Microbiome Modulation in ART:
Antibiotics, Probiotics and Beyond
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The Importance of the Reproductive Tract Microbiome
in ART

« Human Microbiome Project (HMP) (2007)
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de Ziegler, D. et al,, Fertil. Steril. 2016




Differences in the Microbiomes of the Female Reproductive Tract
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Lactobacillus spp.
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Vaginal microbiome
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The Vaginal Microbiome and IVF Outcomes
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T. Haahr et al., Hum. Reprod., 2016; Y. Kong et al., Front. Med., 2020; M. Fu et al., mBio, 2020; Singer M et al.,J Gynecol Obstet Hum Reucgod. 2019




Endometrial Microbiome
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The Endometrial Microbiome and IVF Outcomes
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« Lactobacillus-dominant endometrium (LDE): €& AR EO0|AM O £ ART A1}
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* IR (60.7% vs. 23.1%, p = 0.02), PR (70.6% vs. 33.3%, p = 0.03), OPR (58.8%
vs. 13.3%, p = 0.02), LBR (58.8% vs. 6.7%, P = 0.002)
» Non-Lactobacillus-dominant profiles (higher anaerobes or Proteobacteria)Oi| A{
poorer IVF outcomes (higher implantation failure)

Jason M. Franasiak et al., Fertil Steril, 2015
Jacqueline Sehring et al., Placenta, 2022
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Hypothesis of the Vagino-Uterine Axis and Microbial
Translocation
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Polymicrobial biofilm dominated by Gardnerella attached to the
endometrium. The left panel shows follicular and the right panel
luteal endometrium. From Swidsinski et al. (14).

Franasiak. Reproductive tract microbiome in ART. Fertil Steril 2015.
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endomeTRIO: ERA+EMMA +ALICE
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Microbiome Metagenomic
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 ALICE test (Analysis of
Infectious Chronic Endometritis)
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Effects of the Gut Microbiome on Reproductive Health
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Figure 1 Lifestyle influences gut microbiome and is associated with reproductive health




Infection and Inflammation
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@ Antimicrobial Prophylaxis at Embryo Transfer

- Transfer catheter tip2| upper genital tract microbiota colonization0] CHgt %

« Kroon B et al,, (Cochrane Database Syst Rev, 2012)
« A review of RCT in the literature that investigated antibiotics at embryo
transfer (N=1)
- SAENSZ FAHA| H|OF O|A FHHIH € &
QOD:I © ZIA

|_D_|_

» &Lt CPRE 72[h X1O| Bls

« AN FAHT 36% vs. H[EOG+ 35.5% (odds ratio 1.02, 95% Cl 0.66-1.58)
« LBR= primary outcomel £ o= F7F & =

. HHOF O| M A| 2 lH ArEOf Cholf =3 = X A2
2= (No clear benefit)

Franasiak et al., Fertil Steril, 2015
Kroon B et al.,, Co%ane, 2012




@ Chronic Endometritis (CE)

. ”**"ﬂ%'—ﬂ”*m (CE): At LHEIS| 4 HE HF A=t ZA IO 2 Xt
LY} 7| & (endometrial stroma) LHO| CD138(+ A& M Z (plasmacytes)Zt H|’H A
Moz X938l 7oz 59|

. qu Ltol / Abap™ /= F7| SIS (PTL, PE, PVL, CP in premature infants)2f
O 1}

- unknown etiology2| & O 28%
» IVF-ET 2 RIFQ! 0182 14-31%
« RPL O{-d2| 9-13%
. 29l
. X2 2
« Escherichia coli, Enterococcus faecalis, Streptococcus, Staphylococcus,
Mycoplasma/Ureaplasma, Mycobacterium
 Local dysbiosis in the female reproductive tract
« X & B
« YA - MO Z CD138(+) HEMIE XA Pauiine Kalu

o Kitaya tIItJI\/IIS . 2023
a Bwanga et al, Medicina, 2023

ita
itaya, K et al, Fer T sterl 2018




Table 2. Studies on the use oI metronidazole against CE. \

Authors [Reference]/
Published Year/Nation/
Study Period/Study
Design

Dose

Indications

Age (Years)

BMI (kg/m?)

