
The declaration of the coronavirus disease-2019 
(COVID-19) pandemic by the World Health Organi-
zation (WHO) on March 11th 2020 changed the lives 
of everyone. The rising numbers of the newly in-
fected coupled with the daily fatality count were fol-
lowed closely by millions.1 To cope with the situation 

worldwide, vaccines were being developed. The test-
ing stage for assuring the efficacy and safety of the 
developing vaccines was conducted in 3 phases.2 Un-
fortunately, the sudden acute state of the events did 
not allow for a study of the delayed effects of the vac-
cines being developed.3 
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ABS TRACT Objective: Assessment of the long-term effect of inactivated Sinopharm coronavirus disease-2019 (COVID-19) vaccine on 
semen analysis. Material and Methods: It is an observational cross-sectional study at Al-Kasr Al-Ainy hospital. A sample size of 128 men 
was included. Semen samples were collected after at least 1 year of the 2nd dose of the vaccine from 64 men who had a previously normal semen 
analysis (prior to the vaccination) and 64 samples of unvaccinated men. Results: There was no difference between the 2 groups in semen liq-
uefaction time, semen volume, total sperm motility, sperm immotility, sperm morphology, semen pH, and semen viscosity. There was a sta-
tistically significant higher mean value of sperm concentration, total sperm count, and percentage of progressively motile sperm in the 
unvaccinated group, as well as a statistically significant higher mean value of non-progressively motile sperm percentage in the vaccinated 
group, all of which are clinically insignificant as both groups results fall within normal World Health Organization values. Conclusion: The 
results suggest the relative safety of the inactivated COVID-19 vaccine by Sinopharm. The vaccine did not have a clinically significant effect 
among the vaccinated men. There was no residual effect on male fertility; thus, the concerns raised about the vaccine’s impact on male fer-
tility have no condemning evidence. 
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A raising concern about the effect of coronavirus 
infection on male fertility was brought upon by the 
discovery of impaired spermatogenesis in some the 
COVID-19 patients. This observation was explained 
in 2 ways: elevation of the immune response and cy-
tokine storm in the testis or autoimmune orchitis ob-
served in the pathology specimens of deceased 
patients with COVID-19.4 

The virus targets trans-membrane serine pro-
tease 2 and angiotensin-converting enzyme 2. Unfor-
tunately, both are expressed in the spermatogonia of 
the testis and spermatogonial stem cells, making them 
a target of the virus. Theoretically, it is possible that 
a resembling effect can occur in those acquiring the 
vaccine because it may illicit a similar immune re-
sponse.3 

Infertility is an important issue as it creates an 
array of different problems and burdens on the indi-
vidual and the governments. The most pronounced of 
these problems are economical, social, and psycho-
logical distress to the infertile couple.5 Additionally, 
there is an economical burden on the health care sys-
tem, making the concerns regarding the vaccine’s ef-
fect on male fertility an imperative one.6 

 MATERIAL AND METHODS 
The study was conducted in accordance with the 
Helsinki Declaration principles. An observational 
cross-sectional analytical study was conducted at 
Cairo University Hospitals among couples attending 
the Al-Kasr Al-Ainy infertility outpatient clinic. 
Considering the great difficulty of recruiting a 
healthy male participant to voluntarily participate in 
a semen analysis screening in our community and in 
order to achieve the study objective, male partners 
of female patients attending infertility outpatient 
clinic for female factor only infertility were inter-
viewed for the recruitment. Approval of the ethical 
committee was obtained (date: May 23, 2023, no: 
MD-120-2023). Informed consent was obtained 
from each participant. A group of 128 healthy men 
who consented to be included in the study and 
matched the inclusion criteria were divided into 2 
groups: 64 unvaccinated men and 64 men whom re-

ceived 2 doses of the COVID-19 vaccine [Vero cell 
innactivated vaccine by Sinopharm (Sinopharm's 
Beijing institute of biological products, China)] the 
last dose at least 1 year before the inclusion into the 
study. The inclusion criteria included: men attend-
ing the in vitro fertilization clinic with female only 
factor infertility aging 18 to 45, for the vaccinated 
group previous 2 normal semen analyses before vac-
cination. Exclusion criteria included: men who were 
diagnosed with COVID-19 disease, chronic illnesses 
(uncontrolled diabetes, heart disease, hypertension, 
complicated liver disease), men on any long-term 
medication, men who started smoking within the last 
year, heavy smokers (more than 20 cigarettes/day), 
body mass index (BMI) more than 35, history of 
varicocele or presently diagnosed of varicocele grade 
II and III, recreational drug use, alcohol or any drug 
addiction. 

