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Abstract
Purpose We prospectively investigated if oral enteric coating lactoferrin supplementation improves the reproductive out-
comes in infertile women with a history of repeated implantation failure (RIF) and non-Lactobacillus-dominant (Lactobacil-
lus rate < 90%) microbiota (NLDM) in vaginal secretions (VS)/endometrial fluid (EF).
Methods Paired VS/EF samples were obtained from RIF women and control infertile women (non-RIF group) for micro-
biome analysis. Chronic endometritis (CE) was diagnosed histopathologically and hysteroscopically. In a pilot study, oral 
enteric coating lactoferrin (700 mg/day, at least 28 consecutive days) was administered to eligible patients with NLDM in 
VS/EF. Their reproductive outcomes in the subsequent vitrified-warmed embryo transfer cycles were followed up.
Results While CE was more prevalent (OR 2.41, 95% CI 1.02–5.63, p = 0.042) in the RIF group (29.1%, n = 117) than in 
the non-RIF group (14.5%, n = 55), The NLDM rate was similar between the two groups (44.4 vs 52.7%). Lactoferrin sup-
plementation improved NLDM in 43.2% of RIF women (n = 37). Within the RIF group, the live birth rate in the subsequent 
cycles was higher (OR 10.67, 95% CI 1.03 − 110.0, p = 0.046) in women with improved microbiota (57.1%, n = 14) than in 
those with unimproved microbiota (11.1%, n = 9).
Conclusion Unlike CE, NLDM was not unique to RIF but was common in infertile women. Although the therapeutic effect 
of the oral lactoferrin supplementation on NLDM was limited in a pilot study, the reproductive outcomes were better in RIF 
women who overcame NLDM than in those who failed. Randomized controlled trials are required to confirm the results.
Trial registration number and date for prospectively registered trials UMIN-CTR 000036990, June 7, 2019.
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What does this study add to the clinical work 

Unlike chronic endometritis being prevalent in 
patients with a history of repeated implantation 
failure, genital tract dysbiosis seems to be more 
common in female infertility. Oral enteric coating 
lactoferrin supplementation may be a therapeutic 
option for genital tract dysbiosis in infertile women, 
although randomized controlled studies are required 
to confirm its effectiveness and to optimize the sup-
plementation dose and duration.

Introduction

The development of genomic science revealed the localiza-
tion and distribution of the bacterial communities (micro-
biota) in the female genital tract. As it has been long 
believed, Lactobacillus was found to be the major bacte-
rial genera in the vaginal cavity in healthy premenopausal 
women. Moreover, human vaginal bacterial communities 
were characterized as low diversity with the overwhelm-
ing predominance of four Lactobacillus species (L iners, 
L. crispatus, L. gasseri, and L. jensenii) [1]. These results 
suggest a pivotal role of lactic acid bacteria in the integrity 
and maintenance of the local environment against the inva-
sion of the alien bacterial species and the homeostasis of 
the mucosal barrier functions [2]. Meanwhile, the micro-
biota in the human uterine cavity remains controversial. 
The comprehensive genome analysis demonstrated the 

http://orcid.org/0000-0002-5693-3139
http://crossmark.crossref.org/dialog/?doi=10.1007/s00404-022-06755-2&domain=pdf


1762 Archives of Gynecology and Obstetrics (2022) 306:1761–1769

1 3

inconsistent results between the studies, ranging from the 
predominance of Lactobacillus and Bacteroides to other 
species such as Acinetobacter, Pseudomonas, Cloacibac-
terium, and Comamonadaceae [3–9].

Recently, an increasing number of reports demonstrated 
an association between female genital tract dysbiosis and 
poor reproductive outcomes [5–14]. Moreno et al. [5], 
disclosed a positive association between Lactobacillus-
dominant (90% or more) microbiota (LDM) in the vagi-
nal secretions (VS)/endometrial fluid (EF) and successful 
pregnancy in the following embryo transfer (ET) cycles 
in infertile women. On the contrary, dysbiotic non-LDM 
(NLDM, 90% or less Lactobacillus species) in VS/EF is 
associated with recurrent pregnancy loss, preterm birth, 
and repeated implantation failure (RIF) which occurs in 
even 5% or more of infertile women undergoing three ET 
cycles of euploid blastocysts with morphologically normal 
endometrium [15].

