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Abstract
Purpose: To	evaluate	the	impact	of	Endometrial	Microbiome	Metagenomic	Analysis	
and	Analysis	of	Infectious	Chronic	Endometritis	(EMMA	&	ALICE)	on	pregnancy	out-
comes	 following	 recommended	 treatments	 in	 women	 with	 recurrent	 implantation	
failure	(RIF)	or	recurrent	pregnancy	loss	(RPL).
Methods: This	 prospective,	 multicenter	 cohort	 study	 included	 527	 women	 under	
42 years	 old	with	RIF	or	RPL	 across	14	 IVF	 centers	 in	 Japan.	 Endometrial	 samples	
were	analyzed	using	EMMA	&	ALICE,	and	patients	received	antibiotics,	probiotics,	or	
no	treatment	based	on	test	results.	Pregnancy	outcomes	were	assessed	using	Kaplan–
Meier	survival	analysis	and	multivariate	generalized	linear	models.
Results: Amongst	participants,	43.4%	had	a	normal	Lactobacillus-	dominated	micro-
biota,	20.9%	had	dysbiosis,	and	35.7%	had	mild	dysbiosis	or	ultralow	biomass.	Kaplan–
Meier	analysis	revealed	significantly	higher	ongoing	pregnancy	rates	in	the	dysbiosis	
group	treated	with	antibiotics	and	probiotics	compared	to	other	groups	 (p = 0.031).	
Post-	treatment,	ongoing	pregnancy	rates	in	the	dysbiosis	and	mild	dysbiosis	groups	
were	comparable	to	the	normal	group.
Conclusions: EMMA	&	ALICE-	guided	antimicrobial	and	probiotic	treatments	improved	
pregnancy	outcomes,	enabling	the	dysbiosis	group	to	achieve	pregnancy	earlier	than	
the	normal	group.	Addressing	uterine	dysbiosis	may	reduce	the	time	to	pregnancy	in	
patients	with	RIF	and	RPL.
Trial registration: University	 Hospital	 Medical	 Information	 Network	 (UMIN),	
UMIN000036917.

K E Y W O R D S
dysbiosis,	endometrial	microbiome,	next-	generation	sequencing	(NGS),	recurrent	implantation	
failure	(RIF),	recurrent	pregnancy	loss	(RPL)
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1  |  INTRODUC TION

The	Human	Microbiome	Project	has	unveiled	that	 less	than	9%	of	
the	 total	 human	 microbiome	 resides	 in	 the	 female	 reproductive	
tract.1,2	Historically,	the	uterine	cavity	has	been	considered	sterile.	
However,	research	has	shown	that	the	endometrial	microbiota,	al-
though	comprising	fewer	bacteria	(102–104)	compared	to	the	vaginal	
microbiota,3	 can	 significantly	 impact	 implantation	 and	 pregnancy	
continuation	even	 in	 low	numbers	of	bacteria.4,5	The	endometrial	
microbiota	 potentially	modulates	 essential	 endometrial	 functions,	
with	reports	indicating	that	a	healthy	uterine	microbiota	may	pos-
itively	affect	the	immune	cell	subsets	needed	for	implantation	and	
protects	against	uterine	infections	by	defending	its	niche	and	com-
peting	with	pathogens.6

Advances	 in	 next-	generation	 sequencing	 (NGS)	 technologies	
have	facilitated	the	analysis	of	the	endometrial	microbiome	through	
16S	ribosomal	RNA	(rRNA)	sequencing,	allowing	for	the	detection	of	
both	culturable	and	non-	culturable	bacterial	genera	in	the	endome-
trial	 environment.7,8 Lactobacillus	 species,	 renowned	 for	 their	 ben-
eficial	 effects	 in	 the	vaginal	microbiota,9	 also	play	 a	 crucial	 role	 in	
the	endometrial	environment	by	promoting	conditions	conducive	to	
embryo	implantation	and	pregnancy.5,10,11	A	Lactobacillus-	dominated	
microbiota	(LDM)	can	inhibit	pathogenic	bacterial	colonization	in	the	
uterine	cavity,	ensuring	an	optimal	environment	for	implantation	and	
pregnancy.11,12

Despite	 this	 understanding,	 the	 impact	 of	 therapeutic	 inter-
ventions,	such	as	antimicrobials	to	treat	dysbiosis	and	shift	the	en-
dometrial	environment	 towards	an	LDM,	on	pregnancy	outcomes	
remains	 largely	 unknown.	 Our	 previous	 research	 suggested	 that	
the	Endometrial	Microbiome	Metagenomic	Analysis	&	Analysis	of	
Infectious	Chronic	Endometritis	(EMMA	&	ALICE)	should	be	consid-
ered	for	patients	with	recurrent	implantation	failure	(RIF),	showing	
improved	pregnancy	rates	following	post-	test	embryo	transfer	(ET)	
when	 the	 appropriate	 therapeutic	 interventions	 based	on	EMMA	
&	ALICE	were	 administered.13	However,	 due	 to	 the	 small	 sample	
size,	 our	 previous	 analysis	 did	 not	 differentiate	 clinical	 outcomes	
between	the	normal	group,	which	required	no	post-	test	therapeutic	
intervention,	and	the	abnormal	group,	which	received	antimicrobial	
treatment	followed	by	probiotics	administration.13

Therefore,	this	study	aims	to	increase	the	sample	size	of	patients	
undergoing	EMMA	&	ALICE	in	a	large	multicenter	setting	and	to	con-
duct	a	subgroup	analysis.	Additionally,	the	observation	period	to	ac-
count	for	the	effect	of	EMMA	&	ALICE	has	been	extended	to	include	
a	long-	term	evaluation	of	cumulative	pregnancy	rates.

