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The microbiome and ART:

how close are we to clinical application?
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Brussels IVF, Universitair Ziekenhuis Brussel, Vrije Universiteit Brussel

BSRM, MarCh Zoth 2026 Q Universitair
Zickenhuis

Brussel

VRIJE
UNIVERSITEIT
BRUSSEL



Negative
Intake / routine exams Oocyte retrieval pregnancy test

Ovarian stimulation Transfer Why did my embryo
(good quality embryo) not implant?
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Crac'unas et al-, 2019 -------------------------------------------------------------------------------------------------------------------------------------
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Repeated Implantation Failure

Pirtea et al., F&S 2021 Gil et al., HR 2024

(n=123 987 patients)

euploid

oD Y

n=105
with at least 1 additional
euploid blastocyst transfer

(n=4429 patients)

100% 1
80%

60% - ?

40% A

Fetal heartbeat rate

20% A

1.

0%

0 1 2 3
Number of embryo transfers

’_p Brussels IVF m UNVERSITEIT
) BRUSSEL ( V)

Universitair
Ziekenhuis
Brussel




RIF following oocyte donation?
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Why do euploid blastocysts not implant?

The black box
of implantation

45-65%

LBR per euploid
blastocyst transfer

N=1608 items

4

413 papers scrutinized

FEATURES

EMBRYONIC
N=13

MATERNAL
N=27

PATERNAL
N=3

Cimadomo et al., 2023

ASSOCIATION WITH LBR
PER EUPLOID ET

ICM grade C

TE grade C

Blastocyst <BB

Day 6-7

blastocysts

Age >38 years

RIF

BMI>30

‘—- Vitrified ET
\

R

—
~—
——

Simultaneous ZP
openingand TE
biopsy protocol

2 vitrification and
1 biopsy

OR 0.37

OR 0.53

OR 0.40

OR 0.56

OR 0.87

OR 0.72

OR 0.66

OR 1.56

OR 1.41

OR 0.41

Opening the black box of implantation: low blastocyst quality and matemnal aging, obesity or repeated implantation failures (RIF), as well as poor or

excessive embryo manipulations may reduce the live birth rate per euploid blastocyst transfer.



Endometrial ‘pathology’?

Adenomyosis

Displaced/aberrant window of implantation

Immunological profile

Endometrial thickness

% b <

-

Microbiota - Microbiome

Chronic endometritis
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BIVF microbiome - CE studies

ART MB Prospective observational cohort study (n=300)
2016-2019

CEREV Retrospective observational cohort study (n=786 patients)
2020-2021

FLORA Prospective observational cohort study (n=1000)
Interim analysis n=335; 500 included; 2023-ongoing
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ART MICROBIOME

..................................................................... { NCT03105453 ]

‘ # HQ blastocysts/ LBR / CLBR \

3) Are LRT microbiota associated with outcome?
Are they biomarkers that can predict ART success?

1) What are the relevant confounders of the 2) What is the impact of ovarian stimulation
baseline LRT microbiota composition? on these microbial communities?
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ART MICROBIOME

..................................................................... { NCT03105453 ]

Inclusion
Caucasian
<40 years

1st or 2nd cycle
Antagonist

Blastocyst SET

Normal AMH

3) Are LRT microbiota associated with outcome?
Are they biomarkers that can predict ART success?

1) What are the relevant confounders of the 2) What is the impact of ovarian stimulation
baseline LRT microbiota composition? on these microbial communities?

Exclusion

BMI > 30 kg/m?
AB < 3 weeks
Surgical sperm
IVM / PGT
Endometriosis
REPL
Chronic disease

[
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ART MICROBIOME

2) What is the impact of ovarian stimulation 3) Are LRT microbiota associated with outcome?
1) What are the relevant confounders of the on these microbial communities? Are they biomarkers that can predict ART success?
baseline LRT microbiota composition?
- confounder-independent effect of E2 - baseline microbiota communities are associated to (C)LBR
> cy cle phase rise on microbiome communities, - 1 Anaerococcus/Peptoniphilus ~, (C)LBR
= intercourse i.e. increased diversity BUT: low accuracy for prediction

