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The Effect of COVID-19 on Laboratory Parameters

COVID-19’un Laboratuvar Parametreleri Uzerindeki Etkisi
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Objective: This study aimed to investigate the long-term effects of
coronavirus disease-2019 (COVID-19) on semen parameters and
hormone levels by dividing the timeline into pre-pandemic, pandemic,
and post-pandemic phases.

Method: Between May 2017 and April 2024, we conducted a retrospective
study including 10,082 semen analyses from 6.517 patients at our hospital.
Patients were divided into three groups according to the World Health
Organization (WHO)-defined pandemic start and end dates: pre-
COVID-19 (May 2017-March 2020; n=2378), COVID-19 period (March
2020-May 2023; n=5568), and post-COVID-19 (May 2023-April 2024;
n=2136). Semen analyses and hormone parameters [total testosterone,
follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol,
and prolactin] were examined. However, it was not possible to determine
whether each patient had been infected with COVID-19. All semen
analyses were performed in accordance with WHO 2010 guidelines.

Results: Sperm concentration, motility, and morphology significantly
increased during and after the COVID-19 period compared with the
pre-COVID-19 period (p<0.01). Semen volumes remained similar across
all three periods (p>0.05). Testosterone levels also showed significant
increases during and after the pandemic (p<0.01). In contrast, FSH and
LH levels decreased significantly during and after COVID-19 (p<0.001).
No significant changes were observed in estradiol levels, whereas
prolactin levels increased during and after COVID-19 (p<0.001).
Conclusion: COVID-19 was associated with notable changes in male
reproductive health indicators; however, no permanent negative impact
on male fertility was identified. Further prospective studies are needed
to validate these findings and to elucidate the underlying mechanisms.

Keywords: COVID-19, male fertility, pandemic, semen

Amag: Bu calisma, koronavirls hastaligi-2019'un (COVID-19) semen
parametreleri ve hormon dlzeyleri Uzerindeki uzun vadeli etkilerini
arastirmayi, ddonemi pandemiden once, pandemi sirasinda ve pandemi
sonrasinda olmak Uzere Ui¢ asamaya ayirarak incelemeyi amaglamaktadir.

Yontem: Mayis 2017 ile Nisan 2024 arasinda, hastanemizde 6,517 hastadan
10,082 semen analizi igeren retrospektif bir gcalisma gerceklestirdik. Dlinya
Saglik Orgiiti'niin (DSO) pandemi baslangici ve bitis tarihlerine gére (g
gruba ayirdik. COVID-19 dncesi (Mayis 2017-Mart 2020): 2,378 hasta;
COVID-19 donemi (Mart 2020-Mayis 2023): 55,68 hasta ve COVID-19
sonrasi (Mayis 2023-Nisan 2024): 2,136 hasta. Semen analizleri ve hormon
parametreleri [toplam testosteron, folikdl uyarici hormon (FSH), luteinize
edici hormon (LH), estradiol ve prolaktin] incelendi. Ancak her bir hastanin
COVID-19 enfeksiyonundan etkilenip etkilenmedigi belirlenemedi. Tim
semen analizlerini DSO 2010 kilavuzlarina uygun olarak gergeklestirdik.

Bulgular: Sperm konsantrasyonu, motilite ve morfoloji, COVID-19 dncesi
doneme kiyasla COVID-19 donemi ve sonrasinda anlamli bir sekilde artti
(p<0,01). COVID-19 oncesi donem, pandemi donemi ve post-pandemi
doneminde semen hacmi, COVID-19 donemlerinden bagdimsiz olarak
benzer kaldi (p>0,05). Testosteron seviyeleri de pandemi doneminde
ve sonrasinda anlamli bir artis gosterdi (p<0,01). Aksine, FSH ve LH
seviyeleri COVID-19 dénemi ve sonrasinda anlamli bir sekilde azaldi
(p<0,001). Estradiol seviyelerinde onemli bir degisiklik gozlenmezken,
prolaktin seviyeleri COVID-19 donemi ve sonrasinda artti (p<0,001).

