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Abstract
Background:

Coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2, is a systemic illness capable of
influencing the male reproductive system through fever, inflammation, oxidative stress, vascular injury
and endocrine disturbance. Because spermatogenesis is temperature-sensitive and spermatozoa are
vulnerable to oxidative damage, semen quality may be altered during acute infection and early recovery.

Objective:

This systematic review evaluates the association between COVID-19 and male reproductive function,
with a focus on conventional semen parameters, sperm DNA fragmentation and oxidative stress,
reproductive hormones, SARS-CoV-2 detection in semen, and the time course of recovery.

Methods:

Published human studies of confirmed or previous SARS-CoV-2 infection were identified through
structured searches of electronic literature sources. Eligible observational studies reported at least one
male reproductive outcome, including semen quality, sperm functional integrity, reproductive hormones,
or viral detection in semen/testicular material. Findings were synthesised qualitatively in accordance
with PRISMA 2020 reporting principles (Page et al., 2021).

Results:

Across the available evidence, the clearest pattern is a short-term reduction in sperm concentration, total
sperm count and motility after infection, although individual studies differ in magnitude and not all report
persistent abnormalities. Longitudinal and pre/post-infection studies indicate improvement over
subsequent months in many men (Guo et al., 2021; Hu et al., 2022; Zhao et al., 2025). Sperm DNA
fragmentation and seminal oxidative/inflammatory markers may also increase after COVID-19
(Hajizadeh Maleki and Tartibian, 2021; Yuan et al., 2025). Endocrine studies report transient reductions
in testosterone or altered gonadotrophin relationships, particularly during symptomatic disease (Ma et
al., 2021; Majzoub et al., 2024). SARS-CoV-2 RNA is rarely detected in semen; one early study reported
positive samples, whereas most subsequent cohorts did not (Li et al., 2020; Pan et al., 2020; Ruan et al.,
2021).

Conclusion:
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COVID-19 can act as a temporary reproductive stressor in men, particularly after symptomatic or febrile
iliness. Current evidence supports predominantly indirect mechanisms such as fever, inflammation,
oxidative stress and endocrine disturbance, rather than persistent seminal infection. The evidence is
insufficient to conclude that COVID-19 commonly causes permanent infertility. When semen results are
abnormal soon after infection, repeat assessment after approximately one spermatogenic cycle may
help distinguish transient suppression from persistent dysfunction.

1. Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was initially characterised as a respiratory iliness but is now recognised to have
multisystem consequences, including cardiovascular, neurological, renal, endocrine and reproductive
effects (Collins et al., 2022; Seymen, 2021). Male reproductive function is particularly sensitive to
systemic inflammation, febrile illness, oxidative stress and endocrine disruption, providing a biological
basis for concern about fertility after infection (Khalili et al., 2020; Dutta and Sengupta, 2021; Agolli et al.,
2021).

Male fertility depends on coordinated testicular, endocrine and accessory-gland function.
Spermatogenesis requires intact Sertoli-cell support, Leydig-cell testosterone production and a stable
testicular microenvironment. Conventional semen analysis remains the first-line laboratory assessment
and includes semen volume, sperm concentration, total sperm count, motility, vitality and morphology
(World Health Organization, 2021). These parameters therefore provide a clinically relevant framework
for examining whether COVID-19 is associated with measurable reproductive change.

Initial concern regarding direct SARS-CoV-2 effects arose from expression of angiotensin-converting
enzyme 2 (ACE2) in testicular and reproductive tissues and the requirement for host proteases such as
TMPRSS2 during viral entry (llliano, Trama and Costantini, 2020; Abobaker and Raba, 2021). However, co-
expression patterns and clinical detection studies have not established the testis as a consistent
reservoir. Most semen studies have failed to identify viral RNA during recovery, including Pan et al.
(2020), Song et al. (2020), Ruan et al. (2021), Temiz et al. (2021) and Best et al. (2021). An important
exception is Li et al. (2020), who detected SARS-CoV-2 RNA in semen from 6 of 38 men, including men in
the acute and recovery phases. This isolated positive finding supports caution but has not been
reproduced consistently.

Indirect systemic pathways are therefore central to current mechanistic explanations. Fever may
transiently suppress spermatogenesis through testicular heat stress, while inflammatory cytokines and
endothelial injury may alter the testicular microenvironment. Oxidative stress is also biologically
important because sperm membranes contain high concentrations of polyunsaturated fatty acids and
spermatozoa have limited cytoplasmic antioxidant capacity. Excess reactive oxygen species can impair
mitochondrial function and motility, damage membranes, and increase sperm DNA fragmentation
(Kalfas et al., 2023; Aitken, 2022). In a prospective longitudinal cohort, Hajizadeh Maleki and Tartibian
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(2021) reported increased seminal inflammatory and oxidative-stress markers together with impaired
semen parameters during follow-up after COVID-19.