STuDY PROCEDuRE 
The participant’s latest semen analysis was in-
cluded. The semen analysis was acquired after 3-5 
days of abstinence. The sample was obtained 
through masturbation and collected in a sterile jar 
for analysis. The assessment started after the lique-
faction of the semen. The parameters to be studied 
include (semen volume, liquefaction time, pH, 
sperm concentration, sperm motility, and sperm 
morphology). Semen samples were analyzed manu-
ally strictly following the WHO 2021 manual guide-
lines for the examination and processing of human 
semen. The container was preserved at 37°C tem-
perature. The assessment began by measuring the 
volume and noting the color of the ejaculate, then 
assessment of liquefaction after 30 minutes of ob-
taining the sample, the container was slowly swirled 
for 15-30 seconds before starting the macroscopic 
assessment of liquefaction, next step the measure-
ment of the pH, then the assessment of microscopic 
appearance, morphology, and sperm motility, finally 
assessing the presence of leukocytes or any other 
cellular content.  

The parameters for the 2 groups were collected 
and compared to reveal the long-term or delayed ef-
fect of the vaccine. 
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STATISTICAL ANALYSIS 
The data were analyzed with the social sciences sta-
tistical package version 23.0 (SPSS Inc., Chicago, 
Illinois, USA). Quantitative data with normal dis-
tribution were represented as mean±standard devi-
ation and ranges, while the non-parametric data 
were represented as median with interquartile 
range. Qualitative variables were reported as num-
bers and percentages. The normality of the data was 
assessed using Kolmogorov-Smirnov and Shapiro-
Wilk test. 

The independent-samples t-test was used for 
the comparison of 2 means, while the chi-square test 
was used for comparisons involving qualitative data, 
and Fisher’s exact test was used as an alternative to 
the chi-square test when the expected count in any 
cell <5. 

The confidence interval was set at 95%, with an 
accepted error margin of 5%. 

p value was considered significant at <0.05. 

 RESuLTS 
There was no statistical difference between the study 
groups regarding age and BMI; both groups are com-
parable in basic demographical data as shown in 
Table 1. The mean age in the unvaccinated group was 
32.42±5.61 years, and in the vaccinated group it was 
34.19±5.27 years, while the mean of the BMI in the 
unvaccinated was 22.38±2.07, while in the vacci-
nated group it was 22.66±1.99. 

The study revealed no statistically significant 
difference between the 2 groups with regard to: 
semen liquefaction time, semen volume, total sperm 
motility, immotile sperm, sperm morphology, pH, 

viscosity, and other non-sperm cell content as shown 
on Table 2. 

The study also revealed that the unvaccinated 
group had a statistically significant higher mean value 
in each of the following: sperm concentration (un-
vaccinated group 45.63±17.45 mil/ml and vaccinated 
group 37.92±16.95 mil/ml), total sperm count (un-
vaccinated group 143.46±80.27 mil and vaccinated 
group 111.85±65.67 mil), and progressively motile 
sperm (unvaccinated group 45.69±11.17 and vacci-
nated group 41.81±10.92). The study also revealed 
that the vaccinated group had a statistically signifi-
cant higher mean value of non-progressively motile 
sperm (unvaccinated group 19.38±7.68 and vacci-
nated group 22.58±8.45). All of which are clinically 
insignificant as both groups’ results fall within nor-
mal WHO values. 

 DISCuSSION 
Due to the COVID-19 vaccine being a newly devel-
oped vaccine, studies of the long-term effects of the 
vaccine on the human body were not practical with 
the state of the world during the pandemic. Concerns 
regarding the effects of the vaccine on the semen 
analysis were raised due to the documented effects of 
the COVID-19 infection on the testes.7 Impaired sper-
matogenesis was observed among COVID-19 pa-
tients, which was explained by an elevated immune 
response and cytokine storm in the testicular tissue 
or by autoimmune orchitis that was observed in the 
pathological specimen of deceased COVID-19 male 
patients.8 

Angiotensin-converting enzyme 2 and trans-
membrane serine protease 2 are the main targets for 
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Unvaccinated men group (n=64) Vaccinated men group (n=64) 
Demographic data X±SD X±SD Test value p value Sig. 
Age “years” 32.42±5.61 34.19±5.27 -1.836 0.069 NS 
BMI [wt/(ht)2] 22.38±2.07 22.66±1.99 -0.785 0.434 NS 

TABLE 1:  Comparison between the 2 study groups according to the demographic data.

