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Abstract

The novel coronavirus SARS-CoV-2 was declared a pandemic on March 11, 2020. It utilizes angiotensin-converting enzyme 2

(ACE2) receptor in renin-angiotensin system (RAS) for viral entry. ACE2 is identified in female and male reproductive systems

and reports of multi-organ involvement has led to uncertainty regarding its effects on reproductive systems and fertility. We

review existing literature regarding function of ACE2 and RAS in reproductive systems to postulate the implications SARS-

CoV-2 may have on fertility and assisted reproductive technology (ART) outcomes. ART guidelines from different fertility

societies are provided for management of ART patients and for ART laboratory regulations.

Introduction

COVID-19 is a serious respiratory disease caused by the SARS-CoV-2 virus. It was first identified in Wuhan,
China, before being declared a pandemic on 11th March 2020 by WHO.1The global cases of COVID-19 have
since increased exponentially, exceeding 9,600,000 cases at the time of writing (27thJune, 2020).2

Common presentation include fever, cough, dyspnea, sputum, myalgias and bilateral infiltrates on chest X-
ray.3 If severe, complications may develop, including acute respiratory distress syndrome, respiratory failure,
thromboembolic events, multi-organ involvement and death.3, 4

Main transmission routes are postulated to be via respiratory droplets, stool, blood, and ocular secretions.5-7

Incubation period is commonly 4-5 days after exposure, but may be as long as 14 days.8 Common diagnostic
tests include nucleic acid amplification test, serology testing and rapid antigen testing.9-11

Relationship between SARS-CoV-2, ACE2 and the Renin Angiotensin System (RAS)

SARS-CoV-2 enters the body via binding to angiotensin-converting enzyme 2 receptor (ACE2) expressed on
target host cells.4 The spike protein of SARS-CoV-2 utilizes this receptor, similar to SARS-CoV-1, for cell
fusion, endocytosis and cellular infection.4, 12 Figure 1 illustrates the role of ACE2 in the RAS.4, 13

AngII and Ang-(1-7) have opposing effects. AngII has pro-inflammatory, pro-fibrotic, pro-apoptotic and
tissue remodeling properties while Ang-(1-7) is anti-inflammatory and anti-fibrotic.13 In other words, ACE1
and ACE2 counteract each other, and their roles are essential in balancing RAS.

SARS-CoV-1 studies revealed SARS-CoV-1 causes reduced ACE2 activity and expression. 4, 14, 15 There
is indirect evidence to increased circulating AngII in SARS-CoV-2 patients.4, 14, 15 As both viruses achieve
viral entry via ACE2, it is postulated SARS-CoV-2 also causes ACE2 downregulation, leading to AngII
increase.14-19 This potentially explains the inflammatory and fibrotic effects seen in COVID-19 lung
injury.14, 16
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There are increasing reports of multi-organ involvement in COVID-19 with SARS-CoV-2 found in blood,
stools, urine and saliva.7, 12, 13, 20 This suggests ACE2 in different organ systems may contribute to patho-
physiology of COVID-19 dissemination, through viraemia.4, 12, 13 ACE2 is found abundantly in various organ
systems, including the testes and female reproductive system.20 Therefore, it is speculated the reproductive
systems may too be affected by SARS-CoV-2.21 We review the existing literature on COVID-19, local RAS
and their functions in reproductive systems to postulate how COVID-19 may affect both female and male
steroidogenesis, germ cells, and reproductive health.21, 22

COVID-19 Influence on the Female Reproductive System

Ovary and Follicular Development

While ACE2 is ubiquitous in the female productive system, it is found mostly in the ovaries.21-24 All other
components of RAS are also found, making ovaries potential targets for SARS-CoV-2 damage.21-24

