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Background: The coronavirus disease 2019 (COVID-19) has spread worldwide with alarming levels
of spread and severity. The distribution of angiotensin converting enzyme 2 (ACE2) and transmembrane
protease serine 2 (TMPRSS2) from bioinformatics evidence, the autopsy report for COVID-19 and the
published study on sperm quality indicated COVID-19 could have a negative impact on male fertility.
However, whether the negative impact of COVID-19 on male fertility is persistent remains unknown, which
requires long-term follow-up investigation.

Methods: Semen samples were collected from 36 male COVID-19 patients with a median recovery time
of 177.5 days and 45 control subjects. Then, analysis of sperm quality and alterations of total sperm number
with recovery time were performed.

Results: There was no significant difference in semen parameters between male recovered patients and
control subjects. And the comparisons of semen parameters between first follow-up and second follow-up
revealed no significant difference. In addition, we explored the alterations of sperm count with recovery time.
It showed that the group with recovery time of >120 and <150 days had a significantly lower total sperm
number than controls while the other two groups with recovery time of >150 days displayed no significance
with controls, and total sperm number showed a significant decline after a recovery time of 90 days and an
improving trend after a recovery time of about 150 days.

Conclusions: The sperm quality of COVID-19 recovered patients improved after a recovery time of nearly
half a year, while the total sperm number showed an improvement after a recovery time of about 150 days.
COVID-19 patients should pay close attention to the quality of semen, and might be considered to be given
medical interventions if necessary within about two months after recovery, in order to improve the fertility of

male patients as soon as possible.
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Introduction

In December 2019, a novel coronavirus-associated
pneumonia was first reported, and then rapidly spread
worldwide. The World Health Organization (WHO) later
designated it as the coronavirus disease 2019 (COVID-19)
in February 2020 (1). And the virus causing COVID-19
is currently named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) due to its high sequence
similarity (~80%) with SARS-CoV (2). As of 11 March
2020, more than 118,000 cases were infected in 114
countries, and over 4 thousand people had lost their lives,
therefore WHO announced the disease a pandemic as the
alarming levels of spread and severity (3). Up to May 2021,
there have been more than 100 million confirmed cases of
COVID-19, including about 3 million deaths (4). During
the pandemics, to constrain the worldwide outbreak of
COVID-19, global researchers have made a lot of efforts
in the viral pathogenesis, transmission route, disease
prevention and management, etc. With the continuous
progress of the pandemic, the impact of the COVID-19 on
human reproduction has attracted more and more attention.

It has been reported that the SARS-CoV-2 genomic
sequence is similar to the previous SARS-CoV (2), and both
have identical receptor-binding domains (5). Therefore,
SARS-CoV-2 has many similarities with SARS-CoV. For
instance, they share the same receptor ACE2 for cell entry,
while SARS-CoV-2 S protein has a higher affinity in the
interaction with the human ACE2 receptor, which could
explain the pandemic status of COVID-19 (6). And viral S
protein then undergoes proteolytic priming and activation
by the transmembrane serine protease (I'MPRSS2) on the
host cell membrane (7), which promotes the fusion of virus
and cells and the entry into cells. ACE2 and TMPRSS2 are
the two primary host molecules identified for the infectivity
of SARS-CoV-2, although other possibly involved actors
are under study (8,9). Since ACE2 is expressed in the testes
and seminal vesicles and TMPRSS2 could be detected in
the prostate gland, testes and epididymis (10,11), they are
potential targets of SARS-CoV-2, suggesting COVID-19
may have an impact on male fertility.

Actually, similar to SARS-CoV (12), 19% confirmed
COVID-19 patients experienced scrotal discomfort (13)
and some autopsy reports of COVID-19 patients showed
that there was edema, inflammatory infiltrates and various
degrees of spermatogenic cell reduction and injury in
the testes (14,15), which might indicate the possibility of
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developing orchitis in COVID-19 patients. Moreover,
4 of 12 COVID-19 recovered patients with 78.5 days of
median time between semen collection and disease onset
had low sperm motility and higher sperm DNA fraction
percentages (16), one of the cases could display about 16%
declines after COVID-19 infection in total mobile sperm
count. Furthermore, COVID-19 patients with a mean
time of 25.5 days between the end of symptoms and semen
collection, who recovered from moderate infection, had
significant impairment of sperm quality compared with a
control group and men recovered from a mild infection,
including total sperm number (about 95% declines
compared with controls’) and sperm concentration (17).
Likewise, our previous follow-up research on COVID-19
recovered patients with 80 days of the median time
between last positive pharyngeal swab test and semen
collection showed a decline in sperm quality, including
total sperm number (about 24% declines compared with
age-matched healthy controls’), sperm concentration, and
total sperm motility (18). Taken together, the above studies
indicate that male patients with COVID-19 do have some
degree of decline in reproductive function.

