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Evaluation of inactivated COVID-19 vaccine on
semen parameters in reproductive-age males: a
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During the coronavirus disease (COVID-19) epidemic, there have been concerns about the impact of vaccines on people’s fertility,
including the fertility of those who are currently preparing for pregnancy and those who might become pregnant in future. However,
there is still a lack of research on the effect of the COVID-19 vaccine on male fertility, and it is not surprising that couples and
donors have concerns regarding vaccination. In this study, a retrospective cohort study was conducted to examine semen quality
before and after receipt of the inactivated COVID-19 vaccine. There were no statistically significant changes in semen parameters
(volume, sperm concentration, progressive motility, and total progressive motile count) after two doses of vaccine (all P> 0.05). In
summary, our study updates the most recent studies on the effects of the COVID-19 vaccine on male fertility, and the information
from this study could be used to guide fertility recommendations for assisted reproductive technology (ART) patients and donors.
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INTRODUCTION
Coronavirus disease (COVID-19) is highly infectious and continues to
spread worldwide, posing a serious threat to global public health. Until
the end of March 2022, there have been over 472 000 000 confirmed
global COVID-19 infection cases and over 6 093 000 global deaths since
2019.! Effective prevention and control measures are urgently needed
to respond to the virus. Vaccination is an important method to prevent
the spread of infectious diseases and to effectively protect the body from
infection. As the epidemic promoted the development of vaccines,’ by
the end of 2020, a number of vaccine products successively finished
third clinical trials and were authorized for emergency use, including
the inactivated vaccine in China and mRNA vaccines produced by
Pfizer and Moderna.* Existing immunization programs which based
on first edition guidelines of vaccination for COVID-19 in China
target people aged 18 years and above, including people preparing
for pregnancy or receiving assisted reproductive technology (ART)
treatment.®

While everyone is hoping to be protected by the vaccine, some
people are troubled by it, and there have been concerns about the
impact of the vaccine: the quality of a man’s sperm is a common concern
among many couples who are clinically treated with ART, as well as
among volunteers who donate to sperm banks, and this concern has
led many men to delay their plans to have children or refrain from
visiting sperm banks to donate.”® Specifically, people trying to become

pregnant are concerned about the side effects of vaccines as well as not
being protected by vaccines during the COVID-19 epidemic. Studies
have shown that COVID-19 infection or its side effects such as fever
significantly decreased semen parameters such as semen concentration,
total sperm count, and total motile count.”"" There is another study
showing that spermatogenic function of the testicle was impaired by
COVID-19 infection."? Given these studies, while there is still a lack
of research on the effect of the COVID-19 vaccine on male fertility, it
is not surprising that couples and donors are found to have concerns
about their decisions.

In this context, the importance of determining the impact of the
COVID-19 vaccine on males’ semen quality is not just for medical
research purposes but also for decision-making by couples and donors.
Therefore, it is worthwhile to study the effect of inactivated COVID-19
vaccines on male sperm quality. Although a recent mRNA COVID-19
vaccine study highlighted that there were no significant decreases in any
semen parameters before and after two doses of vaccine, " little is known
about the impact of inactivated COVID-19 vaccine on semen quality
in Chinese reproductive-age males. Our study focuses on evaluating
semen quality, including volume, sperm concentration, progressive
motility (PR), and total progressive motile count (TPMC), before and
after receiving inactivated COVID-19 vaccine. This study could be
used to improve decision-making for ART patients or donors and to
guide future fertility reccommendations.
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PARTICIPANTS AND METHODS

Study design and participants

A retrospective cohort study was conducted at the Human Sperm
Bank of Fudan University (Shanghai, China) between December
2020 and August 2021. This research was approved by the Ethics
Committee in Human Sperm Bank of Fudan University (approval
No. EC2018050702). All participants provided and signed informed
consent prior to the study. All participants met the following criteria:
(1) had decided to voluntarily receive a COVID-19 vaccine (had chosen
to receive 2 doses of inactivated vaccine) prior to participating in the
study; (2) had never been infected with COVID-19; (3) were over 21
years of age; (4) met the initial screening criteria for China’s donation
requirements;'* (5) followed the donation requirements during the
donation period: each donation followed the recommended 3-5 days
of sexual abstinence, had no physical discomfort, and tried to live their
usual lifestyle; and (6) their data were valid for the study, specifically
that the donation time met the screening conditions.

