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ABSTRACT

Background: The effects of an mRNA COVID-19 vaccine on spermatozoa parameters

arenot known. Theaimof this studywas toevaluate theeffect of theBNT162b2mRNA

COVID-19 vaccine on human semen, comparing spermatozoa parameters before and

after vaccine inoculation.

Materials and methods: In this single-center prospective study, voluntary subjects

who received mRNA vaccines from February to July 2021 were enrolled. The study

population included male subjects aged between 18 and 45 years who completed

the BNT162b2 mRNA COVID-19 vaccine cycle. All subjects were evaluated before

the first dose of vaccine (T0) and after 3 months (T1) with semen analysis and

further analysis of seminal plasma, including colorimetric determination of reactive

oxygen metabolites (d-ROM test), electrolytes, and interleukin 6 (IL-6) assessment by

enzyme-linked immunosorbent assay technology.

Results: The experimental sample included 47 subjects (age: 29.3 ± 6.0 years, range

24–32; bodymass index: 23.15±2.5 kg/m2, range19.2–28.0). All the subjects reported

no systemic side effects. No significant differences were observed in any spermato-

zoa parameter between T0 and T1. A subanalysis was performed in oligoazoospermic

and asthenozoospermic subjects, confirming the same results. Electrolyte analysis also

showed no significant differences before and after vaccine inoculation. Finally, no sig-

nificant differences were observed in T0, compared to T1 for the d-ROM test and

IL-6.

Discussion and conclusion: In this study, no significant differences in spermatozoa

parameters before and after vaccine inoculations were found. Furthermore, oxidative

stress analysis„ the activity of the cell membrane, and IL-6, as a marker of inflamma-

tion, was not affected by themRNACOVID-19 vaccine. These results suggest that this

vaccine is safe for male semen quality.
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1 INTRODUCTION

The Coronavrus Disease 2019 (COVID-19) Severe acute respiratory

syndrome coronavirus 2 of the genus Betacoronavirus (SARS-CoV-

2) virus spread into a global pandemic, which is responsible for

over millions of deaths and economic suffering. Diabetes mellitus,

chronic pulmonary obstructive diseases, and malignancies were the

most important predictors of mortality in an age- and sex-dependent

manner.1

Two mRNA vaccines received use authorization from the Euro-

peanMedicines Agency (EMA) in December 2020.2,3 One of them, the

mRNA vaccine BNT162b2 (Pfizer-BioNTech), was first used in Italy.

The release of non-replicating RNA within the cell host allows for

directing spike protein SARS-CoV-2 expression. The vaccine induces

both a neutralizing antibody response and a cell-mediated immune

response to the antigen of the spike protein (“S”), which can induce

protection against SARS-CoV-2 infection.3

Several studies reported that SARS-CoV-2 infection could be asso-

ciated with an impairment in testicular function.4–8 However, few

studies have been carried out to investigate the possible correlation

between infection and spermatozoa parameter impairment.5

Xu et al. reported structural changes in testicular cells (Leydig and

Sertoli cells as well as spermatogonia), which can affect the reproduc-

tive system; the analysis was conducted post-mortem in patients with

SARScoronavirus infection.9 In particular, vacuolation and cytoplasmic

dilutionof Sertoli cells, loss of integrityof thebasementmembrane, and

seminiferous tubules and inflammatory cell infiltrate were observed.

This inflammatory infiltrate seems to be related to the presence of a

high viral load for which protein S is responsible.9

EMA published a data sheet that included potential adverse events

of the COVID-19 vaccine.3 Despite the few adverse events found in

clinical trials, mainly characterized by short-term, mild-to-moderate

pain at the injection site, fatigue, and headache,10 very few data are

available on the potential reproductive toxicity of the SARS-CoV-2

vaccine. In this regard, an animal study was performed in female mice;

no significant alterations in reproductive function were observed

following SARS-CoV-2 vaccination.3,11 On the other hand, no studies

were conducted to evaluate the reproductive function in males before

the authorization of the vaccine.

