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COVID-19 infection was associated
with poor sperm quality: a cross-
sectional and longitudinal clinical
observation study

LuluYuan'2, Wei Sun3, Zihan Dong*, Lu Lu®, Xiaobin Wang?, Qiang Du?, Renhao Guo?,
Ping Li', Xu Leng?, Haizhen Liang* & Bochen Pan{"

To ascertain whether COVID-19 infection affects sperm quality and measure the scale of the effects. A
cross sectional study and a longitudinal study were conducted during the SARS-CoV-2 pandemic (from
September 7th 2022 to late January 2023) in China. 604 patients participated in the cross sectional
study; 140 in the longitudinal study with 149 unaffected natural controls. The cross sectional study
included participants who produce semen sample after COVID-19. The longitudinal study included
COVID-19 positive participants who could provide semen samples before and after the infection. In
addition, patients unaffected by the infection who could provide two consecutive semen samples

over the same period were included as controls for the longitudinal study. Conventional sperm

quality parameters including sperm count, motility, morphology and more recent parameters such as
sperm DNA fragmentation index (DFI) and sperm chromatin immaturity were observed. In the cross
sectional study, the exposure group demonstrated significantly lower total sperm count (159.58 x 10°
vs. 185.42 x108, P=0.042), lower percentage of grade A sperms (5.37% vs. 8.45%, P=0.009), lower
progressive motility (24.74 +14.96% vs. 28.73 +16.65%, P=0.023), lower total motility (32.04+18.03%
vs. 36.91+20.86%, P=0.022), and higher sperm DFI (17.50% vs. 11.75%, P=0.030) than the controls.
In the longitudinal study, after the infection, patients showed lower total sperm count (131.80x10° vs.
173.63x10°%, Ad = -20.49x10%, P=0.018 ), lower percentage of grade A sperms ( 2.61% vs. 8.50%, Ad =
-3.18%, P<0.001), lower progressive motility (19.82+13.68% vs. 24.88 +14.97%, Ad = -5.07 +11.94%,
P <0.001) and lower total motility (26.64 +17.35% vs. 32.25+18.69%, Ad =-5.62 +14.30%, P<0.001)
and higher DF1(32.10+21.30% vs. 26.49 +18.54%, Ad =5.61+13.71%, P <0.039) than before the
infection, while the negative controls showed the opposite changes. Finally, in the longitudinal

study, after the infection, 59.29% of the COVID-19 positive patients showed deteriorated sperm
concentration, 57.86% deteriorated total sperm count, 71.43% Grade A sperm, 65.00% progressive
motility, 69.29% total motility, and 75.00% sperm DFI, while the changes in negative controls were

all less than 40% (P <0.002). COVID-19 was associated with poor sperm quality. The findings would be
useful for clinicians to manage men with fertility problems who suffered COVID-19.

Keywords Sperm quality, Sperm count, Sperm motility, Sperm morphology, COVID-19 infection

The outbreak of the coronavirus disease 2019 (COVID-19) pandemic has caused tremendous loss in life and
damage to the health of mankind. We now understand that SARS-CoV-2 infection adversely affect multiple
organs and potentially can affect reproductive tract as well, because studies have shown that both the receptor to
SARS-CoV-2, angiotensin-converting enzyme 2 (ACE2) and the transmembrane serine protease 2 (TMPRSS2),
the protease needed to cleave the viral S protein, are expressed in the male reproductive tract!. As infertility has
become global health issue challenging many countries around the world, effects of SARS-CoV-2 infection or
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COVID-19 disease on the male reproductive system has been a focus of study for the recent years. However, no
consensus has been reached concerning the effects of COVID-19 on sperm quality. Some studies have reported
significant adverse impact of COVID-19 infection on semen quality*~, and one study has linked semen quality
to the severity of COVID-19 infection®. On the other hand, some studies did not find such effects”®, and one
study even reported that COVID-19 infection improved semen quality’. Nevertheless, due to the difficulty in
conducting such clinical studies, the existing literature has limitations in that the sample size in the previous
studies was usually small, and many study designs lacked controls which could not allow meaningful conclusions
to be made. In addition, the number of reported semen parameters were relatively limited. Therefore, the
question of whether COVID-19 infection affects sperm quality is still unresolved, and clinical studies with better
designs are still required”.