Clinical relevance of the LRT microbiota’s impact on reproductive outcomes following ART is unclear.
Caution is warranted in case of microbiota-based decisions in ART.
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ART MICROBIOME

..................................................................... { NCT03105453 ]

Pre-0OS microbiota communities
are not accurately predictive of CLBR

Machine-learning models determined that :

- Anaerococcos and Peptoniphilus proportions alone did not have a good accuracy
- the number of HQ embryos showed a good accuracy

- adding microbiota only slightly improved the model’s accuracy

v Accuracy
S ®1.0 Input variables
< § 0.8 9 Te - 1 Base. clinical data (CL)
L c ? |el - 2HQembryos (HQE) (=N)
g 8 0.6 ® 3 Base. Anaerococcus prop. (BAP)
© O - 4 Base. Peptoniphilus prop. (BPP)
© 504 -+ 5HQE+CL
% g 0.2 * 6 HQE+BAP
a0 - 7 HQE+BPP
0% o L] ]| -+ 8 HQE+CL+BPP+BAP
Q 12345678
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Capture
Information

-
N

% Instance A
Q Instance B

@ Instance n

Patient Files
Measurements
Databases

ASSOCIATION IS NOT PREDICTION

o {@}\ o /3

Group Diagnosis

/ & Conditions
=
Control .’] \

Feature Construction

Model
Revision

Clean
Reduct
Extract

Model
Preprocess

Desktop Apps
Embedded Devices
and Hardware

Parameter

Toma and Wei, 2023

,—@ Brussels IVF

Trammg
0
Data

IOOl
Algorithm 1 l Best Model for Algorithm 1
Cross Validation

Algorithm 2 l \ / L Best Model for Algorithm 2
IOOl
Model Evaluatlon\A 00 Best Model for Algorithm n

Optimization

Algorithm i 'an.}

VRIJE
UNIVERSITEIT
BRUSSEL

W

Universitair
Ziekenhuis
Brussel



Vaginal dysbiosis in IVF

’_p Brussels IVF

[ Enrollment/Screening ]

atients: RCT study flow

Assessed for eligibility (n=1533)

l Randomised (n=338) ’

Excluded (n=1195)
+ Did not have AVM (n=1003)
+ No vaginal swab diagnosis recorded (n=22)
+ AVM but not randomised (n=170)
+ Did not meet inclusion criteria after diagnosis (n=29)
+ Declined to participate (n=19)
+ Spontaneous pregnancy (n=36)
+ Other reason (n=64)
+ Unknown (n=22)

A

Allocation

Clindamycin/LACTIN-V (n=111)

+ Not receiving allocated intervention (n=0)
+ Withdrawn within 24h (n=1)

- Did not take any study medicine (1)

Clindamycin/Placebo (n=113)

+ Not receiving allocated intervention (n=0)
+ Withdrawn within 24h (n=2)

- AVM diagnosis failure (n=1)

- Appendicitis (n=1)

Placebo/Placebo (n=114)
+ Not receiving allocated intervention (n=0)

Analysed per intention to treat (n=110)

+ Per modified intention to treat (n=94)

- No embryo transfer within active study
treatment (n=13)

- Screening swab >90 days (n=3)

+ Per protocol (n=90)

- <11 days to embryo transfer (n=1)
- Medication not taken per protocol (n=3)

Analysed per intention to treat (n=111)

+ Per modified intention to treat (n=88)

- No embryo transfer within active
study treatment (n=19)

- AVM diagnosis failure (n=2)

- Screening swab >90 days (n=1)

- Spontaneous pregnancy (n=1)

+ Per protocol (n=83)

- <11 days to embryo transfer (n=2)

- Medication not taken per protocol (n=3)

Analysed per intention to treat (n=114)

+ Per modified intention to treat (n=84)

- No embryo transfer within active study
treatment (n=27)

- AVM diagnosis failure (n=3)

+ Per protocol (n=77)

- <11 days to embryo transfer (n=1)
- Medication not taken per protocol (n=6)

Haarh et al., Nature Com 2025
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Vaginal dysbiosis in IVF patients: RCT results

Haarh et al., Nature Com 2025

Table 2 | Crude and adjusted chance/risk of reproductive outcomes based on modified intention to treat criteria®

