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Abstract
Problem: The	definition	of	chronic	endometritis	(CE)	differs	among	studies,	and	cur-
rently,	there	is	no	accepted	consensus.	This	study	aimed	to	establish	the	minimum	
number	of	immunohistochemical	analysis	of	CD138+ plasma cells to identify a clini-
cally	relevant	CE.
Method of study: We	performed	a	retrospective	study	on	716	infertile	patients	who	
never	did	CE	analysis	and	respective	antibiotic	treatment	before.	Samples	were	ob-
tained	by	endometrial	scratching	 in	the	mid-luteal	phase	before	IVF-ET	treatment.	
The	number	and	distribution	of	CD138+ cells were analyzed by immunohistochem-
istry.	Thirty	high-power	fields	(HPF)	were	evaluated	for	each	sample.	Patients	were	
classified	in	2	main	groups:	(a)	CD138low (<5	CD138+	cells	in	all	HPFs),	(b)	CD138high 
(≥5	CD138+	cells	in	at	least	one	HPF).	Pregnancy	outcome	was	compared	among	the	
groups.
Results: In	the	CD138high	group,	β-hCG	positive	rate,	clinical	pregnancy	rate	and	live	
birth rate were significantly decreased (P =	.04,	P =	.01,	P =	.04,	respectively).	Also	
after	adjusting	 for	patient	age,	body	mass	 index	 (BMI),	and	clinical	characteristics,	
the β-hCG	positive	rate	(P =	.05),	clinical	pregnancy	rate	(P =	.01)	and	live	birth	rate	
(P =	.02)	were	significantly	lower	in	the	CD138high	than	those	in	the	CD138low group. 
Within	 the	CD138low	 group,	 these	parameters	were	not	 significantly	different	be-
tween	patients	without	any	plasma	cells	and	patients	with	up	to	4	plasma	cells/HPF.
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1  | INTRODUC TION

Approximately	10%-12%	of	the	reproductive-aged	couples	expe-
rience fertility problems and have trouble achieving pregnancy.1 
In	 vitro	 fertilization-embryo	 transfer	 (IVF-ET)	 has	 been	 increas-
ingly recognized as an effective treatment of infertility. Despite 
significant advances in blastocyst culture and implication of pre-
implantation	genetic	diagnosis/screening	(PGD/PGS)	and	technol-
ogies,	 embryo	 implantation	 failure	 rates	 remain	 a	major	 limiting	
factor	 of	 IVF	 procedures.	 Impaired	 endometrial	 receptivity	 is	
thought to be one of the major contributing factors to embryo 
implantation failure.2	Chronic	endometritis	(CE),	a	disease	of	per-
sistent	 inflammation	 of	 the	 endometrium,	 is	 frequently	 associ-
ated with infertility and recurrent implantation failure as it may 
affect	uterine	receptivity	and	reduce	the	success	rates	of	IVF-ET	
treatment.3,4	 Histopathologically,	 CE	 is	 predominantly	 charac-
terized by plasma cell infiltration in the endometrial stroma.5,6 
CE	 is	 often	 caused	 by	 infection	with	 the	most	 prevalent	 patho-
gens,	including	Escherichia coli,	Streptococcus	spp.,	Staphylococcus 
spp.,	Chlamydia,	Mycoplasma,	Ureaplasma	spp.,	Yeast7-11 and some 
viruses.11-13	 Nonetheless,	 a	 clear	 association	 between	 the	 pres-
ence	of	 a	 specific	pathogen	and	 the	development	of	CE	has	not	
been demonstrated yet.35	 CE	 patients	 present	 no	 noticeable	
signs	or	mild	symptoms,	including	spontaneous	pelvic	pain,	atyp-
ical	uterine	bleeding,	dyspareunia,	and	increased	leukorrhea.5,6,14 
Accumulating	 pieces	 of	 evidence	 have	 suggested	 a	 pathological	
role	of	CE	by	inducing	infertility	and	adversely	affecting	outcome	
in	women	undergoing	IVF-ET	treatment.	The	prevalence	of	CE	in	
infertile women varies considerably among different studies from 
2.8%	to	56.8%,3,15-17	 in	 recurrent	miscarriage	 (RM)	 from	9.3%	to	
67.6%,18-21	 and	 in	 repeated	 implantation	 failure	 (RIF)	 from	 7.7%	
to	67.5%.7,22-25	This	 large	variance	might	be	attributed	to	several	
factors,	including	differences	in	the	diagnostic	methods	to	identify	
and	quantify	plasma	cells	in	CE.

Different	methods	have	been	applied	for	the	diagnosis	of	CE,	in-
cluding	hysteroscopy,	histology,	microbial	culture,	and	immunohisto-
chemistry	(IHC)	for	quantification	of	CD138+ plasma cells.8,10	As	CE	
is	frequently	asymptomatic,	hysteroscopy	is	a	useful	tool	based	on	
the identification of the specific visual signs of endometrial inflam-
mation,	but	it	may	be	perceived	differently	by	different	observers.	
In	this	context,	Song	et	al	described	an	overall	accuracy	of	hystero-
scopic	CE	diagnosis	of	only	67%	and	concluded	that	hysteroscopy	
should not replace histologic examination.26	Furthermore,	endome-
trial bacterial culture cannot be routinely performed because it has 

a long turnaround time and the fact that not all bacteria responsible 
for	CE	are	culturable.27,28	Therefore,	a	bacterial	culture	is	generally	
not	recommended	to	detect	CE.