SARS-CoV-2 is known highly contagious. The Chinese government previously adopted strict control
measures and effectively prevented it from causing widespread infection in the general population of mainland
China. However, due to the fact that large proportion of the population in China had been vaccinated and the
virulence of the virus had been decreasing, the Chinese government has adjusted its strategy on the control and
prevention of COVID-19 since December 7, 2022. As a result, a large proportion of the population (over 80%)
was infected and the number of COVID-19 patients has increased dramatically in the short period of time soon
after the strategy adjustment. During that period of time, some patients came to our fertility center to have
their semen examined for infertility reasons soon after they recovered from their overt clinical manifestations.
This gave us a unique opportunity to intensively observe the effects of COVID-19 on the male sperm quality
in a relatively short period of time. We therefore conducted a cross sectional study for patients coming to our
center. We recruited the COVID-19 affected (exposure group) or unaffected (control group) participants who
had their semen examined after December 7th at our center, and compared semen parameters between the two
groups. In order to confirm the cross sectional study results and to measure the scale of the effect, we further
conducted a longitudinal study to compare the semen parameters in the same individuals (COVID-19 positive
patients) before and after the virus infection. In addition, besides the conventional semen parameters such as
sperm count, sperm motility and sperm morphology, more recent sperm quality indicators including sperm
DNA fragmentation index (FDI) and chromatin immaturity were also studied. Therefore, the purpose of this
study was to report our findings in order to ascertain the effects of COVID-19 infection on the sperm quality.
We hope that results from this study may help clinicians in their consultation or management of patients with
fertility problems while encountering COVID-19.

Materials and methods

Study design and participants

The current study was designed to be both a cross sectional study and a longitudinal study. A convenient sampling
method was adopted. Participants were men who came to our fertility center for receiving semen analysis due
to infertility during the period of early December of 2022 to late January 2023. Participants consisted of patients
who had or had not suffered mild COVID-19 and they were asked to provide information in relation to the
COVID-19 infection status. The structured questions related to the SARS-Cov2 infection became a routine part
of disease history taking process during that special period of time due to the fact that a large proportion of the
population were infected, though all of them had been previously vaccinated. However, informed consent was
obtained from all the participants, and this study was performed in accordance with the ethical standards of
Helsinki Declaration.

The cross sectional study included participants who could produce at least one semen sample after 7th of
December. We compared the semen parameters between the patients who had contracted COVID-19 (exposure
group) and those who had not (control group). The longitudinal study included COVID-19 positive participants
who not only could provide one semen sample after he recovered from the infection, but also had at least one
semen sample examined before the infection, thus allowing a comparison of semen parameters before and after
the onset of COVID-19 in these individuals. In the longitudinal study, in order to provide control groups for
the longitudinal (before and after, respectively) comparison of the COVID-19 positive group, we additionally
recruited patients unaffected by the infection (COVID-19 negative group) who could provide two consecutive
semen samples (former and latter, respectively) right over the same period of time. Patients with pre-COVID-19
baseline azoospermia were excluded. In addition, when motility was calculated, patients with severe pre-
COVID-19 baseline oligozoospermia (<5x 10%/mL) were excluded. The detailed process of collecting data is
described in Fig. 1.

Semen analysis

Semen parameters analyzed in this study included conventional parameters such as semen volume, sperm
concentration, total sperm count, percentage of grade A sperms, progressive sperm motility, total sperm motility
and normal sperm morphology as well as more recent parameters of the sperm quality such as the percentage
of immature sperm nucleoprotein and sperm DFI. Semen analysis was performed according to the standard
procedure provided in the WHO Laboratory Manual for the Examination and Processing of Human Semen!’.
Briefly, semen samples were obtained by ejaculation via masturbation into a container in a dedicated semen
collection room next to the semen analysis laboratory after a 3-7 day abstinence period. The samples were
allowed to liquefy for less than 60 min before the analysis. Ejaculate volume was directly measured. Concentration
and motility of sperms were measured with WLJY9000, a computer-aided semen analysis (CASA) instrument.
The WHO criteria (2021) were applied to define the parameters such as count, motility, and morphology of
the sperms. For sperm morphology analysis, semen smear was stained with Papanicolaou method and sperm
morphology was observed with optical microscopy. Sperm motility was graded into 4 categories according to
the sperm movement pattern: rapid progressive motility (grade A), slow progressive motility (grade B), non-
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the same period of time was randomly selected as control.

