S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



2, Callaghan WM. Overview of maternal mortality in the United States.
Semin Perinatol 2012;36:2-6.

3. Joseph KS, Lisonkova S, Muraca GM, et al. Factors underlying the
temporal increase in maternal mortality in the United States. Obstet
Gynecol 2017;129:91-100.

Undetectable viral RNA from SARS-CoV-2

4, Spiegelman D, Hertzmark E. Easy SAS calculations for risk or preva-
lence ratios and differences. Am J Epidemiol 2005;162:199-200.

© 2021 Elsevier Inc. All rights reserved. https://doi.org/10.1016/j.ajog.
2021.10.012

‘ '.) Check for updates

in endometrial biopsies from women with COVID-19:

a preliminary study

OBJECTIVE: From the time of its first appearance, the
novelty of the SARS-CoV-2, which is responsible for COVID-
19, has generated many important questions about its effects
on human health.

SARS-CoV-2 is a single-stranded, enveloped RNA virus that
incorporates 3 types of transmembrane proteins (spike [S],
envelope, and membrane) and a nucleocapsid (N) structural
protein.’ For effective cell entry and consequent infection, the S
protein needs to specifically bind to cell-surface receptors such
as angiotensin-converting enzyme 2 (ACE2), which is thought
to be a crucial receptor in this process. The S protein also re-
quires priming by host cell serine proteases such as trans-
membrane protease serine 2.”

Interestingly, the gene encoding for ACE2 is expressed in
the female reproductive organs and cells, including the oo-
cytes, ovaries, placenta, vagina, and the uterus.” In 2009, the
expression of the ACE2 gene in the uterine mucous layer
(endometrium) was shown to be higher in epithelial cells (vs
stromal cells) and during the secretory phase (vs the prolif-
erative phase) of the menstrual cycle. Protein expression
analysis reaffirmed the increased expression of ACE2 in the
secretory phase (when decidualization, which is essential for
achieving pregnancy, occurs); furthermore, the stromal cells
showed higher expression of ACE2 during this phase than the
epithelial compartments.”

These studies underscore the importance of determining
whether there is sufficient ACE2 expression in the human
endometrium to allow SARS-CoV-2 infection of this tissue.
Because the endometrium is critical for reproduction, viral
infection could influence reproductive outcomes and poten-
tially even impact future fertility treatments.

STUDY DESIGN: The research ethics committee of the
Hospital Universitari i Politécnic La Fe approved this study
(registration number: 2020-268-1) on May 12, 2020. All the
study participants received written and oral information on
the study characteristics and consented verbally in the pres-
ence of at least 1 witness.

Human tissue samples were obtained by endometrial
aspiration (Cornier Pipelle) from 15 women (24—46 years
old) symptomatic with COVID-19 and hospitalized at Hos-
pital La Fe (Valencia, Spain).
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The samples were freeze-dried at —80°C, and the RNA was
extracted (Biobank Facilities, Hospital Universitari i Politec-
nic La Fe) and analyzed by Bionos Biotech, SL, using
real-time reverse transcription polymerase chain reaction
(RT-PCR). We first tested the tissues for the presence of
SARS-CoV-2 RNA (using the 2019-nCoV CDC RUO kit,
targeting 2 conserved regions of the SARS-CoV-2 N gene, N1
and N2; IDT reference 10006713; IDT Corporation, Newark,
NJ) and then analyzed the expression of the ACE2 receptor
(using a predesigned ACE2 assay; IDT reference
Hs.PT.58.27645939) using the human ribonuclease P or MRP
subunit P30 (RPP30) as a housekeeping gene.

Finally, the ACE2 expression in the endometrium was
compared with its expression in the nasopharyngeal epithelial
samples [(n=5) from Bionos Biotech, SL] known to be
positive for viral infection. The fold-change in the ACE2
expression was calculated from 3 independent technical
replicates with respect to the housekeeping gene RPP30. For
statistical significance, the one-tailed ¢ test was applied to
log,—AACr.

RESULTS:  We enrolled 15 women (mean age=35.80 years,
standard deviation=7.49) in different phases of the menstrual
cycle, with a mean of 5 days (standard deviation=4.44) be-
tween the confirmed diagnosis of COVID-19 (positive
nasopharyngeal RT-PCR; data not available) and the
collection of endometrial biopsies (Table).

