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Objective: We examined the hypothesis that antibiotic treatment with or without gonadotropin releasing
hormone agonist (GnRHa) may decrease intrauterine infection with consequent decrease in tissue
inflammation, cell proliferation and angiogenesis in human endometriosis.
Study design: This is a prospective non-randomized observational study. Endometrial/endometriotic sam-
ples were collected during surgery from 53 women with endometriosis and 47 control women who were
treated with levofloxacin (LVFX, 500 mg, once per os) or GnRHa (1.88 mg/IM for 3 months) before sur-
gery. Endometrial samples were analyzed by broad-range polymerase-chain reaction (PCR) amplification
of bacteria targeting V5-V6 region of 16S rRNA gene. Immunohistochemical analysis was performed
using antibodies against CD138 (Syndecan-1, a marker of plasma cells), CD68 (marker of macrophages),
Ki-67 (cell proliferation marker), and CD31 (vascular cells marker).
Results: 16S rDNA metagenome assay indicated that treatment with either of LVFX or GnRHa + LVFX sig-
nificantly decreased some components of major bacterial genera comparing to untreated group. In
women with endometriosis, treatment with either of LVFX or GnRHa + LVFX significantly decreased
Gardnerella, Prevotella, Acidibactor, Atopobium, Megasphaera, and Bradyrhizobium (p < 0.05 for each) com-
paring to untreated group. Cochran-Mantel-Haenszel test indicated that occurrence rate of chronic
endometritis was significantly decreased after GnRHa + LVFX treatment comparing to GnRHa treatment
group (p = 0.041). These findings were coincided with significantly decreased CD68-stained macrophage
infiltration, Ki-67- stained cell proliferation and CD31-stained micro-vessel density in endometria and
endometriotic lesions with histology proven improvement in the morphological appearance of ovarian
endometrioma.
Conclusions: These findings suggest that clinical administration of a broad-spectrum antibiotic with or
without GnRHa may be effective in improving uterine infection with decrease of tissue inflammation, cell
proliferation, and angiogenesis in human endometriosis.
� 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Endometriosis is an estrogen-dependent chronic inflammatory
condition mostly affecting women of reproductive age and is asso-
ciated with chronic pelvic pain and infertility. Even after long three
hundred years, most of the literatures [1–3] still claim that patho-
genesis and/or pathophysiology of endometriosis is unclear. We
came to learn so far some established hypothesis and regulatory
factors supporting the development and maintenance of
endometriosis [1,3]. Recently it has been demonstrated that
besides hormonal regulation, both initial and secondary inflamma-
tory mediators are known to be involved in the growth of
endometriosis [2,4–6]. However, it is difficult to uniformly explain
the pathogenesis of endometriosis by a single factor. Therefore,
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even after many years with enormous publications, most of the lit-
eratures tag endometriosis as an enigmatic disease. The recurrence
of pain and lesions is still occurring after emergence of effective
medical and surgical therapies.

In an attempt to search additional factor, recently we estab-
lished ‘‘bacterial contamination hypothesis”, a new concept in
endometriosis [5,6]. As an initial inflammatory mediator, bacterial
endotoxin or lipopolysaccharide (LPS) has been found to regulate
Toll-like receptor 4 (TLR4)-mediated growth of endometriosis
[5,6]. In order to identify the source of LPS, we demonstrated that
menstrual blood of women with endometriosis was highly con-
taminated with Escherichia coli (E.coli) with a consequent eleva-
tion in the concentrations of endotoxin (LPS) in menstrual and
peritoneal fluids [5]. We found higher concentrations of prosta-
glandin E2 (PGE2) in menstrual and peritoneal fluid of women
with endometriosis [7]. Using in vitro culture system we showed
that PGE2 was able to significantly increase the growth of E.coli
and administration of levofloxacin, a broad-spectrum antibiotic,
significantly suppressed PGE2-promoted growth of E.coli [7,8].
Our subsequent study further demonstrated increased intrauter-
ine microbial colonization (IUMC) using endometrial samples in
bacteria culture system and concurrent occurrence of chronic
endometritis in women with endometriosis [8]. With the assump-
tion that bacteria culture system has some limitation, because
only a fraction of the bacteria present in most microbial ecosys-
tems are amenable to propagation in the laboratory [9]. Bacteria
in complex microbial communities can be identified by character-
izing their ribosomal RNA genes (rDNA), a molecular approach
that has the advantage of detecting fastidious or cultivation-
resistant organisms [10]. Therefore, more recently we re-
confirmed our findings of bacteria culture system using Illumina
Miseq system and found increased microbial colonization in
intrauterine environment and cystic fluid of women with and
without ovarian endometriosis [11]. While bacteria culture result
was negative, 16S rDNA metagenome assay could detect signifi-
cantly higher percentage of Streptococcaceae and Staplylococcaceae
in the cystic fluid collected from women with ovarian endometri-
oma comparing to that in cystic fluid collected from non-
endometrioma cysts [11].

Collectively, our findings indicated the occurrence of subclinical
infection (without overt symptoms) in intrauterine environment
and in the cystic fluid of ovarian endometriosis. If this silent uter-
ine infection persists for long time, it may further aggravate the
progression of endometriosis and associated symptoms. Addition-
ally, the fertility outcomes of patients with chronic endometritis
significantly improved after antibiotic treatment, supporting the
influence of microorganisms in endometriosis [12,13]. With these
findings in mind, we speculated one unaddressed question, could
it be useful in clinics if we add one broad-spectrum antibiotic
either alone or in combination with gonadotropin releasing hor-
mone agonist (GnRHa) treatment in order to decrease subclinical
intrauterine infection? This could be clinically useful to reduce
intrauterine microbial colonization and resulting occurrence of
chronic endometritis. Addition of an antimicrobial agent may also
reduce the risk of subsequent occurrence or recurrence of
endometriosis once GnRHa treatment is stopped thereby may
improve reproductive outcome in women with endometriosis. In
clinical practice, GnRHa is commonly used for the alleviation of
pain, decreasing the risk of intraoperative bleeding and/or for
reducing the size of ovarian endometrioma and uterine myoma
[14].

This hypothesis is supported by one recent study using animal
model of endometriosis. In mice treated with broad-spectrum
antibiotic, ectopic lesions were significantly smaller with reduction
of inflammatory response in pelvis than in those from vehicle-
treated mice [15]. The authors indicated that antibiotic therapy
104
reduces endometriosis progression in mice, possibly by reducing
specific gut bacteria [15]. However, these findings were not trans-
lated in human endometriosis. The clinical information on the
effect of antibiotic with or without GnRHa on IUMC and its conse-
quent effect on inflammation, cell proliferation and angiogenesis in
biopsy samples collected from women with and without
endometriosis is unknown. These biological findings could be clin-
ically important in order to aid in the development of personalized
treatment strategy.

