Research Article

Urologia

Internationalis
Urol Int

DOI: 10.1159/000517276

Received: December 22, 2020
Accepted: May 2, 2021
Published online: July 15,2021

Does COVID-19 Worsen the Semen
Parameters? Early Results of a Tertiary

Healthcare Center

Erdem Koc? Bugra Bilge Keseroglu®

aDepartment of Urology, Ankara Yildirim Beyazit University, School of Medicine, Ankara State Hospital, Ankara,

Turkey; PDepartment of Urology, Ankara State Hospital, Ankara, Turkey

Keywords

Semen analyses - Testosterone - Severe acute respiratory
syndrome coronavirus 2 - Coronavirus disease 2019 -
Infertility

Abstract

Introduction: The coronavirus disease 2019 (COVID-19) is a
global pandemic which may affect multiple organs and sys-
temsincluding testes and disrupt the gonadal functions. The
current study aimed to evaluate the effect of COVID-19 on
the semen parameters and sex-related hormone levels in in-
fertile men. Methods: The study included 21 patients who
were evaluated in Ankara City Hospital, Andrology Clinic, for
male infertility and have had the diagnosis of COVID-19. All
the patients were evaluated in terms of semen parameters.
The follicle-stimulating hormone, luteinizing hormone, and
testosterone (T) levels were also evaluated in 8 of the pa-
tients. The results were presented through 2 dependent
group analyses, based on the data of the patients collected
before and after the diagnosis of COVID-19. Results: None of
the patients needed to be hospitalized at any time through
the course of COVID-19. There was a significant decrease in
semen volume, percentage of total motility, percentage of

progressive motility, and normal sperm morphology after
COVID-19(3[1-8]vs.2.5[1.5-5], p=0.005;48.6 +22.1 vs.34.7
+20.7,p=0.001;35.1+21.7vs.21.8+£15.9,p <0.001; 6 [3-24]
vs. 5 [3-18], p = 0.015; respectively). There was also a signifi-
cant decline in T level of the patients after the diagnosis of
COVID-19(350.1+115.5vs.289.8 + 103.3, p=0.009). Conclu-
sion: COVID-19 may have unfavorable effects on the gonad-
al functions and may lead to further deterioration of the se-
men parameters in infertile men, which should be consid-
ered through the evaluation for infertility.
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Introduction

The novel severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) is a member of the Coronaviridae
family and the infectious agent of the coronavirus disease
2019 (COVID-19). COVID-19 was first diagnosed in
Wuhan, China, in December 2019 and has since become
a global pandemic [1]. The COVID-19 primarily affects
the respiratory system, as well as other systems such as the
gastrointestinal system, cardiovascular system, and he-
matological system [2].
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There are a number of studies presenting that CO-
VID-19 may affect the testes [3-5] and male genital tract
which may in turn disrupt the gonadal functions [6, 7].
The destructive effects of the disease may be the result of
either the direct cytopathic effects of SARS-CoV-2 on the
target cells or the indirect damage through the inflamma-
tory response against the virus [3]. Cell entry of SARS-
CoV-2 depends on the binding of the viral spike (S) pro-
teins to cellular receptors and S protein priming by host
cell proteases. Angiotensin-converting enzyme-2 (ACE-
2) receptors are thought to play a key role as to be a pas-
sage for SARS-CoV-2 to invade the target cells and acti-
vate the serine protease TMPRSS2 for priming the S pro-
tein, which defines the release of the S2 subunit allowing
the fusion of viral and cellular membranes [8-12]. Sper-
matogonia, Leydig cells, Sertoli cells, prostate tissue, and
seminiferous tubules were also shown to express ACE-2
receptors, suggesting that the COVID-19 may adversely
affect the male reproductive system [6, 13, 14].

Previous studies also reported that SARS-CoV-2 may
cross the blood-brain barrier and infect the neurons and
glial cells through the ACE-2 receptors and trigger some
inflammatory processes in neural tissues including the
hypothalamus and pituitary gland. On the other hand, the
possible influence of SARS-CoV-2 infection on the hypo-
thalamic-pituitary-adrenal axis has been speculated, and
the mechanisms through which COVID-19 disrupts the
functioning of the hypothalamic-pituitary-gonadal axis
are unclear [15, 16].

