W) Check for updates

Received: 20 July 2021 Revised: 25 March 2022 Accepted: 6 April 2022

DOI: 10.1111/aji.13552

AJR

American Journal of Reproductive Immunolo
ORIGINAL ARTICLE — DRI WILEY

Ligilactobacillus salivarius PS11610 exerts an effect on the
microbial and immunological profile of couples suffering
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dysbiosis, reducing pregnancy and delivery ratios during assisted reproductive treat-
Correspondence ments (ART). The Ligilactobacillus salivarius PS11610 strain has shown extraordinary
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antimicrobial activity in vitro against urogenital pathogens as well as other probiotic

of L. salivarius PS11610 on the microbial composition of urogenital tract in infertile cou-
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Probisearch SLU ples with bacterial dysbiosis.

Method of study: Seventeen couples undergoing ART diagnosed with unknown infer-
tility were selected. After confirming urogenital dysbiosis, they started a 6-month
treatment with L. salivarius PS11610 (1 dose/12 h for female and 1 dose/24 h for male).
Vaginal, seminal, glans, uterine and plasma samples were collected for determination
of the microbiome and immune profile at the beginning and the end of the treatment.
Results: Supplementation with L. salivarius PS11610 significantly modified the urogen-
ital microbiome composition in male and female samples, solving dysbiosis of 67% of
the couples. Pathogens disappeared from the vaginal samples whereas Lactobacilli per-
centage increased after 3 and 6 months of treatment. Moreover, L. salivarius PS11610
changed the uterine microbiome that could be associated with a change of the uter-
ine immune profile. Additionally, the probiotic intake could be associated with the
observed change in the systemic immunological profile of couples. Finally, the pregnant
and delivery ratio were improved.

Conclusions: Probiotic supplementation with L. salivarius PS11610 improved the male
and female urogenital tract microbiome, modulating the immune system and increas-

ing pregnancy success in couples undergoing ART.
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1 | INTRODUCTION

Human infertility is defined by the World Health Organization (WHO)
as the failure to achieve a clinical pregnancy after 12 months of regular
unprotected sexual intercourse.! Infertility causes are associated to
male, female, or combined failure. However, approximately 15%-30%
of infertility problems have unknown causes and are called idiopathic.?

In the last decades, numerous publications have broken the old
paradigm that considered the urogenital tracts as sterile, demonstrat-
ing that microorganisms present in the urogenital tract represent the
9% of the whole human microbiome.?-¢ Healthy urogenital micro-
biome improves implantation rate and pregnancy outcomes, whereas
40% of dysbiosis prevalence is observed in women under assisted
reproductive treatment (ART).>7-?

In females, urogenital microbiota is characterized by low bacte-
rial diversity and Lactobacillus genus predominance (>90%).810.11
Lactobacilli protect against pathogens by lactic acid production,
which decreases the vaginal pH. Moreover, Lactobacilli inhibit the
pathogen’s colonization by blocking the adhesion molecules in
epithelial cells or producing bacteriocins and/or H,0,.12-14 Moreno
and collaborators showed better implantation rates in women with
endometrial microbiota dominated by Lactobacillus during In Vitro
Fertilization (IVF).8

Bacterial vaginosis (BV) is the most common urogenital dys-
biosis in women. BV is a polymicrobial disease characterized by
the replacement of Lactobacillus by a plethora of pro-inflammatory
microorganisms such as Gardnerella vaginalis, Atopobium vaginae, Pre-
votella spp, Veillonella spp.1*~1¢ Although women may be asymptomatic,
BV induces several symptoms such as vaginal itching, pain, or vaginal
secretions, as well as increases the probability of new infections,
infertility and preterm birth or miscarriage.”-1?

In males, the urogenital microbiome plays an important role in sper-
matogenesis. The absence of Lactobacilli and the increase of Prevotella
spp. has been associated with alterations in the semen quality and
fertility.#20-23

It has been shown that oral or vaginal probiotic treatment, mainly
with Lactobacillus, recovers a healthy vaginal microbiota without safety
concerns.2*-27 However, the direct effect of probiotic supplementa-
tion in fertility and endometrial microbiome have not been deeply
characterized.®° In males, probiotic treatment improves sperm quality
markers such as volume, concentration, velocity or oxidative stress in
asthenozoospermic donors.31-33

Despite the appearance of new probiotic-based treatments, dis-
eases associated to male and female urogenital dysbiosis are mainly
treated with antibiotic therapy.2”-3%

Ligilactobacillus salivarius (formerly named as Lactobacillus salivarius)
PS11610 strain has shown extraordinary antimicrobial activity in vitro
against pathogens associated with bacterial dysbiosis of the female
and male genital tract. Therefore, the purpose of this study was to
investigate the effect of the probiotic strain L. salivarius PS11610 in
couples with idiopathic infertility and genitourinary dysbiosis. We

hypothesized that couples with idiopathic infertility and genitourinary
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dysbiosis who are treated with probiotics would solve the dysbiosis
and improve the pregnancy rate.