AngII, found predominantly in granulosa cells, regulates follicular development, oocyte maturation and
ovulation.21, 22 It is also involved in sex hormone secretion, follicular atresia, ovarian and corpus luteum
angiogenesis. 21, 23 Ang-(1-7), present in theca-interstitial cells, is involved in steroidogenesis, oocyte meiosis
resumption, as well as follicular development, atresia and enhancing ovulation.21, 22 ACE2, Ang-(1-7) and
Mas-receptor are found in all stages of follicular development and studies with rats demonstrated altered
expressions by gonadotropin, implicating the pathway’s potential role in fertility.21, 22 Furthermore, Ang-
(1-7) levels in follicular fluid collected during ovarian stimulation for in vitro fertilization (IVF) are found
to positively correlate with the proportion of mature oocytes.25 Combined with animal studies proving a
causal relationship between Ang-(1-7) and oocyte maturation, this implies Ang-(1-7) being a possible human
oocyte maturation factor.25

SARS-CoV-2 ACE2 downregulation may cause alterations in normal ovarian physiology such as follicular
development and oocyte maturation, which may significantly impact oocyte quality and fertility. In addi-
tion, AngII is shown to increase oxidative stress with pro- inflammatory effects.22 This may be detrimental
to reproductive ability. Further investigations ought to be done to demonstrate whether increase in Ang
II/AT1R signaling in SARS-CoV-2-ß will affect ovarian physiology and fertility.

Uterus and Fallopian Tubes

RAS is identified in the uterus, with most confining in epithelial and stromal cells of the endometrium.21, 23, 26

Little research is done to analyze their function, but their expressions fluctuate during the cycle.23 ACE2,
Ang-(1-7) and Mas receptor expression are higher in secretory than proliferative phase while AngII and
AT1R are higher in proliferative than secretory phase.21, 23, 26 If ACE2 is increased during secretory phase,
this raises concern whether uterus may be more susceptible to SARS-CoV-2 during this period, leading to
potential endometrial damage.

Normal level of AngII expression is crucial in maintaining regular menstrual cycles and endometrial
activities.21 AngII facilitates blood vessels and endometrial regeneration and initiates menstruation.21 En-
dometrial and myometrial activities including endometrial regeneration, proliferation, fibrosis and stromal
proliferation are regulated by the intricate balance of AngII and Ang-(1-7) in the uterus, stimulated by AngII
and inhibited by Ang-(1-7).21 SARS-CoV-2 infection in the uterus may severely disrupt such balance. Dis-
ruption of AngII levels is found to be related to dysfunctional uterine bleeding associated with hyperplastic
endometria.21 Whether this has any correlation to altered blood flow and increased risk of miscarriage is
unknown.

In the fallopian tube, AngII is found in the endothelium and stroma.23 AT1R and AT2R are found in the
epithelium.21, 23, 26 AT1R expression also changes throughout the cycle, higher in proliferative and lower
in secretory phase, which is in line to uterus AngII/AT1R expression fluctuation.26 The function of AngII
remains unclear, one study reported it stimulates ciliary beat frequency in epithelial cells.21, 23, 26

Placenta
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A recent study detected positive SARS-CoV-2 in placental and fetal membrane, even though the infants
tested negative in the first 5 days of life.27 Despite possible contamination from maternal blood, vaginal
secretion and amniotic fluid,27 the risk of actual COVID-19 infection of the placenta and amniotic sac
cannot be ignored, raising concern for risk of vertical transmission.

Placental ACE2 expression is found to be higher than its expression in the lungs,21 further substantiating the
risk of placental SARS-CoV-2 infection. It was reported that low placental ACE2 and Ang-(1-7) is associated
with intrauterine growth restriction (IUGR), which evidently is also an outcome seen in pregnant COVID-19
patients.21, 28 This signifies placental COVID-19 infection may bring upon severe implications on pregnancy
outcomes.

