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Molecular interplay in successful implantation



Efficiency of human embryo implantation

Embryo Aneuploidies

Drosophila 0.01 %

Mouse 0.01 %

Human 20 – 100 %

Implantation Rate (IR)

Natural cycle 35 %

Euploid embryos 52 %

Rodents 95 %

Rabbits 96%

(Rubio et al. Fertil Steril 2017)

The main difference between humans and rodents lies in 

The endometrial/decidual control in human implantation

versus

The embryo control in rodent implantation (embryonic diapause)



The Puzzle of  the Endometrial Factor
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THE WINDOW OF IMPLANTATION

 The existence of a WOI (1956 Hertig & Rock)

 In the 1990s, the clinical WOI was demonstrated by Navot

 In 1999, Wilcox et al popularized the concept that the human embryo

implants 8 to 10 days after ovulation.   

(But ovulation was identified on the basis of changes in urinary presence of 

estrone 3-glucuronide and pregnanediol 3-glucuronide(RIA))

Wide time frame, with the same success during these 3 days regardless of 

individual variations or hormonal status (natural cycle, COS, HRT).





Dating the endometrial biopsy1

 Randomized studies

- Interobserver and cycle-to-cycle (60%) variations2

- Endometrial dating is not related to fertility status3

Histological dating is not a valid method for the 

diagnosis of luteal phase deficiency neither guidance 

throughout clinical management in infertility

2. Murray, et al. Fertil Steril 2004

3. Coutifaris, et al. Fertil Steril 2004

1. Noyes, et al. Fertil Steril 1950 



http://www.etegritytest.com.

Endometrial quality is identified

during the window of implantation.

It is crucial that the patient have a

carefully timed endometrial biopsy.

The specimen must be collected

on cycle days 20–24 (7–11 days

post LH surge).

Patterns of Integrin Expression



Endometrial Function Test® (EFT®) 
endometrialfunctiontest.com

Cyclins expression a long of the menstrual cycle (Kliman y cols, 2006) 



The age of -OMICS
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Endometrial Receptivity Array (ERA)



Endometrial Receptivity Array (ERA)
Endometrial Receptivity Analysis (ERA-NGS)

Patented in 2009: PCT/ES 2009/000386

238 genes

Bioinformatic analysis of data

Classification and prediction from gene expression

LDT with CLIA 



Receptive

Predictor Classifies the Molecular Receptivity
Status of the Endometrium

Post-ReceptivePre-Receptive



Retrainig the ERA Algorithms

Proliferative

Pre-receptive

Early receptive Receptive

Late receptive

Post-receptive



The Symphony

Progesterone
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PR
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Personalized embryo transfer (pET) 
as a treatment for RIF of endometrial origen

P+5P+3 P+7

LH+7LH+5 LH+9

ETpET
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ERA in numbers

 Results

24,500
patients

More than

600
clinics

54
countries

Endometrial 

biopsy

65% 

Receptive

35% 

Non-receptive

12.8%
Post-

receptive

0.2%
Proliferative

87.0%
Pre-receptive
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Progesterone elevation on the day of hCG
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Slow Embryos



Endometrial Thickness versus Molecular Receptivity

Endometrial 

thickness (mm)

Receptive

(%)

Non Receptive

(%)

<6
6/14 

(43%)*

8/14 

(57%)*

6-12
333/431 

(77%)*

98/431 

(23%)*

>12
24/37

(65%)

13/37 

(35%)

TOTAL 363 119

*P= 0,003 by Chi-square test. Valbuena D. et al. ESHRE 2016



0%

20%

40%

60%

80%

100%

Normal

weight

Overweight Obese Morbidly

obese

Receptive

Non-receptive

Comstock, et al. Fertil Steril 2017
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pET outcome after receptive ERA 

in patients with RIF (n=310)
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Months after ERA test    1 2 3 4 5 6

