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Background: Based on available data on male fertility adverse effects after COVID-19 
injections, we draw the reader´s attention to open questions and undeniable risks of the new 
RNA-based vaccine technology.

Methods: Review and reanalysis of published data on pre- and post-injection semen 
analyses. Evaluation of UK Yellow Card and US VAERS databases for male fertility adverse 
effects and of the German deStatis database for monthly live birth rates after start of the 
governmental vaccination program.

Results: The deStatis database demonstrates a time shift of exactly nine months between 
the start of the governmental vaccination campaign (April 2021) and an abrupt decline in live 
births (January 2022). Frequency of male fertility adverse effects is approx. 100 times lower 
than that of female fertility. Remarkably, report numbers per one million doses are similar 
between AstraZeneca and BionTech/Pfi zer, but signifi cantly increased for Moderna despite 
overall numbers of administered doses are smaller than that of the other two manufacturers. 
Both increase in and correlation between erectile dysfunction and heart failure could be 
demonstrated. Review and reanalysis of published data on pre- and post-injection semen 
analyses identifi ed a number of limitations of the currently available studies.

Conclusion: There remain still far more questions than answers. Due to the principle 
“primum non nocere,” any new medical therapy must be banned until harmlessness beyond 
doubt has been proven. Most importantly, it must be realized that the active ingredient of 
RNA-based vaccines is not simply mRNA promoting the synthesis of a nota bene viral specifi c 
protein, but modRNA specifi cally designed for longevity and encapsulated in LNPs to bypass 
biological barriers and get access to all cells, possibly also germ cells. As mRNA is involved in 
regulation of gene expression, cells have mechanisms at hand to silence mRNA species not 
required, however, theses protective mechanisms will not work with modRNA.

ABSTRACT

How to cite this article: Bergholz W, Steger K. Do COVID-19 RNA-Injections Affect Male Fertility? Latest Facts and 
Perspective. 2023 Jan 20; 4(1): 050-063. doi: 10.37871/jbres1648, Article ID: JBRES1648, Available at: https://www.
jelsciences.com/articles/jbres1648.pdf

Introduction
COVID-19 (Coronavirus Disease-2019) caused by SARS-CoV-2 (Severe 

Acute Respiratory Syndrome-CoronaVirus type-2) was reported to aff ect 
the respiratory tract and more particularly the pulmonary structures, 
however, an additional impact on male and female reproductive organs was 
demonstrated [1]. Special attention was directed at the membrane receptor 
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ACE-2 (Angiotensin Converting Enzyme type-2) 
known to mediate viral cell entry and to be extensively 
expressed in testes [2] and ovaries [3]. With the onset 
of the governmental vaccination campaign, fear about 
fertility-related adverse eff ects has been reported as 
one of the major causes of vaccine hesitancy [4]. This 
concern is comprehensible, as germ cells are highly 
specialized and particularly vulnerable cell types 
and, therefore, any disruption of DNA integrity will 
either stop germ cell/embryo development or may 
be passed on to the next generation with a negative 
impact on the reproductive and/or the general health 
situation. Awareness of potential risks and possible 
consequences associated with COVID-19 injections 
requires insight into fundamentals of germ cell 
development (Box 1).

Box 1: Germ cell development at a glance.

During gestational weeks 4-6, primordial germ cells migrate 
from the yolk sac to the undifferentiated gonads and are 
then referred to as gonocytes. Around birth, male gonocytes 
attach to the basal membrane of the seminiferous tubules and 
differentiate into spermatogonia, which remain silent until onset 
of spermatogenesis at puberty [5,6]. Spermatogonia then pass 
three developmental steps [5,7]: (1) Mitotic proliferation and 
differentiation into primary spermatocytes; (2) Meiotic cleavage 
into secondary spermatocytes (1st division) and haploid 
spermatids (2nd division); (3) Differentiation of round spermatids 
into elongated spermatids and testicular spermatozoa. The latter 
step, called spermiogenesis, involves complete re-organization 
of nuclear chromatin by replacing DNA-binding histones by 
protamines fi nally resulting in chromatin condensation and 
stop of transcription [8,9]. In men, a spermatogenic cycle, 
that is the differentiation of a spermatogonium into testicular 
spermatozoa, takes 74 days [10]. Testicular spermatozoa are 
then released into the lumen of the seminiferous tubules and 
forwarded to the epididymis for fi nal differentiation into mature 
(epididymal) sperm taking an additional two weeks.

Contrary to men experiencing a continual renewal of their germ 
cells, women bear only a fi xed reservoir of oocytes, of which only 
around 500 will complete maturation during a woman´s life [6]. 
As meiosis is arrested both at the diplotene stage in primary 
oocytes (until fi nishing 1st meiotic division upon monthly release 
starting with puberty) and at the metaphase stage in secondary 
oocytes (until fi nishing 2nd meiotic division upon fertilization), 
female germ cells will be even more susceptible for DNA damage 
related to normal ageing processes and harmful environmental 
infl uences.

