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Abstract
Aim The rapid outbreak of the coronavirus disease 2019 (COVID-19) pandemic posed challenges across different medical 
fields, especially reproductive health, and gave rise to concerns regarding the effects of SARS-CoV-2 on male infertility, 
owing to the fact that the male reproductive system indicated to be extremely vulnerable to SARS-CoV-2 infection. Only a 
small number of studies have investigated the effects of SARS-CoV-2 on male reproduction, but the results are not consistent. 
So, we performed this meta-analysis to draw a clearer picture and evaluate the impacts of COVID-19 on male reproductive 
system.
Method We searched Embase, Web of Science, PubMed, and Google Scholar databases to identify the potentially relevant 
studies. Standardized mean difference (SMD) with 95% confidence interval (CI) was applied to assess the relationship. 
Heterogeneity testing, sensitivity analysis, and publication bias testing were also performed.
Results A total of twelve studies including 7 case control investigations and 5 retrospective cohort studies were found 
relevant and chosen for our research. Our result showed that different sperm parameters including semen volume 
[SMD =  − 0.27 (− 0.46, − 1.48) (p = 0.00)], sperm concentration [SMD =  − 0.41 (− 0.67, − 0.15) (p = 0.002)], sperm count 
[SMD =  − 0.30 (− 0.44, − 0.17) (p = 0.00)], sperm motility [SMD =  − 0.66 (− 0.98, − 0.33) (p = 0.00)], and progressive 
motility [SMD =  − 0.35 (− 0.61, − 0.08) (p = 0.01)] were negatively influenced by SARS-CoV-2 infection. However, sperm 
concentration (p = 0.07) and progressive motility (p = 0.61) were not found to be significantly associated with SARS-CoV-2 
infection in case control studies. No publication bias was detected.
Conclusion The present study revealed the vulnerability of semen quality to SARS-CoV-2 infection. Our data showed a 
strong association of different sperm parameters with SARS-CoV-2 infection. The results suggested that SARS-CoV-2 
infection in patients may negatively influence their fertility potential in a short-term period, but more studies are needed to 
decide about the long-term effects.
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Introduction

Infertility is a reproductive system disorder [1, 2] and 
about 20% of reproductive-aged couples suffer from infer-
tility [3, 4]. Male factors constitute 40 to 50% of all infer-
tility cases [5]. Pathological agents, especially viruses, 
play a distinctive role in infertility [6, 7]. Viruses as a 
major cause of fertility problems are able to potentially 
interfere with reproductive function in men [8]. The severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
was found to be the causing viral pathogen of COVID-19 
and strongly capable of affecting human health [9]. It was 
first discovered in December 2019 in Wuhan, China. This 
new viral strain leads to life-threatening complications 
including fever, nasal congestion, asthenia, anosmia, ageu-
sia, and dyspnea in human and has shown to spread quickly 
[10], so shortly after its appearance, in February 2020, the 
World Health Organization (WHO) announced the global 
pandemic [11]. It became crucially important to identify 
different routes of COVID-19 transmission to reduce its 
high rates of spread. Close contact and respiratory droplets 
were two main transmission routes [12]. Then, traces of 
SARS-CoV-2 were found in feces and urine [13] and made 
scientists curious about the possibility of sexual transmis-
sion of SARS-CoV-2 and also possible negative impacts of 
this deadly virus on fertility potential. In addition, multiple 
studies showed that the expression level of angiotensin-
converting enzyme 2 (ACE2), which is considered to be 
the major receptor molecule of SARS-CoV-2 for binding 
and entry into host cells [14], was the highest in testes, 
making the male reproductive system extremely vulner-
able to SARS-CoV-2 infection. Therefore, researchers 
tried more to focus on the impacts of COVID-19 on male 
reproduction. However, several investigations were done; 
to date, results are controversial. Thus, in this study, we 
aimed to further clarify the impacts of SARS-CoV-2 on 
male reproduction. We accomplished this comprehensive 
meta-analysis to evaluate the effects of SARS-CoV-2 on 
different semen parameters including sperm count, sperm 
concentration, volume, motility, and progressive motility. 
To the best of our knowledge, this is the first meta-analysis 
to investigate the role of this pathogen on male fertility 
potential.