Number of patients 91 87 47 30 15 40
Implantation Rate (%) 37.9 43.1 44.6 45.8 58.3 48.6
Pregnancy Rate (%) 54.9 59.8 55.3 53.3 73.3 70.0

Ruiz-Alonso, et al. Fertil Steril 2013



CLINICAL OUTCOME AND EFFICIENCY OF ET ACCORDING ERA DIAGNOSIS

Clinical Outcome NR (52) R (205)

IR First attempt 13% (12/90) 45% (161/355)

IR Total attempts 10% (17/174) 41% (182/441)

PR First attempt 23% (12/52) 60% (123/205)

PR Total attempts 17% (17/100) 55% (140/253)

OPR First attempt 0% (0/12) 74% (91/123)

OPR Total attempts 0% (0/100) 74% (103/140)

Clinical efficiency Positive (52) Negative (205)

True 40 123

False 12 82

Sensitivity (TP/TP+FN) 0.33

Specificity (TN/TN+FP) 0.91

PPV (TP/TP+FP) 0.77

NPV (TN/TN+FN) 0.60

P-466 Ruiz-Alonso et al, Clinical efficiency of embryo transfer performed in receptive vs non-receptive endometrium diagnosed

by the endometrial receptivity array (ERA) (70th ASRM Annual Meeting, Honolulu, Hawaii. 2014)



RIF Euploid standard ET vs RIF Euploid pET

Tan J et al.,  J Assist Reprod Genet 2018 Jan 11



Study Design

Prospective, Randomized, Multicenter, International, 

Open label, Controlled trial  

(ClinicalTrials.gov Identifier: NCT01954758) 

Stimated number size: 546

 Patients undergoing IVF/ICSI with their own oocytes

 Age ≤ 37 years 

 BMI: 18.5-30

 Normal ovarian reserve (AFC > 8; FSH < 8)

 Blastocyst transfer (day 5/6) 

 PGS was not an inclusion criteria

 Pathology affecting the endometrial cavity must be previously 

operated

Inclusion criteria



To assess whether personalized embryo transfer (pET)

guided by endometrial receptivity analysis (ERA)

improves the reproductive outcome compared to

fresh embryo transfer (FET), or deferred embryo transfer

(DET) in infertile women undergoing IVF

Objective

FET DET pET



Stanford University, USA

IECH Monterrey, Mexico IVI Panama

Centro Reproduçao Nilo 

Frantz, Brazil

IVI, Spain (11 sites)

UZ Brussels, University Fertility Center, Belgium

Bahceci Health Group, Turkey

ERA RCT CONSORTIUM PARTICIPANT SITES

KKH, Singapore

Genesis IVF, Serbia

Oak Clinic, Japan

Instituto Vida Matamoros, Mexico

ReproTec, Colombia

ProcreaTec, Spain

Centro de Infertilidade e Medicina Fetal

do Norte Fluminense, Brazil

Embriofert, Brazil
Huntington Medicina Reprodutiva, Brazil

Centro Reproduçao G Mario Covas, Brazil

Sbalagrm Sofia, Bulgary

Active Sites with EC/IRB approval (28)

Recruiting Sites at the Interim (12)



ClinicalTrials.gov Identifier: NCT01954758 

Estimated n=546 

Interim n=356 

(April 2016) 

Group C 

ALL FROZEN & 

ERA

N= 117

Group  A
FRESH CYCLES

N= 117

Group  B

ALL FROZEN

N= 122

FET DET pET

Aproved by the protocol review service of the Lancet in 2012

Trial started in October 2013 

Interim outcome evaluated in April 2016



Simon C , et al. 2016 Awarded Oral Presentation ASRM
* p value <0.05 by Chi-Square test

