
is often detected in ovarian tumor tissue (11). Ovarian 
“oncobiome” has also been used in terms of virus ex-
pression in the tumor tissue, suggesting the possibil-
ity of virus’ implication in tumor carcinogenesis and 
progression. In this regard, some authors investigated  
the potential role of Cytomegalovirus (CMV) and 
Epstein-Barr virus (EBV) in ovarian cancer pathogen-
esis, based on the theory that these viruses are implicated 
in the development of non-gynecological malignancies 
(12). Lastly, the association between high-risk HPV 
infection and epithelial malignancies, such as cervical 
cancer (13) and squamous cell carcinoma of the head 
and neck (14), has been well established. However, 
its involvement in ovarian cancer is still controversial  
(15). On this evidence, it is unclear whether the dysbi-
osis may play a role in the etiopathogenesis of ovarian 
cancer. Thus, the goal of this review and meta-analysis 
is to collect and analyze available literature to offer an 
up-to-date and rigorous overview of this topic.

Materials and methods

This systematic research has been performed 
in agreement with the Preferred reporting items for 
Systematic Reviews and Meta-analysis (PriSMa) 
statements (16). The study was registered with the 
International Prospective Register of Systematic 

Reviews (PROSPERO) under the registration 
number:CRD42024600403. A comprehensive litera-
ture research on electronic databases (MEDLINE and 
PubMed Databases) was conducted from inception 
until February 2024. The primary research strategy was 
identified with the use of a combination of the follow-
ing medical relevant headings terms (MeSH) and key-
words: “ovarian cancer and dysbiosis”, “inflammatory 
disease and ovarian cancer”, “infections and ovarian 
cancer”, “HPV and ovarian cancer, “sexual infections 
and ovarian cancer”, “microbiota and ovarian cancer” 
and “viral infections and ovarian cancer”. Studies that 
were not in line with the aim of the study, case reports, 
papers based on animal models or laboratory studies, 
and non-English language articles were excluded. Ti-
tles and abstracts were screened. Articles reporting data 
on ovarian cancer and dysbiosis or infection disease 
were obtained in full for further evaluation. The elec-
tronic research and the eligibility of the studies were 
independently assessed by two of the authors (SMC, 
GC). In addition, references in the included articles 
were reviewed to identify additional eligible articles. 
Differences were discussed with a third reviewer (AE) 
for data extraction. The main findings considered in 
the present review were author, year of publication, the 
study design, the number of patients included in each 
study, and information about the infections (infection 
agents and type of sample). After the initial research, a 
total of 10278 titles were extracted from the Pubmed 
database and MEDLINE databases using the key-
words previously mentioned. After the first revision, 
505 unique studies were extracted. After further revi-
sion, 32 articles were selected, out of which 26 stud-
ies were ultimately eligible for the present metanalysis 
following a full-text evaluation. The selection process 
is illustrated in Figure 1.

Statistical analysis

Continuous variables are reported as numbers and 
percentages. Random-effect and fixed-effect models 
are used for the analysis of the results. The event rate 
(presence of dysbiosis in ovarian cancer patients) is 
used as the effect size type. The Trim and Fill methods 
are used for the publication bias analysis. The variation 
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in study outcomes between studies is evaluated by the 
I2 test in heterogeneity analysis. An I2 test < 50% was 
interpreted as low heterogeneity. Prometa Software 
version 3.0 was used for the analyses.

Results

Of the 10278 studies initially screened, 27 met 
the inclusion criteria. Five thousand and fourteen 

Figure 1. Prisma flow diagram.
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cancer risk. Authors measured antibodies to CT and 
Mycoplasma Genitalium (MG) in serum samples of 484 
patients matched 1:1 to controls; no correlation was 
found between seropositivity and ovarian cancer sub-
types, except for a positive association between MG 
seropositivity and Mucinous Ovarian Cancer (p<.001). 
Similarly, Jonsson et al. (18) in a prospective case-control 
study matched the serology of 92 women with high-
grade serous ovarian cancer with 359 controls. Authors 
highlighted no significant correlations between previous 
Chlamydia infection and OC occurrence. The same evi-
dence was found by Ness et al. (19) in a large case series 
including 521 patients versus 766 controls. In contrast, 
R. Fortner et al. (11) in a case-control study included 
377 cases, showed that seropositivity to CM infection 
was associated with a two-fold increased risk of ovar-
ian cancer (RR: 2.07). A similar result was found by 
M. Laban et al. (20) analyzing 77 paraffin block speci-
mens retrieved from patients with serous ovarian cancer 
(30 cases), primary tubal serous cancer (25 cases), and 

ovarian carcinoma cases were included of which 1659 
(33.1%) showed dysbiosis. The fixed-effect model and 
the random-effect model showed no significant cor-
relation between ovarian cancer patients and dysbiosis 
(p<0.001 and p<0.001 with 95% Confidence Interval 
0.21-0.35 and effect size 0.28, respectively). Forest 
Plot is shown in Figure 2. The heterogeneity between 
studies was high with an I2 of 95.76% (p<0.001). Sen-
sitivity analysis with both random and fixed models 
was statistically significant (p<0.001) for all the studies.