It is reported that acute infections such as influenza
viruses and pneumonia can have systemic effects on the
body and have been found to affect semen quality as well.
Decreased sperm motility and sperm count and changes in
sperm morphology have been reported from 4 to 11 weeks
after fever. There is also evidence that flu may damage
the DNA integrity of sperm (19-21). However, there
are no systematic studies of how long the damage lasts.
As the mumps virus known to have similar damage to
seminiferous tubules could cause the continuous reduction
in semen parameters (22), whether the negative impact of
COVID-19 on male fertility is persistent remains unknown,
which requires long-term follow-up investigation. As it is
shown that around 55% of male COVID-19 patients were
reproductive-aged in a retrospective study involving 1,099
cases (23), long-term investigation on whether COVID-19
will permanently affect male fertility appears to be of great
significance.

In this study, we conducted a further follow-up
investigation on the first follow-up population and collected
semen samples for semen analysis to assess the mid- and
long-term impact of COVID on the quality of male semen.

We present the following article in accordance with
the STROBE reporting checklist (available at https://tau.
amegroups.com/article/view/10.21037/tau-21-922/rc).
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Methods
Study design and participants

To evaluate the mid- and long-term impact of COVID-19
on male fertility, we conducted a further follow-up
investigation on the previous follow-up participants. To
rule out the effect of preexisting andrological conditions on
semen parameters as possible, men with other acute illnesses
or severe chronic diseases, history of mumps infection, or
semen volume less than 1.5 mL were excluded. Thirty-
six COVID-19 recovered patients and 45 age-matched
healthy men were recruited in this study from August 15
to September 17, 2020. Eighty-one semen samples were
obtained from them after a recommended abstinence period
of 3-7 days. All recovered patients were confirmed as
SARS-CoV-2 positive in the previous follow-up study using
real-time reverse transcriptase-polymerase chain reaction
(RT-PCR) assay of pharyngeal swab specimens. Moreover,
they had been in the recovery state in the previous follow-
up, which referred to the condition with lessen symptoms
and two continuous negative SARS-CoV-2 nucleic acid
tests (time interval required for more than 24 hours).
The last positive test time of tested subjects prior to
getting lessened symptoms and two continuous negative
tests or more (regarded as the beginning of recovery time)
in this study was from January 25 to May 3, 2020. The
diagnosis and classification of COVID-19 were determined
according to the New Coronavirus Pneumonia Prevention
and Control Program (7th ed.) published by the National
Health Commission of China. Patients who displayed
mild clinical symptoms and no radiological evidence of
pneumonia were regarded as mild cases of COVID-19.
By contrast, patients with fever, respiratory symptoms
or other symptoms, and radiological manifestations of
pneumonia were considered as moderate cases. Patients
who met one of the following criteria were listed as
severe cases of COVID-19: respiratory rate >30/min;
finger oxygen saturation at resting state <93%; arterial
partial pressure of oxygen (PaO,)/fractional concentration
of inspired oxygen (FiO,) <300 mmHg. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). It was registered at Clinical Trials.gov
(identifier NCT04388631), and was approved by the Ethics
Committee of Tongji Medical College (No. 2020-S073). All

participants gave written informed consent.
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Data collection

The recovered patients’ demographic and clinical
characteristics were obtained from medical records, while
the controls’ were recorded by inquiring about medical
history at their hospital visit. The acquired information
was curated with a standardized data collection form and
double-checked by two researchers independently. All
the semen samples were obtained by masturbation and
ejaculation directly into noncytotoxic sterile containers
after a recommended abstinence period of 3-7 days. Freshly
collected semen was liquefied for 30-60 min at room
temperature and processed within 1 hour of ejaculation for
analysis of sperm characteristics according to the WHO
laboratory manual for the examination and processing of
human semen (5th edition) (24). Moreover, the andrology
staffs were blinded to the samples that were being reported.

