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SA RS-COV SARS-CoV-2 is the virus that causes coronavirus
disease 2019 (COVID-19)
SARS = severe acute respiratory distress syndrome
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Pathophysiology of COVID-19

v
%,

%
&

Hrotk bt ERer ETieft O ‘

Anant Parasher Postgrad Med J 2021;97:312-320


簡報者
簡報註解
Pathophysiology of COVID-19. CXCL-10, C-X-C motif chemokine ligand 10; IFN, interferon; IL, interleukin; MCP-1, monocyte chemoattractant protein-1; MIP-1α, macrophage inflammatory protein-1α; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; TNF-α, tumour necrosis factor-α; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor.
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] Two ways to entry:
(i 1. Membrane fusion-
ACE2 + TMPRSS2
2. Endocytosis-
O CD147 + CTSL

“o

Rajput. SARS-CoV-2 receptors on human embryos. Fertil Steril Sci 2021.
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Understanding the cross-talk between mediators of infertility and
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Renin-Angiotensin sy
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RAS

ACE?2 is crucial for regulation of the RAS
expressed mainly in the respiratory tract, intestine,
heart, kidney and endothelium.
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ACE: Angiotensin converting enzyme
ACEZ2: Angiotensin converting enzyme 2
Ang I: Angiotensin |

Ang II: Angiotensin Il

AT1-R: Angiotensin Il receptor type |
AT2-R: Angiotensin Il receptor type Il

[ ]

(Violeta et al., 2021)
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Single-cell RNA sequencing data:

1.  Oocyte was found to express ACE2
and TMPRSS2, but coexpression
was not observed.

2. Coexpression of ACE2 and
TMPRESS2 was not detected in
testis cells.

3. RNA expression of TMPRSS2 in
CC was shown to be low or abscent.

4. SARS-CoV-2 infection is unlikely
to have long-term effects on male
and female reproductive function.
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ACE2 mRNA: GV, MIl >>CC, GC, BL
ACE2 protein: Mll, 1C, BL

TMPRSS2 protein: all samples
TMPRSS2 mRNA: only BL

CD147 and CTSL mRNA:
all samples

Co-expression CD147 +
CTSL: CC, GC in low
abundance

Rajput. SARS-CoV-2 receptors on human embryos. Fertil Steril Sci 2021.



The co-expression of ACE2
and TMPRSS2 was
observed mostly in oocytes
and partially in GCs.

No marked difference was
observed in ACE2 and
TMPRESS2 expression
between young and old
ovaries and between low
and high ovarian reserves.




Y

%

Fig. 1. mRNA expression levels of ACE2 (A) and TMPRSS2 (B) in multiple organs; data obtained from the Genotype-Tissue Expression (GTEx) database (a
organ database); * p < 0.05, ** p < 0.001, *** p = 0.0001, **** p < 0.0001. The vertical coordinates represent the log transformed (log2 [x + 0.0014
expression level of ACE2 and TMPRSS2.

relative

M. Wu et al. Genomics 113 (2021) 3449-3460
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1. ACE2 is expressed in female follicles, endometrium (Algarroba et al., 2020; Hosier et ah 0), and throughout different developmental stages of
preimplantation embryos.
2. The co-expression level of ACE2 and TMPRSS2 is highest on day 6 during the embryoni
TE cells may be relatively susceptible to SARSCoV-2 during that time window. Thus, the potesti
transfer process in clinical setting.

