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Abstract

Purpose This study investigates the role of bacterial vaginosis (BV) on pregnancy rates during various fertility treatments.
BV is known to influence several obstetric outcomes, such as preterm delivery and endometritis. Only few studies investigated
the effect of BV in subfertile women, and studies found a negative effect on fecundity especially in the in vitro fertilisation
population.

Methods Observational prospective study, 76 couples attending a fertility clinic in the Netherlands between July 2019 and
June 2022, undergoing a total of 133 attempts of intra uterine insemination, in vitro fertilization or intra cytoplasmatic sperm
injection. Vaginal samples taken at oocyte retrieval or insemination were analysed on qPCR BV and 16S rRNA gene micro-
biota analysis of V1-V2 region. Logistic regression with a Generalized Estimated Equations analysis was used to account
for multiple observations per couples.

Results A total of 26% of the 133 samples tested positive for BV. No significant differences were observed in ongoing preg-
nancy or live birth rates based on BV status (OR 0.50 (0.16—1.59), aOR 0.32 (0.09-1.23)) or microbiome community state
type. There was a tendency of more miscarriages based on positive BV status (OR 4.22 (1.10-16.21), aOR 4.28 (0.65-28.11))
or community state type group III and I'V. On baseline qPCR positive participants had significantly higher body mass index
and smoked more often. Odds ratios were adjusted for smoking status, body mass index, and socioeconomic status.
Conclusion Bacterial vaginosis does not significantly impact ongoing pregnancy rates but could affect miscarriage rates.

Keywords Bacterial vaginosis - Microbiome - Subfertility - IVF - TUI

Introduction

Between 8 and 12% of couples worldwide are affected by
subfertility. There are many causes of subfertility, such as
ovulatory dysfunction or male factor, but 15% of couples
have no identifiable cause [1, 2]. Bacterial vaginosis (BV)
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risk of infections (including sexually transmitted ones), tubal
factor infertility, and obstetric complications, such as pre-
term delivery and endometritis [6, 7].

Some studies have found a negative effect of BV on preg-
nancy rates among (sub)fertile women, which was primarily
studied in an IVF population [6, 8, 9] and only in two studies
in a population undergoing intra uterine insemination [10,
11]. Only in recent years, the more sensitive methods like
gPCR and microbiota analysis have been used to diagnose
BV [12, 13]. Most studies investigate the vaginal microbi-
ome, and some also the endometrial microbiome. There is
evidence of a continuum between these two microbiotas
[14].

It is suggested that BV influences the endometrium and,
thus, the implantation rate. Meta-analysis showed more early
pregnancy loss in BV positive women [13, 15]. Furthermore,
higher prevalence of unfavourable microbiome was found in
multiple studies investigating recurrent implantation failure
(RIF) or recurrent miscarriage, except for one study with a
larger study size [16, 17].

Therapies for BV include metronidazole and clindamycin,
but the recurrence rate within a year remains high [18, 19].
There are also promising data about new treatment options,
for example, with probiotics [20]. Up till now, there are no
studies with good quality evidence that treatment of BV
increases pregnancy rates.

Since evidence on the relation between BV and a subfer-
tile population undergoing intra uterine insemination (IUT)
and IVF/ICSI is insufficient, our aim is to investigate the
influence of BV on pregnancy rates in this study popula-
tion. It is hypothesized that BV may have a negative impact
on ongoing pregnancy rates in both the IUI and IVF/ICSI
population. Additionally, BV could be possibly associated
with higher rates of early pregnancy loss.