Statistical analysis

All statistical analysis was performed using SPSS statistical
software version 25 (IBM). Continuous variables were
presented as mean = standard deviation (SD) or median
and interquartile ranges (IQR). Semen parameters were
analyzed using Mann-Whitney U test or independent t test
or paired t test or Wilcoxon signed rank test, as appropriate.
Statistical significance was defined as P values of <0.05.

Results

The study population consisted of 36 male recovered
patients with a median recovery time of 177.5 days (IQR,
150.8-187.0) and a control group of 45 men without
being affected by COVID-19 or preexisting infertility
disease. The demographic and clinical characteristics of
participants are shown in 7zble 1. Among COVID-19
recovered patients, 4 (11.1%) with asymptomatic infection
were regarded as mild type, 17 (47.2%) were diagnosed
as moderate COVID-19, the remaining patients (41.7%)
were classified into severe type. The recovered participants
were 31.75£5.77 years old, and the control group were
31.49+3.10 years old (no statistical difference). In the acute
infection of COVID-19, most of the patients developed
fever (83.3%), while cough and diarrhea were relatively less
common. Of these recovered patients, two had a history of
varicocele, the remaining and age-matched controls denied
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Table 1 Demographics, clinical characteristics of recovered

COVID-19 patients and controls

Characteristic

Recovered

COVID-19 patients healthy controls

Age-matched

Individuals, n
Age, years
Smoker, n
Drinker, n

Pharyngeal swab
positive, n

Symptoms, n
Fever
Cough

Diarrhea

Classification of illness, n

Mild
Moderate
Severe

Past history, n
Mumps

Varicocele

Recovery time, days

36
31.75+5.77
5/36
8/36
36/36

30/36
3/36
7/36

4/36
17/36
15/36

0/36
2/36

177.5 (150.8-187.0)

45
31.49+3.10

0/45

0/45

0/45
0/45

Data presented as mean =+ standard deviation, unless specified

otherwise. COVID-19, coronavirus disease 2019; n, number.
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the history of mumps and varicocele (Tible ).

Table 2 shows the comparisons of semen parameters
between COVID-19 recovered patients and age-matched
healthy men. There was no significant difference in semen
parameters between them, including PH, volume, sperm
concentration, total sperm number, progressive motility and
total motility.

In addition, based on the first follow-up data obtained
early, we compared the second follow-up semen parameters
with the first one in the same participants. It revealed
no significant difference in semen volume, sperm
concentration, total sperm number, progressive and total
motility between first and second follow-up data (Table 3).

As previous investigation indicating that COVID-19
recovered patients had a significant decline of total sperm
number after a recovery time of 90 days, with the aim to
explore when total sperm number improved, we divided the
second semen data of recovered patients into three groups
according to the recovery time interval of 30 days: one with
a recovery time of >120 and <150 days, another one with
a time of >150 and <180 days, and the last one with a time
of 2180 and <210 days. The three groups were compared
with healthy controls separately. There was a significant
difference between >120 and <150 days group and controls,
while the other two groups had no significance with
controls. Together with the previous sperm count, we
made a box-plot figure for analyzing the alteration of total
sperm number with recovery time. It showed a significant

Table 2 Comparisons of semen parameters between recovered patients and controls

Semen parameters

Age-matched healthy controls (n=45)  Recovered COVID-19 patients (n=36) P

Age, years

Recovery time, days

Abstinence, days
PH

Volume, mL

Concentration, x10%/mL
Total number, x10°

Progressive motility, %

Total motility, %

31.49+3.10
4.00 (3.00-6.50)
7.20 (7.20-7.50)
3.27+0.92
59.28 (44.92-77.47)
178.52 (130.64-303.70)
46.19 (37.21-50.82)
56.58 (47.44-59.57)

31.75+5.77 0.808
177.5 (150.8-187.0) -

4.00 (3.00-5.00) 0.137
7.20 (7.20-7.50) 0.554
2.86+1.19 0.096
56.55 (40.15-88.84) 0.732
158.50 (77.86-214.63) 0.165
40.43 (32.87-50.16) 0.170
48.12 (39.17-60.02) 0.337

