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Abstract

Purpose Chronic endometritis (CE) is diagnosed via endometrial biopsy and staining for plasma cells. A threshold plasma
cell count that identifies CE and predicts pregnancy outcomes has not been established, and the prevalence of plasma cells
in the general infertile population is unknown. The purpose of this study was to determine the prevalence of plasma cells in
the general infertile population and whether a threshold exists which predicts live birth.

Methods Endometrial samples were obtained prospectively from 80 women undergoing IVF, embedded in paraffin, and
stained for plasma cells using mouse mono-clonal antibody for CD138. Slides were reviewed at 20X magnification and 10
random images captured. Three reviewers graded each image for plasma cells. Participants underwent single, euploid, and
frozen blastocyst transfer.

Results Forty-nine percent of samples had >1 plasma cell across 10 HPFs, 11% had >5 cells across 10 HPFs, and 4% had
>10 cells across 10 HPFs. There was no difference in prevalence between those who did and did not achieve live birth. Using
thresholds of 1, 5, and 10 plasma cells per 10 HPFs, there were no differences in implantation, clinical pregnancy, clinical
pregnancy loss, or live birth rates between patients with and without CE.

Conclusion Endometrial plasma cells are present in half the general infertile population and do not predict implantation,
clinical pregnancy, clinical pregnancy loss, or live birth rates at low levels.

Keywords Plasma cells - Endometritis - Infertility - Pregnancy - Fertilization in vitro

Introduction density, and influx of polymorphonuclear cells, which may

alter endometrial receptivity [5]. Most commonly, CE is

Implantation failure and early pregnancy loss after transfer
of a euploid embryo pose ongoing challenges for reproduc-
tive specialists. Endometrial-embryonic asynchrony, mater-
nal-fetal immune incompatibility via HLA-KIR mismatch,
the maternal microbiome, and maternal chronic endometritis
(CE) have all been suggested as possible mechanisms for
poor outcomes [1-4]. CE is an inflammation of the endo-
metrium characterized by stromal edema, increased stromal
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diagnosed via endometrial biopsy and histologic analysis
for the presence of plasma cells [6]. Plasma cells may be
identified with hematoxylin and eosin (H&E) staining or
alternatively, by performing immunocytochemistry to detect
Syndecan-1 (or CD138), a surface proteoglycan specific to
plasma cells [7].

A consistent diagnostic threshold plasma cell count
within the endometrium that can be used to identify CE has
not yet been established. Multiple thresholds have been used
in the literature, including one plasma cell per 10 high-power
fields (HPFs), five plasma cells dispersed over 10 HPFs, and
10 plasma cells per 10 HPFs [8—11]. These thresholds have
been selected arbitrarily without reference to any known
population standard. The difficulty in selecting a thresh-
old for clinical use is compounded by the fact that plasma
cells are not evenly distributed; they may be concentrated
in patches or diffusely spread throughout the stroma [6]. In
addition, previous studies suggest that plasma cells may be
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present in the general population at baseline, thus limiting
the clinical value of their detection [12]. The threshold of
plasma cells which prognosticates altered clinical outcomes
remains unknown [13].

A number of studies that have assessed the association
of CE with impaired reproductive outcomes have demon-
strated inferior pregnancy rates in women with CE compared
to controls. These studies are limited by lack of endome-
trial biopsy in their control groups and are often limited
to women who already have a history of poor reproductive
outcomes. Less is known about the predictive value of a CE
diagnosis in the general infertile population. The purpose of
this study was therefore twofold: to characterize the preva-
lence of plasma cells on endometrial biopsy in an infertile
population of patients undergoing IVF with single, euploid
blastocyst transfer and to compare reproductive outcomes
in women with undiagnosed, untreated chronic endometritis
using multiple thresholds for plasma cell counts to those
with biopsy confirmed normal endometrium.

Materials and methods
Study population and design

This was a prospective, multi-center, blinded, non-selection
study conducted between August 2018 and December 2019
in which endometrial biopsy samples were obtained and
analyzed for the presence of plasma cells. The goal of the
larger study was to determine the value of PGT-A in predict-
ing pregnancy outcomes after embryo transfer; thus, women
with a good chance of obtaining an embryo for transfer (age
18-44 years undergoing their first IVF cycle) were included.
The subset of women in the larger study who underwent
single euploid frozen embryo transfer was included in the
present analysis. Patients were excluded if they had a known
history of endometrial insufficiency (defined as an endome-
trial lining of <6mm in the late follicular phase), recurrent
pregnancy loss (defined as two or more euploid losses or
three or more losses with unknown karyotype), recurrent
implantation failure (defined as three or more unsuccess-
ful euploid embryo transfers), or low markers of ovarian
reserve (day 3 follicle stimulating hormone >12 mIU/mL,
basal antral follicle count <8 follicles) [14].