An	increasing	number	of	studies	suggest	that	the	diagnosis	of	CE	
should be based on the presence of plasma cells in the endometrial 
stroma.	CD138,	a	transmembrane	heparin	sulfate	proteoglycan	syn-
decan-1,	is	the	most	specific	molecule	for	identifying	of	plasma	cells.	
Moreover,	CD138	detection	by	IHC	has	the	potential	to	improve	the	
accuracy and sensitivity of diagnosis.23,29-31

Although	CD138+	plasma	cell	detection	by	IHC	has	been	globally	
recognized	as	the	most	valuable	marker	for	the	diagnosis	of	CE,	there	
is no consensus for a cutoff value for the definition of a clinically rel-
evant	CE.	The	main	reason	may	be	different	approaches	to	quantify	
CD138+	cells.	An	early	study	has	counted	CD138+ cells in the whole 
tissue section and the presence of one single plasma cell was suffi-
cient	for	the	diagnosis	of	CE.30	However,	the	specimen	size	was	not	
taken	into	account.	Several	subsequent	studies	pointed	out	that	the	
presence of a low number of plasma cells should not be sufficient 
to	diagnose	CE,	because	also	healthy	endometrial	stroma	may	con-
tain a limited number of plasma cells or indicate a slight inflamma-
tion without clinical relevance.32,33 Because of low cutoff values of 
endometrial	CD138+	cells,	the	prevalence	of	CE	was	overestimated.	
Following,	 a	more	 exact	 quantification	of	CD138+ cells was intro-
duced as per mm2. Liu et al established diagnostic criteria based on 
the	reference	range	of	endometrial	CD138+ cells in 40 fertile women 
and	 defined	 CE	 as	 the	 level	 of	 CD138+ cells above the 95th per-
centile.	A	density	of	<5.15 cells/0.1 mm2 was defined as normal.23 
However,	 the	relevance	of	this	cutoff	value	for	pregnancy	success	
was	not	verified.	Alternatively,	the	CD138+ cells were counted in se-
lected	high-power	fields	(HPF).	Currently,	this	approach	is	the	most	
extensively	reported.	According	to	a	study	by	Jonhston	et	al,	more	
than	one	CD138+	cell	in	one	HPF	was	suggestive	of	CE.22	In	contrast,	
Chen	et	al	recommended	a	cutoff	of	5	or	more	plasma	cells	in	one	
HPF	 for	CE	diagnosis.34	Bouet	PE	et	 al	 proposed	 a	minimum	of	5	
plasma	cells	 in	10	non-overlapping	HPFs	for	the	diagnosis	of	CE.25 
Subsequently,	Kitaya	et	al	suggested	5	or	more	CD138+ cells in 20 
non-overlapping	HPFs	as	indicative	of	CE.35

The	evaluation	of	the	published	study	does	not	lead	to	a	clear	and	
stable definition of diagnostic criteria for a pathologically relevant 
CE.	As	plasma	cell	numbers	are	low,	the	evaluation	of	a	limited	num-
ber	of	non-overlapping	HPFs	may	be	not	representative,	and	thus,	
not	yield	a	consistent	and	reproducible	result.	Furthermore,	the	size	
of	HPF	is	mostly	not	provided	and	may	differ	greatly	among	studies.	
Besides,	 the	 criteria	 in	different	 studies	 to	establish	definitions	of	

Conclusion: We	conclude	 that	 immunohistochemical	 analysis	 of	CD138+ cells is a 
reliable	method	to	detect	CE	which	can	be	identified	by	the	presence	of	≥5	plasma	
cells	in	at	least	one	out	of	30	HPF.
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cutoff	values	for	endometrial	CD138+ plasma cells for the diagnosis 
of	CE	remain	elusive.

Therefore,	the	present	study	aimed	to	develop	novel	diagnostic	
criteria	for	CE	based	on	immunohistochemical	CD138+ staining and 
cell	number	using	a	large	sample	size.	Also,	we	analyzed	the	co-re-
lationship	between	CD138+	cell	count/HPF	and	pregnancy	outcome	
in	 infertile	women	and	 identified	the	minimum	number	of	CD138+ 
cell	 for	 CE	 diagnosis	 that	 had	 a	 significant	 impact	 on	 pregnancy	
outcome.

2  | MATERIAL AND METHODS

This	retrospective	study	was	approved	by	the	Ethics	Committee	of	
Shenzhen	Zhongshan	Urology	Hospital	(SZZSECHU-F-2019055).	All	
endometrial biopsies were collected with written informed consent 
from each participant.

2.1 | Subjects

We	 retrospectively	 analyzed	 716	 infertile	 patients	 who	 received	
IVF-ET	 treatment	at	 the	Fertility	Centers	of	Shenzhen	Zhongshan	
Urology	Hospital	between	2017	and	2018.

Included	 patients	 underwent	 endometrial	 curettage	 in	 the	
mid-luteal	phase,	followed	by	IVF-ET.	All	endometrial	tissues	were	
paraffin	embedded	for	subsequent	study.	All	included	patients	had	a	
successful	ovarian	stimulation	and	subsequent	embryo	transfer.

The	inclusion	criteria	were	as	follows:	1.	infertile	patients	under	
the age of 45 years; 2. endometrial tissue biopsies were obtained 
during	the	mid-luteal	phase	of	the	menstrual	cycle.	We	excluded	pa-
tients	who	were	previously	diagnosed	with	CE	by	hysteroscopy	or	
bacterial	culture	and	received	antibiotic	treatment,	and	patients	who	
did	not	receive	IVF-ET	treatment	within	6	months	after	endometrial	
scratching,	or	those	who	were	lost	to	follow-up.

2.2 | Endometrial biopsy

Endometrial	 tissue	 samples	 were	 collected	 during	 the	 mid-luteal	
phase	(LH	day	7-9)	of	the	menstrual	cycle.	All	endometrial	biopsies	
were	obtained	by	using	an	endometrial	curette	(Gynetics,	Lommel,	
Belgium).	The	specimens	were	 incubated	overnight	with	10%	neu-
tral buffered formalin at room temperature and then embedded in 
paraffin wax.

2.3 | Immunohistochemistry staining

Four	micrometre	slices	were	cut	from	the	paraffin	blocks,	deparaffi-
nized in xylene and dehydrated through the application of a series 
of	 alcohol.	 IHC	 staining	was	 performed	using	 an	 automated	 Leica	
Bond	III	immunostainer	(Leica	Biosystems,	Newcastle,	UK)	following	

the	 manufacturer's	 protocol.	 Briefly,	 for	 antigen	 retrieval,	 slides	
were heated for 20 minutes in a microwave in 10 mmol/L sodium 
citrate.	Endogenous	peroxidase	activity	was	blocked	with	3%	H2O2 
in	methanol	for	10	minutes.	The	sections	were	then	incubated	with	
a	1:250	dilution	of	mouse	anti-CD138	antibody	 (Gene	Tech,	clone	
B-A38,	Shanghai,	China).	Subsequently,	the	slides	were	washed	and	
incubated	with	a	horseradish	peroxidase-conjugated	secondary	an-
tibody	for	30	minutes.	The	immunostaining	was	carried	out	with	3,	
3′-diaminobenzidine	 chromogen	 (DAB),	 and	 counter-staining	 with	
hematoxylin.	The	sections	were	observed	by	an	experienced	pathol-
ogist under a light microscope (400×	magnification).

