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Abstract

This review elucidates the complex interplay between HIV infection and male infertility, underscoring the multifaceted mecha-
nisms through which HIV undermines male reproductive health. These mechanisms encompass diminished semen quality,
orchitis, hypogonadism, and leukocytospermia. Concurrently, while antiretroviral therapy (ART) is salvific, it may pose additio-
nal fertility challenges. The introduction of highly suppressive ART has revolutionized the reproductive landscape for HIV-
serodiscordant couples, enabling them to plan for children with minimal risk of HIV transmission, thereby justifying the
Undetectable = Untransmissible (U = U) paradigm. Despite these impediments, sperm washing in conjunction with sophis-
ticated assisted reproductive technologies (ARTs), such as in vitro fertilization and intracytoplasmic sperm injection, offers
efficacious fertility solutions for HIV-positive males, substantially mitigating the risk of HIV transmission. Psychological and
ethical considerations further shape fertility treatment decisions and outcomes within this demographic. Future research
should focus on elucidating the long-term effects of ART on male fertility and devising targeted interventions to enhance
reproductive health in HIV-positive men.
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Introduction

AIDS, precipitated by the HIV, constitutes a chronic,
pernicious condition that profoundly debilitates the
immune system, thereby heightening vulnerability to
opportunistic infections and specific malignancies. The
advent of antiretroviral therapy (ART) has significantly
mitigated AIDS-related mortality and substantially pro-
longed the life expectancy of those afflicted, effectively
transmuting AIDS from a fatal affliction into a managea-
ble chronic ailment’. The World Health Organization
has articulated ambitious benchmarks to ensure that
90% of individuals achieving viral suppression can sus-
tain a healthy existence. Despite these therapeutic stri-
des, HIV infection persists in exerting deleterious
effects on reproductive health, with empirical evidence
delineating a robust correlation between HIV and male
infertility>. HIV can precipitate diminished sperm qua-
lity, azoospermia (the absence of sperm), or oligosper-
mia (a reduced sperm count)®, underscoring the
imperative for further investigative endeavors into the
potential ramifications of HIV on the male reproductive
apparatus.

Infertility constitutes a pervasive global public health
predicament, impacting approximately 15% of couples
within the reproductive age bracket worldwide*. Within
this demographic, male infertility is responsible for
nearly half of the etiologies, with idiopathic astheno-
zoospermia — manifesting as diminished sperm moti-
lity — emerging as a predominant contributory factor®.
In recent decades, the incidence of male infertility has
exhibited a marked upward trajectory. By 2019, the
global prevalence of male infertility had escalated to an
estimated 56.53 million individuals, representing a sta-
ggering 76.9% increase from 1990. Furthermore, the
global average sperm count has plummeted by 62%
over the past 45 years, a trend that has elicited exten-
sive concern and scholarly scrutiny®.

HIV infection exerts a profound impact on reproduc-
tive health, with a robust correlation between HIV posi-
tivity and male infertility. The prevalence of male
infertility among HIV-infected cohorts varies signifi-
cantly across disparate geographical regions and
demographic subsets. Comprehensive global studies
have delineated that the incidence of infertility among
HIV-positive males ranges from 20% to 50%, a figure
substantially higher than the approximately 10% preva-
lence observed in the general male population’. In
regions such as Sub-Saharan Africa, where the HIV
pandemic is most acutely entrenched, the prevalence

of male infertility among HIV-positive individuals can
soar to as high as 40%?°.

The elevated prevalence of male infertility among
HIV-positive individuals is attributable to multiple inte-
rrelated factors, including high rates of sexually trans-
mitted infections (STIs) and concurrent comorbidities
that synergistically impair reproductive function.
Epidemiological data reveal significant geographical
variations in this association, with approximately 30%
of HIV-infected males in Western nations (the United
States and Europe) experiencing fertility impairments.
Asian populations demonstrate a slightly lower but still
substantial prevalence of 25%, though regional dispa-
rities exist across different countries and healthcare
contexts. This reproductive health burden extends
beyond biological implications, manifesting in conside-
rable psychosocial consequences through diminished
mental health outcomes and strained interpersonal
relationships®. The evolving landscape of ART and
improved life expectancy among people living with HIV
(PLWH) has intensified the complexity of addressing
their reproductive health needs and fertility aspirations.
These developments necessitate a paradigm shift in
public health approaches to simultaneously manage
HIV treatment and fertility preservation. Elucidating the
pathophysiological mechanisms linking HIV infection to
male infertility is therefore critical for three primary
objectives: (1) enhancing clinical management of repro-
ductive health in PLWH, (2) refining evidence-based
public health interventions, and (3) mitigating the
growing global burden of infertility through targeted
prevention strategies.

