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Abstract
Purpose  To evaluate the yearly prevalence and annual transition of multi-drug-resistant-chronic endometritis (MDR-CE) 
in infertile women with a history of repeated implantation failure (RIF) and to establish the third-line antibiotic treatment 
regimen against MDR-CE.
Methods  This retrospective/prospective cohort and pilot study included 3473 RIF women between April 2010 and September 
2021. The endometrial stromal plasmacyte density index (ESPDI) was calculated in 3449 CD138-immunostained endometrial 
sections to evaluate CE. The microbiota in the vaginal secretions and endometrial fluid was compared between 17 patients 
with MDR-CE and 16 patients with antibiotics-sensitive CE. In a pilot study, oral moxifloxacin (400 mg/day, 10 days, n = 24) 
or azithromycin (500 mg/day, 3 days, n = 24) was administered to eligible patients with MDR-CE.
Results  From April 2010 to March 2020, CE was detected in 31.4% of RIF women and MDR was detected in 7.8% of 
CE. While the prevalence of CE was stable for a decade, MDR in CE increased steadily (OR 8.27, 95% CI 2.58–26.43, p 
trend < 0.001). The bacterial species/communities unique to MDR-CE were not found. The histopathologic cure rate of 
MDR-CE was similar between the moxifloxacin and azithromycin groups (79.2% vs 75.0%, OR 1.27, 95% CI 0.32–4.89, p 
value 0.73), as well as reproductive outcomes in subsequent embryo transfer cycles.
Conclusion  In RIF women, MDR in CE increased over the decade. As a third-line treatment for MDR-CE, azithromycin 
may have a clinical advantage due to its shorter time administration periods.
Clinical trial number  ClinicalTrials.gov Identifier: UMIN-CTR 000029449/000031909.

Keywords  Chronic endometritis · Live birth rate · Oral antibiotic treatment · Microbiota · Multidrug resistance · Repeated 
implantation failure

Introduction

Chronic endometritis (CE) is a localized inflammatory dis-
ease of the uterine lining, which is characterized by unusual 
plasmacyte infiltration in the endometrial stromal compart-
ment and is asymptomatic/oligosymptomatic nature [1]. A 
growing body of evidence demonstrates that CE is identified 
in a substantial population of infertile women with repeated 

implantation failure (RIF), unknown etiology, and recurrent 
pregnancy loss, as well as some obstetric/neonatal complica-
tions such as preterm labor and periventricular leukomala-
cia/cerebral palsy in premature infants [2–21]. The mucosal 
expression of multiple genes such as ovarian steroid recep-
tors, adhesion molecules, immunomodulators, and apoptosis 
are dysregulated in CE, suggesting the impaired endometrial 
receptivity, decidualization, and uterine contractility in this 
pathologic condition [11, 14, 15, 21].

The major cause of CE is intrauterine microbial infection 
triggered by a wide range of microorganisms such as common 
bacteria (Escherichia coli, Enterococcus faecalis, Streptococ-
cus, and Staphylococcus), Mycoplasma, Ureaplasma, and 
Mycobacterium species [2, 3]. This finding is supported by the 
fact that antibiotic treatment against these microorganisms is 
effective to eradicate endometrial stromal plasmacytes in CE 
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[3–12]. One of the most prescribed antibiotic agents against 
CE is doxycycline [3, 4, 6, 8, 22–24]. In a prospective study 
conducted between 2011 and 2014, we identified CE in 33.7% 
of endometrial biopsy specimens of RIF women. Oral doxy-
cycline treatment (200 mg/day for 14 days) cured histopatho-
logic CE in approximately 90% of the affected patients [3, 4]. 
In addition, the second-line treatment with a combination of 
oral metronidazole (500 mg/day) and ciprofloxacin (400 mg/
day) for 14 days was effective for most of patients with doxy-
cycline-resistant CE [3, 4]. Furthermore, the live birth rate in 
the immediate first embryo transfer (ET) cycle and cumulative 
three ET cycles in the RIF women who overcome CE (32.8% 
and 38.8%, respectively) was higher than in the RIF women 
without CE (22.1% and 27.9%, respectively). Favorable effects 
of antibiotic treatment against CE on the reproductive outcomes 
in the subsequent ET cycles were confirmed by a meta-analysis 
demonstrating that the ongoing pregnancy/live birth improved 
to the equivalent level to infertile women without RIF [10].

