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SARS-CoV-2

• Sars-CoV-2屬冠狀病毒科之betacoronavirus。

• 有外套膜之單股正鏈RNA病毒。

• 引起人類和脊椎動物的疾病，屬於人畜共通傳染疾病。

• 已知會感染人類的七種冠狀病毒: 包括alpha亞科的HCoV-
229E病毒與HCoV-NL63病毒，以及beta亞科的HCoV-HKU1
病毒、HCoV-OC43病毒、重急性呼吸道症候群冠狀病毒
（SARS-CoV）、中東呼吸症候群冠狀病毒（MERS-CoV）
和最新發現的新型冠狀病毒SARS-CoV-2。

• 以呼吸道症狀為主，包括鼻塞、流鼻水、咳嗽、發燒等一
般上呼吸道感染症狀，但嚴重急性呼吸道症候群冠狀病毒
（SARS-CoV）、中東呼吸症候群冠狀病毒（MERS-CoV）
與新型冠狀病毒SARS-CoV-2感染後比一般人類冠狀病毒症
狀嚴重，部分個案可能出現嚴重的肺炎與呼吸衰竭等。

Cornelia C. Bergmann, and Robert H. Silverman CCJM 2020;87:321-327

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 

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

Viral load 
is matter

新光醫院李毅評主任提供
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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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《Cell. 2020 Apr 16;181(2):271-280》
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Two ways to entry:

1. Membrane fusion- 
      ACE2 + TMPRSS2
2.   Endocytosis- 
      CD147 + CTSL

Rajput. SARS-CoV-2 receptors on human embryos. Fertil Steril Sci 2021.
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Renin-Angiotensin system (RAS)

ACE: Angiotensin converting enzyme
ACE2: Angiotensin converting enzyme 2
Ang I: Angiotensin I
Ang II: Angiotensin II
AT1-R: Angiotensin II receptor type I 
AT2-R: Angiotensin II receptor type II 

(Violeta et al., 2021)

ACE2 is crucial for regulation of the RAS 
expressed mainly in the respiratory tract, intestine, 
heart, kidney and endothelium. 

113年
度

TAOG年
會

專
用



1. ACE2 and Mas are expressed in human ovaries.
2. Ang (1-7) and Mas co-locatized to primodial, primary, 

secondary, and antral follicles and were present in the 
stroma and corpora lutea of human reproductive-aged 
ovaries.

3. Ang (1-7) was also detectable in follicular fluid.
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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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Rajput. SARS-CoV-2 receptors on human embryos. Fertil Steril Sci 2021.

ACE2 mRNA: GV, MII >> CC, GC, BL
ACE2 protein: MII, 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
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1. The co-expression of ACE2 
and TMPRSS2 was 
observed mostly in oocytes 
and partially in GCs.

2. No marked difference was 
observed in ACE2 and 
TMPRESS2 expression 
between young and old 
ovaries and between low 
and high ovarian reserves.
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1. ACE2 is expressed in female follicles, endometrium (Algarroba et al., 2020; Hosier et al., 2020), and throughout different developmental stages of 
preimplantation embryos. 
2. The co-expression level of ACE2 and TMPRSS2 is highest on day 6 during the embryonic development in trophectoderm (TE) cells, indicating that 
TE cells may be relatively susceptible to SARSCoV-2 during that time window. Thus, the potential risk of SARS-CoV-2 infection is during embryo 
transfer process in clinical setting.
3. ACE2 expression in endometrium may allow SARS-CoV-2 to enter endometrial epithelial and stromal cells, impairing in vivo decidualization, 
embryo implantation, and placentation (Chadchan et al., 2020).
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Estrodiol

Folliculogenesis

SARS-CoV-2 virus downregulates 
ACE2, leading to increased levels of 
Ang II that might lead to oxidative 
stress and ovarian dysfunction.
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In the endometrium the expression of ACE2 is low, but it is 
still important for maintaining regular menstrual cycles, thus 
the imbalance between AngII and Ang(1–7) due to COVID-19 
may lead to abnormal endometrial regeneration and 
proliferation and to implantation failure.