The impact of HIV on male fertility

HIV has emerged as a significant factor contributing
to male infertility, with its influence extending beyond
the well-documented immunological and clinical mani-
festations. The virus’s impact on male reproductive
health is multifaceted, involving direct and indirect
mechanisms that disrupt normal spermatogenesis and
sperm function'®. Among the various pathways through
which HIV affects male fertility, three key aspects stand
out: impaired semen parameters, orchitis and hypogo-
nadism, and leukocytospermia®'"'3, These factors
collectively contribute to the complex interplay between
HIV infection and male infertility, highlighting the need
for a comprehensive understanding of the underlying
mechanisms. Specifically, impaired semen parameters
are a hallmark of HIV-associated male infertility, cha-
racterized by reduced semen volume, decreased sperm



motility, lower sperm concentration, and abnormal
sperm morphology. In addition, orchitis and hypogona-
dism further exacerbate infertility by causing testicular
tissue damage and disrupting the hormonal balance
necessary for optimal sperm development. Finally, leu-
kocytospermia, marked by an increased number of
white blood cells in semen, leads to oxidative stress
and DNA damage in sperm, further compromising fer-
tility. Together, these mechanisms underscore the mul-
tifaceted nature of HIV’s impact on male reproductive
health and emphasize the need for targeted interven-
tions to address this growing concern.

Impaired semen parameters

HIV infection has been shown to significantly impact
semen quality, leading to alterations in various parame-
ters essential for fertility. Studies have consistently
demonstrated that HIV-infected men often exhibit redu-
ced semen volume, decreased sperm motility, lower
sperm concentration, and abnormal sperm morphology
compared to uninfected individuals™. These impair-
ments are attributed to the direct effects of the virus on
the male reproductive tract, as well as the systemic
immune dysregulation associated with HIV infection.
For instance, HIV can infiltrate the testes and epididy-
mis, causing localized inflammation and oxidative
stress, which in turn disrupt the normal spermatogene-
sis process'®.

Orchitis and hypogonadism

HIV infection is frequently associated with orchitis
(inflammation of the testes) and hypogonadism (low
testosterone levels), both of which have detrimental
effects on sperm production and morphology. Orchitis
can lead to testicular tissue damage, impairing sper-
matogenesis and resulting in reduced sperm counts'®.
In addition, hypogonadism, a common complication in
HIV-infected individuals, can further exacerbate inferti-
lity by disrupting the hormonal balance necessary for
optimal sperm development. Low testosterone levels
can lead to decreased libido and erectile dysfunction,
further complicating the reproductive potential of these
individuals'”.

Leukocytospermia

Leukocytospermia, characterized by an increased
number of white blood cells in semen, is another com-
mon finding in HIV-infected men'®. The presence of

X. He et al. HIV and male infertility

excess leukocytes in semen is associated with elevated
levels of reactive oxygen species, which can impair
sperm motility and viability'®. This condition is thought
to result from chronic inflammation and immune activa-
tion in the male genital tract, driven by persistent HIV
infection. The oxidative stress caused by leukocytos-
permia can lead to DNA damage in sperm, further
compromising fertility.

In summary, HIV infection exerts multifaceted adverse
effects on male fertility through mechanisms that
include impaired semen parameters, orchitis, hypogo-
nadism, and leukocytospermia. Understanding these
complex interactions is crucial for developing targeted
interventions to mitigate the reproductive health cha-
llenges faced by HIV-infected men.

The impact of ART on male infertility

ART, particularly highly active antiretroviral therapy,
has revolutionized the management of HIV/AIDS, signi-
ficantly improving the life expectancy and quality of life
of individuals living with HIV. However, the impact of
ART on male fertility remains a subject of considerable
interest and concern. While ART effectively suppresses
viral replication and restores immune function, it may
also exert unintended effects on the male reproductive
system?’.

Side effects of ART

One of the primary concerns regarding ART is its
potential to negatively impact sperm quality®’. While
certain antiretroviral drugs, particularly nucleoside
reverse transcriptase inhibitors (NRTIs) such as stavu-
dine and didanosine, have historically been associated
with mitochondrial toxicity, modern ART regimens have
evolved to include safer alternatives®?. Contemporary
NRTIs, such as lamivudine and tenofovir, are now
widely used due to their reduced mitochondrial toxi-
city?®. However, the impact of these newer drugs on
male fertility remains a subject of ongoing research.

Lamivudine, for instance, has been shown to have a
more favorable safety profile regarding mitochondrial
function compared to its predecessors. Similarly, teno-
fovir, especially in its newer formulations like tenofovir
alafenamide, has demonstrated lower toxicity and
improved renal and bone safety?*. Despite these advan-
cements, some studies suggest that tenofovir may
still have subtle effects on sperm parameters, although
these are generally less pronounced than those obser-
ved with older NRTIs.
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ART and semen parameters

The influence of ART on semen parameters is
another critical area of investigation. Clinical studies
have demonstrated that ART can have variable effects
on sperm count, motility, and morphology®'. Some
reports suggest that ART initiation may initially lead to
a transient improvement in semen quality, likely due to
the overall health benefits and immune restoration.
However, over time, many men on long-term ART expe-
rience a decline in sperm parameters?. This decline is
attributed to several factors, including the direct cyto-
toxic effects of antiretroviral drugs on spermatogenesis,
as well as the chronic inflammation and oxidative stress
associated with HIV infection, which may persist des-
pite viral suppression?®.

In summary, while ART has undoubtedly transformed
the landscape of HIV treatment, its impact on male
fertility cannot be overlooked. The potential side effects
of ART, particularly mitochondrial toxicity, and its
influence on semen parameters highlight the need for
careful monitoring and management of reproductive
health in men living with HIV. Future research should
focus on identifying specific antiretroviral agents that
minimize adverse effects on fertility and developing
strategies to mitigate these impacts, thereby improving
the reproductive outcomes for HIV-infected men.