In this current study, we aimed to elucidate the change
in semen parameters of the infertile men who had been
infected with SARS-CoV-2, through the comparison of
the spermiogram results which were reported before and
after the diagnosis of COVID-19. We also aimed to inves-
tigate the impact of COVID-19 on the sex-related hor-
mone levels such as follicle-stimulating hormone (FSH),
luteinizing hormone (LH), and testosterone (T).

Materials and Methods

The current study was conducted in a tertiary healthcare cen-
ter, Ankara City Hospital, Turkey. The study included 21 patients
who applied to the Andrology Clinic for male infertility and have
had the semen analyses reported as before and after the diagnosis
of COVID-19. The study protocol was approved by the Institu-
tional Review Board of Ankara City Hospital, after the approval of
the Ethics Committee of the Ministry of Health, Republic of Tur-
key (#E1-20-1237), and approved by the US National Library of
Medicine, National Institutes of Health (#NCT04643522).

Patients’ age, smoking status, BMI, medical history, and the
presence of varicocele at physical examination were recorded. Be-
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sides the semen parameters, 8 of the patients were also analyzed in
terms of sex-related hormone levels (FSH, LH, and T). The serum
samples were obtained from venous blood taken at 8:00-11:00
a.m., on the same day with the semen sampling, and were used for
hormone level measurements. The patients’ data which were col-
lected before and after the diagnosis of COVID-19 were compared
through 2 dependent group analyses.

The diagnosis of COVID-19 has been established according to
the detection of SARS-CoV-2 in the samples taken from the naso-
pharynx with a cotton swab and were examined through RT-PCR,
in the Microbiology Laboratory. None of the patients were at the
active phase of the COVID-19 at the time of the semen sampling.

All of the semen samples were examined in the Andrology Lab-
oratory, by 2 experienced biologists. The samples were processed
according to WHO guidelines (2010, 5th edition) through the rou-
tine semen analysis. From the 2 consecutive semen samples, the
one with the better results was included in data analysis, for both
the dependent groups. Semen samples were collected through
masturbation after 3-5 days of sexual abstinence and examined
following 30-60 min of liquefaction at 37°C. The samples were
manually evaluated in terms of volume, liquefaction time, and pH
value and then assessed by using optical microscopy to report the
concentration, motility (total, progressive, nonprogressive, and
immotile), and morphology.

Statistical Analysis

Statistical analyses were performed by using the SPSS for Win-
dows version 22.0 (SPSS Inc., Chicago, IL, USA) software package.
The normality of the data was assessed via the Shapiro-Wilk test.
Paired-samples ¢ test was used in analyses of normally distributed
variables, and the results were presented as mean + SD. McNemar
? test and Wilcoxon signed rank test were used if the variables
were not normally distributed, and the data were presented as n
(%) and median (min-max), respectively. With the confidence in-
terval of 95%, a p value <0.05 was considered as statistically sig-
nificant.

Power analysis was performed by using G-power software (G-
power v3.1.9.2; Universitat Kiel, Kiel, Germany). In the post hoc
power analysis, the power of the study was found to be 0.80 with a
0.65 effect size and 0.05 error rate, for dependent group analyses
of the semen analysis data of 21 patients with COVID-19.

Results

The data of overall 25 patients who applied to Ankara
City Hospital, Andrology Clinic, for infertility evaluation
and who have had the spermiogram results reported be-
fore and after the diagnosis of COVID-19 were reviewed.
Four of the patients were found to have azoospermia. Due
to the technique difficulties to compare the change at se-
men parameters in case of azoospermia as before and af-
ter results, these 4 patients were excluded. Therefore, the
study included 21 patients in final analyses.
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Table 1. Demographic features and clinical characteristics of the patients

Patients, N

Age, mean+SD, years

BMI, mean+SD, kg/m?
Smoking history (yes/no), n (%)

Time between the diagnosis of COVID-19 and semen analyses performed after the COVID-19, median

(min-max), days

Time between the diagnosis of COVID-19 and semen analyses performed before the COVID-19, median

(min-max), days

21

32+6.30
25.62+2.12
6/21 (28.5)

51 (37-89)

116 (72-238)

