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CHAPTER 7

ABSTRACT
Background: Live birth rates for in-vitro fertilization (IVF) and IVF with intracytoplasmic
sperm injection (IVF-ICSI) vary between 25% and 35% and it is hard to predict in advance
who will get pregnant after embryo transfer (ET). Recently, the composition of the vaginal
microbiota was suggested as predictor for pregnancy outcome.
Methods: In a prospective study, 303 women undergoing IVF or IVF-ICSI treatment
provided a vaginal sample before commencing treatment. The vaginal microbiota comTSWMXMSR[EWHIXIVQMRIHYWMRKXLIMRXIVWTEGITVSƼPMRKXIGLRMUYI1MGVSFMSQITVSƼPIW
were assigned to community state types based on the dominant bacterial species. The
TVIHMGXMZIEGGYVEG]SJXLIQMGVSFMSQITVSƼPIWJSVTVIKRERG]SYXGSQIEJXIVJVIWL)8[EW
evaluated by a combined prediction model based on a small number of bacterial species.
Finally, the model was validated externally in a cohort of 50 women also undergoing IVF /
IVF-ICSI treatment.
Findings: In the prospective study, 192 women underwent a fresh ET of whom the vaginal
QMGVSFMSXETVSƼPIGSYPHFIEREP]WIH;SQIR[MXLEPS[TIVGIRXEKISJLactobacillus in
XLIMVWEQTPI[IVIPIWWPMOIP]XSFIGSQITVIKRERX8LITVIHMGXMSRQSHIPMHIRXMƼIHEWYFgroup of women (17.7%, n=34) who had a low chance to become pregnant following fresh
ET. This low chance was correctly predicted in 32 out of 34 women based on the vaginal
microbiota composition, resulting in a predictive accuracy of 94%. Additionally, the degree
of dominance of L. crispatus was an important factor in predicting pregnancy: women
[LSLEHEJEZSYVEFPITVSƼPIERH  L. crispatus had the highest chance to become
pregnant.
Interpretation: 3YVVIWYPXWMRHMGEXIXLEXZEKMREPQMGVSFMSQITVSƼPMRKIREFPIWWXVEXMƼGEtion of the chance to become pregnant prior to the start of an IVF or IVF-ICSI treatment.
Analysis of the vaginal microbiome prior to treatment might offer an opportunity to
improve the success rate of IVF or IVF-ICSI.
Funding: 8LMWWXYH][EWƼRERGIHF]2+-4VI7IIH6IH1IH8IGL(MWGSZIV]
Fund 2014-2017, STW Valorisation grant 1 2014-2015, STW Take-off early phase trajectory 2015-2016, Eurostars VALBIOME grant (reference number: 8884).
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INTRODUCTION
-RGSYTPIWXV]MRKXSGSRGIMZI EVIEJJIGXIHF]WYFJIVXMPMX]ƁHIƼRIHEWSRI]IEVSJ
unprotected intercourse without achieving a pregnancy.(1) In such cases, subfertility is evaluated by means of a medical work-up of both partners, to determine whether couples have
an indication for assisted reproductive technology (ART). Common causes of subfertility
include ovulatory disorders, tubal disease and sperm abnormalities. In nearly one third of
all cases, subfertility remains unexplained after such evaluation.(1)
2SX EPP WYFJIVXMPI GSYTPIW XV]MRK XS GSRGIMZI [MPP FIRIƼX JVSQ ER %68 XVIEXQIRX *SV
example, couples with unexplained subfertility may still have a good chance of conceivMRKWTSRXERISYWP][MXLMRXLIƼVWXX[S]IEVWEJXIVXLI]LEZIFIIRHMEKRSWIH8STVIZIRX
under- and overtreatment, the decision whether to wait or to start treatment requires careful
consideration.
Various models have been developed for predicting the chances of a spontaneous pregnancy. For example, Hunault et al.(2) have developed a prediction model for spontaneous
pregnancy amongst couples with unexplained subfertility. This model is based on the
following predictors: duration of subfertility, woman’s age, whether the infertility is primary
or secondary along with the percentage of motile sperm. If the predicted chance of spontaneous pregnancy in the following year is higher than their chances with ART, couples are
counselled to postpone ART treatment. If the chances are lower ART improve the chances
of pregnancy.(3)
Commonly used ART procedures are in-vitro fertilization (IVF) and IVF with intracytoplasmic
sperm injection (IVF-ICSI). These procedures are invasive, costly and do not guarantee
a pregnancy. An IVF or IVF-ICSI cycle consists of several different phases, and at each
phase there is a chance if it is not successfully completed the procedure will not lead to a
TVIKRERG]*MVWXXLITEXMIRXMRNIGXWLSVQSRIWXLEXWXMQYPEXIXLISZEVMIW%JXIVEWYƾGMIRX
number of follicles develop, mature oocytes are retrieved by means of transvaginal puncture.
During the in-vitro phase the oocytes are inseminated with sperm to allow spontaneous
fertilization. In IVF-ICSI treatment, oocytes are injected with a single sperm cell due to insufƼGMIRXUYEPMX]SJWIQIR-JJIVXMPM^EXMSRSGGYVWERHXLIHIZIPSTMRKIQFV]SWEVISJWYƾGMIRX
quality, one or two will be selected for embryo transfer (ET). The remaining embryos might
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be cryopreserved for transfer at a later time. A complete treatment cycle includes all embryo
transfers – both fresh and frozen-thawed embryos – arising from one cycle of hormonal
stimulation of the ovaries.
After transfer, the embryo has to implant into the endometrium to ensure a subsequent
RSVQEPTVIKRERG]3RP] SJXLI[SQIRFIGSQITVIKRERXEJXIVXLIƼVWXIQFV]S
transfer. Currently, it is hard to predict who will and who will not have a chance of successful
embryo implantation. If unsuccessful embryo implantation could be predicted prior to the
start of treatment, an invasive IVF or IVF-ICSI treatment – with the accompanying physical,
IQSXMSREPERHƼRERGMEPFYVHIRƁGSYPHFIEZSMHIHSVTSWXTSRIH
Over the last decade, research has shown that besides the known factors used in prediction
models such as female age, sperm quality and antral follicle count, outcome of assisted
reproduction might also be affected by the microorganisms of the urogenital tract.(4-8) The
collection of microorganisms that live on or in the human body constitute the microbiota
ERHXLIMVGSQTPIXIKIRIXMGTVSƼPIMWKIRIVEPP]VIJIVVIHXSEWXLIQMGVSFMSQI8LIQMGVSFMSXE
GERMRXIVEGXEGXMZIP]FSXLFIRIƼGMEPP]EW[IPPEWHIXVMQIRXEPP][MXLXLIMRXIVREPQMPMIYSJXLIMV
host.(9) The most common bacteria that inhabit the vagina belong to the genus Lactobacillus.(10) Studies have shown that the presence of certain Lactobacillus species during ART
procedures may have a positive impact on outcome(4, 11, 12), whereas bacterial vaginosis
is associated with poorer results.(13, 14)
The use of the vaginal microbiome as a predictor for ART outcome has not yet been investigated. We aimed to answer the following questions: First, is the presence or absence of
certain vaginal bacteria associated with failure or success to become pregnant after an IVF
or IVF-ICSI treatment? Second, can the composition of the vaginal microbiome be used as
an independent predictor for IVF or IVF-ICSI outcome prior to treatment?
To answer these questions, we prospectively collected vaginal samples from subfertile
women prior to their IVF or IVF-ICSI treatment and recorded their IVF or IVF-ICSI outcome
and analysed the vaginal microbiome to determine its potential predictive value for IVF or
-:*-'7-SYXGSQIEJXIVXLIƼVWXJVIWL)8%TVIHMGXMZIQSHIP[EWFYMPXSRXLMWHEXESJXLI
prospective exploratory study and externally validated in a clinic outside the Netherlands.

