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Introduction
Corona Virus Disease 2019 (COVID-19) is an acute 
infectious disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). SARS-CoV-2 can 
have potential negative effects on multiple human sys-
tems and organs by binding to angiotensin-converting 
enzyme 2 (ACE2) receptors [1, 2]. Therefore, any tis-
sue expressing ACE2 receptors may become a target for 
SARS-CoV-2 infection, and the human testicles are no 
exception. Research has confirmed that the human testis 
is a potential target of SARS-CoV-2 infection, and ACE2 
was predominantly enriched in spermatogonia, Leydig 
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Abstract
Background The Corona Virus Disease 2019 (COVID-19) pandemic has raised concerns regarding its potential impact 
on male reproductive health. However, the impact of COVID-19 on sperm quality remains uncertain. This retrospective 
study aimed to investigate the short-term and relatively long-term effects of COVID-19 infection on sperm quality.

Methods A total of 85 males with fertility requirements, who underwent semen evaluation at Guilin People’s Hospital 
between June 2022 and July 2023, were included in the study. Changes in semen parameters were analyzed across 
three specific timeframes: within 6 months before COVID-19 infection, within 3 months after COVID-19 infection, and 
3–6 months after COVID-19 recovery.

Results The results revealed that the sperm concentration and total sperm number were significantly lower after 
infection compared to before, while in the recovery period, the sperm concentration, total sperm count, progressive 
motility, and normal morphology significantly increased. Comparing the three periods, the most significant difference 
was observed in sperm concentration, which exhibited a significant decrease after infection but returned to normal 
levels after recovery from COVID-19.

Conclusions These findings suggest that COVID-19 may exert some impact on sperm quality, particularly evidenced 
by decreased sperm concentration post-infection. Fortunately, these effects on semen parameters appear to be 
temporary, with gradual restoration of semen parameters within 3–6 months after recovery. However, further research 
is needed to explore the underlying mechanisms and long-term implications of these observed changes in semen 
parameters.
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cells, and Sertoli cells [3]. In patients with COVID-19 
infection, spermatogenic and endocrine (Leydig cells) 
testicular functions decreased [4], moreover, SARS-
CoV-2 can enter Human Leydig Cells through a dis-
tinct pathway and Affects Testosterone Production In 
Vitro [5], even affecting testicular size and elasticity 
[6]. Although the risk of the presence of SARS-CoV-2 
in semen appears to be extremely low in the acute or 
convalescent stages, the impact of the virus on male 
semen quality is indeed significant [7, 8]. Existing evi-
dence suggests that COVID-19 in men has a significant 
and long-term effect on sperm quality, especially on 
sperm concentration and total motility [9]. A prospec-
tive cross-sectional study reported that SARS-CoV-2 can 
be detected in semen in a small proportion of men who 
recovered from COVID-19, and around 25% of individu-
als who recovered from COVID-19 demonstrated oligo-
crypto-azoospermia [10]. Similarly, a study compared 
semen samples from COVID-19-recovered males and 
those who had never had COVID-19, revealing lower 
sperm concentrations in the COVID-19 group, indi-
cating potential adverse effects on male fertility, while 
sperm motility and morphology showed no significant 
differences between the groups [11]. A recent systematic 
review and meta-analysis show that even though the viral 
RNA is usually undetectable in semen, COVID-19 affects 
sperm concentration, total sperm count, and sperm vol-
ume [12]. However, some studies have shown that mild 
COVID-19 may have no detrimental effect on semen 
parameters [13], and there was no significant difference 
in spermiogram results between patients who presented 
for infertility before and during the COVID-19 pan-
demic [14], and even during the COVID-19 pandemic 
the sperm concentration, total sperm count, and total 
motility in male partners of infertile couples were better 
than those in the COVID-19 prepandemic [15]. Further 
research is needed to reveal the impact of COVID-19 on 
male sperm quality during different periods and popula-
tions of the COVID-19 pandemic.

