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ABSTRACT 

Objective: COVID-19 has spread rapidly across the world since its first appearance in 

2019. At the beginning of the pandemic, COVID-19 was thought to affect only the 

respiratory system, although it has since been realized that it causes numerous transient or 

permanent problems in various body systems.  One of these effects involves the 

reproductive system. 

Several studies have investigated the effects of COVID-19 on the female and male 

reproductive systems. Embryological life depends on the fertilization of a healthy mature 

oocyte, a healthy mature sperm, and the continuation of pregnancy. The purpose of this 

article is to examine the effects of COVID-19 on the male and female reproductive 

systems and embryological life through a review of the current literature. 
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INTRODUCTION 

The COVID-19 first appeared in China in December 2019 (1). Coronavirus causes 

various health problems, such as pneumonia, acute respiratory tract problems, kidney 

damage, myocardial dysfunction, and gastrointestinal diseases (2). Studies have also 

reported that COVID-19 can cause changes in the hypothalamic-pituitary-gonadal axis 

(3).  

This axis is sensitive to insufficient sleep and to psychological and physical stress. 

Pulsatile release of hormones is necessary for a regular menstrual cycle, and irregularities 

in hormone secretion may result in menstrual disorders (4). Studies have investigated the 

effects of COVID-19 on male reproductive health, sperm parameters, and testicular tissue 

(5, 6). The regular functioning of the female and male reproductive systems is very 

important for a healthy embryological life (7). 

COVID-19 and Its Effects on the Female Reproductive System 

The female menstrual cycle is regulated by the hypothalamic-pituitary-ovarian axis, 

through the positive and negative feedback of hormones on these structures (8). The 

changes caused by COVID-19 in the hypothalamic-pituitary-gonadal axis will directly 

affect the menstrual cycle (3).  

COVID-19 affects the target cell by binding to angiotensin-converting enzyme (ACE) 2 

via the surface spike protein (9). ACE2 mRNA transcripts have been detected in the 

ovaries of reproductive age and postmenopausal women (10). ACE2 is a key enzyme in 

the axis that plays a synergistic role in the balance between Ang II and Ang-(1-7) levels. 

Ang II induces steroid secretion, facilitates follicle development and oocyte maturation, 

plays a role in ovulation, and maintains corpus luteum progression (11-15).  

In addition, ACE2 mRNA has also been detected in the human and rat uterus (16, 17). 

Ang II initiates menstruation through spiral artery vasoconstriction (18).  

The balance between Ang II and Ang-(1-7) plays a role in the regulation of myometrial 

activity and endometrial regeneration (16, 19). The normal function of Ang II in the 

endometrium is also essential for regular menstrual cycles (20). For all these reasons, 

COVID-19 affects the uterus, ovary, and oocyte and disrupts the functioning of the 

female reproductive system. 
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COVID-19 and Its Effects on the Male 

Reproductive System 

The male reproductive system is a complicated 

system consisting of the testicles, penis, duct 

systems, and accessory glands. The main task of 

the testicles is the production of sperm and the 

release of the hormone androgen. Sperm is stored 

and matured in the ducts. The production of non-

sperm ejaculate substances occurs in the accessory 

glands. The principle factor in the formation of 

good-quality spermatozoa is proper 

spermatogenesis. Spermatogenesis is defined as the 

process of maturation of diploid male germ cells by 

meiosis and their differentiation into haploid male 

gamete cells. Spermatogenesis starts at puberty, 

once sperm maturation begins, and continues to the 

end of life. Four mature sperm are formed from 

each primary spermatocyte. A disruption in this 

system causes oligospermia, azoospermia, 

asthenospermia, and cryptorchidism, events that 

play a major role in male infertility (21-23). 