Chlamydia trachomatis or other bacterial infections  
and ovarian cancer

Among the studies selected in our metanalysis, 
7 studies analyzed the correlation between chlamydia 
infection and ovarian cancer.

In a nested case-control study, Skarga et al. (17) 
investigated the role of sexually transmitted infections, 
specifically Chlamydia trachomatis (CT), in ovarian 

Figure 2. Forest Plot Analysis. ES: Effect Size; W: Weight; Sig.: Significance; N: Number of cases.
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tissues of patients with EOC, respectively, concluded 
that high-risk HPV is unlikely to be associated with 
EOC. P. Roos et al. (28) reported an incidence of 1.5% 
in 405 women with ovarian cancer, concerning HPV 
-positive ovarian samples. Among these HPV-positive 
ovarian cancer samples, all reads were type HPV-18. 
Likewise, M. Shokouh (29) reported the presence 
of HPV 16-18 in 208 specimens, including 68 ma-
lignant, 27 borderline, 65 benign, and 45 normal tis-
sues, through DNA extraction and PCR amplification. 
Lastly, Q. Wu et al. (30), using in situ hybridization 
(ISH) and immunohistochemistry (IHC) to detect 
the presence of HPV-16 and p53 expression, tested 54 
cases of ovarian tissue blocks (50 are epithelial cancer, 
4 are non-epithelial cancer) and 30 controls. Authors 
found that HPV-16 infection was significantly higher 
in cancer tissues compared to controls (p < .01), but 
a non-significant correlation between HPV-16 infec-
tion and histological types of cancer was found (P > 
0.05). Three of the included studies analyzed the role 
of HPV 16-18, and 33 infection in ovarian cancer. In 
94 patients with ovarian cancer included by F. Atalay 
et al. (31), HPV was found to be positive in 8 patients 
(8.5%), 6 patients had HPV type 16, and the remain-
ing 2 patients had HPV type 33. The same results were 
obtained by Z. Hassan (32), showing in a cohort of 100 
women with EOC, an HPV-prevalence of 10% with  
HPV-16 and HPV-18 as predominant genotypes, 
followed by HPV−33. Lastly, P. Zhang (33) collected 
paraffin-embedded ovarian tissue from 322 patients 
with EOC, 99 with ovarian benign tumors, and 199 
controls. Using PCR and direct sequencing to iden-
tify the HPV 18-33 types in the samples, the authors 
showed a higher prevalence of HPV18 and HPV33 in 
EOC group than in the normal group (p<.001). Fi-
nally, 6 of the included articles explored the role of a 
wide range of HPV subtypes in ovarian cancer patients. 
In summary, the authors showed a higher presence of 
HPV in patients with EOC than controls, suggesting 
a possible key role in ovarian cancer development.

Discussion

Despite advancements in treatment strategies, 
OC remains a significant challenge due to its high 

control specimens. CT- DNA was detected in 84% of 
high-grade tubal serous cancer, 16.7% of high-grade se-
rous ovarian cancer, and 13.3% in controls (p=0.0005). In 
a retrospective cohort study, Holster et al. (21) explored 
the role of CT infection in epithelial ovarian cancer 
(EOC) by analyzing chlamydial TroA, HtrA and major 
outer membrane protein(MOMP) IgG serum antibody 
responses. Results showed that women with immuno-
logical markers of persistent CT infection had better 
response to the first-line platinum-taxane treatment and 
better 3-Y-survival.In a large retrospective study A. Idahl 
et al. (22) investigated the hypothesis that past sexual 
-infection, particularly Chlamydia trachomatis, is associ-
ated with higher EOC risk, analyzing a cohort of 791 
cases and 1669 matched controls, also using serum an-
tibodies against CT and MG. Results highlighted that 
positive serology to CT- Pgp3 antibodies was not associ-
ated with EOC risk overall, but with a higher risk of the 
mucinous histotype (RR = 2.30 [95% CI = 1.22-4.32]).  
Lastly, H. Yang et al. (23) analyzed the expressions of 
16S rRNA and P37 protein from Mycoplasma hyorhinis 
in specimens obtained from 109 patients with ovarian 
cancer. The difference in the mycoplasma infection ratio 
between ovarian cancer tissues and normal samples was 
extremely significant (P < 0.001).