Clinical findings are heterogeneous. Several studies have reported reductions in sperm concentration,
total count or motility after infection (Gacci et al., 2021; Guo et al., 2021; Kog and Keseroglu, 2021; Pazir
et al., 2021; Ashonibare et al., 2024), whereas other cohorts show little evidence of persistent
impairment at later follow-up (Hu et al., 2022; Maruki et al., 2024). The differences are likely to reflect
variation in disease severity, fever, timing of semen collection, baseline fertility status, age,
comorbidities, vaccination status and study design. Pre-infection semen data are especially valuable
because semen parameters have substantial within-person biological variability.

Timing after infection is therefore a key interpretative factor. Guo et al. (2021) observed lower sperm
count, concentration and motility at an initial post-recovery assessment, followed by improvement on
repeat sampling. More recent longitudinal evidence likewise indicates that the greatest changes may
occur in the first weeks to months after infection, with subsequent recovery in many participants (Yuan
et al., 2025; Zhao et al., 2025). This time-dependent pattern is compatible with transient disturbance of
spermatogenesis rather than irreversible testicular damage.

COVID-19 may additionally affect the hypothalamic-pituitary-testicular axis. Ma et al. (2021) reported
higher luteinising hormone and a reduced testosterone-to-luteinising-hormone ratio in reproductive-aged
men with COVID-19, while Kog and Kesero@lu (2021) observed lower testosterone in infertile men after
infection. Majzoub et al. (2024) found that symptomatic disease was associated with more evident
transient endocrine disturbance than asymptomatic infection. These findings suggest that acute
systemic illness may influence both spermatogenesis and hormonal regulation.

Despite the expanding literature, uncertainty remains because many studies are observational, relatively
small and lack pre-infection semen data. Fertility-clinic populations may also introduce selection bias,
and clinically meaningful endpoints such as natural conception, miscarriage, assisted-reproduction
success and live birth remain under-reported. Reviews have consequently reached similar broad
conclusions while emphasising heterogeneity and the need for longitudinal data (Akhigbe and Hamed,
2020; Malki, 2022; Collins et al., 2022; Wen et al., 2024). The present review therefore focuses on the
consistency, timing and biological interpretation of male reproductive changes after COVID-19, while
distinguishing semen-quality changes from evidence of permanent infertility.

2. Methods
2.1 Study design

This systematic review was structured and reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement, which promotes transparent
reporting of study identification, screening, eligibility assessment and inclusion (Page et al., 2021). The
review focused on the effect of SARS-CoV-2 infection/COVID-19 on male reproductive function, including
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conventional semen parameters, sperm DNA integrity, oxidative stress, reproductive hormones, viral
detection and recovery over time.

2.2 Research question
The review addressed the following research question:

What is the effect of COVID-19 on male fertility, semen quality, sperm functional integrity and
reproductive hormone profiles, and what mechanisms may explain these changes?

The research question was structured using a PECO framework:

Component Description
Population Males of reproductive age assessed for fertility or reproductive parameters
Exposure Confirmed or clinically diagnosed SARS-CoV-2 infection/COVID-19

Comparator  Healthy controls, pre-COVID semen data, recovered men at different time intervals, or
population reference values

Outcomes Semen parameters, sperm DNA fragmentation, oxidative stress markers, reproductive
hormones, viral detection in semen/testis, and recovery over time

2.3 Eligibility criteria
Inclusion criteria
Studies were included if they met the following criteria:

1. 1. Published original research involving human male participants.

2. 2. Participants had confirmed or previous COVID-19/SARS-CoV-2 infection.

3. 3. The study reported at least one male reproductive outcome or SARS-CoV-2 detection in semen or
testicular material.

4. 4. Eligible designs included prospective or retrospective cohort studies, cross-sectional studies,
case-control studies and other observational clinical studies.

5. 5. Full-text articles were available in English.

Exclusion criteria
Studies were excluded if they met any of the following criteria:

1. 1. Animal-only studies without human reproductive data.

2. 2. In vitro studies without direct clinical male reproductive outcomes.

3. 3. Reviews, editorials, commentaries and opinion articles were excluded from the primary-study
synthesis, although relevant reviews were used for contextual interpretation.
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4. 4. Studies assessing only female fertility outcomes.
5. 5. Studies focused solely on COVID-19 vaccination without separate infection-related data.
6. 6. Articles with insufficient data on semen, hormonal or reproductive outcomes.