Fig. 1. Flow chart of the data collection process.

progressive motility (grade C) and immotility (grade D). The former two grades were collectively referred to
as progressive motility, while the former three grades collectively defines the total motility'!. Immature sperm
nucleoprotein (histone) was stained with aniline blue using a commercially available kit and the percentage of
immature sperm nucleoprotein was calculated by dividing the number of sperms with immature nucleoprotein
by the total number of sperms. Finally, sperm DNA fragmentation was stained with acridine orange and the
sperm DFI was obtained with BriCyte E6 flow cytometry.

Statistical analysis

Data analysis was executed by employing the Statistical Package for Social Sciences (SPSS 20.0 for Windows).
Statistical significance level was set at <0.05 for all statistical tests (2-tailed). Continuous variables were presented
as mean and standard deviations or median and interquartile range (IQR), based on data distribution evaluated
by Kolmogorov-Smirnov test. Differences between groups are evaluated by independent samples ¢-test, paired
samples t-test, Mann Whitney U test or Paired Wilcoxon test as appropriate. Categorical variables are presented
as counts and percentages and were compared by ¥? test.

Ethical approval
The Medical Ethics Committee of Shengjing Hospital approved the study (2023PS004F).

Results

The cross-sectional study included 604 participants who could provide the semen sample for analysis after
December 7th when the Chinese government adopted new strategy for controlling COVID-19. Out of the 604
patients, 515 (85.26%) had developed COVID-19 (exposure group) before their semen examination while the
rest 89 (14.74%) had not developed the disease (control group). The average age of the COVID-19 exposure
and control groups were 32.56+4.58 and 33.9+6.20 respectively, and there was no statistically significant
difference between them. In addition, among the 515 cases of COVID-19, 140 patients (referred to as COVID-19
positive group in the longitudinal study) could provide two consecutive semen samples, one before the onset
of COVID-19 and the other after the infection. Finally, in order to provide a natural (negative) control to the
140 COVID-19 positive patients in the longitudinal study, 149 patients who had not contracted COVID-19 and
had two consecutive semen samples during the same period of time was randomly selected. The average age of
COVID-19 positive patients and COVID-19 negative patients in the longitudinal study were 33.68 £4.33 and
33.71+3.52 respectively, also showing no statistically significant difference.

Comparison of semen parameters between the COVID-19 exposure and control groups

In the cross sectional study, comparison of semen parameters between the COVID-19 exposure and control
groups was carried out, and the results were shown in Table 1. As shown in Table 1, the semen parameters such
as semen volume, sperm concentration, percentage of normal sperm morphology and percentage of immature
sperm nucleoprotein were not statistically significant between the two groups. However, COVID-19 exposure
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Exposure group Control group

Semen parameters N | X+S/M(IRQ) |N | X +S/M(IRQ) |t/Z P

Semen volume (ml) 515 3.20(1.90) 89 3.20(1.95) -0.387 | 0.699
Sperm concentration (x10%/ml) 515 | 49.28(58.93) 89 | 57.67(54.34) -1.940 | 0.052
Total sperm count (x10°) 515 | 159.58 (197.33) | 89 | 185.42 (231.28) | -2.031 | 0.042
Grade A sperm (%) 515 5.37(10.51) 89 8.45(16.34) -2.610 | 0.009
Progressive motility (%) 515 | 24.74+14.96 |89 | 28.73+16.65 2.279 | 0.023
Total motility (%) 515 | 32.04+18.03 |89 | 36.91+20.86 2.297 | 0.022
Normal sperm morphology (%) 210 4.00(3.00) 48 4.00(3.00) -1.417 | 0.156
Immature sperm nucleoprotein (%) | 175 | 25.00(11.00) 43 | 25.00(15.00) -0.978 | 0.328
Sperm DFI (%) 320 | 17.50(18.88) 64 | 11.75(18.95) -2.171 | 0.030

Table 1. Comparison of semen parameters between the exposure and control groups. DFI: DNA
fragmentation index.

group demonstrated significantly lower total sperm count, lower percentage of grade A sperms, lower progressive
motility, lower total motility, and higher sperm DFI than the control group.