2  |  METHODS

2.1  |  Study design, participants, and criteria

This	 prospective	 multicenter	 cohort	 study	 was	 conducted	 be-
tween	July	2019	and	August	2021	at	14	facilities	affiliated	with	the	
Japanese	 Society	 for	 Assisted	 Reproductive	 Technology	 (JISART),	

targeting	patients	scheduled	for	ET	as	part	of	assisted	reproductive	
technology	(ART)	protocols.

The	inclusion	criteria	for	the	study	were	as	follows:	patients	who	
were	ART-	treated	 infertile	patients	with	more	than	three	ETs	with	
no	implantation	or	more	than	two	miscarriages,	and	who	had	tested	
negative	for	HIV,	HBV,	HCV,	RPR,	Chlamydia trachomatis,	and	gonor-
rhea.	The	following	criteria	were	used	to	exclude	patients	from	the	
study:	patients	with	untreated	intrauterine	lesions,	including	endo-
metrial	polyps,	submucosal	uterine	myoma,	Asherman's	syndrome,	
or	 cesarean	section	 scarring	 syndrome.	Additionally,	patients	with	
untreated	hydrosalpinx,	uncontrolled	metabolic	or	medical	compli-
cations,	chromosomal	abnormalities,	or	allergies	to	multiple	antibi-
otics	were	excluded	from	the	study.	Furthermore,	participants	who	
had	used	antibiotics	within	the	3 months	prior	 to	sampling	or	who	
took	non-	recommended	antibiotics	between	sampling	and	ET	were	
also	excluded,	along	with	those	having	conditions	that	could	affect	
study	compliance.

2.2  |  Procedures

2.2.1  |  Sample	collection

Endometrial	biopsies	(EBs)	were	performed	during	the	luteal	phase.	For	
patients	with	a	regular	menstrual	cycle,	EBs	were	collected	between	
days	15	and	25.	For	those	on	hormone	replacement	therapy	cycles,	
EBs	were	collected	between	days	5	and	7	post-	progestin	administra-
tion.	To	mitigate	bacterial	contamination,	the	vagina	was	thoroughly	
washed	with	saline	solution,	and	cervical	discharge	was	absorbed	with	
a	dry	cotton	pad.	EBs	were	collected	using	a	sterile	double-	lumen	cath-
eter	(Fuji	Medical,	Tokyo,	Japan)	and	involved	circumferential	vacuum	
aspiration	 of	 the	 endometrial	 tissue.	 Samples	 were	 then	 decanted	
into	 sterile	 tubes	 (Cryotube,	 Biosigma	 S.p.A.,	 Italy)	 containing	 RNA	
later	solution	 (Sigma–Aldrich	Co.	LLC,	MI),	vigorously	shaken	for	ap-
proximately	4 S,	stored	at	4°C	for	4–72 h,	and	subsequently	shipped	to	
Igenomix	headquarters	(Valencia,	Spain)	at	room	temperature.

2.2.2  |  Analysis	of	the	endometrial	microbiota

The	 endometrial	 microbiota	 was	 analyzed	 using	 microbial	 16S	
rRNA	gene	sequencing,	 as	previously	described	by	Moreno	et	al.8 
The	 protocol	 followed	 for	 the	 EMMA	&	ALICE	 tests	was	 the	 one	
devised	 by	 Igenomix®	 (https://	www.	igeno	mix.	com/	genet	ic-		solut	
ions/	emma-		clini	cs/	).	EMMA	&	ALICE	detect	and	quantify	bacterial	
DNA,	 determining	 if	 the	 uterine	microbial	 environment	 is	 optimal	
for	pregnancy.	DNA	was	extracted	using	a	QIAamp	cador	Pathogen	
Mini	Kit	 (Qiagen	Inc.,	Venlo,	The	Netherlands)	and	quantified	with	
Nanodrop.	 High-	throughput	 sequencing	was	 performed	 using	 the	
Ion	Chef	Instrument:	Model	4247	and	Ion	Torrent	S5	XL	Sequencer:	
Model	7728	(Thermo	Fisher	Scientific,	Valencia,	Spain).	The	test	re-
ports	 recommended	personalized	 treatments	based	on	 the	 identi-
fied	microbial	composition	in	each	sample.

