Antiretroviral therapy and spermatozoa of HIV patients Oyeyipo and du Plessis

Are HAARTS: beneficial for spermatozoa of HIV patients?

Oyeyipo IP., du Plessis SS.

Abstract

Introduction: Globally, HIV/AIDS has been ranked as the 5th largest cause of death in Southern Sub-
Saharan Africa and the major cause of death in the world. The review aims to focus on the effects of highly
active antiretroviral therapy (HAART) on the male gametes of HIV positive persons in order to give an
insight into the fate of men infected with HIV with respect to their chances of having offsprings following
the commencement of HAART.

Methods: This review considered all original and review articles published on Pubmed from year 2000 to
2015. A few selected, exceptionally relevant publications outside this period were also reviewed.

Results: HAART has been shown to improve the health, quality of life and reduction in the morbidity and
mortality attributable to HIV-induced immune deficiency. It is anticipated that the survival of patients
influence their fertility parameters while on treatment, with focus on young males, within the
reproductive age.

Conclusion: A better understanding of the influence of HAART on spermatozoa in patients with
HIV/AIDS undergoing therapeutic management is therefore vital for knowledge and a proactive measure
in order not to add to their burden if there is expression of the desire to conceive a child.
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Sont-COEURS bénéfique pour spermatozoides des patients atteints du
VIH?

Oyeyipo IP., du Plessis SS.

Résumé

Objectif: A I'échelle mondiale, le VIH / SIDA a été classée comme la 5éme plus grande cause de décés en
Afrique australe sub-saharienne et la principale cause de déces dans le monde. L'examen vise a mettre
l'accent sur les effets de la thérapie antirétrovirale hautement active (HAART) sur les gametes males des
personnes séropositives afin de donner un apergu sur le sort des hommes infectés par le VIH par rapport a
leurs chances d'avoir des descendants apres le début de HAART.

Méthodes: Cet avis considérés tous les articles originaux et d'examen publiés sur Pubmed de I'année 2000
a 2015. Un Peu sélectionné, publications exceptionnellement pertinents en dehors de cette période ont
¢galement ¢té examinés.

Résultats: HAART a été montré pour améliorer la santé, la qualité de vie et la réduction de la morbidité et
de la mortalité attribuable a un déficit immunitaire induite par le VIH. Il est prévu que la survie des patients
influencent les paramétres de fertilité pendant le traitement, en mettant I'accent sur les jeunes hommes,
dans I'age de procréer.

Conclusion: Par conséquent, une meilleure compréhension de l'influence de la multithérapie sur les
spermatozoides chez les patients atteints du VIH / SIDA en cours de prise en charge thérapeutique est
essentiel pour la connaissance et une mesure proactive afin de ne pas ajouter a leur fardeau s'il est
l'expression de la volonté de concevoir un enfant .

Mots-clés: VIH/SIDA, lamultithérapie, sperme, la technologie de reproduction assistée, Afrique
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INTRODUCTION

Highly active antiretroviral therapy
(HAART) 1is considered the most effective
treatment for individuals with Human
Immunodeficiency Virus (HIV) infection. This
therapy is a combination of two or more
antiretroviral drugs, usually reverse transcriptase
inhibitors (NRTIs) and protease inhibitors (PIs)
or non-nucleoside reverse transcriptase inhibitors
(NNRTIs). This drug combination has been
associated with reduction in the morbidity and
mortality attributable to HIV-induced immune
deficiency (1). With the advent of HAART, there
has been a dramatic improvement in the overall
prognosis with appreciable impact on the
management of HIV infection, reduction in viral
replication and many people infected by the virus
now live with this manageable chronic condition
(2,3). HAART has also demonstrated remarkable
success in reducing the overall health care costs
for HIV-positive individuals (4,5). Through the
use of HAART, hope of parenthood has also been
given to HIV patients since the therapy reduces
the risk of virus transmission through specific
sperm preparation techniques (6).

