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a b s t r a c t 

There is a public concern that COVID-19 vaccination and SARS-CoV-2 antibodies (Abs) negatively affect 

male fertility. However, the evidence for the presence of SARS-CoV-2 Abs in seminal plasma (SP) is lack- 

ing. We examined whether Abs were detectable in SP after COVID-19 vaccination in 86 men using a 

direct Ab measurement and by quantification of their neutralizing activity. The results show the pres- 

ence of SARS-CoV-2 Abs in SP, with a strong correlation to the serum Abs, increasing with the number 

of vaccinations. Furthermore, the Ab titers are correlating with the neutralization activity. The SARS-CoV- 

2 vaccination parameters showed no association with the markers of sperm quality. In conclusion, this 

study indicates substantial levels of Abs in SP after COVID-19 vaccination that correlate with serum Ab 

titers but do not associate with sperm quality. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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There is a public concern about COVID-19 vaccination nega- 

ively affecting male fertility [1] . In the case of a SARS-CoV-2 in- 

ection, the notion was supported in post- mortem analyses involv- 

ng autopsy [2] and in clinical trials with patients with COVID-19 

3] . The abnormalities in seminal plasma (SP) appeared to corre- 

ate with the concentration of serum Abs to SARS-CoV-2 after in- 

ection [4] . However, the potential presence of vaccination-induced 

ARS-CoV-2 Ab in SP has not yet been reported, and there are no 

ata indicating a potential relevance of such Ab to poor sperm 

uality. In healthy men, the blood-testis barrier (BTB) separates 

he basal and apical compartments of the seminiferous epithe- 

ium and protects developing germ cells from potentially harmful 

onstituents circulating in blood. SARS-CoV-2 has been shown to 

vercome this barrier, likely due to the high local expression of 

ngiotensin-converting enzyme 2 (ACE2) [5] and downregulation 

f a number of proteins, leading to an impairment of spermatoge- 

esis and sperm motility [2] . Our aim was to investigate whether 
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bs to SARS-CoV-2 are directly detectable in SP and whether their 

iters are associated with serum concentrations and parameters of 

perm quality. 

ethods 

tudy design 

In this observational case-control study, vaccination-induced 

bs and their neutralization activity against Spike-Protein were an- 

lyzed in paired serum and SP samples from 86 adult men (n = 43 

accinated; n = 43 nonvaccinated). The analysis of the SARS-CoV- 

 vaccination parameters was carried out by researchers blinded 

o the clinical information in a laboratory in Berlin, Germany. The 

amples and fertility data were collected by the fertility center Das 

inderwunsch Institut Schenk GmbH (Dobl, Austria) and stored un- 

er standardized conditions at Biobank Graz, Medical University of 

raz, Austria (Cohort 5001_12, KIWI Collection) [6] . The recom- 

endations of the Declaration of Helsinki were followed, all par- 

icipants gave written informed consent before analysis, and the 

rotocol had been approved by the ethics committee of the Med- 

cal University of Graz, Austria (approval number: 34-186ex21/22; 

3-Feb-2022). 
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Figure 1. SARS-CoV-2 antibodies and their neutralizing activity in serum and SP. (a) Comparison of SARS-CoV-2 antibody concentrations in SP of vaccinated and nonva- 

ccinated subjects. (b) Comparison of neutralizing activity in SP of vaccinated and nonvaccinated subjects. Wilcoxon-Rank-sum test was used to calculate the P -value. (c) 

Correlation of SP SARS-CoV-2 antibodies and serum SARS-CoV-2 antibodies. (d) Correlation of neutralizing activity and SARS-CoV-2 antibodies in SP. Correlations were ana- 

lyzed using the Spearman‘ rank test. (e) Comparison of serum SARS-CoV-2 antibody titers based on number of vaccinations. (f) Comparison of SP SARS-CoV-2 antibody titers 

based on number of vaccinations. Kruskal-Wallis test was used to calculate the P -value for difference. 

BI, binding index; SP, seminal plasma. 
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uantification of SARS-CoV-2 Abs and their neutralization activity 

Ab titers were determined with a sensitive binding assay us- 

ng the S1 domain of SARS-CoV-2 fused to firefly luciferase. Briefly, 

erum and SP were incubated with a fusion protein containing se- 

reted firefly luciferase in frame to the S1 protein of SARS-CoV- 
162 
. The samples were incubated overnight at 4 °C, and the immune 

omplexes formed (SARS-CoV-2 Ab bound to luciferase-S1 fusion 

rotein) were precipitated with Protein A-Sepharose, washed, and 

nalyzed for luciferase activity in a luminometer. Luminescence 

orresponding to SARS-CoV-2 Ab concentration in the original 

ample was recorded as relative light units and analyzed in re- 
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Figure 2. SARS-CoV-2 antibody titers in SP and their association to sperm parameters. (a) SARS-CoV-2 antibody titers in SP according to sperm pathology. Kruskal-Wallis 

test was used to calculate the P -value for difference. (b and c) Correlation of the SARS-CoV-2 antibodies and neutralizing activity in SP with different sperm parameters. 

Correlations were analyzed using the Spearman rank test. 

BI, binding index; SP, seminal plasma; TMMSC, total motile morphologically normal sperm count. 
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ation to negative control signals. The results were quantified as 

inding index (fold over control). Inter- and intra-assay coefficient- 

f-variation using a positive sample as the standard were below 

5% and 11%, respectively. 

