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..pregnancy by ART; ii) we did not measure type and degree of psychological
stress that may have affected the men in our study.
Wider implications of the findings: Our observation of decrease in se-
men quality of clinic-collected samples may be the result of an acute psycho-
logical stress experienced by patients, as suggested by previous reports. Thus,
when possible, semen collection at home should be encourage at least for
men who undergo fertility assessment.
Trial registration number: not applicable
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Study question: Can severe acute respiratory syndrome coronavirus 2
(SARS-CoV2) enter somatic and germinal cells of human testis or ejaculated
sperm, thus affecting male reproductive function?
Summary answer: This research provides a biological background of the
potential route for infection of SARS-CoV-2 and may enable rapid deciphering
of COVID-19-induced male-related reproductive disorders.
What is known already: Epidemiologic studies suggest a significant male
sex susceptibility for severe COVID19 symptoms. SARS-CoV-2 is known to
affect certain cell types based on their expression of angiotensin-converting
enzyme 2 (ACE2) and Transmembrane serine protease2 (TMPRSS2). ACE2
makes available the binding site for the Spike protein of SARS-CoV-2.
TMPRSS2 facilitates virus entry by cleaving the S antigen into S1 (the active
binding site). Several studies reported the presence of ACE2 in Leydig and
Sertoli cells as well as in germ cells from spermatogonia to spermatozoa.
These data suggest that the human testis and gametes are a target for SARS-
CoV-2.
Study design, size, duration: To address this question, we examined the
gene expression profile of SARS-CoV-2-associated receptors and proteases
(ACE2-TMPRSS2) as well as their protein expression and localization in testic-
ular tissue of males undergoing diagnostic surgery and in sperm of healthy,
normozoospermic donors referring to the Unit of Assisted Reproduction,
Siena University Hospital, from April 2020 to January 2022.
Participants/materials, setting, methods: Assays were performed on tis-
sue biopsies (n¼ 3) or on freshly ejaculated sperm of men (n¼ 6) undergoing
routine semen analysis after granting informed consent. To this end, tissue bi-
opsies and ejaculated sperm have been co-cultivated for 5-12h with infected
VERO E6 cells. Immunoelectron microscopy, in situ hybridization, and highly
sensitive digital droplet PCR analysis, have been used to assess if particles
containing SARS-CoV- 2 antigens can be detected in testicular tissue or sper-
matozoa in vitro.
Main results and the role of chance: We carefully investigated the pres-
ence of the SARS-CoV-2 virus and the possible effect on male fertility, both
at the molecular and ultrastructural levels. To elucidate the mechanisms un-
derlying virus infection in germ cells and male gametes, we analyzed the ex-
pression of both ACE2 and TMPRSS2. Both genes are expressed in testes
and ejaculated sperm, confirming the possibility that SARS-CoV2 can enter
these cells. We also provided evidence of the expression of the correspond-
ing proteins in both testis and sperm by immunofluorescence assays. The im-
munofluorescence staining of paraffin-embedded slices of testicular tissue with
anti-ACE2 antibody revealed a strong signal in Leydig cells. However, ACE2
staining was also present in human Sertoli cells and was concentrated in the
adluminal half of the cell, i.e. surrounding spermatocytes and spermatids.

The analysis of TRPMSS2 showed similar results. Indeed, this protease is
localized mainly in the interstitium, at the level of Leydig cells. This is an in-
triguing datum, since, while Leydig cells may be considered as a high-risk cells
because of the co-expression of TMPRSS2 and ACE2, germ cells may not be

at increased risk of ACE2and TMPRSS2-mediated viral entry and spread, given
the lack of co-expression in these testicular cell type.
Limitations, reasons for caution: The low number of analyzed samples
may limit the statistical power of this study. Whether the SARS-CoV-2 infec-
tion change the gene expression profile of other SARS-CoV-2-associated pro-
teases is under investigation
Wider implications of the findings: This validated RT-PCR assay allows
reliable screening of SARS-CoV-2 in sperm, useful for investigating the pres-
ence of the virus in patients undergoing ART, as well as for explaining the mo-
lecular and cellular mechanisms related to the gender specificity of the more
severe infection-related symptoms.
Trial registration number: Not applicable
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Study question: Does advancing paternal age correlate with sperm DNA
fragmentation index (DFI) and is there a cut-off age beyond which sperm DFI
increases significantly?
Summary answer: In infertile men, DFI correlate with advancing paternal
age and should be routinely screened starting 35 years of age.
What is known already: In recent decades, birth rates have substantially in-
creased for men older than 30 years because of advanced age of marriage,
rising life expectancy at birth, modern societal norms, and accessibility to as-
sisted reproductive technology (ART). Advanced paternal age has been asso-
ciated with a decline in conventional semen parameters (volume,
concentration, motility, DFI), as well as, reduced fertility, increased risk of
miscarriage, structural chromosomal aberrations and complex epigenetic dis-
orders. Several studies have recommended testing sperm DFI in infertile men
with advanced age (�40 years) as it may provide prognostic information for
couple attempting natural and assisted reproduction.
Study design, size, duration: This is a retrospective study of 3446 semen
samples from patients under investigation for infertility between April 2016
and January 2022. Semen samples were obtained after 2-3 days of sexual ab-
stinence. Patients were stratified into seven groups based on their age:
patients � 29 years (n ¼ 127; 3.7%), 30-35 years (n ¼ 868; 25.2%), 36-39
years (n ¼ 863; 25.0%), 40-45 years (n ¼ 1017, 29.5%), 46-49 years (n ¼
321; 9.3%), 50-55 years (n ¼ 179, 5.2%) and � 56 years (n ¼ 71, 2.1%).
Participants/materials, setting, methods: Conventional semen parame-
ters were assessed according to the WHO criteria and DFI was evaluated by
TUNEL assay using the APODirect Kit run on BDAccuriC6 flow cytometer.
Pearson’s r was used for correlation analysis between sperm concentration,
DFI and paternal age. DFI results for each stratified patient group were evalu-
ated by one-way ANOVA, followed by Tukey pos-hoc multiple comparison
test. Results are presented as the mean§standard error and a P-value of <
0.05 was considered statistically significant.
Main results and the role of chance: In this cohort of men with a mean
age of 39.5 years § 0.1 (range 23-76 years), sperm deoxyribonucleic acid
(DNA) fragmentation (21.1% § 0.2) was positively correlated with age (r ¼
0.23, p<0.001). In contrast, the correlation between sperm concentration
and age was non-significant (r ¼ 0.03, p ¼ 0.07). Mean DFI in patients segre-
gated into seven age groups were: �29 years (15.7% § 0.8), 30-35 years
(17.7% § 0.4), 36-39 years (19.7% § 0.4), 40-45 years (22.6% § 0.4), 46-49
years (26.2% § 0.9), 50-55 years (26.7% § 1.2) and � 56 years (31.1% §
2.0). Mean %DFI level in the 26-29 and 30-35 age groups were non-signifi-
cantly different (p ¼ 0.65). However, mean %DFI level in the 36-39 age group
was significantly higher than in the 26-29 and 30-35 age groups (p ¼ 0.02 and
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