2 | MATERIALS AND METHODS

2.1 | Study design

An intervention study was performed between January 2019 and
May 2020 in the Reproduction Section of the Hospital Universitario
La Paz. Research Ethics Committee of the Hospital Universitario La
Paz approval was obtained on the 13th of July 2018. The study was
conducted according to Good Clinical Practice (GCP) defined by the
International Council for Harmonization of Technical Requirements
for Pharmaceuticals for Human Use (ICH E6 (R2), 2016), in compliance
with the Declaration of Helsinki developed by the “World Medical
Association Declaration of Helsinki” (64th WMA General Assem-
bly, Fortaleza, Brazil, October 2013). This study was registered on
clinicaltrials.gov under the number NCT03701893.

Couples with ages between 20 and 40 years old under an ART:
Artificial Insemination (Al) or IVF were eligible to participate in this
trial. In order to include couples with unknown infertility, a wide range
of exclusion criteria were selected: previous history of anovulation,
hyperprolactinemia, hypogonadotropic hypogonadism, hyperandro-
genisms, polycystic ovary syndrome, endometriosis, pelvic adhesions,
myomas, polyps and/or uterine synechia, diagnosis of tubal factor
(hydrosalpinx, tubal obstructions), low ovarian reserve, azoospermia,
sperm motility (A + B) < 25%, sperm morphology <2%, chronic
diseases that cause intestinal malabsorption, congenital or acquired
immunodeficiency or obesity (IMC > 30). Written informed consent
was obtained from each participant.

Participants attended four visits at the hospital: at the beginning of
the study (visit 1 or preselection visit); after the diagnose of bacterial
dysbiosis in the male and/or female genital tracts (visit 2); 3 months
after the initiation of the probiotic intake (visit 3), and at the end of the
6-months treatment period (visit 4).

Because the main objective of this study was to determine the
effect of a probiotic strain on the genitourinary dysbiosis, couples
had to be diagnosed for that condition before the treatment intake.
Therefore, after visit 1, women collected vaginal samples with swabs
weekly for 1 month. At the end of this month, men collected a glans
swab and a semen sample and together with the previous collected
vaginal samples, that were kept in frozen conditions, were all sent to
the laboratory of Probisearch SLU (Tres Cantos, Madrid) to determine
the presence of bacterial dysbiosis.

Bacterial dysbiosis criteria were stated having in consideration pre-
vious published microbiological data.3>=38 The criteria were bacterial
counts below 50 CFU in vaginal exudates, Lactobacilli counts during
ovulation below 102 CFU; corynebacterial, enterococci and/or Staphy-
lococcus aureus counts over 10° CFU in male and/or female samples
and presence of Actinomyces neuii, G. vaginalis and/or Enterobacteriaceae

in male and/or female samples.
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After bacterial dysbiosis diagnose, female participants took two
capsules of L. salivarius PS11610 (10? CFU) every day (1/12 h) whereas
male participants took one capsule every day (1/24 h) for 6 months. In
the case of pregnancy, only women took one capsule every day (1/24 h)
during the first 12 weeks of gestation and men stopped the treatment.
The probiotic product was manufactured by Zinereo Pharma SL, and
storage at 4-8°C.

In the case of pregnancy, two additional visits were done, one upon
knowing the pregnancy status and the other one 12 weeks later.

2.2 | Clinical and safety parameters

Relevant medical history and pre-existing conditions were recorded by
the gynecologists at visit 1, including history of miscarriages and recur-
rent infections.

Adverse events (AEs) were coded according to the Medical Dictio-
nary for Regulatory Activities (MedDRA version 17.1). System Organ
Classes (SOC, the most general level), and the Preferred Term (a dis-
tinct descriptor for a symptom) were used to code the AE data into an

international standardized medical terminology.

2.3 | Samples’ collection and analysis

To evaluate dysbiosis status, vaginal, glans, and semen samples were
collected the day before visits 3 and 4. Moreover, to describe the local
and systemic immune profile, a uterine and a blood sample from both
members of the couple were collected in visits 2 and 4. Blood samples
were freshly processed to obtain plasma.

Uterine samples were collected with an Endoflower device that pro-
tects the endometrial sample in a cannula through the vaginal cavity
avoiding the contamination with the vaginal microbiota. Samples were
frozen at -20°C after collection and were kept at that temperature
until analysis.

The primary outcome was the effect of the probiotic strain L. salivar-
ius PS11610 on the bacterial composition of female and male genital
tracts. Therefore, samples were analyzed with culture-dependent
techniques. First of all, vaginal, glans and semen samples were
diluted in peptone water and spread onto CNA (Columbia nalidixic
acid, BioMérieux, Marcy I'Etoile, France), MCK (MacConkey culture
media, BioMérieux, Marcy I'Etoile, France), GAR (Gardnerella agar,
BioMérieux, Marcy I'Etoile, France) and MRScysBP (de Man, Rogosa,
Sharp (Oxoid, Basingstoke, UK) + .25% cysteine (w/v) (Sigma-Aldrich,
St. Louis, USA) + .05% bromophenol blue (w/v) (Sigma-Aldrich))
for selective isolation and quantification of the present bacteria.
After incubation, identification of the isolates was determined by
MALDI-TOF, mass spectrometry on a Vitek- MS™, BioMérieux,
Marcy I'Etoile, France) or by partial sequencing of the 16S rRNA
gene.