This study aims to examine the short-term and rela-
tively long-term effects of COVID-19 on male fertility 
by observing the changes in semen parameters before 
and after COVID-19 infection, as well as 3–6 months 
after COVID-19 recovery, among males with fertility 
requirements.

Materials and methods
Study procedures and population
This is a retrospective research, with adult males who 
have been admitted to Guilin People’s Hospital for infer-
tility investigations between June 2022 and July 2023 
and underwent semen evaluation within 3 months after 
COVID-19 infection, within 6 months before COVID-19 
infection, and/or 3–6 months after COVID-19 recovery, 

respectively. After excluding patients with male azo-
ospermia, cryptorchidism, varicocele, genitourinary 
tract infection, and any urogenital operations during 
this period, as well as patients who have received treat-
ments such as gonadotropin therapy, antioxidants, or 
herbal remedies to improve sperm quality, a total of 85 
males were included in the final analysis, and all of them 
exhibited mild or moderate clinical symptoms, with no 
severe or hospitalized cases. Among these individuals, 13 
patients underwent semen analysis within 3 months after 
COVID-19 infection, within 6 months before COVID-
19 infection, and 3–6 months after COVID-19 recovery; 
21 patients underwent semen analysis within 3 months 
after COVID-19 infection and within 6 months before 
COVID-19 infection; and 51 patients underwent semen 
analysis within 3 months after COVID-19 infection 
and 3–6 months after COVID-19 recovery, respectively 
(Fig. 1; Table 1). The study was approved by the Medical 
Ethics Committee of Guilin People’s Hospital.

Covid-19 diagnosis and semen analysis
The diagnosis and recovery of COVID-19 were con-
firmed by clinical symptoms and positive SARS CoV-2 
test (RT-PCR or rapid antigen test). Semen samples were 
collected in sterile containers by masturbation after 2–7 
days of abstinence. The Sperm Quality Analyzer (SQA-V, 
Medical Electronic Systems Co., Ltd.) was used for the 
semen analysis within 60 min after ejaculation and lique-
faction. Semen volume, PH, sperm concentration, total 
sperm number, progressive motility (PR), total motion 
(PR + NP) (NP, Non-progressive motility), and normal 
morphology were measured according to the guidelines 
outlined by the World Health Organization (WHO, 5th 
Edition). Sperm morphology was assessed using modi-
fied Papanicolaou staining by light microscope.

Statistical analysis
Data analysis was performed using IBM SPSS Statistics 
for Windows, Version 24 (IBM Corp., Armonk, New 
York, United States). Compliance of variables with a nor-
mal distribution was analyzed with the Shapiro-Wilk Test 
and homogeneity of variance by the Levene’s Test. Con-
tinuous variables were presented as means with standard 
deviations (mean ± SD) or medians (25–75%). Categori-
cal variables were represented as numbers with percent-
ages. The Paired T-test or Wilcoxon Signed-Ranks Test 
was used for a comparative analysis of sperm parameters 
before and after COVID-19 infection in the patients, as 
well as a comparative analysis of sperm parameters after 
COVID-19 infection and COVID-19 recovery. One-
way repeated Measures ANOVA or Friedman Test was 
used for the comparison of semen parameters between 
the three time periods before and after infection. All 
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statistical tests were two-tailed, and P < 0.05 was consid-
ered statistically significant.

Results
The demographic and clinical characteristics of the 
patients are given in Table 1.

34 patients underwent semen analysis within 3 months 
after COVID-19 infection and within 6 months before 
COVID-19 infection. The results revealed that the sperm 
concentration and total sperm number were significantly 
lower after infection compared to before (p = 0.023 and 
p = 0.003). However, there were no significant changes 
observed in PH, semen volume, total motility, progres-
sive motility, and normal morphology of sperm (p = 0.812, 
p = 0.425, p = 0.103, p = 0.135, and p = 0.230, respectively) 
(Table 2).