Materials and methods

This is a prospective single centre cohort study in the Haa-
glanden Medical Center (HMC) in the Hague, the Nether-
lands. This fertility clinic is a transport clinic to the IVF
laboratory of the Leiden University Medical Center. Micro-
biological assessment of vaginal swabs was done by external
laboratory of Eurofins NMDL and DDL Diagnostic Labora-
tory in Rijswijk, the Netherlands. Participants (18 years and
older) undergoing fertility treatments (intra uterine insemi-
nation (IUI), in vitro fertilization (IVF), and intra cytoplas-
matic sperm injection (ICSI)) were included between July
2019 and June 2022. Exclusion criteria were inability to
understand Dutch or English language, persons with three
or more miscarriages, and those on prophylactic antibiotic
treatment. There were no couples treated with donor sperm
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or donor oocytes. Before starting IUI or IVF/ICSI-treatment
couples were required to cease smoking.

Sample size calculation was performed before starting
the study. To detect a difference of 15% in pregnancy rate,
assuming a 30% prevalence of BV 372 fertility treatments
should be included to reach a power of 90% (alpha 0.05,
percentages based on the results of the study of Haahr) [6].

Patient recruitment, sample, and data collection

Persons were asked to join the study at their initial fertility
assessment (IFA). In the Netherlands, persons need to have
areferral (e.g. from a general practitioner) for an IFA. When
participants gave informed consent, the first vaginal swab
(e-swab, Copan Italia SpA, Breschia, Italy) and pH measure-
ment (pH-Fix 4.0-7.0, ref 92137, Macherey-Nagel, Diiren,
Germany) were taken from the posterior fornix after insert-
ing a speculum. The measurements were not performed if
the woman was menstruating or post-coital. Participants and
fertility doctors were blinded for the outcome of the swab. If
participants had subsequent IUI or IVF/ICSI treatment, the
sampling was performed again, prior to the ovum pick up or
insemination, up to a maximum of 4 procedures, to obtain
an accurate BV status for each individual IUI and IVF/ICSI
attempt. During ovum pick up, antibiotics are not routinely
administered, but only given for certain indications (for
example with endometriomas). In case of a frozen embryo
cycle, the sampling was performed at the last ultrasound
before transfer. After an ongoing pregnancy, no new swabs
were collected. The vaginal samples were frozen within 24
h in the HMC laboratory and later transported to the exter-
nal laboratories for molecular analysis. If participants had
complaints of BV which required treatment, they were tested
separately from our study. When tested positive for BV, they
were treated according to the standard protocol.

Blood samples for hCG measurement were collected two
weeks after insemination, ovum pick up, or embryo trans-
fer. Follow-up ended at cessation of treatment, end of study
(August 2022) or live birth (follow-up until June 2023).
Information about patient characteristics, fertility treatment,
and pregnancy outcomes were extracted from the electronic
patient files. This information was managed using Castor
EDC, a cloud-based clinical data management service.

BV qPCR

Extracted DNA from all swabs was tested with a CE-IVD
marked multiplex quantitative PCR assay (AmpliSens®
Florocenosis/Bacterial vaginosis-FRT PCR kit, InterLab-
Service, Moscow, Russia) according to the manufacturer’s
instructions. Based on the presence of Lactobacillus spe-
cies, Gardnerella vaginalis, Atopobium vaginae (recently
reclassified as Fannyhessea vaginae) [21], and total amount
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of bacteria, swabs were categorised as BV positive (amount
of G. vaginalis and/or A. vaginae is almost equal or exceeds
the amount of Lactobacillus spp.), BV negative (G. vaginalis
and/or A. vaginae are absent or its amount is substantially
less than the Lactobacillus spp. amount), unspecified dys-
biosis (amount of Lactobacillus spp. is reduced relative to
the total amount of bacteria, whereas G. vaginalis and/or A.
vaginae are absent or its amount is substantially less than
total amount of bacteria), or suspected dysbiosis (amount of
G. vaginalis and/or A. vaginae is similar to the amount of
Lactobacillus spp. but does not exceed the limit value) using
the software tool provided by the kit manufacturer. Unspeci-
fied dysbiosis and suspected dysbiosis were regarded as
qPCR BV positive.