Additionally, the microbiome composition of uterine, vaginal, glans
and semen samples was characterized by 16S rRNA sequencing

with lllumina technology. Initially, DNA from uterine, vaginal, glans
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and semen samples were extracted using QIAAMP DNA MINI KIT
(Qiagen, Hilden, Germany). Subsequently, the bacterial 16S rRNA
gene was amplified using primers that flanked the variable regions
V3 and V4. The PCR primer sequences were V3V4-CS1 (ACACT-
GACGACATGGTTCTACACCTACGGGNGGCWGCAG) and V3V4-CS2
(TACGGTAGCAGAGACTTGGTCTGACTACHVGGGTATCTAATCC).
Resulting reads of quality controls were assembled and taxonom-
ically classified by comparison with Ribosomal Database Project
using a Bayesian classification method and a level of similarity of at
least 97%.

2.4 | Immunological analysis

The concentration (pg/ml) of APRIL/TNFSF13, BAFF/TNFSF13B,
sCD30/TNFRSF8, sCD163, Chitinase 3-like 1, gp 130/sIL-6Rp, INF-
a2, INF-B, INF-y, IL-2, sIL-6Ra, IL-8, IL-10, IL-11, IL-12p40, IL-
12p70, IL-19, IL-20, IL-22, IL-26, IL-27p28, IL-28A/INF-12, IL-29/INF-
21, IL-32, IL-34, IL-35, LIGHT/TNFSF14, MMP-1, MMP-2, MMP-
3, Osteocalcin, Osteopontin, Pentraxin-3, sTNF-R1, sTNF-R2, TSLP,
TWEAK/TNFSF12, TGF-31, TGF-32, TGF-33 was measured in uterus
and plasma samples. Prior to analysis, the uterine samples were sus-
pended in peptone water, 1:1 (w/v), homogenized and centrifuged
for 15 min at 14 000 x g at 4°C; then supernatants were collected.
The analysis was carried out in duplicate using Bio-Plex Pro™ Human
Inflammation Panel 1 (Bio-Rad Laboratories Inc., Hercules, CA, USA)
and Milliplex Map TGFR (Merk., Darmstadt, Germany) Assay kits on a
Luminex 200 (Luminexcorp., The Netherlands) following the manufac-
turer’s instructions.

2.5 | Statistical analysis
Clinical and safety outcomes were evaluated in the total population
(couples who consent participation).

The efficacy analysis was performed with the modified intention to
treat population (couples who finished the treatment). Normally dis-
tributed data were reported as means and standard deviations (SD),
and non-normally distributed data by medians and quartile ranges
(Q1-Q3). The qualitative variables were described using absolute
and/or relative frequencies.

The Friedman test was used to evaluate the evolution of the number
of dysbiosis criteria met by couples throughout the study. Cultivable
bacteria were grouped as Pathogens (G. vaginalis, Actinomyces neuii,
Klebsiella pneumoniae, Escherichia coli, Corynebacterium amycola-
tum/xerosis, Corynebacterium glucuronolyticum, Corynebacterium aurimu-
cosum, Corynebacterium simulans, Corynebacterium tuberculostearicum,
Corynebacterium spp., Staphylococcus aureus, Enterococcus faecalis and
Enterococcus faecium), Staphylococcus spp., Streptococcus spp. and
Others in order to evaluate de bacterial dysbiosis of vagina, glans and
semen samples. Other secondary qualitative results were analyzed
by Chi-squared or Fishert's test. The secondary quantitative results

were analyzed by ANOVA or Kruskal-Wallis test according to data
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distribution. When needed, posthoc pairwise Tukey (HSD) test
or Nemenyi test with Holm correction were used, respectively.
Exploratory multifactorial principal component analysis (PCA) was
performed to show the global impact of the supplementation with the
probiotic strain on the male urogenital bacterial composition, uterine
and vaginal microbiome and the immunological profiles of plasma and
uterine samples.

Results were considered statistically significant with p-value lower
than .05. Statistical analyses were conducted using R (3.5.1, R-project,
http: www.R-project.org) and GraphPad Prism 8.0 (GraphPad Soft-
ware, La Jolla, USA).

3 | RESULTS

3.1 | Study population

In this study, a total of 17 couples were contacted and recruited. Among
them, 14 began the intervention period (intention to treat, ITT) and
nine completed the 6-months intervention (modified intention to treat,
mITT). Three couples withdrew before probiotic intake and two before
the end of the trial. All participants were Caucasian with a median age

of 36 years for males and 35 years for female.