Clindamycin/LACTIN- Clindamycin/Pla- Placebo/Placebo (N=84) Both active arms versus Placebo/
V (N=94) cebo (N=88) Placebo®

HCG positives 57 (61%) 58 (66%) 50 (60%) aRR 1.07 (0.87-1.32)
62% (52-71%) 65% (56-75%) 59% (49-69%)

Clinical pregnancy week 7-9 39 (41%) 41 (47%) 38 (45%) aRR 0.98 (0.74-1.29)
42% (32-52%) 46% (36-56%) 45% (35-56%)

Ongoing pregnancy 38 (40%) 40 (45%) 37 (44%) aRR 0.97 (0.73-1.29)

week 10-12 4% (31-51%) 45% (35-55%) 44% (34-54%)

Early pregnancy loss 19 (33%) 18 (31%) 13 (26%) aRR 1.24 (0.73-2.11)
34% (21-46%) 31% (19-43%) 26% (14-38%)

Live birth 37 (39%) 40 (45%) 34 (40%) aRR 1.05 (0.77-1.42)
40% (30-50%) 45% (35-55%) 40% (30-51%)
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Participants
« 164 adult heterosexual couples
« Women: premenopausal

it e

Partner Treatment

2

e d
o
A

No Partner Treatment

[~ 2]
o
1

o
(=
I

n
o
L

Percentage of Participants

o
|

N=81 N=83

------------ Vodstrcil et al., NEJM 2025

Recurrence of Bacterial Vaginosis
Hazard ratio, 0.37 (95% CI, 0.22 t0 0.61)

Between-group difference, -2 6 recurrences per person-yr
(95% CI, -4.0t0 ~-1.2); P<0.001

35

Recurrence rate,
1.6 per person-yr

l

63

Recurrence rate,
4.2 per person-yr

Partner Treatment

No Partner Treatment
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BIVF microbiome - CE studies

ART MB Prospective observational cohort study (n=300)
2016-2019

Retrospective observational cohort study (n=786 patients)
2020-2021

Prospective observational cohort study (n=1000)
Interim analysis n=335; 500 included; 2023-ongoing
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No positive stained plasma cells

Score IPC Less than 5 isolated, scattered positive stained plasma cells
>1 cluster of 5-19 PCs/0.25mm?

>1 cluster of 20-49 PCs/0.25mm?
>1 cluster of 50 or more PCs/0.25mm?

Excellent interobserver agreement between pathologists
+
Machine learning algorithm outperformed pathologists in the clinically most relevant 2-tier-system

[ Manuscript in preparation ]
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CEREV

Submitted @ ESHRE 2026
Petrone et al.

Retrospective observational cohort study (n=786 patients)

m=2Z2 — 4 C O =

HISTOLOGY
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2020-2021

202
1 x AB treatment
(followed by treatment continuation)

o

202
1 x AB treatment
(followed by rebiopsy)
+ 2nd course if indicated

=

€ N

1-YEAR FU

n=585
with at least 1 subsequent ET

[
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Chronic Endometritis Classes
3%
7% N=20
N=56

m Negative
Positive - Class 1

= Positive - Class 2

m Positive - Class 3

Findings at HSC

Variable CE positivity

Submitted @ ESHRE 2026
Petrone et al.

Normal 39.4% (N=250/634)
Trophoblast retention 69.6% (N=16/23)
Intracavitary pathology 32% (N=32/100)

Control
OR 3.5, 95% CI 1.4-8.7 p=0.006
ORO0.7,95%Cl10.5-1.1 p=0.157

Congenital pathology 50% (N=4/8) OR1.5,95% C1 0.4-6-2 p=0.547

Adhesiolysis/previous curettage 0% (N=0/10) =

Others 18.2% (N=2/11) ORO0.3,95% Cl1 0.1-1.6 p=0.171
Previous miscarriages

0 36% (N=165/455) R

1 37.5% (N=54/144) & _

5 43.5% (N=37/85) OR 1.1395%CI 1-1.3 p=0.015

23 47% (N=48/102) P,
Ethnicity ~

Caucasic 37.8% (N=242/641) Control

African 36.7% (N=36/98) ORO0.9, 95% CI1 0.6-1-5 p=0.846

Arab 61.3% (N=19/31) OR 2.6,95% Cl 1.2-5.4 p=0.011

Asian 43.8% (N=7/16) OR1.3,95% Cl 0.5-3.5p=0.626 )
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.................................................................. CEREV. ... [ =+gesses