A total of 894 donors were initially screened in September 2021
in Human Sperm Bank of Fudan University databases who finished
vaccination. Of these 894 donors, 60 donors were eligible for inclusion,
of whom 43 (71.7%) ultimately participated. The inclusion procedure
is summarized in the inclusion flowchart (Figure 1).

Study procedures

All donors had the intention of COVID-19 vaccination before
participating in the study and were voluntarily vaccinated. The
inactivated COVID-19 vaccine products available to donors had
successfully finished third clinical trials and were authorized for
emergency use in China. The immunization procedure required two
doses of vaccine with an interval of >3 weeks. Donors who opted for
other immunization procedures (single or triple dose) or other types of
vaccines (e.g., mRNA vaccine and adenovirus vaccine) were excluded
from the study. Participants agreed to the sperm bank collecting
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Exclusion participants (n=834) with

the following:
 Selective single or triple dose vaccine
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e Semen parameters: volume (ml);
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Figure 1: Study inclusion flowchart.

Asian Journal of Andrology @

semen parameters from the database. Qualified participants (data)
were defined as meeting the following requirements: (1) donation
(T0) within one month before the first dose of the COVID-19 vaccine;
(2) donation (T1) within 21 days of receiving the first dose of the
COVID-19 vaccine; and (3) donation (T2) within 60 days of receiving
the second dose of the COVID-19 vaccine. Donation data, including
vaccination date, participant characteristics (age, height, and weight),
semen parameters (volume, sperm concentration, PR, and TPMC),
and andrology medical history, were collected from the Human Sperm
Bank of Fudan University database.

Statistical analyses

SPSS version 25.0 (SPSS Inc., Chicago, IL, USA) software was used for
statistical analysis. The measurement data were expressed as the mean
+ standard deviation (s.d.). A paired f test was used to compare and
analyze the data before and after vaccination. When the P < 0.05, the
difference was considered statistically significant.

RESULTS

Basic information

A total of 43 donors were involved in this study. The age (mean *
s.d.) was 28.6 £ 5.9 years, the height (mean * s.d.) was 1.8+£0.1 m,
the weight (mean + s.d.) was 69.3 + 7.3 kg, and the body mass index
(BMI; mean * s.d.) was 22.7 + 2.1 kg m™. Andrological physical
examination showed that the testicular volume (mean * s.d.) was
estimated as 14.3 + 1.5 ml and 14.5 + 1.4 ml for the left testicle and
right testicle, respectively, using the testicular palpation. The time range
(mean = s.d.) of the three semen collections (T0 to T2) was 61.8 + 36.2
days. The second semen collection (T1) was completed within 9.1 + 8.1
days (mean + s.d.) after the first vaccine injection, and the third semen
collection (T2) was completed within 30.1 + 23.3 days (mean * s.d.)
after the second vaccine injection. The third semen collection (T2) was
completed within 59.5 + 24.1 days (mean =+ s.d.) after the first vaccine
injection (Figure 2).

Semen parameters
Comparing semen parameters before and after vaccination, we found that
the volume (mean * s.d.) decreased from 3.1 + 1.3 ml to 2.8 + 1.2 ml after
the first COVID-19 vaccine injection and recovered to 3.3 + 1.7 ml after
the second injection. The sperm concentration (mean * s.d.) increased
from 55.6 x 10° + 21.7 x 10° ml™! to 61.9 x 10¢ + 23.3 x 10° ml™" after
the first injection and decreased to 55.9 x 10° = 18.5 x 10° ml™*
after the second injection. The PR (mean + s.d.) decreased from
49.9% +10.7% to 48.7% + 10.5% after the first injection and recovered
t0 49.8% + 10.7% after the second injection. The TPMC (mean = s.d.)
decreased from 88.5 x 10° £ 56.4 x 10° to 84.2 x 10° + 50.6 x 10° after
the first injection and recovered to 87.9 x 10° £ 49.6 x 10° after the
second injection. No statistically significant changes in these semen
parameters (volume, sperm concentration, PR, and TPMC) were
observed after two doses of vaccine (all P > 0.05; Table 1).