64 patients underwent semen analysis within 3 months 
after COVID-19 infection and 3–6 months after COVID-
19 recovery. Compared with after infection, the results 
showed a significant increase in sperm concentration, 
total sperm number, progressive motility, and normal 
morphology during the recovery period. However, no 
significant changes were observed in semen pH and vol-
ume (Table 3).

13 patients underwent semen analysis within 3 months 
after COVID-19 infection, within 6 months before 
COVID-19 infection, and 3–6 months after COVID-19 
recovery. The results of One-Way Repeated Measures 
ANOVA showed significant differences in sperm con-
centration and total sperm number among the three time 
periods, with F = 4.686, p = 0.019 and F = 3.517, p = 0.046, 
respectively. The results of LSD (least significant 

Fig. 1 Timeline of case distribution
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difference) multiple comparisons showed that the sperm 
concentration before infection was higher than that 
within 3 months after infection (p = 0.042), and the sperm 
concentration within 3–6 months after COVID-19 recov-
ery was higher than that within 3 months after infection 
(p = 0.012). There was no significant difference in sperm 
concentration between the first 3 months of infection and 
3–6 months after COVID-19 recovery (p = 0.950); The 
total sperm number before infection was greater than 

within 3 months after infection (p = 0.012), while there 
was no significant difference in the total sperm num-
ber between 3 and 6 months after COVID-19 recovery 
and within 3 months after infection (p = 0.157, p = 0.291) 
(Table 4; Fig. 2, and Fig. 3).

Discussion
The Corona Virus Disease 2019 (COVID-19) pandemic 
has not only been a public health crisis but has also 
raised concerns about its effects on male reproductive 
health, particularly sperm quality. Following adjustments 
to COVID-19 prevention and control measures in China 
in December 2022, there was a significant surge in infec-
tions in a very short period [16, 17], and almost all of our 
cases were infected in this period. Taking into account 
the cycle from sperm production to maturation, we col-
lected cases of individuals who underwent semen analy-
sis within 3 months after being infected with COVID-19 
and traced them back 6 months before infection or 3–6 
months after recovery. The comparison revealed a signifi-
cant post-infection decrease in sperm concentration and 
total sperm count, as well as varying degrees of decrease 
in progressive motility and normal morphology, although 
not statistically significant. Compared to previous studies 
[18–20], although all have confirmed the impact of infec-
tion on sperm, we did not observe a decrease in sperm 
motility or normal morphology. However, our further 
investigation during the recovery phase demonstrated a 
significant increase in sperm concentration, total sperm 

Table 1 Demographic characteristics of the patients
Before 
COVID-19 
infection

within 3 months 
after COVID-19 
infection

3–6 months 
after COVID-
19 recovery

n 34 85 64

Age(years) 35.59 ± 5.41 34.02 ± 5.18 33.91 ± 6.06

BMI(kg/m2) 23.20 ± 1.87 23.17 ± 1.92 23.23 ± 1.92

Hypertension, n 2 7 6

Diabetes, n 0 2 2

No fever (< 37.3 °C), 
n (%)

0

Low grade fever 
(37.3–38.0 °C), n (%)

17(20%)

Moderate fever 
(38.1–39.0 °C), n (%)

48(56.5%)

High grade fever 
(> 39.0 °C), n (%)

20(23.5%)

Course of 
disease(day)

6.00(5.25-8.00)

Time after 
infection(day)

55.24 ± 14.57 128.50(110.50–
147.00)

Table 2 Comparison of semen parameters before and after 
COVID-19 infection

before COVID-
19 infection

within 3 
months after 
COVID-19 
infection

t / Z p-
value

n 34 34

Sexual absti-
nence (day)

4.50(3.00–6.00) 5.00(3.00–6.00) -0.049 0.961 
a

PH 7.17 ± 0.31 7.20(7.00-7.40) -0.238 0.812a

Semen volume 
(mL)

3.13 ± 1.26 3.00(2.00–4.00) 0.807 0.425b

Sperm 
concentration 
(×106/mL)

56.79 ± 29.38 44.85(28.33–
69.75)

2.391 0.023b

Total sperm 
number(×106 
per ejaculate)