Local RAS is identified in placenta and cell lines as early as 6 weeks of gestation, but its function remains
ambiguous.23Some studies reported possible RAS involvement in trophoblast invasion and angiogenesis,
and suggested local RAS alteration may contribute to abnormal utero-placental perfusion, leading to pre-
eclampsia.23

AngII is found in maternal decidua and pericytes of endometrial spiral arteries. AT1R is found in maternal
decidua, cytotrophoblast, syncytiotrophoblast and fetal capillaries.23 Ang-(1-7) and ACE2 are localized in
syncytiotrophoblast, cytotrophoblast, endothelium and vascular smooth muscle of primary and secondary
villi.21, 23 ACE2 is also localized in invading and intravascular trophoblast and in decidual cells of maternal
stroma.21 In the umbilical cord, ACE2 is localized in smooth muscles and vascular endothelium.21 All these
serve as potential SARS-CoV-2 entry points to infect the placenta.

In addition, RAS expression fluctuation are observed throughout pregnancy.23 While AT1R expression in-
crease during gestation and peaks at the end, ACE2 peaks early in gestation.21, 23 Whether this causes
increased susceptibility to placental SARS-CoV-2 infection at early gestation is unknown. ACE2 expression
also differs in location throughout pregnancy: appearing in primary, secondary decidual zones, luminal and
glandular epithelium at early gestation, and in labyrinth placenta, epithelium of amniotic and yolk sac at
late gestation.21

Implications on Assisted Reproductive Technology (ART) outcome

SARS-CoV-2 infection may potentially bring on detrimental effects to female reproductive ability. It is also
unknown how long the abnormality will last. Therefore, if recovered COVID-19 patients were to undergo
ART, whether oocyte quality, quantity and other parameters will be affected is unknown, as well as the
duration of abnormality. Future research should be conducted in a timely manner to assess these parameters.

COVID-19 Influence on the Male Reproductive System

ACE2 in the Male Reproductive System

ACE2 are found predominantly in the spermatogonia, Leydig cells and Sertoli cells of the testis, rendering
them potential SARS-CoV-2 targets.22, 29-32 Ang-(1-7) and Mas receptor are located in Leydig, Sertoli cells
and in seminiferous tubules.22, 32

Infertile men with severely impaired spermatogenesis are associated with lower ACE2, Ang-(1-7) and Mas
receptor levels compared to fertile men.22, 33 Men with non-obstructive azoospermia is found to have absence
of Ang-(1-7) and Mas receptor in seminiferous tubules.32 As Leydig cell is responsible for steroidogenesis and
secretion, particularly testosterone, ACE2, Ang-(1-7) and Mas expression in Leydig cells strongly suggest
potential roles in regulation of steroidogenesis and secretion, spermatogenesis, and hence its influence on
male fertility.22, 32Therefore, ACE2 Downregulation in COVID-19 may impair spermatogenesis and male
fertility. Nevertheless, ACE2 knockout mice demonstrated no reduction in fertility, suggesting the possibility
of other rescue mechanisms that may compensate for ACE2 loss.22, 32

AngII in testis inhibits Leydig cells, testosterone production, and regulate epididymis anion and fluid
secretion.34Hence, AngII increase in COVID-19 may hypothetically affect these functions.
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Positive SARS-CoV-2 in Semen

A recent study revealed 6 cases of positive SARS-CoV-2 in semen samples, with 4 in acute phase of infection
and 2 in the recovery phase.35 This raises concern to sexual transmission in acute and particularly recovery
phase of infection. This may have negative implications on fertility, assisted reproduction, vertical trans-
mission and fetal development. Abstinence and condoms should be used to reduce potential risk of sexual
transmission until more evidence is available.35

Orchitis in Coronavirus Infection

Studies reported scrotal discomfort in SARS-CoV-2 patients suggesting viral orchitis.32, 36, 37 However, se-
men parameters (sperm count, viability etc.) were not analyzed so whether male fertility is affected is
unknown.32, 36 Despite scrotal discomfort, one study reported absence of SARS-CoV-2 in semen following
recovery.32