146

MATERIALS AND METHODS
Two separate prospective studies were performed. First, a cohort of women from eight
IVF centres in the Netherlands was used to build a prediction model for IVF and IVF-ICSI
outcome of fresh ET. This model was based on a small number of vaginal bacterial species
analysed by IS-pro technique. The material and methods used in this study cohort have
been described previously in chapter 6.
Finally, this model was externally validated in a second study cohort in the Dutch division
of the MVZ VivaNeo Kinderwunschzentrum Düsseldorf GmbH, Düsseldorf, Germany. All
women that presented for IVF or IVF-ICSI treatment, regardless of cycle number or diagnosis
were included sequentially over the period from March 2018 to May 2018 as part of a routine
workup.
The study sponsors had no involvement in study design, collection, analysis, and interpretation of the data, in the writing of the report, and in the decision to submit the paper for
publication.

RESULTS

7

Characteristics of the participants
In total, 303 women were included with the intention to provide a vaginal swab for bacterial
TVSƼPIEREP]WMW3RI[SQERHMHRSXTVSZMHIEZEKMREPW[EFERH[EWI\GPYHIHX[S[SQIR
were excluded by not completing the questionnaire, and three samples of women were
HMWGEVHIHHYIXSWEQTPMRKIVVSV%RSXLIVWM\[SQIR[IVII\GPYHIHF]RSXJYPƼPPMRKXLI
inclusion and exclusion criteria: the use of more than three weeks hormonal contraceptives
prior to the start of the IVF or IVF-ICSI treatment (n=5), and miscarriage in medical history
(n=1). Retrospectively, 14 women collected the sample more than two months prior to the
ET and for this reason these women were excluded as well from further analysis. Hence,
26 women in total were not included due to either protocol violations or selection errors.
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of nucleotides (nt). This can be clustered into 3 groups at phyla level: Bacteroidetes, FAFV, Proteobacteria.

GSQQYRMX]WXEXIX]TIW '78 EVIWLS[R -: 8LIGSPYQRWVITVIWIRXXLITVSƼPITIVMRHMZMHYEP8LIVS[WVITVIWIRXXLIJSYRHWTIGMIWERHXLIPIRKXLSJXLIMRXIVWTEGIVIKMSRMRYRMXW

