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Preface

The HIV pandemic has had a profound impact on the health of individuals, families and
communities at all levels. Over time considerable progress has been made in the fields of
care and prevention to mitigate the medical and social consequences of the outbreak. ART
has improved survival and the quality of life for patients. However the disease burden re-
mains great especially in Sub-Saharan Africa. Medical advances have improved our under-
standing of the infection leading to new strategies for elimination.

This book provides new perspectives and state of the art updates on various aspects of HIV
infection and related disease. Several experts from many parts of the world and in different
fields of science have contributed to the creation of this book.

The first section discusses the UNAIDS 90-90-90 strategy for the elimination of HIV by 2030.
Challenges and barriers that must be addressed are identified. Gaps in quality of care, par-
ticularly low adherence, are critically analyzed and useful recommendations for discordant
couples are made. An interesting review is also made on brain aging in HIV-1 infection. The
changes and mechanisms in neurophysiology, neurochemistry, brain structure and activa-
tion networks are discussed in considerable detail.

The second section examines immune disorders in HIV and Hepatitis C co-infected patients
and discusses understanding the nature of the immune system activation in HIV/HCV co-
infection, which is important in predicting the development of non-AIDS-defining diseases.

The third section discusses updates on treatment and management. The implications of co-
infection with tuberculosis, HBV, their impact on treatment and the associated increased vi-
ral load replication are reviewed. Chapters on related oral neoplasms and neurological
clinical manifestations of HIV are also discussed. Drug resistant bacteria in HIV patients are
described and appropriate drugs updated. Discussion of the social construction of the HIV
stigma in Sub-Saharan Africa and its impact is analyzed. Barriers are identified in relation to
gender and demographic parameters and useful recommendations are proposed.

The fourth section examines artificial epitope based immunogens. The construction of syn-
thetic polypeptide HIV-1 immunogens using wide range T- and B- cell epitopes of main vi-
rus antigens is discussed. Promising designs for new HIV vaccines to overcome variability
and reduce adverse outcomes are suggested. The chapter presents experience in the devel-
opment of artificial polyepitope HIV-1 immunogens, which can induce both a humoral re-
sponse, and responses of cytotoxic (CD8 + CTL) and helpers (CD4 + Th) T-cells. Some
potential vaginal formulations vaccines for prevention of sexual HIV transmission are sug-
gested. The approaches, efficacy and associated challenges are also discussed.
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This book contains valuable knowledge and experiences from experts in various parts of the
world. It contains useful reference material.

I thank the authors for their contributions. I also thank Kristina Jurdana, Author Service
Manager for the invaluable support and assistance.

Dr Samuel Okware PhD

Director General

Uganda National Health Research Organisation
Entebbe, Uganda
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Chapter 1

Brain Aging in HIV-1 Infection

Maryline Santerre and Bassel Sawaya

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.77029

Abstract

It has been shown that patients carrying HIV-1 accumulate damage to cells and tissues
that are not directly infected by the virus itself (e.g., neurons). Importantly, these include
changes known as HIV-Associated Neurodegenerative Disorder (HAND) leading to the
loss of neuronal functions. HAND is an outstanding problem in the clinical management
of HIV-1 patients because suppression of infectious virus by c-ART does not completely
block neurodegenerative changes. Neuropsychological studies disclose cognitive altera-
tion (such as loss of Spatial and Declarative Memory) in a substantial proportion of HIV-1
infected patients, and analysis of post-mortem brain tissues isolated from HIV-1 patients
treated with c-ART show signs of neurodegeneration. In the absence of HIV-1 infection
of neurons, several mechanisms have been proposed for HAND, including indirect
inflammatory effects in the CNS and direct effects of viral proteins (e.g., gp120) shed
from activated HIV-1-infected cells. The fact that these viral proteins enter the neurons
through several pathways suggests the presence of many competing mechanisms that
can contribute to HAND, each of which has its advocates. Their relative contributions to
clinical disease in vivo remain to be sorted out, and this is an outstanding problem in HIV
research. This chapter will shed some light on the mechanisms used by HIV-1 leading to
memory impairments and premature brain aging.

Keywords: HIV, brain, aging, mitochondria

1. HIV-1 and structural changes

1.1. Thinning of the cortex: white/gray matter (methods and results)

Physiological brain aging is associated with a decrease in gray matter (GM) volume between
adulthood and old age, while the volume of white matter (WM) increase from age 19 to 40 and
will regress after that [1]. The reduction of gray matter is probably the result of neuronal shrinkage

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN
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and the reduction of synaptic spines [2]. Ventricular enlargement associated with normal aging
and the Evans’ index is used to distinguish normal and pathological enlargement [3].

Different techniques are used to evaluate different categories of brain changes: neurophysiology,
neurochemistry, brain structure, and brain activation networks. Structural magnetic resonance
imaging (MRI), diffusion MRI, and X-ray computed tomography (CT) are the tools for struc-
tural neuroimaging. Neurometabolites or neurochemicals can be tracked with positron emission
tomography (PET) using radiotracers and by magnetic resonance spectroscopy (MRS). Brain
activation networks can be studied by functional magnetic resonance imaging (fMRI) methods
based on blood oxygenation level-dependent (BOLD) contrast, and arterial spin labeling (ASL)
perfusion contrast shows changes in cerebral blood flow (CBF) and blood oxygenation.

Using imaging techniques, scientists and clinicians determined that the global cerebral vol-
ume is smaller in HIV-1 patients than in the seronegative population [4]. The HIV+ subjects
also present a higher neuronal loss [5] and the patients with detectable viral loads had the
highest rates of gray (GM) and white (WM) matter loss [6].

MRI technique also revealed that the gray matter of HIV+ subjects may present cortical
atrophy [7, 8] and volumetric loss in the caudate, amygdala, and hippocampus [4, 7, 9-12].
Moreover, the medial and superior frontal gyri can show an atrophy [13], as well as the pos-
terior and inferior temporal lobe, parietal lobe, and cerebellum [14].

If changes of white matter integrity are common with age, the abnormalities are more pro-
nounced in aged HIV+ subjects [15]. The white matter of HIV+ subjects displayed some
changes, like a tissue loss in the corpus callosum [9], as well as corpus callosum thinning and
ventricular expansion [16]. HIV+ subjects showed increased mean diffusivity in frontal and
parietal white matter, putamen, and genu [17]. Lower fractional anisotropy is also found at
an older age in HIV+ subjects in white matter of frontal, temporal, and parietal lobes but a
higher mean diffusion only in the occipital white matter [18]. Small white matter hyperin-
tensities (WMH) are associated with age in seronegative adults [19, 20] and are attributed
to inflammatory, vascular, or blood-brain barrier changes [21, 22]. However, these WMHs
can be connected to dementia, multiple sclerosis, and cerebrovascular diseases [23, 24]. The
increase of WMH volume is linked to lesser brain integrity in the sagittal stratum and the
corpus callosum. HIV+ adults over age 60 showed a higher ratio from abnormal to normal
WMH, with a subset of individuals in this age group with a significantly high WMH. This
high ratio is associated with cardiovascular and is inversely correlated with global psychomo-
tor and cognitive performance. The examination of the microstructure of the white matter
by diffusion tensor imaging (DTI) brings a promising disease-activity marker [25]. A disease
more advanced associated with a higher rate of decline of the CD4 count is linked to a greater
atrophy of the gray and white matter in the brain [26].

Away from human, this degeneration in gray and white matter was also observed in HIV-1
Tat transgenic mice model. The expression of Tat protein diminishes cortical gray matter
density in young Tat transgenic mice [27] and alters the structure of myelin examined by
either DTI imaging [28] or electron microscopy [29], with declines of fractional anisotropy
and behavioral changes.
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Finally, more developed tools and methods (e.g., brain PAD) were also used to measure the
influence of HIV-1 on aging. This integrative tool measures brain-predicted age difference (brain-
PAD) scores. It associates structural neuroimaging data with neuropsychological test scores, try-
ing to predict brain age and to assess the correlation of brain age to chronological age [30].

1.2. Loss of neural circuits and brain plasticity: implication of long-term
potentiation in learning and memory

Long-term potentiation (LTP) is a persistent increase in the synaptic activity leading to the
signal transmission between two neurons. The canonical mode of LTP induction at CA1 hip-
pocampal synapses relies on the glutamate receptor NMDAR and the following biochemical
cascade triggered and maintained by the synaptic protein calcium/calmodulin-dependent
protein kinase II (CaMKII). The impairment of this cascade would lead to an acute deficit in
learning and memory storage. LTP is involved in learning and memory functions in structures
like the hippocampus or the amygdala. It is generated by short repetitive high-frequency
stimulation (HFS) and may persist for hours or days.

An early study in 1999 demonstrated that some factors secreted by HIV-1-infected monocytes-
derived macrophages (MDMs) inhibit the induction of LTP in the CA1 region of the rat hippocam-
pus [31]. Later, a study shows that mice with severe combined immunodeficiency (SCIDs) injected
by HIV-1-infected human monocyte-derived macrophages (MDMs) into the basal ganglia present
a gradual decrease in synaptic function, followed by decreased cognition and later by an impair-
ment of multiple phases of synaptic potentiation [32]. Impairment of synaptic functions, as well
as the induction and maintenance of LTP, is described in mice with HIVE [33]. HIV-infected brain
mononuclear phagocytes (MP) (macrophages and microglia) are the reservoirs for persistent viral
infection. They secrete soluble factors like chemokines, free radicals, proinflammatory cytokines,
nitric oxide, and eicosanoids. HIV-infected MDM culture supernatants containing same soluble
factors have the capability to inhibit synaptic transmission and block LTP from the CA1 part of the
hippocampus of rats. A deeper investigation of the mechanism involved shows that IL-8 severely
reduces Ca? currents in the septal neurons, triggering the closure of L- and N-type Ca*" channels
[34]. Without an increase of the intracellular Ca* flux, the LTP in the CA1 region of the hippocam-
pus is impaired [35].

The study of isolated HIV-1 proteins on CAl long-term potentiation (LTP) gave us more
information about the mechanisms involved in the impairment of learning and memory by
HIV-1. Mice-expressing HIV-1 gp120 are showing a significant decrease in CA1 hippocampal
LTP. Gp120-induced impairment is prevented by a pre-treatment with the NMDA receptor
antagonist, suggesting that excessive activation of the NMDA receptor, that can lead to exci-
totoxic cell death, is responsible for the degenerative process triggered by gp120 [36]. HIV-1
gp120 protein inhibits LTP via the chemokine receptor CXCR4 and binds to it through the V3
loop epitope KRIHI [37]. Gp120-associated reduction of LTP is alleviated by a systemic admin-
istration of 4-AP, a Kv, channel antagonist. This result supports the evidence that the neuronal
voltage-gated potassium (K*) channels (Kv) are targeted by gp120 during the inhibition of LTP
and that Kv channels are linked learning and memory deficiencies in HAND [38]. With nor-
mal, non-pathological aging, dendritic trees experience gradual regression in dendritic arbors
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of pyramidal neurons situated in the superior temporal, precentral, and prefrontal cortices
in humans [8]. HIV-1 Tat expression in pyramidal CAl neurons decrease the number of api-
cal dendritic spines, without the evidence of pyramidal death but with the disruption of the
distribution of the synaptic proteins gephyrin and synaptogtagmin2 [39]. The Tat expression
induces synapto-dendritic modifications in the hippocampus that will disrupt the LTP in CA1
pyramidal neurons and subsequently bring deficits in learning and memory.

HIV-1 Tat protein injection into the hippocampus showed that Tat plays on extra-synaptic
NMDA receptors but not on synaptic. Additionally, it suppresses long-term potentiation
(LTP) followed by a diminution of spatial learning. Tat protein induces the phosphorylation
of NMDA receptor subunits NR2A and NR2B in a tyrosine kinase-dependent manner, which
triggers Ca?" flux. Ca* entry through synaptic NMDA receptors activates cCAMP response
element binding protein (CREB) activity, and confers antiapoptotic ability, while Ca* entry
through extrasynaptic NMDA receptors shuts off CREB pathway [40]. Some recent work
shows that CREB protein holds an essential role in memory formation. CREB protein brings
changes in global neuronal excitability. CREB overexpression results in more action potential
for each pulse and a smaller after-hyperpolarization (AHP) after a chain of action potentials.
AHP is usually engendered by K* channels, and CREB might be involved in variations in
K* conductance. By enhancing neuronal excitability, CREB might increase the inclusion of
neurons into the memory trace [41].

2. Neuropsychological changes

2.1. Depression: serotonin loss

With normal aging, the brain suffers from serotonin (5-HT) neuron and neurotransmitter loss.
This deficit in serotonergic neurotransmission might promote the occurrence of depression in
the elderly population [42]. The incidence of major depression is estimated from 1 to 10% in a
population older than 60 years of age, while depressive symptoms may affect up to 20% [43, 44].
Even if it is not considered as a normal aging event, the loss of serotonin and subsequent depres-
sion is a common even among the elderly.

Depression is significant comorbidity with a prevalence superior to 30% in some studies in
HIV-infected patients [45, 46]. Among a cohort of 13,874 HIV-infected patients, 44% percent of
the study population had depression, and 15% of the whole cohort was prescribed SSRIs [47].

The essential amino acid I-tryptophan (Trp) is the precursor of some essential metabolites
produced during the course of its degradation, along with different pathways, like the kyn-
urenine (KYN) pathway and the serotonin, 5-hydroxytryptamine or 5-HT pathway. During
the kynurenine pathway, the tryptophan is converted by the enzymes Tryptophan 2,3-dioxy-
genase (TDO) or indoleamine 2,3-dioxygenase 1 (IDO1), IDO2. The resulting product is fur-
ther degraded to kynurenine (KYN), which is a precursor of bioactive compounds, including
quinolinic acid (QUIN), that subsequently activate or inhibit NMDA neurotransmission. Pro-
inflammatory cytokines, including interferon-y (IFN-v), interleukin-1 § (IL-1p), and IL-6, can
further induce IDO-1 and TDO and thus activate this pathway, reducing the availability of
TRP for the serotonin synthesis pathway [48-51].
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HIV-1 clade B Tat is responsible for the up-regulation of IDO and the down-regulation of
5-HT gene and protein expressions. Also, HIV-1 clade B Tat reduces 5-HT with a concomitant
increase in KYN levels as compared to HIV-1 clade C Tat [52].

HIV+ subjects present a reduced breakdown of Phe to tyrosine (Tyr) [53, 54] and a faster con-
version of trp to kynurenine (Kyn) [55], which is correlated with higher levels of immune acti-
vation markers like interferon-y (IFN-y) or neopterin in HIV-1 individuals [56]. Accelerated
trp breakdown was correlated with neuropsychiatric symptoms in HIV patients [55, 57].

It is interesting to note that serotonin treatment decreases the HIV-I replication in human
macrophages. Indeed 5-HT decreases the p-chemokine receptor, CCR5, and increases the
CCL5 chemokine, MIP-1a, implying an effect of 5-HT on 5-HT1A receptors on macrophages
[58]. Further, some studies show that in HIV+ individuals the blocking of the re-uptake of
serotonin (SSRIs) is associated with the up-regulation of NK cells [59, 60]. Serotonergic path-
ways are important in the function of natural killer (NK) cells and CD8 + T cells [61].

2.2. HIV-1 and risks of Alzheimer’s disease (AD) pathogenesis

Apolipoprotein (apo) E isoforms (apoE2, apoE3, and apoE4) play a role in cardiovascular
disease and lipoprotein metabolism but are mainly studied for their contribution in neurode-
generation in Alzheimer’s disease [62-64]. HIV-associated dementia (HAD) is a neurological
condition with clinicopathological features similar to Alzheimer’s disease [65].

Early research presented in Nature Medicine in 1998 measures the risk of dementia in patients
who presented E4 isoform for apolipoprotein E (APOE). Compared to the normal subjects,
they presented twice more dementia and peripheral neuropathy, concluding that a long-term
infection brings an increased risk of dementia for E4(+) subjects [66], with an even bigger risk
with low CD4+ cell count and length of infection. It is today widely accepted that the APOE
e4/e4 genotype is associated with a faster disease course and progression to death compared
with the APOE &3/e3 genotype. However, an association between the e4/e4 genotype and
HIV-associated dementia (HAD) was not identified [67].

APOE¢e4 allele(s) may lead to premature aging with neurodegeneration in younger HIV
patients preceding the development of HAND, potentially because of greater neuroinflam-
mation or more abundant amyloid deposition in younger HIV subjects with APOEe4 allele(s)
[4, 68]. Recent neuroimaging studies present conflicting results. One study on 237 patients
shows that the ApoEe4 allele does not affect brain integrity, gray, or white matter, in their
cohort of HIV+individuals [69]. Another study on 76 patients shows brain atrophy, especially
in the posterior corpus callosum, thalamus, and brainstem [70]. These individuals were older
than 60, which could explain the discrepancy between the studies; the deleterious effects
could be age dependent [71].

The APOEe4 genotype is a risk factor for elevated cholesterol in ART-adherent HIV(+) men
aged >50 years [72] with a risk for a higher cognitive decline associated and cardiovascular
problems.

All these studies taken together, it is now clear that individuals with HIV and the ApoE gene
exhibited greater cognitive deficits when tested for attention, executive function, and working
memory than HIV-infected individuals with ApoE4 genotype carriers.
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3. Gait/balance

Aging is associated with a cascade of events affecting the function of the Substantia Nigra (SN)
neurons, from the dopamine metabolism to the mitochondrial dysfunction and the alteration
in protein degradation. The addition of cellular defects linked to aging increases the risks of
developing Parkinson’s disease [73, 74].

With aging, the density of dopamine transporters and dopaminergic neurons decreases, and
there is a correlation between the decline of the dopamine system function and the executive
function [75]. Several studies show evidence of a link between aging, memory, learning, and
dopaminergic change [76-79]. HIV-1 penetrates the brain immediately after the initial infection
and is disseminated in various concentrations in different parts of the brain, with a particu-
lar affinity for the subcortical regions like the basal ganglia, including the putamen, caudate
nucleus, globus pallidus, and Substantia Nigra [80]. HIV-1 RNA is also identified in different
regions of the postmortem brain, especially in different nuclei of the basal ganglia [81-83].
Since basal ganglia is the main target of HIV infection in the brain, it is not surprising that
the dopaminergic function located in the Substantia Nigra will be altered. Neuropathological
assessments of HIV+ patients show that the degeneration of Substantia Nigra is common.
Moreover, it could explain the sensitivity of some patients to drug-induced Parkinsonism [84].

HIV-1 and Parkinson’s disease both affect nigrostriatal structures with subsequent dopami-
nergic dysfunction. HIV-1 patients display signs of hypomimia, bradykinesia, poor hand
agility, and action or postural tremor exacerbated by age [85]. The aging HIV+ population
treated with HAART shows more frequent presentation of HIV-1 Parkinsonism. A significant
decrease of dopamine in the Substantia Nigra was subsequently found in the postmortem
examination of the HIV+ brains [86]. Alpha-synuclein is one of the major factors in Parkinson’s
disease pathology, and its expression was found to have increased in the Substantia Nigra of
HIV+ postmortem brain [87]. Alpha-synuclein plays a role in the apoptosis of dopamine cells
and reinforces the idea that the aging brain of HIV+ individuals may develop PD. Different
studies report that the dopamine concentration in the HIV-infected brain can decrease by 50%
[80, 86, 88]. The decrease in DA levels in SN was significantly correlated with the decrease in
performance in learning, memory, speed of processing information, and verbal fluency.

The presynaptic dopamine transporter (DAT)-mediated dopamine reuptake is crucial for
regular dopamine homeostasis and subsequent brain functions like memory, learning, and
attention. However, it has been reported that HIV patients with dementia had substantially
lower DAT availability in ventral striatum and putamen [89]. The DAT expression and func-
tion is also altered by HIV proteins in animals. HIV-1 Tat induces inhibition of the transporter
by an allosteric binding to DAT [90]. DAT function and expression is modified in the HIV-1-tg
rats [91]. HIV-1 gp120 was similarly described to cause a loss of dopamine-secreting neurons
in rats [92-94]. HIV-1 Nef is another viral protein disturbing the dopamine functions, reduc-
ing striatal dopamine levels in HIV-1 mice. The animal will consequently develop mania-like
behaviors and present a reduced content of dopamine and DAT [95].

HIV+ subjects present a diminished motor performance at multitasking and a decreased veloc-
ity compared to the control group. This may affect the daily life and require more attention to



Brain Aging in HIV-1 Infection
http://dx.doi.org/10.5772/intechopen.77029

every motor task [96]. A psychomotor slowing of HIV patients was already described in early
neuropsychological studies [97], which was presumed to be from the frontostriatal origin. The
first hypothesis for the gait and balance problems was a neuropathy of the peripheral nervous
system [98, 99]. However, the cerebellum, and the pons more exactly, is also implicated in
HIV infection [100-105].

There is evidence of cerebellar damage [105-107] and an important degeneration of the cer-
ebellar granular cell layer and axonal swelling. CT and MRI show pontocerebellar damage in
HIV infection [108] and 3-6% of an HIV-infected group [109]. Men and women show tissue
volume deficits in combined pons, vermis tissue, and cerebellar hemispheres. This will result
in a deficit in motor performance like static postural stability, and tandem walking, particu-
larly when the patients have their eyes closed during the test. The psychomotor speed and the
finger dexterity were also impaired.

The pediatric HIV-1 infection will present different complications, involving deep abnormali-
ties in the striatal dopamine system including the basal ganglia. The HIV-infected children
present a slower-than-normal information processing and poor attentional abilities [110-112].

4. Epigenetic changes

4.1. Methylation levels

Epigenetic alterations are one of the hallmarks of aging. As epigenetic changes accumulate
upon aging, DNA methylation can be a precise predictor of chronological age [113, 114], since
certain CpG sites are highly associated with age [115].

A first large-scale epigenome-wide association study in 2016 analyzed DNA methylation dur-
ing HIV infection [116] and found a differential DNA methylation associated with the infec-
tion. HIV-1, as other viruses, can alter the expression of DNA methyltransferases (DNMTs),
like DNMT1 [117, 118] and DNMT3b [119], affecting maintenance and de novo DNA meth-
ylation maintenance. The alteration of methylation could be an epigenetic outcome of the
integration of HIV-1 DNA into the host genome and could decrease genome stability. These
studies were made in blood, and because of the presence of the blood-brain barrier, it was
necessary to analyze methylation directly in the brain tissue.

A 2015 study uses blood and brain tissue to find a relationship between HIV status and epi-
genetic age acceleration [120]. It eliminates different hypothesis explaining age acceleration
effects in the brain tissue. It concluded that the telomere length is not involved and finds
difficult to explain the age acceleration in the brain by the increase in the amount of senes-
cent or exhausted T-cells like it is working in the blood, because of the blood-brain barrier.
The retained hypothesis is an effect of the age acceleration, and independently the T-cells
exhaust, confounding the relationship between these two events. In 2016, a comparative DNA
methylation profiling on monocytes derived from HIV-infected individuals, with or without
impairment, identifies a specific immunoepigenetic signature of cognitive impairment [121].
A total of 1032 loci differentially methylated are associated with cognitive impairment, with
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loci connected to gene networks in the central nervous system and preferentially located in
intergenic regions of the gene and over gene bodies. A more recent analysis was made on
DNA from the occipital cortex of 58 HIV+ subjects that were followed for neurocognitive
evaluation within 1 year of death [122]. It is the first study to associate HAND status with
the epigenetic age of frontal cortex tissue, with an average relative acceleration of 3.5 years.
This accelerated epigenetic aging was not the consequence of CD4+ cell count or viral load,
the activity of HAART on the CNS, or comorbidities. Interestingly, the entire HAND group
presented accelerated aging in the brain tissue, but that was not correlated with HAND grav-
ity or neurocognitive performance. This accelerated aging seems linked to the duration of
the infection and suggests that a low level but chronic HIV replication in brain reservoirs
maintains pathological processes.

4.2. microRNA

The genome-wide expression analysis of miRNA in aging brains showed a unique expression
profile which emphasizes how crucial their role is in the neurodegeneration and the aging
process [123].

MiR-34a has been linked to the regulation of several proteins including sirtuin 1 (SIRT1)
[124]. SIRT1 is an enzyme implicated in the deacetylation of proteins involved in cell stress,
longevity, and glucose metabolism [125]. Mir-34a up-regulation, the reciprocal decline of its
target SIRT1, is the biomarker for aging in the brain and a good predictor of deterioration
of the brain function. The miR-34a expression is significantly increased in HIV-infected vas-
cular endothelial cells (ECs) [126] as well as in primary neuronal cultures and neuronal cell
lines [127]. MiR-146a was also up-regulated in these cells. HIV-1 vpr has the same ability to
strongly overexpress miR-34a and miR-146a in neuronal cells and to down-regulate miR-106a
[128]. The up-regulation of miR-34a and miR146a [129] and the down-regulation of miR-106a
[130] are described to be associated with aging. The increase of miR-34a can cause abnormal
mitochondrial dynamics and dysfunctional autophagy [131].

4.3. HIV-1 disrupts the calcium signaling in the brain

Changes in calcium signaling are major factors leading to aging, as many vital functions of
the brain depend on precise calcium homeostasis [132]. Khachaturian presented in 1994 his
hypothesis of aging [133] to try to elucidate the neurophysiological mechanisms of Ca* sig-
naling that they are associated with aging and neurodegeneration.

HIV-1 disturbs the functional expression and activity of voltage-gated calcium channel
(VGCCs) (changes in evoked Ca?* spikes and L-channel expression) in the mPFC in an age-
dependent way and implies that ion-channel dysfunction associated with HIV-induced
medial PreFrontal Cortex (mPFC) hyper-excitability progresses with age/HIV duration [134].

HIV-infected individuals, especially as they age, are subject to neuronal Ca** dysregulation and
neurotoxicity elicited by the HIV-1 proteins gp120, Tat, and Vpr [135-137]. Tat protein increases
neuronal Ca* levels via IP3R and NMDAR and L-type Ca?" channels, followed by mitochon-
drial Ca?" uptake and ROS production, leading to caspase activation and neuronal apoptosis
[137-139]. In microglia and astrocytes, Tat and gp120 can interact and trigger the production
of cytokines, nitric oxide, and excitotoxins which can intensify the neurotoxic effects of Tat and
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gp120 [137]. HIV-1 Vpr is also able to activate the expression of cytokines, ROS, and inflam-
matory proteins in uninfected and infected cells. Vpr will elicit a slow but persistent elevation
of Ca* leading to glutamate signaling impairment in neuronal cells. Moreover, the calcium
homeostasis is disturbed by Vpr via down-regulation of endogenous PMCA [136].

4.4, Inflammation links aging to the brain

The neuroinflammation is present even in the absence of productive infection and may have
a different cause, like an undetectable level of virus production, the effects of combination
antiretroviral therapy (cART) itself, and/or a chronic and systemic immune action. Together,
these factors contribute to HIV-1 neurodegeneration. The stimulated microglia will synthe-
size neurotoxic molecules, inflammatory mediators like cytokines/chemokines, and provoke
glutamate receptor-mediated excitotoxicity, disrupt intracellular calcium concentration and
ion channel expression, and mechanisms controlling cAMP levels. Viral latency and residual
inflammation are codependent mechanisms promoting each other [140]. The peripheral
immune activation and production of peripheral cytokines increase inflammation within the
CNS and have been associated with lower cognitive performance [141-148].

In the HIV-infected brain, the microglia will produce NF-kappa B, triggering the secretion of
the pro-inflammatory cytokine TNFa which stimulates NF-kappa B signaling in neurons of
the medial basal hypothalamus in a feed-forward loop. IKK@/NF-kB inhibits GnRH and acti-
vates aging-related hypothalamic GnRH degeneration. The inhibition of IKKB/NF-«B activa-
tion or GnRH treatment can reverse the aging effects of HIV-1 and increase the lifespan [149].
This feedback loop has been linked to the hypothalamic programming of systemic aging
[149]. In primary astrocytes, HIV stimulates C3 expression indirectly, via NF-kB-dependent
induction of IL-6, which will activate the C3 promoter [150].

A senescence-associated secretory phenotype (SASP), a central aspect of cellular senescence,
is activated when the certain chemokines/cytokines, especially IL-6, IL-8, and IL-1 «, are
secreted. These interleukins play a major role in brain aging [151-153]. HIV-1 infection is
quickly followed by the inflammasome activation, allowing the release of IL-6, IL-8, IL-18,
IFN-vy, IL-13, IL-2Ray, IL-3, IL-6, TNFa, IL-1Ra, IL-10, IL-1at, and TNEFf3 [154, 155].

4.5. Influence of cART on neurotoxicity

The development of highly active antiretroviral therapy (HAART) has changed the neuro-
degeneration pattern and prevented the major cognitive impairments of AIDS, increasing
survival times.

To be effective in the brain, combination antiretroviral therapy (cART) has to cross the
blood-brain barrier and be metabolized. However, if these drugs made it possible to alleviate
cognitive impairment, they can contribute to it and damage nerve cells. Indeed, long-term
cART can generate toxic effects and contribute to HAND. The efavirenz (EFV) metabolites
7-hydroxyefavirenz (7-OH-EFV) and especially 8-hydroxyefavirenz (8-OH-EFV) can provoke
damage to dendritic spines. Furthermore, the 8-OH-EFV metabolite can trigger calcium flux
in neurons, mainly mediated by L-type voltage-operated calcium channels (VOCCs), and
acts as a potent neurotoxin [156]. The mitochondrial respiratory capacity (SRC) is reduced by
maraviroc, raltegravir, lopinavir, darunavir, zidovudine, emtricitabine, abacavir, nevirapine,
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and efavirenz but not by indinavir. Efavirenz and maraviroc provoke a reduction of ATP at
the synapse that may contribute to its dysfunction [157, 158]. Additionally, the non-nucleo-
side reverse transcriptase inhibitor efavirenz can decrease neural stem cell proliferation [159].
Non-nucleoside reverse transcriptase inhibitors (NRTIs) are key players in HAART-induced
mitochondrial toxicity due to their capacity to inhibit the DNA polymerase in charge of the
synthesis of mitochondrial DNA, Pol-y [160-162]. Some brains under HAART present neu-
roinflammation combined with mononuclear phagocyte activation, notably in the hippocam-
pus, and can reach the level seen in AIDS and HIVE pre-HAART [163].

4.6. Anti-oxidant defense

Oxidative phosphorylation is a highly efficient way of generating energy to produce adenos-
ine triphosphate (ATP). Oxygen is a key player in this metabolic pathway in mitochondria
to break down the glucose. Reactive oxygen species (ROS), hydroxyl radical (OH"), hydro-
gen peroxide (H,O,), and superoxide (O,") are usually produced at low levels. If the balance
between antioxidants and pro-oxidant is disturbed, oxidative damage can occur, followed by
mitochondrial dysfunction and accumulation of cytotoxins leading to cell death. The brain
is rich in fatty acids, which make neurons highly sensitive to oxidative alteration and per-
oxidation [164], in particular because it has fewer antioxidants than other tissue and higher
iron levels. Under oxidation, the membrane lipids can undergo lipid peroxidation producing
malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE). The endogenous brain defense
against oxidative stress is composed of glutathione peroxidase (GPx1), superoxide dismutases
(SOD), catalase, and glutathione (y-l-glutamyl-l-cysteinylglycine, GSH) [165].

In HAND, oxidative stress increased levels of oxidized proteins and lipid peroxidation
products, at the same time than a deficit in GSH and GPx1 [166-169]. The lipid peroxidation
induced by HIV-1 affects the specific region of the brain [170] and is correlated with the grav-
ity of HAND [171]. Several viral proteins are involved in this mechanism. Tat is inducing the
reactive oxygen species (ROS) superoxide (O,") and hydrogen peroxide (H,O,), increasing at
the same time the levels of lipid peroxidation. It is able also to induce nitric oxide synthase
(iNOS) to generate nitric oxide (NO), which when combined with superoxide (O,") will form
the peroxynitrite (ONOO) [172]. Gp120 triggers the release of arachidonic acid in glial cells
[173], from the lipoxygenase and cyclooxygenase pathways [173]. Gp41 can provoke neuronal
cell death by a mechanism involving NO formation, iNOS, and a deficit in glutathione, which
will subsequently disrupt the mitochondrial function [174, 175]. Vpr induces the production
of ROS after a reduction in the total GSH/GSSG ratio and an increase in the level of oxidized
glutathione (GSSG) [176].

4.7. Mitochondria

In the mitochondrial theory of aging (or free-radical theory of aging), the reactive oxygen
species, which are the products of respiration, damage the membranes, mitochondrial DNA
(mtDNA), and proteins, causing an accumulation of cellular and molecular injuries subse-
quently responsible for aging. It creates a “vicious cycle” when the mtDNA damage increases
ROS production, which will damage even more the mtDNA [177].
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The HIV-1 infection initiates changes in mitochondrial electron transport chain (ETC), mito-
chondrial trafficking proteins, glycolytic pathways, and proteins implicated in several energy
pathways. In the presence of HIV-1 proteins, the mitochondria face a higher energy demand,
will consume more oxygen, and show a higher capacity to produce ATP. These mechanisms
are usually observed when there is cellular damage leading to ROS production [178].

During HAND, mitochondrial fission/fusion mechanism is dysregulated. The mitochondrial
fission protein (dynamin 1-like, DNMI1L) is decreased in frontal cortex tissues of HAND
patients, and the soma of damaged neurons presents elongated and enlarged mitochondria.
The GFAP-gp120 mice present the same phenotype, and gp120 also decreases the DNML1
levels. The mitochondrial fusion seems to be the predominant mitochondrial dynamic in the
brains of HAND patients [179]. HIV-1 Tat provokes a massive diminution in the mitochon-
drial membrane potential, a mechanism closely linked to fusion and fission. It is probably
the consequence of the quick increase Tat caused on the intracellular Ca*, whether via the
NMDA receptor or L-type calcium channels. The levels of mitochondrial fission protein Drpl
are consequently increased and the mitochondrial morphology is altered by Tat. Unbalanced
mitochondrial fission and fusion are responsible for several neurodegenerative disorders [180].
HIV-1 Vpr promotes the formation of permeability transition pores in mitochondria, which
disturbs the transmembrane potential and the ATP synthesis. This process permeabilizes the
mitochondria and allows the release of cytochrome c via a cascade of caspase and leads to
apoptosis [181]. Moreover, Vpr decreases rapidly the mitochondrial membrane potential [182],
which provokes the formation of the permeability transition pore complex (PTPC) [183], com-
posed by the adenine nucleotide translocator (ANT) on the inner mitochondrial membrane
and the voltage-dependent anion channel (VDAC) on the outer mitochondrial membrane. This
creation of mitochondrial conductance channels will allow the release of apoptosis-inducing
factor cytochrome c into the cytoplasm, as described in striatal and cortical neurons of rats [184].
Following HIV-1 Vpr treatment, the intracellular glutathione is reduced, maybe the result of
decreased ATP availability when Vpr binds to the ANT on the inner mitochondrial membrane
[185]. HIV-1 Vpr is also described to impair the mitochondria axonal transport [186].

4.8. Autophagy

Defects in autophagy can lead to several neurodegenerative diseases like Parkinson’s dis-
ease, Alzheimer’s disease, and amyotrophic lateral sclerosis (ALS) for the most common
[187]. Without autophagic cleaning, protein aggregates will accumulate and become toxic
to the cells. Aging is slowing down the efficiency of cell autophagy (macroautophagy and
chaperone-mediated autophagy) either by diminishing the autophagic flux or by too much
cargo accumulation from chronic cell injury [187]. Some interventions intend to increase the
autophagy levels like caloric restriction or autophagy-inducing drugs can attenuate age-
linked pathologies and lengthen the lifespan [188-190].

The activation of autophagy is beneficial for the virus during the initial phase of HIV-1 infec-
tion in many cell types [191]. However, the autophagy inhibition is necessary for virus rep-
lication in later phases of infection, stimulating the biogenesis of exosomes enclosing viral
products [192]. In HIV-1 dementia, the neurodegeneration seems to be associated with the



14 Advances in HIV and AIDS Control

inhibition of neuronal autophagy, a decrease in autophagy-inducing protein, and an increase
in sequestosome-1/p62 [193]. Autophagy genes like SQSTM1, ATG5, and LAMP1 appear to
be differentially regulated at the transcriptional, translational, and post-translational levels
by HIV-1 in the brain at a different stage of the disease [194]. Basal autophagy is inhibited by
the HIV-1 infection in CD4+, monocyte/macrophage lineage [195], as well as in neurons and
astrocytes and leads to neuro-glial toxicity [196].

Nef binds BECN1 and inhibits the proteolytic stages of autophagy in HIV-infected macro-
phages [197, 198]. In astrocytes, Nef is also blocking the fusion of autophagosome to lysosome
to escape the viral degradation, increasing LC3II and p62/SQSTM1 levels. It is interesting to
note that LC3 and Gag interact and that basal autophagy promotes optimal Gag processing
and yields of HIV in macrophages [195]. Gag processing is increased when autophagy is
induced, manipulating the autophagy process to maximize the viral replication in infected
macrophages. The Gag protein is the main target of autophagy, but HIV-1 has taken advan-
tage of Gag targeting for its replication, especially in macrophages. HIV-1 Tat is targeted for
degradation via an ubiquitin-independent pathway, as an anti-HIV effect, interacting with
p62/SQSTM1 in CD4+ T lymphocytes. However, Tat can counteract this degradation by
decreasing the quantity of the autophagy markers LC3II andp62/SQSTM1 coupled with the
membrane in neurons [199]. Moreover, Tat can bind to the lysosomal-associated membrane
protein 2A (LAMP2A) to regulate the fusion of autophagosomes with lysosomes. Through
this interaction with LAMP2, Tat may allow abnormal autophagolysosome formation, lead-
ing to neurodegeneration [199]. Gp120 on the opposite is inducing autophagy in neuronal
cells [200], probably as a protective mechanism from the toxic effects of gp120 [201].

5. Conclusion

The aging mechanism linked to aging is the consequence of multiple heterogeneous processes
and is the interplay of several areas including physiological changes, metabolical aging, or
cognitive impairment. The HIV-associated aging is distinct from chronological aging and
should be treated as well. It will be influenced by the cognitive reserve of the patient, modeled
by its social, cultural, physical, and economic environment.
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Abstract

The South African Department of Health adopted numerous strategies to manage the
HIV epidemic. Recently, the global 90-90-90 HIV treatment strategy was adopted. This
strategy hope to ensure that 90% of people living with HIV will know their status, 90%
of those testing HIV positive will receive sustained antiretroviral therapy and 90% of
those receiving antiretroviral therapy will reach and maintain viral suppression by 2020.
With a focus on literature, policies and implementation interventions, this chapter aims
to provide an overview on current strategies used to reach the 90-90-90 goals and dis-
cusses how these strategies can be strengthened among sero-discordant couples within
the South African public health system.

Keywords: sero-discordance, couples-counselling and testing, safe conception,
behavioural interventions, treatment and adherence, gender norms, sexual health rights

1. Introduction

The burden of HIV has long plagued Sub-Saharan Africa [1]. Since the start of the epidemic,
three decades ago, the country has made significant progress in managing the disease [2].
Over the last 10 years South Africa has successfully implemented HIV prevention and treat-
ment strategies, informed by empirical research. Despite the gains made, incidence contin-
ues to increase given several socio-behavioural factors associated with HIV transmission
[3-5]. Additionally, with an estimated 469,000 new infections noted in 2012, an increase in
sero-discordant relationships can be anticipated [4]. It is therefore imperative to strengthen
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sero-discordant interventions as a response to managing the HIV epidemic among couples
that goes beyond couple testing [6].

2. Definition and prevalence of sero-discordance globally, SADC
and SA

In sub-Saharan Africa, sero-discordance is a critical factor for the transmission of HIV [7].
Sero-discordance, refers to couples with a mixed HIV status. In such relationships one partner
has a known HIV positive status while his or her partner is HIV negative [8, 9]. Hence, for the
purpose of this chapter, we define a sero-discordant couple as two individuals who are in a
current sexual relationship in which both partners are aware of the other’s HIV status. Some
authors have argued that sero-discordant sexual relationships are high risk as HIV transmis-
sion is more likely to happen in longer-term relationships [10-12].

Despite the misconception that a greater proportion of men are likely to be the index partner,
through a systematic review Eyawo et al. [13] established that nearly half (47%) of the index
partners were women. This indicates that men and women are equally likely to be the index
partner in sero-discordant couples in the sub-Saharan African region. These findings also
speak to the prevention and marketing strategies that are meant to be gender balanced in
heterosexual sero-discordant couples.

In regions with high HIV prevalence, proportions of sero-discordant intra-couple trans-
mission range from 13.0 to 55% of new HIV infections [14]. For South Africa, the estimated
proportion of sero-discordant couples is unclear, however, transmission among longer-term
couples were estimated above 10.0% per year [15]. Thus the prevention of intra-couple HIV
transmission may delay the progression of the epidemic. As such, sero-discordant couples are
a key target population in the context of HIV prevention.

3. Policies and policy implementation

South Africa has been very vigilant in the fight against HIV. For the last 20 years policy adop-
tion and implementation has been at the foreground of HIV management. This section pro-
vides an overview of policy strategies that guide HIV management and discuss how these
strategies influence the well-being of sero-discordant couples.

Since the start of the new millennium, the management of HIV was spearheaded by compre-
hensive, multi-sectorial action orientated National Strategic Plans for HIV/AIDS and Sexually
Transmitted Infections [15]. Over the last 18 years, many gains have been made in curbing the
HIV epidemic. Initiated by the health ministry in 1999 the NSP 20002005, in partnership with
governmental and non-governmental organisations, as well as, community- and faith-based
organisations priority areas related to HIV management were identified. The outcome of this
discussion produced four key focus areas.
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These included a focus on:

* Prevention;
¢ Treatment, care and support;
* Research, monitoring, and surveillance;

¢ Human rights and access to justice.

In essence, the NSP 20002005 garnered immense progress in the fight against HIV, but
aetiological differences regards the epidemic between the government and civil society posed
numerous challenges that curbed the progress [15]. Informed by the successes and limitations
of the NSP 2000-2005, in addition to, the progress of the disease and the gains made in terms
of biomedical advances, the NSP 2007-2011 continued to focus on improving prevention;
treatment, care and support; research, monitoring, and surveillance; human rights and access
to justice. Some primary goals were attached to each of these key priority areas. In terms of
prevention, the goal was to decrease new infections by 50% with a focus on the 15-24 age year
group. Even though this goal was not attained, the mother-to-child transmission was signifi-
cantly reduced [16]. The treatment focused goal aimed to facilitate access to the appropriate
HIV treatment to 80% of PLHIV by the end of the 5 year period. With some challenges regard-
ing implementation, monitoring and evaluation, the decrease in the general adult mortality
rates could be accredited to the increase in treatment access [16]. The third and fourth priority
areas were reportedly riddled with implementation barriers and therefore did not reach all
its goals. It can therefore be established that the second NSP (2007-2011) made some gains
in managing HIV, but much more needs to be done at the structural level to ensure greater
success.

The NSP 2012-2016, introduced a comprehensive response, which included goals and tar-
gets, linked to treatment, prevention, human rights and TB. While many goals were achieved
during the 2012-2016 period, gaps were also identified. For instance, notable declines were
reported in terms of reducing new HIV and TB infections, but the goal to reduce new HIV
infections and new TB infections by at least 50% has not been achieved. What has become
evident is that reducing incidence and stabilising prevalence, will require the scale-up of HIV/
TB prevention, testing, linkage to care and life-long adherence strategies, with a particular
focus on high risk populations.

Two years prior to the end of the NSP 2012-2016 term, South Africa adopted the global 90-90-
90 treatment strategy. With its focus on treatment, the strategy targets aims to facilitate the
necessary processes so that 90% of people living with HIV can know their status, 90% of those
who tested HIV positive can receive sustained antiretroviral therapy and that 90% of those
receiving antiretroviral therapy reach and maintain viral suppression by 2020 (see Figure 1).

According to Bain et al. [17] the success of the strategy would “... result in 73% of people with
HIV achieving viral suppression, a crucial step in ending the AIDS epidemic by 2030 “(p. 1).
With this strategy in place, the South African National AIDS Council (SANAC) [18] recently
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Figure 1. Key targets of the 90-90-90 HIV treatment strategy.

reported that among adults aged 15-59 years old, 86.0% were aware of their HIV status, of
those 65.0% were currently on treatment, while of those who are on treatment 81% were
virally suppressed (see Figure 2).

The current 2017-2022 NSP proposes a focus on social and behavioural aspects of HIV/AIDS
and TB that prioritises a research agenda. This includes a commitment to having dedicated
research funding for these health issues, build capacity to conduct research, and to identify
better ways to collect and disseminate research findings. In addition, the plan acknowledges
that we cannot simply treat our way out of the HIV epidemic, but that prevention strategies
would offer the best response to curbing the HIV and TB epidemic.

While the NSP 2017-2022 stipulates the importance of Social Science and Humanities research
in the 5 year plan, the proposed research foci continue to hover around understanding the
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Figure 2. Progress towards the 90-90-90 HIV treatment strategy.
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social determinants of HIV and TB. Because of the changing nature of the epidemics, research
on social determinants will always be relevant. However, at this stage in the fight against
HIV and TB, developing and testing robust behavioural intervention models should be at the
foreground of our national HIV/TB response. Furthermore, what the current NSP lacks is a
clear strategy that marries bio-medical and socio-behavioural models to improve the HIV/
TB-related outcomes for the country.

For instance, with 6.8 mil PLHIV, more comprehensive work should be prioritised. An
example of such work could include a socio-behavioural intervention among sero-discordant
couples. The NSP highlights a focus on family, but fail to clearly define possible intervention
entry points that could help achieve the 90-90-90 goals within the family. A family- or couple-
focused intervention may include encouraging home-based testing, family participation in
achieving adherence and ultimately viral suppression.

4. Existing prevention interventions for sero-discordant couples

This section provides an overview of existing prevention and intervention programmes, that
are implemented in the public and private health care systems as well as those implemented
by civil society organisations.