To improve our understanding of potential risks 
and damage mechanisms that may negatively aff ect 
male fertility, it is highly desirable to accumulate 
all information that emerged during the COVID-19 
pandemic and in conjunction with the worldwide 

vaccination campaign. Although it is too early to 
present valid data on possible long-term adverse 
eff ects associated with COVID-19 injections, we 
reviewed publicly available databases and male 
fertility-related publications to  encourage the 
currently missing scientifi c dialogue by drawing 
attention to open questions and undeniable risks of 
the new RNA-based vaccine technology for normal 
germ cell diff erentiation and male fertility. 

Methods
The main investigative tools included: (1) Re-

analysis of literature data with standard statistical 
tools available in worksheets, such as Microsoft 
Excel; (2) Inspection of UK Yellow Card and US VAERS 
databases for any data with potential relevance to 
the research question of this project whether there 
is evidence for a negative impact on male fertility; 
(3) Inspection of the German national statistics 
database (deStatis) for the development of the live 
births rate for a surmised correlation with the start 
of the COVID-19 vaccination program for the age 
cohorts contributing to reproduction. For these data, 
Statistical Process Control (SPC) has been used [11]  
to analyze the data. Specifi c details are provided in 
fi gure legends and relevant subsections of the results 
chapter. Details about the analyzed time periods vary 
from case to case depending on data availability and 
are given in connection with the presentation of the 
data and the analysis results.

Results
Starting in 2022, countries in Europe reported, to 

a variable extent, an abrupt and remarkable drop of 
live births when compared with the corresponding 
averages 2018-2021 (Figure 1A). Mont hly statistics, 
exemplarily shown for Germany, exhibit a time 
shift of exactly nine months between the start of 
the governmental vaccination program upon the 
reproduction-relevant age cohorts and the observed 
decline in live births (Figure 1B).

Figu re 2 collects conceivable reasons with possible 
infl uence on the live births rate. Although incomplete, 
the presented cause-eff ect diagram gives an 
impression of the complexity of the problem. It should 
be mentioned that public databases provide imprecise 
primary data. A well-known and generally accepted 
source of error is underreporting of vaccine-related 
adverse eff ects, where estimates vary between 1% and 
10% of the real numbers. However, vaccination and 
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Figure 1 Statistics of live births in European countries in 2022. 
A). Average percent decrease when compared with the averages of 
the years 2018-2021. 
B). Monthly statistics for Germany demonstrating a time shift 
of exactly nine months between vaccination of the relevant age 
cohorts and abrupt drop in live births. Similar correlations exist for 
most of the other European countries.

Figure 2 Cause-effect diagram summarizing conceivable reasons, 
without any claim to comprehensiveness, for the drop in live 
births in European countries analysed in the fi rst half of 2022. 
ED: Erectile Dysfunction; OAT: Oligo Astheno Teratozoospermia.

birth statistics are considered to be accurate within at 
least the 10% error margins. Therefore, the presented 
coincidence between the vaccine uptake and the nine 
months-lagged abrupt drop of the live births rate can 
be considered statistically sound. To date, it is still 
too early to determine whether reduced live birth 
rates represent only a temporal or a long-term eff ect. 
Further, it is not possible to make any claim that the 
vaccines are the root cause for the abrupt decline of 

live births, as there may be additional, yet unknown 
causes not captured in fi gure 2. Finally, it is a fact that 
databases lack relevant information on social and 
psychological burdens caused by family, employment 
or government´s intervention, such as lockdowns, 
mask wearing, COVID-19 tests, social distancing 
and compulsory vaccination. Although each of the 
listed factors, to a variable extent, may contribute 
to family planning and natural conception statistics, 
none of them will per se be able to explain the abrupt, 
remarkable and unique drop of live births starting in 
January 2022 in all European countries analysed.

Regarding any changes in live birth rates, the 
female partner without doubt plays a predominant 
role, however, involvement of the male partner must 
not be ignored. Recently, a comprehensive meta-
analysis, mainly based on data from soldiers and 
students, reported a worldwide decrease of the mean 
sperm concentration (-51.6%) and the total sperm 
count (-62.3%) between 1973 and 2018 [12]. Again, 
this general trend cannot be held responsible for the 
abrupt decline of live births observed from January 
2022 onwards all over Europe. In order to gain at least 
some indirect evidence for and against any signifi cant 
role for male fertility, diff erent offi  cial databases 
have been examined with regard to adverse eff ects 
in connection with male reproductive organs. Figure 
3A lists adverse eff ects reported in the UK Yellow 
Card scheme as of September 28th 2022. Of note, the 
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frequency of reports for male reproductive organs 
is lower than for female reproductive organs by a 
factor of >100 (not shown). Nevertheless, most of the 
reported adverse eff ects regarding male reproductive 
organs can be expected to have also a signifi cant 
negative impact on a couple´s fertility. Figure 3B 
compares the three main vaccine manufacturers for 
the most prominent adverse eff ects. Remarkably, 
the number of reports per one million doses is 
comparable for AstraZeneca and BionTech/Pfi zer 
despite diff erent underlying vaccine technologies, 
namely DNA in adeno virus vectors and RNA in 
lipid nanoparticles, respectively. Surprisingly, the 
frequency of male fertility-related adverse eff ects 
reported per one million doses is signifi cantly higher 
for the Moderna vaccine, although the overall number 
of administered doses is much smaller than for the 
other two manufacturers.