Therefore, we investigated the following issues using endome-
trial and endometriotic samples derived from untreated- and levo-
floxacin (LVFX)-, GnRHa-, LVFX + GnRHa-treated women with and
without endometriosis: (a) detection of bacteria in endometrial
samples with the use of molecular method, (b) occurrence rate of
chronic endometritis in endometria derived from treated and
untreated women, (c) changes, if any, in the pattern of tissue
inflammation, cell proliferation, and angiogenesis in endometrial
and endometriotic biopsy samples collected from treated and
untreated women, (d) any histological change of ovarian
endometrioma.
Materials and methods

Study population

During the period of April 2015 and February 2017, endometrial
and endometriotic samples were collected from 53 women with
and 47 women without endometriosis during laparoscopy at Naga-
saki University School of Medicine and Kyoto Prefectural Univer-
sity of Medicine, Kyoto. Women with endometriosis aged
between 18 and 51 years were recruited by either elective laparo-
scopy for infertility or diagnostic laparoscopy for dysmenorrhea
and subsequently confirmed by histology. The control group,
between 26 and 51 years old, consisted of fertile women without
any evidence of endometriosis and were operated on for uterine
fibroids. None of these control women had a prior history of
endometriosis. The staging and morphological distribution of peri-
toneal lesions were based on the revised classification of the Amer-
ican Society of Reproductive Medicine (r-ASRM) [16].

The distribution of 47 women in the control group who received
different treatments is as follows: untreated (n = 11), GnRHa treat-
ment (n = 12), levofloxacin (LVFX) treatment (n = 10), and GnRHa
+ LVFX treatment (n = 14). The distribution of 53 women in the
endometriosis group who received different treatments is as fol-
lows: untreated (n = 21), GnRHa treatment (n = 11), LVFX treat-
ment (n = 15), and GnRHa + LVFX treatment (n = 6). The
untreated groups had no hormonal medication in the 3 months
prior to the surgical procedure. Women with and without
endometriosis received GnRHa treatment (1.88 mg IM per month)
for a period of 3 months before surgery. The dose of GnRHa treat-
ment in each of control women and women with endometriosis
was determined independently by a gynecologist (AF). All women
took admission in the hospital 48hrs before surgery. Single dose of
levofloxacin treatment (LVFX, 500 mg, once per os) was initiated
24hrs before surgery. The single dose of LVFX was decided by the
preference and consent of the patient. All control women and
women with endometriosis had regular menstrual cycles (28–
32 days). The phases of the menstrual cycle were determined by
histological dating of eutopic endometrial samples taken simulta-
neously with uterine samples during laparoscopy. All biopsy spec-
imens were collected in accordance with the guidelines of the
Declaration of Helsinki and were approved by the Institutional
Review Board (IRB) of our University (IRB No. 13002). A written
informed consent was obtained from all women.
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Collection of endometrial samples

We looked for the presence of bacteria at the endometrial level.
Women at high risk for the presence of sexually transmitted dis-
eases (STDs) were excluded from this study. Therefore, we did
not analyze bacteria related to STDs. With strict aseptic technique,
endometrial samplings were collected from all control women and
women with endometriosis using a Seed Swab (No. c3, E-MS64,
Eiken Chemical Co. Ltd., Tochigi, Japan) and was described previ-
ously [8,11]. To minimize the risk that endometrial samplings
could be contaminated in the vagina after placing a vaginal specu-
lum, the Seed Swab was inserted under visual control into the uter-
ine cavity taking care to avoid any contact with vaginal walls. After
collecting endometrial samples, all Seed Swabs were transferred to
the bacteriological laboratory for investigation by molecular
approach.
DNA extraction

Endometrial samples were placed in 15-mL conical vials with
2 mL saline and vortex mixed for 1 min to dislodge cells from Seed
Swab. The sample solution was centrifuged at 10,000 rpm for
10mins at 4 �C, and the pellet was resuspended in 100 lL super-
natant. DNA was extracted from the total amount of endometrial
cell pellets using the Ultra Clean PowerSoil DNA isolation Kit
(MoBio Laboratories Inc. Carlsbad, CA) according to the manufac-
turers instruction. Since concentration of DNA for each sample
was diverse, therefore, we performed PCR cycles to gain sufficient
amount of PCR products and adjusted final concentration to be
employed for later analysis. The similar PowerSoil kit was previ-
ously used in the extraction of DNA from human samples [17].
16S rDNA metagenome assay

Genome DNA preparation, index library preparation and used
primers were described previously [11]. Briefly, after DNA extrac-
tion, microbial communities in endometrial samples of treated
and untreated women were examined by broad-range
polymerase-chain reaction (PCR) amplification of bacteria target-
ing V5-V6 region of 16S rRNA gene. The PCR primers were designed
to combine 16S rRNA gene region sequence with adapter overhang
nucleotide sequence to attach the index sequence for deep
sequencing [18]. A flow-chart of PCR amplification of bacteria tar-
geting 16S rDNA and sequence analysis is reported elsewhere
(Khan et al., 2016). Library samples were analyzed by Miseq sys-
tem (Illumina, San Diego, CA). Sequence data were analyzed by
Nephele 2.0 with QIIME1 pipeline (National Institute of Health
(NIH), Bethesda, MD) [19,20].
Diversity assessment

Microbial communities can be characterized through the use of
diversity indices [21]. Alpha (a)-diversity is used to describe the
diversity of a microbial community within a single sample or site,
whereas beta (b)-diversity is an index used to compare the diver-
sity of microbial communities across different samples or sites
[22]. Both a- and b-diversity analysis (by Shannon index and
weighted Unifrac, respectively) were analyzed using Nephele 2.0
with QIIME1 pipeline. The Shannon index, one of the popular a-
diversity indices, was used to estimate the microbial diversity in
each sample. It is calculated by the proposed equation as described
elsewhere [23]. Beta-diversity was displayed graphically using
principal coordinates (PC) analysis. Unifrac distance was calculated
by method as described previously [23].
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Collection of biopsy samples

Biopsy samples of eutopic endometria from different treatment
groups of women with and without endometriosis were collected
by curettage during laparoscopy. Biopsy samples from the cyst
walls of ovarian endometrioma were also collected from a propor-
tion of these women. We could not collect any biopsy sample of
cyst walls in the GnRHa + LVFX treatment group. Endometrial
and endometriotic samples were fixed in neutral formalin and later
embedded in paraffin for histological analysis. Sections (5 lm)
were stained with hematoxylin and eosin (HE).