IVF protocol

Patients underwent routine clinical and laboratory care
with respect to their pre-treatment screening, controlled
ovarian hyperstimulation cycle, handling of the gametes in
the embryology lab, embryo transfer, and pregnancy moni-
toring. Controlled ovarian hyperstimulation cycles were
managed by the patients’ physicians using either a GnRH
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antagonist, long GnRH agonist, or GnRH microflare proto-
col with subsequent human chorionic gonadotropin (hCG)
and/or GnRH agonist trigger for final oocyte maturation.
Vaginal oocyte retrieval (VOR) was conducted under ultra-
sound guidance, 36 h after administration of the trigger
shot. All mature MII oocytes were inseminated via intracy-
toplasmic sperm injection (ICSI), underwent laser-assisted
hatching, and were grown in sequential culture media until
the expanded blastocyst stage. Trophectoderm (TE) biopsy
occurred on day 5, 6, or 7 and embryos were subsequently
vitrified. All patients underwent single embryo transfer in
a subsequent frozen embryo transfer cycle using either a
synthetic preparation with oral estrogen and intramuscular
progesterone or a natural cycle protocol, with embryo selec-
tion based on morphology.

Tissue processing

Endometrial biopsy samples were obtained at the time of
VOR and embedded in paraffin. Paraffin blocks were then
cut in 5-pm sections and mounted on glass slides. Slides
were stained using a mouse mono-clonal antibody for human
CD138 (B-A38, Cell Marque) using a standard protocol.
Briefly, slides were warmed at 65°C for 30 min to remove
paraffin and rehydrated in a series of ethanol solutions of
descending concentrations and phosphate-buffered saline
solution (PBS). Slides were immersed in 3% hydrogen per-
oxidase and 70% ethanol solution to block endogenous per-
oxidase for 10 min and placed in citrate buffer for 20 min
at 100°C for antigen retrieval. The tissue was blocked with
goat serum to prevent nonspecific binding and then stained
overnight at 4°C with a 1:25 dilution of mouse mono-clonal
antibody against Syndecan-1 (CD-138). Slides were washed
with PBS Tween, stained with 1:200 goat anti-mouse (Alexa
Flour 488) antibody for 1 h, and again washed with PBS
Tween. Propidium iodide (1:10) was added for 10 min to
stain cell nuclei and the slides were washed a final time
before coverslips were applied. A sample of human tonsil
known to contain plasma cells was stained using the same
protocol for a positive control, with an additional sample
without primary antibody serving as a negative control.

Image acquisition and determination of plasma cell
count

All slides were examined at 20X magnification, and 10
images of randomly selected high-power fields (HPF) were
captured. Three independent observers reviewed the images
for each slide and recorded number of plasma cells per HPF.
Plasma cells were identified based on CD138 staining of
the cell membrane and an eccentrically located nucleus. For
each image, the average number of plasma cells of the three
observers was used when there was a discrepancy among
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observers. Inter-observer variability of plasma cell count
was determined for each slide.

Data analysis

Baseline patient characteristics and plasma cell counts were
compared between patients who did and did not achieve live
birth. Additionally, pregnancy outcomes including implan-
tation rate, clinical pregnancy rate, clinical pregnancy loss
rate, and live birth rate were compared in patients using
three different commonly used thresholds for plasma cell
count to be defined as CE: > 1 plasma cell per 10 HPFs,
> 5 plasma cells in 10 HPFs, and > 10 plasma cells in 10
HPFs (or 1 plasma cell per HPF). Previous literature sug-
gests that the presence of CE decreases live birth rates by
50% [15]. Using a threshold of >1 plasma cell per 10 HPFs,
we determined that a sample size of 40 women with CE and
40 without CE would be needed to detect a 50% difference
in live birth rates with 80% power and a type I error prob-
ability of 0.05.

Implantation was defined as positive serum beta HCG
after embryo transfer. Clinical pregnancy was defined as
a gestational sac on ultrasound after a positive pregnancy
test. Clinical pregnancy loss was defined as pregnancy loss
within the first trimester. Live birth was defined as delivery
of a liveborn infant.