HIV comorbidities and male infertility

HIV infection is often accompanied by various comor-
bid conditions that can further exacerbate the risk of
male infertility. These comorbidities, including STls and
other infections, play a significant role in the overall
reproductive health of HIV-infected men®’. Understanding
the interplay between these comorbid conditions and
male infertility is crucial for developing comprehensive
strategies to address reproductive health challenges in
this population.

Sexually transmitted diseases

HIV-infected individuals are at an increased risk of
acquiring other sexually transmitted diseases (STls),
which can have profound effects on male fertility.
Common STIs such as gonorrhea, chlamydia, and
syphilis can cause inflammation and scarring in the male
reproductive tract, leading to obstructive azoospermia
or impaired sperm function®. For instance, untreated
chlamydia infections can result in epididymitis, which
may cause irreversible damage to the epididymal tissue

and disrupt sperm transport®°. Similarly, gonorrhea can
lead to urethral strictures and impaired sperm motility*°.
The presence of these infections can also contribute to
systemic inflammation, further compromising sperm
quality and fertility potential.

Other infections

In addition to STls, other infections commonly found
in HIV-infected individuals can also negatively impact
male fertility. Human papillomavirus (HPV) infection, for
example, has been associated with reduced sperm
quality and increased DNA fragmentation®'. HPV can
infect the male genital tract, leading to cellular changes
that impair sperm function and viability. Moreover,
infections such as chlamydia trachomatis can cause
chronic inflammation in the reproductive tract, resulting
in decreased sperm motility and concentration. These
infections can also lead to oxidative stress, which fur-
ther damages sperm DNA and reduces fertility®>2.

In summary, the presence of comorbid conditions,
particularly STls and other infections, significantly con-
tributes to the risk of male infertility in HIV-infected
individuals. The interplay between HIV infection and
these comorbidities creates a complex environment
that challenges reproductive health. Addressing these
comorbid conditions through effective screening,
treatment, and prevention strategies is essential for
improving fertility outcomes in men living with HIV.

Psychosocial factors and HIV-related
male infertility

The impact of HIV infection on male fertility extends
beyond the physiological and extends into the psycho-
logical and social realms. Psychosocial factors, such
as anxiety, depression, and reduced self-esteem, play
a significant role in shaping the fertility desires and
treatment outcomes of HIV-positive men®4. These fac-
tors can influence not only the decision to pursue fer-
tility treatment but also the success and satisfaction
associated with such interventions.

Psychological factors

HIV infection is often accompanied by signifi-
cant psychological distress, including anxiety, depres-
sion, and a decline in self-esteem. These psychological
conditions can profoundly affect the fertility desires and
treatment outcomes of HIV-positive men. Anxiety and
depression, common among individuals living with HIV,



can lead to a reduced interest in pursuing parenthood
and may negatively impact adherence to fertility
treatments®®. In addition, the stigma associated with
HIV infection can further exacerbate feelings of low
self-worth and contribute to a reluctance to seek fertility
assistance. Studies have shown that psychological
interventions, such as counseling and support groups,
can help mitigate these effects and improve overall
mental health, thereby potentially enhancing fertility
treatment outcomes®.

In summary, psychosocial factors, particularly anxiety,
depression, and reduced self-esteem, significantly
influence the fertility desires and treatment outcomes
of HIV-positive men. Addressing these psychological
challenges through comprehensive support and inter-
vention strategies is essential for improving reproduc-
tive health outcomes and enhancing the quality of life
for individuals living with HIV.

U = U: redefining reproductive
possibilities

The paradigm of treatment as prevention (TasP) has
revolutionized the field of parenthood for HIV-positive
individuals. The concept of “U = U” (Undetectable
equals Untransmittable) has emerged as a cornerstone
of modern HIV care, fundamentally altering the repro-
ductive landscape for serodiscordant couples.
Extensive clinical evidence, including landmark studies
such as the PARTNER and HPTN 052 trials, has
demonstrated that individuals with an undetectable viral
load (< 50 copies/mL) cannot sexually transmit HIV®’.
This principle has profound implications for fertility
options and counseling for HIV-positive individuals and
their partners.

Evidence from Barreiro et al.

Barreiro et al. have provided seminal work on the
validity of natural conception for HIV-serodiscordant
couples. Their study, “Is natural conception a valid
option for HIV-serodiscordant couples?” published in
Human Reproduction, demonstrated that with effective
antiretroviral therapy (ART) achieving sustained viral
suppression, the risk of sexual transmission of HIV is
negligible®. This work supports the U = U principle and
its application in clinical practice.

In addition, Barreiro et al. reviewed reproductive
options for HIV-serodiscordant couples, highlighting the
role of ART in reducing transmission risks®°. Their fin-
dings underscore the importance of multidisciplinary
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care, including virologic monitoring and pre-exposure
prophylaxis (PrEP) for the HIV-negative partner, in mini-
mizing residual risks.