Antibiotic resistance is a global issue in the treatment of infec-
tious diseases. CE is no exception [25–28]. In 2008, according to 
the results of the endometrial histopathology, culture, and anti-
biogram, Cicinelli et al. estimated that less than 20% of CE was 
resistant to single-course oral doxycycline treatment [2]. Seven 
years later, they reported that 24.6% of CE was untreatable with 
three courses of antibiotic administration, implying increment of 
multi-drug resistant chronic endometritis (MDR-CE) [7]. More 
recently, using a stringent criterion, Xiong et al. reported that 
11.0% of CE was resistant to two courses of the combined anti-
biotic treatments for 14 days [29]. However, few studies so far 
tracked the prevalence of MDR-CE and its time transition in large 
and long-term settings. Moreover, there are no published clinical 
trials on the treatment strategies against MDR-CE.

In this study, we aimed to evaluate the yearly prevalence 
and annual transition of MDR-CE over the last decade using 
the medical records of more than 3000 RIF women. To iden-
tify the bacterial species and communities associated with 
MDR in CE, the microbiota in the vaginal secretions (VS) 
and endometrial fluid (EF) was analyzed in some MDR-CE 
patients and compared with antibiotics-sensitive CE. Finally, 
we conducted a pilot study to compare the effectiveness and 
safety of two regimens of the third-line oral antibiotic admin-
istration against MDR-CE in RIF women. Following the con-
firmation of its histopathologic cure, we followed up their 
reproductive outcomes in the subsequent ET cycles.

Materials and methods

Study design

The study was approved by the Ethical Committee of the 
Institutional Review Board of Reproduction Clinic Osaka 
on September 20, 2017 (Approval Number 20172/20173). 

The yearly prevalence and annual transition of CE and 
MDR-CE in RIF women were analyzed retrospectively 
between April 2010 and September 2017 and prospectively 
from October 2017 to March 2021. The microbiota analy-
sis was a part of an ongoing prospective case–control study 
registered on October 6, 2017 (UMIN-CTR 000029449), 
and conducted from October 2017. A pilot study compar-
ing the effectiveness and safety of two regimens of oral 
antibiotic administration against MDR-CE was regis-
tered on March 26, 2018 (UMIN-CTR 000031909). We 
here chose two oral antibiotic agents, moxifloxacin and 
azithromycin, to treat RIF women with MDR-CE. Moxi-
floxacin is an extended-spectrum fluoroquinolone agent 
with improved activity against Gram-negative bacteria and 
anaerobes compared with older-generation fluoroquinolo-
nes and was reported to be superior to metronidazole in 
treatment against bacterial vaginosis-associated species, 
Atopobium vaginae and Gardnerella vaginalis [30, 31]. 
Meanwhile, few studies so far evaluated the effectiveness 
of oral azithromycin against CE. Azithromycin is an acid-
stable macrolide structurally related to erythromycin, but 
with a broader spectrum of antimicrobial activity, and cov-
ers pelvic, genital, and/or sexually transmitted infectious 
diseases such as urethritis and cervicitis [32]. Under pro-
spective non-randomized settings, these antibiotic agents 
were administrated to the eligible patients between April 
2018 and September 2020 in accordance with the Decla-
ration of Helsinki. All patients provided written informed 
consent before participation in the study.

Definition of RIF, CE, and MDR‑CE

RIF was defined as serial negative pregnancy tests fol-
lowing transfer of three or more morphologically good 
cleavage-stage embryos (Veeck grade 1 or 2, seven-to-
eight blastomere embryos on day 3 of cultivation) [33] 
and/or blastocysts (Gardner score 3BB or above on day 
5) [34] over three or more transfer cycles. A total of 3473 
infertile women with a history of RIF were included in the 
study. To avoid the double count of the same individual, 
we included only RIF women undergoing their primary 
screening for CE.

