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Impact of vaginal microbiota in infertility and obstetrical complications
DYSBIOSIS: Several metagenomic studies associates low Lactobacilli with poor outcomes

RISKS: Some pathogenic bacteria as Neisseria gonorrhoeae, Chlamydia frachomatis and some
Mycoplosmo spp. are direct causes of inferfility.

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
Ioen°m|x 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

+ foundation



What about the endometrial microbiome?
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Evidence that the endometrial microbiota has an effect on
implantation success or failure

Inmaculada Moreno, PhD'; Francisco M. Codoiier, PhD’; Felipe Vilella, PhD'; Diana Valbuena, MD, PhD;
Juan F. Martinez-Blanch, PhD; Jorge Jimenez-Almazan, PhD; Roberto Alonso; Pilar Alama, MD, PhD;
Jose Remohi, MD, PhD; Antonio Pellicer, MD, PhD; Daniel Ramon, PhD?; Carlos Simon, MD, PhD*

BACKGROUND: Bacterial cells in the human bedy account for 1—-3%
of total body weight and are at least equal in number to human cells,
Recent research has focused on understanding how the different bacterial
communities in the body (eg, gut, respiratory, skin, and vaginal micro-
biomes) predispose to health and disease, The microbiota of the repro-
ductive tract has been inferred from the vaginal bacterial communities,
and the uterus has been classically considered a sterile cavity. However,
while the vaginal microbiota has been Investigated in depth, there is a
paucity of consistent data regarding the existence of an endometrial
microblota and its possible impact in reproductive function.

OBJECTIVE: This study sought to test the existence of an endometrial
microbiota that differs from that in the vagina, assess its hormonal regu-
lation, and analyze the impact of the endometrial microbial community on
reproductive outcome In infertile patients undergoing In vitro fertilization.
STUDY DESIGN: To identify the existence of an endometrial micro-
biota, paired samples of endometrial fluld and vaginal aspirates were
obtained simultaneously from 13 fertile women in prereceptive and
receptive phases within the same menstrual cycle (total samples analyzed
n = 52). To investigate the hormonal regulation of the endometrial
microbiota during the acquisition of endometrial receptivity, endometrial
fluid was collected at prereceptive and receptive phases within the same
cycle from 22 fertile women (n = 44). Finally, the reproductive impact of
an altered endometrial microbiota in endometrial fluid was assessed by
implantation, ongoing pregnancy, and live birth rates in 35 infertile
patients undergoing in vitro fertilization (total samples n = 41) with a
receptive endometrium diagnosed using the endometrial receptivity array,
Genomic DNA was obtained either from endometrial fluid or vaginal
aspirate and sequenced by 454 pyrosequencing of the V3—V5 region of

the 768 ribosomal RNA (rRNA) gene; the resulting sequences were
taxonomically assigned using QIIME. Data analysis was performed using R
packages. The x° test, Student ftest, and analysis of variance were used
for statistical analyses.

RESULTS: When bacterial communities from paired endometrial fluid
and vaginal aspirate samples within the same subjects were interrogated,
different bacterial communities were detected between the uterine cavity
and the vagina of some subjects. Based on its composition, the microbiota
Inthe endometrial fluid, comprising up to 191 operational taxonomic units,
was defined as a Lactobacillius-dominated microbiota (>90% Lactoba-
ciflus spp.) or a non-Lactobacilius-dominated microbiota (<90% Lacto-
bacillus spp. with >10% of other bacteria). Although the endometrial
microbiota was not hormonally regulated during the acquisition of endo-
metrial receptivity, the presence of a non-Lactobaciius-dominated
microbiota in a receptive endometrium was associated with significant
decreases inimplantation [60.7% vs 23.1% (P = .02)), pregnancy [70.6%
vs 33.3% (P = .03)}, ongoing pregnancy [58.8% vs 13.3% (P = .02)), and
live birth [58.8% vs 6.7% (P = .002)] rates.

CONCLUSION: Our results demonstrate the existence of an endo-
metrial microbiota that is highly stable during the acquisition of endo-
metrial receptivity. However, pathological modification of its profile is
associated with poor reproductive outcomes for in vitro fertilization
patients. This finding adds a novel microbiological dimension to the
reproductive process.