Figure 1: ,IEXQETSJEPPGPYWXIVIHZEKMREPW[EFWEQTPIW8STWIGXMSRWLS[WXLIGPYWXIVMRKSJEPPEREP]WIHQMGVSFMSQITVSƼPIW8LIGPYWXIVWXLEXGSMRGMHI[MXLXLIƼZIORS[R
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Of the remaining 277 women, 85 women dropped out due to the fact that there were no
XVERWJIVEFPIJVIWLIQFV]SWEJXIVXLIMVƼVWX-:*SV-:*-'7-EXXIQTX8LIZEVMSYWVIEWSRW
for this are summarised in Supplementary table 1. Finally, data of IVF or IVF-ICSI outcome
after the fresh ET was available for 192 women. There were no differences in baseline
characteristics between women that were excluded compared to those that were included,
I\GITXIXLRMGMX]WYFGEXIKSV]RIKVSMH 7YTTPIQIRXEV]XEFPI *SVXLIƼREPEREP]WMW[I
divided the population in two groups, 67 women that became pregnant and 125 who did
not. Table 1 summarizes the baseline characteristics of these two groups.
Univariate analysis
Univariate analyses showed that there were no statistical differences between the two
groups of pregnant women versus non-pregnant women (Table 1), including commonly
used predictors for pregnancy outcome (e.g. age, BMI, duration of infertility). Women in the
non-pregnant group had similar ages (mean ± SD age 31.92 ± 4.17 years) compared to the
women in the pregnant group (age 31.16 ± 3.67 years). The median BMI in the two groups
was similar (23.0 kg/m2). The duration of infertility was the same in both groups (median
(range) 2.43 (0.43-13.80) vs 2.21 (0.55-12.82) years; p=0.333). Finally, when comparing
the remaining clinical characteristics of the IVF and IVF-ICSI treatments, there were no
WMKRMƼGERXHMJJIVIRGIWFIX[IIRXLIX[SKVSYTW 7YTTPIQIRXEV]XEFPI 
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Figure 2: The community state types and the accompanying pregnancy outcome. The composition of the vaginal
microbiome per community state type (CST) and the accompanying distribution of pregnancy results (not pregnant
or pregnant) per CST.
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%REP]WMWSJXLIZEKMREPQMGVSFMSQITVSƼPI
The heatmap of the microbiological data from the IS-pro technique of the vaginal samples
WLS[WEGPYWXIVMRKMRXSƼZIQEMRKVSYTW *MKYVI 8LIWIKVSYTWGSYPHFIMHIRXMƼIHEWXLI
ƼZIIWXEFPMWLIHGSQQYRMX]WXEXIX]TIW '78W IEVPMIVHIWGVMFIHF]6EZIPet al.(10)
Figure 2 shows the CSTs and the accompanying IVF or IVF-ICSI outcome in each of them.
CST IV and V were enriched for women who did not become pregnant after the ET. CST
IV contains 24 women, of whom 17 (70.8%) did not become pregnant. None of the women
(n=3) in CST V became pregnant (100%). This proportion was lower in the other CSTs (CST
I 68.3%, CST II 62.5%, CST III 55.4%).
The analyses for species content and microbial diversity per phylum showed that the
absence or presence of certain bacterial species was correlated with a higher chance of
not getting pregnant. A relative low load of Lactobacillus or a high load of Proteobacteria or
high load of Lactobacillus jensenii were correlated with failure to become pregnant. We found
that Gardnerella vaginalisWXVEMRW[IVIGLEVEGXIVM^IHF]X[SHMWXMRGX-7TVSƼPIW3RP]SRI
of these IS-types was correlated with low pregnancy rate, namely IS-pro type 1 (IST1). For
certain bacterial groups, there was no clear correlation between individual members of the
groups, however there was a correlation between the diversity of these groups and failure
to achieve a pregnancy. These combined observations resulted in a predictive algorithm
for failure to become pregnant with the following parameters: relative Lactobacillus load
 VIPEXMZIPSEHSJLactobacillus jensenii >35%, presence of Gardnerella vaginalis IST1,
or Proteobacteria >28% of total bacterial load. This microbiome composition is referred to
EWERƄYRJEZSYVEFPIQMGVSFMSQITVSƼPIƅ
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Table 1: Univariate analysis of baseline characteristics in women who became pregnant and women who did not
become pregnant.
Pregnant
Yes (n=67)
Age

31.16 (3.67)

No (n=125)
31.92 (4.17)

p-value**
0.214§

Ethnicity
53 (79.1%)

113 (90.4%)

0.071†

Mediterranean

5 (7.5%)

3 (2.4%)

0.124‡

Hindu

3 (4.5%)

2 (1.6%)

0.339‡

Asian

2 (3.0%)

1 (0.8%)

0.268‡

African

0 (0%)

3 (2.4%)

0.552‡

1MWWMRK

4 (6.0%)

3 (2.4%)

-

Caucasian

BMI

23.00 (18.00-32.04)

23.00 (18.00-42.00)

0.613¶

Menarche

13.00 (9.00-17.00)

13.00 (9.00-17.00)

0.920¶

Menstrual cycle
53 (79.1%)

91 (72.8%)

0.331†

Mostly regular

6 (9.0%)

18 (14.4%)

0.275†

Irregular

6 (9.0%)

13 (10.4%)

0.747†

Absent

1 (1.5%)

1 (0.8%)

1.000‡

1MWWMRK

1 (1.5%)

2 (1.6%)

-

Regular

Indication
48 (71.6%)

80 (64.0%)

0.196†

Idiopathic

7 (10.4%)

22 (17.6%)

0.193†

Tube factor

2 (3.0%)

5 (4.0%)

1.000‡

Cycle disorder

3 (4.5%)

4 (3.2%)

0.695‡

Uterine factor

0 (0%)

1 (0.8%)

1.000‡

Other

1 (1.5%)

3 (2.4%)

1.000‡

'SQFMREXMSR

4 (6.0%)

8 (6.4%)

-

1MWWMRK

2 (3.0%)

2 (1.6%)

-

Male factor

Use of medication
Yes

15 (22.4%)

25 (20.0%)

No

51 (76.1%)

99 (79.2%)

1 (1.5%)

1 (0.8%)

1MWWMRK

0.680†
-

Smoking
Yes

12 (17.9%)

18 (14.4%)

No

53 (79.1%)

101 (80.8%)

2 (3.0%)

6 (4.8%)

1MWWMRK

0.558†
-

Alcoholic consumption
0.122†

Yes

37 (55.2%)

82 (65.6%)

No

28 (41.8%)

38 (30.4%)

2 (3.0%)

5 (4.0%)

0.697‡

1MWWMRK
Urinary tract infection in prior 3 months
Yes

3 (4.5%)

4 (3.2%)

No

64 (95.5%)

121 (96.8%)
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Pregnant
Yes (n=67)

No (n=125)

p-value**
0.569†

Use of antibiotics in prior 3 months
Yes

7 (10.4%)

10 (8.0%)

No

60 (89.6%)

115 (92.0%)

Duration of infertility

2.21 (0.55-12.82)

2.43 (0.43-13.80)

0.333¶

Values are given as mean ± SD years, number (%), and median (range). BMI= Body Mass Index (kg/m2).
† By Chi-square test.
‡ By Fisher’s exact test.
§ By Independent Samples T-test.
¶ By Mann-Whitney U test.
XLIWIWYFGEXIKSVMIWEVII\GPYHIHJVSQEREP]WMW
GSQTEVMWSRWEVIQEHIFIX[IIREREP]WIHGEXIKSV]ERHXLISXLIVGEXIKSVMIWGSQFMRIH