Methods

Search strategy

We searched Embase, Web of Science, PubMed, and 
Google Scholar databases to find potentially relevant 

papers concerning the effects of SARS-CoV-2 infection 
on male reproduction and semen parameters published 
up to February 2022. We applied no restrictions on date, 
language, or geographical location. Only human studies 
were included. We used keywords that were a combination 
of SARS-CoV-2 infection or COVID-19 and words such 
as semen, sperm, seminal fluid, semen parameters, male 
infertility, male fertility, male reproductive system, male 
reproduction, sperm abnormalities, sperm quality, sperm 
parameters, sperm concentration, sperm count, sperm 
volume, motility, immotile, progressive motility (refers 
to sperm that are swimming in a mostly straight line or 
large circles), morphology, sperm viability, apoptosis, 
sperm integrity, and sperm damage. Two authors were in 
charge of screening the titles and abstracts to find poten-
tially relevant articles. Then, the full text was screened to 
collect data.

In the present study, all review and screening processes 
were done according to the PRISMA guidelines for report-
ing systematic reviews (http:// www. prisma- state ment. org/). 
We reached consensus on which reports to include by dis-
cussion or by asking a third reviewer to adjudicate.

Types of studies

Eligible studies that were chosen to be included in this 
research were those studying the impacts of SARS-CoV-2 
infection on male reproduction and different semen param-
eters. Only full articles (cohort or case-controlled study) 
were selected to be included in this meta-analysis. Abstracts, 
comments, reviews, and editorials were not included. Dupli-
cated hits and studies with low-quality or insufficient data 
were excluded. The reference list of identified articles was 
searched for possible relative papers too. If applicable, the 
corresponding authors of relevant ongoing studies were con-
tacted for information regarding unpublished data.

Data collection

For data collection, data extraction forms were used. The 
data that were collected from each article were as follows: 
first author, year of publication, the month of publication, 
country of origin, city of origin, the design of the study, the 
total number of subjects, number of infected cases, num-
ber of controls, the age of subjects, the smoking status, the 
weight of participants, the effect on different semen param-
eters, the detection method of SARS-CoV-2 infection, the 
tissue used for detection, and the presence of SARS-CoV-2 
in semen. For each parameter, the number of individuals 
(COVID + /COVID −) or the mean difference along with 
the relevant standard deviation (SD) was imported. In case 
the mean differences or SDs were not available, the mean 
differences and SDs were calculated using available data or 
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the authors of the study were connected to obtain the needed 
data. Eventually, after evaluating the data of 24 articles, a 
total of 9 studies were selected for this meta-analysis. The 
data were extracted by three authors independently. Disa-
greements between reviewers were discussed to obtain con-
sensus. The process of study selection is demonstrated in 
Fig. 1.

Assessment of study quality

The quality of the included studies was assessed using the 
Newcastle–Ottawa scale [15]. The scale consists of nine 
items covering three dimensions: (i) selection, scoring a 
maximum of 4; (ii) comparability, maximum score 2; and 
(iii) exposure (case control)/outcome (cohort), maximum 
score 3, with a maximum total of nine representing high 
quality.

Statistical analysis

All data were analyzed using Stata® 13.0 (StataCorp LP., 
College Station, TX, USA). When p > 0.1 and I2 < 50%, the 
fixed effects model was used; otherwise, the random effects 
model was used. In addition, publication bias was detected 
by Begg’s and Egger’s test. For all of the statistical analyses, 
a value of p < 0.05 was regarded as statistically significant 
and all of the tests were two-sided.

Results

Characteristics of the included studies

Of the 118 articles that were identified to be related to 
our study, 67 articles were chosen to go through data 
collection after title screening. Thirty-four articles were 
removed in abstract screening and 33 articles underwent 
full-text screening. From 33 articles, only 12 papers met 
our inclusion criteria and had sufficient data for the analy-
sis. The studies that did not meet our inclusion criteria 
had insufficient data in results or just evaluated the data in 
patients and did not compare it with controls or COVID-
free individuals. Some did not have the adequate quality to 
be included in the analysis or their methodology was not 
clearly described. In some articles, patients suffered from 
multiple genital infections that would have questioned 
their results. The articles chosen for this meta-analysis 
were divided into two different groups:

• A group of 7 articles studying the effect of SARS-CoV-2 
infection on various sperm parameters in case and control 
subjects.