Microbiota analysis

Microbiota analysis was performed on the extracted DNA
of swabs of participants who started directly with IUI or
IVF. Microbiota analysis was done on their IFA swab, and
on their subsequent swabs during IUI or IVF/ICSI treat-
ment until pregnant or until switch from IUI to IVF/ICSI.
A fragment of ~ 421bp of the V1-V2 region of the 16S
rRNA gene was amplified using the primers described by
Ravel et al. (2011) and Walker et al. (2015) with Illumina
overhang adaptor sequences added [22, 23]. Results were
classified in one of five vaginal microbiome community state
types (CST), as described by Ravel et al. (2011). CST I is
dominated by L. crispatus and respectively CST II by L.
gasseri, CST Ill by L. iners, CST IV by non-lactobacilli, and
CST V by L. jensenii [22]. For more details on the nucleic
acid extraction and microbiota analysis, see Supplementary
File 1.

Outcomes

Primary endpoint of the study was ongoing pregnancy rate at
12 weeks gestation. Secondary endpoints were miscarriages
(including biochemical pregnancy and clinical pregnancy
with or without foetal heartbeat at 7 weeks gestation), live
birth, ectopic pregnancy, and preterm delivery (< 37 weeks).

Compliance with ethical standards

This study was approved by the Medical Ethics Committee
of Leiden Den Haag Delft, reference Z21.031. All partici-
pants gave their informed consent to involve in this study.
Statistical analysis

IBM SPSS statistics for Macintosh, version 27, was used

for all analysis. Continuous parametric variables were ana-
lysed using an unpaired ¢ test. Continuous non-parametric

variables are analysed using the Mann-Whitney U test. Cat-
egorical variables are examined using the Chi® or Fischer’s
exact test. To account for the repeated measurements per
case, a general estimating equations analysis (GEE regres-
sion model) is used, with an exchangeable correlation
matrix.

Results
Description of included participants

Figure 1 shows a flow diagram of included couples. Some
couples started IUI or IVF/ICSI treatment but had no sub-
sequent swabs done and therefore were excluded from the
analysis. In total, 76 couples could be included, of which 68
couples underwent fertility treatment with subsequent vagi-
nal swabs. Couples conceiving spontaneously before fertil-
ity treatment and couples starting fertility treatments after
expectant management or ovulation induction were included
for analysis. Microbiome CST was analysed in the subgroup
of direct indication for fertility treatment, with eight couples
conceiving spontaneously before fertility treatment started.

Table 1 describes baseline characteristics of the couples
based on BV qPCR results at IFA. One participant had no
start qPCR result, but two subsequent negative qPCR results,
and was regarded as BV negative at [FA.

The maximum age of participants was 42 years. Almost
no discharge complaints were reported; only one participant
was treated for discharge complaints. BV positive partici-
pants at baseline have a significant higher BMI and a higher
percentage of smokers. The measured pH was significantly
higher in the BV qPCR positive group.

Separate analysis comparing ongoing pregnant versus non
pregnant participants or participants experiencing a miscar-
riage versus no miscarriage did not show significant differ-
ences for BMI or smoking (data not shown).

Pregnancy outcomes

Pregnancy results are shown in Table 2, based on BV status
at the time of attempt. In total, 133 attempts were included,
of which 26% of samples tested positive on BV. One of those
attempts had a total fertilization failure (IVF-procedure), so
the participant could not receive a fresh ET. Ongoing preg-
nancy and live birth rates were lower in BV qPCR positive
attempts, however not significant (20% vs 11%, OR 0.50).
Table 2 shows a higher percentage of miscarriages in qPCR
BV positive attempts. Analysed on number of miscarriages
in pregnant participants, this also was significant (25% vs
60%, OR 4.22). To adjust for confounders, correction was
applied for BMI, smoking and SES. The adjusted odds ratios
were in line with the non-adjusted odds. Cause of subfertility
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Prepared to participate:
174 couples Referral to tertiary hospital: 2
Recurrent miscarriage: 1
No swabs taken: 5
Missing IC: 2
Y
Initial fertility nent IFA not completed: 9
164 couples Sp pregnancy during IFA: 16
/ A \
Pregnant: 7 Ovulation Fertility Expectant | | Pregnant: 14
No further treatment: 3 induction: 13 treatment: 82 management: 44 No further treatment: 18