4.1. Current couple-centred HIV prevention services

The prevalence of sero-discordance among romantic relationships is growing in South Africa
for various reasons [6]. What is concerning is the fact that, in the country and globally, it has
been documented that HIV is most commonly transmitted between partners who are in a com-
mitted relationship [6]. This ultimately raises important issues including the risk of infection,
reproductive choices and stress and change in the relationship dynamics. Despite the salience
of couple relationships, existing HIV prevention interventions mainly focus on individuals
instead of couples as a unit [19]. This negates the significant influence that couples play on
each other’s behaviour. There is growing agreement on the fact that prevention interventions
and research should be aimed at couples as a unit to bring about change and maintain dis-
cordance. Couples-focused programs could concurrently include both dyad members, target
each member separately and alone, in other instances might involve a combination of both
modalities. The World Health Organisation has set out specific prevention interventions for
couples with respect to their sero-status [20]. Figure 3 lists the interventions that are specific
for sero-discordant couples be it whether the male or female is the index partner.

4.1.1. Case identification through HIV testing services (HTS) for couples

Paying closer attention to literature pertaining to HIV Testing Services, couples counsel-
ling and testing are especially important for identifying HIV sero-discordant status among
couples. Many men and women who are in relationships with a partner who is HIV positive
do not know their own HIV status let alone their partner’s [21]. In settings with a generalised
HIV epidemic, research shows that in the context of sero-discordant relationships women
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Figure 3. Prevention strategies to reduce the risk of HIV transmission for sero-discordant couples.

are especially more vulnerable to contracting the virus, due to their biological susceptibility
as well as the infidelity of men [21]. A study conducted in a rural setting within South Africa,
however found that HIV transmission was high among migrant men as well as migrant
women returning to their partners. This finding suggest that there is a need to reconsider the
premise that HIV transmission within stable relationships is attributed to extra marital sexual
activity by men.

With this being said, HIV counselling and testing has mainly been individual based and sex-
specific. In regard to individual based prevention strategies, Jones et al. [22] implemented a
couples HIV risk reduction intervention (called Partner Project) that included HIV Counselling
and Testing program in 6 urban community health clinics in Lusaka, Zambia. The research-
ers found that the use sexual barrier indicators was achieved among the intervention group.
The results also showed that there was a reduction in intimate partner violence (IPV) for the
entire sample. IPV commonly inhibits discussions among partners regarding HIV testing,
sero-status disclosure and condom use. Hence there should be an essential component of HIV
prevention services that also target the reduction of IPV.

4.1.2. Treatment as prevention

In the contexts of sero-discordant couples, two broad prevention strategies with ARVs can
be considered. Namely: antiretroviral treatment (ART) for the HIV-positive partner and pre-
exposure prophylaxis (PrEP) for the HIV-negative partner.

4.1.2.1. Antiretroviral treatment (ART) for the HIV-positive partner

The WHO HIV treatment guidelines [20, 23] recommend initiation of lifelong ART for
individuals with a CD4 counts of 350/mm?® or lower. More recently, the WHO guidelines
in 2013 recommended ART for all patients regardless of their CD4 count. Furthermore, for
those who are in relationships with an HIV negative partner, the discordant partner is also
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recommended to initiate treatment [24]. The utilisation of ARV to prevent HIV transmission
thus transformed the field of comprehensive care for couples, particularly when the existing
foundation was primarily the promotion of condom use. In an analysis conducted by Lasry
et al. [25] who assessed the plausibility of a combination of strategies to reduce risk among
sero-discordant couples. They established that ART initiation was the most protective strat-
egy employed. To demonstrate the effectiveness of the use of ARVs in reducing the risk of HIV
transmission Hallal et al. [26] cites the Partners in Prevention project, among various other
studies in their systemic review. The study was conducted across seven African countries
namely Botswana, Kenya, Rwanda, South Africa, Tanzania, Uganda, and Zambia. The sample
comprised of 3400 sero-discordant couples who were followed for a period of 24 months. A
total of 349 (10.0%) started on HAART. The findings of the study showed that there was sub-
stantial (92.0%) reduction of HIV risk transmission through the utilisation of HAART [27]. An
emerging trend is to employ strategies in combination with ART to expand the possibilities
of interventions for sero-discordant couples [26]. In a rural setting in KwaZulu-Natal, South
Africa, Oldenburg et al. [28] estimated the effect of ART in reducing the acquisition of HIV
in sero-discordant couples in a HIV-hyperendemic and resource constrained setting. In the
study, ART was delivered through primary care clinics that were primarily staffed and led
by nurses. The researchers found that ART is highly effective in reducing HIV acquisition in
sero-discordant couples, this is despite the constrained resources in the public health system.

4.1.2.2. Pre-exposure prophylaxis (PrEP) for the HIV-negative partner

A breakthrough for the extremely high infection rates in the SADC region is PrEP, where ARVs
are administered to those individuals who are at risk of sexually acquiring the virus [29]. In
the contexts of sero-discordant couples, PrEP is usually administered to the HIV-negative
partner, before possible HIV exposure, which inadvertently reduces the risk of HIV acquisi-
tion [23]. In various forms PrEP has been tested (i.e. oral tablets, vaginal/rectal microbicides)
or being developed as long-acting vaginal rings and intramuscular injectables [30]. In regard
to oral PrEP, findings from the Partners PrEP Study showed that daily oral consumption of
Tenofovir Disoproxil Fumarate/emtricitabine (TDF/FTC) reduced the acquisition of HIV-1 by
75.0% and HSV-2 by 33.0% in heterosexual sero-discordant couples from Uganda and Kenya
[26, 31]. Two PrEP trials, namely the FemPrEP and Vaginal and Oral Interventions to Control
the Epidemic (VOICE), were stopped prematurely due to the futility associated with poor
adherence [29]. An active arm of the VOICE trial also established no prevention benefit for
oral TDF/FTC owing to poor levels of adherence [29].

In regard to vaginal gels, the CAPRISA 004 study assessed the effectiveness and safety of 1.0%
Tenofovir gel for the prevention of HIV infection in among 889 women (aged 18—40 years,
who were sexually active with a sero negative status) from urban and rural KwaZulu-Natal
[31, 32]. The researchers investigated the reduction of HIV incidence against varying degrees
of adherence. The findings of the study demonstrated that HIV incidence reduction was 54.0%
for high adherence (gel adherence >80%), the HIV incidence was 38.0% and 28.0% lower for
intermediate adherence (gel adherence 50-80%) and low adherence (gel adherence <50%)
respectively. Overall, the HIV infection was reduced with Tenofovir gel at an estimated 39.0%.
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4.1.3. Tailor-made sexual health services
4.1.3.1. Voluntary medical male circumcision (VMMC) for HIV-negative male partners

VMMC has been recommended by PEPFAR and WHO, as an HIV prevention method to
reduce the risk of HIV acquisition in generalised epidemics [30]. Evidence from South African,
population-based data, demonstrates that there were lower HIV prevalence and incidence
(55.0 and 65.0% lower, respectively) among circumcised men compared to uncircumcised
men [29, 32]. Voluntary medical male circumcision is recommended, within heterosexual
sero-discordant couples in the case where the male is the HIV-negative partner [31]. It is an
excellent HIV prevention method, because it offers lifelong partial protection against female-
to-male sexual transmission of HIV. However, it is not recommended for HIV-positive males
within heterosexual relationships or men who have sex with men [31]. To help increase cover-
age of VMMC, WHO recommended that all HIV-negative men in sero-discordant or concor-
dant negative couples be routinely counselled about and linked to VMMC services [30].

Several research confirming the protective effect of VMMC against HIV infection have been
published [30, 31, 33-35]. Baeten et al. [35] conducted an observational study with 1096
African HIV-1 sero-discordant couples in which the index partner (HIV-1 seropositive part-
ner) was male. The sample was drawn from 7 Southern African (Gaborone, Botswana; Cape
Town, Orange Farm, and Soweto, South Africa; Kitwe, Lusaka, and Ndola, Zambia) and 7
eastern African Africa (Eldoret, Kisumu, Nairobi and Thika, Kenya; Kigali, Rwanda; Moshi,
Tanzania; Kampala, Uganda) sites. The results showed a non-statistically significant decrease
in the risk of HIV-1 transmission for circumcised HIV-1 infected men to their female partners
in comparison to couples with uncircumcised HIV-1 infected men. This finding adds to a
limited body of data relating circumcision status in HIV-1 infected men to the risk of male-
to-female HIV-1 transmission, data which may be helpful for programmes working to scale-
up male circumcision for HIV-1 prevention. Randomised trials from Kenya, South Africa, and
Uganda demonstrated that male circumcision reduces a man’s risk of acquiring HIV-1 by
approximately 60.0%.

Auvert et al. [33] conducted an experimental trial to test the efficacy of Medical circumci-
sion (MC) as a protecting factor against HIV infection among men. The study was the first
randomised control trial, in South Africa, that aimed to test the impact of MC on health. The
findings demonstrated MC offers a substantially high level of protection for men against
acquiring HIV infection, this protection may be seen as effectiveness as what a vaccine of
high efficacy would achieve [33]. Furthermore, Auvert et al. [34] continued to do research
on medical male circumcision. They implemented the Bophelo Pele community-based HIV
campaign (Orange Farm, South Africa). The campaign included the roll-out of free VMMC. A
cross-sectional survey was administered with men aged 1549 years. The results of the sur-
vey suggest that the roll-out of VMMC was associated with a reduction in the incidence and
prevalence of HIV among circumcised men as compared to uncircumcised men. Furthermore,
the findings also provide an argument that the uptake of VMMC is plausible and may become
acceptable in communities that were traditionally non-circumcising communities in South
Africa and sub-Saharan Africa [34].
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4.1.3.2. Family planning

Many sero-discordant couples have high fertility and both (infected and uninfected) partners
often report desires of having children with their partner [36]. Pregnancy is a time of heightened
risk of sexual transmission and acquisition of HIV. Technologically advanced options for con-
ception for sero-discordant couples include intrauterine or intravaginal insemination (of semen
during the fertile period). Vaginal insemination is regarded as the safer method of conception
to circumvent the sexual transmission of HIV [37]. However, it may not be accessible or afford-
able to all, especially in low to middle income countries [36, 39]. As such preconception services
for PLHIV and their partners are prudent, and should be part and parcel of the care package
they receive. The purpose of preconception care and counselling (PCC) for PLHIV is to ensure
that both partners are optimally healthy, prior to pregnancy, and that the risk of HIV transmis-
sion to the partner (sexual transmission) and child (through pregnancy, delivery or breast-
feeding) are reduced [38]. Options for safer conception, that are less reliant on technology, for
sero-discordant couples include ART for the positive partner, timed unprotected intercourse,
and PrEP for the uninfected male partner. ART literature shows that safe conception may be
feasible when the infected partner is virally suppressed and on ART. While fully suppressive
ART use may significantly reduce the chance of sexual transmission, sexual HIV transmission
may still occur [36, 37]. Limited and timed unprotected sex and —natural conception for HIV
sero-discordant couples involves limited and timed unprotected sexual intercourse during the
fertile periods. Women are advised to track their menstrual and ovulation cycles. Couples are
encouraged to minimise their sexual encounters to the fertile period to decrease the number of
unprotected sexual encounters while maximising their chance of conception [35-37].

Periconception PrEP—is an option for the HIV negative partner. The benefits for the pericon-
ception PrEP is higher adherence and lower costs due to the shorter duration of utilisation.
It is important to establish whether periconception PrEP regimen will help lower the risk of
couples who have decided to conceive despite known risks of transmission to partner and
baby. While there are no trials with a particular focus on the risk of HIV transmission among
sero-discordant complies during conception, but data drawn from the safety and efficacy of
PrEP in future clinical trials among heterosexuals couples and trials testing drugs for PMTCT
can offer insights [36, 38, 39].

5. Barrier and facilitators to achieving 90-90-90 among sero-
discordant couples

The possibility of sero-discordant relationships are becoming more common, given the
improved quality of life and higher life expectancy for people living with HIV [26]. It is there-
fore imperative to expand HIV prevention efforts that target sero-discordant couples in the
effort to reach the 90-90-90 treatment goals.

In regard to HIV testing and counselling, evidence shows that many of the prevention strate-
gies to reduce the risk of HIV transmission in couples are individual as opposed to couples
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based. HIV testing and counselling practices, thus far, have only included one partner and
encouraged clients to invite their partners to test for HIV. It would be ideal to provide health
care services and feasible prevention methods for couples as a unit as opposed to individuals.
Furthermore, it is evident that services have been gendered to favour females (e.g. who receive
antenatal care) who are perceived to be at greater risk and to whom routine testing is encour-
aged. It may be important to expand the scope of testing for HIV among men who access health
facilities for other health services. It may be suggested that there be more emphasis placed on
HIV testing among males and this may speak to a need for male-centred health facilities.

In relation to treatment as prevention for sero-discordance, it was found through various
clinical trial in South Africa that adherence to using PrEP was a major barrier [29]. This there-
fore nullifies the excellence of the approach to safeguard the uninfected partner from the
transmission of the virus. Furthermore, some of the pre-exposure prophylaxes technologies
are yet to be tested. And therefore it is imperative that we explore strategies to increase adher-
ence for ART for the positive partner, more importantly that we should uncover the barriers
to adherence for PrEP utilisation.

There are barriers associated with family planning strategies for sero-discordant couples.
These include the affordability and accessibility of intrauterine or intravaginal insemination
technologies to aid in safe conception. Couples therefore have to rely on manual methods such
as timed unprotected sex during fertile periods. This strategy requires health care workers and
couples to be cautious and thorough in their actions, so as to reduce the risk of transmission.

Regardless of the existing literature on sero-discordant couples, there is still a need to conduct
further research on treatment as prevention and sexual health services that are tailor-made
for such couples.
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Abstract

In Russia, more than half of HIV-infected people are coinfected with hepatitis C. Both
viruses interact with the immune system compounding the disease course. HIV infec-
tion accelerates the onset of hepatitis-mediated liver fibrosis and cirrhosis. Hepatitis C
slows down the recovery of CD4+ T-lymphocytes during antiretroviral treatment and
fuels the already intense chronic inflammation. In the present review, we discuss coinfec-
tion prevalence and reasons for its abundance, provide extensive coverage of the known
mechanisms that give rise to the detrimental health effects in HIV/hepatitis C-coinfected
patients, and report our own data on the double infection consequences in people with
discordant immunologic response to treatment.

Keywords: HIV infection, hepatitis C, HIV/HCV coinfection, innate immunity, adaptive
immunity, discordant immunologic response, highly active antiretroviral therapy

1. Introduction

More than any other infectious disease, HIV infection claims to be called “the coinfection ill-
ness” [1]. Coinfections can significantly change the illness pattern and the immune activation
profile [2-4] and typically lead to the rise in morbidity and mortality [5-7]. The coinfection
most often associated with HIV is hepatitis C virus (HCV) infection. This is due to the world-
wide prevalence of both illnesses (there are approximately 40 million HIV-infected and about
120 million HCV-infected subjects worldwide) and the overlap in infection transmission
routes [8, 9]. In Western Europe and the United States, the proportion of hepatitis C chroni-
cally infected patients among HIV-positive people is 25-30% [10], and in Eastern Europe, it is
more than 50% [11]. In Russia, the increase in injection drug use has led to a significant rise
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in the prevalence of HIV/HCV coinfection. Its level among drug users reaches 93% [12]. The
problem is complicated by the rise in non-AIDS-defining morbidity and mortality in HIV/
HCV-coinfected subjects [13, 14].

There is considerable evidence that HIV infection adversely affects the course of a hepati-
tis C infection. When HIV/HCV coinfection is compared with HCV monoinfection, a more
rapid fibrosis [15, 16] and liver cirrhosis [16, 17] are observed. Coinfected subjects also have an
increased risk of hepatocellular carcinoma, which occurs at an earlier age and in a shorter time
interval after HCV infection [18-20]. It was found that HIV/HCV-coinfected patients compared
to HCV-monoinfected patients were more resistant to interferon therapy. In HIV-seronegative
subjects infected with HCV genotype 1, 50-80% can achieve a complete recovery. However, in
HIV-seropositive individuals coinfected with the same HCV type, interferon therapy is suc-
cessful only in 20-35% of patients [21]. This accounts for the increased mortality rate among
HIV-/HCV-coinfected patients when compared with HIV-monoinfected patients [22, 23].

Less is known about the effect of hepatitis C on the natural course of HIV infection. Among
the negative influences, one can point to direct viral effects, hepatocyte destruction by immu-
nocompetent cells, hepatic cell apoptosis, immune activation, and specific antiviral immune
response alterations [24-26]. The complexity of the problem is largely due to the lack of
knowledge about the biology of both HIV and HCV. It remains unknown whether the viruses
interact with each other and in what ways that interaction might be expressed.

2. Liver fibrosis in HIV/HCV coinfection

Evidence indicates that the HCV viral load is lower in hepatitis C-monoinfected patients
when compared to HIV/HCV-coinfected patients [27, 28]. Similar results were obtained when
estimating the viral load in hepatic tissue [29]. In addition, multiyear cohort studies state that
in patients with hepatitis C the HCV RNA blood level significantly increases after exposure
to HIV [30, 31]. HCV replication enhancement in coinfection is attributed to both the develop-
ment of immunodeficiency and the direct impact of HIV. While attempting to determine the
mechanism(s) of these effects, it was shown that inactivated HIV or its component (gp120) can
intensify viral replication in HCV-infected hepatoma cells in vitro [32]. This effect of HIV was
shown to be due to transforming growth factor-beta 1 (TGF-f1) synthesis (antibodies against
the cytokine blocked the HCV replication enhancement). Researchers also noted that HIV
engages CCR5 or CXCR4 co-receptors for the related intracellular signal induction. Those
data are significant not only for demonstrating the ability of HIV to increase HCV replica-
tion (with a monoinfection of hepatitis C, viral load is usually not associated with the disease
severity) but also for illuminating the possible pathogenetic mechanism of fibrosis in HIV/
HCV coinfection.

In many studies, HIV/HCV-coinfected patients demonstrated an inverse correlation between
the CD4+ T-cell count and the HCV viral load [33-37]. Moreover, in those patients, low CD4+
T-lymphocyte quantity was used as a liver fibrosis predictor [34, 38, 39]. This suggests a nega-
tive impact of HIV infection on the course of hepatitis C through the development of CD4+
T-cell deficiency. It should be noted that a decrease in the CD4+ T-lymphocyte count is also
found in those monoinfected with HCV. Indeed, the majority of HIV-seronegative subjects
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with liver cirrhosis have a reduced CD4+ T-cell count [40, 41]. Most researchers state that HIV
infection, accompanied by a profound depletion in the CD4+ T-lymphocyte pool, is a promi-
nent mediator of the accelerated liver fibrosis development in HIV-/HCV-coinfected people
[42—-44]. Based on those results and the opinions of leading specialists, the European AIDS
Clinical Society recommends the early administration of highly active antiretroviral therapy
(ART) to HCV-coinfected patients not only to optimize their hepatitis C management but also
to slow down the development of fibrosis [45].

The main cellular element involved in the process of hepatic tissue fibrosis is the liver stellate
cell (LSC) [46—49] located around the sinuses and usually not showing high activity until the
organ is damaged [50, 51]. However, various destructive processes in the liver are accompa-
nied by the reaction of hepatocytes, endotheliocytes, and Kupffer cells to produce various
humoral factors [52]. Of those, TGF-f1 [53, 54] and PDGF (platelet-derived growth factor)
have the most pronounced effect on LSC [52, 55]. Both cytokines induce LSC activation and
differentiation into myofibroblast-like cells, which actively synthesize extracellular matrix
proteins [56]. However, it should be noted that TGF-1 and PDGF blood concentrations (as
opposed to analyzing the hyaluronic acid or hepatocytes’ growth factor content) have no high
diagnostic value for the detection of fibrosis [57-60]. Moreover, it has recently been estab-
lished that HIV influences the liver by infecting hepatocytes and liver stellate cells [61].

3. Anti-HCV immunity in HIV/HCV coinfection

Protection against HCV is implemented by various factors with an important role for interfer-
ons, natural killer (NK) cells, neutralizing antibodies, and T-lymphocytes. Type I interferons
(IFN-a and IFN-B) and type III interferon (IFN-A) are synthesized in response to the virus
and induce interferon-stimulated gene (ISG) expression [62, 63]. In the cytosol, the pathogen’s
RNA is detected by the RIG-I (retinoic acid-inducible gene I) sensors, protein kinase R, and
MDAS5 (melanoma differentiation-associated protein 5). The first two mediate the interferon
response at the early stages of the disease, and the third one mediates at the later infection
phase [64, 65]. In endosomes, the virus is primarily detected by Toll-like receptor 3 (TLR3)
that also triggers the IFN production and the ISG expression [66]. In hepatocytes of HCV-
infected patients, the viral RNA and ISGs” mRNA are detected simultaneously, which con-
firms the connection between the cell genetic response and the presence of the pathogen [67].
The result of the activated ISG status in HCV infection leads to viral replication inhibition
[68, 69]. However, prolonged ISG expression has a negative effect on the process of HCV
spontaneous elimination [70, 71] and on the results of interferon and ribavirin combination
therapy [72, 73].

NK cells play animportant role in the pathogenesis of an HCV infection. It was found that in the
healthy liver they represent the majority of the innate immune cells [74]. In the acute phase of
the disease, NK cells affected by the virus are activated, produce IFN-y, and perform cytotoxic
functions [75]. In the chronic infection phase, IFN-y and tumor necrosis factor (TNF)-a syn-
thesis are reduced [76-78] even though the NK cell cytotoxic potential remains high [79, 80].
Since the protective effect of IFN-y was demonstrated in HCV-infected hepatoma cells [81]
and in experiments with chimpanzees given primary and repeated infections [82], it is
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believed that reduced IFN-y production weakens the NK cell’s antiviral activity. Thus, in
the chronic stage of HCV infection, in spite of being activated and ready to perform cytotoxic
functions, the NK Ilymphocytes are unable to effectively resist HCV due to the failure of IFN-y
production. However, the saved killing function can produce a positive result. NK cells from
HCV-infected subjects are capable of killing activated LSC by NKG2D- and tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL)-dependent apoptosis, which allows them to
be considered as active participants in liver fibrosis suppression [83].

The role of neutralizing antibodies (nAB) in protection against an HCV infection is not yet
sufficiently understood. Based on known cases of spontaneous recovery before nAB emerge
[84] and based on the ability of some patients with hypogammaglobulinemia to control the
infection [85, 86], it could be concluded that the humoral immune response does not determine
resistance to the disease. At the same time, there is evidence of a protective function for anti-
bodies directed against HCV surface proteins. HCV envelope glycoprotein E1 and glycoprotein
E2 seroconversion is usually observed a few weeks after an infection [87]. The ability of viral
envelope-specific antibodies to block the infectious process was demonstrated in chimpanzees
[88, 89] and in mice with genetically humanized liver [90, 91]. The emergence of nAB in the
acute phase of HCV infection is accompanied by an alteration in the virus and its escape from
immune control [92]. The authors also showed that despite the increased virus flexibility, high
antibody titers significantly increase the chance for clearance of the infection. The acute-phase
nARB titers are usually low in patients subsequently entering the chronic stage of the disease.

As was established in monkeys with induced CD4+ or CD8+ T-cell deficiency [93, 94],
T-lymphocytes play an important role in the development of hepatitis C. It should be noted
that the HCV-specific T-cell response usually develops 2-3 months after the infection [95, 96],
although according to some authors such a “slow” reaction has little effect on the disease
outcome [84]. It seems that the quality of the immune response achieved by CD4+ and
CD8+ T-cells is a more important factor [97, 98]. It was found that in the acute phase of the
infection, patients spontaneously clearing HCV compared to subjects in whom the disease
became chronic had a more robust CD4+ T-lymphocyte response, which manifested in more
active proliferation and cytokine (IFN-y, TNF-«, and IL-2) production [99-102]. Later, it was
found that the expression of PD-1 (programmed cell death protein 1) and CTLA-4 (cytotoxic
T-lymphocyte-associated protein 4) inhibitory molecules was increased on the surface of
CD4+ T-cells in patients chronically infected with HCV [103]. Blocking of PD-1 ligand (PD-L1/
PD-L2), IL-10, and TGF-f1 in cultured lymphocytes isolated from the blood of these patients
increased the virus-specific expansion of CD4+ T-lymphocytes. Neutralization of IL-10 and
TGF-f1 enhanced the synthesis of IFN-y, IL-2, and TNF-a. Further studies revealed that
IL-21-producing CD4+ T-lymphocytes are lost in individuals with a chronic hepatitis C infec-
tion [104]. It has also been demonstrated that the deficiency of Th17 cells synthesizing IL-21
limits the HCV-specific CD8+ T-lymphocyte function and survival. The inability of CD4+ and
CD8+ T-cells to control viral replication leads to their exhaustion. According to the authors,
in chronic HCV infection, the increase in regulatory T-cell number and activity is aimed at
suppressing an ineffective immune response and reducing inflammation. The other side of
that process is fibrosis intensification. Thus, based on the above data, one can conclude that
CD4+ T-lymphocytes are the key cells in protection against HCV. Hence, it becomes clear why
a low CD4+ T-cell count is a negative predictor for liver fibrosis development in HIV-/HCV-
coinfected patients.



Immune Disorders in HIV-Infected Patients Coinfected with Hepatitis C Virus
http://dx.doi.org/10.5772/intechopen.76810

4. Detrimental effects of hepatitis C on the course of HIV infection

It is more difficult to assess the effect of hepatitis C on the natural course of HIV infection. One
of the parameters characterizing that effect is CD4+ T-cell count reconstitution after the admin-
istration of ART. To date, the accumulated data indicate slowing of the CD4+ T-lymphocyte
restoration process in HIV-positive subjects coinfected with hepatitis C [35, 105-108]. The
rate of CD4+ T-cell counts increases after receiving ART was reduced sevenfold in coinfected
individuals compared with HIV-monoinfected patients [35]. The authors also established
an association between impaired immunity regeneration and the level of HCV replication.
In another study, it was demonstrated that in hepatitis C-positive patients, ineffective ART-
mediated restoration affected not only the total CD4+ T-lymphocyte numbers but also their
naive subset [106]. However, it should be noted that not all researchers support the idea of the
negative effect of HCV coinfection on the treatment-induced CD4+ T-cell response [109, 110].
Still, an extensive multicenter study involving 22,533 patients showed that immune regenera-
tion during ART is slower in coinfected patients, and the lower the nadir CD4+ T-lymphocyte
level, the more pronounced the effect [111]. However, as noted in the paper, the differences
in the CD4+ T-cell recovery between HIV + HCV+ and HIV + HCV- subjects are canceled by
early treatment administration and uninterrupted long-term ART.

HIV infection causes severe devastation in the lymphoid structures of the digestive tract. It is
accompanied by intestinal epithelial barrier destruction [112, 113] and the entry of microbes
and their products into the bloodstream [114]. The increase in intestinal permeability is due
to the direct destructive effect of HIV on the intestinal epithelium [115] followed by the devel-
opment of inflammation and tissue remodeling [116]. Another cause for the pathological
changes to the epithelial barrier is the deficiency of lymphocytes producing IL-17 and IL-22
which are necessary to maintain the epithelial lining integrity [117, 118]. To date, the role of
microbial translocation in the immune system activation has been well established [119-121].
In addition, it has been shown that the blood levels of lipopolysaccharide (LPS) and soluble
macrophage receptor CD14 (sCD14, capable of binding LPS) in HIV-infected patients can be
used to predict disease progression and mortality [122-124]. Recently, in a large cohort of
non-treated HIV-infected patients, an association between LPS-dependent immune activation
and intestinal damage markers in serum was demonstrated [125]. However, a relationship
between the immune system activation and viral load in blood was not found. Other data
obtained in a study of bacterial-induced immune activation in patients with suppressed viral
load also confirm its independence from the HIV load in blood [121, 126, 127]. It is assumed
that the immune activation is mediated through TLRs [128-130].

It is widely accepted that liver cirrhosis compounds microbial translocation from the intestine
into the bloodstream. A comparison of sCD14 blood levels in HIV/HCV-coinfected subjects,
with varying degrees of liver fibrosis, showed that in patients with higher cirrhosis the soluble
receptor concentration was more than in subjects with minimal organ destruction [131-133].
In HIV infection, the role of cirrhosis in the enhancement of the systemic inflammatory pro-
cess was demonstrated while comparing two variants: compensated and uncompensated
inflammations [134]. When uncompensated, a significantly higher level of LPS-binding pro-
tein (LBP) was detected in the patients” blood. The increase in the LBP content was accompa-
nied by the rise in sCD14, STNFR-I, and IL-6 concentrations.
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Entry of large amounts of microbial products into the liver can have a negative impact on its
function in HIV-infected individuals [135]. Liver cells actively express TLRs [136-139] that can
interact with bacterial molecules and cause a marked inflammatory response in liver tissue
[140, 141]. However, in experiments, it has been shown that prolonged exposure to LPS leads
to a gradual decrease in the hepatocyte’s sensitivity and a weakening of its ability to capture
the bacterial lipopolysaccharide [142]. This causes a decrease in the detoxification function
of the liver in patients monoinfected with HIV. The presence of hepatitis and cirrhosis addi-
tionally contributes to the decrease in LPS clearance by hepatocytes [143]. Consequently, in
coinfection, microbial products entering the blood should cause strong immune activation.
Indeed, the level of immune activation in HIV/HCV coinfection is higher than that in HIV
[144, 145] or HCV [146, 147] monoinfection alone.

Activation of CD4+ and CD8+ T-cells is often followed by apoptosis: a phenomenon called
“activation-induced cell death” (AICD) [148, 149]. AICD can be achieved through several
mechanisms involving T-cell receptor stimulation, CD95, and various cytokines [150]. The
role of innate immunity receptors in this phenomenon has also been established. Addition of
various TLR ligands to cultured T-lymphocytes from healthy donors induced CD38 expres-
sion on CD4+ and CD8+ T-cells in short-term (less than 24 h) cultures [129]. Long-term culture
(7 days) with TLR ligands led to a pronounced CD69 expression on CD8+ T-lymphocytes and
Ki-67 expression in CD4+ T-cells. In such a case, CD8+ elements retained viability, and cycling
CD4+ T-lymphocytes died. The data presented show how CD4+ T-cells, activated by microbial
products, can die in HIV/HCV-coinfected patients. It is known that in untreated HIV-infected
patients, HCV coinfection increases the apoptosis indices, but that effect is canceled by ART
[151]. Later, the same authors found that in HIV/HCV coinfection, CD4+ T-lymphocytes are
sensitized to Fas-induced apoptosis [152].

5. HIV/HCV-coinfected immunological nonresponders

A current concern is that as many as 30% of treated HIV-infected patients experience poor
CD4+ T-cell restoration despite prolonged suppression of viral replication during ART (dis-
cordant immune response). These “immune nonresponders” (INRs) contrast with “immune
responders” who recover their CD4+ T-cells to the normal range (>500/uL) while being
treated. The discordant immune response is linked to an additional risk of mortality and
non-AlIDS-defining morbidities [153]. Still, the mechanisms responsible for insufficient CD4+
T-cell recovery during ART have not been fully discerned.

Our own studies have provided some additional information on the negative impact of hepa-
titis C on the natural course of an HIV infection. In our Russian cohort, we showed that HCV
coinfection is a sufficient risk factor for the formation of a discordant CD4+ T-lymphocyte
response to ART [154]. At the same time, we found that in coinfected patients when compared
with patients monoinfected with HIV the increase in systemic inflammation was associated
with liver damage and destruction of the hepatic barrier that protects against microbial prod-
ucts coming from the intestine [155]. INRs have a higher degree of hepatic tissue destruc-
tion and express more sclerosing processes [156]. We also found that HIV/HCV-coinfected
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INR subjects are characterized not only by a deep CD4+ T-lymphocyte deficiency but also
by decreased IL-2 production. Earlier, it was demonstrated [157] that through the secretion
of this cytokine, T-cells can stimulate the natural killer cell’s antifibrotic activity (realized
through the killing of liver stellate cells). Thus, in HIV/HCV-coinfected INR patients, the IL-2
deficiency may be regarded as a liver fibrosis-accelerating factor.

In summary, it can be concluded that HIV/HCV-coinfected INRs are characterized by both a
CD4+ T-lymphocyte deficiency and reduced IL-2 production which leads to liver destruction
and cirrhosis formation. Under such conditions increased intestinal permeability (due to HIV
infection) is supplemented by destruction of the hepatic barrier, accompanied by the entry
of microbial products into the bloodstream. As a result, despite the ART-mediated HIV rep-
lication suppression, a pronounced systemic inflammation develops, leading to non-AIDS-
defining diseases. Therefore, in coinfection, not only HIV infection therapy but also hepatitis
C treatment should be actively carried out.

6. Conclusion

In HIV/HCV coinfection, the level of immune activation is higher than in HIV and
HCV monoinfections. The transition of immunocompetent cells to the activated state is
accompanied not only by their loss through the AICD mechanism but also leads to the
development of non-AIDS-defining diseases, especially against the background of ART
administration.

It can also be concluded that HIV infection exerts a greater influence on the natural course
of a hepatitis C infection than the opposite. The key link in this influence is the depletion of
CD4+ T-cells. However, not only CD4+ T-lymphocyte deficiency determines the HIV-negative
impact on the development of hepatitis C. Even on the background of ART, HIV infection has
a pronounced suppressive effect on NK cell activity against HCV. In HIV/HCV coinfection, a
decrease in natural killer cell numbers and their ability to respond to IL-2 is observed. More
importantly, the production of IFN-y by those cells is also significantly impaired [158]. The
outcome is the rapid development of liver fibrosis and cirrhosis.

As to changing the course of HIV infection against the background of hepatitis C, many ques-
tions remain. It is necessary to identify the main CD4+ and CD8+ T-cell subsets which are
affected by HCV infection. In addition, studies of functional changes in T-lymphocytes like
exhaustion [159-161], senescence [162-164], and loss of cytokine receptors [165, 166] must
occur. It is also important to understand the nature of the immune system activation in HIV/
HCV coinfection which is important in predicting the development of non-AIDS-defining
diseases. Solving these issues requires further experimental and clinical research.
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Abstract

The global epidemics of hepatitis B and HIV have led to a new understanding of the
complex interactions between these two viruses. Due to similar patterns of contamina-
tion, the high prevalence of HBV infection among the 33 million people living with HIV
(PLHIV) across the world is about 10%. In highly endemic areas such as sub-Saharan
Africa, this prevalence can be as high as 15% and leads us systematically to seek HIV/HBV
co-infection. According to WHO, nearly 240 million people are chronically infected with
HBYV worldwide. Of these, 4 million are co-infected with HIV. Overall, co-infection rates
range from 5 to 14% in areas of low prevalence of HBV infection and 5-73% in areas of
high prevalence for HBV infection. Studies have revealed the complexity of the infection
relationship between HIV and HBV. This complex relationship is thought to be respon-
sible for greater morbidity and mortality of hepatic origin in co-infected patients than in
mono-infected individuals. This chapter will highlight the following main points:

¢ Concomitant negative impact of HIV and HBV on their natural histories

¢ Implication of concomitant negative impact on the overall management of HIV-HBV
coinfection

¢ Treatment and management.

Keywords: HIV, HBV, HIV-HBYV coinfection, occult hepatitis B infection

1. Introduction

1.1. General information on HIV

The human immunodeficiency virus (HIV) is an enveloped RNA virus (two copies) belonging
to the family of Retroviridae, genus Lentivirus. HIV infection and its natural evolution lead
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to a set of opportunistic, infectious, or tumoral manifestations, consequences of an immu-
nodepression qualified as acquired immunodeficiency syndrome (AIDS). To date, there are
two types of HIV: the first, called HIV-1, is responsible for the pandemic and HIV-2 is more
common in West Africa [1].

1.2. Genomic structure and organization

Morphologically, HIV is a single spherical particle with a diameter ranging from 90 to
120 nm. The virion has a spiky envelope and a dense nucleocapsid, sometimes trapezoidal
or bar-shaped.

Structurally it is described as follows (Figure 1).

The viral body comprises two identical RNA molecules; three viral enzymes (reverse tran-
scriptase (p66/p51); protease (p10) and integrase (p32)]; and three internal proteins [24 kDa
capsid protein (p24); the 7KDa nucleocapsid protein (p7) that is associated with the RNA
molecules; and the outermost protein, associated with the viral protease, the 17 kDa matrix
protein (p17)].

The viral envelope, emanation of the cellular cytoplasmic membrane, carries two viral glyco-
proteins (gp) essential in the virus-host cell interaction. This is the gp41 (41 kDa glycoprotein
found in the transmembrane position) and the gp120 (120 kDa glycoprotein, lining the outer
surface and thus allowing the attachment to its cellular receptor, the CD4 molecule) [1].

HIV has gag, pol, and env as structural genes that encode internal proteins, viral enzymes,
and envelope glycoproteins, respectively [2], and it has six regulatory genes: tat, rev, nef,
alive, vpr, vpu (for HIV-1), and vpx (for HIV-2) [1] (Figure 2).
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Figure 2. Genomic organisation of HIV-1 and HIV-2 [2].

The reverse transcriptase (RT) allows the viral genome (RNA) to be retro-transcribed into
DNA, thus promoting integration into the chromosomal DNA of the host cell: at this stage,
the HIV is called “provirus.” In its proviral form, HIV is flanked on both sides by repeti-
tive sequences, strongly implicated in the transcription and integration of the virus. These
sequences are called LTR for long terminal repeat and consist of three non-coding regions
(U3, R, and U5), allowing the integration of double-stranded DNA into the chromosomal
DNA of the host cell. These regions contain, at the 5 ‘ends of the LTRs, promoters that control
the initiation and regulation of viral genome transcription, under the influence of viral and
cellular factors [2].

1.3. Prevalence of HIV in the world

In 2015, the number of HIV-related deaths ranged from 930,000 to 1,300,000 worldwide [3].
According to Global AIDS in 2016, approximately, 37 million people live with HIV and 21
million are under treatment.

The distribution of HIV infection is not equitable in the world, sub-Saharan Africa is the most
affected region. In 2015, it alone counted 25,600,000 people living with HIV (PLHIV) or nearly
70% of the world’s PLHIV. The overall prevalence in this part of the world is 5.0% (95% CI,
4.7-5.2), with 1,900,000 new infections per year.

1.4. Pathophysiology

Infection caused by HIV is responsible for the progressive destruction of the immune system,
primarily by the removal of CD4 T-cells. These are the targets of the virus to ensure its replica-
tion. Lymphocyte homeostasis, which allows proliferation of lymphocyte cells, is gradually
becoming ineffective. The immune system thus weakened leads to the appearance of so-called
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“opportunistic” infections. Eventually, the infected subject dies as a result of this generalized
immunosuppression (AIDS stage).

The natural history of HIV infection has been divided into two major phases. The seroconver-
sion stage occurs in the first 6 weeks after infection, a period between the time of infection
and the appearance of antibodies. In some patients this phase is accompanied by an influenza
state. During this phase, viral replication is intense (every day 1 billion viruses are produced),
where viral load levels up to more than 1 million copies per mL of plasma [4], and the patient
is very infectious. CD4 T-cell level drops transient but usually returns to baseline.

The chronic phase has two stages.

Asymptomatic phase: This is the clinical latency phase. The immune system continuously
destroys the viruses to keep the viral load low (no virological latency). At the same time
the CD4 count will gradually decrease. This phase may persist for several years (up to
15 years).

Symptomatic phase: It lasts from a few months to several years. The immune system
begins to weaken and no longer effectively controls viral replication. The number of CD4
T lymphocytes then decreases significantly. The lymphoid organs no longer compensate
for this destruction. Opportunistic infections make their appearance, defining the AIDS
stage.

Much progress has been made in the fight against the HIV pandemic. Antiretroviral treatment
(ART) is based on the use of three molecules (triple therapy) interacting with HIV on its differ-
ent targets. ART aims to achieve and maintain undetectable plasma viral load. It must restore
immunity, measurable by measuring the level of CD4. Finally, it significantly reduces the risk
of transmission in patients controlling viral replication [5].

TAR blocks viral multiplication by acting on the replicative cycle stages of HIV by interference.

Currently there are six classes of antiretrovirals for five targets located in the replicative cycle:

¢ Three enzymatic targets: nucleos(t)idic and non-nucleos(t)idic reverse transcriptase inhibi-
tors (NRTIs and NNRTIs), protease inhibitors (PIs), and integrase inhibitors (IINs);

* One protein target: fusion inhibitor (IF); and

* One cell target: antagonist of the CCR5 co-receptor.

Nucleoside inhibitors of reverse transcriptase (NIRT)
Abacavir (ABC)

Stavudine (D4T)

Ténofovir (TDF)

Lamivudine (3TC)

Didanosine (DDI)

Zidovudine (AZT)

Emtricitabine (FTC)
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Non-nucleosidic inhibitors of reverse transcriptase (NNIRT)
Efavirenz(EFV)
Etravirine (ETR)
Névirapine (NVP)
Rilpivirine (RPV)
Protease inhibitor (PI)
Atazanavir/r (ATV/r)
Darunavir/r (DRV/r)
Fosamprenavir/r (FPV/r)
Indinavir/r IDV/r)
Lopinavir/r (LPV/r)
Nelfinavir (NFV)
Saquinavir/r (SQV/r)
Tipranavir/r (TPV/r)
Integrase inhibitors
Dolutégravir (DTG)
Elvitégravir (EVG)
Raltégravir (RAL)
Fusion inhibitor
Enfuvirtide (ENF ou T20)
CCR5 antagonist

Maraviroc (MRC)

The new 2015 WHO guidelines stipulate that anyone infected with HIV should be systemati-
cally put on ART, regardless of CD4 T-cell level or viral load.

2. General information on HIV-HBV coinfection

The global epidemics of hepatitis B and HIV have led to a new understanding of the complex
interactions between these two viruses. Due to similar patterns of contamination (blood-
stream, sexual pathway, and mother-to-child transmission), the high prevalence of HBV
infection among the 33 million people living with HIV (PLHIV) across the world is about 10%
[6]. In highly endemic areas such as the sub-Saharan Africa, this prevalence can be as high as
15% and leads us systematically to seek HIV/HBV coinfection.

According to the WHO, nearly 240 million people are chronically infected with HBV world-
wide. Of these, 4 million are coinfected with HIV. Overall, coinfection rates range from 5 to
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14% in areas of low prevalence of HBV infection and 5-73% in areas of high prevalence for
HBYV infection [7-9].

2.1. Concomitant negative impact of HIV and HBV on their natural histories
2.1.1. HIV impact

Studies have revealed the complexity of the infection relationship between HIV and HBV. This
complex relationship is thought to be responsible for greater morbidity and mortality of
hepatic origin in co-infected patients than in mono-infected individuals [10, 11].

The natural history of HBV infection has changed in people living with HIV, where the
immune system is weakened by the destruction of HIV-infected CD4 T-cells [12]. The risk
of developing chronic hepatitis B after contracting HBV is six times more common in HIV-
infected people than in non-HIV-infected people [13]. Indeed, immunosuppression caused by
HIV is associated with a change in the time of occurrence of each event in the natural history
of HBV infection. The evolution of acute HBV infection is altered in PLHIV with serological,
biochemical, immunological and molecular consequences:

Focus on the serological markers, the rates of anti-HBs and HBsAg loss and/or seroconver-
sion might be higher in HIV-HBV coinfected patients compared with patients who are HBV
monoinfected [14]. So occult hepatitis B infection, reactivation (reverse seroconversion) of
chronic HBV infection and fulminate hepatitis, appears mainly in HIV virologic failure [15].
In PLHIV and those chronically infected by HBYV, the related rate of hepatitis B e antigen
(HBeAg) clearance is five times lower than in HBV-infected individuals alone [13]. Diminution
of HBsAg quantity may be responsible for its non-detection by immunochromatographic
tests, in cases of patients with HBV active replication.

2.1.2. Fulminant hepatitis B (HBF)

A syndrome produced by the major dysfunction of certain functions of the liver, fulminant
hepatitis occurs in less than 1% of cases of acute jaundice hepatitis. It may be due to isolated
acute hepatitis B or coinfection with hepatitis delta virus. More rarely, fulminant hepatitis
occurs in chronic HBV carriers due to spontaneous or chemo-induced reactivation or super-
infection with HDV [16]. It is characterized by a reduction of more than 50% of coagulation
factors of hepatic origin. The liver is no longer able to destroy the neurotoxic substances pro-
duced; they are found in the bloodstream and migrate to the brain where they cause hepatic
encephalopathy. All this is in the absence of an underlying liver pathology [17]. Typically,
HBV DNA and HBeAg become undetectable rapidly, while hepatocellular insufficiency
occurs. The simultaneous presence of HBsAg and anti-HBs in immune complexes is impli-
cated in the severity of the clinical picture.

2.1.3. Occult hepatitis B (HBO)

The Taormina conference held in Italy in 2008 defined occult hepatitis B (HBO) as “the presence
of HBV DNA in the liver, detectable or undetectable in serum, in individuals tested negative for
HBsAg by an internationally validated serological test” [18]. It is a chronic infection, therefore
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persistent over time with low-noise viral replication: It is described as a silent infection. In fact,
in most cases, the HBV CV associated with these infections is very low (<200 IU/mL), but it can
vary to reach high levels [19]. Serologically, occult infections known as seronegative are char-
acterized by the absence of anti-HBs and anti-HBc and are distinguished from occult infections
called seropositive that are associated with the seroconversion of anti-HBs and/or anti-HBc.
Numerous studies have shown that the presence of isolated anti-HBc antibodies is closely cor-
related with the occult status of HBV infection [18, 20]. However, in 20% of patients with occult
infection, no serologic marker of HBV infection is observed [21]. The prevalence of HBOs varies
from 1 to 87% [22], depending on the population studied, the sensitivity of the diagnostic tests,
and the nature of the sample used [23, 24]. Studies also show that HBO is significantly associ-
ated with the endemicity of HBV infection but is not limited to hyper-endemic countries for
HBYV [23-26]. The actuality of this problem is related to the fact that HBO can be transmitted
during blood transfusions, provoke the reactivation of chronic hepatitis B in immunocompro-
mised persons, and facilitate the development of hepatic cirrhosis and hepatocellular carci-
noma. In most cases, occult infection goes unnoticed, which poses significant health problems,
such as the transmission of the virus through blood transfusions and transplants [27-30].

This type of hepatitis B also has the distinction of being the cause of fulminant hepatitis but
also of promoting cirrhosis of the liver, HCC, and treatment failure in the case of coinfection
with HCV [31, 32].

Variations in the genome including mutations in the major antigenic loop, mutations in viral
polymerase, modifications resulting from alternative splicing, and mutations in the pre-S
region have been associated with occult hepatitis B.

