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The first step of life’s journey…



Endometrial 

receptivity

Decidualization

Materno-embryonic crosstalk

The maternal contribution to pregnancy



Human as a holobiont



Urogenital tract microbiota

González et al., 2014.Cell 158: 690-690.e1

The Human Microbiome Project (http://hmpdacc.org)



DYSBIOSIS: Several metagenomic studies associates low Lactobacilli with poor outcomes

RISKS: Some pathogenic bacteria as Neisseria gonorrhoeae, Chlamydia trachomatis and some
Mycoplasma spp. are direct causes of infertility.

PREVALENCE: 20-30% of asymptomatic women present an altered vaginal microbiota with
anaerobic pathogens, and up to 40% of patients undergoing IVF treatments present an
abnormal vaginal microbiota.

CONSEQUENCES: 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.

Campisciano et al., J Cell Physiol 2017; Hyman et al., J Assist reprod Genet 2012; Leitich et al., Am J Obstet Gynecol
2003; Sirota et al., Semin Reprod Med 2014; Mangot-Bertrand et al., Eur J Clin Microbiol Infect Dis 2013; Krauss-Silva et 

al., Reprod Health 2010; Ma et al., Annu Rev Microbiol 2012

Impact of vaginal microbiota in infertility and obstetrical complications



What about the endometrial microbiome? 





Endometrial microbiome



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



Endometrial microbiota profile of infertile patients

Moreno et al., 2016. Am J Obstet Gynecol

METHOD A: Classification and Regression Trees (CART) 

COEFFICIENTS Estimate Std. Error Z value Pr(>|z|)

(Intercept) -2.359 1.100 -2.145 *0.0320

Lactobacillus 2.554 1.277 2.001 *0.0454

METHOD B: Generalized linear model (GLM)

where:

Logistic regression:



≥90% Lactobacillus

Lactobacillus-dominated
Microbiota

(LDM)
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Endometrial microbiota profile of infertile patients

METHOD A: Classification and Regression Trees (CART) 

COEFFICIENTS Estimate Std. Error Z value Pr(>|z|)

(Intercept) -2.359 1.100 -2.145 *0.0320

Lactobacillus 2.554 1.277 2.001 *0.0454

METHOD B: Generalized linear model (GLM)

where:

Logistic regression:

Moreno et al., 2016. Am J Obstet Gynecol



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.

Moreno et al., 2016. Am J Obstet Gynecol

Low Lactobacillus in EF associates with poor reproductive IVF outcomes
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Low Lactobacillus in EF associates with poor reproductive IVF outcomes



Prospective MICROBIOME Study

452 patients enrolled at 13 participant sites from 8 countries worldwide  

Register: 03330444
First release: Nov 6, 2017
Last Update: Mar 25, 2019
Status: Active. Not recruiting

First IRB/EC approval May 29, 2017

Last IRB/EC approval March 27, 2018

Sample size 434 patients

FPFI August 4, 2017

LPLI February 26, 2019

Recruitment length 1.5 years (finished)

Study length 2.5 years

FPFI

Aug 2017

LPLI

Feb 2019

MICROBIOME 
results

Dec 2019

REPRODUCTIVE 
outcomes

Feb 2020

ANALYSIS

Mar 2020

PUBLICATION OF 
RESULTS



Prospective MICROBIOME study



Garcia-Grau et al. 2019. Pathogens



Endometrial Microbiome in Repeated Reproductive Failure

Garcia-Grau et al. 2019. Pathogens



Gardnerella vaginalis associated to recurrent reproductive failure

Garcia-Grau et al. 2019. Pathogens



Moreno et al. 2020. Am J Obstet Gynecol 2020



Endometrial MICROBIOME in a Successful Early Pregnancy

Moreno et al. 2020. Am J Obstet Gynecol



Endometrial MICROBIOME in a Successful Early Pregnancy

L. iners is the only bacterium found in early successful pregnancy

Moreno et al. 2020. Am J Obstet Gynecol



Endometrial MICROBIOME in a Successful Early Pregnancy

Positive impact of Lactobacillus in a successful pregnancy

Moreno et al. 2020. Am J Obstet Gynecol



• The percentage of Lactobacillus together with specific pathogens are

significant variables to predict reproductive success.

