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Abstract---Background. Several studies have shown the short-term 

effects of COVID-19 on semen quality, but not as many for the long-

term effects. This follow-up study aims to explore the long-term effects 

of COVID-19 on male fertility by comparing semen parameters of 
patients recovering from COVID-19 infection. Methods. Fourteen 

subjects aged >18 years old who had a history of resolved COVID-19 

infection with previous evidence of laboratory-confirmed positive 

SARS-CoV-2 nasopharyngeal PCR swab result, and had a previous 

history of infertility after COVID-19 infection based on the evidence of 

the semen analysis within 6 months or longer were recruited in this 
study. Analysis of the semen parameter of all fourteen subjects was 

performed, including semen volume, pH, sperm concentration, total, 

progressive, non-progressive, and immotile motility percentage, 

morphology percentage, leukocyte, erythrocyte, and immature sperm 

cells parameters. The semen analysis obtained from this current 
semen analysis was compared with individual baseline semen analysis 

results, which were obtained in the resolution phase of COVID-19 

infection, 6 months or longer from the current semen analysis. 

Results. Mean pH decreased significantly in follow-up semen analysis, 

with baseline vs. follow-up 7.9 vs 7.4 (p=0.002; 95%CI=0.3-0.67). 

Mean sperm concentration also decreased significantly, with baseline 
vs. follow-up 78.5 million/mL vs. 37.4 million/mL (p=0.013; 

95%CI=7.5-74.5). Lastly, mean immature sperm count is also 

decreased significantly, with baseline vs. follow-up 2.5 million/mL vs. 

0.4 million/mL (p=0.006; 95%CI=0.37-4.03). No significant difference 

was documented for other semen parameters. Conclusion. After 6-7 

months of recovery from COVID-19 symptoms, follow-up semen 
analysis showed reduced sperm pH, sperm concentration, and 

immature sperm count. These findings indicate that COVID-19 

infection could have a longer-term impact on male infertility. 

 

Keywords---COVID-19, semen parameter, sperm concentration, 
resolution phase, long-term. 

 

 

Introduction  

 

In December 2019, a series of viral pneumonia cases emerged in Wuhan, China. 
Further research shows evidence that the cause of the pneumonia cases was a 

novel coronavirus, which at the time was named 2019-nCoV.1 Later on February 

2021, WHO renamed the disease as coronavirus disease 2019 (COVID-19). The 

virus also was immediately given a new name, severe acute respiratory syndrome 
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coronavirus 2 (SARS-CoV-2), by the Coronavirus Study Group of the International 

Committee on Taxonomy of Viruses (ICTV) based on phylogenetic analysis of 

related coronaviruses.2,3 As of 3 October 2021, according to WHO, global 
confirmed cases of COVID-19 reached 234,551,981 cases with 4,796,171 

confirmed deaths.4 Since the appearance of COVID-19 in Indonesia in March 

2020, there have been many cases, reaching their peak in July 2021 with 

350,723 weekly cases. As of 4 October 2021, 4,227,932 confirmed cases were 

reached with cumulative confirmed deaths of 142,641.5 Further epidemiological 

studies showed that in Jakarta, as the capital city, the incidence of COVID-19 
was the highest, reaching 34.3% during the period of observation. East Java, with 

Surabaya as the capital city, followed in second place with 12.3% incidence rate. 

The occurrence seemed highest in males (56.5%) on productive ages (31-59 years 

old) (57.5%).6 

 
Recently, various COVID-19 variant of concern (VOC) has been detected, one of 

them being the B.1.1.529 variant, widely known as the Omicron variant. The 

Omicron variant was firstly reported on November 24th, 2021 in South Africa.7 

The first case of the Omicron variant in Indonesia was reported on December 16th, 

2021, widely spreading across the country reaching its peak on February 2022. 