In general, there are few studies concerning reproductive toxicity

vaccine related; however, all studies are in agreement in stating that

any alterations in spermatogenesis can occur mainly as a consequence

of adverse reactions, such as an increase in body temperature above

38◦C, and represent a transitory effect.12,13 On theother hand,Chaud-

hary et al. reported adverse reactions related to the use of vaccine

excipients and/or adjuvants.12 Previously, Xu et al. studied the repro-

ductive toxicity of adjuvants such as silver nanoparticles14 in rabies

virus vaccines and highlighted that their small size can allow crossing

through biological barriers such as the blood–testis barrier, induc-

ing cytotoxicity (inflammatory state and a decrease in mitochondrial

function with the production of reactive oxygen species [ROS] and an

increase in cellular apoptosis and/or a downregulation of gene expres-

sion, which could induce cellular apoptosis). Moreover, cytotoxicity

has been associated with electrolyte imbalance between the intracel-

lular membrane and the extracellular membrane, which leads to an

alteration of metabolic activities.15,16

Furthermore, there is a lack of knowledge and understanding about

newly developed mRNA-based vaccines induced in the popular media

the fear of a potential association between the SARS-CoV-2 vaccine

and male infertility. The confusion generated in public opinion has

brought to light widespread concern about any short-term reactions

but, above all, about the long-term side effects of vaccines.

To date, two studies have been conducted to investigate the rela-

tionship between spermatozoa parameters and the BNT162b2 mRNA

Covid-19 vaccine.17,18 In both studies, the authors found no signifi-

cant abnormality in any spermatozoa parameter, but some drawbacks

limit the significance of these analyses, of which the most relevant

was that progressive motility and morphology were not considered17

and that the analysis was performed approximativelyafter 1–2months

following their second dose.18

The aim of this study was to evaluate the effect of the BNT162b2

mRNA Covid-19 vaccine on human semen, comparing spermatozoa

parameters before and after vaccine inoculation. Furthermore, to

exclude the negative effects of vaccines related to oxidative stress, cell

membrane activity and inflammation,we also assessed reactive oxygen

metabolites, electrolytes, and interleukin 6 (IL-6) in seminal plasma.

2 MATERIALS AND METHODS

In this single-center prospective study, voluntary subjects recruited

from the administrative and clinical staff of the hospital who under-

went mRNA vaccination from February to July 2021were enrolled.

The study population included male subjects, Caucasian, aged

between 18 and 45 years who completed the BNT162b2 mRNA

COVID-19 vaccine cycle (first and second doses after 1month).

The exclusion criteria were (a) previous SARS-CoV-2 infection, (b)

azoospermia, (c) use ofmedications and/or nutraceutics and/or surgery

during the study’s time frame, and (d) urinary tract infections, genetic

diseases, neoplasms, or exposure to chemotherapy or radiotherapy

treatments.

Age, body mass index (BMI) and any reaction to the first or sec-

ond dose of the vaccine were recorded. Informed written consent was

obtained from all the patients, and the study was performed according
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F IGURE 1 Diagram of the study

to theDeclarationofHelsinki. Theprocedureswereapprovedbya local

ethics committee: “Sapienza” University of Rome Ethics Committee

(Rif. CE 6280_2021).

2.1 Semen analysis

Semen analysiswas performed before the first dose of vaccine (T0) and

after 3 months (T1), which corresponds to 70 days from the second

dose (Figure 1).

Seminal fluid of each participant was collected by masturbation

after sexual abstinencebetween2and7days.All sampleswereallowed

to liquefy at 37◦C for 60 mins and were then assessed according

to World Health Organization (WHO).19 Macroscopic examination

(volume, appearance, pH, liquefaction, viscosity) and microscopic eval-

uationwere carried out; in particular, morphology assessmentwas car-

ried out after smear staining with the Bryan—Leishman method.20,21

The following seminal parameters were evaluated: sperm concentra-

tion (106/ml), total spermatozoa number (n × 106/ejaculate), total

motility and progressive motility (%), morphology (% abnormal forms),

and round cells (n x106/ml). After semen analysis, all the samples were

centrifuged for 10 min at 2000 x g with nucleofuge |24 d (diatech-

pharmacogenetics) andwere subsequently used for the assay of deter-

mination of reactive oxygen metabolites (d-ROMs), electrolytes, and

IL-6. The optical density for the IL-6 and d-ROM tests was evaluated

with aREADWELLTOUCHROBONIK (enzyme-linked immunosorbent

assay [ELISA] plate analyzer-TechMedisystems).