2.4 Information sources

The literature search used PubMed/MEDLINE, Scopus, Web of Science and Google Scholar, with
additional relevant articles identified from reference lists of eligible studies and systematic reviews.
Searches focused on literature published from the emergence of SARS-CoV-2 onward.

2.5 Search strategy

Search terms combined concepts relating to COVID-19 and male reproduction. Core terms included:
(COVID-19 OR SARS-CoV-2 OR coronavirus) AND (male fertility OR male infertility OR semen OR sperm
OR spermatogenesis OR testis OR testosterone OR reproductive hormones) AND (semen parameters OR
sperm concentration OR sperm count OR sperm motility OR sperm morphology OR sperm DNA
fragmentation OR oxidative stress). Database-specific syntax and controlled vocabulary were adapted
where appropriate.

2.6 Study selection

Titles and abstracts were screened against the eligibility criteria, followed by full-text assessment of
potentially relevant articles. The qualitative synthesis incorporated 18 original human studies addressing
semen quality, reproductive hormones, sperm functional integrity and/or viral detection. Figure 1
provides a retrospective reference-based reconstruction using the 35 references retained in the final
manuscript: 18 original human studies were included in the qualitative synthesis, while 17 non-primary
sources were retained for background, interpretation and methodology. This reconstruction should not
be interpreted as the original database-search flow because identification, duplicate-removal and
screening counts require the original search exports or screening log.

2.7 Quality assessment

Methodological quality was considered with emphasis on participant selection, comparability of
exposed and control groups, outcome measurement, timing of semen collection, availability of pre-
infection data and adequacy of follow-up. The Newcastle-Ottawa Scale provides a structured framework
for appraising non-randomised cohort and case-control studies (Wells et al., 2000), while ROBINS-|
domains provide complementary guidance for considering bias in non-randomised evidence (Sterne et
al., 2016). Because the included studies were heterogeneous in design, quality judgements were
interpreted alongside study design rather than converted into a single pooled score.

2.8 Ethical considerations

Formal ethical approval was not required for this review because it synthesised previously published
data and did not involve participant recruitment or analysis of identifiable patient-level information.
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3. Results
3.1 Study selection and general characteristics

The evidence base comprised observational human studies conducted during acute infection or at
varying intervals after recovery. Designs included cross-sectional comparisons, prospective cohorts,
retrospective pre/post analyses and longitudinal repeated-measure studies. The 18 original studies used
in the qualitative synthesis varied considerably in sample size, baseline fertility status, disease severity,
fever exposure and timing of semen collection. Table 1 summarises the studies that most directly
informed the review.
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Table 1

Summary of key original human studies included in the qualitative synthesis.

Study

Li et al.
(2020)

Song et al.
(2020)

Pan et al.
(2020)

Holtmann et

al. (2020)

Ma et al.
(2021)

Temiz et al.

(2021)

Ruan et al.
(2021)

Best et al.
(2021)

Gacci et al.

(2021)

Guo et al.
(2021)

Hajizadeh
Maleki &
Tartibian
(2021)

Kog &
Keseroglu
(2021)

Design/sample

Cohort; 38 men with
COVID-19

12 recovering men +
testicular sample from
1 deceased patient

34 recovering men

Cohort of
acute/recovered men

12 semen samples;
hormones in 119
infected men vs 273
controls

Cross-sectional pilot;
30 participants

74 recovered men; 70
semen samples

Prospective; 30
recovered men

Prospective
multicentre cohort
after recovery

41 recovered men; 22
repeat samples

Prospective
longitudinal; 84
COVID-19 and 105
controls

Pre/post study; 21
infertile men

Timing

Acute/recovery

Recovery/acute
tissue

~ 1 month after
diagnosis

Acute and
recovery

During/after
infection

Before/after
treatment and
controls

Median ~ 80 days
after last positive
swab

11-64 days after
positive test

Early recovery

Median 56 days;
repeat ~ 29 days
later

Repeated 10-day

assessments to
60 days

Before vs after
COVID-19
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Main finding

SARS-CoV-2 RNA detected in
semen in 6/38 men; an early
positive finding not consistently
reproduced.

No SARS-CoV-2 RNA detected in
semen or testicular tissue.

No viral RNA detected in semen;
questioned efficient
ACE2/TMPRSS2-mediated
testicular entry.

No semen viral RNA; semen
impairment more evident after
moderate than mild disease.