N=786 women

Analysis of the variables associated
N=482 CE-negative with CE diagnosis N=304 CE-positive

Outcomes:
LBR per ET (primary)
cLBR within 1 year (main secondary)

N=356 CE-negative with at leasi =1 ET N=229 CE-positive with 21 ET

Outcomes’ sub-analyses according to
antibiotic treatment and control biopsy




Submitted @ ESHRE 2026
Petrone et al.

CE Negative CE positive p value
Positive pregnancy test rate per first transfer N=172/356 N=121/229 p=0.310
48.3% 52.8%
Biochemical pregnancy loss rate per positive pregnancy N=16/172 N=11/121 p=0.999
9.3% 9.1%
Ectopic pregnancy rate per clinical pregnancy
N=7/156, N=3/110 p=0.531
4.5% 2.7%
Miscarriage rate per clinical pregnancy
N=26/149 N=25/107, p=0.269
17.4% 23.4%
Live birth rate per first transfer N=123/356, N=82/229, p=0.790
34.6% 35.8%
Live birth rate within one year after endometrial biopsy N=200/356, N=127/229, p=0.865
56.2% 55.5%




Submitted @ ESHRE 2026

Petrone et al.

CE positive
Antibiotic YES
CE negative Antibiotic NO Control biopsy YES
Control biopsy NO Control biopsy NO CE persistent
CE solved
Antibiotic NO | Antibiotic YES
Positive pregnancy testrate per | 175 /356 4839 | N=11/13, 84.6% N=64/128. 50% N=24/50, 48% N=4/8,50% | N=18/30, 60%
first transfer
p-value vs CE-negative p=0.011 = _ N _
e Control s p=0.758 p=0.999 p=0.999 p=0.256
Biochemical pregnancy lossrate | 1 6/175 g 304 N=0/11, 0% N=5/64, 7.8% N=2/24, 8.3% N=0/4,0% | N=4/18,22.2%
per positive pregnancy
p-value vs CE-negative Control p=0.602 p=0.803 p=0.999 p=0.999 p=0.103
Beiopiepreoaneymatcper N=7/156, 4.5% N=0/11, 0% N=1/59, 1.7% N=1/22,4.5% N=1/4,25% | N=0/14, 0%
clinical pregnancy
p-value vs CE-negative Control p=0.999 p=0.451 p=0.999 p=0.187 p=0.999

Miscarriage rate per clinical

N=26/149. 17.4%

N=2/11, 18.2%

N=15/58,25.9%

N=3/21, 14.3%

N=1/3,33.3%

N=4/14, 28.6%

pregnancy
p-value vs CE-negative Control p=0.999 p=0.179 p=0.999 p=0.446 p=0.292
Live birth rate per first transfer | N=123/356, 34.6% N=9/13, 69.2% N=43/128. 33.6% N=18/50, 36% N=2/8,25% |N=10/30, 33.3%
p-value vs CE-negative p=0.016 _ _ . _
Multivariate OR* Control NS p=0913 p=0.874 p=0.720 p=0.999
Live birth rate within one year

after endometrial biopsy

N=200/356, 56.2%

N=9/13, 69.2%

N=72/128, 56.3%

N=26/50, 52%

N=5/8, 62.5%

N=15/30. 50%

p-value vs CE-negative

Control

p=0.406

p=0.999

p=0.649

p=0.999

p=0.568




In line with upcoming research?
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ABSTRACT TEXT
13 enby L Odendaal N Black K. Fishwick ", . Thornton LK. Makwana'", ", J. Fisher™,
University of Warwick, Division of Biomedical Sciences, Coventry, United Kingdom. .
2Unwevslty of Warwick, Warwick Clinical Trials Unit, Coventry, United Kingdom. C E R M t rl a I
3Un|ve15ny of o of and Systems Science, Birmingham, United Kingdom.
University of Oxford, Nuffield Department of Women's and Reproductive Health, Oxford, United Kingdom.