SD: Standard deviation; BMI: Body mass index; NS: Non significant



the virus, both of which are co-expressed in sper-
matogonia and spermatogonial stem cells, thus be-
coming a target for the infection. Theoretically, a 
similar effect might be a possibility in patients re-
ceiving the vaccine due to the different vaccines 
structures, some being live attenuated, while others 
are protein subunit or even a nucleic acid vaccine, all 
of which can elicit a similar immune response to the 
infectious state.9 

In our study, there was no statistically signifi-
cant difference between the 2 groups regarding liq-
uefaction time, where the unvaccinated group 
liquefaction time was 28.36±5.12, and the vaccinated 
group liquefaction time was 28.83±4.86. Supporting 
our findings, Dong et al. found no difference in liq-
uefaction time in comparing men receiving single 
dose inactive vaccine with unvaccinated.10 Also 
showing no difference Xia et al in studying inacti-
vated vaccines Sinovac (Sinovac Biotech Ltd, China) 

and Sinopharm, and Elhabak et al studying As-
traZeneca (AstraZeneca, United Kingdom) and 
Sinopharm.11,12 

Our study showed no statistically significant dif-
ference in semen volume between the 2 groups, with 
3.24±1.37 ml in the unvaccinated group and 
3.15±1.33 ml in the vaccinated group. Agreeing with 
our findings and Abd et al with 3.5 ml pre-vaccina-
tion and 3.3 ml post-vaccine.1 

Against our study, Leisegang et al. showed an 
increase in the seminal volume after Pfizer-BioN-
Tech (BioNTech SE, Germany) and Moderna (MOd-
erna, Inc. USA) vaccines, with the pre-vaccination 
volume being 3.0±1.2 ml and the post-vaccination 
volume being 2.8±1.7 ml. The author commented 
about this finding with “it is not likely to be directly 
due to vaccine exposure”, Leisegang also reported no 
change with AstraZeneca and Johnson and Johnson 
vaccines.13 While Zhu et al. reported a transient de-
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Unvaccinated men group (n=64) Vaccinated men group (n=64)  
Semen parameters X±SD X±SD Test value p value Sig. 
Liquifaction time 28.36±5.12 28.83±4.86 -0.531 0.596 NS 
Semen volume (ml) 3.24±1.37 3.15±1.33 0.363 0.717 NS 
Sperm concentration mil/ml 45.63±17.45 37.92±16.95 2.533 0.013 S 
Total sperm count 143.46±80.27 111.85±65.67 2.438 0.016 S 
Total sperm motility % 65.38±9.67 64.39±11.10 0.535 0.594 NS 
Progressive motility % 45.69±11.17 41.81±10.92 1.984 0.049 S 
Non-progressive % 19.38±7.68 22.58±8.45 -2.244 0.027 S 
Immotile 34.63±9.67 36.08±11.90 -0.758 0.450 NS 
Sperm morphology abnormal form % 89.38±10.64 91.45±11.26 -1.073 0.285 NS 
pH 7.38±0.11 7.34±0.13 1.773 0.079 NS 
Non-sperm cells 

Pus 1 1 (1.6%) 5 (7.8%)  
Pus 1-2 59 (92.2%) 54 (84.4%)  
Pus 2 3 (4.7%) 0 (0.0%)  
Pus 2-3 1 (1.6%) 3 (4.7%)

8.888 0.114 NS
 

Pus 3 0 (0.0%) 1 (1.6%)  
Pus 5-6 0 (0.0%) 1 (1.6%)  

Viscosity  
Normal 64 (100.0%) 64 (100.0%) 0.000 1.000 NS 

TABLE 2:  Comparison between the 2 study groups according to semen parameters.

t-Independent Sample t-test for mean±SD; 2: chi-square test for number (%) or Fisher’s exact test, when appropriate; NS: Non significant; S: Significant; HS: Highly significant



crease in semen volume after the 1st dose of inacti-
vated vaccine from 3.1±1.3 ml to 2.8±1.2 ml, then re-
covered back to 3.3±1.7 ml after the 2nd dose.14 

The present study showed a statistically signifi-
cant lower mean value of sperm concentration in the 
vaccinated group (37.92±16.95 mil/ml) than in the 
unvaccinated group (45.63±17.45 mil/ml), as well as 
a lower total sperm count in the vaccinated group 
(111.85±65.67 mil) than in the unvaccinated group 
(143.46±80.27 mil). Both outcomes fall within the 
normal WHO values. Since both results fall within 
normal values, it is possible that the cause is related 
to variations in the duration of abstinence before sam-
ple collection.  