FET DET pET

Pregnancy rate/ET (%) 61.7 (37/60) 60.8 (45/74) 85.7* (42/49) 0.003

Implantation rate (%) 35.3 (36/102) 41.4 (53/128) 47.8 (43/90) 0.21

Biochemical pregnancies (%) 21.6 (8/37) 6.7 (3/45) 11.9 (5/42) 0.13

Ectopic pregnancies (%) 2.7 (1/37) 0 (0/45) 2.4 (1/42) 0.55

Clinical miscarriages (%) 5.4 (2/37) 20.0 (9/45) 21.4 (9/42) 0.10

Ongoing pregnancy/ET (%) 43.3 (26/60) 44.6 (33/74) 55.1 (27/49) 0.24

Twins (%) 28.6 (8/28) 26.2 (11/42) 19.4 (7/36) 0.66

Singleton (%) 71.4 (20/28) 73.8 (31/42) 80.6 (29/36) 0.66

Reproductive Outcome / Interim study) 



Endometrial Microbiota

Bacteria: an invisible universe also in 

Reproductive Medicine



The Human Microbiome

• Humans have 10x > bacteria

than cells

• A person of 70 kg weight has

1 Kg of bacteria cohabitants

• Our body contains bacteria,

particularly abundant in the

skin and digestive tract

• Between 20 and 60% of these

bacteria (depending on

location) can not be cultured



VAGINAL BACTERIA & HUMAN REPRODUCTION 

 Up to 40% of patients undergoing IVF treatments present
abnormal vaginal microbiota.

 Bacterial vaginosis (BV) is responsible for:

• 2-fold increase risk of early miscarriage.

• >5-fold increased risk of late miscarriage.

• >3-fold increased risk of premature rupture of membranes.

• Up to 2-fold increased risk of preterm labor.

Leitich et al. 2003. Am J Obstet Gynecol. 189:139–47

Sirota et al. 2014. Semin Reprod Med. 32:35-42

Mangot-Bertrand et al. 2013. Eur J Clin Microbiol Infect Dis 32: 535-41

Krauss-Silva et al. 2010. Reprod Health 7:14

The Human Microbiome



Is there a specific human endometrial 

microbiota? 

Could the endometrial microbiota

promote/impair endometrial receptivity and 

pregnancy outcomes?

And, if this is so…

The question





Molecular assessment of endometrial microbiota by NGS

ENDOMETRIAL/VAGINAL 

ASPIRATION

gDNA

PURIFICATION

16S rRNA
gene

BARCODED BACTERIAL 16S rRNA PCR

SEQUENCING DATA ANALYSIS & TAXONOMICAL ASSIGNMENT

Methods



Endometrial and vaginal microbiota differ in some 
asymptomatic subjects

STUDY 1

Subjects: n=13
Paired samples Endometrium-Vagina: n=26
Total samples analyzed: n=52



Moreno et al., 2016. Am J Obstet Gynecol. 215:684-703

Distribution of endometrial and vaginal microbiota
in paired samples



The uterine cavity is not sterile. 

Endometrial and Vaginal Microbiomes

are different in asymptomatic women.

Conclusion Study 1



Subjects 1 to 22
Pre-receptive (LH+2)
Receptive (LH+7)

Moreno et al., 2016. Am J Obstet Gynecol. 215:684-703

Bacterial communities in EF during the acquisition of endometrial 
receptivity in healthy asymptomatic women



IVF PATIENTS

EF

MICROBIOTA

Healthy

Altered

EBx

Receptive

Non-receptive

ERA TEST

ENDOMETRIAL MICROBIOTA & RECEPTIVITY

EMBRYO

TRANSFER

YES

NO

EMBRYO 
IMPLANTATION

Pregnant

Non-

pregnant

ENDOMETRIAL MICROBIOTA & IMPLANTATION

ONGOING 
PREGNANCY

YES

NO

ENDOMETRIAL MICROBIOTA & PREGNANCY OUTCOME

Design



Samples 1 to 41

LB: Live birth

MISC: Miscarriage

NP: No Pregnant

NoET: No embryo transfer

Endometrial microbiota profile of infertile patients

Moreno et al., 2016. Am J Obstet Gynecol. 215:684-703



Samples 1 to 41

LB: Live birth

MISC: Miscarriage

NP: No Pregnant

NoET: No embryo transfer

Moreno et al., 2016. Am J Obstet Gynecol. 215:684-703

≥90% Lactobacillus

Lactobacillus-dominated
Microbiota

(LDM)