2, 4, "

RLal?, A ¢ 3 1. Granne®, M. 2

¢, J. Guck?, G. Bouliotis.

Study question:
Does treatment with doxycycline in those with chronic endometritis (CE) and a history of recurrent (RM) improve live-birth rates?
Summary answer:
Treatment with doxycycline did not increase live-birth rates in those with CE and a history of RM (Relative Risk (RR): 1.02; Credible Interval (Crf) 0.85-1.21).
What is known already:
RM affects up to 5% of couples trying to conceive. A commonly purported cause of RM s CE. This of the has been ly attributed to both path
q and 0 of the . CE has been d with RM in d studies. Similarty, CE resolution has been demonstrated in women following treatment

with antiblotic therapy in uncontrolled studies. Based on this antibiotics treatment of CE remains a common intervention for RM prevention and features in several national guidelines.

Study design, size, duration:

The CERM trial is an adaptive, mul llel-arm, double-blind, placeb lled, d trial. 2,178 women were screened for eligibility, with 728 women undergoing endometrial biopsy. Of
these 505 screened positive for CE and -136 were randomised (219 doxycycline and 219 placebo). Randomised, participants were followed-up for a median of 525 (IQR: 329) days post-randomisation. 210
screen negative women were also followed-up.

Participants/materials, setting, methods:

Women aged =18 to <42 years with a history of =2 consecutive first trimester losses, attending 26 UK-wide clinics were screened for CE by end: | biopsy and y for CD138. Women
who screened positive were rand 1:1, to pre doxycycline 100mg or identical placebo commenced on day 1 of the menstrual cycle twice daily for 14 days. The primary outcome was
cumulative live births and pregnancies =24+0 weeks gestation at cessation of the trial.

Maln results and the role of chance:
No between group imbalances were detected in the baseline characteristics between screen positive and negative women and those randomised to doxycycline or placebo in terms of, age, number of
previous miscarriages, BMI, previous live birth rate and ethnicity. 95% of randomised women met the criteria for treatment compliance. A small cohort of women (n#17) received doxycycline extemal to the

trial of these & women recelved line after the first prege outcome. No signifi f In time to first was d. 113 live-births or ongoing pregnancies occurred in the
doxycycline group with 109 in the placebo group (RR 1.02; Crl 0.85-1.21). Similarly, no between group dif in rate was d d (RR 0.90; Crl 0.67-1.22). There were 7 ectopic
pregnancies in the placebo group and 1 in the doxycycline group. A per-protocol analysis excluding known showed no signif (RR 1.05; Crl 0.87-1.26).
Pre-specified subgroup analyses also showed no significance for the impact of age (35 vs =35), miscarriage history (<3 vs »3) or CE severity. A of first outcome d d more,

(n#89) live-births or ongoing pregnancies in the placebo group compared to the CE negative group (n«62) (RR 0.73; Crl 0.56-0.95).

Limitations, reasons for caution:
The study was stopped prior to reaching target recruitment by the funder. This was for perceived futility based on the summation of the clinical and translational evidence available.

Wider implications of the findings:
Preconceptual doxycycline was not shown to be associated with improved live-birth rates in women with CE and RM. Screen negative women had worse pregnancy outcomes that screen positive women on
placebo. The screening and treatment of CE should not form part of the routine management of RM.

Brussels IVF 12.05.26 25 UNiVegsren Ziekenhuts.
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FLORA

............................................................................................. { NCT05337072 ]

Prospective observational cohort study (n=1000)
2023; ongoing - interim analysis n=335; 500 included

HYSTEROSCOPY // standardized score sheet

vaginal + endometrial microbiome sample // HISTOLOGY

Universitair
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FLORA

.................................................................................................... l BIVF unpublished data

Disconcordance hysteroscopy / biopsy

1st biopsy; CE diagnosis based on
HYSTEROSCOPY // standardized score sheet n=335 histology
+ -
CE diagnosis  + 34 (10.1%) 72 (21.5%)
based on
hysteroscopy | - 45 (13.4%) 184 (54.9%)
ndometrium
2nd biopsy; CE diagnosis based on
n=39 histology
+ -
CE diagnosis | + 4 (10.2%) 11 (28.2%)
based on

Universitair
Ziekenhuis
Brussel
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NCT05337072

Is there a specific CE microbiome signature?