2.4 | Identification and counting of CD138+ 
plasma cells

For	 the	diagnosis	of	CE,	 the	 total	number	of	plasma	cells	was	de-
termined	by	counting	CD138+ cells in endometrial stroma under a 
light	microscope	(Nikon	Microscope	50i,	Melville,	New	York)	 in	30	
selected	HPF	with	a	tissue	coverage	of	at	least	80%	(magnification	
400×	0.2375	mm2).	Our	preliminary	results	showed	that	the	density	
of	CD138+	cells	in	the	selected	30	HPFs	was	consistent	with	that	of	
the	entire	slide	(unpublished	data).

Cells	 were	 considered	 to	 be	 CD138+ plasma cells when the 
plasma	cell	membrane	exhibited	a	strong	immunopositivity,	the	cy-
toplasm	exhibited	weak	positive	 immunostaining,	 the	nucleus	was	
round	 and	 positioned	 on	 one	 side	 of	 the	 cell,	 and	 the	 condensed	
chromatin within the nucleus was organized radially along the nu-
clear membrane to form a wheel pattern.

Two	 experienced	 pathologists	 independently	 performed	 the	
identification	and	counting	of	CD138+	cells.	Any	disagreement	be-
tween the two pathologists was resolved through discussions or a 
panel discussion with a senior pathologist.

According	 to	 the	density	of	CD138+ cells in the stroma in one 
HPF,	 the	 patients	 were	 categorized	 into	 six	 groups:	 group	 a	 con-
tained	0	CD138+	cells	in	one	HPF	in	all	of	the	30	selected	HPFs	(0/
HPF)	 and	 the	 remaining	HPFs	had	no	CD138+ cell; group b had 1 
CD138+	cell	in	at	least	1	out	of	30	selected	HPFs	(1/HPF),	and	the	
remaining	HPFs	had	≤1	CD138+	cells;	group	c	contained	2	CD138+ 
cells	in	at	least	1	out	of	30	selected	HPFs	(2/HPF)	and	the	remaining	
HPFs	had	≤2	CD138+	cells;	group	d	contained	3	CD138+ cells in at 
least	1	out	of	30	selected	HPFs	(3/HPF)	and	the	remaining	HPFs	had	
≤3	CD138+	cells;	group	e	contained	4	CD138+ cells in at least 1 out 
of	30	selected	HPFs	(4/HPF)	and	the	remaining	HPFs	had	≤4	CD138+ 
cells;	group	f	contained	five	or	more	CD138+ cells in at least 1 out of 
30	selected	HPFs.

2.5 | Statistical analysis

All	 statistical	 analyses	 were	 performed	 with	 SPSS	 Statistics	 ver-
sion	 20.0	 (SPSS	 Inc,	 Chicago,	 IL,	 USA).	 Data	 were	 expressed	 as	
mean ±	 standard	 deviation	 (SD)	 (for	 normally	 distributed	 data)	 or	
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median	with	inter-quartile	ranges	(for	not	normally	distributed	data).	
The	correlation	between	CD138+ expression and the clinicopatho-
logical	characteristics	was	analyzed	by	using	the	Chi-square	test.

Multivariable	logistic	regression	models	were	used	to	identify	the	
prognostic	significance	of	CD138+	cells	for	pregnancy	outcome.	The	
odds	ratios	(ORs),	adjusted	odds	ratios	(aORs)	and	their	correspond-
ing	95%	confidence	intervals	(95%	CIs)	for	HCG	positive	rate,	clinical	
pregnancy rate and live birth rate were calculated for patients with 
by	less	than	five	CD138+	cells/HPF	and	five	or	more	CD138+ cells/
HPF	after	adjusting	for	confounding	factors	including,	patients	age,	
body	mass	index	(BMI),	number	of	embryos	transferred,	and	charac-
teristics	of	the	embryo	(percentage	of	frozen	embryo	transfer,	blas-
tocysts,	 good-quality	 embryo).	 A	P-value	 of	 ≤	 .05	was	 considered	
statistically significant.

3  | RESULTS

3.1 | Clinical characteristics of infertile patients

A	total	of	716	infertile	patients	were	included	in	this	retrospective	
study	 between	 January	 2017	 and	 December	 2018	 (Figure	 1).	 As	

illustrated	 in	Figure	2,	the	CD138+ cells in the endometrial stroma 
were	frequently	aggregated	and	formed	clusters.	For	a	first	orienta-
tion,	according	to	the	distribution	of	CD138+ cells in the stroma in 
30	analyzed	HPF,	patients	were	categorized	into	six	groups:	patients	
with	(a)	no	CD138+	cells	in	any	HPF	(n	=	443);	(b)	1	CD138+ cell in at 
least	1	HPF	(n	=	178);	(c)	2	CD138+	cell	in	at	least	1	HPF	(n	=	33);	(d)	
3	CD138+	cell	in	at	least	1	HPF	(n	=	18);	(e)	4	CD138+ cell in at least 
1	HPF	(n	=	6);	(f)	≥5	CD138+	cell	in	at	least	1	HPF	(n	=	38).	The	de-
mographic characteristics of the six groups have been summarized 
in	Table	1.	No	significant	differences	in	the	clinical	characteristics	of	
patients were observed among these groups.