7

Figure 3: The role of Lactobacillus crispatus and Lactobacillus iners in predicting pregnancy outcome. Relative rates
of L. crispatus versus L. iners for each patient. Each circle represents a patient, the colour of the dot shows pregnancy
outcome (green – pregnant, red – not pregnant).
A4EXMIRXW[MXLERYRJEZSYVEFPITVSƼPI SJ[SQIR EVIHITMGXIHEWFPEGOGVSWWIWXLI]EVIVIQSZIHJVSQ
XLIHEXEWIXMRƼKYVIW&(B: Of the remaining 158 women, 63 have a relative abundance of L. crispatus ƶ 
The pregnancy rate in this group is 15/63=24%. C: Women with a relative abundance of L. inersƶ WLS[E
pregnancy rate of 19/38=50%. D: When taking into account L. crispatus abundance alone, the group of women
with a L. crispatus EFYRHERGIƵ LEZIETVIKRERG]VEXISJ! 
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Table 2: Univariate analysis of baseline characteristics in women with a favourable or unfavourable microbiome
TVSƼPI
1MGVSFMSQITVSƼPI
Favourable (n=158)
Age

31.75 (3.81)

Unfavourable (n=34)
31.19 (4.87)

p-value**
0.461§

Ethnicity
– Caucasian

136 (86.1%)

30 (88.2%)

0.806†

– Mediterranean

8 (5.1%)

0 (0%)

0.354‡

– Hindu

4 (2.5%)

1 (2.9%)

1.000‡

– Asian

2 (1.3%)

1 (2.9%)

0.447‡

– African

2 (1.3%)

1 (2.9%)

0.447‡

– 1MWWMRK

6 (3.8%)

1 (2.9%)

-

BMI

23.00 (18.00-42.00)

23.00 (19.00-32.00)

0.957¶

Menarche

13.00 (9.00-17.00)

13.00 (9.00-16.00)

0.589¶

Menstrual cycle
118 (74.7%)

26 (76.5%)

0.966†

– Mostly regular

18 (11.4%)

6 (17.6%)

0.339†

– Irregular

17 (10.8%)

2 (5.9%)

0.535‡

– Regular

– Absent

2 (1.3%)

0 (0%)

1.000‡

– 1MWWMRK

3 (1.9%)

0 (0%)

-

Indication
105 (66.5%)

23 (67.6%)

0.840†

24 (15.2%)

5 (14.7%)

1.000‡

– Tube factor

5 (3.2%)

2 (5.9%)

0.608‡

– Cycle disorder

7 (4.4%)

0 (0%)

0.356‡

– Uterine factor

0 (0%)

1 (2.9%)

0.176‡

– Other

4 (2.6%)

0 (0%)

1.000‡

– 'SQFMREXMSR

9 (5.7%)

3 (8.8%)

-

– 1MWWMRK

4 (2.5%)

0 (0%)

0.696†

– Male factor
– Idiopathic

Use of medication
– Yes

32 (20.3%)

8 (23.5%)

– No

124 (78.5%)

26 (76.5%)

– 1MWWMRK

2 (1.3%)

0 (0%)

Smoking
– Yes

24 (15.2%)

6 (17.6%)

– No

128 (81.0%)

26 (76.5%)

6 (3.8%)

2 (5.9%)

– Yes

97 (61.4%)

22 (64.7%)

– No

56 (35.4%)

10 (29.4%)

5 (3.2%)

2 (5.9%)

– 1MWWMRK

0.680†

Alcoholic consumption

– 1MWWMRK

0.566†

Urinary tract infection in prior 3 months
– Yes

7 (4.4%)

0 (0%)

– No

151 (95.6%)

34 (100%)

154

0.357‡

1MGVSFMSQITVSƼPI
Favourable (n=158)

Unfavourable (n=34)

p-value**

Use of antibiotic treatment in prior 3 months
– Yes

15 (9.5%)

2 (5.9%)

– No

143 (90.5%)

32 (94.1%)

Duration of infertility

2.34 (0.43-13.80)

2.37 (0.69-5.56)

0.742‡
0.954¶

Values are given as mean ± SD years, number (%), and median (range). BMI= Body Mass Index (kg/m2).
† By Chi-square test.
‡ By Fisher’s exact test.
§ By Independent Samples T-test.
¶ By Mann-Whitney U test.
XLIWIWYFGEXIKSVMIWEVII\GPYHIHJVSQEREP]WMW
GSQTEVMWSRWEVIQEHIFIX[IIREREP]WIHGEXIKSV]ERHXLISXLIVGEXIKSVMIWGSQFMRIH

9RJEZSYVEFPIQMGVSFMSQITVSƼPI
Amongst the 192 women with a known IVF or IVF-ICSI outcome, 34 women had an unfaZSYVEFPITVSƼPI3RP]X[SSJXLIWI[SQIR 

FIGEQITVIKRERXJSPPS[MRKER)8;LIR

XLMWYRJEZSYVEFPIQMGVSFMSQITVSƼPI[SYPHFIYWIHEWETVIHMGXSVJSVXLIJEMPYVIXSFIGSQI
TVIKRERXXLITVIHMGXMZIEGGYVEG]MRXLMWKVSYT[SYPHFI  WIRWMXMZMX] WTIGMƼGMX]
97%). Univariate analyses showed that there were no statistical differences within the general
characteristics and the ART procedure itself between women with a favourable and women
[MXLERYRJEZSYVEFPIQMGVSFMSQITVSƼPI 8EFPIERH8EFPI 
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*EZSYVEFPIQMGVSFMSQITVSƼPIW
-REHHMXMSRXSTVSƼPMRK[SQIR[MXLERYRJEZSYVEFPIQMGVSFMSQITVSƼPI R! [MXLEPS[
chance of pregnancy (5.9%), we could stratify women in two more groups with either an
average or relatively high chance of pregnancy. This distinction could be made based on relative abundance of Lactobacillus crispatus: we found that women with a high relative abundance
ƶ SJL. crispatus (63/192 women, 33%) had a 24% chance of becoming pregnant following
)8 [SQIR  *MKYVI& -RGSRXVEWX[SQIR[MXLELMKLVIPEXMZIEFYRHERGI ƶ