Student’s ¢ test and Wilcoxon rank-sum were used for
normally and non-normally distributed continuous variables,
respectively. Chi-squared test and Fisher’s exact test (if
expected counts <5) were used for categorical variables. All

statistical analyses were performed by using SAS (SAS 9.4,
SAS Institute Inc, Cary, NC, USA). Statistical significance
was defined by the two-sided test with a p value < 0.05.

Ethical approval

Institutional Review Board approval was obtained for the
larger study, including endometrial biopsy collection (Pro-
tocol RMA-2018-01) and registered with clinicaltrials.gov
(NCT03604107). Written informed consent for endometrial
biopsy was obtained for all participants prior to enrollment.

Results
Baseline patient characteristics

A total of 80 patients who had endometrial biopsies per-
formed prior to single, euploid embryo transfer were
included. Baseline demographics including age, BMI, mark-
ers of ovarian reserve, blastocyst quality (“fair” (4-6BC, CB)
and “good” (4-6AA, AB, BA, BB)), endometrial thickness
at time of transfer, and plasma cell counts in patients with
and without live birth are listed in Table 1. The mean patient
age in each group was 33.9 + 3.9 years and 34.7 + 3.9 years,
in the live birth and no live birth groups, respectively. There
were no significant differences between groups with regard
to BMI, AMH, Day 3 FSH, or indication for IVF (Table 1).
Both groups transferred predominantly good quality blasto-
cysts. The mean endometrial thickness at embryo transfer

Table 1 Comparison of patient

. Live birth No live birth p value
age, markers of ovarian reserve, (n=39) (n=41)
and embryo transfer cycle
characteristics between patients Patient age years (mean, SD) 33.9 (3.9) 34.7 (3.9) 0.37
with and without live birth BMI (mean, SD) 26.1 (4.6) 25.9 (4.4) 0.83
Ovarian reserve (mean, SD)
AMH (ng/mL) 4.3 (3.2) 4024 0.95
Day 3 FSH (mIU/mL) 7.0 (1.9) 7.3 (1.8) 0.51
Indication for IVF (%)
Male factor 23% 32% 0.41
Tubal factor 6% 20% 0.05
Ovulatory dysfunction 28% 20% 0.38
Unexplained 28% 17% 0.24
DOR 15% 12% 0.83
Blastocyst quality (%)
Fair 8% 7% 0.95
Good 92% 93% 0.95
Endometrial thickness at transfer, mm mean (SD) 10.3 (3.0) 9.8 (1.8) 0.89
No plasma cells identified (%) 44% 59% 0.18
One to nine plasma cells per 10 HPFs (%) 51% 39% 0.27
>10 plasma cell per 10 HPFs (%) 5% 2% 0.61

@ Springer



476

Journal of Assisted Reproduction and Genetics (2022) 39:473-479

was 10.3 + 3.0 mm and 9.8 + 1.8 mm, in the live birth and
no live birth groups, respectively, and did not significantly
differ (Table 1). Baseline characteristics were addition-
ally compared between patients with and without at least
one plasma cell across 10 HPFs (Supplementary Table I).
Patient characteristics were similar between groups; how-
ever, patients in the group with at least one plasma cell were
more likely to have ovulatory dysfunction as an indication
for IVF (p=0.01).

CD138 positive cell distribution in endometrial
sections

Figure 1 depicts four sections of tissue representing negative
and positive controls as well as endometrium with plasma
cells, with and without propidium iodide overlay. Of the 80
biopsies, 39 had at least one plasma cell present across 10
HPFs, while the other 41 had no plasma cells in their sam-
ple. Plasma cells were heterogeneously distributed in the
endometrium, often as a single isolated cell across all 10
HPFs and other times occurring in clusters and in multiple
HPFs. Of the 39 patients who had plasma cells present in the
endometrium, 18 women had plasma cells present in only
one HPF, eight women had plasma cells in two HPFs, three
patients had plasma cells in three HPFs, four patients had
plasma cells in four HPFs, four patients had plasma cells
in five HPFs, one patient had plasma cells in six HPFs, and
one patient had plasma cells present in eight HPFs (Fig-
ure 2). Inter-observer variability for plasma cell count on all

Fig. 1 Four sections of tissue:

a negative control, b positive
control, ¢ endometrium staining
positive for CD138, d endo-
metrium staining positive for
CD138 with propidium iodide
(PI) overlay
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Fig.2 Distribution of plasma cells across 10 HPFs for each biopsy
sample. The x axis represents the number of HPFs out of 10 which
had at least one plasma cell and the y axis describes the number of
patients in each category

HPFs examined was 0.706, which was considered substantial
agreement.