Studies have shown that HBV DNA is detected more often in people living with HIV than in
non-HIV people [33, 34]. The severity and persistence of immunosuppression play an impor-
tant role in reactivating HBO.

On the biochemical point of view, interaction between HIV and HBYV, it is observed that
Alanine aminotransferase (ALT) enzyme levels are often greater than 5 times the upper limit
of the normal range (ALT normal range: 1-22 IU/L) [35]. This has consequences on physio-
pathology, by increasing the risk of liver-related morbidity and mortality compared to HIV
monoinfected individuals. However, normal transaminase levels should not be interpreted to
mean that there is no underlying hepatic fibrosis.

On the immunological point of view, HIV has been shown to directly infect hepatocytes,
hepatic stellate cells (HSC), or Kupffer cells, which are implicated on intrahepatic injury. HIV
can also significantly affect the integrity of the gastrointestinal tract leading to elevated levels
of LPS. LPS can directly activate Kupffer cells and HSC leading to increased intrahepatic
inflammation and fibrosis [36].

On the molecular point of view, in PLHIV, HBV DNA replication may be diminished due to
hepatocytes’ direct infection by HIV in competition with HBV.

HBYV resistance mutations are more common in HIV patients than in non-HIV patients. This
is linked to the massive consumption of reverse transcriptase inhibitors (active against both
HIV and HBV) with a low genetic barrier, such as 3TC.
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HBYV reactivation is more prevalent in HIV-HBV co-infected individuals than in HBV mono-
infected individuals. This reactivation is particularly found in patients with an isolated anti-
HBc profile [37, 38].

HIV accelerates the risk of cirrhosis and HCC. HIV/HBV patients have higher HBV CVs and
therefore more frequent cirrhosis compared to HBV-only patients [11, 39, 40].

HBYV is not directly cytopathic and the physiopathogenesis of its infection is immunomodu-
lated. Hepatic lesions are recorded due to inflammation and lysis of infected cells that express
HBsAg on their surface as a consequence of an immune response of the host.

The evolution of the infection is thus conditioned by the intensity, the efficiency, and the
speed of the activation of the immune response. Healing is easily associated with an early and
effective immune response. On the other hand, viral persistence is associated with a defective
immune response. Cells such as macrophages, neutrophils, NK, and NKT cells provide a
nonspecific and early immune response, causing necroinflammatory lesions [41].

The fact that HIV attaches to the surface of hepatocytes using co-receptors CCR5 and CXCR4
and Kupffer cells (hepatic stellate cells, HSC) causes a direct cytopathic effect of HIV on the
liver tissue. This results in the triggering of cellular apoptosis by TNF-a (TRAIL: TNF-a-
related apoptosis-inducing ligand) [42, 43]. Moreover, by infecting HSCs, HIV increases myo-
fibroblastic differentiation and leads to the acceleration of the fibrosis process [44]. Finally,
there is the hepatotoxicity of HIV treatment taken on a continuous basis.

2.1.4. HBV impact

Likewise, HBV infection would have a negative impact on the natural history of HIV infec-
tion. Permanent activation of the immune system in patients chronically infected with HBV
would result in the increased viral replication of HIV [45]. Other studies have shown that
HBYV can induce continuous replication of HIV due to the action of HBV gene X expression in
synergy with the Kappa B cell enhancer and T cell activators on the cell [46, 47].

HBYV has also been indexed in reducing CD4 levels, although the mechanism is not clearly
known [9, 48]. In sum, studies indicate that the risk of progression to AIDS and/or dying is
3.6-6.8 times higher in coinfection (HIV-HBV) than in HIV mono-infection [49, 50].

Finally, HBV, by destroying hepatocytes, the regulator of toxins in the body, increases the risk
of antiretroviral toxicity [51].

2.2. Implication of concomitant negative impact on the overall management of
HIV-HBYV coinfection

The goal of HBC treatment is to improve the quality of life and survival of infected people by
preventing progression of cirrhosis, complications of chronic hepatitis B infection (HBF, HBO,
reactivation...), and the hepatocellular carcinoma (HCC) [52, 53].

Therapeutic management of HBV infection was clearly defined in the WHO guidelines in
2015. It is therefore stipulated that in HIV-HBV co-infected individuals, antiretroviral therapy
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(ART) should be introduced. For all those who have evidence of chronic hepatitis, regardless
of the stage of hepatitis, specifically, for adults, adolescents, and children 3 years of age and
older, the TDF + 3TC/FTC + EFV fixed-dose combination is recommended to begin antiretro-
viral therapy [54].

It is therefore imperative that the diagnosis be made. In case of resistance to 3TC, the addition
of TDF to antiretroviral therapy including 3TC or FTC is the solution of choice [55].

It is true that the current WHO recommendations are “test and treat”. However, as these
measures are not yet universally adopted, the previous recommendations of the WHO and
the European AIDS Clinical Society (EACS) will be proposed here for the global management
of HIV-HBYV coinfection.

These recommendations stem from the management of patients who are mono-infected with
HBV. They take into account three parameters required to initiate treatment against HBV:
(a) the level of serum HBV DNA (>2000 IU/ml), (b) the elevation of ALT to more than two
times the normal rate, and (c) liver histological lesions following the METAVIR score (activity
expressed as grade >A2 and/or fibrosis level expressed as >F2) [56].

The therapeutic choice is based on two elements: (i) the indication or not of an antiretroviral
treatment and (ii) the possible presence of cirrhosis.

In cases where HIV treatment is not indicated, that is, in patients with CD4 greater than 500
cells/mm?, dual activity HIV and HBV molecules should not be used to avoid the resistance of
HIV against these molecules [56] (Figure 3).

Surveillance and treatment include HBV viral load and ALT level. (1) The high rate of DNA
is correlated with the risk of progression to cirrhosis and hepatocellular carcinoma, the analy-
ses continue before treatment. (2) METAVIR score >A2 and/or APRI score >F2. (3) Treatment
duration is 48 weeks for Peg IFN and nucleoside or nucleotide analogues may be discontin-
ued 6 months after seroconversion HBs and/or Hbe. (4) The use of telbivudine and adefovir
in this situation is difficult because of potential anti-HIV activity [55].
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No treatement. Every six amed »  Eveny three nwonth ALT mwonitoringg = Peg-1FN (i good responses factor) (3
telve Mol ALT msosdboning «  plistalosie evabaabon (1) +  Adepoiir o Telbividine i4)

+  Treatement when damage

Figure 3. Therapeutic strategy in patients without indication of HIV treatment [56].
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Figure 4. Therapeutic strategy in patients with indication of HIV treatment [56].

In cases where HIV treatment is recommended, the following pattern is adapted (Figure 4)
[56]. HIV-infected patients should be routinely screened for HBV infection. In highly endemic
areas, in patients with elevated transaminase levels, HBV DNA should be sought for the evi-
dence of HBO.

Monitoring and treatment include HBV viral load, presence or absence of cirrhosis, and resis-
tance to 3TC. TDF is the molecule with the highest genetic barrier; therefore, it is strongly rec-
ommended in all combinations against HIV-HBV coinfection: (1): if feasible and appropriate
for maintaining control of HIV replication and (2): some experts recommend systematically
including tenofovir plus emtricitabine/lamivudine if antiretroviral therapy is indicated, even
if HBV treatment is not indicated [55].
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Abstract

The human immunodeficiency virus (HIV) was first detected in 1982 among homosexual
men, and subsequently, it was further detected in various regions of world. In 2016, WHO
estimated that 36.7 million people were living with HIV, 1.9 million were newly infected HIV
patients and approximately 1 million people died worldwide. HIV attacks CD4 T cells and
causes immunodeficiency. Weakened immune system of HIV patients increases the oppor-
tunity to acquire various infections caused by fungi, bacteria, parasites and other viruses.
Bacterial infections that cause huge threats to HIV patients are tuberculosis, syphilis, bacte-
rial enteric diseases and bacterial pneumonia. Important bacterial etiologies are Streptococcus
pneumoniae, Salmonella spp. Haemophilus influenzae, Staphylococcus aureus, Citrobacter freun-
dii, Escherichia coli, Klebsiella pneumoniae, Morganella morganii, Pseudomonas aeruginosa and
Mycobacterium tuberculosis. Frequent bacterial infections in HIV patients increase the usage
and also highly expose bacteria to antibiotics. Most problematic multidrug-resistant bacte-
ria are extended-spectrum B-lactamases producing P. aeruginosa, Acinetobacter baumannii, E.
coli and K. pneumoniae; vancomycin-resistant enterococci; methicillin-resistant S. aureus and
multidrug-resistant and extensively drug-resistant M. tuberculosis. These antibiotic-resistant
bacteria complicate the treatment of infections in HIV patients with available antibiotics
and sometimes cause death. It also causes higher medical costs, prolonged hospital stays,
increased mortality and economic burden on families and societies.

Keywords: HIV patients, multidrug resistant, vancomycin-resistant enterococci,
methicillin-resistant Staphylococcus aureus, antibiotic resistance

1. Introduction

Human immunodeficiency virus (HIV) is a lentivirus belongs to the family of Retroviridae
and it causes Acquired Immunodeficiency Syndrome (AIDS) in an advanced stage of HIV
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infection. HIV was first detected in 1981 among homosexual men in the New York City who
had unusual clusters of Preumocystis jirovecii pneumonia and Kaposi sarcoma [1, 2]. After that,
HIV positivity was detected in the various regions globally and actively spread in the com-
munity with increased rate of HIV infection. In 2016, the World Health Organization (WHO)
has reported that HIV continues to be a major global public health issue, having claimed
more than 35 million lives so far. One million people died from HIV-related causes; further-
more, approximately 36.7 million people are living with HIV and 1.8 million people becoming
newly infected worldwide. African region is the most affected area with 25.6 million people
living with HIV in 2016. It accounts for almost two-thirds of the global total number of new
HIV infections [3, 4].

HIV spreads from one person to another by sexual contact such as vaginal sex, anal sex and oral
sex and also spreads by sharing injection equipment, getting tattoos or body piercings with
unsterilized needles, accidental needle sticks, contaminated blood transfusions and splashing
blood in eyes. HIV can pass from HIV-positive pregnant women to their babies in the womb
and during birth. It can also be transferred to other persons through certain body fluids such
as blood, semen, vaginal fluid and breast milk [5]. After entry into the human body system,
HIV infects vital immune cells such as helper T cells (specifically CD4+ T cells), macrophages
and dendritic cells [6]. Hence, HIV infection leads to low level of CD4+ T cells through three
important mechanisms. First mechanism is direct viral killing of the infected cells; second
is increased rate of apoptosis in infected cells; and third is killing of infected CD4+ cells by
CD8 cytotoxic lymphocytes. Virus multiplication declines the number of CD4+ cells below a
critical level; therefore, the cell mediated immunity is lost and the weaken immune system
signal to various opportunistic infections (OIs) and cancers [6-9]. Compromised immune
system of HIV patients increases the chances of acquiring various Ols caused by fungi, bac-
teria, parasites and other viruses based on the CD4 cell counts. Tuberculosis (TB) generally
develops at CD4 count of 200-500 cells/mm?, as does Candida albicans infection Pneumocystis
jirovecii pneumonia (PCP, earlier known as Pneumocystis carinii) occurs at CD4 count <200
cells/mm?® and cytomegalovirus (CMV) infection occurs when the CD4 count falls below 100
cells/mm?® [10]. As compared to other microbes, bacteria cause high rate of infections such
as tuberculosis, syphilis, bacterial enteric diseases, pneumonia and bartonellosis. Bacteria
causing various infections associated with HIV patients include Streptococcus pneumoniae,
Salmonella spp., Haemophilus influenzae, Staphylococcus aureus, Citrobacter freundii, Escherichia
coli, Klebsiella pneumoniae, Morganella morganii, Pseudomonas aeruginosa, Mycobacterium tuber-
culosis and Mycobacterium avium complex, and they have emerged as an important cause of
morbidity and mortality in HIV individuals [11, 12].

High frequency of bacterial infections in HIV patients increases the chance of consumption
of high level of antibiotics. Over usage and mishandling of antibiotics develop various resis-
tance mechanisms among bacteria. The dramatic increase in the incidence of multidrug-
resistant (MDR) bacteria and transfer of resistance from one organism to another make
bacterial infections more difficult to treat with current antibiotics, so the treatment options
are often extremely limited [13]. This chapter describes about various bacterial diseases and
antibiotic-resistant bacteria from HIV patients.
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2. Bacterial infections among HIV patients

2.1. Respiratory tract infections

Respiratory tract infection (RTI) is defined as infectious disease of upper or lower respi-
ratory tract of human body system. RTI is classified as an upper respiratory tract infec-
tion and a lower respiratory tract infection. Pneumonia is an infection in one or both side
of lungs causing inflammation in the air sacs (alveoli). In this condition, alveoli fill with
phlegm (mucus) or pus making difficult to breathe. Bacterial pneumonia is a common cause
of HIV-related morbidity with the symptoms of body chills, rigors, pleuritic chest pain and
purulent sputum, fever, tachypnea, tachycardia, rales or rhonchi and other signs. Incidence
of bacterial respiratory infections among HIV-positive population has been reported
approximately 90 cases per 1000 per year, which is higher than noninfected population [14].
Bacterial pneumonia among HIV infection was 7.8 times more likely to develop bacterial
pneumonia than HIV sero-negative persons. The count of CD4+ T lymphocyte is the most
consistent predictor of bacterial infections and other factors are also involved that include
qualitative B-cell defects (reduced ability to produce antibody), impaired neutrophil func-
tion or both and non-HIV related factors such as cigarette smoking, use of crack cocaine,
IDU, alcoholism, or liver diseases [15, 16]. The causative of bacterial pneumonia among
persons with HIV has been relative prominence of Streptococcus pneumoniae followed by
Haemophilus influenzae, Pseudomonas aeruginosa and Staphylococcus aureus. Some studies
encountered Legionella pneumophila, Mycoplasma pneumoniae and Chlamydia pneumoniae that
are causative organisms for atypical pneumonia. S. pneumoniae infection is 15-300 times
more common among HIV individuals than among age-matched non-HIV individuals and
also rate of recurrent pneumococcal pneumonia is 8-25% within 6 months. The second
most common cause of bacterial pneumonia is H. influenza and in an advanced immuno-
suppression, S. aureus and P. aeruginosa can cause invasive pneumonias, sometimes associ-
ated with bacteremia. HIV patients ill over a period of weeks to months are more likely to
have Pneumocystis jirovecii pneumonia, tuberculosis (caused by Mycobacterium tuberculosis)
or chronic fungal infection.

2.2. Enteric infections

Rates of Gram-negative bacterial enteric infections are at least 10 fold higher among HIV
infected persons than in the general population. Risk of bacterial enteric infections varies
according to CD4 T-cell with the count of <200CD4 cells/mm?. The common causes of bacterial
diarrhea among persons with HIV are Salmonella (Salmonella enterica serotypes Typhimurium
and Enteritidis), Campylobacter and Shigella species. Patients with HIV are at increased risk for
developing salmonellosis and they have the incidence rates of salmonellosis as 20-100 folders
higher than the non-HIV patients. Campylobacter jejuni has been reported among HIV patients
particularly men who have sex with men (MSM) with the incidence rate of 39 times higher
than general population. Other than these infections, Shigella bacteremia is more common
among HIV patients and might occur in both mild and severe cases of clinical shigellosis.
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The major clinical syndromes of salmonellosis among person with HIV infection include a
self-limited gastroenteritis; a more severe and prolonged diarrheal disease, associated with
fever, bloody diarrhea and weight loss and Salmonella septicemia, which might present with
or without gastrointestinal symptoms. Sometimes, bacteremia can occur with each of these
syndromes and is more likely to occur among those with advanced immunosuppression.
Diarrheagenic E. coli, particularly enteroaggregative E. coli also contribute to the burden of
diarrheal disease. The lower CD4 cell count of <50 cells/mm?® is an independent risk factor for
Clostridium difficile associated infection (CDI) among HIV population [15].

2.3. Urinary tract infections

The urinary tract system of human is divided into two major divisions such as upper
urinary tract (kidneys, renal pelves and ureters) and lower urinary tract (urinary blad-
der and urethra). Urinary tract infections (UTIs) are an infection in any part of urinary
system, but most UTIs occur in lower urinary tract especially bladder (cystitis). Women
are at high risk of developing a UTIs then men. UTIs occur when bacteria enter and infect
the urinary tract and sometimes spread to the kidneys (pyelonephritis) [17]. UTIs are one
of the significant illnesses that cause clinical burden among HIV individuals. It is the most
common nosocomial infection [7] and cause high rate of morbidity [18]. HIV disease is
associated with a variety of renal syndromes in patients with low CD4+ cell counts, causing
neurologic complications such as bladder areflexia and hyporeflexia, which lead to urinary
stasis and ultimately infection [19, 20]. Once a patient’s CD4+ T-cell count falls below 200
cell/mm?, the individual is then at risk of a variety of opportunistic infection. The most
predominant causative organisms are encapsulated bacteria which include Streptococcus
pneumoniae and Haemophilus influenzae, but non-typhoidal Salmonella, Staphylococcus aureus
and Pseudomonas aeruginosa have also been implicated. Among opportunistic infections,
UTI accounts for 60% of AIDS defining illness [21]. Signs and symptoms of UTIs are pain or
burning while urinating, frequent urination, feeling urinate even having an empty bladder,
fever (less than 101°F), cloudy and bloody urine and pressure or cramping in the groin or
lower abdomen [22].

2.4. Bloodstream infections

Even reduction of AIDS-related deaths and opportunistic infections after introduction of
combined antiretroviral therapy (cART), infection with HIV causes the increased risk of
bloodstream infection (BSI). It is a frequent complication found in HIV-infected patients
and is usually associated with a poor prognosis, responsible for the immediate cause of
death up to 32% of HIV-infected patients, especially under particular conditions (e.g., intra-
venous drug abuse, use of a central venous catheter (CVC), neutropenia, and a low CD4
T-cell count) [23]. BSI is associated with increased mortality rate, length of hospital stay and
intensive care unit (ICU) admission rate, and it is more frequent cause of ICU admission
than Preumocystis jirovecii pneumonia in HIV-infected patients. In majority of cases, the
BSI is due to bacterial pathogens. The infectious agents begin infecting almost any part
of any organ (from skin, lung [pneumonia], gastrointestinal tract [bacterial penetration or
ruptured intestine from trauma]) or through implanted devices (surgical instruments, intra-
venous catheter, etc.).
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The infecting microorganisms or their toxins spread directly or indirectly into the blood-
stream that allows spreading from infection site to any other organ system. Common bacte-
rial causes of BSI are nontyphoidal salmonella, Streptococcus pneumoniae, Escherichia coli and
Staphylococcus aureus are the most important pathogens of BSI. Fungal and mycobacterial
infections are less frequent but have considerable clinical and economic impact. Among the
pathogens responsible for BSI, Mycobacteria spp., Cryptococcus neoformans and recurrent non-
typhoidal salmonella constitute AIDS-defining conditions [24]. Symptoms of BSI are altered
mental status (altered consciousness, mental confusion or delirium), fast respiratory rate, low
blood pressure, elevated heart rate (tachycardia), fever, body chills, dizziness, fatigue, shiver-
ing, facial flushing, skin discoloration, shock and sleepiness.

2.5. Syphilis

Syphilis is a bacterial infection caused by Treponema pallidum which is usually spread by
sexual contact and associated with an increased risk of sexual acquisition and transmis-
sion of HIV. The disease starts as a painless sore-typically on genitalis, rectum and mouth.
Direct contact with sores would spread syphilis from person to person, and the bacteria
enter through minor cuts and abrasions in the skin or mucous membrane. It is contagious
during its primary and secondary and early syphilis can be cured sometimes with a single
dose of penicillin. Clinical manifestations of syphilis are similar to persons without HIV
infection, difference is genital lesions may be more apparent and accelerated progression of
disease seen in HIV population. Syphilis has various stages like primary syphilis, second-
ary syphilis and latent syphilis. The symptoms are small bumps or tumors called gummas,
which develop on skin, bones, liver or any other organ in the late stage of syphilis. It also
causes some neurological problems such as stroke, meningitis, hearing loss, visual problems,
dementia, loss of pain and temperature sensations and sexual dysfunction in men, bladder
incontinence and sudden lightning like pains along with fever, malaise, anorexia, arthralgias
and headache. It may also cause inflammation of the aorta and miscarriage, can transfer from
mother to fetus [15].

2.6. Tuberculosis

Tuberculosis (TB) is a potentially serious infectious disease mainly affects lungs. TB is
mainly caused by Mycobacterium tuberculosis (MTB) and also caused by other organisms of
Mycobacterium tuberculosis complex—M. bovis, M. africanum, M. canetti, and M. microti [25].
TB can also attack any part of the body including kidneys, spine and brain. TB is spread
from person having lung TB to another person through the air, while cough, sneeze or spit.
Transmission of TB occurs when a person inhales droplet nuclei containing M. tuberculosis,
the droplet nuclei traverse the mouth or nasal passages, upper respiratory tract and bron-
chi to reach the alveoli of the lungs. In 2010, there were 8.8 (8.5-9.2 million) incident cases
of TB, 1.1 million (0.9-1.2 million) deaths from TB among HIV-negative people and other
0.35 million deaths from HIV associated TB. In 2016, there were an estimated 10.4 million
new cases of tuberculosis (TB) worldwide. Seven countries accounted for 64% of the total,
with India leading the count, followed by Indonesia, China, Philippines, Nigeria, Pakistan
and South Africa. A total of 1.7 million people died from TB in 2016 (0.4 million people
with HIV) [26].
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Two types of TB conditions exist: latent TB infection and TB disease. (1) Latent TB infection:
Among persons with latent TB infection (LTBI), bacteria present in the body in an inactive
state and cause no symptoms. It is also called inactive TB or TB infection; it has positive reac-
tion to tuberculin skin rest or TB blood test. Persons with LTBI are not infectious and do not
spread TB infection to others. Chest X-ray would be normal and negative sputum test, they
do not feel sick. (2) TB disease: The symptoms of TB disease include feel of sickness or weak-
ness, weight loss, fever and night swears, coughing, chest pain, and coughing up of blood.
The signs and symptoms of active TB include coughing (lasts three or more weeks), coughing
up blood, chest pain or pain with breathing or coughing, unintentional weight loss, fatigue,
fever, night sweats, body chills and loss of appetite. Tuberculosis in spine may develop back
pain and in kidneys might cause blood in urine.

3. Bacterial resistance to antibiotics

Antibiotics are natural microbial drugs used for the treatment and control of bacterial infec-
tions. First time the antibiotic penicillin was discovered by Fleming [27] while examining
some colonies of Staphylococcus aureus. He observed that Staphylococcus colonies became trans-
parent and undergo lysis around a large colony of mold. Finally, he identified that mold as
penicillium and concluded that certain types of penicillium produced a powerful antibacterial
substance that acts against pyogenic cocci and the diphtheria bacilli. Since the discovery of
penicillin, many other antibiotics have been discovered or developed. Antibiotics may either
kill or inhibit the growth of the bacteria and they are commonly classified based on their
mechanism of action, chemical structure and spectrum of activity. Penicillins, cephalosporins
and carbapenems are cell wall synthesis inhibitors, polymyxins are cell membrane synthesis
inhibitors, rifamycins, lipiarmycins, quinolones, and sulfonamides interfere with the activ-
ity of essential bacterial enzymes and macrolides, lincosamides and tetracyclines are protein
synthesis inhibitors [28]. The time line of antibiotic discovery was given in Table 1.

Antibiotic resistance is the ability of bacteria to resist the effects of drugs previously used to
treat them [13]. Resistant bacteria are more difficult to treat, requiring alternative medications
or higher doses, both of which may be more expensive or more toxic. Microbes resistant to
multiple antimicrobials are called multidrug resistant (MDR); those extensively drug resis-
tant (XDR) or totally drug resistant (TDR) are sometimes called “superbugs.” Bacteria have
various drug-resistant mechanisms contributing toward inactivation of antibiotics [30, 31]
following as

¢ novel penicillin-binding proteins (PBPs),

* enzymatic mechanisms of drug modification,
e mutated drug targets,

* enhanced efflux pump expression and

¢ altered membrane permeability.
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Timeline Antibiotics Resistance
>1910 Salvarsan —
1921-1930 Penicillin; Prontosil —
1940-1050 Gramicidin; Neomycin; Streptomycin; Bacitracin; Nitrofurans; Sulfonamide; Penicillin;
Chloramphenicol; Polymyxin; Chlortetracycline; Cephalosporin Spectinomycin; Bacitracin;
Chloramphenicol;
Streptomycin
1950-1960 Erythromycin; Isoniazid; Vancomycin; Virginiamycin; Cycloserine; ~Macrolide; Tetracycline;
Novobiocin; Kanamycin; Rifamycin; Metronidazole Neomycin; Nalidixic acid
1960-1970 Methicillin; Ampicillin; Nalidixic acid; Methicillin; Cephalosporin;
Trimethoprim; Fusidic acid, Fosfomycin; Actinomycin D; Polymyxin; Rifamycin;
Lincomycin Vancomycin; Erythromycin;
Kanamycin
1970-1990 Gentamicin; Mupirocin; Azithromycin; Carbapenem; Imipenem; Metronidazole; Ampicillin;
Ciprofloxacin; Oxazolidinone Gentamycin; Carbapenem
1990-2010 Linezolid; Telithromycin; Daptomycin; Tigecycline; Retapamulin; ~ Imipenem; Ciprofloxacin;
Garenoxacin; Telavancin; Besifloxacin; Ce-aroline fosamil Mupirocin; Azithromycin;
Linezolid; Daptomycin;
Tigecycline
2010-2016 Fidaxomicin; Bedaquiline; Teixobactin —

Table 1. Timeline of antibiotic discovery and emergence of antimicrobial resistance [29].

3.1. Factors influencing emergence of drug resistance

Various factors are involved in the emergence of antibiotic drug-resistant bacteria, the factors
are inappropriate usage of antibiotics, patient movement within and between medical institu-
tions, infection control measures, travel of people and food stuffs, antibiotic residues in the
environment, dose duration and treatment, cross selection, gene transfer and clonal spread
and socioeconomic factors [31]. The time line of development of antibiotic resistance was
presented in Table 2.

3.2. B-Lactamases

The production of -lactamase enzymes is the most common mechanism of bacterial resis-
tance to 3-lactam antibiotics such as the penicillins and cephalosporins. These enzymes cata-
lyze the hydrolysis of the B-lactam ring to create ineffective antimicrobials. 3-Lactamases were
first identified in Staphylococcus aureus strains in the late 1940s, prior to the introduction of
penicillin into the clinical setting [46]. Some {-lactamases are having substrate specificities
relatively narrow and these are often traditionally referred as penicillinases or cephalospori-
nases. Over 400 {3-lactamases have been reported to date, and new [-lactamases continue to

89



90 Advancesin HIV and AIDS Control

Infections, Reference/
Country

Isolated bacteria

Drug resistance

RTI (Peru)
(32]

UTI (India)
[33]

BSI (Combodia)
(34]

UTI (India)
[35]

RTI (India)
[36]

UTI and WI
(Tanzania)

[37]

M. tuberculosis

Escherichia coli, 10.3%
S. aureus, 5%

K. pneumoniae, 4%

E. faecalis, 2%,

P. aeruginosa 1%
Proteus spp .1%

S. epidermidis, 1%

Escherichia coli, 30.7%
S. choleraesuis, 11.4%
Nontyphoidal
Salmonella spp. 6.8%
S. typhi, 2.3%
Kilebsiella spp. 5.7%
Enterobacter spp 3.4%
B. pseudomallei, 2.3%
Pseudomonas sp. 3.4%
Acinetobacter sp.2. 9%
S. aureus, 19.3%
Streptococcus suis, 1.1%

Enterococci, 1.1%

E. coli, 100%

M. tuberculosis

E. coli, 56%;

K. pneumoniae, 37%
S. aureus, 72%
Proteus spp. 43%

P. aeruginosa, 38%

MDR-TB -43%
Isoniazid resistance — 4%;
Isoniazid, rifampicin and pyrazinamide — 32%;

Isoniazid, rifampicin, ethambutol, streptomycin
and pyrazinamide — 14%

Amp, ctx, cip, sxt-33.3%; amp, ctx, cip, nit,
sxt- 27.8%

E. coli: amx-96%; cot-80%; cip-61%; amc-57%;
ctr-46%; gen-57%

S. typhi: cip-100%; amx and cot-50%

Nontyphoidal Salmonella spp.: amx-80%; cot-
60%; cip-40%

S. aureus: oxa-28%; cot-28%

FQ resistance: 77.6%; ESBL and AmpC-71.1%
ESBL-3.9%

MDR-TB - 38%;XDR-TB- 6%; Mono-resistant
TB - 21%; Poly-resistant TB - 12%;
Extremely drug-resistant TB — 2%

Cot-75%; amc-34%; cip-33.3%; amp-86.4%;
cro-66.7%; tet-81.3%; ery-27.3%
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Infections, Reference/
Country

Isolated bacteria

Drug resistance

UTI (Nigeria) [38]

UTI & BSI (India)
(391

Nasopharynx colonization
(Ghana)
[40]

EI(Cameroon)

[41]

UTI (India)
[42]

E. coli, 30%

K. pneumoniae, 14.2%
P. aeruginosa, 27.6%
S. aureus, 28.3%

E. coli, 51%

K. pneumoniae, 14.6%
K. oxytoca, 12.6%

P. aeruginosa, 11.2%
Proteus mirabilis, 7.3%

P. vulgaris, 2.6%

M. catarrhalis, 39.8%;

Coagulase negative staphylococci,

33.1%;

S. pneumoniae, 30.5%;
Diphtheroids, 29.7%;
Viridian streptococci, 27.1%;
S. aureus, 22%;

Citrobacter spp. 4.2%;

E. coli, 85.3%
Kilebsiella spp. 29.4%

Enterobacter spp. & Citrobacter
spp.- 23.5%

Salmonella sp. 5.9%
Serratia sp. 1.5%
Proteus sp. 2.9%

E. coli, 50.7%

K. pneumoniae, 13.2%
K. oxytoca, 11.8%

P. mirabilis, 6.3%

P. vulgaris, 1.4%

P. aeruginosa, 5.5%

E. coli: caz-95.2%; 0xa-92.8%; amp-88%; chl-73.8%;
cr0-69%; tet-50%; nit-45.2%; cot & ery-42.9%

Ery-99%; amp-94%; cpd-91%; atm-90%; cfp &
fox-89.4%; pip-85.4%; caz-84.8%; cro-74.2%; ipm-
73.5%; tzp-72.4%; tet-66.9%; cip-66.2%; dox-58.2%

M. catarrhalis: amp-80%; CoT-60%; mrp-42.6%;
chl-23%

S. aureus: pcn-100%; tet-80%; cfx-73%; ery-38%

S. pneumoniae: cot-58%; tet-33%; ery-33%;
oxa-27%

E. coli: amx-60.3%; amc-62%; cro-39.6%;
chl-32.7%; dox-91.3%

Klebsiella spp: amx, amc — 100%; dox-70%;
tet-50%; chl-35

Enterobacter spp: amx, amc-93.7%; dox-87.5%;
tet-63.8%; chl and cip-37.5%

Citrobacter sp.: amx, amc, cro-43.7%; dox-68.7%;
tet-30%

Salmonella spp.: dox & chl-75%
Serratia spp: amx, amg, chl & dox- 100%

Azt-94.6%; cpd-93.8%; cefoperazone-91.3%,
f0x-90.3%; ctx-89%, amp-89%, ipm-72%

Enterobacteriaceae- ESBL-52.5%; MBL &
AmpC- 62.5%

P. aeruginosa- ESBL-50%; MBL and AmpC-62.5%
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Infections, Reference/
Country

Isolated bacteria

Drug resistance

UTI (Tanzania)
[43]

RTI (China)
[44]

OM (Tanzania)
[45]

E. coli, 57.7%

K. pneumoniae, 23.1%
C. freundii, 3.9%

S. aureus, 3.9%

P. agglomerans, 1.9%
S. agalactiae, 1.9%

P. aeruginosa, 24.1%
E. coli, 16%

A. baumannii, 15.1%

K. pneumoniae, 13.4%

Stenotrophomonas maltophilia, 11.6%

S. aureus, 4.4%

S. pneumoniae, 1.8%
Tuberculosis-19.3%
P. aeruginosa, 6.4%
E. coli, 5.3%

K. oxytoca, 5%

K. pneumoniae, 12.4%
S. aureus, 45.7%

M. catarrhalis, 3.2%
P. mirabilis, 1.1%

S. epidermidis, 5.0%

S. pneumoniae, 2.5%

E. coli: amp-93.3%; sxt-90%; amc-43.3%;

K. pneumoniae: amp-100%; sxt-72.7%; nit-33.3%;
amc-54.5%

MRSA-3%; VRE-1%; ESBL-62%;
Multidrug resistant TB-22%
Extensively drug-resistant TB-3.5%

P. aeruginosa: amp-73.3%; amc-53.3%; ery-40%
E. coli: amp & fox- 51.4%; ery-45.9%

K. oxytoca: ery-62.5%; fox-50%; amp-43.8%

K. pneumoniae: amp-51.2%; amc-48.6%

S. aureus: amp-46.5%; fox-42.7%; ery-37.4%
M. catarrhalis: amk & amp-55.6%

P. mirabilis: ery-100%; amc & amp- 66.7%

S. epidermidis: ery-64.3%; fox-55.5%; amp-50%
S. pneumoniae: ery-71.4%; fox-42.9%

S. pyogenes: amp-48.7%; ery-42.1%

RTI: respiratory tract infections; BSI: blood stream infection; UTI: urinary tract infection; WI: wound infection; EI: enteric
infection; OM: Otitis Media; amk — amikacin; amx — amoxicillin; amc - amoxicillin-clavulanic acid; amp — ampicillin;
ctx — cefotaxime; fox — cefoxitin; cpd — cefpodoxime; caz — ceftazidime; cro — ceftriaxone; chl — chloramphenicol; cip —
ciprofloxacin; dox — doxycycline; ery — erythromycin; gen — gentamicin; ipm — imipenemmem - meropenem; nit —
nitrofurantoin; oxa — oxacillin; pen — penicillin; pip — piperacillin; tzp - piperacillin-tazobactam; tmp — trimethoprim;
sxt - trimethoprim-sulfamethoxazole.

Table 2. Bacterial infections and drug resistance in HIV patients.

emerge rapidly worldwide [47, 48]. 3-Lactamase producing organisms pose a major problem
for clinical therapeutics. The incidence of 3- lactamase producing strains among clinical has
been steadily increasing over the past few years resulting in limitation of therapeutic options.
[-Lactamases are classified based on the molecules (Ambler Classification) and functions
(Bush-Jacoby-Medeiros classification) of the enzymes [49]. Most important {-lactamase
enzymes are extended spectrum [-lactamases (ESBLs), AmpC (- lactamase (AmpC) and
Metallo p-lactamase (MBL).
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4. Drug-resistant bacteria from HIV patients

Human immunodeficiency virus (HIV)-infected individuals are highly vulnerable to a various
opportunistic infections (Ols) due to their compromised immune system. For the prophylaxis
of Ols, HIV patients are frequently exposed to high level of antimicrobial agents which leads to
the emergence of multidrug-resistant bacteria. MDR bacteria become a major problem in the
clinical management of HIV disease. Treatment of common bacterial infections like acute respi-
ratory tract infections, urinary tract infections, wound infections, meningitis, and blood stream
infections are very difficult when they are associated with MDR bacteria leading to increased
morbidity and mortality. Multidrug resistant (MDR) pathogens are relentlessly multiplying
in HIV patients and thus become an important circulating source of infection in the commu-
nity. Globally, very few scientific data are available on the drug-resistant bacteria from HIV
population.

Co-trimoxazole (also called as trimethoprim-sulfamethoxazole (TMP-SMX)) is a broad-spec-
trum antibiotic, used as a prophylactic agent against opportunistic infections among HIV/AIDS
patients. Especially, TMP-SMX is an active drug against Pneumocystis pneumonia (PCP) caused
by Pneumocystis jirovecii among HIV-infected patients [50, 51]. World Health Organization
and Joined Nations Programme on HIV/AIDS have recommended TMP-SMX prophylaxis
for immunosuppressed adults and children born to HIV-infected women [52-54]. Long-term
receiving of TMP-SMX prophylaxis has lead to increase in the development of TMP-SMX-
resistant bacteria, which spreading in the bacterial community and cause therapeutic problems
for bacterial infections in HIV population. In Enterobacteriaceae, sulfonamide drug resistance
genes such as sull, sul2, and sul3 are responsible for dihydropteroate synthases, and more than
20 dihydrofolate reductase (dfr) genes conferring resistance to trimethoprim [55] (Table 2).

UTI accounts for consumption of large proportion of anti-bacterial drugs [18]. Resistance to
commonly prescribed antibiotics for UTI is an expanding global problem both in developed as
well as developing countries [56]. UTI became quite alarming as isolated uropathogens exhibit
high percentage resistance to almost all antibiotics [57]. The pattern of antibacterial susceptibility
of UTI causing pathogen has been changing over the years, and the drug resistant of the bacteria
is influenced by the extensive and misuse of antibiotics and changing patient population, espe-
cially among immunocompromised patients. f-Lactam antibiotics such as penicillins, cephalo-
sporins and carbapenems are the most commonly used antibacterial drugs. The predominant
drug resistance mechanisms against 3-lactam antibiotics among Gram-negative bacteria are the
production of Extended Spectrum (3-lactamases (ESBLs) and AmpC B-lactamases [58] and they
are associated with increased morbidity and mortality with immunocompromised individu-
als. The frequency of Pseudomonas aeruginosa and Staphylococcus aureus as community-acquired
pathogens is higher in HIV-infected individuals than in those not HIV infected. Methicillin-
resistant Staphylococcus aureus (MRSA) infection should be considered as a potential etiology for
pneumonia, given that community outbreaks of MRSA have been seen in men who have sex
with men and nasal carriage of MRSA is more common in HIV-infected individuals, particu-
larly at lower CD4 cell counts. Multidrug resistance (MDR) bacteria like ESBL producers and
MRSA are a major public health concern worldwide [21, 39] (Table 2).
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WHO has documented that MDR-TB is emerging as a major challenge for tuberculosis con-
trol programs and is becoming extensively widespread today throughout the world, even
in high-income countries with low TB incidence. Resistance to anti-TB drugs occurs due to
misuse of drugs such as patients do not compete full course of treatment, wrong treatment
provide by physicians, wrong dose or length of time for taking the drugs and supply of poor
quality drugs. Multidrug-resistant TB is caused by Mycobacterium tuberculosis that is resistant
to at least to two most potent TB drugs such as isoniazid and rifampicin. Extensively drug-
resistant TB (XDR-TB) is MTB resistant to isoniazid and rifampicin along with any fluoroqui-
nolone and at least one of three injectable second-line drugs includes amikacin, kanamycin
or capreomycin. Treatment options for XDR-TB have more side effects, and they are more
expensive. XDR-TB can weaken the immune system, and persons are more likely to develop
TB disease and they are at high risk of death.

In 2010, about 650,000 cases have MDR-TB, which account for 5% of all newly diagnosed TB
patients, and more than 150,000 MDR-TB deaths are estimated to occur worldwide each year
with case fatality rate of 30 per 100 individuals [59]. The proportion of MDR-TB reported
globally ranges from 0 to 28.3% and 0 to 61.6% among new TB cases and among previously
treated TB cases respectively [60]. People living with HIV are at a higher risk of developing
MDR and XDR tuberculosis associated with increased mortality, and greatly reduced survival
time of patients [61] (Table 2).

5. Future impact of antimicrobial resistance

The two multidisciplinary research teams such as RAND Europe and KPMG, have provided
their own high-level assessments of the future impact of antimicrobial resistance, based on
scenarios for rising drug resistance and economic growth to 2050. The studies estimate 300
million people are expected to die prematurely due to drug resistance over the next 35 years
and the world’s Gross Domestic Product (GDP) will be 2% to 3.5% lower than it otherwise
would be in 2050. This means that between now and 2050, the world can expect to lose between
60 and 100 trillion USD worth of economic output if antimicrobial drug resistance is not tack-
led. This is equivalent to the loss of around 1 year’s total global output over the period, and
will create significant and widespread human suffering. Furthermore, in the nearer term, they
expect the world’s GDP to be 0.5% smaller by 2020 and 1.4% smaller by 2030 with more than
100 million people having died prematurely [62].

6. Tackle of antimicrobial resistance

WHO developed a global priority of pathogens list (global PPL) of antibiotic-resistant bacteria
to help in prioritizing the research and development (R&D) of new and effective antibiotic
treatments. Drug-resistant bacteria were categorized into critical priority, high priority and
medium priority pathogens (Table 3) [63].
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Type of priority List of drug-resistant pathogens

Critical priority Carbapenem-resistant Acinetobacter baumannii; Carbapenem-resistant Pseudomonas
aeruginosa; Carbapenem-resistant, 3rd generation cephalosporin-resistant
Enterobacteriaceae

Medium priority Penicillin-non-susceptible Streptococcus pneumonia; Ampicillin-resistant

Haemophilus influenza; Fluoroquinolone-resistant Shigella spp.

High priority Vancomycin-resistant Enterococcus faecium; Methicillin-resistant, Vancomycin-
intermediate and resistant Staphylococcus aureus

Clarithromycin -resistant Helicobacter pylori; Fluoroquinolone-resistant
Campylobacter; Fluoroquinolone-resistant Salmonella spp.

3rd generation cephalosporin-resistant, fluoroquinolone-resistant Neisseria
gonorrhoeae

Table 3. Global priority of pathogens list by World Health Organization.

7. Global action plan, WHO

WHO developed the global action plan with five strategic objectives to achieve the goal of
ensuring continuity of successful treatment and prevention of infectious diseases with effec-
tive and safe medicines [64]. They (1) improve the awareness and understanding of antimi-
crobial resistance through effective communication, education and training, (2) strengthen
the knowledge and evidence base through surveillance and research, (3) reduce the incidence
of infection through effective sanitation, hygiene and infection prevention measures, (4) opti-
mize the use of antimicrobial medicines in human and animal health and (5) develop the
economic case for sustainable investment that takes account of the needs of all countries, and
increase investment in new medicines, diagnostic tools, vaccines and other interventions.

7.1. Examples for global impact of antimicrobial resistance research and
interventions

Examples of global research into antimicrobial resistance and its impact are given below [29]:

* Chinese Ministry of Health in 2011, reduced unnecessary prescription of antimicrobials by
10-12%.

¢ The Swedish Strategic Programme against Antibiotic Resistance (STRAMA): decrease in
antibiotic use for outpatients from 15.7 to 12.6 daily doses per 1000 inhabitants and from
536 to 410 prescriptions per 1000 inhabitants per year from 1995 to 2004. The decrease was
most evident for macrolides (65%).

* WHO essential medicines policies: reductions in antibiotic use of 220% in upper respira-
tory tract infections and 30% of reduction in the use of antibiotics in acute diarrheal illness.

¢ Antimicrobial stewardship programme (2009-2014) in 47 South African hospitals: reduc-
tion of antibiotic doses daily per 100 patient days from 101.4 to 83.04.
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* Antimicrobial Resistance Monitoring and Research Programme (United States): Infections
with carbapenem-resistant Enterobacteriaceae declined and there were no further reports
of outbreaks of colistin-resistant Acinetobacter spp.

¢ In the Netherlands, a decrease of CTX-M-1-like ESBL genes (from 44 to 25%) in livestock
was seen during 2010-2014 due to >60% reduction in antibiotic use in livestock.

8. Conclusion(s)

Spread of antibiotic-resistant bacteria is leading to untreatable infections causing a major pub-
lic health threat. Handling of new approaches such as combination therapeutics, organism
specific drugs and repurposing of antibiotics might helpful in the treatment of drug-resistant
bacterial infections on stipulated time and reduce the burden in clinical settings. Effective
global investments are needed to improve the way prevent, control and monitor the emer-
gence and global spread of drug resistance.
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Abstract

The purpose of this chapter is to review the concept of adherence and analyze its implica-
tions for the social construction of the patient as a subject, since this affects the relation-
ship established with the health services for the maintenance of care. The facilitators and
barriers to adherence reported in the literature are presented, based on studies focused
on the perspective of people living with HIV. At the end of the chapter, the individual
elements that promote adherence to treatment are shown, according to the experience of
highly adherent patients. In addition, individual and contextual barriers to the adherence
process are identified in the pharmacological and nonpharmacological dimensions.

Keywords: adherence, medical treatment, lifestyle, facilitators, barriers

1. Introduction

The development of highly active antiretroviral treatment (HAART) has allowed HIV infec-
tion to become a chronic condition. This historic event has transformed the experience of peo-
ple living with HIV, since it has allowed them to extend their survival time and increase their
quality of life [1]. However, this biomedical breakthrough has generated important challenges
for public health. One of them is universal access to treatment. Social inequality in terms of
the intersection between gender, social class, ethnic group, sexual orientation, or geographi-
cal region places patients at different levels of vulnerability regarding access to treatment.
Likewise, social inequality affects the continuity of long-term treatment, as patients differ
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in access to services that allow maintaining care over time as food, education, health, hous-
ing, employment, and transportation, among others. For this reason, public health cannot be
limited to a “pharmaceuticalization” or exclusive emphasis on access to medication, but it
requires considering the social and economic conditions that affect the possibilities of patients
to maintain a long-term pharmacological treatment [2].

The second challenge, which is addressed in this chapter, is the promotion of adherence to
treatment in people living with HIV. This challenge is linked to the facilitation of psychosocial
processes that allow long-term adherence, while the previous challenge focuses mainly on the
structural conditions associated with adherence. Unlike pharmacological treatment for other
medical conditions, HAART requires an efficacy greater than 95% to control the number of
copies of the virus in the body. The suboptimal medication intake is associated with higher
levels of morbidity and mortality as well as the emergence of drug-resistant viral strains. This
reduces the effectiveness of subsequent treatment schemes [3].

The lack of adherence to treatment has multiple consequences for the state: increased expenses
for hospitalization, care for opportunistic infections, and changes in treatment schemes and
laboratory studies. In turn, lack of adherence increases the risk of HIV transmission in popu-
lations and the development of new strains resistant to treatment [4].

The study of adherence to treatment in people living with HIV has focused mainly on phar-
macological adherence. It is necessary to develop a comprehensive perspective on adherence,
which not only includes medication intake but also the adoption of a healthy lifestyle in mul-
tiple areas. The following section analyzes the concept of adherence and its influence on the
patient’s relationship with health services.