• A group of 5 retrospective cohort articles that studying 
the impacts of SARS-CoV-2 infection on different sperm 
parameters among subjects before and after COVID-19 
infection.

Fig. 1  The flow chart for the 
search methodology
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Table 1 shows a summary of the data extracted from 
each article. All the study subjects involved were treated 
in hospital-based settings.

Meta‑analysis outcomes

This investigation evaluated the effects of SARS-CoV-2 
infection on semen volume, sperm count, sperm concentra-
tion, sperm motility, and progressive motility.

A. Sperm volume

 Our results revealed a significant association 
between SARS-CoV-2 infection and decreased 

semen volume in both case control (p=0.05) and 
before after studies (p=0.03). The overall effect 
also showed that SARS-CoV-2 infection was 
negatively related to semen volume in patients 
(p=0.007), with a SMD (95% CI) = −0.27 (−0.46, 
−1.48) and p=0.00 for the overall effect, and 
p=0.001 and I2 = 63.8% for heterogeneity (Fig. 2).

B. Sperm concentration

 The data from seven studies that investigated the 
sperm concentration among patients and healthy 
individuals showed lower sperm concentrations in 
COVID-19 patients compared with controls, but 
it was not significant (p=0.07). In contrast, cases 

Table 1  Characteristics of included studies concerning the effect of SARS-CoV-2 on semen parameters

Ref Country Date Specimen Presence of 
SARS-CoV − 2 
in semen

Population Outcome Newcas-
tle–Ottawa 
scale

[18] Duesseldorf, 
Germany

August 2020 Blood
Pharyngeal swab
Semen

 + 14 mild
14 moderates
14 controls

Decreased sperm con-
centration, count, and 
motility

8

[23] Hefei, China March 2021 Blood
Throat swabs or respira-

tory specimens
Semen

_ 29 mild
10 moderates
2 severe
50 controls

Decreased sperm con-
centration, count, and 
motility

9

[22] Istanbul, Turkey October 2020 Blood
Nasopharyngeal and oro-

pharyngeal Semen

 + 10 patients
10 controls

Decreased sperm mor-
phology

7

[24] Wuhan, China November 
2020

Blood
Pharyngeal swab
Semen
Urine

 + 11 mild
31 moderates
32 severe
145controls

Decreased sperm con-
centration, count, and 
motility

7

[21] Wuhan, China October 2020 Throat swab
Semen

 + 9 mild
14 moderates
22 controls

Decreased sperm con-
centration, impairment 
of spermatogenesis

7

[30] Miami, USA July 2021 Nasal or pharyngeal swab
Semen

 + 30 patients
30 controls

Decreased sperm con-
centration and sperm 
count

6

[16] Qom, Iran June 2021 Nasopharyngeal swab
Blood
Semen

- 60 patients
40 controls

Decreased sperm con-
centration, motility, 
vitality, and normal 
form

6

[31] Ankara, Turkey July 2021 Blood
Nasopharyngeal swab
Semen

- 21 patients Decreased sperm count, 
concentration, mor-
phology, motility, and 
semen volume

5

[19] Istanbul, Turkey June 2021 Nasopharyngeal swabs
Semen

- 24 mild Decreased sperm count 
and concentration

6

[20] Karaman, Turkey April 2021 Oropharyngeal and naso-
pharyngeal swabs

Semen

- 26 mild
43 moderates

Decreased sperm count, 
concentration, motil-
ity, and semen volume

7

[32] Konya, Turkey October 2021 Semen - 39 mild
43 moderates

Decreased sperm count, 
morphology, and 
concentration

5

[17] Shiraz, Iran October 2021 Nasopharyngeal swabs
Blood
Semen

- 200 patients Decreased sperm con-
centration, morphol-
ogy, and motility

6
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with COVID-19 had significantly decreased sperm 
concentrations than before the infection (p=0.02). 
For heterogeneity, p=0.00 and I2 = 81.3% and 
for overall effect, p=0.002 with a SMD (95% 
CI) = −0.41 (−0.67, −0.15) (Fig. 3).