2.2 Colorimetric d-ROMs

In the d-ROMs test, ROMs of the seminal plasma, in the presence of

iron, are able to generate alkoxyl (R−O*) and peroxyl (R−OO*) radi-

cals that are able to oxidize an alkyl-substituted aromatic amine (that

is solubilized in a chromogenic mixture), thus transforming them into

a pink-colored derivative. The colored derivative is photometrically

quantified. When the reagents are at working temperature, a blank

reagent and a calibrator with assigned values are prepared for each

series of assays. This value is reported in the sticker on the control

serum vial. All the solutions were delicately mixed, and after 1 min of

incubation at 37◦C, a photometric reading was performed by measur-

ing their absorbance (at 505 or 546 nm) immediately and after 1, 2,

and 3min under the same operating conditions (37◦C). Afterwards, the

absorbance value of the reagent blank was subtracted from that of the

calibrator and the samples. Finally, the results of the d-ROM test are

expressed as Carratelli Units (CARRU; Diacron International).

2.3 Electrolytes

The electrolytes were assessed by automated instrumentation. Archi-

tect cSystems A total of 300 μl of each sample was used for the assay.

Sodium, potassium, and chlorine were quantified using ion-selective

electrodes (ICT Module Aeroset For Architect C16000, C8000, and

Ci8200 Analyzers #09D2803; Abbott—01E4920-BX—ICT Reference

Solution Architect General Chemistry For Architect c16000Analyzer).

Calcium (Abbott—03L7921-BX—Calcium Reagent Architect General

Chemistry Calcium) was determined a colorimetric method using the

arsenazo III and magnesium (Abbott-03P6822-EA-REAGENT, MAG-

NESIUM) was obtained with the use of an enzymatic reaction in

accordance with themanufacturer’s instructions.

2.4 IL-6

IL-6 was assessed by ELISA technology, which allows the formation

of the antibody-antigen complex in one single step in 90 min. The

procedure included seminal plasma and antibody mixing, incubation,
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1026 OLANA ET AL.

TABLE 1 Spermatozoa parameters before the first dose (T0) and after 3months (T1) of injection BNT162b2mRNACOVID-19 vaccine

Spermatozoa parameters T0 (n.47) T1 (n.47) p-value

Volume (ml)

Mean± SD

4.0 ± 2.0 4.3 ± 1.9 0.5

Concentration (n x 106/ml)

Mean± SD

74.4 ± 25.9 72.2 ± 30.0 0.7

Total spermatozoa number (n x 106/ejac)
Mean± SD

272.6 ± 152.8 294.5 ± 162.6 0.6

Total spermmotility (%)

Mean± SD

46.9 ± 11.5 46.1 ± 10.6 0.7

Progressivemotility (%)

Mean± SD

46.5 ± 12.2 45.3 ± 11.3 0.7

Abnormal morphology form (%)

Mean± SD

81.3 ± 6.7 79.5 ± 7.4 0.3

Round cells (n x 106/ml)

Mean± SD

0.6 ± 0.3 0.6 ± 0.4 1.0

washing, and adding the final substrate. All samples were analyzed

by commercially available IL-6 ELISA kits (Abcam ab178013) in

accordance with themanufacturer’s instructions.

2.5 Statistical analysis

All statistical analyseswere performed using R version 4.0.3 (2020-10-

10)—“Bunny-Wunnies Freak Out” Copyright 2020 The R Foundation

for Statistical Computing). The normality of the variables was assessed

with the D’Agostino—Pearson normality test. The difference between

the normal variables at baseline and time two was assessed by paired

samples t-test, while the difference between non-parametric variables

was evaluated with Wilcoxon’s signed rank test. Correlation analy-

ses were performed using Spearman rank correlation with corplot

package. Data are reported as the mean ± SD or median and confi-

dence interval (CI) of the median. p < 0.05 was considered statistically

significant.

Considering a statistical power of 90% and an error α of 0.05,

considering an average sperm concentration in healthy subjects aged

between 18 and 45 years of 80 ± 20 × 106/ml,11 and a non-significant

variation of this parameter ≥10% (70 ± 20 × 106/ml), a minimum

sample of 47 subjects was required.

3 RESULTS

A total of 52 subjects were enrolled. Of them, five subjects were

excluded (two were azoospermic; three subjects took drugs after the

first vaccine dose).

Thus, the final sample included 47 subjects (age: 29.3 ± 6.0 years,

range 24—32; BMI: 23.15± 2.5 kg/m2, range 19.2—28.0).

A total of 5/47 (10.6%) subjects were moderate smokers, and

18/47 (38.3%) reported social alcohol intake. All the subjects reported

no systemic side effects (fever and/or allergic reaction and/or lym-

phadenopathy).