Despite the numerous beneficial effects
of HAART, studies have shown that a number of
side effects, adverse clinical events and toxicities
are associated with it. A few of these clinical
adverse effects associated with HAART include
AIDS-related insulin resistance,
hyperglycaemia, gastrointestinal and
lipodystrophy symptoms (7,8), while the most
common toxicity of NRTIs and NNRTIs is
hepatotoxicity, which is usually due to damage of
mitochondria (9,10).

There are reports that HIV is mostly
common among persons of the reproductive age
group. The desire to raise children exist in about
one-third of these persons, thus, reproductive
interest have emerged as clinically important in
patients with HIV infection (11). It is worth
noting that the pandemic of HIV, which causes
Acquired Immune Deficiency Syndrome
(AIDS), is one of the most important public
health issues threatening the survival of several
millions of people in Sub-Saharan Africa. The
pandemic of the virus has threatened the
development and economy of many countries in
this region (12). The information available on the
effect of anti-HIV-1 drug usage on male
reproductive function is limited, therefore, this
review article is aimed at presenting an update on
existing reports that are available on the adverse
effect of anti-HIV-1 combination for treating
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HIV-1-infected and/or AIDS patients on the male
gamete. It is envisaged that this information will
be highly useful for academic, research and
therapeutic purposes.

MATERIALSAND METHODS

This review considered all original and
review articles published on Pubmed from 2000
to 2015. Few selected, exceptionally relevant
publications outside this period were also
reviewed. Only relevant studies published in
English were considered and key words such as;
'HIV/AIDS, HAART, Sperm, Assisted
reproductive technology, Africa' were used for
the search.

RESULTS
History and Pandemic of HIV

HIV is established as the causative agent
of AIDS. This disease of humans is caused by two
lentiviruses; human immunodeficiency viruses
types 1 and 2 (HIV-1 and HIV-2). AIDS is an
infectious disease which was first recognized in
1981 (13,14) and ever since then, it has become
one of the most challenging diseases to be
discovered in recent history (15). The origin of
the HIV-1 and HIV-2 has been associated with
zoonotic transfer of the viruses from primates to
man in Africa. HIV-1 has long been suspected to
be of chimpanzee origin (16), while a sooty
mangabey (type of old world monkey) origin of
HIV-2 was first proposed in 1989 (17). HIV-1
comprises of four distinct lineages, termed
groups M, O, N, and P, each of these groups isas a
result of independent cross-species activities.
The first group to be discovered was M; it
represents the pandemic form of HIV-1 infecting
severally millions of people in the worldwide and
is found in almost all countries (18). In 1990,
Group O was discovered. This group has a lower
prevalence than M and represent less than 1% of
global HIV-1 infections and is mainly restricted
to a few African countries (19). Group N, with an
even lesser prevalence than O, was identified in
1998 (20). Thus far only 13 cases have been
documented, all of which in Cameroon (21),
while Group P was discovered in France in 2009
in a Cameroonian woman (22) and subsequently
in one other person also from Cameroon. HIV-2 is
largely restricted to West Africa, with Senegal
and Guinea-Bissau having the highest prevalence
rates recorded (22). However, HIV-1 is
increasingly replacing HIV-2, thus, there is a
decline in overall prevalence of HIV-2 (23)

Interestingly, most people infected with
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HIV-2 do not have AIDS but have clinical
symptoms indistinguishable from HIV-1 (24).
Since the first isolation of HIV-2, at least eight
distinct lineages have been identified, with each
representing an independent host transfer. These
are groups A—H. Both groups A and B have been
found to spread within humans. Group A has been
isolated in West Africa, (25) and group B in Ivory
Coast (26). Groups C, G, and H have also been
associated with Ivory Coast, group D with
Liberia and groups E and F with Sierra Leone
(27,28,29).

