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Abstract
Purpose: Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is transmitted primarily via respiratory drop-
lets and enters host cells through angiotensin-converting 
enzyme 2 (ACE-2) receptors. ACE-2 receptors have been 
identified in many tissues including testes. The aim of the 
study has been to investigate the long-term effects of SARS-
CoV-2 infection (COVID-19) and its relative treatment on 
male reproductive health. Methods: Cross-sectional analysis 
has been performed on 49 recovered COVID-19 patients 
who had semen analysis prior to the COVID-19 pandemic. 
Those who had a recovery time lag of at least 3 months have 
been re-examined, and 29 eligible patients with no andro-
logical problems have been enrolled in the study. Following 
a detailed physical examination and retrieval of medical his-
tory, the values of semen analysis and serum sex hormone 
parameters have been collected and compared before and 
after COVID-19 infection. The p value of <0.05 has been con-
sidered significant. Results: The average age of the 29 pa-

tients has been 31.21 ± 5.48 (range: 18–41) years. Favipiravir 
has been co-administered with hydroxychloroquine in 17 
patients, while the remaining 12 received favipiravir treat-
ment without hydroxychloroquine. The average time be-
tween clinical recovery from COVID-19 and collection of se-
men has been 4.52 ± 1.36 (range: 3–8) months. Before and 
after COVID-19, serum follicle-stimulating hormone, lutein-
izing hormone, total testosterone, and prolactin levels, as 
well as all semen parameters, have been comparable. Con-
clusion: Our study demonstrated that COVID-19 and its 
treatment with favipiravir and hydroxychloroquine did not 
affect spermatogenesis and serum androgen levels in the 
long-term period. Further clinical studies with larger sample 
size are needed to confirm and support our findings.

© 2021 S. Karger AG, Basel

Introduction

COVID-19, a severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection, was first observed in 
China in December 2019 (Wuhan City, Hubei Province) 
[1]. COVID-19 was declared as a pandemic by the World 
Health Organization (WHO) in March 2020 due to its rap-
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id spread across the globe. According to the WHO’s situa-
tion report released on April 20, 2021, it has infected >140 
million patients worldwide and killed >3 million patients.

SARS-CoV-2 is transmitted primarily via respiratory 
droplets and enters host cells through angiotensin-con-
verting enzyme 2 (ACE-2) receptors [2]. ACE-2 receptors 
have been identified in a variety of processes, including 
the cardiovascular, gastrointestinal, neuroendocrine, 
genitourinary, and respiratory systems [2, 3]. Human tes-
tis is one of the organs that contain these receptors [3, 4]. 
As a result, it is assumed that SARS-CoV-2 may have a 
negative impact on the male reproductive tract, and nu-
merous studies have been conducted to determine wheth-
er the virus is present in semen and how it affects sper-
matogenesis [5–10]. However, all of these studies have 
been conducted during the disease’s acute or subacute 
phase. It is well-known that it can take up to 76 days for 
new semen to mature [11]. According to our review of the 
literature, there is a knowledge gap about the long-term 
effects of SARS-CoV-2 infection and treatment on the 
male reproductive system, including spermatogenesis 
and serum sex hormone parameters. By comparing the 
results of semen analysis and serum sex hormone levels 
of men before SARS-CoV-2 infection with those after at 
least 3 months of recovery from SARS-CoV-2 infection, 
we aimed to close this significant gap.

Materials and Methods

In accordance with the Helsinki Declaration, our study has been 
conducted after receiving approval from the Turkish Ministry of 
Health and the Ethical Committee of Bursa Yuksek Ihtisas Training 
and Research Hospital (IRB No. 2011-KAEK-25 2021/01-18). In 
addition, we obtained written informed consent from all patients 
who agreed to participate in this study. Our hospital database has 
been used to search for patients who have been admitted to our 
outpatient clinic for infertility investigations between September 
2019 and March 11, 2020, when the first case of COVID-19 has 
been reported in Turkey. We identified 476 men who have been 
evaluated using semen analysis. Using our country’s public health 
management system database, we then identified 49 patients among 
them who had COVID-19 between March 11, 2020 and March 31, 
2021. The SARS-CoV-2 nucleic acid test in the pharyngeal swap has 
been used to diagnose COVID-19. We have reached out to the CO-
VID-19-positive patients and invited those who had recovered 
from COVID-19 at least 3 months ago to come to our hospital for 
re-examination. A comprehensive clinical history and physical ex-
amination have been performed, as well as evaluation of patients’ 
semen analysis and urinalysis, hormonal determinations, genetic 
testing, and scrotal ultrasound as needed. We also documented the 
laboratory findings, such as complete blood count, C-reactive pro-
tein levels, and D-dimer values, as well as radiological examinations 
for the lungs, such as chest X-rays and/or computed tomography 
imaging, that have been performed on patients admitted to the 

