
Introduction

 The COVID-19, which is mainly characterized by the SARS-
CoV-2 acute respiratory syndrome, was first described in the city of 
Wuhan by the end of 2019 and it was recognized as a global pandem-
ic on 11th March 2020 [1,2]. The unknown effects of SARS-CoV-2  
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infection in human fertility and pregnancy limited Assisted Repro-
duction Techniques (ART) to couples with treatments in progress and 
to those with conditions requiring urgent gamete cryopreservation 
[3]. For the remaining infertile couples, the cessation of ART and 
the uncertainty surrounding its resumption impacted overall health 
as well as induced psychological distress regarding infertility [4]. 
Around 5,546,290 cases were confirmed in Portugal and more than 
646 million people were affected worldwide, bringing a significant 
socioeconomic burden [5]. COVID-19 vaccination provided new per-
spectives on prevention and control of the disease, nonetheless, its 
effect on ART remains undetermined [6].

 This short review aims to summarize our last publication entitled 
“Impact of SARS-CoV-2 infection on fertility: concerns in Repro-
ductive Medicine”, which presents the available information about 
the impact of SARS-CoV-2 infection on human fertility as well as on 
ART [7].

Influence of SARS-CoV-2 on the Reproductive Sys-
tem
 Mechanisms involved in impairment of female and male fertility 
in case of COVID-19 infection have been proposed but are still not 
well-established. Both Angiotensin-Converting Enzyme 2 (ACE2) 
protein and protease like transmembrane serine protease 2 (TM-
PRSS2) are needed for coronavirus hosting, and besides the pulmo-
nary tract, those proteins were found in the reproductive system [2]. 
In the male, they are selectively expressed by Leydig, Sertoli and per-
itubular myoid cells as well as by spermatogonial stem cells of adult 
testes, playing a role in spermatogenesis and steroidogenesis [8]. De-
spite of the immunological protection provided by the blood-testis 
barrier, SARS-CoV-2 can reach the testes causing scrotal discomfort 
as well as imagiological findings of epididymitis or orchitis, which 
have been reported up to 22,5% of acute COVID-19 infection cas-
es [9]. Postmortem studies also shown signs of seminiferous tubules 
injury, presence of T-lymphocytic inflammation in interstitial tissue 
and a reduction in the number of Leydig cells, explaining the disrup-
tion of spermatogenesis and a low ratio of testosterone to Luteinizing 
Hormone (LH) [8,10]. Cases of moderate infection presented a sig-
nificant impairment of sperm quality (reduction of total spermatozoa 
per ejaculate as well as a decrease in their motility) when compared 
to men with mild or no infection, which probably results from in-
flammatory responses induced by SARS-CoV-2 oxidative stress [2,9]. 
On the other hand, SARS-CoV-2 detection in semen samples is still 
controversial, rising a concern about semen cryopreservation [10,11]. 
Consequently, international guidelines state that semen freezing of 
COVID-19 positive cases should only be recommended in specific 
situations and it should be submitted to a two-step preparation tech-
nique for intra-uterine insemination or In Vitro Fertilization (IVF) [8].

 Although expression of ACE2 receptors is more important on 
male reproductive system than on the female, its presence has also 
been reported in human ovaries and endometrial cells [6]. ACE2 and 
Angiotensin-(1-7) are found in all follicular stages, either in granulo-
sa and theca-interstitial cells, regulating its development and atresia,  
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Abstract
 The Coronavirus Disease 2019 (COVID-19) pandemic brought a 
significant impact on medically assisted reproduction services. Be-
sides its negative impact relative to non-urgent cycle cancelations, 
the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) is thought to affect the human reproductive system through 
Angiotensin-Converting Enzyme 2 (ACE2) receptor and conse-
quently lead to infertility. In this short review we tried to summarize 
the information regarding the main mechanisms through SARS-
CoV-2 could impact male (sperm quality, orchitis, hypogonadism) 
and female (endometrial receptivity, oocyte quality, menstrual cycle 
changes) fertility and what it is known about vertical transmission. 
We also assessed the importance of fertility preservation during the 
pandemic to urgent subgroups of patients and the implications of 
SARS-CoV-2 effects as well as of its vaccination on Assisted Repro-
ductive Technology (ART) outcomes.
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as well as ovulation and steroidogenesis [2]. Increased serum levels 
of LH and prolactin have been reported in COVID-19 patients, as 
a result from central nervous system injuries or anxiety disorders, 
causing Hypothalamus-Pituitary-Ovary (HPO) axis dysfunction 
[11,12]. Despite of not being clearly demonstrated, a downregulation 
of ACE2 induced by SARS-CoV-2 could disrupt the oocyte quality 
and possibly lower the ovarian reserve, which was shown by some 
authors through lower Anti-Mullerian (AMH) levels in COVID-19 
recovered patients [8]. An immune/inflammatory response against 
viral infection, with Angiotensin II-mediated synthesis of Reactive 
Oxygen Species (ROS), is also reported as a possible indirect cause 
of ovarian injury [2]. On the other hand, ACE2 cleaves Angiotensin 
II in endometrial cells, promoting spiral artery vasoconstriction and 
endometrial proliferation [8]. Changes in menstrual pattern were also 
reported, with an incidence of dysmenorrhea and irregular menses, 
including decreased or prolonged menstrual flow, in 32% and 15% 
respectively [8]. The viral gene expression seems to increase with 
age, suggesting that older women undergoing ART present a higher 
risk of endometrial viral infection [8]. In this manner, SARS-CoV-2 is 
suspected of affecting the early embryo implantation [2].