• These results expand the evaluation of endometrial factor not only at the

morphological and molecular levels but also at the microbiological

viewpoint.

• Our observations leads us to propose new diagnostic tools and personalized

therapeutic procedures through molecular microbiological evaluation.

CONCLUSIONS



The balance of bacteria in the endometrium is 
a key factor for reproductive success.



Virus and bacteria:
a wider view of the microbiome



Human as a holobiont



Human as a holobiont



Human as a holobiont

Bacteriome (1013-1014)

Mycobiome (1012-1013)

Virome (1014-1015)

Rowan-Nash et al. Microbiol Mol Biol Rev. 2019.



HHV6

HIV

HPV

HCV

CMV
RuV

HSV

ZIKV

OBSTETRIC 
COMPLICATIONS

INFERTILITY

SPONTANEOUS ABORTION
or

FETAL DEATH

CONGENITAL 
DEFECTSSARS-CoV-2?

Stora et al. Fertil Steril. 2016; Gudza-Mugabe et al. J Infect Dis. 2020; DiPietro et al. New Microbiol. 2018; Souho et al. PLoS One. 2015,
Hellberg and Nilsson. Fertil Steril. 2007; Althaqafi et al. J Infect Public Health. 2020; Coulam et al. Am J Reprod Immunol. 2018; George
et al. Biol Res. 2019; Teixeira et al. Front Immunol. 2020; Ades et al. Lancet Infect Dis. 2020; Kwak-Kim et al. Am J Reprod Immunol.
2016. Shaw-Jackson et al. J Assist reprod Genet. 2017; Vermillion and Klein. Vaccines. 2018; Saab et al. Am J Obstet Gynecol. 2020.

HHV6: Human Herpes Virus 6

HIV: Human Immunodeficiency Virus

HPV: Human Papillomavirus

HCV: Hepatitis C Virus

HBV: Hepatitis B Virus

HEV: Hepatitis E Virus

CMV: Cytomegalovirus

RuV: Rubella Virus

HSV: Herpex Simplex Virus

ZIKV: Zika Virus
HBV

HEV

Risks of viral infections in human reproduction



• Abnormal vaginal microbiota may impact the homeostasis of
the immune system, leading to breakdown of the epithelial
barrier dysfunction and favouring viral infection.

• This mechanism shows the importance of analyzing the
bacteriome and the virome concurrently as their interactions
can provide insight into new mechanisms of pathogenesis.

Interplay between bacterial and viral components of the microbiome



Torcia. Int J Mol Sci. 2019.

Interplay between the cervicovaginal microbiota and viral infections

Vaginal dysbiosis is associated with increased risk of acquisition of Neisseria gonorrhoeae, Chlamydia
trachomatis, Trichomonas vaginalis, Herpes Simplex Virus (HSV), Human Papilloma Virus (HPV), and Human
Immunodeficiency Virus (HIV).

Gardnerella vaginalis

Prevotella spp.

Atopobium vaginae

Megasphaera spp.

Sneathia spp.

Veillonella montpellierensis

Mycoplasma spp.

Parvimonas spp.

Gemella asaccharolytica

Eggerthella spp. types 1 and 2

Group B Streptococcus

Low Lactobacillus abundance

Bacterial vaginosis clinical signs

High-risk Human Papillomavirus (HR-HPV)

Human Immunodeficiency Virus (HIV)

Herpex Simplex Virus (HSV) 2
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• No universal marker for virus equivalent for

the 16S rRNA gene or ITS markers.

• Specific tests and multiplexing is required to

simultaneously analyse different types of virus.

Wylie et al. Genome Res. 2015; Rowan-Nash et al. Microbiol Mol Biol Rev. 2019.

Studying the reproductive tract virome

HIV

HPV

CMV
HHV6

HSV

HEV

HBV

HCV
ZIKV

RuV

SARS-CoV-2



Future perspective

+ REPRODUCTIVE VIROME

SARS-CoV-2: Severe Acute Respiratory Syndrome-2

HHV6: Human Herpes Virus 6
HIV: Human Immunodeficiency Virus
HPV: Human Papillomavirus
HCV: Hepatitis C Virus
HBV: Hepatitis B Virus
HEV: Hepatitis E Virus
CMV: Cytomegalovirus
RuV: Rubella Virus
HSV: Herpex Simplex Virus
ZIKV: Zika Virus
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