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In
recent years, there has been a significant increase in the number
of
children born to mothers who are either infected with or at risk of
contracting human immunodeficiency virus type-1 (HIV-1). This rise
is
attributed to the increased availability and affordability of
antiretroviral therapy (ART) for pregnant women or those of
childbearing age. It is estimated that each year, up to 1.3 million
HIV-1-infected women on ART give birth, with recorded
mother-to-child
HIV-1 transmission rates of less than 1%.
  



 








  

    
While
this is undoubtedly a positive development, the outcomes of
children
who are exposed to antiretroviral drugs during pregnancy,
especially
in terms of pre- and post-natal neurodevelopment, remain poorly
understood. One of the key reasons for this is the
underrepresentation of pregnant women in clinical trials, which
makes
it challenging to fully evaluate any potential risks associated
with
these drugs.
  



 








  

    
One
drug that has recently come under scrutiny is dolutegravir (DTG),
which has been linked to an increased risk of neural tube defects
(NTDs) when used around the time of conception. While the overall
risk is still relatively low, this has raised concerns among
healthcare providers and policymakers, who are now exploring ways
to
mitigate these risks while still ensuring that pregnant women have
access to the life-saving benefits of ART.
  



 








  

    
Given
the complex nature of these issues, it is essential that
researchers
and stakeholders continue to work together to better understand the
impact of ART on maternal and fetal health. By improving our
understanding of the risks and benefits of these drugs, we can help
ensure that all women, regardless of their HIV status, have access
to
safe and effective treatments that can improve both their own
health
and the health of their children.
  



  

    
In
2018, a potential association between the use of dolutegravir (DTG)
and neural tube defects (NTDs) was first identified in Botswana.
Since then, there has been growing concern about the impact that
integrase strand transfer inhibitors (INSTIs), which include DTG,
may
have on fetal neurodevelopment when used during pregnancy. While
data
on the incidence of neurodevelopmental outcomes associated with
INSTI
use is limited due to the recent widespread use of these drugs by
pregnant women, it is clear that more research is needed to fully
understand the risks involved.
  



 








  

    
To
address this issue, we provide an overview of the United States
Food
and Drug Administration (FDA) approved antiretroviral drugs (ARVs)
that are commonly used during pregnancy. We also discuss the latest
updates on the pharmacokinetics and adverse events associated with
INSTI use during pregnancy, as well as the underlying mechanisms
that
could affect fetal neurodevelopment. Our goal is to educate both
clinical and basic scientists on the potential consequences of
INSTIs
on fetal outcomes as a foundation for future scientific
investigations.
  



 








  

    
While
the benefits of ART are well-established, it is important to
carefully consider the potential risks associated with these drugs,
particularly during pregnancy. One area of concern is the effect
that
INSTIs may have on fetal neurodevelopment. Animal studies have
suggested that some INSTIs could potentially interfere with neural
tube closure, leading to NTDs. However, it is important to note
that
the overall risk of these outcomes appears to be relatively low,
and
any decision to use ART during pregnancy must be made on a
case-by-case basis, taking into account factors such as the
mother's
health status, viral load, and potential drug interactions.
  



 








  

    
Despite
the limitations of existing data on the impact of ART on fetal
outcomes, there is a growing consensus that further research is
needed to fully understand the risks and benefits of these drugs.
By
continuing to study these issues, we can develop a better
understanding of how to optimize ART regimens for pregnant women,
ensuring that they receive the best possible care while minimizing
any potential risks to their health and the health of their
children.
  



  

    
In
recent years, tremendous progress has been made in the treatment
and
prevention of human immunodeficiency virus type-1 (HIV-1)
infections,
thanks to the development and widespread use of antiretroviral
therapy (ART). Currently, there are approximately thirty
FDA-approved
antiretroviral drugs (ARVs) from eight different classes used for
HIV-1 treatment [1,2]. ART regimens have evolved from a combination
of multiple pills taken several times a day to a daily single pill
containing up to three ARVs [1,2]. These regimens are adjusted
based
on factors such as viral resistance, tolerability, and adverse
events. When adhered to, ART regimens have significantly extended
the
quality of life for people living with HIV-1.
  



 








  

    
Despite
these remarkable advances over the past 40 years, HIV-1-infected
pregnant women and their fetuses continue to be vulnerable to the
adverse effects of ARVs. This is highlighted by the potential risk
of
neural tube defects (NTDs) associated with periconceptional usage
of
dolutegravir (DTG), which was first recorded in Botswana in 2018
[3].
Although the overall risk of NTDs associated with DTG use during
pregnancy remains low, healthcare providers and policymakers alike
are now taking a closer look at the potential risks associated with
this drug and other antiretroviral agents used during
pregnancy.
  