172.21 ± 93.50 138.50 ± 70.60 3.155 0.003b

Total motility 
(%)

44.06 ± 9.90 41.38 ± 12.41 1.678 0.103b

Progressive 
motility (%)

33.12 ± 11.05 30.71 ± 11.78 1.534 0.135b

Normal mor-
phology (%)

5.00(4.00–9.00) 5.00(3.00–8.00) -1.200 0.230a

a Wilcoxon Signed-Ranks Test
b Paired Samples Test

Table 3 Comparison of semen parameters after COVID-19 
infection and COVID-19 recovery

within 3 months 
after COVID-19 
infection

3–6 months 
after COVID-
19 recovery

t / Z p-value

n 64 64

Sexual absti-
nence (day)

4.50(3.00–6.00) 4.00(3.00–5.00) 0.509 0.613b

PH 7.20(7.00-7.30) 7.20(7.00-7.30) 0.502 0.617b

Semen vol-
ume (mL)

3.00(2.00–4.00) 3.25(2.13-4.00) -1.250 0.211a

Sperm con-
centration 
(×106/mL)

44.85(28.03–
68.75)

57.90(42.63-
74.00)

-4.433 < 0.001b

Total sperm 
number(×106 
per ejaculate)

130.65(82.40-
171.63)

170.50(111.53-
239.23)

-4.356 < 0.001b

Total motility 
(%)

41.75 ± 13.10 43.11 ± 10.91 -1.241 0.219b

Progressive 
motility (%)

29.55 ± 11.55 31.78 ± 10.52 -2.566 0.013b

Normal 
morphology 
(%)

5.00(3.00–8.00) 6.00(4.00–8.00) -2.303 0.021a

a Wilcoxon Signed-Ranks Test
b Paired Samples Test
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number, progressive motility, and normal morphology 
compared to the post-infection period. This confirms, 
at least in line with previous research, that infection is 
indeed an important factor affecting sperm quality, as 

there is consistency between the decrease in sperm con-
centration and total sperm count after infection and the 
subsequent recovery in sperm concentration. Similarly, 
studies in patients with moderate to severe COVID-19 

Table 4 Comparison of semen parameters before, after COVID-19 infection and after recovery frome COVID-19
Before COVID-
19 infection ①

within 3 months 
after COVID-19 
infection ②

3–6 months after 
COVID-19 recov-
ery ②

F / χ² p-value Multiple 
comparisons

n 13 13 13

Sexual abstinence (day) 4.31 ± 1.49 4.31 ± 1.44 4.62 ± 1.26 0.156 0.857 a

PH 7.21 ± 0.32 7.23 ± 0.41 7.12 ± 0.40 0.673 0.519 a

Semen volume (mL) 3.31 ± 1.38 3.04 ± 1.38 3.31 ± 1.42 1.097 0.350 a

Sperm concentration (×106/mL) 58.98 ± 31.87 48.32 ± 29.46 59.22 ± 35.49 4.686 0.019 a ①>①p = 0.042
①>① p = 0.012

Total sperm number(×106 per ejaculate) 178.19 ± 88.55 126.55 ± 62.88 151.96 ± 89.29 3.517 0.046 a ①>① p = 0.012

Total motility (%) 44.15 ± 9.80 39.46 ± 10.93 42.69 ± 12.80 1.816 0.199 a

Progressive motility (%) 31.15 ± 11.98 26.69 ± 10.52 30.77 ± 12.34 2.326 0.119 a

Normal morphology (%) 5.00(3.50-9.00) 5.23 ± 2.92 5.00(3.50–8.50) 2.450 0.294 b
a One-Way Repeated Measures ANOVA
b Friedman Test