Nevertheless, orchitis as a complication to coronavirus infections such as SARS-CoV-1 is widely
accepted.38, 39 Pathological studies revealed testicular atrophy, germ cell destruction with decreased sper-
matozoon and inflammatory cell infiltrates.31, 32, 38, 39 Interestingly, SARS-CoV-1 was not identified in the
testis. Instead, high IgG precipitation was detected in the seminiferous epithelium, suggesting it may be an
immune-mediated response causing the testicular damage, rather than direct testicular infection.32, 38, 39 If
SARS-CoV-2 follows this mechanism, the scrotal discomfort may be explained.32 Inflammatory cells may
disrupt spermatogenesis, impede steroidogenesis and destroy cells in seminiferous tubules.29 Cytokine release
may activate autoimmune responses and produce antibodies within the seminiferous tubules.29 Semen ana-
lysis and follow up of patients with scrotal discomfort/orchitis in COVID-19 infection should be conducted
to evaluate their reproductive functions.

Implication on ART outcome

SARS-CoV-2 infection and viral-mediated immune response may disrupt steroidogenesis, spermatogenesis
and destroy cells of the seminiferous tubules.29, 32 In combination with risk of sexual transmission, the
consideration of deferring conception of recovered patients until more evidence is available should be taken
seriously. Semen analysis should be done in COVID-19 patients to analyze their reproductive ability. Sperm
donation/cryopreservation of recovered COVID-19 patients should be avoided, as many viruses remain viable
when cryopreserved and remains infectious. [ART6]

ART Recommendations for COVID-19 Patients and General Public during the COVID-19 Pandemic

COVID-19 infection and possible ART outcome

Due to the lack of actual quantitative evidence, COVID-19 having serious implication on fertility cannot be
ruled out. Furthermore, fever is common in SARS-CoV-2 infection. In females undergoing ovarian stimulation
for IVF, fever negatively affects follicular development and ovarian estradiol production.40 In males, fever
transiently impairs spermatogenesis and sperm parameters (count, motility and DNA integrity) for 50-70
days.32, 41, 42Therefore, ART patients, gamete donors and gestation carriers with acute/recovered SARS-
CoV-2 infection should avoid participation in any fertility programs until more research is conducted.31

Guidelines to ART procedures

Infertility is a time-sensitive disease; the longer left untreated, the lower the chances to becoming biological
parents. Previously, fertility societies recommended cessation of all reproductive care except urgent cases.43

But as countries around the world begin to successfully mitigate the spread of COVID-19, a new joint
statement released on May 29th, 2020 by The American Society of Reproductive Medicine (ASRM), the
European Society of Human Reproduction and Embryology (ESHRE), and the International Federation of
Fertility Societies (IFFS), declared sanctions on gradual resumption of full reproductive care in areas where
COVID-19 has been better controlled.43 The recognition of the importance of fertility care provides a sigh
of relief for infertile patients whose reproductive time is running out.
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Risk assessment should take place in ART centres before restarting services.44 Staff should closely monitor
the COVID-19 situation in their hometowns for updated government information and regulation changes.44

ESHRE triage questionnaire should be done in all patients and partners 2 weeks prior to starting ART.45

Specific protocols should be enforced regarding screening and management of ART patients whom are high
risk of/suspected of/confirmed with COVID-19.45 Table 1 below provides such guidelines by different fertility
societies.45-50ESHRE guideline is used as a reference point, if same recommendations as ESHRE are listed
in other societies guidelines, they are omitted from the table. Only extra information are added. Due to the
ongoing and everchanging nature of this pandemic, there may be future changes to ART regulations. The
most updated regulations should be followed.

There is an increased risk of lung and kidney complications if COVID-19 patients develop ovarian hyper-
stimulation syndrome (OHSS) during ovarian stimulation.51 An individualized approach should be adopted.
Anti-Mullerian hormone and antral follicle count should be used to assess ovarian reserve and guide the do-
sage of gonadotrophins. Gonadotrophin-releasing hormone (GnRH) antagonist protocol with GnRH agonist
triggering oocyte maturation and elective cryopreservation of embryos are extremely effective in minimizing
OHSS risk.50