Detection of chronic endometritis

We performed immunohistochemistry to identify plasma cells
in endometrial biopsy samples collected from each treatment
group of women with and without endometriosis. We used anti-
Syndecan-1 antibody [1:200, mouse monoclonal (B-138) to Synde-
can (CD138), ab34164, abcam, Tokyo, Japan] to immunolocalize
plasma cells. CD138 (Syndecan-1)-stained plasma cells were
counted in 10 different fields of one section by light microscopy
at moderate magnification (x200). By means of the criteria pro-
posed by Kiviat et al. [24], we defined chronic endometritis by
the presence of � 1 plasma cells only in the endometrial stroma
and the absence of neutrophils (also called plasma cell endometri-
tis). Biopsy specimens from plasmacytoma were used as positive
control and non-immune mouse IgG1 antibody (1:50, Dako) was
used as a negative control. The histological diagnosis of chronic
endometritis was performed by a single investigator (KNK) and
was confirmed by an expert histopathologist (MN).

Antibodies used

We performed immunohistochemical studies of target antigen
in the serial section of biopsies derived from eutopic endometrium
and from cyst walls of ovarian endometrioma using the following
antibodies and concentrations: CD68 (marker of macrophages,
1:200), M0814, mouse monoclonal, Dako, Denmark; Ki-67 (cell
proliferation marker, 1:100), NCL-L-Ki67-MM1, mouse mono-
clonal, Novocastra Laboratories Ltd, Newcastle, UK; CD31 (vascular
cells marker, 1:50), M0823, mouse monoclonal, Dako, Denmark;
COX2 (rate limiting enzyme for PG production, 1:100), CX-294,
mouse monoclonal, Dako, Denmark; Fibronectin (cell adhesion
marker, 1–400), ab2413, rabbit polyclonal, abcam, Tokyo, Japan.
Non-immune immunoglobulin (Ig) G1 (1:50), a mouse monoclonal
antibody from Dako, Denmark, was used as a negative control. A
complete list of all antibodies, respective concentration used and
positive controls is shown in Table 1.

Immunohistochemistry

The details of immunohistochemical staining were described as
we previously published [25,26]. We had at least three slides per
biopsy for immunohistochemical analysis. Briefly, five-
micrometer thick paraffin-embedded tissues were deparaffinized
in xylene and rehydrated in phosphate-buffered saline. After
immersion in 0.3% H202/methanol to block endogenous peroxidase
activity, sections were pre-incubated with 10% normal goat serum
to prevent nonspecific binding and then incubated overnight at
4℃with respective antibodies. The slides were subsequently incu-
bated with biotinylated second antibody for 10 min, followed by
incubation with avidin-peroxidase for 10 min and visualized with
diaminobenzidine. Finally, the tissue sections were counterstained
with Mayer’s hematoxylen, dehydrated with serial alcohols,
cleared in xylene, and mounted.



Table 1
List of antibodies used in current study.

Name of antibody Catatog number Clonality Host Conc. used Name of Company Positive control

CD138 ab34164 monoclonal mouse 1:200 abcam plasmacytoma
CD68 M0814 monoclonal mouse 1:200 Dako lymph node
Ki-67 NCL-L-Ki67-MM1 monoclonal mouse 1:100 Novocastra endometrial cancer
CD31 M0823 monoclonal mouse 1:50 Dako endometrial cancer
COX2 CX-294 monoclonal mouse 1:100 Dako colon cancer
Fibronectin ab2413 polyclonal rabbit 1:400 abcam kidney

CD138 (Syndecan-1), antibody against plasma cells; CD68 (clone KP1), antibody against macrophages; Ki-67, cell proliferation marker; CD31, antibody for vascular
endothelial cells; COX2, cyclooxygenase 2, rate limiting enzyme for prostaglandins; Fibronectin, cell–cell adhesion molecule.
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The immunoreactive CD68 spots were counted in five different
high power fields (HPFs) of one section (x200 magnification) by
light microscopy and expressed as the mean Mu number per HPF
in one specimen. The cell proliferation marker, Ki-67-stained gland
cells and stromal cells in each tissue section were calculated by
counting mean of Ki-67-positive nuclei in five different micro-
scopic HPFs (x200). The micro-vessel density, as measured by
mean vessel number and as immunoreactive to CD31, was counted
by light microscopy in five different HPFs (x200) of those areas that
contained the highest number of vessels. The tissue expressions of
COX2 and fibronectin in biopsy specimens were quantified by a
modified method of quantitative-histogram score (Q-H score) as
described elsewhere [25,27]. The Q-H score was calculated using
the following equation: Q-H score =RPi (i + 1), where i = 0, 1, 2
or 3 and Pi is the percentage of stained cells for each intensity.
The staining intensity was graded as 0 = no, 1 = weak, 2 = moder-
ate, 3 = strong. We calculated the mean Q-H scores of five different
HPFs of one section by light microscopy at moderate magnification
(x200).
Statistical analysis

All results are expressed as either mean ± SD or mean ± SEM.
The clinical characteristics of the subjects were compared with
one-way analysis of variance. Mann-Whitney U test was used to
analyze any difference between groups. Kruskal-Wallis test was
used to analyze any difference among groups. Categorical variables
were compared using Chi-square (X2) test or Fisher exact test
where appropriate. Cochran- Mantel-Haenszel test was used to
analyze any difference of proportion between treated and/or
untreated groups by stratifying with disease group. The distribu-
tion of a-diversity data (Shannon indices) according to groups
was expressed using the box plots with the medians and interquar-
tile range (IQR). A value of p < 0.05 was considered to be statisti-
Table 2
Clinical profiles of control women who underwent treatment with and without GnRHa an

Untreated (n = 11) GnRHa (

Age (yrs.) (mean ± SD) 41.2 ± 8.1 37.5 ± 5
Range in age (yrs.) 26–51 26–46
Gravity (mean ± SD) 2.0 ± 1.6 0.3 ± 0.7
Range in gravity (n) 0–4 0–2
Parity (mean ± SD) 1.3 ± 1.2 0.2 ± 0.3
Range in parity (n) 0–3 0–1
Menstrual cycle:
P/S/M/A (n) 1/8/2/0 0/0/0/12
Coexistent diseases:
SMM/IMM/SSM/multiple (n)

3/6/0/2 0/8/0/4
Surgery performed:
TCR/LM/LAM/LAVH/TLH (n)

2/3/0/0/6 0/7/5/0/

P, proliferative phase, S, secretory phase, M, menstrual phase, A, amenorrhea; SMM, su
cervical hysteroscopic resection, LM, laparoscopic myomectomy, LAM, laparoscopy-ass
laparoscopic hysterectomy; GnRHa (+), treatment with gonadotropin-releasing hormone
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cally significant. Data analysis was conducted using SAS software
version 9.4 (SAS Institute Inc. Cary, NC, USA).
Results

The clinical profiles of untreated-, GnRHa-treated, levofloxacin
(LVFX)-treated and GnRHa + LVFX-treated women with and with
endometriosis are shown in Table 2 and Table 3. There were no sig-
nificant differences in age, gravity, parity, and phases of menstrual
cycle among these four groups of women in either control group
and endometriosis group. We did not find any difference in com-
plain of atypical genital bleeding and/or dysmenorrhea that could
be involved in promoting bacterial colonization among these
groups. Neither did we find any history of heavy smoking (�20
cigarettes/day) nor drinking alcohol in these women (data not
shown). The distribution of types of fibroid, revised-ASRM staging
of endometriosis, and type of surgery performed in women with
and without endometriosis are shown in Table 2 and Table 3. We
could not record previous history of any treatment with either
immunosuppressing agent or antimicrobial agent for these
patients.