As of March 16th, 2022, 5,927,550 confirmed cases were reached with cumulative 
confirmed deaths of 152,975 deaths in Indonesia.8 East Java still showed a high 

occurrence of weekly COVID-19 incidence reaching 57,9 incidence per 100,000 

citizens, though not as many as previously documented. As of March 17th, 2022, 

114,342 cumulative confirmed cases in Surabaya were reported.8,9 Though most 

of the Omicron variant cases contributed to mild cases of COVID-19, its 
communicability was significantly higher than previous variants. Numerous 

studies have shown multiple long-term effects of COVID-19, including fatigue, 

pain syndromes, respiratory and cardiovascular symptoms, and even 

gastrointestinal symptoms such as nausea and ageusia. Long-term 

hypercoagulability due to COVID-19 may also lead to coronary thrombosis, 

increasing the risk of death even after the acute phase of COVID-19.10-11 SARS-
CoV-2 appeared to be capable of persistence in certain tissues, confirmed by 

detection of SARS-CoV-2 RNA in various body tissues including neural cells, even 

after the active phase of the disease.12  

 

Regarding the effects of COVID-19 on male reproductive functions, there were 
also reports of decreasing testosterone levels and sperm quality in the patients 

during active disease.13 Multiple mechanisms of testiculopathy caused by COVID-

19 have been postulated, including direct infection of testicle via ACE2 receptors, 

long-term fever leading to increased testicle temperature, steroid therapy, 

autoimmune orchitis caused by inflammatory cytokines in seminiferous tubules, 

and oxidative stress injury caused by the inflammatory processes.14-15 Recent 
evidence from Belgium showed that sperm abnormality strongly correlates with 

SARS-CoV-2 IgG antibody against spike 1 and the receptor-binding domain of 

spike 1 in serum. The study also reported 3 subjects developed high levels of anti-

sperm antibodies (ASA).16 As for SARS-CoV-2 in the sperm itself, there have been 

contradictory results with several studies reporting that SARS-CoV-2 RNA is 
undetectable in the sperm both in active infection and post-infection, but some 

others reporting high levels of RNA.17 While the vertical communicability of SARS-
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CoV-2 is currently inconclusive, it is apparent that COVID-19 was quite impactful 

to the quality of the semen.16,17 

 

Several studies have shown the short-term effects of COVID-19 on semen quality. 
A multicenter study consisting of 69 cases conducted in Turkey showed that 

during the recovery phase of COVID-19, it was observed that the semen quality of 

the patients was significantly decreased compared to before COVID-19 infection.18 

Analysis of 38 men semen samples in Shangqiu Municipal Hospital showed that 6 

out of 38 men had results positive for SARS-CoV-2 in semen during acute or 

recovery phase of COVID-19 infection.19 Similar result was found in a prior study 
conducted in Surabaya, that from 34 men diagnosed with infertility in the 

resolution phase of COVID-19 infection, one of them showed positive results in 

seminal SARS-CoV-2 PCR, after 121 days since diagnosis of COVID-19 based on 

nasopharyngeal PCR swab.20 Longer-term effects of COVID-19 on males have also 

been reported in several case reports. A 36 years-old man with no history of any 
kind of infertility pre-COVID-19 was diagnosed with oligoasthenoteratozoospermia 

one month post-COVID-19, only improving after four months post-COVID-19 

without reaching pre-COVID-19 semen analysis values.21 A similar case was 

observed in a 33 years-old man experiencing reversible cryptoozoospermia 4 

months after COVID-19 infection. The condition reversed to normal 3 months 

afterward.22 Many studies have reported short-term effects of COVID-19 on male 
fertility but not as many for the long-term effects. This study aims to explore the 

long-term effects of COVID-19 on male fertility further with a larger study sample. 

 

Materials and Methods 

 
Study Design & Participants 

 

COVID-19 survivors previously evaluated by semen analysis were included in this 

follow-up study. All patients were outpatients treated in the Andrology Unit of Dr. 