Data presented as mean + standard deviation or median (interquartile range). COVID-19, coronavirus disease 2019; PH, hydrogen ion
concentration; n, number; P refers to the statistical significance of difference in semen parameters between age-matched healthy controls
and recovered COVID-19 patients.
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Table 3 Comparisons of semen parameters between first and second follow-up (n=31)
Semen parameters First follow-up Second follow-up P
Recovered time, days 83.00 (64.00-94.00) 175.00 (150.00-184.00) NA
Abstinence, days 4.29+1.49 4.19+1.14 0.777
PH 7.38+£0.18 7.34+0.22 0.425
Volume, mL 2.90 (1.80-3.50) 3.00 (1.90-3.80) 0.590
Total number, x10° 182.29+107.98 181.48+137.00 0.972
Concentration, x10%/mL 67.07+34.45 60.65+26.96 0.171
Total motility, % 50.91+12.76 48.90+13.88 0.427
Progressive motility, % 42.98+11.82 40.20+12.33 0.200

Data presented as mean + standard deviation or median (interquartile range). PH, hydrogen ion concentration; n, number; NA, not

available; P refers to the statistical significance of difference in semen parameters between first follow-up and second follow-up.
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Figure 1 Alteration of total sperm number with recovery time. *, significant compared with <90 days group. *, significant compared with

controls over the same period. n, number.

decline of total sperm number after a recovery time of
90 days and an improving trend of total sperm number after
a recovery time of about 150 days (Figure I). Likewise, we
made a box-plot figure for analyzing the alteration of total
sperm motility with recovery time. Total sperm motility in
the recovery period of 120-210 days had no significance
with controls. It might indicate that total sperm motility
improved after a recovery time of 120 days (Figure 2).

© Translational Andrology and Urology. All rights reserved.

Discussion

So far, more than 27 viruses are found in human semen (25),
and several viruses have a negative impact on male
reproductive function and spermatogenesis (26). For
instance, mumps virus, human immunodeficiency virus
and Zika virus all could induce orchitis and consequently
lead to male infertility. Acute bacterial infections generally
affect the epididymis and the accessory glands via ascending
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Figure 2 Alteration of total motility with recovery time. Total sperm motility in different recovery time period had no significance with

Control. n, number.

the urogenital tract, whereas viral infection predominantly
damages the testes through blood circulation (27). Acute
viral infection could induce systemic response and affect
sperm quality. The impaired sperm could be detected
4 to 11 weeks after fever. The possible mechanisms are
speculated as follows: (I) fever causes increased testicular
temperature and damages germ cell lines; (II) inducing
orchitis and impairing the exocrine and endocrine function
of testis (19-21).

Although the presence of SARS-CoV-2 in semen
remains controversial (28), lots of evidence that SARS-
CoV-2 may affect male fertility have been reported. For
example, ACE2 and TMPRSS2 identified as the two
primary molecules for the infectivity of SARS-CoV-2 are
expressed in the male reproductive tissues (8-10). Moreover,
a single-cell transcriptome sequencing study revealed that
ACE2-positive cells in testis displayed a lower number of
genes associated with spermatogenesis, mitochondria and
reproduction (29). Furthermore, male COVID-19 patients
showed lower gonadal function compared with age-matched
control men, as a lower serum T: LH ratio was observed in
patients (16). In addition, the autopsy report of COVID-19
patients showed various degrees of spermatogenic cell
reduction and injury in the testes (14). However, the long-
term effect of COVID-19 on male fertility currently stays
unknown.

Here, we performed a further follow-up investigation
for COVID-19 recovered patients with longer recovery
time based on the previous research. No SARS-CoV-2 was
detected in their semen samples in the previous research.
Semen parameters were compared between male recovered

© Translational Andrology and Urology. All rights reserved.

patients and age-matched healthy men, and the alterations
of sperm quality with recovery time were analyzed. Our
study provides valuable clinical information on whether
COVID-19 has a continuous negative impact on male
fertility and has an indicative value for the andrology
treatment of COVID-19 recovered patients.

The comparisons of sperm quality between male
COVID-19 patients with a median recovery time of
177.5 days and age-matched healthy controls over the same
period were evaluated. Our results revealed that recovered
patients had no significant difference in semen parameters
with controls after nearly half a year of recovery.

Similarly, Ma ez al. (16) investigated 12 male COVID-19
patients whose median time of semen collection were
78.5 days after disease onset and assessed the sperm
quality and sex hormone profiles. The results mainly
demonstrated that some patients had low sperm motility
and higher sperm DNA fraction percentages, and 119 male
COVID-19 patients displayed lower gonadal function.
Another similar research conducted by Holtmann ez 4.
revealed that COVID-19 patients with a mean time of
25.5 days between the end of symptoms and semen
collection had significant impairment of sperm quality
compared with the control group (17). Different from our
current research, both studies reflected the decline in sperm
quality of male COVID-19 patients from the early recovery
period (relative to the spermatogenesis cycle). Also, our
previous investigation suggested that COVID-19 patients
with a median recovery time of 80 days had significantly
lower sperm quality than controls (18). Based on the above
researches and Table 2, it suggested that sperm quality of
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COVID-19 patients improved after a recovery time of
approximately six months.

