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Objective: The microbiome of the female upper reproductive tract (URT) has not been characterized. We hy-
pothesize that distinct bacterial species may be identified in different areas of the URT in women with or without
ovarian cancers.

Methods: Postmenopausal women scheduled for salpingooophorectomy were prospectively identified. We
excluded those who used antibiotics within three months of surgery or had a diagnosed gynecologic cancer.
Bacteria were extracted from tissue samples of the proximal fallopian tube, fimbriae and ovaries of 10 women.
Using molecular-phylogenetic methods based on the highly conserved 16S bacteria rRNA gene, we assessed the
complexity of URT microbiota in tissue samples by high throughput sequencing of the V1-V3 region of the 16S
gene. Sequences were processed through QIIME and an average of 69,625 reads per sample was obtained after
quality filtering. Multivariate analyses were conducted using PRIMER VI software.

Results: The initial analysis of samples suggests that bacteria exist in the URT. Analysis of similarity matrix
(ANOSIM) suggests that the microbiome differs in the areas examined (ANOSIM R = 0.26, p = 0.015). The
microbiome differs significantly between the fallopian tube and ovary (ANOSIM R = 0.23, p = 0.02). The
proximal fallopian tube microbiome also differs from the fimbriae (ANOSIM R = 0.66, p = 0.025). There were
borderline differences in the microbial profiles of the specimens with and without epithelial ovarian cancer (p =
0.06).

Conclusions: We identified distinct microbiota of the ovaries and fallopian tubes with a profile unique to women
with epithelial ovarian cancer. Further investigation is necessary to determine whether the microbiome is related
to ovarian carcinogenesis.

1. Introduction

In the female reproductive phase of life, there are opportunities for
the migration of substances between the lower and upper reproductive
tract (URT): 1. Sperm are permitted passage from the vagina and ascend
to the fallopian tube where conception may occur. 2. During menses,
women are susceptible to the migration of organisms that cause pelvic
inflammatory disease (PID), a constellation of salpingitis, oophoritis and
endometritis. 3. Retrograde menstruation has been well documented

and is accepted as one of the etiologies of endometriosis of the pelvis and
abdomen. 4. Bacteria have been detected in the uterine cavity of healthy
non-pregnant women (Swidsinski et al., 2013). 5. Bacterial infections of
the amniotic cavity are responsible for 40-50% of cases of preterm de-
livery (Epstein et al., 2000). It is therefore unlikely that the URT—the
fallopian tubes and ovaries—are sterile structures.

A vast array of microbes, characterized as communities, have been
identified in numerous anatomic sites (Ding and Schloss, 2014). These
microbial communities are unique to each site. The interactions within
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the microbiome, the compounds produced and their downstream effects
on anatomic function and disease course are of scientific interest and
possibly have clinical value. Microbes and the microbiota may
contribute to carcinogenesis by altering the balance of proliferation and
death of the host cell, perturbating immune system function, and
influencing metabolism within the host (Garrett, 2015). The micro-
biome of the reproductive tract has been presumed to be limited to the
lower genitalia, namely the external genitalia, vagina, cervix and uterus.
The vaginal microbiome influences susceptibility to sexually transmitted
diseases, influences the course of preterm labor and pregnancy outcomes
(Fettweis et al., 2019; Lewis et al., 2017). High risk oncogenic human
papilloma viruses are important in cervical carcinogenesis (Norenhag
et al., 2020). Research has catalogued the placental microbiome and
found that pregnancy does not occur in a sterile environment (Aagaard
et al., 2014). The taxonomic profile of the placenta actually has more
similarities with the non-pregnant oral microbiome than with the uro-
genital tract (Prince et al., 2016).

In a prior study, the endometrium of 58 predominantly Caucasian,
premenopausal women was tested at the time of hysterectomy for
microbiota using quantitative polymerase chain reaction (PCR) assays
for 12 bacterial species: Lactobacillus iners, L crispatus, L jensenii, Gard-
nerella vaginalis, Atopobium vaginae, Megasphaera spp, Prevotella spp,
Leptotrichia/Sneathia, BVAB1, BVAB2, BVAB3 and a broad-range 16S
rRNA gene assay (Mitchell et al., 2015). Bacteria were detected in 95%
of the endometrial cavity specimens; however, the quantity of coloni-
zation was lower in the upper endocervix and endometrium than the
vagina. These observations support the presence of bacteria in the upper
genital tract and encourage clarification of the presence and impact of
the microbial environment of the fallopian tubes and ovaries (Mitchell
et al., 2015). The ovarian and intratumoral microbiome in women with
ovarian cancer has received recent attention and investigation (Nejman
et al., 2020; Poore et al., 2020; Zhou et al., 2019; Banerjee et al., 2017;
Wang et al., 2020). However, additional prospective studies across a
wide range of populations are needed to further elucidate the site-
specific differences of the microbiota in the URT and its role in
ovarian malignancy.