Comparison of semen parameters of COVID-19 positive patients before and after the onset
of the infection in the longitudinal study

In order to illustrate the scale of COVID-19 impact on sperm quality, comparison of the semen parameters
before and after the onset of the infection was performed in the 140 COVID-19 positive patients who could
provide two consecutive semen samples across the onset point of COVID-19, and the results were shown in
Table 2. We found that, after the onset of COVID-19, patients’ total sperm count, percentage of grade A sperms,
progressive sperm motility and total sperm motility were all significantly lower and sperm DFI was higher than
those before the onset, while the other parameters did not show statistically significant difference.

Comparison of semen parameters between the two consecutive semen samples of the
COVID-19 negative natural control group during the same period of time in the longitudinal
study

In order to describe the natural change (i.e. free from the COVID-19 influence) in semen parameters of the
patients who had not contracted the infection during the same period of time and to rule out the possibility
of confounding influence by factors such as weather, climate or environmental changes other than the factor
of COVID-19, a comparison between the two consecutive semen samples, i.e. the former samples and the
latter samples of the COVID-19 negative patients in the longitudinal study was performed. Results of the
comparison were shown in Table 2. We found that, in the natural situation of our patients, semen parameters of
the latter samples including sperm concentration, total sperm count, progressive motility, total sperm motility
were significantly higher and the sperm DFI lower than those of the former samples, respectively, whereas the
difference in other parameters were not statistically significant.

Comparison of semen parameters between the COVID-19 positive patients and COVID-19
negative patients in the longitudinal study

In order to further illuminate the scale of the effect of COVID-19 infection on the semen parameters, samples
of COVID-19 positive patients in the longitudinal study before and after the infection were compared with
the former and latter samples of the natural control group (COVID-19 negative), respectively. Results of the
comparison were shown in Table 2. We found that, in the comparison between the former sample of the natural
control group (n=149) and the before-infection sample of the positive group (n = 140), the positive group showed
higher concentration, higher total motility and lower sperm DFI than the negative control group, while other
parameters did not show any significant difference. However, comparison between the after-infection sample of
the positive group and the latter sample of the negative natural control group showed that semen parameters of
the positive group such as sperm concentration, total sperm count, total sperm motility, percentage of grade A
sperms, and progressive sperm motility were all significantly lower than those of the natural control group, while
the difference in sperm DFI was no longer significant (Table 2; Fig. 2).

Distribution of semen parameter changes among COVID-19 positive patients and negative
patients in the longitudinal study

In order to further illuminate extent of the influence of COVID-19 on semen parameters, distribution of semen
parameter changes were listed and compared between the COVID-19 positive patients and negative patients in
the longitudinal study (Table 3). As shown in Table 3, the proportion of patients who had deteriorated semen
parameters including sperm concentration, total sperm count, Grade A sperm, progressive motility, and total
motility of the positive group were significantly higher than those of COVID-19 negative patients. With respect
to DFI, most (75.0%) of the COVID-19 positive patients showed deterioration, whereas only a small proportion
(38.10%) of the COVID-19 negative patients showed deterioration.
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Fig. 2. Changes in semen parameters of COVID-19 positive patients (1= 140) and negative patients (n=149)
across the onset of the disease in the longitudinal study. (a) Semen volume (ml); (b) Sperm concentration
(x10%/ml); (c) Total sperm count (x10°); (d) Grade A sperm (%); () Progressive motility (%); (f) Total motility

(%); (g) Normal sperm morphology (%); (h) Immature sperm nucleoprotein (%); (i) Sperm DFI (%).