Soetomo General Hospital and Professor Nidom Foundation, both located in 

Surabaya, Indonesia, and recently diagnosed with infertility based on the semen 
analysis by the time of the resolution of COVID-19 symptoms by Supardi, et al.20 

Inclusion criteria for the subjects are patients aged >18 years old, had a history of 

resolved COVID-19 infection with previous evidence of laboratory-confirmed 

positive SARS-CoV-2 nasopharyngeal PCR swab result and had a previous history 

of infertility after COVID-19 infection based on the evidence of the semen analysis 
within 6 months or longer. Patients with any history of primary or secondary 

infertility before COVID-19 infection, history of testicular infection or malignancy, 

and patients currently using hormonal drugs which could affect spermatogenesis 

are excluded.  

 

Data Collection 
 

Patients who met the inclusion criteria were contacted by phone number obtained 

from the hospital. Informed consent was obtained before the study. All patients 

were asked to abstain for 2-7 days before the sampling. The sampling was 

performed 2 times for each participant. The baseline sampling, which was already 
performed before by Supardi, et al.20, was performed immediately by the time of 

resolution of COVID-19 symptoms. The follow-up sampling was performed within 
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6 months or more from the previous baseline sampling. Semen samples obtained 

were then to be examined manually by single study personnel according to WHO 

2010 criteria.23 

 

Statistical Analysis 

 

The patients were grouped according to COVID-19 severity based on WHO 

classification.24 Statistical analysis was performed globally and within each group, 

respectively, if sufficient. Semen volume, pH, sperm concentration, total, 
progressive, non-progressive, and immotile motility percentage, morphology 

percentage, leukocyte, erythrocyte, and immature sperm cells parameters 

obtained from the current semen analysis were to be statistically compared with 

individual previous results, which were obtained by Supardi, et al.20 All statistical 

analyses were performed using SPSS version 25.0. Normality test was based on 
the result of the Shapiro-Wilk Test. Comparison between current and previous 

sperm analysis results performed with Paired-T Test or Wilcoxon Test according 

to the result of normality test.     

 

Results 

 
Out of 34 subjects from the previous study20, 14 subjects agreed to participate 

further in this study. Twelve of the subjects had mild symptoms of COVID-19, 

while the remaining 2 subjects had asymptomatic COVID-19 infection. The semen 

analyses were obtained 6 months or more, ranging 6-7 months, after the previous 

analyses for all subjects. Due to the small number of subjects in the 
asymptomatic group, the final statistical analysis was only performed globally. 

Epidemiologic characteristic data is provided in Table 1.  

 

Table 1 

Demographic and Clinical Characteristic of Subjects 

 

Parameter Subjects 
(n=14) 

Range 

Age, mean±SD (years) 36.1±6.3 27-48 

Marriage status (n, %)   

Married 14 (100%)  

Not married 0  

Spouse’s age, mean±SD (years) 34.4±6.1 26-45 
Duration of marriage, mean±SD (years) 6.7±4.8 0.16-14 

Infertility (n, %)   

Primary 5 (35.7%)  

Secondary 2 (14.3%)  

Hormone Profile   

LH, mean±SD (mIU/mL) 3.92±1.77 1.61-7.31 
FSH, mean±SD (mIU/mL) 5.85±4.17 1.51-16.32 

Testosterone, mean±SD (ng/dL) 478.76±183.08 248.70-950.50 

 

Semen analysis results could be observed in Table 2. There was no significant 

difference between volume, motility, morphology, leukocyte count, and 

erythrocyte count parameter between baseline and follow-up sperm analysis. 
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However, a slight decrease in morphology parameter is observed between baseline 

vs. follow-up (1.2% vs. 0.7%). Only a single subject with erythrocyte was 

documented in follow-up sperm analysis, previously not documented in the 

baseline. A similar result is observed with the leukocyte count parameter. Only a 
single subject in each group (baseline and follow-up each in different subjects) 

with positive leukocyte in the semen samples. 