Endometrial microbiota profile of infertile patients



Samples 1 to 41

LB: Live birth

MISC: Miscarriage

NP: No Pregnant

NoET: No embryo transfer

Moreno et al., 2016. Am J Obstet Gynecol. 215:684-703

Endometrial microbiota profile of infertile patients
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BMI: body mass index; LDM: Lactobacillus-dominated microbiota; NLDM: non-Lactobacillus-dominated microbiota; *Chi 
Square (χ² test) and Student’s t-test were performed; *p-value<0.05; §: Voluntary termination of pregnancy.

Low abundance of Lactobacillus in endometrium is associated
with poor reproductive IVF outcomes

Moreno et al., 2016. Am J Obstet Gynecol. 215:684-703
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0.00

0.75
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Live birth Non-PregnantMiscarriage

Low abundance of Lactobacillus in endometrium is associated
with poor reproductive IVF outcomes

Moreno et al., 2016. Am J Obstet Gynecol. 215:684-703



THE MICROBIOTA OF THE FEMALE REPRODUCTIVE TRACT

CL: Lower third of vagina

CU: Posterior fornix

CV: Cervical mucus from the cervical canal

ET: Endometrium

FL: Fallopian tubes (left and right)

PF: Peritoneal fluid from the pouch of Douglas
Chen et al., Nat Commun, 2017.





niERA-Microbiome: Phase 2 - PROSPECTIVE STUDY

BIOMEDICAL STUDY PROTOCOL

Development of a non-invasive diagnosis tool for the 

simultaneous analysis of endometrial receptivity and microbiota 

to improve reproductive outcomes in infertile patients.

niERA-MIC

IGX1-MIC-CS-17-05

Principal Investigator and Coordinator: Dr. Carlos Simon

Sponsor of the study: Igenomix



niERA-MICROBIOME – Example

#OTU ID niERA2 (%)

k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Lactobacillaceae;g__Lactobacillus 77.15

k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f__Bifidobacteriaceae;Other 4.60

k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Vibrionales;f__Pseudoalteromonadaceae;g__Pseudoalteromonas 2.63

k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Prevotellaceae;g__Prevotella 2.05

k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f__Bifidobacteriaceae;g__Bifidobacterium 1.70

k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Vibrionales;f__Vibrionaceae;g__Vibrio 0.83

k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Veillonella 0.68

k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Pseudomonadaceae;g__Pseudomonas 0.57

k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__ 0.48

k__Bacteria;p__Firmicutes;c__Bacilli;o__Gemellales;f__Gemellaceae;g__Gemella 0.34

k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__[Tissierellaceae];g__Parvimonas 0.31

k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Shuttleworthia 0.28

k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Streptococcaceae;g__Streptococcus 0.21

k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Megasphaera 0.16

k__Bacteria;p__Tenericutes;c__Mollicutes;o__Mycoplasmatales;f__Mycoplasmataceae;g__Ureaplasma 0.14

k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Moraxellaceae;g__Enhydrobacter 0.13

k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Moraxellaceae;g__Acinetobacter 0.11

k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Escherichia 0.10

PATIENT DNA PRESERVANT SAMPLE Cycle day ERA test niERA test 16S Reads

niERA2 (205) YES, 50 µL EF d27 Post-R Post-R 274.065



Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

ASSESSED FOR ELIGIBILITY (n=113) 

 Not DNA for RT-PCR diagnosis (n=18) 

 

MOLECULAR DIAGNOSIS OF CE 

(n=95) 

SET 

CE DIAGNOSED BY 3 CLASSICAL METHODS 

(n=65) 

Concordant CE diagnosis by 

the 3 classical methods 

(n=13) 

 

Excluded for uncomplete clinical diagnosis: 

  Non informative (n=9) 