COVID-19 positive patients (n=140) COVID-19 negative patients (n=149)
Improved | No change | Deteriorated
Semen parameters Improved (%) | No change (%) | Deteriorated (%) | (%) (%) (%) X2 P
Semen volume (ml) 57 (40.71) 15 (10.71) 68 (48.58) 67 (44.97) | 18 (12.08) | 64 (42.95) 0.921 |0.631
Sperm concentration (x10¢/ml) 56 (40.00) 1(0.71) 83 (59.29) 94 (63.09) | 0 (0.00) 55 (36.91) 16.008 | 0.000
Total sperm count (x10°) 58 (41.43) 1(0.71) 81 (57.86) 94 (63.09) | 0(0.00) 55(36.91) 14.177 | 0.000
Grade A sperm (%) 32 (22.86) 8(5.71) 100 (71.43) 84 (56.38) | 3(2.01) 62 (41.61) 34.250 | 0.000
Progressive motility (%) 48 (34.29) 1(0.71) 91 (65.00) 91 (61.07) | 0(0.00) 58 (38.93) 21.405 | 0.000
Total motility (%) 42 (30.00) 1(0.71) 97 (69.29) 91 (61.07) | 0(0.00) 58 (38.93) 28.856 | 0.000
Normal sperm morphology (%) 7 (25.92) 10 (37.04) 10 (37.04) 14 (35.00) | 12 (30.00) | 14 (35.00) 0.685 | 0.710
Immature sperm nucleoprotein (%) | 7 (38.89) 4(22.22) 7 (38.89) 17 (53.13) | 1(3.12) 14 (43.75) 4333 |0.126
Sperm DFI (%) 7 (25.00) 0 (0.00) 21 (75.00) 26 (61.90) | 0(0.00) 16 (38.10) 9.182 | 0.002

Table 3. Distribution of semen parameter changes among COVID-19 positive patients and negative patients
in the longitudinal study. DFI: DNA fragmentation index.

Discussion

This study was designed to determine whether COVID-19 affects sperm quality in men and to identify which
sperm parameters were affected. Impact of COVID-19 on the semen parameters were demonstrated from
different perspectives (with different study designs), including a cross sectional study of 515 patients who
contracted COVID-19 (exposure group) and 89 controls who were free from the disease, and a longitudinal
study (n=140) with comparison of parameters before and after the onset of the infection in the same individuals.
In addition, we included a COVID-19 negative natural control group (n=149) with two consecutive samples
over the same period of time to rule out the possibility of natural parameter change (worsening) over time
due to other potential confounding factors such as adverse climate or environmental changes rather than the
COVID-19 infection. As a result, we were able to generate several interesting findings and tentative conclusions:
(1) The total sperm count and the motility including progressive motility and total motility were all significantly
reduced while the sperm DFI was increased after the onset of COVID-19 in both the cross sectional and
longitudinal observations, which strongly indicated that COVID-19 was associated with impaired sperm quality;
(2) The finding that sperm quality of the latter samples were better than the former samples in the COVID-19
negative natural control group indicated that patients attending the fertility center generally benefited from
the consultation or treatment by the physicians; (3) Comparison of samples between the COVID-19 positive
and negative groups in the longitudinal study revealed that after the onset of COVID-19, sperm quality was
worsened, further implicating COVID-19 as the causative factor; (4) The finding that in comparison with the
COVID-19 negative group, a larger proportion of COVID-19 positive patients showed decreased sperm count
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and motility and increased DFI further indicated the adverse impact of COVID-19 on sperm quality from
another perspective.

Total sperm count reflects the capacity of the testis to produce sperms, and is considered one of the most
important conventional sperm quality parameters. COVID-19 was generally believed to be able to impair sperm
production. However, there are still controversies as some studies did not reach the same conclusions'?. Our
findings in this study supported the conclusion that sperm count was adversely affected by COVID-19, because
the COVID-19 exposure group showed much fewer total sperm count than the controls, and in the longitudinal
study, over half (57.86%, 81/140) of the cases showed reduction in the total sperm count, with scale of the
reduction being 11.8% (a actual reduction of 20.49 x 10° sperms in number) after COVID-19. Our study results
contrasted with some previous studies, but were in line with a recent meta-analysis which showed that the
infection was associated with a reduction of SMD =-0.30 in total sperm count!3. We speculate that the causes of
the discrepancies might be due to differences in the study design or smaller sample size in the other studies®!*.