Probiotics and prebiotics are being studied with grow-
ing interest as adjuncts to the standard therapies against 
inflammatory and infectious diseases. While probiotics 
are defined as products containing live microorganisms 
that provide a health benefit to the host when consumed, 
prebiotics are known as nondigestible nutritive substances 
acting as a substrate to stimulate the growth and metabo-
lism of protective endogenous bacteria [16]. In the field 
of obstetrics and gynecology, vaginal probiotic applica-
tion of Lactobacillus and Bifidobacterium against bacterial 
vaginosis and vulvovaginal candidiasis has been shown to 
improve the genital tract dysbiotic environments that are 
resistant to conventional antibiotic treatment. [17–21]. By 
contrast, it remains undetermined if probiotics/prebiotics 
administration restores LDM in VS and/or EF in infertile 
women and improves their reproductive outcomes.

Lactoferrin is a 703-amino acid glycoprotein primally 
isolated from bovine milk [22]. In humans, lactoferrin 
is produced by polymorphonuclear leukocytes and other 
endocrine cells, such as pancreatic acinar cells, and is 
released into a wide range of body fluids, including milk, 
plasma, saliva, tears, nasal secretions, and vagina [23]. 
The major roles of lactoferrin are antimicrobial iron-
binding via iron adsorption and immune response regula-
tion against a wide range of pathogens including bacteria, 
fungi, protozoa, and viruses, along with prebiotic activity, 
which draws attention from medical fields [22, 23].

This prospective study aimed to investigate if oral sup-
plementation of enteric coating lactoferrin can restore 
the microbial integrity in the genital tract in infertile 
women with a history of RIF/NLDM. Furthermore, we 
followed up on their reproductive outcomes in the subse-
quent ET cycles following oral enteric coating lactoferrin 
supplementation.

Materials and methods

Study registration and design

The study was approved by the Ethical Committee of the 
Institutional Review Board (Approval Number 20191) on 
May 31, 2019, and registered on the University Hospital 
Medical Information Network-Clinical Trial Registration, 
Japan, on June 7, 2019 (UMIN-CTR 000036990). This pro-
spective cohort study was conducted in accordance with the 
Declaration of Helsinki in a non-randomized setting. All 
patients provided written informed consent prior to partici-
pation in the study. The patients with suspicious endometrial 
hyperplasia/malignancy and who had taken any antibiotic 
agents and/or prebiotics/probiotics within three months were 
excluded from the study.

According to Gardner and Schoolcraft scoring system 
[24], good blastocysts were defined as 3BB or above on day 
5. RIF was defined as continuously failed pregnancy tests 
(Tosoh Co., Shunan, Japan) despite five or more good blas-
tocyst transfer cycles occurring in infertile women with the 
age less than 40 years old.

The endometrial curette biopsy was performed on the 
menstrual cycle day 6–12 in the natural cycle or hormone 
replacement cycle. The paired VS/EF samples were obtained 
carefully avoiding contamination from RIF women who 
desired examination on days 6–8 after luteinizing hormone 
surge in the natural cycle or on day 5 following initiation of 
luteal support in the hormone replacement cycle identical 
to CE testing, as described previously [10]. The VS and EF 
samples were separately solubilized into collection tubes.