Clinical varicocele presence (yes/no), n (%) 4/21 (19)
COVID-19, coronavirus disease 2019; SD, standard deviation; min-max, minimum-maximum.
Table 2. Semen analysis results of the patients before and after the diagnosis of COVID-19
Semen parameters Before COVID-19 After COVID-19 p value
diagnosis diagnosis
Duration of sexual abstinence, median (min-max), days 4 (3-5) 4 (4-4) 1.00
Liquefaction time, median (min-max), minutes 25 (15-50) 25 (13-45) 0.478
Volume, median (min-max), mL 3(1-8) 2.5 (1.5-5) 0.005*
Sperm concentration, median (min-max), x10%/mL 42 (2-148) 35.9 (4-126.5) 0.689
Total sperm number (x10° per ejaculate), median (min-max) 145 (6-788) 96.9 (13.4-603.5) 0.654
pH, median (min-max) 7.50 (7.5-8.5) 7.50 (7.5-8.5) 0.608
Total motility, mean+SD, % 48.6+22.1 34.7+20.7 0.001*
Progressive motility, mean+SD, % 35.1+21.7 21.8+15.9 <0.001*
Nonprogressive motility, mean+SD, % 12.9£6.7 12.9£7.6 1.00
Immotility, mean+SD, % 51.4%22.1 65.3+20.7 0.001*
Sperm morphology (% of normal forms), median (min-max) 6 (3-24) 5(3-18) 0.015*

COVID-19, coronavirus disease 2019; SD, standard deviation; min-max, minimum-maximum. *p value <0.05 was considered as

statistically significant.

Table 3. Sex-related hormone levels before and after the diagnosis of COVID-19

Sex-related hormones Before COVID-19 diagnosis After COVID-19 diagnosis p value
FSH, mean+SD, U/L 4.6+1.8 4.7+1.6 0.692
LH, mean+SD, U/L 3+1.2 3.1£1.3 0.491
T, mean+SD, ng/dL 350.1+115.5 289.8+103.3 0.009*

COVID-19, coronavirus disease 2019; FSH, follicle-stimulating hormone; LH, luteinizing hormone; T,

testosterone; SD, standard deviation. *p value <0.05 was considered as statistically significant.

The age of the patients ranged between 23 and 42
years. The demographic features and clinical characteris-
tics of the patients are summarized in Table 1.

The patients were detected to have complaints of fever
(n=2), dyspnea (n = 1), cough (n = 6), myalgia (n = 13),
headache (n = 14), weakness (n = 13), diarrhea (n = 3),

COVID-19 and Spermiogram

anorexia (n = 8), and sore throat (n = 7) at the time of the
diagnosis of COVID-19. None of the patients had any
clinical finding suggesting orchitis. None of the patients
needed to be hospitalized at any time through the course
of the COVID-19; however, 3 patients used hydroxychlo-
roquine sulfate 2 x 200 mg per day for 5 days, and 2 pa-
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tients used favipiravir 2 x 1,600 mg loading dose at the
first day and 2 x 600 mg per day maintenance dose for 4
days in terms of the medications.

The semen volume, percentage of total motility, per-
centage of progressive motility, and normal sperm mor-
phology were found as significantly decreased after CO-
VID-19 (p = 0.005, p = 0.001, p < 0.001, and p = 0.015,
respectively). Besides, the percentage of immotile sperms
was observed as significantly increased after COVID-19
(p = 0.001) (Table 2). In terms of sex-related hormone
levels, there was a significant decrease in T level after the
diagnosis of COVID-19 (p = 0.009) (Table 3).

Discussion

The current study revealed that COVID-19 signifi-
cantly worsens the semen parameters. Serum T level was
also observed as declined after the diagnosis of CO-
VID-19. To the best of our knowledge, this study is the
first in the literature to assess the impact of COVID-19 on
semen parameters and sex-related hormone levels,
through the dependent group analyses of the data col-
lected before and after the diagnosis of COVID-109.

In a study conducted by Holtman et al. [17], the semen
analysis results of 18 patients infected with SARS-CoV-2
were compared to the results of 14 healthy males. They
reported that sperm concentration and motility were sig-
nificantly higher in the control group [17]. The current
study appears to be consistent with this previous study in
terms of the significant decrease in sperm motility after
the diagnosis of COVID-19. Even though the sperm con-
centration was observed as decreased after the diagnosis
of COVID-19 in the current study, this difference was not
statistically significant.