In addition, we made a comparison of sperm quality
between the first follow-up and second follow-up.
Surprisingly, there was no significant difference in sperm
parameters between them, and sperm quality of the second
follow-up showed no sign of improving (30).

Vacuolization and detachment of Sertoli cells from the
basal membrane and the reduction of Leydig cells and
spermatogenic cells were observed in male COVID-19
patients (14,15). Moreover, Sertoli cells and Leydig cells
play a critical role in the homeostasis of seminiferous
tubules and spermatogenesis (31,32), and 39.1% of
COVID-19 inpatients had oligozoospermia as research
reported (33). The above indicated that COVID-19
could affect spermatogenesis. However, the alteration
in Sertoli, Leydig and spermatogenic cells may lead to
future impairment as modifications of the sperm count due
to drama, injury and infection might be seen only after
three months (17). The hypothesis is also supported by
our previous follow-up study showing significantly lower
total sperm number in >90 days group compared with the
<90 days group (18). Nevertheless, it remained unknown
when the total sperm count improved.

Therefore, given that the impairment of total sperm
number might be occurred in any day of recovery time
and considering the limited sample size, we divided the
sperm data of COVID-19 participants from two follow-
up investigations into five groups at a follow-up interval
of 30 days for analyzing alteration of total sperm number
and total motility with recovery time. Total sperm
motility had no significance with control after a recovery
time of 120 days. Total sperm number of the group with
recovery time of >120 and <150 days was impaired, while
the sperm count of groups with recovery time of >150
and <180 days and >180 and <210 days was improved.
It showed a significant decline after a recovery time of
90 days and an improving trend of total sperm number
after a recovery time of about 150 days. It could be inferred
that spermatogenesis was impaired within recovery time
of about two months, as a result of the spermatogenesis
cycle of 90 days. Similarly, COVID-19 recovered patients
at one or two months post-discharge presented persistent
physical discomfort such as fatigue, dyspnea, chest pain
and so on (34,35). Thus spermatogenesis might be still
affected two months after discharge, and the impairment
of sperm quality showed an apparent delay effect in
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120-150 days due to the spermatogenesis cycle and
accumulative damage effect of the disease. Accordingly,
COVID-19 patients might be suggested to be given
medical interventions within about two months after
recovery in order to improve the fertility of male patients
as soon as possible. It was noteworthy that it might be
cautiously to make such a conclusion as only five samples
were in the 120-150 time period and the variation of total
sperm number is relatively large. It needs a larger sample
size to validate. In addition, Figure 1 showed less change
in total sperm within 90 days versus significant declines
later; it might be attributed to the accumulative effect of
COVID-19 disease and delayed effect of spermatogenesis
cycle, or it was owing to the different number distribution
of patients with various disease severity.

To the best of our knowledge, our research is the longest
follow-up study for evaluating semen parameters. It reveals
the changes in sperm count of COVID-19 patients after
recovery for the first time and has an indicative value for
andrology treatment of recovered COVID-19 patients.
Admittedly, there are certain limitations in this study.
First, our sample size was relatively small, especially for
exploring the alterations of semen parameters with time.
A larger cohort study with different recovery time is
required for confirmation and exploring the specific time
at which sperm quality began to improve. Second, sperm
analysis of participants performed before the infection
of COVID-19 was not obtained, which cannot entirely
exclude the possibility of preexisting infertility though
they were not in the exclusion criteria. Finally, we did not
conduct sex hormone analysis to evaluate testicular function
comprehensively, just as it has spermatogenic and endocrine
functions.

Conclusions

Although sperm quality of COVID-19 recovered patients
was impaired during the early period, it improved after a
recovery time of nearly half a year. In addition, we found
that the total sperm number had an improvement after
a recovery time of about 150 days. COVID-19 patients
should pay close attention to the quality of semen, and
might be considered to be given medical interventions if
necessary within about two months after recovery, in order
to improve fertility of male patients as soon as possible. It
is noteworthy that the conclusion should be viewed with
caution and needs a larger sample size to prove.
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