Diagnostic

Conditions for IHC-CD138 Criteria for CE

The Cure Rate of
Histopathologic
CE

Johnston-MacAnanny EB
etal. [6]/
2010/USA/
January 2001-December
2007/
retrospective study

1000 mg/day, 14 days (500
mg, twice) in combination
with ciprofloxacin 1000
mg/day, 14 days

Repeated
implantation failure
(two failed ET cycles),
second-line treatment
against
doxycycline-resistant
CE

345+327
(mean + SD)

Information
unavailable

Pipelle suction speci-
mens/Immunohistochemistry,
paraffin-embedded
sections/MI15 Cell Marque 1 or more ESPCs
(Biocare Medical, Concord, in
CA)/not available Biocare 1 HPF observed
Medical, Concord,
CA)/1:100 dilution /60
min/Room air?

100% (3/3)

McQueen DB et al. [43]/
2014/USA (Caucasian and
African-American)/
July 2004-February 2012/
prospective study

1000 mg/day, 14 days (500
mg, twice) in combination
with or ofloxacin 800
mg/day,

14 days

Recurrent
preghancy
loss, first-line
treatment

22.08 = 4.83
(mean + SD)

25.8 + 6.4, and
2047
(mean + SD, and
range)

Not detailed Not detailed

73.1% (19/26)

Yang R et al. [77]/
2014/China
/January 2009-January
2010/ prospective study

1000 mg/day, 14 days (500
mg, twice)in combination
with levofloxacin 500
mg/day, 14 days

Repeated
implantation failure
(three failed ET
cycles or 6 or more
high-quality
transferred embryos),
first-line treatment

Not detailed
(Two
combined
studies are
reported in
one article)

Not detailed
(Two combined
studies are
reported in one
article)

1 or more ESPCs
in the section
observed

Pipelle suction speci-
mens/Immunohistochemistry

Not re-examined
(?/68)

Tersoglio AE et al.
[78]/2015/ Argentina /
2010-2013/
prospective study

1000 mg/day, 14 days (500
mg, twice)in combination
with ciprofloxacin 1000
mg/day, 14 days and
precedent 200 mg/day
doxycycline along with
prednisone 4-8 mg/day

Repeated
implantation failure
(two or more failed

ET cycles)
first-line treatment

36.0 £+ 4.08
(mean and
SD)

Information
unavailable

1 or more ESPCs
Not detailed in
1 HPF observed

64.3% (9/14)

Kotaro Kitaya et al, Int. J. M8l Sci. 2023




Table 2. Cont.

Authors [Referencel/
Published Year/Nation/ Indicafi Age (Years) BMI (ke/m) Conditions for [HC.CD138 Diagnostic ?etCur:hRTte f’f
Study Period/Study ndications ge (Years g/m onditions for IHC- Criteria for CE is opéE ologic

Design

endometrial
E:L;(;?erii O;_mf;fi t6 Curette biopsy specimens/ stromal
shrquatty Immunohistochemistry, plasmacyte

500 mg/day, 14 days
transferred embryos paraffin-embedded 4-m density index

Kitaya K et al. [79]/

(250 mg, twice) in
2017/Japan/ and/or blastocysts), 38.1L£38 21.1 £ 1.9 (mean sections/B-A38 (Nichirei (sum of ESPC 88.9% (8/9)

combination with
November 2011-July 2014/ ciprofloxacin 400 mg /day,

prospective study 14 days

second lme:' freatment  (mean + SD) +5D) Corp., Tokyo, Japan), stock  counts divided by
against . -
dox line-resistant solution, 60 min, room the number of
OXy€ycine-Tesis temperature HPF evaluated)
CE
0.25 or more