Fig. 2 Changes in sperm concentration over three time periods: within 6 months before COVID-19 infection, within 3 months after COVID-19 infection, 
and during the 3–6 months after COVID-19 recovery
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patients have also shown that the negative impact of 
SARS-CoV-2 on testicular function dissipates within 3 
months [21]. Our subsequent research across three spe-
cific time frames, before COVID-19 infection, within 3 
months after infection, and 3–6 months after recovery, 
reaffirmed a noteworthy decrease in sperm concentra-
tion and total sperm count after infection, but within 3 
to 6 months after recovery, the sperm concentration 
returned to the pre-infection level. This provides con-
clusive evidence for the impact of COVID-19 on sperm 
cycle-dependent parameters, with a possible mechanism 
involving temporary suppression of sperm production 
due to SARS-CoV-2 infection, specifically through the 
temporal immune-mediated arrest of active meiosis. 
However, this mechanism is temporary [22].

Although our study focused on investigating the 
impact of COVID-19 on sperm quality, understanding 
the specific mechanisms involved would provide valu-
able insights into the pathophysiology of COVID-19-re-
lated reproductive dysfunction. SARS-CoV-2 viral RNA 

was not detected in semen samples from the majority 
of COVID-19 patients, but SARS-CoV-2 may interfere 
with the reproductive system through synergistic mech-
anisms such as fever, Inflammation or oxidative stress, 
rather than direct viral infection [23]. Fever, a common 
symptom of COVID-19, may affect the sperm quality of 
infected men similarly to other febrile diseases, due to 
increased testicular temperature and disruption in the 
thermoregulatory systems. Fever caused by SARS-CoV-2 
infection can have varying degrees of negative effects on 
sperm parameters, and SARS-CoV-2 can have long-term 
adverse effects on testicles through immune or inflamma-
tory reactions after fully recovered patients [24]. A meta-
analysis also confirmed that COVID-19-induced fever 
significantly reduced sperm concentration and progres-
sive sperm motility [9]. However, the current research 
results do not seem to be consistent as to whether fever is 
the main factor affecting the quality of sperm in infected 
men. Some studies have found that fever may only be 
related to semen concentration [25], and even some 

Fig. 3 Changes in total sperm number over three time periods: within 6 months before COVID-19 infection, within 3 months after COVID-19 infection, 
and during the 3–6 months after COVID-19 recovery
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studies have shown that the severity of COVID-19 infec-
tion and the presence of fever were not correlated with 
sperm characteristics [7].

Oxidative stress and cell damage are also important 
mechanisms by which COVID-19 may affect testicu-
lar function. Moghimi et al. found that the formation of 
reactive oxygen species (ROS) in the testes of COVID-
19 patients increased, while glutathione disulfide (GSH) 
was inhibited, which confirmed that COVID-19 infection 
may lead to the interruption of Spermatogenesis through 
oxidative stress pathway and subsequently induces apop-
tosis [26]. Another study also suggests that SARS-CoV-2 
infection can induce oxidative stress reaction, leading 
to increased levels of intracellular oxidative stress and 
DNA damage, which has a negative impact on sper-
matogenesis. Supplementation of antioxidants, such as 
N-acetylcysteine (NAC), can indeed improve sperm con-
centration and acrosome reaction while reducing ROS 
and oxidative damage to sperm DNA [27]. In addition, 
testicular injury associated with SARS-CoV-2 infection 
may be an indirect consequence of exposure to systemic 
inflammation and/or SARS-CoV-2 antigens [28], and the 
concentration of leukocytes in the semen of patients with 
COVID-19 is increased, and the immune factors, includ-
ing interleukin-6 (IL-6), tumor necrosis factor-α (TNF-
α) and monocyte chemoattractant protein-1 (MCP-1) is 
increased, which may affect spermatogenesis and inter-
fere with fertility due to testicular immune response [29]. 
Furthermore, the side effects of medications used to treat 
or alleviate symptoms associated with COVID-19 infec-
tion are also a significant consideration. However, some 
studies have indicated that these drugs, such as favipi-
ravir and hydroxychloroquine, do not exert a significant 
impact on sperm quality [30, 31].