Key words: assisted reproductive techniques, bacterial pathogens,
embryo implantation, endometnial microbiota, endometrial receptivity
array




Endometrial microbiome
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Molecular assessment of endometrial microbiota by NGS
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Endometrial microbiota profile of infertile patients
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METHOD A: Classification and Regression Trees (CART)

Lactobacillus

>=0.9

Lactobacillus

<0.9

METHOD B: Generalized linear model (GLM)

Logistic regression:

P(LB) =

X

1+e
Inp .
where: x = T—» = —2.359 + 2.554 * (% Lactobacillus)
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

Moreno et al., 2016. Am J Obstet Gynecol




Endometrial microbiota profile of infertile patients
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Endometrial microbiota profile of infertile patients
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Low Lactobacillus in EF associates with poor reproductive IVF outcomes

- LDM NLDM
Characteristics and Outcomes (n=17) (n=15)

Age (y) 40.06+3.47 39.00+5.09 0.49
BMI (kg/m?) 24.18+5.18 22.45+4.02 0.30
Previous pregnancies (n) 1.71x2.44 1.53+2.32 0.84
Previous miscarriages (n) 1.53+2.21 1.14+1.56 0.58
Metaphase Il oocytes per cycle (n) 11.94+4.27 10.20+4.81 0.28
Fertilization rate per cycle 157/203 (77.34%) 118/153 (77.12%) 0.62
Transferred embryos per cycle (n) 1.65+0.49 1.73+0.59 0.65
Months between EF and transfer (n) 2.82+2.55 1.80+1.08 0.16
Pregnancy rate per transfer 12/17 (70.6%) 5/15 (33.3%) 0.03*
Implantation rate per transfer 17/28 (60.7%) 6/26 (23.1%) 0.02*
Ongoing pregnancy per transfer 10/17 (58.5%) 2/15 (13.3%) 0.02~*
Miscarriage rates (%) 2/10 (16.7%) 3/5 (60.0%) 0.07
Live birth rate per transfer 10/17 (58.8%) 18/15 (6.7%) 0.002~

BMI: body mass index; LDM: Lactobacillus-dominated microbiota; NLDM: non-Lactobacillus-dominated microbiota;

*Chi 2 's t- ¥ p- <0.05; §: inati :

l’grﬁ{f&**i@'{*ﬁ@% Chi Square (x? test) and Student’s t-test were performed; *p-value<0.05; §: Voluntary termination of pregnancy
FOHHEEHOn Moreno et al., 2016. Am J Obstet Gynecol



Low Lactobacillus in EF associates with poor reproductive IVF outcomes
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Prospective MICROBIOME Study

452 patients enrolled at 13 parficipant sites from 8 countries worldwide

First IRB/EC approval
Last IRB/EC approval
Sample size

FPFI

Recruitment length

May 29, 2017
March 27, 2018
434 patients
August 4, 2017
LPLI February 26, 2019
1.5 years (finished)

Study length 2.5 years
MICROBIOME
FPFI results
Aug 2017 Dec 2019
LPLI
lgenomix Feb 2019
~ foundation

B v.s. National Library of Medicine

ClinicalTrials.gov
ANALYSIS
Mar 2020
REPRODUCTIVE
outcomes

Felb 2020

Register: 03330444

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

PUBLICATION OF
RESULTS



Prospective MICROBIOME study
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Case Report

Taxonomical and Functional Assessment of the
Endometrial Microbiota in A Context of Recurrent
Reproductive Failure: A Case Report

lolanda Garcia-Grau "2, David Perez-Villaroya >, Davide Bau ?, Marta Gonzalez-Monfort 4,
Felipe Vilella !, Inmaculada Moreno "** and Carlos Simon +%36:*

! Igenomix Foundation - Instituto de Investigacion Sanitaria Hospital Clinico (INCLIVA), 46980 Valencia,
Spain; iolanda.garcia@igenomix.com (1.G.-G.); marta.gonzalez@igenomix.com (M.G.-M.);
felipe.vilella@igenomix.com (EV.)

Department of Pediatrics, Obstetrics and Gynecology, School of Medicine, University of Valencia, 46010
Valencia, Spain

Bioinformatics Department, Igenomix R&D, 46980 Valencia, Spain; david.perez@igenomix.com (D.P.-V.);
davide.bau@igenomix.com (D.B.)

Research Department, Igenomix R&D, 46980 Valencia, Spain

Department of Obstetrics and Gynecology, Baylor College of Medicine, Houston, TX 77030, USA
BIDMC, Harvard University, Boston, MA 02138, USA

Correspondence: inmaculada.moreno@igenomix.com (I.M.); carlos.simon@igenomix.com (C.S.);

Tel.: +34-963905310 (.M.); +34-963905310 (C.S.)