HPV and ovarian cancer

Eighteen studies included in our analysis exclu-
sively explored the potential association between HPV 
infection and ovarian cancer. Seven studies focused 
on the detection of high-risk types of HPV (type 
16-18) and p53 expression in OC tissues. In a small 
retrospective control study, O.O. Bilyk et al. (24) used 
HPV 16 and 18 E6-specific semiquantitative PCR in 
ovarian tissues to screen the incidence of HPV in 20 
women at risk of developing ovarian cancer, showing 
a higher presence of HPVs in the upper genital tract 
of this group than 10 controls (p<.001). Similarly, M. 
Dadashi (25) in a larger retrospective study reported 
the presence of HPV-16 in a population of 70 women 
with malignancy and 70 patients with benign gyneco-
logic tumors. Data suggested an incidence of 36.0% vs 
2.8% of HPV positivity in cases vs. controls (p=.002). 
In contrast, K. Ingerslev et al.(26) and E. Kuscu et 
al. (27) exploring HPV 16-18 in 198 and 40 ovarian 
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by a low Lactobacilli rate or a high amount of Atopo-
bium were associated with a lower virus elimination 
capacity (44). Even for endometrial cancer, some au-
thors suggested the possible link between particular 
composition of the vaginal or uterine microbiota and 
chronic endometrial inflammation, highlighting sig-
nificant differences between patients with endome-
trial hyperplasia and healthy controls (45). Similarly, 
the risk of ovarian cancer could be connected to al-
teration in vaginal microbiota with altered metabolite 
configurations as described in cancer mouse models 
(46). Noteworthy, a study included in our analysis 
remarked that patients with OC or known risk fac-
tors (BRCA1 germline mutations) were significantly 
associated with a subtype of vaginal microbiota in 
which lactobacilli accounted for less than 50% of the 
species present, suggesting a potential therapeutic 
role in vaginal supplements of Lactobacilli (47). Inter-
estingly, the microbial population of the vaginal envi-
ronment could interfere with the microenvironment 
of the upper female genital tract. The existence of an 
ovarian microbiome is a topic as new as it is extremely 
lacking, as well as its potential role in tumor genesis. 
The available data suggest that the ovarian microbi-
ota differs significantly from the vaginal microbiota 
in both composition and quantity, being considered 
a low-abundance site (48). However, data in the lit-
erature are extremely heterogeneous and contrasting. 
This heterogeneity is reflected in the results of the 
studies included in our meta-analysis. One of the hy-
potheses outlined the mutual influence between the 
microbiome and the cancer environment under the 
assumption that a specific microenvironment may 
be an optimal niche for specific bacterial growth and 
vice versa, bacteria and their biological metabolites 
may be a substrate for the development or spreading 
of cancer cells (8). In particular, Clamidya trachoma-
tis (CT), as the most common pathogenic bacteria of 
the female reproductive tract, is one of the primary 
pathogens associated with pelvic inflammatory dis-
ease (49). The correlation between CT and the in-
creased risk of ovarian cancer development remains 
a widely debated and unclear topic, considering the 
contrasting findings. CT may cause DNA double-
strand breaks (50), interfere with the DNA damage-
repair mechanism, and prevent host cell apoptosis, 

mortality rate (34). Our investigation aimed to ana-
lyze the available results about a potential correlation 
between OC and microbiota. Based on our updated 
meta-analysis of 27 studies and 5014 women [n=1659 
(33.1%) patients with dysbiosis], there is no significant 
correlation between ovarian cancer patients and dys-
biosis, while we found a high heterogeneity between 
studies.