emergency department with symptoms suggestive of COVID-19. 
The analysis of ejaculated semen has been carried out in accordance 
with WHO recommendations and principles [12]. Between 9:00 
and 10:00 a.m., fasting serum samples have been collected in order 
to measure total testosterone (TT), follicle-stimulating hormone 
(FSH), prolactin, and luteinizing hormone (LH).

The following patients met the inclusion criteria for the current 
study: they were ≥18 years old, had laboratory-confirmed CO
VID-19, and had survived at least 3 months after treatment and 
recovery. Patients with endocrinologic and genetic disorders, 
chronic diseases (cardiovascular disorders, hypertension, diabetes, 
etc.), or congenital or acquired urogenital anomalies, with the 
presence of known causes of infertility such as undescended testis, 
a varicocele, or a previous history of surgery were excluded from 
this study. Furthermore, patients with acute urogenital tract infec-
tions or a history of epididymo-orchitis, a history of any cancer, or 
who had undergone any type of treatment that could influence 
spermatogenesis and the hypothalamo-pituitary-gonadal axis 
were excluded from the study.

For data analysis, we used the IBM SPSS statistics program, ver-
sion 21.0 (IBM Corp., Chicago, IL, USA). The variables have been 
presented as means and standard deviations, as well as numbers 
(n) and percentages (%). We calculated the number of participants 
required for our study design using the G*Power 3.1 program, and 
according to power analysis with a 0.80 power value, a 0.05 error 
and a 0.56 effect size based on the study of Temiz et al. [9], 28 pa-
tients have been sufficient for statistical analysis. The Kolmogorov-
Smirnov test has been used to determine whether the data distribu-
tion had been normal. For the comparison of variables before and 
after COVID-19 infection, the Wilcoxon signed-rank test has been 
used. A statistically significant p value of 0.05 has been used.

Results

After applying the exclusion criteria to the volunteers, 
29 eligible male patients with a mean age of 31.21 ± 5.48 
years have been enrolled in the current study. Table 1 dem-
onstrates the characteristics of the study population as well 
as the results of blood samples collected during an exami-

Table 1. Features of the study population (n = 29)

Characteristic Mean ± SD Range (min–max)

Age, years 31.21±5.48 18–41
BMI, kg/m2 27.05±2.34 22–31
Hgb, g/dL 15.41±1.14 12.6–17
WBC, ×103/μL 6.90±2.16 4.31–12.86
Lymphocyte, /μL 1.91±0.88 0.64–4.04
Platelet, ×103/μL 258.57±55.75 165–366
CRP, mg/L 6.75±7.80 3.10–33.11
D-dimer, μg/L 0.26±0.07 0.19–0.40

SD, standard deviation; BMI, body mass index; WBC, white 
blood cell; CRP, C-reactive protein.
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nation at the emergency department. The mean time be-
tween clinical recovery from COVID-19 infection and se-
men collection was 4.52 ± 1.36 (range: 3–8) months. Fur-
thermore, the mean time between semen samples before 
and after COVID-19 infection was 8.05 ± 1.26 (range: 
6–11) months. Based on radiological images, 3 of the 29 
patients (10.3%) had COVID-19-associated pulmonary in-
filtration, and 2 of them (6.9%) have been hospitalized. The 
average hospital stay has been 6.5 ± 0.7 days, with one hos-
pital staying for 6 days and the other staying for 7 days. 
Favipiravir 1,600 mg b.i.d. for the first day, 600 mg b.i.d. 
for the next 9 days, and hydroxychloroquine 200 mg b.i.d. 
for 10 days have been administered daily to hospitalized 
patients. Favipiravir has been co-administered with hy-
droxychloroquine to 15 home care patients, while the re-
maining 12 received favipiravir treatment without hy-
droxychloroquine for 5 days. In addition, all patients re-
ceived subcutaneous enoxaparin at a dose of 4,000 IU once 
daily for thromboprophylaxis. Comparisons of sperm val-
ues and serum sex hormone levels before and after CO
VID-19 infection have been all similar (demonstrated in 
Table 2). Conversely, when the patients have been divided 
into subgroups as hospitalized or nonhospitalized individ-
uals, as well as based on the various treatment protocols 
listed above, they have not been statistically different.