Garcia-Grau et al. 2019. Pathogens
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Endometrial Microbiome in Repeated Reproductive Failure
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Gardnerella vaginalis associated to recurrent reproductive failure
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ADAPTATION TO ENVIRONMENT

Recombinase (RecA); Transposase 1S3508a; HK97 family phage major
capsid protein; Site-specific recombinase phage integrase family;
Helicase UvrD/REP; Phage related protein.

Mobile elements and horizontal
qene transfer:

Putative competence-damage inducible protein (CinA); ABC-type
antimicrobial peptide transporter permease component; Glycoside
hydrolase (GH) family; Lysozyme; Penicillin-binding protein; Fic- -family
protein; M13 family pepnd:lw ATP-binding subunit of Clp protease.

Competence:

RelB toxin/antitoxin family; Antitoxin/DNA-binding transcriptional

Toxi-antitoxin systen: A
\ repressor Dinl.

VIRULENCE
Biofilm fornurtion and Glycosyltransferase (GT) type II; Sortases; LPXTG domain;
exopolysaccharide formatiom Actinobacterial surface anchored protein domain.

Type I fimbrial major subunit precursor; Pilus assembly protein (PilY1);

Epithelial adhesion: Tfp pilus.

Efflux transporter; ABC-type multidrug transport system; ABC-type

bacteriocin/lantibiotic; Multidrug resistance transporter EmrB/QacA;

Bleomycin hydrolase; SalY-tvpe ABC-antimicrobial peptide transport
system; Cadmium resistance transporter CadD family protein.

Antimicrobial resistance:

Mucin deg \mdau'nn Alpha-mannosidase; Bela-;,alao.tm:daw
Cytotoxicity and Ju muth Hemolvsm-hke protein.
Iron intake and utilisation: FTR1-family iron permease; FtsK/SpolllE family protein.

G-related albumin-binding (GA) modules; Virulence-associated E

Mher virulence factors: g ; N i
Cihversistnor factars family; Oxvgen-insensitive NAPDH nitroreductase (RdxA).
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The first glimpse of the endometrial microbiota in

early pregnancy

Inmaculsda Moreno, PhD; lolanda Garcia-Grau, BS; Davide Bau, PhD; David Perez-Villaroya, BS;
Marta Gonzalez-Monfort, BS; Felipe Vilella, PhD; Roberto Romero, MD, DMedSci: Carlos Simon, MD, PhD

he efforts of the Human Micro-

biome Project have highlighted the
importance of microorganisms and their
genomes in several human niches and
emphasized the importance in human
health and disease.” The female repro-
ductive tract contributes up to 9% of the
human microbiota,” Until recently, the
main research focus has been on the
vaginal microbiota.” However, accumu-
lating evidence suggests the existence of a
different  bacterial ecosystem in the
endometrium,” " challenging the tradi-
tional dogma of the sterility of the hu-
man uterus, "

The wvaginal microbiota has bern
investigated for years with the use of
mirebial culture, microscopy, and
culture-independent techniques, which
show that the predominant bactena
are Lactobacilli. * The endometrial cavity
has traditionally been  comsidered
stertle, and the isolation of Enterobac-
teriacese, Streptococcus,  Staphylococcus,

Investigation of the microbial community in 2 female reproductive tract with he us: of
sequencing tachniquas has revealed that endomedial samples obsained through 2 trans-
vegingl catheter sre dominated by Lactabaecidus species. Dyshiotic changes In the endometris!
microblots may be associated with implantaion falure or early spontansous aborson In pe-
senss who undergo asssted reproductive tedhinology Teatment Whether o not there & an
endometnai microbiota I gark pregrancy IS unknown, Herein we describe, the human
endomatrial microbiota in a patient who suheaquently had an 8h week spontaneous clinkal
MiSCarfiage wilh euploid embeyos in the nExt cyde and, for the first lime, Owing 2 Sucoessid
pregnancy inwhich the endometrizl fuld was sampled at 4 weeks of gestation. The microbiz
peofle found on the endometnad sampla before e sponfaneous abortion had higher bacterial
dversty and lower Lactodaciies abundanos than he endometrial fluid rom the heaithy
pregnancy. Functional metagenomics detected different Lactabar®us species between the 2
sampks. Lactobacilus orispatus was prasent In the endometrium bedore the spontaneos
aheetion, as ware other bactena nvolad in dysticais, which had an unstahle functional pattam
charactirized by Yanspesases and Insention edements. Laviodaolhs s vas the most
prevakent microbe found in the endoeelrium during early pregnancy, RS presenn: was
asenciated with dfense machenisme and basal funclions, These novel obsenvations proaipt
Anure investigations to undersiand the potential implications of micrabiciogy on healthy and
pethologe human pragnancy.