CD138 positive cell presence in the live birth
and no live birth groups

Comparing women with live birth to those without live
birth, 44% of women with live birth had no plasma cells
identified across 10 HPFs compared to 59% without live
birth (Table 1), leaving approximately half of patients in
each group with at least one plasma cell across 10 HPFs.
Only two patients who achieved live birth and one who
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did not achieve live birth had 10 plasma cells per 10 HPF
examined. There were no significant differences between
groups with regard to prevalence of plasma cells.

The impact of CE diagnosis on cycle outcome

Cycle outcomes for each of three commonly used thresh-
olds for CE are presented in Table 2. Forty-one patients
had no plasma cells identified in any of the sections
compared to 39 patients with at least 1 plasma cell in 10
HPFs. Using this threshold, 49% of patients were classi-
fied as having CE. There were no significant differences
in implantation rate, clinical pregnancy rate, clinical preg-
nancy loss rate, and live birth rate between those classified
as having CE and those who were not using this threshold.
The predictive value of a CE diagnosis resulting in no live
birth was 44% (n=17/39).

When examining a threshold of five plasma cells in 10
HPFs, nine of 80 patients (11%) of patients were classified
as having CE. Using a threshold of 10 plasma cells per 10
HPFs, only three of 80 patients (4%) were classified as
having CE. There were no significant differences between
groups for any pregnancy outcome using these thresholds,
although at these sample sizes, the study was underpow-
ered to detect differences.

Table2 Cycle outcomes based on three different thresholds of
plasma cell count for diagnosis of chronic endometritis

Plasma cell count across 10 HPFs

None >1 p value
n=41 (51%) n=39 (49%)
Implantation rate 29 (71%) 32 (82%) 0.23

Clinical pregnancy rate 24 (59%) 28 (72%) 0.21
Clinical pregnancy loss rate 7 (29%) 6 (21%) 0.56
Live birth rate 17 (42%) 22 (56%) 0.18
Plasma cell count across 10 HPFs

<5 >5 p value

n=71(89%) n=9 (11%)
Implantation rate 53 (75%) 8 (89%) 0.34
Clinical pregnancy rate 46 (65%) 6 (67%) 0.91
Clinical pregnancy loss rate 10 (22%) 3 (50%) 0.13
Live birth rate 36 (51%) 3 (33%) 0.33
Plasma cell count across 10 HPFs

<10 >10 p value

n=77 (96%) n=3 (4%)
Implantation rate 58 (75%) 3 (100%) 0.33
Clinical pregnancy rate 49 (64%) 3 (100%) 0.19
Clinical pregnancy loss rate 12 (24%) 1 (33%) 0.93
Live birth rate 37 (48%) 2 (67%) 0.58

Discussion

We analyzed endometrial biopsies from 80 women under-
going IVF with euploid, single blastocyst transfer and
determined that 49% had at least one plasma cell present
in their endometrial biopsy sample, while only 11% had
biopsies showing five plasma cells per 10 HPFs examined,
and 4% had biopsies showing one plasma cell per HPF
examined. If the most conservative threshold is used, our
results suggest that almost half of women in the general
infertile population carry a diagnosis of CE, whereas if
the most rigorous threshold is used, CE is only found in
a small percentage of patients. At all three thresholds, a
diagnosis of CE did not carry a higher risk of implantation
failure or clinical pregnancy loss.

The reported prevalence of CE in the infertile popu-
lation varies tremendously in the literature. Kasius et al.
examined endometrial biopsy samples from screening hys-
teroscopy of 606 patients prior to IVF and determined that
2.8% of patients displayed evidence of CE, or the pres-
ence of at least one plasma cell, based on traditional H&E
staining and immunohistochemistry for the plasma cell
marker CD138 [16]. This report differs substantially from
that of Cicinelli et al., who used hysteroscopic evidence
of hyperemia, mucosal edema, and micropolyps to diag-
nose chronic endometritis in a population of 2190 women
referred for diagnostic hysteroscopy [17]. They diagnosed
438 (20%) women undergoing hysteroscopy with chronic
endometritis and confirmed the diagnosis with both his-
tologic review (88%) and evidence of a microorganism
present (73%).