ACE2 is expressed in the testes and epididymis, 

especially in Leydig cells, Sertoli cells, and 

spermatogonia (24). COVID-19 causes high fever 

and a possible cytokine storm, symptoms that affect 

male fertility. An increase in testicular temperature 

causes oxidative stress and sperm DNA 

fragmentation by increasing levels of reactive 

oxygen species (25). Postmortem macroscopic and 

microscopic analyses of the testes of 12 patients 

who died from COVID-19 in one study revealed 

damage in 11 cases, and that the mean Leydig cell 

count was significantly lower compared to that of a 

control group (26). In a recent study of 119 male 

patients of reproductive age, semen analysis of 

male patients diagnosed with COVID-19 revealed 

decreased sperm motility, sperm morphological 

disorders, and loss of libido. In addition, serum 

luteinizing hormone (LH) levels were significantly 

higher in the COVID-19 group compared to the 

control group, although no significant change was 

observed in serum testosterone levels. The authors 

concluded that gonadal functions were affected by 

the higher serum LH level and lower serum 

testosterone/LH ratio compared to the control 

group (27). Studies on this subject are still ongoing, 

and it is clear that the male reproductive system is 

under threat by COVID-19. 

 

Effects of COVID-19 in the Embryonic and 

Fetal Period 

Fertilization is a complex molecular chain of events 

in which oocyte and sperm nuclei and cytoplasmic 

components come together to form a zygote (28, 

29). Fertilization begins with sperm capacitation, 

attachment of sperm to the zona pellucida, 

induction of the acrosome reaction, crossing of the 

perivitelline space, and fusion with the oolemma. 

The subsequent process involves the completion of 

the second meiotic division in the oocyte, the 

expulsion of the second polar body, the activation 

of the oocyte, the decondensation of the sperm 

nucleus and maternal chromosomes, and finally the 

cytoplasmic migration of the pronuclei. Processes 

including receptor-ligand interaction, ion-channel 

modulations, membrane fusion, and proteolysis 

occur during fertilization (28-30). 

After fertilization, the oocyte becomes a blastocyst 

and adheres to the surface of the endometrium. The 

blastocyst implants into the endometrium on the 

seventh day. Implantation is followed by the 

formation of the placenta, which will support the 

embryo until the end of pregnancy (31, 32). The 

embryonic period, which is particularly sensitive to 

external factors (between the third and eighth 

weeks) involves the formation of numerous tissues 

and organ systems. The embryonic period is 

followed by the fetal period, which will continue 

until birth. 

ACE2 is expressed in the placenta, placental villi, 

syncytiotrophoblast, cytotrophoblast, endothelium, 

and vascular smooth muscle of primary and 

secondary villi. It is also expressed in the maternal 

stroma, intravascular trophoblast, and decidual 

cells. ACE2 is also found in the arterial and venous 

endothelium and the smooth muscle of the 

umbilical cord (33). ACE2 reaches its highest 

levels during early pregnancy, and is expressed in 

the primary and secondary decidual region and 

luminal and glandular epithelial cells. ACE2 has 

been observed in the placenta and amniotic and 

yolk sac epithelium during late pregnancy (34-36). 

During pregnancy, Ang2, ACE2, and Ang-(1-7) are 

principally involved in regulating blood pressure 

and fetal development. They also interact to 

maintain normal uterine physiology (37).  
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Ang-(1-7) and ACE2 are also thought to act as a 

local autocrine/paracrine regulator in the early 

(angiogenesis, apoptosis and growth) and late 

(uteroplacental blood flow) events of pregnancy 

(35). ACE2 controls the blood pressure balance in 

the pregnant woman (34). One previous study 

observed suppressed plasma Ang-(1-7) levels in 

pre-eclamptic women compared with normal 

pregnancies (38). Finally, low levels of ACE2 and 

Ang-(1-7) in the placenta have been associated 

with intrauterine growth retardation (36, 39). 

RESULTS 

COVID-19 exhibits its effect by binding to ACE 

receptors. It affects numerous body systems, such 

as the lungs, heart, kidneys, nervous system, and 

skin. The effect mechanism of the virus and its 

acute and chronic phase effects on different organs 

are still the subject of investigation. 

Studies of male infertility after COVID-19 have 

shown that the disease exerts a deleterious effect on 

the male reproductive system. COVID-19 can also 

impair female reproductive functions, causing 

infertility, menstrual irregularity, and fetal distress. 

It has also been shown to infect the ovary, uterus, 

vagina, and placenta. 