 








  

    
It
is essential to balance the benefits of ART for maternal health and
viral suppression with the potential risks to fetal health.
Pregnant
women with HIV-1 require regular monitoring and appropriate care to
ensure optimal outcomes for both mother and child. One approach may
involve modifying ART regimens based on individual patient factors
and medication tolerability, while also considering any potential
risks to the developing fetus.
  



 








  

    
Given
the complexity of these issues, it is crucial that researchers and
stakeholders work together to better understand the impact of ART
on
maternal and fetal health. By improving our understanding of the
risks and benefits of these drugs, we can help ensure that all
women
living with HIV-1 have access to safe and effective treatments that
can improve both their own health and the health of their
children.
  



  

    
Antiretroviral
therapy (ART) is a critical treatment modality for pregnant and
breastfeeding women living with HIV-1 according to established
guidelines from the World Health Organization (WHO) and the
Department of Health and Human Services (DHHS) [4,5]. These
guidelines were implemented due to the significant role ART plays
in
reducing vertical transmission of HIV-1 from mother to child and
improving maternal health. Prior to the advent of ART, up to 40% of
infants born to mothers with known HIV-1 infection became infected
with the virus [6,7,8,9]. However, the use of ART has greatly
reduced
the rate of vertical transmission to less than 1% in North America
and European countries.
  



 








  

    
This
remarkable success in preventing vertical transmission of HIV-1 is
due to the effectiveness of ART in suppressing viral replication in
pregnant women, thereby reducing the risk of transmission to their
infants during pregnancy, delivery, and breastfeeding. Early
initiation of ART is crucial to achieving optimal outcomes, as
delaying treatment can result in higher rates of transmission and
poorer maternal and fetal health.
  



 








  

    
In
addition to reducing the risk of vertical transmission, ART also
improves maternal health by reducing HIV-1-associated morbidity and
mortality, improving quality of life, and reducing the risk of
opportunistic infections. Therefore, it is essential that pregnant
women living with HIV-1 receive appropriate medical care, including
access to ART and ongoing monitoring to ensure that they remain
adherent to their medication regimen.
  



 








  

    
Despite
the success of ART in reducing vertical transmission of HIV-1,
there
are still significant challenges that must be addressed. These
include identifying pregnant women living with HIV-1 who may not be
aware of their status, ensuring adherence to ART regimens,
addressing
potential drug interactions, and managing adverse effects of
medication. With continued research and collaboration between
healthcare providers, policymakers, and researchers, we can
continue
to improve outcomes for pregnant women living with HIV-1 and their
infants, while also working towards a future without HIV-1.
  



  

    
Despite
the significant progress made in reducing vertical transmission of
HIV-1 through the widespread use of antiretroviral therapy (ART),
there are still areas of concern, particularly in resource-limited
countries (RLCs). According to the UNAIDS epidemiological estimates
from 2021, the recorded transmission rate in 21 focus countries in
sub-Saharan Africa ranges from 2-28% [10]. While this represents a
significant improvement compared to the pre-ART era, it is clear
that
more work needs to be done to ensure that all pregnant women living
with HIV-1 have access to appropriate medical care and
treatment.
  



 








  

    
One
challenge associated with the growing availability of ART is the
risk
of adverse events following fetal exposure to these drugs. Despite
the benefits of ART in reducing vertical transmission of HIV-1,
concerns remain about the potential long-term effects of these
medications on fetal development. Indeed, it is estimated that over
a
million HIV-1-exposed but uninfected children are born each year
and
there is a need for continued research to better understand the
potential risks associated with ART exposure during pregnancy
[11,12].
  



 








  

    
Furthermore,
while ART has significantly improved maternal and fetal outcomes in
many settings, there are still disparities in access to care,
particularly in RLCs. Women living in these regions may face
additional barriers to accessing appropriate medical care,
including
limited healthcare infrastructure, lack of trained healthcare
providers, and economic and social factors. Therefore, it is
essential that efforts to expand access to ART are accompanied by
strategies to address these broader structural issues that
contribute
to health inequities.
  



 








  

    
In
conclusion, while the benefits of ART in reducing vertical
transmission of HIV-1 are well-established, there are still
significant challenges that must be addressed to ensure optimal
outcomes for both mothers and their infants. By continuing to
invest
in research, expanding access to care, and addressing broader
structural factors that contribute to health disparities, we can
continue to improve outcomes for pregnant women living with HIV-1
and
their children.
  