C. Sperm count

 Patients with SARS-CoV-2 infection indicated sig-
nificantly reduced sperm counts in comparison to 
healthy subjects (p=0.003) and before SARS-CoV-2 
infection (p=0.001). For overall effect, p=0.00 
[SMD (95% CI) = −0.30 (−0.44, −0.17)] and for 
heterogeneity, p=0.75 and I2 = 0.0% (Fig. 4).

D. Sperm motility

 Reduced sperm motility was observed in both 
groups. The data suggested that motility of the sperm 
was significantly lower in patients compared to 
healthy subjects (p=0.001) and before SARS-CoV-2 
infection (p=0.003). For overall effect, p=0.00 
[SMD (95% CI) = −0.66 (−0.98, −0.33)] and for 
heterogeneity, p=0.00 and I2 = 84.6% (Fig. 5).

E. Progressive motility

As opposed to case control studies where progressive 
motility showed no correlation to disease occurrence 
(p=0.61), individuals who experienced COVID-19 

had significantly reduced rates of progressive motil-
ity compared to their condition before SARS-CoV-2 
infection (p=0.00). For heterogeneity, p=0.001 and 
I2 = 70.1% and for overall effect, p=0.01 with a SMD 
(95% CI) = −0.35 (−0.61, −0.08) (Fig. 6).

Sensitivity analysis

Sensitivity analysis was done in our study to see if any of 
the included studies affected our results. The data showed 
that no single study altered our results, indicating that our 
findings were statistically stable and reliable.

Publication bias

For publication bias, Egger’s regression test was performed. The 
results showed no publication bias [semen volume (p = 0.14), 
sperm concentration (p = 0.31), sperm count (p = 0.63), sperm 
motility (p = 0.67), and progressive motility (p = 0.38)].

Discussion

Our data indicated that SARS-CoV-2 infection could lead 
to significant impairments of male reproductive function 
through exerting negative influences on different semen 

Fig. 2  Forest plots of the effect 
of SARS-CoV-2 infection on 
semen volume. The solid line 
on the forest plot is the point 
of no effect (OR = 1), and the 
dashed line represents the over-
all pooled estimate. The gray 
squares and horizontal lines 
represent the odds ratios of each 
study and their 95% confidence 
intervals
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Fig. 3  Forest plots of the effect 
of SARS-CoV-2 infection on 
sperm concentration

Fig. 4  Forest plots of the effect 
of SARS-CoV-2 infection on 
sperm count
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parameters. The data of this research demonstrated that 
semen volume, sperm concentration, sperm count, and 
sperm motility were negatively under the influence of 
SARS-CoV-2 infection and resulted in deterioration of men-
tioned parameters in COVID-19 patients. To the best of our 

knowledge, this is the first study to investigate the effects of 
SARS-CoV-2 on semen quality.

The negative effects of SARS-CoV-2 infection on semen 
parameters and male fertility repetitively confirmed in dif-
ferent studies [16, 17]. The first study to evaluate the effects 

Fig. 5  Forest plots of the effect 
of SARS-CoV-2 infection on 
sperm motility

Fig. 6  Forest plots of the effect 
of SARS-CoV-2 infection on 
progressive motility
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of COVID-19 on sperm parameters belonged to Holtmann 
and colleagues in Germany [18]. They discovered that a 
mild COVID-19 infection most likely does not affect tes-
tis and epididymis function, whereas semen parameters did 
appear impaired after a moderate infection. However, their 
sample size was quite limited and is the major weakness of 
their research. Their patient group included only a limited 
number of patients in mild and moderate conditions and 
they only had two patients in critical condition. Pazir et al. 
showed different results. Their observations suggested that 
sperm motility and total motile sperm count were signifi-
cantly reduced in cases with a history of mild COVID-19 
[19]. Likewise, Erby and authors in an investigation on 69 
recovered patients declared short-term negative impacts of 
SARS-CoV-2 on spermatogenesis [20].