Before vaccination, the semen parameters of all the volunteers
were consistent with the normal reference values of the 5% edition of
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First
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Figure 2: Semen collection and immunization procedure timeline.
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the WHO guidelines.”” However, there were 3 special cases, as two
volunteers’ PR was lower than normal on Day 1 and Day 7 after the
first dose of vaccine (30.0% and 31.0%, respectively) but recovered to
normal on Day 1 and Day 17 after the second dose (60.0% and 60.0%,
respectively). In another case, the PR was lower than normal 14 days
after the second injection (30.0%) and returned to normal 41 days
after vaccination (35.0%).

Adverse reactions

Information related to the types of adverse reactions of the donors to the
inactivated vaccines was collected after receiving the first and second
doses of vaccine. We found that nearly 86.1% and 93.0% of donors
reported no adverse reactions after the first and second injections,
respectively. The most common symptom was a sore arm for both the
first and second injections (nearly 13.9% and 4.7%, respectively). Only
one (2.3%) donor reported feeling tiredness after the second dose. Of
these 43 donors, no one reported fever, body aches, headaches, or other
symptoms (Table 2).

DISCUSSION

This study indicates that the inactivated COVID-19 vaccine does not
cause infertility in men and does not affect male sperm quality. Our
findings suggest that there were no significant changes in any semen
parameters in healthy males before and after two injections (doses) of
inactivated COVID-19 vaccine.

There have been concerns about the vaccine causing damage to
male fertility. Most of the concerns stem from reports of the effect
of coronavirus on the reproductive system.'®!” The coronavirus
invades host target cells through the angiotensin-converting enzyme
2 (ACE2) receptor, which is highly expressed in male renal tubular
cells, the interstitial cells of the testicle and the seminiferous tubule,
and the testicle is highly susceptible to coronavirus infection.'
Whereas the principle of the inactivated vaccine is to use African
green monkey kidney (Vero) cells for virus culture amplification,
B-propiolactone inactivated virus retains antigen components to
induce an immune response and adds aluminum hydroxide adjuvant

Table 1: Comparison of semen parameters before and after vaccination

Semen parameter Before first Within Within 60 days P
dose (TO) 21 days of of receiving
receiving the the second
first dose (T1)  dose (T2)
Semen volume (ml), 3.1+x1.3 2.8+1.2 3.3x1.7 >0.05
mean=s.d.
Sperm concentration 55.6+21.7 61.9+23.3 55.9+18.5 >0.05
(x106 ml-!), meanzs.d.
PR (%), meanzs.d. 49.9+10.7 48.7+10.5 49.8+10.7 >0.05
TPMC (x106), mean+s.d. 88.5+56.4 84.2+50.6 87.9+49.6 >0.05

PR: progressive motility; TPMC: total progressive motile count; s.d.: standard deviation

Table 2: Adverse reactions experienced by the donors after receiving
the first and second doses of vaccine (n=43)

Type of adverse reaction First dose, n (%) Second dose, n (%)

Soreness (arm) 6(14.0) 2(4.7)
Fever 0(0) 0 (0)
Body aches 0(0) 0(0)
Tiredness 0(0) 1(2.3)
Headaches 0(0) 0(0)
None 37 (86.0) 40 (93.0)
Other 0(0) 0(0)
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to improve immunogenicity. Inactivated vaccines, such as inactivated
influenza vaccines, are generally considered safe during preparation
for pregnancy and during pregnancy."