Diagnosis of chronic endometritis

After being washed thoroughly, the specimens were sub-
jected to overnight fixation in 4% paraformaldehyde (pH 
7.3), paraffin embedding, and 4-μm thickness slicing. 
The sections mounted on slide glasses were dewaxed in 
limonen and rehydrated in a graded series of ethanol (in 
phosphate-buffered saline, pH 7.4). They were then micro-
waved in citrate buffer (pH 6.0) for 5 min to retrieve anti-
gens and immersed in 3% hydrogen peroxide for 5 min for 
endogenous peroxidase inactivation. After being washed, 
the sections were soaked in 10% fetal calf serum (SAFC 
Biosciences, Lenexa, Kansas) for 10 min to block non-
specific antibody binding and then incubated with a stock 
solution of B-A38 (mouse monoclonal IgG against human 
plasmacyte marker CD138 (Nichirei, Tokyo) [25, 26] or 
control antibody. Immunostaining was visualized with 
an LSAB kit (Dako, Kyoto, Japan). After hematoxylin 
nuclear counterstaining, the sections were microscopi-
cally observed by an experienced gynecologic pathologist 
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(400-fold magnification). The immunoreactive stromal 
cells with nucleic heterochromatin patterns were counted 
in 20 or more high power fields in the whole section. The 
endometrial 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. Chronic endometritis (CE) was diagnosed as 
0.25 or more ESPDI [25]. For the aid of histopathologic 
diagnosis of CE, office fluid hysteroscopy was performed 
using a 3.1-mm diameter flexible endoscope (Olympus, 
Tokyo, Japan or Pentax Ricoh Imaging, Tokyo, Japan) 
on days 6–12 of the menstrual cycle. The hysteroscopic 
images were preserved for later discussion using a consen-
sus method by the International Working Group for Stand-
ardization of Chronic Endometritis Diagnosis [27, 28].

Analysis of LDM/NLDM in vaginal secretions 
and endometrial fluid

Following treatment with proteinase K (Beckman Coul-
ter Inc., Brea, CA, USA), 100  mg/mL lysozyme, and 
100 mg/mL RNase A (Sigma-Aldrich, Darmstadt, Ger-
many), the genomic DNA was extracted from VS and EF 
samples using an Agencourt Genfind v2 Blood & Serum 
DNA Isolation Kit (Beckman Coulter Inc.). After dou-
ble-stranded DNA concentration measurement with a 
Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific 
Inc., Waltham, MA, USA), the hypervariable region 4 
of the bacterial 16S rRNA was amplified with a primer 
pair (515f /806rB) along with Nextera XT (Illumina Inc., 
San Diego, CA, USA) adapter overhang sequences [29]. 
PCR was performed with 2.5 U of FastStart HiFi poly-
merase, 200 μmol/L 4-deoxynucleotide triphosphates, 
400 nmol/L of each primer, 4% bovine serum albumin, 
0.5 mol/L betaine, 25 ng DNA, and magnesium chloride 
buffer (Sigma-Aldrich). The amplicon mixture was puri-
fied using Agencourt AMPure XP (Beckman Coulter Inc.) 
and multiplexed using a dual-index approach according 
to the Illumina 16S Metagenomic Sequencing Library 
Preparation protocol. The indexing PCR was performed 
with a KAPA HiFi HotStart ReadyMix (Kapa Biosystems, 
Boston, MA, USA) in 50 μL volume, and the products 
were purified with Agencourt AMPure XP beads. The 
final library was sequenced at 2 × 200 base pairs using a 
MiSeq Reagent Kit v3 on the Illumina MiSeq platform. 
The ZymoBIOMICS Microbial Community Standard 
(Zymo Research, Orange, CA, USA) containing a mix-
ture of Pseudomonas, Escherichia, Salmonella, Lacto-
bacillus, Enterococcus, Listeria, Bacillus, and two yeast 
species Saccharomyces and Cryptococcus was used as a 
positive control.  UltraPure™ DNase/RNase-Free Distilled 
Water (Thermo Fisher Scientific Inc.) was used as a blank 
control.