No semen viral RNA; higher LH and
lower testosterone: LH ratio in
infected men.

No semen viral RNA; lower
morphology and transient hormone
differences, potentially related to
acute illness/fever.

No viral RNA in semen/urogenital
secretions; concentration, total
count and total motility lower than
controls.

Lower total sperm number vs
controls; no viral RNA in tested
semen; small follow-up suggested
improvement.

Substantial semen impairment in a
subset despite absence of
consistent seminal viral detection.

Lower count, concentration and
motility initially, with significant
improvement on repeat sampling.

Higher inflammatory/oxidative-
stress and apoptotic markers with
lower semen quality.

Lower volume, motility, morphology
and testosterone after infection.




Study Design/sample Timing Main finding
Pazir et al. Prospective pre/post; Median ~ 112 days  Total motility and total motile
(2021) 24 men with mild sperm count declined; several other
COVID-19 parameters were not significantly
different.
Hu et al. 36 recovered men vs Median recovery No significant overall long-term
(2022) 45 controls 177.5 days differences; total sperm number
showed time-related recovery.
Majzoub et Asymptomatic vs Short- and long- Symptomatic infection showed
al. (2024) symptomatic infection  term follow-up clearer transient endocrine
disturbance; later semen
differences were limited.
Maruki et al. Descriptive Japanese Post-COVID Did not demonstrate a clear
(2024) post-COVID cohort conditions sustained reduction in sperm count
compared with population data.
Yuan et al. Cross-sectional and Post-infection Lower sperm count/motility and
(2025) longitudinal clinical follow-up higher DNA fragmentation after
study COVID-19.
Zhao et al. Retrospective 1,2,3and 6 Largest decline early after
(2025) longitudinal study with  months infection, followed by recovery over
pre-infection data approximately 3—5 months.

3.2 Effect of COVID-19 on conventional semen parameters

The most consistent clinical signal is reduced sperm number and motility during acute infection or early
recovery. Gacci et al. (2021) reported semen impairment in recently recovered men, while Best et al.
(2021) found a lower total sperm number in men sampled 11-64 days after infection than in age-
matched SARS-CoV-2-negative men. Ruan et al. (2021) similarly observed lower sperm concentration,
total sperm count and total motility compared with healthy controls despite overall values frequently
remaining above WHO lower reference limits.

Studies with within-person pre-infection data strengthen the evidence because they reduce confounding
by baseline semen variability. Ko¢ and Keseroglu (2021) found significant post-COVID reductions in
semen volume, total and progressive motility, normal morphology and testosterone in 21 infertile men.
Pazir et al. (2021) observed significant reductions in total motility and total motile sperm count after
mild COVID-19, although semen volume, concentration and progressive motility did not change
significantly. These differences illustrate that COVID-19 does not affect every semen parameter
uniformly.

Guo et al. (2021) found significantly lower total sperm count, sperm concentration and motility at the
first post-recovery assessment, followed by improvement in repeat samples. Hajizadeh Maleki and
Tartibian (2021) also reported lower semen volume, concentration, progressive motility and morphology
in association with inflammatory and oxidative-stress changes. At the evidence-synthesis level,
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Ashonibare et al. (2024) and Wen et al. (2024) reported overall adverse associations between SARS-CoV-
2 infection and multiple semen outcomes, although heterogeneity between studies was substantial.

Conversely, later follow-up studies do not consistently demonstrate persistent impairment. Hu et al.
(2022) found no significant overall difference between recovered men and controls at a median recovery
duration of 177.5 days, and Maruki et al. (2024) did not identify a clear sustained reduction in sperm
count in a Japanese post-COVID cohort. Collectively, the evidence supports a time-dependent effect
rather than uniform long-term deterioration.

3.3 Timing of semen impairment and recovery after
infection

Timing is one of the strongest sources of heterogeneity across studies. Semen collected soon after
symptomatic infection may reflect fever-related disruption and injury to germ cells that were developing
during the acute illness. Because a complete spermatogenic cycle takes several weeks and newly
formed sperm must then transit the epididymis, recovery in ejaculate quality is not expected immediately
after systemic recovery.

Longitudinal observations support this interpretation. Guo et al. (2021) reported significant improvement
in count, concentration and motile sperm number on a second sample obtained after the initial post-
recovery assessment. Hu et al. (2022) observed an improving trend in total sperm number with longer
recovery. Zhao et al. (2025), using repeated post-infection assessments and pre-infection data, found the
greatest reduction around the first month and subsequent recovery, with estimated recovery occurring
over approximately three to five months for key parameters. Yuan et al. (2025) likewise found post-
COVID deterioration but demonstrated that changes must be interpreted according to follow-up interval.