  

    
In
recent years, there has been a significant increase in access to
antiretroviral therapy (ART) for pregnant women living with HIV-1
worldwide. According to a 2020 report, as many as 85% of
HIV-1-infected pregnant women had access to ART, a significant
improvement compared to previous years [13]. As a result, the
number
of infected women who are conceiving while on ART has also steadily
increased, indicating that more women are able to achieve viral
suppression and reduce the risk of vertical transmission.
  



 








  

    
For
example, in the United Kingdom, the proportion of infected pregnant
women receiving ART increased from 20% in 2000-2004 to 76% in
2015-2019 [9]. This trend is not unique to the UK and is reflective
of the global trend towards increasing access to ART for pregnant
women living with HIV-1.
  



 








  

    
However,
as more women gain access to ART, it is inevitable that the number
of
in utero ART-exposed children will also increase. While ART reduces
the risk of vertical transmission of HIV-1, concerns remain about
the
potential long-term effects of fetal exposure to these drugs. We
must
continue to invest in research to better understand the potential
risks associated with ART exposure during pregnancy and to develop
strategies to mitigate these risks.
  



 








  

    
It
is also important to note that the increase in reported cases of
HIV-1 infection and subsequent increases in ART availability in
resource-limited countries (RLCs) may lead to an even greater
number
of in utero ART-exposed children. Therefore, we must continue to
work
towards expanding access to ART while also ensuring that
appropriate
medical care and monitoring are in place to optimize outcomes for
both mothers and their infants.
  



 








  

    
In
conclusion, while the increasing availability of ART for pregnant
women living with HIV-1 is a positive development, it is essential
that we continue to monitor the impact of these drugs on fetal
development and work towards reducing the risk of adverse events
associated with ART exposure during pregnancy. By investing in
research, expanding access to care, and addressing broader
structural
factors that contribute to health disparities, we can improve
outcomes for pregnant women living with HIV-1 and their
children.
  



  

    
The
use of integrase strand transfer inhibitors (INSTIs) in
antiretroviral therapy (ART) regimens has become increasingly
widespread in recent years. INSTIs are now commonly used as part of
preferred first- and second-line ART regimens due to their high
potency and inherent barriers to drug resistance [1,2,14]. In
particular, the availability of DTG-based regimens has
substantially
increased in the past five years.
  



 








  

    
This
increase in availability is due in part to a breakthrough pricing
agreement made in September 2017, which accelerated the
availability
of generic DTG-based regimens in resource-limited countries (RLCs)
at
a cost of $75 US dollars per person per year. This agreement has
enabled up to one hundred RLCs to transition to DTG-based regimens
by
mid-2020 [15]. This represents a significant milestone in improving
access to effective HIV-1 treatment in RLCs, where access to ART
has
historically been limited due to cost and other factors.
  



 








  

    
DTG-based
regimens have several advantages over other ART regimens. They have
a
high genetic barrier to resistance, meaning that they are less
likely
to develop resistance mutations in HIV-1 than other ART drugs.
Additionally, they have a low pill burden and are generally
well-tolerated by patients. These characteristics make DTG-based
regimens an important tool in the fight against HIV-1, particularly
in RLCs where resources may be limited.
  



 








  

    
However,
as with any medication, there are potential risks associated with
the
use of DTG-based regimens during pregnancy. As discussed
previously,
concerns about potential adverse events following fetal exposure to
ARVs remain an area of concern, and more research is needed to
fully
understand the risks involved. Therefore, it is essential that
pregnant women living with HIV-1 receive appropriate medical care
and
monitoring to ensure optimal outcomes for both mother and
child.
  



 








  

    
In
conclusion, the increasing availability of DTG-based regimens
represents a significant milestone in improving access to effective
HIV-1 treatment in resource-limited countries. However, we must
continue to monitor the impact of these drugs on maternal and fetal
health and work towards minimizing potential risks associated with
their use during pregnancy. By investing in research, expanding
access to care, and addressing broader structural factors that
contribute to health disparities, we can improve outcomes for
pregnant women living with HIV-1 and their children.
  



  

    
The
availability of generic DTG-based regimens has dramatically
increased
in recent years, with 6.9 million people having access to this
treatment in 2019 alone. It is estimated that by the year 2025, up
to
15 million people worldwide will be treated with DTG-based regimens
[15,16,17,18]. This represents a significant milestone in improving
access to effective HIV-1 treatment for millions of people around
the
world.
  



 








  

    
However,
it is important to note that among those who require treatment,
women
of child-bearing age remain a significant population. According to
UNAIDS data from 2021, there are approximately 15.5 million women
between the ages of 15 and 49 living with HIV-1 worldwide. In 2020,
women accounted for about 50% of all new HIV-1 infections and 63%
of
new infections in sub-Saharan Africa [13]. These statistics
underscore the continued need for targeted interventions to prevent
transmission of HIV-1 among women and to ensure that women living
with HIV-1 have access to appropriate medical care and
treatment.
  