3.2 | Association of CD138+ cells with pregnancy 
outcome of infertile women

We have assessed the association of the above described patient 
categories	with	pregnancy	outcome.	There	was	no	significant	differ-
ence in rates of β-hCG	positive,	clinical	pregnancy,	early	miscarriage,	
and	live	birth	among	the	groups,	except	for	group	f	which	the	clini-
cal pregnancy rate was significantly lower than in group a (P = .01; 
Table	2	and	Figure	3).	A	trend	toward	lower	rates	of	β-hCG	positive	

F I G U R E  1  Number	of	infertile	women	enrolled	and	pregnancy	outcomes	in	the	study.	A	total	of	763	infertile	patients	who	underwent	
endometrial	scraping	between	2017	and	2018	were	retrospectively	analyzed	in	this	study.	Based	on	the	inclusion	criteria,	47	patients	were	
excluded	from	the	study,	a	total	of	716	infertile	patients	were	included	in	the	study.	The	included	patients	were	followed-up	to	determine	
pregnancy outcomes
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and live birth was detectable in group f compared with group a 
(P = .06 and P =	.05,	respectively).	Also	group	d	and	e	showed	a	ten-
dentially,	but	not	significantly	reduced	pregnancy	success.

Based	on	these	findings,	we	assumed	that	the	expression	of	at	
least	 5	 CD138+	 cells	 in	 one	 HPF	 might	 be	 crucial	 for	 influencing	
pregnancy	outcomes.	Thus,	all	 infertile	patients	of	this	study	were	
divided	 into	two	groups:	 in	one	group,	all	patients	had	 less	 than	5	

CD138+	cells/HPF	in	each	HPF	(CD138low; n =	678).	In	the	second	
group,	patients	had	5	or	more	than	CD138+	cells/HPF	in	at	least	1	
HPF	 (CD138high; n =	 38).	 The	 pregnancy	 outcome	has	 been	 com-
pared	between	both	groups.	As	presented	 in	Table	3,	 the	data	 re-
vealed that the β-hCG	 positive	 rate,	 clinical	 pregnancy	 rate,	 and	
live	birth	rate	 in	the	CD138high group were significantly decreased 
(P =	.04,	P =	.01,	and	P =	.04,	respectively).

F I G U R E  2  CD138+ plasma cells in 
endometrial	stroma.	Plasma	cells	were	
positively	stained	with	anti-CD138	(brown	
color),	and	nuclei	were	stained	with	DAB	
(blue).	Magnification	400×,	0.375mm2/
fields

TA B L E  1   Demographic and clinical characteristics of infertile patients

Groups

a b c d e f

0/HPF 1/HPF 2/HPF 3/HPF 4/HPF ≥5/HPF

Number 443 178 33 18 6 38

Age	(Year) 31	(29,	34) 31	(28,	34) 32	(24,42) 32	(27,	40) 34	(29,	39) 33	(23,	43)

BMI	(Kg/m2) 20.70	(19.38,	
22.68)

21.10	(19.52,	
23.25)

21.50	(17.15,	
27.99)

20.73	(18.07,31.11) 21.24	(18.49,24.03) 20.90	(16.80,29.38)

Duration of infertility 3.00	(1.50,	
4.00)

3.00 
(2.00,4.25)

3.00	(0.50,	
18.00)

3.50	(0.50,	11.00) 3.50	(2.00,	9.00) 3.00	(1.00,10.00)

Type	of	infertility-No.	(%)

Primary 217	(48.98%) 101	(56.74%) 16	(48.48%) 8	(44.44%) 3	(50.00%) 13	(34.21%)

Secondary 226	(51.02%) 77	(43.26%) 17	(51.52%) 10	(55.56%) 3	(50.00%) 25	(65.79%)

Percentage	of	
blastocyst 
transferred-No.	(%)

359	(81.04%) 139	(78.09%) 27	(81.82%) 12	(66.67%) 3	(50.00%) 29	(79.32%)

No.	of	embryos	
transferred

1.00	(1.00,	
2.00)

1.00	(1.00,	
2.00)

1.00	(1.00,	
3.00)

1.00	(1.00,	2.00) 2.00	(1.00,	2.00) 1.00	(1.00,	3.00)

Percentage	of	good-
quality	embryo	
transferred	-No.	(%)

388	(87.58%) 149	(83.71%) 30	(90.91%) 14	(77.78%) 5	(83.33%) 32	(84.21%)

Percentage	of	
frozen embryo 
transferred-No.	(%)

275	(62.08%) 101	(56.74%) 21	(63.64%) 8	(44.44%) 2	(33.33%) 24	(63.16%)

Abbreviations:	BMI,	Body	Mass	Index;	HPF,	high-power	fields.
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3.3 | Correlation of ≥5 CD138+ cells in at least 1 
HPF with pregnancy outcome

To	further	demonstrate	whether	five	or	more	CD138+ plasma cells 
in	at	least	one	HPF	were	an	independent	factor	affecting	pregnancy	
outcome,	a	multivariate	logistic	regression	analysis	was	performed.	
As	presented	in	Table	4,	the	analysis	revealed	a	negative	correlation	
between	the	CD138high	group	and	pregnancy	outcome.	After	adjust-
ing	 for	patient	 age,	BMI,	 number	of	 embryos	 transferred,	 and	 the	
characteristics of the embryo (percentage of transfer of frozen em-
bryo,	blastocysts,	 and	good-quality	embryo),	 the	 following	param-
eters	were	significantly	lower	in	the	CD138high	than	in	the	CD138low 
group: β-hCG	positive	rate	 (aOR	1.95;	95%	CI,	0.99-4.02;	P =	 .05),	
clinical	pregnancy	rate	(aOR,	2.50;	95%	CI,	1.25-5.01;	P =	.01),	and	
live	birth	rate	(aOR,	2.32;	95%	CI,	1.12-4.49;	P =	.02).	However,	the	
differences	in	early	miscarriage	rate	(aOR,	0.19;	95%	CI,	0.03-1.46;	
P =	.11)	and	preterm	birth	rate	(aOR,	1.04;	95%	CI	0.21-5.02;	P =	.97)	
were	not	significant	between	the	two	groups.	Overall,	the	findings	
revealed	that	≥5	CD138+	cells	in	at	least	1	out	of	30	analyzed	HPF	
were	an	independent	risk	factor	affecting	pregnancy	outcome.

Based	on	the	above	findings,	the	minimum	number	of	plasma	cells	
in	stroma	suggestive	for	a	clinically	relevant	CE	was	considered	to	be	

5	CD138+	 cells	 in	at	 least	1	out	of	30	selected	HPF.	Less	 than	 five	
CD138+	plasma	cells	per	HPF	in	each	of	30	selected	HPF	indicated	the	
absence	of	a	clinically	relevant	CE.	Based	on	this	definition,	the	prev-
alence	of	CE	in	the	infertile	women	in	this	study	was	5.3%	(38/716).