Key words: 165 rANA, endometnal microbiots, Laciobacilis oispalus, Lacinbacilus ders,
MEBIENOMIC, MICTODIOME, Pregranty, reproductivie Yact, Seipencing, spantaneous abortion

Moreno et al. 2020. Am J Obstet Gynecol 2020



Endometrial MICROBIOME in a Successful Early Pregnancy

30" January, 2017- ICSI cycle
13 fertilized embryos
10 blastocysts
6 euploid embryos vitrified

Primary infertility
1 failed IVF cycle

27" February, 2017- ET
2 frozen euploid blastocysts

15t May, 2017- pET
2 frozen euploid blastocysts
) Y 8th May, 2018- Live birth
26'" June, 2017- Curettage & POC Healthy baby boy, 3.7 Kg
46, XX (fetal origin) No obstetrical complications

Cesarean delivery (40 weeks)
I

v

B-HCG: Positive

A 4

I

|

I

|
. ! At Aucust. 2017
Spontaneous abortion I +" August, 2017
I
1
|}
I

B-HCG: Negative (8 weeks'+ 3 days) Last 1‘77941".5;‘1"!'1.3{,‘.‘;:?()5’:‘
: l | d}q
1 - 1
1 1
28" April, 2017- SAMPLE COLLECTION 4* September, 2017- SAMPLE COLLECTION
EB - ERA test EF — Endometrial microbiome
EF — Endometrial microbiome Gestational age: 4 weeks
f
PREVIOUS TO MISCARRIAGE EARLY PREGNANCY

Igenomix
Moreno et al. 2020. Am J Obstet Gynecol foundation



Endometrial MICROBIOME in a Successful Early Pregnancy

16S rRNA seq

MISCARRIAGE

PREGNANCY

Lactobacillus
Rhodanobacter
Pseudoalteromonas
Dokdonella
Dyella
Pseudomonas
Streptococcus
Cellulosimicrobium
Vibrio
Enhydrobacter
Paracoccus
Janthinobacterium
Micrococcus
Staphylococcus
Citrobacter
Proplonibacterium
Kocuria
Corynebacterium
Enterobacter
Sphingomanas
Gardnerella
Gluconacetobacter
Stenotrophomonas
Luteibacter
Prevotella
Methylobacterium
Shewanella
Others

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

MISCARRIAGE

Moreno et al. 2020. Am J Obstet Gynecol

PREGNANCY

Enhydrobacter aerosaccus
Micrococcus luteus
Pseudoalteromonas haloplanktis
Acidovorax ebreus

Citrobacter freundn
Pseudomonas mendocina

Vibno metschoikovi
Stenotrophomonas maltophilia
Streptococcus mitis oralis pneumoniae
Enterobacter cloacae

Kocuna rhizophita
Staphylococcus epidermidis
Acinetobacter johnson
Propionibacterium acnes
Lactobacillus cnspatus

Lactobacillus ners

lgenomix
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Endometrial MICROBIOME in a Successful Early Pregnancy

Positive impact of Lactobacillus in a successful pregnancy

MISCARRIAGE

PREGNANCY

COG2616: histone family protein nucieokd-structunng proten h-nsig  Acidovorax s Acdovorax_ebraus

COGI181 extra~-Cytoplasmic solde recepior tamily protenig  Acdovorax s Acdovorax_ebreus

COG1758: Promotes ANA polymerase assembd]. Jaipha subunits (By simillantyjlg Pseudoalieromonas s Pseudoalteromonas_haloplankts
ENOGA10XNMH: Hstidne knaselg  Vibrio s Vibno_metschnikove

ENOGA10XNMH: Histane knaselg  Pseudomonas s Pseudomonas_mandocing

COGOTTE: Thes protein i one of the two|  Jional control (By similarty)ig  Pseudomonas s Pseudomonas_mendocing
COGO0SS1. hydrolaselg  Lactobacilius s __Lactobaciius_cnspalus

COG2328: Antibiotic biosynihesis monooxypenaselg  Micrococous s MICoCocous uleus

COG1132 (ABC) vansporter'g _Lactobacilius & Laciobsciius cnspatus

ENOG410XRSA: insertion slement IS1121 transposasely  Microooocus s Miorooocous kateus