HYSTEROSCOPY // standardized score sheet

Vaginal 16S rRNAseq HISTOLOGY
Endometrial 16S rRNAseq
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Relative abundace

FLORA

Vaginal swabs
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Taxon

Other taxa

Alloscardovia
Bifidobacterium breve group
Bifidobacterium vaginale group
Fannyhessea 1

Lactobacillus crispatus group
Lactobacillus gasseri group
Lactobacillus iners group
Lactobacillus jensenii group
Prevotella bivia group
Prevotella timonensis group

Sneathia

@

relative abundance

1.00 -

0.75-

0.50 -

0.25-

0.00-

Endometrial biopts

0or IPC 1

sample

Universiteit
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20r3

s148
s27
s70
s62
s57
s38

s83
s52
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BIVF unpublished data

s134

Taxon

Other taxa

Alloscardovia
Bifidobacterium breve group
Bifidobacterium vaginale group
Fannyhessea

Lactobacillus crispatus group
Lactobacillus gasseri group
Lactobacillus iners group
Lactobacillus jensenii group
Prevotella bivia group
Prevotella timonensis group

Sneathia
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Alpha diversity — within sample

value

Vaginal swabs

FLORA

s.chao1 shannon
%5 Kruskal-Wallis, p = 0.28 34 Kruskal-Wallis, p = 0.34
60
2 o
401
0 1
201 '
® a
0- 07
result
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result

value

100 1

50

Endometrial biopts

BIVF unpublished data

s.chaol shannon
0.24 “1 0.049
[ | [ |
0.13 0.015
1
3 p
result

5] 0orIPC
1
20r3

1 r

0 p

result
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Beta diversity - in-between sample

Beta diversity
» Code

Vaginal swabs
Distance measure: aitchison
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BIVF unpublished data
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( Impact on reproductive outcomes is unclear \
No clear relationship between female reproductive tract microbiome and CE

No standardized diagnostics
No standardized therapeutics

Association is not causation

Non-selection study to assess CE/microbiota and the impact on clinical outcomes (FLORA 2.0)

Correct selection of patient population (RIF - REPL?)
Large samples size and attention for confounders (PGT-A / EPL of hon-chromosal origin)
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Let’s not underestimate the complexit

hormonal
contraceptives

CST- IV condom use ethnicity?

CST-11 CST-1, 11,V menstrual hyg

H

mosaic Estradiol
77N i eondom lisa varker gene analysis
. 4 5 . i protective 8 2 1 e.g. 16S rRNA gene)
eUp|O|d aneupI0|d ‘ sicre lubricant use?

ity clearance decreased new sexual partners
diversity

treatment

treatment failure? Yartui l

effect on microbiota Taxonomic and

distributional
analysis

Functional Functional
potential activity

Koot et al., 2018 Molina et al., 2021
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Microbial-to-Human reads

0.18-
S  0.12-
¢
<zt 0.06
m =
2 0.0008-
i)
e
€ 0.0004-
0.0000

Brussels IVF

Which analysis

12.05.26

Sola Leyva et al.,
Hum Rep Open 2026

G

test

) is most relevant?

Lactobacillus
Bifidobacterium
Gardnerella
Streptococcus
Prevotella
Streptobacillus
Others
Moraxella
Pseudomonas
Tepidimonas
Salmonella
Staphylococcus

Corynebacterium
Bacillus
Escherichia
Paracoccus
Kocuria
Marinilactibacillus
Acinetobacter
Thermus
Haemophilus
Anaerococcus
Comamonas
Lawsonella

Finegoldia Enterococcus
Klebsiella Planktothrix
Streptomyces ®  Porphyromonas
Mycobacterium B Pseudoprevotella
Bartonella Limosilactobacillus
Burkholderia B Veillonella
Mycolicibacterium ™ Granulicatella
Yersinia = Fusobacterium
Curtobacterium M Neisseria
Bacteroides = Selenomonas
Leptospira B Candidatus Sulcia
Pseudoalteromonas ™ Rothia
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Fpl > Brussels IVF

The microbiome and ART:

how close are we to clinical application?

NOT YET THERE

Shari.Mackens@uzbrussel.be
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