Proliferative phase (days 6–12 of the menstrual cycle) 
endometrial curette biopsy sections  (4-μm thickness) 
obtained from RIF women and immunostained with mouse 
monoclonal IgG against a plasmacyte marker CD138 
(B-A38, Nichirei, Tokyo) or mouse control IgG [35] were 
evaluated for CE. The sections with suspicious hyperpla-
sia/malignancy were excluded. The whole sections were 
observed by an experienced gynecologic pathologist under 
a light microscope (× 400 magnification), and stromal 
CD138 + cells with nucleic heterochromatin patterns were 
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enumerated in 20 or more high-power fields. The endo-
metrial stromal plasmacyte density index (ESPDI) was 
calculated as the sum of the stromal CD138 + cell counts 
divided by the number of the high-power fields evaluated. 
CE was diagnosed as 0.25 or more ESPDI, as described 
previously [3]. MDR-CE was defined as treatment fail-
ure following the first-line oral doxycycline (Vibramycin, 
200 mg/day, 14 days, Pfizer Inc., Tokyo, Japan) and sec-
ond-line oral metronidazole (Asuzol, 500 mg/day, 14 days, 
Fuji Pharma, Inc., Tokyo, Japan)/ciprofloxacin (Ciproxan, 
400 mg/day, 14 days, Bayer Healthcare Co., Osaka, Japan) 
administration, evaluated by ESPDI in the third endome-
trial biopsy specimens.

Microbiota analysis in paired VS and EF in MDR‑CE/
RIF women

The microbiota analysis was performed for a total of 33 RIF 
women with MDR-CE (n = 17) and antibiotics-sensitive 
CE (n = 16) who desired and/or volunteered to the exami-
nation. The patients who self-reported the use of oral and/
or vaginal prebiotics and/or probiotics were excluded. The 
paired VS and EF samples were obtained in the mid-secre-
tory phase of the identical cycle to the endometrial biopsy 
within 2 months from the final antibiotic treatment. [35]. 
In brief, the perineum was cleansed with sterilized cotton 
balls soaked in benzalkonium chloride solution and a bivalve 
speculum was inserted into the vaginal cavity. VS was 
obtained from all directions using a sterilized swab. After 
removing the residual mucous, the vaginal cavity and cervix 
were cleaned using another benzalkonium chloride-soaked 
sterilized cotton balls. Avoiding contact with the speculum 
and vaginal wall, a pipette (MedGyn Products Inc., Addison, 
IL, USA) was inserted into the uterine cavity via the cervical 
ostium and EF was aspirated. VS and EF were solubilized 
into stabilizing liquid in separate collection tubes.

The genomic DNA was extracted following treatment 
with proteinase K/lysozyme/RNase A solution (Beckman 
Coulter Inc., Brea, CA, USA). The double-stranded DNA 
concentration was quantified using a Qubit dsDNA HS 
Assay Kit (Thermo Fisher Scientific Inc., Waltham, MA, 
USA). The variable 4 regions of the bacterial 16S rRNA 
gene were amplified by a modified primer pair 515f with 
Illumina Nextera XT (Illumina Inc., San Diego, CA, USA) 
adapter overhang sequences. Polymerase chain reaction 
cycles consisted of denaturation (94 °C, 2 min) followed 
by 30 cycles of denaturation (94  °C, 20  s), annealing 
(50 °C, 30 s), extension (72 °C, 1 min), and final extension 
(72 °C, 5 min). The amplicon mixture was purified using 
Agencourt AMPure XP beads (Beckman Coulter Inc.) and 
multiplexed using a dual-index approach with Nextera 
XT Index Kit v2 according to Illumina 16S Metagenomic 
Sequencing Library Preparation protocol. The indexing 