Our objective was to assess and characterize the status of microbial
communities in the URT, namely the ovary, fallopian tube and fimbriae
in post-menopausal women. A secondary objective was to compare the
microbiota of the URT in women with ovarian cancer compared to
women with benign disease.

2. Methods

The School of Medicine Institutional Review Board at University of
North Carolina, Chapel Hill approved this prospective study. Post-
menopausal women with a uterus who were scheduled for at least a
unilateral salpingo-oophorectomy were prospectively identified by re-
view of the gynecologic surgery schedule. Women were excluded if: (1)
they had received antibiotics within three months of the date of the
operative procedure, (2) there was a known diagnosis of cervical or
uterine cancer, (3) the operation was a risk reducing procedure for
ovarian cancer or (4) the adnexal specimen was delivered through the
vagina. A questionnaire that assessed reproductive history and gyne-
cological health was administered pre-operatively.

Specimens were transferred from the abdomen to the pathology
department under sterile conditions. 7 mm biopsies of the mucosal
aspect of the proximal fallopian tube, fimbriae and ovarian serosa were
collected and flash frozen. Subjects were classified as having either
ovarian or fallopian tube cancer based on the final pathology report.

2.1. Microbiota analysis
DNA Extraction: Genomic DNA was extracted from tissue samples of

the proximal fallopian tube, fimbriae and ovary using a modified pro-
tocol of the Qiagen DNeasy Blood and Tissue Kit. Briefly, tissue samples
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were incubated in lysozyme (20 mg/ml) and kit buffer ATL for 30 min at
37 °C, followed by the addition of proteinase K and incubation at 56 °C
overnight. Samples were further processed by bead-beating in tubes
containing 0.5 mm stainless steel beads (Bullet Blender, Next Advance,
Averill Park, NY) for 4 min. The supernatant from each sample was
combined with buffer AL and 100% ethanol, and the manufacturer’s
protocol was followed for the remainder of the extraction.

Library Preparation and Sequencing: For amplicon library prep-
aration, we amplified the V1-V3 region of the bacterial 16S rRNA using a
universal reverse primer and a unique forward primer for each sample.
Amplification was performed using fusion primers comprising Ion
Torrent adapter 5'- CCATCTCATCCCTGCGTGTCTCCGACTCAG -3’ for
the forward primer and 5’- CCTCTCTATGGGCAGTCGGTGAT -3’ for the
reverse primer, and universal bacterial primer 8F 5-AGAGTTT-
GATCCTGGCTCAG-3' and 338R 5-GCTGCCTCCCGTAGGAGT-3. The
forward primer also includes a 10 bp IonXpress™ barcode, unique to
each sample. For PCR, two replicates were prepared for each sample,
each containing 5x MyTaq Reaction Buffer (Bioline, Taunton, MA),
0.375 pM each of unique forward primer and universal reverse primer,
MyTaq HS DNA Polymerase (Bioline, Taunton, MA) and 30 ng of DNA
template. PCR was performed with an initial denaturation at 94 °C for 5
min, followed by 35 cycles of denaturation at 94 °C for 45 s, annealing at
55 °C for 45 s and extension at 72 °C for 90 s, followed by a final 10 min
extension at 72 °C.

PCR product visualization and clean-up was performed on 2% E-Gel
Size Select (Life Technologies). To confirm proper band size, each
cleaned PCR product was quantified using the Agilent 2100 Bioanalyzer
and Quant-iT PicoGreen dsDNA Kit (Invitrogen), following the manu-
facturer’s protocol. Samples were pooled in equimolar ratios to make a
library for sequencing on the Ion Torrent NGS system. The pooled li-
brary was quantified using the Bioanalyzer and Picogreen Assay. For
quality control, appropriate negative and positive controls were
included in the DNA extraction, PCR and sequencing steps.

Bioinformatics and Data Analysis: The 16S rRNA sequences were
filtered to remove low quality reads and processed through QIIME
(Caporaso et al., 2010). An average of 69,625 reads per sample was
obtained after quality filtering. Sequences were assigned to operational
taxonomic units (OTUs) using the Greengenes database (DeSantis et al.,
2006). Multivariate analyses and bacterial diversity metrics were con-
ducted in Qiime and PRIMER VII software (PRIMER-E, Plymouth Marine
Laboratory). Bray Curtis similarity matrixes were used for nMDS and
cluster analysis. Discriminating taxa between the groups were identified
with Metastats, and p values were corrected for multiple hypothesis
testing (White et al., 2009; Benjamini and Hochberg, 1995).