 

Table 2 

Baseline vs. Follow-up Semen Analysis Result 

 

Parameter Baseline Follow-up Mean difference  
(95% CI) 

p 

Volume (mL) 3.1±1.1 3.1±1.4 0.06 (-0.55-0.67) 0.944 

pH 7.9±0.3 7.4±0.2 0.5 (0.3-0.67) 0.002† 

Motility     

PR (%) 49.6±26.5 46.8±25.7 2.8 (-6.4-11.9) 0.528* 

NP (%) 7.0±5.4 13.6±9.6 -6.5 (-13.2-0.1) 0.053* 
Total Motility (%) 56.6±28.4 60.4±24.6 -3.8 (-13.2-5.5) 0.345 

IM (%) 29.1±19.6 32.4±19.8 -3.3 (-17.1-10.5) 0.612* 

Concentration (million/mL) 78.5±85.0 37.4±55.2 41.1 (7.5-74.5) 0.013† 

Morphology (%) 1.2±1.4 0.7±0.8 0.5 (-0.2-1.2) 0.142 

Leukocyte (cells/mL) 0.07±0.27 0.02±0.08 0.05 (-0.11-0.2) 0.655 
Erythrocyte (cells/mL) 0 0.03±0.11 -0.03 (-0.09-0.03) 0.317 

Immature Sperm (million/mL) 2.5±3.1 0.4±0.3 2.1 (0.37-4.03) 0.006† 

 

All statistical analyses were performed using Wilcoxon signed-rank test, due to 

abnormal distribution according to Shapiro-Wilk Test, except for PR, NP, and IM 

motility parameters.  

*Statistically analysed using Paired-T Test.  
†Significant difference observed with p<0,05 

 

Mean pH decreased significantly in follow-up semen analysis, with baseline vs. 

follow-up 7.9 vs 7.4 (p = 0.002; 95% CI = 0.3-0.67). Mean sperm concentration 

also decreased significantly, with baseline vs. follow-up 78.5 million/mL vs. 37.4 
million/mL (p = 0.013; 95% CI = 7.5-74.5). Lastly, mean immature sperm count is 

also decreased significantly, with baseline vs. follow-up 2.5 million/mL vs. 0.4 

million/mL (p = 0.006; 95% CI = 0.37-4.03). 

 

Discussion 

 
In regards to the effect of COVID-19 on semen quality of men recovering from 

COVID-19 infection, multiple shreds of evidences of short-term effects on semen 

quality have been documented in several cases.21,22. Mannur, et al. reported a 

case of decreased sperm concentration, decreased progressive motility, and also a 

decrease in normal morphology at 1 month after COVID-19 infection. Sperm 
concentration and motility recovered only partially at 4 months after COVID-19 

infection, while sperm morphology recovery is not yet observed. A similar case 

was reported by Basourakos, et al. The patient suffered from cryptozoospermia 

with no sperm in the semen analysis, 3 months after COVID-19 infection. Even at 

7 months after COVID-19 infection, there was only partial recovery, showing 
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improvement in sperm concentration and motility, but with poorer sperm motility 

compared with pre-COVID-19 infection sperm analysis.22 

 
Interestingly, our findings on sperm-analysis of 14 subjects at 6-7 months after 

COVID-19 infection could bring a new perspective on the longer-term impact of 

COVID-19 infection on semen analysis. We observed a significant decrease of 

sperm concentration even after 6-7 months, with a slight decrease of progressive 

sperm motility and normal sperm morphology, albeit being not statistically 

significant. These findings are similar to Basourakos, et al. case. A meta-analysis 
conducted by Tiwari, et al. involving 7 studies with 934 participants reported a 

statistically-significant decrease in total sperm count accompanied by the 

decrease of sperm concentration and progressive motility, albeit statistically 

insignificant.25 These observed decreases in the semen parameters could be due 

to the testicular injury from the SARS-COV-2 orchitis triggered by the immune 
response in opposition to the seminiferous epithelium, as previously documented 

on Severe Acute Respiratory Syndrome (SARS) cases.26 

 