In a ddition to factors exerting a direct infl uence 
on germ cell development followed by a prompt 
decrease of semen quality, male factor subfertility 
may originate as a result of a long-term secondary 
health condition. Exemplarily, we draw the reader´s 
attention to ED (Erectile Dysfunction), which shar es 
a common pathological basis with cardio-vascular 
disease, namely endothelial dysfunction of small 
capillaries in association with blood clots. Based on 
diff erent diameters between the A. profunda penis 
(1-2 mm) and the Aa. coronariae (3-4 mm), ED 
normally precedes clinical manifestation of cardio-
vascular diseases, i.e., heat failure, with three to fi ve 
years [13]. Analysing the UK Yellow Card database 
(Figure 4), we found a strong correlation between 
the frequency of ED and heart failure for all of 
the three administered vaccines. For AstraZeneca 
and BionTech/Pfi zer (BNT162b2, 30 μg RNA/
dosis), despite using a diff erent underlying vaccine 
technology, the proportionality factor is approx. 
2/5 that of Moderna. Interestingly, for the Moderna 
vaccine (mRNA-1273, 100 μg RNA/dosis), ED is more 
frequently than heart failure suggesting that ED is 
more likely to happen with increasing RNA content of 
the vaccine. Of note, composition of lipids in LNPs is 
diff erent between BionTech/Pfi zer and Moderna.

Figure 3 Statistics of reported adverse effects. 
A). Frequency of reported adverse effects in connection with male 
reproductive organs within the UK Yellow Card reporting scheme. 
Most of the reported effects can be expected to have a direct or 
indirect effect on the fertility of couples as far as the male partner 
is concerned. 
B). Comparison of the frequency of reported adverse effects for 
the three main vaccines used in the UK in connection with male 
reproductive organs.

Figure 4 The number of cardiac failures as reported in the UK. The 
UK Yellow Card scheme does not allow for analysing whether the 
two adverse effects occur simultaneously for the same person. To 
answer this question, the VAERS data base has been examined, 
since in this data base every single case is listed with up to fi ve 
adverse effects. For none of the ED reports as a second symptom 
cardiac failure has been reported, so it is strictly “either/or”. As in 
the UK Yellow Card scheme, there is a proportionality between the 
occurrence of ED and cardiac failure.
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In addition to the well-known adverse eff ects 
myocardial infarction and stroke, a commonly 
reported observation is that both frequency and 
growth rate of tumors increased since the start of the 
COVID-19 vaccine program. Even German mainstream 
media reported that four players of the German fi rst 
division football league (“1. Bundesliga”) suff ered 
from testicular cancer [14]. We therefore investigated 
whether there is an increase in the rate of testicular 
tumors in the general population. To this end, 
publicly available data for hospital statistics have 
been examined for this diagnosis. However, as shown 
in fi gure 5, no statistically signifi cant increase in the 
absolute number of the diagnosis testicular tumor in 
all males could be found. Also, there is no evidence for 
an age shift when compared with previous years.

Discussion
Our results demonstrating a time shift of exactly 

nine months between the start of the German 
government COVID-19 vaccine program in April 
2021 and an abrupt decline of live births starting in 
January 2022 (Figure 1) are in compliance with a 
study of the German Federal Institute for Population 
Research [15]. Authors observed no signifi cant 
changes in fertility rates in late 2020 and early 2021, 
but reported a prompt and strong decline of approx. 
-14% in early 2022. The vaccination campaign starts 
in late 2020, but initially aimed at vulnerable groups, 
i.e., older people and individuals with underlying 
health conditions. Vaccine mass enrolment peaked 
between April and June 2021 (1st dose) and between 
May and August 2021 (2nd dose) [16]. Implementation 
of the vaccine program coincides exactly with a nine 
months-lagged abrupt decline of fertility rates, which 
remain at a reduced level until the end of the analysed 
period (September 2022). Fairly soon after the start of 
the pandemic, it was known that SARS-CoV-2 aff ects 
in particular older people [17]. Therefore, it can be 

assumed that the health crisis had no substantial 
direct eff ect on the childbearing behaviour of the 
young population. However, the authors of the 
German Federal Institute for Population Research 
[15] suggest uncertainty and anxiety about the future 
economic development as the most likely reason for 
the parents´ decision to postpone their desire to have 
children, but did not provide any evidence to support 
their claim. By contrast, a more family-oriented life 
situation during periods of lockdown and home-
offi  ce, known as cocooning eff ect, may have created 
even a positive infl uence on the parents´ decision 
to become children. However, there was indeed a 
reduced support in patient fertility care for birth 
clinics in general and for IVF (In-Vitro Fertilization) 
centers in particular [18]. A variety of additional 
factors, which may be involved in the decreased live 
birth rates, are summarized in fi gure 2, but will not be 
discussed further in this paper.