Microbial communities based on diversity indices

We analyzed the distribution of microbiota in endometrial sam-
ples using Nephele 2.0 with QIIME1. All endometrial samples col-
lected from control women and women with endometriosis
showed high variations in operational taxonomic units (OTUs) of
microbiota with a predominance of Lactobacilli (Fig. 1A). We com-
pared the diversity of microbial communities across different sam-
ples by b-diversity index. Beta-diversity analysis using weighted
Unifrac indicated no significant difference in microbial community
between control and endometriosis in non-treated group (Fig. 1B),
regardless of treatment group (Fig. 1C), and in non-treatment ver-
d levofloxacin.

+) (n = 12) LVFX (+) (n = 10) GnRHa + LVFX (n = 14)

.3 43.0 ± 4.5 36.7 ± 4.5
35–51 31–42
1.7 ± 1.4 0.5 ± 0.8
0–4 0–2
1.0 ± 1.1 0.2 ± 0.5
0–3 0–2

3/7/0/0 0/0/0/14

0/3/0/7 0/4/0/10

0 0/3/0/1/6 0/11/2/0/1

bmucosal myoma; IMM, intramural myoma; SSM, subserosal myoma; TCR, trans-
isted myomectomy, LAVH, laparoscopy-assisted vaginal hysterectomy, TLH, total
agonist; LVFX (+), treatment with levofloxacin.



Table 3
Clinical profiles of women with endometriosis who underwent treatment with and without GnRHa and levofloxacin.

Untreated (n = 21) GnRHa (+) (n = 11) LVFX (+) (n = 15) GnRHa + LVFX (n = 6)

Age (yrs.) (mean ± SD) 36.3 ± 7.7 38.7 ± 5.2 38.2 ± 8.2 35.5 ± 5.6
Range in age (yrs.) 18–51 27–44 23–51 31–43
Gravity (mean ± SD) 0.8 ± 1.2 0.9 ± 1.2 0.6 ± 0.9 0.5 ± 1.2
Range in gravity (n) 0–4 0–3 0–2 0–3
Parity (mean ± SD) 0.6 ± 1.0 0.4 ± 0.6 0.5 ± 0.9 0.2 ± 0.4
Range in parity (n) 0–4 0–2 0–2 0–1
Menstrual cycle:
P/S/M/A (n) 3/13/5/0 0/0/0/11 3/9/3/0 0/0/0/6
Revised ASRM staging:
I/II/III/IV (n) 3/1/7/10 4/0/2/5 1/0/7/7 2/3/1/0
Surgery performed:
Excision/ablation/cystectomy/TLH (n)

3/1/14/3 2/2/7/0 1/0/14/0 3/2/1/0

P, proliferative phase, S, secretory phase, M, menstrual phase, A, amenorrhea; revised-ASRM staging, revised classification of the American Society of Reproductive Medicine;
GnRHa (+), treatment with gonadotropin-releasing hormone agonist; LVFX (+), treatment with levofloxacin.

Fig. 1. The distribution of microbiota in endometrial samples as analyzed by QIIME1. (A) The cumulative major operational taxonomic units (OTUs) at genus level in
endometrial samples of control women and women with endometriosis. Beta (b)- diversity analysis was done to show the difference in microbial community composition
between control group (blue dot) and endometriosis group (red dot) (B, C) and between non-treatment (blue dot) and combined treatment group (red dot) of control group
and endometriosis group (D, E). These analysis were performed by weighted UniFrac and the principal component (PC) analysis plot is shown. Each dot represents one
sample. The percentage on the axes indicates the contribution rate of each principal component. (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)
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sus treatment group (Fig. 1D and Fig. 1E). These b-diversity results
indicate that microbiota in endometrial samples could depend on
the individuals regardless of treatment.

In an attempt to investigate different bacterial components in
endometrial samples, a-diversity (the diversity of bacterial com-
munity within one sample) was analyzed using the Shannon index
(Fig. 2). In the non-treatment group, a-diversity in the endometrio-
sis group was significantly higher (p = 0.036) than in the control
group (Fig. 2A). In the combined treatment group, while control
samples showed a higher trend (p = 0.07), samples of endometrio-
sis women showed significantly higher a-diversity (p = 0.001) than
in non-treatment group (Fig. 2B). We analyzed a-diversity
endometrial samples based different four different treatment
107
groups. We found that control samples showed no difference in
a-diversity among the treatment groups (Fig. 2C). In contrast, in
women with endometriosis, a-diversity in endometrial samples
was significantly low in response to each of GnRHa (p = 0.001),
LVFX (p = 0.007), and GnRHa + LVFX (p = 0.040) treatment compar-
ing to non-treatment group (Fig. 2D). These findings indicate a
more diverse distribution of microbiota in endometrial samples
of the endometriosis group and their response to each treatment.

Detection of bacteria based on individual treatment

We analyzed 10 major bacteria in genera in endometrial sam-
ples based on each of untreated-, GnRHa-treated, LVFX-treated,



Fig. 2. The distribution of Shannon index, one of the indices indicating the alpha (a)-diversity community of bacteria in genera within one sample, was calculated. (A)
Shannon indices between untreated-control and -endometriosis group, (B) between untreated and combined treatment group, (C) based on each treatment in control group,
and (D) based on each treatment in endometriosis group. The statistical significances between groups are shown in A, B, and D. The boxes represent the interquartile ranges
and horizontal lines in the boxes represent median values.
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and GnRHa + LFX-treated control women (Fig. 3) and women with
endometriosis (Fig. 4). We found that prevalence rates (%) of either
Gram + or Gram- anaerobic bacteria were more dominant than
that of aerobic bacteria in samples derived from both control group
and endometriosis group. In the control group, the percentages of
Acidibactor and Bradyrhizobium were significantly decreased in
response to GnRHa + LVFX treatment comparing to untreated-
group (p < 0.05 for each) without showing any difference after
GnRHa or LVFX treatment (Fig. 3). Comparing to untreated group,
there was no significant difference in the prevalence rate of other
eight bacteria after GnRHa, LVFX and GnRHa + LVFX treatment.
The prevalence rate of Lactobacillus (main bacteria among normal
vaginal microbiota), Gardnerella, and Prevotella (two common
pathogen of bacterial vaginosis) displayed no difference after each
treatment comparing to untreated group (Fig. 3).