No following swabs: 1 —‘ 1UI: 3 Sp pregnant

before start
treatment: 8

Fertility
treatment: 12

No following swabs: 1

A\

No following swabs: 19

y 55 couples v | —
2 couples Attempts: 100 11 couples
P pis: Attempts: 21 —/
Attempts: 4 (IUI: 54 (UI- 20
(IUI: 4) Fresh ET: 38 Fresh' ET: 1)
Frozen ET: 8) .

Fig. 1 Flowchart of included participants

and age had no significant influence and were therefore
excluded from the model.

Separate analysis of the IVF/ICSI attempts are in line
with data above; however, data did show an on average
stronger effect of BV positivity than in IUI attempts (data
not shown).

Four participants had a preterm delivery, three of whom
delivered between 32 and 37 weeks gestation. One par-
ticipant delivered at 24 weeks gestation after a weeklong
episode of cramps and vaginal blood loss, which required
admission to the hospital. The neonate died 7 days postpar-
tum due to its prematurity. This participant tested negative
for BV qPCR with every IUI attempt. However, the micro-
biota analysis of this patient at the start of treatment showed
microbiome CST IV and later CST III. One of four preterm
delivered participants tested BV positive and was in pre-
term labor around 32 weeks, although delivered eventually
at 36 weeks. One participant had a termination of pregnancy
around 20 weeks’ gestation because of a serious birth defect
(Noonan’s syndrome, BV qPCR negative, CST III). One
pregnancy of unknown location was reported.

Table 3 shows pregnancy results based on microbiome
community state type (CST) at the moment of IUI/IVF/ICSI
attempt. In total, 95 attempts were analysed on microbiome
CST. CST II and CST V together were detected in only 5
attempts and were not included in the statistical analysis.
CST I (L. crispatus) has a tendency of higher chance of an
ongoing pregnancy compared to CST III and CST IV (32%
in CSTIvs 13% in CST III vs 22% in CST IV). Live birth
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rate in CST III was even lower because of one termination
of pregnancy. CST III (L. iners) and CST IV have a tendency
of higher chance of miscarriage (5% in CST I vs 13% in CST
III and 22% CST IV). Numbers were too small for a clini-
cally significant effect.

Description of microbiome results

A total of 161 samples were tested with BV qPCR and
microbiota analysis (including swabs at IFA and at insemi-
nation or IVF/ICSI procedure). The microbiome was ana-
lysed in a subgroup of the study, as seen in Fig. 1. These 161
samples belonged to 73 different people, so a median of 2
samples per person. At species level, all five CST classes are
present. CST group II and V had only few samples as these
Lactobacilli types are less common. One participant could
not be classified with the classification system of Ravel (with
dominating L. johnsonii and L. ultunensis). Of these, 161
samples, 40 (25%) were tested positive for BV qPCR (Sup-
plemental Fig. 1). Shannon Diversity Index was significantly
higher in the BV qPCR positive samples (2.62 vs 0.95, p <
0.001). Group IV, the type of microbiome described as the
most abnormal in literature, contained 37 samples (23% of
total number of samples). Thirty-three of the 37 CST IV
samples tested positive for BV qPCR (89%, p < 0.001). Sup-
plementary file 2 shows a more detailed description about
different bacteria found.