 Only 1 classical diagnosis method (n=3) 

Only 2 classical diagnosis methods (n=18) 

Discordant CE diagnosis by 

the 3 classical methods 

(n=52) 

Discordant 

histology+hysteroscopy 

with microbial culture 

(n=14) 

Discordant 

hysteroscopy+microbial 

culture with histology 

(n=21) 

Discordant 

histology+microbial 

culture with hysteroscopy 

(n=17) 

Moreno et al., AJOG 2018 

Molecular microbiologycal diagnosis of chronic endometritis



METHODS

ENDOMETRIAL 

TISSUE
TOTAL DNA

16S bacterial library

RT-PCR 16S METAGENOMICS

Enterobacteria
Escherichia coli
Enterococcus faecalis
Staphylococcus spp.
Streptococcus spp.
Gardnerella vaginalis
Neisseria gonorrhoeae
Chlamydia trachomatis
Ureaplasma urealyticum
Mycoplasma hominis

Specific amplification of 

CE pathogens

MICROBIOME PROFILE



RESULTS: MOLECULAR MICROBIOLOGY vs CLASSICAL DX for CE

PPV: Positive predictive value; NPV: Negative predictive value; FPR: False positive rate; FNR: False negative rate

Moreno et al., AJOG 2018 



Molecular microbiology vs classical dx

Concordant chronic endometritis results in patients/samples analysed 

by the four methods compared in this study (three classical methods 

and the RT-PCR method)



Molecular microbiology vs classical dx

Discordant chronic endometritis results in patients/samples analysed 

by the four methods compared in this study. Black arrows show 

CD138 positive cells.



Patient Microbial culture RT-PCR 16s rRNA sequencing (genera percentage) 

   Lactobacillus Enterococcus 
Staphylococcu

s 
Streptococcus Mycoplasma Enterobacteria Gardnerella 

Ureaplasm

a 

8 Streptococcus agalactiae 
Streptococcus spp., 

Gardnerella vaginalis 
10.2 2.0 2.6 28.2 0.0 2.6 1.0 0.00 

10 Negative Negative 99.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

15 Escherichia coli 
Gardnerella vaginalis, 

Escherichia coli 
61.0 0.3 1.4 0.6 0.0 1.4 1.1 0.0 

17 
Enterococcus faecalis, 

Ureaplasma 
Negative 94.4 0.0 0.1 0.1 0.0 0.3 0.4 0.0 

18 Streptococcus agalactiae Streptococcus spp. 0.4 0.0 0.0 77.0 0.0 0.0 0.0 0.0 

19 Escherichia coli Streptococcus spp. 61.5 0.1 2.7 0.9 0.1 4.0 2.7 0.0 

24 Ureaplasma 
Klebsiella 

pneumoniae 
ND 

26 Enterococcus faecium Negative 98.8 0.0 0.1 0.2 0.0 0.0 0.0 0.0 

30 
Enterococcus faecalis, 

Streptococcus mitis 
Enterococcus spp. 93.2 0.2 0.0 0.0 0.0 0.5 0.0 0.0 

31 Klebsiella pneumoniae Streptococcus spp. 7.4 0.0 7.4 1.8 0.2 11.1 0.0 0.0 

35 Staphylococcus aureus Negative 83.1 0.0 0.1 0.6 0.0 0.0 7.0 0.0 

Microbiota profile of endometrial samples by 16S rRNA gene sequencing

RESULTS: MOLECULAR MICROBIOLOGY vs MICROBIAL CULTURE

ND: Not determined



Molecular microbiology effectively detects and quantifies bacterial

DNA from chronic endometritis-causing pathogens.

 The microbiome results using NGS were concordant with RT-PCR in

91.67% of cases and coincide with the microbial culture in 75%

allowing for the detection of culturable and non-culturable bacteria.

 The molecular diagnosis of CE is equivalent to using the histology,

hysteroscopy and microbial culture together, overcoming the bias of

using any of them alone.

Conclusions
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