These studies suggest that a single abnormal semen analysis soon after COVID-19 should not
automatically be interpreted as permanent infertility. When clinically appropriate, repeat semen testing
after approximately three months provides a more informative assessment of persistence or recovery.

3.4 Disease severity, fever and semen quality

Disease severity and fever appear to modify reproductive effects. Holtmann et al. (2020) reported that
semen impairment was more evident after moderate COVID-19 than after mild disease, while viral RNA
was not detected in semen. Temiz et al. (2021) found lower sperm morphology and acute hormone
changes and interpreted these cautiously in the context of fever and systemic stress rather than a
specific persistent gonadal effect.

Symptomatic illness may also produce stronger endocrine effects. Majzoub et al. (2024) reported lower
testosterone and a higher luteinising-hormone-to-testosterone ratio during symptomatic infection, with
improvement after recovery. Kog and Kesero@lu (2021) observed a post-infection fall in testosterone
alongside semen deterioration in a pre-existing infertility population. Fever is therefore a plausible

Page 10/22



mediator because spermatogenesis is highly temperature-sensitive, although available studies do not
always record fever duration or maximum temperature consistently.

3.5 Sperm DNA fragmentation and oxidative stress

Conventional semen analysis may not capture all post-COVID reproductive effects. Hajizadeh Maleki and
Tartibian (2021) found increased seminal reactive oxygen species, inflammatory cytokines and apoptotic
markers together with reduced antioxidant activity and poorer semen parameters during longitudinal
follow-up. This provides direct clinical support for oxidative and inflammatory pathways rather than
relying only on theoretical mechanisms.

Yuan et al. (2025) reported increased sperm DNA fragmentation after COVID-19 together with lower
sperm count and motility. This is potentially clinically relevant because sperm DNA integrity contributes
to fertilisation and embryo development, although the available COVID-19 literature has not yet
established a consistent relationship with pregnancy or live-birth outcomes. Kalfas et al. (2023)
therefore proposed oxidative stress as an important mechanistic target but also emphasised that
evidence for COVID-specific antioxidant treatment remains limited.

3.6 Reproductive hormone changes

Several studies suggest transient alteration of the hypothalamic-pituitary-testicular axis. Ma et al. (2021)
found higher luteinising hormone and a lower testosterone-to-luteinising-hormone ratio in men with
COVID-19 compared with controls, despite no viral RNA in the semen samples examined. This pattern
may indicate relative Leydig-cell stress or impaired testicular responsiveness during systemic
inflammation.

Kog and Keseroglu (2021) reported a significant reduction in testosterone after COVID-19 in infertile
men, while Majzoub et al. (2024) observed more evident hormonal disturbance during symptomatic than
asymptomatic infection, followed by improvement. At the meta-analytic level, Ashonibare et al. (2024)
reported reduced testosterone and changes in other reproductive hormones. These findings support
temporary endocrine disturbance but do not establish permanent Leydig-cell failure.

3.7 SARS-CoV-2 detection in semen and testicular
involvement

Evidence for persistent SARS-CoV-2 in semen is weak. Li et al. (2020) reported viral RNA in 6 of 38
semen samples, including samples collected during acute illness and recovery. This study is important
because it demonstrates that seminal detection is possible, but its findings contrast with the majority of
subsequent clinical studies.

Pan et al. (2020), Song et al. (2020), Holtmann et al. (2020), Ma et al. (2021), Temiz et al. (2021), Ruan et
al. (2021) and Best et al. (2021) did not detect SARS-CoV-2 RNA in semen in their examined cohorts.
Ruan et al. (2021) also found no viral RNA in urine or expressed prostatic secretions from recovered
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men. Thus, the available literature suggests that persistent seminal shedding is uncommon and is
unlikely to account for most observed semen abnormalities.

Broader evidence therefore favours indirect injury pathways such as fever, systemic inflammation,
oxidative stress, endothelial dysfunction and endocrine disturbance over persistent infection of semen.
Reviews by Dutta and Sengupta (2021), Agolli et al. (2021), Aitken (2022) and Collins et al. (2022)
similarly describe a multifactorial model rather than a single direct viral mechanism.

3.8 Summary of main findings

The evidence indicates that COVID-19 can be associated with reduced semen quality, particularly sperm
count/concentration and motility, during acute infection and early recovery. Longitudinal data suggest
improvement in many men over subsequent months. Oxidative stress, inflammation and transient
endocrine disturbance provide plausible mechanisms, while persistent SARS-CoV-2 detection in semen
is uncommon. The evidence therefore supports temporary male reproductive impairment in a proportion
of infected men but does not establish permanent infertility as a common outcome.