SJ

L. iners (38/192 women, 20%), had a 50% chance of becoming pregnant following ET (19/38
[SQIR  *MKYVI' %PP[SQIR[LSHMHLEZIEJEZSYVEFPITVSƼPI [SQIR GSYPH
FIWXVEXMƼIHMRXSKVSYTW[MXLELMKLERHEREZIVEKIGLERGISJTVIKRERG]FEWIHSRVIPEXMZI
abundance of L. crispatus alone. As described above, in the group with L. crispatus abundance
SJƶ  SJ[SQIRFIGEQITVIKRERX-RXLIKVSYT[MXLL. crispatus EFYRHERGI  
53% (50 of 95) of women became pregnant (Figure 3D). The difference in pregnancy rates
between the high and average L. crispatusKVSYTW[EWLMKLP]WMKRMƼGERX T! 
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Table 3: Univariate analysis of treatment characteristics of the IVF or IVF-ICSI procedure in women with a favourable
ERHYRJEZSYVEFPIQMGVSFMSQITVSƼPI
1MGVSFMSQITVSƼPI
Favourable (n=158)

Unfavourable (n=34)

p-value**

IVF or IVF-ICSI
53 (33.5%)

11 (32.4%)

– IVF-ICSI

104 (65.8%)

23 (67.6%)

– 1MWWMRK

1 (0.6%)

– IVF

0 (0%)

0.875†
-

Hormone downregulation
– Decapeptyl
– Lucrin

125 (79.1%)

26 (76.5%)

0.807†

20 (12.7%)

3 (8.8%)

0.771‡

– Orgalutran

6 (3.8%)

0 (0%)

0.593‡

– Cetrotide

4 (2.5%)

3 (8.8%)

0.105‡

– Synarel

0 (0%)

1 (2.9%)

0.176‡

– 1MWWMRK

3 (1.9%)

1 (2.9%)

-

Hormone stimulation
126 (79.7%)

28 (82.4%)

0.779†

– Menopur

21 (13.3%)

5 (14.7%)

0.787‡

– Bemfola

9 (5.7%)

0 (0%)

0.366‡

– Pregnyl

0 (0%)

1 (2.9%)

0.178‡

– Puregon

1 (0.6%)

0 (0%)

1.000‡

– 1MWWMRK

1 (0.6%)

0 (0%)

– Gonal-f

Endometrial thickness (mm)
Follicle count
Number of oocytes

10.37 (2.04)

-

9.97 (2.68)

0.344§

9.5 (2-23)

10 (2-20)

0.653¶

9 (1-29)

9.5 (1-19)

0.864¶
1.000‡

ET
– SET

155 (98.1%)

34 (100%)

– DET

3 (1.9%)

0 (0%)

Values are given as mean ± SD, number (%), and median (range). IVF= in-vitro Fertilisation; IVF-ICSI= in-vitro
Fertilisation with Intracytoplasmic Sperm Injection; mm= millimetre; ET= embryo transfer; SET= single embryo
transfer; DET= double embryo transfer.
† By Chi-square test.
‡ By Fisher’s exact test.
§ By Independent Samples T-test.
¶ By Mann-Whitney U test.
XLIWIWYFGEXIKSVMIWEVII\GPYHIHJVSQEREP]WMW
GSQTEVMWSRWEVIQEHIFIX[IIREREP]WIHGEXIKSV]ERHXLISXLIVGEXIKSVMIWGSQFMRIH

Multivariate analysis
We performed logistic regression analysis with failure to become pregnant as the dependent
ZEVMEFPIERHERYRJEZSYVEFPIQMGVSFMSQITVSƼPIJIQEPI&1-JIQEPIEKIERHHYVEXMSRSJ
infertility as covariates. Twelve women with missing variables were excluded from the analysis.
8LIVIWYPXWSJXLMWEREP]WMW R! VIZIEPIHXLEXSRP]ERYRJEZSYVEFPIQMGVSFMSQITVSƼPI
WLS[IHEWXEXMWXMGEPP]WMKRMƼGERXGLERKIMRXLIVMWOSJJEMPYVIXSFIGSQITVIKRERX 8EFPI 
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External validation
We validated the predictive model as described above in an external cohort of 50 women.
*SYVXIIRSJXLIWI[SQIRLEHERYRJEZSYVEFPIQMGVSFMSXETVSƼPILEHELMKLL. crispatus
EFYRHERGITVSƼPIERHLEHEPS[L. crispatusEFYRHERGITVSƼPI2SRISJXLI[SQIR
[MXLERYRJEZSYVEFPITVSƼPIFIGEQITVIKRERXJSYVHMHRSXƼRMWLXLI-:*TVSGIHYVIHYIXS
a lack of follicles, oocytes or suitable embryo(s) for transfer. Of the 13 women with a high L.
crispatusEFYRHERGITVSƼPIJSYV  FIGEQITVIKRERX XLVIISRKSMRKTVIKRERGMIW 



ERHJSYVHMHRSXƼRMWLXLI-:*TVSGIHYVI*MREPP]SJXLI[SQIR[MXLEPS[L. crispatus
EFYRHERGITVSƼPI 


FIGEQITVIKRERX SRKSMRKTVIKRERGMIW 

ERHXLVII

HMHRSXƼRMWLXLI-:*TVSGIHYVI

Table 4: Logistic regression analysis of associations with low chance of getting pregnant in IVF or IVF-ICSI patients
that underwent an embryo transfer.
Variable

OR

95% CI

9RJEZSYVEFPITVSƼPI

12.057

2.739-53.078

Age

1.024

0.937-1.119

BMI

1.071

0.982-1.167

Duration of infertility

1.072

0.895-1.285

36!SHHWVEHMS '-! GSRƼHIRGIMRXIVZEP&1-!&SH]1EWW-RHI\

7

DISCUSSION
In this prospective exploratory study, a subgroup of 34 women with an unfavourable microFMSQITVSƼPI[EWMHIRXMƼIHMREWYFJIVXMPITSTYPEXMSRYRHIVKSMRKXLIMVƼVWX-:*SV-:*-'7-
treatment with a chance of 94% of failure to become pregnant. In addition, we found that
the abundance of L. crispatus alone could further stratify the remaining 158 women with
EJEZSYVEFPIQMGVSFMSQITVSƼPIMRXSEWYFKVSYTSJ[SQIR[MXLLMKLGLERGI 