 








  

    
The
increasing availability of DTG-based regimens has the potential to
greatly improve outcomes for women living with HIV-1, including
reducing the risk of vertical transmission during pregnancy and
improving maternal health. However, as discussed previously,
concerns
about potential adverse events following fetal exposure to ARVs
remain an area of concern, and more research is needed to fully
understand the risks involved.
  



 








  

    
Therefore,
it is critical that we continue to invest in research and expand
access to care for women living with HIV-1. By developing targeted
interventions to address the unique needs of this population and
improving access to effective treatments like DTG-based regimens,
we
can work towards achieving better outcomes for women living with
HIV-1 and their children.
  



  

    
The
increasing prevalence of non-nucleoside reverse transcriptase
inhibitor (NNRTI) resistance in resource-limited countries (RLCs),
particularly among women, has led to a rise in demand for the use
of
integrase strand transfer inhibitor (INSTI)-based regimens such as
DTG [5,19]. This trend has been further driven by the current
inclusion of DTG-based regimens in clinical guidelines for the
treatment of pregnant women, regardless of trimester or
child-bearing
potential [4,5]. As a result, a majority of HIV-1-infected women
worldwide are being treated with DTG-based regimens, along with
other
INSTIs like raltegravir (RAL) [5].
  



 








  

    
However,
the large number of fetuses exposed to these drugs during gestation
raises important questions about their safety profile. While INSTIs
have been shown to be effective at reducing viral replication and
preventing vertical transmission of HIV-1, concerns remain about
their potential long-term effects on fetal development.
  



 








  

    
As
newer INSTIs like bictegravir (BIC) and cabotegravir (CAB) continue
to emerge, it is essential that we evaluate the safety profile of
these drugs during pregnancy to ensure that any potential long-term
adverse effects are limited. This includes monitoring both maternal
and fetal outcomes in order to better understand the risks
associated
with fetal exposure to these drugs.
  



 








  

    
In
conclusion, the increasing prevalence of NNRTI resistance in RLCs
and
the subsequent rise in demand for INSTI-based regimens underscores
the importance of evaluating the safety profile of these drugs
during
pregnancy. By investing in research and monitoring maternal and
fetal
outcomes, we can work towards ensuring that women living with HIV-1
have access to safe and effective treatments while also minimizing
potential risks to fetal development.
  



  

    
The
period of gestation is a critical time for fetal brain development
and research has shown that antiretroviral drugs (ARVs) may
potentially affect this process [8,20,21,22]. Studies have
suggested
that DTG, in particular, may be associated with an increased risk
of
birth defects known as neural tube defects (NTDs), as well as other
postnatal neurodevelopmental abnormalities [3,11,23,24,25,26]. This
underscores the importance of monitoring the safety profile of ARVs
during pregnancy to ensure optimal outcomes for both mother and
child.
  



 








  

    
In
addition to DTG, there is limited data available on the safety of
newer INSTIs like bictegravir (BIC) and long-acting cabotegravir
(CAB
LA) when used for both treatment or prevention during pregnancy or
at
the time of conception. Given the potential risks associated with
fetal exposure to these drugs, it is essential that we continue to
invest in research to better understand their safety profile and
potential long-term effects on fetal development.
  



 








  

    
By
closely monitoring maternal and fetal outcomes and continuing to
expand access to care for pregnant women living with HIV-1, we can
work towards optimizing outcomes for both mother and child. This
includes developing targeted interventions to address the unique
needs of this population and ensuring that appropriate medical care
and monitoring are in place to minimize potential risks associated
with ARV exposure during pregnancy.
  



 








  

    
In
conclusion, while ARVs have been shown to be effective in reducing
vertical transmission of HIV-1, concerns remain about the potential
impact of these drugs on fetal development. By investing in
research
and expanding access to care for pregnant women living with HIV-1,
we
can work towards minimizing potential risks and improving outcomes
for both mother and child.
  



  

    
Clinical
reports of adverse events associated with integrase strand transfer
inhibitors (INSTIs) in adults have shown that these antiretroviral
drugs carry a class effect. As a result, there is growing concern
about the potential impact of these drugs on fetal neurodevelopment
when used during pregnancy. With approximately 1.3 million
HIV-1-infected pregnant women giving birth each year globally
[11,12], it is likely that the majority of these children will be
exposed to INSTIs.
  



 








  

    
Given
this significant exposure to INSTIs, it is prudent to consider
potential mechanisms of INSTI-related neurodevelopmental outcomes.
To
this end, the current review discusses current United States Food
and
Drug Administration (U.S. FDA) approved ARVs and recommendations
for
their usage during pregnancy. Specifically, this review provides
updates on pharmacokinetics (PK) and known INSTI adverse events, as
well as an overview of the most recent research on the safety
profile
of these drugs during pregnancy.
  