In women with endometriosis, comparing to untreated group,
the percentages of Lactobacillus were relatively increased after
treatment with GnRHa and LVFX. While GnRHa treatment signifi-
cantly increased the percentage of Gardnerella (p < 0.05), the preva-
lence rates of Prevotella and Streptococcus were significantly
decreased after GnRHa treatment comparing to no treatment
(Fig. 4). Individual treatment with LVFX was able to significantly
decrease percentages of Gardnerella, Prevotella, Atopobium, and
Megasphaera comparing to untreated group (p < 0.05 for each).
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Combined treatment with GnRHa and LVFX significantly decreased
percentages of Acidibactor, Atopobium, and Bradyrhizobium
(p < 0.05 for each) with a modest decrease of Streptococcus
(p = 0.06) comparing to untreated group. A diverse distribution of
Enterobacteria failed to show any significant difference in their
endometrial colonization after each treatment (Fig. 4). A differen-
tial distribution of Gram + and Gram- aerobic and anaerobic micro-
bial community was found in endometrial samples of women with
endometriosis and their variable response to treatment with
GnRHa and LVFX either alone or in combination.

Occurrence of chronic endometritis based on treatment

We analyzed occurrence rate of chronic endometritis in
response to each treatment in women with and without
endometriosis. We did not find any difference in the occurrence
of chronic endometritis in any treatment group comparing to
non-treatment group when we analyzed the data by either Chi-
square test or Fisher exact test. We extended analysis of our data
using Cochran-Mantel-Haenszel test to find any difference in the
proportion between treated and untreated group and by stratifying
with disease group. As shown in Table 4, we found that occurrence
rate of chronic endometritis was significantly decreased after
GnRHa + LVFX treatment comparing to GnRHa treatment group



Fig. 3. The prevalence rate (%) of 10 major bacterial genera in endometrial samples of untreated-, gonadotropin releasing hormone agonist (GnRHa)-treated, lavofloxacin
(LVFX)-treated, and GnRHa + LVFX-treated women without endometriosis (control group). The indication of Gram+, Gram-, and aerobic or anaerobic bacteria is shown in
parenthesis below each bacterium. All results are expressed as mean ± SD. GnRHa + LVFX treatment significantly decreases Acidibactor and Bradyrhizobium comparing to
untreated group (*p < 0.05 for each).
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(41.6% vs. 14.3% for controls and 27.3% vs. 0% for endometriosis)
(p = 0.041). With this extended analysis, we found a trend in the
decreased occurrence of chronic endometritis between GnRHa
+ group and LVFX + group (p = 0.075) (Table 4).

Although data not shown, we did not find any difference in the
occurrence of CE in untreated patients based on r-ASRM stage of
endometriosis. Since the number of patients in each r-ASRM stage
of endometriosis with different treatments is small (Table 3), we
also did not find any difference in the occurrence of CE after each
treatment based on r-ASRM staging of endometriosis (data not
shown).
Immunohistochemical expressions of CD68, Ki-67, CD31, COX2, and
fibronectin in endometria.

We speculated that differential intrauterine microbial coloniza-
tion and their variable response to GnRHa, LVFX and GnRHa + LVFX
treatment might reduce inflammatory response in endometrium
with consequent decrease of cell proliferation, angiogenesis, and
expressions of COX2 and fibronectin. We found that tissue infiltra-
tion of CD68 + macrophages were significantly decreased after
either of GnRHa, LVFX, and GnRHa + LVFX treatment comparing
to non-treatment. This was equally observed in control women
and women with endometriosis (Fig. 5A). Comparing to untreated
group, LVFX and GnRHa + LVFX treatment significantly decreased
Ki-67-stained gland cells and stromal cells (Fig. 5B, C) derived from
endometria of both control and endometriosis women. This effect
was not observed after GnRHa treatment. The micro-vessel density
as measured by CD31-stained micro-vessel numbers and the Q-H
scores of COX2 expression in the endometria were also signifi-
cantly decreased after either of GnRHa, LVFX or GnRHa + LVFX
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treatment comparing to untreated group (Fig. 5D, E). This effect
on vascular cells and COX2 expression was more dominant in the
endometria collected from women with endometriosis than in
control women.

Endometrial cells require cell adhesion molecules to attach with
peritoneal mesothelium after retrograde entry into pelvis during
menstruation. We were curious to know the pattern of fibronectin
expression, one potential cell–cell adhesion molecule, in endome-
tria after different treatment regimens. We found that unlike
GnRHa treatment, LVFX and GnRHa + LVFX treatment significantly
decreased the Q-H scores of fibronectin expression in endometria
collected from both control women and women with endometrio-
sis (Fig. 5F). An image of immmunohistochemical slides in
endometria is shown in Suppl. Fig. 1.
Immunohistochemical expressions of CD68, Ki-67, CD31 in biopsy
samples of ovarian endometrioma

Intramuscular injection of GnRHa and oral intake of LVFX exert
their effects on both endometrium and distal target organs. We
were curious to know the effect of different treatment regimens
on the pattern of CD68, Ki-67, and CD31 expression in cyst walls
of ovarian endometrioma. A variable expression of CD68, Ki-67,
and CD31 was found in the cyst wall biopsy specimens collected
from untreated, GnRHa-treated, and LVFX-treated groups
(Fig. 6A). We found that comparing to untreated group, either
GnRHa and LVFX treatment was able to significantly decrease tis-
sue infiltration of CD68 + macrophages in the stromal compart-
ment of ovarian endometrioma (Fig. 6B). While only GnRHa
treatment significantly decreased Ki-67-stained combined gland
cells and stromal cells (Fig. 6C), both GnRHa and LVFX treatment



Fig. 4. The prevalence rate (%) of 10 major bacterial genera in endometrial samples of untreated-, gonadotropin releasing hormone agonist (GnRHa)-treated, lavofloxacin
(LVFX)-treated, and GnRHa + LVFX-treated women endometriosis (endometriosis group). The indication of Gram+, Gram-, and aerobic or anaerobic bacteria is shown in
parenthesis below each bacterium. All results are expressed as mean ± SD. GnRHa treatment (increases), Gardnerella, **p < 0.05 vs. untreated group; GnRHa treatment
(decreases), Prevotella and Streptococcus, **p < 0.05 (for each) vs. untreated group; LVFX treatment (decreases), Gardnerella, Prevotella, and Atopobium, *p < 0.05 (for each) vs.
untreated group; GnRHa + LVFX treatment (decreases), Acidibactor, Atopobium, and Bradyrhizobium, *p < 0.05 (for each) vs. untreated group, GnRHa + LVFX (modestly
decreases), Streptococcus, *p = 0.06 vs. untreated group.

