
INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is a single-stranded RNA coronavirus 
and it causes coronavirus disease 2019 (COVID-19). 

There are currently four COVID-19 vaccines validated 
for use by the World Health Organization (WHO): 
Pfizer-BioNTech, Moderna, Johnson & Johnson, and 
Oxford-AstraZeneca. The Oxford-AstraZeneca vaccine 
has received authorization for use in the United King-
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Purpose:Purpose: To assess whether mRNA and viral vector coronavirus disease 2019 (COVID-19) vaccines detrimentally affected se-
men parameters.
Materials and Methods:Materials and Methods: In this prospective study, we enrolled 101 men vaccinated for COVID-19 (76% received mRNA vac-
cines, 20% viral vector vaccines, 2% a mixed formulation, and for 2 men no information about vaccine type was available) 
in 2021 and with a previous semen analysis. For each man we compared semen parameters before and after vaccination.
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dom and European counties, while the first three have 
also been approved in the United States. The Pfizer-
BioNTech and Moderna vaccines are mRNA vaccines, 
which are composed of nucleoside-modified mRNA 
encoding the viral spike glycoprotein. Human cells take 
up the mRNA and transcribe it into spike proteins, 
which lead to the immune recognition of these proteins 
and the production of antibodies against these proteins. 
The Johnson & Johnson and Oxford-AstraZeneca vac-
cines use traditional viral vector-based technology: a 
stabilized variant of the SARS-CoV-2 spike protein is 
placed in a recombinant, replication-incompetent ad-
enovirus (viral vector), to deliver it to the human cells 
that produce spike protein, thus leading to immune 
recognition.

Due to the exceptionality of the situation, all the 
experimental steps necessary for clinical use were car-
ried out in a short period of time and the first vaccine, 
Pfizer-BioNTech, was approved for Emergency Use 
Authorization (EUA) in the US at the end of Novem-
ber 2020 and in Europe after a month, less than one 
year from the first COVID-19 case. While clinical trials 
demonstrated the safety and effictiveness of these vac-
cines, their impact on male fertility has not yet been 
investigated [1]. The most common side effects reported 
in clinical trials were pain/redness/swelling in the in-
jection site, fatigue, headache, muscle pain, chills, fever, 
and nausea. Serious side effects were rare and included 
axillary lymphadenopathy, paroxysmal ventricular ar-
rhythmia, arm/leg paresthesia, and urologic symptoms. 
There is currently no evidence that the vaccines can 
cause infertility in women, damage to the placenta, or 
miscarriages [2-5]. No one reported symptoms related 
to erectile, ejaculatory or sexual function. However, 
following evidence of impaired reproductive function 
after COVID-19 infection, public concerns emerged over 
unfounded claims in social media suggesting a poten-
tial negative impact of COVID-19 vaccines on sperm 
and fertility. This hesitation in the uptake of the vac-
cine was largely motivated by the lack of knowledge 
of newly developed mRNA-based vaccines and the 
misconception that spike proteins produced after vac-
cination may allow the virus to enter cells, including 
gametes, and modifying their genome.

Some of these fears also stem from the fact that 
pregnant women were excluded from clinical trials, 
and men and women of reproductive age enrolled in 
studies were required to avoid conception. But this was 

due to the strict protocols of clinical trials, not because 
of concerns that COVID-19 vaccines would affect fertil-
ity/offspring.

To date, only two reports on the possible effects of 
COVID-19 mRNA vaccines on semen quality are avail-
able. First, a study on semen samples from 75 fertile 
men tested once 1 to 2 months after vaccination con-
cluded that semen parameters following vaccine were 
predominantly within the normal WHO reference 
ranges [6]. Secondly, in 45 healthy men comparison 
of semen before and after COVID-19 mRNA vaccine 
showed no significant decreases in any sperm param-
eter [7]. Finally, another study found that COVID-19 
vaccination had no impact on fertility treatment out-
comes [8].

Due to the limited data available collected in small 
studies and the lack of evidence concerning the effect 
of the different types of COVID-19 vaccines on male 
fertility, in this study we prospectively evaluated the 
semen parameters of 101 men before and after two 
doses of a COVID-19 mRNA or viral vector vaccine.

MATERIALS AND METHODS

1. Study population and study design
This prospective study was performed at a tertiary 

level public fertility center. Semen samples were ob-
tained from 101 vaccinated men undergoing fertility 
treatments at the Physiopathology of Human Repro-
duction, IRCCS Ospedale Policlinico San Martino, Geno-
va, Italy, from February to December 2021, that had 
undergone semen analysis at least once also before vac-
cination. Seventy-six percent (77/101) of men received 
mRNA vaccines (80% Pfizer-BioNTech, 20% Moderna), 
20% (20/101) viral vector vaccines (70% AstraZeneca, 
30% Johnson & Johnson), 2% (2/101) a mixed formula-
tion, and for 2 men information about type of vaccine 
was not available. For each man we compared semen 
parameters before and after the COVID-19 vaccination.