No significant differences were observed in spermatozoa parame-

ters in T0, compared to T1 (volume 4.0 ± 2.0 vs. 4.3 ± 1.9 ml, sperm

concentration [106/ml] 74.4±25.9 vs. 72.2±30.0×106/ml, total sper-

matozoa number 272.6± 152.8 vs. 272.6± 152.8 [106/ejaculate], total

motility 46.9 ± 11.5 vs. 46.1 ± 10.6%, progressive motility 46.5 ± 12.2

vs. 45.3 ± 11.3%, abnormal forms 81.3 ± 6.7 vs. 79.5 ± 7.4%; p > 0.05;

Table 1).

A subanalysis was performed in oligoazoospermic and astheno-

zoospermic subjects (overall, 12/47, 25.5%). No significant differ-

ences were observed in the latter group at T0, compared to T1

(volume 4.6 ± 1.8 vs. 4.9 ± 1.5 ml, sperm concentration [106

/ml] 56.5 ± 27.7 vs. 59.5 ± 29.4 106/ml, total spermatozoa num-

ber [106/ejaculate] 257.3 ± 148.0 vs. 293.3 ± 152.9, total sperm

motility 33.4 ± 4.3 vs. 40.1 ± 10.6%, abnormal forms 85.0 ±

5.4 vs. 78.8 ± 9.5%; p > 0.05); however, an improving trend was

observed.

Electrolyte analysis also showed no significant differences in T0,

compared toT1 (calcium18.3±5.6 vs. 18.1±5.3mg/dl, chlorine 33.4±

7.4 vs. 32.8 ± 7.0 mmol/L, potassium 24.1 ± 8.5 vs. 23.9 ± 9.2 mmol/L,

magnesium 7.8± 4.8 vs. 7.7 ± 5.1 mmol/L, sodium 82.5± 34.4 vs. 84.9

± 26.7mmol/L; p=NS; Table 2).

Furthermore, colorimetric determination of ROMs revealed no

differences in T0, compared to T1 (median 596.6 UCARR/ml [446.0–

719.2 95% CI of median] vs. median 636.0 UCARR/ml [512.9–777.7

95% CI of median], p = 0.6; Table 2). Considering IL-6, no significant

differences were observed in T0, compared to T1 (median 29.0 pg/ml

[23.7–36.0 95% CI of median] vs. median 26.00 pg/ml [24.00–34.25

95%CI of median; p= 0.9]; Table 2).

Finally, no significant correlations were observed between all sper-

matozoa parameters and electrolytes as well as d-ROM test and IL-6,

with the exception of a weak inverse correlation between T0 sodium

and T1 IL-6 (r=−0.2).
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OLANA ET AL. 1027

TABLE 2 Electrolytes, oxidative stress, and interleukin-6 (IL-6) in seminal plasma before the first dose (T0) and after 3months (T1)

T0 (n.47) T1 (n.47) p-value

Calcium (mg/dl)

Mean± SD

18.3± 5.6 18.1± 5.3 0.9

Chlorine (mmol/L)

Mean± SD

33.4± 7.4 32.8± 7.0 0.8

Potassium (mmol/L)

Mean± SD

24.1± 8.5 23.9± 9.2 0.9

Magnesium (mmol/L)

Mean± SD

7.8± 4.8 7.7± 5.1 1.0

Sodium (mmol/L)

Mean± SD

82.5± 34.3 84.9± 26.7 0.8

droms_UCARR/ml

Median (95% confidence interval [CI])

596.6(446.05–719.16) 636.0(512.98–777.74) 0.6

IL-6 (pg/ml)

Median (95%CI)

29.0(23.74–36.00) 26.0(24.00–34.25) 0.9

4 DISCUSSION

Testicular damage and subsequent infertility have been hypothesized

to be a consequence of COVID-19 infection.4 Several studies have

shown that SARS-CoV-2 testis localization can increase the forthcom-

ing risk of spermatozoa production impairment and hypogonadism.6,7

Similarly, low testosterone in the acute phase of the disease can

increase the risk of worse outcomes.8

SARS-CoV-2 in seminal fluid has been studied by several

authors,21–24 and viral RNA in semen samples was not detected

in all of the studies. However, partially in contrast with these results,

Gacci et al. found one patient, out of 43, positive for SARS-CoV-2

RNA in semen.25 Furthermore, in a study conducted in China by Li

et al., viral RNA was identified in the semen of infected patients;