1000 mg/day, 14 days
(500 mg, twice) in
Gay Cet al. [80]/ combination with Recurrent 33 and 9 24 and 3 . . .
2021/France/ . . . Pipelle suction speci- 1 or more ESPCs o
doxycycline 200 mg/day, pregnancy (median and (median and . . . 100%? Not
January 2013-January o . . . . mens/Immunohistochemistry, in \
14 days (Antibiotic agents loss, interquartile interquartile . detailed
2018/ . Ny not detailed 1 HPF observed
. were chosen according to first-line treatment range) range)
retrospective study iy . .
antibiogram if bacteria
were identified.)

Kotaro Kitaya et al, Int. J. M3l Sci. 2023




Antibiotic Treatment of CE and Its Impact on ART
Outcomes

- R ALSO0M SEX A2 = (2tX]) Crs F7[0] ET A|AA|, BR &g £E1
* No published RCTs yet.

. SR

. CtASH O|M = 7 (common bacteria to Mycoplasma &) 2I3H broad-

spectrum antibiotic agents (doxycycline, fluoroquinolones (ofloxacin,
levofloxacin, ciprofloxacin), nitroimidazoles (tinidazole and metronidazole)
« TB-associated CE: antitubercular therapy
« 67l & antitubercular agents X|& & 1270 & L CPR2 90% S 2 H 1

» RIF 2tXtOJ| A Multi-drug-resistant CE =X
« doxycycline Mg CE: 20% | |
« CtE regimen 1134 (ex. azithromycin, moxifloxacin, and lincomyaging) . w20 s

Kitaya, K. et &l., Am. J. Réprod. Immunol. 2017
Gay, C. et al., J. Gynecol. Obstet. Hum. Reprod. 2021
Kitaya, K. et al., J. Assist. Reprod. %Qpet. 2022




Human Reproduction Open, 2023, 2023(3), hoad023
https://doi.org/10.1093/hropen/hoad023
® ® r @ ESHRE Pages
u I e I n e ——

ESHRE good practice recommendations on recurrent
implantation failure®

ESHREW orking Group on Recurrent Implantation Failure, D. Cimadomo () !, M.J. de los Santos () 2, G. Griesinger @
G. Lainas () °, N. Le Clef {® ¢, D.J. McLernon (& 7, D. Mon t) ®BTthNVrme1 ®°a nd N. Macklon @™

Assessment for chronic endometritis (CE) can be consid-
ered. If CE is diagnosed, treatment with antibiotics can

be considered.

ESHRE Working Group on Recurrent Implantation Failure, Hum Reprodz(gpen, 2023




® Bacterial Vaginosis (BV)

« BV: Lactobacillus dominance &2, Gardnerella, Mycoplasma, Prevotella 12t5 4!
p A3, CST IV conflguratlonl'f EJ.;F

T 0432 19%0| A &7, H[E&HE QI genital microflora Hl= 39%

ARTE AldiEt= OO A, BVE

& W Lactobacillus spp.7t
M Xz 2R

Liwen Xiao et al., Genomics, Proteomics & Bioinformatics, 2024
Diaz-Martinez MDC et al., J Cli d\/led 2021
Haahr T et al., Hum Reprod 2016




Antibiotic Treatment of BV and Its Impact on ART
Outcomes

« First-line treatment: antibiotics gv

o SHAMX| H|HIS 2 EE= A|E 22X A Vaginal
microbiome transplantatlone AN ETt case seriesE =
= AS2L} (2019) OFA experimental

Healthy donor

» 1Lt Fertility treatmentS 27| 0| prophylactic
antibiotic use? .
. X—|'<':C'>I-ng TEL 7|. XH|:||- o) 045 §7|_’ 1 9|9_| Infected patient
adverse effects 1124
« Not recommended

Liwen Xiao et al, Genomics, Proteomics & Bioinformatics, 2024
Diaz-Martinez MDC et al., J Clin Med 2021
Haahr T et al., Hum Begprod 2016