3.2 | Safety data
In this study, five AEs were reported and classified according to
MedDRA as nasal polypectomy, urinary infection, right iliac fossa pain,
vaginal candidiasis and gluteal abscess. Moreover, a serious adverse
event (SAE) was reported. One participant suffered a cornual ectopic
pregnancy and required of one hospitalization day, methotrexate
treatment and 44 days of medical monitoring.

The concomitant medication reported was in accordance with the
fertility treatment and AEs reported during the study.

INIESTAET AL.

All AEs were classified as mild intensity and, including the SAE, unre-
lated with the probiotic treatment.

3.3 | Microbiological analysis

The bacterial composition of vaginal, glans and seminal samples from
enrolled couples was analyzed at the beginning of the study and after
3 and 6 months of treatment. Dysbiosis was evaluated by culture-
dependent techniques. All analyzed couples at the beginning of the
study (14) presented bacterial dysbiosis, reporting 37 positive dys-
biosis criteria (Table 1). Interestingly, positive dysbiosis criteria sig-
nificantly decreased to 10 in 10 couples analyzed after 3 months
of probiotic intake and to 6 in 9 couples after 6 months (p = .030)
(Table 1). In addition, the median of dysbiosis criteria per couple
decreased significantly after 6 months of probiotic treatment (p =.034)
(Figure 1A).

The analysis of vaginal microbiota composition, after 3 and 6
months of probiotic intake, shows a significant reduction of not
only total bacterial counts, but also Staphylococcus spp., Streptococ-
cus spp., Pathogens and Others potentially harmful bacterial pop-
ulations (p = .014, p = .001, p = .003, p = .032, respectively)
(Table 2). The percentage of Lactobacillus in relation to the total bac-
terial counts increased in the vaginal microbiome (Figure 1B). The
mean of Lactobacillus spp. percentage in vaginal samples increased
from 10 (1% of total bacteria at the beginning of the study) to
38 (5% after 3 months of probiotic intake) and 61 (7% after 6
months of study) (Figure 1B). In males, although significant changes
of the urogenital microbiota composition after probiotic treatment
were not found, pathogens and Staphylococcus spp. slightly decreased
(Table 2).

The bacterial composition change was evaluated using a PCA.
Vaginal microbiota samples mainly changed its distribution in the PCA
because of the increase of the Lactobacillus genus (Figure 2A). In male
samples, a change in the axis of the ellipsoid was observed indicating

TABLE 1 Number of couples that fulfill dysbiosis criteria at the beginning of the study and after 3 and 6 months of probiotic intake

Visit 2

Dysbiosis criteria (N=14)
<50 CFU in vaginal samples 2
<100 CFU Lactobacilliin Luteus Phase 4

111 <> Ovulation
Male and/or female samples with counts >10° CFU of
Corynebacterium 12
Enterococcus 4
Staphylococcus aureus 1
Detection in male and/or female samples of
Actinomyces neuii 4
Gardnerella vaginalis
Enterobacteriaceae 4

Visit 3 Visit 4
(N=10) (N=9)
0 1
1 1
4 3
1
0 0
2 0
0 1
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test (p = .034). (B) Percentage mean of Lactobacillus spp. in vaginal samples microbiome at the beginning, after 3 and 6 months of treatment
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a change in the microbial composition although not significantly
(Figure 2B).

To have a wider picture of the bacterial composition of the gen-
ital samples before and after the product intake the 16S rRNA
gene sequencing technique was used (Supplemental Figure S1A-D).
Regarding male samples, glans and semen, a mean of 103 029

(+15 378) and 95 384 (+9922) reads were obtained for every sample
and an average of 93% and 92% of the reads were assigned at genus
level, respectively. In relation to female samples, uterus and vagina, a
mean of 70 664 (+31 418) and 82 430 (+12 603) reads were obtained
for every sample and an average of 87% and 94% were assigned at

genus level, respectively.
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FIGURE 2 Continued

With this technique, male samples showed higher bacterial diver-
sity at genus level than female samples (Supplemental Figure S1A-D).
Shannon Diversity Index ranged from 1.004 to 1.151 in male samples
during all intervention while in vagina it decreased from .228 (initial
visit) to .190 (final visit) and in uterus from .431 (initial visit) to .325
(final visit).

No statistically significant changes were observed at phylum and
genus level when comparing samples before and after the treatment
although PCA plots revealed a change in the microbiome composition
of uterus samples after 6 months of probiotic treatment (Figure 3).
Initial (V2) and final (V4) uterus samples were located completely
separated in the graph. Vaginal samples did not showed a change
at genus level and clustered according to their time of collection
(Figure 3).

3.4 | Immunological analysis
The concentration of 40 pro and anti-inflammatory markers was deter-
mined in male and female blood samples at the beginning and after 6
months of the intervention with L. salivarius PS11610 (Table 3).

There was a significant decrease of the proinflammatory mark-
ers IL-12p40, IL29/INFA1, IL-34 in both members of the couples and
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IL28A/INFA2 only in males. In addition, results showed lower levels of
IL12-p70, pentraxin-3 and osteocalcin in females (p < .1). Moreover,
lower levels of anti-inflammatory cytokines TGFS1, TGFS2, and IL-35
were observed in women after 6 months of probiotic intake (Table 3).

