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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/)

Introduction

There is a public concern about COVID-19 vaccination nega-
tively affecting male fertility [1]. In the case of a SARS-CoV-2 in-
fection, the notion was supported in post-mortem analyses involv-
ing autopsy [2] and in clinical trials with patients with COVID-19
[3]. The abnormalities in seminal plasma (SP) appeared to corre-
late with the concentration of serum Abs to SARS-CoV-2 after in-
fection [4]. However, the potential presence of vaccination-induced
SARS-CoV-2 Ab in SP has not yet been reported, and there are no
data indicating a potential relevance of such Ab to poor sperm
quality. In healthy men, the blood-testis barrier (BTB) separates
the basal and apical compartments of the seminiferous epithe-
lium and protects developing germ cells from potentially harmful
constituents circulating in blood. SARS-CoV-2 has been shown to
overcome this barrier, likely due to the high local expression of
angiotensin-converting enzyme 2 (ACE2) [5] and downregulation
of a number of proteins, leading to an impairment of spermatoge-
nesis and sperm motility [2]. Our aim was to investigate whether
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Abs to SARS-CoV-2 are directly detectable in SP and whether their
titers are associated with serum concentrations and parameters of
sperm quality.

Methods
Study design

In this observational case-control study, vaccination-induced
Abs and their neutralization activity against Spike-Protein were an-
alyzed in paired serum and SP samples from 86 adult men (n = 43
vaccinated; n = 43 nonvaccinated). The analysis of the SARS-CoV-
2 vaccination parameters was carried out by researchers blinded
to the clinical information in a laboratory in Berlin, Germany. The
samples and fertility data were collected by the fertility center Das
Kinderwunsch Institut Schenk GmbH (Dobl, Austria) and stored un-
der standardized conditions at Biobank Graz, Medical University of
Graz, Austria (Cohort 5001_12, KIWI Collection) [6]. The recom-
mendations of the Declaration of Helsinki were followed, all par-
ticipants gave written informed consent before analysis, and the
protocol had been approved by the ethics committee of the Med-
ical University of Graz, Austria (approval number: 34-186ex21/22;
23-Feb-2022).

1201-9712/© 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/)


https://doi.org/10.1016/j.ijid.2023.03.018
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2023.03.018&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:Lutz.Schomburg@charite.de
https://doi.org/10.1016/j.ijid.2023.03.018
http://creativecommons.org/licenses/by/4.0/

T.S. Chillon, K. Demircan, G. Weiss et al. International Journal of Infectious Diseases 130 (2023) 161-165

W

A

=
o
o

Wilcoxon, p = 8.2e-15

Wilcoxon, p = 0.0027

100

g
a 4
3 ;
£ £ 75
g g 5
g 10 £
o @ g 5
> o 2
3 © © 8 5
I —
Non-Vaccinated Vaccinated Non-Vaccinated Vaccinated
C D
R=0.45,p=0.0035 @ " 100 R=0.38, p=0.021

100

~
(3

N
o

SARS-CoV-2 Ab (BI), Seminal plasma
Neutralizing activity (%), Seminal plasma
[

o

100 200 300 0 50 100 150 200 250
SARS-CoV-2 Ab (BI), Serum SARS-CoV-2 Ab (BI), Seminal plasma

400

300

200

100

SARS-CoV-2 Ab (BI), Serum

400
Kruskal-Wallis, p = 0.0035

300 ® )

200

100

SARS-CoV-2 Ab (BI), Seminal plasma

No. of vaccinations

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.

Quantification of SARS-CoV-2 Abs and their neutralization activity 2. The samples were incubated overnight at 4°C, and the immune
complexes formed (SARS-CoV-2 Ab bound to luciferase-S1 fusion

Ab titers were determined with a sensitive binding assay us- protein) were precipitated with Protein A-Sepharose, washed, and
ing the S1 domain of SARS-CoV-2 fused to firefly luciferase. Briefly, analyzed for luciferase activity in a luminometer. Luminescence
serum and SP were incubated with a fusion protein containing se- corresponding to SARS-CoV-2 Ab concentration in the original
creted firefly luciferase in frame to the S1 protein of SARS-CoV- sample 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.

lation to negative control signals. The results were quantified as
binding index (fold over control). Inter- and intra-assay coefficient-
of-variation using a positive sample as the standard were below
15% and 11%, respectively.

To confirm the validity, the neutralizing activity to the binding
of spike protein to ACE2 (Spike Protein Inhibition Assay, product
code: DKO205/RUO, ids Holdings PLC) was determined [7]. Briefly,
the neutralizing Abs against SARS-CoV-2 were measured in serum
and SP by a competitive method. The interference of the recombi-
nant spike protein with the SARS-CoV-2 receptor ACE2 was quan-
tified. The measurement range extends from 0% to 100%. Inter- and
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intra-assay CV using a control sample as the standard were below
10% and 20%, respectively.