SJ

becoming pregnant and a group of 63 women with an average chance (24%) of becoming
TVIKRERX3YVVIWYPXWMRHMGEXIXLEXQMGVSFMSQITVSƼPMRKYWMRKXLI-7TVSXIGLRMUYIIREFPIW
accurate prediction of both failure and success of fertility treatment. Women with an unfaZSYVEFPITVSƼPILEHEWIZIRXMQIWPS[IVGLERGISJEGLMIZMRKETVIKRERG]GSQTEVIHXSXLI
[SQIR[LSLEHEJEZSYVEFPIZEKMREPQMGVSFMSQITVSƼPI
The overall pregnancy rate per cycle of the cohort was 35%, which is similar to that reported
by most clinics in the Netherlands in 2016 (average 34.2%).(15) Women with a low L. crispatus
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EFYRHERGILEHESRIERHELEPJXMQIWLMKLIVGLERGIXSFIGSQITVIKRERXEJXIVXLIƼVWXJVIWL
ET, while women with a high L. crispatusTVSƼPILEHEXLMVHXMQIWPS[IVGLERGISJFIGSQMRK
pregnant compared to the overall pregnancy rate.
-R HIƼRMRK XLI STXMQEP TEVEQIXIVW JSV WXVEXMJ]MRK TEXMIRXW MRXS HMJJIVIRX TVIKRERG]
rate groups, it was found that different models can be used to predict IVF and IVF-ICSI
outcome. The model described here was built with a limited number of parameters, all
with well-established links to female health in order to ensure high generalizability. Relative
abundance of various Lactobacillus species, Proteobacteria and Gardnerella vaginalis are
all widely described as important parameters for vaginal health and disease. The cut-off
values used for the algorithm were chosen for best predictive accuracy with the highest
WTIGMƼGMX]8LIQSHIPEPWSTVSZIHXSFIIJJIGXMZIMRXLII\XIVREPZEPMHEXMSRGSLSVXYRHIVPMRMRK
its generalizability.
%TSWWMFPIFIRIƼGMEPVSPISJLactobacillus species in ART has been described in a number
of recent studies. For example, the recovery of Lactobacilli from the vagina and the embryo
transfer catheter has been associated with an increase in live-birth rate after ART.(4) A
detrimental effect on pregnancy rate of non-Lactobacillus bacterial species has also been
described. Studies using culture-dependent techniques and qPCR tests showed lower clinical
pregnancy rates(6, 16), ongoing pregnancy rates(7) and implantation rates(7, 8) when abnorQEPZEKMREPQMGVSFMSXE[IVIHIXIGXIH-RXLIWIWXYHMIWXLIFEGXIVMEPWTIGMIWXLEXHIƼRIH
an abnormal vaginal microbiota were Escherichia coli, Staphylococcus and Streptococcus
species. In addition, a reduction in live-birth was described when Streptococcus viridans was
recovered from the catheter tip used for ET.(4) Lower pregnancy rates were also found when
patients tested positive for Enterobacteriaceae and Staphylococcus.(8) Propionibacterium
and Actinomyces were also found to impair clinical outcomes.(17) Bacterial vaginosis was
further associated with infertility and early spontaneous abortion.(13, 14)
3YVƼRHMRKWWLS[XLEXELMKLEFYRHERGISJLactobacillus appears to be advantageous for
IVF and IVF-ICSI outcome, but a high abundance (> 60%) of L. crispatus is not advantageous.
7XYHMIWXLEXKIRIVEPM^ISRXLITSWWMFPIFIRIƼGMEPIJJIGXWSJLactobacilli on fertility will have
to be interpreted with caution. They have to take into account that different Lactobacillus
species also have different characteristics; e.g. the ability to produce lactic acid from degradation of glycogen conversion. The acidity achieved by L. crispatus is the highest compared
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to L. iners, L. jensenii and L. gasseri.(10) Witkin et al. suggests that lactic acid production may
facilitate the release of innate immune system components that inhibit growth of bacteria
other than Lactobacilli.(18) At the same time, Lactobacilli act as a mechanical barrier by
binding to the surface of vaginal epithelial cells, preventing the binding of other bacteria that
QMKLXMRƽYIRGIXLIWIITMXLIPMEPGIPPW
Witkin et al  EPWSWYKKIWXXLEXXLIEFMPMX]XSTVIZIRXXLIMRƽY\SJTEXLSKIRMGQMGVSSVKERMWQWMRXSXLIZEKMRE[MXLSYXXLIRIGIWWMX]SJMRHYGMRKTVSMRƽEQQEXSV]MQQYRMX][SYPH
appear to be advantageous for a successful pregnancy outcome. A balance between
immunogenic resistance and tolerance is of importance to conceive and establish a viable
pregnancy as the implantation of the embryo in the endometrium is also dependent of
the immune response in the female reproductive tract.(19, 20) However, the extent of the
interactions between the microbiome and these immune responses is yet unknown.
-RGEWISJERYRJEZSYVEFPIQMGVSFMSQITVSƼPI[SQIRHSRSXWYJJIVJVSQEGPMRMGEPP]IZMHIRX
infection. Still, the result of the analysis of the vaginal microbiome composition is clinically
meaningful for these women. Our results show that women with an unfavourable test result
have a limited chance of success when transfer of a fresh embryo takes place within two
months after the test was taken. Women with a low a priori chance to become pregnant
might prefer to avoid the unnecessary physical and emotional burden of an IVF or IVF-ICSI
treatment with a high change of failure. Whether these couples will actually discontinue the
XVIEXQIRXEXXMQISJERYRJEZSYVEFPITVSƼPI[MPPVIUYMVIJSPPS[YTVIWIEVGL[LMGLMWSRKSMRK
at the moment. Delaying a treatment when couples have a strong desire to have children
GSYPHPIEHXSHMWGSRXIRX[LIRXLI]KSXLVSYKL]IEVWSJWIXFEGOW,S[IZIVXLIFIRIƼXW
may also be that physical side effects, costs of treatment with little success and emotional
burden could be saved.
*YVXLIVVIWIEVGLMWRIIHIHXSIPYGMHEXIMJ[SQIR[MXLERYRJEZSYVEFPIQMGVSFMSQITVSƼPI
GEREGXYEPP]W[MXGLXSEJEZSYVEFPITVSƼPIERH[LIXLIVXLIMVGLERGISJFIGSQMRKTVIKRERX
subsequently increases. Earlier research investigating the stability of the vaginal microbiome
VIZIEPIHXLIH]REQMGWSJƼZIQENSVGPEWWIWSJFEGXIVMEPGSQQYRMXMIW '78-: ERHWLS[IH
that some communities can change markedly over short time periods, whereas the majority
is relatively stable over several months.(21) However, there might also be women with fairly
constant microbiota that do not change over time.
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One of the potential opportunities to improve results after IVF or IVF-ICSI with the use of
QMGVSFMSQITVSƼPMRKMWXSGSYRWIP[SQIRXSTSWXTSRI%68ERHE[EMXEJEZSYVEFPITVSƼPI
The women could sample the vaginal microbiome over a certain period of time awaiting a
W[MXGLJVSQERYRJEZSYVEFPITVSƼPIMRXSEJEZSYVEFPISRI%RSXLIVSTXMSRMWXSTSWXTSRIXLI
ƼVWXJVIWL)8JVII^IXLIVIWYPXMRKIQFV]SWERHXVERWJIVXLIQPEXIVMRYRWXMQYPEXIHG]GPIW
[MXLEJEZSYVEFPIQMGVSFMSQITVSƼPI-XMWLS[IZIV]IXYRORS[RLS[SJXIR[LIRERH[L]
the local microbiota composition changes spontaneously. There might also be therapeutic
options aiming at modulation of unfavourable vaginal microbiota towards a more favourable
TVSƼPIWYGLEWERXMFMSXMGWTVISVTVSFMSXMGW 
Future research will hopefully elucidate whether modulation of the vaginal microbiota is possible and may indeed improve outcomes of IVF and IVF-ICSI in patients with an unfavourable
TVSƼPI,S[IZIVXLIYWISJERXMFMSXMGWQMKLXMRHYGIXVERWMIRXGLERKIWMRXLIQMGVSFMSQI
and it is known that relapses to the initial state occur frequently.(23) More targeted options,
such as vaginal administration of probiotic LactobacillusEMQEXWTIGMƼGEPP]MQTVSZMRKXLI
presence of Lactobacillus, and may be more effective.(24)
Our suggestion is to reconsider starting the IVF or IVF-ICSI treatment, or alternatively the ET,
[LIRE[SQERLEWERYRJEZSYVEFPIQMGVSFMSQITVSƼPI;MXLSYXEJEZSYVEFPIQMGVSFMSQI
the implantation and subsequent embryo development seems to be compromised. Future
research should aim at unravelling the complex interactions between the vaginal microbiome, the reproductive tract as well as their host and enabling meaningful interventions to
improve fertility treatment outcome.
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RESEARCH IN CONTEXT
Evidence before this study
Several published studies have shown that Lactobacillus has an important role in reproductive health/outcome. These publications show that women with infertility problems have
a reduced number of Lactobacillus compared to healthy women. Moreover, the presence
of non-Lactobacillus dominated microbiota (e.g. presence of the genera Gardnerella and
Streptococcus WIIQWXSFIEWWSGMEXIH[MXLWMKRMƼGERXHIGVIEWIWMRMQTPERXEXMSRSRKSMRK
pregnancy and live birth rates and clinical pregnancy rates.
Added value of this study
8LI6IGITX-:*MX]WXYH]MWXLIƼVWXGSLSVXWXYH]MR[LMGLXLITSXIRXMEPVSPISJXLIZEKMREP
microbial composition will be used as predictor for IVF or IVF-ICSI outcome prior to the
start of the treatment. Women with a low a priori chance to become pregnant might prefer
to avoid the unnecessary physical and emotional burden of an IVF or IVF-ICSI treatment
with a high change of failure.
Implications of all the available evidence
-RXLIJYXYVIQMGVSFMSQITVSƼPMRKGERFIEVSYXMRIHMEKRSWXMGXIWXTVMSVXS-:*SV-:*-'7-
treatment to prevent patients a treatment with emotional and physical burden, that has low
chance of success. Predictive knowledge based on the present bacteria may enable couples
to make a more substantiated decision on whether to continue fertility (IVF or IVF-ICSI)
treatment or not.
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SUPPLEMENTARY TABLES
Supplementary table 1: Reasons for study participants to drop out.
Stage of treatment