All endometrial samples (except for patient 7 because of
insufficient total RNA available) tested negative for the virus
(neither the N1 nor the N2 gene was detected) (Figure, A).
ACE2 expression was detected in 10 of 14 endometrial sam-
ples (excluding patient 7) (Figure, A).

The comparison of the ACE2 endometrial expression
values to those detected in the SARS-CoV-2-positive naso-
pharyngeal epithelial samples (control group) confirmed the
receptor’s low-level expression in the endometrium, and
this difference was statistically significant in 8 samples
(Figure, B).

CONCLUSION:  Little is known about the impact of SARS-
CoV-2 on the endometrium, and to the best of our
knowledge, no study has assessed this tissue from patients
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TABLE

Patient characteristics

Patient Age (y)

Menstrual
cycle phase

Onset of
symptoms

Main symptoms

Treatment

Days from
COVID-19 diagnosis

to EB collection

1

10

1

12

13

14

15

37

25

37

36

44

40

46

24

44

39

28

32

40

4

24

Proliferative

Proliferative

Proliferative

Early secretory

Early secretory

Early secretory

Late secretory

Late secretory

Late secretory

Late secretory

Late secretory

Late secretory

Late secretory

Amenorrhea

Amenorrhea

1 d before +PCR

4 d before +PCR

5 d before ++PCR

4 d before +PCR

6 d before +-PCR

2 d before +PCR

2 d before +PCR

2 d before +PCR

4 d before +PCR

4 d before +-PCR

3 d before +-PCR

4 d before +PCR

2 d before +PCR

3 d before +PCR

Cough, dyspnea,
pneumonia

General discomfort,
pneumonia

Pneumonia,
hypoxemia

Fever, dyspnea,
arthralgia, bilateral
pneumonia

Cough, fever
anosmia, cephalea,
pneumonia

Bilateral pneumonia

Cough, fever,
pneumonia

Dyspnea, pneumonia
Pneumonia

Bilateral pneumonia

Pneumonia

Bilateral pneumonia

Nasal congestion,
cephalea, bilateral
pneumonia

Bilateral pneumonia

Same day as +PCR Bilateral pneumonia

Ceftriaxone, azithromycin, enoxaparine,
paracetamol, methylprednisolone,
metoclopramide, omeprazole

Ceftriaxone, azithromycin, enoxaparine,
paracetamol, methylprednisolone,
omeprazole

Metoclopramide, enoxaparine,
paracetamol, levothyroxine,
omeprazole, methylprednisolone,
trimethoprim/sulfamethoxazole

Ceftriaxone, azithromycin, enoxaparine,
paracetamol, methylprednisolone,
omeprazole, enalapril

Ceftriaxone, azithromycin,
dexamethasone

Ceftriaxone, azithromycin, enoxaparine,
paracetamol

Ceftriaxone, azithromycin,
dexamethasone, remdesivir,
levofloxacin

Ceftriaxone, azithromycin, enoxaparine,
paracetamol, methylprednisolone

Ceftriaxone, paracetamol,
methylprednisolone, bemiparin

Ceftriaxone, azithromycin, enoxaparine,
paracetamol, methylprednisolone,
codeine, metoclopramide, remdesivir

Ceftriaxone, azithromycin, enoxaparine,
paracetamol

Azithromycin, enoxaparine,
paracetamol,
Acetylcysteine, lorazepam

Ceftriaxone, azithromycin,
dexamethasone, enoxaparine,
nonsteroidal antiinflammatory drugs

Enoxaparine, paracetamol,
dexamethasone, omeprazole,
loperamide, ceftiroden

Ceftriaxone, azithromycin, enoxaparine,
paracetamol

9

10

17

1

The age, phase of menstrual cycle, treatment, and the main COVID-19 symptoms are indicated. The timings of symptom onset and endometrial biopsy collection are presented relative to the day
of COVID-19 diagnosis confirmed by positive RT-PCR of a nasopharyngeal sample. These 15 patients followed the following inclusion criteria to enroll in the study: women aged 18—48 years with
a positive result for SARS-CoV-2 infection indicated by RT-PCR of nasopharyngeal swabs, hospitalization for COVID-19 in Hospital Universitari i Politécnic La Fe, and voluntary willingness to
participate in this study; patients with known infertility (ovulation disorder, severe endometriosis, Asherman syndrome, luteal phase deficiency, or fallopian tube obstruction), those using a
intrauterine contraceptive device, and those with severe COVID-19 or any other disorder or condition that, in the point of view of the gynecologist, could be a risk for the patient, were excluded
from the study.