Using EA-Utils fastq-join, a median 291-base pair 
merged sequence length was obtained. Quality control 
was performed using USEARCH v10.0.240 [30] to remove 
PhiX reads, truncate primer-binding sequences, and dis-
card sequences with < 100 base pair and sequence qual-
ity < Q20. Quantitative Insights Into Microbial Ecology 
(QIIME) 1.9.1 [31] was utilized with default parameters 
for quality filtering, chimera check, sequence clustering 
into operational taxonomic units (OTUs), and taxonomy 
assignment. The sequence clustering was performed 
using the open-reference OTU picking strategy/UCLUST 
method based on 97% sequence identity. Ribosomal Data-
base Project Classifier was used for taxonomy assignment 
with a 0.50 confidence threshold against the Greengenes 
database version 13_8 [32]. The following 15 bacterial 
taxa (Acidovorax, Acinetobacter, Chryseobacterium, Cit-
robacter, Elizabethkingia, Escherichia, Flavobacterium, 
Janthinobacterium, Leptothrix, Methylobacterium, Pseu-
domonas, Rhodococcus, Sphingomonas, Stenotropho-
monas, and Yersinia), which are known as contaminants 
found in a blank control [17], were excluded from ES sam-
ples using QIIME.

Pilot study for oral enteric coating lactoferrin 
supplementation for RIF Women with NLDM 
and follow‑up of reproductive outcomes

According to the previous study [5], LDM was defined as 
more than 90% Lactobacillus-dominant microbiota, and 
NLDM was defined as 90% or less Lactobacillus micro-
biota. For infertile women with NLDM who desired sup-
plementation, we prescribed oral enteric coating lactofer-
rin (100 mg/capsule, 700 mg/day, Baby&Me™, Partners 
Inc, Yokohama, Japan) [33] and advised them to take it 
for at least consecutive 28 days. Following completion, 
the second pair of VS/EF samples were obtained in the 
next menstrual cycle and the microbiome analysis was per-
formed as described above. Their reproductive outcomes 
in the subsequent ET cycle were compared between RIF 
women who overcame genital tract dysbiosis and those 
who failed it. The main outcome measures included clini-
cal pregnancy (the presence of the intrauterine gestational 
sac and fetal heartbeat on transvaginal ultrasound) rate, 
miscarriage (pregnancy loss before 22 weeks of gestation) 
rate, and live birth rate.

Statistics

The data sets were calculated for normal distribution using 
the chi-square goodness-of-fit test and compared using 
the Student t-test for continuous variables (age and body 
mass index). Categorical variables in patient demograph-
ics were compared using a nonparametric Mann–Whitney 
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U test. The microbiota between the first and second VS/EF 
samples was compared using Wilcoxon rank-sum test. The 
contingency table and Fisher’s exact test were utilized for 
other comparisons. Pearson’s correlation coefficients were 
evaluated between the EF and VS microbiota within iden-
tical individuals. A p value less than 0.05 was regarded as 
statistically significant.

Results

Demographics of patients

One hundred-seventeen RIF women (RIF group) and 55 
infertile women without RIF (non-RIF group) who desired 
the analysis were enrolled in the study (Fig. 1). Their demo-
graphics are shown in Table 1. The age of the RIF group 
was lower [95% confidence interval (CI) − 2.90 to − 0.70, 
p = 0.0015] in the RIF group (mean ± SD, 36.4 ± 3.2 years 
old) than in the non-RIF group (38.2 ± 3.8 years old). About 
infertility etiology, the proportion of diminished ovarian 
reserve (OR 0.049, 95% CI 0.01–0.13, p < 0.001) was lower 
in the RIF group (6.0%) than in the non-RIF group (56.4%). 
By contrast, the proportion of polycystic ovarian syndrome 
[14.5% vs 1.8%, odds ratio (OR) 9.18, 95% CI 1.18–70.88, 
p = 0.033], tubal factor (27.4 vs 7.3%, OR 4.80, 95% CI 
1.60–14.37, p = 0.005), and unexplained etiology (32.5 vs 
12.7%, OR 3.30, 95% CI 1.36–7.98, p = 0.008) was higher 
in the RIF group than in the non-RIF group. The number of 
past ET cycles and the number of past embryos transferred 

were higher in the RIF group than in the non-RIF group 
(p < 0.0001, respectively).