4. Discussion

4.1 Principal findings

This review identifies a coherent pattern across otherwise heterogeneous studies: COVID-19 is most
consistently associated with short-term deterioration in semen quality, while the evidence for persistent
impairment is weaker. The strongest changes concern sperm concentration/total count and maotility,
although morphology, vitality, semen volume and DNA integrity are affected in some cohorts. Studies
with pre-infection or repeated post-infection data are particularly informative because they show that
recovery is possible (Guo et al., 2021; Pazir et al., 2021; Hu et al., 2022; Zhao et al., 2025).

This distinction is clinically important. A decrease in semen quality after COVID-19 does not by itself
demonstrate infertility, and an abnormal analysis during early recovery may represent a transient effect
of systemic iliness. The available evidence is therefore better described as post-infective reproductive
dysfunction or temporary subfertility risk rather than proof that SARS-CoV-2 commonly causes
permanent male infertility.

4.2 Direct viral injury versus indirect systemic mechanisms

Early hypotheses focused on direct viral invasion because ACE2 is expressed in testicular tissue.
However, receptor expression alone does not establish productive infection. The seminal detection
literature is dominated by negative studies, with Li et al. (2020) representing the main early positive
report and Pan et al. (2020), Song et al. (2020), Holtmann et al. (2020), Ruan et al. (2021), Temiz et al.
(2021) and Best et al. (2021) reporting no viral RNA in the semen examined.
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Indirect mechanisms therefore provide the more consistent explanation for post-COVID semen changes.
Systemic fever, cytokine activation, oxidative stress, vascular/endothelial injury and endocrine
disturbance can each impair spermatogenesis without requiring persistent viral infection of the testis.
This multifactorial interpretation is consistent with mechanistic reviews (Khalili et al., 2020; Agolli et al.,
2021; Malki, 2022; Kalfas et al., 2023) and with clinical studies linking poorer semen quality to
inflammatory and oxidative-stress markers (Hajizadeh Maleki and Tartibian, 2021).

4.3 Role of fever and systemic inflammation

Fever is a credible non-specific contributor to post-COVID semen impairment because spermatogenesis
requires a temperature below core body temperature. Febrile illness can disturb germ-cell development,
and the effect may only become visible in semen several weeks later. The stronger impairment reported
in moderate or symptomatic disease by Holtmann et al. (2020) and the acute changes described by
Temiz et al. (2021) are compatible with this mechanism.

Inflammatory pathways may amplify this effect. Hajizadeh Maleki and Tartibian (2021) documented
sustained increases in seminal pro-inflammatory cytokines together with oxidative stress and poorer
semen quality. Thus, the reproductive effect of COVID-19 probably reflects the intensity and duration of
systemic illness rather than a uniform response to SARS-CoV-2 exposure.

4.4 Oxidative stress and sperm DNA fragmentation

Oxidative stress provides a mechanistic bridge between systemic inflammation and sperm dysfunction.
Excess reactive oxygen species can impair mitochondrial energy generation and membrane function,
reducing motility, while also damaging nuclear and mitochondrial DNA. The longitudinal biomarker
findings of Hajizadeh Maleki and Tartibian (2021) support this pathway in COVID-19.

Yuan et al. (2025) further demonstrated increased sperm DNA fragmentation after infection. DNA
fragmentation may reveal functional injury that is not apparent from routine semen analysis alone, but its
routine use after COVID-19 cannot currently be recommended for all men because evidence linking post-
COVID DNA fragmentation to pregnancy and live-birth outcomes remains limited. It may be more
relevant in persistent unexplained subfertility or repeated assisted-reproduction failure.

4.5 Endocrine disruption and Leydig cell function

The endocrine findings suggest that acute COVID-19 can temporarily alter testicular or hypothalamic-
pituitary regulation. Higher LH with a lower testosterone: LH ratio, as reported by Ma et al. (2021), can
indicate reduced Leydig-cell responsiveness. Post-infection reductions in testosterone have also been
reported in pre/post data (Kog¢ and Keseroglu, 2021) and in symptomatic infection (Majzoub et al., 2024).

These changes should nevertheless be interpreted cautiously because testosterone is sensitive to acute
illness, inflammation, obesity, medication exposure and time of blood sampling. Current studies support
transient gonadal stress more strongly than irreversible endocrine failure.