EB, endometrial biopsy; RT-PCR, real-time reverse transcriptase polymerase chain reaction.
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FIGURE

endometrial tissue of SARS-CoV-2—positive patients

Reverse transcription polymerase chain reaction detection of SARS-CGoV-2 and ACEZ2 expression in the

PATIENT MEAN£SD | MEANZSD | MEANSD C; | MEANiSD C; Endometrial biopsies Nasopharyngeal epithelial
C;VALUE N1 | C; VALUE N2 | VALUE ACE2 | VALUE RPP30 from COVID-19 samples from COVID-19 women
women (n=15) — CONTROL group (n=5)
1 ND ND ND 27.30%0.30
2 ND ND 28.50+0.75 | 22.35%0.16 AS
«— »
3 ND ND 33.710.49 24.37%0.39
4 ND ND 36.19 27.03 i
5 ND ND 30.14+0.33 23.55+0.36 :
6 ND ND 29.29+0.23 21.9440.52 c 107
(=]
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w
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A, Table showing the mean and SD of the Cy values for SARS-CoV-2 and the ACE2 and RPP30 genes. When the housekeeping gene RPP30 was not
detected, the test was considered invalid (NA). B, Graphical representation of the fold-change in ACE2 expression from all endometrial samples when
compared with the average expression levels in a control group that included 5 nasopharyngeal epithelial samples derived from SARS-CoV-2—
positive patients (women aged between 27 and 48 years; samples from Bionos Biotech, SL), assessed under identical conditions. The fold-change in
ACE2 expression was calculated from 3 independent technical replicates with respect to the housekeeping gene RPP30. For statistical significance, a
1-tailed t test was applied on log,—AACy. The error bars represent the confidence interval. The asterisk represents P<.0001, dagger represents

significance not determined because of insufficient technical replicates. Images created with www.BioRender.com.

Cr. cycle threshold; NA, not available; ND, not detected; SD, standard deviation.
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with COVID-19. Our findings indicate that despite the
presence of the gene for the receptor ACE2 (proposed to be
the key for SARS-CoV-2 cell entry)” in the endometrium,
its messenger RNA (mRNA) expression is insufficient to
allow viral infection (none of the analyzed endometrial
biopsies revealed the presence of viral mRNA). Previous
findings in studies of the human endometrium indicated
differential ACE2 expression across the menstrual cycle and
in different endometrial cell types.”” In agreement with
these reports, we could appreciate the lower levels of ACE2
expression in the proliferative vs secretory phase (with a
notable trend of high expression in the early secretory
endometrium). In line with this, an in silico study indicated
that the endometrium is likely safe from SARS-CoV-2
infection on the basis of a lack of several key molecular
effectors, including ACE2 and TMRPSS2.° These results
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align with another recently published in silico study that
describes the apparent low risk of infection of the
endometrium because of the low percentage of cells
expressing ACE2. Interestingly, the percentage of cells
coexpressing ACE2 and TMRPSS2 was even lower during
the window of implantation (secretory phase).” Together
with our pilot results, these findings indicate that the
human endometrium seems safe (negative diagnostic test
results) from the entry of the virus, potentially because of
the low expression of the ACE2 receptor in this tissue. The
significantly higher expression of ACE2 that we detected in
COVID-19—positive  nasopharyngeal epithelial samples
reinforces this conclusion. However, the virus-free milieu
suggested by in silico studies and corroborated in vivo in
the present study would likely not inhibit the alteration of
the endometrium because of the systemic changes provoked
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by COVID-19. Nevertheless, together with further studies in
the field, these pilot results could help manage female fertility
and reproduction in patients wishing to conceive during this
pandemic.

However, we note several limitations. As the samples were
not easy to collect or process, our population size was small.
In addition, because of health measures and the infectious
condition of the patients, we collected biopsies only from
symptomatic hospitalized patients (excluding asymptomatic
women). We encourage in-depth research into the possible

impact of the virus on the endometrium, which could have
implications in the reproductive field. |
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