In another study, Ma et al. [18] compared the data of
119 patients with COVID-19 to the control group includ-
ing 273 healthy men. They did not report any significant
difference in terms of T and FSH levels between the 2
groups, while the LH level was significantly higher, and
the T/LH ratio was significantly decreased in patients
with the diagnosis of COVID-19 [18]. On the other hand,
the current study revealed a significant decrease in T lev-
els of the patients after the diagnosis of COVID-19. Even
though the sex-related hormone levels were analyzed in a
low number of patients, the findings of the current study
are important to present the dependent group analysis
results of a hormone, such as T, which has a wide varia-
tion throughout the population [19]. Additionally, Ma et
al. [18] also analyzed the semen samples of 12 patients
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after 56-109 days from the diagnosis of COVID-19 and
reported that 4 patients had low sperm motility. Besides,
only 3 of the patients had the spermiogram results before
and after the diagnosis of COVID-19, in which the sperm
motility was reported as decreased in 2 of them [18].
However, they did not have a control group, and their
patient number was very low in order to analyze the
change in spermiogram results.

In the autopsy series reported by Xu et al. [20], SARS-
CoV, the causative agent of SARS disease, was shown to
be related with the development of orchitis. In histopath-
ological investigations, they reported inflammatory infil-
trates, mainly in the seminiferous tubules. Even though
they could not isolate the viral genomic materials of
SARS-CoV at in situ hybridization of the testicular tissue
specimens, they interpreted the orchitis as the result of
virus-related inflammatory and immunological reactions
[20]. There are also a number of autopsy series which re-
vealed similar destructions in histopathological examina-
tion of the male reproductive system in infected patients
with another Coronaviridae family member, SARS-
CoV-2. In a study conducted by Bian and team [3], the
authors reported that SARS-CoV -2 was isolated from the
testes in their autopsy series. In addition, they reported
various degrees of injury in testicular cells and reduction
in the number of spermatogenic cells [3]. In another au-
topsy series, Achua et al. [4] also detected SARS-CoV-2
positivity in the testes, and they also detected impaired
spermatogenesis. Through the insight of the literature, we
may argue that the inflammatory destruction of CO-
VID-19 may be the result of the general systemic inflam-
matory effect of the virus or the result of the viral destruc-
tion directly targeting the testes. SARS-CoV-2 may affect
the Leydig cells through the ACE-2 receptors which may
in turn decrease the T level and affect the spermatogen-
esis and result in a decline in semen parameters [21].

The study conducted by Fan et al. [6] elucidated that
SARS-CoV-2 mostly uses ACE-2 receptors to invade the
host cells. ACE-2 receptors were shown to be abundant
in spermatogonia, Leydig cells, and Sertoli cells [13] and
were also detected in prostate tissue and seminal vesicles
[22]. Most of the seminal fluid was excreted by the pros-
tate and seminal vesicles [23]. With regard to the data, the
significant decrease in semen volume observed at the cur-
rent study may be explained by the impact of COVID-19
on the prostatic cells and seminal vesicles.

In the study conducted by Achua et al. [4], there was
an important finding that spermatogenesis was more
prominently affected by COVID-19 in cases with in-
creased ACE-2 expression. As another interesting find-
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ing, the ACE-2 receptors have been previously shown to
be expressed in higher numbers through the reproductive
age [24]. Therefore, we may also argue that the testicular
damage should be more significant during the reproduc-
tive period. Considering that 60% of the SARS-CoV-2-in-
fected population was detected to be male gender and ap-
proximately 60% of the males have been at the reproduc-
tive age, it raises the concerns whether SARS-CoV-2 may
affect the male reproductive functions as a globally in-
creasing problem [25]. In this aspect, the male population
in the reproductive period with a history of COVID-19,
especially the male patients with a previously established
diagnosis of infertility, should be carefully evaluated in
terms of gonadal functions.

The current study has a number of limitations regard-
ing its retrospective nature. The number of the partici-
pants evaluated for hormone levels was limited; however,
it was not possible to plan the evaluation of all patients in
terms of any parameter such as hormone levels due to the
retrospective design of the study. Even though this study
has been conducted in a high-volume tertiary health care
center, the total number of the patients was also restricted
probably related with the difficulty in transportation of
patients to the hospital during the pandemic period.

The life cycle of the spermatozoa has been reported to
be approximately 74 days [26]. Considering the data, dis-
turbed semen characteristics which were presented in this
current study may be accepted as the early results of the
impact of COVID-19 on semen parameters. Further
studies may be designed to better understand the long-
term effects of COVID-19 on spermiogram results.

Conclusion
The current study revealed important findings regard-

ing the significant unfavorable effects of COVID-19 on
the semen parameters. Serum T level was shown to be
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