Determination of sperm quality parameters

The sperm quality parameters were determined at the fertility
center. Briefly, men were instructed to abstain for 2-7 days be-
fore semen collection. The samples were collected at home and
transported immediately to the clinics or donated directly in the
clinics and processed within 20 minutes of reception. The na-
tive semen samples were analyzed macroscopically and micro-
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scopically; the morphology was assessed using the Sperm Morpho
Slide (Vitromed GmbH, Langenfeld, Germany), and a spermiogram
was recorded according to the current World Health Organization
guidelines by a validated methodology [8].

Statistics

The distribution of numerical variables was investigated using
the Shapiro-Wilk test. Pairwise comparisons were conducted using
the Wilcoxon rank-sum test, and categorical variables were com-
pared using Fisher’s exact test and Pearson chi-squared test to de-
tect the differences in serum and SP markers. Spearman rank cor-
relation was used to detect correlations between continuous vari-
ables. All statistical analyses were two-sided, and P-values below
0.05 were classified as statistically significant. Statistical analyses
were performed using R on RStudio (version 1.02.5042).

Results

The descriptive patient data and variables of sperm quality were
compared between vaccinated and nonvaccinated subjects (Supple-
mentary Table 1). The groups did not differ in age (P = 0.41), body
mass index (P = 0.95), or smoking habits (P = 0.52). The overall
median of age and body mass index was at 38.2 years and 25.4
kg/m? (Supplementary Table 1). On average, the vaccinated males
had higher concentrations of SARS-CoV-2 Ab in serum and SP than
unvaccinated participants (Supplementary Figure 1a, Figure 1a).
Neutralizing activity was higher in the serum and SP samples of
vaccinated men than the nonvaccinated participants (Supplemen-
tary Figure 1b, Figure 1b).

Serum and SP Ab titers to SARS-CoV-2 correlated positively
with the neutralizing activity of the serum and SP (Supplementary
Figure 1c, Figure 1d). A significant correlation was observed be-
tween SARS-CoV-2 Ab titers in serum and in SP (Figure 1c). SARS-
CoV-2 Ab titers in serum and SP increased with number of vaccina-
tions (Figure 1e,f), independent of the vaccine type or vaccine com-
bination used (Supplementary Figure 1a,b). SARS-CoV-2 Abs were
detectable in all groups of sperm pathology and showed no signif-
icant difference in titers (Figure 2a). There was no significant cor-
relation of SARS-CoV-2 Ab titers in SP and their neutralizing activ-
ity with sperm concentration, morphology, motility, or total motile
morphologically normal sperm count (Figure 2b,c).

Discussion

This study describes the detection of SARS-CoV-2 Abs in SP and
their neutralizing activity. Furthermore, the potential association of
the SARS-CoV-2 vaccination parameters to sperm parameters was
analyzed. The Abs in SP correlated significantly to serum Ab, and
sperm pathology was not associated with the presence of Abs, in-
dicating the passage of Abs through the BTB in fertile and nonfer-
tile men. The SP AD titers increased with the number of vaccina-
tions, similar to serum Ab and irrespective of vaccine or vaccine
combination chosen, suggesting a general positive association be-
tween serum and SP Ab. In serum and SP, Ab concentration and
neutralizing activity showed a significant correlation. An analysis
of SP Abs to SARS-CoV-2 with different sperm parameters yielded
no significant associations, which was in agreement with studies
analyzing serum Ab and sperm parameters after vaccination [9,10],
independent of vaccine (messenger RNA or viral vector) or combi-
nations thereof [11].

The direct detection of SARS-CoV-2 Abs in SP constitutes a rel-
evant finding regarding the current concerns of a potential inter-
action of SARS-CoV-2 vaccination with male fertility and reproduc-
tion. The lack of associations between Ab titers in SP with any of

164

International Journal of Infectious Diseases 130 (2023) 161-165

the established sperm quality parameters provides further assur-
ance for the vaccine safety regarding fertility. However, the consis-
tent and concordant presence of the Abs in the blood and SP, irre-
spective of vaccination choice or underlying pathology, challenges
our understanding of the role of the BTB for protecting sperm from
humoral immune responses due to vaccination, infections, or au-
toimmune diseases. The current and highly variant immune sta-
tus concerning SARS-CoV-2 provides a particular wide and promis-
ing research opportunity to better characterize the general mech-
anisms of immunoglobulin passage into the SP. The absence of as-
sociations between SARS-CoV-2 Abs in the SP with sperm param-
eters may be due to a lack of relevant autoantigens in SP, but this
assuring finding should not be extrapolated to all infection- and
immunization-induced Abs or pathogenic autoantibodies.

The strength of our study is the direct detection of SARS-CoV-
2 Abs in the paired samples of serum and SP, with no apparent
effects on sperm quality. The limitations of the study include the
single time point of the analysis without further follow-up, the dif-
ferences in vaccination mode between participants, and the lack of
information on vaccination side effects.

In conclusion, this study detected vaccine-induced Abs to SARS-
CoV-2 in the SP that do not appear to affect sperm quality.
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