however, false positive results could be due to contamination with

respiratory droplets in the semen containers.26 As a consequence,

couples delayed planning their pregnancies for fear of infection.27,28

Furthermore, because of the lack of studies conceived to eval-

uate reproductive function in humans before the authorization

of this new type of vaccine, there was a spread of misinforma-

tion on social media stating that BNT162b2 vaccines could cause

sterility.27

In this regard, even in the absence of specific studies, the Society

for Male Reproduction and Urology and the Society for the Study of

Male Reproduction recommend that theCOVID-19 vaccine should not

be withheld from men desiring fertility who meet the criteria for vac-

cination and should be offered to men desiring fertility, similar to men

not desiring fertility, when theymeet the criteria for vaccination.29 The

authors highlighted that abouty 16% of men experienced fever after

the second dose, which can cause temporary declines in spermatozoa

quality.29

To date, two studies have been conducted to investigate the

relationship between spermatozoa parameters and the SARS-CoV-2

vaccine,17,18 both conducted after authorization. The authors found

no significant abnormalities in any spermatozoa parameter, but the

studies had some limitations. Gonzalez et al.17 did not consider pro-

gressive motility and morphology, while Lifshitz et al.18 compared

semen analysis before and approximatively after 1–2 months follow-

ing their first dose, which does not cover the complete spermatozoa

maturation process from a testicular stem cell, which takes around

74 days.

According to these data, in the present study, we found no

significant differences in sperm concentration, motility, and mor-

phology when comparing values before and after vaccine inocula-

tions. We also analyzed the effects of the vaccine in subjects with

oligo/asthenozoospermia, and we observed the same results. More-

over, an improving trend in all spermatozoa parameters could be noted

in this subgroup, particularly in motility. However, according to Gon-

zalez et al.,17 this improvement can be associated with the normal

individual variation in spermatozoa parameters.

Furthermore, we also evaluated reactive oxygen metabolites,

electrolytes, and IL-6 in seminal plasma. Interestingly, we found

no differences in the d-ROM test, expression of oxidative stress-

and free radical-derived compounds. Recent evidence showed

that oxidative stress could increase the affinity of SARS-CoV and

SARS-CoV-2 protein “S” for the angiotensin-converting enzyme

2 receptor; this mechanism, therefore, could increase the sever-

ity of COVID-19 infection.30 On the other hand, it is well known

that oxidative stress could play an independent role in the etiol-

ogy semen impairment by hindering the capacitation process and

damaging spermatozoa membrane and DNA.31 In this regard, approx-

imately 30%–80% of infertile men showed higher seminal ROS

levels.31

The analysis of the electrolytes showed good cell membrane

activity, which was stable after vaccine inoculation. In fact, an elec-

trolytic balance must be present between the intracellular membrane

(chlorine, calcium, magnesium, potassium) and extracellular space

(sodium) for the cell to carry out its normal functions.15 Defec-

tive expression of each electrolyte has been described in several

studies on the basis of spermatogenic dysfunctions; in this regard,
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1028 OLANA ET AL.

electrolyte analyses of human seminal fluid have been previously

performed.16,32,33 Specifically, Nag et al. observed a significantly lower

Na concentration in asthenozoospermic subjects than in normosper-

mic subjects.32 Furthermore, Bondani et al. showed that K levels

were higher in oligoasthenospermic subjects than in normospermic

subjects.16

Considering IL-6 dosage, a marker of inflammation, the analysis

revealed no significant differences before and after vaccination. It is

known that the IL-6 concentration in seminal plasma is higher in infer-

tilemen and correlateswith reducedmotility.34 Furthermore, high IL-6

levels in blood seem to be associated with adverse clinical outcomes in

patients with COVID-19.35

Finally, we could speculate that the weak inverse correlation

between T0 sodium and T1 IL-6 indicates an inverse correlation

between better membrane activity32 and lower inflammation.

The main limitations of this study are the small number of oligo-

zoospermic individuals, the group of subjects likelymost susceptible to

worsening semen parameters, and that the study group came from a

specific population andwere not random people.

5 CONCLUSION

In conclusion, no significant differenceswereobservedbetween semen

parameters, oxidative stress analysis, or IL-6 as a marker of inflamma-

tion and electrolyte function before and after the BNT162b2 mRNA

COVID-19 vaccine. Our results suggest that this kind of COVID-19

vaccine is safe for male semen quality.
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