Discussion

Coronaviruses have been identified in 1965 and have 
many different species, one of which is SARS-CoV [12, 
13]. It has been reported that SARS-CoV-1 is associated 

with testicular damage, orchitis, germ cell destruction, 
and spermatogenesis dysfunction [14]. Because SARS-
CoV-2 is genomically similar to SARS-CoV-1 and has a 
relationship with ACE-2 receptors, which are found in 
many tissues including the testes, many studies have been 
conducted on the presence of SARS-CoV-2 in semen sam-
ples, sexual transmission via seminal fluid, and potential 
effects on male reproductive health [5–10, 15, 16]. Recent-
ly published studies on SARS-CoV-2 and semen have re-
vealed some contradictory results [5, 6, 9, 17–19]. While 
Li et al. [5] discovered the presence of SARS-CoV-2 RNA 
in the ejaculated semen of 6 (15.8%) participants in their 
study, others did not find in their cohorts [6, 9, 17–19].

Spermatogenesis in SARS-CoV-2 patients, on the other 
hand, has been researched in a few studies [6, 8, 9]. Holt-
mann et al. [6] researched 34 men, including 20 COVID-19 
patients (18 recovered and 2 active) and 14 healthy partici-
pants. They classified the recovered COVID-19 patients as 
mild (n = 14) who received home care and moderate (n = 
4) who were hospitalized while infected. In their study, the 
average length of hospitalization has been 9.2 ± 5.3 days [6]. 
Only 2 patients with COVID-19 have been hospitalized in 
our study, and the average hospital stay was 6.5 ± 0.7 days. 
Our cohort’s hospitalization rate and days have been lower 
than theirs, with an average of 6.9% versus 22.2% and 6.5 
versus 9.2, respectively. When Holtmann et al. [6] com-
pared the results of mild and moderate infection, they dis-
covered that the moderate group had a significantly lower 
semen count and motility. Furthermore, all semen param-
eters have been comparable in the control group and CO-
VID-19 patients with mild symptoms [6]. Our study, which 
used a different methodology, discovered that semen val-

Variable Before COVID-19 
(mean ± SD)

After COVID-19 
and its treatment 
(mean ± SD)

p value

Serum sex hormone parameters
FSH, IU/L 3.92±1.97 4.15±2.22 0.161
LH, IU/L 4.46±1.62 4.62±1.68 0.263
TT, ng/dL 423±100 432±123 0.779
PRL, ng/mL 9.43±2.71 9.32±2.85 0.944

Semen parameters
Semen volume, mL 2.23±1.11 2.58±1.01 0.138
Sperm count, ×106/mL 39.67±40.45 47.52±60.84 0.573
Total sperm count, ×106 77.88±75.61 100.80±107.01 0.314
Progressive motility, % 26.62±12.59 29.24±15.49 0.107
Total motility, % 31.23±15.06 33.97±19.07 0.334

FSH, follicle-stimulating hormone; LH, luteinizing hormone; TT, total testosterone; 
PRL, prolactin.