Against this background, it is completely 
incomprehensible that preclinical animal studies 
only scratched the surface regarding a valid analysis 
of the possibility of fertility-related adverse eff ects. 
While we were unable to fi nd any original data from 
Moderna´s animal studies, Pfi zer/Biontech reported 
that 30 μg mRNA of the BNT162b2 vaccine were 
administered to 44 female rats 21 and 14 days prior 
to mating with unvaccinated males and on gestation 
days 9 and 20 [19]. No negative eff ects were observed 
regarding female fertility and off spring survival. 
As 22 rats were subjected to Cesarean section at the 
end of gestation and only 22 rats were monitored 
to the end of lactation, the results presented in 
this study do not allow any reliable conclusion to 
be made about long-term adverse events. This 
is confi rmed by 466 pages from Pfi zer´s original 
documents, which were intended to be kept secret 
for 75 years, but were released to the Freedom of 
Information request no. 2021-4389.2022 [20]. It is 
noteworthy that the biodistribution data provided 
by Pfi zer to EMA (European Medicines Agency) were 
based on injections with radiolabelled LNPs (Lipid 
NanoParticles) and luciferase-modifi ed RNA, but did 
not include the actual vaccine substance or the later 
administered vaccine BNT162b2. Already 25 minutes 
following injection, radioactive signals were detected 
in a variety of tissues and, after 8 to 48 hours, 
measurements revealed a maximum concentration 
in the liver. Somewhat lower concentrations were 
detected in ovaries and testes [21] constituting 
indirect evidence of potential harmful eff ects on 
reproductive organs. 

Figure 5 Total number of testicular tumor cases A) and age 
distribution B) from January to May of each year 2019-2022, 
according to data from offi  cial German Hospital Statistics.
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The aforementioned approach is insofar 
incomprehensible, as it appears pretty easy to 
study direct detrimental eff ects on male fertility by 
performing routine semen analyses.

A meta-analysis [22] on male and female fertility-
related adverse eff ects associated with COVID-19 
vaccination, above all, sends a powerful signal on the 
overall poor quality of the studies published within 
the last three years. Out of 1,406 screened studies, 
only 20 matched the inclusion criteria for the meta-
analysis with 34.5%, 58.6% and 6.9% exhibiting 
poor, moderate and good quality, respectively. 
Regarding data on sperm progressive motility, only 
fi ve studies were included. Authors  criticized the 
consistently low sample size and the short follow-up 
time of the analysed studies. In addition, we draw the 
reader´s attention to the fact that from the fi ve studies 
included in the meta-analysis, three studies were 
performed in Russia including solely men injected 
with the Gam-COVID-Vac(SputnikV) vaccine and one 
study was performed in China including solely men 
injected with an “inactivated COVID-19 vaccine” that 
was not further specifi ed. This means in eff ect that 
only one study [23] was analysed that includes men 
injected with a RNA-based vaccine. This justifi es by 
no means the conclusion drawn by the authors that 
“based on the studies published so far, there is no 
scientifi c proof of any association between COVID-19 
vaccines and fertility impairment in men…”

Following, we discuss ten studies performing 
semen analyses in men pre- and post-injection 
with a RNA-based vaccine. Six studies [24-29] 
were performed in sperm banks and four studies 
[23,30-32] in IVF centers. Only one study [23] was 
included in the aforementioned meta-analysis [22] 
on sperm progressive motility representing the most 
powerful parameter for male fertility. Another three 
studies [24,29,30] were included regarding sperm 
concentration. Two studies [25,27] were excluded 
from the meta-analysis due to poor quality and fi ve 
studies discussed below were not considered, most 
likely due to the study deadline of June 8th 2022.

Regarding semen analyses conducted at sperm 
banks, only one study [26] reported signifi cant 
diff erences of semen parameters before versus 
after COVID-19 vaccination (see below). It must be 
noted that the remaining fi ve studies exhibit major 
limitations, that is, a sample size too low and a follow-
up time too short to allow any fi nal assessment. 
Sample size was 33 [25], 45 [24], 47 [28], 72 [29] and 75 