3. Results

We present data on 25 samples collected from 2 Black and 8 White
postmenopausal women. Supplemental table S1 displays the sample
distribution among patients. The median age at the time of the surgical
procedure was 54 years old (range 44-78 years). A median of three bi-
opsies were received per subject and were collected at the discretion of
the pathologist. Two of the subjects had a diagnosis of high grade serous
ovarian cancer, and biopsies of normal fallopian tube and ovary from the
affected side were obtained.

3.1. Microbiota composition in upper reproductive tract

Analyses of 25 samples from the proximal fallopian tube, fimbriae
and ovary found that bacteria exist in the URT of postmenopausal
women. We observed significant differences between the microbiota
profiles of the ovary, fallopian tube and fimbriae (Anosim R = 0.26, p =
0.015). The microbiota composition differed significantly between the
fallopian tube and ovary (Anosim R = 0.23, p = 0.02) while the fallopian
tube bacterial composition also differed from the fimbriated end (Ano-
sim R = 0.66, p = 0.025). See Supplemental Figures S1A and S1B.
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At the phylum level, the bacterial distribution in the URT consisted of
Actinobacteria, Proteobacteria, Bacteoidetes, and Firmicutes, with Pro-
teobacteria being the most abundant (Fig. 1). The abundance of Pro-
teobacteria (p = 0.005) and Actinobacteria (p = 0.065) were higher in
the fimbriae than the fallopian tube. Similarly, Bacteroidetes (p = 0.018)
and Proteobacteria (p = 0.032) were more abundant in the fimbriae
compared to the ovary. Compared to the ovary, the fallopian tube had
increased Actinobacteria (p = 0.026) and reduced relative abundance of
Bacteroidetes (p = 0.07).

At the genus level, the distribution of the microbiota also varied
significantly by tissue site. Key genera that differed between the ovary,
fallopian tube and fimbriae are shown in a heatmap, Fig. 2. Actinoplanes,
Arthrobacter, Bradyrhizobium, Gemmatimonas, Limnobacter, Roseobacter,
Saccharopolyspora, and Mycobacterium sp. were differentially abundant
between the ovary and the fallopian tube after correction for multiple
hypothesis testing. For the fallopian tube and fimbriae, Acidovorax,
Bradyrhizobium, Mesorhizobium, Mycobacterium and Ralstonia were
differentially abundant after multiple testing correction.

Diversity measures such as richness (abundance), evenness (distri-
bution of the different kinds of bacteria) and diversity (combination of
richness and evenness) provide additional insight into the microbial
structure. We assessed microbiota diversity in the ovary, fallopian tube
and fimbriae. We found significant differences in microbiota richness (p
= 0.005), evenness (p = 0.009) and diversity (p = 0.001) between the
fallopian tube and fimbriae. Similarly, microbiota richness was higher in
the fimbriae than the ovary (p = 0.002) while evenness (p = 0.039) and
diversity (p = 0.09) were lower in the ovary than the fimbriae, Fig. 3.

Next, we assessed whether the microbiota abundance in the URT
differed by ovarian cancer status as shown in Fig. 4. Cluster analysis
revealed differences nearing statistical significance (Anosim R = 0.15, p
= 0.06) between the microbial profile of subjects with ovarian cancer
and those without. Analysis of tissue sites by ovarian cancer status
showed some significant differences in the microbiota profiles (Anosim
R = 0.35, p = 0.004). The relative abundance of thirty two genus level
taxa differed significantly relative to ovarian cancer status. Acidovorax,
Acinetobacter, Aeromonas, Cloacibacterium, Conexibacter, Mariomonas,
Methylobacterium, Propionibacterium, Pseudoalteromonas, Vibrio and
Xanthomonas sp. had significantly lower relative abundance in URT tis-
sues of ovarian cancer than control tissues without ovarian cancer.
Bosea, Mesorhizobium, Mycobacterium, Ralstonia and Variovorax were
significantly more abundant in URT tissues of ovarian cancer than
controls after multiple testing correction.