Probiotics

» Lactobacillus®| =2 _
|VF-|CS|O1| %El_é;l' 7E:| Maternal gut Maternal vagina

Immune interaction

O &2 2| probiotic supplement?| o

Z= (ex. Lactobacillus spp.)= SCFAQ|

o
Aotl-E 07|' T Ce” |_g:||H|_|-O KI‘I Gut Probiotics

(Th1/Th2 cell ratio Z&+2) umen | LT = s_
SHERE . ey &8 -

Probiotic
intervention

7|_A Mucus B \' SCFAs ¢
proinflammatory cytoklnes | ®®dewecdececeenne

Lamina

uterine barrierS Z42s5t0] '-._FO', BV, propria | Th1 @ @ Th2 .zz, Proinflammatory

cytokines

Lt &ot 2L GDM, PE, PTL &4 -

Koedooder R et al, Hum Reprod, 2019L
iwen Xiao et al., Genomics, Proteomics & Bioinforpgtics, 2024




Probiotics

* Probiotics @7 £02& & O/ME XM (ex. Lactobacillus H| ) H3lA|Z
A OlO
| AA 3

» Probiotics X| 2= Gutdl female reproductive tract2| microbiome 2|=0f| =
= — 8oz T, EjoF L0 G

« C}BH probiotics X| 29| failure casesT™ EXY

O 1
AEE SARC HEEY +F)= O 25w
- 257 G740 =88 BVt (Ride 37t 8,
S|

OLf dMHe= HEH =&l L o 72d Blas
- 7178 O}, H ot 2A/EH/EE s A 1FE F7r A1 28R

Koedooder R et al., Hum Reprod, 2019

Claudia Blancafort et al., Front. Endocrinol., 2023

Liwen Xiao et al., Genomics, Proteomics & Bioinformatics, 2024
Arezoo Maleki-Hajiagha et al,, BMC Pregnancy and Chiﬁ@)irth, 2025




Chart 1. Characteristics and relevant clinical results of included studies

Female genital tract microbiome: the influence
of probiotics on assisted reproduction

Article

Study design

Population

Probiotic

Type

Size

Strain

Objective

Outcomes

Gilboa et al.
[2005)@

Clinizal Trial

Infertile
patients

n7

Lactobacillus
acidophilus,
Bifidobacterium
bifidum and
Bifidobacterium
longum [3x10° CFU)

2 capsules

To investigate the effect
of probiotics on vaginal
colonization and on outcome
of the IVF cycle.

The prabiotic did not affect the
vaginal colonization of Lactobacillus
during embryo transfer. The clinical
pregnancy rate improved slightly,
albeit with no statistical significance.

Iniesta etal.
[2022]0

Clinizal Trial

Infertile
couples

Lactobacillus
salivarius PS11610
(1x10° CFU)

To evaluate the effect of L.
salivarius PS11610 on the
microbial composition of
urogenital tract in infertile
couples with bacterial
dysbiosis.

Probiotic supplementation
significantly modified the urogenital
microbiome composition. Additionally,
slightly improved the pregnancy and
delivery rates, albeit with no statistical
significance.

Di Pierro et al.
[2023)E=

Retrospective,
observational,
study

Lactobacillus
crispatus M247
(2x10° CFU)

1sachet/day

To evaluate whether the oral
administration of L crispatus
could increase pregnancy
and live birth rates in women
undergoing ART.

The rate of biochemical and clinical
pregnancy rates, as well as live
births were higher in the probiotic
group, although with no statistical
significance.

Tanha et al.
(2023)=

Randomized,
controlled trial

Infertile
patients

Lactobacillus
rhamnosus (1x10%

CFU)

1
suppository/
day

To evaluate the effect of
Lactobacillus rhamnosus
on normalizing vaginal
microbiome, and its potential
to enhance outcomes in FET
cycles.