The immune response is a complex and interconnected system, in
which different cocktails of cytokines play important roles in distinct
effector cells. For this reason, we decided to perform relational analysis
such as PCA which indicated a change from a proinflammatory to an
anti-inflammatory profile of the couples at systemic level at the end of
the study (Figure 4).

To address the immunological status at local level, we determined
the concentrations of the same 40 cytokines in endometrial samples
at the beginning and after 6 months of the treatment (Supplementary
Table S1). Although only Chitinase 3-like 1 (CHI3L1) was increased
(p = .072) after L. salivarius PS11610 treatment, PCA showed that the
local proinflammatory profile was modified after the treatment (Sup-

plementary Figure S2).

3.5 | Pregnancy outcomes

In this study, four women became pregnant, three during the first 3

months of the intervention period and the fourth at the end of the
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second 3 months of the intervention period. More precisely, 1 after 2
months of treatment and an IA cycle that unfortunately suffered an
ectopic pregnancy. One after three months of the probiotic intake and
an |A cycle that delivered successfully. This woman suffered three pre-
vious A failures before the study participation. One after three weeks
of probiotic intake, spontaneously that gave birth successfully. One
spontaneously after five and a half months of probiotic intake and gave
birth successfully.

4 | DISCUSSION

This study investigated the effect of the probiotic strain L. salivarius
PS11610 in the genital dysbiosis of couples with problems of fertility.

All recruited couples (17) met at least one of the dysbiosis criteria
established in this study, indicating a high prevalence of urogenital
dysbiosis in couples with idiopathic infertility. The results obtained in
this study by culture-dependent techniques and 16s rRNA sequenc-
ing showed that the treatment with L. salivarius PS11610 modified
the microbiota composition of the vagina, uterus, semen, and glans
samples, solving the dysbiosis in 88.9% of the couples. Additionally,
a change in the immunological profile at local and systemic levels
was detected. Consequentially, L. salivarius PS11610 intake slightly
improved the pregnancy and delivery rates in idiopathic infertile
couples during assisted reproductive processes.

Metagenomic analysis indicated a modification of the microbiota
composition, eliminating pathogens and increasing Lactobacillus genus

proportion. The change in the uterine microbiome, after the probiotic



AL.
AgT
EST.
INI
logy
uno
Imm
ive
toductiv
p
f Re
lo
rna
Jou
n
AIR erica
EY
IL
1 W
f1
=