Comparison of VS/EF microbiota between RIF 
and non‑RIF infertile group

The prevalence of NLDM in the first VS samples was simi-
lar (OR 1.39, 95% CI 0.73–2.65, p = 0.16) between the RIF 
group (44.4%, 52/117) and non-RIF group (52.7%, 29/55) 
(Table 1). The prevalence of NLDM in the first EF sam-
ples was also similar (OR 1.10, 95% CI 0.57–2.10, p = 0.38) 
between the two groups (RIF group, 52.1%, 61/117 versus 
non-RIF group, 54.5%, 30/55). There were no statistical dif-
ferences (p = 0.25) in the proportion of Lactobacillus in the 
VS microbiota between the RIF group (median 98.6%, range 
0–100%) and non-RIF group (median 72.0%, range 0–100%) 
as well as EF microbiota (p = 0.25) between the RIF group 
(median 88.3%, range 0–100%) and non-RIF group (median 
70.9%, range 0–100%). The mismatch between the VS and 
EF microbiota (the condition where one sample has LDM, 
the other has NLDM) was seen in 12.5% (13/117) of the 
first samples in the RIF group and 5.5% (3/55) of the first 
samples in the non-RIF group (OR 2.17, 95% CI 0.59–7.94, 
p = 0.12).

Relationship between female genital tract dysbiosis 
and CE

The prevalence of CE was higher (OR 2.41, 95% CI 
1.02–5.63, p = 0.042) in the RIF group (29.1%, 34/117) 

Analysis of CE and LDM/NLDM in VS and EF (Infertile 
women with a history of RIF, RIF group, n = 117)

Analysis of CE and LDM/NLDM in VS and EF (infertile 
women without a history of RIF, non-RIF group, n = 55)

Exclusion (n = 80)
- History of treatment against CE (n = 19)
- No desire for supplementation 

and reevaluation of VS and EF (n = 61)

Oral enteric coating lactoferrin supplementation 
and reevaluation for LDM/NLDM in VS and EF (n = 37)

Cryopreserved-thawed morphologically good blastocyst transfer cycle (n = 23) 
for improved (n = 14) and unimproved (n = 9) VS/EF microbiota 
and analysis of reproductive outcome 

Exclusion (n = 30)
- History of treatment against CE (n = 5)
- No desire for supplementation 

and reevaluation of VS and EF (n = 25)

Oral enteric coating lactoferrin supplementation 
and reevaluation for LDM/NLDM in VS and EF (n = 25)

Exclusion (n = 14)
- Dropout (n = 11)
- Unavailability 

of morphologically good blastocyst (n = 3)

Fig. 1  Diagram of the study and distribution of the population investigated
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than in the non-RIF group (14.5%, 8/55) (Tables 1, 2). In 
the RIF group, there were no statistical differences (OR 
1.92, 95% CI 0.85–4.31, p = 0.057) in the concomitance 
rate of CE/VS-NLDM (36.5%, 19/52) and CE/VS-LDM 
(23.1% 15/65). Likewise, the concomitance rate of CE/
EF-NLDM (33.9%, 19/56) was similar (OR 1.38, 95% 
CI 0.64–2.98, p = 0.21) to CE/EF-LDM (24.6% 15/61). 
These results went for the non-RIF group (CE/VS-NLDM; 
15.4%, 4/29 vs CE/VS-LDM; 13.5%, 4/26; OR 0.90, 95% 
CI 0.20–3.96, p = 0.44, and CE/EF-NLDM; 16.7%, 5/30 
vs CE/EF-LDM; 12.0% 3/25; OR 1.39, 95% CI 0.30–6.40, 
p = 0.34). The concomitance rate of CE/VS-NLDM (RIF 
group, 16.2%, 19/117 vs non-RIF group, 7.3%, 4/55; OR 
2.47, 95% CI 0.79–7.66, p = 0.16) and CE/EF-NLDM (RIF 
group, 16.2%, 19/117 vs non-RIF group, 9.1%, 5/55; OR 
1.93, 95% CI 0.68–5.50, p = 0.21) was also similar between 
the two groups.