CONCLUSION 

We therefore recommend that couples planning 

pregnancies be protected against COVID-19 

infection. Close monitoring of the fetus and 

pregnancy is also highly important. 

Acknowledgements: None 

Author Contributions: DÇ, AUA: Project design, 

literature Search, manuscript preparation and 

revisions. 

Financial & competing interest's disclosure: The 

authors have no relevant affiliations or financial 

involvement with any organisation or entity with a 

financial interest in or financial conflict with the 

subject matter or materials discussed in the 

manuscript. This includes employment, 

consultancies, honoraria, stock ownership or 

options, expert testimony, grants or patents 

received or pending, or royalties. 

Ethical approval: The study was conducted 

according to the guidelines of the Declaration of 

Helsinki. 

 

Conflict of interest: The author declared no 

potential conflicts of interest with respect to the 

research, authorship, and/or publication of this 

article. This research did not receive and specific 

grant from funding agencies in the public, 

commercial, or not-for-profit sectors. 

REFERENCES 

1. Li D, Jin M, Bao P, Zhao W, Zhang S. Clinical 

characteristics and results of semen tests among men 

with coronavirus disease 2019. JAMA network open. 

2020 May 1;3(5):e208292. 

 

2. Gupta A, Madhavan MV, Sehgal K, et al. 

Extrapulmonary manifestations of COVID-19. Nat Med. 

2020;26(7):1017- 1032. doi:10.1038/s41591-020-0968-3. 

 

3. Mauvais-Jarvis F, Klein SL, Levin ER. Estradiol, 

progesterone, immunomodulation, and COVID-19 

outcomes. Endocrinology. 2020;161(9):bqaa127. 

doi:10.1210/endocr/bqaa127. 

 

4. Prado RCR, Silveira R, Asano RY. SARS-CoV-2 

(COVID-19) pandemic and a possible impact in the 

future of menstrual cycle research. Health Sci Rep. 

2021;4(2):e276. doi:10.1002/ hsr2.276. 

 

5. Yang M, Chen S, Huang B, Zhong JM, Su H, Chen Y. J 

et al. Pathological findings in the testes of COVID19 

patients: clinical implications. Eur Urol Focus. 

2020;6:1124-9. 

 

6. Li H, Xiao X, Zhang J, Zafar MI, Wu C, Long Y et al. 

Impaired spermatogenesis in COVID-19 patients. E 

ClinicalMedicine. 2020;28:100604. 

 

7. Sadler TW. Langman’s Medical Embryology. 12th 

Edition. USA: Lippincott Williams & Wilkins. 2012; 1-

128. 

 

8. Treloar AE. Variation of the human menstrual cycle 

through reproductive life. Int J Fertil. 1967;12:77-126. 

 

9. Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, Wang W, 

Song H, Huang B, Zhu N, Bi Y. Genomic 

characterisation and epidemiology of 2019 novel 

coronavirus: implications for virus origins and receptor 

binding. The lancet. 2020 Feb 22;395(10224):565-74. 

 

10. Reis FM, Bouissou DR, Pereira VM, Camargos AF, dos 

Reis AM, Santos RA. Angiotensin-(1-7), its receptor 

Mas, and the angiotensin-converting enzyme type 2 are 

expressed in the human ovary. Fertility and sterility. 

2011 Jan 1;95(1):176-81. 

 

11. Hayashi KG, Acosta TJ, Tetsuka M, Berisha B, Matsui 

M, Schams D, Ohtani M, Miyamoto A. Involvement of 

angiopoietin-tie system in bovine follicular development 

and atresia: messenger RNA expression in theca interna 

and effect on steroid secretion. Biology of reproduction. 

2003 Dec 1;69(6):2078-84. 



 

Cetinavcı et al                                                                                    http://dx.doi.org/10.36472/msd.v8i9.605 

512 
Medical Science and Discovery, 2021; 8(9):509-513 

12. Ferreira R, Gasperin B, Rovani M, Santos J, Barreta M, 

Bohrer R, Price C, Bayard Dias Gonçalves P. 

Angiotensin II signaling promotes follicle growth and 

dominance in cattle. Endocrinology. 2011 Dec 

1;152(12):4957-65. 