2. Perspectives on adherence

The social construction of adherence influences the way in which patients are constituted as
subjects, the type of relationships they establish with health personnel, and the policies of
health services for patient care. Previously the term “compliance” was used to refer to the
degree to which the patient followed medical recommendations for taking the medication or
making lifestyle changes. The concept was criticized because it assumed a hierarchical rela-
tionship between the doctor and the patient, considered that the medical recommendations
were correct and that the failure in the treatment was mainly the responsibility of the patient
for not complying with the recommendations [5].

In contrast, the concept of adherence emerged in a historical moment where patients had
greater access to information technologies, which expanded the possibilities of having infor-
mation about their diagnosis and treatment. This allowed patients to develop a sense of
agency, establish a dialog with health personnel and adopt a critical stance during the treat-
ment process. Likewise, the emergence of chronic conditions sets limits to the power of health
personnel and forced the incorporation of the patient in the planning and maintenance of
long-term care.
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Adherence means a different type of relationship to “compliance”: a horizontal, democratic,
and collaborative relationship for the maintenance of care over time. The concept not only
implies a change in the relationship with health personnel; it also represents a change in the
subject: the patient becomes an active agent in the treatment process. Health services not only
attribute responsibility to the patient for taking the medication or following the health recom-
mendations; they also encourage the patient to request information about their health status
and to participate in decision-making during treatment. It should be noted that this notion of
the patient is based on two assumptions: care depends on the patient’s will, and the patient is
interested in maintaining or improving their health status.

From biomedical discourse, it is assumed that subjects are able to choose; act rationally, inten-
tionally, and responsibly; and make decisions in terms of costs and benefits. However, the pos-
sibility of deciding is determined structurally. This means that the subjects are not completely
free to decide; they can select the possibilities available for their local context, according to
their socioeconomic position and the dominant cultural values [6]. As previously mentioned,
social inequality not only affects access to treatment; it also limits access to services that favor
the maintenance of care and the patient’s ability to become adherent.

In the particular case of HIV infection, there are two additional elements that affect the devel-
opment of adherence. The social processes of stigma and discrimination [7] contribute to the
exclusion of patients from health services, the delay in diagnosis, the rejection of the medical
condition and treatment, the concealment of the diagnosis, and the reduction of social sup-
port. Close connection with these processes is the emotional discomfort, because the suffering
caused by knowing the serological status can manifest itself in rejection toward diagnosis and
health services; the development of risk practices or the appearance of a psychological disor-
der that limits the capacity for health care [8].

While it is important to consider that adherence requires an active agent in their self-care
that maintains a collaborative relationship with health services, it is also assumed that the
patient’s agency is limited. There are different possibilities for patients to become adherents,
due to structural inequalities, the processes of stigma and discrimination, and the emotional
distress generated by the HIV diagnosis. Therefore, adherence is not a state that is achieved
by all patients at the same time.

It is more appropriate to consider adherence as a dynamic process that develops over time [9],
influenced by the social, economic, and cultural context surrounding the patient. Adherence
is also affected by the learning process that arises from the patient’s personal experience with
diagnosis and treatment. This means that people living with HIV have different temporalities
and rhythms to become adherent patients. Adherence is not a state that is reached once and
for all, but a process that must be continually updated. At any point in treatment, the patient
can become nonadherent, either intentionally or involuntarily [10].

From an integral perspective of patient care, it is assumed that there are two complementary
dimensions of adherence. The first dimension is pharmacological adherence, which involves
taking the medication and following the instructions in terms of the schedule and the food
that accompanies the intake [3]. Previous studies have reported adherence rates ranging from
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26-89% [11-14]. The variability in reported adherence rates depends on the operational defi-
nition of adherence and the instrument used for its measurement [15]. The pharmacological
adherence is overestimated when it is calculated based on the ratio of pills forgotten and
prescribed in the last days. A more precise evaluation requires the inclusion of aspects such as
the follow-up of the schedule and special instructions or the last missed dose [16]. It is worth
mentioning that several patterns of pharmacological nonadherence have been identified: dif-
ficulties to initiate treatment, temporary suspension (whose duration is variable), or definitive
abandonment, which represents a long-term pattern [17]. Nonadherence may be due to error
or forgetfulness of the medication intake, as well as the conscious decision to abandon the
treatment or not follow it properly [10].

The patient not only decides whether or not to initiate HAART but also decides whether to
adopt a new lifestyle. The second dimension is associated with nonpharmacological adher-
ence, which encompasses a set of practices that promote the patient’s health care. It includes
practices in the areas of diet, physical activity, rest, sexual health, mental health, attendance at
medical appointments and attendance to laboratory studies, and avoidance of alcohol, tobacco,
or other substances. Medication intake needs to be complemented by a series of healthy prac-
tices to promote the care of the patient and the improvement of their quality of life.

Adherence can be conceived as a process that develops over time. This process is affected by
the socioeconomic position of the patient in a certain context, the dominant cultural values,
and his personal experience with illness. At any point of time, the patient may be adherent or
nonadherent. To be adherent, the patient needs to follow both pharmacological and nonphar-
macological treatment. However, there is a risk that the patient develops patterns of nonad-
herence (pharmacological or nonpharmacological), which occur in the short term (at a point
in time) or in the medium and long terms (at multiple time points) (Figure 1).

Four possible scenarios can be contemplated in a single moment of the treatment: (1) The
patient is adherent at the pharmacological and nonpharmacological level (ideal scenario);
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Figure 1. Adherence and nonadherence to treatment at a time point.
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(2) the patient is adherent at the pharmacological level, but not at the nonpharmacological
level (scenario where the patient takes the medication, but does not perform the other types
of care); (3) the patient is adherent at the nonpharmacological level, but not at the pharmaco-
logical level (scenario where the patient performs healthcare practices, but does not take the
medication according to the indications); and (4) the patient is not adherent in both dimen-
sions (the worst-case scenario).

It should be mentioned that the identification of a patient as adherent will depend on the way
in which the health personnel evaluate the taking of the medication and the recommendations
of food and schedule (pharmacological adherence), as well as the evaluation of the degree of
accomplishment of the practices in different areas of care (nonpharmacological adherence).
Adherence can be considered in terms of degrees of a continuum; however, it is also necessary
to establish what is the sufficient level of pharmacological and nonpharmacological adher-
ence. This implies the need for a continuous dialog between the patient and the health person-
nel, in order to determine the levels of pharmacological and nonpharmacological adherence
required, collaborate in the monitoring of the types of adherence, and receive feedback on the
actions performed by both actors to maintain adherence.

Before reaching an optimal level of adherence, patients can alternate between periods of
adherence and nonadherence until achieving an adequate and stable adherence. Traditionally
it has been considered that patients are rational subjects who make a balance between the
benefits and the costs of treatment to decide if they will remain adherent. However, it is nec-
essary to consider the affective dimension, since patients not only accept treatment, they can
also experience ambivalence or rejection toward treatment. It is necessary to remember that
illness generates discomfort in function of the rupture it causes in the life of patients, since it
affects their biography, identity, daily world, and social relations. Patients not only have the
task of taking care of their health and adhering to treatment, simultaneously they embark on
the tasks of giving meaning to life with the HIV infection and the reconstruction of their social
world to incorporate illness in everyday life [18].

Adherence can be seen as a dialectical process where facilitators and barriers coexist dur-
ing treatment. In the next section, the main facilitators and barriers to adherence reported
in the literature, whether at the individual, interpersonal, or contextual levels will be
reviewed.

3. Facilitators and barriers to adherence to treatment in people living
with HIV

In the literature, several factors associated with adherence to treatment have been reported.
A series of studies have identified the following factors based on cross-sectional studies, from
the perspective of the researchers [19]:

¢ Factors related to personal attributes. They include the patient’s clinical status, educational
level, income, access to housing, and stability of the home.
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* Factors related to the treatment regimen. It has been found that adherence is affected by the
complexity of the regimen (depending on the number of pills or the type of indications for
taking the medication), the ease of adapting the treatment to daily life, the use of devices
for adherence (such as pillboxes or alarms), or side effects of treatment.

* Psychological factors. This level includes cognitive aspects such as concentration difficul-
ties or forgetting, understanding of the role of antiretroviral treatment, or knowledge about
the medical condition. Attitudes toward illness, treatment, and medications are also con-
sidered. Negative mental health factors include depression, hopelessness, anxiety or other
types of psychiatric morbidity, alcohol or drug use, and coping through avoidance strate-
gies. Positive factors include a positive attitude toward the future, long-term plans and
goals, active coping, and stable mental health.

* Social factors. The relationship with the health service provider, the social support avail-
able, and the fear of revealing the diagnosis (linked to social processes of stigma and dis-
crimination) have been identified.

e Structural factors. It includes access to treatment and health services, also economic re-
sources to stay in treatment.

In another series of studies based on qualitative methods, facilitators and barriers to adher-
ence have been identified from the perspective of people living with HIV. A facilitator is any
individual attribute (physical, cognitive, emotional, or behavioral), characteristic of treatment,
interpersonal process, or contextual aspect that favors the adherence process. In opposition,
a barrier is the individual attribute, characteristic of treatment, interpersonal process, or con-
textual aspect that limits the adherence process.

At the individual level, beliefs that facilitate adherence have been found, such as the recogni-
tion of the drug’s role in the prevention of death and illness, the perception of medicine as
responsible for the improvement of health and well-being, the establishment of the main-
tenance of health as a priority, and religious beliefs. At an affective and motivational level,
adherence is facilitated by the fear of experiencing opportunistic infections or hospitaliza-
tions, getting used to the presence of side effects, the emotional work of appropriating the
suffering and feeling pride in their coping, having incentives as significant persons or future
plans, adopting an optimistic perspective toward the future, or the will to live [20-25].

Other aspects that influence adherence are related to the impact of treatment, such as the
absence of side effects or the clinical results of treatment. Among the practices that promote
adherence are the use of external reminders, taking the medicine when the patient needs to
leave the home, dealing with side effects, self-monitoring of symptoms and energy level, and
conducting laboratory studies. Over time, taking the medication becomes a habit that is per-
formed automatically [20-25].

Among the contextual aspects that facilitate adherence are having a stable lifestyle, the
inclusion of treatment in the lifestyle, and the association of medication intake with
daily routines. At the interpersonal level, there are facilitators such as access to positive
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sources of social support and the maintenance of a collaborative relationship with health
personnel [20-26].

As has happened with the facilitators, the main barriers have been identified at the individ-
ual level. Adherence is affected by beliefs about antiretroviral treatment, lack of information
about treatment, beliefs about illness, as well as minimizing the risks of living with HIV. It is
also affected by aspects associated with the patient’s physical condition, such as forgetfulness,
fatigue, or feeling sick. Even self-care can be neglected when the patient perceives a good
health status. At the affective level, adherence is limited by the emotional impact of diagnosis,
lack of acceptance, or rejection of treatment because it remembers the presence of HIV. Other
aspects that hinder adherence are the fatigue of medication, anger, depression, despair, or
other vital concerns beyond health [23-27].

The barriers to adherence associated with the patient’s context are the interference of treat-
ment with the daily routine, the changes in the routine, and the workload or being out of
home during the moment of medicine intake. At the interpersonal level, adherence is limited
by the lack of social support and conflicts in the relationship with health personnel [20, 22, 25].
There are also barriers linked to social inequality. Some are of an economic nature, such as
the difficulty to cover the expenses required for transportation to medical appointments or
to maintain an appropriate diet [23, 24]. Other barriers are related to the internalization of
stigma and the fear of discrimination. There are also barriers associated with gender inequal-
ity, such as differences in access to medical services and treatment or in the negotiation of
condom use, especially when the couple denies the diagnosis of HIV [28]. Men may reject
adherence as a form of resistance to “body discipline” [26].

In the previous section, it was mentioned that at any time during the treatment process, the
patient faces the dilemma of adhering or not adhering. Adherence involves both taking the
medication according to the specified conditions and adopting a healthy lifestyle in multiple
areas. It should be added that at each moment of the treatment process, the patient encounters
multiple facilitators and barriers to adherence (Figure 2).

At the individual level, there are facilitators and barriers of different types: physical, cog-
nitive, affective, motivational, and practical. Traditionally, health psychology has focused
on modifying these elements to promote adherence. However, there are also facilitators
and barriers at the interpersonal level, specifically linked to social relationships established
in areas such as family, friends, health services, or the community. At this level, different
types of interventions are required: family interventions, interventions focused on provid-
ing social support or expanding the patient’s network, interventions focused on improving
interaction with health personnel, and interventions to modify the organization of health
services.

Finally, there are facilitators and barriers that are part of the patient’s life context: daily rou-
tines, work and home conditions, and economic conditions. There are also conditions that can
limit access and permanence in health services, such as gender inequality and social processes
of stigma and discrimination. This level needs to be considered not only to adjust the treatment
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Figure 2. Facilitators and barriers to adherence to treatment, at different levels.

to the context of the patient’s life but also to develop social interventions and public policies
that benefit the adherence of patients in conditions of greater social vulnerability.

The identification of facilitators allows health personnel to understand the elements that con-
tribute to the maintenance of good adherence by the patient, whether in the pharmacological
or nonpharmacological dimension. The identification of barriers allows health personnel to
provide feedback to the patient on those individual, interpersonal, or contextual aspects that
limit the treatment and to plan the interventions required to improve the level of adherence
(at the individual or collective level). It can even help in the anticipation of relapses, since both
the patient and the health personnel can work collaboratively to design and implement strate-
gies that reduce the impact of the barriers.

The following section shows how the facilitators interact to promote adherence, from the
perspective of highly adherent patients. Likewise, barriers reported by these patients are
identified, both for pharmacological and nonpharmacological adherence. This last type of
adherence is not usually represented in adherence studies of people living with HIV.

4. Maintain adherence to antiretroviral treatment: perspective of
highly adherent patients

From an individual level, the adherence process requires the interaction of different dimen-
sions. The first dimension covers the beliefs that patients construct about illness and treatment.
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Patients with high levels of adherence believe that HIV infection acts by replicating the virus
within the body and decreasing the defenses, allowing the appearance of symptoms and dis-
eases. In opposition to the beliefs about illness, they consider that HAART stops the virus
and allows the defenses to increase, which strengthens the immune system. Although they
recognize the benefits of pharmacological treatment, the main cost is the presence of side
effects. The short-term effects are perceived as temporary and as indicators of an adaptation
of the body. They mainly recognize gastrointestinal symptoms and alterations in mood or
perception. Long-term effects are perceived as more damaging, due to their impact on physi-
cal appearance, metabolism, internal organs, or sensory and motor alterations [29].

Although the knowledge of common sense about illness can vary according to the cultural
context of the patient, its socioeconomic position, or its level of education, it is important to
point out that patients need to elaborate a basic explanatory model based on the relationship
with health personnel and the education they get about their medical condition. This explana-
tory model establishes a common basis for collaboration with health services, since it allows
to give meaning to care practices and to recognize their own vulnerability. Possibly beliefs
about illness contribute to the identification of the threat and susceptibility to HIV infection,
while beliefs about treatment favor the identification of the benefits in the care process. A
crucial aspect is that the patient evaluates the benefits of the treatment more favorably than
the costs of the side effects.

Patients also elaborate beliefs about adherence to treatment. This process is mainly associated
with taking the medication, which may imply that greater importance is attached to the phar-
macological adherence. This not only reflects the interests of the patient, since in the health
services, there is also a greater concern for monitoring medication intake. In addition to tak-
ing the medication, patients consider that maintaining adherence requires two fundamental
conditions. One of them is responsibility, because becoming a patient involves adopting the
discipline of treatment.

The second condition is that patients maintain the desire to live, instead of “falling emotion-
ally.” This refers to the situation in which patients deny or reject the diagnosis, or they are
depressed and put their health at risk. Therefore, in order to maintain the medication intake
over time, patients need to accept the diagnosis and keep the will to live. Only in this way can
patients take responsibility for their own care and incorporate the treatment discipline into
their daily life, for a long period of time [29].

To stay under treatment, it is essential that patients anticipate the consequences if they do
not adhere. These are the main consequences associated with nonadherence: (1) the treat-
ment will stop working; (2) the virus is going to replicate; (3) the virus is going to become
resistant; and (4) the problems will begin, such as the decrease of defenses and the emergence
of diseases. It should be noted that the anticipated consequences are consistent with beliefs
about illness and treatment. Another aspect that needs to be highlighted is the ability of the
adherent patients to take care of themselves, even though the consequences of nonadherence
are not visible (such as the replication of the virus or its mutation in resistant strains) or do
not occur immediately.
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The second dimension of the individual adherence process is affective. It is associated with
the meaning they construct about illness, because this is an indicator of the relationship they
establish with HIV infection and, in turn, the degree of acceptance of the diagnosis. From the
perspective of patients, acceptance of HIV is one of the central conditions for maintaining
adherence. There are different types of relationships established by highly adherent patients
with their illness. Some consider that HIV infection is a motivation or challenge that drives
them to get ahead, that is, a medical condition that acquires a positive meaning because it
forces them to fight in life.

From a more pragmatic stance, there are patients who perceive illness as a “normal” and man-
ageable health condition. In this case, patients normalize HIV infection in their daily lives, but
they do not grant it a more transcendental meaning or consider it as a point of transformation
of the self. However, they consider that they have some control over the medical condition.
Finally, there are patients who conceive HIV infection as an opportunity to change toward
a more moderate life. This position seems to make it easier for patients to adopt a healthier
lifestyle, but at the same time, it may be linked to a desire to rebuild their social identity [29].
It seems that attributing a positive sense to illness contributes to adherence, regardless of the
degree of transcendence granted in the patient’s life or the impact on their identity.

In a third dimension, there are the motivational aspects that favor the adherence process. Highly
adherent patients indicated three main aspects: (1) loving and taking care of themselves, (2) the
family, and (3) the desire to live and “move forward” [29]. These motivational elements are not
important only for the beginning of treatment but especially for its long-term maintenance.
Adherence can be promoted when patients take care of themselves for the sake of their own
well-being or because they want to be well for others. Possibly good adherence is an indicator
of psychological well-being and positive relationships in the patient’s social environment.

The fourth dimension of adherence is of a practical nature and includes the various actions
or strategies that patients carry out to maintain adherence over time. For pharmacologi-
cal adherence, short-term strategies were identified, such as, the use of external reminders
(alarms, notes, diaries, or pillboxes), organizing the medication intake at specific moments of
the daily routine, leaving the medication in special places to remember the intake, taking the
medication in case of leaving home, reminder of medication intake by relatives, and not stop
taking the medication if the schedule was not followed. The short-term strategies are focused
on avoiding forgetfulness, which is the main barrier to pharmacological adherence even in
highly adherent patients. In the long term, taking the medication is easier because it becomes
a habit and is remembered mentally. There are also other strategies such as adapting to side
effects and having willpower, which, unlike the previous strategies, seem to be more idiosyn-
cratic and linked to stoicism [29, 30].

Regarding nonpharmacological adherence, patients indicated strategies according to each

area of health care [29, 30]:

* Diet. Their strategies are to avoid harmful foods and try to eat healthy foods (low in fat and
carbohydrates, high in vitamins and minerals).
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¢ Physical activity. Patients establish an exercise routine or incorporate the activities of their
daily routine as exercise.

* Rest. The strategies consist of sleeping 7 to 8 hours, not staying up late, and taking naps.

* Substance use. Some patients report having quit smoking or drinking (by willpower and
not by specialized treatment, especially when there are low levels of previous consump-
tion). In the case of patients who have not stopped drinking, they point out that consump-
tion becomes occasional, only at parties or celebrations.

¢ Sexual health. Patients use strategies such as refusing to have sex without a condom,
having condoms available, or creating justifications for condom use (such as avoiding
pregnancy), especially when there is a difference in power in the couple or they are
afraid of being discriminated against because of their medical condition. One facilitator
of these practices is the fear of reinfection or contracting another sexually transmitted
disease.

* Mental health. Patients resort to strategies such as attending psychological care (individual
therapy or self-groups), obtaining social support in the family or in religious groups, and
thinking positively.

* Attendance at medical appointments. Strategies were mentioned such as the use of exter-
nal reminders, saving money to attend the appointment (due to transportation expenses),
“keeping an eye on the appointment,” or remembering it internally.

¢ Attendance to laboratory tests. The use of external reminders was pointed out as the only
strategy. One aspect that facilitates attendance at appointments is the desire to know the
health status, specifically the viral load and the level of CD4 cells.

The adherence process from the perspective of the individual patient involves the interaction
between four dimensions. The first dimension comprised beliefs about illness, treatment and
adherence. These beliefs require coherence with each other and with the explanatory model of
health personnel. To promote adherence at this level, health education is required to provide
knowledge on critical aspects of HIV infection. At the same time, it is important that a rela-
tionship be established between the patient and the health personnel where the agreement
between explanatory models is verified and the dialog is facilitated for the modification of
beliefs that affect the adherence process.

The second dimension is affective and focuses on the relationship that patients establish with
their illness. This is an indicator of the degree of acceptance of HIV infection. Patients will not
elaborate the same meaning about illness, as this depends on the psychosocial impact that
HIV infection has on their lives. The impact can be diminished by coping strategies and the
sources of social support they have to manage the consequences of the medical condition in
daily life. It is important not to force the patient to perceive the HIV infection in a certain way;
it is necessary to respect his time for acceptance. It is not necessary for the patient to perceive
the diagnosis as a transcendental event that has transformed their existence or their identity,
but it is a good indicator for adherence when the patient constructs a positive meaning of
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illness and considers it a manageable condition. Although the meaning of illness is elaborated
over time, its acceptance can be promoted through individual therapy. Especially useful are
the support groups, because the construction of new discourses about living with HIV is pro-
moted within the framework of these social relations.

The third dimension is motivational and consists of identifying those elements that encour-
age the patient to start treatment but, above all, maintain adherence in the long term. The
main sources of motivation are individual (like the desire to continue living and taking care
of oneself) and interpersonal (taking care of oneself to be well for others). Both sources are
important and complement each other, but individual motivations should be emphasized,
especially when patients have scarce social networks or persistent conflicts exist in their social
network. Individual or group psychotherapy can strengthen individual motivation, but it is
also necessary to take into account the role of social support from family members, friends,
or the couple in patient care to promote interpersonal motivation. It is worth mentioning that
other possible motivations that can be explored with patients are future goals or plans, since
self-care is strengthened when there is a specific purpose that is to be achieved in the short,
medium, or long terms.

The fourth dimension is practical and includes strategies for the two types of adherence. The
strategies for pharmacological adherence are mainly focused on remembering the medica-
tion, so they can be promoted from health education, by behavioral modeling of strategies
by health personnel, or through social learning in support groups. Another aspect that needs
to be addressed is the management of side effects of treatment, which implies a close dialog
with the health personnel for the monitoring of side effects, to assess whether the patient
can benefit from medications to reduce side effects or if a change in the treatment scheme is
required.

Strategies for nonpharmacological adherence can also be promoted from health education,
individual counseling, or support groups. In each area of health care, it is necessary to moni-
tor the patient’s behavior to establish minimum goals and to evaluate the follow-up of health
recommendations. In areas where difficulties are detected, problem-solving therapy can be
used to address the barriers that limit health care and prevent relapse. In case the difficul-
ties are maintained, it is necessary to channel the patient with specialized personnel in each
area, such as nutritionists, psychotherapists specialized in addictions, or self-support groups
(Figure 3).

Different barriers may appear through the adherence process, either individual or contex-
tual. For pharmacological adherence, the following individual barriers have been identified:
forgetfulness of medicine intake, physical discomfort, side effects, and emotional distress. It
should be noted that patients” emotional distress is not only linked to their biography and
personality; it is a suffering with a social origin, because it is linked to stigma and discrimina-
tion processes. As contextual barriers were mentioned, the pending tasks in the domestic or
work environment that interfere with medication intake. The barriers to nonpharmacological
adherence for each area of health care are the following [29, 30]:
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Figure 3. Dimensions of the adherence process at the individual level.

¢ Diet. The individual barrier is the difficulty in leaving junk food. The contextual barrier is
the economic difficulty to buy healthy foods.

¢ Physical activity. The main individual barrier is feeling weak or tired. The contextual bar-
rier is the lack of time to exercise.

¢ Rest. The most frequently mentioned individual barrier was physical discomfort. The main
contextual barrier was the work schedule.

¢ Substance use. The individual barriers identified were tobacco addiction and not attending
specialized help to quit smoking. The contextual barriers identified were friendships that
consume substances.

¢ Sexual health. The barriers were identified in the context of the couple relationship. Some
mentioned that at certain times they did not use the condom because they did not care
about risk. Also mentioned was the avoidance of sexual relations with a stable partner due
to the fear of transmitting HIV.

* Mental health. Depression and stigma were the main barriers to mental health. A situation
mentioned by some patients was the rejection of psychological services or the desire to get
ahead by themselves.

¢ Attendance at medical appointments. The individual barriers were forgetfulness and
physical discomfort. The main contextual barriers were work and not having money for
transportation.



116 Advances in HIV and AIDS Control

¢ Attendance to laboratory tests. The barrier identified was forgetfulness. It should
be mentioned that laboratory studies are performed less frequently than medical
appointments.

Diet is affected not only by the habits developed in the past by the patient but also by the influ-
ence of culture on food preferences, the supply of healthy food in its sociocultural context,
and feeding practices in the family. It is therefore essential that overweight and obese patients
can attend a nutritional consultation to continuously monitor their weight and develop a meal
plan that fits their daily routine and economic capacity.

Physical activity and rest are two areas of health care closely linked to the work context and
the demands of home. The overload of daily tasks can reduce the time available for rest and
exercise. If the patient cannot access a job with better conditions for their health, it is impor-
tant to focus on the organization of time to get more rest hours and design a physical activity
plan that adapts to the patient’s daily routine and can be performed in a short time.

Substance use is an area that requires greater attention in health services. Tobacco addiction
is usually minimized, and specialized care services are not frequently visited for treatment.
The consumption of alcohol can be difficult to avoid in a sociocultural context where it is
promoted as a ritual of socialization, which is why in health services a compromise solu-
tion is usually established: allow the patient to consume alcohol occasionally during spe-
cial situations. However, health services need to send a clear message to patients regarding
substance use during treatment. It is necessary for health personnel to identify the level of
substance use in the patient, clearly communicate the consequences of consumption for their
health and the treatment process, and conduct referral to specialized services in addiction
care when required.

In the area of sexual health, adherent patients usually adopt condom use in a systematic
way. However, the problems can be due to a tiredness of the use of the condom, because they
perceive it as a routine act, which affects spontaneity and eroticism. These situations are not
usually reported to health personnel, so it is necessary to establish a trust relationship with
the patient so that they can talk about these issues and request help when necessary. In the
care services, interventions that address the eroticization of condom use can be implemented.

Especially, it is necessary to be alert when patients are immersed in power relations where the
negotiation of condom use is limited. On the other hand, some patients report that they have
stopped having sex for fear of transmitting HIV. In these cases, it may be necessary to provide
relevant information about transmission risks and protected sex practices. Counseling ses-
sions for the couple can also be developed to clarify doubts about the transmission of HIV and
provide alternatives for safe sex and protected sex.

The mental health of patients can be compromised from the moment of diagnosis, because
it generates emotional distress and limits the acceptance of HIV. This is due not only to a
patient’s vulnerability in psychological terms but also because of the social vulnerability
associated with their socioeconomic position and the processes of stigma and discrimination.
Psychological care (at the individual or group level) is essential before starting treatment so
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that the patient can accept the illness and emotionally prepare to maintain adherence. A prob-
lem is that in health services, care is not usually promoted in an integral way, but mainly
physical health care is considered and mental health is not sufficiently attended. Another diffi-
culty lies in the rejection of patients to psychological care, either because of the stigma toward
mental illness or the desire to solve their psychosocial problems individually.

Finally, attendance at medical appointments or laboratory tests is often affected by forgetful-
ness. Reminders via telephone, text message, or social networks can be useful to promote
adherence in this area. Some patients pointed to work as a barrier, which can be reduced
if health centers establish a policy for extending the schedules of service. Physical discom-
fort can be a barrier when a health problem makes it difficult to attend the health center, so
they can benefit from special procedures for changing appointments in such circumstances.
Certain patients’ report has economic difficulties for transport payment. In certain vulnerable
groups, financial support may be granted for attendance at medical appointments (Figure 4).
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Figure 4. Individual and contextual barriers during the adherence process.

5. Conclusions

Adherence is a process that develops over time, where people living with HIV need to iden-
tify as patients, take an active role in their health care, and establish a collaborative relation-
ship with health personnel. The agency capacity is not the same for all patients; it depends on
their level of social vulnerability. This means that there are structural conditions that reduce
the capacity of agency and the options of patients in their daily lives. Patients are not only
rational subjects who make decisions regarding treatment based on a cost-benefit analysis;
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they are at the same time affective subjects who need to deal with the rupture of their social
world caused by a medical condition that is stigmatized in his cultural context.

Adherence has two dimensions: pharmacological and nonpharmacological. At any time
in the adherence process, patients may become nonadherent, in one or both dimensions.
The patterns of nonadherence can be generated in the short, medium, and long terms; per-
sistent patterns that extend over time are more problematic. From the perspective of the
individual patient, adherence is maintained at any point of time due to the interaction of
the following elements: beliefs about illness, treatment and adherence, affection toward
HIV infection, motivations, and strategies for taking medication and health care. However,
the patient may encounter individual and contextual barriers in multiple areas: medication
intake, diet, rest, physical activity, substance use, sexual health, mental health, attendance
at medical appointments, and attendance to laboratory tests. Health services require a com-
prehensive evaluation of the patient in each of the areas indicated, in order to understand
the resources available to the patient for adherence and the barriers that require specific
interventions.
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Abstract

Neurological manifestations of human immunodeficiency virus (HIV) infection are com-
mon in certain regions of the world, notably Sub-Saharan Africa. The chapter highlights the
neurotropism and neurovirulence of HIV underlying its direct neuropathology. The high
frequency of neurological HIV disease is discussed in respect with the different viral clades.
Sub-Saharan Africa is highlighted as bearing the brunt of the HIV pandemic. An approach
to neurological HIV disease is given with a sensible classification system of manifestations
and complications according to the level of immune suppression, primary HIV-related ver-
sus secondary opportunistic conditions, and other metabolic, drug induced, nutritional, or
unrelated causes. Major manifestations of neuro-HIV are aseptic meningitis, HIV-associated
neurocognitive disorders, HIV myelopathies and pediatric HIV-associated CNS disease;
these are discussed in detail, and reference is made to the discrepancy of available data and
literature between the so-called developed and developing countries. The role of antiretro-
viral treatment and its potential limitation in reaching the CNS compartment is stressed.

Keywords: HIV, neurology, pathophysiology, central and peripheral effects,
special effects of HIV in childhood

1. Introduction

The human immunodeficiency virus (HIV) has a predilection to infect the nervous system. It
is therefore neurotropic [1-3]. This correlates clinically with the fact that neurological symp-
toms occur commonly and during all stages of HIV infection [2, 3]. Between 40 and 70% of
people infected with HIV will develop clinically symptomatic neurology, and at autopsy, 90%
have neurological disease [2].

HIV-1, once it enters the human body, spreads hematogenously. The entry into the brain compart-
ment is through blood-derived macrophages. The mechanisms are not completely understood
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but are proposed to involve cell trafficking across the blood brain barrier. The blood-derived
infected macrophages or lymphocytes adhere to the vascular endothelium and then are thought
to pass through it by EMPERIPOLESIS [2]. The trafficking-infected cell then transmits the virus
to microglial cells or perivascular macrophages on the brain side of the blood brain barrier, a
“Trojan horse” type of mechanism. The virus in these infected microglia then undergo pro-
ductive replication and infects other microglia spreading the infection. Astrocytes are likewise
infected but replication within these cells is incomplete or nonproductive and forms a reservoir.
Neurons and oligodendrocytes are not directly infected by the virus and damage to these cells
occurs by chemokines and cytokines released from the infected microglia and astrocytes [2, 3].

The essential mediators of HIV-related CNS disease are the microglial soluble mediators,
including quinolinic acid, TNF-alpha, IL-1 beta (Figure 1). Quinolinic acid binds to the NMDA
receptor and increases calcium uptake with resultant activation of apoptotic mechanisms.
TNF-alpha damages myelin and IL-1 beta stimulates astrocytes. Astrocytes produce nitric
oxide and colony stimulating factors that feed back on microglia [2, 3].

The net result of this inflammatory cascade is an encephalitis, which is pathologically character-
ized by white matter pallor, neuronal loss, and astroglial reaction. This initiates and is the basis of
primary HIV disease or as is commonly referred to as direct HIV infection of the nervous system.
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Figure 1. Neuropathophysiology of HIV infection in the Brain.
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The nervous system is also affected by HIV through indirect mechanisms that involve immu-
nosuppression-related opportunistic disease and metabolic complications of systemic HIV
infection and treatment with antiretroviral agents [1-3].

2. Neurological disease classification

The spectrum of HIV related or associated neurological disorders is broad and any part of
the neural axis may be affected. Neurological complications of HIV are very stage-specific and
relate to altered immune responses and deficiencies of cell mediated immunity-dysregulation
of immunity [1, 2].

Metabolic diseases that result from dysfunction of other organ systems and toxic complications
of drugs used to treat the HIV infection and its complications also cause neurological compli-
cations, especially in late stage HIV infection [1-3].

Dysregulation of immunity is caused by:

1. impairment of protective defenses with reduction in CD4 lymphocytes and macrophages.
This occurs with late infection and is the most important determinant of neurological dis-
ease in HIV

2. elaboration of certain cytokines also determine neurological disease in late infection

3. autoimmune reactions in early HIV infection determine some neurological disorders

2.1. Immune dysregulation

1. Autoimmune disease (early and middle phases of HIV infection)

Acute phase encephalitis, neuropathies (AIDP)
Subacute and chronic inflammatory neuropathies

Acute disseminated encephalomyelitis (ADEM)

2. Immunosuppression: opportunistic infections/neoplasms (late phase HIV infection)

Cerebral toxoplasmosis

Primary CNS lymphoma (PCNSL)
CMV encephalitis

Cryptococcal meningitis

Progressive multifocal leukoencephalopathy (PML)

3. HIV driven
HIV-related neurocognitive disorders (HAND)
Distal sensory polyneuropathy
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Vacuolar myelopathy
HIV myopathy

2.2. Secondary conditions

1. Metabolic
Hypoxic encephalopathies
Narcotic overdose
Nucleoside neuropathies

Zidovudine myopathy
2. Psychiatric disorders
Reactive anxiety, depression

3. Other
Nutritional and metabolic disorders
Drug toxicity

Cerebrovascular complication

3. Epidemiology of neurological HIV disease

Studies on the prevalence of HIV among neurologic patients are sparse. The most often quoted
study is the CDC study of 195,000 patients in 20 acute-care US hospitals, which found a sero-
prevalence of 0-13%. This was highly correlated with the seroprevalence among all patients
in the hospitals [2]. The study data was difficult to interpret as almost two-thirds of the HIV
patients were previously undiagnosed. In a hospital-based study that audited HIV manifesta-
tions in medical inpatients in South Africa, the frequency of neurological involvement was
75%, with 11% pure neurological disease, and 64% neurological and non-neurological disease
combined [4].

The paucity of this type of data is in stark contrast to established data on the global prevalence
of HIV from the Joint United Nations Programme on HIV/AIDS (UNAIDS). In 2016, the WHO
estimated that 36.7 million people worldwide are infected with HIV. Sub-Saharan Africa bears
the brunt of the HIV epidemic with 25.5 million infected individuals (a prevalence of 6% and
69% of all persons with HIV globally). Asia and the Pacific have 5.1 million infected people,
and Latin America has 1.6 million infected people [5].

There are two principal subtypes of HIV, namely HIV-1 and HIV-2:

HIV-1, the predominant subtype is spread worldwide. HIV-2 was found predominantly in West
Africa with scattered cases reported in the Americas and Western Europe. Both are associated
with the clinical development of progressive immunological impairment with some differences
in incubation and transmission properties. HIV-1 is the major cause of AIDS in humans [6].
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There are several different HIV-1- clades based on phylogenetic data from the diverse HIV
strains. Group M (“main”) is responsible for the majority of infections worldwide, and is fur-
ther divided into at least 10 distinct subtypes or clades A, B, C, D, F1, F2, G, H, ], and K. Group
O (“out-group”) is a relatively rare group currently found in Cameroon, Gabon, and France [6].

The different clades of HIV-1 are not distributed evenly throughout the world. Clade B domi-
nates in North America and Europe. Clade C virus predominates in parts of Sub-Saharan
Africa and Asia. Globally, clade C virus is responsible for an estimated 50% of infections and
is linked to the rapidly growing epidemics in Sub-Saharan Africa and some parts of Asia,
mainly in India and China [6, 7].

The effect of the different clades in different populations on the pathological spectrum of
HIV infection in these populations is not known. The majority of published data on HIV-
associated neurological disease relates mainly to clade B, which is found in North America,
Europe, and Australia. Information from regions where clade C dominates is emerging and
seems to indicate that there is no effect of the clade on the spectrum of neurological mani-
festations [4].

4. HIV-associated neurological HIV disease

4.1. Aseptic meningitis
4.1.1. Introduction

Aseptic meningitis is a clinicopathological syndrome, and the cardinal symptoms of which
are headache, fever, and meningism. Pathologically, it is characterized by serous, nonpyo-
genic inflammation of the meninges. The defining cerebrospinal fluid (CSF) findings include
a mononuclear pleocytosis, normal, or mildly raised protein and normal glucose levels [1].
Aseptic meningitis occurs with an annual incidence rate of 11-27 cases per 100,000 population.
The causes are mainly viral infections. Of these, enteroviruses (Echo and Coxsackie) make
up 80% of cases followed by mumps, HSV-2, lymphocytic choriomeningitis, and adenovirus.
Uncommon causes include infectious mononucleosis, cytomegalovirus (CMV), leptospirosis,
HSV-1, mycoplasma, arboviruses (in epidemics mainly in the United States and Europe) and
rarely during the icteric phase of infectious hepatitis. In the majority of instances, a causative
agent cannot be established (exceptions include enteroviruses, mycoplasma, leptospirosis,
and Lyme borreliosis) [1]. The aseptic meningitis in most of these conditions is a self-limiting
illness and rarely is of sufficient severity to produce pathological changes in the brain that can
be visualized with imaging modalities (CT or MRI).

It is important to recognize that an aseptic meningitis syndrome can occur in the course of other
infectious and noninfectious inflammatory granulomatous and vasculitic and autoimmune ill-
nesses. This is well described with respect to partially treated bacterial meningitis, so-called
neighborhood infections, fungal, mycobacterial, spirochetal, and parasitic meningitis, malig-
nant meningitis, and other noninfectious inflammatory diseases such as sarcoidosis, Behget's
disease, Wegener’s granulomatosis, and granulomatous angiitis of the nervous system [1, 2].
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4.1.2. Aseptic meningitis in HIV

Aseptic meningitis in HIV may be caused by HIV itself or by an opportunistic viral infection
(CMV and JCV), mycobacterial infection, noninfectious inflammatory processes (immune
reconstitution inflammatory syndrome, IRIS) or CNS neoplasia (lymphoma) [2]. In terms of
direct infection, HIV has been identified in the CSF by polymerase chain reaction (PCR) or
viral culture techniques throughout the course of HIV infection, and especially during late
stage disease. Often despite extensive investigations, the causative infection or agent is not
identified. In these latter situations, the aseptic meningitis is presumed to be due to HIV itself.

HIV-associated aseptic meningitis occurs in several different settings: at the time of sero-
conversion, during the course of the disease, and with highly active antiretroviral treatment
(HAART) where it can be an IRIS-related manifestation [2, 3].

The aseptic meningitis in these HIV-related settings presents as an acute self-limiting illness
(often with a cranial neuropathy, e.g., facial nerve palsy), an acute symptomatic meningitis or
a chronic asymptomatic meningitis. Pleocytosis or elevated CSF protein has been described in
almost two-thirds of asymptomatic HIV seropositive persons [2].

4.1.3. Epidemiology

Aseptic meningitis is the second commonest type of meningitis in HIV positive patients, the
commonest being cryptococcal meningitis, which is described to affect between 5 and 7% of
patients with AIDS [3].

The incidence or prevalence of aseptic meningitis in HIV cannot be accurately determined
because it is most often asymptomatic (up to two-thirds of patients) and rarely symptomatic.
Frequencies of 0.5-1% have been reported. No gender, ethnic, geographical, or clade-related
differences have been described. The non-HIV conditions that can manifest as aseptic menin-
gitis include cryptococcal meningitis, tuberculous meningitis, parasitic meningitis, and CNS
neoplasms (lymphoma). Progressive multifocal leukoencephalopathy (PML) caused by JC
virus can also mimic the CSF findings of an aseptic meningitis syndrome [2]. The relative
frequencies with which these occur are related to the prevalence of infections in the envi-
ronment and in this regard geographical and clade related differences have been described.
Cryptococcal meningitis occurs with frequencies of 6% in South Africa (clade C), 3% in India
(clade C), 1% in the United States (clade B), 1% in Brazil (clade B), 7% in Uganda (clades A
and D), and 2% in Thailand (clade E). Tuberculous meningitis, on the other hand, occurs in
6% of HIV-infected South Africans, 3% of Indians, 1% of US citizens, 1% of Brazilians, 7% of
Ugandans, and in 2% of Thai HIV-infected patients [4]. The frequencies of CMV and the other
opportunistic pathogens causing HIV-associated aseptic meningitis are not well documented.
The non-HIV viral infections described above that cause an aseptic meningitis syndrome have
not been systematically studied in HIV-infected patients.

4.1.4. Pathophysiology

HIV enters the nervous system at any stage of infection in particular during the primary viremia
that accompanies seroconversion. The mechanisms by which this process occurs are now better
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understood. Peripheral blood-infected monocytes carry HIV to the blood brain barrier and induce
a macrophage tropism of tissue invasion. This HIV tropism for macrophages is determined by
the V3 domain of the viral envelope glycoprotein. The infected macrophage releases adhesion
molecules (intracellular or VCAMSs), which cause adherence of the infected macrophage to the
vascular endothelium. This triggers an immunological reaction involving inflammatory cyto-
kines as well as matrix metalloproteinases that result in trafficking into the nervous system com-
partment. HIV may also penetrate the brain as free viral particles when there is a disrupted blood
brain barrier. The subsequent events after invasion or trafficking are largely immunological and
include activation of various cytokines with macrophage proliferation, microglial infection, and
other processes that constitute so-called neurotropism and neurovirulence.

Meningeal inflammation occurs as a result of HIV breaching the meningeal blood-CSF bar-
rier or from autoimmune processes causing an inflammatory response. Meningeal invasion
occurs by hematogenous spread or via neurotropic mechanisms. Meningeal irritation pro-
duces reflex neck stiffness and causes headache and cranial nerve lesions.

4.1.5. Clinical presentation

The illness takes typically a biphasic course with initial nonspecific constitutional symptoms
then followed by the classical features usually associated with meningitis, namely, headache,
malaise, fever, neck stiffness, rigors, photophobia, nausea, and vomiting. Skin rash like the
eruptions of varicella zoster (VZV) may appear concurrently. Other less common manifesta-
tions are cranial neuropathies, confusion, decreased level of consciousness and seizures.

4.1.6. Investigations

As described above, an aseptic meningitis syndrome is suspected when the CSF profile of a
moderately raised protein with predominantly lymphocytic pleocytosis is identified. The cru-
cial investigation is therefore CSF analysis. The subsequent investigations on the spinal fluid
are performed to exclude conditions that mimic aseptic meningitis and in some instances to
identify specific viral etiologies. In this regard, the following studies are useful:

Biochemistry, microscopy, and cellular counts

Gram stain, bacterial culture, and sensitivity

Acid-fast bacilli

India ink and cryptococcal antigen

Specific and nonspecific syphilis serology

PCR for HSV, VZV, Epstein-Barr virus (EBV), and CMV

The typical CSF profile in aseptic meningitis is that of a lymphocytic pleocytosis of less
than 500 cells per mm? normal or mildly elevated protein, normal glucose concentration,
and negative bacterial antigen tests. Early CSF analysis may reveal a neutrophil predomi-
nance. An important differential diagnosis of this CSF constellation is partially treated bacte-
rial meningitis especially in the presence of a history of recent antimicrobial therapy. Latex
agglutination tests for bacterial antigens may be helpful in this setting. Aseptic meningitis
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due to noninfectious inflammatory diseases like sarcoid, Behcet’s disease, uveo-meningeal
syndromes usually have a more complicated course and always must be considered because
they may respond to specific treatments [2, 3].

4.1.7. Imaging

CT or MRI may help to exclude suspected structural disease like parameningeal infectious
foci, but is generally not necessary. A Chest X-ray may be indicated when tuberculosis is
suspected as an underlying cause of aseptic meningitis.

4.1.8. Treatment

Management is symptomatic (fluids, analgesics, anti-inflammatories, antipyretics, antiemet-
ics) with hospitalization often not required. If bacterial or partially treated bacterial meningitis
is suspected, empiric antibiotics should be commenced. Acyclovir is used for HSV-1 or HSV-2,
or severe EBV and VZV infections; antiretrovirals can be considered for HIV. Corticosteroids
are not recommended because of their inhibitory effect on immune responses [1].

Hyponatremia as a consequence of infection-induced syndrome of inappropriate antidiuretic
hormone secretion (SIADH) needs to be recognized and managed.

4.1.9. Prognosis

The outcome following aseptic viral meningitis is generally excellent with full recovery in
5-14 days after onset of symptoms. Rarely headaches, lightheadedness, and fatigue may per-
sist for longer in some patients. The natural history of aseptic meningitis is determined by the
natural history of the HIV infection and its effects on immunity. It is not clear whether the
aseptic meningitis syndrome in HIV is a prelude to dementia, CNS neoplasia, or focal brain
lesions [1, 2].

5. HIV-associated neurocognitive disorder

5.1. Introduction

Cognitive dysfunction in HIV infection is either due to the virus itself or caused by opportu-
nistic disease resulting from progressive immunosuppression like CNS infections (cryptococ-
cal meningitis, toxoplasma encephalitis, and progressive multifocal leukoencephalopathy)
and neoplasia (lymphoma) [8].