The spread of HIV-1 is primarily through
sexually transmitted disease (30), however,
perinatal and percutaneous routes have also been
implicated in the spread (30). The HIV-1
pandemic has claimed more than 25 million lives
out of the over 60 million people infected with the
virus. The greatest morbidity and mortality of
HIV/AIDS has been experienced by developing
countries in Sub-Sahara Africa, with the young
adult population being the most vulnerable.
From an epidemiologic point of view, HIV
pandemic in Southern Africa has increased
annually by a prevalence rate higher than 10%,
thus making it the region hardest hit in the world.
Surveys across the Southern African region
indicates that Zambia recorded an HIV
prevalence of 15.6% in the Zambia Demographic
and Health Survey between 2000-2001 (31),
Namibia (individuals ages 1549 years) was 10%
in 2005 (32) 4.5% in the Democratic Republic of
Congo is infected (33) and 14.4% in the Malawi
Demographic and Health Survey in 2004 (34).
HIV/AIDS was ranked the 5th largest cause of
death in Southern Sub-Saharan Africa in 1990,
whereas in 2010, it was the leading cause of death
(35). Braveman et al., (36) reported that in the
United States, 850 000 to 950 000 persons are
estimated to be living with HIV, with increased
incidence rate each year and since a large
population of the working class are affected,
issues of employment, work rehabilitation, and
AIDS are major cause of concern in the work
place.

Antiretroviral Therapy versus Highly Active
Antiretroviral Therapy

The combined use of more than one
antiretroviral drug (ARV) which acts on different
viral targets is referred to as HAART. ARVs are
used primarily to treat HIV, but broadly speaking
they are used for the treatment of infection by
retroviruses. This drugs act at different
progression stages of HI'V infection and belong to
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different classes. The effective treatment of HIV
started with nucleoside analogue reverse
transcriptase inhibitors (NRTI). Zidovudine,
belonging to this class, was the first to be
approved by the Food and Drug Administration
(FDA) in 1987 as shown in table 1. Presently,
HAART available for therapeutic use consists of
drugs from five classes, NRTIs, NNRTI, PlIs,
Fusion or entry inhibitors and integrase inhibitors
(INSTI). The latter two were recently added (37).
Conventionally, ARVs are not capable of
complete eradication of HIV from the body, and
reports on clinical trials indicate that current
vaccine strategies are not completely effective.
However, overall prognosis has improved
dramatically with the advent of ART associated
with reduced mortality and morbidity rates (38).
Usually patients are advised to take medication
for longer durations so as to increase the blood
count of CD4 and T-lymphocyte cells and reduce
the viral load. Prolonged intake of these drugs can
result in a number of metabolic disorders in these
patients (39) as the different antiretroviral drugs
have been reported to induce varying forms of
toxicity, such as hepatotoxicity, pancreatitis,
hyperlipidemia, renal failure, peripheral
neuropathy, myopathy and gastrointestinal
disorders (40,41). It is also well known that HI'V-
1 selects some drug-resistant mutants due to anti-
HIV-1 drug pressure (42,43), while there is
further aggravation of illness due to
discontinuation of the ART treatment as a result
of the side effects of anti-HIV-1
chemotherapeutics. The limitations associated
with ART prompted investigation into a new,
safer HIV-1 therapeutic approach that will be
more cost effective with little or no toxic effects
in patients.

Therapy which comprise of at least two
classes of drugs was seen as a better approach and
has since become the standard of care for HIV-1
infection or AIDS disease.

It is possible to combine three classes of
HIV-1 inhibitors, i.e. NRTIs, NNRTIs, and PlIs.
NRTIS will remain an important part of HAART
for some time because of its ability to enhance the
virucidal potency of the regimens. HAART
decreases the patient's total burden of HIV,
maintains function of the immune system, and
prevents opportunistic infections that often lead
to death (44).