3. ACE2 expression in endometrium may allow SARS-CoV-2 to enter endometrial epithelial and stron mpairing in vivo decidualization,

embryo implantation, and placentation (Chadchan et al., 2020).

development in trophectoderm (TE) cells, indicating that
Isk of SARS-CoV-2 infection is during embryo



Folliculogen

SARS-CoV-2 virus downregulates
ACEZ2, leading to increased levels of
Ang Il that might lead to oxidative
stress and ovarian dysfunction.
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78 patients of
reproductive age

V4
/.
%>

2
U,

In the endometrium the expression of ACE2 is low, but it is
still important for maintaining regular menstrual cycles, thus
the imbalance between Angll and Ang(1-7) due to COVID-19
may lead to abnormal endometrial regeneration and
proliferation and to implantation failure.
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1. Decreased levels of

increased levels of T anthp
2. SARS-COV-2 infection was/a
independent risk factor for ovari
dysfunction, which accounted fo
3.2% of the decline in AMH level




90% OVT at Rt ovary.

Fever, low abdominal pain

High D-Dimer

=> predisposing to pulmonary emboli,
arian abscesses, ovarian infarctions,

s.thrombophlebitis, uterine
@~ or uteteral compression.
p@Or ovarian function



Before COVID-19
Cycle: 28-32d

Mild S/S of COVID-19
Fever, cough, myalgia

5 months after COVID-19
Amenorrhea

Hot flushes

FSH:44.2 1U/I

E2:167.62 pg/ml

P4: 2.23 ng/ml

Prolactin: 287 mIU/I (within normal range)
TSH:0.744 miU/I
Testosterone: 0.34 nmol/I
Gyn U/S: no follicles

POI was diagnosed

7 months after COVID-19
FSH: 129.51U/1

AMH: 0.13 ng/ml
Karyotype: 46, XX

FMR1 gene: no mutation

RX: HRT



Autoimmune oophoritis
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A case of transient autoimmune
oophoritis resulting in POI after
COVID-19

Screening: anti-ovarian Ab (AOA)
Treatment with corticosteroids
before and during ovarian
stimulation.

Evaluating AOA titers during
ovarian stimulation, before and
after ET, and during pregnancy
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ABSTRACT

Several organs, such as the heart, breasts, intestine, testes, and ovaries, have been reported to be target tissues of
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. To date, no studies have demon-
strated SARS-CoV-2 infection in the female reproductive system. In the present study, we investigated the effects
of SARS-CoV-2 infection on ovarian function by comparing follicular fluid (FF) from control and recovered
coronavirus disease 2019 (COVID-19) patients and by evaluating the influence of these FF on human endothelial
and non-luteinized granulosa cell cultures. Our results showed that most FFs (91.3%) from screened post COVID-
19 patients were positive for [gG antibodies against SARS-CoV-2. Additionally, patients with higher levels of IgG
against SARS-CoV-2 had lower numbers of retrieved oocytes. While VEGF and IL-1p were significantly lower in
post COVID-19 FF, IL-10 did not differ from that in control FF. Moreover, in COV434 cells stimulated with FF
from post COVID-19 patients, steroidogenic acute regulatory protein (StAR), estrogen-receptor B (Erp), and
vascular endothelial growth factor (VEGF) expression were significantly decreased, whereas estrogen-receptor a
(ERa) and 3p-hydroxysteroid dehydrogenase (3p-HSD) did not change. In endothelial cells stimulated with post
COVID-19 FF, we observed a decrease in cell migration without changes in protein expression of certain
angiogenic factors. Both cell types showed a significantly higher yH2AX expression when exposed to post COVID-
19 FF. In conclusion, our results describe for the first time that the SARS-CoV-2 infection adversely affects the
follicular microenvironment, thus dysregulating ovarian function.

80 women (21-41y) undergoing ART procedure between Nov 2020 and April

2021

Control (n=34), post COVID-19 patients (n=46)(mild symptoms)(PCR

diagnosed)

Time interval between the infection and retrieval of FF: 2-9 months (average:

4.5 months)

FF was extracted from 16-20 mm follicle size. No flush and only

macroscopically clear fluid was collected.

BBA - Molecular Basis of Disease 1868 (2022) 166295
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1. Both in women recovered from COVID-19 and in
vaccinated women anti-SARS-CoV-2 IgG antibodies
are present in FF.