Primary HIV-related neurocognitive disease is a result of direct infection by the virus, due to
its predilection to invade (neurotropism) and cause disease (neurovirulence) in the CNS [9].
It is now identified worldwide as the commonest preventable and treatable neurocognitive
illness in people below the age of 50 years [10].

Clinically, HIV neurocognitive illness comprises a spectrum ranging from mild asymptomatic
neurocognitive impairment (ANI) through moderate mild neurocognitive disorder (MND) to
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severe HIV associated dementia (HAD) cognitive deficits [10]. The cardinal manifestations
are a triad of cognitive, behavioral, and motor dysfunction.

5.2. Epidemiology

The HIV epidemic can be described in three phases. The first of these is the illness prior to the
introduction of antiretrovirals, followed by the era of monotherapy with zidovudine (AZT),
and now more recently, the era of highly active antiretroviral therapy (HAART) or combina-
tion antiretroviral therapy (cART).

Before the introduction of antiretrovirals dementia was a common manifestation of late dis-
ease occurring in over 50% of AIDS patients prior to death. That phase was characterized
by a rapid turnover of prevalent dementia cases due to high incidence rates combined with
high mortality rates resulting from AIDS-related complications (opportunistic infections and
neoplasms). With the availability of monotherapy like zidovudine dementia rates and overall
mortality decreased, but prolonged survival and incomplete recovery of prevalent cases has
led to a relative increase of patients with the milder forms of HIV neurocognitive impairment
(MCMD and NPI). This phenomenon has been enhanced more recently during the current
era of HAART.

This scenario however only applies to the developed regions mainly of North America and
Europe, where HAART is the standard of management. These regions are largely dominated
by the clade B strain of HIV-1.

Clade C virus is responsible for an estimated 50% of infections globally and associated with
the epidemics in Sub-Saharan Africa, and parts of Asia, particularly India and China. How
the different clades in different populations may influence the pathological and clinical spec-
trum of HIV infection is poorly documented [4]. Relatively little data is available on HIV-
related neurocognitive impairment from non-clade B regions. In these developing regions,
HIV neurocognitive deficits were either poorly documented or thought to be a minor prob-
lem compared to the overwhelming burden of opportunistic infections. The apparently low
prevalence of dementia was explained by possible under-diagnosis and underreporting, short
life expectancy and short survival of HIV infected patients due to fatal opportunistic infec-
tions. Subsequent research has found the frequency to be higher than previously suspected
with reported figures of 38% in South Africa (clade C), up to 35% in India (clade C), and 31%
in Uganda (clades A and D), indicating that the influence of clade subtype on the spectrum of
cognitive dysfunction is probably minimal if at all [4, 11].

5.3. Pathophysiology

HIV enters the brain during the initial viremia following infection. This occurs through
infected macrophage/monocyte lineage cells crossing the blood-brain barrier, the so-called
“Trojan horse” mechanism or directly across the blood brain barrier [3].

In the brain parenchyma, mainly monocyte-derived cells (microglia and macrophages), and
to a lesser extent astrocytes, can be infected by HIV. Penetration of microglial cells is via the
cellular surface CD4 receptor in conjunction with the chemokine receptors CCR5 and CCR3
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leading to productive infection ultimately resulting in cell death. The exact mechanism of
viral entry into astrocytes is unknown as these cells lack both CD4 and chemokine receptors.
Following an initial productive phase of astrocyte infection, the virus enters a latent or restric-
tive, noncytopathic phase. This phase can persist long term and accounts for the latent virus
escaping antiretrovirals currently in use.

Once the virus is within the brain parenchyma, it distributes selectively with the highest con-
centrations being found in the basal ganglia, subcortical frontal white matter and frontal cortex.
This regionally preferential distribution within the brain may relate to viral entry through CSF
pathways, to patterns of monocyte trafficking within the brain, or to possibly selective vulner-
ability of particular neuronal populations or anatomical brain regions. The neuropathology of
these changes is white matter pallor, microglial nodules, multinucleated giant cells and gliosis;
this pathological constellation is termed HIV encephalitis (HIVE). The extent of damage to
synaptic and dendritic structures dominates over fairly mild neuronal loss. Histopathological
damage and clinical severity correspond poorly, which implies that biochemical and immunological
factors of host-virus interactions are determinants of the clinical dementia picture rather than structural
changes. Neurotoxicity is thought to occur directly from viral proteins (gp 120, gp 41, tat, nef),
or indirectly from macrophage factors (quinolinic acid, prostaglandins, leukotrienes), cyto-
kines, and chemokines (TNF alpha, IL-1, IL-6, IL-10, interferons). In addition, disruption of
the blood-brain barrier promotes access of neurotoxins from the systemic to the extracellular
CNS compartment. Excitotoxicity through activation of NMDA receptors is the putative final
common pathway resulting in neuronal dysfunction from disrupted cell energy metabolism
and membrane integrity, with calcium influx leading to apoptosis [8, 11, 12].

5.4. Clinical features

HIV-associated cognitive impairment and dementia manifest over a period of weeks to
months with the triad of cognitive decline, behavioral abnormalities, and motor dysfunction
indicative of subcortical frontal lobe and basal ganglia involvement.

5.5. Cognitive decline

The early affected cognitive domains are verbal and visual memory retrieval, complex sequenc-
ing, and mental flexibility with the inability to sustain attention as the underlying phenomenon.
The clinical effects are poor short-term memory, impaired concentration and executive dysfunc-
tion with mental slowing and flawed judgement. Patients present with increasing forgetfulness
(appointments, medication schedules, and telephone numbers) and lose track of conversations
and plots; the more complex daily tasks become difficult to complete timeously [11].

5.6. Behavioral abnormalities

These include lack of interest and drive, loss of libido, irritability, blunting of emotional
responses, and waning engagement in work and hobbies, ultimately leading to social with-
drawal, apathy, and inertia. Early subtle symptoms can easily be diagnosed as depression.
Frank psychiatric presentations with delirium, mania, and psychosis can be presenting fea-
tures in up to 10% of cases [8, 11].
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5.7. Motor dysfunction

Difficulties with fine finger movements and subtle balance problems are early motor features,
manifesting with deterioration handwriting and a tendency to appear clumsy. Subtle gait dif-
ficulties may resemble the loss of quick righting reflexes as seen in patients with extrapyramidal
disease. During these early stages, the neurological examination is normal except for mild slow-
ing of repetitive movements (e.g., finger tapping), and increased deep tendon reflexes. Spasticity
(especially of the lower limbs) with clonus, ataxia, frontal release reflexes, tremor, and sphincter
disturbance evolve with progression of the disease. Seizures and myoclonus may appear late
in the course. In advanced dementia signs of co-occurring myelopathy and/or peripheral neu-
ropathy may contribute to the abnormal motor findings [8, 11, 12]. The presence of clear focal
neurological signs like hemiplegia, hemianopia, hemisensory impairment, and cortical deficits
such as apraxia, agnosia, or aphasia is suggestive of other or associated pathologies [11].

In advanced HIV-associated dementia (HAD), the picture becomes global with mutism, abu-
lia, and incontinence followed by a vegetative state where all intellectual and social interac-
tion is lost.

5.8. Diagnostic criteria for HIV associated cognitive impairment

Seropositivity for HIV
History of progressive alterations in cognition and behavior
Demonstrated impairment in at least two domains of neuropsychological performance
Absence of
Focal neurological signs
Intoxication or withdrawal (alcohol or other substance)
Metabolic derangement

CNS opportunistic infection or neoplastic lesions

Asymptomaticneuropsychological impairment (ANI), minor neurocognitive disorder (MND),
and HIV associated dementia (HAD) form part of a continuum, where activities of daily liv-
ing are unaffected in ANI and MND, and are impaired to varying degrees in HAD. Since there
are no globally accepted measurements of a patient’s degree of impairment in work, social, or
other daily activities, determining this degree of impairment caused by cognitive dysfunction
is largely based on clinical judgement [11].

HIV-associated neurocognitive impairment is a clinical diagnosis, made after exclusion of
other potential causes. The presence of commonly occurring comorbidities like substance use
disorders, major depression, and hepatitis B or C infection does not exclude the diagnosis [10].

5.9. Investigations

No single or combination of laboratory tests or parameters can reliably establish the diag-
nosis of HIV-associated cognitive impairment. Ancillary blood and CSF investigations and
neuroimaging studies are necessary and useful to exclude other potential causes of cognitive
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changes in HIV infection. The main differential diagnostic considerations include delirium
secondary to drugs and metabolic derangements, encephalopathies due to substance abuse
or head injury, CNS opportunistic disease (meningitis and focal brain lesions), and primary
psychiatric conditions. Hepatic and renal failure can cause metabolic encephalopathy directly
or via impaired drug clearance.

5.10. Blood tests

Full blood count, electrolytes, urea and creatinine, liver and thyroid functions, Vitamin B12
level, syphilis serology, CD4 count and viral load should be evaluated.

5.11. Cerebrospinal fluid

This can be normal but is usually abnormal. Patients with HIV-associated cognitive impair-
ment have CSF abnormalities, typical of a lymphocytic pleocytosis with mildly elevated pro-
tein and detectable viral RNA (aseptic meningitis syndrome). Similar abnormalities however
can be found in the CSF of neurologically normal HIV patients and are thus nonspecific and
unhelpful in confirming a diagnosis of dementia. CSF analysis helps to exclude other etiolo-
gies, in particular cryptococcal and tuberculous meningitis, neurosyphilis, CMV encephalitis,
and PML [2, 3, 11].

High CSF viral load titers loosely correlate with worsening cognitive performance in patients
with advanced disease (CD4 counts below 200 cells/mm?), but since the introduction of
HAART and the resultant viral suppression attained by most patients, CSF viral load is no
longer useful as a potential marker of CNS infection. Molecular CSF markers of immuno-
logical activation like beta2-microglobulin, neopterin, and quinolinic acid are not useful in
routine clinical practice due to lack of sensitivity and specificity [11].

5.12. Neuroimaging

Structural imaging with computed tomography (CT) or magnetic resonance imaging (MRI)
is integral to the diagnostic evaluation of patients with suspected HIV associated cognitive
impairment ruling out any opportunistic processes. In HAD, cerebral atrophy with ex vacuo
ventriculomegaly is the respective radiological finding. The subcortical tissue loss with resul-
tant increase in ventricular size mirrors progressive clinical deterioration. On T2-weighted
or T2 FLAIR MRI sequences this appears as patchy and later confluent high intensity white
matter signal change, more prominently involving frontal white matter with a characteristic
sparing of the subcortical U fibers [11].

Functional imaging techniques (magnetic resonance spectroscopy, MRS; single photon emis-
sion computed tomography, SPECT; and positron emission tomography, PET) remain research
tools at this stage.

5.13. Neuropsychological testing

This type of testing, when available, can be used for screening purposes in high-risk asymptom-
atic or early symptomatic patients, and for follow-up evaluation in patients with established
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cognitive impairment. Useful neuropsychological tests include those that examine psychomo-
tor speed, verbal and nonverbal learning, and sustained attention [10]. Performance in these
tests is interpreted by comparing patients’ results to a normative control database and can
be influenced by differences in racial, ethnic, cultural, and social background. Appropriate
normative standards are not available for large parts of the developing world. The value of
standard neuropsychological testing in these regions is questionable [4].

5.14. Treatment/management

The use of HAART has led to a decreased frequency of HIV dementia. This is due to the
effect of HAART improving cognitive performance in some patients with already established
deficits and delaying or even preventing the onset of symptoms in others. HAART is there-
fore the suggested standard treatment for patients with HIV-associated cognitive impair-
ment. Despite this, there are no specific consensus treatment guidelines. Current evidence
and recommendations support the commencement of HAART at diagnosis of seropositivity.
HAART should be initiated at the earliest stage of neurocognitive impairment irrespective of
the immunological stage as the severity of the impairment at the initiation of HAART is the
strongest predictor of persistent cognitive deficits.

CNS penetration of antiretrovirals across the blood-brain barrier has become an important
consideration in the planned selection of drugs for CNS-targeted treatment. In this respect,
protein binding capacities, lipophilic properties and CSF virological responses are the phar-
macological parameters that determine which particular drugs achieve better bioavailability
within the CNS compartment. Such putative neuro-active antiretrovirals would theoretically
be superior in dementia-targeted treatment. However, clinical trials have failed to consis-
tently confirm such a benefit [11].

Clinical trials of neuroprotective therapies like the NMDA antagonist memantine, and the
antioxidant and selective monoamino-oxidase B inhibitor selegiline, targeting pathophysi-
ological mechanisms beyond viral suppression, have to date not yielded conclusive results.
Their use in routine clinical practice is not recommended, but remains a subject of further
research.

Symptomatic treatment of depression, anxiety, psychosis or mania in patients with HIV neu-
rocognitive impairment remains an integral part of their management.

6. HIV-associated myelopathies

6.1. Introduction

HIV-associated myelopathies are less frequent manifestations than encephalopathies. The eti-
ologies of HIV myelopathy include mainly infections and neoplasms. Vacuolar myelopathy
(VM) is a manifestation of primary HIV infection as is HIV transverse myelitis. Opportunistic
infectious etiologies include CMV, HSV1 and 2, VZV, HTLV1, measles, JC virus, tuberculo-
sis (TB), pseudomonas, syphilis, nocardia, cryptococcus, aspergillus, and Toxoplasma gondii.
Neoplastic myelopathy in HIV occurs with primary CNS lymphoma (PCNSL), metastatic
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lymphoma, astrocytoma, and plasmacytoma. Vascular myelopathy is described in the context
of necrotizing vasculitis and disseminated intravascular coagulation (DIC) [12, 13].

6.2. Epidemiology

Myelopathy in HIV/AIDS occurs with a frequency of 5-10%, compared with HAD frequen-
cies of 15-30% and distal sensory polyneuropathy (DSP) frequencies of 15-50%. These are US
based data; in the South African Black population the myelopathy frequency is 3% [4]. Little
data is available from elsewhere.

In the US, the vacuolar myelopathy accounts for 5-10% of HIV-related neurological disease
(or 20-55% of HIV myelopathy). VM accounts for 4% of HIV neurological disease in Japan
(clade B), 1% in Brazil (clade B), and 2% in South Africa (clade C) [4].

The commonest cause of myelopathy in HIV in South Africa is TB (18-50%) [4].

6.3. Pathophysiology

The pathological hallmark of VM is patchy vacuolization, occurring mainly in the thoracic
region and predominantly affecting the lateral and dorsal columns. Axonal degeneration is a
secondary phenomenon. There is no significant inflammatory infiltrate.

The exact pathogenesis of VM is unknown. HIV-infected macrophages, microglia, and astro-
cytes secrete myelin toxic immunoactive substances like TNF a, IL 1, and 6. TNF o causes
oligodendrocyte and myelin damage via reactive oxygen species. This oxidative stress to oli-
godendrocyte membranes causes increased consumption of antioxidants (e.g., glutathione)
and methyl groups, which are essential in myelin maintenance. In HIV patients with VM,
S-adenosylmethionine (SAM), the universal methyl group donor is decreased like in patients
with vitamin B12 deficiency, accounting for the striking pathological similarities, namely
the vacuolar change. It is postulated that cytokines released by HIV infected macrophages
lead, via SAM depletion to a metabolic disorder that causes the white matter vacuolization
in VM. Co-occurrence of SAM depletion and macrophage activation in immune suppressed
HIV negative individuals (hematological malignancies, organ transplantation) can produce a
clinically and pathologically identical myelopathy [12-14].

6.4. Clinical features

VM clinically manifests as a subacute, gradually progressive dorsolateral thoracic spinal cord
syndrome presenting with spastic paraparesis, hyperreflexia, and extensor plantar responses.
Sensory ataxia (30%) and a co-existent distal sensory neuropathy (53%) are present while
a crisp sensory level is rare (13%). Bladder sphincter disturbance can occur. VM has been
observed to co-occur with HAD and DSP as a possible distinctive syndrome [4].

Tuberculosis can cause a transverse myelitis (often longitudinally extensive), spinal meningi-
tis and Pott’s disease of the spine leading to cord compression. The latter is characterized by
back pain, spinal tenderness and fever are characteristic features. Presentation is with para- or
tetraplegia. TB myelopathy is common in endemic areas and is not HIV stage specific [4].
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HSV 1 and 2, CMV, and VZV are other viral myelitides associated with HIV infection.

Co-infection of HIV and HTLV-1 has been reported in HTLV-1 endemic regions.

Toxoplasma gondii uncommonly causes myelitis in isolation or in conjunction with focal cere-
bral lesions.

6.5. Investigations

CSF findings in VM are nonspecific and nondiagnostic (raised protein with lymphocytic pleo-
cytosis). MRI in VM is often normal, but thoracic high signal changes during progression and
cord atrophy in the chronic phase may be observed. Increased T2 cord signal, meningeal, and
nerve root enhancement have been described in viral or post viral myelitides, in particular
with CMV. In TB of the spine vertebral body and intervertebral disc involvement appears as
low signal on T1- and high signal on T2-weighted images; irregular endplates and enhancing
paraspinal collections have been documented. Lymphoma shows focal areas of low signal on
T1 and high signal on T2 with patchy contrast enhancement.

6.6. Treatment

There is no treatment for VM. Unlike with HAD, VM has not shown to respond to
HAART. Vitamin B12 supplementation, although theoretically beneficial, has not shown any
effect. Symptomatic treatment of spasticity and sensory symptoms is pragmatically indicated.

CMV spinal cord disease can improve with the use of ganciclovir alone or in combination
with cidofavir. Herpes simplex myelitis requires high dose intravenous acyclovir.

HTLV-1-associated myelopathy responds temporarily to intravenous corticosteroids.
TB spine responds well to standard treatment.

Early diagnosis of a Toxoplasma gondii myelitis and therapy with sulfadiazine and pyrimeth-
amine or Bactrim produce a good response.

Primary CNS lymphoma may respond to chemotherapy.

7. HIV associated CNS disorders: children

7.1. Introduction

AIDS in pediatric medicine and child health has been recognized and described since the
early 1980s after the identification of the virus itself. It is now a leading cause of childhood
morbidity and mortality [15].

Pediatric HIV is mainly acquired through vertical mother-to-child transmission. This occurs
either transplacentally during fetal development in utero; peripartum during passage of the
fetus through the birth canal; or postnatally from contaminated breast milk. Other routes of
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infection include horizontal transmission through sexual abuse or transfusion of contami-
nated blood products. Adolescent HIV infection follows the same modes of transmission seen
in adults, that is, sexual exposure and intravenous drug use.

Pediatric HIV-related CNS disease is primarily caused by the virus itself affecting all
components of the neural axis, but with particular predilection for the brain. The clinical
manifestations described below are thus varied with the commonest being progressive HIV
encephalopathy (PHE). This selective vulnerability of the brain may in part be due to the
effect of HIV on an immature brain (see below).

CNS opportunistic infections and malignancies on the other hand do not contribute signifi-
cantly to HIV associated CNS disorders in childhood [15].

7.2. Epidemiology

The available data shows that approximately 2.3 million children worldwide are living with
HIV/AIDS with nearly 2000 new infections and 1500 deaths occurring daily. These figures refer
mainly to the developing world, and in particular Sub-Saharan Africa, dominated by the clade
C strain of HIV. In these regions less than 10% of HIV positive pregnant women have access to
appropriate measures to prevent mother-to-child transmission. In the developed world (clade B
virus), pediatric HIV has ceased to be a significant problem as a result of effective use and deliv-
ery of antiretrovirals during pregnancy, elective cesarean section and infant formula feeding.

In the United States and Europe, highly active antiretroviral therapy (HAART) has reduced
the rate of PHE from 9 to 35% in the early years of the HIV epidemic to 0-2% currently. Few
studies from Sub-Saharan Africa report cognitive and motor developmental delay affecting
15-40% of HIV-infected children. There is no published data on the effects of HAART in this
population. PHE occurs in 32-36% of HIV positive children in Latin America. Opportunistic
CNS infections were relatively frequent at 34% in a Brazilian hospital-based study and at 12%
in a study from Argentina. The latter study documented a remarkable reduction of severity
and frequency of PHE after the introduction of HAART [15].

7.3. Pathophysiology

The CNS is affected early during the course of HIV infection. Neuro-invasion and pathogen-
esis are similar to that described in adults with HIV associated cognitive impairment.

The interaction between fetal astrocytes and endothelial cells is central to the development of
the blood-brain barrier (BBB). This happens in early gestation. HIV interferes with healthy
BBB development by restricted or nonproductive CD4 receptor independent infection of the
astrocytes. The consequently impaired or disrupted BBB has increased susceptibility to neuro-
invasion. In the immature brain this leads to the encephalopathy (PHE). The restricted infection
of astrocytes causes neuronal dysfunction via loss of supporting growth factors and impaired
neurotransmitter re-uptake with resultant excitotoxicity. Macrophages, microglia, and multi-
nucleated giant cells are involved in productive HIV infection with viral replication. The conse-
quent inflammatory cascade leads to production of neurotoxic cytokines. Neuronal loss in PHE
occurs from these processes as an indirect result of HIV infection. Active infection of neurons
or neuronal progenitor cells remains controversial, but may occur in children at low levels [15].



Neurological Manifestations of HIV 137
http://dx.doi.org/10.5772/intechopen.80054

The pathophysiological mechanisms in pediatric HIV-associated CNS disorders reflect the
complex interactions between HIV a maturing brain.

7.4. Clinical features
7.4.1. Progressive HIV encephalopathy (PHE)

Clinically well-defined triad of:

1. Acquired microcephaly due to impaired brain growth.
2. Progressive motor dysfunction.

3. Loss, plateau or delay of neurodevelopmental milestones.

Acquired microcephaly: The diagnosis is made with stagnating or decreasing serial mea-
surements of head circumference in children below 2 years of age. In the older child with
closed skull sutures, the impaired brain growth correlates with parenchymal atrophy on
neuroimaging.

Progressive motor dysfunction: The motor deficit in PHE children typically results from
pyramidal tract abnormalities and presents with impaired fine motor function and ultimately
loss of gross motor skills. Tone is often spastic. Motor milestones are either not achieved or
can be lost. Extrapyramidal dysfunction with parkinsonian features of rigidity, drooling, and
hypomimic facies may occur; cerebellar involvement is unusual. Advanced disease leads to a
spastic, bedridden state.

These motor features are symmetrical. The occurrence of focal deficits should alert to possible
underlying structural brain involvement by a mass lesion or infarction.

Neurodevelopmental decline: Neurodevelopmental deterioration involves global cogni-
tive deficit with language and visuospatial, attention, concentration, and executive function
problems. Delayed language milestones especially of expressive language often herald other
cognitive and motor impairments. The delay is more easily observed in school-age children,
but may often be attributed to other causes like nutritional, environmental, and psychosocial
factors. Other symptoms include behavioral problems such as social withdrawal, apathy,
mood disorders, and impulsiveness.

The clinical disease pattern of PHE varies widely with respect to age of onset, rate of progres-
sion, and domain(s) of functional impairment. Onset of PHE is most common in the first
year of life with incidence rates of 9.9% in the first, 4.2% in the second year and less than 1%
thereafter. Rates of progression vary widely with rapid decline over few months or a gradual
deterioration. Early disease onset, especially when accompanied by advanced immune sup-
pression predicts a more rapid and aggressive course with high mortality [15].

7.4.2. Static encephalopathy

A static encephalopathy with nonprogressive deficit or neurodevelopmental delay is
also described. In contrast to PHE, there is no regression and there may be spontaneous
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improvement. This encephalopathy may be directly due to the HIV infection or secondary
to other neurological insults, for example, premature birth, pre-natal exposure to toxins or
infectious agents, genetic factors or head injury.

7.4.3. CNS infections

HIV positive children are prone to CNS infections caused by common and opportunistic
organisms. Congenital CNS infections (toxoplasmosis, CMV) have been documented albeit
infrequently. The commonest reported opportunistic infections (Ols) are CMV encephali-
tis, Candida albicans meningitis and micro-abscesses secondary to septicemia. Ols and their
spectrum and occurrence in developing countries are not well described in the literature.
Endemic infections like tuberculosis may play a bigger role than in developed countries
[4]. Malaria and HIV co-infection may contribute to neurodevelopmental delay in affected
children [15].

The frequency of Ols overall is low in children compared to adults, where reactivation of
previously acquired infections (toxoplasmosis, JC virus) is common.

7.4.4. Cerebrovascular disease:

Strokes, both cerebral infarction and intracranial hemorrhage have been described in HIV-
infected children. The frequency is lower than that seen in adults. Hemorrhage can occur into
a tumor or be due to thrombocytopenia. Cerebral infarction may result from the vasculitis
accompanying meningitis, or from cardio-embolic disease secondary to cardiomyopathy.
HIV aneurysmal vasculopathy has been described in pediatric AIDS cases with fusiform
aneurysms affecting the arteries around the circle of Willis.

7.4.5. Seizures

HIV infected children are more prone to seizures than their HIV negative counterparts.
Seizures, especially if focal/partial in onset should prompt a search for underlying localized
cerebral pathology.

7.4.6. Neoplasms

Primary CNS lymphoma and metastatic lymphoma to the CNS have been described. The clini-
cal presentation may be with seizures, focal neurological signs, or deteriorating mental function.

7.4.7. Myelopathy

Spinal cord syndromes are rare in children and due to reactivated infections, for example,
CMV. Vacuolar myelopathy, a frequent manifestation in adults with HIV is rarely seen in
children.
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7.5. Investigations
7.5.1. Cerebrospinal fluid

The CSF findings in patients with PHE are often normal, even in florid disease. Equally com-
mon are nonspecific changes including a slightly raised protein and lymphocytic pleocytosis.
Intrathecal antibody production, oligoclonal bands and other markers of immune-activation
may be present in PHE children, but also in neurologically intact patients. HIV viral RNA is
typically present in the CSF and may loosely correlate with PHE severity. Suppression of CSF
viral load is utilized as a marker of response to treatment.

CSF findings can be helpful in establishing the diagnosis of certain common or opportunistic
infections (pyogenic, tuberculous and cryptococcal meningitis; toxoplasmosis; CMV encepha-
litis) and neoplasm (CNS lymphoma).

7.5.2. Neuroimaging

Computed tomography (CT) scans of the brain reveal varying degrees of cerebral atrophy with
corresponding ventriculomegaly and white matter hypodensities. Bilateral symmetrical basal
ganglia calcifications are commonly seen. Magnetic resonance imaging (MRI) is sensitive to
detect white matter changes, but not the calcifications. Serial imaging studies might assist to
document progression, but quantitative and volumetric studies have not yet been standardized
to be useful surrogate markers for early diagnosis or disease progression in clinical practice.
Emerging functional neuroimaging techniques like magnetic resonance spectroscopy (MRS),
functional MRI (fMRI), and positron emission tomography (PET) may become future tools in
early disease detection and monitoring of disease progression or response to treatment.

7.5.3. Psychometric testing

Neuropsychological and neurobehavioral assessment tools can be useful to document the
neurodevelopmental deficit and its progression, but require careful and skilled interpretation.
Many factors other than HIV may influence a child’s performance on testing. In addition,
HIV positive children are more likely to be exposed to poor socio-economic circumstances
and low levels of maternal education, and are more likely to suffer from compounding ill-
nesses like birth asphyxia, anemia, and malnutrition leading to a multitude of biological and
psychosocial confounders.

Standard psychometric testing remains to children in most developing countries. Such assess-
ment tools still need to be validated in regions outside the US and Europe and in a greater
variety of languages and cultural settings.

7.5.4. Treatment/management

Implementation of public health systems preventing mother to child transmission effectively
can eradicate pediatric HIV altogether.
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Once PHE has set in HAART should be initiated. The ideal timing of commencement and
choice of regimen is yet to be determined. However, this is not a cure as it fails to completely
eradicate the virus from the CNS reservoir.

8. Conclusion

Neurological HIV disease remains a common and often serious reality, particularly in devel-
oping countries. Both adult and pediatric populations are at risk; it is important for the physi-
cian to be able to recognize and treat both the common and uncommon manifestations.

Opportunistic infections continue to dominate the picture in the developing world, where the
locally endemic infections like tuberculosis stand out as underlying etiologies.

Despite advances in antiretroviral therapies the CNS remains at risk due to its sanctuary sta-
tus protected by the blood brain barrier and the potential of viral escape in this compartment.
However, antiretroviral treatment has started and will continue to moderate and improve
neurological HIV disease.
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Abstract

The problem of combination of tuberculosis and human immunodeficiency virus (HIV)
infection remains urgent. Ninety percent of women with HIV infection are of childbearing
age that results in increasing the number of children with HIV infection in perinatal con-
tact. In Saint Petersburg from 2014 to 2017, about 5000 children were born from a perinatal
contact for HIV infection; by 2017, more than 300 children have confirmed HIV infec-
tion. The comparative analysis of case histories of 25 children with TB/HIV combination
and 50 children with tuberculosis without HIV infection was performed. Analysis of the
study results showed that there are cases of late diagnosis of HIV infection. TB is detected
clinically more frequently in children with HIV infection than in children without HIV
infection (25 and 5%, respectively). More than one-third of the patients with coinfection
had negative sensitivity to tuberculin and DST. The prevalence and the severity of TB
in children with HIV infection correlates with the degree of immunosuppression. Eight
percent of children had immune reconstitution inflammatory syndrome. Treatment of
patients with coinfection associated in most cases with the increased period of total treat-
ment course. Four children with HIV infection vaccinated with BCG were diagnosed with
generalized tuberculosis.

Keywords: tuberculosis, HIV infection, children, diagnostics, clinic, prevention,
treatment

1. Relevance of the problem of TB/HIV in children

It is generally recognized that tuberculosis is one of the main and the most common diseases
associated with HIV infection. Under the WHO estimations, about 5 million people on the
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planet are infected with both Mycobacterium tuberculosis (MBT) and human immunodeficiency
virus (HIV). In 2017 in Russia at the total tuberculosis incidence of 41.6 per 100,000 of the
population, the incidence of coinfection of TB/HIV was 8.4 per 100,000 or 20.2%. HIV infec-
tion facilitates the transition of the state of infection with Mycobacterium tuberculosis to TB
disease because the immune system in people infected with HIV loses the ability to delay
MBT growth and spread. The risk of TB among the HIV-infected patients is in 10-15 times
higher than among HIV-negative patients [1]. In recent years there has been an increase
in the number of young women with tuberculosis and HIV. Changing their reproductive
behavior in favor of the maintenance of pregnancy leads to an increase in the number of
children with HIV infection in perinatal contact [2]. So, across Russia in 2008, every seventh
(14.6%) woman among delivered women was not followed up during pregnancy. In these
HIV-positive women, the combination of HIV with tuberculosis, viral hepatitis, and other
infectious diseases is possible. Social status of adults with HIV infection (drug addiction, alco-
holism, low material level, etc.) increases the risk of children contact with TB-infected persons
that leads to the development of the combined TB/HIV infection. In the period from 2012 to
2017 in Russia, there were about 300 cases of TB/HIV combination in children of 0-14 years
old. The problem of tuberculosis and HIV coinfection is closely overlapped with the detection
of Mycobacterium tuberculosis resistance to anti-TB medicines increasing the risk of extremely
unfavorable course of tuberculosis.

2. Tuberculosis and HIV infection in children

2.1. Pathogenesis of TB/HIV coinfection

The coinfection TB and HIV may be considered as two interacting diseases. Patients with
comorbidities shall be divided into the following groups: Group 1 for TB/HIV with HIV
infection being the primary disease, and tuberculosis is associated with HIV (this type of
coinfection prevails in children), and Group 2 for TB/HIV where tuberculosis is primary. In
tuberculosis development as in HIV, the great role plays immune processes, mainly associ-
ated with lymphocytes, macrophages, and monocytes. Moreover, TB causes disturbances in
the same part of the immune system that HIV infects.

2.1.1. The impact of HIV infection on TB

The level of CD4 and CD8 lymphocytes, markers of the immune system activation, and
pro-inflammatory cytokines play an important role in the immune response in tuberculo-
sis [3, 4]. The decrease in CD4 lymphocytes typical for HIV infection initiates the series of
immune disorders and thus complicates tuberculosis course and prognosis. The level of IL-2
and IFN-gamma involved in the cell immunity decreases continuously. Decreased ability of
mononuclear cells to migrate from the bloodstream into the lungs and changes in cytokine
secretion cause the reduction of local pulmonary immunity and create conditions for active
MBT reproduction, dissemination, and generalization of the tuberculous process.
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2.1.2. The impact of TB on HIV infection

Tuberculosis in turn reducing the level of CD4 lymphocytes enhances HIV replication inside
the cells. Mononuclear cells in the peripheral blood of patients with TB/HIV coinfection pro-
duce a greater number of tumor necrosis factor (TNF-alpha) than in patients with only TB or
only HIV infection [1]. So, the development of active tuberculosis infection associated with
HIV infection increases immunological disorders and promotes more rapid HIV replication
resulting in impairment of the immunodeficiency and activation of reproduction of both infec-
tion pathogens. These infections result in damage and death of alveolar macrophages. While
decreasing the level of CD4 lymphocytes in the zone of tuberculous inflammation, tubercles
are less common and then disappear; there are no Langhans-Pirogov cells in tubercles, and
epithelioid cells greatly reduce. Then, the number of macrophages may be not reduced; how-
ever, because of their defects, they are not able to form granulomas. The tissue reaction occurs
mainly in the form of caseous necrosis with a large number of MBT that is associated signifi-
cantly with increasing levels of tumor necrosis factor. Thus, in patients with tuberculosis and
HIV infection, tubercle formation is strongly depressed or absent; alteration and exudation
and caseous-necrotic changes prevail that in the future may progress and lead to a patient’s
death due to immune deficiency.

2.1.3. TB/HIV pathogenesis in children

Specifics of the development of TB/HIV comorbidity in children depends on infection way
of children with HIV that is mainly the transmission of infection from a mother to a fetus
during pregnancy and delivery. In the Russian Federation, the ratio of children infected with
HIV due to perinatal transmission is 99.4% of the total number of patients with HIV infection
of 0-14 years old [2]. Infection of a child from an HIV-infected mother occurs with equal
frequency as in the prenatal period and during a delivery. Infection through the mother’s
breast milk occurs much less likely. If the virus is detected within 48 h after birth, a child is
considered as infected in the prenatal period; infection during a delivery may be assumed in
the case of changes of the negative results obtained in the first days of life to positive ones
between 7 and 90 days of life.

Pathogenesis of HIV infection in children is determined by the peculiarities of HIV interaction
with a child’s body and, on the other hand, by the set of cofactors. Perinatal HIV infection
affects the immature immune system of a fetus; clinical manifestation occurs earlier. Almost
in 15% of children, AIDS symptoms are recorded already by the first year of life, and by
4 years old—in 50% of children. In newborns immunosuppression with significant decrease
of CD4 cells comes quickly. In young children earlier there is a failure not only of T-cell but
also B-cell immunity system. The decrease in the antibody productions determines a high
frequency of bacterial infection recurrence [1].

Due to perinatal HIV infection of children, TB/HIV coinfection had some features in com-
parison with adults: (1) the risk of TB/HIV coinfection from an early age; (2) HIV infection
is always primary in relation to tuberculosis (in adults it may be vice versa); (3) more rapid
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progression of HIV infection associated with perinatal infection; (4) development of severe
generalized forms of tuberculosis due to the age failure of the immune system increased by
the development of HIV infection; and (5) MBT infection often occurs as a result of family
contact with active TB patients.

2.2. Specific aspects in detection and diagnosis of tuberculosis in children with HIV
infection

Tuberculosis is the specific infectious disease without pathognomonic symptoms in any loca-
tion; in this regard, tuberculosis diagnostics remain quite complex and require the compre-
hensive evaluation of all the results obtained. HIV infection complicates the assessment of the
obtained data, because the interpretation of immunological parameters and tuberculin tests
may not always be correct in these cases.

The main methods of early detection of TB in children with or without HIV infection are
immunodiagnostics, the epidemiological method, the method of work with risk groups, and
the clinical method [4].

2.2.1. Immunodiagnostics

Immunodiagnostics means performing specificdiagnostic tests using antigens of Mycobacterium
tuberculosis to identify sensitization (infection) of the organism with Mycobacterium tubercu-
losis that cause, under certain conditions, the development of tuberculosis. Diagnostic tests
include the conventional Mantoux test, the test with the tuberculous recombinant allergen
and immunological and cell tests in vitro.

2.2.1.1. Conventional tuberculinodiagnosis

Mantoux intracutaneous test with 2 TU of PPD-L. The medicine—tuberculosis allergen—is
purified in standard dilution with 2 TU per 0.1 mL. When intracutaneous introduction of
tuberculin causes specific skin allergic reaction of delayed hypersensitivity in the case of
MBT infection or in the first years after BCG vaccination, the severity of the reaction may be
negative, doubtful (a wheal of 2-4 mm, hyperemia of any size), positive (5 mm or more), and
hyperergic (17 mm and more).

2.2.1.2. Diaskin test

Diaskin test (the recombinant tuberculosis allergen) is the test for tuberculosis immunodiag-
nostics developed by Russian scientists on the basis of features of the virulent Mycobacterium
tuberculosis genome of the BCG vaccine strain [5]. It is the recombinant protein produced by
genetically modified Escherichia coli containing two specific antigens ESAT-6 and CFP-10 that
are present in virulent, actively reproducing M. tuberculosis and M. bovis but are absent in
M. bovis BCG and saprophytic mycobacteria. One dose (0.1 mL) of the product contains
recombinant protein in the amount of 0.2 pg. When intracutaneous introduction of the
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tuberculosis recombinant allergen causes the specific skin reaction of delayed hypersensitiv-
ity in most persons with active tuberculosis infection in patients vaccinated with BCG and
non-infected with MBT, there is no reaction to this test. Diaskin test response may be nega-
tive, doubtful (only hyperemia), positive (a wheal up to 14 mm), and hyperergic (a wheal
more than 15 mm).

2.2.1.3. Immunologic cell tests in vitro

These tests are based on releasing interferon-gamma (IFN-gamma) by T lymphocytes. The
QuantiFERON-TB Gold test stimulates the T lymphocytes of a patient’s blood with recom-
binant proteins ESAT-6 and CFP-10 that in the presence of specific sensitization of T lym-
phocytes produce interferon-gamma measured by the enzyme-linked immunosorbent assay
(ELISA) [6].

The T-SPOT.TB test using the ELISpot method determines the number of mononuclear cells of
the peripheral blood that produce IFN-gamma in response to stimulation by antigens ESAT-6
and CFP-10.

Detection of immune response to the antigens ESAT-6 and CFP-10 indicates the presence of
tuberculosis infection in the body. Thus, the tests QuantiFERON-TB Gold and T-SPOT.TB
give positive results both in latent tuberculosis infection and active tuberculosis. Patients with
TB/HIV skin tests with tuberculosis allergens and immunological in vitro tests have often
false-negative results due to the immunity lack.

2.2.2. The epidemiological method

The epidemiological method is based on the number of events among persons in contact
with tuberculosis patients and is aimed at early identification of the disease in these children.
Prolonged contact with TB patients is dangerous for a child of any age. The risk of developing
the disease of parents is particularly enhanced by drug addiction, alcoholism, a stay in a prison,
and poor material living conditions that in turn increases the risk of a child’s disease in a fam-
ily of a patient with tuberculosis. The above-specified confounding factors not only increase
the risk of developing tuberculosis but also make the measures for TB detection difficult.

Children with HIV infection in contact with TB patients are at an increased risk, because
human immunodeficiency virus negatively impacts the immune-competent cells responsible
for TB immunity. In this regard, all contacting children are registered in TB dispensaries. The
frequency of control examinations of children from centers of high epidemiological risk is one
time every 3—4 months, from less dangerous areas—one time per 6 months.

2.2.3. Work with risk groups

TB risk groups include children with newly positive hyperergic sensitivity to tubercu-
lin, increase of tuberculin reactions, and no BCG vaccination, children with chronic dis-
eases of different organs and systems, and children with HIV infection. These children have
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immunodiagnostics two times a year. At the same time, children infected with MBT with
undetermined HIV infection but with a history of frequent recurrent pneumonia and bronchi-
tis, with confirmed cytomegalovirus, herpes infection, hepatitis B and C, lymphoid interstitial
pneumonia, cardiomyopathy, recurrent bacterial infections, and long-lasting low-grade fever,
shall be tested not only for tuberculosis but also for HIV.

2.2.4. Clinical method

In some children TB develops with severe clinical symptoms. The symptoms may be similar
to other diseases—tuberculosis “masking.” The change in a child’s condition is not improved
for a long period but is persistent and forced to go to the hospital. Clinical, laboratory, and
radiological data suggest a local form of tuberculosis. This method of detection is the most
relevant in the group of children of early age, when often there are mild reactions to tuber-
culin, not allowing to suspect tuberculosis; also, some children with HIV infection may not
always indicate the presence or absence of MBT infection due to sensitivity to tuberculin in
this category of patients.

We analyzed the medical records of 75 children with TB and hospitalized in the TB depart-
ment of Children Infectious Hospital No. 3 of Saint Petersburg since 2010 till 2017. The age of
children is from 1 to 14 years old. Patients were divided into two groups:

Group 1 is the main group with 25 children with TB and HIV combination (TB/HIV).
Group 2 is the comparison group with 50 children with tuberculosis without HIV infection (TB).

All children in the hospital underwent complex clinical and laboratory examination using
intracutaneous tests with tuberculosis allergens, X-ray examination, and MSCT, the bacterio-
logical study.

According to our research data, in the group of children with tuberculosis and HIV infec-
tion, local forms of tuberculosis were detected with the change of the sensitivity to tuberculin
in 44% of cases (11 patients); in the group of patients without HIV infection, tuberculosis
was detected by the method of tuberculinodiagnosis in 56% of cases (28 children) (p = 0.1).
The disease was detected during examination associated with the contact in the group of
children with TB/HIV coinfection in 28% (7 children), while in the children without HIV in
40% of cases (20 children) (p = 0.1). However, in patients with HIV infection, tuberculosis was
detected more frequently than in children without HIV when visiting a doctor with clinical
complaints. So, in Group 1 TB was detected by the clinical method in 28% of cases (7 children),
whereas in Group 2, in 4% of cases (2 children) (p = 0.04).

During the study, we also analyzed the terms of HIV infection detection in patients. Thus,
of the 25 children with TB/HIV, 24 ones had confirmed perinatal HIV infection contact; for
1 child HIV infection of the mother was not determined. HIV infection in 11 children (44%)
was confirmed in the first months of life, and later in 14 children (56%) among them in the
first 3 years, in 9 patients, at the age of 6-13 years old, in 5 children. It should be noted that
in four children (7, 8, 9, and 13 years old), HIV infection was detected under the diagnostic
examination for tuberculosis. HIV infection diagnostics in children in the later periods may



Clinical Presentation, Diagnosis and Management of TB-HIV Comorbidity in Children
http://dx.doi.org/10.5772/intechopen.80717

be associated with a long seronegative period in the development of HIV infection and insuf-
ficient control of examination of pregnant women from risk groups.

2.2.5. Tuberculosis diagnostics in children with HIV infection

Diagnostics is carried out only in specialized tuberculosis facilities. When suspecting TB in
children with HIV infection, the complex of diagnostic measures is applied, including the
thorough history, the physical examination, and laboratory tests of blood and urine; the chest
plane X-ray examination, the chest and the abdomen MSCT, bronchoscopy, and abdominal
ultrasound examination; sputum, urine, epithelial lining fluid MBT test (microscopy, solid
medium inoculation, BACTEC, PCR), and immunodiagnostics.

2.2.6. History

Collecting the anamnesis, a physician shall identify factors that could contribute to the devel-
opment of both HIV infection and tuberculosis. The great attention shall be paid to a perina-
tal history: diseases of the mother prior and during pregnancy, especially the presence of a
hepatitis B and C, HIV, drug addiction, alcoholism, gestation course, parents’ lifestyle, and
social status. The above factors place a child at the high risk of infection not only with HIV
and hepatitis B and C but also with MBT. The analysis of the socio-epidemiological factors
in groups of our patients demonstrated that the deprived social background was observed in
100% patients of Group 1 and in 60% of children of Group 2 (p < 0.01). Family and relative
contacts with tuberculosis patients were more often detected in children with TB without HIV
infection in 71% of cases, whereas in the group of children with TB/HIV, in 50% of patients.
HIV infection is detected in mothers of children of Group 2 in 18% of cases and in patients of
Group 1, in 96% of cases (p = 0.01) (for one child HIV infection of the mother was not deter-
mined). Parents’” drug addiction and alcoholism were detected in the majority in the group of
children with tuberculosis and HIV infection (85%), while in the group of children without
HIV infection, in 22% of cases (p = 0.02).

It should be find a child’s endured diseases and concomitant pathology, the presence of
cytomegalovirus, herpes infections, the frequency of respiratory infections, the presence of
chronic diseases, allergic reactions, etc.

A phthisiatrician shall always obtain information about vaccination, especially BCG vaccination
and revaccination, and the history of Mantoux tests. Due to the absence of BCG vaccination in
children with HIV, the presence of suspicious or positive reaction to tuberculin is the indication
for the enhanced examination as such a result may not be indicative of postvaccination allergy.

2.2.7. Physical examination

In children with TB/HIV coinfection, there is more evident asthenization; in some cases, there
may be failure to physical development.

Children usually have pale grayish skin and “shadows” under the eyes. There is no postvac-
cinal scar on the skin of the shoulder in children with HIV infection due to medical exemption
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from BCG vaccination. Children with TB/HIV have dry skin, decreasing the subcutaneous
fat tissue, long-term course of the disease, and the decrease in tissue tension. There are pal-
pable peripheral lymph nodes more than six to seven groups (cervical group, supra- and
sub-clavicular, axillary, thoracic, cubital, inguinal ones) enlarged up to 1 cm or more. Under
palpation of the abdomen, the liver and the spleen are moderately enlarged. In rare cases,
there are enlarged mesenteric lymph nodes.

Percussion and auscultation changes depend on the form of tuberculosis, the lesion volume,
the extent of the process, the presence of complications, and a child’s age. At the various local
forms, it is possible to determine the zone of percussion sound shortening in the lung tissue,
regions of hyperresonant resonance. There are no commonly distinct symptoms with limited
forms by auscultation. With more severe lesions of the lung tissue, the type of breathing may
change, and rattling appears. More often, these symptoms appear in children of early age
with the complicated course, particularly in bronchopulmonary lesions.