Table 4
Occurrence rate of chronic endometritis in treated and untreated groups of women with and without endometriosis.

Untreated GnRHa (+) LVFX (+) GnRHa + LVFX

Disease group
Controls (n = 47):
n (%) 3/11 (27.3) 5/12 (41.6) 1/10 (10) 2/14 (14.3)
Endometriosis (n = 53):
n (%) 7/21 (33.4) 3/11 (27.3) 2/15 (13.4) 0/6 (0)

Statistical analysis for the difference of proportion between treated and/or untreated groups were performed using Cochran-Mantel-Haenszel test by stratifying with disease
group. GnRHa (+), treatment with gonadotropin-releasing hormone agonist; LVFX (+), treatment with levofloxacin.
Untreated vs. GnRHa (+) group, p = 0.82.
Untreated vs. LVFX (+) group, p = 0.096.
Untreated vs. GnRHa + LVFX group, p = 0.092.
GnRHa (+) vs. LVFX (+) group, p = 0.075.
GnRHa (+) vs. GnRHa + LVFX group, p = 0.041.
LVFX (+) vs. GnRHa + LVFX group, p = 0.75.
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significantly decreased CD31-stained micro-vessel density
(Fig. 6D) in the cyst walls comparing to untreated group. The
details distribution of CD68-, Ki-67-, and CD-31-stained cells in
the biopsy samples derived from treated- and -untreated women
with ovarian endometrioma is shown in Table 5.

Histological change of ovarian endometrioma based on treatment

Because LVFX treatment with or without GnRHa treatment
decreased intrauterine microbial colonization and consequent
decrease of tissue inflammation, cell proliferation and angiogenesis
in cyst wall biopsy specimens, we investigated the pattern of his-
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tological change, if any, in the cyst walls of ovarian endometrioma
after these treatments. The possible histological changes in stromal
cells and cyst wall lining cells in two sets of representative cases
after each treatment are shown in Fig. 7 and Fig. 8.

We found that cyst wall lining epithelial cells are either frag-
mented/decreased in their thickness (Fig. 7) or disappears (Fig. 8)
after GnRHa treatment. Interestingly, appearance of gland or gland
cells as found in untreated group was also disappeared after
GnRHa treatment (Fig. 7 and Fig. 8). On the other hand, stromal cell
mass became thinner after GnRHa or LVFX treatment (Fig. 7 and
Fig. 8). The stromal cell mass was decreased in one-third of cases
by GnRHa treatment and in half of cases by LVFX treatment com-



Fig. 5. Immunohistochemical staining levels of CD68 (macrophage marker, A), Ki-67 (cell proliferation marker, B, C), CD31 (vascular cell marker, D), COX2 (rate limiting
enzyme for prostaglandin production, E), and fibronectin (cell adhesion marker, F) in endometrial biopsy samples collected from untreated- and GnRHa-treated, LVFX-
treated, and GnRHa + LVFX-treated control women (white bar, A, D, E, F) and women with endometriosis (black bar, A, D, E, F). Comparing to untreated group, treatment with
either of GnRHa, LVFX, and GnRHa + LVFX significantly decreased tissue infiltration of macrophages, Ki-67-stained gland cells (white bar, B, C) or stromal cells (black bar, B,
C), CD31-stained micro-vessels, and quantitative histogram (Q-H) scores of COX2 and fibronectin expression. The results are expressed as mean ± SEM. (A) CD68-stained
macrophages: **p < 0.05 (for each) vs. untreated group. *p < 0.05 vs. untreated group. (B) Ki-67-stained cells (controls): **p < 0.01 (for each) vs. untreated group, *p < 0.01 vs.
untreated group. (C) Ki-67-stained cells (endometriosis): **p < 0.05 (for each) vs. untreated group, *p < 0.05 vs. untreated group. (D) CD31-stained micro-vessels: **p < 0.05
(for each) vs. untreated group, *p < 0.05 vs. untreated group. (E) Q-H scores of COX2 expression: **p < 0.05 (for each) vs. untreated group, *p < 0.05 vs. untreated group. (F) Q-
H scores of fibronectin expression: **p < 0.05 (for each) vs. untreated group, *p < 0.05 (for each) vs. untreated group.
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paring to untreated group (Table 6). The other histological findings
in cyst walls after each treatment and without treatment are
shown in Table 6.
Discussion

In this prospective non-randomized observational study, we
demonstrated for the first time that treatment with a single dose
of broad-spectrum antibiotic (levofloxacin, LVFX) with or without
GnRHa was able to significantly decrease a proportion of bacterial
genera in endometrial samples collected from women with and
without endometriosis. These findings were coincided with
decreased tissue inflammation, cell proliferation and angiogenesis
in endometria and endometriotic lesions with remarkable histo-
logical improvement of ovarian endometrioma. These findings
were based on our serial study for the last 10 years that bacterial
contamination indeed occurs in menstrual blood/endometrial sam-
ples collected from women with endometriosis associated with
increased occurrence of chronic endometritis [5,8,11]. Using bacte-
ria culture method and 16S rDNA metagenome assay, we previ-
ously demonstrated significantly increased intrauterine bacterial
colonization in women with endometriosis comparing to control
women. While we previously analyzed bacterial family [11], here
we analyzed bacterial genera by 16S rDNA metagenome assay in
both control women and women with endometriosis. In addition
to individual effect of LVFX on some target bacteria, addition of
LVFX with GnRHa was able to significantly decrease the prevalence
rate of Acidibactor and Bradyrhizobium in control women and
Acidibactor, Atopobium, Bradyrhizobium in women with
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endometriosis. The differential response of LVFX and GnRHa to
suppress a proportion of analyzed microbiota, and not all, may
be due to the difference in their efficacy. Another new finding in
this study is that occurrence rate of chronic endometritis was sig-
nificantly decreased after combined treatment with GnRHa and
LVFX.