 








  

    
While
INSTIs have been shown to be effective at reducing viral
replication
and preventing vertical transmission of HIV-1, concerns remain
about
their potential impact on fetal development. As discussed
previously,
prior studies have suggested that DTG in particular may increase
the
risk of NTDs and other postnatal neurodevelopmental abnormalities.
However, more research is needed to fully understand the risks
involved and to identify potential mechanisms by which these
adverse
outcomes may occur.
  



 








  

    
By
closely monitoring maternal and fetal outcomes and continuing to
expand access to care for pregnant women living with HIV-1, we can
work towards minimizing potential risks and improving outcomes for
both mother and child. This includes developing targeted
interventions to address the unique needs of this population and
ensuring that appropriate medical care and monitoring are in place
to
minimize potential risks associated with ARV exposure during
pregnancy.
  



 








  

    
In
conclusion, while the use of INSTIs has revolutionized HIV-1
treatment, concerns remain about their potential impact on fetal
neurodevelopment when used during pregnancy. By investing in
research
and expanding access to care for pregnant women living with HIV-1,
we
can work towards minimizing potential risks and improving outcomes
for both mother and child.
  



 








  

    

      
Fetal
Neurodevelopment
    
  




  
The
  period of early brain development is marked by rapid structural
  and
  functional changes that occur on a day-to-day basis [27]. Insults
  to
  the biological, metabolic, or physiological processes during this
  critical period can have long-term adverse effects on brain
  development and function. 




 








  

    
The
process of neurulation begins approximately four weeks after
conception with the closure of the neural tube [8,28]. At around
gestational week 4, neurogenesis begins, which involves the
differentiation of neural stem cells into neurons that continue to
develop throughout gestation and beyond into adulthood [8]. Shortly
after the initiation of neurogenesis, microglia enter the central
nervous system (CNS), where these cells form a resident innate
immune
population [29,30].
  



 








  

    
The
presence of microglia in the CNS during early brain development is
particularly important, as they play a crucial role in modulating
neuroinflammation and promoting proper neuronal connectivity.
Abnormalities in microglial function or migration during prenatal
development have been associated with a range of neurodevelopmental
disorders, including autism, schizophrenia, and cerebral palsy
[31,32].
  



 








  

    
Given
the potential impact of insults to biological, metabolic, or
physiological processes during early brain development, it is
essential that we closely monitor the safety profile of drugs used
during pregnancy, including antiretroviral drugs like integrase
strand transfer inhibitors (INSTIs). By investing in research and
expanding access to care for pregnant women living with HIV-1, we
can
work towards minimizing potential risks and improving outcomes for
both mother and child. This includes developing targeted
interventions to address the unique needs of this population and
ensuring that appropriate medical care and monitoring are in place
to
minimize potential risks associated with ARV exposure during
pregnancy.
  



  

    
The
process of synaptogenesis, which involves the formation of new
synapses between neurons, begins around 12 weeks of gestation. This
is accompanied by concurrent pruning of synapses and dendritic
spines, a process that helps to refine the connections between
neurons and ensure optimal neural network function [8].
  



 








  

    
As
fetal development progresses, cell populations continue to be
refined
through apoptosis, a process that helps to ensure proper synaptic
connectivity. By around 18 weeks of gestation, the initial stages
of
this refinement process are underway, helping to further optimize
the
formation and function of neural networks [8,28].
  



 








  

    
The
process of gliogenesis, in which glial cells are generated from
neural stem cells, begins at around gestational week 22. These
glial
cells play a crucial role in supporting neuronal function and
maintaining the overall health of the central nervous system
[31].
  



 








  

    
At
around week 30 of gestation, myelination begins. This complex
process
involves the formation of a fatty sheath called myelin around
axons,
which helps to increase the speed and efficiency of neural
signaling.
Myelination continues throughout childhood and into early
adulthood,
with significant changes occurring in white matter structure and
function during this time [8].
  



 








  

    
The
processes of synaptogenesis, cell refinement, gliogenesis, and
myelination all play crucial roles in shaping the developing brain
and ensuring optimal cognitive and neurological outcomes. Any
disruptions or insults to these processes during prenatal
development
can have long-term adverse effects on brain function and cognitive
outcomes.
  