wn
sho
ion
n io
bee mat. a
has for gin
It ijome d va bi-
dy. bio an ro
stu icro us P jon
is mi ter! ‘Ota'. tio
th ine u bi iza
of erin en icrol lon
ings ut twe mi | co ial
indin eto be the ta tia
fin ibut ion f rec ten
in 1 tio % 0 o ies
mai ntr nec 30% s by ap ecie
(o] n u
f the isms c e o hare uter as ur Spiated
eo ani ite th lys the spp by fo soca st
is on ech spit c,n. a||y40 illus ce . gain
ke, is ntm De| they df|n3’39' bac inan e, | ion a iques
inta differe ation. ana '.na an gut. Lacto domobiOm tect echni and
¢ ficat al c e ed he cr et r3
thz mod ervic the v m as tropostility' Ttal m and Eultursaftehowed
c i .
an ugh reach lly fro Ve p d fer ogen tat'ondent mple atas fthe
thro an rna_ ha han ur lan pen. alsa icd ne o ave
; _Sc,te ies It ale imp de in Om.o dh~
§ otic Isoin stud I hea fem nic i sing 'nVag gen ch is tan thic
a ina u i a i C iopa
§ but cent vaglnin thembryodata sratel » met I, Wh al tra idiop
S Re r of illus of e ined acillu flarly, |evegenltkerin ere
E ke C s ta b im rs (o) r i w
r ba te b to S inne ur a i
N S a 0 ra o c e. in e m cc he
o 8 g mf Lact tter 1 O“reofl'aintakcill“S inth rtility hyloco fter tay
2 e 8, s ic illus a
S i 2 O-thb S~. rea ioti toba cillu ial fe tap ed Itm
o S S Wi gen inc rob Lac toba nti ds bserv resu tudy
3 o n e n
* : S ) ath eda the p! d of f Lac pot ns a to ted thes h-
g o %‘ p ort of tren S0 as a oge e no pec in mect
= S H X| n
z 5 = reponth sing specléously f path sWeris Uneto me izing effec
- = @ " 5 6m, crea ant revi Is o nee fth ted olon inor take
c a = [} w0 S in in d p ve fere SO tra ial m ot t
£ 2 i 2 s four dom ifie le dif S bia the o
£ J N . 8 ;_” g ur ident jome, ant rea dmi icro to ts d ary, of
g o S o 3 5 3 g fo nid . Ob" ific the ea nt m,bute men cess ead
G 3 & S n < S bee 41 tcr slgn eof dosag ere tri eat ne Spr
L ] 5 = > = . m t . iff n tr is
< ) Q o s n I o . €
8 E g ° 8 S case male er buent'ob'otcthedca” crti“tytment entth ofile
o = 2 = , 2 In low tm ro r, ct fe a ev I'pr
2 n 2 ] pl e a t re r . ry
[=% »e = % "g ) . htly trea wer reovi ytr mos eir t topl Ioglca ato
G 9 9 © : | £ S“gbiotlc helo) Mo inar ugh t th talso no flammbeen
& < = 2 i ] S S t h). ur 0 ha u ;
< < &) o = 'S ro to ito Ith t bu imm n as ck
£ nn,\_.g S g Pe24nAerr54ml’°h3
£ . o 3 g u e/ e t. id ke -4 he P It am
£ @ N Q 8 1 - g bed psul ale gtmen ons mar e izedt edafile' and rrier
2 « o 0 S 8 3 3 g (1ca ofmtrea wectility urs teriz how pro tress ba ge
o o o ) - () g . O C S a a
= @ '\.O.m “’8 ~m_|C t’_e" re ra s ne I's 0s ss
3 B . o v =) E 3 anis biot Ccou”helrf linte cha oup“? mu gica muc e pa tion
5 gt & = o g E f pro oa et xua have ly, ¢ ic im holo inal th ula r
£ > £ ® g 3 = ° nint prov 85e|We itialytemI psyc testi It in Circé Ou
o ? © 5 S [ e im rin ial, In s t in u ic 4 ry
b "o 1\1\*? 2 m oi u ria .,sY iet, es m.n- o
£ £ = : 3 S ® g §§ nlyt nsd entt lasma heir rd aired ay r yste ctio mat re
c < o) n < pa ] IS 3 o oge urr . p t ste 'mp m es fun flam Oa
a0 I 2 ! 2 S ks 28 th ec n ing e ith i ition th r in 7 1
& & R N 3 9 9 £ 2 2 pa|nth ples alyz aWWIt ndit into icula n of L12-p Th
X ) =3 ) 5 S 3 u n ity, o) ia i ti : | S S
© orwgw <ro§u coasl edC|a es tio tee
s L o g & =58 enbeatsrtuCndcya=
= - ; BEE o (=} > ) b4 h he fo) Ci h te d d a o h
® e S =] 3 3 g}‘ej Oftus W that asso,.) * Tt bac aire here p40 | mphacrop kines
g : 8 N £ S& stat ibed are gut e gud impeent IL-12 ory yry " cytohs of
> B 5 = — % r ise inin : t 0
2 3 3 ° © E 2 3 desc rc's..|eaky tain o betw ent ma mat atory ont and
5 v £ s 2 5 < 3 exe ( con tion tion atme flam lam m om A1
£ E = R 33 2 of tion xin- ma ciati tre b inflam fer TGF
= n A '8-~u nc to lam el tic f p n i-i na of -
= 9 o 0 2 % g fu ndo inf an as obio ho Ived £ ant me foct mma
° N 0 I e ing d r io 0 o f la a
c m:\g E._._,_ f in e p t.v 0.W.e7 inf d
o] z ~ o S X o er W he iva is in Is n ic 4 n te
a g o 3 I N £ igg ho t cti is ve ed op r. ro or ion
k3 = & o 2g g trig Itss and he a L-34 er le serv leiotr nclea om p rep iatio
= E. N = & ¥ g m’ & resu ines in t s | low: ob ep llyu e fr have soc ute
2 S o 3 2 23 52 ytoki ted Iherea-ng'y’ ettt artia hang dies S,
] = o | S NS s £ & c ica isi 5 e p c u d o S
N X N 0 =i Iy B s £ s lic. 7w ri L-3 du ins a st an c ate
3 "B S8 % 5 s g8 i et . owed ious stue o rgan
T 6 < E « & 2 ] S 2 nd ion. 2,a oWe.itYr sh Pre wo ste nta ic 0_ ns,
5 2 o ~ Q ; ~ S & 2 tivat TGFg e. H rtil PCA file. tile € sy pla hat ctio
< wn [Se] : 2 ) ke. fe r n im p e r
o E o g__>: ac 1, ta in ry r°.fe u ei |m-nf Ou
O g€ %m m,—SSw Fﬁ.in le to yp-l”-moV ys|51f
S = g * = = g S = TG iotic irro lora tor thic |m. pr jary nt 50, o
< © S io ir a a thy im ti ve ion. ion
o0 og tnE";“’ b he Xp m.p | (o) er e io tio
b5) 5 S © 8 £ ] 3 = ro t € m idio ea dt t pr SS r es
i} = Am ‘“>~L—’a—a p 2, r’,fla.l h n a € 0 nc
e s I a8 z g2 2 FB ve i-in in a a s ce gr rop re
o < = o 3 - © S G eo ti io us, rs a lan ro p iffe
4 55 < o % g s 2 T r n ti h de d a p d if
2 s © i | e < = 8 9 o a ra T se b e d
g S 0 3 = © c E é’ § Mtoan/|L10 484 thgenropokines nancyalterative
s 3 ~ n 32 = ;3 ° e. 0 p eg n ific
@ .cqf'lm*O wmam ory Fy-ag.b n to r a ifi
o 5 & = P 3 U':Qo t IN rl. n ee‘ cy d p d ign
,—E‘, @ 3 = ?g § -bgn E] ﬁ high iscarrti“tyhas bciflc. n an howe ot sig
2 5. 2 S £5 ¥ ith m infe ium lantato rent. bt
° £ g 3 ) o 'g % g T:j w olve etri The' plan ark nt,
s % 4 E : 2 fos e oim @ reatme
E £ s g ® @ b o 3 € S Entruct mbry mato~c tre
= = ) ¥ R 3 Egéd |kesteseflam bioti
= o : L 2 T © = . i la in o
o — DN o -~ ™ o o a r
% 8 ul\: ) R 0 b 2 3 § 3 G timu is of ter p
o] T 39 = © 2 S = o - S lys af
= - N @« S 5 c £ e} 4] a S
7] o N bt N Q = £ O = an ine
o = N S < o i & Ke) o k
o § © g £ 23 to
5 s S8 28 Sz i oy
. 28 = =3 -4
) s 3 ~ : £ 8 S8 £
=] = L 4 5] s S 2 g
= = g a 5 [ < 3 2
: L : S5t 2
P I
g = 3 g o 2 S So
- S S £ kS ©
s Q § s s‘;‘ o) =
5 c o0 s =
© 3 g S @
2 = £ 3
® °
g S
~
w
—
o
<
[y