The introduction of the term HAART was in 1996
after clinical trials illustrated the beneficial
effects of combining two NRTIs with Pls (44).
Since these findings, HAART was used in
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clinical practice and thereafter, there has been a
60% to 80% decline in the rate of hospitalization
and death associated with AIDS (45). HAART
defends against resistance by preventing the
replication of HIV and reduces the chances of a
superior mutation (46) which no individual
antiretroviral drug has been able to demonstrate.
HAART is usually a combination of three drugs
from at least two different classes. Drug
companies now combine 3 drugs into one tablet.
This is to be taken only once daily, thereby
making it easier for patients to take, resulting in
better adherence and compliance (47). The most
recent HAART regimens approved as of May
2014 consist of three drugs: 2 NRTIs with a PI or
NNRTI or INSTL

HIV and Spermatozoa

CD4, a glycoprotein on the surface of
immune cells, is the main receptor of HIV and
HIV-1 uses this to gain access into the host cells.
These CD4 co-receptors are absent in
spermatozoa, thus, the mechanism of
spermatozoa and HIV is still debatable (48).
However, other receptors of HIV present on the
spermatozoa have been described. GalAAG, a
glycolipid present on the spermatozoa is an
alternative receptor used by HIV, but studies have
shown that binding is inhibited by seminal
plasma (49). CCRS5 is also a co-receptor present
on spermatozoa and may allow the binding of
HIV to the spermatozoon if present (50).
Fanibunda et al. (51) suggested that the mannose
receptor, which was present in 10% of the
ejaculates, could allow the binding of HIV gp120
to spermatozoa. However, no internalization of
gp120 was observed in the study and there is no
information on the possibility of the receptor
triggering the internalization of the virion. The
general assumption is that a motile sperm is not
infected. Baccetti et al (52) reported that
polymerase chain reaction (PCR) detected DNA
and /or RNA of HIV in purified spermatozoa,
retrieved via a gradient of Percoll without swim-
up, however several authors have concluded that
the presence of infection might be a false positive
or contaminations by infected leucocytes
(53,54,55,56). The presence of HIV DNA has
been associated with abnormal sperm
morphology in a subset of ejaculates using a
range of techniques (57). It has been
hypothesised that the possibility of a non-specific
uptake of DNA and/or RNA of HIV by
epididymal spermatozoa would lead to sperm
abnormality which may explain the detection of
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the DNA of HIV associated with abnormalities or
the detection is a function of specific interaction
between the spermatozoa and HIV (58). It can
therefore be concluded that the mechanism of
interaction between HIV and spermatozoa and its
effect on sperm characteristics is still poorly
understood and requires further investigation.
However, some studies have investigated the
spermatozoa characteristics of HIV patients
before the commencement of HAART and their
findings show no correlation between sperm
fertilizing parameters and duration of HIV
infection in these patients (59,60). Investigation
into the effect of HIV dates back as early as the
1990s, the effect of HIV on sperm characteristics
was investigated. Interestingly, there was no
significant difference in the sperm parameters of
HIV positive patients when compare to healthy
seronegative semen donors (53).

Interplay between HIV, HAART and Sperm

It is important to note that the majority of
HIV infected persons are on HAART, thus these
drugs may affect sperm functionality,
independently or in addition to the infection.
Various studies on the association of HIV,
HAART and spermatozoa are available in the
literature, but there are a lot of discrepancies in
these reports. (53,61,62 ). These differences in
published findings might be as a result of
methodological dissimilarity, differences in
progression of disease in patients and treatment
regimens as well as the wide variation in the
choice of controls used for the studies.
Nevertheless, patients on HAART in the early
stage of HIV infection had semen parameters
comparable with the control group while with
progression of disease, a detrimental effect was
observed on sperm qualities (53,63 ,64). In most
of the studies, one of the sperm parameters
(motility, concentration, morphology, volume
and viability) significantly correlated with
number of CD4+ blood cells. (63,61,62). Several
studies have evaluated the sperm parameters of
HIV patients on HAART and have reported
different findings. However, most of these
studies found alterations in semen parameters.
Sperm motility and morphology was
significantly reduced in HIV patients on HAART
(64-67) while there were no significant changes
in these sperm parameters in other studies
(53,63). Some studies reported no alteration in
sperm morphology (63,68) while a decrease in
ejaculated volume has also been associated with
HIV patients on therapy (53,64,65). No
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significant change was observed in sperm
morphology and ejaculated volume in several
other studies (61-63,66,67). Spermatozoa
concentrated was not also altered (53,61,63,68 )
while a significant reduction in concentration
was noticed in few studies (62,64).