polymerase chain reaction was performed with a KAPA 
HiFi HotStart ReadyMix (Kapa Biosystems, Boston, 
MA, USA). The final library was paired-end sequenced at 
2 × 200 bp using a MiSeq Reagent Kit v3 on the Illumina 
MiSeq platform. The ZymoBIOMICS Microbial Commu-
nity Standard (Zymo Research, Orange, CA, USA) contain-
ing a mixture of Pseudomonas, Escherichia, Salmonella, 
Lactobacillus, Enterococcus, Listeria, Bacillus, and two 
yeast species Saccharomyces and Cryptococcus, was used 
as a positive control [36]. UltraPure™ DNase/RNase-Free 
Distilled Water (Thermo Fisher Scientific Inc.) was used as 
a blank control. Using EA-Utils fastq-join [37], a median 
291-base pair merged sequence length was obtained. The 
quality control was performed using USEARCH v10.0.240 
to remove PhiX reads, truncate primer-binding sequences, 
and discard sequences with < 100-bp length and sequence 
quality Q < 20. Quantitative Insights Into Microbial Ecol-
ogy 1.9.1 [38] was used with default parameters for quality 
filtering and chimera check. The sequences were clustered 
into operational taxonomic units using the UCLUST method 
based on 97% sequence identity. Taxonomy was assigned 
using Ribosomal Database Project Classifier [39] with a 
0.50 confidence threshold against the Greengenes database 
version 13_8 [40]. Fifteen bacterial taxa (Acidovorax, Aci-
netobacter, Chryseobacterium, Citrobacter, Elizabethk-
ingia, Escherichia, Flavobacterium, Janthinobacterium, 
Leptothrix, Methylobacterium, Pseudomonas, Rhodococcus, 
Sphingomonas, Stenotrophomonas, and Yersinia) known as 
contaminants found in a blank control [36], were excluded 
from EF samples.

Pilot study to compare the effectiveness and safety 
of two regimens of third‑line oral antibiotic 
administration on histopathologic cure rate 
and subsequent reproductive outcomes of RIF 
women with MDR‑CE

A pilot study was conducted to compare the effectiveness and 
safety of two regimens of the oral antibiotic administration 
for RIF women with MDR-CE under prospective non-rand-
omized settings. The exclusion criteria were present illness/
history of liver dysfunction, arrhythmia, hypokalemia, and 
hypersensitivity to quinolones and/or macrolides. The consec-
utive numbers from 1 to 48 were given to the eligible patients. 
Those with an odd number were allocated to the moxifloxacin 
(Avelox, 400 mg/day, 400 mg tablet once for 10 days, Bayer 
Healthcare Co, n = 24) group, and those with an even number 
were allocated to the azithromycin (Zithromac, 500 mg/day, 
250 mg tablet twice for 3 days, Pfizer Inc, n = 24) group. The 
fourth endometrial biopsy was performed on days 6–12 of 
the subsequent menstrual cycle for reevaluation of CE. RIF 
women who overcome histopathological MDR-CE proceeded 
to subsequent ET cycles. Their reproductive outcomes were 
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followed up until September 2021. The main outcome meas-
ures included the rate of the clinical pregnancy (the pres-
ence of the intrauterine gestational sac and fetal heartbeat on 
transvaginal ultrasound), miscarriage (pregnancy loss before 
22 weeks of gestation), and ongoing pregnancy/live birth.

Statistics

Student t test and Tukey–Kramer test was used for con-
tinuous variables (Excel Statistics, SSRI, Tokyo, Japan). 
Mann–Whitney U test or Fisher’s exact test was used for cat-
egorical variables. The trend analysis was performed using a 
linear regression model and Cochran–Mantel–Haenszel test.

Results

Trends in prevalence of CE in RIF women 
and MDR‑CE in whole CE cases in the last decade

We evaluated the data of a total of 3473 RIF women between 
April 2010 and March 2020 (Table 1). The number of the 
referred RIF women increased steadily from the first year 
(n = 44, April 2010 to March 2011) to the last year (n = 464, 
April 2019 to March 2020) (p trend < 0.001). Of them, 24 
patients whose clinical information was not fully available 
were excluded from the study. The remaining 3449 RIF 

patients were subjected to the trend analysis (Fig. 1). The 
relationships between the number of previously transferred 
morphologically good embryos and the number of RIF 
women are detailed in Table 2.

CE was detected in a total of 31.4% (1082/3449) in the first 
endometrial biopsy specimens of RIF women in the last dec-
ade. The prevalence of CE in the first biopsy was comparable 
between the first 5 years (30.2%, 237/785) and the last 5 years 
(31.7%, 845/2664) during the study period and steady through-
out the 10 years (OR 1.07, 95% CI 0.90–1.28, p trend > 0.05). 
Of these 1082 CE patients, 1071 women completed the first-
line oral doxycycline treatment, whereas 11 women declined 
or discontinued the medication due to the history or onset of 
the allergic episodes/adverse effects. In the second biopsy, the 
histopathologic cure of CE was confirmed in 78.8% (844/1071). 
Of the remaining 227 (21.2%) doxycycline-resistant CE patients, 
224 patients completed the second-line ciprofloxacin/metronida-
zole treatment, whereas three patients dropped out. In the third 
biopsy, the histopathologic cure of CE was confirmed in 62.5% 
(140/224), resulting in 84 patients with MDR-CE. Thus, the total 
prevalence of MDR-CE in whole RIF/CE patients in the decade 
was 7.8% (84/1082), which markedly increased (OR 8.27, 95% 
CI 2.58–26.43, p trend < 0.001) from the first 5 years (1.3%, 
3/237, between April 2010 and March 2015) to the last 5 years 
(9.6%, 81/845, between April 2015 and March 2020) (Table 3; 
Fig. 2). The age in the MDR-CE group was lower than that in 
the antibiotics-sensitive CE group (95% CI 0.12–2.08, p value 