Effect of oral enteric coating lactoferrin 
supplementation on VS/EF microbiota in infertile 
non‑CE/NLDM women

A total of 24 women (19 in the RIF group and five in 
the non-RIF group) with both CE /NLDM were excluded 
from the study, as they had undergone antibiotic treat-
ments against CE which can be a potential bias. Thirty-
seven women with non-CE/NLDM in the RIF group and 
25 women with non-CE/NLDM in the non-RIF group 
agreed to oral enteric coating lactoferrin supplementation, 
whereas others did not desire it.

According to the self-report of patients, the supplemen-
tation duration ranged from 28 to 38 days. Following sup-
plementation, the increase (10% or more) in Lactobacillus 
species in the VS microbiota was seen in 19 out of 37 
(51.4%) non-CE/NLDM women in the RIF group and 8 

Table 1  Demographics of infertile RIF and non-RIF women enrolled in the study

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

RIF group
(n = 117)

Non-RIF group
(n = 55)

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

Age (years, mean ± SD) 36.4 ± 3.2 38.2 ± 3.8 –/−2.90–−0.70/0.0015
Body mass index (kg/m2, mean ± SD) 22.7 ± 3.8 23.0 ± 4.1  –/ −1.56–−0.96/ 0.64
Gravidity, median (range) 0 (0–3) 0 (0–2) –/–/0.84
Parity, median (range) 0 (0–1) 0 (0–2) –/–/0.90
Cigarette smoking (number and proportion) 1 (0.9%) 1 (1.8%) 0.47/0.02–7.59/0.59
Habitual alcohol drinking (number and proportion) 2 (1.7%) 1 (1.8%) 0.94/0.08–10.59/0.96
Infertility etiology* (number and proportion)
 Male factor 31 (26.5%) 19 (34.5%) 0.68/0.34–1.37/0.28
 Polycystic ovarian syndrome 17 (14.5%) 1 (1.8%) 9.18/1.18–70.87/0.033
 Endometriosis 13 (11.1%) 11 (20.0%) 0.50/0.20–1.21/0.12
 Tubal factor 32 (27.4%) 4 (7.3%) 4.80/1.60–14.37/0.005
 Unexplained etiology 38 (32.5%) 7 (12.7%) 3.30/1.36–7.98/0.008
 Diminished ovarian reserve 7 (6.0%) 31 (56.4%) 0.049/0.01–0.13/ < 0.001

Past embryo transfer history (mean ± SD)
 Number of cycles 7.9 ± 1.8 2.1 ± 0.8 –/5.30–6.30/0.0001
 Number of embryos transferred 9.7 ± 2.1 2.8 ± 1.2 –/6.29–7.51/0.0001
 Number of morphologically good embryos transferred 4.2 ± 0.5 1.1 ± 0.4 –/2.94–3.26/0.0001
 Number of assisted hatching use 2.6 ± 0.7 1.0 ± 0.3 –/1.14–2.06/0.0001
 Number of hyaluronan-rich medium use 1.7 ± 0.3 0.2 ± 0.1 –/1.41–1.59/0.0001

Presence of CE (number and proportion) 34 (29.1%) 8 (14.5%) 2.41/1.02–5.63/0.042
Presence of NLDM (number and proportion)
 VS 52 (44.4%) 29 (52.7%) 1.39/0.73–2.65/0.16
 EF 61 (52.1%) 30 (54.5%) 1.10/0.57–2.10/0.38

Proportion of Lactobacillus species (median and range)
 VS 98.6 (0–100%) 72.0 (0–100%) –/–/0.25
 EF 88.3 (0–100%) 70.9 (0–100%) –/–/0.25

Concomitance of CE and VS-NLDM 19 (16.2%) 4 (7.3%) 2.47/0.79–7.66/0.16
Concomitance of CE and EF-NLDM 19 (16.2%) 5 (9.1%) 1.93/0.68–5.50/0.21
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out of 25 (32.0%) non-CE/NLDM women in the non-RIF 
group. There was no significant difference in the rate of 
change in Lactobacillus species between the RIF and non-
RIF group (OR 2.24, 95% CI 0.77–6.47, p = 0.13). Simi-
larly, the rate of women who improved to the VS-LDM 
level was at a comparable level between the two groups 
(RIF group, 32.7%, 12/37 and non-RIF group, 16.0%, 
4/25; OR 2.52, 95% CI 0.70–8.99, p = 0.15).