Sperm motility is another important conventional semen parameters found affected by COVID-19 in this
study. In this study, we considered total motility as well as progressive sperm motility and grade A motility,
because progressive sperm motility was known related to pregnancy rates'>!6, and grade A motility was useful
for predicting outcomes of the assisted reproductive technology'’~!°. Our study showed that in comparison with
the controls, the exposure group had much lower sperm motility, and the longitudinal study more specifically
revealed that after COVID-19, most (69.29%, 97/140) of the cases showed reduction in the total motility, and
the scale of reduction is 17.4% (an actual reduction of -5.62%). It is interesting as well as important to note that
among all the categories of the motility, the most affected is grade A sperm motility. As shown in the longitudinal
study, after COVID-19, as high as 71.43% (100/140) of the cases showed reduction in grade A sperm motility,
and scale of the reduction was as high as 37.41% (an actual reduction of -3.18%). Similarly, although not as
pronounced as with grade A motility, the exposure group also showed much lower progressive motility, and
the longitudinal study showed that after COVID-19, 65.0% (91/140) of the cases showed reduction in the
progressive motility and the scale of reduction was 20.38% (an actual reduction of -5.07%). Similar findings have
been reported in previous studies by other researchers, though their sample size was smaller?®?! or the study
design was different??. Again, there are some discrepancies. For example, one study found there were a decrease
only in total motility, not in the progressive motility?!. We speculate that the slight differences in finding might
be due to the smaller sample size or the long interval between onset of the disease and the semen collection (e.g.
median=111.5 days in one study ) in the previous studies.

Another important finding of this study was about the effect of COVID-19 on sperm DNA integrity: Both
the cross sectional and the longitudinal study demonstrated that COVID-19 was associated with increased
sperm DFI. Specifically, in the cross sectional study, the exposure group had much higher sperm DFI than the
controls; in the longitudinal study, 75% (21/28) of the COVID-19 positive patients showed increased sperm
DFI after onset of the disease, and the scale of increase was 21.18% (an actual increase of +5.61%); whereas in
the COVID-19 negative patients, sperm DFI was actually decreased by 12.68% (an actual decrease of -4.80%)
over the same period of time. This finding is important in that it would be useful for clinicians in the field of
reproduction to consult or manage patients, because it had been known that elevated sperm DNA fragmentation
(SDF) affected outcomes of assisted reproductive techniques (ART) such as pregnancy rates and live birth rates,
and high DFI was also associated with miscarriage?’. This finding is important also because research on the effect
of COVID-19 on sperm DNA integrity has been sparse, and the limited literature had inconsistent opinions. For
example, one previous cohort study (n=120) by Donders GGG and colleagues®* showed that DNA damage was
most pronounced in the early stage following the onset of COVID-19, and they found abnormal DFI (defined
as DFI>25%) in 29% of the early samples as compared with 11-15% of the more later (1-2 months) samples
after the onset. Similarly, Dipankar and colleagues® reported impact of COVID-19 on sperm DNA integrity in
30 patients suffering from mild COVID-19; they found that DFI was high (74.25%) at the first semen sampling
after patients’ recovery from COVID-19 and became lower (66.94%) at the second semen sampling 74 days after
the first sampling. Finally, Falahieh FM and colleagues? reported their study on 20 patients who had previously
suffered moderate COVID-19, and found that DFI of patients at Day 120 after the diagnosis was lower than
that at Day 14 after the diagnosis which fell within the normal range (defined as DFI<30%). One of the issues
with the above three studies was that they lacked baseline value of DFI before COVID-19. In this regard, it
is interesting to note that Moryousef J?” recently published a case report in which pre-COVID-19 values of
DFI were included, and the patient showed substantially elevated sperm DFI one month following the onset of
COVID-19 as compared with the pre-COVID-19 baseline values, and the DFI returned to normal level 4 months
later. These aforementioned study results indicated that the COVID-19 could affect sperm DNA integrity. In
contrast, however, a more recent study done by Paoli and colleagues® reported that sperm DFI of the recovered
COVID-19 patients was within the normal range, and DFI was not related to severity or presence/absence of
COVID-19, concluding that COVID-19 had no effects on DFI. Our findings supported the conclusion that
sperm DNA integrity was adversely affected by COVID-19. We think that discrepancy or uncertainty over the
issue probably occurred due to the fact that many previous studies lacked controls with COVID-19 negative
patients and lacked the controls with baseline values of semen parameters before the onset of COVID-19, and
their sample sizes were usually small. In addition, with respect to Paoli’s study®, the fact that their COVID-19
patients were those already 3 months recovered from COVID-19 could be the reason for the null finding. All in
all, we guess that the study designs in previous studies could make it difficult to reach a firm conclusion on the
impact of COVID-19. In this sense, our finding with DFI might be important in that it helped in clarifying the
issue.