AJR
INIESTA €T AL American Journal of Reproductive Immunology Wl LEY 9of 11

TABLE 3 Analysis of the immunologic systemic profile in plasma samples at the beginning and after 6 months of probiotic treatment

Plasma

Male Female

Initial Final p-Value® Initial Final p-Value®
APRIL/TNFSF13 288.31(207.49-343.84) 252.85(217.01-330.74) .711 324.58(273.62-366.24) 289.81(264.86-315.35) .427
BAFF/TNFSF13B  12.96(11.93-16.93) 13.64(10.14-15.31) 711 11.10(10.74-15.84) 11.39(10.50-12.20) 791
sCD30/TNFRSF8  .78(.67-1.19) .81(.64-1.07) .958 .89 (.72-1.05) .93(.81-1.40) .560
sCD163 161.74(113.01-177.83) 120.77 (90.79-226.67) 560 136.56 (81.13-188.25) 177.30(127.12-192.38) 427
Chitinase 3-like1  14.32(13.48-15.04) 8.87(6.84-9.48) 186 9.28 (6.75-13.82) 13.03(11.00-14.88) 224
gp 130/sIL-6RB 127.64(114.23-137.84) 136.87(103.84-169.47) .958 104.58 (95.21-146.74) 111.55(98.45-154.48) 491
INF-a2 36.34(31.56-50.52) 23.40(17.59-34.50) .059 36.27(28.09-44.58) 32.77 (27.50-36.32) .649
INF-B 49.87 (43.77-61.08) 47.84 (42.29-50.36) .368 50.87 (44.84-57.00) 46.80(43.27-49.88) .186
INF-y 16.26 (14.10-22.73) 15.18(10.87-19.49) 479 18.42(14.10-20.57) 14.10(9.26-16.25) .202
IL-2 22.47 (20.68 -28.59) 24.67(19.13-28.92) 932 23.47 (18.68-26.24) 21.59(17.85-25.33) 737
sIL-6Ra 12.56(11.22-13.73) 11.68(11.39-14.25) 791 14.21(12.60-15.46) 12.01(10.56-14.84) .368
IL-8 .03(.03-.04) .03(.02-.04) 643 .02 (.02-.03) .02 (.02-.02) 221
IL-10 265.73(230.16-284.87) 270.17 (245.13-307.61) .427 262.92(183.12-308.64) 270.09(216.17-342.86) .560
IL-11 7.03(6.14-12.57) 6.95 (6.46-7.68) 634 5.97 (2.80-8.07) 4.15(3.28-5.08) 427
IL-12p40 48.44 (48.36-53.55) 43.22(32.97-48.36) .078 53.59(48.36-58.84) 38.03(32.93-43.24) .039
IL-12p70 6.55(3.98-9.78) 3.98(3.66-4.30) .643 4.62 (4.62-5.91) 2.39(2.22-2.55) .060
IL-19 14 (12-.16) .13(.12-.14) 560 .13(.13-.15) .11(.09-.14) .368
IL-20 37.56 (20.01-45.60) 33.65(24.83-75.81) 958 24.14(18.15-66.20) 18.47(18.15-32.95) 637
IL-22 48.40(20.33-89.64) NA 53.06(25.12-91.09) NA
IL-26 4.33(4.12-4.75) 5.38(4.64-5.80) 427 4.75 (3.49-6.13) 4.75(3.33-4.91) 751
IL-27p28 .27 (.22-.36) .16 (.16-.16) 480 .23(.12-.24) NA
IL-28A/INF-12 95.37 (86.24-154.53) 55.26 (42.40-91.07) .048 91.39(70.95-122.50) 72.96 (59.68-99.82) 297
IL-29/INF-21 .19 (.14-.24) .09 (.07-.13) .009 .18(.11-.29) .10(.08-.12) .080
IL-32 .77 (.71-1.09) .74 (.73-.87) 791 .88(.76-.93) .88(.76-1.12) 791
IL-34 1.19(.75-1.38) .75(.56-.86) .050 .93(.73-1.06) .59(.57-.65) .050
IL-35 .21(.19-.29) .20 (.17-.27) 491 .23(.20-.26) .18(.17-.21) .044
LIGHT/TNFSF14 87.98(87.98-87.98) NA 45.10(30.12-60.07) 8.82(8.82-8.82) 221
MMP-1 1.15(1.15-1.15) NA NA NA
MMP-2 40.44 (29.48-53.01) 61.09 (36.38-62.69) 224 39.58(28.41-43.68) 49.83(31.49-60.85) 224
MMP-3 33.30(16.23-40.47) 23.53(19.05-35.96) 874 25.11(16.42-31.93) 16.86(15.81-38.97) 711
Osteocalcin 2.24(2.08-3.02) 2.86(1.95-2.94) 711 2.55(2.32-3.02) 2.40(1.73-2.55) .080
Osteopontin 32.40(31.00-35.10) 37.90(30.83-39.84) .186 41.72 (28.87-42.54) 36.55(31.52-39.54) 560
Pentraxin-3 23.80(16.80-30.31) 25.84(19.52-35.59) 711 25.26(21.10-26.23) 18.31(16.18-20.58) .064
sTNF-R1 .60 (.57-.68) .57 (.53-.58) .186 .53(.51-.67) .66 (.57-.76) .186
sTNF-R2 .84(.78-.94) .74(.73-.95) 427 .87(.76-91) .92(.83-.98) 315
TSLP 69.06 (54.68-77.29) 54.68 (46.33-66.45) 152 64.90 (51.45-76.05) 53.09 (47.49-67.41) 491
TWEAK/TNFSF12  3.66(3.41-3.75) 3.57(3.17-3.98) 874 4.21(3.78-4.91) 3.91(3.45-4.35) .368
TGF-p1 6.61(3.45-10.66) 1.94(1.35-3.09) .023 5.13(3.03-6.58) 1.83(1.27-3.50) .050
TGF-2 A45(.17-.47) .08 (.07-.15) .128 .23(.12-.30) .07 (.05-.16) .039
TGF-53 NA NA NA NA