Meanwhile, the increased proportion (10% or more) of 
Lactobacillus species in the EF microbiota was seen in 
16 out of 37 (43.2%) non-CE/NLDM women in the RIF 
group and 6 out of 25 (24.0%) non-CE/NLDM women in 
the non-RIF group (OR 2.41, 95% CI 0.78–7.44, p = 0.12). 
Similarly, the rate of women who improved to the EF-
LDM level was at a comparable level between the two 
groups (RIF group, 29.7%, 11/37 and non-RIF group, 
16.0%, 4/25; OR 2.22, 95% CI 0.61–8.00, p = 0.22).

Reproductive outcomes in RIF women 
with improved VS/EF microbiota and unimproved 
VS/EF microbiota

Following oral enteric coating lactoferrin supplementa-
tion, 26 RIF women with NLDM and without CE pro-
ceeded to hormone replacement/vitrified-warmed blasto-
cyst transfer in the immediate first menstrual cycle. RIF 
women who had failed to obtain transferrable blastocysts 
in the following in vitro fertilization cycles dropped out 
of the study. The number of the transferred blastocysts 
were at a similar level (95% CI − 0.55–0.36, p = 0.67) 
between 14 women with improved VS/EF microbiota 
(1.6 ± 0.5) and 9 women with unimproved VS/EF micro-
biota (1.7 ± 0.5) (Table 3). The clinical pregnancy rate was 
higher (OR 8.75, 95% CI 1.24 − 61.69, p = 0.029) in the 
improved VS/EF microbiota group (71.4%, 10/14) than in 
the unimproved VS/EF microbiota group (22.2%, 2/9). The 
miscarriage rate was similar (OR 0.25, 95% CI 0.01–5.99, 
p = 0.39) between the improved VS/EF microbiota group 
(9.1%, 1/11) and unimproved VS/EF microbiota group 
(50.0%, 1/2). Finally, the live birth rate was higher (OR 
10.67, 95% CI 1.03 − 110.0, p = 0.046) in the improved 
VS/EF microbiota group (57.1%, 8/14) than in the unim-
proved VS/EF microbiota group (11.1%, 1/9).

Discussion

In this study, we found that there are no statistical dif-
ferences in the prevalence of NLDM in VS/EF as well 
as the proportion of Lactobacillus in the VS/EF micro-
biota between RIF and non-RIF infertile women. We were 
unable to identify unique microorganisms or characterize Ta
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the local microbiota associated with NLDM. Additionally, 
the relationship between NLDM and CE, a RIF-associated 
local inflammatory disease recognized as endometrial stro-
mal plasmacyte infiltration, remained unclear [34, 35]. 
Many studies agree that the predominance of Lactobacil-
lus in the VS microbiota is associated with a higher chance 
of live birth in subsequent ET cycles in RIF women [5, 13, 
14, 36–40]. Meanwhile, the role of Lactobacillus in the 
EF (and endometrial) microbiota in embryo implantation 
remains controversial. Some studies suggest the beneficial 
effect of Lactobacillus in the uterine cavity for conception, 
whereas others do not [5, 13, 14, 36–40]. One potential 
explanation for these discrepancies is the contamination 
of VS microbiota into EF microbiota, of which bacterial 
loads are much lower (1/100–1/10000) compared with 
VS [7]. Another potential theory is the difference in the 
devices and routes used for sample collection [41, 42]. 
The technique and procedure are needed to be optimized 
in future studies [43].