2. VEGF, IL-1B decreased in post COVID-19 FF.

No differences between groups in terms of I1L-10 level

w

BBA - Molecular Basis of Disease 1868 (2022) 166295






The results of g@ailable clinical studies concerning ovarian function
after COVID-19érexonflicting

Not affect

» Kolanska et al. investigated 118 wemen ART procedures, including 14 (11.9%) COVID-
19 positive patients, and concluded thatthere were no differences between the groups in
baseline AMH and in AMH during AR¥Areatment levels, as well as in the difference
between these two AMH concentrations @epfod siomed Online. 2021:43(6):1117-1121. )

> Li et al. compared 237 COVID-19 positive women with age-matched healthy controls and found
no differences in FSH, LH, E2, P4 and T and AMH levels between the groups. There was also no
difference in studied parameters between patients with' mild-and severe SARS-CoV-2 infection.
(Reprod Biomed Online. 2021;42(1):260-267 )

» Madendag et al. performed a study including 132 women wijth ungxplained infertility and
compared their FSH, LH, E2 and AMH concentrations before and after COVID-19. They found no
significant differences in all studied hormones (reprod Biomed Online. 2022;45¢1):153-158. )









Summary

1.
2.

3.
4.
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Significant menstrual alterations but reversible
Slightly modified ovarian reserve and hormone
balance

Reduced number and quality of embryos

Further investigation is needed to assess the potential
impact on the live birth rate



A Subramanian, A Anand PCOS and COVID-19 risk 184:5 637-645
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Increased COVID-19 infe ns in women with
polycystic ovary syndr

population-based study
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1. MR analysis does not provide evidence supporting PCOS as a causal risk factor

l influencing the susceptibility or severity of COVID-19.
2. The previously observed correlation between PCOS and COVID-19 may be attributed to
the influence of comorbidity factors. Such as obesity, insulin resistance, diabetes, and
other cardiovascular and metabolic conditions, rather than PCOS itself, could be

contributing to the association observed in these studies.

&
>



%

/»
40%

loannis llias et al., World J Clin Cases 2021 April 26; 9(12):2711-2720
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1.

Eatrogen production promotes
Th2/Th1, activates T regulatory
cells and CD8+ T cells.

ACE2 expression, ER stress,
proinflammatory cytokines and
Th17 are inhibited by estrogen.
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Female repfaductive health in Long COVID-19 (LC)

» LC Definition:

experiencing symptoms withinl3 menths from the initial infection that last at least 2 months.
» Symptoms:

fatigue, cognitive dysfunction, post-exertienal malaise, headache, insomnia, muscle aches.
» Pathophysiology:

Immune dysregulation and autoimmunity, pathogery persistence/reactivation, neurological
abnormalities and neuroinflammation, tissue and.organ damage, hypoperfusion and autonomic
dysfunction, fibrin amyloid mlcroclots and microbiome dysregulation.

» Affect twice as many women as men.

» Premenopausal women have an elevated risk for LC, suggesting the sex hormones may play
a key role in LC development.
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Serum AMH levels before and 3 months %}

following two mRNA SARS-CoV-2
vaccinations did not change significantly.






Postvaccination AMH
level was measured
between 4 and 356
days after the first
dose
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(Obstet Gynecol . 2022 Apr 1,139(4))




2022 Apr 1,139(4))



C@KSP—B Vaccination & IVF

e Patients fully vaccin@w;’th a COVID-19 mRNA vaccine were

}ltients who cycled during the same

o Administration of COVID-19 mR@} Ines was not associated with
an adverse effect on IVF outcomes. @

 Our findings showed the safety of COVIQvaqcination iIn women
who are trying to receive IVF treatment. </

G ynecol. 2022 Apr 1,139(4))

compared with unvacci

time period.
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Presentation
preference

Abstract title

Biography

Reproductive endocrinology (incl. ovarian reServe testing, ovarian stimulation, IVM, POI, PCOS, infancy, disorders of
sexual development, puberty, adolescence; menopatse)