Sonug: COVID-19, erkek Ureme saghdr gostergelerinde belirgin
degisikliklere neden olmus olsa da erkek fertilitesi tzerinde kalici bir
olumsuz etki tespit edilmemistir. Bu bulgulari dogrulamak ve altta yatan
mekanizmalari arastirmak i¢in daha fazla prospektif calismaya ihtiyac
vardir,
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Introduction

First identified in Wuhan, China, in December 2019, the
severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2) caused approximately 7 million deaths by March
2024. Due to its extreme contagiousness, the World Health
Organization (WHO) declared coronavirus disease-2019
(COVID-19) a pandemic in March 2020. However, as of May
2023, the WHO declared it no longer a global emergency
(1). According to the data from the Ministry of Health of the
Republic of Turkey, the number of confirmed COVID-19
casesis 17,042,722, and the totalnumberofdeathsis101,492.
According to the data, 93.38% (57,961,404) of individuals
aged 18 and over have received the first dose of the vaccine,
while 85.7% (53,195,125) have received the second dose
(2). This disease not only affects the respiratory system
but also causes histopathological changes in various non-
respiratory organs such as the heart, brain, liver, kidneys,
and testes (3). Also, studies have reported that men are at a
higher risk of contracting COVID-19 compared to women
(4). The testes are also easily damaged because sperm does
not have much of a defense against oxidative agents. This
can cause problems with both the endocrine and exocrine
functions of the testes. Therefore, how COVID-19 affects
fertility in men has become a subject of research (5).

The human male reproductive system is more susceptible
to viral infections due to the blood-testis barrier’s inability
to completely block virus entry. Researchers have detected
27 different infectious viruses in human semen to date (6).
Angiotensin-converting enzyme 2 (ACE-2) receptors let
SARS-CoV-2 into the host cell, and it uses transmembrane
serine protease-2 (TMPRSS-2), a cellular membrane
protease, to help the two cells join together (7,8). It has
been reported that ACE-2 and TMPRSS-2 are highly
expressed in spermatogonia, as well as in Sertoli and Leydig
cells, and this expression inversely correlates with age (4).
Accordingly, patients aged 20-30 have the highest levels of
ACE-2 expression, while patients aged 60 and above have
the lowest levels of ACE-2 expression (9).

The literature reports that COVID-19 affects sperm
concentration, motility, and morphology; however, most
descriptions of these changes are short-term and temporary
(10,11). The aim of this study is to examine semen
parameters before and after the COVID-19 pandemic with
a high patient volume without reducing the focus to a
specific group.

Materials and Methods

Our hospital’s clinical research ethics committee approved
the study under approval code 2024/03/04/028. Our

research included patients who had semen analysis and
hormone parameters [total testosterone, follicle stimulating
hormone (FSH), luteinizing hormone (LH), estradiol, and
prolactin] examined before, during, and after the COVID-19
outbreak in our hospital. The study excluded patients
with testicular trauma, undescended testicle, varicocele,
tumor surgery, patients receiving hormone therapy with
a diagnosis of hypogonadotropic hypogonadism, and
included patients over the age of 18 who did not meet any
of these criteria. All patients participating in the study gave
their consent.

Accordingly, between May 2017 and April 2024, we included
10,082 sperm analyses from 6.517 different infertility
patients who applied to our clinic. The patients were not
evaluated separately for whether they were affected by a
COVID-19 infection or had a vaccination history. Instead,
the patients were categorized according to the periods
defined by the World Health Organization. We divided
them into three groups based on the WHO’s pandemic start
and end dates: May 2017-March 2020 (before COVID-19):
2.378 patients; March 2020-May 2023 (COVID-19 period):
5.568 patients; May 2023-April 2024 (post-COVID-19): 2.136
patients. We performed all semen analyses in accordance
with WHO 2010 guidelines (12).