https://www.igenomix.com/genetic-solutions/emma-clinics/
https://www.igenomix.com/genetic-solutions/emma-clinics/
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The	classification	of	EMMA	&	ALICE	 results	 is	as	 follows	 (1):	
“normal”,	indicating	a	LDM	where	Lactobacillus	accounts	for	over	
90%	of	all	bacteria	present	in	the	sample,	with	no	pathogenic	bacte-
ria	were	detected,	(2)	“abnormal”,	indicating	an	endometrium	dom-
inated	 by	 non–Lactobacillus	 genera	 whose	 abundances	 account	
for	more	than	10%	of	the	total	bacterial	composition.	Abnormal	in	
EMMA	also	includes	the	ALICE	result,	which	is	positive	in	ALICE	if	
more	than	10%	of	the	CE-	causing	bacteria	are	detected,	otherwise	
the	result	is	negative	in	ALICE.	(3)	“mild	dysbiosis”,	indicating	that	
the	endometrium	 is	not	Lactobacillus–dominated	and	pathogenic	
bacteria	are	not	present	 in	significant	amounts,	and	(4)	“ultralow	
biomass”,	 indicating	 insignificant	 amounts	of	 bacteria,	 an	 almost	
sterile	endometrium.

2.2.3  |  Intervention	protocol

In	cases	where	a	normal	result	was	obtained,	patients	continued	to	
their	ET	cycles	without	any	additional	treatments	(Figure 1).	In	cases	
identified	as	“abnormal,”	a	state	of	“dysbiosis”	 in	the	endometrium	
was	diagnosed	and	antibiotic	treatment	followed	by	treatment	with	
probiotics	was	recommended	(Figure 1).	The	selection	of	antibiotics	
was	tailored	according	to	the	pathogens	detected	and	the	individual	
clinical	 profile	 of	 each	 patient	 (e.g.,	 possible	 existing	 antibiotic	 al-
lergies).	Probiotic	treatment	involved	vaginal	suppositories	(Invag®,	
Biomed	 Krakow,	 Poland	 or	 Lactoflora®,	 Sante	 laboratory,	 Osaka,	
Japan)	 containing	 Lactobacillus	 strains	 available	 in	 Asia.	 A	 second	
sample	 was	 analyzed	 post-	treatment	 before	 proceeding	 with	 the	
ET	(Figure 1).	For	patients	with	results	indicating	“mild	dysbiosis”,	or	
“ultralow	biomass,”	vaginal	probiotic	 therapy	was	administered	for	
7–10 days	starting	on	the	pre-	ET	cycle	when	menstrual	bleeding	was	
minimal	(Figure 1).

2.2.4  |  Definition	of	outcomes

Clinical	pregnancy	was	defined	by	the	presence	of	gestational	sacs	
via	ultrasound	by	the	6th	week	of	gestation.	Ongoing	pregnancy	was	
confirmed	by	the	detection	of	fetal	heartbeat	by	the	12th	week	of	
gestation.	Early	miscarriage	was	defined	as	pregnancy	loss	occurring	
before	the	12th	week	of	gestation.

2.2.5  |  Outcome	measurements	and	statistical	
analysis

The	primary	outcome	measure	was	a	comparison	of	cumulative	ET	
outcomes	to	achieve	an	ongoing	pregnancy	between	three	groups:	
the	 normal	 group,	 the	 abnormal	 group	 requiring	 antimicrobial	 fol-
lowed	by	probiotic	treatment,	and	the	mild	dysbiosis	+	ultralow	bio-
mass	group	that	received	standalone	probiotic	treatment.	Secondary	
outcomes	 included	 the	 incidence	 of	 endometrial	 microbiome	 ab-
normalities	 in	patients	with	RIF	or	 recurrent	pregnancy	 loss	 (RPL),	
cumulative	clinical	pregnancy	rates,	early	miscarriage	rates	and	ad-
verse	events	related	to	EMMA	&	ALICE	testing	or	its	recommended	
treatments.	 Data	 were	 presented	 as	 means	±	 standard	 deviation	
(SD).	A	comparison	of	the	groups	was	conducted	using	ANOVA,	with	
Kruskal-	Wallis,	and	Fisher's	exact	tests	applied	as	necessary.	In	ad-
dition,	multivariate	generalized	linear	models	were	used	to	analyze	
factors	affecting	ongoing	pregnancy.	For	time-	to-	event	analysis,	the	
follow-	up	time	started	on	the	date	of	the	final	EMMA	&	ALICE	re-
port.	The	follow-	up	period	ended	when	each	woman's	target	event	
or	interruption	of	fertility	treatment	was	recorded.	The	target	event	
was	 defined	 as	 the	 date	 of	 confirmed	 ongoing	 pregnancy	 and	 re-
ferral	 to	 obstetrics.	 The	 Kaplan–Meier	 (KM)	 survival	 analysis	 was	
used	to	compare	time	to	pregnancy	between	the	three	groups,	and	