2.2.8. Radiology diagnostics

Sectional roentgenography remains the leading method in the diagnostics of tuberculosis in
children with and without HIV infection. X-ray diagnostics uses digital or analogue chest
X-ray, linear tomography, multislice computed tomography, and ultrasound. During the
initial examination of a child, the attention shall be paid to the presence of lesions and foci in
the pulmonary tissue, dimensions, and structuredness of the lung roots. In recent years, the
method for multislice computed tomography has the greatest diagnostic value. This method
is more informative and more clearly demonstrates the location, the extent of the process, the
structure of the lymph nodes, the presence of small foci, and the calcifications in areas that are
poorly visualized under standard X-ray examinations. Chest ultrasound examination is used
when suspecting the presence of liquid in the pleural cavity, for the differential diagnosis of
fibrosing aortic ligament and calcifications of the intrathoracic nodes in this area.

2.2.9. Bronchoscopy

This study helps to assess the condition of the bronchial tree in children, to identify specific
lesions of the bronchi, the presence of indirect signs of the intrathoracic lymph node enlarge-
ment. During bronchoscopy the material is sampled for bacteriological, immunological, and
cytological tests. In the cases of tuberculosis and HIV coinfection, this method has an impor-
tant diagnostic value.

2.2.10. Abdominal ultrasound examination

In children with TB with or without HIV infection, enlargement of the liver and the spleen,
changes in the organ tissue structure, the presence of the lymph nodes at the gate of the liver
and the spleen, hyperechogenic inclusions in the spleen, calcifications, abnormal changes in
the kidneys, and enlarged mesenteric lymph nodes are found.

2.2.11. Immunodiagnostics

The analysis of tuberculin test and DST results in our patients demonstrated the following
findings. Under the Mantoux test with 2 TU, the positive results are detected in the group
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of patients with TB/HIV in 10 children (40%), and in the group of patients with TB without
HIV infection, in 34 children (68%) (p = 0.05). Hyperergic reactions were in 5 children with
TB/HIV (20%) and in 16 children with TB and with or without HIV infection (32%). Negative
sensitivity was detected only in patients of Group 2, 10 cases (40%) (p = 0.03), that correspond
to the literature data [7]. According to the results of DST, the positive results were more often
detected in children without HIV infection in 34 children (68%), and in patients with TB/
HIV, the positive sensitivity to Diaskin test was observed in eight children (32%) (p = 0.04).
Hyperergic reactions was observed in 8 children of Group 2 (16%) and 3 children of Group 1
(12%) (p = 0.09), while the negative results were detected with greater frequency in the group
of children with TB/HIV, in 14 children (56%), than in the group of children with TB without
HIV infection—in 8 children (16%) (p = 0.04).

2.2.12. Laboratory diagnostics

The severity of hemogram changes depends on the form, the phase, and the presence of pro-
cess complications. Children with tuberculosis and HIV infection have long-lasting anemia,
thrombocytopenia, and a more evident and persistent increase of ESR. A smaller part of
children with TB with or without HIV infection may have moderate proteinuria and eryth-
rocyturia. Biochemical blood count in children with TB and HIV shows a sharper increase of
beta-lipoproteins and gamma globulins, reducing the overall level of albumins. Such values
of biochemical parameters may indicate the activity of tuberculous process and the immune
system disorder in a child with HIV.

The complex examination of children with suspected tuberculosis (without HIV) mandatorily
includes the blood test for HIV; hepatitis A, B, and C; and under indications—for cytomega-
lovirus, herpes virus, etc. If HIV is found, a child shall be examined and then constantly fol-
lowed up in an infectious disease center.

2.2.13. Bacteriological study

To verify the TB diagnosis, the following shall be studied: sputum, pleural liquid, urine,
cerebrospinal fluid, the lymph nodes, punctates, etc. For children the gastric lavage study
is optimal. Smear microscopy and culture study (solid and liquid medium inoculation) are
performed. Molecular and genetic study methods are used. The most widely used method is
the polymerase chain reaction with the specific MBT primer. Among our patients with TB/
HIV coinfection in only one case, MBT was extracted by solid medium inoculation; in other
children the results of bacteriological studies were negative. So, in connection with the dif-
ficulties of diagnostics of tuberculosis in children with HIV infection, one cannot rely on the
clinical minimum used for tuberculosis in children without comorbidities. For children with
HIV infection, all obtained results shall be comprehensively evaluated.

2.3. Clinical forms and progression of tuberculosis in children with HIV infection

Clinical signs of tuberculosis in all age groups depend on the stage of HIV infection. The
structure of clinical forms, clinical signs, frequency of bacterial excretion, and the effective-
ness of treatment in patients with indicators of CD4 close to the norm do not differ from those
in the group of HIV-negative patients. At lower CD4 tuberculous inflammation gradually
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loses classic features and is characterized by an atypical course. In the structure of clinical
forms, the disseminated forms begin to prevail creating extrapulmonary lesions in the lymph
nodes, the intestines, the liver, the spleen, and the meninges.

HIV infection depending on the stage and the condition of the cell immunity may also impact
on the clinical signs of tuberculosis in children. A child’s age, the duration of contact with TB
patients, the lesion form and area, and the presence of complications affect the course and
symptoms of tuberculosis.

In the structure of clinical forms of our patients both in the group of children with tuberculo-
sis and HIV infection and in the group of children with tuberculosis without HIV infection,
tuberculosis of the intrathoracic lymph nodes prevails—in 56 and 78%, respectively (p = 0.8).
At the same time, in the group of children with TB/HIV coinfection, primary tuberculosis
complex was detected with greater frequency in six cases (24%) and generalized tubercu-
losis in 20% of cases (five children), whereas in the group of children without HIV, primary
complex was diagnosed in six children (13%) and generalized forms in two children (4.1%)
(p=0.05). Our studies demonstrated the dependence of the TB form on the severity of immu-
nodeficiency and viral load. So, severe generalized forms of tuberculosis were diagnosed in
children with severe immunodeficiency —CD4 from 2 to 9% and high viral load from 675,000
to 1 million cop/mL. At low viral load, from 65,000 to 480,000 cop/mL, and moderate immu-
nosuppression, CD4 from 15 to 34%, children had tuberculosis of the intrathoracic lymphatic
nodes or primary tuberculous complex in the phase of infiltration, induration, or calcification.

2.3.1. Tuberculosis of the intrathoracic lymph nodes and primary tuberculosis complex in
children with HIV infection

In clinical signs of primary forms of tuberculosis in children with HIV infection, in most cases
evident intoxication syndrome prevails; in the majority there are evident such as emotional
lability, mood swings, depression, and sometimes negativity and unmotivated aggression
toward others.

The intoxication syndrome appears in the form of decreased body weight, periorbital cyanosis,
the evident pale grayish skin, and reduced tissue tension. Under studying clinical symptoms
and laboratory indicators, we found that the decrease in the body weight was observed in the
group of children with TB/HIV coinfection in 52% of children. Low-grade fever was detected
in the majority (85%) of patients with HIV infection. Hepatosplenomegaly by palpation and
under abdominal ultrasound examination and enlargement of the liver and the spleen in 1 cm
and more against normal age-related indicators are found. So, the enlarged liver and spleen
were observed in 68% of patients. The constant symptom accompanying the primary forms
of tuberculosis and HIV infection in 100% of cases is peripheral polyadenopathy. In such
children the palpable multiple peripheral lymph nodes (more than six in groups) with poly-
morphism are seen: from small and dense to large ones with periadenitis; enlarged cervical,
supra- and sub-clavicular, thoracic, cubital, and inguinal groups of the lymph nodes are also
seen. Typically, in primary forms of tuberculosis, percussion symptoms prevail in the chest.
In primary tuberculous complex, especially with significant lung affect (that is observed in
children of early age), there is shortening of the percussion sound over the affected area. In
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primary tuberculous complex, hard breathing and also weakened breathing over the lesion
may be detected by auscultation; sometimes, there is rattling. A hemogram of children with
primary forms of tuberculosis and HIV infection shows hypo- or normochromic anemia
(according to our data in 40% of children), moderate leukocytosis, and lymphopenia at the
early stages with subsequent lymphocytosis. These children have significant ESR increase:
from 20 to 60 mm/h. Most children with the comorbidity had recorded PLT decrease associ-
ated with HIV infection. The above changes of blood parameters retained in children with TB/
HIV for more periods of term with slower normalization even against the combined therapy
(for up to 6 months). Under biochemical parameter study (according to our studies) in chil-
dren with TB and the initial signs of HIV infection, there is less increase of gamma globulin
fractions; more often in these children, there is a decrease of concentrations of gamma globu-
lins and increased alpha-2 globulins. At the same time, children at the later HIV stages (severe
immunodeficiency) have the sharp increase of gamma globulins (up to 30-42%). Under X-ray
exam in the presence of the enlarged intrathoracic lymph nodes, the mediastinum shadow is
expanded with changes in the shadow outlines. Due to periadenitis the nodes are merged into
packages with polycyclic boundaries. Some children had calcium inclusions in the thoracic
lymph nodes (20% of cases). In primary tuberculosis complex, radiologically, there is a focus
of different sizes located mainly in the upper regions, less in the lower segments. There is
the lymph path from the primary affect to the enlarged regional lymph nodes of the root. In
children of early age, the pulmonary component usually is located in the root zone, often in
the lower sections. When detecting the disease at the later stages, calcium inclusions may be
visualized in the area of primary affect and in the lung root.

2.3.2. Tuberculosis complications

The course of the tuberculosis process in studied children with HIV is characterized by a ten-
dency to a prolonged course, slow regression, complications of the process (bronchopulmo-
nary lesions, seeding in the lung tissue when affecting the intrathoracic lymph nodes), and
frequent outcomes with the calcification formation. Complicated course of tuberculosis in chil-
dren with HIV infection according to our observations was diagnosed in ten children (40.2%),
five of them (20%) have the generalized form of tuberculosis. Complicated course presents the
development of atelectasis in one child, bronchopulmonary lesion in two children, and seeding
in the lung tissue in two children. Tuberculous process relapse was observed in two children,
and recurrence in 2 years after the end of TB treatment was developed in one child of a younger
age. The reasons for the complicated course are the late detection of tuberculosis in children
with HIV infection, late onset of therapy, and the negative impact of HIV on the course of
tuberculosis. TB acute condition or relapse was caused in all cases by cessation of antiretroviral
therapy (due to the negative attitude toward the treatment of the parents) that resulted in a
decrease of the immunity and, as a consequence, the relapse of the tuberculous process.

2.3.3. Generalized tuberculosis in children with HIV

The development of such severe form in children with HIV infection may be associated with
the late detection of tuberculosis due to negative sensitivity to tuberculin under the planned
tuberculinodiagnosis in HIV-infected children; according to some authors, the lack of BCG
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vaccination at birth and vaccination later than in 18 months; long closed contact with TB
patients against adverse social conditions [4].

The disease begins acutely in children of early age and in older children begins gradually with
condition worsening to severe. The temperature rises to 39-40°C, intoxication symptoms and
weakness are strongly evident. Some children have short breathing, cyanosis, and dry cough.
Children with TB/HIV may have symptoms of herpes infection and candidiasis. At the same
time, the absence of evident objective changes against the general severe condition of a child
is conspicuous. There are multiple palpable lymph nodes in seven to nine groups; the liver
and spleen are enlarged significantly. There is hyperresonant sound resonance over all lung
fields by percussion, decreased breath by auscultation, and mild moist rale auscultated better
in the paravertebral areas.

In the blood of children with HIV infection, there is more evident increase of ESR (up to
60 mm/h), anemia, and thrombocytopenia. Tuberculin sensitivity in the cases of generalized
tuberculosis in children with HIV infection almost in all cases is negative. In the absence of
typical clinical and laboratory findings inherent to the generalized forms of tuberculosis, the
X-ray method remains determinant. In the early period (the first week of the disease), there is
weakening of the lung pattern and unusual ripple; in 7-10 days, there is evident dissemina-
tion of clear uniform lesions in the lung tissue in the form of event rashes with a diameter
of 2-3 mm. At the same time, as a rule, in children enlarged intrathoracic lymph nodes are
found, because they are the source of dissemination; the cases of disseminated processes
with the lung tissue degradation are described. When detecting dissemination, the study
of other organs and systems shall be performed (ophthalmologist examination, abdominal
ultrasound, and CT studies). In all our patients with generalized tuberculosis (five children)
along with affection of the lungs and the intrathoracic lymph nodes, the affected peripheral
lymph nodes, the mesenteric lymph nodes, and the spleen nodes were seen; two children had
tuberculous meningoencephalitis.

Bacteriological study usually does not show positive results. Diagnostically significant
method in these cases may be the molecular genetic diagnostics (PCR).

2.3.4. Comorbidity

We analyzed the frequency and the nature of comorbidity in patients with TB/HIV. So, chronic
recurrent herpes infection in children with tuberculosis and HIV infection was diagnosed in
17 patients (68%). Signs of allergic dermatitis were observed in 10 (40%) children with TB/
HIV; candidiasis was diagnosed in five patients (20%). In the group of children with TB/
HIV, there is one case of thrombocytopenic purpura (4%). Viral hepatitis B was observed in
two children with TB/HIV (8%), viral hepatitis C in three patients in this group (12%), and
toxoplasmosis and cytomegalovirus infection in one child (4%).

2.4. Difficulties in the treatment of tuberculosis in children with HIV infection

In the treatment of tuberculosis in children with or without HIV infection, the main principles
of therapy shall be met [8]. For children with HIV infection, the important point is the joint
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follow-up of such patient by a phtisiologist and an infectiologist, because a patient receives
simultaneously two kinds of therapy. The antituberculous and antiretroviral medicines have
mutual con-founding toxic effects moreover, in children, HIV may be associated with second-
ary diseases (cytomegalovirus, herpes infection, etc.). TB chemotherapy includes two phases—
the intensive phase (the maximum number of TB drugs to achieve significant effect) and the
continuation phase. The treatment is performed in accordance with therapy regimens using
TB medicines of the primary and alternative series. Indications for initiation of antiretroviral
therapy in patients with comorbidity do not differ from the indications for treatment of patients
with HIV infection without tuberculosis. Currently, there is no conclusive evidence that pro-
longation of TB therapy for over 6 months in patients with HIV infection improves treatment
results. At the same time, the prolonged treatment (up to 8-9 months) is still more preferable in
these patients due to reducing relapses compared with short-term chemotherapy. When detect-
ing drug-resistant tuberculosis or at the high risk of tuberculosis with multidrug resistance of
the pathogen (TB), children with HIV infection receive alternative medicines under life-saving
indications. Antiretroviral therapy (ARVT) shall be indicated for children with tuberculosis
regardless of the level of immunosuppression in 2 weeks after starting TB treatment to prevent
the development of immune reconstitution inflammatory syndrome. Immune reconstitution
inflammatory syndrome occurred in two children (8%) with HIV infection detected at once with
tuberculosis, with severe immunodeficiency. Immune reconstitution inflammatory syndrome
appeared in the form of impairment of the clinical condition of children and the progression of
dissemination in the lung tissue in one case and increase of infiltrative changes and size of the
intrathoracic lymph nodes in the second case. Most patients in both groups received therapy
under regimen I, but children of Group 1 in most cases required an individual approach due to
ARVT and the presence of comorbidities. According to our research data, the intensive phase of
treatment with four TB drugs for children with TB/HIV was performed in 31% of cases, and the
remaining 69% received three chemotherapy medicines. The duration of the intensive phase
of chemotherapy in 43% of children with TB/HIV was more than 6 months, only in one-third
of cases up to 3 months, the rest 3-6 months. The total duration of treatment was 9-12 months
only in 50% of the patients; in one-third of cases, the therapy lasted 18-24 months. Cancel of
antituberculosis drugs was required by 26% of children in this group due to intolerance symp-
toms. We established the relationship between the level of immunosuppression and the dura-
tion of the intensive phase of chemotherapy. All children with the severe immunosuppression
received the treatment in the intensive phase for 6-9 months that exceeds the recommended
duration of the therapy. A longer treatment of children with tuberculosis and HIV infection
coinfection is caused by the evident toxic effect both of TB and antiretroviral medicines, also
due to the addition of secondary disorders and intercurrent diseases required by the treatment.

2.5. Features of tuberculosis prevention in children with HIV infection
2.5.1. BCG vaccination

Now, tuberculosis immunization is one of the main and most effective methods of tubercu-
losis prevention among children. BCG vaccination of children born by HIV-infected mothers
is ambiguous, since the administration of live vaccines against the immunodeficiency may
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not only cause severe postvaccination complications but the progression of HIV infection. In
Russia until 2010, BCG vaccination was allowed after the complete exclusion of HIV infection
in a child of 18 months of age [9].

Currently, due to the implementation of prevention of HIV transmission from a mother dur-
ing gestation and delivery, the frequency of children infection was reduced from 40 to 2%.
Considering this fact, the prohibition to administer the BCG vaccine to children born from
HIV-infected mothers was lifted in the absence of a child’s immunodeficiency and after a
three-stage prevention of HIV infection.

According to our data, among 25 children with subsequent TB/HIV, 17 children (68%) were
vaccinated with BCG vaccine. However, 10 children of 17 vaccinated ones (58.8%) were immu-
nized in a maternity hospital, the remaining eight children—at a later time—in 6 months to
2 years old. Subsequently, generalized forms of tuberculosis were diagnosed in four children
vaccinated earlier with BCG; two of them had suspected generalized BCG infection. Thus, in
the presence of immunodeficiency, immunization with the BCG vaccine increases the risk of
a transient increase of HIV replication and the development of postvaccination complications
with the generalization of BCG infection.

2.5.2. Preventive treatment and chemoprophylaxis of tuberculosis

When prescribing the preventive treatment and the chemoprophylaxis, the additional TB risk
factors shall be considered:

the lack of BCG vaccination (BCG-M), in contact with a TB patient, the age of children between
3 years old and adolescence, and chronic nonspecific diseases of different organs and systems,
immunodeficiency, drug abuse, low material level, migration, and homelessness among chil-
dren and adolescents.

Children and adolescents for the preventive treatment shall be selected by a phtisiologist, if
necessary together with a specialist in HIV infection.

Preventive treatment is performed for children: due to contact with a tuberculosis patient,
with latent tuberculosis infection (in the case of positive results of DST and tests with
tuberculous antigens in vitro), hyperergic reaction to tuberculin, the enhancing reaction to
tuberculin, MBT in combination with nonspecific risk factors, and in the presence of the
immunodeficiency.

The preventive treatment of tuberculosis for children with HIV infection is carried out
depending on the level of the immunodeficiency. In the absence of immunodeficiency at
the early stages of HIV infection, the preventive treatment is carried out under the gen-
eral rules. The duration of the preventive treatment with doubtful and positive reaction
to Diaskin test is not less than 6 months with two TB medicines. In the presence of immu-
nodeficiency, the chemoprophylaxis shall be prescribed individually. With a moderate
immunodeficiency and negative results of immunodiagnostics, the preventive treatment is
prescribed for 3-6 months with two TB medicines. For significant and severe immunodefi-
ciency, the preventive treatment is indicated regardless of the results of immunodiagnostics
with two TB medicines to increase CD4 over the criteria of the evident immunodeficiency,
but not less than 6 months.
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The basic medicines for the preventive treatment are isoniazid and pyrazinamide (ethambu-
tol, less rifampicin are used).

According to our data, among all patients with TB/HIV, the preventive treatment was pre-
scribed only to four children (16%). In this case, only one child received the complete treat-
ment; the others received incomplete courses. Incomplete coverage of these patients with the
preventive treatment may be associated with tuberculosis detection prior to diagnosis of HIV
infection in some children, with antisocial behavior of parents and non-compliance of the
recommendations and refusal from the preventive treatment.

3. Conclusion

Thus, tuberculosis and HIV infection in children are the serious problems of the modern
medicine. There is the tendency to increasing the number of children with tuberculosis and
HIV infection due to the increase in the number of patients with HIV and tuberculosis among
young women, in most cases, with antisocial lifestyle. The presence of immunodeficiency of
varying severity in children with HIV infection makes early detection and diagnosis of tuber-
culosis by conventional methods difficult and requires the use of a wide range of diagnostic
procedures and the use of new diagnostic methods.

The treatment of children with TB/HIV coinfection due to the late TB detection also has cer-
tain features. These children shall be followed up jointly by a phtisiologist, an infectiologist,
and a pediatrician. BCG vaccination, chemoprophylaxis, and preventive treatment of these
children require a differentiated approach in each case. Promotion of the healthy lifestyle,
the fight against drug addiction, and improving health literacy, especially among young per-
sons and women of reproductive age, are important for the prevention of the development of
tuberculosis and HIV in children.
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Abstract

Acquired immune deficiency syndrome (AIDS) is a disease that manifests itself after the
human body is infected with human immunodeficiency virus (HIV). The virus destroys
defense cells (T-CD4 lymphocytes) and an important increase identifier of immunosup-
pression and/or failure to an immune response, the early signs often appear in the oral
cavity in the form of various lesions. With the advent of HAART, it was also observed
that it is accompanied by medium- and long-term side effects, mainly metabolic and bone
changes. Other clinical manifestations that may occur are the human papillomavirus
(HPV) infections in the oral cavity; HPV infections show exophytic growth and are often
confluent, showing a “cauliflower” appearance and may or may not correspond to keratin-
ized or non-keratinized tissues. In recent studies on papillomavirus, the literature indicates
that HPV 16 and 18 are considered risk factors in the etiology of oral cancer development.
Several neoplasias can occur in the oral cavity of patients with AIDS or HIV, and often the
oral cavity is the place where we have the first manifestation of the disease, but multidis-
ciplinary follow-up is necessary, so that the patient has care and a better quality of life.

Keywords: neoplasm, HIV positive, oral

1. Introduction

Acquired immunodeficiency syndrome (AIDS) was recognized in 1981 by the Centers
for Disease Control (CDC) in Atlanta, USA because of an explosion of unexplained cases
of Kaposi Sarcoma and Pneumonia by Pneumocystis carinii, which is currently called as
Pneumocystis jirovecii, in men who have sex with men (MSM), mainly in two major centers,
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New York on the east coast and Los Angeles on the west coast of the USA. The first descrip-
tion of the clinical picture of AIDS was made by Gottlieb in Los Angeles and by Mansur in
New York in 1981. In 1983 the HIV type 1 virus was discovered by Luc Montagnier at the
Pasteur Institute in Paris and was identified later in 1984, as the etiological agent causing
the disease, and in the same year, Robert Gallo in Bethesda (USA) established a cell culture
system for the development and multiplication of HIV 1. In 1985, the laboratory test was
started to prove the infection [1].

AIDS is a disease with a tendency to chronify, requiring follow-up, treatment and control.
Acquired immunodeficiency syndrome (AIDS) is a disease that manifests itself after the
human body is infected with the human immunodeficiency virus (HIV). This has received
increased attention from researchers and health agencies because of its severity and serious-
ness. This is due to not only the mortality rate, but also the various economic, social and
public health aspects associated with it. In order for the virus to reproduce, it must infect a
cell, because viruses are not technically alive. As the human body is constantly producing
new cells, each of them often makes new proteins to stay alive and reproduce [2, 3].

Since its clinical recognition in 1981, the human immunodeficiency virus and acquired immu-
nodeficiency syndrome have been fatal even for people who administer highly potent antiret-
roviral therapy (HAART). In 1996, the “cocktail of drugs” = HAART was created. Currently,
there are six groups of drugs that can be used in the treatment of HIV in individuals at the
beginning of treatment or for those who have already started therapy, which is done by com-
bining several drugs approved by the Brazilian Ministry of Health—Anvisa, belonging to
six different classes, namely protease inhibitors, nucleoside reverse transcriptase inhibitors
(NRTIs), fusion inhibitors (IF), integrase inhibitors (II), non-nucleoside reverse transcriptase
inhibitors (NNRTIs) and CCR5 antagonist [4-6].

1. Protease inhibitors

2. Nucleoside reverse transcriptase inhibitors (NRTIs)
Fusion inhibitors (IF)

Integrase inhibitors (II)

Non-nucleoside reverse transcriptase inhibitors (NNRTISs)

I

CCRS5 antagonist

1. Protease inhibitors. Protease inhibitors prevent new HIV from maturing and infecting other
cells. Protease is essential for the production of infectious and mature viral particles. It breaks
new viral multi-proteins into individual (central) internal structural proteins, and the action
of protease is a key step in structuring these proteins, which occurs for the virus to become
infectious.

2. Nucleoside reverse transcriptase inhibitors (NRTIs). NRTIs called “nucleoside analogs” or
“nuclear weapons” contain defective versions of the building blocks (nucleotides) used by
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reverse transcriptase to convert RNA to DNA. When reverse transcriptase uses these defective
blocks, the new DNA cannot be properly constructed and the HIV genetic material cannot be
incorporated into the healthy genetic material of the cell and prevents it from producing new
viruses.

3. Fusion inhibitors (IF). Fusion inhibitors are a new type of compound that prevents the virus
from binding to and entering human CD#4 cells. They act at a stage in the life cycle of HIV,
before the virus enters the cell, preventing the infection of new cells.

4. Integrase inhibitors (II). They prevent the insertion of HIV viral DNA into human DNA. It is
a new mechanism of action, which inhibits the replication of the virus and its ability to infect
new cells.

5. Non-nucleoside reverse transcriptase inhibitors (NNRTIs). NNRTIs bind to the reverse
transcriptase at a specific site; after being bound to the enzyme, NNRTIs affect the activ-
ity of the enzyme, restricting its mobility at a critical point and rendering it incapable
of functioning. The enzyme is now unable to interact properly with the viral RNA to
produce the viral DNA. The production of the latter is discontinued, although the virus
is not killed.

6. CCR5 antagonist. CCR5 is a co-receptor of the HIV virus. In other words, is, the virus needs
beyond the CD4 receptor, this co-receptor, or some other, to penetrate the cell. CCR5 means
chemokine (C-C motif) receptor 5.

People live longer because of the beneficial effects of antiretroviral treatment, which most of
the time interferes positively in people’s lives, improving the quality of life of this popula-
tion. However, the number of AIDS-related deaths has fallen by more than 10% in the last
5 years, as more people have gained access to treatment, saving many lives. The UNAIDS
and the WHO estimate that since 1996, when antiretroviral treatment became available,
about 2.9 million lives were saved. As the progression of the disease is evidenced by asso-
ciation with high levels of HIV'S RNA in the blood (viral load), one of the important goals
of antiretroviral therapy is to reduce viral load. Opportunistic diseases in HIV patients and
quality of life have changed since the introduction of HAART, resulting in a significant
reduction in viral load (VL) and an increase in T-CD4 lymphocyte count. However, access
to HAART is still uneven and may vary depending on the public interest policies of each
country [7, 8].

According to the WHO, there are currently more than 42 million infected 20-60% of those
infected may present oral manifestations. Epidemiology has been delineated since the
onset of the syndrome, predominantly in MSM (men who have sex with men), later in HET
(heterosexual), followed by female partners of these HET/MSM, and consequently covered
women of childbearing age, with vertical transmission occurring to children infected with
HIV and older people. There is currently a stabilization in cases of women of childbearing
age, but there is a marked increase in cases of young people starting sexually (12-16 years)
and an increase in cases in the elderly, who are over 60 years of age.
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The risk of vertical transmission is 25-30%, depending on CD4, viral load, STDs, nutritional
status and previous pregnancies. With the use of zidovudine (AZT) medication, the risk of
vertical transmission dropped to 8%.

The risk of infection of the fetus is greater when, during pregnancy, the woman shows signs
of AIDS or has recently been infected. The baby is born with the antibodies of the mother, and
every child born to women with AIDS has tested positive for HIV, and only 18 months after
birth, the child begins to produce its own antibodies. Subsequently, the serological test with
positive result indicates that the child is HIV positive.

There are several symptoms related to HIV infection. Depending on the stage of infection,
such as an acute infection, occurs approximately 2-6 weeks after exposure to the virus.

In general, the most common constitutional signs and symptoms are fever, lymphadenopa-
thy, pharyngitis, exanthema (= Rash), papular papular erythema and mucocutaneous ulcers
(mouth, esophagus and genital organs).

In acute infection, there is a violent replication of HIV in the body, and only when a viral load
(quantity of virus per ml in the blood) is reached, the body reacts, causing that viral load to
decrease to a certain level, thus generally remaining from 8 to 10 years, when the body start to
lose their ability to respond. The immune window is the space where the body cannot identify
HIV. Only after severe infection by HIV, the virus can be identified, thus forming antibod-
ies that, even so, are unable to contain the advancement of infection. For a period between
3 weeks to 6 months, the blood does not have antibodies to HIV; this means that an anti-HIV
serological test can give a false-negative result.

The objective of this review is to guide the dental surgeon in the diagnosis and treatment of
oral neoplasms that are common in patients with HIV/AIDS.

2. Oral neoplasms

Oral alterations in HIV patients are vast, comprising more than 40 manifestations, which many
times appear as the first manifestations of the disease, or even today, as an important identi-
fier of therapeutic failure. Early diagnosis of oral lesions due to HIV infection is important
to define the stage of the disease or indicate the possibility of HIV infection in undiagnosed
individuals, since oral manifestations are usually the first signs of infection. Oral exams are an
essential component for the early recognition of disease progression and overall assessment
of HIV-infected patients [9, 10].

The evaluation by the dental professional should include resolution of emergency problems
such as pain, abscesses, ulcerated lesions and other acute infections, guidance on local proce-
dures, resolution of chronic problems and resolution of traditional treatment. HIV patients are
afflicted with multiple diseases and are medicated with several different drugs. The patient’s
medical history should be carefully considered, and important aspects should be noted [11, 12].
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3. Human papillomavirus

The human papillomavirus appears in the oral mucosa of the white, vegetative, prolifera-
tive lesion, a wartlike appearance, similar to cauliflower. And its etiology is by Human
papillomavirus (HPV) infection. It is presented as synonymy: cock crest, crested alligator,
venereal wart, vulgar verruca, genital wart, and condyloma acuminata. HPV has more than
200 subtypes: pairs 6, 7, 11, 13, 16, 18, 32 are responsible for vegetative lesions in the oral
cavity. Subtypes 16 and 18 are most related to induction for the development of malignant
neoplasms [13].

Viruses belong to the papoviridase family that penetrates by absorption into microtrauma-
tized regions, being highly infective. They present a high recurrence rate, with a tendency to
reinfection. Incubation is generally 1-8 months for the onset of the first lesion, the active phase
depends on the immune response. In the late phase, it is 9 months/years [14].

The main co-factors for HPV are smoking, alcohol, stress, low immunity (HIV/AIDS), sexual
promiscuity and hygiene.

Diagnosis may be clinical (noting formations known as condyloma and/or papilloma), or sub-
clinical by histopathological study, and latent biomolecular analyzes by in situ hybridization
or PCR techniques [15].

The incidence in general is usually from 10 to 25% in the oral cavity [16].

4. Kaposi’'s sarcoma

Kaposi's sarcoma (KS) was first described in 1872 by Moritz Kaposi as “pigmented idiopathic
sarcoma of the skin” before the advent of the AIDS epidemic. Kaposi’s sarcoma was classi-
fied as: classic KS, involving men of European origin, mainly residents of eastern Europe and
the Mediterranean Sea, with a preferential location in the lower limbs; African endemic KS
occurring in black and young men in equatorial Africa; SK iatrogenic, related to immunosup-
pressive therapy in transplanted patients. But this epidemiological profile is altered with the
first reports of AIDS, because there was an explosion of cases of KS, which was then called
epidemic KS [17].

SK is the most common neoplasm in patients with AIDS. The incidence has been declining
from 40% at the beginning of the epidemic to less than 15% today. The reason for this is
not fully known, but it may be related to the greater preventive care, effectiveness of highly
potent antiretroviral therapies and earlier diagnoses, as well as safer sexual practices in the
community of men who have sex with men [18].

In some regions of Africa, the incidence of KS in women is much higher, occurring in 40%
of all KS cases related to HIV infection. In these patients, SK tends to be more indolent, with
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a course similar to that observed in classic KS. The pathogenesis of KS is related to human
herpes virus type 8 (HHV-8) or herpes virus associated with Kaposi’s sarcoma (SK-HV). This
virus is transmitted through sexual contact, which explains the prevalence in men who have
sex with men in the US and in heterosexual women in Africa. The clinical characteristics are
variable, usually beginning as erythematous, violet or brownish, asymptomatic macules that
develop into papules, plaques, nodules or tumor lesions.

The manifestations of KS can compromise mucous membranes, such as the oral cavity and
viscera, gastrointestinal tract, lungs and lymph nodes. Lesions in their evolution may grow,
coalesce, form large plaques and envelop lymphatic vessels, leading to lymphoedema in the
affected limb. KS can occur as the first manifestation of AIDS, concomitant with other mani-
festations or late in the course of the disease.

Initially they manifest themselves with enlarged and enlarged blood vessels in the dermis, with
large endothelial cells, protruding into the lumen. There is perivascular infiltrate composed of
lymphocytes, plasma cells and some macrophages, and groups of extravagant erythrocytes and
hemosiderin deposits can be visualized. Several skin lesions, both inflammatory and neoplastic,
should be included in the differential diagnosis: purpura, hemangiomas, bacillary angiomato-
sis, lichen planar dermatofibroma, pink pityriasis, fungal mycosis, nevi, malignant melanoma,
cutaneous lymphoma and secondary syphilis were reported as SK simulators [19].

5. Non-Hodgkin lymphoma

Its etiology comes from the chronic stimulation of B cells and its incidence occurs with late
manifestations, mainly located in the gingiva. For more than 30 years the relationship between
immunodeficiency and non-Hodgkin’s lymphoma is known, relating to AIDS. Non-Hodgkin’s
lymphoma is evidenced by polygamous hypergammaglobulinemia, cytokines, and growth
factors: 11-6; 11-10. Since the beginning of the epidemic the CDC defines HIV+ patients with
a diagnosis of non-Hodgkin’s lymphoma as AIDS [17].

The diagnosis may be clinical, associated with biopsy, radiographs, CT scans, MRI [17].

6. Epidermal carcinoma

It is the most common malignant neoplasm of the oral cavity, corresponding to 95% of the
tumors of the patients, of form. We highlight the growing prevalence of HIV/AIDS patients.
According to the National Institute of Cancer (INCA)/Ministry of Health (MS), the estimate
for 2018, regarding the number of cases of oral cancer in general in Brazil, is 14,700 new cases,
considering the region as the seventh most frequently affected by malignant tumors in the
Brazilian population.

Clinical features include ulcerated superficial, endophytic lesions (infiltrative ulcer and destruc-
tive ulcer), exophytic lesions (moriform vegetative, papilliferous vegetative and cauliflower veg-
etation), nodular (sub mucosa and deep) lesions. The most common clinical feature of squamous
cell carcinoma is chronic ulcer. Due to this ulcerated clinical aspect, often granulomatous, we
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must associate in the differential diagnosis ulcerated lesions of long duration of infectious dis-
eases such as tuberculosis, syphilis, histoplasmosis and paracoccidioidomycosis [20, 21].

Its prevalence and incidence is greatest in individuals over 40 years of age, smokers and alco-
holics. The male gender is more affected than the female in the proportion of 3:1.

7. Discussion and recommendations

The relationship of the dentist to the patient’s physician should result in knowledge of modify-
ing factors that may interfere with dental treatment. See Table 1, which highlights these factors.

7.1. Evaluation of medical factors modifying the dental treatment

Treatment of human papilloma virus can be surgical (incisional biopsy) or cryotherapy, high-
power laser therapy (CO?), topical application of 25% podophylline alcoholic solution, topical
application of 90% trichloroacetic acid (ATA) or medications such as Wartec®-Podofilotoxin
and Aldara® Cream-Imiquimod Gel [8, 13-15, 22].

Inrelation to Kaposi’'s sarcoma, the biopsy is predominant to establish the diagnosis. Treatment
of KS includes antiretroviral drugs, since the lesions usually regress with improved immune
compromise. Localized destructive treatments may be indicated for isolated or sporadic
injuries, such as cryotherapy with liquid nitrogen. Radiation therapy is effective for painful
lesions of palms and plants and when there is edema. Intralesional injection of vinblastine
may be effective if the patient has few lesions, but the method is associated with pain caused
by the injection. The combination of traditional chemotherapeutic agents, such as vinblas-
tine, etoposide (VP-16) and adriamycin, produces regression of SK lesions, but these drugs
are myelosuppressive and potentially immunosuppressive. Vincristine and bleomycin, non-
myelotoxic drugs, can be used with good results. Interferon can be used both intralesional
and systemically. Doxorubicin and liposomal daunorubicin are also effective [17-19].

Treatment of Non-Hodgkin lymphoma may be via prophylaxis with infiltration into the cen-
tral nervous system of cytarabine or methotrexate medications. Also noteworthy is the study
of the use of antiviral, and growth factors should be observed, and the administration of
prophylaxis for the treatment of Pneumocystis carinii (jirovecii) should be considered [17].

Epidermal carcinoma shows the main locations are the lower lip, tongue border, floor of
mouth and gum. There are important factors and determinants of risks such as: heredity, sex,

Hematological status Neutrophils and granulocytes (<300 mm?)
Coagulation—platelets (Thrombocytopenia <15,000 mm?)

Drug interactions Adverse effects of HAART

Opportunistic diseases Related to immunosuppression

Table 1. Medical factors modifying dental treatment.
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age and race. The treatment protocols and procedures go through surgical removal, chemo-
therapy and radiotherapy [20, 21].

8. Conclusion

This study evidences the early diagnosis, aiming mainly to guide the dental surgeon, regarding
the evaluation and conduct of oral neoplasias that commonly affect patients with alterations
in the immune system by HIV/AIDS, seeking to improve the quality of life of immunocom-
promised patients. It indicates the continuous study and deepening of the knowledge of the
etiology, diagnosis and new treatments for oral neoplastic changes.
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Abstract

Tuberculosis continues to be an epidemic disease worldwide especially in the developing
countries. One of the main reasons behind the continuation of this epidemic is latent
tuberculosis infection. Globally, 2-3 billion people have latent TB infection. Prevention of
reactivation TB is now considered as one of the important strategies of TB prevention and
is one of the main pillars for the WHO “End TB Strategy.” Biostatistical modeling has
shown that protecting 8% of persons with latent tuberculosis every year can bring down
the global incidence rate by 14 times by 2050 as compared to that in 2013 without any
other intervention. One of the most effective strategies recommended by WHO has been
Isoniazid preventive therapy for 6-9 months. Chemoprophylaxis for LTBI can prevent 60—
90% of reactivation TB. Isoniazid preventive therapy is considered safe; however, it can
occasionally result in significant adverse effects like hepatitis and rarely mortality. In
conclusion, chemoprophylaxis of LTBI can be considered an important intervention being
done to curb the epidemic of TB especially in high-risk group and reduce the morbidity
and mortality associated with active TB disease.

Keywords: latent tuberculosis infection, World Health Organization, chemoprophylaxis,
isoniazid therapy

1. Introduction

The medical, economic and social impact of the dual epidemics of human immunodeficiency
virus (HIV) and tuberculosis (TB) will continue to remain one of the biggest public health
challenges of the twenty-first century. According to the World Health Organization (WHO)
Global Status Report, 11% of 10.4 million new cases of TB in 2015 were HIV-positive [1]. This is

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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an increase in the number of new TB cases from 9.2 million in 2014 [1]. Sixty percent of the new
TB cases are reported from India, Indonesia, China, Nigeria, Pakistan and South Africa [1]. It
has been difficult to rein in the TB epidemic, and there are many reasons for it. One of the main
reasons for spread of TB in low TB/HIV burden countries is the reactivation of latent tubercu-
losis. In high TB/HIV burden countries, the main factors are lack of accessible health facilities
where timely and effective treatment of TB can be given and the burgeoning numbers of drug-
resistant TB cases. Another significant factor in the failure of TB control programmes in the
developing countries has been the ongoing HIV epidemic. HIV-infected patients are at
increased risk of new TB infection as well as reactivation of latent TB infection (LTBI). Preven-
tion of reactivation TB in those with LTBI is now considered as one of the key strategies of TB
prevention and is one of the pillars for the WHO “End TB Strategy” [1]. The WHO aims to
implement LTBI detection and treatment in the 30 high-TB burden countries first. In these
countries, it has set out an ambitious target of bringing 90% of children under 5 years who are
TB contacts and PLHA under the chemoprophylaxis programme by 2025 [1]. Biostatistical
modeling shows that if 8% of persons with latent tuberculosis could be permanently protected
each year, the global incidence in 2050 would be 14 times lower than incidence in 2013, with no
other intervention needed [2].

2. LTBI

Latent tuberculosis infection (LTBI) is a state of persistent immune response to Mycobacterium
tuberculosis (Mtb) antigens without evidence of clinically manifested active TB [3]. In simpler
terms, LTBI is infection with viable bacilli of Mtb complex but without symptoms of the
disease. LTBI has great public health significance because a significant proportion of these
people can develop active TB and contribute to spread and persistence of TB in the population.
About 2-3 billion people, that is, one-third of the world’s population, has TB infection but no
TB disease. Among the people with LTBI, the lifetime risk of developing TB disease is 5-15%
[4-6]. In HIV-infected, the annual risk of developing reactivation TB is 5-15% [7]. The risk is
similar in people on anti-TNF-a therapy, patients on dialysis and those undergoing solid organ
or hematological transplant [3]. Another similar high-risk group is that of children under
5 years of age who are household contacts of pulmonary TB cases [3].

Operational constraints and unfounded fears of increased incidence of drug-resistant TB have
been the two main reasons for the poor implementation of LTBI programme in high-TB burden
countries. Only 87,236 children under 5 years age who were household contacts of TB cases
were initiated on TB chemoprophylaxis in 2015 [1]. The best chemoprophylaxis coverage was
from the Americas (67%, range 63-71%) and European Region (42%, range 40-44%). In high
TB or HIV/TB burden countries, the figures ranged from 2.6% in Cameroon to 41% in Malawi.
These numbers belie the actual magnitude of the problem. The total number of children on TB
chemoprophylaxis (87236) is only 7.1% (range 6.9-7.4%) of the 1.2 million children who are
eligible for treatment. PLHA have a higher coverage with TB chemoprophylaxis, especially in
the African region. In 2015, TB chemoprophylaxis was being offered to PLHA enrolling for
HIV care in 57 countries. These countries represent 61% of the global TB burden. These data
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are encouraging because in 2014 there were only 49 countries where TB preventive treatment
was available. South Africa, Malawi, Mozambique and Kenya have the largest number of
PLHA on TB chemoprophylaxis. Much more needs to be done. Of the 30 high TB/HIV burden
countries, no preventive treatment was available in 21 countries. Even in nine that did report
so, coverage of people newly enrolled in HIV care varied from 2% in Indonesia to 79% in
Malawi. The National AIDS Control Organization (NACO) in India issued new TB manage-
ment guidelines in 2016 [8]. TB care has now been integrated into the services provided by the
ART centres and isoniazid preventive therapy (IPT) has also been included in it [8].

3. Pathobiology of LTBI

Ninety percent of people infected with Mtb are able to successfully contain the microbe and
ward of clinical disease. It should be realized that Mtb infection cannot be eradicated but only
contained even in healthy immune-competent people and a key pathological mechanism in
this is formation of tubercular granuloma.

Mtb infection occurs via the respiratory tract and on entry, mycobacteria encounter alveolar
macrophages in the airways and immediately infect them. Macrophages can provide an
intracellular sanctuary for mycobacteria, and Mtb has evolved numerous mechanisms to
survive within macrophages. A characteristic set of pro-inflammatory cytokines and chemo-
tactic factors for macrophages are released and cause granuloma formation. The granuloma is
composed of various cells including macrophages, lymphocytes, dendritic cells, neutrophils,
and sometimes fibroblasts, often with a necrotic centre. This structure serves to contain the
bacilli and acts as an immune microenvironment that limits M tuberculosis replication. How-
ever, formation of a granuloma is not enough to control infection, as it has been seen that
persons with active TB can have multiple granulomas in the lungs and possibly other tissues.
Instead, granulomata must have optimal immunologic function to contain or eliminate the
bacilli [9]. When they fail to do so, they release anti-inflammatory cytokines which aim to
prevent tissue destruction but at the same time trigger fibrosis.

Structural or functional disruption of the granuloma is likely to lead to reactivation of latent
M. tuberculosis infection, dissemination, and active disease [9]. Research in HIV-TB has given
insight into some of the mechanisms involved in reactivation of TB [10]. The cause of disrup-
tion can be understood as general and overlapping processes, including increase in the HIV
viral load within involved tissue, a reduced number of CD4 T cells, a defective macrophage
function, and perturbation of Mtb-specific T-cell function [9]. They can all lead to detrimental
changes within granulomas.

Depletion of CD4 cell population leads to an inability to mount an effective cell-mediated
immune response against Mtb. Studies on macaques infected with simian immunodeficiency
virus (SIV) have shown that reactivation of LTBI is directly associated with depletion of CD4+
T cells [10-12]. Critical decline in the number of CD4+ T cells is associated with a decrease in
the number of memory CD4+ T cells (CD27+ CDRO45+) that can recognize Mtb antigens,
decrease in polyfunctional antigen-specific CD4+ T cells and a relative increase in interferon

171



172 Advances in HIV and AIDS Control

gamma + CD 8+ T cells [10-12]. Other mechanisms include suppression of cell-mediated responses
of regulatory T cells (Tregs) and impairment of TNF-a- mediated apoptosis of Mtb-infected
cells [13].

4. Diagnosis of LTBI

Prior to putting people on chemoprophylaxis for LTBI, active TB has to be first excluded by
standard case finding methods. Latent tuberculosis infection (LTBI) is most often diagnosed by
the tuberculin skin test (TST), and the Mantoux TST is the standard method of determining
Mycobacterium tuberculosis infection. This test is performed by injecting 0.1 ml of tuberculin
purified protein derivative (PPD) (equivalent to 1 TU of PPD RT 23 or 2.5 TU of PPD- S) into
the inner surface of the forearm. In India, PPD-RT 23 with Tween 80 of strength 1 TU and 2 TU
are standardized tuberculins available which is supplied by the Bacillus Calmette-Guérin
(BCG) vaccine Laboratory, Guindy, Chennai. CDC recommended strength is 5 TU of PPD-S.
The injection is given intradermally with a tuberculin syringe, with the needle bevel facing
upward. The injection should produce a pale wheal 6-10 mm in diameter and the skin test
reaction should be read between 48 and 72 hours after administration. The reaction should be
measured in millimeters of the induration (palpable, raised, hardened area or swelling) across
the forearm (perpendicular to the long axis) and not the erythema (redness).