Furthermore, Barreiro et al. reported on natural preg-
nancies in HIV-serodiscordant couples receiving suc-
cessful ART. Their study, published in the Journal of
Acquired Immune Deficiency Syndromes, documented
successful pregnancies with no transmission of HIV
when the HIV-positive partner maintained an undetec-
table viral load“°.

Clinical implications

For serodiscordant couples, where one partner is
HIV-positive and the other is HIV-negative, the U =
U principle significantly reduces the reliance on
complex interventions such as sperm washing or
assisted reproductive technologies (ARTs). With
effective antiretroviral therapy (ART) achieving sus-
tained viral suppression, the risk of sexual transmis-
sion of HIV becomes negligible. This allows for the
possibility of natural conception with minimal risk,
provided that the HIV-positive partner maintains an
undetectable viral load and both partners adhere to
recommended guidelines*'. However, it is essential
to recognize that while the U = U principle has trans-
formed the approach to fertility, it also introduces
new ethical considerations. Healthcare providers
must ensure that couples are fully informed about
the U = U principle and understand the importance
of regular viral load monitoring and adherence to
ART. In addition, counseling should address the
psychological and social aspects of natural concep-
tion in the context of HIV, including stigma reduction
and informed decision-making*.

In summary, the U = U principle has redefined the
reproductive possibilities for HIV-positive individuals,
offering hope for parenthood with minimal risk of HIV
transmission. This advancement underscores the
importance of continued research, education, and sup-
port to ensure that all individuals living with HIV can
achieve their fertility goals safely and ethically.

Fertility treatment options for HIV-positive
men

Despite the challenges posed by HIV infection and
associated comorbidities, advancements in medical
technology have provided HIV-positive men with various
fertility treatment options. These options aim to address
the unique reproductive needs of this population while
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minimizing the risk of HIV transmission to sexual part-
ners and offspring. Two primary approaches have gai-
ned significant attention: sperm washing techniques
and assisted reproductive technologies (ARTSs) such as
in vitro fertilization (IVF) and intracytoplasmic sperm
injection (ICSI)*344,

Sperm washing techniques

Sperm washing has emerged as a crucial interven-
tion for HIV-positive men wishing to father children.
This technique involves the separation of sperm from
seminal plasma, effectively reducing the viral load in
the processed sperm. Extensive research has demons-
trated that sperm washing can significantly decrease
the risk of HIV transmission during assisted reproduc-
tion procedures. By meticulously removing HIV parti-
cles from the sperm, this method allows for safer
fertilization attempts*. Studies have shown that when
combined with antiretroviral therapy (ART) to sup-
press viral replication, sperm washing can achieve
undetectable viral levels in the washed sperm, thereby
minimizing the risk of vertical transmission to the
offspring“®.

Assisted reproductive technologies

In addition to sperm washing, assisted reproductive
technologies (ARTs) such as IVF and ICSI have been
successfully employed in HIV-positive men. IVF invol-
ves the fertilization of an egg by sperm outside the
body, while ICSI is a more specialized technique where
a single sperm is directly injected into an egg. Both
methods have shown promising success rates in achie-
ving pregnancies for couples where the male partner
is HIV-positive. The combination of sperm washing and
ARTs not only enhances the likelihood of successful
fertilization but also provides a controlled environment
to further reduce the risk of HIV transmission*’“8.
Clinical data indicate that these technologies can
achieve pregnancy rates comparable to those in
HIV-negative couples, offering hope for HIV-positive
men who desire biological parenthood*°.

In summary, HIV-positive men now have viable fer-
tility treatment options that balance the need for
reproduction with the imperative to prevent HIV trans-
mission. Sperm washing techniques, coupled with
advanced assisted reproductive technologies such as
IVF and ICSI, provide a comprehensive approach to
achieving successful pregnancies while minimizing
the risk of HIV transmission. Continued

advancements in these fields hold promise for further
improving reproductive outcomes and expanding the
options available to HIV-positive individuals. As illus-
trated in figure 1, HIV-positive men and their partners
have several evidence-based pathways to consider
when planning for parenthood. These options are
carefully designed to balance the need for reproduc-
tion with the imperative to minimize the risk of HIV
transmission. Figure 1 provides a visual overview of
the fertility options available to HIV-serodiscordant
couples, highlighting the integration of antiretroviral
therapy (ART) and assisted reproductive technologies
(ARTSs) to achieve successful pregnancies while redu-
cing transmission risks.

Ethical considerations in HIV and male
infertility

The intersection of HIV infection and male infertility
raises several ethical concerns that must be carefully
navigated to ensure the well-being of all parties invol-
ved. These concerns primarily revolve around the mini-
mization of HIV transmission risks and the importance
of informed consent in fertility treatments.

Risk mitigation

One of the central ethical issues in the context of
HIV and fertility treatment is the minimization of HIV
transmission risks. Advances in medical technology,
such as antiretroviral therapy (ART) and sperm was-
hing techniques, have significantly reduced the likeli-
hood of HIV transmission during fertility treatments.
However, these interventions also introduce complex
ethical considerations. For instance, while ART can
effectively suppress viral replication, ensuring that viral
loads remain undetectable throughout the treatment
process is crucial®®. Similarly, sperm washing techni-
ques, although effective in reducing viral loads in
sperm, cannot entirely eliminate the risk of transmis-
sion®’. Therefore, healthcare providers must carefully
balance the potential benefits of these treatments with
the residual risks, ensuring that all measures are taken
to protect the health of both the HIV-positive individual
and their partners.