F I G U R E  1 The	results	of	EMMA	&	ALICE	and	the	flow	chart	of	post-	testing.	Participant	centers	should	treat	the	patients	following	the	
descriptions	specified	in	EMMA	&ALICE	reports.	Patients	with	“Normal”	result,	which	indicate	the	patients	with	endometrial	microbiome	
dominated	by	genus	Lactobacillus,	will	continue	their	ART	treatments	according	to	the	standard	protocol	of	the	clinic.	The	patients	have	
EMMA	&	ALICE	reports	with	“Mild	dysbiosis”	and	“Ultralow	biomass”	results	had	received	probiotic	treatment	to	their	vagina.	The	patients	
with	Abnormal	results,	antibiotic	treatments,	probiotic	treatments,	re-	analysis,	and	embryo	transfer	after	re-	analysis.
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the	 log-	rank	 test	was	 used	 to	 test	 the	 differences.	 In	 addition,	 as	
a	subgroup	analysis	for	the	five-	group	classification	of	the	original	
EMMA&ALICE	results,	KM	survival	curves	were	also	evaluated	with	
regard	to	ongoing	pregnancies.

Statistical	 analyses	 were	 conducted	 using	 R	 software	 version	
4.0.2.	A	p-	value	<0.05	was	considered	as	statistically	significant.

3  |  RESULTS

This	study	included	a	total	of	527	patients.	The	mean	age	of	study	
participants	was	37.7 ± 4.4 years,	median	duration	of	infertility	was	
33 months,	and	the	median	number	of	previous	ETs	was	3.

Out	of	 all	 participants,	 229	 (43.4%)	were	 classified	 in	 the	nor-
mal	group,	exhibiting	an	LDM.	The	abnormal	group	included	110	pa-
tients	(20.9%),	characterized	by	a	predominance	of	non-	Lactobacillus 
genera.	The	mild	dysbiosis	+	ultralow	biomass	group	included	188	
patients	(35.7%).	Patient	clinical	variables	for	each	result	were	com-
pared,	but	there	were	no	significant	differences	in	the	clinical	vari-
ables	assessed	(Table 1).

The	 pathogenic	 bacteria	 detected	 in	 the	 abnormal	 group	 are	
shown	in	Figure 2. Gardnerella	was	the	most	abundant	bacterium	de-
tected,	found	in	41.2 ± 19.3%	of	patients	(n = 69).	Following	Gardnerella,	
Streptococcus	 was	 detected	 in	 33.8 ± 26.4%	 of	 patients	 (n = 19),	 and	
Atopobium	was	the	third	most	common	bacterium	detected,	found	in	
28.0 ± 23.0%	of	patients	(n = 47).	The	specific	antimicrobial	treatments	
administered	against	these	bacteria	are	detailed	in	Table 2.	After	one	
course	of	antimicrobial	treatment,	77	(70%)	out	of	110	patients	in	ab-
normal	group	were	confirmed	to	have	eliminated	the	pathogens	upon	
re-	examination	with	EMMA	&	ALICE.	Subsequent	courses	of	antimi-
crobial	treatment	further	improved	the	dysbiotic	profile	for	all	patients.	
No	cases	required	doxycycline	or	ciprofloxacin,	which	have	been	re-
ported	as	standard	treatment	for	chronic	endometritis	(CE).14,15

The	efficacy	of	the	treatments	based	on	EMMA	&	ALICE	results	
were	evaluated	 through	 subsequent	post-	test	ETs.	The	pregnancy	

outcome	following	ET	is	the	result	of	frozen	ET	in	all	cases	except	
three	 fresh	 ET	 cases.	 A	 comparison	 of	 the	 transferred	 embryos	
amongst	the	three	groups	revealed	no	significant	differences	in	the	
stage	 of	 the	 embryos	 (blastocyst	 vs.	 cleavage).	 Furthermore,	 the	
presence	or	absence	of	preimplantation	genetic	testing	did	not	dif-
fer	significantly	amongst	the	groups	(Table 1).	Pregnancy	outcomes	
after	 the	 interventions	 based	 on	 the	 EMMA	&	ALICE	 reports	 are	
shown	in	Table 3	for	the	three	study	groups.	The	clinical	pregnancy,	
ongoing	pregnancy	and	miscarriage	rates	were	not	significantly	dif-
ferent	between	three	groups.

A	KM	survival	analysis	was	conducted	to	assess	the	impact	of	post-		
EMMA	&	ALICE	interventions	on	pregnancy	outcomes.	The	results	in-
dicated	that	the	abnormal	group,	who	required	EMMA	&	ALICE	based	
antimicrobial	treatment,	achieved	pregnancy	significantly	earlier	than	
the	other	two	groups	at	6 months'	time	(p = 0.011).	This	trend	persisted	
until	the	12-	month	mark	(p = 0.049)	(Figure 3).	The	results	of	the	sub-
group	analysis	in	the	five	groups	showed	that	the	“abnormal	in	EMMA/
negative	in	ALICE”	group	achieved	significantly	earlier	pregnancies	at	
6 months	(p = 0.02)	compared	to	the	other	groups.	This	trend	was	not	
observed	in	the	“abnormal	in	EMMA/positive	in	ALICE”	group.	No	sig-
nificant	differences	were	found	between	the	mild	and	ultralow	groups	
(Figure 4).	Tables S1	show	the	results	of	patient	background	and	cumu-
lative	pregnancy	outcomes	for	the	five	groups.