4  | DISCUSSION

In	previous	studies,	CE	has	been	characterized	by	the	infiltration	of	
plasma	cells	in	the	endometrium.	However,	thus	far,	unified	diagnos-
tic	criteria	for	CE	have	not	been	precisely	defined.	This	study	has	in-
vestigated	 the	association	between	 the	number	of	CD138+ cells in 
the endometrial stroma and pregnancy outcome to provide clinically 
relevant	diagnostic	criteria	for	CE.	A	novelty	of	this	study	is	that	not	
only	the	maximum	but	not	the	mean	CD138+ cell concentration in a 
tissue	area	has	been	evaluated.	For	this	approach,	the	analyzed	tissue	
section	has	been	divided	into	30	HPF,	but	only	the	CD138+ cells with 
the highest concentration have been used for statistical evaluation.

Based	on	the	highest	density	of	CD138+ cells in one out of 30 
HPF,	 patients	 were	 divided	 into	 two	 groups	 (CD138low with <5 
plasma	cells	 in	 each	analyzed	HPF,	 and	CD138high	with	≥5	plasma	
cells	in	at	least	1	out	of	30	analyzed	HPF).	In	the	CD138high	group,	

TA B L E  2  Association	between	pregnancy	outcome	and	the	number	of	CD138+	cell/HPF	in	the	stroma

Groups

a b c d e f

0/HPF 1/HPF 2/HPF 3/HPF 4/HPF ≥5/HPF

Number 443 178 33 18 6 38

HCG	positive	rate	(%) 320/443	(72.33%) 128/178	(71.91%) 24/33	(72.73%) 17/18	(94.44%) 5/6	(83.33%) 22/38	(57.89%)

Clinical	pregnancy	
rate	(%)

283/443	(63.88%) 115/178	(64.61%) 20/33	(60.61%) 15/18	(83.33%) 5/6	(83.33%) 17/38	(44.74%)*

Early miscarriage rate 
(%)

36/278	(12.95%) 16/113	(14.16%) 1/20	(5.00%) 0/15	(0.00%) 0/5	(0.00%) 1/17	(5.88%)

Live	birth	rate	(%) 221/381	(58.01%) 90/153	(58.82%) 19/31	(61/29%) 15/18	(83.33%) 3/4	(75.55%) 15/36	(41.67%)

Preterm	birth	rate	(%) 23/221	(10.41%) 11/90	(12.22%) 3/19	(15.79%) 2/15	(13.33%) 1/3	(33.33%) 2/15	(13.33%)

Note: Villous	chromosome	testing	was	not	performed	in	patients	with	early	miscarriage,	and	early	miscarriage	could	not	be	ruled	out	due	to	
chromosomal abnormalities.
*P =	.01,	≥5/HPF	versus	0/HPF,	Because	of	multiple	comparisons,	groups	with	an	adjusted	P ≤ .01 were considered statistically significant. 

F I G U R E  3  Pregnancy	outcomes	
among patients with different number of 
CD138+	cells/HPF.	Based	on	the	number	
of	CD138+	cells	in	one	HPF,	the	patients	
were	divided	into	six	groups	(0/HPF,	1/
HPF,	2/HPF,	3/HPF,	4/HPF,	and	≥5/
HPF).	The	β-hCG	positive	rate,	clinical	
pregnancy	rate,	early	miscarriage	rate,	live	
birth	rate,	and	preterm	birth	rate	were	
determined
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the β-hCG	positive	rate,	clinical	pregnancy	rate,	and	 live	birth	rate	
were	significantly	reduced.	As	 illustrated	 in	Figure	2,	CD138+ cells 
aggregated	 and	 formed	 local	 clusters,	 especially	 in	 the	 CD138high 
group.	These	clusters	may	form	 inflammatory	 lesions	which	affect	
the	endometrial	 immune	micro-environment36 and endometrial re-
ceptivity,	potentially	leading	to	adverse	pregnancy	outcome.

Based	on	CD138+	cell	count	evaluation	in	those	local	areas	(HPF)	
with	their	highest	density	(≥5	plasma	cells),	the	prevalence	of	clini-
cally	relevant	CE	in	infertile	women	was	5.3%	(38/716).	In	previous	
studies,	the	prevalence	of	CE	in	RM	was	10.4%	(45/433),	and	in	RIF	
was	10.5%	(29/275).36	In	our	study,	the	prevalence	of	CE	in	infertile	
patients was lower than reported in most previous studies.3,15-25	The	
reason may be attributed to differences in sample size and the cycle 
phase of endometrium biopsy collection.

In	 our	 study,	 all	 endometrium	 biopsies	 have	 been	 obtained	
during the luteal phase. Several reports had indicated a higher prev-
alence	of	CE	when	the	endometrial	specimen	was	collected	 in	the	
proliferative	phase	than	in	the	secretory	phase,37-40 suggesting that 
taking	the	biopsy	in	different	stages	of	the	menstrual	cycle	may	be	
a	confounding	factor.	In	our	own	unpublished	analyses,	in	the	pro-
liferative	phase,	we	found	a	far	higher	number	of	 infertile	patients	
with	≥5	plasma	cells	in	at	least	1	out	of	30	analyzed	HPF	(203	out	of	
403	patients	equivalent	to	50.37%),	but	this	was	not	associated	with	
pregnancy	outcome.	It	is	suggested	that	the	prevalence	of	CE	in	the	
proliferative	phase	could	be	 incorrect	and	the	CE	diagnostic	crite-
ria	here	established	in	the	mid-luteal	phase	may	not	be	suitable	for	

the	proliferative	phase.	The	CE	diagnostic	criteria	in	the	proliferative	
phase need to be further investigated.