Out of the in total 73 participants, 15 persons had no sub-
sequent attempts. The microbiota of all the swabbed IUI/IVF/
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Table 1 Baseline characteristics Baseline IFA BV positive BV negative p Value
Participants 17 59
Age (at IFA) (mean, SD) 34 (4.3) 35 (4.3) 0.52
pH (median, IQR) 5.3 (5-5.5) 4.1 (4-5) <0.001*
Discharge complaints (at IFA) n (%) 0 3 (5%) 1.00
BMI (at IFA) (mean, SD) 27.3 (5.6) 24.6 (4.2) 0.04*
Smoking (at IFA) n (%) 5(29%) 4 (7%) 0.01*
Alcohol (> 1 glass per week) n (%) 6 (35%) 14 (24%) 0.36
Drug use (on regular basis) n (%) 2 (12%) 2 (3.5%) 0.22
Medication use (for comorbidities) 3 (17.5%) 10 (17%) 1.00
Chlamydia antibodies positive n (%) 2 (12%) 5 (9%) 0.49
Ethnicity, n (%)** 0.22
Caucasian 7 (41%) 38 (64%)
African 1(5.8%) 0
Antillean 2 (12%) 2(3.5%)
Asian 2 (12%) 6 (10%)
Moroccan 1(5.8%) 4 (7%)
Hindu 2 (12%) 4(1%)
Turkish 0 1(1.5%)
Other 1(5.8%) 4 (7%)
Missing 1(5.8%) 0
Socioeconomic status, n (%)*** 0.08
Low 2 (12%) 1(1.5%)
Middle 6 (35%) 13 (22%)
High 8 (47%) 44 (76%)
Missing 1(6%) 1(1.5%)
Regular cycle n (%) 16 (94%) 54 (92%) 0.73
HPYV positive last year, n (%) 3(17.5%) 8 (14%) 0.60
Gravidity, n (%) 0.47
0 12 (70.5%) 38 (64%)
1 2 (12%) 15 (25%)
2 3 (17,5%) 5(9%)
3 0 1 (2%)
History of preterm birth 0 1 1.00
History of C-section 0 7 0.28
Subfertility duration in years (median, IQR) 2 (1-2.5) 1(1-2) 0.48
Cause of subfertility, n (%)**** 0.07
Male factor 2 (12%) 20 (34%)
Tubal factor 3 (17.5%) 3 (5%)
Hormonal 2 (12%) 5(8.5%)
Endometriosis 0 9 (15%)
Unknown 10 (58.5%) 20 (34%)
Other 0 2 (3.5%)
First treatment 0.07
Expectant management 1 (6%) 10 (17%)
Spontaneous pregnancy 4 (23%) 4 (7%)
U1 9 (53%) 23 (39%)
IVF 2 (12%) 21 (35%)
Ovulation induction 1 (6%) 12%)

*p Value 0.05 considered significant

**QOther mostly Hispanic patients

***As defined by education status

****Hormonal included premature ovarian insufficiency or anovulation; other included uterine myomas,

uterus anomaly, sexual disfunction
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Table 2 Pregnancy results by gPCR (GEE analysis)