Note: Results were expressed as median (Q1 - Q3) in pg/ml.
Abbreviation: NA: Not applicable.
Bold values mean with statistical significance at 90%.

“Kruskal-Wallis test.
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were observed regarding the concentration of those markers, prob-
ably due to the low sample size. Only CHI3L1 showed higher levels
after 6 months of probiotic intake. CHI3L1, also known as YKL-40,
is a secreted glycoprotein associated with inflammatory processes.
CHI3L1 has been found upregulated in cervicovaginal mucus during
the oestrus phase of ovine reproductive cycle.’? Additional studies
are necessary for a complete understanding of the immunomodulator
effect of oral L. salivarius PS11610 treatment.

The immunomodulatory function of the gut microbiome has been
deeply characterized in several contexts. In the present study, we
have found that L. salivarius PS11610 treatment might be associated
with the change of the immune profile from proinflammatory to anti-
inflammatory, revealing its potential beneficial effects in gastrointesti-
nal mucosa or even other mucosas. Moreover, studies in males have
reported a correlation between semen and gut microbiota after high
fat diet.>3 For these reasons, we have considered the oral administra-
tion pathway the best approach to solve idiopathic infertility as multi-
factorial condition.

In this study, four women became pregnant (44.4%) and three of
them had a live birth (33.3%). These results were compared with the-
oretical pregnancy and live birth probabilities, which were calculated
using the data reported by the Spanish Fertility Society.”* The theoret-
ical average probability was 27.59% for pregnancy and 21.31% for live
birth.

The main limitation of this pilot study is the low number of cou-
ples participants, which has hampered the analysis and the evalua-
tion of the effects of probiotic supplementation in pregnancy success
and live birth rates. Moreover, a control group treated with placebo
would allow to obtain more robust conclusions. In conclusion, probi-
otic supplementation with L. salivarius PS11610 in couples with idio-
pathic infertility under assisted reproduction treatment improved the
urogenital tract microbiome and might be associated with the modu-
lation of the inflammatory profile, increasing the pregnancy rate. This
study provides data supporting the use of probiotics as adjuvants dur-
ing fertility treatments.
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