Table 2. Comparison of the values before 
and after COVID-19 infection and its 
treatment
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ues before and after COVID-19 infection in the same pa-
tients did not differ. While they have been evaluated as in-
dependent groups with potential confounders, we exam-
ined the same patients as dependent groups with no 
confounders. In addition, the mean time between the end 
of COVID-19 symptoms and the collection of a semen 
sample in our study has been 4.52 ± 1.36 months, ranging 
from 3 to 8 months, whereas the time frame between clini-
cal recovery from COVID-19 infection and semen collec-
tion in their study was 32.7 days, ranging from 8 to 54 days 
in total and 34.9 ± 11.7 and 25.5 ± 8.3 days in mild and 
moderate patients, respectively. Considering the duration 
of spermatogenetic process, their study did not allow for 
the formation of new spermatozoa. Li et al. [8] conducted 
a study in China investigating the possible changes in au-
topsied testicular specimens of patients died due to CO
VID-19 (n = 6) and prostate cancer (n = 6). In comparison 
to control patients with prostate cancer, they discovered 
impaired spermatogenesis and a higher accumulation of T 
lymphocytes and macrophages in the specimens [8]. How-
ever, factors such as hypertension, steroid treatment, fever, 
and acute infection have not been taken into consideration 
in their study which might cause these alterations in de-
ceased COVID-19 patients [8]. They also examined at 23 
male COVID-19 patients and 22 age-matched controls and 
discovered that COVID-19 patients had semen concentra-
tions and higher levels of proinflammatory cytokines than 
controls [8]. This disparity could be attributed to possible 
selection bias, the presence of fever, and acute infection. It 
is well-known that fever, which is common in viral diseases, 
can harm spermatogenesis [20]. Similar to the study of 
Holtmann et al. [6], the duration required for the matura-
tion of a new spermatogonial cell was not provided in 
Honggang’s study [8]. Temiz et al. [9] investigated the im-
pact of COVID-19 along with hydroxychloroquine and 
azithromycin on semen quality and androgen hormones in 
a prospective study with 3 groups such as highly suspected 
COVID-19 patients (n = 10), treated COVID-19 patients 
for 5 days (n = 10), and controls (n = 10). Many sperm pa-
rameters were similar across all groups, but sperm mor-
phology has been reduced in COVID-19 patients. They 
concluded that the cause of the morphological disturbance 
was fever and that COVID-19 medications had no effect on 
spermatogenesis in the short term [9]. Similarly, favipiravir 
and hydroxychloroquine administrations in the current 
study had no long-term effect on gonadal functions. The 
antiprotease activity of hydroxychloroquine has been 
shown in the literature to benefit the development of the 
blood-testis barrier [21], while there is no evidence about 
the impact of favipiravir on testicular functions [22]. To the 

best of our knowledge, this is the first study to investigate 
the long-term effects of these medications and of SARS-
CoV-2 infection on the male reproductive system.

The hypothalamo-pituitary-gonadal axis is another 
critical issue in male reproductive health. Ma et al. [23] re-
ported that COVID-19 patients had increased LH and pro-
lactin levels as well as similarly FSH, TT, and estradiol lev-
els compared to the healthy group in a study involving 81 
COVID-19 male patients and 100 age-matched healthy 
men as the control group. They concluded that elevated LH 
and normal TT levels in COVID-19 patients could be as-
sociated with early stage hypogonadism or a wide range of 
TT in humans [23]. Another study, conducted in Italy by 
Rastrelli et al. [24], discovered that COVID-19 patients had 
low TT levels, which have been negatively correlated with 
disease severity. A nonpeer-reviewed retrospective study 
demonstrated that many male patients with COVID-19 
had low TT levels during acute infection [25]. Temiz et al. 
[9] discovered in their study that patients with symptoms 
suggestive of COVID-19 had lower TT, FSH, and LH levels 
than COVID-19 negative controls. All sex hormone levels 
however have been within the normal range and compa-
rable between the control and treated groups [9]. Accord-
ing to our findings, both SARS-CoV-2 infection and treat-
ment with favipiravir and hydroxychloroquine did not ap-
pear to change male sex hormone levels over time.

Despite the current study’s significant and novel con-
tributions to the literature, it has several limitations. Be-
sides, despite a sufficient number of patients based on the 
power analysis, it was limited by a relatively small sample 
size. Second, we did not assess whether SARS-CoV-2 was 
present in the semen over time.

Conclusion

Our findings indicate that SARS-CoV-2 infection and 
treatment with favipiravir and hydroxychloroquine had 
no long-term effect on male reproductive health. This 
study however needs to be validated by well-designed 
large-scale clinical trials.
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