4.6 Semen impairment appears time-dependent
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Time since infection explains part of the apparent conflict between studies. Early-recovery cohorts more
frequently report lower sperm number and motility, whereas later cohorts often find attenuated or absent
differences. Guo et al. (2021) showed improvement on repeat sampling; Hu et al. (2022) observed
recovery trends at longer intervals; and Zhao et al. (2025) demonstrated recovery over approximately
three to five months in key parameters.

Accordingly, post-COVID semen results should be interpreted in relation to infection date and fever
history. A repeat sample after approximately one spermatogenic cycle can distinguish a temporary post-
febrile change from a more persistent abnormality.

4.7 Clinical implications

Men attempting conception or undergoing fertility treatment can be counselled that semen quality may
be temporarily reduced after symptomatic or febrile COVID-19. Semen analysis is reasonable when
conception is delayed, when there is an unexpected deterioration from previous results, or before
assisted reproduction if recent infection may affect interpretation. Standard WHO laboratory methods
should be used (World Health Organization, 2021).

If an early post-infection semen analysis is abnormal, repeat testing after approximately three months is
often more informative than immediate classification of persistent infertility. Hormonal assessment
including testosterone, luteinising hormone, follicle-stimulating hormone and prolactin may be
appropriate when there are symptoms of hypogonadism or persistently abnormal semen findings.
Clinical decisions about delaying assisted reproduction should remain individualised because current
evidence does not support a mandatory delay for all men after COVID-19.

4.8 Recovery strategies and supportive management

No intervention has been proven specifically to reverse COVID-19-related male reproductive impairment.
Management should therefore focus on recovery from acute illness and standard modifiable fertility
factors: smoking cessation, avoidance of anabolic steroids and excessive heat exposure, healthy body
weight, regular physical activity, adequate sleep and management of metabolic disease.

Antioxidants have been proposed because oxidative stress is a plausible mechanism. However, Kalfas et
al. (2023) concluded that COVID-specific evidence remains insufficient to establish antioxidant
supplementation as a treatment. Any supplementation should therefore be framed as supportive rather
than disease-specific therapy, and persistent severe abnormalities should prompt specialist andrological
or fertility assessment.

4.9 Implications for public health and fertility counselling

SARS-CoV-2 continues to circulate, making accurate fertility counselling relevant even after the acute
pandemic period. Counselling should be balanced: men should be informed that temporary semen and
hormonal changes can occur, especially after fever or symptomatic disease, while also being reassured
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that available longitudinal evidence shows recovery in many cases. Recording recent infection, fever
severity and timing relative to semen collection can improve interpretation in fertility clinics.

4.10 Limitations of the current evidence

The evidence base is limited by observational designs, small samples, inconsistent control groups and
substantial variation in the timing of semen collection. Many studies lack pre-infection semen data,
making causal attribution difficult because semen parameters vary naturally within individuals. Fertility-
clinic recruitment can introduce selection bias, and several studies inadequately report fever duration,
medication exposure, abstinence interval, vaccination status, viral variant, body mass index and
comorbidity.

Outcome heterogeneity is also important. Some studies report only conventional semen parameters,
whereas others assess DNA fragmentation, hormones or seminal biomarkers. Meta-analyses therefore
combine studies with different designs and follow-up periods, which contributes to statistical
heterogeneity (Ashonibare et al., 2024; Wen et al., 2024). Most importantly, semen quality remains a
surrogate endpoint: few studies measure natural conception, miscarriage, assisted-reproduction
success or live birth.

A further reporting limitation is that the original database-identification, duplicate-removal, title/abstract
exclusion and full-text exclusion counts cannot be reconstructed from the final bibliography. Figure 1
therefore reports only the reference-based classification that can be verified from the manuscript itself.

4.11 Overall interpretation

The most defensible interpretation is that COVID-19 can act as a systemic reproductive stressor capable
of transiently impairing spermatogenesis, sperm motility, sperm DNA integrity and reproductive hormone
balance. The pattern is strongest soon after symptomatic or febrile disease and appears reversible in
many men. Persistent viral shedding in semen is uncommon and does not explain most reported
abnormalities. Current evidence therefore supports temporary male reproductive dysfunction after
COVID-19 rather than a general conclusion of permanent infertility.

5. Future Directions

5.1 Longitudinal Evidence

Future studies should prioritise within-person longitudinal designs with semen data available before
infection and repeated testing after recovery. This approach reduces baseline inter-individual variability
and allows the trajectory of change to be established more confidently. Zhao et al. (2025) illustrated the
value of repeated post-infection assessments, while Guo et al. (2021) demonstrated how a second
sample can reveal recovery not apparent at initial follow-up.