4. Discussion
This is a proof of principle study that demonstrates the presence of a
microbiome in the fallopian tubes and ovarian surface epithelium. We

identified Firmicutes, Proteobacteria, Actinobacteria and Bacteroidetes
phyla in the URT. These phyla are comparable to that reported from

Fimbriae

Fallopian Tube
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other sites of the human body; however, the relative abundances are
different with Proteobacteria being the most abundant while Firmicutes
was the least common phylum in the URT. Highly abundant members of
the Proteobacteria phyla such as Ralstonia, Mycobacterium, and Vari-
ovorax sp. were associated with ovarian cancer.

Although, the URT was previously thought to be sterile (Teisala,
1987), our findings along with the limited literature on the topic sug-
gests otherwise. Pelzer et al. reported that commensal bacteria may exist
in URT without evidence of infection (Pelzer et al., 2013). They
observed that the ovarian follicular fluid from women undergoing in
vitro fertilization contained a variety of bacteria such as Actinomyces,
Staphylococcus and Bifidobacterium sp. The endometrial cavity in non-
pregnant women undergoing hysterectomy also harbors low bacteria
that is not associated with inflammation (Mitchell et al., 2015). Simi-
larly, Verstraelen et al. found that the Bacteroides sp was a dominant
resident of the non-pregnant endometrium (Verstraelen et al., 2016).
Together, these observations support the notion that the URT is home to
commensal bacteria.

We noted that the microbiota distribution differed by URT site. There
were differences in microbiota composition between the ovary, fallopian
tube and fimbriae. We also observed that the bacteria diversity was
different between the URT sites and identified several taxa that
contribute to these differences in microbiota composition. Interestingly,
the microbiota abundances for several taxa were significantly reduced in
URT tissues from patients with ovarian cancer compared to URT tissues
from control patients without ovarian cancer. This would suggest that
bacterial dysbiosis is associated with ovarian cancer, consistent with
prior studies (Zhou et al., 2019; Banerjee et al., 2017).

Postmenopausal women were selected for this study to eliminate the
variable hormonal influence of the menstrual cycle. To minimize dis-
tortions of the native adnexal microbiome, women who had taken an-
tibiotics within three months of surgery were excluded as were those
subjects with surgical specimens delivered through the vagina. To ac-
count for potential bias in processing of tissue samples for microbiota
analysis, we included appropriate positive and negative controls in the
DNA extraction, PCR amplification and sequencing steps. Positive con-
trols included the pooled sample of known bacteria. Negative controls
include water and reagent controls. These controls yielded expected
results.

All specimens were transferred in a sterile container to the pathology
department. Strategies to assess possible microbial contamination of the
specimens via transfer from ‘sterile’ gloves, containers or instruments
will need to be considered in future studies. Contamination in the pa-
thology area is a possibility; however, if gross contamination occurred,
the abundance and diversity of organisms present would have been
more than detected. Finally, the small sample size limits meaningful sub-
analyses.

Ravel at al. characterized the vaginal microbiome of 400 sexually
active women (Ravel et al, 2011). There was almost equal

Ovary

B Proteobacteria
M Bacteroidetes
W Actinobacteria

Firmicutes

Fig. 1. Composition of microbiota in the upper reproductive tract. Relative abundance of phylum level taxa.
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Fig. 2. Distribution of differentially abundant genus level microbiota in upper reproductive tract tissue. FT = fallopian tube. OV = ovary. FIM = fimbriae.
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Fig. 3. Comparison of microbiota richness, evenness and diversity in upper reproductive tract. *p < 0.05.

representation from White, Hispanic, Asian and Black ethnic groups.
The bacterial communities clustered into five groups: four were domi-
nated by Lactobacillus iners, L. crispatus, L. gasseri, or L. jensenii. The
authors noted a statistically significant difference in the proportions of
each community group between the four ethnic groups (Ravel et al.,
2011). It will be interesting to investigate if ethnicity is also a driver of
the microbiome of the URT and whether a malignancy of the URT
transforms the characteristics of the microflora of the lower genital tract,
particularly the species composition of the vaginal communities.

The microbiome has a complicated role in the balancing act between
human health and disease. The pathway by which organisms influence
or shape a developing tumor environment or alter cellular metabolism is
an evolving area of active research. Microbe driven cancers have been
described, for example, Helicobacter pylori in gastric cancer and human
papillomavirus in cervical, anal, head and neck cancers (Garrett, 2015).
Cancers may develop over decades, and different microbes and micro-
biotas may participate at distinct stages of the neoplastic process. This
study is an important first step in understanding the characteristics of

the microbiota of the fallopian tubes, ovaries and other close structures.
Based on these findings, further investigation of the unique microbiota
profile of women with ovarian and fallopian tube cancers is warranted to
explain these differences in the microbiota of the female genital tract
and how it contributes to susceptibility of cancer and outcomes.
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