Informed consent

Another critical ethical consideration is the impor-
tance of informed consent. Ensuring that all parties
involved—HIV-positive individuals, their partners, and
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Figure 1. Flowchart of fertility options for HIV-positive men. This flowchart outlines evidence-based pathways for
HIV-serodiscordant couples to achieve parenthood. This figure was created using templates and elements from
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healthcare providers—are fully aware of the potential
risks and benefits of fertility treatments is essential.
Informed consent involves providing comprehensive
information about the procedures, potential outcomes,
and residual risks associated with HIV transmission®?.
This process should be transparent and should allow
for open discussion and decision-making. Informed
consent is particularly important in the context of HIV,
where the stigma and fear surrounding the virus can
influence decisions and outcomes®. By ensuring that
all parties have a clear understanding of the risks and
benefits, healthcare providers can support informed
decision-making and enhance the ethical integrity of
fertility treatments.

In summary, addressing the ethical considerations in
HIV and male infertility requires a careful balance bet-
ween risk mitigation and informed consent. While tech-
nological advancements have significantly reduced the
risk of HIV transmission during fertility treatments,

ensuring that all parties are fully informed and consen-
ting remains a cornerstone of ethical practice. By
navigating these ethical challenges thoughtfully, health-
care providers can support the reproductive desires
of HIV-positive men while upholding the highest stan-
dards of ethical care. In managing the reproductive
health of HIV-serodiscordant couples, various strate-
gies are employed to mitigate the risk of HIV transmis-
sion. Table 1 provides a comprehensive comparison of
these strategies, including TasP, PrEP, timed inter-
course, and sperm washing combined with assisted
reproductive technologies (ARTs). The table outlines
the efficacy, limitations, and clinical evidence suppor-
ting each approach, helping healthcare providers and
patients make informed decisions (Table 1).

This table concisely synthesizes evidence-based
strategies, their outcomes, and practical constraints for
managing HIV transmission risks in serodiscordant
couples.
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Table 1. Comparison of risk mitigation strategies for HIV transmission in serodiscordant couples

Clinical
evidence

Sexual transmission risk = 0 when
sustained ART achieves viral load
< 50 copies/mL (U = U principle).

Treatment as prevention
(TasP)

Reduces infection risk > 90% for
HIV-negative partners using PrEP
(e.g., TDF/FTC).

Pre-exposure prophylaxis
(PrEP)

Timed intercourse
(ovulation window)

Sperm washing + assisted
reproductive technologies
(ARTs)

combined with ART and sperm
processing.

Combined strategy

(TasP + PreP) protection.

Reduces cumulative exposure risk by
limiting sexual activity to fertile periods.

Vertical transmission risk < 1% when

Near-zero transmission risk under dual

Requires strict ART adherence and 37, 53
regular viral load monitoring; potential

failure due to drug resistance.

Requires daily dosing; potential renal
toxicity or bone density loss; no
protection against other STls.

54, 55

Requires precise ovulation tracking;
limited effectiveness for natural
conception.

56, 57

High cost; requires specialized fertility 58-60
centers; residual viral risk not fully

eliminated.

Requires long-term adherence by both
partners; potential additive drug side
effects.

41, 61

U = U: undetectable = untransmittable; ART: antiretroviral therapy; PrEP: pre-exposure prophylaxis; TDF/FTC: tenofovir disoproxil fumarate/emtricitabine.

Conclusion and perspectives

HIV infection significantly impacts male fertility
through various mechanisms, including impaired semen
parameters, orchitis, hypogonadism, leukocytospermia,
and ART side effects. These challenges are compoun-
ded by psychosocial factors and ethical considerations,
highlighting the complexity of reproductive health in
HIV-positive men. While advancements in sperm was-
hing and assisted reproductive technologies offer hope,
ongoing research is essential.

Future studies should focus on the long-term effects
of ART on male fertility, identifying less toxic antiretro-
viral agents, and exploring the molecular mechanisms
underlying HIV’s impact on sperm function. Addressing
psychosocial challenges through targeted interventions
and ensuring rigorous informed consent processes are
also critical. Continued innovation and ethical delibera-
tion will be vital in improving fertility outcomes and
quality of life for HIV-positive men.

In summary, a comprehensive approach that integra-
tes medical, psychological, and ethical considerations
is necessary to advance our understanding and mana-
gement of HIV-related male infertility.

Author contributions

X. He provides details of how this author contributed
to the article and the reported findings. J. Yin provided
critical revisions that contributed to the final version of

the manuscript, particularly in the analysis and inter-
pretation of data. K. He contributed to the acquisition
of data and performed statistical analysis. H. Yang and
Y. Wu assisted in the collection of data and provided
input on the manuscript preparation. M. Liu contributed
to the design and coordination of the study as well as
to the critical revision of the manuscript.

Funding

This work was supported by the Natural Science
Foundation of Chongging (CSTB2023NSCQ-MSX003 4).

Conflicts of interest

The authors declare that no conflicts of interest exist.