[27]. The authors of the latter study [27] even missed 
to set up a control group and solely compared semen 
parameters with reference ranges, as defi ned by the 
WHO (World Health Organization). Further, authors 
performed semen analyses on average 37 days after 
the second COVID-19 injection. This time interval, 
however, is too short to expect any changes, as one 
spermatogenic cycle takes 74 days [10]. Although the 
remaining four studies performed semen analyses 
approx. 70 days after the second COVID-19 injection, 
a time interval that matches more or less with the 
duration of a spermatogenic cycle, it is highly likely 
that authors predominantly analysed mature (i.e., 
old) sperm stored in the epididymis. However, due 
to chromatin condensation, lack of division and poor 
metabolism, these cells represent probably the most 
protected cells in a man´s body. To study a possible 
impact of any environmental parameter on semen 
quality, a follow-up time of three months, better six 
months, would have been appropriate to guarantee 
that “old” epididymal sperm have been replaced. 
Unexpectedly, one study [24] reported even an 
elevated sperm concentration and TMSC (Total Motile 
Sperm Count) after the second COVID-19 injection. Of 
note, the magnitude of change was within the normal 
individual variation and, as suggested by the authors, 
may be due to an increased abstinence time before the 
second injection. An alternative interpretation of the 
authors, however, is without any foundation, namely: 
“Because the vaccines contain mRNA and not the 
live virus, it is unlikely that the vaccine would aff ect 
sperm parameters.” It must be noted that the relevant 
ingredient of RNA-based vaccines is not mRNA of the 
virus, but modRNA delivered by lipid nanoparticles 
(Box 2).

Currently, the most valid data are provided by Gat 
I, et al. [26]. The authors analysed 216 semen samples 
from 37 sperm donors and included a pre-vaccination 
baseline control (T0), as well as three additional 
evaluations at 15-45 days (T1), 75-125 days (T2) 
and > 145 days (T3) after completion of vaccination 
starting seven days after the second injection. The 
authors reported a decrease of sperm concentration 
of -15.4% at T2 when compared with T0 resulting 
in a reduction of the TMSC of -22.1%. Similarly, 
analysis of fi rst semen sample only and samples’ 
mean per donor resulted in a reduction of both sperm 
concentration and TMSC on T2 when compared with 
T0. Namely, the median decline of 12.0 million/ml 
and 31.2 million motile spermatozoa on fi rst sample 
evaluation, respectively, and the median decline of 
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9.5 million/ml and 27.3 million motile spermatozoa 
on samples´ mean examination, respectively. Due 
to “overall recovery” at T3, authors suggested an 
injection-based systemic immune response (i.e., 
fever) as the most reasonable explanation for the 
“temporary decrease” of the sperm concentration. 
While fever is well-known to negatively aff ect proper 
sperm production, the provided explanation is insofar 
incomprehensible, as diagrams prepared from the 
published data [26], at T3, still exhibit signifi cantly 
decreased values for sperm concentration, sperm 
motility and TMSC (Figure 6).

Despite the valid study design and the high sample 
number (n = 216), the number of sperm donors (n = 37) 
is too low to allow for a generalization of the published 
data. Unfortunately, “samples produced after third 
(booster) vaccination dose were excluded from the 
study.” The authors did not provide an explanation 
for their decision within their publication, but upon 
request argued that booster represents an additional 
intervention, which may interfere with the fi nal 
outcome and, therefore, has been excluded in order to 
have a clean methodology (personal communication).

The authors mentioned the focus on sperm 
donors rather than the general population of patients 
with subfertility as an important limitation of their 
study. This adoption is based on a study [33], which 
analysed 2,043 semen samples from 65 sperm donors 
and 479 semen samples from 74 subfertile men and 
reported high within-subject and between-subject 
variations with the sperm count exhibiting the 

greatest variability and the sperm motility the lowest. 
As expected, sperm donors revealed an overall lower 
variability of these parameters than subfertile men.

So far, only four studies performed semen analyses 
in male partners from women attending IVF centers. 
Abd ZH, et al. [31] compared semen parameters 
from 60 men before and > 90 days after COVID-19 
injection excluding men reporting infection or 
post-vaccination fever. The authors demonstrated 
statistically signifi cant diff erences for total motility 
and progressive motility, thus corroborating data 
reported by Gat I, et al. [26]. The remaining three 
studies reported no signifi cant diff erences. The study 
by Orvieto R, et al. [30] included only 36 men. Of 
note, the time interval between the second COVID-19 
injection and the post-vaccination semen analysis 
was highly variable with a mean of 33.3 ± 14.9 days. 
The retrospective study by Reschini M, et al. [23] 
analysed 106 men. It is reported that the median time 
interval between the fi rst vaccine dose and the second 
ART (Assisted Reproductive Technology) attempt was 
75 days, with a range between 39 days and 112 days. 
Besides the fact that men received diff erent vaccine 
types (DNA- and RNA-based), complete vaccination 
requires two doses with a time interval of at least 
two weeks. Consequently, the observation period for 
most of the analysed samples is again less than one 
spermatogenic cycle. The study by Karavani G, et 
al. [32] included 58 men, with 42 displaying normal 
sperm parameters and 16 exhibiting male factor 
infertility. All men received at least two BNT162b2 
injections. 13 men were analysed 6-9 months after 
the second dose, whereas 45 men were analysed 
9-14 months after the second dose. No signifi cant 
diff erences in semen volume, concentration, motility, 
normal morphology and total motile sperm count 
were observed. This applied equally to a subgroup of 
47 men receiving a third (booster) injection.

Besides a  direct eff ect of COVID-19 injections 
on male germ cell development and semen quality, 
indirect eff ects are also conceivable.