The study was conducted ethically in accordance with
the World Medical Association Declaration of Helsinki.
University of Health Sciences Turkey, Istanbul Bagcilar
Training and Research and Hospital’s Clinical Research
Ethics Committee approved the study under approval code
2024/03/04/028.

Statistical Analysis

We used non-parametric statistics to analyze the numerical
data examined according to the COVID-19 periods.
The Kolmogorov-Smirnov test evaluated the normal
distributions of the variables. We performed Kruskal-
Wallis on parameters with non-normal distributions. The
significance level in this study was set at 0.05. We calculated
the Pearson correlation coefficient to ascertain the presence
of a linear relationship between two variables. For the
statistical analysis of the data, SPSS (Statistical Package for
Social Sciences for Windows, Release ver. 29.0) was used.

Results

In the pre-COVID-19 period, epidemic period, and
post-epidemic  period, semen volumes remained
similar regardless of COVID-19 periods (p>0.05). When
sperm concentration was examined, the average sperm
concentration was 25.4+21.9 (10/mL) in the pre-COVID-19
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period, 46.5+38.8 (10°/mL) in the COVID-19 period, and
56.2+41.3 (10%/mL) in the post-COVID-19 period. This
increase was found to be statistically significant (p<0.01)
(Graphic 1).

While the sperm motility rate was 40.5% in the pre-
COVID-19period, itwas shown tobe42.54% in the pandemic
period and 44.34% in the post-pandemic period, and these
changes were shown to be statistically significant (p<0.01).
Analysis of the sperm morphology change revealed that the
average level was 0.97% in the pre-COVID-19 period, 1.39%
in the pandemic period, and 1.85% in the post-pandemic
period. This change was shown to be statistically significant
(p<0.01). Table 1 and Figure 1 summarize these findings
regarding semen analysis.

Testosterone levels were 3.81+1.67 in the pre-COVID-19
period, increased to 4.24+1.85 during the COVID-19 period,
and then showed a slight decrease to 4.15+1.72 after the
pandemic. The increases in both periods are statistically
significant compared to the pre-COVID-19 period (p<0.01).
When examining FSH (mIU/mL) and LH (mIU/mL)
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Graphic 1. Sperm concentrations of individuals according
to COVID-19 periods

COVID-19: Coronavirus disease-2019

hormone levels, it was found that the average levels in
the pre-COVID-19 period were 11.60+15.21 mIU/mL and
6.75+5.52 mlIU/mlL, respectively. During the COVID-19
period, these levels were 7.96+8.38 mIU/mL and 7.08+4.91
mlIU/mL, respectively. In the post-COVID-19 period, the
levels were 6.93+8.36 mIU/mL and 6.81+4.14 mIU/mL,
respectively. The decreases in both hormone levels were
statistically significant (p<0.001).

While estradiol levels were 29.12+13.40 in the pre-
COVID-19 period, they were 31.32+15.04 in the COVID-19
period and 28.46+13.05 in the post-COVID-19 period. There
was no statistically significant difference between these
levels (p>0.05). Prolactin levels were 11.60+5.84 in the pre-
COVID-19 period, 12.72+6.71 during the COVID-19 period,
and 11.94+4.50 in the post-COVID-19 period. The levels
during and after the COVID-19 period were statistically
significantly higher compared to the pre-COVID-19 period
(p<0.001). Table 2 and Figure 2 summarize these findings
from the hormone analysis.
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Figure 1. Sperm parameters of individuals according to
COVID-19 periods

COVID-19: Coronavirus disease-2019

Table 1. Sperm parameters of individuals according to COVID-19 periods

Parameters Pre-COVID-19

x £ SD (n=2378)
Age 30.14+6.75
Sperm volume (mL) 2.78%+1.36
Sperm concentration (106/mL) 25.4+21.9
Motility (%) 40.5+14.21
Morfology (%) 0.97+1.20