In the Lactovag group, biochemical
and clinical pregnancy rates were
higher, albeit without statistical
significance. The rate of pregnancy
loss in the control group was fivefold in
comparison with the Lactovag group.

Thanaboonyawat
etal. [2023]=

Randomized,
controlled trial

Infertile
patients

Lactobacillus
acidophilus KS400
[(1x10%CFU)

1tablet/day

To compare the biochemical
pregnancy rate between
women using intravaginal
probiotic supplementation
and those with standard
treatment before embryo
transfer in FET cycles.

The biochemical and clinical
pregnancy rates were comparable in
both groups. There was a statistically

significant reduction in the
miscarriage rate in the study group.

Weietal (20247

Prospective
crontrolled
trial

Infartile
patients

Lactobacillus
delbrueckii DM8309

To investigate the impact of
transvaginal Lactobacillus
supplementation on
reproductive outcomes in
patients with prior failed FET
cycles

Transvaginal supplementation
significantly increased the clinical
pregnancy rate, while the miscarriage
rate showed no difference between the
two groups.

CFU - colony-forming umnit: IVF - in vitro fertilization: ART - assisted reproductive technology: FET - frozen embryo transfer: OR - odds ratio

Ana Sofia Almeida Santana'

https:#orcid.org/0009-0004-8516-406X

Ana Margarida Pévoa®*

https:#orcid.org/0000-0003-0018-9264
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Ana Sofia Almeida Santana et al., Rev Bras Ginecol3®bstet. 2024




Prebiotics
« Partially Hydrolyzed Guar Gum (PHGG) PHGG

' PARTIALLY HYDROLYSED GUAR GUM

Helps improve gut health
Support digestion
Tasteless & odourless
300g

A o
¢ T%)g MOHE"IT

« An RCT (Zenta Yasukawa et al.) : PHGGZ}| &L M@= 4 HstE R
Sto] HitA HEj M S2| 21E EF &

- 21t

« A XE FO o 12HO|A PHGG (Sunfiber,
. . 10g/d)E ESHM=Z HF[StA 5t2, ARTE Al
Characterizing the gut microbiota in females

o - — slde mf 7 o\0| QIAIQ M
with infertility and preliminary results of JIME AE .:.7 3(58.3%)0] B0 9=
a water-soluble dietary fiber intervention study =8 0jd=
Shinnosuke Komiya,"?* Yuji Naito,>* Hidetaka Okada,? Yoshiyuki Matsuo,* Kiichi Hirota,* Tomohisa Takagi,>* * (I):IAI_IE-% PHGG _%_O:I I|_-|_ITI_E-|

Katsura Mizushima,” Ryo Inoue,® Aya Abe’ and Yoshiharu Morimoto' - . o o ol _ _
=0l & T = Bifidobacterium?®@| H|=0| =1, £ =
. LY O s v | N
PHG(.S ?6 S lfg = S(gut Bifidobacterium H|=0| 5 & &5
dysbiosis)af &= XA A% (ART) Z1t0] O X|=
XSk EFAH
o O 1

Original Article

Paraprevotella ¥ Blautia 2| H|20| &&
4t H[ YA 0| M= Paraprevotellalt
Blautia2| H|E0| =%3.

Shinnosuke Komiya et al.,, J. Clin. Biochem. Nutr, 2020




o o DOES PROBIOTIC AND PREBIOTIC TREATEMENT IN IVF CYCLES OF INFERTILE WOMEN WITH
P re b I Otl C S INTESTINAL DYSBIOSIS, AFFECT PREGNANCY RATE?