In	a	previous	study,	we	found	significantly	elevated	proportions	
of	uterine	CD68+macrophages,	CD83+mature	dendritic	cells,	CD8+T	
cells,	and	Foxp3+Treg	cells	in	CE	patients.	We	have	concluded	that	CE	
induces embryo implantation failure and live birth by disrupting the 
balance of the endometrial immune microenvironment.36	It	is	worth	
noting	that	in	the	current	study,	CE	did	not	influence	the	early	mis-
carriage	rate	and	preterm	rate	of	infertile	patients.	This	is	inconsis-
tent	with	previous	reports.	In	this	context,	Edmonson	et	al	reported	
that	the	frequency	of	chronic	deciduitis	was	significantly	higher	 in	
patients	with	preterm	 labor	 than	 in	a	control	group	 (41%	vs.	15%;	
P =	 .02),41	The	study	also	suggested	that	chronic	deciduitis	plays	a	
crucial role in the etiology of preterm labor in some cases.42	 This	
difference may be attributed to discrepancies in the definition of 
chronic deciduitis and chronic endometritis among studies.

The	present	 study	has	several	 limitations.	First,	 it	was	a	 retro-
spective,	 and	 relevant	 clinical	 data	 of	 the	patients	 contributing	 to	
pregnancy	 outcome	may	 have	 been	missing,	which	may	 influence	
the	conclusions	of	the	study.	Second,	the	results	represented	derive	
from	a	single-center	experience.	Further	multicenter	clinical	studies	
are warranted to confirm the validity and clinical applicability of the 
proposed criteria.

Third,	the	hysteroscopy	report	of	the	patients	has	not	been	ana-
lyzed.	In	the	future,	we	will	analyze	the	consistency	of	hysteroscopy	
results	with	the	CD138+	cell	count-based	diagnosis.

Outcomes <5/HPF ≥5/HPF P-value

Number 678 38

HCG	positive	rate	(%) 494/678	(72.86%) 22/38	(57.89%) P = .04*

Clinical	pregnancy	rate	(%) 438/678	(64.60%) 17/38	(44.74%) P = .01*

Early	miscarriage	rate	(%) 53/431	(12.30%) 1/17	(5.88%) P = .42

Live	birth	rate	(%) 348/588	(59.18%) 15/36	(41.67%) P = .04*

Preterm	birth	rate	(%) 40/348	(11.49%) 2/15	(13.33%) P =	.827

Note: The	P-value	of	≤0.05	was	considered	statistically	significant.
*P<.05. 

TA B L E  3  Association	of	pregnancy	
outcome between <5/HPF	and	≥5/HPF	
groups

TA B L E  4  Multinomial	regression	analysis	for	association	of	pregnancy	outcomes	and	CE

Outcomes Non-CE CE OR (95% CI) aOR (95% CI) P-value

HCG	positive	rate	(%) 494/678	(72.86%) 22/38	(57.89%) 1.95	(1.00,	3.80) 1.99	(0.99,	4.02) P = .05*

Clinical	pregnancy	rate	(%) 438/678	(64.60%) 17/38	(44.74%) 2.25	(1.17,	4.35) 2.50	(1.25,	5.01) P = .01*

Early	miscarriage	rate	(%) 53/431	(12.30%) 1/17	(5.88%) 0.19	(0.03,	1.43) 0.19	(0.03,	1.46) P = .11

Live	birth	rate	(%) 348/588	(59.18%) 15/36	(41.67%) 2.03	(1.03,	4.02) 2.32	(1.12,4.79) P = .02*

Preterm	birth	rate	(%) 40/348	(11.49%) 2/15	(13.33%) 0.84	(0.18,	3.88) 1.04	(0.21,	5.02) P =	.97

Note: The	P-values	were	adjusted	for	patients'	age,	BMI,	number	of	embryos	transferred,	and	the	embryo	characteristics	(percentages	of	transfer	
of	frozen	embryo,	blastocysts,	high-quality	embryo).	Non-CE:	cases	with	less	than	five	CD138+	or	no	plasma	cells	per	HPF	in	all	30	selected	HPF	;	
CE:	cases	with	five	or	more	CD138+	plasma	cells	in	the	endometrial	stroma	in	at	least	1	out	of	30	selected	HPF.	The	P-value	of	≤.05	was	considered	
statistically significant.
aOR,	adjusted	Odds	Ratio,	CI,	Confidence	Interval;	OR,	Odds	Ratio.
*P<.05. 
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In	 summary,	 the	 present	 study	 has	 developed	 and	 proposed	
reliable,	accurate,	and	effective	diagnostic	criteria	for	CE	based	on	
the	 number	 of	 endometrial	 CD138+	 cells	 in	 the	mid-luteal	 phase.	
Furthermore,	 using	 a	 large	 sample	 size,	 the	 study	 also	 indicated	
that	locally	elevated	CD138+	cells	in	the	mid-luteal	phase	were	sig-
nificantly associated with adverse pregnancy outcomes in infertile 
women.	Collectively,	the	proposed	method	may	help	to	standardize	
histopathologic	diagnostic	criteria	for	CE	in	clinical	practice.

CONFLIC T OF INTERE S T
All	other	authors	declare	no	competing	interests.

AUTHORS’  CONTRIBUTIONS
YY.L. involved in substantial contributions to conception and de-
sign,	 acquisition	of	 data	 and	 interpretation	of	 data,	 and	drafting	
the article; SR.X involved in substantial contributions to collected 
the	endometrium,	acquisition	of	data	and	analysis	of	data,	revising	
it critically for important intellectual content. SY.Y performed sub-
stantial	contributions	to	doing	the	IHC	experiment	and	acquisition	
of	data,	revising	it	critically	for	important	intellectual	content.	CY.	
H	 and	ML.M	 involved	 in	 substantial	 contributions	 to	 acquisition	
of data and revising it critically for important intellectual content. 
SL.L	and	WR.C	involved	in	substantial	contributions	to	doing	the	
IHC	experiment	and	acquisition	of	data.	RC.L	and	LH.D	 involved	
in substantial contributions to revising it critically for important 
intellectual	content.	LJ,	D	and	YZ	involved	in	substantial	contribu-
tions	 to	 conception	 and	design,	 acquisition	of	data,	 analysis	 and	
interpretation	of	data,	drafting	the	article	and	revising	it	critically	
for	important	intellectual	content.	All	authors	read	and	approved	
the version to be published.

ORCID
Lianghui Diao  https://orcid.org/0000-0002-1159-9261 
Lijun Ding  https://orcid.org/0000-0001-5857-8540 
Yong Zeng  https://orcid.org/0000-0002-6264-283X 

R E FE R E N C E S
	 1.	 Gurunath	 S,	 Pandian	 Z,	 Anderson	 RA,	 Bhattacharya	 S.	 Defining	

infertility–a systematic review of prevalence studies. Hum Reprod 
Update.	2011;17:575-588.