 








  

    
Therefore,
it is essential that we closely monitor the safety profile of drugs
used during pregnancy, including antiretroviral drugs like
integrase
strand transfer inhibitors (INSTIs). By investing in research and
expanding access to care for pregnant women living with HIV-1, we
can
work towards minimizing potential risks and improving outcomes for
both mother and child. This includes developing targeted
interventions to address the unique needs of this population and
ensuring that appropriate medical care and monitoring are in place
to
minimize potential risks associated with ARV exposure during
pregnancy.
  



  

    
The
developing brain is highly susceptible to various factors,
including
drugs, microbes, and inflammatory processes. Disturbances during
brain development can result in neural tube defects (NTDs) or
postnatal behavioral effects that have long-term impacts on
neurological function.
  



 








  

    
While
it can be challenging to assess cause-effect relationships in
observational human gestational studies, animal models have proven
to
be a valuable tool for evaluating the risks associated with
antiretroviral drug (ARV) exposure during pregnancy. Animal models,
such as rodents, have similar sequences of key events in brain
maturation to humans [21]. Additionally, many genes that are
crucial
for neurodevelopment are conserved between humans and rodents
[32].
  



 








  

    
However,
it is important to consider several factors when using rodent
pregnancy models for testing ARV safety during pregnancy. Drug
dosing
based on unique rodent metabolism, timing of administration, and
achieving human therapeutic levels is essential for accurate
evaluation of ARV safety in these models [21,33].
  



 








  

    
By
utilizing animal models in research, we can gain critical insights
into the potential risks associated with ARV exposure during
pregnancy and identify ways to minimize these risks. However, it is
important to note that animal models have limitations and may not
fully replicate the complexity of human brain development.
Therefore,
further research is needed to better understand the long-term
neurodevelopmental outcomes associated with ARV exposure during
pregnancy.
  



 








  

    
In
conclusion, disturbances during prenatal brain development can have
long-lasting impacts on neurological function. While it may be
challenging to assess the risks associated with ARV exposure during
pregnancy in humans, animal models can provide valuable insights
into
these risks. By investing in research and expanding access to care
for pregnant women living with HIV-1, we can work towards
minimizing
potential risks and improving outcomes for both mother and child.
This includes developing targeted interventions to address the
unique
needs of this population and ensuring that appropriate medical care
and monitoring are in place to minimize potential risks associated
with ARV exposure during pregnancy.
  



 








  

    

      
Antiretroviral
Drugs (ARVs)
    
  



  

    
Human
Immunodeficiency Virus type 1 (HIV-1) is a member of the lentivirus
family within the Retroviridae family, subfamily Orthoretrovirinae
[34]. The virus consists of two copies of RNA genome packaged
within
its virion, along with several enzymes including reverse
transcriptase, integrase, and protease. These enzymes play crucial
roles in the replication cycle of the virus and are the targets of
antiretroviral drugs.
  



 








  

    
The
life cycle of HIV-1 can be broadly classified into nine major
steps:
binding, fusion, reverse transcription, integration, transcription,
translation, assembly, budding, and maturation [35,36]. Binding
occurs when the virus attaches to host cell receptors, which
typically are CD4+ T cells or macrophages. Fusion follows as the
viral envelope fuses with the host cell membrane, releasing the
viral
capsid into the cytoplasm of the host cell.
  



 








  

    
Reverse
transcription then takes place, with the viral RNA serving as a
template for the synthesis of a complementary DNA strand by reverse
transcriptase. This newly synthesized DNA is then used as a
template
for the synthesis of a double-stranded DNA molecule that is
integrated into the host genome by the viral enzyme integrase. Once
integrated, the viral DNA can remain latent or become
transcriptionally active, leading to the production of new viral
particles.
  



 








  

    
The
final stages of the HIV-1 replication cycle involve assembly,
budding, and maturation of the viral particles. During assembly,
viral components are assembled at the plasma membrane of the host
cell, resulting in the formation of immature viral particles that
bud
off from the cell surface. These immature particles then undergo
maturation through the action of viral protease, which cleaves the
precursor proteins into mature structural proteins, resulting in
the
formation of infectious viral particles.
  



 








  

    
Understanding
the complex life cycle of HIV-1 is essential for the development of
effective antiretroviral therapies that target different stages of
the replication cycle. By targeting specific viral enzymes, such as
reverse transcriptase, integrase, and protease, antiretroviral
drugs
can effectively inhibit HIV-1 replication and reduce viral load in
infected individuals.
  



  

    
The
complex replication cycle of HIV-1 provides several potential
targets
for antiretroviral drugs, and based on these targets, ARVs are
classified into different classes [37,38]. These classes of drugs
can
be used in combination to effectively inhibit viral replication and
reduce the risk of developing AIDS.
  