78 patients of 
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1. Decreased levels of AMH and 
increased levels of T and prolactin

2. SARS-COV-2 infection was an 
independent risk factor for ovarian
dysfunction, which accounted for 
3.2% of the decline in AMH level
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90% OVT at Rt ovary.
Fever, low abdominal pain
High D-Dimer
=> predisposing to pulmonary emboli, 
ovarian abscesses, ovarian infarctions, 
septic thrombophlebitis, uterine 
necrosis or uteteral compression.
=> poor ovarian function
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Before COVID-19
Cycle: 28-32 d

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

5 months after COVID-19
Amenorrhea
Hot flushes
FSH:44.2 IU/l
E2:167.62 pg/ml
P4: 2.23 ng/ml
Prolactin: 287 mIU/l (within normal range)
TSH:0.744 mIU/l
Testosterone: 0.34 nmol/l
Gyn U/S: no follicles
POI was diagnosed

7 months after COVID-19
FSH: 129.5IU/l
AMH: 0.13 ng/ml
Karyotype: 46, XX
FMR1 gene: no mutation

RX: HRT
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1. A case of transient autoimmune 
oophoritis resulting in POI after 
COVID-19

2. Screening: anti-ovarian Ab (AOA)
3. Treatment with corticosteroids 

before and during ovarian 
stimulation.

4. Evaluating AOA titers during 
ovarian stimulation, before and 
after ET, and during pregnancy
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• 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.
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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-1β decreased in post COVID-19 FF.
3. No differences between groups in terms of IL-10 level
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The results of available clinical studies concerning ovarian function 
after COVID-19 are conflicting

Not affect
Kolanska et al. investigated 118 women ART procedures, including 14 (11.9%) COVID-

19 positive patients, and concluded that there were no differences between the groups in 
baseline AMH and in AMH during ART treatment levels, as well as in the difference 
between these two AMH concentrations (Reprod Biomed 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 with unexplained 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. )
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Summary
1. Significant menstrual alterations but reversible
2. Slightly modified ovarian reserve and hormone 

balance
3. Reduced number and quality of embryos
4. Further investigation is needed to assess the potential 

impact on the live birth rate
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European Journal of Endocrinology (2021) 184, 637-645.
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1. MR analysis does not provide evidence supporting PCOS as a causal risk factor 
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.
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Ioannis Ilias 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.

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

LC Definition: 
   experiencing symptoms within 3 months from the initial infection that last at least 2 months.
Symptoms: 
   fatigue, cognitive dysfunction, post-exertional malaise, headache, insomnia, muscle aches.
Pathophysiology: 
   Immune dysregulation and autoimmunity, pathogen persistence/reactivation, neurological 
abnormalities and neuroinflammation, tissue and organ damage, hypoperfusion and autonomic 
dysfunction, fibrin amyloid microclots, 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.
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Postvaccination AMH 
level was measured 
between 4 and 356 
days after the first 
dose
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COVID-19 Vaccination & IVF

• Patients fully vaccinated with a COVID-19 mRNA vaccine were 

compared with unvaccinated patients who cycled during the same 

time period.

• Administration of COVID-19 mRNA vaccines was not associated with 

an adverse effect on IVF outcomes.

• Our findings showed the safety of COVID-19 vaccination in women 

who are trying to receive IVF treatment.
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1. Exogeneous FSH 
significantly 
upregulates ACE2 
and AT1R during 
COH.

2. PI3K-Akt-NF-kB 
p65 signaling 
pathway
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Take 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 and TMPRSS2 machinery to be susceptible to 

SARS-CoV-2 infection, but viral RNA in oocytes has not been detected so far.
A transient impact of COVID-19 on menstrual 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 ovarian reserve/function or follicular 

fluid parameters
Significant menstrual alterations but reversible
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Take Home message

No negative impact on ART outcomes in asymptomatic or mild SARS-CoV-19 
infection females.
No data on the minimum required interval, if any, between COVID-19 recovery

and ART treatment.
Vaccination has no negative impact on ovarian reserve/folliculogenesis/function or 

ART outcomes. A transient effect on the menstrual cycle has been documented.
No influence of mRNA SARS-CoV-2 vaccine on the performance of patients 

during their immediate subsequent ART cycle. Pregnancy 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

113年
度

TAOG年
會

專
用



Future research

Is there a minimum interval between COVID-19 and ART treatment to ensure
optimal outcomes?
 Does COVID-19 disease affect ovulation?
Are the entry factors for SARS-CoV-2 co-expressed in human embryos at 

different developmental stages?
 Can the SARS-CoV-2 virus infect oocyte/embryos in vivo?
Further investigation is needed to assess the potential impact of long COVID-19 

on the female reproduction.
 Is there a long-term impact of COVID-19 vaccination on female/male 

reproductive function, including ovarian reserve?
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