The discrepancy in the reported prevalence of chronic
endometritis likely stems from both the method of diagno-
sis and the populations tested. The use of plasma cells to
diagnose chronic endometritis originates from Hitschman
and Adler in 1907, as plasma cells were found in endome-
trium of patients with inflammatory adnexal disease and
postpartum infection and absent in normal endometrium
[18]. More recently, the identification of Syndecan-1, a
transmembrane protein on the plasma cell surface, has
improved our ability to detect plasma cells in endometrial
tissue [7]. Hysteroscopy and visualization of abundant
polypoid tissue and hyperemia may be a more accurate
diagnostic method but is time intensive and invasive. Thus,
endometrial biopsy and histopathologic examination for
plasma cells remains one of the most widely used clinical
methods for diagnosis.

The concern with using plasma cells to diagnose CE is
that they may be found in seemingly normal endometrium.
Dumoulin et al. demonstrated that plasma cells are present
in the endometrium of healthy postpartum women [19].
Similarly, McQueen et al. recently demonstrated that 31%
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of healthy controls have at least one plasma cell across 10
HPFs [12]. Our data suggests that half of women undergo-
ing infertility treatment have plasma cells in their endo-
metrium and that their presence at low levels does not
predict pregnancy outcomes. Accordingly, we argue that
a threshold of one plasma cell in 10 HPFs should not be
used to diagnose CE. We did observe lower live birth rates
in the women with >5 plasma cells in 10 HPFs, although
the difference was not statistically significant. A larger
sample size of women with >5 plasma cells may demon-
strate that a threshold of plasma cells exists which alters
pregnancy outcomes.

The second concern with the previous literature is the
heterogeneity in populations tested. CE is thought to play
a role in abnormal uterine bleeding, pelvic pain, as well as
infertility. Sampling a broad spectrum of patients in the gen-
eral population, as done by Cicinelli et al., may capture more
patients who have evidence of CE but may not be relevant
with regard to ability to achieve implantation and live birth.
On the other end of the spectrum, studies of women with
recurrent implantation failure and recurrent pregnancy loss
demonstrate CE rates as high as 66% [20, 21]. Our study
evaluated endometrial biopsy and assessment of plasma
cells in the general infertile population, the most clinically
relevant population for us, and one in which this modality is
often used despite its limited prognostic value.

Finally, much of the previous literature suggests that for
women with CE, treatment with antibiotics improves preg-
nancy outcomes. The concern with this conclusion is that
if CE is detected in the course of clinical care, treatment
is provided. No studies in the general infertile population
compare those with CE who were untreated to those without
to determine the predictive value of a CE diagnosis on preg-
nancy outcome. The studies that exist are also confounded
by the fact that they contain patients transferring embryos
of unknown ploidy status, limiting their ability to conclude
that implantation failure is due to endometritis and not ane-
uploidy. Our study is strengthened by the fact that we ana-
lyzed our endometrial biopsy samples after embryo transfer,
and no patients ever received treatment. Therefore, we were
able to compare those with a diagnosis of CE who were
untreated to those without and determined that there were no
differences in pregnancy outcomes. Furthermore, all patients
underwent single, euploid embryo transfer, eliminating the
potential for ploidy status to affect their clinical outcome.
At our institution, all embryo transfers are done in a sub-
sequent cycle to the controlled ovarian hyperstimulation
(COH) cycle. A weakness of our study is that endometrial
biopsies were performed during the COH cycle and not dur-
ing the transfer cycle. We cannot guarantee that the plasma
cell count remains constant despite the varying physiologic
milieus of proliferative and secretory endometrium. How-
ever, performing endometrial biopsy in the same cycle in
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which the embryo is transferred would likely disrupt the
endometrium and potentially impact pregnancy outcomes.
Another limitation of our study is that we only evaluated
plasma cells on endometrial biopsy samples. We chose
this marker because it is frequently used to diagnose CE
both in our practice and in the existing literature. However,
evaluating both plasma cells and other markers of inflamma-
tion, such as stromal changes, may have altered our results.
Finally, our study was designed to evaluate the endometrial
milieu of the general infertile population. Similar analy-
sis of a poor prognosis subset of the population, including
those with a history of recurrent pregnancy loss or recurrent
implantation failure, may yield different results.

In summary, we determined that half of women undergo-
ing infertility treatment have plasma cells present in their
endometrium and that their presence at low levels does not
prognosticate pregnancy outcomes. Future studies to deter-
mine the threshold of plasma cells which alters clinical out-
comes are needed.
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