Recently, numerous researchers have emphasized 
the potential strong correlation between diseases and 
specific arrangements of bacteria colonizing various 
organs (8).Dysbiosis appears to be associated with 
the development of various tumors, including colon-
rectal cancer and gastric malignancy(35,36). In the 
gynecological field, gut-dysbiosis has been observed 
in epithelial OC patients, including significant al-
teration of microbial composition, increased oppor-
tunistic pathogens, and decreased beneficial bacteria 
(37). Resident microbes likely contribute to the mul-
tifactor process of tumorigenesis by modulating the 
complex pathways underlying the cell proliferation 
and progression of tumorigenesis (38). Although the 
precise immunological mechanisms are still unclear, 
numerous evidence have highlighted the key role of 
inflammatory cytokines in the development of a pro-
tumorigenic microenvironment that stimulates angi-
ogenesis and tissue remodeling in OC (39). In these 
intricate cellular signal pathways, the intestine could 
affect the systemic production of inflammatory fac-
tors such as C-reactive protein (CRP),interleukin-6 
(IL-6), and tumor necrosis factor-alpha (TNF) (40).
Additionally, the microorganisms that populate the 
organs locally have been studied for possible inter-
actions with the development of cancer. Specifically, 
vaginal microbiota and in particular the presence of 
Lactobacillus crispatus is closely related to some be-
nign pathologies including vaginal infections and in-
flammatory processes, modulating immune response 
mechanisms or increasing pathogenic strains (41). 
Although the relationship between the vaginal micro-
biome and gynecological cancers is still in its infancy, 
recent studies have shown a possible interconnection 
(42). In particular, vaginal microbiota dominated by 
Lactobacillus gasseri, was associated with increased 
clearance of HPV (43) and therefore a lower risk of 
neoplastic transformation. Microbiotas characterized 
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HPV may rise from the cervix to infect the upper 
genital tract (59), and the expression of viral onco-
genes E6 and E7 may impair the function of host-cell 
tumor suppressors p53, promoting malignant trans-
formation (60). Despite the different etiopathological 
hypotheses proposed, S. Cherif et al. (15) in a meta-
analysis of 2280 patients with OC, suggested a great 
difference in the prevalence of HPV detected in OC, 
which is not seen in strongly HPV-associated cancers 
such as cervical cancer. Similarly, Rosa et al. founded 
a high prevalence of HPV in women with OC, but 
its role in carcinogenesis remains inconclusive (61). 
In line with these observations, our findings did not 
reveal a significant association between ovarian can-
cer and HPV.

Our analysis pointed out the extreme complex-
ity of this debated topic, highlighting the discrepancy 
between the results present in the literature and the 
inherent limits of the conducted studies. Overall, the 
interplay between OC and dysbiosis remains unclear, 
focusing further research and attracting the attention 
of the scientific community. Despite being the most 
comprehensive meta-analysis to date, methodological 
inconsistencies across studies pose a significant limita-
tion to our findings. Several biases related to diagnostic 
methods employed, type of sample, environmental fac-
tors, and patient characteristics should be considered 
when interpreting the results. However, the strength 
of this meta-analysis can be found in the rigor of re-
search, which provides a significant update and wide 
overview of this controversial topic.

Conclusion

Despite promising findings linking the microbi-
ota to cancer pathogenesis, our study does not support 
a significant association between dysbiosis and ovarian 
cancer. Taking into account the extreme heterogeneity 
of studies included, standardization of methodologies 
in further research is needed to evaluate an effective 
correlation between microbiota of the female genital 
tract and the risk of ovarian cancer.

Ethic Approval: This article does not contain any studies with 
human participants or animals performed by any of the authors. 

that may have a direct impact on the development 
of ovarian cancer (17). In addition, CT and other 
pathogens, including Mycoplasma genitalium (MG), 
may indirectly promote tumorogenesis by increasing 
the inflammatory state of the genital tract (51). These 
infections play a significant role in the development 
of salpingitis and other tubal diseases that might in-
crease the risk of ovarian cancer, regulating the acti-
vation of pro-oncogenic mediators (52). This may be 
particularly relevant for the high-grade serous ovar-
ian histotype that has been found to originate from 
the tube epithelium (53). In contrast, in two stud-
ies of our series authors found a positive association 
between CT and MG infections and mucinous OC 
histotype (17,22) but mechanisms linking MG spe-
cifically to mucinous OC are not clear and need fur-
ther research. Although epidemiological studies have 
proposed the existence of a link between PID and the 
risk of ovarian cancer (54), to date no firm conclu-
sions can be drawn. The results of our meta-analysis 
do not support a strong association between genital 
infection and OC and are consistent with the results 
of previous studies (55). Similarly, it is important to 
note that the findings are burdened by the high het-
erogeneity across studies analyzed. In particular, these 
differences concern the diagnostic tests used, the type 
of sample, and the antibodies measured. Not least, 
the comparison of studies specifically focused on the 
association between ovarian cancer and antibodies to 
Chlamydia is limited by the higher cross-reactivity of 
antibodies with other chlamydial and bacterial infec-
tions (56), the timing of antibody analysis, possible 
subsequent infections manifested in the interval be-
tween blood sample and diagnosis, treatments or the 
proportion of women with a history of infection but 
did not seroconvert. Moreover, most of the studies 
included in our meta-analysis have evaluated the as-
sociation between HPV infection and OC, consider-
ing that HPV has been identified as an etiological 
agent of numerous proliferative epithelial malignan-
cies, including the lower genital tract (57). Since the 
first report on HPV in ovarian cancer was found in 
1987, its role in the development of OC is still un-
der debate (58). Several plausible mechanisms have 
been investigated to explain the contribution of HPV 
infection and ovarian carcinogenesis. For example, 
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