Table 1   Demographics of RIF 
women with MDR-CE versus 
antibiotics-sensitive CE

a Totals are not 100% due to some patients having more than one diagnose(s)

MDR-CE (n = 84) Antibiotics-
sensitive CE 
(n = 984)

Odds ratio/95% CI/
two-sided p value

Age (years, mean ± SD) 36.1 ± 5.1 37.2 ± 4.3 -/0.12–2.08/0.027
Body mass index (kg/m2, mean ± SD) 22.1 ± 4.2 21.6 ± 4.0 -/ − 0.397–1.397/0.27
Gravidity, median (range) 0 (0–2) 0 (0–2) -/-/0.88
Parity, median (range) 0 (0–1) 0 (0–2) -/-/0.91
Cigarette smoking 1 (1.2%) 5 (0.5%) 2.36/0.27–20.43/0.43
Habitual alcohol drinking 2 (2.4%) 38 (3.9%) 0.61/0.14–2.57/0.57
Infertility diagnosisa

  Male factor 27 (32.1%) 288 (29.3%) 1.14/0.71–1.85/0.57
  Polycystic ovarian syndrome 5 (6.0%) 69 (7.0%) 0.84/0.32–2.15/0.71
  Endometriosis 13 (15.5%) 104 (10.6%) 1.55/0.82–2.90/0.17
  Tubal factor 19 (22.6%) 202 (20.5%) 1.13/0.66–1.93/0.65
  Unexplained 41 (48.8%) 435 (44.2%) 1.20/0.77–1.88/0.41
  Diminished ovarian reserve 10 (11.9%) 151 (15.3%) 0.75/0.37–1.48/0.39

Past embryo transfer history (mean ± SD)
  Number of cycles 3.9 ± 0.5 4.1 ± 0.7 -/0.04–0.35/0.011
  Number of embryos transferred 4.1 ± 0.6 4.4 ± 1.2 -/0.04–0.56/0.024
  Number of morphologically-good 

embryos transferred
3.2 ± 0.5 3.4 ± 1.0 -/-0.02–0.42/0.07

  Number of assisted hatching use 1.8 ± 0.4 1.9 ± 0.7 -/-0.06–0.26/0.20
  Number of hyaluronan-rich medium use 1.0 ± 0.4 1.1 ± 0.6 -/-0.04–0.23/0.13
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0.027) (Table 1). In addition, the number of the past transfer 
cycles (95% CI 0.04–0.35, p value 0.011) and embryos (95% 
CI 0.04–0.56, p value 0.024) were lower in the MDR-CE group 
than in the antibiotics-sensitive CE group.

Relationship between ESPDI and sensitivity/
resistance to antibiotics in CE

We retrospectively assessed if the initial density of ESPC prior 
to the antibiotic treatment is associated with the occurrence of 
MDR-CE. Of 227 patients with doxycycline-resistant CE, 61 
patients (26.9%) showed a remission (decreased in ESPDI but 
remained above the cutoff index 0.25) following doxycycline 
administration, whereas 166 patients (73.1%) had an increase 
in ESPDI. The mean ± SD ESPDI in the first biopsy specimens 
was higher (p value < 0.0001) in the MDR-CE group (n = 84, 
19.3 ± 11.3, 95% CI 16.88–21.72) and doxycycline-resistant, 
ciprofloxacin/metronidazole-sensitive CE group (n = 140, 
19.9 ± 10.2, 95% CI 18.23–21.57) than in the doxycycline-
sensitive CE group (n = 844, 15.1 ± 9.0, 95% CI 14.47–15.73).