Reason of drop out

Total

Hormone stimulation

Too few follicles (n=34)

n=46

Too many follicles (n=10)
Stagnant growth (n=2)
Puncture

Risk of ovarian hyperstimulation syndrome (n=8)

n=9

Escape intrauterine insemination (n=1)
Laboratory

No oocytes (n=4)

n=19

No sperm cells (n=3)
-RWYƾGMIRXGPIEZEKI R!
No embryo (n=3)
Total fertilisation failure (n=8)
Embryo transfer
Other

Embryo(s) primary frozen (n=2)

n=2

Intercurrent disease (n=6)

n=9

Relationship ended (n=1)
Spontaneous pregnancy (n=1)
No IVF or IVF-ICSI treatment (n=1)
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Supplementary table 2: Baseline characteristics of the study patients.
All women (n=303)
Age

31.64 (4.24)

Inclusions (n=192)
31.65 (4.01)

Exclusions (n=111)
31.61 (4.65)

p-value**
0.940§

Ethnicity
263 (86.8%)

166 (86.5%)

97 (87.4%)

0.799†

10 (3.3%)

8 (4.2%)

2 (1.8%)

0.335‡

– Hindu

6 (2.0%)

5 (2.6%)

1 (0.9%)

0.420‡

– Asian

5 (1.7%)

3 (1.6%)

2 (1.8%)

1.000‡

– Negroid

4 (1.3%)

0 (0%)

4 (3.6%)

0.017‡

– African

4 (1.3%)

3 (1.6%)