This study observed the dynamic changes in semen 
parameters over relatively extended periods before, dur-
ing, and after COVID-19 infection within the same 
cohort, eliminating potential individual differences in 
results to more accurately reflect the short-term and 
long-term impacts of COVID-19 on sperm quality, pro-
viding a more comprehensive dataset for a deeper under-
standing of its effects on male reproductive health. The 
overwhelming majority of our cases were infected with 
the Omicron variant. While the collected cases exhibit 
symptoms of fever, it cannot be confirmed whether fever 
is the primary factor leading to impaired sperm quality 
in infected males, but it doesn’t seem to be too much of 
a concern. The mechanisms through which COVID-19 
causes a decline in sperm quality may be the result of 
multiple factors such as fever, inflammation, immune 
response, or oxidative stress. Fortunately, these mecha-
nisms causing sperm damage are likely to be temporary, 
reversible, and seemingly self-healing. However, due to 
limitations in the research methodology and patient data 

source, our study only focused on patients with mild to 
moderate cases of COVID-19 and did not include severe 
cases. Furthermore, most COVID-19 patients have 
received treatment with Nonsteroidal Antiinflamma-
tory Drugs (NSAIDs) and/or a variety of Chinese Patent 
Medicines to alleviate symptoms. However, the potential 
impact of these medications on sperm quality cannot be 
ruled out. Additionally, due to adjustments in local epi-
demic prevention policies and the evolving epidemiology 
of COVID-19, the vast majority of the population has 
been infected with COVID-19 within a relatively short 
timeframe, which limits the number of participants we 
can collect. A smaller sample size and potential selection 
bias may have an adverse impact on the conclusions.

Conclusion
In conclusion, this study suggests that COVID-19 may 
indeed have an impact on sperm quality, as evidenced 
by the significant reduction in sperm concentration and 
total sperm number after infection. However, within 3–6 
months after the recovery of COVID-19, almost all of 
the decreased semen parameters recovered, even most 
of them reaching the pre-infection level. Therefore, we 
believe that COVID-19 may have an impact on sperm 
quality, but only temporarily. However, further research 
is needed to confirm this hypothesis and elucidate the 
potential mechanisms and long-term effects of COVID-
19 on male fertility, to provide more accurate reproduc-
tive advice and management strategies for patients with 
COVID-19.

Abbreviations
COVID-19  Corona virus disease 2019
SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
ACE2  Angiotensin converting enzyme 2
ROS  Reactive oxygen species

Acknowledgements
Not applicable.

Author contributions
QFZ contributed to the conception, design, and manuscript writing. YJZ 
carried out data analysis and interpretation. SW, YW, HZ, FL, and YQD 
participated in clinical data collection and organization. All authors read and 
approved the final manuscript.

Funding
This study was supported by The Scientific Research Project of Guangxi Health 
Commission (grant number Z20190004) and The Scientific Research Project 
of Guangxi Traditional Chinese Medicine Administration (grant number 
GZZC2019163).

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval was obtained from the Medical Ethics Committee of Guilin 
People’s Hospital. Written informed consent was obtained from all cases.



Page 8 of 8Zhang et al. Virology Journal           (2024) 21:24 

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 28 August 2023 / Accepted: 6 January 2024

References
1. Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu Y, Li B, Huang 

CL, et al. A pneumonia outbreak associated with a new coronavirus of prob-
able bat origin. Nature. 2020;579:270–3.

2. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen 
S, Schiergens TS, Herrler G, Wu NH, Nitsche A, et al. SARS-CoV-2 cell entry 
depends on ACE2 and TMPRSS2 and is blocked by a clinically proven prote-
ase inhibitor. Cell. 2020;181:271–280e278.

3. Wang Z, Xu X. scRNA-seq profiling of human testes reveals the Presence 
of the ACE2 receptor, a target for SARS-CoV-2 infection in Spermatogonia, 
Leydig and sertoli cells. Cells 2020, 9.

4. Demyashkin GA, Kogan E, Demura T, Boldyrev D, Vadyukhin M, Schekin V, 
Shegay P, Kaprin A. Immunohistochemical Analysis of Spermatogenesis in 
patients with SARS-CoV-2 Invasion in different age groups. Curr Issues Mol 
Biol. 2023;45:2444–51.