On the other hand, our study did not find any effect of COVID-19 on sperm morphology, and this finding
was in line with the study result by Can Balct MB who reported a pronounced reduction of sperm concentration
in COVID-19 positive patients as compared with COVID-19 negative patients but no difference in sperm
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morphology was found between the two groups®®. We also explored sperm chromatin maturity (immature sperm
nucleoprotein) in this study because previous study had indicated that chromatin maturity or condensation
was a valuable parameter in assessing male infertility?® and sperm chromatin maturity was related to zygote
development in ART programs>’. However, we did not identify any change in sperm nucleoprotein in either the
cross sectional study or the longitudinal study.

Our study has some strengths. First, to our knowledge, our study had the largest sample size among all the
observational studies up to date concerning the impact of COVID-19 on sperm quality. Second, design of the
study with both cross sectional and longitudinal observations with COVID-19 negative controls allowed us
reaching relatively confident conclusions concerning the effect of COVID-19 on semen parameters. In addition,
with this type of design we could measure the scale of the effect, which should be useful for the clinicians
to evaluate condition of the patients. Third, this study was done at the time of change in the control strategy
for COVID-19 in China when over 80% of the population were infected with the virus in a concentrated
period of time (less than two months). By seizing the window period for the virus infection, we were able to
recruit large number of participants for the study. More important, because of the concentration of time and
number of COVID-19 patients, many of the potential confounding factors for the study such as uncertainties
over the diagnosis of COVID-19 infection or possible influences from climate or environment change could
be eliminated so that results of the study might be more reliable. Finally, our study provided a relatively more
complete description of the effect of COVID-19 on sperm qualities because more sperm parameters including
the conventional semen parameters and the more recent parameters such as sperm chromatin maturity and
sperm DNA fragmentation were explored.

Nevertheless, some limitations in this study should be noted. First, all the semen samples came from
one reproductive center, and a multi-center study involving more cases is still needed. Second, due to the
concentration of the outbreak, some baseline information on the sample was not fully collected. Third, the study
only reported the semen characteristics shortly after COVID-19 recovery. We can conduct follow-up on these
cases and perform semen analysis in later periods to understand if the changes acquire completely reversion.
Furthermore, studies on chromosomic aberrations and imprinting changes, capable of being transmitted, could
also be a subject for the future research.

Although WHO has declared that “COVID-19 is now an established and ongoing health issue which no
longer constitutes a public health emergency of international concern”, the long-term careful management
of COVID-19 pandemic is still advocated by WHO?!. More important, SARS-CoV-2 virus is still currently
rampant in many parts of the world, and fertility centers are bound to encounter many patients recovering
from or currently suffering COVID-19. Therefore, proper handling of COVID-19 is definitely required in the
diagnosis and management of male infertility. Based on our experience with the SARS-CoV-2 infection and
the knowledge on its effects on sperm quality, we strongly suggest that screening or diagnosis of COVID-19
should be integrated into the workup of the patients with male infertility. In addition, keeping in mind the fact
that SARS-CoV-2 continues to evolve, clinicians should remain vigilant against any potential adverse effects
of different SARS-CoV-2 variants. In this sense, our study with SARS-CoV-2 infection might serve as a good
example to observe effects of a specific SARS-CoV-2 variant on sperm quality. COVID-19 in our study has been
known caused by a newly identified variant of the novel coronavirus, Omicron. Omicron is more infectious
than previous variants, but less pathogenic in terms of causing pneumonia®33. Present study is very important,
because up to date, the effect of Omicron on sperm quality has not been reported and our study provided
novel information in this regard. In addition, because Omicron is more contagious than the previous variants,
large population will be infected with the variant and the characteristics of the infection should be addressed
specifically. In this sense, our study findings may be very meaningful in clinical terms.

In conclusion, our study showed that COVID-19 was associated with poor sperm quality manifested by
reduced sperm count and sperm motility, and increased sperm DNA fragmentation. Further research is needed
to observe the long-term effect of COVID-19 on sperm quality or reproductive outcomes. In addition, there may
be a need to constantly monitor the SARS-CoV-2 infection and integrate screening and diagnosis of the disease
in the management of male infertility.

Data availability
The data that support the finding of this study are available from the corresponding author upon reasonable
request.
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