Pandemic period Post-COVID-19 p-value
x £ SD (n=5568) x £ SD (n=2136)

30.91+7.32 30.72%717 -
2.83%1.38 2.81%1.45 0174
46.5+38.8 56.2+41.3 0.001*
42.541+16.08 44,34%17.45 0.001*
1.39+1.42 1.85%1.39 0.001*

Values are presented as mean + SD. Differences between groups were assessed using the Kruskal-Wallis test. Post-hoc pairwise comparisons were performed where

applicable. A p-value <0.05 was considered statistically significant.
SD: Standard deviation, COVID-19: Coronavirus disease-2019, *: p<0.05
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Table 2. Hormonal parameters of individuals according to COVID-19 periods

Parameters Pre-COVID-19 During COVID-19 Post-COVID-19 p-value

X + SD (n=2378) X + SD (n=5568) X + SD (n=2136)

Testosterone 3.81£1.67 4,241+1.85 415%1.72 0.001*

FSH 11.60%15.21 7.9618.38 6.93+8.36 0.001*

LH 6.75+5,52 7.08%4.91 6.81+4.14 0.001*

Estradiol 2912%+13.40 31.32+15.04 28.46+13.05 0.126

Prolactin 11.601+5.84 12.72£6.71 11.94%4.50 0.001*

Values are presented as mean + SD. Group comparisons were conducted using the Kruskal-Wallis test. Correlations were examined with the Pearson correlation

coefficient (r). A p-value <0.05 was considered statistically significant.

SD: Standard deviation, FSH: Follicle stimulating hormone, LH: Luteinizing hormone, COVID-19: Coronavirus disease-2019, *: p<0.05

~— Standardized Testosterone
40 = Standardized FSH

=== Standardized LH

= Standardized Estradiol

= Standardized Prolactin

Mean

Pre Covid Covid Period

Covid Period

Post Covid

Figure 2. Hormonal parameters of individuals according
to COVID-19 periods

COVID-19: Coronavirus disease-2019, FSH: Follicle stimulating
hormone, LH: Luteinizing hormone

Discussion

In our study, we examined 10,082 semen analyses from
6.517 different patients, each given at different periods.
This is because urology guidelines recommend examining
at least two sperm analyses performed at different times to
diagnose male infertility.

We predict that during the pandemic period, the restrictions
leading to decreased air pollution, reduced water resource
pollution, and lowered exposure to free oxygen radicals
may result in positive changes in sperm parameters and
hormone levels.

The data we obtained show significant changes in
individuals’ hormone levels during and after the COVID-19
pandemic. Specifically, the decrease in FSH and LH levels
may indicate changes in hormonal balance during the
pandemic. This situation appears to correlate with the
increase in sperm levels and the positive changes in
testosterone levels. Fluctuations in estradiol and prolactin
levelsindicate that stress, health status, and lifestyle changes
during the pandemic may impact hormonal health.

In a meta-analysis conducted by Cannarella et al. (13),
it was found that there was a significant decrease in
sperm concentration and motility in COVID-19 patients
compared to healthy individuals. Additionally, a decrease
in total testosterone and FSH levels was observed, while
increases in LH, prolactin, and estradiol levels were noted.
However, sex hormone-binding globulin levels showed no
changes (13). One of the differences of this study is that it
was conducted only on COVID-19 patients rather than the
general population. Another difference is that, due to its
short duration, it cannot show long-term results.

In a study conducted by Kadihasanoglu et al. (14) on 265
COVID-19 patients, it was shown that testosterone levels
were lower and serum LH levels were higher compared to
control groups. It is necessary to demonstrate the long-
term changes in these patients after COVID-19. Our study’s
advantage is that it examined the general population rather
than an isolated patient group and demonstrated the long-
term changes in this population.