	 2.	 Norwitz	ER,	Schust	DJ,	Fisher	SJ.	Implantation	and	the	survival	of	
early pregnancy. N Engl J Med.	2001;345:1400-1408.

	 3.	 Kasius	JC,	Fatemi	HM,	Bourgain	C,	et	al.	The	impact	of	chronic	endo-
metritis on reproductive outcome. Fertil Steril.	2011;96:1451-1456.

	 4.	 Wu	 D,	 Kimura	 F,	 Zheng	 L,	 et	 al.	 Chronic	 endometritis	 modifies	
decidualization in human endometrial stromal cells. Reprod Biol 
Endocrinol.	2017;15:16.

	 5.	 Kiviat	NB,	Wolner-Hanssen	P,	Eschenbach	DA,	et	al.	Endometrial	
histopathology	in	patients	with	culture-proved	upper	genital	tract	
infection and laparoscopically diagnosed acute salpingitis. Am J Surg 
Pathol.	1990;14:167-175.

	 6.	 Greenwood	SM,	Moran	JJ.	Chronic	endometritis:	morphologic	and	
clinical observations. Obstet Gynecol.	1981;58:176-184.

	 7.	 Cicinelli	E,	Matteo	M,	Tinelli	R,	et	al.	Prevalence	of	chronic	endome-
tritis	in	repeated	unexplained	implantation	failure	and	the	IVF	suc-
cess rate after antibiotic therapy. Hum Reprod.	2015;30:323-330.

	 8.	 Moreno	I,	Cicinelli	E,	Garcia-Grau	I,	et	al.	The	diagnosis	of	chronic	
endometritis in infertile asymptomatic women: a comparative study 
of	histology,	microbial	cultures,	hysteroscopy,	and	molecular	micro-
biology. Am J Obstet Gynecol.	2018;218:602	e601-602	e616.

	 9.	 Haggerty	CL,	Peipert	JF,	Weitzen	S,	et	al.	Clinical	Health	Study	 I:	
Predictors	of	chronic	pelvic	pain	in	an	urban	population	of	women	
with symptoms and signs of pelvic inflammatory disease. Sex Transm 
Dis.	2005;32:293-299.

	10.	 Cicinelli	E,	De	Ziegler	D,	Nicoletti	R,	et	al.	Poor	reliability	of	vagi-
nal and endocervical cultures for evaluating microbiology of endo-
metrial cavity in women with chronic endometritis. Gynecol Obstet 
Invest.	2009;68:108-115.

	11.	 Pitsos	M,	 Skurnick	 J,	Heller	D.	Association	 of	 pathologic	 diagno-
ses with clinical findings in chronic endometritis. J Reprod Med. 
2009;54:373-377.

	12.	 Johnstone	 FD,	 Williams	 AR,	 Bird	 GA,	 Bjornsson	 S.	
Immunohistochemical	 characterization	 of	 endometrial	 lymphoid	
cell populations in women infected with human immunodeficiency 
virus. Obstet Gynecol.	1994;83:586-593.

	13.	 Frank	TS,	Himebaugh	KS,	Wilson	MD.	Granulomatous	endometritis	
associated with histologically occult cytomegalovirus in a healthy 
patient. Am J Surg Pathol.	1992;16:716-720.

	14.	 Korn	AP,	Bolan	G,	Padian	N,	Ohm-Smith	M,	Schachter	J,	Landers	
DV.	Plasma	cell	endometritis	in	women	with	symptomatic	bacterial	
vaginosis. Obstet Gynecol.	1995;85:387-390.

	15.	 Cicinelli	 E,	 Resta	 L,	 Nicoletti	 R,	 et	 al.	 Detection	 of	 chronic	 en-
dometritis at fluid hysteroscopy. J Minim Invasive Gynecol. 
2005;12:514-518.

	16.	 Kitaya	K,	Yasuo	T.	Aberrant	expression	of	selectin	E,	CXCL1,	and	
CXCL13	in	chronic	endometritis.	Mod Pathol.	2010;23:1136-1146.

	17.	 Kitaya	 K,	 Tada	 Y,	 Taguchi	 S,	 Funabiki	 M,	 Hayashi	 T,	 Nakamura	
Y. Local mononuclear cell infiltrates in infertile patients with 
endometrial macropolyps versus micropolyps. Hum Reprod. 
2012;27:3474-3480.

	18.	 Kitaya	K,	Yasuo	T.	 Immunohistochemistrical	 and	clinicopathologi-
cal characterization of chronic endometritis. Am J Reprod Immunol. 
2011;66:410-415.

	19.	 Zolghadri	J,	Momtahan	M,	Aminian	K,	Ghaffarpasand	F,	Tavana	Z.	
The	value	of	hysteroscopy	 in	diagnosis	of	chronic	endometritis	 in	
patients with unexplained recurrent spontaneous abortion. Eur J 
Obstet Gynecol Reprod Biol.	2011;155:217-220.

	20.	 Cicinelli	E,	Matteo	M,	Tinelli	R,	et	al.	Chronic	endometritis	due	to	
common bacteria is prevalent in women with recurrent miscarriage 
as confirmed by improved pregnancy outcome after antibiotic 
treatment. Reprod Sci.	2014;21:640-647.

	21.	 McQueen	DB,	Perfetto	CO,	Hazard	FK,	Lathi	RB.	Pregnancy	out-
comes in women with chronic endometritis and recurrent preg-
nancy loss. Fertil Steril.	2015;104:927-931.

	22.	 Johnston-MacAnanny	 EB,	 Hartnett	 J,	 Engmann	 LL,	 Nulsen	 JC,	
Sanders	 MM,	 Benadiva	 CA.	 Chronic	 endometritis	 is	 a	 frequent	
finding in women with recurrent implantation failure after in vitro 
fertilization. Fertil Steril.	2010;93:437-441.

	23.	 Liu	 Y,	 Chen	 X,	 Huang	 J,	 et	 al.	 Comparison	 of	 the	 prevalence	 of	
chronic endometritis as determined by means of different diagnos-
tic methods in women with and without reproductive failure. Fertil 
Steril.	2018;109:832-839.