 

13. Stefanello JR, Barreta MH, Porciuncula PM, Arruda JN, 

Oliveira JF, Oliveira MA, Gonçalves PB. Effect of 

angiotensin II with follicle cells and insulin-like growth 

factor-I or insulin on bovine oocyte maturation and 

embryo development. Theriogenology. 2006 Dec 

1;66(9):2068-76. 

 

14. Guo B, Zhang XM, Li SJ, Tian XC, Wang ST, Li DD, 

Liu DF, Yue ZP. Expression and regulation of Ang-2 in 

murine ovaries during sexual maturation and 

development of corpus luteum. Molecular Biology. 2012 

Nov;46(6):802-8. 

 

15. Sugino N, Suzuki T, Sakata A, Miwa I, Asada H, 

Taketani T, Yamagata Y, Tamura H. Angiogenesis in the 

human corpus luteum: changes in expression of 

angiopoietins in the corpus luteum throughout the 

menstrual cycle and in early pregnancy. The Journal of 

Clinical Endocrinology & Metabolism. 2005 Nov 

1;90(11):6141-8. 

 

16. Vaz-Silva J, Carneiro MM, Ferreira MC, Pinheiro SV, 

Silva DA, Silva AL, Witz CA, Reis AM, Santos RA, 

Reis FM. The vasoactive peptide angiotensin-(1–7), its 

receptor Mas and the angiotensin-converting enzyme 

type 2 are expressed in the human endometrium. 

Reproductive sciences. 2009 Mar;16(3):247-56. 

 

17. Brosnihan KB, Bharadwaj MS, Yamaleyeva LM, Neves 

LA. Decidualized pseudopregnant rat uterus shows 

marked reduction in Ang II and Ang-(1-7) levels. 

Placenta. 2012 Jan 1;33(1):17-23. 

 

18. Li XF, Ahmed A. Dual role of angiotensin II in the 

human endometrium. Human reproduction. 1996 Oct 

1;11(suppl_2):95-108. 

 

19. Vaz-Silva J, Tavares RL, Ferreira MC, Honorato-

Sampaio K, Cavallo IK, Santos RA, dos Reis AM, Reis 

FM. Tissue specific localization of angiotensin-(1–7) and 

its receptor Mas in the uterus of ovariectomized rats. 

Journal of molecular histology. 2012 Oct 1;43(5):597-

602. 

 

20. Li XF, Ahmed A. Expression of angiotensin II and its 

receptor subtypes in endometrial hyperplasia: a possible 

role in dysfunctional menstruation. Laboratory 

investigation; a journal of technical methods and 

pathology. 1996 Aug 1;75(2):137-45. 

 

21. Moore K.L, Persaud T.V.N. The Devoloping Human 

Clinically Oriented Embryology. 8th ed, Saunders, 2007: 

262-270. 

 

 

 

22. Eskandari M, Ghalyanchi Langeroudi A, Zeighami H, 

Rostami A, Kazemi M, Eyni H, Shokri S. Co‐

administration of ginseng and ciprofloxacin ameliorates 

epididymo‐orchitis induced alterations in sperm quality 

and spermatogenic cells apoptosis following infection in 

rats. Andrologia. 2017 Apr;49(3):e12621. 

 

23. Lin CY, Chen CY, Yu CH, Yu IS, Lin SR, Wu JT, Lin 

YH, Kuo PL, Wu JC, Lin SW. Human X-linked 

intellectual disability factor CUL4B is required for post-

meiotic sperm development and male fertility. Scientific 

reports. 2016 Feb 2;6(1):1-7. 

 

24. Wang Z, Xu X. scRNA-seq profiling of human testes 

reveals the presence of the ACE2 receptor, a target for 

SARS-CoV-2 infection in spermatogonia, Leydig and 

Sertoli cells. Cells. 2020 Apr;9(4):920. doi: 

10.3390/cells9040920. 

 

25. Albani E, Castellano S, Gurrieri B, Arruzzolo L, Negri L, 

Borroni EM, Levi-Setti PE. Male age: negative impact on 

sperm DNA fragmentation. Aging (Albany NY). 2019 

May 15;11(9):2749. doi: 10.18632/aging.101946. 