In fi gure 4, we demonstrate a strong correlation 
between the frequency of adverse eff ects for heart 
failure and ED, both of which share endothelial 
dysfunction as a common pathological basis. 
Of note, the vascular endothelium seems to be 
particularly aff ected by the spike protein resulting in 
infl ammation and functional impairment. There is 
evidence that this applies not only for severe SARS-

Figure 6 Semen volume A) Sperm concentration B) Sperm motility 
C) and total motile sperm count D) analysed by Gat I, et al. [26] 
(Table 2). T0: pre-vaccination baseline control, T1: 15-45 days post-
vaccination, T2: 75-125 days post-vaccination, T3: > 145 days post-
vaccination.



057Bergholz W, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1648

CoV-2 infections [34], but also for the spike protein 
produced after COVID-19 injection [35,36]. Therefore, 
it is highly likely that testicular capillaries may also be 
aff ected with a delay of several months or even years. 
Reduced blood supply will then be followed by oxygen 
and nutrient defi ciencies within a defi ned area and 
fi nally will result in germ cell depletion and reduced 
semen quality.

In addition, long-term cellular stress may promote 
the development of tumor cells. High levels of LINE1 
have been demonstrated not only in sperm [37], but 
also in association with various tumor tissues [38]. In 
the latter, it is thought to be caused by inactivation 
of tumor suppressor genes. As depicted in fi gure 5, 
the anecdotal evidence of an increased case number 
of testicular tumor in four players of the German 
fi rst division football league (“1. Bundesliga”) after 
COVID-19 injection [14] is, so far, not expressed by 
hard statistical data. However, there remains an 
undeniable risk, when in future, young boys will be 
vaccinated, as GCNIS (Germ Cell Neoplasia In-Situ) 
is based on abnormal diff erentiation of primordial 
germ cells and, therefore, the time before puberty 
represents a critical period for the manifestation of 
testicular tumor.

Perspective
In light of the reported situation of concern, it 

is about time to open an overdue scientifi c dialogue 
on possible long-term adverse eff ects of COVID-19 
RNA-injections on male fertility. An overview on the 
operating principle of RNA-based COVID-19 vaccine 
technology is provided in box 2.

Box 2: RNA-based vaccine technology at a glance.

Contrary to conventional vaccines and for the fi rst time in 
medical history, RNA-based vaccines do not deliver a viral 
protein, but force healthy cells to produce a viral protein, 
here the spike protein of SARS-CoV-2. Therefore, RNA-based 
COVID-19 injections represent gene therapy medicinal products 
rather than vaccines [39]. To protect the administered RNA 
against degradation by RNases, it is enclosed in LNPs (Lipid 
NanoParticles), which due to their small size (< 100 nm) are able 
to pass biological barriers. As LNPs resemble exosomes, they 
can also take advantage of the natural endocytosis process. 
While incorporated phospholipids facilitate cellular uptake, 
polyethylene glycol is a well known allergen [40]. Although the 
underlying mechanisms are not yet fully understood, there is 
evidence that LNPs trigger ROS (Reactive Oxygen Species) 
production, which is followed by an increase in oxidative stress 
promoting DNA damage. Accumulation of LNPs in reproductive 
organs disrupts the hormonal balance and causes infl ammation 
and, therefore, may per se negatively affect reproductive health. 
For further details regarding LNP technology, refer to reviews by 
Lan Z, et al. [41] and Wang R, et al. [42]. The administered RNA 
sequence represents an ORF (Open Reading Frame) encoding 
for the full length SARS-CoV-2 spike protein, the intended target 
for the production of neutralizing antibodies. Due to a lack of 
experience, it can only be speculated how long and to what 
extent this process will be active. Of note, the inoculated RNA 
did not mimic viral RNA, but instead is “humanized” in order to 
promote ribosomal translation by the human cell equipment. 
This modRNA (modifi ed RNA) comprises a 7-methylguanosine 
CAP and an UTR (UnTranslated Region) at the 5´end, as well as 
an UTR and a poly-A tail at the 3´ end, the latter of which is also 
known to play a vital role in LINE1 mediated retroposition [43]. 
Within the ORF, uridine nucleotides are replaced by N-methyl-
pseudo-uridine nucleotides (preventing recognition by innate 
immune sensors, i.e., TLRs (Toll Like Receptors)) and adenine/
uracil nucleotides at the third position within the codons were 
replaced by guanine/cytosine nucleotides in order to increase 
both stability and translational effi  ciency. As reported on the 
Biontech homepage [44]: “We demonstrated that the presence 
of a variety of modifi ed nucleosides in the manufactured mRNA 
suppresses its intrinsic immune activation, while leading to 
superior protein production for long duration.“ Due to the 
presence of a furin cleavage site, subunit-1 of the spike protein 
can split off and leave the cell via exocytosis. Subsequently, it 
can be distributed throughout the body by the circulatory system. 
Likewise alarming is the fact that the full length spike protein is 
presented at the cell surface of the producing cell, hence tagging 
it with a “foreign label” that converts the former healthy cell into 
an apparent target to be attacked by the immune system. For 
further details regarding RNA technology, refer to reviews by 
Sahin U, et al. [45] and Seneff S [46]. While cell entry of SARS-
CoV-2 via binding of the spike protein subunit-1 to the ACE2 
receptor followed by endocytosis is well known, recently, an 
alternative metalloproteinase pathway has been reported [47]. 
Here, cell entry occurs via cell cell fusion regulated by the furin 
cleavage site located within the spike protein subunit-2.