Another study in China on a group of 46 cases and 
controls showed that spermatogenesis could be severely 
impaired due to SARS-CoV-2 infection as a result of an 
elevated immune response in testis. They also observed that 
COVID-19 led to autoimmune orchitis in some patients [21]. 
In contrast to these studies, a case control study in Turkey 
reported that SARS-CoV-2 has no specific deteriorative 
effect on male sexual and reproductive health in a short-
time period [22].

Interestingly, Guo and co-workers reported that the 
effects of SARS-CoV-2 infection on sperm quality could 
be adverse but potentially reversible [23]. They showed that 
the total sperm count, sperm concentration, and percent-
ages of motile and progressively motile spermatozoa in the 
patients were significantly lower at first sampling, while 
sperm vitality and morphology were not affected. However, 
the former parameters enhanced after 3 weeks, and the per-
centage of morphologically abnormal sperm was reduced at 
the second sampling compared with those at first sampling, 
for which they did not provide any explanation and they 
conclude that the after-effects of COVID-19 may last for one 
spermatogenic cycle that is about 74 days. An explanation 
for their results can be seen in another research in Turkey 
where decreased morphology rated in patients was observed 
in comparison to controls and the authors suggested the fever 
to be the blame for this impairment [22].

There is only one study regarding the long-term effects 
of SARS-CoV-2 on semen parameters [24]. In this investi-
gation, patients ≥ 90 days into their recovery still had lower 
total sperm counts.

It should be noted that impairment of semen parameters 
may not be due to a direct effect of the SARS-CoV-2 virus. 
There are the impacts of stress and other psychopathologi-
cal factors on reproduction [25, 26]. Fever can also lead to 
reduced sperm number and quality, morphology, and motil-
ity in particular [27]. There are likely to be additional factors 
that contribute to long-COVID sequelae but whose identity 
is currently unknown.

There are a number of strengths and limitations that 
should be mentioned. Our meta-analysis included 12 stud-
ies of 973 men which enabled a much greater possibility 
of drawing relatively accurate conclusions. Our inclusion 
of studies from countries on different continents enhanced 
robustness and reliability of the data. Finally, the results 
from the quality appraisal indicated that the methodological 
quality of the included studies was generally good.

Several limitations need to be considered in the interpre-
tation of our results.

First, not considering some potential confounders which 
may influence the quality of semen and sperm and subse-
quently the fertility potential together with virus infection 
is another major weakness in studies thus far. For example, 
sociodemographic factors like drug use and tobacco and 
alcohol consumption, that might be risk factors for decreased 
semen quality, were not reported in these studies [28, 29].

Second, even though the age of patients is an important fac-
tor in assessing the risk, the information regarding the age of 
patients was not reported in all the studies included in this meta-
analysis Therefore, we were unable to measure the impact of 
age on the incidence rates of the included complications.

Third, the duration of disease and the time between posi-
tive COVID-19 test and semen collection vary from one 
study to another. However, the time between last positive 
RT-PCR test and semen samples collection was not less than 
70 days in COVID-free patients which is the necessary time 
for after-effects of COVID-19 to wear off as the duration 
of one spermatogenic cycle is about 74 days. The sampling 
process in patients during their disease course was also when 
their blood or pharyngeal swab RT-PCR test was positive 
and had the related symptoms. Almost in all studies, this 
time was 14–40 days from their positive results. Finally, the 
severity of the disease was not indicated in several studies.

In conclusion, the present study revealed the vulnerability 
of semen quality to SARS-CoV-2 infection. While the long-
term impacts of SARS-CoV-2 on male reproduction should 
be interpreted cautiously, our data showed negative impact 
of COVID-19 on various parameters of sperm quality. Fur-
ther efforts should be made to study the long-time effects 
of COVID-19 infection on male reproduction. Lack of data 
regarding the influence of SARS-CoV-2 on reproductive 
function in men needs more attention from researchers in 
different countries. We suggest investigating the short- and 
long-term effects of SARS-CoV-2 on male reproduction in 
different regions. Studying the effects of SARS-CoV-2 infec-
tion on male fertility potential in patients from different age 
groups, with different severity of the disease, and different 
stages would significantly assist researchers to further reveal 
the role of this virus in male reproduction.
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