Outcomes BV positive BV negative p Value OR (CI195%) aOR*** (CI 95%)
Attempts, 1 (%) 35 (26%) 98 (74%)
Outcome/attempt
Ongoing pregnancy, 4 (11%) 20 (20%) 0.24 0.50 (0.16-1.59)  0.32(0.09-1.23)  (p =0.10)
n (%)
Live birth, n (%) 4 (11%) 19 (19%) 0.29 0.53(0.17-1.70)  0.34 (0.09-1.31) (p=0.12)
of which prema- 1 (25%) 3(17%)
ture (n (% of live
birth))
Pregnancy, n (%) 10 (29%) 27 (28%) 0.91 1.05 (0.44-2.50)  0.63 (0.26-1.52)  (p =0.30)
Miscarriage, n (%) 6 (17%) 7 (71%) 0.07 2.70 (0.92-7.92)  2.03 (0.62-6.71)  (p =0.24)
Of which early mis- 2 (6%) 3 (3%)
carriage/biochemi-
cal* n (%)
Outcome/pregnancy
Miscarriage (% of 60% 25% 0.047%* 4.22 (1.10-16.22) 4.28 (0.65-28.11) (p=0.13)
pregnancy)
*Miscarriage without heartbeat measured
**p Value < 0.05 considered significant
*#** Adjusted for smoking/BMI/SES
Table 3 Pregnancy results Outcomes CST I (reference)  CST TIT CSTIV Other CST
by microbiome CST (GEE
analysis) Attempts 19 48 23 5
Ongoing pregnancy, n (%) 6 (32%) 6 (13%) 5(22%) 0
OR (CI 95%) 1 0.29 (0.07-1.13) 0.57 (0.13-2.51)
Live birth, n (%) 6 (32%) 5 (10%) 5(22%) 0
OR (CI 95%) 1 0.24 (0.06-0.99) 0.56 (0.13-2.48)
Pregnancy 7 (37%) 12 (25%) 10 (43%) 0
OR (CI 95%) 1 0.46 (0.13-2.61) 1.19 (0.29-4.89)
Miscarriage 1 (5%) 6 (13%) 5(22%) 0
OR (CI 95%) 1 2.29(0.25-21.32)  4.66 (0.47-46.52)
Miscarriage (% of pregnancy) 14% 50% 50%
OR (CI 95%) 1 5.46 (0.56-53.52)  5.46 (0.56-53.52)
ICSI attempts of in total 58 persons is shown in Fig. 2. The Discussion

samples are ordered per class, with the highest percentage of
Lactobacilli shown first. Shannon Diversity Index did not sig-
nificantly differ between samples whether a pregnancy was
established or not (p = 0.07).

When zooming in on the 29 microbiome samples on which
a pregnancy was directly established (Fig. 3), CST I, III, and
IV are present in both groups. The only CST I sample with a
subsequent miscarriage contained 61% of L. crispatus. The
samples with ongoing pregnancy contained on average 74%
Lactobacilli, and samples with subsequent miscarriage con-
tained on average 59% Lactobacilli (p = 0.33). Shannon Diver-
sity Index did not significantly defer between samples with
subsequent ongoing pregnancies or miscarriages (p = 0.16).

@ Springer

This is one of the first studies to date researching the effect
of bacterial vaginosis (diagnosed by qPCR) in a broader
population than solely IVF patients. This study shows an
increase in miscarriages due to qPCR BV positive status or
microbiome CST III and IV during IUI or IVF/ICSI. A slight
decrease in ongoing pregnancies due to qPCR BV positivity
was observed, however not significant. The CST I (L. crispa-
tus) group showed a small (not significant) increase in ongo-
ing pregnancies compared to other community state types.
Previous studies had a very specific IVF population
[6, 8, 9], with probably a higher significant influence of
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BV status on pregnancy outcomes then this relative ‘good
prognosis’ study group treated with also IUI. Haahr et al.
described a difference in IVF pregnancy results of 35%
based on qPCR.[6] Koedooder et al. reported a 5.9% IVF
pregnancy rate when using the specific unfavourable
microbiome algorithm, whereas they observed a 54%
pregnancy rate in their most favourable group with less
than 60% L. crispatus [8]. This could suggest that BV
only has a significant impact in a certain (poor prognosis)
population. There was a difference on smoking status and
BMI between groups in our study. Smoking was measured
as smoking at moment of sampling. Other studies do not
mention the definition of smoking or classify smoking as
‘has ever smoked’. Probably BMI and currently smoking
(and thereby the immune system) play a role in BV status
[3]. Participants had a relatively high socioeconomic sta-
tus (SES), which could result in bias. However, a slightly
lower SES in participants with BV was shown. This could
indicate a relationship between lifestyle and dietary intake
on the microbiome [24]. Most other studies did not record
the SES thoroughly, so possibly the effect of BV lies more
in being a proxy for a healthy lifestyle.