Of 84 patients with MDR-CE, 19 patients (22.6%) showed 
a remission following ciprofloxacin/metronidazole administra-
tion, whereas 65 patients (77.4%) had an increase in ESPDI. The 
mean ± SD ESPDI in the second biopsy specimens following dox-
ycycline treatment was at a similar level (p value 0.51) between 
the MDR-CE group (n = 84, 20.1 ± 8.4, 95% CI 18.30–21.90) and 
the doxycycline-resistant, ciprofloxacin/metronidazole-sensitive 
CE group (n = 140, 19.3 ± 9.1, 95% CI 17.79–20.81).

VS and EF microbiota in RIF women with MDR‑CE

Information on the local bacterial compositions was available in 
some RIF women with MDR-CE (n = 17) and antibiotics-sen-
sitive CE who desired microbiota analysis in the paired VS and 
EF samples (n = 16). Sequencing was successful in each sample.

Fig. 1   Diagram of the diagnosis 
of MDR-CE and distribution of 
the population investigated

Table 2   Details on the number and stage of previously transferred 
morphologically good embryos (Veeck grade 1 or 2, seven-to-eight 
blastomere embryos on day 3 of cultivation and/or Gardner score 
3BB or above on day 5) in 3449 RIF women. The transferred mor-
phologically fair/poor embryos were excluded

Number of previously transferred 
morphologically good embryos

Stage of previously 
transferred mor-
phologically good 
embryos

Number of 
RIF women

Cleavage 
stage

Blasto-
cyst stage

3 3 0 84
2 1 19
1 2 401
0 3 1558

4 4 0 23
3 1 8
2 2 2
1 3 257
0 4 909

5 5 0 2
4 1 5
3 2 1
2 3 6
1 4 36
0 5 105

6 6 0 6
5 1 1
2 4 2
1 5 2
0 6 7

7 1 6 1
0 7 3

8 1 7 2
0 8 1

10 1 9 8

1843Journal of Assisted Reproduction and Genetics (2022) 39:1839–1848



1 3

The VS microbiota in the MDR-CE group resembled that 
in the antibiotics-sensitive CE group (Supplemental Table). 
There was no difference in the detection rate of Lactoba-
cillus, the representative bacterial genus that resides in the 
healthy vaginal cavity, between the MDR-CE group and anti-
biotics-sensitive CE group [88.2% (15/17) vs 93.8% (15/16), 
OR 0.50, 95% CI 0.04–6.13, p value 0.59]. Likewise, the 
rate of Lactobacillus-dominant (90% or more in the whole 
bacterial load) microbiota was similar between the MDR-CE 
group and antibiotics-sensitive CE group [77.8% (14/18) vs 
76.5% (13/17), OR 1.08, 95% CI 0.22–5.22, p value 0.92]. 
There were no bacterial species that were uniquely detect-
able in each group. These results went for the EF microbiota.

Histopathologic cure rate of MDR‑CE in RIF women 
following moxifloxacin versus azithromycin 
administration

Between April 2018 and March 2020, 48 MDR-CE/RIF women 
met the inclusion criteria for the pilot antibiotic administration 
study and agreed to participate. Under non-randomized settings, 
oral moxifloxacin was prescribed for 24 women, whereas oral 
azithromycin was for 24 women. There were no differences in the 
clinical characteristics including age, body mass index, cigarette 
smoking, and alcohol consumption. Mild abdominal discomfort 
was observed in one patient in the moxifloxacin group, and short-
term diarrhea was observed in three patients in the azithromycin 
group. There were no reports on the serious adverse effects that 
required the discontinuation of the medication and/or additional 
treatments. The histopathologic cure rate of MDR-CE, which 
was evaluated in the fourth endometrial biopsy in the subsequent 
cycle, was similar (OR 1.27, 95% CI, 0.32–4.89, p value 0.73) 
between the moxifloxacin group [79.2% (19/24), the mean ± SD 
ESPDI 8.3 ± 2.1] and the azithromycin group [75.0% (18/24), the 
mean ± SD ESPDI 7.8 ± 4.6) (Table 3).