Supporting our results, Gat et al. showed a sig-
nificant decrease in sperm concentration 75 to 125 
days after receiving 2 doses of Pfizer-BioNTech vac-
cine [Confidence Interval (CI)-25.5%-3.9%]; how-
ever, the decrease in the concentration was not 
statistically significant when measured again over 
145 days of the date of vaccination.15 In addition, Zhu 
et al. showed similar changes after receiving the in-
activated vaccine, with the sperm concentration in-
creasing after the 1st dose from 55.6±21.7 mil/ml to 
61.9±23.3 mil/ml and then decreasing again after the 
2nd injection to 55.9±18.5 mil/ml with a net overall 
result of no significant change.14 

Against our study, Leisegang et al. showed an 
increase in sperm concentration more than 3 months 
after Pfizer-BioNTech or Moderna vaccination, from 
36.9±35.9 mil/ml pre-vacination to 41.1±40.3 mil/ml 
post-vaccination; which was explained by the author 
as not likely to be directly due to vaccine exposure.13 
Also against our study with no significant change are: 
Gonzalez et al. studying Pfizer-BioNTech and Mod-
erna vaccines, and Adamyan et al. studying Pfizer-
BioNTech and Moderna vaccines.16,17 

The present study showed no statistically signif-
icant difference with regard to total sperm motility 
between the 2 groups (64.39±11.10 % in the vacci-
nated group and 65.38±9.67% in the unvaccinated 
group). 

Supporting our study: Gat et al in studying 
Pfizer-BioNTech vaccine showed a transient de-

crease in the total motility count (22.1% reduction 
CI -35% to -6.6%) followed by recovery back to 
normal caused by the previously mentioned tran-
sient sperm concentration decrease in the same 
study.15 Also, Gonzalez et al. and Olana et al. in 
studying Pfizer-BioNTech showed no significant 
difference.16,18 

Against our study, Leisegang et al. showed an 
increase in total sperm motility more than 3 months 
after Pfizer-BioNTech and Moderna vaccination 
(from 57.0±67.5 mil pre-vaccination to 53.6±67.0 
mil post-vaccination), no changes were observed on 
receiving AstraZeneca and Johnson and Johnson 
(Janssen Vaccines, Netherlands and Janssen phar-
maceuticals, Belgian). The author explained that  
the findings regarding the Pfizer-BioNTech and 
Moderna vaccines are probably not due to the vac-
cine.13 

In the present study, it was found that the vacci-
nated group had a statistically significant decrease in 
progressive motility (from 45.69±11.17% in the un-
vaccinated group to 41.81±10.92%). However, the 
difference is clinically insignificant as both groups 
fall within normal WHO values. 

Supporting our study: Abd et al. studied the 
Pfizer-BioNTech vaccine and showed a significant 
decrease in progressive motility (from a median of 
60% (19.3) pre-vaccination to 59 (16.5) post vacci-
nation). However, the difference is clinically in-
significant as both groups fall within normal WHO 
values. The author explained this result as being a 
natural variation between 2 semen samples of the 
same individual.1 

In the current study, there was a statistically sig-
nificant higher mean value of non-progressively 
motile sperm percentage in the vaccinated group than 
in the unvaccinated group (from 19.38±7.68% pre-
vaccination to 22.58±8.45% post vaccination), yet it 
was clinically insignificant due to both groups being 
within normal WHO values. With both values falling 
within the normal range, the change between the 
groups could be attributed to lifestyle differences. 
Against our results, Xia et al. in studying inactivated 
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vaccines Sinovac and Sinopharm found no difference 
between the 2 groups.11 

In the current study, there was no statistically 
significant difference between the 2 groups regard-
ing the following: immotile sperm percentage 
(34.63±9.67% pre-vaccination and 36.08±11.90 % 
post-vaccination), sperm morphology (89.38±10.64 
% pre-vaccination and 91.45±11.26% post-vaccina-
tion), pH (7.38±0.11 pre-vaccination and 7.34± 0.13 
post-vaccination), non-sperm cell content (shown in 
Table 2), and viscosity. 