2. Ethics statement
The present study protocol was reviewed and ap-

proved by the Ethics Committee of Regione Liguria 
(approval number: 407/2022 – DB id 12559). Written 
informed consent was obtained from all participants.

3. Semen analysis
Semen samples were collected by masturbation into 
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a sterile container after 2 to 5 days of abstinence. Af-
ter semen liquefaction at room temperature for 30 to 
60 minutes, basic analysis, including semen volume, 
sperm concentration and motility, was performed in 
accordance with WHO guidelines [9]. Briefly, the vol-
ume was assessed using a graduated disposable pipette. 
Sperm concentration and motility were assessed using 
a Makler chamber. Sperm score for motility evaluation 
was expressed as follows: a=rapid progressive motil-
ity, b=slow progressive motility, c=local motility, and 
d=immobility. Progressive motility rate was calculated 
as the percentage of a+b. Total motile sperm count 
(TMSC) was calculated as product of sperm count, mo-
tility and semen volume.

4. Statistical analysis
Descriptive statistics are reported as mean±standard 

deviation or median and interquartile range (IQR) for 
continuous variables, and as absolute frequencies and 
percentages for categorical variables. The impact of 
COVID-19 vaccine on endpoints (semen volume, con-
centration, motility) was evaluated by Wilcoxon rank 
sum test to perform paired comparison of pre- and 
post-vaccination semen parameters. An analysis of co-
variance (ANCOVA) was also performed to evaluate 
the association between sperm parameters and vaccine 
after adjustment for relevant confounders (type of vac-
cine used [mRNA vs. viral vectors], body mass index 
[BMI], presence of urological factors, male infertility, 
age, smoke habit, alcohol consumption, frequency of 
ejaculations, and days of sexual abstinence).

The coefficients of  variation within-subject and 
between-subject (CVw and CVb, respectively) were cal-
culated for semen volume, sperm concentration, pro-
gressive motility, and TMSC. Each CVw was calculated 
by root mean square method [10] as the square root of 
∑(d/m)2/2n, where ‘d’ was the difference between two 
paired measurements and ‘m’ was the mean of paired 
measurements, and expressed as a percentage. For each 
semen parameter the CVb was calculated as the square 
root of the mean squares between divided by the grand 
mean and expressed as a percentage.

Analyses were carried out by MedCalc® software 
(Ostend, Belgium) and SAS version 9.4 (SAS Institute, 
Cary, NC, USA).

RESULTS

The characteristics of the men enrolled in the study 
are shown in Table 1. There were no differences in 
BMI, urological disease, male infertility and lifestyle 
factors (smoking habit and alcohol consumption) be-
tween patients who received a mRNA or a viral vector 
vaccine.

The clinic characteristics of the patients and the se-
men parameters of the samples collected before and 
after the vaccine are shown in Table 2. Pre-vaccination 
samples were obtained after a median abstinence peri-
od of 4 days (IQR, 3–5 d) and post-vaccination samples 
after a median of 3 days (IQR, 3–4 d; p=0.004). Post-
vaccine samples were obtained at a median of 2.3±1.5 
months after the second dose. The median volume of 
the samples before vaccination was 3.0 mL (IQR, 2.2–4.0 
mL) and it significantly decreased to 2.6 mL (IQR, 1.9–
3.5 mL; p=0.036) after the second dose of vaccine. All 
other semen parameters, including sperm concentra-
tion, progressive motility, and TMSC, significantly in-
creased (p<0.0001, p=0.022, p<0.0001, respectively) after 
vaccination compared to pre-vaccination values. The 
ANCOVA analysis, with semen parameters as depen-
dent variable and type of vaccine used, BMI, alcohol 

Table 1. Characteristics of the men enrolled in the study

Characteristic
Patients who 

received mRNA 
vaccine (n=77)