 

26. Yang M, Chen S, Huang BO, Zhong JM, Su H, Chen YJ, 

Cao Q, Ma L, He J, Li XF, Li X. Pathological findings in 

the testes of COVID-19 patients: clinical implications. 

European urology focus. 2020 Sep 15;6(5):1124-9. 

 

27. Ma L, Xie W, Li D, Shi L, Ye G, Mao Y, Xiong Y, Sun 

H, Zheng F, Chen Z, Qin J. Evaluation of sex‐related 

hormones and semen characteristics in reproductive‐aged 

male COVID‐19 patients. Journal of medical virology. 

2021 Jan;93(1):456-62. 

 

28. Dietzel E. Sperm-oocyte interaction. J Reprod Biol 

Endocrinol. 2018;2 (2): - 59 - 60.  

 

29. Georgadaki K, Khoury N, Spandidos DA, Zoumpourlis 

V. The molecular basis of fertilization. International 

journal of molecular medicine. 2016 Oct 1;38(4):979-86. 

 

30. Schoenwolf GC, Bleyl SB, Brauer PR, Francis-West PH. 

Gametogenesis, fertilization, and first week. Larsens’s 

human embryology. 4th ed. Philadelphia: Churchill 

Livingstone. 2009:15-50. 

 

31. Moore Keith L. The Developing Human Clinically 

Oriented Embryology. 4. Edition, W.B. Saunders 

Company, Philadelphia, sayfa: 31-34. 

 

32. Ross MH, Pawlina W. Histology. Lippincott Williams & 

Wilkins; 2006. 

 

33. Valdes G, Neves LA, Anton L, Corthorn J, Chacon C, 

Germain AM, Merrill DC, Ferrario CM, Sarao R, 

Penninger J, Brosnihan KB. Distribution of angiotensin-

(1-7) and ACE2 in human placentas of normal and 

pathological pregnancies. Placenta. 2006 Feb 1;27(2-

3):200-7. 

 

 



 

Cetinavcı et al                                                                                    http://dx.doi.org/10.36472/msd.v8i9.605 

513 
Medical Science and Discovery, 2021; 8(9):509-513 

34. ER P. The expression and localization of the human 

placental prorenin/renin-angiotensin system throughout 

pregnancy: roles in trophoblast invasion and 

angiogenesis. Placenta. 2011;32:956-62. 

 

35. Neves LA, Stovall K, Joyner J, Valdés G, Gallagher PE, 

Ferrario CM, Merrill DC, Brosnihan KB. ACE2 and 

ANG-(1-7) in the rat uterus during early and late 

gestation. American Journal of Physiology-Regulatory, 

Integrative and Comparative Physiology. 2008 

Jan;294(1):R151-61. 

 

36. Ghadhanfar E, Alsalem A, Al-Kandari S, Naser J, 

Babiker F, Al-Bader M. The role of ACE2, angiotensin-

(1–7) and Mas1 receptor axis in glucocorticoid-induced 

intrauterine growth restriction. Reproductive Biology and 

Endocrinology. 2017 Dec;15(1):1-9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

37. Hering L, Herse F, Geusens N, Verlohren S, Wenzel K, 

Staff AC, Brosnihan KB, Huppertz B, Luft FC, Muller 

DN, Pijnenborg R. Effects of circulating and local 

uteroplacental angiotensin II in rat pregnancy. 

Hypertension. 2010 Aug 1;56(2):311-8. 

 

38. Brosnihan KB, Neves LA, Anton L, Joyner J, Valdes G, 

Merrill DC. Enhanced expression of Ang-(1-7) during 

pregnancy. Brazilian Journal of Medical and Biological 

Research. 2004;37:1255-62. 

 

39. Jing Y, Run-Qian L, Hao-Ran W, Hao-Ran C, Ya-Bin L, 

Yang G, Fei C. Potential influence of COVID-19/ACE2 

on the female reproductive system. Molecular human 

reproduction. 2020 Jun;26(6):367-73. 
 
 

 

 

 

 

Copyright © 2021 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), (CC BY NC) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. International Journal of Medical Science and Discovery.  