Lactoferrin has been known to be secreted into the 
human female reproductive tract [44]. For example, in the 
fallopian tube, lactoferrin is capable of binding zona pel-
lucida of oocytes and spermatozoa and inhibits gamete 
interaction in vitro [45]. The role of lactoferrin in human 
reproduction, however, remains largely unknown. While 
some studies suggest a positive correlation of follicular 
fluid lactoferrin concentration with fertilization rate and 
embryo quality [46], others implicate the association 
between lower cervical fluid lactoferrin concentration and 
better in vitro fertilization outcomes [47]. Several rand-
omized controlled studies demonstrated that short-term 
oral and/or vaginal lactoferrin supplementation improved 
the symptoms and findings of bacterial vaginosis, the 
most common cause of vaginal discomfort characterized 
by vaginal dysbiosis with depletion of Lactobacilli and 
predominance of anaerobic microorganisms, such as Gard-
nerella vaginalis and Atopobium vaginae, in the affected 
women [48, 49].

However, there have been no reports regarding the effec-
tiveness of lactoferrin supplementation on genital tract 
dysbiosis and reproductive outcomes in infertile women. In 
a small sample study, 700 mg/day of oral enteric coating 

lactoferrin supplementation was found to restore vaginal 
LDM in all six premenopausal women examined with a his-
tory of late miscarriages, very early preterm delivery, and 
chorioamnionitis, along with refractory vaginosis to con-
ventional treatment [33]. Following this study, we set the 
supplementation dose at 700 mg/day. At least 28 consecutive 
days of supplementation improved the genital tract dysbio-
sis, defined as NLDM in VS/EF, in 43% of infertile women 
with a history of RIF, which was at a similar level to non-
RIF infertile women. The results indicate that NLDM is not 
unique to RIF, but is common in infertile women.

The therapeutic effect of the supplementation on NLDM 
was limited, as more than half of women failed to increase 
the proportion of Lactobacillus in VS/EF microbiota. 
However, we here first demonstrate that the reproductive 
outcomes in the immediate subsequent vitrified-warmed 
blastocyst transfer cycle in RIF women who overcame 
NLDM following supplementation were higher compared 
with those with the unimproved local microbiota. These 
results suggest that oral enteric coating lactoferrin supple-
mentation may be a potential therapeutic option to increase 
the chance of the live birth rate in infertile women suffer-
ing from RIF with genital tract dysbiosis, although cau-
tions should be taken for the interpretation of the results, 
particularly for the live birth rate which is statistically 
underpowered.

The bias and limitation of this study are (i) the difference 
in age between RIF and non-RIF women, which potentially 
brought about some differences in infertility etiology and the 
history of the past ET cycles between the two groups, (ii) the 
lack of information on embryonic (blastocyst) chromosomal 
normalcy/aberrations, of which examinations (preimplanta-
tion genetic testing for aneuploidy) is not yet authorized in 
our nation, and (iii) non-randomized controlled trial with 
small sample size and without a strict supplementation dura-
tion (ranging from 28 to 38 days), where stratification was 
impossible to adjust the confounding factors including trans-
ferred embryos and supplementation duration.

In conclusion, our results indicate that oral enteric coat-
ing lactoferrin supplementation is a promising therapeutic 
option for RIF women with genital tract dysbiosis. Well-
designed randomized controlled studies are required to 

Table 3  Reproductive outcomes of non-CE, NLDM, RIF women with improved versus unimproved VS/EF microbiota in immediate first ET 
cycle following oral enteric coating lactoferrin supplementation for 28 or more days

Improved VS/EF microbiota 
group
(n = 14)

Unimproved VS/EF micro-
biota group
(n = 9)

OR/95% CI/two-sided p value

Number of transferred blastocysts 1.6 ± 0.5 1.7 ± 0.5 –/ – 0.55–0.36/0.67
Clinical pregnancy rate (per transfer) 10/14 (71.4%) 2/9 (22.2%) 8.75/1.24 61.69/0.029
Miscarriage rate (per clinical pregnancy) 2/10 (20.0%) 1/2 (50.0%) 0.25/0.01 5.99/0.39
Live birth rate (per transfer) 8/14 (57.1%) 1/9 (11.1%) 10.67/1.03 –110.0/0.046
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confirm its effectiveness and to optimize the supplementa-
tion dose and duration.
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