Supporting our study in showing no statistically 
significant difference are: Huang et al in a systematic 
review and meta analysis, and Zhu et al studying in-
activated vaccine.14,19 

LIMITATION 
Our study faces some limitations, including the fol-
lowing: all the volunteers were recruited from a sin-
gle hospital, and the study groups came from a 
specific population not a random 1, which limits the 
diversity and may introduce sample selection bias. As 
well as the exclusion of men with oligozoospermia 
that are the most likely individuals to be susceptible 
to worsening parameters. As this is an observational 
study, the number of samples available for analysis 
for each volunteer was limited to 1, while including 
a mean value of multiple samples for each participant 
would provide more accurate data. 

 CONCLuSION 
The results suggest the relative safety of the inacti-
vated COVID-19 vaccine by Sinopharm. The vaccine 
did not have a clinically significant effect among the 
vaccinated men. There was no residual effect on male 
fertility; thus, the concerns raised about the vaccine’s 
impact on male fertility have no condemning evi-
dence. 

Based on the findings in this study, it is recom-
mended that male individuals with known fertility 
problems should consult their doctor before receiv-
ing the vaccine. 

Source of Finance 

During this study, no financial or spiritual support was received 
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may 
negatively affect the evaluation process of this study. 

Conflict of Interest 

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise, 
working conditions, share holding and similar situations in any 
firm. 

Authorship Contributions 

All authors contributed equally while this study preparing.

Mostafa ABDELGALIL et al. JCOG. 2025;35(2):39-45

44



Mostafa ABDELGALIL et al. JCOG. 2025;35(2):39-45

45

1. Abd ZH, Muter SA, Saeed RAM, Ammar O. Effects of Covid-19 vaccination 
on different semen parameters. Basic Clin Androl. 2022;32(1):13. [Crossref] 
[PubMed] [PMC]  

2. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al; 
C4591001 Clinical Trial Group. Safety and efficacy of the BNT162b2 mRNA 
Covid-19 vaccine. N Engl J Med. 2020;383(27):2603-15. [Crossref] [PubMed] 
[PMC]  

3. Li H, Xiao X, Zhang J, Zafar MI, Wu C, Long Y, et al. Impaired spermatogen-
esis in COVID-19 patients. EClinicalMedicine. 2020;28:100604. [Crossref] 
[PubMed] [PMC]  

4. Gupta A, Madhavan MV, Sehgal K, Nair N, Mahajan S, Sehrawat TS, et al. 
Extrapulmonary manifestations of COVID-19. Nat Med. 2020;26(7):1017-32. 
[Crossref] [PubMed] [PMC]  

5. Sharma A, Shrivastava D. Psychological problems related to infertility. Cureus. 
2022;14(10):e30320. [Crossref] [PubMed] [PMC]  

6. Pourmasumi S, Nazari A, Fagheirelahee N, Sabeti P. Cytochemical tests to 
investigate sperm DNA damage: assessment and review. J Family Med Prim 
Care. 2019;8(5):1533-9. [Crossref] [PubMed] [PMC]  

7. Hanley B, Lucas SB, Youd E, Swift B, Osborn M. Autopsy in suspected 
COVID-19 cases. J Clin Pathol. 2020;73(5):239-42. [Crossref] [PubMed]  

8. Koç E, Keseroğlu BB. Does COVID-19 worsen the semen parameters? early 
results of a tertiary healthcare center. urol Int. 2021;105(9-10):743-8. [Cross-
ref] [PubMed] [PMC]  

9. Corona G, Vena W, Pizzocaro A, Pallotti F, Paoli D, Rastrelli G, et al. An-
drological effects of SARS-Cov-2 infection: a systematic review and meta-
analysis. J Endocrinol Invest. 2022;45(12):2207-19. [Crossref] [PubMed] 
[PMC]  

10. Dong Y, Li X, Li Z, Zhu Y, Wei Z, He J, et al. Effects of inactivated SARS-
CoV-2 vaccination on male fertility: a retrospective cohort study. J Med Virol. 
2023;95(1):e28329. [PubMed]  

11. Xia W, Zhao J, Hu Y, Fang L, Wu S. Investigate the effect of COVID-19 inac-
tivated vaccine on sperm parameters and embryo quality in in vitro fertiliza-
tion. Andrologia. 2022;54(6):e14483. [Crossref] [PubMed] [PMC]  

12. Elhabak DM, Abdelsamie RA, Shams GM. COVID-19 vaccination and male 
fertility issues: myth busted. is taking COVID-19 vaccine the best choice for 
semen protection and male fertility from risky infection hazards? Andrologia. 
2022;54(11):e14574. [PubMed] [PMC]  