The reduction in sperm motility is
associated with mitochondrial toxicity which is
associated with nucleoside analogs; an important
component of HAART (69,70). Pavili et al. (67)
also linked reduced sperm concentration,
motility and normal morphology with the
decrease in spermatozoon mitochondrial DNA
content in semen of HIV-infected patients treated
with HAART.

In a recent study, it was observed that
men infected with HIV who are on HAART
showed significant decreases in sperm motility,
vitality, normal morphology and semen volume.
Interestingly an improvement sperm-oocyte
penetration rate was observed when compared to
healthy controls (60). This is in variance to a prior
report that observed no significant effect of
HAART on sperm concentration and volume, but
found improvement in sperm viability and
morphology during a 12-week period after the
start of HAART (71). Similarly, in a study
involving 34 HIV patients over 48 weeks of
HAART, all sperm parameters remained
unchanged, except for a decrease in progressive
motility. However, it was still unclear as to
whether the reduced motility will affect the
possibility of fathering a child or an increased
need for assisted reproductive techniques (59).
Lambert-Niclot et al. (72) also concluded that
Nevirapine, a NNRTIs was associated with
improved semen quality when compared with
Efavirenz while NRTIs and PIs were not
associated with any semen change.

This is an indication that it is possible
that HAART might improve sperm function by
improving the health through better immunity
status of HIV male patients since the best
parameter for predicting the negative impacts of
HIV on sperm quality is CD4+ blood cell count.

CONCLUSION

It is important to note that the ARVs
might affect the semen quality of patients
independently or in addition to the infection.
However, it is possible that the result observed is
a function of the patient's health condition as a
whole and not direct the effect of HIV on the
spermatozoa. Hence, there is a need for further
studies on the effects of HAART on sperm
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function and other reproductive functional
parameters in the absence of HIV infection in
order to conclude if HAART might be
contributing adversely to sperm function of
HIV/AIDS patients. More importantly, the extent
to which sperm motility translates into reduced
fertility needs to be further investigated.
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TABLE 1: Details of classes of antiretroviral drugs

Oyeyipo and du Plessis

Drug class Generic Name Brand Name Abbreviation Date of Approval by US
food and drug
administration

NRTIs Emtricitabine Emtriva FTC July 2, 2003

Tenofovir Viread TDF October 26, 2001
Didanosine Videx EC ddI October 31, 2000
Abacavir Ziagen ABC December 17, 1998
Lamivudine Epivir 3TC Novemberl7, 1995
NNRTIs Stavudine Zerit d4T June 24,1994
Zidovudine Retrovir AZT or ZDV March 19, 1987
Etravirine Intelence ETR January 18, 2008
Pls Efavirenz Sustiva EFV September 17, 1998
Delavirdine Rescriptor DLV April 4, 1997
Nevirapine Viramune NVP June 21, 1996
Darunavir Prezista DRV June 23, 2006
Tipranavir Aptivus TPV June 22, 2005
Fosamprenavir Lexiva FOS-APV October 20, 2003

Fusion or entry Atazanavir Reyataz ATV June 20, 2003

inhibitors Lopinavir Kaletra LPV September 15, 2000

Integrase Amprenavir Agenerase APV April 15, 1999

inhibitors Nelfinavir Viracept NFV March 14, 1997

Indinavir Crixivan IDV March 13, 1996
Ritonavir Norvir RTV March 1, 1996
Saquinavir Invirase SQV December 6, 1995
Maraviroc Celsentri MVC September 18, 2007
Enfuvirtide Fuzeon T-20 March 13, 2003
Raltegravir Isentress RAL October 12, 2007

Sources: (73, 74)
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