Patients who 
received viral vector 

vaccine (n=20)
p-value

BMI, kg/m2

    18.5–24.9 39 (50.6) 9 (45.0) 0.820
    25.0–30.0 31 (40.3) 9 (45.0) 0.881
    30.1–34.9 4 (5.2) 1 (5.0) 0.565
    35.0–40.0 3 (3.9) 1 (5.0) 0.669
Urological diseases
    Yes 17 (22.1) 4 (20.0) 0.911
    No 60 (77.9) 16 (80.0) 0.911
Male infertility
    Yes 17 (22.1) 6 (30.0) 0.649
    No 60 (77.9) 14 (70.0) 0.649
Smoke habit
    Yes 23 (29.9) 7 (35.0) 0.873
    No 54 (70.1) 13 (65.0) 0.873
Alcohol consumption
    Yes 10 (13.0) 3 (15.0) 0.893
    No 67 (87.0) 17 (85.0) 0.637

Values are presented as number (%).
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and tobacco consumption, presence of urological fac-
tors, male infertility, age, frequency of ejaculations and 
days of sexual abstinence as confounders, indicate that 

vaccine had a significant effect on sperm concentration 
(p<0.0001) and TMSC (p=0.0004). Vaccine was not sig-
nificantly associated with semen volume (p=0.291) and 

Table 2. Demographic and clinic characteristics of the men enrolled in the study and semen parameters before and after vaccine

Parameter Pre-vaccine Post-vaccine p-value CVw (%) CVb (%)

All patients (n=101)
    Age, y 37.5±5.5 38.5±5.6 0.202 - -
    Sexual abstinence, d 4 (3–5) 3 (3–4) 0.004 - -
    Frequency of ejaculations, times/wk 2 (1–3) 2 (1–3) 0.694 - -
    Volume, mL 3.0 (2.2–4.0) 2.6 (1.9–3.5) 0.036 19.5 44.1
    Sperm concentration, million/mL 25.0 (11.4–38.0) 43.0 (17.0–86.5) <0.0001 45.3 90.7
    Progressive motility, % 50 (40–60) 56 (40–65) 0.022 14.6 33.1
    TMSC, million 34.8 (11.6–68.8) 54.6 (18.9–105.6) <0.0001 53.8 111.5
Patients with oligospermia (n=34)
    Age, y 37.1±5.4 38.2±5.6 0.413 - -
    Sexual abstinence, d 4 (4–5) 3 (3–4) 0.087 - -
    Frequency of ejaculations, times/wk 2 (2–3) 2 (2–2) 0.519 - -
    Volume, mL 4.0 (3.5–4.4) 2.0 (1.9–3.5) 0.153 13.6 38.0
    Sperm concentration, million/mL 5.0 (4.5–8.6) 19.0 (5.0–20.0) 0.001 51.8 82.7
    Progressive motility, % 35 (26– 45) 45 (35–60) 0.002 25.0 45.1
    TMSC, million 8.4 (4.8–14.9) 17.2 (5.2–35.5) 0.001 68.6 230.6

Values are presented as mean±standard deviation or median (interquartile range).
CVw: coefficients of variation within subjects, CVb: coefficients of variation between subjects, TMSC: total motile sperm count, -: not available.
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Fig. 1. Bar graph showing changes in semen volume (A), sperm concentration (B), progressive motility (C), and TMSC (D) from pre-vaccine values 
for each man. Each bar represents a patient. TMSC: total motile sperm count.
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progressive motility (p=0.125).
Fig. 1 shows for each man the within-individual 

changes in semen parameters in relation to the pre-
vaccine value. We observed that 39% (39/101) of men 
increased their semen volume, whereas 24% (24/101) 
of patients recorded a decrease in sperm concentration 
(median percentage decrease: 41.2%; IQR, 26.5%–72.5%) 
and 34% (34/101) in progressive motility (median per-
centage decrease: 10%; IQR, 5%–15%).

Thirty-four patients were oligospermic before the 
vaccine (mean concentration 7.8±4.3 million/mL). 
Among them, 71% (24/34) received a mRNA vaccine, 
26% (9/34) a viral vector vaccine, and 3% (1/34) a mixed 
formulation. Also in this subset of patients we observed 
a significant increase of the median sperm concentra-
tion, progressive motility, and TMSC (p=0.001, p=0.002, 
p=0.001, respectively) in post-vaccine semen samples 
compared to the pre-vaccine ones (Table 2). Of them, 17 
patients (50%) increased sperm concentration at nor-
mozoospermia after vaccine (median concentration: 20.0 
million/mL; IQR, 19.5–22.0 million/mL).

Finally, we separately analyzed patients who re-
ceived a mRNA vaccine and those who received a viral 
vector vaccine, and we confirmed that there were no 
significant decreases in any sperm parameter again in 
these two groups (Table 3).