These findings are clinically important, because decrease in
IUMC with consequent reduction in the risk of chronic endometri-
tis may improve the adverse reproductive outcome in women suf-
fering from endometriosis. Current treatment strategies, including
hormonal therapy and surgery, have significant side effects and do
not prevent recurrence. Treatment with an antimicrobial agent
either alone or in combination with GnRHa in human endometrio-
sis could be a promising therapeutic approach in ameliorating the
occurrence or recurrence of endometriosis. Our findings in human
study are supported by a recent elegant study in mice [15]. In this
animal study, the authors found that in mice treated with broad-
spectrum antibiotics particularly with metronidazole, endometri-
otic lesions were significantly smaller with fewer proliferating cells
and reduction of inflammatory response than those in vehicle-
treated mice [15]. We have clinically replicated these findings in
human endometriosis by our current findings with both antibiotic
and hormonal treatment.

The 16S rDNA metagenome analysis revealed the existence of
various microbiota in endometrial samples of women with and
without endometriosis and an individual variability was observed
in the distribution of microbiota regardless of treatment. Alpha-
diversity analysis confirmed that microbial colonization in uterine
environment differs between control women and women with
endometriosis with higher prevalence rate in endometriosis and



Fig. 6. (A) Immunohistochemical staining of CD68 (macrophage marker, upper row), Ki-67 (cell proliferation marker, middle row), CD31 (vascular cell marker, lower row) in
the cyst wall biopsy specimens of untreated- (left column), GnRHa-treated (middle left column), and LVFX-treated (middle right column) women with ovarian
endometrioma. Non-immune mouse IgG-stained cells are shown in the extreme right column as a negative control. (B), CD68-stained mean macrophage number, (C) Ki-67-
stained combined cyst wall lining epithelial cells and stromal cells, (D) CD31-stained micro-vessels in cyst wall biopsy samples. The results are expressed as mean ± SEM.

Table 5
Distribution of CD68-, Ki-67-, and CD31-stained cells in biopsy samples derived from treated and untreated women with ovarian endometrioma.

Untreated (n = 8) GnRHa (+) (n = 6) Levofloxacin (+) (n = 10)

CD68-stained cells:
mean ± SEM 43.9 ± 3.0 29.7 ± 2.2* 30.7 ± 1.3**
median 42.6 28.3 31.0
range 31.0–56.2 23.6–38.2 26.2–36.6
Ki-67-stained cells:
mean ± SEM 57.4 ± 5.2 34.8 ± 3.3* 48.8 ± 4.6
median 62.1 35.5 48.7
range 35.4–73.4 23.8–45.8 27.8–69.2
CD31-stained cells:
mean ± SEM 40.5 ± 3.8 22.7 ± 1.7* 30.4 ± 1.4**
median 36.0 21.8 30.8
range 34.0–65.8 18.0–27.4 23.2–37.6

GnRHa, gonadotropin-releasing hormone agonist; SEM, standard error of mean.
CD68 (clone KP1), marker of macrophages; Ki-67, cell proliferation marker.
CD31, marker of vascular endothelial cells.
CD68, *p = 0.0055, untreated vs. GnRHa (+) group,
**p = 0.0019, untreated vs. Levofloxacin (LVFX) group.
Ki-67, *p = 0.0142, untreated vs. GnRHa (+) group.
CD31, *p = 0.0019, untreated vs. GnRHa (+) group.
**p = 0.0034, untreated vs. LVFX (+) group.
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their decrease after individual treatment. Intrauterine microbial
colonization of some bacterial genera in women with endometrio-
sis was significantly higher than in control women. This might be
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due to impaired innate immune system of the female reproductive
tract or by overcoming the antimicrobial host defense capacity of
Lactobacilli, thereby allowing these major pathogens to persist in



Fig. 7. Hematoxylin and eosin (HE)-stained histological features of cyst wall biopsy specimens collected from untreated-(upper row), gonadotropin releasing hormone
agonist (GnRHa)-treated (middle row), and lavofloxacin (LVFX)-treated (lower row) women (first set of cases) with ovarian endometrioma. Untreated case shows intact cyst
wall lining epithelial cells (CLCs), gland cells and thick stromal cell mass with tissue bleeding (upper row). After GnRHa treatment, biopsy specimen shows thin or fragmented
or absent cyst wall lining cells (CLCs-), disappearance of glands, thin stromal cell mass with disappearance of tissue bleeding (middle row). Lavofloxacin (LVFX) reveals intact
cyst wall lining cells with scanty stromal cells (SCs) and less tissue bleeding (lower row).
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intrauterine environment [28–30]. Although did not reach signifi-
cant, the population of Lactobacilli was relatively higher in
untreated women and after LVFX or GnRHa treatment in control
women and women with endometriosis. The critical question
remains to be addressed how bacterial population in endometrial
samples and its subsequent entry into pelvis may be involved in
the pathophysiology of endometriosis. Different ligands from
Gram + bacteria (peptidoglycan/lipopeptide) and Gram- bacteria
(LPS) upon their entry in pelvic cavity during retrograde menstru-
ation may trigger TLR2/TLR6 and TLR4 signaling, respectively, in
inducing pro-inflammatory response in pelvis and growth of
endometriosis. These phenomena of bacterial ligands/TLRs engage-
ment of innate immune system have already been described by
previous studies from our laboratory (4–6, 8, 30). Levofloxacin
treatment with or without GnRHa may either suppress or reverse
this cascade involved in the growth or progression of endometrio-
sis. In fact, we found that LVFX with or without GnRHa treatment
significantly decreased tissue infiltration of CD68 + macrophages,
Ki-67-stained gland cells/stromal cells and CD31-stained micro-
vessel density in the endometria derived from women with and
without endometriosis.

Local inflammation is one of the major factors that may be
involved in the progressive growth of endometriosis and genera-
tion of variable degrees of pain manifestations. It has been reported
that macrophages drive lesion growth and angiogenesis in mice
[31,32] and enhance IL-1b signaling in response to inflammasome
activation, which also promotes endometriotic angiogenesis [33].
Arresting this inflammatory pathway by LVFX either alone or in
combination with GnRHa may be important to decrease the
growth/progression of endometriosis and to alleviate pain mani-
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festations in women suffering from this disease. In fact, we found
that in addition to decreasing CD68-, Ki-67-, and CD31-stained
cells in endometria, LVFX treatment with or without GnRHa also
significantly decreased the expression of COX2, a rate limiting
enzyme for prostaglandin production, and fibronectin, one of the
potential cell–cell adhesion molecules, in the endometria of
women with and without endometriosis. We previously demon-
strated that laminin and fibronectin, two cell adhesion molecules,
are highly expressed in endometrial gland cells and stromal cells
that were collected during the menstrual phase [6]. The expres-
sions of these adhesion molecules were closely associated with
higher expression of integrin-a3 and integrin-a6, the respective
receptors of these adhesion molecules in peritoneal mesothelial
cells that were also collected during the menstrual phase of similar
women with endometriosis [6]. These findings are reasonable to
speculate that if we can decrease expression of fibronectin by
treatment with either LVFX or GnRHa, then we can decrease the
risk of disease development in women with early endometriosis
and their time-dependent progression. On the other hand,
decreased expression of COX2 in response to LVFX or GnRHa
may be related to the decreased production of pain mediators such
as prostaglandins and consequent alleviation of pain symptoms in
women with endometriosis. Therefore, our current findings of
decreased intrauterine microbial colonization in response to LVFX
and/or GnRHa have some biological and clinical significance for
future application.