Another interesting finding is that the subjects’ semen samples pH decreased 

significantly in follow-up semen analysis with mean pH 7,9 from baseline to 7,4 at 

follow-up. We hypothesized that the inflammation caused by COVID-19 could 
play a part in this. The alkaline pH of semen is mainly sourced from the secretion 

of the seminal vesicles. Decreased secretion of the semen samples due to various 

causes could be related to lower semen samples pH.27 It is found that ACE2 

receptor is abundantly expressed in the seminal vesicle, which indicates the 

possibility of the infection of the seminal vesicle.28 Direct damage to the seminal 
vesicles or secondary inflammatory response might contribute to the decrease of 

pH. Meanwhile, the decreased pH is still above the WHO referenced range (≥7,2), 

hence this current finding might not clinically be the cause of the poorer quality 

of semen. However, it would be important to note that oligozoospermia and 

asthenozoospermia could be observed in seminal pH lower than 7,2.29 

 
As mentioned before, we observed a statistically insignificant decrease in 

progressive sperm motility. From 5 studies of the meta-analysis conducted by 

Tiwari, et al., the progressive sperm motility of those subjects recovered from 

COVID-19 was 1,73% less than those without COVID-19. One of the included 

studies in the meta-analysis, conducted by Guo, et al., mentioned that the 
significant influence of COVID-19 in decreased motility was only observed in 

COVID-19 infection needing hospitalization.30 Regarding decreased motility, our 

findings are also consistent with the meta-analysis result. We observed 

progressive sperm motility at follow-up decreased by 2,8% from the baseline while 

being statistically insignificant, which might be because the enrolled subjects are 

with mild and asymptomatic cases only. Although we observed higher total 
motility at follow-up, it is due to the increased non-progressive sperm motility, 

while the progressive sperm motility is decreased.  

 

Guo, et al., also reported significantly higher abnormal sperm morphology at 84 

days after discharge, with a mean difference of 2% from 56 days after discharge.30 
We observed 0.5% decrease in sperm morphology from baseline after 6-7 months. 

The difference that was not statistically significant might be due to the smaller 

sample size and due to the normal sperm morphology of the baseline being 
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already low (1,2%). Our findings might prove that the decrease of normal sperm 

morphology is already occurred and persevered through the 6-7 months period. 

 

We also hypothesized that decreased sperm concentration, progressive motility, 
and normal sperm morphology observed in this study might be connected to 

hormonal factors. Leydig cells, which produce testosterone, have high expressions 

of ACE2. Direct SARS-CoV-2 infection of Leydig cells may lead to testicular 

hypofunction, especially in severe diseases.31 In a postmortem examination of the 

testes from 12 COVID-19 patients conducted by Yang M, et al., the mean number 

of Leydig cells per tubule cross-section in COVID-19 testes was significantly lower 
compared with 5 non-COVID-19 patients’ testes (2,2 vs. 7,8; p<0,001). In 

addition, only 3 out of 12 COVID-19 patients’ testes showed normal signs of 

spermatogenesis.32 The transient decrease of testosterone secretion in COVID-19 

patients could be related to damage to the Leydig cells, as observed in a study 

involving 40 males aged 21-65 years with COVID-19 infection.33 

 

Regarding the severity of COVID-19, it seems that hypogonadism is positively 

related to the severity of infection.34,35 In one study involving 55 COVID-19 

pneumonia-recovered, post-hospitalized male patients with an average of 60 days 

of discharge, the prevalence of testosterone deficiency was 50,9%, and the cause 

was mainly hypogonadotropic (60,7%). Recovered COVID-19 pneumonia patients 
had significantly lower total testosterone and calculated free testosterone and 

higher testosterone to LH ratio than the control group.34 Longer-term observation 

of 7 months cohort study of 121 men who recovered from COVID-19 showed 

improvement of testosterone levels from the majority of the patients (87,6%) 

compared to hospital admittance. However, 55% of the patients still had total 
testosterone levels suggestive of hypogonadism, with 9,9% of them having even 

lower testosterone levels than admittance.35 In this study, one of the limitations is 

that we couldn’t measure hormone levels that could be compared between 

baseline and 6-7 months follow-up. As the long-term hormonal impact was yet to 

be elucidated, we also suggest that further research should incorporate hormonal 

analysis comparing between before and after infection of COVID-19, and also with 
the follow-up results. 