CVw and CVb in the whole cohort and in the various 
categories considered are shown in Table 2 and 3. For 
all parameters measured, the variation within the sub-
jects was less than the relative variation observed be-
tween the subjects. Semen volume and sperm motility 
had the smallest degree of variation, both within and 
between subjects. The largest variations were observed 
for sperm concentration and TMSC. In particular, for 
semen volume we observed CVw ranging from 13.6% in 
oligospermic patients to 19.5% in the entire cohort and 
in the subgroup of patients who received a viral vector 
vaccine. For sperm count the CVw was between 40.3% 
in patients who received a viral vector vaccine and 
51.8% in patients with oligospermia. Minimum CVw for 
progressive motility and TMSC were in patients who 
received a mRNA vaccine (12.9% and 51.4, respectively), 
whereas the maximum values were in oligospermic pa-
tients (25.0% and 68.6, respectively).

DISCUSSION

In this study we confirmed that the semen param-
eters do not reflect any causal detrimental effect from 
COVID-19 vaccines in a larger cohort of men than in 
a previous report with the same study design [7]. Even 
the semen of men who were oligospermic before the 

Table 3. Demographic and clinic characteristics of men who received a mRNA or a viral vector vaccine, and semen parameters before and after 
vaccine

Parameter Pre-vaccine Post-vaccine p-value CVw (%) CVb (%)

Patients who received mRNA vaccine (n=77)
    Age, y 37.6±5.4 38.6±5.5 0.257 - -
    Sexual abstinence, d 4 (3–5) 3 (3–4) 0.033 - -
    Frequency of ejaculations, times/wk 2 (1–3) 2 (1–2) 0.446 - -
    Volume, mL 3 (2.0–3.9) 2 (1.6–2.4) 0.008 18.4 47.2
    Sperm concentration, million/mL 27.0 (13.3–60.5) 67.0 (19.0–102.5) <0.0001 45.1 86.4
    Progressive motility, % 50 (40–60) 55 (40–65) 0.398 12.9 34.2
    TMSC, million 37.5 (11.7–68.4) 54.1 (17.3–105.0) 0.0002 51.4 112.6
Patients who received viral vector vaccine (n=20)
    Age, y 36.4±6.1 37.4±6.3 0.613 - -
    Sexual abstinence, d 5 (4–5) 4 (3–4) 0.042 - -
    Frequency of ejaculations, times/wk 2 (2–3) 2 (2–3) 0.625 - -
    Volume, mL 2.9 (2.5–3.6) 2.0 (2.4–4.1) 0.275 19.5 28.9
    Sperm concentration, million/mL 27.0 (5.0–48.0) 36.0 (16.0–69.0) 0.027 40.3 88.9
    Progressive motility, % 47 (38–60) 58 (50–65) 0.018 20.1 28.0
    TMSC, million 20.0 (6.2–116.1) 55.0 (21.8–114.3) 0.036 64.3 109.7

Values are presented as mean±standard deviation or median (interquartile range).
CVw: coefficients of variation within subjects, CVb: coefficients of variation between subjects, TMSC: total motile sperm count, -: not available.
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vaccine showed no further decline.
The SARS-CoV-2 is comprised of a nucleoprotein 

surrounding the RNA genome, a viral envelope, and a 
spike protein. The spike protein plays a crucial role in 
cell attachment and fusion during viral infection [11]. 
Viral entry into cells requires expression of both an-
giotensin-converting enzyme 2 (ACE2) and the trans-
membrane protease serine 2 (TMPRSS2) on the surface 
of the host cell: once the spike protein binds to ACE2, 
the TMPRSS2 activates cellular proteases to cleave the 
spike protein into two subunits. This allows the virus 
entry, so that viral RNA is released, and genome rep-
lication and transcription begin [12]. Therefore, SARS-
CoV-2 affects cells based on their expression of ACE2 
and TMPRSS2.

The ability of SARS-CoV-2 to cross the blood-testis 
barrier and affect male fertility is still a controversial 
topic. On one hand, the male reproductive system may 
be a potential target for SARS-CoV-2 since ACE2 is 
highly expressed in testis, both in Sertoli and Leydig 
cells, and spermatogonia, as well as TMPRSS2A is ex-
pressed in Leydig cells [13-16]. In support of this, Li et 
al [17] detected SARS-CoV-2 in the semen of COVID-19 
patients. However, subsequent studies published so far 
have not found the virus in the semen of both men 
with active disease and those who recovered [18-23]. 
A recent review concluded that the probability that 
SARS-CoV-2 is present in the semen of COVID-19 pa-
tients is very small [24].

Regardless of a putative local infection in the testis, 
COVID-19 disease has a harmful, probably temporary, 
effect on semen parameters, due to fever or through a 
severe cytokine storm with an acute immune response 
and autoimmune orchitis that could damage spermato-
genesis [17,25-27]. Moreover, an independent association 
has been observed between the status of SARS-CoV-2 
infection and secondary hypogonadism, with low tes-
tosterone levels [28], a condition that can last several 
months [29].