A	multivariate	analysis	using	a	generalized	linear	model	was	con-
ducted	with	 the	 primary	 outcome	of	 the	 trial,	 ongoing	 pregnancy,	
as	the	endpoint.	The	relative	risk	for	cumulative	ongoing	pregnancy	
compared	with	 the	 normal	 group,	 in	 which	 no	 post-	test	 interven-
tions	were	required,	was	0.988	(95%	CI	0.78–1.25,	p = 0.921)	for	the	
abnormal	group	and	0.961(95%	CI	0.79–1.17,	p = 0.694)	for	the	mild	
dysbiosis	+	ultralow	biomass	group.	Maternal	age	was	the	only	factor	
that	significantly	impacted	ongoing	pregnancy	rates	(Table 4).

Although	multivariate	analysis	revealed	no	significant	difference	in	
cumulative	ongoing	pregnancy	rates	between	EMMA	&	ALICE	results,	
age	was	identified	as	a	significant	moderating	factor.	Consequently,	the	
impact	of	age	was	subjected	to	further	investigation.	After	stratifying	

TA B L E  1 Comparison	of	patient	clinical	variables	according	to	EMMA	&	ALICE	outcome	groups.

Normal Abnormal Mild + ultralow p value

Number	of	patients	(n) 229 110 188

Age	(y)	mean ± SD 37.30 ± 4.69 37.65 ± 4.00 38.26 ± 4.12 0.080

Duration	of	infertility	(m)	mean	[IQR] 31.50
[18.00,	57.25]

36.00
[16.00,	62.00]

32.50
[18.00,	53.00]

0.527

History	of	delivery	(n)	mean	[IQR] 0.00
[0.00,	0.00]

0.00
[0.00,	0.00]

0.00
[0.00,	0.00]

0.116

Mean	number	of	previous	ET	cycles	mean	[IQR] 3.00
[2.00,	4.00]

3.00
[2.00,	5.00]

3.00[2.00,	4.25] 0.788

Stage	of	embryo,	%	(n)	Cleavage-	stage
Blastocyst

41.5
(131)

38.8
(57)

37.6
(97)

0.633

58.5
(185)

61.2
(90)

62.4
(161)

PGT-	A,	%	(n) 8.7	(20) 10.9	(12) 10.1	(19) 0.793

Abbreviations:	IQR,	Interquartile	Range;	PGT,	Preimplantation	Genetic	Testing.
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the	KM	curve	data	by	age,	the	analysis	showed	that	interventions	in	
individuals	aged	35 years	and	younger	resulted	in	pregnancy	outcomes	
comparable	to	those	observed	in	the	normal	group.	However,	in	partic-
ipants	aged	36 years	and	older,	those	in	the	abnormal	group	achieved	
pregnancy	significantly	earlier	 than	 their	counterparts	 in	 the	normal	
and	mild	dysbiosis	+	ultra-	low	biomass	groups.	(Figure 5).

Regarding	adverse	events	observed	in	the	study,	no	patient	de-
veloped	serious	complications	such	as	uterine	perforation.	In	terms	
of	adverse	reactions	due	to	therapeutic	interventions,	four	patients	

experienced	 rashes	 due	 to	 amoxicillin-	clavulanic	 acid,	 which	 im-
proved	after	7 days	of	treatment	with	an	anti-	allergic	drug	(fexofen-
adine	hydrochloride).	No	serious	complications	such	as	anaphylactic	
shock	due	to	antibiotic	administration	were	observed.

4  |  DISCUSSION

Previous	studies	have	indicated	that	non-	Lactobacillus-	dominated	
microbiotas	 (non-	LDMs)	 are	 associated	 with	 lower	 pregnancy	
rates	 and	 that	 dysbiosis	 negatively	 affects	 pregnancy	 out-
comes.10,16	However,	evidence	on	whether	therapeutic	 interven-
tions	for	dysbiosis	can	improve	pregnancy	rates	has	been	limited.	
This	study	is	the	first	to	demonstrate	that	appropriate	therapeutic	
interventions	based	on	the	EMMA	&	ALICE	report	for	patients	in	
the	 abnormal	 group	 can	 result	 in	 ongoing	 pregnancy	 rates	 that	
are	 comparable	 to	 those	of	 the	normal	patient	 group,	which	did	
not	 require	 treatment.	 A	 previous	 report	 showed	 significantly	
higher	 implantation	and	ongoing	pregnancy	rates	 in	RIF	patients	
who	 underwent	 EMMA	 &	 ALICE	 compared	 to	 those	 who	 did	
not.13	However,	that	study	did	not	compare	pregnancy	outcomes	
between	 the	 treatment-	free	 normal	 group	 and	 the	 treatment-	
requiring	abnormal	group,	leaving	it	unclear	whether	therapeutic	
intervention	improved	pregnancy	rates.