 








  

    
One
class of ARVs are entry inhibitors, which work by preventing HIV-1
from binding to target receptors and inhibiting the entry of the
virus into CD4+ immune cells. This class includes two subtypes:
CCR5
antagonists, which block the CCR5 co-receptor on the surface of
CD4+
cells; and fusion inhibitors, which prevent the fusion of the viral
envelope with the CD4+ cell membrane [37,38].
  



 








  

    
Fusion
inhibitors work by binding to the viral envelope glycoprotein and
preventing the conformational changes required for the fusion of
the
viral and cellular membranes. By blocking this key step in the
viral
replication cycle, fusion inhibitors can effectively inhibit viral
entry into host cells.
  



 








  

    
Another
class of ARVs includes nucleoside reverse transcriptase inhibitors
(NRTIs) and non-nucleoside reverse transcriptase inhibitors
(NNRTIs),
which both function by targeting the viral enzyme reverse
transcriptase. NRTIs work by mimicking the structure of natural
nucleotides and incorporating themselves into the viral DNA during
reverse transcription, causing chain termination and preventing
further synthesis. NNRTIs, on the other hand, bind directly to the
reverse transcriptase enzyme, altering its shape and inhibiting its
activity [37,38].
  



 








  

    
By
targeting different stages of the HIV-1 replication cycle, these
different classes of ARVs can effectively inhibit viral replication
and reduce viral load in infected individuals. Combination therapy
using drugs from multiple classes is often used to maximize
efficacy
and minimize the development of drug resistance.
  



  

    
Nucleoside
reverse transcriptase inhibitors (NRTIs) are a class of
antiretroviral drugs that function by inhibiting the activity of
the
viral enzyme, reverse transcriptase. NRTIs work by competing with
natural nucleotides, such as dTTP, dCTP, dGTP and dATP, and once
incorporated into the viral DNA, they terminate the formation of
the
new DNA chain [37,38]. By blocking this key step in the replication
cycle of HIV-1, NRTIs can effectively reduce viral load in infected
individuals.
  



 








  

    
Non-nucleoside
reverse transcriptase inhibitors (NNRTIs) are another class of ARVs
that target reverse transcriptase. Unlike NRTIs, which compete with
natural nucleotides, NNRTIs bind directly to the reverse
transcriptase enzyme and induce a conformational change, thereby
blocking its activity [37,38].
  



 








  

    
Integrase
strand transfer inhibitors (INSTIs) are a third class of ARVs that
block the integration of viral DNA into the host cell genome. This
is
achieved by inhibiting the activity of the viral enzyme integrase,
which is responsible for incorporating the viral DNA into the host
genome [37,38]. By effectively blocking this process, INSTIs can
significantly reduce the viral load in infected individuals.
  



 








  

    
Protease
inhibitors (PIs) are another class of ARVs that function by
blocking
the activity of the viral enzyme protease. Protease cleaves newly
synthesized viral proteins into mature viral particles, thus
preventing the generation of infectious viral particles [37,38]. By
inhibiting this crucial step in the replication cycle of HIV-1, PIs
can effectively reduce viral load in infected individuals.
  



 








  

    
Pharmacokinetic
enhancers, or PK enhancers, are a final class of ARVs that do not
directly target the virus but instead enhance the effectiveness of
other ARVs. PK enhancers work by inhibiting the activity of
cytochrome P450 CYP3A4, an enzyme responsible for metabolizing most
PIs. By inhibiting this enzyme, PK enhancers can increase the
bioavailability and effectiveness of PIs, simplifying dosing
regimens
and reducing potential drug interactions [37,38].
  



 








  

    
By
utilizing these different classes of ARVs, often in combination
therapy, it is possible to effectively suppress viral replication
and
reduce viral load in infected individuals. Close monitoring and
careful management of ARV therapy are necessary to minimize side
effects and ensure optimal clinical outcomes.
  



 








  

    

      
ARVs
during Pregnancy
    
  



  

    
Antiretroviral
drugs (ARVs) are a crucial component of the management of HIV-1
infection in pregnant women or women who plan to conceive. Due to
the
unique challenges posed by pregnancy and the potential for
perinatal
transmission, guidelines for the use of ARVs in this population are
set by the United States Department of Health and Human Services
(DHHS) Panel on Treatment of HIV During Pregnancy and Prevention of
Perinatal Transmission. These guidelines are regularly updated to
reflect the latest research and clinical findings and were most
recently updated on March 17, 2022 [4].
  



 








  

    
The
recommendations categorize individual and combination ARVs into two
major categories: Preferred and Alternative. The preferred category
includes regimens that are highly effective with a favorable safety
profile during pregnancy and have been extensively studied in
clinical trials. The alternative category includes regimens that
may
be an effective alternative to preferred regimens but may have some
limitations, such as increased risk of side effects or lack of data
on long-term safety during pregnancy.
  