Figure 7 Overview on the operating principle of the RNA-based 
COVID-19 vaccine technology, as provided by Biontech/Pfi zer 
(BNT162b2) and Moderna (mRNA-1273). ORF: Open Reading 
Frame.
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It is suggested that this pathway may explain the emergence of 
COVID-19 symptoms in fully vaccinated individuals. For further 
details, refer to review by Sfera A, et al. [47].

As RNA-based vaccines lack reverse transcriptase, 
politicians and mass media worldwide have 
denied, and still deny, that administered RNA 
can be reverse transcribed and integrated into 
the human genome. However, Zhang L, et al. [48] 
demonstrated that SARS-CoV-2 RNA can reverse 
transcribe without reverse transcriptase and, in 
addition, DNA copies can integrate into the genome 
of infected human HEK293T cells. Authors reported 
target site duplications fl anking the viral sequences 
and consensus LINE1 (Long Interspersed Nuclear 
Element-1) endonuclease recognition sequences at 
the integration sites suggesting a LINE1-mediated 
retroposition mechanism. It is well-known that the 
autonomous retrotransposon LINE1 comprising 
approx. 17% of the human genome [49] can act 
as an endogenous reverse transcriptase [50] and 
exhibit increased expression upon viral infection 
[51] including SARS-CoV-2 [52]. Zhang L, et al. [48] 
provided also evidence that, in some patient samples, 
the majority of viral transcripts appeared to be derived 
from integrated viral sequences. In addition, Alden M, 
et al. [53] demonstrated that COVID-19 m RNA vaccine 
BNT162b2 is able to enter human Huh7 liver cells and 
will be reverse transcribed into DNA as fast as six 
hours following exposure. Immunohistochemistry 
with an antibody against LINE1 ORFp1 (Open Reading 
Frame RNA-binding protein-1) revealed increased 
LINE1 nuclear distribution and PCR on genomic DNA 
amplifi ed the DNA sequence unique to BNT162b2.

While our current knowledge is based on results 
obtained in cell cultures, it is important to prove 
whether vaccine-derived RNA will indeed integrate 
into the genome of a vaccinated individual and, 
even more important, into the germ cells genome. 
In the probably rare case of genome integration, the 
question arises whether these sequences do indeed 
express viral antigens? In the case when a cell with 
an integrated and expressed SARS-CoV-2 sequence 
survives and presents a viral antigen after infection 
has already been cleared by the immune system, this 
might induce permanent stimulation of the immune 
system and, as a consequence, may trigger a condition 
comparable to that in autoimmunity [54]. Another 
conceivable scenario might be that the integrated 
SARS-CoV-2 sequence remains silent, but may be 
activated upon environmental stimuli comparable to 
the Herpes zoster “strategy” [55].

Whether viral genetic information can integrate 
into human genomic DNA is not a question, but a 
fact, as up to 8% of the human genome does not 
derive from our ancestors, but from retroviruses, 
i.e., HERVs (Human Endogenous RetroViruses) 
[56]. Although SARS-CoV-2 is not a retrovirus, but 
a single-stranded RNA virus, RNA-integration into 
human DNA is feasible in various ways, i.e., via the 
aforementioned LINE1 reverse transcription or the 
human reverse transcriptase polymerase-theta. For 
further details, refer to reviews by Domazet-Loso T 
[57] and Kyriakopoulos AM, et al. [58].

Inheritance of viral-derived genome sequences 
occurs when viral DNA, reverse transcribed from viral 
RNA, integrates into DNA of a reproductive cell and, 
subsequently, is passed on from father or mother to the 
off spring. Well-known examples with an important 
role for human evolution are HERV-W and HERV-
FRD, expression of which results in the synthesis of 
syncytin, which is involved in the generation of the 
syncytiotrophoblast cell layer during placentogenesis 
[59]. If it should turn out that vaccine-derived RNA, 
reverse transcribed into DNA, can indeed integrate 
into a germ cell´s DNA, there is also a high likelihood 
of inheritance and spike protein production in the 
off spring. High LINE1 levels have been reported in 
sperm, which can reverse transcribe exogenous RNA 
into DNA and deliver plasmids packaging up this 
DNA to the oocyte upon fertilization. Subsequently, 
plasmids will propagate themselves within the 
embryo [37].