	24.	 Kitaya	K,	Matsubayashi	H,	Takaya	Y,	 et	 al.	 Live	birth	 rate	 follow-
ing oral antibiotic treatment for chronic endometritis in infertile 
women with repeated implantation failure. Am J Reprod Immunol. 
2017;78(5):e12719

	25.	 Bouet	PE,	El	Hachem	H,	Monceau	E,	Gariepy	G,	Kadoch	IJ,	Sylvestre	
C.	Chronic	endometritis	 in	women	with	 recurrent	pregnancy	 loss	
and recurrent implantation failure: prevalence and role of office 
hysteroscopy and immunohistochemistry in diagnosis. Fertil Steril. 
2016;105:106-110.

https://orcid.org/0000-0002-1159-9261
https://orcid.org/0000-0002-1159-9261
https://orcid.org/0000-0001-5857-8540
https://orcid.org/0000-0001-5857-8540
https://orcid.org/0000-0002-6264-283X
https://orcid.org/0000-0002-6264-283X


     |  9 of 9LI et aL.

	26.	 Song	D,	 Li	 TC,	Zhang	Y,	 et	 al.	Correlation	between	hysteroscopy	
findings and chronic endometritis. Fertil Steril.	2019;111:772-779.

	27.	 Khan	 KN,	 Fujishita	 A,	 Kitajima	 M,	 Hiraki	 K,	 Nakashima	 M,	
Masuzaki	 H.	 Intra-uterine	 microbial	 colonization	 and	 occurrence	
of endometritis in women with endometriosisdagger. Hum Reprod. 
2014;29:2446-2456.

	28.	 Cicinelli	 E,	De	Ziegler	D,	Nicoletti	 R,	 et	 al.	 Chronic	 endometritis:	
correlation	among	hysteroscopic,	histologic,	and	bacteriologic	find-
ings in a prospective trial with 2190 consecutive office hysterosco-
pies. Fertil Steril.	2008;89:677-684.

	29.	 Bayer-Garner	 IB,	Korourian	 S.	 Plasma	 cells	 in	 chronic	 endometri-
tis	are	easily	identified	when	stained	with	syndecan-1.	Mod Pathol. 
2001;14:877-879.

	30.	 Bayer-Garner	 IB,	Nickell	 JA,	Korourian	S.	Routine	syndecan-1	 im-
munohistochemistry aids in the diagnosis of chronic endometritis. 
Arch Pathol Lab Med.	2004;128:1000-1003.

	31.	 Kitaya	K,	Yasuo	T.	 Inter-observer	and	 intra-observer	variability	 in	
immunohistochemical detection of endometrial stromal plasma-
cytes in chronic endometritis. Exp Ther Med.	2013;5:485-488.

	32.	 Debertolis	L,	Mari	G,	Merlo	B,	et	al.	Effects	of	induced	endometritis	
on uterine blood flow in cows as evaluated by transrectal Doppler 
sonography. J Vet Sci.	2016;17:189-197.

	33.	 Achilles	 SL,	 Amortegui	 AJ,	 Wiesenfeld	 HC.	 Endometrial	 plasma	
cells: do they indicate subclinical pelvic inflammatory disease? Sex 
Transm Dis.	2005;32:185-188.

	34.	 Chen	 YQ,	 Fang	 RL,	 Luo	 YN,	 Luo	 CQ.	 Analysis	 of	 the	 diagnostic	
value	of	CD138	 for	 chronic	 endometritis,	 the	 risk	 factors	 for	 the	
pathogenesis of chronic endometritis and the effect of chronic 
endometritis on pregnancy: a cohort study. BMC Womens Health. 
2016;16:60.

	35.	 Kitaya	K,	Matsubayashi	H,	Yamaguchi	K,	et	al.	Chronic	endometri-
tis: potential cause of infertility and obstetric and neonatal compli-
cations. Am J Reprod Immunol.	2016;75:13-22.

	36.	 Li	Y,	Yu	S,	Huang	C,	et	al.	Evaluation	of	peripheral	and	uterine	im-
mune status of chronic endometritis in patients with recurrent re-
productive failure. Fertil Steril.	2020;113:187-196	e181.

	37.	 Adegboyega	PA,	Pei	Y,	McLarty	J.	Relationship	between	eosinophils	
and chronic endometritis. Hum Pathol.	2010;41:33-37.

	38.	 Eckert	 LO,	 Hawes	 SE,	 Wolner-Hanssen	 PK,	 et	 al.	 Endometritis:	
the	 clinical-pathologic	 syndrome.	 Am J Obstet Gynecol. 
2002;186:690-695.

	39.	 Punnonen	 R,	 Lehtinen	M,	 Teisala	 K,	 et	 al.	 The	 relation	 between	
serum sex steroid levels and plasma cell infiltrates in endometritis. 
Arch Gynecol Obstet.	1989;244:185-191.

	40.	 Song	 D,	 Feng	 X,	 Zhang	 Q,	 et	 al.	 Prevalence	 and	 confounders	
of chronic endometritis in premenopausal women with abnor-
mal bleeding or reproductive failure. Reprod Biomed Online. 
2018;36:78-83.

	41.	 Kim	CJ,	Romero	R,	Chaemsaithong	P,	Kim	JS.	Chronic	inflammation	
of	the	placenta:	definition,	classification,	pathogenesis,	and	clinical	
significance. Am J Obstet Gynecol.	2015;213:S53-69.

	42.	 Edmondson	N,	Bocking	A,	Machin	G,	Rizek	R,	Watson	C,	Keating	
S.	 The	 prevalence	 of	 chronic	 deciduitis	 in	 cases	 of	 preterm	
labor without clinical chorioamnionitis. Pediatr Dev Pathol. 
2009;12:16-21.

How to cite this article:	Li	Y,	Xu	S,	Yu	S,	et	al.	Diagnosis	of	
chronic	endometritis:	How	many	CD138+	cells/HPF	in	
endometrial stroma affect pregnancy outcome of infertile 
women?. Am J Reprod Immunol. 2021;85:e13369. https://doi.
org/10.1111/aji.13369

https://doi.org/10.1111/aji.13369
https://doi.org/10.1111/aji.13369