 








  

    
When
selecting ARV regimens or regimen-backbones for drug-naïve or
-experienced women during pregnancy, healthcare providers should
consider several factors, including the patient's viral load,
previous treatment history, stage of pregnancy, potential drug
interactions, and individual patient factors and
preferences.
  



 








  

    
For
nucleoside reverse transcriptase inhibitor (NRTI) backbones, the
preferred options include tenofovir disoproxil fumarate (TDF) plus
emtricitabine (FTC) or lamivudine (3TC). Abacavir (ABC) plus either
FTC or 3TC is also a preferred option, although caution is advised
due to the risk of hypersensitivity reactions in certain
individuals
[4].
  



 








  

    
For
non-nucleoside reverse transcriptase inhibitors (NNRTIs), the
preferred options include efavirenz (EFV), rilpivirine (RPV),
dolutegravir (DTG), and doravirine (DOR). Efavirenz is not
recommended during the first trimester due to the potential risk of
neural tube defects, whereas DTG should be avoided in women with a
high risk of such defects. Rilpivirine and Doravirine are newer
NNRTIs with less data on their use during pregnancy [4].
  



 








  

    
For
protease inhibitor (PI)-based regimens, the preferred options
include
darunavir/ritonavir (DRV/r) or atazanavir/ritonavir (ATV/r). These
regimens have been extensively studied and have a favorable safety
profile during pregnancy. However, some PIs may be associated with
an
increased risk of preterm birth and other adverse outcomes
[4].
  



 








  

    
Lastly,
the integrase strand transfer inhibitor (INSTI) dolutegravir (DTG)
is
recommended as a preferred option for INSTI-based regimens. Other
INSTIs, such as raltegravir (RAL) and bictegravir (BIC), are
classified as alternative options due to limited data on their use
during pregnancy [4].
  



 








  

    
In
conclusion, the recommendations for the use of ARVs in pregnant
women
with HIV-1 or infected women who plan to conceive are critical for
ensuring optimal maternal and fetal outcomes. The preferred and
alternative categories help guide healthcare providers in selecting
the most appropriate treatment options based on individual patient
factors and preferences while minimizing the risk of perinatal
transmission and adverse outcomes. Close monitoring and management
of
ARV therapy are necessary to ensure optimal clinical outcomes for
both mother and child.
  



  

    
The
use of antiretroviral drugs (ARVs) is essential in the management
of
HIV-1 infection during pregnancy. The United States Department of
Health and Human Services (DHHS) Panel on Treatment of HIV During
Pregnancy and Prevention of Perinatal Transmission has categorized
individual and combination ARVs into two groups: Preferred and
Alternative, based on their efficacy and safety profile in pregnant
women. Preferred regimens are those that have been extensively
studied in clinical trials and have demonstrated efficacy with
acceptable adverse events. In addition, pharmacokinetic (PK) data
during pregnancy should be available to determine dosing
parameters,
and the available data must suggest a favorable risk-benefit
balance.
  



 








  

    
Recommended
Preferred dual nucleoside reverse transcriptase inhibitor (NRTI)
backbones include abacavir (ABC) and lamivudine (3TC), tenofovir
alafenamide (TAF) and emtricitabine (FTC), or tenofovir disoproxil
fumarate (TDF) and FTC. These combinations can be administered as
co-formulations or separate doses of TAF and 3TC or separate doses
of
TDF and 3TC once daily. However, weight gain in women on a TAF/FTC
backbone should be monitored, especially when used in combination
with dolutegravir (DTG), as its use has been associated with fewer
adverse birth outcomes and slightly higher gestational weight gain.
The use of TDF should be monitored and avoided in individuals with
renal insufficiency due to potential renal toxicity. ABC-containing
regimens should not be used in infected individuals who test
positive
for HLA-B*5701 due to the risk of hypersensitivity reaction
associated with ABC.
  



 








  

    
The
only recommended alternative dual-NRTI backbone is zidovudine (ZDV)
and 3TC. Although this NRTI combination is not recommended for
initial therapy in non-pregnant adults, it has been widely used in
pregnancy. The disadvantages of this backbone include requiring
twice-daily dosing and the potential risk of hematologic and other
toxicities.
  



 








  

    
It
is important to note that the use of ARVs during pregnancy should
be
closely monitored by healthcare providers to ensure optimal
maternal
and fetal outcomes. Pregnant women with HIV-1 infection should
receive ongoing medical care and counseling to maximize their own
health and prevent perinatal transmission of the virus. By
following
the recommended treatment guidelines, healthcare providers can
minimize the risks associated with ARV therapy while ensuring the
best possible clinical outcomes for both mother and child.
  