Classification of positive TST results

Induration 25 mm 210 mm 215 mm
size/Patient
profile
HIV-infected persons * Recent immigrants Any person, including

(<5 years) from high-
prevalence countries
Injection drug users
Residents and

persons with no known
b A recent contact of a person with TB dis- risk factors for TB
ease °

®  Persons with fibrotic changes on chest

radiograph consistent with prior TB

4 Patients with organ transplants

®  Persons who are immunosuppressed for
other reasons (e.g., taking the equivalent
of >15 mg/day of prednisone for 1 month
or longer, taking TNF- alpha antagonists)

employees of high-risk
congregate settings
Mycobacteriology labo-
ratory personnel
Persons with clinical
conditions that place
them at high risk
Children <4 years of age
Infants, children, and
adolescents exposed to
adults in high-risk cate-
gories

In interpreting a positive TST, it is important to consider much more than only the size of the
induration. Rather, the TST should be considered according to three dimensions: size of indu-
ration, pre-test probability of infection and risk of disease if the person were truly infected [14].
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There are two important causes of false-positive results: nontuberculous mycobacterial (NTM)
infection and prior BCG vaccination [15]. NTMs are not a clinically important cause of false-
positive TST results, except in populations with a high prevalence of NTM sensitization and a
very low prevalence of TB infection [15]. The impact of BCG on TST specificity depends on
when BCG is given and on how many doses are administered. If BCG is administered at birth
or infancy and not repeated, then its impact on TST specificity is minimal and can be ignored
while interpreting the results [15]. In contrast, if BCG is given after infancy (e.g., school entry)
and/or given multiple times (i.e., booster shots), then TST specificity is compromised [15].

Tuberculin skin tests are subject to variability when repeated tuberculin tests are given. Chance
variation should result in differences of less than 6 mm (representing two standard deviations)
in 95% of subjects. This supports the adoption of 6 mm as a criterion to distinguish increases in
reaction size due to random variation alone from true biologic phenomena, which could be
either conversion or boosting [16]. Boosting is best distinguished from conversion on clinical
grounds. One can attribute an increase in reaction size to boosting when the increase in
reaction is seen after an interval of 1-5 weeks during which there has been no possibility of
exposure, such as pre-employment testing of a health care worker [16]. Conversion can be
confidently stated to have occurred when a previously tuberculin-negative individual becomes
tuberculin test positive after receiving BCG vaccination, or following significant exposure such
as during an outbreak or as a result of close contact with a highly contagious index case [17, 18].
Among subjects vaccinated in infancy, and tested after an interval of 5 years or more, preva-
lence of initial tuberculin reactions is the same in vaccinated and unvaccinated reference
populations but prevalence of boosting was 7% higher in vaccinated than unvaccinated [19].

The other method of detecting LTBI is based on IFNY release assays (IGRA). These tests detect
a set of Mitb genes that are present in Mtb complex but not present in BCG immunized or in a
setting of NTM infection. In this test, the sera of patients is incubated with Mtb specific T
lymphocytes. The T cells respond to Mitb-specific gene products by secretion of pro-
inflammatory cytokines that are detected. Two IGRAs are commercially available today.
QuantiFERON-Gold In Tube test (QFT; Germany) uses whole blood and is ELISA based. The
T-SPOT.TB test (Oxford Immunotec, Abingdon, UK) uses peripheral blood mononucleated cell
(PBMC) and ELISPOT technique. Both IGRAs incorporate the region of difference 1 (RD1)-
encoded 6 kDa early secretory antigenic target (ESAT-6) and 10 kDa culture filtrate protein
(CFP10) antigens, whereas an additional single peptide from TB7.7, encoded in RD11, is added
to the QFT [20]. The selections of antigens for these tests are critical. Natural immunity to
M. tuberculosis is highly individual, multi-epitopic and multiantigenic, and more than 80
antigens are necessary to capture 80% of the MTB-specific T-cell response [21]. The currently
used antigens ESAT-6, CFP10 and TB7.7 were selected for their high immunogenicity and
specificity for M. tuberculosis infection, not for their predictive potential. ESAT-6 is considered
among the most immunogenic proteins, but it has a drawback when used to detect LTBI. It is
secreted through the entire spectrum of latency and also in active stages of the infection.
Therefore, disease stage-specific diagnosis is impossible using ESAT-6 [22].

Various studies have evaluated the utility of IGRAs and TST. A study from Turkey published in
2007 seems relevant to countries like India as Turkey is also a country with high prevalence of TB
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and high BCG vaccination coverage [23]. The workers compared TST with QuantiFERON®-TB
in three population groups: household contacts of smear-positive TB cases, community mem-
bers who had been exposed to index smear-positive TB cases and healthcare workers dealing
with TB cases or handling TB specimens. They did a Kappa analysis to look for agreement
between the tests. They found that QuantiFERON®-TB values were higher in the first group of
patients when compared to the other two groups. In case of TST, there was no difference
among the three groups. Evaluation for agreement rates between the groups showed poor
agreement in all three groups. The authors concluded that while Quantiferon Gold was more
objective, practical and gave quantitative values, it was more expensive and required a well-
equipped laboratory and thus did not have a programmatic role in detection of LTBI in a
country will high TB prevalence and high BCG coverage [23].

In a Japanese study, the specificity of IGRA was studied in healthy low-risk individuals with
history of BCG vaccination [24]. It was seen that TST was positive (= 10 mm) in 64.6%
(specificity 35.4%) while QuantiFERON®-TB test was positive in 1.9% (specificity 98.1%,)
[24]. Similar results were obtained in another study done in Korea [25].In this study, 273
participants were included, 220 (95.7%) had received BCG vaccine. Participants were grouped
according to their risk of infection: group 1, no identifiable risk of M. tuberculosis infection
(n=99); group 2, recent casual contacts (n=72); group 3, recent close contacts (n =48); group 4,
bacteriologically or pathologically confirmed TB patients (n = 54). They studied the levels of
agreement between the TST and the IFN-gamma assay and the likelihood of infection in the
various groups and found out that the overall agreement between the TST and the IFN-gamma
assay in healthy volunteers was a kappa value of 0.16. The odds of a positive test result per
unit increase in exposure across the four groups increased by a factor of 5.31 (95% confidence
interval [CI], 3.62-7.79) for the IFN-gamma assay and by a factor of 1.52 (95% ClI, 1.20-1.91) for
the TST (P <.001). In another study of 590 HIV-infected patients, QuantiFERON® -TB Gold test
correlated with known risk factors for LTBI or past history of TB [26].

Both TST and IGRAs are acceptable but imperfect LTBI tests, with advantages and disadvan-
tages [27]. In some situations, neither test is appropriate (e.g., active TB diagnosis in adults)
and in some situations, both the tests may be necessary to detect M. tuberculosis infection (e.g.,
immunocompromised populations), and there are situations where one test may be preferable
to another. For example, IGRAs may be preferable to the TST in populations where BCG is
given after infancy or given multiple times. In contrast, TST may be preferable to the IGRAs for
serial testing of health care workers. Both TST and IGRAs have reproducibility challenges, and
dichotomous cut-offs are inadequate for interpretation [27]. The ability of tuberculin skin tests
and IGRAs to identify persons at highest risk of progressing to active tuberculosis is poor.
Neither test reliably predicts future disease among persons with positive tests nor do strongly
positive tests mean a higher risk. In one meta-analysis, the pooled positive predictive value for
progression to active tuberculosis was 2.7% (95% confidence interval [CI], 2.3-3.2) for IGRAs
and 1.5% (95% CI, 1.2-1.7) for the tuberculin skin test [28]. A meta-analysis of only longitudi-
nal studies of IGRAs, with a median follow-up of 4 years, showed a moderate association
between positive tests and subsequent tuberculosis (unadjusted incidence ratio, 2.10 [95% CI,
1.42-3.08]) [29]. The other limitations of these tests are inability to distinguish reactivation from
reinfection, reduced accuracy in immunocompromised patients, and inability to discriminate
the various stages within the spectrum of LTBI [30]. To maximize the positive predictive value
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of existing LTBI tests, LTBI screening should be reserved only for those who are at sufficiently
high risk of progressing to disease. The recommendations for systematic testing for LTBI as per
WHO 2015 guidelines are as follows [31]:

Population groups Test Quality of recommendation
PLHA, child contacts of TB cases, patients being initiated on anti-TNF IGRA/ Strong recommendation, low/
treatment, patients receiving dialysis, patients preparing for organ/ TST very low quality evidence

haemotologic transplant and patients of silicosis

Prisoners, health-care workers, immigrants from high TB-burden countries, IGRA/ Conditional recommendation,
homeless persons and illicit drug users TST low/very low quality evidence

In the long term, highly predictive biomarkers need to be identified. This is an active area of
research, and future generations of LTBI tests should overcome the limitations of current
assays. A great endeavor is on to discover reliable, low-cost biomarkers. Gene signatures can
distinguish between active and latent TB [32]. A lot of works have been done to identify
differential expression of cytokines and chemokines in active TB and LTBL. It has been shown
that plasma levels of the CXC chemokine IP-10 and soluble TNF receptor type 2 (STNFr2) can
significantly differentiate active TB from the LTBI group, irrespective of HIV status [33].
Another study showed that serum IL-2, IL-9, IL-13, IL-17, TNF-a, sCD40L and VEGF-A levels
may be adjunctive biomarkers for differential diagnosis of active TB, LTBL and NTM disease
[34]. Assessment of serum sCD40L and Mtb antigen-specific IFN-y, TNF-a, and IL-2 levels
could also help predict successful anti-TB treatment in conjunction with Mtb clearance [31].
Achkar et al. looked at biomarkers to distinguish active TB and LTBI from no TB infection in
HIV positive and negative populations [35]. They did so because inflammatory response and
repair are both blunted in PLHA. They identified a set of biomarkers which reliably predict
active TB. The biomarkers identified are shown in Table 1 [32]:

Functional category HIV-Positive TB HIV-Negative TB
Immune response CD14, SEPP1, SELL CD14, SEPP1, PGL YR P2
Tissue development & repair TNXB, LUM, PEPD, QSOX1, COMP PFN1, VASN

Lipid metabolism APOC1

Other GP1BA CPN2, TAGLN2, IGFBP6

SEPP, selenoprotein P; SELL, selectin L; TNXB, tenascin XB; LUM, lumican; PEPD-peptidase D; QSOX1, quiescin sulfhy-
dryl oxidase 1; COMP, cartilage oligomeric matrix protein; APOCI, apolipoprotein C-I; GP1 BA-glycoprotein 1 BA;
VASN, vasorin; PEN 1, profilinl; CPN 2, chaperon 2; TAGLN2, transgelin 2; IGFBP 6, insulin-like growth factor binding
protein 6; PGLYRP2, peptidoglycan recognition protein 2.

Table 1. Newer biomarkers for diagnosis of active TB.

5. Treatment of LTBI

Treatment of LTBI reduces the risk for active disease and hence various authorities have
recommended treatment for this entity. Chemoprophylaxis for LTBI can prevent 60-90% of
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reactivation TB [36]. But chemoprophylaxis cannot be considered as a universal approach due
to the inherent toxicity of all TB drugs. However, in vulnerable populations, the benefits far
outweigh the risks [33].

The International Union against Tuberculosis (IUAT) trial, conducted in Eastern Europe, ran-
domized approximately 28,000 individuals with positive tuberculin skin tests (TST) and
fibronodular changes on chest X-ray [37]. Approximately 7000 participants each were random-
ized to placebo, 3, 6 or 12 months of INH. Compared to participants who took placebo,
participants who completed 3 months INH had 31% reduction in TB; those who completed
6 months INH (6INH) 69% reduction and the subjects who completed 12 months INH (12INH)
had 93% reduction in TB. The efficacy of 6INH and 12INH waned during 5 years of follow-up
but remained significantly better than the placebo. It is to be noted that fewer people com-
pleted 12 INH regimens as compared to 6INH [34].

Concerns regarding the relatively low efficacy of 6INH, and equally serious concerns regard-
ing the poor completion of 12INH resulted in recommendations for 9 months INH by the
American Thoracic Society in 2000 [38]. The optimal duration of INH was recommended as
9 months, with estimated efficacy of 90% and no significant gain with extension to 12 months
[35].

In another trial, in Hong Kong, people who had pulmonary silicosis with a positive TST were
randomized to placebo, 6INH, 3 m INH + Rifampin, or 3 m Rifampin alone [39]. During 5 years
of follow-up, 27% of those randomized to placebo arm developed active TB, compared to 16,
13, and 10% for the three regimens respectively [36]. The estimated effectiveness of 3-months
rifampin was approximately 65%; this was better than the other regimens although the differ-
ences between active regimens were not significant, and all were significantly better than
placebo [36].

A series of randomized trials have demonstrated that the efficacy of 3-4INH + RIF to be
equivalent to that of 6INH (four studies) or 9INH (one study) although adverse events are
significantly more frequent [40, 41].

For adults, the recommended duration of treatment is at least 6, and preferably 9, months.
Children younger than 18 years and persons with HIV infection should be treated for 9 months
[42]. In HIV TB setting, IPT has been shown to slow the progression to active disease. A
Cochrane systematic review of 12 trials, published in 2010 among 8578 patients showed that
IPT reduced the risk of active TB by 64% among TST positive HIV-infected participants
[43]. WHO has recommended that in resource-limited countries and other middle-income
countries, people living with HIV and children below 5 years of age who are household
or close contacts of people with TB and who, after an appropriate clinical evaluation, are
found not to have active TB but have LTBI should be treated. WHO has recommended the
following regimens for the treatment of LTBI which are similar to current CDC guidelines
[26, 44-46].

The 9-month regimen with isoniazid is preferred because it is more efficacious. However,
treatment of LTBI for 6 months rather than 9 months may be more cost-effective and result in
greater adherence by patients.
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Regimen Dose isoniazid Dose rifapentine or rifampicin Maximum dose

6 mor 9 misoniazid  Adults =5 mg/kg isoniazid - 300 mg
daily Children = 10 mg/kg

3 m rifapentine + Adults & children Rifapentine (wt band): isoniazid - 900 mg
isoniazid weekly isoniazid - 15 mg/kg 10.0-14.0 kg = 300 mg; 14.1- Rifapentine - 900 mg

25.0 kg = 450 mg; 25.1-32.0 kg = 600 mg;
32.1-49.9 kg = 750 mg; 250.0 kg = 900 mg

3or4dm Isoniazid: Rifampicin: Adults & children - 10 mg/kg isoniazid-300 mg
isoniazid + rifampicin ~ Adults - 5 mg/kg Rifampicin - 600 mg
daily Children - 10 mg/kg

3 or 4 m rifampicin Adults & children Rifampicin - 600 mg
alone daily 10 mg/kg

Directly observed once-weekly regimen of isoniazid and rifapentine is recommended as an
option equal to the standard INH 9-month daily regimen for treating LTBI. The regimen may
be used in otherwise healthy HIV-infected persons, 12 years of age and older, who are not on
antiretroviral medications. It may also be considered for children aged 2-11 years if comple-
tion of 9 months of INH is unlikely and hazard of TB disease is great.

The regimen using 4 months of rifampicin can be considered for persons who cannot tolerate
INH or who have been exposed to INH-resistant TB. It should also not be used to treat HIV-
infected persons taking some combinations of ART especially protease inhibitors.

The National Aids Control Organization guidelines for LTBI in PLHA published in 2016
recommends the following strategy [8]

*  Adults and adolescents living with HIV should be screened for TB with a clinical algo-
rithm and those who do not report any one of the symptoms of current cough, fever,
weight loss or night sweats are unlikely to have active TB and should be offered Isoniazid
Preventive Therapy (IPT).

e  Children living with HIV (more than 12 months of age) who do not report poor weight
gain, fever, current cough or history of contact with a TB case, are unlikely to have active
TB and should be offered IPT.

* Additional investigations will help in ruling out active TB (X-ray chest and tuberculin skin
test) but are not mandatory.

*  The treatment recommended in adult and adolescent is Isoniazid 300 mg + Pyridoxine
50 mg (Vitamin B6) per day for 6 months and for children above 12 months is Isoniazid
10 mg/kg + Pyridoxine 25 mg (Vitamin B6) per day for 6 months.

6. Chemoprophylaxis after contact with MDR-TB

Treatment of close contacts of drug-resistant active TB cases is difficult and yet is an increas-
ingly common clinical problem. For contacts of INH-resistant index cases, INH will be ineffec-
tive, so 4RIF is recommended [47, 48].
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In a prospective study, two of 41 children receiving tailored preventive therapy developed TB
(confirmed and probable TB) compared to 13 of 64 children not receiving preventive treatment
(OR 0.2, 95% C10.04-0.94) [49]. However, WHO has not recommended any form of preventive
therapy for MDR contact cases. Based on the available evidence and the probability of
increased likelihood to develop active TB disease following recent infection, strict clinical
observation and close monitoring for the development of active TB disease for at least 2 years
is preferred over the provision of preventive treatment for contacts of MDR-TB cases [1].

Clinical management of latent tuberculosis infection should also address such concomitant risk
factors as illicit-drug use, alcohol abuse, and smoking through opioid-substitution treatment
and counseling about alcohol and smoking cessation, respectively. Acceptance of and adher-
ence to the full course of latent tuberculosis treatment must be encouraged. In a study
conducted in the United States and Canada, 17% of persons who were offered treatment for
latent infection refused it [1]. Treatment completion varies widely (from 19 to 96%), and the
reasons for non-completion need to be fully assessed [1]. The use of various incentives to
promote treatment initiation and adherence, depending on the specific need of the person being
treated, should be considered. Peer education, counseling, people-friendly services, and prop-
erly trained service providers boost confidence and may improve adherence to treatment [1].

7. Adverse effects of LTBI treatment

The lengthy duration of treatment reduces patient compliance, while the potential occurrence
of serious adverse events such as hepatitis, further discourages patients” and providers’ accep-
tance of this therapy [50-52].

INH has the major disadvantage of potential serious adverse events. Of particular concern is
hepatotoxicity, as this is difficult to detect, and can be fatal. Surveillance studies have con-
firmed that hepatotoxicity is quite common in patients taking INH and can be severe resulting
in up to 1 per cent mortality in older patients [53].The relative risk for developing hepatotox-
icity associated with isoniazid compared with placebo were 3.45 (95% CI, 1.49-7.99) for
12 weeks of treatment, 4.59 (95% CI, 2.03-10.39) for 24 weeks of treatment, and 6.21 (95% ClI,
2.79-13.79) for 52 weeks of treatment in the IUAT trial [34].

In another randomized trial, rates of grade 3 and 4 adverse events were significantly lower
with 4RIF than 9INH [54]. Grade 3—4 hepatotoxicity occurred in 4% of patients taking 9INH
compared to less than 1% in those taking 4RIF [54].

Comparison of drug toxicity of INH and Rifampicin has been studied in many trials. Rates of
hepatotoxicity among patients receiving isoniazid were 5.2, 3.7, 34 and 11.4% compared to
rates among patients treated with rifampicin (0.0, 0.7 and 4.4%, respectively) [55, 56].

In PREVENT TB study, rates of grade 3 and 4 hepatotoxicity were 4.9 and 1.0% in the
rifapentine plus isoniazid arm and 5.5 and 1.1% in the isoniazid-only arm, respectively [57].
The RR for grade 3 or 4 hepatotoxicity was 0.90 (95% CI, 0.75-1.08). Mortality from hepatotox-
icity was reported to be 1.0% among patients on isoniazid and 0.8% on those on isoniazid plus
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rifapentine (RR, 0.83 [95% CI, 0.51-1.35]) [57]. Therefore, unless the index TB case has INH-
resistant TB or an abbreviated regimen is required in a special situation, there is no reason not
to use INH for LTBI chemoprophylaxis.

8. Conclusion

Identification and early chemoprophylaxis for LTBI can prevent reactivation TB and thus reduce
both TB morbidity and transmission of TB in the community. In low TB-burden countries LTBI
detection and IPT are important strategies for TB eradication. Diagnosis of LTBI is based on
either TST or TB IGRA. The test preferred usually depends on the financial support available for
public health programmes. In high TB- burden countries, LTBI detection and treatment can
contribute to decreasing TB burden and transmission and also emergence of drug resistant TB.
Here the guidelines are pretty straightforward and IPT should be offered to all children less than
5 years who have contact with pulmonary TB cases or HIV-positive individuals. INH is the
preferred drug for LTBI and a 9-month regimen is considered optimal. However, careful clinical
monitoring is required to detect drug induced liver injury early and also to ensure adherence to
therapy. Clinical trials in different parts of the world have shown that this effort is worth it.
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Abstract

Currently, 17 million people worldwide are receiving antiretroviral therapy (ART) for
human immunodeficiency viral (HIV) infection. There has been a dramatic decline in
mortality from HIV infection in the last decade due to increased availability of ART. HIV-
associated cardiac failure is on the increase, with more cases of diastolic dysfunction
reported in the ART era. HIV increases the risk of CVD, because of longer survival on
ART, ongoing subclinical inflammation, traditional cardiovascular risk factors and the
complications of chronic ART use. HIV-associated CVD encompasses a wide spectrum
of heterogeneous clinical entities, which include diastolic dysfunction, asymptomatic left
ventricular dysfunction, cardiomyopathy, myocarditis, heart failure, myocardial fibro-
sis, myocardial steatosis, pulmonary hypertension, peripheral arterial disease, cerebro-
vascular disease, infective endocarditis, coronary artery disease and cardiac neoplasms
(e.g. Kaposi sarcoma and B-cell immunoblastic lymphoma). In this chapter, we review
the complex association of HIV infection and CVD. We describe important recent devel-
opments and perspectives based on a systematic analysis of the important advances in
this field published in the last decade.

Keywords: HIV, heart failure, cardiovascular disease, inflammation, cardiomyopathy

1. Introduction

By end of 2017, about 37 million people worldwide were living with the human immunodefi-
ciency virus (HIV) [1]. Sub-Saharan Africa (SSA) is the region of the world most severely affected
by HIV infection, where 69% of the global population of people living with HIV reside [2]. South
Africa has the largest population of HIV infected persons: an adult prevalence of 18.9% and an
estimated 7.1 million people living with HIV in 2016 [2]. At the end of 2016, the country had
270,000 new infections while 110,000 South Africans died from AIDS-related illnesses [3].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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The connection between HIV infection and cardiovascular disease (CVD) was established
quite early in the history of the AIDS pandemic [4]. Early studies in Africans with HIV infection
reported that CVD, involving predominantly the myocardium and pericardium, occurred in
up to 60% of patients studied [5]. The frequency and pattern of CVD in HIV infected persons
is determined by geography, access to combination antiretroviral therapy (ART) and degree
of immunosuppression [6]; and several studies have reported the incidence of HIV-associated
CVD to be much higher in SSA compared to high-income countries [7, 8].

The risk of CVD in HIV infected individuals is influenced not only by traditional cardiovascu-
lar risk factors, genetics and family history, but also by the effect of ART and the effect of HIV
itself [9]. Common HIV-associated CVD manifestations include HIV-associated cardiomyop-
athy (38%), pericardial disease (13%) and pulmonary hypertension (8%) [10]. Approximately
50% of asymptomatic HIV infected persons without known CVD have been found to have
diastolic dysfunction on echocardiography [11]. Studies from Africa have found the preva-
lence of diastolic dysfunction in HIV infected patients to be much higher and to be more
severe in patients with AIDS at autopsy, where up to 40% of HIV infected patients were found
to have histological evidence of interstitial fibrosis [12]. Despite effective suppression of viral
replication, treated HIV infection is associated with persistent inflammation, tissue fibrosis,
suboptimal immune recovery and organ damage [13].

2. Heart failure

Heart failure, a regular consequence of cardiac disease, appears to be more common among
HIV patients. The global prevalence of heart failure in HIV infected patients in the pre-ART
era was between 4 and 5 million cases [13]. Heart failure remains a significant problem in HIV
infected patients; the incidence of HIV/AIDS related heart failure is on increase, and current
evidence suggests that diastolic, rather than systolic dysfunction is the predominant form of
heart failure in the era of ART [14, 15]. Risk factors for systolic dysfunction included elevated
high-sensitivity C-reactive protein, tobacco use and prior myocardial infarction (MI); for dia-
stolic dysfunction, risk factors were hypertension and older age [16-18]. In 2242 HIV infected
patients on ART from 11 contemporaneous studies, systolic and diastolic dysfunction were in
8.3% and 43.4% of study subject, respectively [16].

2.1. Pathogenesis of HIV-associated heart failure

Several mechanisms may be responsible HIV-associated heart failure, as shown in Figure 1,
including direct HIV infection, toxicity of HIV components and ART, opportunistic infections
and abnormal autoimmune responses to viral infection [19, 20]. HIV associated myocarditis,
malignancy, myocardial fibrosis, myocardial steatosis, arterial stiffness, endothelial dysfunc-
tion capillary leak syndrome and abnormal coagulation have been considered in the patho-
genesis [21-27]. Also, traditional risk factors such as hypertension, diabetes, dyslipidaemia
and smoking are more common in HIV infected people [28].
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Figure 1. Mechanisms of cardiovascular involvement in HIV infection.

2.2. Myocarditis in HIV

At autopsy, myocarditis was reported in up to 50% of AIDS patients who had not died from
cardiac reasons [29]. Direct invasion of cardiomyocytes by HIV has been described, however,
the virus affects the myocardial cells in a haphazard fashion with no clear association between
viral load and extent of myocardial involvement [30]. The invasion of cardiomyocytes in
HIV infection can be through other microorganisms, including fungi (Candida, Histoplasma
capsulatum [31], Cryptococcus neoformans [32], Aspergillus [32]); viruses (Herpes simplex [33],
cytomegalovirus [30], Coxsackievirus B3 [34], Parvovirus [33]); bacteria (Mycobacterium
tuberculosis [35], Mycobacterium avium [36]) and parasites (Toxoplasma gondii [37]).

Myocarditis with lymphocytic infiltration was reported in 40-52% of patients who died of
AIDS in the pre-ART era, although no specific pathogen was reported in most affected patients
and clinical presentation was heterogeneous with most remaining asymptomatic despite
ongoing subclinical myocardial oedema and inflammation (Figure 2) [30]. In different study
of HIV-associated cardiomyopathy, endomyocardial biopsy (EMB) of almost cases revealed
myocarditis with cardiotropic viral infections [38]. The prevalence of myocarditis and cardio-
tropic viral genomes in HIV-associated cardiomyopathy, HIV uninfected idiopathic dilated
cardiomyopathy (DCM) patients and orthotopic heart transplant recipients was compared
using EMB and the immunohistological criteria of the World Heart Federation in 33 patients.
Myocarditis was present in 44% of HIV-associated cardiomyopathy, 36% of heart transplant
recipients and 25% of participants with idiopathic DCM. Multiple viruses were identified in
most cases. Cardiotropic viral infection was present in all HIV-associated cardiomyopathy
patients, with HIV-associated cardiomyopathy, heart transplant recipients and idiopathic
DCM patients having an average of 2.5, 2.2 and 1.1 viruses per individual, respectively [39].

Viral and opportunistic infections trigger myocarditis in the setting of uncontrolled HIV
infection. Direct invasion of cardiac myocytes by cardiotropic viruses, including HIV, leads to
a local cytokine release and subsequent infiltration of the myocardium with clonal expansion
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Figure 2. CMR T2-weighted short-tau inversion recovery image showing elevated myocardial: Skeletal muscle signal
intensity ratio of the lateral wall (white arrows) in a patient with HIV-associated acute myocarditis. Regions of interest
drawn in blue.

of B cells [40]. Reduction in opportunistic infections in patients on ART may be responsible
for the impressive drop in myocarditis rates and declining prevalence of HIV-associated car-
diomyopathy [15, 41, 42].

2.3. Cardiomyopathy and systolic dysfunction in HIV

The most commonly reported cardiac manifestations of HIV/AIDS in SSA are cardiomyopa-
thy, pericardial disease (related to tuberculosis), and pulmonary hypertension [10]. Initial
descriptions of HIV-associated cardiomyopathy have evolved since the 1980s [43]. The patho-
genesis of HIV-associated cardiomyopathy is multifactorial and can be direct action of HIV
on myocardial tissue or from proteolytic enzymes and cytokine mediators induced by HIV
alone or in conjunction with cardiotropic viruses [44]. There has been a marked reduction in
incidence of HIV-associated cardiomyopathy after the introduction of ART [15, 26, 41].

HIV-associated cardiomyopathy was showed manifestations of systolic dysfunction associ-
ated with a dilated left ventricle and indicated a poor prognosis [4]. The clinical presentation
of HIV-associated cardiomyopathy is similar to that of DCM in HIV uninfected persons, and
pathological features include dilated cardiac chambers with endocardial fibrosis and mural
thrombus (Figure 3) [45]. Histologically, it manifests as myocyte hypertrophy and degenera-
tion with increased interstitial and endocardial fibrin collagen and evidence of prior myocar-
ditis [45]. However, more recent reports indicate that HIV-associated cardiomyopathy more
commonly manifests with subclinical diastolic dysfunction, particularly in individuals with
well controlled HIV infection [46]. Contemporaneous series of significant systolic dysfunction
in treated HIV infection have been associated with prior myocardial infarction [47].
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Figure 3. CMR balanced steady state free precession images showing (A) 4-chamber view, (B) 2-chamber view, and (C)
a mid-ventricular short-axis image; and (D) late gadolinium enhancement image showing linear mid-wall enhancement
in a patient diagnosed with HIV-associated cardiomyopathy.

A phenotype of HIV-associated heart muscle disease with normal chamber size and mildly
impaired systolic function increases risk of heart failure, even in the absence of coronary
artery disease [48].

2.4. Diastolic dysfunction in HIV

Left ventricular dysfunction associated with HIV is often clinically silent but may progress to
symptomatic heart failure. Many studies have reported high incidence of diastolic dysfunc-
tion in HIV (Figure 4) [11, 12, 16-18, 22, 23, 47, 49, 50]. In addition, diastolic dysfunction
is considered an early marker of coronary artery disease in HIV uninfected patients with-
out cardiac symptoms and preserved systolic function [51]. Diastolic dysfunction in HIV is
associated with longer duration of HIV infection, higher body mass index and exposure to
zidovudine [52, 53]. In different echocardiographic screening studies of asymptomatic HIV
infected individuals, diastolic dysfunction was seen in 26-48% [46, 47, 49, 54]. In these studies,
diastolic dysfunction has been associated with elevated body mass, total cholesterol, hyper-
tension, smoking and viral load.
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Figure 4. CMR cine tagging using spatial modulation of magnetisation in a short axis image through the mid left
ventricle at end-diastole (a) and at end-systole (B) in a patient infected with HIV. Tagging for strain and strain rate
imaging in circumferential, longitudinal and radial directions is one of the main techniques for assessment of diastolic
dysfunction with CMR.

3. Myocardial fibrosis in HIV

Myocardial fibrosis an important reason of development and progression systolic and dia-
stolic cardiac failure [55]. There is histological evidence of interstitial fibrosis at autopsy in
40% of subjects with HIV infection [29]. CMR studies have demonstrated a prevalence of focal
fibrosis in asymptomatic HIV infected individuals of close to 80% (Figure 5) [22, 23, 25, 56].
Diffuse myocardial fibrosis estimated by extracellular volume (ECV) calculation was also
found to be elevated in HIV infected individuals [56].

Figure 5. Late post gadolinium images showing mid-wall focal fibrosis in the basal inferolateral wall in (a) 3-chamber
view and in the lateral wall in (B) short-axis (white arrows depict the fibrosis).
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4. Myocardial steatosis in HIV

Cardiovascular magnetic resonance spectroscopy studies have reported increased incidence
of myocardial lipidosis in HIV infected patients receiving ART, even in the absence of cardio-
vascular symptoms [22, 25]. In these studies, steatosis was associated with elevated serum
lipid levels, duration of ART use and impaired strain.

5. HIV-associated pulmonary arterial hypertension

Primary pulmonary arterial hypertension is rare in HIV infected persons, with a prevalence of
0.5% [57]. The use of ART has not impacted on the epidemiology of HIV-associated pulmonary
arterial hypertension [58]. There is no correlation between HIV-associated pulmonary arte-
rial hypertension and CD4 cell count, HIV viremia, or duration since HIV diagnosis [47]. The
pathogenesis of HIV-associated pulmonary arterial hypertension is poorly understood, with
inflammatory and genetic factors both implicated [59]. Pulmonary hypertension in HIV occurs
without documented thromboembolic disease, intravenous drug use or pulmonary infections
[57, 58]. In a study of 47 patients in the Swiss Cohort Study, patients receiving ART had a
significantly decreased median right ventricular systolic pressure over right atrial pressure
gradient compared to patients who did not receive ART [60]. ART has also been reported to
improve the 6 minute walk test in HIV infected patients with pulmonary hypertension, but
with no effect on haemodynamic parameters [61]. Histologically, HIV-associated pulmonary
arterial hypertension manifests most commonly as a plexogenic pulmonary arteriopathy, but
thrombotic pulmonary arteriopathy and pulmonary veno-occlusive disease also described [62].

6. Pericardial disease in HIV

Pericardial effusion and pericarditis are encountered frequently in patients with HIV infec-
tion. The prevalence of symptomatic pericardial effusions before the advent of ART was up
to 11% of patients with AIDS [63]. However, in the ART era, the incidence of pericardial effu-
sions in HIV is much less: in a multicentre cohort study of treated HIV patients, only 2 of 872
HIV infected patients had pericardial effusions, neither clinically important [64]. Using CMR
with greater resolution, our group has demonstrated the prevalence of small, asymptomatic
pericardial effusions to be much higher [23]. While generally nonspecific, pericardial effu-
sions may indicate active inflammation and may be associated with subclinical myocarditis
or disseminated tuberculosis, particularly in patients with low CD4 cell counts. In patients
with large pericardial effusions, Mycobacterium tuberculosis is likely pathogen, especially in
tuberculosis endemic regions [65]. In prospective study of patients with a large pericardial
effusion, tuberculosis was identified as cause in 85% of cases [66]. In HIV, tuberculous pericar-
ditis is commonly associated with heart failure [67]. HIV is associated with reduced incidence
of pericardial constriction [68].
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Mortality of pericardial effusions in HIV-infected patients is based on the severity and aeti-
ology of the disease, especially if associated with tuberculosis [69]. We have demonstrated
more frequent myocardial fibrosis in HIV-associated pericardial constriction when compared
to those without HIV infection [35]. Prednisone does not reduce mortality in tuberculous
pericarditis, but has been shown to be associated with reduced hospitalisation and constric-
tion, but with increased risk of malignancies in those with HIV infection [70]. Other causes of
pericarditis and pericardial effusions in HIV include HIV itself, bacterial infections, Kaposi's
sarcoma and lymphoma [71, 72].

7. Infective endocarditis in HIV

The epidemiology and clinical profile of infective endocarditis in HIV infection are the same as
in uninfected individuals [73]. The one setting where HIV is associated with increased risk of
infective endocarditis is intravenous drug abuse. Staphylococcus aureus, Streptococcus viridans
and Salmonella species are the most common organisms and the tricuspid valve is most
involved in intravenous drug users developing infective endocarditis [74, 75]. Nonbacterial
(marantic) endocarditis has been described in HIV, usually clinically silent and manifests
with large, friable, sterile vegetations on the cardiac valves, which can lead to pulmonary
embolization [75]. Patients with low CD4 counts have a poorer prognosis when they develop
infective endocarditis [76]. Rates of infective endocarditis have decreased with the advent of
ARV therapy [76]. When intravenous drug use is excluded, HIV infection has not been shown
to be a risk factor for infective endocarditis [77].

8. Coronary artery disease in HIV

HIV-infected patients are known to be at risk for premature coronary artery disease (CAD)
[78]. Different factors related to HIV can lead to development atherosclerosis, including
immune dysfunction, proliferation of T-cells, inflammation, endothelial dysfunction, and
lipid abnormalities [79, 80]. During atherogenesis, HIV promotes monocyte penetration
of the vascular intima to promote secretion of cytokines and expression of endothelial cell
adhesion molecules [81]. The process of endothelial dysfunction in HIV patients may be
driven by HIV transcription factors [82]. Increased risk of CVD in HIV infected patients is
directly related to lower CD4 T-cell counts [83]. Higher number of activated CD8 T-cells
is observed in relation to increased rates of coronary artery plaque and carotid artery
stiffness [84].

In the early stage of HIV infection both total cholesterol and high-density lipoprotein choles-
terol are decreased [85]. Lower levels of apolipoprotein B and smaller low-density lipoprotein
cholesterol have been reported in more advanced stages of HIV infection [86]. In addition,
deleterious metabolic effects such as dyslipidaemia and insulin resistance after exposure to
certain ART treatments have been reported [79]. Recent studies observed that HIV infected
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patients presented with large thrombus burden than atherosclerotic plaques suggesting
de novo arteriothrombosis and thrombophilia as possible causes of CAD events [87, 88].

9. Cardiovascular malignancy in HIV

Cardiac malignancy usually manifests late in HIV disease. Kaposi’'s sarcoma and cardiac
lymphoma are the main malignancies associated with HIV [89]. Non-Hodgkin lymphoma
occurs 25-60 times more in HIV infected patients [90]. Cardiac lymphoma can infiltrate the
myocardium, the subendocardial layer or be located within pericardial effusion [90]. Clinical
features include dyspnoea, right-sided heart failure, heart failure, chest pain and arrhythmia.
Presentations range from asymptomatic to cardiac tamponade, myocardial infarction, heart
failure or conduction abnormalities [91].

In the pre-ART era, the prevalence of Kaposi’s sarcoma from autopsy studies ranged from
12 to 28%, however, cardiac sarcomas were rare [6, 62]. In Kaposi's sarcoma, the coronary
arteries are not affected. The incidence of non-Hodgkin lymphoma is not related to the level
of immunosuppression and has not changed with ART use [92].

10. Conclusion

Two third of those infected with HIV reside in SSA. Currently, 17 million people globally
receive ART for HIV infection. This widespread use of ART has been associated with a dra-
matic reduction in HIV-related mortality. CVD and heart failure are on the increase in HIV:
the mechanisms responsible for HIV-associated CVD are manifold and incompletely under-
stood. Diastolic dysfunction has emerged as the dominant form of HIV-associated CVD in the
era of ART. HIV-associated CVD encompasses heterogeneous disorders and has the propen-
sity to involve every segment of the cardiovascular axis. We have described important recent
developments and perspectives based on a systematic analysis of the important advances in
this field.
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Abstract

One of the promising approaches for designing HIV vaccines is construction of synthetic
polyepitope HIV-1 immunogen using a wide range of conservative T- and B-cell epitopes
of the main virus antigens. In theory this approach helps cope with HIV-1 antigenic vari-
ability, focuses immune responses on protective determinants and enables to exclude
from the vaccine compound adverse regions of viral proteins that can induce autoanti-
bodies or antibodies enhancing infectivity of virus. The paper presents the experience of
our team in development of artificial polyepitope HIV-1 immunogens, which can induce
both a humoral response, and responses of cytotoxic (CD8 + CTL) and helpers (CD4 + Th)
T-cells. The design of HIV-immunogens has been done using our original software,
TEpredict and PolyCTLDesigner. We describe development of the candidate HIV-1/
AIDS vaccine — CombiHIVvac, which included two artificial polyepitope immunogens
TBI and TCI for stimulating humoral and cellular responses. The results of the specific
activity and safety of CombiHIVvac vaccine, obtained during preclinical and clinical tri-
als, are presented.

Keywords: HIV-1 vaccine, artificial polyepitope T- and B-cell immunogens, rational
design, preclinical and clinical trials

1. Introduction

For over 200 years a vaccine development effort was to isolate microbes or viruses and prepare
a killed or attenuated pathogen vaccine. For many self-limiting bacterial and viral infections

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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the vaccine strategy is to mimic the infectious process and natural immunity against a par-
ticular pathogen. However, for HIV-1 and for many other chronic viral, bacterial, fungal and
parasitic infections, and cancer natural immunity is insufficient for protection [1, 2]. Novel
and effective approaches in polyepitope HIV-vaccine development are needed today [3, 4].

Problems that retard development of HIV-1 vaccine are well-known. Firstly, HIV-1 has a high
rate of escape mutations with the result that the virus can change the antigenic structure
quicker than the immune system is switched to new antigenic variants. Secondly, it is still
unclear which type of immune response is more significant when preventing infection: induc-
tion of HIV neutralizing antibodies (in systemic vs. mucosal compartments), CD4+ T-helper
cells, cytotoxic CD8+ T-cells (both potent high avidity CD8+ T-effector/memory responses and
central memory responses), innate immunity, or all factors together. However, recent publica-
tions demonstrate that a humoral response to vaccine may be critical to prevent acquisition of
HIV, while CD8+ T-cells may be required to control viral replication in vaccinated individual.
Thirdly, virus proteins include regions with pathogenic properties due to molecular mim-
icry of physiologically significant functions or induction of autoimmune responses that might
contribute to immunodeficiency. Finally, when studying HIV-infection, experimental models
are very limited [1, 5-7].

Well-known HIV-1 vaccine design strategies are based on the use of different forms of viral
antigen including inactivated virus, modified or attenuated virus, native and genetically engi-
neered proteins, and peptides [5]. The first generation candidate vaccines (such as AIDSVAX
B/B and AIDSVAX B/E) were constructed for inducing humoral immunity, to elicit virus-
neutralizing antibodies. Development of such vaccines was based on the use of full-length
proteins of HIV envelope or their fragments [8]. The second generation vaccines (e.g. Merck
Ad5 gag/pol/nef of B subtype) were aimed to mediate protection by inducing HIV-specific
cytotoxic T-lymphocytes (CTLs) capable to recognize and eliminate HIV-infected cells [9].
Many candidates were tested in human or animals; however, none of them has demonstrated
efficacy in phase II-III trials [10].

The first promising and statistically significant results were obtained in clinical trials of RV144
vaccine stimulating both humoral and cellular immunity. It is a combination of two previ-
ously developed vaccines ALVAC-HIV (Sanofi Pasteur) and AIDSVAX B/E gp120 (VAXGEN)
[11]. Despite rather low protective efficacy (31.2%), RV144 clinical trials made it possible to
draw several weighty conclusions, i.e. (1) HIV-1 vaccine is not a myth but a reality; (2) efficient
vaccine should induce both humoral and cell immune responses against HIV-1, and (3) new
approaches are needed to increase vaccine efficacy [2, 3, 12].

One of them includes construction of completely artificial polyepitope (mosaic) anti-HIV-1
immunogens comprising a broad range of protective T- and B-cell epitopes based on the main
viral antigens capable of inducing production of neutralizing antibodies and responses of
cytotoxic (CD8+ CTL) and helper (CD4+ Th) T-lymphocytes. This approach seems to be rather
promising when developing new generation HIV-vaccines. In theory, it makes it possible to
overcome HIV-1 antigenic variability, focus immune responses on protective epitopes and
allows to exclude undesirable determinants from a vaccine compound capable of inducing
autoantibodies or antibodies increasing virus infectivity [3, 4, 13]. This paper discusses our
experience in designing artificial polyepitope antigens — HIV-1 candidate vaccines.
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2. Artificial TBI and TCI immunogens

The first immunogen designed in our project, short for T- and B-cell epitopes containing
Immunogen (TBI), was constructed with the use of conservative epitopes from Env and Gag
HIV-1 based on a well-known protein space motif, i.e. four helix bundle (Figure 1). When
designing immunogen, four Th-cell epitopes (amphipathic a-helix) and five B-cell epitopes
(regions with flexible hydrophilic loops) were used as blocks [14, 15]. The rationale for TBI
design was that combining T- and B-cell epitopes in one construct will stimulate both proper
B-cell and T-cell responses and the necessary interplay between B- and T-cells. Recombinant
protein TBI has a CD spectra similar to ones in a-helical proteins and was able to form crystals
- that was demonstrated for artificial protein with a predicted tertiary structure for the first
time [16]. Based on its ability to crystallize we assumed that TBI protein structure is similar to
that of the natural proteins.

Mice and Macaque rhesus immunized with TBI formed both cell and humoral responses to
HIV-1. TBI-induced antibodies showed virus-neutralizing activity to HIV-1 [17].

The second artificial polyepitope immunogen we developed was TCI (short for T-Cell
Immunogen) aimed at stimulation of T-cell immunity [18]. When constructing immunogen,
we selected highly conservative T-cell epitopes among three main HIV-1 subtypes (A, B, and
C) (Figure 2). TCI comprises more than 80 T-cell epitopes (both CD8+ CTL and CD4+ Th) from
Env, Gag, Pol, and Nef proteins [18]. We analyzed CTL-epitopes that were together restricted
with 10 different optimally selected alleles of human MHC class I. As known, it is sufficient
to cover genetic diversity of MHC class I antigens in population from almost all geographic
regions. Since antigen processing and presentation through MHC class I pathway were found
to be the most efficient for proteins synthesized inside the cell, the target vaccine construct
was designed in the form of DN A-vaccine via cloning a gene encoding TCI protein into vector
plasmid pcDNA3.1 [18].

The obtained DNA-vaccine pcDNA-TCI was used for genetic immunization; we showed that
the vaccine is capable of inducing both specific T-cell responses and specific antibodies in
immunized BALB/c mice [18-20].

anv (255-266) env(102-118)  enw(305-31T7} eav(421-437T)
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Figure 1. A model of TBI protein tertiary structure. T-cell epitopes are located in the region of a-helices, B-cell epitopes
are located at loop sites and N- and C-terminuses.
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Figure 2. Design of the CTL immunogen, a candidate for the in HIV-1 vaccine: a general schematic. The bar patterns
indicate the polyepitope CTL immunogen and the origin of the sequences. The positions of individual epitopes and their
MHC restrictions (HLA-A, B, Cw — human; H-2a, b, d, {, k, p, u, g — mouse; Mamu-A*01 — Macaca mulatta) are depicted
as lines below the CTL immunogen. Th stands for helper epitopes.

In the following, recombinant protein TBI and plasmid pcDNA-TCI were used for the devel-
opment of CombiHIVvac vaccine [21].

3. CombiHIVvac: a combined vaccine containing two immunogens
in a single construct. Preclinical and clinical trials

Since an effective immunoprophylactic vaccine against HIV-infection must induce specific
humoral and T-cell immune responses [2, 3, 12], we constructed CombiHIVvac vaccine com-
prising both above mentioned immunogens, i.e. TBI and TCI [21].