By	increasing	the	sample	size	and	directly	comparing	pregnancy	
outcomes	between	the	normal	and	abnormal	groups,	this	study	pro-
vides	 robust	evidence	supporting	 the	clinical	utility	of	microbiota-	
targeted	interventions.	Patients	with	dysbiosis	who	underwent	the	
recommended	therapeutic	interventions	were	able	to	achieve	ongo-
ing	pregnancies	at	an	earlier	point	in	time	than	those	in	the	control	
group.	These	findings	indicate	that	the	early	identification	and	treat-
ment	 of	 dysbiosis	 can	 significantly	 reduce	 the	 time	 to	 pregnancy,	
emphasizing	the	 importance	of	 incorporating	endometrial	microbi-
ota	testing	into	the	clinical	management	of	infertility.

F I G U R E  2 Pathogens	detected	in	the	abnormal	group.	The	most	prevalent	bacteria	identified	in	patients	with	abnormal	results,	excluding	
Lactobacillus,	accounted	for	over	10%	of	cases.	The	results	are	presented	in	a	box-	and-	whisker	plot,	which	illustrates	the	mean	and	standard	
deviation	of	the	percentage	of	bacteria	detected.

TA B L E  2 Recommended	antibiotic	treatments	for	patients	with	
abnormal	results	in	EMMA	&	ALICE.

Recommended first- line antibiotic treatments for patients with 
abnormal results (n = 110)

Amoxicillin/clavulanic	acid	(500 mg–125 mg	every	8 h	
for	8 days)

62	(56.4%)

Metronidazole	(500 mg	twice	a	day	for	7 days) 45	(40.9%)

Clindamycin	(300 mg	twice	a	day	for	7 days) 1	(0.9%)

None 2	(1.8%)

Recommended	second-	line	antibiotic	treatments	for	patients	with	
abnormal	results	(n = 33)

Clindamycin	(300 mg	twice	a	day	for	7 days) 21	(63.6%)

Amoxicillin/Clavulanic	acid	(500 mg–125 mg	every	8 h	
for	8 days)

5	(15.2%)

Metronidazole	(500 mg	twice	a	day	for	7 days) 6	(18.2%)

Azithromycin	(1000 mg,	only	one	dose) 1	(3.0%)

Recommended	third-	line	antibiotic	treatments	for	patients	with	
abnormal	results	(n = 12)

Metronidazole	(500 mg	twice	a	day	for	7 days) 5	(41.7%)

Clindamycin	(300 mg	twice	a	day	for	7 days) 4	(33.3%)

Amoxicillin/Clavulanic	acid	(500 mg–125 mg	every	8 h	
for	8 days)

2	(16.7%)

Clarithromycin	(200 mg	twice	a	day	for	7 days) 1	(8.3%)
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Furthermore,	Mitter	 et	 al.17	 reported	 that	 antibiotic	 treatment	
following	 diagnostic	 endometrial	 biopsy	 significantly	 shortened	
the	 time	 to	 live	birth	 in	women	with	CE	experiencing	RIF	or	RPL.	
However,	 the	 study	 did	 not	 differentiate	 between	 specific	micro-
biota	profiles,	 such	 as	 those	detected	by	EMMA	&	ALICE.	A	 sub-
group	analysis	revealed	that	the	efficiency	of	antimicrobial	therapy	
differs	based	on	the	microbiota	profile.	 In	particular,	patients	who	
were	classified	as	“Abnormal	in	EMMA/Positive	in	ALICE”	may	have	
CE,	which	 could	 result	 in	persistently	 lower	pregnancy	 rates	even	
after	antimicrobial	treatment	has	eliminated	pathogenic	bacteria.	In	
contrast,	 the	 group	 classified	 as	 “Abnormal	 in	 EMMA/Negative	 in	
ALICE”	demonstrated	a	more	favorable	response	to	antimicrobial	in-
terventions,	resulting	in	improved	pregnancy	outcomes.	These	find-
ings	indicate	that	CE,	particularly	when	accompanied	by	dysbiosis,	is	
characterized	by	distinct	pathological	mechanisms	that	may	require	
the	application	of	tailored	treatment	strategies.

Consistent	with	previous	studies,	disruptions	in	the	endometrial	
microbiota	are	associated	with	compromised	immune	function,	re-
duced	 implantation	rates,	and	 increased	miscarriage	rates.18	While	

both	dysbiosis	and	CE	have	been	shown	to	impair	reproductive	out-
comes,	their	coexistence	may	result	 in	a	more	pronounced	impact,	
emphasizing	 the	 importance	 of	 distinguishing	 between	 these	 pa-
thologies.	Furthermore,	our	findings	suggest	that	dysbiosis	without	
active	CE	may	be	more	 responsive	 to	correction	 through	targeted	
antimicrobial	or	probiotic	therapies.