Ethical considerations

Protection of humans and animals. The authors
declare that no experiments involving humans or ani-
mals were conducted for this research.

Confidentiality, informed consent, and ethical
approval. The authors have obtained approval from
the Ethics Committee for the analysis of routinely obtai-
ned and anonymized clinical data, so informed consent
was not necessary. Relevant guidelines were followed.

Declaration on the use of artificial intelligence.
The authors declare that no generative artificial intelli-
gence was used in the writing of this manuscript.



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Savasi V, Oneta M, Laoreti A, Parisi F, Parrilla B, Duca P, et al. Effects
of antiretroviral therapy on sperm DNA integrity of HIV-1-infected men.
Am J Mens Health. 2018;12:1835-42.

. Morales DR, Moreno-Martos D, Matin N, McGettigan P. Health condi-

tions in adults with HIV compared with the general population: a popu-
lation-based cross-sectional analysis. EClinicalMedicine. 2022;47:
101392.

. Guo Y, Zhou G, Feng Y, Zhang J, Liu Y, Yang X, et al. The association

between male viral infections and infertility: a systematic review and
meta-analysis. Rev Med Virol. 2024;34:€70002.

. Agarwal A, Baskaran S, Parekh N, Cho CL, Henkel R, Vij S, et al. Male

infertility. Lancet. 2021;397:319-33.

. Fainberg J, Kashanian JA. Recent advances in understanding and mana-

ging male infertility. F1000Res. 2019;8:F1000 Faculty Rev-670.

. Kumar N, Singh AK. Trends of male factor infertility, an important cause

of infertility: a review of literature. J Hum Reprod Sci. 2015;8:191-6.

. Global Burden of Disease 2019 Cancer Collaboration, Kocarnik JM,

Compton K, Dean FE, Fu W, Gaw BL, et al. Cancer incidence, morta-
lity, years of life lost, years lived with disability, and disability-adjusted
life years for 29 cancer groups from 2010 to 2019: a systematic analy-
sis for the global burden of disease study 2019. JAMA Oncol. 2022;8:
420-44.

. Haeuser E, Serfes AL, Cork MA, Yang M, Abbastabar H, Abhilash ES,

et al. Mapping age- and sex-specific HIV prevalence in adults in sub-
Saharan Africa, 2000-2018. BMC Med. 2022;20:488.

. El Ansari W, Arafa M, Elbardisi H, Majzoub A, Mahdi M, Albakr A, et al.

Scoping review of sexual and reproductive healthcare for men in the
MENA (Middle East and North Africa) region: a handful of paradoxes?
BMC Public Health. 2023;23:564.

Goulart ACX, Farnezi HCM, Franga JPBM, Santos AD, Ramos MG,
Penna MLF. HIV, HPV and Chlamydia trachomatis: impacts on male
fertility. JBRA Assist Reprod. 2020;24:492-7.

Chirwa M, Davies O, Castelino S, Mpenge M, Nyatsanza F, Sethi G,
et al. United Kingdom British association for sexual health and HIV natio-
nal guideline for the management of epididymo-orchitis, 2020. Int J STD
AIDS. 2021;32:884-95.

Maffezzoni F, Porcelli T, Delbarba A, Pezzaioli LC, Properzi M,
Cappelli C, et al. Hypogonadism and bone health in men with HIV. Lan-
cet HIV. 2020;7:€782-90.

Weidner W, Pilatz A, Diemer T, Schuppe HC, Rusz A, Wagenlehner F.
Male urogenital infections: impact of infection and inflammation on eja-
culate parameters. World J Urol. 2013;31:717-23.

Savasi V, Parisi F, Oneta M, Laoreti A, Parrilla B, Duca P, et al. Effects
of highly active antiretroviral therapy on semen parameters of a cohort
of 770 HIV-1 infected men. PLoS One. 2019;14:€0212194.
Gagneux-Brunon A, Rochereau N, Botelho-Nevers E, Lucht F,
Pozzetto B, Paul S, et al. Humoral responses against HIV in male geni-
tal tract: role in sexual transmission and perspectives for preventive
strategies. AIDS. 2017;31:1055-64.

Arshed S, Luo H, Middleton J, Yousif A. An unusual case: Salmonella
UTI and orchitis in HIV patient. Case Rep Med. 2015;2015:216720.
Santi D, Spaggiari G, Vena W, Pizzocaro A, Maggi M, Rochira V, et al.
The prevalence of hypogonadism and the effectiveness of androgen
administration on body composition in HIV-infected men: a meta-analysis.
Cells. 2021;10:2067.

Henkel R, Offor U, Fisher D. The role of infections and leukocytes in male
infertility. Andrologia. 2021;53:613743.

Jung JH, Kim MH, Kim J, Baik SK, Koh SB, Park HJ, et al. Treatment of
leukocytospermia in male infertility: a systematic review. World J Mens
Health. 2016;34:165-72.

Hanson BM, Dorais JA. Reproductive considerations in the setting of
chronic viral illness. Am J Obstet Gynecol. 2017;217:4-10.

Pilatz A, Discher T, Lochnit G, Wolf J, Schuppe HC, Schiittler CG, et al.
Semen quality in HIV patients under stable antiretroviral therapy is impai-
red compared to WHO 2010 reference values and on sperm proteome
level. AIDS. 2014;28:875-80.