5. Li L, Sottas CM, Chen HY, Li Y, Cui H, Villano JS, Mankowski JL, Cannon PM, 
Papadopoulos V. SARS-CoV-2 enters human leydig cells and affects Testoster-
one Production in Vitro. Cells 2023, 12.

6. Ertaş K, Eryilmaz R, Yokuş A, Körpe K, Gedük N, Özkan M, Aslan R. Examining 
changes on testicular structure and sperm analysis of COVID-19 patients. 
Andrologia. 2022;54:e14609.

7. Donders GGG, Bosmans E, Reumers J, Donders F, Jonckheere J, Salembier G, 
Stern N, Jacquemyn Y, Ombelet W, Depuydt CE. Sperm quality and absence 
of SARS-CoV-2 RNA in semen after COVID-19 infection: a prospective, 
observational study and validation of the SpermCOVID test. Fertil Steril. 
2022;117:287–96.

8. Fraietta R, de Carvalho RC, Camillo J, Groner MF, Truzzi J, Petkov CN, Barradas 
V, Homsi C, Bellei N, Oehninger S. SARS-CoV-2 is not found in human semen 
during mild COVID-19 acute stage. Andrologia. 2022;54:e14286.

9. Wang S, Zhang A, Pan Y, Liu L, Niu S, Zhang F, Liu X. Association between 
COVID-19 and male fertility: systematic review and Meta-analysis of Observa-
tional studies. World J Mens Health. 2023;41:311–29.

10. Gacci M, Coppi M, Baldi E, Sebastianelli A, Zaccaro C, Morselli S, Pecoraro 
A, Manera A, Nicoletti R, Liaci A, et al. Semen impairment and occurrence 
of SARS-CoV-2 virus in semen after recovery from COVID-19. Hum Reprod. 
2021;36:1520–9.

11. Aksak T, Satar DA, Bağci R, Gülteki NE, Coşkun A, Demi Rdelen U. Investigation 
of the effect of COVID-19 on sperm count, motility, and morphology. J Med 
Virol. 2022;94:5201–5.

12. Klepinowski T, Klepinowska M, Sagan L, Syrenicz A. Does SARS-CoV-2 affect 
human semen? A systematic review and Meta-analysis. Arch Sex Behav. 
2023;52:669–77.

13. Edimiris P, Doehmen C, Müller L, Andrée M, Baston-Buest DM, Buest S, Adams 
O, Krüssel JS, Bielfeld AP. Mild COVID-19 has no detrimental effect on semen 
quality. Basic Clin Androl. 2023;33:15.

14. Sarier M, Demir M, Emek M, Usta SS, Soylu A, Konuk EY, Turgut H. Comparison 
of spermiograms of infertile men before and during the COVID-19 pandemic. 
Rev Assoc Med Bras (1992) 2022, 68:191–195.

15. Kumar T, Jha K, Zabihullah M, Neelu K, Kumar Y, Siddharth K. Effects of the 
COVID-19 pandemic on semen quality in male partners of infertile couples: a 
hospital-based observational study. Asian J Androl. 2023;25:240–4.

16. Li Y, Wang S, Yang N, Shi Y, Yang Y, Zhu Z, Li X. Analysis on the factors associ-
ated with COVID-19 infection among Chinese residents after the implemen-
tation of the 10 new rules to optimize COVID-19 response: a cross-sectional 
study. Front Public Health. 2023;11:1197889.

17. He Y, Zhang F, Liu Y, Xiong Z, Zheng S, Liu W, Liu L. Clinical characteristics of 
mild patients with breakthrough infection of Omicron variant in China after 
relaxing the dynamic zero COVID-19 policy. Vaccines (Basel) 2023, 11.

18. Koç E, Keseroğlu BB. Does COVID-19 worsen the semen parameters? Early 
results of a Tertiary Healthcare Center. Urol Int. 2021;105:743–8.