5.2 Recovery
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Following up at standardised intervals such as one, three, six and twelve months would help define the
duration and completeness of recovery and identify a subgroup with persistent abnormalities. Recovery
should be analysed according to disease severity and fever exposure rather than reported only as a
single overall post-COVID estimate.

5.3 Standardisation

Semen collection and analysis should follow current WHO laboratory guidance, with consistent reporting
of abstinence period, collection method, laboratory processing and lower reference limits (World Health
Organization, 2021). Studies should also report age, body mass index, smoking, medication exposure,
comorbidity, vaccination status, variant/period of infection, fever duration and baseline fertility status to
improve comparability.

5.4 Specificity

Future research should distinguish SARS-CoV-2-specific effects from the general reproductive
consequences of febrile systemic illness. Comparator groups with non-COVID febrile infections,
asymptomatic SARS-CoV-2 infection and symptomatic afebrile infection would help determine whether
observed semen changes are driven predominantly by viral-specific mechanisms, fever or broader
inflammatory stress.

5.5 Sperm Integrity

Conventional semen parameters should be complemented by validated measures of sperm DNA
fragmentation, oxidative stress and mitochondrial function. The biomarker findings of Hajizadeh Maleki
and Tartibian (2021) and DNA-fragmentation results of Yuan et al. (2025) indicate that functional injury
may extend beyond routine count and motility measurements.

5.6 Endocrine Function

Longitudinal hormone studies should include testosterone, luteinising hormone, follicle-stimulating
hormone, prolactin, estradiol, sex hormone-binding globulin and, where feasible, inhibin B. Repeated
measurements would clarify whether altered testosterone-to-LH relationships represent temporary

Leydig-cell stress or persistent testicular dysfunction.

5.7 Fertility Outcomes

The principal unanswered clinical question is whether laboratory abnormalities translate into reduced
fertility. Future studies should measure time to natural conception, fertilisation rates, embryo
development, implantation, miscarriage, clinical pregnancy and live birth. These outcomes are necessary
before the reproductive significance of transient post-COVID semen changes can be defined.

5.8 Interventions

Controlled trials are required before recommending COVID-specific interventions. Potential strategies
including antioxidant supplementation, lifestyle optimisation and treatment of endocrine abnormalities
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should be evaluated against standard care using both semen and clinically meaningful reproductive
outcomes. Until such data are available, management should remain based on established male-
infertility principles rather than unproven post-COVID regimens.

5.9 Evolving Context

Future studies should account for vaccination, reinfection and viral variants because these factors alter
disease severity and inflammatory burden. Repeated infections may have different reproductive
consequences from a single episode, but cumulative effects on semen quality and endocrine function
remain uncertain.

5.10 Summary

Research priorities are to establish within-person trajectories, standardise timing and laboratory
methods, separate SARS-CoV-2 effects from febrile illness, expand functional sperm and endocrine
assessment, and link laboratory findings to pregnancy and live-birth outcomes. These steps are needed
to determine whether persistent reproductive impairment occurs in a definable subgroup and whether
targeted intervention is beneficial.

6. Conclusion

COVID-19 is associated with measurable but predominantly time-dependent changes in male
reproductive function. The most reproducible findings are reductions in sperm count/concentration and
motility during acute infection or early recovery, with morphology, viability and DNA integrity affected in
some studies. Longitudinal evidence indicates that these abnormalities improve over subsequent
months in many men (Guo et al., 2021; Hu et al., 2022; Zhao et al., 2025).

The mechanism is likely multifactorial. Although seminal SARS-CoV-2 RNA has occasionally been
reported (Li et al., 2020), most studies do not detect the virus in semen, making persistent direct
infection an unlikely explanation for the majority of reproductive changes (Pan et al., 2020; Song et al.,
2020; Ruan et al., 2021). Fever, systemic inflammation, oxidative stress and transient endocrine
disturbance provide stronger and more consistent explanatory pathways (Hajizadeh Maleki and
Tartibian, 2021; Ma et al., 2021; Kalfas et al., 2023).

The current evidence does not support the conclusion that COVID-19 commonly causes permanent male
infertility. In men with fertility concerns after recent symptomatic or febrile infection, semen analysis can
be considered, with repeat testing after approximately one spermatogenic cycle when initial findings are

abnormal. Future longitudinal studies should prioritise standardised semen testing, sperm DNA integrity,
endocrine recovery and clinically meaningful fertility outcomes.
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manuscript.
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