COGO361: however, I seema 1o stmulatsl | | IF-2 and IF-3 (By smilarey)lg Laciohaolius s Laciobacilus_orspatus
COG0640 Transcriptonal reguistor, arst familylg  Micrococcus s Micrococcus uteus

COGIE4 wansposasely Psewdomonas s Fseadomonas_mendocing

COG3547 Transposaselg  Lactobacilus s Lactobaciius_orispatus

ENOG410Z4T8 . Exopolysacchante production prolein YRElQ Emercbaciers Emerbacier cloacae

COGO760: papticyl-prolyl os-trans isomeraselg  Pssudoaieromonas s Pseudoalieromonas_haloplanktis
COG2826 transposasely  Lactobacilius s Lactobsciilus orapatus

COG0582 Imegraselg _Lactobaclius s__Lactobacilius_ners

ENOG410XUCS: Transcriptional regulaiong  Lactobacilius s Lackobacilius iners

COG0148: Catalyzes the reversitla convel. jvia ghycolysss (By siméanty)ig__Lactobaciius s Laciobaclius_iners
COG0056: Produces ATP from ADF n e pl. iatory subunit (By similarity)ig  Laciobacilus s Laciobacills ners
ENOG410XQYQ: YoeC-iks proteiniy _ Lactobacillus s Lactooacillus_ners

COGO217 vansorptional reguiatory proteinig  Lactobacilius s Lactobaclius_ ners

COGO0S0- Ths protein promatss the GTP-{._n biosynthesis (By similantyjig _Lactobaciue s__LactobacBus_iners
COGA4574: She-speciic tyrogine recombi| Jty of plaseids (By similarity)lg  Laciobaciius s Lactobaciilus iners
COG1132: (ABC) ransporterlg _ Lactobacilus 8 Laciobsclius_iners

COG0480: Catadyzes the GTP-depondont 1 Jn the ribosome (By smilarty)lg _ Lactobacilius s Lactobacilius_ners
COGO0SS Produces ATP from ADP n e pl. | beta subunts (By smilarity)lg  Lactobacius 3 Laciobaclius_ners
COG1077 Rod shape-determining protein, MraBlg  Lactobacilus s Lactobaciius_iners

COGD0SS DNA-dependent RNA polymerase of | as substrates (By smilarty)lg  Lactiobaclius s Lactobaclius ners
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CONCLUSIONS

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

Higher reproductive success

D

"

Pathogenic bacteria Dysbiotic bacteria Optimal microbiome
These bacteria cause Microbial A balanced microbiome
infection, which is linked imbalance is linked improves the reproductive
to implantation failure to embryo prognosis, resulting in

and recurrent miscarriage implantation failure increased chance of

pregnancy and live births
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Virus and bacteria:
a wider view of the microbiome



Human as a holobiont

Visible Organs Invisible Microbiome Complete Human
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» ~107* cells » ~107* million microbes  Normal functioning body
> ~ 23000 genes P ~ 9 million genes
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Human as a holobiont

Visible Organs Invisible Microbiome Complete Human _
(R B Bacteriome (10'3-10'4)

Mycobiome (10!2-10%3)

- W

> 107 cells > ~10" million microbes  Normal functioning body Virome (104-10%)
> ~ 23000 genes » ~ 9 milkion genes
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Risks of viral infections in human reproduction

HHVé6: 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

SPONTANEOUS ABORTION
or
FETAL DEATH

. 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,
Igenomlx Hellberg and Nilsson. Fertil Steril. 2007; Althaqgafi 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.
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Interplay between bacterial and viral components of the microbiome

enomix:
foundation

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 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
Prevoftella spp.

Afopobium vaginae
Megasphaera spp.

Sneathia spp.

Velllonella montpellierensis
Mycoplasma spp.

Parvimonas spp.

Gemella asaccharolytica
Eggerthella spp. types 1 and 2
Group B Streptococcus

Low Lactobacillus abundance
Bacterial vaginosis clinical signs
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High-risk Human Papillomavirus (HR-HPV)

Human Immunodeficiency Virus (HIV)

Herpex Simplex Virus (HSV) 2

Torcia. Int J Mol Sci. 2019.
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Studying the reproductive tract virome
HIV HBV

SARS-CoV-2

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.

HCV
ZIKV

CMV

HHVé

HSV

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



Future perspective

=
EMMA +  REPRODUCTIVE VIROME

Endometrial Microbiome
Metagenomic Analysis

by igenomix' 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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