A consensus should be reached on how to define and
measure an abnormal microbiome or BV status to minimize
heterogeneity in further studies. The predictive model of
Koedooder et al. (2019) described a negative impact on
pregnancy outcomes when there was a high percentage of
Proteobacteria and L. jensenii [8]. However, in this study,
there were almost no samples with these percentages of Pro-
teobacteria or L. jensenii (detailed in supplementary file 2).
This study showed that CST III and CST IV have similar
pregnancy results. The similarity of CST III (L. iners) and
CST 1V is previously described [6]. Since treatment of CST
III is not possible yet, qPCR testing could be sufficient in
future clinical settings. In the absence of evidence that treat-
ment of BV leads to better pregnancy outcomes, testing of
asymptomatic subfertile individuals for BV (qQPCR or micro-
biome sequencing) should be discouraged at this moment.

A strength of this study is to analyse several consecutive
attempts of IUI or IVF/ICSI instead of only one attempt,
which could show an effect if it takes longer to become
pregnant with a certain condition. Another strength is that
the follow-up period was long enough to report live birth
rates. Thirdly, this study compares qPCR BV and (partly)
the microbiota analysis. This was also suggested by Skafte-
Holm, to make it easier to compare studies in the future [13].
Sample outcomes of BV qPCR were in concordance with
16S microbiota analyses. This suggests that qPCR analysis
is probably sufficient for a classification in certain patients.
Low rates of Lactobacilli are correlated with lower ongoing
pregnancy rates, and this is exactly what the BV qPCR tests.
The incidence of bacterial vaginosis is high in this multi-
ethnic subfertile group, which aligns with other literature.

@ Springer

The pathogens and vaginal CST classes identified in earlier
research were also seen in this study. However, one partici-
pant’s vaginal microbiome was dominated by L. johnsonii/L.
ultunensis, which could not be classified into the known CST
classes.

A limitation of this study is not reaching the sample size
needed for the power calculation. The inclusion rate was
much lower than expected, mainly due to a temporary clo-
sure of the fertility department during the COVID pandemic,
and individuals being less willing to participate in scientific
studies. Another limitation is that microbiota analysis was
performed in a selected group of samples. Microbiota data of
all samples might have resulted in stronger evidence of the
outcome results, as seen in other literature [8]. Furthermore,
there was no data on the microbiome of participants’ part-
ners’ semen. The male partner’s microbiome could also play
an interacting role on influencing the vaginal microbiome
and pregnancy outcomes.

Further research, especially a randomized trial, should
be performed to see if treatment or lifestyle interventions,
based on BV qPCR status as a marker, improves pregnancy
outcomes. Factors such as smoking, BMI, SES, and ethnicity
should be reported to investigate if there is a causal effect
of BV on pregnancy results. Further research about BV in
persons with RIF or recurrent miscarriage is necessary, and
the same kind of randomized trial should be performed in
this patient group as well. This study suggests that an unfa-
vourable microbiome or BV could predict for a miscarriage
in a population with (yet) no RIF or recurrent miscarriages.
In the future, it could be a possibility to wait for a third or
last IVF treatment until a more favourable microbiome is
reached, to lower the chances of having a miscarriage. It is
not clear in current literature if BV is the causal reason for
unfavourable pregnancy outcomes or a marker for a certain
lifestyle. Testing BV positive could be used as an additional
reason to encourage couples to adopt a healthier lifestyle to
increase the success of having a healthy baby with fertility
treatment.

Conclusions

This study suggests an increased risk in miscarriages
in BV qPCR positive IUI/IVF/ICSI attempts (OR 4.22
(1.10-16.22), aOR 4.28 (0.65-28.11)) and in the microbi-
ome CST II and CST IV group (in a subcohort of the study).
BV gPCR positive IUI/IVF/ICSI attempts had a slight lower
ongoing pregnancy rate, however not significant (OR 0.50
(0.16-1.59), aOR 0.32 (0.09-1.23)).
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