To confirm the validity, the neutralizing activity to the binding 

f spike protein to ACE2 (Spike Protein Inhibition Assay, product 

ode: DKO205/RUO, ids Holdings PLC) was determined [7] . Briefly, 

he neutralizing Abs against SARS-CoV-2 were measured in serum 

nd SP by a competitive method. The interference of the recombi- 

ant spike protein with the SARS-CoV-2 receptor ACE2 was quan- 

ified. The measurement range extends from 0% to 100%. Inter- and 
163 
ntra-assay CV using a control sample as the standard were below 

0% and 20%, respectively. 

etermination of sperm quality parameters 

The sperm quality parameters were determined at the fertility 

enter. Briefly, men were instructed to abstain for 2-7 days be- 

ore semen collection. The samples were collected at home and 

ransported immediately to the clinics or donated directly in the 

linics and processed within 20 minutes of reception. The na- 

ive semen samples were analyzed macroscopically and micro- 
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copically; the morphology was assessed using the Sperm Morpho 

lide (Vitromed GmbH, Langenfeld, Germany), and a spermiogram 

as recorded according to the current World Health Organization 

uidelines by a validated methodology [8] . 

tatistics 

The distribution of numerical variables was investigated using 

he Shapiro-Wilk test. Pairwise comparisons were conducted using 

he Wilcoxon rank-sum test, and categorical variables were com- 

ared using Fisher’s exact test and Pearson chi-squared test to de- 

ect the differences in serum and SP markers. Spearman rank cor- 

elation was used to detect correlations between continuous vari- 

bles. All statistical analyses were two-sided, and P- values below 

.05 were classified as statistically significant. Statistical analyses 

ere performed using R on RStudio (version 1.02.5042). 

esults 

The descriptive patient data and variables of sperm quality were 

ompared between vaccinated and nonvaccinated subjects (Supple- 

entary Table 1). The groups did not differ in age ( P = 0.41), body

ass index ( P = 0.95), or smoking habits ( P = 0.52). The overall

edian of age and body mass index was at 38.2 years and 25.4 

g/m ² (Supplementary Table 1). On average, the vaccinated males 

ad higher concentrations of SARS-CoV-2 Ab in serum and SP than 

nvaccinated participants (Supplementary Figure 1a, Figure 1 a). 

eutralizing activity was higher in the serum and SP samples of 

accinated men than the nonvaccinated participants (Supplemen- 

ary Figure 1b, Figure 1 b). 

Serum and SP Ab titers to SARS-CoV-2 correlated positively 

ith the neutralizing activity of the serum and SP (Supplementary 

igure 1c, Figure 1 d). A significant correlation was observed be- 

ween SARS-CoV-2 Ab titers in serum and in SP ( Figure 1 c). SARS-

oV-2 Ab titers in serum and SP increased with number of vaccina- 

ions ( Figure 1 e,f), independent of the vaccine type or vaccine com- 

ination used (Supplementary Figure 1a,b). SARS-CoV-2 Abs were 

etectable in all groups of sperm pathology and showed no signif- 

cant difference in titers ( Figure 2 a). There was no significant cor- 

elation of SARS-CoV-2 Ab titers in SP and their neutralizing activ- 

ty with sperm concentration, morphology, motility, or total motile 

orphologically normal sperm count ( Figure 2 b,c). 

iscussion 

This study describes the detection of SARS-CoV-2 Abs in SP and 

heir neutralizing activity. Furthermore, the potential association of 

he SARS-CoV-2 vaccination parameters to sperm parameters was 

nalyzed. The Abs in SP correlated significantly to serum Ab, and 

perm pathology was not associated with the presence of Abs, in- 

icating the passage of Abs through the BTB in fertile and nonfer- 

ile men. The SP Ab titers increased with the number of vaccina- 

ions, similar to serum Ab and irrespective of vaccine or vaccine 

ombination chosen, suggesting a general positive association be- 

ween serum and SP Ab. In serum and SP, Ab concentration and 

eutralizing activity showed a significant correlation. An analysis 

f SP Abs to SARS-CoV-2 with different sperm parameters yielded 

o significant associations, which was in agreement with studies 

nalyzing serum Ab and sperm parameters after vaccination [ 9 , 10 ], 

ndependent of vaccine (messenger RNA or viral vector) or combi- 

ations thereof [11] . 

The direct detection of SARS-CoV-2 Abs in SP constitutes a rel- 

vant finding regarding the current concerns of a potential inter- 

ction of SARS-CoV-2 vaccination with male fertility and reproduc- 

ion. The lack of associations between Ab titers in SP with any of 
164
he established sperm quality parameters provides further assur- 

nce for the vaccine safety regarding fertility. However, the consis- 

ent and concordant presence of the Abs in the blood and SP, irre- 

pective of vaccination choice or underlying pathology, challenges 

ur understanding of the role of the BTB for protecting sperm from 

umoral immune responses due to vaccination, infections, or au- 

oimmune diseases. The current and highly variant immune sta- 

us concerning SARS-CoV-2 provides a particular wide and promis- 

ng research opportunity to better characterize the general mech- 

nisms of immunoglobulin passage into the SP. The absence of as- 

ociations between SARS-CoV-2 Abs in the SP with sperm param- 

ters may be due to a lack of relevant autoantigens in SP, but this 

ssuring finding should not be extrapolated to all infection- and 

mmunization-induced Abs or pathogenic autoantibodies. 

The strength of our study is the direct detection of SARS-CoV- 

 Abs in the paired samples of serum and SP, with no apparent 

ffects on sperm quality. The limitations of the study include the 

ingle time point of the analysis without further follow-up, the dif- 

erences in vaccination mode between participants, and the lack of 

nformation on vaccination side effects. 

In conclusion, this study detected vaccine-induced Abs to SARS- 

oV-2 in the SP that do not appear to affect sperm quality. 
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