Mechanistic basis of decreased bacteria profiles in response to
LVFX and GnRHa in our current study is unclear. It could be due
to decreased GnRHa-mediated local chemokine levels to recruit
bacteria in uterine environment or direct bacteriostatic and/or bac-



Fig. 8. Hematoxylin and eosin (HE)-stained histological features of cyst wall biopsy specimens collected from untreated-(upper row), gonadotropin releasing hormone
agonist (GnRHa)-treated (middle row), and lavofloxacin (LVFX)-treated (lower row) women (second set of cases) with ovarian endometrioma. The biopsy specimen of
untreated case shows intact cyst wall lining cells (CLCs) and stromal cells (SCs) with presence of gland and hemosiderin-laden macrophages (HLM) in stromal compartment
(upper row). Comparing to untreated group (upper row), cyst wall lining epithelial cells disappear (CLCs-) with scanty distribution of stromal cells (SCs) after GnRHa
treatment (middle row). Although cyst wall lining cells (CLCs) did not show any difference in appearance, stromal cells (SCs) are scant and dispersed after levofloxacin
treatment (lower row).

Table 6
Histological findings of ovarian endometrioma in treated and untreated women.

Untreated
(n = 8)

GnRHa (+)
(n = 6)

Levofloxacin (+)
(n = 10)

aLining epithelial cells,
n (%):

8 (100) 2 (33.4) 9 (90)

Gland cells, n (%): 4 (50) 0 (0) 3 (30)
Stromal cells, n (%): 8 (100) 2 (33.4)b 5 (50)c

Hemosiderin-laden
Mu, n (%):

6 (75) 4 (66.7) 8 (80)

Neutrophils, n (%): 2 (25) 1 (16.7) 2 (20)
Lymphocytes, n (%): 6 (75) 4 (66.7) 8 (80)
Plasma cells, n (%): 3 (37.5) 0 (0) 2 (20)
Tissue bleeding, n (%): 3 (37.5) 2 (33.4) 2 (20)

GnRHa, gonadotropin-releasing hormone agonist.
a Lining epithelial cells, epithelial cells lining the cyst wall.
b Two of 6 cases in GnRHa (+) group had scanty stromal cells.
c Five of 10 cases in levofloxacin (+) group had scanty or atrophic stromal cells.
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teriolytic effect of LVFX [34,35]. Levofloxacin possesses a favorable
pharmacokinetic profile with wide distribution into tissues and
macrophages, good oral absorption, and a long biological half-life
that allows for once daily dosing [34,36]. No adverse effect related
to LVFX was encountered.

The role of Gram + and Gram- bacteria in negative female and
male fertility outcome has been reported [37,38]. These findings
indicate that IUMC may be involved in female infertility and may
contribute to poor fertility outcome in women with endometriosis.
These detrimental effects of IUMC and chronic endometritis on fer-
tility outcome may be alleviated by single or combined treatment
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with LVFX and GnRHa. The decreased IUMC and concurrent
decreased occurrence of chronic endometritis in response to LVFX
or LVFX + GnRHa treatment as we found in our current study may
improve fertility outcome in women who are suffering from
endometriosis-related infertility.

The occurrence of sub-clinical infection does not only occur in
intrauterine environment but also in the cystic fluid of ovarian
endometriosis [11]. Although we did not analyze bacterial genera
in the cystic fluid of ovarian endometrioma in our current study,
we found that treatment with GnRHa, or LVFX, and GnRHa + LVFX
was able to significantly decrease immunostaining levels of CD68
(inflammatory response), Ki-67 (cell proliferation), and CD31
(micro-vessels) in the biopsy specimens derived from the cyst
walls of ovarian endometrioma. These findings were coincided
with histology-proven improvement of ovarian endometrioma. In
fact, we found that comparing to untreated group, both GnRHa
and LVFX treatment caused either of disappearance, fragmentation
or decreased thickness of epithelial lining cells as well as stromal
cells population in the cyst walls (Fig. 8 and Fig. 9). These findings
were associated with variable changes in the distribution of
immune cells and tissue bleeding in cyst walls (Table 6). Further
study is warranted to confirm these histological findings by
time-dependent image analysis after each treatment.

There are some limitations in our current study: (1) This is a
non-randomized observational study and prospective follow-up
was not done. (2) We used single dose of LVFX as an initial obser-
vational study with the preference and consent of patients. In clin-
ical practice, antibiotic treatment for a period of 10–14 days is
recommended for the treatment of diagnosed CE in order to
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improve the fertility outcome. Our aim was not to treat CE by long
time antibiotic but to examine the effect of a single dose of LVFX, if
any, on IUMC and any change in the occurrence of CE. In fact, it is
difficult to persuade patients to accept multiple doses of LVFX
without indication. Our current findings could be a good reference
for future study. (3) We cannot exclude the bias of any previous
treatment with either immunosuppressing agent or antimicrobial
agents. Unfortunately, we could not record the history of these
treatments for our enrolled patients. (4) Our samples size was
small in each treatment group of women with and without
endometriosis. Further studies with large sample size are needed
to confirm the validity of our current findings and their clinical
application in women with endometriosis. (5) We could not collect
biopsy samples of ovarian endometrioma from GnRHa + LVFX-
treated women. Future study may address these unclear issues.

In conclusion, our current findings suggested that clinical appli-
cation of a broad-spectrum antibiotic (LVFX) either alone or in
combination with GnRHa may be effective in improving subclinical
uterine infection with consequent decrease in the occurrence of
chronic endometritis. The decreased uterine infection in response
to LVFX and/or GnRHa was coincided with decrease in tissue
inflammation, cell proliferation, and angiogenesis in endometria
and endometriotic lesions with histology-proven improvement of
ovarian endometrioma. In the field of reproductive medicine, we
are still facing a big problem with the occurrence and recurrence
of endometriosis and related pain symptoms after successful hor-
monal and surgical treatment. In this critical standpoint, clinical
application of a widely available broad-spectrum antibiotic
together with estrogen suppressing agent may ameliorate the risk
of uterine infection, occurrence or recurrence of lesion, and related
pain symptoms in women who are suffering from this hazardous
disease. Future randomized prospective follow-up study with large
sample size may address this issue and strengthen the validity of
our current findings for clinical application and to aid in the devel-
opment of personalized treatment strategy in women with
endometriosis.
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