 

Besides Leydig cells, Sertoli cell’s involvement with SARS-CoV-2 could also 

produce a potential problem of ASA formation. Sertoli cells damage can lead to a 

breakdown of the blood-testicular barrier which functions to preserve the 
spermatozoa from immune responses. Disruption of the blood-testicular barrier 

could be the trigger to the development of ASA which can lead to fertility 

impairment.36 IL-6 was thought to be responsible for the infiltration of leukocytes 

to the testes which disrupted of the blood-testicular barrier.37 As mentioned 

before, recent evidence from Belgium reported 3 subjects of recovered COVID-19 

infection developed high levels of anti-sperm antibodies (ASA).16 As with the 
hormonal impact, the risk of blood-testicular barrier disruption positively 

correlated with viral load.38 While there is not much evidence yet about ASA, it is 

one of the possible longer-term impacts of COVID-19 on male fertility.  

 

A thorough proteomics comparative analysis was performed by Ghosh S, et al. 
This analysis compared semen protein profile between 10 healthy fertile men and 

17 COVID-19 recovered men. Of the 48 expressed proteins, 21 proteins were 
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downregulated and 27 were upregulated in COVID-19-recovered males. The 

consequence of proteomic profile changes to the major reproductive functions 

includes the downregulation of sperm-oocyte recognition, testosterone response, 
cell motility regulation, adhesion regulation, extracellular matrix adhesion, and 

endopeptidase activity in COVID-19 recovered men. Specifically, downregulation 

of semenogelin 1 (SEMG1) from the seminal vesicle decreased sperm motility, 

downregulation of prosaposin (PSAP) could correlate with decreased size of the 

testis, epididymis, and prostate gland, and lastly, downregulation of Outer dense 

fiber protein-2 (ODF-2) could lead to asthenozoospermia, due to lack of 
functionality of the flagellum.39 Prosaposin is also a protein with a contribution to 

sperm-oocyte binding, fertilization, and embryo development. According to a 

study involving 166 participants, high seminal prosaposin concentrations were 

significantly associated with fertilization rate and good embryo proportion in 

IVF.40 Summarized from this evidence, COVID-19 could also impact male fertility 
due to changes in the regulation of protein expression. 

 

The limitation of our study is due to the small sample size included. While 34 

subjects initially participated in the baseline analysis. Only 14 subjects agreed to 

participate in the follow-up analysis. A larger sample size could provide higher 

quality data. Numerous hints of evidence of short-term impacts on semen quality 
have been observed in various situations about the impact of COVID-19 on the 

semen quality of men recovering from COVID-19 infection. This essay provides 

compelling evidence that Follow-up semen study after 6-7 months of recovery 

from COVID-19 symptoms revealed decreased sperm pH, sperm concentration, 

and immature sperm count. These results suggest that male infertility may be 
affected by COVID-19 infection over a longer period of time. Immature sperm have 

a different morphology from mature spermatozoa, which can explain why the 

number of immature sperm increased after 6-7 months.21,22,41,42,43 The duration 

between baseline and follow-up analysis of 6-7 months could shed a light on the 

lingering effects of COVID-19 infection on male infertility. Longer observation time 

would provide the time needed to recover from the COVID-19 impact on male 
infertility. 

 

Conclusion 

 

After 6-7 months of recovery from COVID-19 symptoms, follow-up semen analysis 
showed reduced sperm pH, sperm concentration, and immature sperm count, 

while no significant difference is observed with volume, motility, morphology, 

leukocyte count, and erythrocyte count parameter. These findings indicate that 

COVID-19 infection could have a longer-term impact on male infertility.  
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