Crain MJ, Chernoff MC, Oleske JM, Brogly SB, Malee KM, Borum PR,
et al. Possible mitochondrial dysfunction and its association with antire-
troviral therapy use in children perinatally infected with HIV. J Infect Dis.
2010;202:291-301.

Curran A, Martinez E, Podzamczer D, Lonca M, Barragan P, Crespo M,
et al. Changes in body composition and mitochondrial DNA in HIV-1-in-
fected patients switching to fixed-dose abacavir/lamivudine or tenofovir/
emtricitabine: a substudy of the BICOMBO trial. Antivir Ther.2012;17:711-8.
Virdi AK, Ho S, Seaton MS, Olali AZ, Narasipura SD, Barbian HJ, et al.
An efficient humanized mouse model for oral anti-retroviral administra-
tion. Cells. 2023;12:1034.

Frapsauce C, Grabar S, Leruez-Ville M, Launay O, Sogni P, Gayet V,
et al. Impaired sperm motility in HIV-infected men: an unexpected
adverse effect of efavirenz? Hum Reprod. 2015;30:1797-806.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

X. He et al. HIV and male infertility

Jerénimo A, Baza MB, Rio |, Vera M, Hernando V, Castilla J, et al.
Factors associated with seminal impairment in HIV-infected men under
antiretroviral therapy. Hum Reprod. 2017;32:265-71.

Belling K, Russo F, Jensen AB, Dalgaard MD, Westergaard D, Rajpert-De
Meyts E, et al. Klinefelter syndrome comorbidities linked to increased X
chromosome gene dosage and altered protein interactome activity. Hum
Mol Genet. 2017;26:1219-29.

Llaca-Diaz J, Medina-Loredo V, Huerta-Lépez D, Casillas-Vega N.
Sexually transmitted infections in male patients with urethritis. Pathogens.
2023;12:1434.

Gimenes F, Medina FS, Abreu AL, Irie MM, Esquicati IB, Malagutti N,
et al. Sensitive simultaneous detection of seven sexually transmitted
agents in semen by multiplex-PCR and of HPV by single PCR. PLoS
One. 2014;9:298862.

Tjagur S, Mé&ndar R, Punab M. Prevalence of Mycoplasma genitalium
and other sexually transmitted infections causing urethritis among high-
risk heterosexual male patients in Estonia. Infect Dis (Lond). 2018;50:133-9.
Yang Y, Jia CW, Ma YM, Zhou LY, Wang SY. Correlation between HPV
sperm infection and male infertility. Asian J Androl. 2013;15:529-32.
Moazenchi M, Totonchi M, Salman Yazdi R, Hratian K,
Mohseni Meybodi MA, Ahmadi Panah M, et al. The impact of Chlamydia
trachomatis infection on sperm parameters and male fertility: a compre-
hensive study. Int J STD AIDS. 2018;29:466-73.

Pérez-Soto E, Fernandez-Martinez E, Oros-Pantoja R, Medel-Flores O,
Miranda-Covarrubias JC, Sanchez-Monroy V. Proinflammatory and oxi-
dative stress states induced by human papillomavirus and Chlamydia
trachomatis coinfection affect sperm quality in asymptomatic infertile
men. Medicina (Kaunas). 2021;57:862.

Elliott JC, Brincks AM, Feaster DJ, Hasin DS, Del Rio C, Lucas GM,
et al. Psychosocial factors associated with problem drinking among subs-
tance users with poorly controlled HIV infection. Alcohol Alcohol.
2018;53:603-10.

Feaster DJ, Reznick OG, Zack B, McCartney K, Gregorich SE,
Brincks AM. Health status, sexual and drug risk, and psychosocial factors
relevant to postrelease planning for HIV+ prisoners. J Correct Health
Care. 2013;19:278-92.

Kuhns LM, Hotton AL, Garofalo R, Muldoon AL, Jaffe K, Bouris A, et al.
An index of multiple psychosocial, syndemic conditions is associated with
antiretroviral medication adherence among HIV-positive youth. AIDS
Patient Care STDS. 2016;30:185-92.

Golub SA, Gamarel KE. The impact of anticipated HIV stigma on delays
in HIV testing behaviors: findings from a community-based sample of men
who have sex with men and transgender women in New York City. AIDS
Patient Care STDS. 2013;27:621-7.

Barreiro P, Castilla JA, Labarga P, Soriano V. Is natural conception a
valid option for HIV-serodiscordant couples? Human Reprod.
2007;22:2353-8.

Barreiro P, Duerr A, Beckerman K, Soriano V. Reproductive options for
HIV-serodiscordant couples. AIDS Rev. 2006;8:158-70.

Barreiro P, del Romero J, Leal M, Hernando V, Asencio R, de Mendoza C,
et al. Natural pregnancies in HIV-serodiscordant couples receiving suc-
cessful antiretroviral therapy. J Acquir Immune Defic Syndr. 2006;43:324-6.
Brizzi F, Birrell PJ, Kirwan P, Ogaz D, Brown AE, Delpech VC, et al.
Tracking elimination of HIV transmission in men who have sex with men
in England: a modelling study. Lancet HIV. 2021;8:440-8.