Infection control guidelines in ART centres and laboratories

Table 2 below lists recommendation for infection control in ART centres and laboratories to help reduce risk
of COVID-19 spreading during procedures.44, 45, 50-54

As SARS-CoV-2 can be present in semen, strict protective protocols should be implemented in handling
these specimens.55Extreme care should be taken during sperm cryobanking, and samples should be stored
in highly secured segregated cryovessels.56 If the operator becomes infected, cryopreserved semen samples
that were dealt with by the operator should be tested using polymerase chain reaction (PCR).54

Identification of “time-sensitive” patients for ART

With gradual resumption of reproductive services, it is crucial to identify and prioritize patients who have
low prognosis to ART success and whose fertility potential deteriorate rapidly.50, 53 Stratifying patients using
the Poseidon group, Poseidon group 2 and 4 (advanced maternal age with normal/reduced ovarian reserve)
patients should be prioritized, followed by group 3 ( age <35 but with reduced ovarian reserve).53 In males
undergoing medical treatment to improve sperm quality and quantity, their “fertility window” is short and
transient. Sperm analysis and banking should be done as soon as possible to increase their prospects of
biological parenthood.

Regarding fertility preservation, patients with cancer, inflammatory and autoimmune diseases should be
given priority, as their treatments are gonadotoxic.50, 53, 54 Fertility preservation can only be done during
the “remission window”, which is achieved after temporary discontinuation of therapy for 3-4 months.53, 54

If unfortunately, their remission window coincided with the pandemic, they would have to either give up
this ART opportunity and start gonadotoxic drugs again, meaning reduced ART success in future attempts
as they age, or go an extended period of time without drugs in hopes of resumption of fertility care, but
bearing the risk of flare up of their medical conditions.54

Considerations for the general public wishing to undergo IVF

Due to lack of data and knowledge on this novel coronavirus, thorough discussion with patients is imperative
to increase their understanding of all the risks involved, which also includes risk of exposure at ART clinic
during treatment. Infertility patients are facing high amount of stress due to fear of ART failure on top
of uncertainty about the pandemic.50 Clinical and psychological support should be provided to advocate
for patient well-being and to reduce treatment drop-out. In addition, it is of utmost importance to counsel
patients about available options, from postponing treatment to resuming. Balancing of risks should be done
between deferring treatment in low ART prognosis patients and undergoing treatment and its risk on fertility
and pregnancy.53

5
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The unknown effects of COVID-19 on reproductive systems, fertility and pregnancy outcomes must be
discussed before starting IVF. While there is no clear evidence supporting vertical transmission, it cannot
be ruled out due to COVID-positive placental and fetal membranes and neonates being tested positive
after birth. 12, 27, 50, 52, 57-59 Immunosuppression and hormonal fluctuation during pregnancy leave women
more vulnerable to respiratory pathogens and severe pneumonia.52 Nevertheless, there is no evidence stating
increased susceptibility of COVID-19 in pregnancy.44 Pregnant women with COVID-19 also do not have
symptoms more severe than non-pregnant women.52, 57, 60

Although the exact pathogenesis of COVID-19 in pregnancy is unclear, pregnancy with COVID-19 is associa-
ted with more maternal and fetal complications.52 These adverse pregnancy outcomes include preterm birth
(most common), fetal distress, IUGR, increase caesarian sections, miscarriages, fetal, neonatal and maternal
deaths.28, 52, 59, 61 Available data are from women infected during the third trimester, hence the COVID-19
effects on first trimester is unknown.52, 57, 62

Conclusion

COVID-19 has affected every part of the world, and it is likely to stay in the coming year. The potential risk
of SARS-CoV-2 infection in reproductive systems, its effect on reproductive parameters and fertility cannot
be ignored and hence warrants further quantitative research.