In a study by Zhang et al. (15) on the impact of COVID-19
on sperm quality, it was reported that the infection could
lead to a decrease in sperm concentration, particularly
after the infection. However, researchers reported that
these effects on semen parameters were temporary and
gradually recovered within 3-6 months post-recovery (16).
These findings appear to be consistent with our study.

In a study conducted by Temiz et al. (17) on COVID-19
patients, a significant decrease in the percentage of normal
sperm morphology was demonstrated, and it was suggested
that this was due to fever (16). Indeed, other studies have
also shown that fever, like inflammation and medications,
has negative effects on sperm quality and is temporary (17).

Contrary to the aforementioned example studies, there are
also studies in the literature indicating that COVID-19 may
have adverse effects on sperm parameters and hormone
levels. This discrepancy may have arisen in our study due
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to the inability to obtain data on whether each patient was
affected by a COVID-19 infection (18-20). However, studies
in the literature reflect the short-term effects of COVID-19.
In our study, unlike the literature, we evaluated the long-
term results.

A meta-analysis reviewing 28 studies found that SARS-
CoV-2 was not detected in semen and prostate fluid in 27
studies. A study that examined the semen of 300 patients
found SARS-CoV-2 RNA in the semen of only 4 patients
(21). The lack of sterile conditions during sample collection
led to contamination from aerosols or other bodily fluids
from the patients (22). Unlike viruses such as Zika, human
immunodeficiency virus, Ebola, hepatit B virus, and hepatit
C virus, which can cross the blood-testis barrier and affect
semen parameters, it has been shown that SARS-CoV-2,
which is 70-100 nm in size, cannot cross the blood-testis
barrier and does not affect semen parameters (23,24). All
these findings, consistent with the results of our study,
indicate that COVID-19 does not have a long-term negative
impact on semen parameters.

The COVID-19 pandemic prompted the granting of
emergency use authorization for vaccines. This situation
raised many concerns regarding the safety of the vaccines.
Additionally, misinformation and anti-vaccine campaigns
highlighted potential effects on fertility, causing ongoing
concerns on social media and the internet. Researchers
have examined the impact of mRNA (Pfizer-BioNTech,
Mainz, Germany), inactivated virus (Sinopharm, Beijing,
China), viral vector (AstraZeneca, Cambridge, UK), and
Gam-COVID-Vac (Sputnik V, Gamaleya Institute, Russia)
vaccines on semen and hormone parameters, and found no
significant changes in these values (25-28). Given that 85%
of our study population received at least two doses of the
vaccines, long-term hormone and semen analyses reveal
no adverse effects on semen parameters.

Study Limitations

According to data obtained from autopsies of individuals
who died due to COVID-19 and those who died from
various causes after recovering from COVID-19, it has
been shown that SARS-CoV-2 infection causes changes in
the male reproductive system in the early stages; however,
it does not have a long-term impact on male fertility (29).
In our study, whether the patients were affected by a
COVID-19 infection and their vaccination history were not
evaluated, which constitutes one of the limiting factors of
the study. Our study’s retrospective nature and the absence
of semen analyses for all patients in all three periods are

other limiting factors. Despite this, our study is significant
as it reflects a cross-section of the population.

Conclusion

Although there is sufficient evidence showing changes in
the male reproductive system due to SARS-CoV-2 infection,
no permanent, long-term effect on male fertility has been
identified.

In our study, it was demonstrated that sperm concentration,
motility, and morphology showed a significant increase
during the COVID-19 period and post-COVID-19 period
compared to the pre-COVID-19 period. We also observed
significant changes in testosterone, FSH, LH, and prolactin
levels. These findings may be attributed to reduced air
pollution, decreased contamination of water sources, and
lower exposure to free oxygen radicals due to pandemic
restrictions.

Given that more than 85% of the population has received
two doses of the vaccine, it appears that COVID-19 vaccines
do not have harmful effects on male reproductive health.
Given the retrospective nature of the study and the large
number of patients, population data were adapted for the
study. However, we need more randomized, prospective
studies to confirm our findings.
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