1 (0.9%)

1.000‡

11 (3.6%)

7 (3.6%)

4 (3.6%)

– Caucasian
– Mediterranean

– 1MWWMRK

-

BMI

23.37 (17.00-43.00)

23.00 (18.00-42.00)

24.00 (17.00-43.00)

0.229¶

Menarche

13.00 (8.00-17.00)

13.00 (9.00-17.00)

13.00 (8.00-16.00)

0.727¶

Menstrual cycle
227 (74.9%)

144 (75.0%)

83 (74.8%)

0.993†

– Mostly regular

32 (10.6%)

24 (12.5%)

8 (7.2%)

0.150†

– Irregular

35 (11.6%)

19 (9.9%)

16 (14.4%)

0.232†

– Absent

4 (1.3%)

2 (1.0%)

2 (1.8%)

0.625‡

– 1MWWMRK

5 (1.7%)

3 (1.6%)

2 (1.8%)

-

– Regular

Indication
190 (62.7%)

128 (66.7%)

62 (55.9%)

0.246†

– Idiopathic

47 (15.5%)

29 (15.1%)

18 (16.2%)

0.581†

– Tube factor

13 (4.3%)

7 (3.6%)

6 (5.4%)

0.379†

– Cycle disorder

12 (4.0%)

7 (3.6%)

5 (4.5%)

0.758‡

– Uterine factor

2 (0.7%)

1 (0.5%)

1 (0.9%)

1.000‡

– Other

6 (2.0%)

4 (2.0%)

2 (1.8%)

0.612‡

25 (8.3%)

12 (6.3%)

13 (11.7%)

-

8 (2.6%)

4 (2.1%)

4 (3.6%)

-

– Male factor

– 'SQFMREXMSR
– 1MWWMRK

7

Use of medication
– Yes

70 (23.1%)

40 (20.8%)

30 (27.0%)

– No

228 (75.2%)

150 (78.1%)

78 (70.3%)

5 (1.7%)

2 (1.0%)

3 (2.7%)

– 1MWWMRK

0.188†

Smoking
– Yes

44 (14.5%)

30 (15.6%)

14 (12.6%)

– No

248 (81.8%)

154 (80.2%)

94 (84.7%)

11 (3.6%)

8 (4.2%)

3 (2.7%)

– Yes

180 (59.4%)

119 (62.0%)

61 (55.0%)

– No

112 (37.0%)

66 (34.4%)

46 (41.4%)

11 (3.6%)

7 (3.6%)

4 (3.6%)

– 1MWWMRK

0.441†

Alcoholic consumption

– 1MWWMRK

0.215†

Urinary tract infection in
prior 3 months
– Yes

9 (3.0%)

7 (3.6%)

2 (1.8%)

– No

291 (96.0%)

185 (96.4%)

106 (95.5%)

3 (1.0%)

0 (0%)

3 (2.7%)

– 1MWWMRK

0.497‡
-
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CHAPTER 7
All women (n=303)

Inclusions (n=192)

Exclusions (n=111)

p-value**

Use of antibiotic treatment
in prior 3 months
– Yes

23 (7.6%)

17 (8.9%)

– No

277 (91.4%)

175 (91.1%)

– 1MWWMRK
Duration of infertility

3 (1.0%)
2.39 (0.00-13.80)

0 (0%)
2.35 (0.43-13.80)

6 (5.4%)

0.303†

102 (91.9%)
3 (2.7%)
2.40 (0-12.20)

0.477¶

Values are given as mean ± SD years, number (%), and median (range). BMI= Body Mass Index (kg/m2).
† By Chi-square test.
‡ By Fisher’s exact test.
§ By Independent Samples T-test.
¶ By Mann-Whitney U test.
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Supplementary table 3: Univariate analysis of clinical characteristics of the IVF or IVF-ICSI procedure in women
who became pregnant and women who did not become pregnant.
Pregnant
Yes (n=67)

No (n=125)

p-value**

– IVF

19 (28.4%)

45 (36.0%)

0.268†

– IVF-ICSI

48 (71.6%)

80 (64.0%)

– Decapeptyl

51 (76.1%)

100 (80.0%)

0.440†

– Lucrin

10 (14.9%)

13 (10.4%)

0.369†

– Orgalutran

3 (4.5%)

3 (2.4%)

0.425‡

– Cetrotide

2 (3.0%)

5 (4.0%)

1.000‡

– Synarel

0 (0%)

1 (0.8%)

1.000‡

– 1MWWMRK

1 (1.5%)

3 (2.4%)

-

IVF or IVF-ICSI

Hormone downregulation

Hormone stimulation
55 (82.1%)

99 (79.2%)

0.492†

– Menopur

9 (13.4%)

17 (13.6%)

0.994†

– Bemfola

1 (1.5%)

8 (6.4%)

0.167‡

– Pregnyl

0 (0%)

1 (0.8%)

1.000‡

– Puregon

1 (1.5%)

0 (0%)

0.346‡

– 1MWWMRK

1 (1.5%)

0 (0%)

– Gonal-f

Endometrial thickness (mm)

10.36 (2.22)

10.26 (2.15)

0.766§

OPU
– Yes

67 (100%)

125 (100%)

– No

0 (0%)

0 (0%)

-

Follicle count

9 (4-20)

10 (2-23)

0.140¶

Number of oocytes

8 (1-22)

10 (1-29)

0.613¶

– Yes

67 (100%)

125 (100%)

– No

0 (0%)

0 (0%)

– SET

67 (100%)

122 (97.6%)

– DET

0 (0%)

7

Embryo transfer
-

ET
0.553‡

3 (2.4%)

Values are given as mean ± SD years, number (%), and median (range). IVF= in-vitro Fertilisation; IVF-ICSI= in-vitro
Fertilisation with intracytoplasmic sperm injection; mm= millimetre; OPU= ovum pick up; ET= embryo transfer;
SET= single embryo transfer; DET= double embryo transfer.
† By Chi-square test.
‡ By Fisher’s exact test.
§ By Independent Samples T-test.
¶ By Mann-Whitney U test.
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