Reproductive outcomes in RIF women 
with moxifloxacin‑sensitive MDR‑CE 
versus azithromycin‑sensitive MDR‑CE

Following the confirmation of the histopathologic cure of 
MDR-CE, the reproductive outcome was followed up in 
patients undergoing the subsequent ET cycles. Five patients 
in the moxifloxacin group and six patients in the azithromy-
cin group dropped out due to unsuccessful obtainment of 
transferrable embryos/blastocysts, resulting in enrollment of 
19 women in the moxifloxacin group and 18 women in the 
azithromycin group. There was no difference in the follow-up 
duration between the moxifloxacin and azithromycin groups 
(mean ± SD; 12.1 ± 5.6 months vs 12.5 ± 6.8 months, 95% 
CI − 4.02–3.22, p value 0.82) as well as the number of the 
embryos transferred (mean ± SD; 1.87 ± 0.23 vs 2.03 ± 0.61, 
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95% CI − 0.44–0.12, p value 0.25). The live birth rate in the 
immediate first ET cycle was equivalent between the moxi-
floxacin and azithromycin groups [31.6% (6/19%) vs 33.3 
(6/18), OR 0.92, 95% CI 0.23 − 3.66, p value 0.91] as well as 
other reproductive outcome measures (Table 4). The results 
in the cumulative three ET cycles per couple were also com-
parable between the two groups [moxifloxacin 57.9% (11/19) 
vs azithromycin 61.1% (11/18), OR 0.88, 95% CI 0.23–3.26, 
p value 0.84]. There were no patients who refused antibiotic 
treatment and/or proceeded to the next ET cycles without con-
firming the cure of CE.

Discussion

There have been no reports that followed up the prevalence 
of CE in large and long-term settings. In addition, only 
a few papers so far described MDR in CE. In this study, 

we evaluated the prevalence of histopathologic CE in RIF 
women for the last 10 years. CE was diagnosed in 31.4%, 
which was at a similar level to our previous report between 
2011 and 2014 (33.7%) [3, 13]. MDR was diagnosed in 
7.8% of whole CE cases in RIF women. In contrast to 
doxycycline resistance being found in 7.7% in our previous 
study between 2011 and 2014 [3], it was detected in 21.2% 
of CE in this study, suggesting the declining effectiveness 
of doxycycline as the first-line antibiotic agents against 
CE. While the prevalence of CE did not show a marked 
fluctuation over the decade, that of MDR in whole CE 
cases significantly rose from the first 5 years to the last 
5 years. The mean age in the RIF women with MDR-CE 
group was lower than in those with antibiotics-sensitive 
CE group, although its significance remains unclear. Com-
pared with non-RIF women, RIF women inevitably have 
more opportunities for antimicrobial prophylaxis with 
infertility-associated examinations and treatments. As 

Fig. 2   Annual transition of 
yearly prevalence of MDR-CE 
in whole RIF/CE patients

Table 4   Histopathologic cure rate and reproductive outcomes in the following ET cycles of RIF/MDR-CE women treated with moxifloxacin 
versus azithromycin

a Live birth was confirmed in nine patients of the moxifloxacin group and 12 patients in the azithromycin group as of September 30, 2021

Moxifloxacin group 
(n = 24)

Azithromycin group 
(n = 24)

OR/95% CI/two-sided p value

Histopathologic cure rate 19/24 (79.2%) 18/24 (75.0%) 1.27/0.32 − 4.89/0.73
ESPDI (mean ± SD) 8.3 ± 2.1 7.8 ± 4.6 -/-/0.63
Immediate first ET cycle

  Clinical pregnancy rate (per transfer) 9/19 (47.4%) 8/18 (44.4%) 1.13/0.30 − 4.11/0.85
  Miscarriage rate (per clinical pregnancy) 3/9 (33.3%) 2/8 (25.0%) 1.50/0.18 − 12.46/0.70
  Live birth rate (per transfer) 6/19 (31.6%) 6/18 (33.3%) 0.92/0.23 − 3.66/0.91