The	 use	 of	 NGS-	based	 precision	 diagnostics	 offers	 a	 notable	
advantage	in	this	context.	It	allows	for	the	identification	of	specific	
pathogenic	bacteria	while	simultaneously	preserving	beneficial	spe-
cies	like	Lactobacillus.	In	this	study,	targeted	antimicrobial	therapies	
based	on	EMMA	&	ALICE	reports	achieved	a	70%	pathogen	elimina-
tion	rate	within	one	week,	which	is	markedly	higher	than	the	rates	re-
ported	with	conventional	CE	treatments.19	This	approach	minimizes	
the	 risks	associated	with	broad-	spectrum	antibiotics,	 including	 the	
development	of	antibiotic	resistance	and	the	depletion	of	essential	
microbiota	components	that	are	necessary	for	endometrial	health.

Multivariate	analysis	identified	age	as	the	only	significant	factor	
influencing	cumulative	ongoing	pregnancy	rates.	KM	curve	analysis	
validated	 by	 age	 group	 revealed	 that	 pregnancy	 outcomes	 in	 the	

F I G U R E  3 Kaplan–Meier	survival	analysis	of	time	to	ongoing	pregnancy	for	each	treatment	intervention.	The	figure	below	demonstrates	
the	cumulative	pregnancy	rates	over	time	(in	months)	following	EMMA	&	ALICE	testing	across	three	groups.	Normal:	Patients	with	normal	
endometrial	microbiota	(green).	Mild	dysbiosis + Ultralow	biomass:	Patients	with	mild	dysbiosis	or	ultralow	microbiota	biomass	(blue).	
Abnormal:	Patients	with	significant	dysbiosis	requiring	therapeutic	intervention	(orange).

TA B L E  3 Cumulative	pregnancy	outcomes	per	embryo	transfer	after	administration	of	the	recommended	treatments	in	EMMA	&	ALICE	
reports.

Normal Abnormal Mild dysbiosis+ultralow biomass p value

Rate	of	positive	hCG	%	(n) 62.9
(144/229)

68.2
(75/110)

63.8
(120/188)

0.641

Clinical	pregnancy	rate	%	(n) 55.0
(126/229)

53.6	(59/110) 57.4
(108/188)

0.794

Ongoing	pregnancy	rate	%	(n) 47.6
(109/229)

48.2	(53/110) 49.5
(93/188)

0.935

Miscarriage	rate	%	(n) 13.5
(17/126)

10.2
(6/59)

13.9
(15/108)

0.831
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normal	group	and	the	treated	abnormal	group	were	comparable	in	
women	under	35 years	old.	However,	as	age	increased,	the	treated	
abnormal	group	showed	better	pregnancy	outcomes	compared	to	
the	normal	 group.	This	 finding	 suggests	 that	 age-	related	 changes	
in	systemic	microflora,	 including	the	gut,20,21	may	make	EMMA	&	
ALICE	more	 critical	 for	 identifying	 the	 causes	 of	 RIF	 and	 RPL	 in	
older	women.

Subgroup	analysis	further	emphasized	the	clinical	significance	of	
specific	pathogens	associated	with	dysbiosis,	including	Gardnerella,	

Atopobium	and	Streptococcus.	These	bacteria,	which	are	commonly	
identified	in	dysbiotic	endometria,	are	well-	known	causative	agents	
of	CE.22,23	In	this	study,	they	were	effectively	targeted	using	antibi-
otic	regimens	tailored	to	NGS	findings.	Our	findings	confirm	the	pre-
viously	established	correlation	between	dysbiosis	and	CE.	However,	
our	results	also	demonstrate	that	there	are	instances	where	dysbi-
osis	is	present	without	CE,13	and	vice	versa.	This	indicates	that	the	
early	 diagnosis	 and	 intervention	of	 dysbiosis	may	 address	 a	more	
extensive	 range	 of	 infertility-	related	 issues	 than	 treatments	 that	
solely	target	CE.

Overall,	this	study	provides	robust	evidence	that	EMMA	&	ALICE-	
guided	 therapeutic	 interventions	 enhance	 reproductive	 outcomes,	
particularly	 in	 patients	with	 dysbiosis.	 The	 administration	 of	 early	
and	precise	treatment,	such	as	a	brief	targeted	course	of	antibiotics,	
has	been	demonstrated	to	beneficially	modulate	the	endometrial	mi-
crobiota,	reduce	the	time	to	pregnancy,	and	increase	ongoing	preg-
nancy	rates.	These	findings	underscore	the	potential	of	NGS-	based	
diagnostics	to	transform	the	management	of	 infertility	by	enabling	
tailored	and	effective	interventions	for	RIF	and	RPL.