There are concerns that rare adverse reactions to the inactivated
vaccine may affect fertility, especially fever, consistent with previous
studies.”! It is well known that febrile episodes are associated with
high risk of damage to semen parameters and DNA integrity, so
the results of adverse reaction symptoms are particularly important
to couples. There are few reports on the side effects of and adverse
reactions to inactivated COVID-19 vaccines, and our study presents
the adverse reactions experienced by donors after receiving first and
second doses of vaccine, though with a limited study group. Notably,
86.1% and 93.0% of donors reported no adverse reactions after the
first and second injections, respectively, and a small group of donors
reported arm soreness, with no one reporting fever. There is room for
additional study of the adverse reactions of inactivated COVID-19
vaccines to semen parameters, particularly fever.

In addition, considering that the timing of spermatogenesis is
approximately 60 days to 70 days, we analyzed the timing in our study.
The third semen collection (T2) was completed about 60 days after
the first vaccine injection, which approximated the spermatogenesis
cycle. Since there were no statistically significant changes between
the first semen collection and third semen collection, the first dose
had no negative effects on semen parameters. Based on the above
understanding of vaccine safety and the results of our study, it can be
inferred that inactivated vaccines do not affect the reproductive ability
of pregnant couples.

Based on our research, there are small fluctuations in semen
parameters (volume, sperm concentration, PR, and TPMC) after the
first dose of inactivated COVID-19 vaccine, and the parameters return
to the prevaccination level after the second dose. The Society for Male
Reproduction and Urology (SMRU) and the Society for the Study of
Male Reproduction (SSRM) emphasized that COVID-19 vaccines
should not be withheld from men desiring fertility.* Similarly, the
American Society for Reproductive Medicine (ASRM) encouraged
patients who underwent ART to be vaccinated.?? Although the limited
data and studies provide some assurance that inactivated COVID-19
vaccines are safe with regard to sperm quality in men, due to the lack of
long-term data, couples who are preparing for pregnancy and receiving
ART in future can be vaccinated as per the general recommendations.

Recommendations from the international society on COVID-19
vaccination for people preparing for pregnancy and receiving ART
were based on different vaccines. The European Society for Human
Reproduction and Embryology (ESHRE)* recommended a delay of
at least 2 months before starting ART including sperm extraction,
ovulation induction, and embryo transfer. The Joint Committee on
Vaccination and Immunisation (JCVI) and the Centers for Disease
Control and Prevention (CDC) recommended that people trying to
become pregnant now, or who might become pregnant in future, do
not need to delay pregnancy after receiving the mRNA vaccine.?* The
Beijing Human Assisted Reproductive Technology Quality Control
and Improvement Center experts advised that for couples who need
to receive ART, it is recommended to start treatment after one month
of vaccination to stable immune response.’

Unlike the people preparing for pregnancy and receiving ART,
there appears to be concerns from sperm banks regarding donors
postponing their donation plan and the safety associated with further
use of the samples. A major challenge is donors delaying donation plans
because they assume that the COVID-19 vaccine affects semen quality.
According to the technical guidelines for vaccination of COVID-19
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(first edition) of the three inactivated coronavirus vaccine products
approved by the National Health Commission of the People’s Republic
of China, two doses should be administered.® The interval between the
two doses is recommended to be =3 weeks, and the second dose should
be completed as soon as possible within 8 weeks.® Therefore, based
on the above information, sperm banks should do more to educate
donors on the optimal sperm donation schedules. In addition, to avoid
further studies on the negative effects of vaccines on semen quality,
sperm banks can independently label samples donated after the donor
has received COVID-19 vaccines during the COVID-19 pandemic for
further processing.”

This study significantly updates the most recent studies on the
effects of the COVID-19 vaccine on male fertility. Since vaccines remain
the most effective form of protection and research on male fertility has
rarely been conducted, the information from this study could be used
to guide future recommendations for ART patients and donors. Our
study has several limitations. The sample size was limited, and all the
participants’ data were collected in a single center, which limited the
diversity. The follow-up period needs to be expanded to long-term
research to further understand the effect of inactivated COVID-19
vaccines on male fertility.

CONCLUSIONS

According to our study, there were no significant changes in any semen
parameters in healthy males before and after two injections (doses) of
inactivated COVID-19 vaccine. The concerns regarding the impact
of the inactivated vaccine on the semen quality can be addressed by
improving professional recommendations.
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