 The components of RAAS system are also expressed in the pla-
cental cells, posing the possibility of vertical transmission of SARS-
CoV-2 through the placenta. Their expression is involved in the 
regulation trophoblast invasion and establishment of fetoplacental 
circulation, explaining the higher rates of hypertensive disorders 
of pregnancy and fetal growth restriction in pregnant patients with 
COVID-19 infection [13]. However, placental co-expression of 
ACE2 and TMPRSS2 has not been yet identified, which suggests 
more research is needed to confirm the possibility of transplacental 
COVID-19 infection and its potential impact on pregnancy outcomes 
[13].

Impact of COVID-19 for Patients Undergoing ART 
and Practical Considerations
 Since May of 2020, the gradual re-establishment of Reproductive 
Medicine encouraged to initially prioritize access to fertility treat-
ments [8]. The stratification of women with low-prognosis of con-
ceiving (Poseidon - Patient-Oriented Strategies Encompassing Indi-
vidualize D Oocyte Number) allowed the establishment of groups of 
patients whose fertility preservation or ART should not be delayed 
[14]. At the beginning of pandemics, Poseidon group 4 (≥35 years 
with low ovarian reserve) were considered either to embryo freez-
ing or fresh embryo transfer while Poseidon group 2 (≥35 year with 
normal ovarian reserve) and group 3 (<35 years with low ovarian re-
serve) were only proposed to freeze-all cycles [14]. Other group of 
patients considered to preserve fertility were those with oncological 
and other medical conditions [e.g., Systemic Autoimmune Diseases 
(SAD)], which have their fertility potential reduced by exposure to 
gonadotoxic treatments. SAD patients also present a chronic inflam-
mation status that might disrupt the ovarian tissue and the HPO axis, 
impairing the ovarian reserve [14]. Time is crucial for these patients 
as they need to discontinue their treatments and achieve remission of 
the disease at least six months before fertility preservation [2,14]. The 
“remission window” was coincident with the beginning of pandemics 
for some couples, raising the question of whether to restart their treat-
ment and postpone ART or to stop it for extended periods, with the 
risk of a disease flare [2].

 Currently, Reproductive Medicine centers have resumed their 
activity for all infertile couples, according to local protocols and  

international guidelines elaborated to face some issues of the pan-
demic era [3]. The emergence of SARS-CoV-2 vaccination brought a 
new hope to these couples waiting for ART resumption, while doubts 
were raised about the safety profile of vaccines in regarding the risk 
of infertility [15]. To date, there is a lack of information about the 
possible effects of COVID-19 vaccination, however the studies per-
formed in vaccinated people have demonstrated no influence either on 
sperm parameters nor on follicular steroidogenesis and oocyte quality 
[7,16]. In addition, IVF treatment parameters, such as number of oo-
cytes and fertilization rate, did not differ between vaccinated groups, 
indicating that the COVID vaccines may not have deleterious effects 
on the human reproductive system [17]. The ESHRE COVID-19 
Working Group currently recommends that all people should have ac-
cess to fertility treatments despite its vaccination status and if people 
become vaccinated, the treatment may be postponed for at least a few 
days to allow the immunological response to be established.

 Despite of fearing long-term repercussions, there are some short-
term issues regarding ART outcomes that must be discussed. Fever is 
a common sign of SARS-CoV-2 infection, being thought to impact 
male and female fertility [2]. In male patients, fever can transiently 
impair spermatogenesis and the sperm quality for a mean period of 70 
days and lead to a cytokine storm syndrome, which will have a nega-
tive impact on the testicular function. On the other hand, it negatively 
affects follicular development and estradiol production in female pa-
tients undergoing ovarian stimulation for IVF [7,16]. Despite of the 
inherent complications of SARS-CoV-2 infection, the risk of develop-
ing pulmonary and renal injuries, as well as the thromboembolic risk, 
increases if a COVID-19 patient presents an Ovarian Hyperstimula-
tion Syndrome (OHS) [2,7]. In order to reduce the risk of OHS and 
coagulopathy, specific gonadotropin protocols have been adopted, as 
well as the administration of prophylactic low-molecular weight hep-
arin and segmentation of IVF technique [2,9,16]. Similarly to ART 
patients, pregnant women are also at higher risk of adverse obstetrical 
outcomes, explaining why ESHRE advised to defer embryo transfer 
during or right after a COVID-19 infection [2,16]. Not withstanding 
the immunosuppressive status of pregnancy, the risk of SARS-CoV-2 
infection in pregnant women is similar to non-pregnant [2].

Conclusion

 SARS-CoV-2 infection seems to influence the human fertility, and 
the establishment of individualized ART treatments seem to be a cru-
cial key to improve chances of conceive and deliver safely. Not least, 
the psychological support of infertile couple is also of great important 
in order to reduce the negative impact of the uncertainty period we are 
living. Further research about COVID-19 impact on the reproductive 
system as well as on fetomaternal outcomes is still needed in order to 
constantly improve the healthcare policies in Reproductive Medicine.
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