Irollo A M', Gangale M.FE.", Tartaglione A.", Criscuolo C.?, Aiello R.", Stortini E.', Infante V.'
« An RCT, FET cycle, PR H|1!, total N=53
« Group A (n=29) (control group) vs. acute intestinal dysbiosis &E{j2| LF
8 g (n=24)
- AT 2 MO 2FH 7 prebiotic & probiotic (syngut and serplus 2
capsules/day each) X|& A|2
« 21k X272 1542 YAlur 12| Z4H0] J}ALH, Ci=+ (44 53

I/

38)0| ol sAM2 =2 Fo|0|gt XtO|= EY (P<0.05)

I/

L 2[HO| 2 ElAQ} g XNz7t ZU OjdE =dd8S
7S IVF AlA}, but small study

Irollo AM et al, J. Siena Acad.=Sci.,, 2018




Limitations of Microbiome Research

« Key Limitations
High contamination risk in low-biomass samples
Methodological differences in sequencing and sampling
Heterogeneity of study populations: prior antibiotic use, sexual
behavior, surgery, etc.
Causality remains unproven—whether dysbiosis is cause or
consequence
Strong validation through randomized controlled trials & defined
methodologies is necessary for the clinical translation of microbiome-

based therapeutics

Pauline Kaluanga Bwanga et al.,, Medicina, 2023
Aggarwal, N. et al., Chem3Rev. 2023




Microbiome Modulation Strategies

Strategy Mechanism / Rationale Evidence & Key Studies Risks / Limitations

Some studies show improved Resistance, loss of beneficial

Antibiotics

Probiotics

Prebiotics

Microbiota
Transplantation

Metabolomic /
Immunologic
Modulation

Reduce pathogenic or anaerobic
overgrowth to favor beneficial
recolonization

Replenish Lactobacillus spp.; produce
lactic acid and bacteriocins

Enhance growth of beneficial microbes via
selective substrates

Restore healthy microbial ecosystem
(conceptual FMT, VMT)

Target microbial metabolites (SCFAs,
amines) or local immune tone

implantation after BV-
targeted therapy

Small studies show improved

microbial composition
(Lactobacillus-dominant
endometrial cultures linked
to higher pregnancy rates.)
But, inconsistent clinical
benefit

PHGG (guar gum)
supplementation improved
ART success in small trial

Still experimental; limited to
case reports

Preclinical studies suggest
link between metabolite
profiles and receptivity

species, altered diversity

Strain-dependent effects;
transient colonization;
limited evidence

Lack of direct data on
endometrial microbiome;
dosage undefined

Safety, donor selection,
ethical/requlatory concerns

Mechanistic complexity; no
established interventions




Microbial Biomarkers as Indicators of Pregnancy
Disorders

- O] g4 2839 oyt =] HH g HO|20AHE &

o Ex. PTL 2t&H35}0, & LY Lactobacillus crispatuse= 22 21tE HO|
Lactobacillus iners= with low gestational age®} 2tH#

+ IVF outcome2 0| F5& &= U= Microbiotadl| Ciet A+ &2 108 Jts

Liwen Xiao et al., Genomics, Proteomics & Bioinformatics, 2024




Emerging Research Directions

Precision Microbiome Therapy (M O|’d= X|&) : individualized microbial profiling to
tailor interventions

Engineered Probiotics : genetically modified Lactobacillus to secrete targeted
antimicrobials

Metabolomic Modulation : requlating microbial metabolites (e.g., SCFAs, tryptophan
derivatives)

Immune-Microbiome Interaction Targeting : modulating mucosal immunity to improve
receptivity

Integrated Multi-omics : combining metagenomics, transcriptomics, metabolomics, and
host immune profiling.

= A multidisciplinary approach combining systems biology, reproductive endocrinology,

. . . Aggarwal, N. et al,, Chem. Rev. 2023
and mICI‘ObIO|Ogy W|” be necessa ry Hitch TCA, et al., Nat Rev Micrdbiol. 2023




Clinical and Ethical Considerations

Sampling contamination: essential to include negative controls and
replicate testing

Safety: potential translocation or infection from probiotic strains in
Immunocompromised patients.

Regulation: microbiota-based interventions are not yet standardized or
approved for ART

Ethics: informed consent, donor screening, and long-term monitoring
needed for transplantation-based therapy




Summary and Take-home Messages
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