Shared decisions should be made between doctors and patients regarding fertility care. Patient autonomy
allows them to decide whether to resume/postpone treatment and it is the doctors’ responsibility to counsel
them on all the risks and benefits involved. Individualization of each patient’s ART treatment is the key to
safe practice during this ongoing pandemic.57
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Already started cycles: Planned cycles/pregnancy:

The European Society of
Human Reproduction and
Embryology45 (last updated
05/05/2020)

Resume usual protocols unless
changes occur between ovulation
trigger and oocyte retrieval. If
positive triage, test SARS-CoV-2
IgM/IgG and/or reverse
transcription polymerase chain
reaction. Decide to continue/defer
based on result. If tests positive
before ovulation trigger/embryo
thawing, defer treatment. If
potentially positive patient must
continue treatment (oncological
patient or high risk OHSS), the
following should be implemented:
Filtering Facepiece (FFP) 2 or 3
masks Gowning COVID-19
specific disinfection of all areas
after procedure If patient/partner
symptomatic after oocyte
retrieval/suspected of/positive
during embryo culture, adopt
freeze-all policy. Embryo transfer
(ET) only for low
risks/asymptomatic cases.

All patients can choose to
continue/postpone ART.
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Already started cycles: Planned cycles/pregnancy:

Additional
recommendations not
mentioned in ESHRE in
other fertility societies:

Additional
recommendations not
mentioned in ESHRE in
other fertility societies:

Additional
recommendations not
mentioned in ESHRE in
other fertility societies:

The American Society of
Reproductive Medicine46

(11/05/2020)

For donor/gestational carrier:
defer oocyte retrieval and ET if
positive/symptomatic during
stimulation/before ET.

The Association of
Reproductive and Clinical
Scientists and British
Fertility Society47

(06/05/2020)

Patient/donor suspected
of/positive after ovulatory
trigger, risk assessment should
be done to assess whether to
continue/postpone oocyte
retrieval

Do screening questionnaire +/-
antigen testing. Positive
patients/donors defer ART
until completely recovered and
not infectious.

Fertility Society of
Australia48,49 (24/03/2020)

High risk patients should consider
cycle cancellation, oocyte and
embryo freezing and defer ET
until complete recovery.

Discuss appropriateness of
postponing treatment. Any
medical conditions warranting
treatment be continued?

The Italian Society of
Fertility and Sterility and
Reproductive Medicine50

Defer in high risk patients with
pre-existing medical history such
as renal, liver, heart diseases,
diabetes mellitus, hypertension,
and immunosuppressive
conditions. Prioritize urgent
patients to start ART. Defer
treatment for young patients
undergoing ovulation induction
for timed sexual intercourse and
intrauterine insemination.

Table 1: Guidelines for high risk/COVID-19 positive ART patients

ART Centres ART Laboratories

Telehealth (phone/video call): symptom screening/questionnaire, travel and close contact history and for all medical consultation where face-to-face meeting is not required. Screen patients’ temperature and symptoms on arrival. Limit number of persons simultaneously in waiting rooms, with [?]1 metre in between them. Restrict access to chaperones. Request patients to wait in their vehicles until appointment time. Use personal protective equipment, masks, gloves, overshoes. Provide alcohol sanitizers. Assess air quality control by air filtration system and air pressurization, particularly in laboratory. All areas regularly sanitized with alcohol-based disinfectant ([?]75% alcohol or 5% chlorine). ESHRE Guidelines:45 All areas and equipment disinfected with appropriate detergent after each procedure. If patient/staff is positive, implement specific COVID-19 disinfection. Handle specimen with care especially follicular fluid or sperm to minimize exposure. Safely dispose fluids in individual closed containers. For cryopreservation in COVID-19 samples, use high security straws and/or vapour phase storage tanks.54 Arrange staff into shift teams. If one staff is infected, only one team has to undergo quarantine.50,51

Italian embryologists’ experience during Italy’s outbreak:50,51 Revise emergency plans and arrange external embryologists for substitutes in case all staff are quarantined Train other personnel how to operate, refill cryobanks and handle cryopreserved specimens in case lab staff are quarantined In suspected/confirmed COVID-19 cases, store in separate closed cryostorage systems.

Table 2: Infection control recommendation for ART centres and laboratories
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