Due to massive chromatin condensation, sperm 
is a transcriptionally inactive cell and, therefore, 
sperm RNAs have for a long time been considered 
irrelevant remnants of spermatogenesis. However, 
sperm RNAs have been demonstrated to play an active 
role in sperm function, fertility and even conception 
[60]. While the quantity of RNA in sperm appears to 
be rather small when compared with the amount in 
oocytes, it has been reported to be suffi  cient to have 
an impact on transgenerational inheritance [61]. For 
further details regarding sperm RNA, refer to review 
by Godia M, et al. [62]. It should be noted that the 
oocyte upon fertilization is exposed not only to the 
sperm´s haploid genome, but also to potential hosts, 
i.e., retroviruses and/or retrotransposons, both of 
which bear the potential to alter the genome of the 
zygote and to aff ect the development of the embryo 
[63]. This potential may also apply to inoculated RNA 
sequences, which manage to take the path into sperm. 
It is known that retroviruses and/or retrotransposons 
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can insert into the genome and aff ect gene expression 
by acting as an enhancer altering splicing or 
polyadenylation [64]. While transcription of LINE1 
aff ects chromatin accessibility in mouse embryos, 
no such genes implicated in embryonic genome 
activation have so far been identifi ed in LINE1 of 
sperm [65]. By contrast, disruption of LINE1-encoded 
reverse transcriptase has been demonstrated in early 
mouse embryos [66]. In addition, some RNA-types 
present in both sperm and oocytes, i.e., miRNAs and 
piRNAs [62,67], have been suggested to degrade 
parasite-derived RNAs, hence ensuring genome 
integrity between generations. However, nucleic 
acids encapsulated in exosomes have been reported 
to distribute throughout the circulation system, pass 
the blood-testis-barrier and enter sperm [66,68]. As 
LNPs containing the modRNA resemble exosomes, 
it is highly likely that this will also apply to the 
administered RNA-based vaccines. In a series of 
experiments in mice xenografted with human tumor 
cells, soma-to-germline transmission of RNAs has 
been reported suggesting a LINE1-based reverse 
transcription and an exosome-based mechanism of 
transport [69,70].

The bottom line is that there are several conceivable 
pathways how spike proteins in reproductive organs 
may aff ect germ cell development and semen quality. 
To date, nobody knows whether the reported decrease 
of semen quality after COVID-19 injections represents 
only a temporary or a long-lasting eff ect. The fact that 
men experience a permanent renewal of their germ 
cells may act to “wash-out” negative environmental 
exposures and “reset” the original genetic program. 
However, this strategy will fail, if vaccine-derived 
RNA, reverse transcribed into DNA, will manage to 
integrate into a spermatogonial stem cell´s DNA. In 
this probably rare case, sperm will forward the genetic 
information for SARS-CoV-2 spike protein to the 
off spring. As mechanisms regulating sperm-mediated 
gene transfer upon fertilization and the signifi cance 
of sperm LINE1 endogenous reverse transcriptase 
for potential generation of new genetic information 
that may be forwarded to the off spring are still far 
from being understood, new techniques for medical 
therapies must be excluded until harmlessness 
beyond doubt has been proven by scientifi cally valid, 
long-term clinical studies. In addition to factors 
with a direct impact on male germ cell development 
followed by a prompt decrease of sperm quality, 
male subfertility on a long-term perspective may be 
an indirect eff ect caused by general co-morbidities, 
i.e., testicular tumor, as well as (micro) thromboses 

in capillaries of the testis (resulting in oxygen and 
nutrient defi ciencies and germ cell loss) and/or the 
penis (resulting in erectile dysfunction).

Initially, we aimed, inter alia, at re-initiating the 
currently missing scientifi c dialogue, however, based 
on the poor quality of the available studies (additional 
proof has been provided by a recent meta-analysis 
[22]), we realized that medical science needs a reality 
check and must return to reason and evidence in order 
to restore its damaged credibility. Besides higher 
sample numbers and longer follow-up observation, 
future studies should contain information on both 
vaccine-types and batch numbers in conjunction 
with obtained results, as there is evidence for a large 
batch-to-batch variability with a minority of batches 
causing the majority of severe adverse eff ects [71]. 
Interdisciplinary discussion on possible secondary 
health conditions must not only be allowed, but 
promoted. Finally, science and medicine must 
liberate itself from political narratives. In this sp ecifi c 
situation, scientists and medical doctors must 
realize that the active ingredient of “mRNA-based 
vaccines” is not simply a mRNA molecule carrying 
the information for the synthesis of a specifi c protein, 
nota bene an exogenous viral protein, but modRNA 
specifi cally designed for translational effi  cacy and 
longevity encapsulated in LNPs to bypass biological 
barriers and get access to all cells including heart and 
brain [36]. What is the underlying rationale when an 
originally healthy cell within heart or brain starts to 
synthesize a viral protein transforming this cell into a 
target to be attacked by our immune system? Finally, 
it has to be kept in mind that mRNA is also involved in 
the regulation of gene expression [72], which is why 
cells have mechanisms “at hand” to silence mRNA 
species not required. Theses protective mechanisms, 
however, will not work with modRNA [73].
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