Cumulative three ET cycles
  Clinical pregnancy rate (per transfer) 16/38 (42.1%) 15/34 (44.1%) 0.92/0.36 − 2.35/0.86
  Miscarriage rate (per clinical pregnancy) 5/16 (31.3%) 4/15 (26.7%) 1.25/0.26 − 5.94/0.78
  Live birth/ongoing pregnancy rate (per transfer) 11/38 (28.9%) 11/34 (32.4%) 0.85/0.31–2.33/0.75
  Live birth/ongoing pregnancy rate (per couple)a 11/19 (57.9%) 11/18 (61.1%) 0.88/0.23 − 3.26/0.84
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with other medical fields [41], it is conceivable that anti-
biotic abuse is the main cause of MDR-CE. Additionally, 
these iatrogenic events, particularly intrauterine interven-
tions, may potentially contribute to the development of 
MDR-CE [42]. Our results suggest the association between 
the ESPDI in the first endometrial biopsy specimens and 
the sensitivity/resistance to the first-line oral doxycy-
cline treatment, whereas that in the second biopsy was 
not related to the sensitivity/resistance to the second-line 
oral ciprofloxacin/metronidazole treatment against dox-
ycycline-resistant CE. To control the increase in MDR, 
individualized antibiogram-oriented antibiotic treatment 
may have the advantage of reducing the risk [2].

Several studies investigated the vaginal/endometrial 
microbiota in CE [42–46]. However, to our best knowl-
edge, few reported local bacterial species and communi-
ties in MDR-CE. Using next-generation sequencing of 
bacterial 16S rRNA genes, we examined the microbiota 
in paired EF and VS samples in a fraction of RIF women 
with MDR-CE who agreed to the study. We were unable 
to identify unique microorganism(s) or characterize the 
local microbiota associated with MDR-CE. The detection 
status of Lactobacillus, the dominant genus in the healthy 
vaginal cavity, was comparable between MDR-CE and 
antibiotics-sensitive CE, suggesting the non-association 
between Lactobacillus-dominant/non-dominant microbiota 
and MDR-CE, although these results must be confirmed 
in larger samples with species-level analysis. In addition, 
there was no difference in the detection rate of Burkholde-
ria, a proteobacteria uniquely found in a quarter of the 
EF microbiota in RIF women in our previous study [36]. 
Larger settings may be required to discover the microbiota 
associated with MDR-CE.

A wide range of antibiotic agents has been used against 
CE, but there are few pharmacological treatment strate-
gies against MDR-CE. We sought for effective and safe 
regimens of oral antibiotic treatment against MDR-CE in 
a pilot study. We removed fluoroquinolone ofloxacin from 
the candidates due to the lower histopathologic CE cure 
rate in women with recurrent pregnancy loss compared 
with other antibiotic agents in a previous study [6]. In 
2016, Bouet et al. hinted the adoption of the combina-
tion of 500 mg/day metronidazole and 400 mg/day moxi-
floxacin for the second-line antibiotic treatment against 
doxycycline-resistant CE but did not mention its cure rate 
and subsequent reproductive outcome [7].

Our results indicated that the histopathologic cure rate of 
MDR-CE was similar between moxifloxacin and azithromy-
cin. In RIF women who overcome MDR-CE, the reproduc-
tive outcomes including the ongoing pregnancy/live birth 
rate were also comparable between the two regimens. These 
results are consistent with a recent study demonstrating that 
the efficacy and safety of moxifloxacin and azithromycin are 

equivalent in the doxycycline resistance–guided antibiotic 
treatment against sexually transmitted infection syndromes 
[47]. Although the validity and utility of this comparison 
await more studies, our findings suggest that azithromycin 
may have a clinical advantage over moxifloxacin in antibiotic 
treatment against MDR-CE due to its effectiveness following 
shorter-time administration periods.

The limitation of this study is as follows: (i) small sample 
size and the nonrandomized setting of the third-line anti-
biotic study, as we gave that up in the preliminary survey 
which disclosed that > 95% of RIF women did not desire to 
participate in randomization [3]; (ii) lack of preimplantation 
genetic testing for aneuploidy, as it has been prohibited in 
our nation since 1998 [48]; (iii) no patients who desired next 
embryo transfer without screening for CE; (iv) demographic 
variabilities (stages of transferred embryos and inclusion of 
RIF women only with primary screening).

In conclusion, this study disclosed the increase of 
MDR-CE in RIF women over the decade. Regarding the 
effectiveness and safety of the oral antibiotic administra-
tion against MDR-CE, the histopathologic cure rate and 
reproductive outcomes in the subsequent ET cycles were 
equivalent between moxifloxacin and azithromycin. Fur-
ther studies are warranted to verify these findings.
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