4.1  |  Limitations

This	study	provides	valuable	insights	into	the	role	of	the	endometrial	
microbiota	in	fertility;	however,	several	 limitations	warrant	consid-
eration.	Despite	stringent	protocols	to	minimize	contamination,	the	
risk	of	introducing	external	bacteria	during	endometrial	sample	col-
lection	 cannot	 be	 entirely	 eliminated,	 potentially	 confounding	 the	
microbial	analysis.8

F I G U R E  4 Kaplan–Meier	survival	analysis	of	time	to	ongoing	pregnancy	for	each	of	the	five	EMMA	&	ALICE	results.	This	figure	shows	
the	cumulative	pregnancy	rates	over	time	(in	months)	following	EMMA	&	ALICE	testing	across	five	patient	subgroups	classified	by	their	
microbiota:	Normal:	Patients	with	a	normal	endometrial	microbiota	profile	(green).	Abnormal/ALICE	(−):	Patients	with	dysbiosis	but	no	
pathogenic	bacteria	detected	by	ALICE	(orange).	Abnormal/ALICE	(+):	Patients	with	dysbiosis	and	pathogenic	bacteria	detected	by	ALICE	
(pink).Mild:	Patients	with	mild	dysbiosis	(light	blue).	Ultralow:	Patients	with	ultralow	microbiota	biomass	(yellow).

TA B L E  4 The	results	of	a	multivariate	analysis	with	ongoing	
pregnancy	as	the	endpoint.

Odds 
ratio 95% CI p value

Age 0.848 0.806–0.890 <0.0001

Duration	of	infertility 0.995 0.989–1.001 0.104

Mean	number	of	
previous	ET	cycles

0.945 0.876–1.016 0.133

History	of	miscarriage 1.191 0.666–2.160 0.558

History	of	delivery 1.361 0.693–2.696 0.370

EMMA	&	ALICE	result:	
Abnormal

1.103 0.671–1.816 0.700

EMMA	&	ALICE	result:	
mild	dysbiosis	+ 
ultralow	biomass

1.229 0.803–1.886 0.342

Note:	Multivariate	analysis	was	performed	using	a	generalized	linear	
model	with	ongoing	endpoints.	Odds	ratios	for	ongoing	pregnancy	
according	to	the	EMMA	&	ALICE	results	compared	to	the	normal	group,	
which	did	not	require	post-	test	interventions.
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Moreover,	 while	 NGS	 enables	 detailed	 profiling	 of	 the	 micro-
biota,	 it	 cannot	distinguish	between	 live	and	dead	bacteria,	which	
may	complicate	the	 interpretation	of	microbial	activity	and	clinical	
significance.	Additionally,	NGS	is	limited	in	its	ability	to	detect	non-	
bacterial	microorganisms,	such	as	fungi	and	viruses,	leaving	their	po-
tential	impact	on	reproductive	health	poorly	understood.24

The	 positive	 outcomes	 observed	 in	 the	 antimicrobial	 and	 pro-
biotic	 treatment	groups	 for	 the	dysbiosis	cohort	suggest	 that	bac-
terial	 genera	 other	 than	 Lactobacillus	 species	 may	 contribute	 to	
RIF	or	RPL.	This	is	supported	by	a	report	demonstrating	an	associ-
ation	between	the	dominance	of	specific	bacterial	genera,	such	as	
Pseudomonas,	Acinetobacter,	 and	Dysgonomonas,	with	 infertility-	
related	diseases	like	adenomyosis	and	endometriosis.25	Conversely,	
previous	 studies	 have	 reported	 that	 bacteria	 commonly	 detected	
in	 non-	LDM	patients	 are	 also	 frequently	 found	 in	 the	 endometria	
of	healthy	 reproductive-	aged	women.26–28	Accordingly,	 the	patho-
logical	nature	of	 the	endometrium	 in	non-	LDM	patients	 remains	a	
matter	of	debate.

Addressing	these	limitations	in	future	research	will	be	crucial	for	
enhancing	our	understanding	and	improving	interventions	focusing	
on	the	endometrial	microbiota.

5  |  CONCLUSION

This	multicenter	prospective	study	underscores	the	potential	of	ana-
lyzing	 and	 intervening	 in	 the	endometrial	microbiota	 to	 reduce	 the	
time	 to	 pregnancy	 in	 patients	 with	 dysbiosis.	 Despite	 valuable	 in-
sights,	the	study	highlights	the	need	for	improved	sample	collection	
techniques	to	minimize	contamination	and	enhance	reliability.	EMMA	
&	ALICE-	based	personalized	treatment	approaches	are	crucial	for	im-
proving	pregnancy	outcomes	by	addressing	dysbiosis	effectively.

Future	research	should	focus	on	optimizing	endometrial	microbi-
ota	sampling,	elucidating	the	interplay	between	dysbiosis	and	CE,	and	
developing	 tailored	 therapeutic	 strategies	 for	different	microbiota	
profiles.	A	multifaceted	evaluation	of	the	effectiveness	of	EMMA	&	
ALICE	is	essential	to	refine	their	clinical	application.	Strategically	op-
timizing	the	endometrial	environment	through	microbiota-	targeted	
diagnostics	and	 interventions	has	the	potential	 to	significantly	en-
hance	pregnancy	rates	and	redefine	infertility	treatment.
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