13. Leisegang K, Finelli R, Moungala L, Moichela F, Pearce K, Ramasamy R, et 
al. The impact of COVID-19 vaccines on male semen parameters: a retro-
spective cohort study. Andrologia. 2023;1:7826568. [Crossref]  

14. Zhu H, Wang X, Zhang F, Zhu Y, Du MR, Tao ZW, et al. Evaluation of inacti-
vated COVID-19 vaccine on semen parameters in reproductive-age males: a 
retrospective cohort study. Asian J Androl. 2022;24(5):441-4. [Crossref] 
[PubMed] [PMC]  

15. Gat I, Kedem A, Dviri M, umanski A, Levi M, Hourvitz A, et al. Covid-19 vac-
cination BNT162b2 temporarily impairs semen concentration and total motile 
count among semen donors. Andrology. 2022;10(6):1016-22. [PubMed] [PMC]  

16. Gonzalez D, Nassau DE, Khodamoradi K, Ibrahim E, Blachman-Braun R, 
Dubin JM, et al. effect of COVID-19 mRNA vaccines on sperm quality. Fertil 
Steril. 2021;116(3):e297. [Crossref] [PMC]  

17. Adamyan L, Elagin V, Vechorko V, Stepanian A, Dashko A, Doroshenko D, et 
al. A review of recent studies on the effects of SARS-CoV-2 infection and 
SARS-CoV-2 vaccines on male reproductive health. Med Sci Monit. 
2022;28:e935879. [Crossref] [PubMed] [PMC]  

18. Olana S, Mazzilli R, Salerno G, Zamponi V, Tarsitano MG, Simmaco M, et al. 
4BNT162b2 mRNA COVID-19 vaccine and semen: what do we know? An-
drology. 2022;10(6):1023-9. [PubMed] [PMC]  

19. Huang Y, Yang C, Xu XF, Xu W, Liu SW. Structural and functional properties 
of SARS-CoV-2 spike protein: potential antivirus drug development for 
COVID-19. Acta Pharmacol Sin. 2020;41(9):1141-9. [Crossref] [PubMed] 
[PMC] 

 REFERENCES

https://doi.org/10.1186/s12610-022-00163-x
https://www.ncbi.nlm.nih.gov/pubmed/35915409
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9343088
https://doi.org/10.1056/nejmoa2034577
https://www.ncbi.nlm.nih.gov/pubmed/33301246
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7745181
https://doi.org/10.1016/j.eclinm.2020.100604
https://www.ncbi.nlm.nih.gov/pubmed/33134901
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7584442
https://doi.org/10.1038/s41591-020-0968-3
https://www.ncbi.nlm.nih.gov/pubmed/32651579
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11972613
https://doi.org/10.7759/cureus.30320
https://www.ncbi.nlm.nih.gov/pubmed/36407201
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9661871
https://doi.org/10.4103/jfmpc.jfmpc_35_19
https://www.ncbi.nlm.nih.gov/pubmed/31198709
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6559112
https://doi.org/10.1136/jclinpath-2020-206522
https://www.ncbi.nlm.nih.gov/pubmed/32198191
https://doi.org/10.1159/000517276
https://doi.org/10.1159/000517276
https://www.ncbi.nlm.nih.gov/pubmed/34265771
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8339034
https://doi.org/10.1007/s40618-022-01801-x
https://www.ncbi.nlm.nih.gov/pubmed/35527294
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9080963
https://www.ncbi.nlm.nih.gov/pubmed/36415120
https://doi.org/10.1111/and.14483
https://www.ncbi.nlm.nih.gov/pubmed/35610731
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9348065
https://www.ncbi.nlm.nih.gov/pubmed/36038521
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9539224
https://doi.org/10.1155/2023/7826568
https://doi.org/10.4103/aja202225
https://www.ncbi.nlm.nih.gov/pubmed/35532560
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9491047
https://www.ncbi.nlm.nih.gov/pubmed/35713410
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9350322
https://doi.org/10.1016/j.fertnstert.2021.07.799
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8446925
https://doi.org/10.12659/msm.935879
https://www.ncbi.nlm.nih.gov/pubmed/35313326
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8951594
https://www.ncbi.nlm.nih.gov/pubmed/35647664
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9348225
https://doi.org/10.1038/s41401-020-0485-4
https://www.ncbi.nlm.nih.gov/pubmed/32747721
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7396720