19. Pazir Y, Eroglu T, Kose A, Bulut TB, Genc C, Kadihasanoglu M. Impaired semen 
parameters in patients with confirmed SARS-CoV-2 infection: a prospective 
cohort study. Andrologia. 2021;53:e14157.

20. Hamarat MB, Ozkent MS, Yilmaz B, Aksanyar SY, Karabacak K. Effect of SARS-
CoV-2 infection on semen parameters. Can Urol Assoc J. 2022;16:E173–7.

21. Enikeev D, Taratkin M, Morozov A, Petov V, Korolev D, Shpikina A, Spivak 
L, Kharlamova S, Shchedrina I, Mestnikov O, et al. Prospective two-arm 
study of the testicular function in patients with COVID-19. Andrology. 
2022;10:1047–56.

22. Depuydt C, Bosmans E, Jonckheere J, Donders F, Ombelet W, Coppens 
A, Donders G. SARS-CoV-2 infection reduces quality of sperm param-
eters: prospective one year follow-up study in 93 patients. EBioMedicine. 
2023;93:104640.

23. Leng T, Guo Z, Sang Z, Xin Q, Chen F. Effect of COVID-19 on sperm param-
eters: pathologic alterations and underlying mechanisms. J Assist Reprod 
Genet 2023:1–7.

24. Abdelhamid MHM, Fellah AA, Elmarghani A, Al Msellati IA. An Assessment of 
men Semen alterations in SARS-CoV-2: is fever the principal concern? Reprod 
Sci. 2023;30:72–80.

25. Che BW, Chen P, Yu Y, Li W, Huang T, Zhang WJ, Xu SH, He J, Liu M, Tang KF. 
Effects of mild/asymptomatic COVID-19 on semen parameters and sex-
related hormone levels in men: a systematic review and meta-analysis. Asian 
J Androl. 2023;25:382–8.

26. Moghimi N, Eslami Farsani B, Ghadipasha M, Mahmoudiasl GR, Piryaei A, 
Aliaghaei A, Abdi S, Abbaszadeh HA, Abdollahifar MA, Forozesh M. COVID-19 
disrupts spermatogenesis through the oxidative stress pathway following 
induction of apoptosis. Apoptosis. 2021;26:415–30.

27. Rafiee B, Bagher Tabei SM. The effect of N-acetyl cysteine consumption on 
men with abnormal sperm parameters due to positive history of COVID-19 in 
the last three months. Arch Ital Urol Androl. 2021;93:465–7.

28. Giannakopoulos S, Strange DP, Jiyarom B, Abdelaal O, Bradshaw AW, Nerurkar 
VR, Ward MA, Bakse J, Yap J, Vanapruks S, et al. In vitro evidence against 
productive SARS-CoV-2 infection of human testicular cells: Bystander effects 
of infection mediate testicular injury. PLoS Pathog. 2023;19:e1011409.

29. Li H, Xiao X, Zhang J, Zafar MI, Wu C, Long Y, Lu W, Pan F, Meng T, Zhao K, 
et al. Impaired spermatogenesis in COVID-19 patients. EClinicalMedicine. 
2020;28:100604.

30. Gul A, Zengin S, Dundar G, Ozturk M. Do SARS-CoV-2 infection (COVID-19) 
and the medications administered for its treatment impair testicular func-
tions? Urol Int. 2021;105:944–8.

31. Temiz MZ, Dincer MM, Hacibey I, Yazar RO, Celik C, Kucuk SH, Alkurt G, 
Doganay L, Yuruk E, Muslumanoglu AY. Investigation of SARS-CoV-2 in semen 
samples and the effects of COVID-19 on male sexual health by using semen 
analysis and serum male hormone profile: a cross-sectional, pilot study. 
Andrologia. 2021;53:e13912.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Does COVID-19 affect sperm quality in males? the answer may be yes, but only temporarily
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study procedures and population
	﻿Covid-19 diagnosis and semen analysis
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