Oral presentation or poster

Follicle-stimulating hormone significantly uprequlates the expressions of angiotensin-converting enzyme 2 and
angiotensin Il type | receptor in ovarian follicles during stimulation, cycles

Dr. Tsung-Hsuan Lai, head of Cathay General Hospital’'s Assisted Repieductive Center and Associate Professor at Fu-
Jen Catholic University, specializes in reproductive endocringlogy@nddnfertility. A 1997 National Cheng Kung
University Medicine graduate, he holds a 2018 Ph.D. in Bioinformatics andsSystems Biology from National Central
University. With a Fulbright Scholarship, he studied infertility at JehnsfHopkins. His clinical expertise spans from IVF to
robotic surgery, with active roles in Taiwanese medical societies (TAQG,ASRM) and editorial contributions to renowned
journals.

TH. Lai'?, S.H. Chiu3, W.B. Wu32.
1Cathay General Hospital, REI division- OBGYN, Taipei, Taiwan R.O.C..
23chool of Medicine- Fu Jen Catholic University, Medicine, New Taipei City, Taiwan R.O.C.,

3School of Medicine- Fu Jen Catholic University, Graduate Institute of Biomedical and Pharmaceutieal Science, New Taipei City,
Taiwan R.O.C..

Study question:

What is the effect of gonadotropins on the expressions of angiotensin-converting enzyme 2 and angiétensin Il type |
receptor in ovarian follicles and granulosa cells?

Summary answer:

Follicle-stimulating hormone (FSH) significantly upregulates ACE2 and AT1R expressions in murine ovarian fellicles and
granulosa cells, mediated through PI3K-Akt-NF-kB p65 signaling pathways.

Exogeneous FSH
significantly
upregulates ACE2
and AT1R during
COH.
PI3K-Akt-NF-kB
P65 signaling
pathway
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Jake home message

»Up to date, data on SARS-CoV-2 infection in female fertility are limited.

»No co-expression of ACE2 and TMPRSS2 in the myometrium, uterus, ovaries or
fallopian tubes, indicating no-or'very low susceptibility to SARS-CoV-2 infection.

» Oocytes seem to have the ACE2@na’T MPRSS2 machinery to be susceptible to
SARS-CoV-2 infection, but viral RNAIn oocytes has not been detected so far.

» A transient impact of COVID-19 on menstpdal pattern.

»Embryos and particularly late blastocysts seem to.have the ACE2 and TMPRSS2
machinery to be susceptible to SARS-CoV-2 infection.

»No significant impact/ slightly modified on ovaridn reserve/function or follicular
fluid parameters

» Significant menstrual alterations but reversible



M.ake Home message

»No negative impact on ART gutcomes in asymptomatic or mild SARS-CoV-19
Infection females.

»No data on the minimum requiredgnterval, if any, between COVID-19 recovery
and ART treatment.

»Vaccination has no negative impact omravarian reserve/folliculogenesis/function or
ART outcomes. A transient effect on the'ménstsual cycle has been documented.

»No influence of MRNA SARS-CoV-2 vaccirie onrthe performance of patients
during their immediate subsequent ART cycle.®regnancy rates in post-vaccination
ART cycles are similar to those in unvaccinated patients:

»Reduced number and quality of embryos
»Potential infection in freezing egg and embryos



Future research

Ols there a minimum interval between COVID-19 and ART treatment to ensure
optimal outcomes?

0 Does COVID-19 disease affect gwuiation?

O Are the entry factors for SARS-CoV-2 go-expressed in human embryos at
different developmental stages?

O Can the SARS-CoV-2 virus infect oocyte/emptyos in vivo?

OFurther investigation is needed to assess the poténtial impact of long COVID-19
on the female reproduction.

O Is there a long-term impact of COVID-19 vaccination on female/male
reproductive function, including ovarian reserve?
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