Given the aforementioned potential negative effect 
of COVID-19 infection on male fertility, vaccination 
against COVID-19 can prevent many infertility cases, 
so couples wishing to conceive should vaccinate. In sup-
port of this observation, on 9th January 2021 a joint 
statement of the Society for Male Reproduction and 
Urology and the Society for the Study of Male Re-
production recommended that the COVID-19 vaccine 
should be offered to all men, including those who de-

sire fertility and emphasized that “patients undergoing 
fertility treatment and pregnant patients should be 
encouraged to receive vaccination based on eligibility 
criteria” [30].

It should be noted that side effects of the COVID-19 
vaccine are usually mild [31,32] and only about 16% of 
men in the Pfizer/BioNtech COVID-19 vaccine clinical 
trial had fever after the second dose. Fever can cause 
temporary declines in sperm production that would be 
similar to or lower than if the individual experienced 
fever for other reason. As a result, none of the men in 
our cohort had serious side effects from the vaccine.

Moreover, mRNA COVID-19 vaccines are unlikely to 
affect sperm parameters because they contain mRNA 
and not the live virus, and it is plausible that even the 
viral vector vaccines would not cause any harmful ef-
fect on male fertility. In fact, in the case of the viral 
vector vaccine, the adenovirus is modified to not rep-
licate and cannot cause a real infection in any type of 
organ or cell. It simply acts as a driver for the code of 
the SARS-CoV-2spike protein.

Our study corroborates the results previously re-
ported by Gonzalez et al [7], as we have shown that 
COVID-19 vaccination has not affected the sperm qual-
ity of men, thus reassuring the young male population 
undergoing vaccination.

Each patient served as its own control, thus making 
the comparison self-controlled and eliminating variabil-
ity among individuals, which most likely would not be 
attributable only to vaccination. At the same time, the 
known individual variation according to which sperm 
parameters may vary greatly in a patient’s semen over 
time [32-37], can explain the overall increases in sperm 
parameters and the decrease in semen quality experi-
enced by approximately 30% of patients. Despite this 
individual variation, all the CVb were markedly great-
er than their respective CVw, thus reassuring that the 
intra-individual variation in semen was much smaller, 
in agreement with previous data [37-40]. Moreover, it 
is noteworthy that the magnitude of change for most 
CVw were within the ranges of observations published 
in infertile men, i.e., 24% to 29% for semen volume, 27% 
to 48% for sperm count, and 9% to 26% for motility [38].

Last but not least, the reduced abstinence time be-
fore collection of the post-vaccine sample may explain 
the better semen quality, in particular the lower semen 
volume and the higher sperm count and motility, com-
pared to the pre-vaccine samples. In fact, the length of 
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abstinence is known to be related to the within-subject 
variability of  human semen with regard to sperm 
count and volume [33,41]. Accordingly, TMSC showed 
the greatest variation, both within and between sub-
jects. Since TMSC is a variable calculated as a product 
of sperm count, motility and semen volume, it is con-
ceivable that these individual parameters can be ex-
panded into the combined value of TMSC.

There are several strengths of our study. First, this 
study was the first to assess the impact of different 
types of COVID-19 vaccination on sperm parameters. 
Secondly, this is the largest study specifically designed 
to investigate the difference of pre-vaccination against 
post COVID-19 vaccination in sperm parameters in in-
fertile men. Conversely, other authors did not include 
a pre-vaccination examination, thus limiting the valid-
ity of their results [6] or have analyzed fertile men [7]. 
Third, the study’s time frame encompassed the entire 
life cycle of sperms: the spermatozoa mature for 72 
days and most subjects had a semen sample collected 
72 days or more after the second dose of the vaccine.

Likewise, we are aware that some weaknesses of our 
study should be considered. Firstly, the small sample 
size; secondly, the short follow-up without long-term 
results, therefore later sequalae is still possible; thirdly, 
limited generalizability due to the lack of a healthy 
control group; fourth, no evaluation of male reproduc-
tive potential i.e., comparing the outcomes of ART 
cycles before and after vaccination.

CONCLUSIONS

As a relatively large cohort of 101 men (double the 
number of patients enrolled in the other two reports 
published on this topic [6,7]) is being reported, and con-
sidering that the duration of the study encompassed 
the full life cycle of sperms in most cases, we are con-
fident in suggesting that any type of COVID-19 vacci-
nation is safe without any evident negative effects on 
sperm parameters even in men who were oligospermic.
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