Reynolds L, Cousins T, Newell ML, Imrie J. The social dynamics of
consent and refusal in HIV surveillance in rural South Africa. Soc Sci
Med. 2013;77:118-25.

Canto CL, Segurado AC, Pannuti C, Cedenho A, Srougi M, Spaine D,
et al. Detection of HIV and HCV RNA in semen from Brazilian coinfected
men using multiplex PCR before and after semen washing. Rev Inst Med
Trop Sao Paulo. 2006;48:201-6.

Pareek C, Gajbe U, Bawaskar PA, Bandre GR, Badge AK. Laser-guided
sperm selection: optimizing the reproductive success rate in assisted
reproductive technology. Cureus. 2023;15:49052.

Sergouniotis F, Olofsson JI, Westling K, Rodriguez-Wallberg KA. First
15 years of assisted reproductive technology using washed sperm in
HIV-positive individuals under antiretroviral therapy: sweden’s nationwide
outcomes. AIDS Patient Care STDS. 2023;37:566-73.

Nicopoullos JD, Almeida P, Vourliotis M, Gilling-Smith C. A decade of
the sperm-washing programme: correlation between markers of HIV and
seminal parameters. HIV Med. 2011;12:195-201.

Navarrete FA, Aguila L, Martin-Hidalgo D, Tourzani DA, Luque GM,
Ardestani G, et al. Transient sperm starvation improves the outcome
of assisted reproductive technologies. Front Cell Dev Biol. 2019;
7:262.

Satish M, Kumari S, Deeksha W, Abhishek S, Nitin K, Adiga SK, et al.
Structure-based redesigning of pentoxifylline analogs against selective
phosphodiesterases to modulate sperm functional competence for assis-
ted reproductive technologies. Sci Rep. 2021;11:12293.

Pralat R. Repro-sexual intersections: sperm donation, HIV prevention and
the public interest in semen. Reprod Biomed Online. 2015;30:211-9.

53



54

AIDS Rev. 2025;27(2)

50.

51.

52.

53.

54.

55.

Ybarra ML, Prescott TL, Phillips GL 2", Parsons JT, Bull SS,
Mustanski B. Ethical considerations in recruiting online and implementing
a text messaging-based HIV prevention program with gay, bisexual, and
queer adolescent males. J Adolesc Health. 2016;59:44-9.

Epker JL, de Groot YJ, Kompanje EJ. Ethical and practical considerations
concerning perimortem sperm procurement in a severe neurologically dama-
ged patient and the apparent discrepancy in validation of proxy consent in
various postmortem procedures. Intensive Care Med. 2012;38:1069-73.
Pilgrim D, Entwistle K. GnRHa (“Puberty Blockers”) and cross sex hor-
mones for children and adolescents: informed consent, personhood and
freedom of expression. New Bioeth. 2020;26:224-37.

Montaner JS, Lima VD, Harrigan PR, Lourenco L, Yip B, Nosyk B, et al.
Expansion of HAART coverage is associated with sustained decrea-
ses in HIV/AIDS morbidity, mortality and HIV transmission: the “HIV
treatment as prevention” experience in a Canadian setting. PLoS One.
2014;9:e87872.

Matthews LT, Baeten JM, Celum C, Bangsberg DR. Periconception pre-
exposure prophylaxis to prevent HIV transmission: benefits, risks, and
challenges to implementation. AIDS. 2010;24:1975-82.

Simpson L, Gumel AB. Mathematical assessment of the role of pre-
exposure prophylaxis on HIV transmission dynamics. Appl Math Compu-
tat. 2017;293:168-93.

56.

57.

58.

59.

60.

61.

Louis GM, Lum KJ, Sundaram R, Chen Z, Kim S, Lynch CD, et al. Stress
reduces conception probabilities across the fertile window: evidence in
support of relaxation. Fertil Steril. 2011;95:2184-9.

Loutfy MR, Wu W, Letchumanan M, Bondy L, Antoniou T, Margolese S,
et al. Systematic review of HIV transmission between heterosexual sero-
discordant couples where the HIV-positive partner is fully suppressed on
antiretroviral therapy. PLoS One. 2013;8:e55747.

Eke AC, Oragwu C. Sperm washing to prevent HIV transmission from
HIV-infected men but allowing conception in sero-discordant couples.
Cochrane Database Syst Rev. 2011;1:CD008498.

Savasi V, Bujan L, Englert Y, Gilling Smith C, Guibert J, Hollander L,
et al. Establishing the safety profile of sperm washing followed by ART
for the treatment of HIV discordant couples wishing to conceive - Reply.
Hum Reprod. 2007;22:2794-5.

Gout C, Rougier N, Oger P, Dorphin B, Kahn V, Jacquesson L, et al.
Assisted reproductive technologies in HIV patients: A comprehensive
review of indications, techniques and results. Gynecol Obstet Fertil.
2011;39:704-8.

Mitchell KM, Lépine A, Terris-Prestholt F, Torpey K, Khamofu H,
Folayan MO, et al. Modelling the impact and cost-effectiveness of com-
bination prevention amongst HIV serodiscordant couples in Nigeria.
AIDS. 2015;29:2035-44.



	OLE_LINK1