CombiHIVvac was constructed in the form of micelle-like particles based on the original tech-
nique combining two different immunogens in a single construct, i.e. polyepitope TBI protein
and DNA-vaccine pcDNA-TCI encoding polyepitope protein TCI [19, 21] (Figure 3).

TBI protein is conjugated to dextran and mixed with DNA, which leads to formation of mic-
roparticles presenting TBI on the surface and containing the DNA inside. Positively charged
spermidine provides the binding of the conjugate dextran/protein TBI with negatively charged
DNA-vaccine promoting formation of particles on the self-assembly principle (50250 nm in
diameter) [22].

We have previously shown that by combining two immunogens (TBI and TCI) in one construct
significant enhancement HIV-specific B cell response was observed [23]. In our opinion, the for-
mation of such particles plays a critical role in the registered effect. CombiHIVvac particles enable
more effective absorption by antigen-presenting cells (APCs) compared to individual immuno-
gens. Since TBI protein is fixed on the particle surface and is represented in multiple copies, this
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provides multiple enhancement of vaccine antigenicity. Besides, pcDNA-TCI enclosed in the vac-
cine structure is more protected against degradation by DNase I than free pcDNA-TCI, as it was
previously demonstrated, resulting in prolongation of DNA-vaccine presence in an organism.
Finally, the presence of CD4+ T-helper epitopes in the protein TCI may be the main reason under-
lying the increased synthesis of antibodies to TBI protein due to a CD4-mediated stimulation of
B-cell proliferation and differentiation.

To carry out CombiHIVvac preclinical and clinical trials, we produced experimental series
of vaccine of the standard quality according to WHO recommendations. Preclinical studies
indicating the safety of the vaccine in tests with animals have been performed, namely, the
acute and chronic toxicity has been studied in mice and guinea pigs and the absence of devia-
tions in the vital organs of animals, as well as no changes in hematological and morphological
parameters and no immunotoxicity and allergenic activity, have been shown for both single
and tenfold administration of vaccine. Specific activity was evaluated based on the param-
eters of humoral and cellular immunity in BALB/c mice after their twofold immunization. The
CombiHIVvac vaccine has been shown to induce formation of HIV-specific antibodies and
CTLs [19, 21, 24, 25]. The vaccine did not cause any pyrogenic reaction in rabbits and did not
affect the central nervous system and the detoxification liver function in mice. The duration of
vaccine persistence in the organisms of laboratory animals has also been estimated and it has
been shown that such vaccine component as the plasmid DNA completely eliminated from
the organs and tissues of mice for 2 months after vaccination [21]. Thus, preclinical studies
showed that CombiHIVvac is safe in animal trials.

Phase I clinical trials were carried out in healthy volunteers to study reactogenicity, safety,
and immune activity of CombiHIVvac. The results of clinical trials published in [26]

Figure 3. TEM images of CombiHIVvac microparticles with different magnification. A — scale bar 1000 nm, the insert in
the left upper corner is a scheme of a CombiHIVvac particle (1 - pcDNA-TCI, 2 — spermidine/dextran, 3 — TBI).
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demonstrated that CombiHIVvac is well-tolerated and safe. Neither single nor twofold
(with 28-days interval) intramuscular vaccine administration induced significant changes
in biochemical and physiological indicators as compared to the baseline values. Local reac-
tions to vaccine administration were absent. There were no pathological changes in volun-
teers for all observation time. The mean values of the examined biochemical and clinical
parameters were within the physiological ranges or near their limits. We failed to detect any
regularity in changes of indicators depending on the time from the date of immunization.
All studied indicators of immune status came back to the baseline level registered before
the vaccination [26].

When carrying out Phase I clinical trials, we assessed CombiHIVvac specific activity in addi-
tion to its safety. The obtained results revealed that CombiHIVvac induces both humoral
and cell HIV-specific immune responses. It was was confirmed by several methods includ-
ing immunoblotting, ELISA, env-pseudotyped virus neutralization assay, IFN-y ELISpot and
peptide-MHC-pentamers.

The specific immune response was detected via ELISA 14 days after the first immunization;
the second immunization led to enhance the immune response. The maximum immune
response is observed by ELISA on the 14th day after the second vaccine administration. Up to
the end of observation time (1 year) we detected antibodies in 29% of volunteers.

To confirm antibody production capable of recognizing native HIV-1 during CombiHIVvac
administration, we used a kit “New Lav blot” (Bio Rad) on which strips of separate proteins

Analysis Percentage of vaccinated volunteers with positive responses
Time after Time after the second vaccination, days
the first vaccination,
days
14 28 14 28 90 180 270 360

Neutralization of virus® B/SF162 — — 71 71 71 64 57 0

B/PVO4 — — 36 36 29 29 15 0

A/392 - - 86 86 86 71 57 0

A/SP2010 - - 79 79 79 64 7 0
IFN-y ELISpot® 71 79 100 93 8 79 50 43
MHC pentamers® 100 100 100 100 80 100 80 60

*The neutralization of virus was evaluated as IC* value obtained by neutralizing the clones of pseudoviruses of subtypes
A (SP-2010 and SP-392) and B (SF162 and PVO4) with blood sera of volunteers vaccinated with CombiHIVvac. The
reaction was considered as positive if the neutralization titer was greater than or equal to 1: 100. The neutralizing
activities of sera on the 14th and 28th days after immunization were lower than 1: 100.

"The ELISpot responses were considered as positive if the number of IEN-y-producing cells in the vaccinated volunteers
was two times larger than the control value.

“The results of determination of HIV-specific CD8+ T-lymphocytes in HLA-A*0201-positive volunteers repeatedly
vaccinated with CombiHIVvac obtained with the use of MHC pentamers in a complex with Env peptide (KLTPLCVTL)
of HIV-1 are given.

Table 1. Evaluation of the response of HIV-specific T-lymphocytes and the activity of virus-neutralizing antibodies in
repeatedly vaccinated volunteers.



Artificial Epitope-Based Immunogens in HIV-Vaccine Design
http://dx.doi.org/10.5772/intechopen.77031

of virus lysate were sorbed. Using immunoblot analysis, we demonstrated the presence of
antibodies to HIV-1 proteins p17, p24, p55, p68, and gp120, i.e. to those proteins which epi-
topes compose B-cell vaccine component — TBI protein. The response rates differed among
volunteers within the same group. Furthermore, during 1 year after the second immunization
we registered antibodies at least to one of those proteins in 100% of volunteers.

The results of the study of T-cell response via the IFN-y ELISpot in repeatedly vaccinated vol-
unteers (Table 1) show the HIV-specific response of T-lymphocytes in all volunteers (100%)
on the 14th day after the first vaccination, remaining sufficiently strong for 6 months after the
second vaccination. Using MHC pentamers in a complex with Env peptide (KLTPLCVTL,
gp120 aa 120-128) of HIV-1, it was demonstrated that KLTPLCVTL CD8 T lymphocytes occur
in all volunteers (100%) up to the sixth month after the second vaccination (Table 1).

Thus, the performed clinical trials showed that the CombiHIVvac vaccine is well tolerated and
safe (does not induce any significant changes in biochemical and physiological parameters in
comparison to the background values), characterized by low reactogenicity (local reactions to
the vaccine are absent) and most importantly capable of inducing the specific humoral and
cellular immunity.

Based on the obtained results, the Ministry of Health and Social Development of the Russian
Federation has recommended the vaccine for advanced (Phase II) clinical trials.

4. Possible development of CombiHIVvac vaccine platform

Preclinical and clinical trials of CombiHIVvac demonstrated that a combination of two com-
pletely artificial polyepitope T- and B-cell antigens is capable of inducing HIV-specific CTLs
and antibodies in laboratory animals and human. Furthermore, TCI protein expressed in
cells as part of pcDNA-TCI plasmid fulfills a double function: (1) induces specific CD8+ CTL
responses and (2) acts as an adjuvant synergistically effecting on synthesis of antibodies to
TBI protein with virus-neutralizing activity at least to two HIV-1 subtypes (A and B) [23, 26].

The obtained results imply that CombiHIVvac is actually an original platform for the develop-
ment and further improvement of combined DNA-protein HIV-vaccines using a broad range
of conservative T- and B-cell epitopes based on virus antigens. Providing that TBI and TCI
immunogens in CombiHIVvac composition were developed more than 15 year ago concur-
rently with clinical trials of CombiHIVvac, we carried out works on enhancement of immu-
nogenic and protective properties of artificial polyepitope antigens utilizing new data on the
structural-functional organization and immunology of HIV-1.

4.1. B-cell epitopes to HIV-1 generating broadly neutralizing antibodies (bNAbs)

At present when developing efficient B-cell immunogens, researchers mainly rely on epitopes
recognized by antibodies neutralizing a broad spectrum of HIV-1 strains (bNAbs). In recent
years dozens of B-cell HIV epitopes recognized by bNAbs have been detected [27].

It was shown that many of these antibodies can prevent infection, and some can suppress
active infection in hu-mice or macaques [28-32]. Recently results of Phase I clinical trials of
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mAbs VRCO1 were published [33]. It is shown that they are safe and well tolerated after mul-
tiple intravenous or subcutaneous administrations in humans, in addition VRCO01 from par-
ticipants’ sera were found to avidly capture HIV virions and to mediate antibody-dependent
cellular phagocytosis [33].

Exceptional features of bNAbs inspire many researches to develop immunogen capable of
their producing (induction). One of the evolving research areas focusing on the design of
such immunogens is based on the development of HIV-1 envelope (Env) trimers [6, 34-36].
Despite substantial progress in this area, (a number of questions must be addressed). Firstly,
although trimers are rather stable in solution, they produce conformational conditions that
fail to provide binding and induction of bN Abs. Secondly, trimers expose undesired immuno-
dominant non-protective HIV epitopes that could prevent adaptive immune response from
recognizing neutralizing epitopes, block protective immunity and/or induce increased HIV-
infection [4, 36].

An alternative approach to solving this problem includes constructing completely artificial
polyepitope anti-HIV-1 immunogens comprising a set of protective epitopes assembled in
a single mosaic (polyepitope) construct. Unfortunately, the most bNAbs recognize confor-
mational epitopes and considerably more rarely linear epitopes [37-39]. Furthermore, con-
formational B-cell epitopes are frequently formed in HIV by lipids and glycans or their
combinations [37—40]. It complicates the design of immunogens capable of inducing sufficient
B-cell response. Phage peptide libraries offer the unique possibility to obtain mimics of such
epitopes [41-46].

Using phage peptide library we can select peptides mimicking epitopes recognized by bnAbs,
that make it possible to construct mosaic immunogen on their base to simultaneously induce
several neutralizing antibodies [43, 47-52]. Figure 4 depicts general working scheme.

In our study we used a number of bNAbs against HIV-1, i.e. 2G12, 2F5, IgG1b12, Z13el,
VRC-01, VRC-03, and 697-30D to obtain peptide-mimics. The last five bNAbs were kindly fur-
nished upon NIH AIDS Reagent Program, USA. Each monoclonal antibody was used to per-
form biopanning using phage peptide libraries (New England Biolabs, USA) [20, 47, 48, 53].

After biopanning of phage libraries using monoclonal antibody 2G12 (recognizes confor-
mational epitope) and 2F5 (recognizes linear epitope), we isolated peptide-mimics that have
another amino acid sequences compared to natural epitopes, but able to elicit antibodies in
laboratory animals capable to compete with initial bNAbs and neutralizing the virus.

As a result we obtained a collection of phagotops carrying on their surface peptide-mimics
of epitopes recognized by above mentioned bNAbs. Specific activity of selected peptides was
studied both free and in the compound of phage particles. We carried out chemical synthesis
of 134 free peptides. Evaluation of their capacity to compete with HIV-1 epitope for binding
to monoclonal antibodies VRC-01, VRC-03, and IgG1b12 was carried out using pseudovirus
particles in virus-neutralization assay. To study peptides immunogenicity in the compound
of phage particles, the latter were produced in preparative amount using bacterial cells. We
used the obtained samples to immunize laboratory animals from which we sampled sera to
study their virus-neutralizing activity. It was shown that sera of rabbits immunized with a
mix of bacteriophages are able to neutralize pseudotyped viruses obtained on the base of
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Figure 4. Phage display applications for artificial immunogen design. (A) Randomized peptide library are used to
map the residues forming the epitope(s) recognized by monoclonal antibodies immobilized on a solid support; (B)
amplification of selected phages; (C) ELISA assay or western blot to determine specificity of selected phages binding; (D)
phage particles are used to presentation isolated peptides-mimotopes to the immune system; (E) virus-neutralization
assay of immune serum, selection of the most promising mimotope; (F) artificial immunogen design.

HIV-1 subtypes A, B, and AG [20, 47, 48, 53]. Consequently, we succeeded to demonstrate
immunologic imitation of conformational antigenic determinants, i.e. HIV-1 epitopes, by lin-
ear peptides. Obtained peptide-mimics are material that can serve as a basis for the develop-
ment of immunoprophylactic HIV-1 vaccine. Besides, peptides can be used when designing
diagnostic systems for the detection of antibodies to HIV-1.

4.2. Design of polyepitope T-cell antigens

The progress in identification of T-cell epitopes as well as understanding mechanisms of pro-
cessing and presentation of antigens through MHC class I and II pathway make it possible to
rational design artificial polyepitope vaccines [13, 54].

It is known that CTL recognizes viral protein-antigens synthesized inside the cell not as full-
length molecules but as short peptides (8-10 amino acid residues) in complex with MHC
class I molecules. These short antigenic epitopes emerge from endogenously synthesized
proteins due to proteasome-mediated processing and then are transported to the lumen of
endoplasmic reticulum (ER) using transport proteins TAP (transporter associated with anti-
gen processing) where they bind to emerging MHC class I molecules [55, 56]. Since anti-
gen must be synthesized in a cell to induce response of CTL, target T-cell vaccine should be
designed as DNA-vaccine because it is the most natural way of presenting CTL-epitopes to
CD8+ T-lymphocytes through MHC class I pathway [57].

As opposed to stimulation of CTL, when inducing CD4+ T-lymphocyte-helpers response,
antigen should be presented to these cells in a complex with MHC class II molecules. Usually
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processing and presentation of antigen take place for extracellular antigens which are deliv-
ered in cells via endocytosis and phagocytosis. In this case antigen processing occurs in
lysosome.

Thus, when designing polyepitope T-cell immunogens capable of inducing high levels of CD4+
and CD8+ T-lymphocyte responses to all epitopes in its compound, one should provide effi-
cient proteasome- and/or lysosome-mediated processing of expression product of target gene
through MHC class I and II pathway. For the purpose the following strategies are appropriate:

1. To design poly-CTL-epitope construct one may use spacer sequences dividing epitopes
that comprise sites of proteasomal cleavage [58-60] and/or motif for binding to TAP
[61-63] to provide polyepitope processing and transport of released peptides (epitopes)
into ER.

2. To induce T helper lymphocytes response fragments with T-helper epitopes can be com-
bined with the use of motif [KR][KR] which is a cleavage site for a number of lysosomal
cathepsins participating in antigen processing [64, 65].

3. To target polyepitope immunogen into proteasome and presentation of CTL-epitopes to
CD8+ T-lymphocytes through MHC class I pathway, researchers typically use genetic at-
tachment of ubiquitin sequence to its N- or C-termini [66].

4. To degrade polyepitope immunogen and present released Th-epitopes to CD4+ T-lympho-
cytes through MHC class II pathway, researchers typically use a genetic attachment of the
sequence of LAMP-1 protein tyrosine motif (Lysosomal-associated membrane protein 1)
to its C-terminus to direct the polyepitope immunogen from the secretory pathway to the
lysosome [67-70].

To evaluate which of these strategies provide a rational approach to constructing T-cell antigens,
we designed a set of polyepitope constructs covering a range of possible structural variants.

To assess the influence of ubiquitin and spacer sequences flanking epitopes on immunoge-
nicity of the polyepitope construct, we designed a set of polyepitope immunogens consider-
ing different strategies of processing and presentation of the target antigens. The designed
constructs comprised similar set from 10 HLA-A2-restricted CTL-epitopes of the main HIV-1
antigens Env, Gag, Pol, Nef, and Vpr, but differed in a number of structural properties, namely
(i) the presence or absence of spacers; (ii) the structure of spacer sequences, and (iii) the pres-
ence of N- or C-terminal sequence of ubiquitin. Genes encoding the designed antigens were
cloned into plasmid vector and vaccinia virus.

Immunogenicity of the designed immunogens were evaluated after 3-fold prime-boost
immunization of HLA-A2 transgenic mice with the obtained recombinant plasmids and
recombinant vaccinia virus (rVV). It was demonstrated that the vaccine construct inducing
the majority of complexes [peptide/MHC class I] in vitro was also the most immunogenic
during animal vaccination. This construct comprises N-terminal ubiquitin to target the poly-
epitope on proteasome. Besides, in the compound of this construct epitopes are divided by
spacer sequences comprising sites of proteasomal cleavage of the polyepitope and motifs for
TAP-dependent transport of the released peptides into ER where they bind to MHC class I
molecules [54].
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The obtained results became the basis for the development of original software TEpredict and
PolyCTLDesigner that we consider as a universal platform for rational design of polyepitope
immunogens — candidate DNA vaccines for induction of T-cell immunity both against infec-
tious and oncological diseases [71, 72] (Figure 5).

PolyCTLDesigner enables the user to select a minimal set of epitopes with known or pre-
dicted specificity to different allelic variants of MHC class I molecules. This set covers selected
repertoire of HLA alleles with the given degree of redundancy. After that PolyCTLDesigner
uses the model by Peters et al. [73] to predict binding affinity to TAP for the selected set of
known or predicted epitopes. According to this model, the main contribution into peptide
binding to TAP is provided by the first three N-terminal amino acid peptide residues and
the last C-terminal residue. Considering that epitope C-terminus must be unchanged since
C-terminus should contain the site of proteasomal cleavage [74], only N-terminus of anti-
genic peptide can be extended (if necessary) for optimization of interaction with heterodimer
TAP1/TAP2.

Then PolyCTLDesigner analyzes all possible matching of the selected peptides and detects an
optimal spacer sequence for each pair providing adequate cleavage of epitopes with release of
C-terminus of proximal peptide. To predict proteasomal and/or immunoproteasomal cleav-
age, PolyCTLDesigner uses models developed by Toes et al. [75].

When analyzing epitopes matching, PolyCTLDesigner creates a directed graph with nodes
corresponding to epitopes and edges corresponding to acceptable matching. Each edge has
relevant weight vector characterized by the efficiency of proteasomal cleavage, spacer length

o# epitopen | Lore? . P e
e 5’ [ |

Protl

T o L

Desired polyepitope antigen

Figure 5. PolyCTLDesigner operation algorithm. I — Selection of minimal set of CD8+ T cell epitopes with the known
or predicted specificity towards various allelic variants of MHC class I molecules; II - Prediction of binding affinity of
peptides to TAP and, if necessary, addition of N-terminal flanking residues to optimize this binding; III — Prediction
of optimal spacer sequences for each pair of peptides; IV — Creating weighted graph, where the nodes are the target
epitopes, and the edges are possible variants of their association. Each edge is a weight vector whose attributes are:
efficiency of proteasomal cleavage, length of the spacer, and number of predicted non-target epitopes at junction; V —
Designing polyepitope immunogen sequence. Resulting sequence is defined as the longest simple path in the graph that
has the lowest weight; Protl1, Prot2, Prot3 — proteasomal cleavage sites.
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and number of predicted non-target epitopes at the junction. Finally, the software designs an
optimal polyepitope immunogen sequence that is calculated as a complete simple way in the
constructed graph with the least length (weight).

Besides, PolyCTLDesigner makes it possible to construct a sequence of the epitope fragment
comprising T-helper epitopes. In the compound of the selected antigens software predicts
peptide fragments with the length of 20-40 amino acid residues with the majority of overlap-
ping T-helper epitopes restricted by the widest possible repertoire of HLA class II allomorphs.
Then five C- and N-terminal amino acid residues from the initial antigen sequence are added
to each of the selected fragments since it was shown that they can play significant role in bind-
ing to T-cell receptors of CD4+ T-lymphocytes [76, 77]. Fragments with T-helper epitopes are
combined using [KR][KR] motif which is a cleavage site for a number of lysosomal cathepsins
involved in antigen processing.

More detailed information on PolyCTLDesigner software is available at http://tepredict.
sourceforge.net/PolyCTLDesigner.html.

We used the developed software when designing new polyepitope constructs — candidate
DNA-vaccines against HIV-1. Particularly, when evaluating the influence of proteasome-
dependent and lysosome-dependent degradation of polyepitopes on immunogenicity of the
target polyepitope construct, we designed three polyepitope HIV-1 immunogens, i.e. TCI-N1,
TCI-N2, and TCI-N3 using cytotoxic and helper T-cell epitopes of HIV-1 [78].

All three polyepitope immunogens are based on the same core sequence of polyE, while differences
between immunogens lie in the use of different terminal signal sequences (Figure 6). Inmunogen
TCI-N1 comprises only the core sequence polyE. Sequence polyE of TCI-N2 immunogen includes

| ER-signal_polyE_LaMP1 (TCI-N2) |

| ub_polye (TC1-n3) | Prediction of CTL-epitopes
* conserved among HIV-1 clades
i 50 CDE+ | ﬁ._and.fnr B a_nu:l.ﬁnr C t_hat have a
51 CTL epitoprs |* high or medium affinity to MHC
L=, T | class I molecules, and cover a
5 o | variety of MHC class [ alleles for
1 . h
Iipﬂl'fE—I":_ E ; 11 geographic populations.
™1 G i | prediction of highly conserved
= 5 CDa+ HLA-DR binding CO4+ T-helper
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9 Th epitoprs h )
of experimentally-verified HIV
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Figure 6. Design of T-cell polyepitope immunogens. polyE — common for all antigens sequence polyE designed using
cytotoxicand helper T-cell epitopes of HIV-1; ER-signal -N-terminal signal peptide (in our case MRYMILGLLALAAVCSAA
— the signal sequence of the adenovirus protein E3/gp19K); LAMP1 — C-terminal tyrosine-based motif of LAMP-1
glycoprotein (RKRSHAGYQTI); Ub — N-terminal ubiquitin with substitution of the C-terminal Gly to Val to prevent
liberation of Ub cleavage by Ub hydrolases.
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N-terminal signal peptide and C-terminal tyrosine motif of LAMP-1 protein. N-terminal signal
peptides are believed to provide delivery of immunogen in ER, while LAMP-1 protein motif
directs immunogen from the secretory pathway to the lysosome and presents epitopes released
after the cleavage to CD4+ T-lymphocytes through MHC class II pathway. The sequence polyE
of TCI-N3 comprises N-terminal ubiquitin for its delivery into proteasome and presentation of
epitopes released after the cleavage to CD8+ T-lymphocytes through MHC class I pathway.

Immunogenicity of the obtained DN A-vaccine constructs was studied in BALB/c mice according
to capacity of CD4+ and CD8+ T-cells to produce IL-2 and IFNYy in ELISpot. The obtained results
revealed that DNA-vaccine constructs encoding TCI-N2 and TCI-N3 immunogens induce
responses of HIV-specific CD4+ and CD8+ T-lymphocytes that are significantly higher than that
of the negative control the group of animals immunized with vector plasmid pcDNA3.1 as well
as of group of mice that received a construct encoding core immunogen TCI-N1 with no addi-
tional signal sequences. At the same time DNA-vaccine construct encoding TCI-N3 immunogen
comprising N-terminal ubiquitin induces the highest statistically significant level (P < 0.05) of
CD4+ and CD8+ T-lymphocytes as compared with two other immunogens.

Thus, the obtained results point to a regular correlation between the structure of polyepitope
construct and its antigenic and immunogenic properties:

* it is possible to significantly increase the immunogenic potential of the target polyepitope
vaccine via optimization of the immunogen structure using the spacer sequences compris-
ing motifs for binding to TAP and the sites of proteasomal and lysosomal cleavage flanking
CTL- and Th-epitopes in the compound of the polyepitope construct;

¢ ubiquitin-dependent targeting of polyepitope at proteasome is the most efficient strategy to in-
duce specific T-cell immune response as compared to LAMP-dependent targeting at lysosome.

Our findings support the concept of vaccine rational design based on existing knowledge on
mechanism of presentation of T-cell antigens through MHC class I and II pathway.

5. Conclusions

We did not set ourselves the task of covering all challenges facing designers of HIV-1 vaccine.
The paper presents our experience on designing artificial polyepitope HIV-1 immunogens
constructed using a broad spectrum of conservative T- and B-cell epitopes. This approach
is believed to be promising for the design of new generation HIV-vaccines. In theory, it
makes it possible to overcome HIV-1 antigenic variability, focuses immune responses on
protective determinants, and allows to exclude from vaccine composition undesired deter-
minants capable of inducing autoantibodies or antibodies increasing virus infectivity. The
results demonstrate that completely artificial molecules designed with the use of bioin-
formatic and combinatorial biology methods are able to induce production of broad-spec-
trum neutralizing antibodies and responses of cytotoxic (CD8+ CTL) and helper (CD4+ Th)
T-lymphocytes in laboratory animals and human.

It is our belief that the proposed approach can play an important and positive role in the
development of HIV-1 vaccine.
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Abstract

According to UNAIDS, as there is still no effective vaccine against HIV, pre-exposure
prophylasis (PrEP) is necessary to reduce its incidence. Sexual transmission rate is higher
from men to women in developing countries and vertical transmission may also occur from
mother to child. Hence, vaginal formulations are an interesting proposal for the protec-
tion of women, preventing the virus from infecting vagina through different mechanisms.
Several drugs, such as Dapivirine, Tenofovir or Maraviroc, have been assessed and showed
to be effective in this field. These microbicides are included in different dosage forms able to
release the drug once in contact with the vaginal medium. Innovative excipients are being
employed for the development of different systems trying to get an easier posology through
control release and high comfortability, thus leading to a better compliance. In this line, sev-
eral formulations have been developed and tested, such as rings, tablets, gels or films. Some
of them are nowadays in clinical trials, such as a Tenofovir gel or a Dapivirine vaginal ring.
The aim of this chapter is to synthetize the research and findings in the field of the develop-
ment and assessment of vaginal formulations in the PrEP of HIV sexual transmission.

Keywords: HIV sexual transmission prevention, vaginal gels, vaginal tablets,
vaginal films, vaginal rings

1. Introduction

It is well known that the human immunodeficiency virus (HIV) is one of the most serious epi-
demics facing humanity today, when 36.7 million people live with HIV. However, excellent
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progress has been made in access to antiretroviral therapy in the last decade, reducing
acquired immunodeficiency disease syndrome (AIDS)-related deaths by 48% [1]. Prevention
programmes have also succeeded in lowering the transmission of the virus in recent years,
although it still continues to cause 1.8 million new infections per year.

One fact that gives pause for thought is that most of the people infected with HIV are
women. The data is devastating, as AIDS-related diseases continue to be the leading cause
of death among women of reproductive age, and it is also the second leading cause of death
in Africa for women aged 15-24 [1]. The gender gap is much more pronounced among
young people: in the 15-24 population group, new infections are 44% higher in women
[1]. In light of these figures, there is no doubt that the risk of infection in young women is
unacceptably high.

These already chilling figures are even more shocking in women living in sub-Saharan Africa,
where 75% of new infections in the population aged 15-19 occur in girls [2]. This is also a pop-
ulation group where the incidence of new infections has barely diminished in recent years.

Although in theory their lower access to antiretroviral therapy might appear to be the main
reason for the high prevalence of HIV among sub-Saharan women, a careful analysis of the
living conditions in this area reveals that the high transmission rate of the virus cannot be
attributed to a single reason. It is important to bear in mind that this is an area where rape and
domestic violence are frequent. The World Health Organization (WHO) states that women
living in these conditions are 50% more likely to acquire HIV [2].

However, the most important reason for this prevalence is undoubtedly women’s lack
of access to education and economic independence, which prevents them from negotiat-
ing the possibility of having safe sex with their partners. The stark reality is that 75%
of young women do not have the final say over their own health [2]. To this must be
added polygamy, which is still common in several sub-Saharan countries (Burkina Faso,
Congo, Ivory Coast, Ethiopia, Gabon, Guyana, Rwanda, South Africa, Uganda, Tanzania
and Zimbabwe) and the decrease in the use of condoms registered in Ivory Coast, Niger,
Senegal and Uganda [3].

A cycle of HIV transmission has recently been described in sub-Saharan Africa to explain the
negligible decline in the prevalence of AIDS in this area compared to the rest of the planet.
Adult men typically infect young women (each year 15 million women are married before the
age of 18). Later, when the women grow older, they tend to transmit the virus to men of their
own age, who then start the cycle again [2].

This reflection points to the empowerment of women, especially in sub-Saharan Africa, as a
fundamental milestone for halting the AIDS epidemic. It is essential to promote societies in
which gender equality is achieved through adequate sexual and social education, and the aim
of the United Nations (UN) is to ensure that young people have the skills, knowledge and
tools to protect themselves from acquiring the virus [2]. However, this capacity for protection
must be reinforced by empowering women and providing them with methods for preventing
the sexual transmission of HIV that are not dependent on men, such as vaginal microbicides.
This is the reason that research into vaginal microbicides has skyrocketed in recent decades,
which, if they prove to be successful in preventing HIV, would represent an extraordinary
step forward in the fight against AIDS.
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Vaginal microbicides have been defined as “any agent included in a topical formulation
designed to prevent the spread of sexually transmitted pathogens either through cell death,
inactivation of cell mechanisms, inhibition of viral replication, the formation of a physical
barrier between cells and pathogens, or by enhancing the natural protection mechanisms of
the cervix and vagina” [4].

The strategies for developing an effective vaginal microbicide in recent decades have been
so diverse that they require a preliminary classification to aid their understanding. They can
initially be divided into two groups depending on whether the microbicides include antiret-
roviral drugs or not.

Microbicides that do not include drugs can be differentiated into surfactants, polyanions,
acidifiers and glycoprotein 120 neutralizing monoclonal antibodies. The aim of these sub-
stances is to inactivate the virus before it meets the cells so the infection never occurs.

Microbicides that include antiretroviral drugs can be classified into entry inhibitors or viral
enzyme inhibitors [4]. Of particular interest in this group is Tenofovir, an inhibitor of the
reverse transcriptase of the virus, which was part of the first microbicide that proved its effec-
tiveness in preventing the transmission of HIV, and has now become the most widely-studied
drug for this purpose [3, 5]. Dapivirine, one of the most promising drugs for the development
of vaginal microbicides against HIV, has subsequently also become very important [6].

The development of microbicides has evolved over the years. The initial conventional release
formulations did not usually include antiretroviral drugs. Over time, the potential of useful
antiretroviral drugs for preventing HIV infection use was assessed, and microbicides including
different drugs gradually began to appear. The possibility of developing a microbicide that does
not contain one of these antiretroviral drugs is now hardly contemplated, and the new trend in
microbicides is to develop formulations for sustained drug release for more lasting protection [7].

Unfortunately, the vast majority of microbicide formulations developed to date have failed to
afford protection due to their low efficacy or inadequate formulation [8]. This is often due to
a failure to consider the characteristics of the vaginal route.

The main anatomical factor to bear in mind when developing a formulation for vaginal
administration is the vaginal fluid, which can be both an ally and an enemy for our purpose.
This aqueous fluid is produced from the mucous membranes of the endometrium and tran-
sudate serum, and accumulates inside the vagina and covers the vaginal epithelium [9]. The
physical presence of this fluid and its high enzymatic activity has been identified as barriers
to the release and absorption of drugs. It should also be noted that this fluid is generally the
medium in which the drug must be dissolved, meaning that its components are highly likely
to interfere in the drug’s activity [10]. To make matters worse, it is also necessary to factor in
dynamic changes in the volume and composition of this fluid, since the vaginal clearance of
drugs administered by this route is also crucial for their efficacy [11].

pH also plays a significant role in the effectiveness of the formulations. The normal pH of
vaginal fluid is between 4 and 4.5, while the pH of seminal fluid is around 7.9 [12]. Even if a
formulation were to be developed that was effective in the pH of the vaginal environment,
the microbicide could potentially lose its protective capacity in the presence of seminal fluid,
when the medium undergoes alkalization.
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Another similar example of failure due to the natural characteristics of the administration route
is the collapse of certain microbicides (those that include polyanions) in in vivo trials, despite
their success in blocking HIV in vitro. It was subsequently discovered that this inefficacy was
due to the formation of a semen-derived enhancement of the virus infection that increased the
infectious capacity of the virus in the presence of seminal fluid [13]. This study highlights the
importance of evaluating the efficacy of microbicides in the presence of semen [4].

Another factor that must be considered when developing a microbicide is that the vaginal
epithelium and the mucus layer covering it is already a barrier against infections. There is
therefore an obvious need to maintain this natural barrier intact when seeking to prevent the
acquisition of sexually transmitted diseases. A negative example of this is the microbicidal gel
including Nonoxynol-9, a surfactant, which was shown in clinical trials to lead to an increase
in vaginal ulcers [14].

Pharmaceutical Advantages Drawbacks
form
Gels ¢ Widely studied and well known. ¢ Unable to retain the drug and provide
. sustained release.
¢ Easy and convenient for women to apply.
* Low manufacturing cost and easy to ¢ They require an applicator for administration
mass produce. ® Possible local irritation and leakage.
¢ Not particularly stable against adverse
environmental conditions.
Tablets ¢ Easy and economical to manufactureon e Possible influence on sexual intercourse.
an industrial scale. ® Possible local irritation.
¢ Easy to handle
® Stable under different environmental
conditions
e Fast-dissolving or sustained-release
tablets can be obtained depending on the
excipients used in their development.
Films Discreet use Sustained release still not achieved

Vaginal rings

No product leakage during use
No applicator required for insertion

Minimal packaging and reduced waste.

Sustained release of the drug.
Fewer applications.

The mass production of this dosage form
is becoming increasingly advanced.

Possible local irritation

Mass production is currently unviable due
to the underdevelopment of production
resources.

They require a higher financial investment.
Higher manufacturing cost.

Possible influence on sexual intercourse.

Table 1. Advantages and disadvantages of pharmaceutical forms for vaginal administration of microbicides.
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Another crucial factor is the vaginal microflora, which plays a very important role in estab-
lishing the microbicide’s eventual environment. Special care should be taken with commen-
sal bacteria, which are responsible for maintaining a healthy vaginal environment. Vaginal
microbicides must therefore not be toxic to the vaginal microbiota [10].

The most common pharmaceutical dosage forms for the vaginal administration of drugs
are gels, capsules, ovuli and tablets, although vaginal rings and films are rapidly gaining
ground [4]. The first trials of vaginal microbicides mainly explored vaginal gels, but the cur-
rent trend focuses more on vaginal rings and sustained-release tablets, which could prolong
protection time. The advantages and drawbacks of each dosage form are summarized in
Table 1.

Advanced drug delivery strategies are being incorporated for drug targeting, together with
scientific methods to develop safer and more effective formulations [15]. Current research
therefore gives cause for hope that within a few years women will be able to protect them-
selves from HIV acquisition through vaginal microbicides.

2. Main vaginal systems for HIV prevention

2.1. Vaginal gels
2.1.1. Overview

Gels are semisolid systems consisting of a liquid —generally water—and a solid component
that acts as a gelling agent and traps the liquid within its three-dimensional structure, thus
producing the characteristic consistency of these solid-liquid mixtures [16] (Figure 1). Vaginal
gels can release drugs intended for local or systemic action [17]. However, the direct applica-
tion of drugs onto the vaginal epithelium limits their systemic absorption, thus minimizing
side effects and possible drug resistance [15, 18].

An ideal vaginal microbicide gel should be as spreadable as possible in order to cover the
entire vaginal surface mucosa and thus protect effectively against the transmission of the
virus. Several authors have pointed to an influence of the gel composition —which determines
its viscosity and rheological properties—in its ability to form a stable coating layer. In addi-
tion to their composition, parameters such as the pH and osmolality of these gels must be
suitable for the characteristics of the vaginal environment in order to achieve the microbicide
effect without inducing side effects that could increase the risk of infection and/or result in the
patients’ loss of adherence [15, 19, 20].

One of the main problems associated with the vaginal administration of gels—especially
those intended for the controlled release of drugs—is the low retention of the formulations
at the site of action due to the effect of gravity and clearance by vaginal fluids. This causes a
loss in the formulation and subsequent under-dosing, leading to low therapeutic efficacy —as
more frequent administration is required —and low acceptability by patients [15, 21].
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Hydrogel

Drug loaded hydrogel

Figure 1. Process of obtaining a hydrogel and a drug-loaded hydrogel.

Two main approaches have been proposed to overcome this problem. One is to develop
mucoadhesive formulations that remain attached to the vaginal surface for longer and
allow a controlled release of the drugs they contain. These mucoadhesive properties are
based on the interaction between the dosage form and either the secreted mucus or the
mucosal membrane and are usually obtained by including polymers in the formulation. The
mucoadhesive polymer chains create bonds—mainly van der Waals and hydrogen bonds
or electrostatic interactions—with the mucins in the mucus. Polymers containing numerous
functional groups, like hydroxyl or unionized carboxylate groups, are promising excipients
for mucoadhesive formulations. Polyacrylic acid derivatives such as carbomer and poly-
carbophil, cellulose derivatives like hydroxyethyl cellulose (HEC), hydroxypropylmethyl
cellulose (HPMC) and carboxymethyl cellulose (CMC), chitosan, hyaluronic acid, alginate,
carrageenan and gums are therefore some of the most widely used mucoadhesive polymers
in vaginal formulations [15, 19, 20, 22].

The second approach is the use of thermogelling formulations. These are in situ gel-forming
systems which gel when the temperature exceeds a specific gelation value. Systems which gel
between room temperature and physiological temperature are very useful in vaginal formula-
tions. Their low viscosity before application means that thermogelling formulations offer a
higher spreadability, resulting in the formation of a resistant gel layer in the vagina, a very
important aspect for microbicide systems [15, 20]. Most vaginal thermogelling systems contain
polymers that can gel at the physiological temperature and are also mucoadhesive. Poloxamers
are a group of triblock copolymers composed of polyethylene oxide, polypropylene oxide
and polyethylene oxide that are widely used in aqueous solutions in concentrations higher
than a critical value for the manufacture of thermogelling systems. Gelation occurs when the
poloxamer molecules aggregate to form micelles. However, poloxamer gel has low mucoadhe-
sion properties, so thermogelling systems based on these polymers have been combined with



Vaginal Formulations for Prevention of Sexual Transmission of HIV
http://dx.doi.org/10.5772/intechopen.78314

mucoadhesive ones. Another polymer widely used in these in situ gel-forming formulations
is chitosan, in combination with polyol salts like 3-glycerophosphate (GP) or glyceryl mono-
oleate. The thermogelling of chitosan/GP mixtures occurs through the loss of hydration water
from the polymer chains and the subsequent strengthening of the hydrophobic interactions as
the temperature increases. Other authors point to different interactions such as electrostatic
attraction between the ammonium groups of chitosan and the phosphate group of GP, hydro-
gen bonds between chains, and hydrophobic interactions by reducing electrostatic repulsion
of polymer chains, as the mechanisms responsible for the gelling process [20].

2.1.2. Vaginal gels for HIV prevention under development

Forbes et al. developed a non-aqueous silicone elastomer gel containing Maraviroc as a hydro-
phobic anti-HIV agent and compared it to a 2.2% w/w HEC gel. It was subjected to different
assays, including in vitro placebo gel retention, in vitro drug release and pharmacokinetic
studies in rhesus macaques. The silicone gel showed a longer retention time, a slower rate of
Maraviroc release in simulated vaginal fluid and a higher and more sustained drug concen-
tration in vaginal fluid, vaginal tissue and plasma than the HEC gel [23].

Li et al. proposed a thermosensitive hydrogel of methyl cellulose modified by stearic acid
(MCS) in presence of sodium chloride and phosphates. The gelation process occurred at the
physiological temperature and at an even lower value. In vitro cytotoxicity tests and in vivo
evaluation of mucosal irritation attributed good biocompatibility properties to the MCS hydro-
gel, which also showed a sustained release of Tenofovir for 10 h without any burst effect [24].

In the field of nanotechnology, Lara et al. formulated polyvinylpyrrolidone-coated silver
nanoparticles (PVP-coated AgNPs) in a concentration of 0.15 mg/mL in the non-spermicidal
Replens gel [25]. These PVP-coated AgNPs had previously demonstrated anti-HIV activity
[26]. The resulting gel containing the nanoparticles showed an inhibition of HIV-1 transmission
after 1 min and offered prolonged protection for 48 h in human cervical cultures. This formula-
tion was not found to be cytotoxic at the aforementioned concentration of PVP-coated AgNPs
during the 48 h of protection [25]. Another example is the work of Date et al., who developed
a thermosensitive vaginal gel with poly(lactic-co-glycolic acid) —PLGA —nanoparticles loaded
with Raltegravir and Efavirenz to prevent HIV infection. The mean encapsulation efficiency
of the drugs was 55.5 and 98.2%, respectively. Two poloxamers (Pluronic® F127 and Pluronic®
F68) were used to obtain the thermogelling system, which gelled at 32.5°C. The drug- loaded
nanoparticles allowed the sustained intracellular release of Raltegravir and Efavirenz in HeLa
cells and the cytotoxicity assays indicated that these particles or the blank gel were not toxic in
these cells for the 14 days of the study, compared to control cells without treatment [27].

Some of the clinical trials currently underway on vaginal gels for HIV prevention are shown
in Table 2.

2.2. Tablets
2.2.1. Overview

Vaginal tablets are solid monolithic matrix systems designed to be placed in the vagina and
release the drug in this area. Since several vaginal tablets are already marketed in developed
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Study Phase Formulation Reference
MTN-004 I 3% w/w SPL7013 gel (VivaGelTM) [28]
Population Council #558 I PC-1005 [29]

(MIV-150/zinc acetate carrageenan gel)

CAPRISA 004 1Ib 1% Tenofovir gel [30]
Population Council #322 11 Carraguard®(PC 515) gel [31]
C03-090 it 6% cellulose sulphate gel [32]
FACTS 001 1T 1% Tenofovir gel [33]

Table 2. Vaginal gels for HIV prevention under clinical investigation.

and developing countries for the treatment of different diseases, such as vaginal atrophy,
vulvovaginal candidiasis and bacterial vaginosis, tablets may represent a potential alternative
for the formulation of microbicides [34].

The advantages of vaginal tablets include their higher dose accuracy and greater stability than
semisolid dosage forms, and the fact that they are easy and cheap to manufacture [34, 35].
These formulations are also versatile as they can be used for immediate or controlled release,
the first of which is achieved by rapid disintegration of the system using disintegrants such
as crospovidone as excipients [36]. Nevertheless, controlled release systems must contain
mucoadhesive polymers as the main excipients. These polymers need to interact with the
vaginal surface through the interrelation of certain specific chemical groups in the polymers
and biological tissues for the formulation to remain attached to the vaginal mucosa while the
drug is being released, which is a critical factor [37]. The gelation process of these polymers
in contact with aqueous media may be useful for controlling the release of the drug via diffu-
sion through the gel layer (Figure 2). Some examples are cellulose derivatives, guar gum and
chitosan [38].

However, the disadvantages of tablets include comfort issues such as difficulty in self-inser-
tion and their slow rate of disintegration [39]. Contact between the mucosa and the solid for-
mulation may provoke vaginal irritation. Vaginal hydration must also be increased to ensure
the correct distribution of the drug over the whole vaginal surface [15].
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Figure 2. Drug release through tablets. Tablet after vaginal application (a). Formation of a drug-loaded gel in contact
with the vaginal fluid (b). Drug diffusion through gel layer reaching vaginal environment. Erosion of external gel layers
(c). Complete transformation of tablet into a gel; Total drug diffusion and gel erosion (d).
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2.2.2. Vaginal tablets for HIV prevention under development

Immediate-release tablets containing Emtricitabine and Tenofovir as antiretroviral drugs
were developed by Clark et al. Tablets containing disintegrants were prepared to produce
immediate release in contact with vaginal fluid. Maximum concentrations in vaginal tissues
and fluid were observed less than 1 h after administering the tablets to rabbits, so the drug
distribution and release results were comparable to those observed in a clinical trial with a gel
containing 1% TFV [34].

Immediate-release tablets have also been explored for the development of biotherapeutic
assets, including MucoCept, the name for human vaginal Lactobacillus jensenii that has been
genetically modified to express the HIV entry inhibitor, modified cyanovirin-N (mCV-N).
These bacteria were mixed with various excipients and freeze-dried, obtaining fast-dissolving
highly hydrophilic tablets. Samples were assessed in vitro and in vivo using macaques. The
tablets showed complete disintegration in 2 min and the colonization of the vaginal mucosa
occurred in up to 83% of the macaques in 21 days [40].

Some attempts have been made to achieve controlled drug release, but several factors
must be improved to overcome vaginal leakage and obtain a more comfortable posology.
McConville ef al. developed multilayer tablets based on Kollidon® containing a combination
of Acyclovir, Levonorgestrel and Dapivirine. These systems released the first two drugs
immediately, and Dapivirine release was sustained for more than 8 h [36]. Nevertheless,
daily administration would still be necessary.

Innovative formulations that have shown efficient controlled drug release are based on the
addition of hydrophilic mucoadhesive polymers that form a gel in an aqueous medium such
as the vaginal environment. The formulation remains attached to the mucosa and forms a
strong gel that may lead to a the sustained diffusion of the drug, slowing its rate of release.
This was demonstrated in research by Notario-Pérez et al., where compacts based on a combi-
nation of chitosan and hypromellose proved their ability to gel in simulated vaginal fluid, and
the gel obtained in situ produced the sustained release of Tenofovir in this medium, with high
mucoadhesion [35]. These hydrophilic matrices have also been improved with the addition
of hydrophobic granules of Eudragit® and zein containing the drug. This modification led
to longer periods of release and mucoadhesion through complex release mechanisms, thus
obtaining compacts suitable for the controlled release of Tenofovir over 6 days [7].

2.3. Films
2.3.1. Overview

Films are thin, soft, flexible sheets obtained by the solvent-casting method (Figure 3) or—
less frequently —by hot-melt extrusion. Films are typically designed to disintegrate within
a few minutes on contact with vaginal fluids, so the drugs are released promptly [41, 42].
Vaginal films are well accepted by women as they are discreet and easy to use and carry
around due to their low weight and size, and suitable for the design of new microbicides [39].
They also have good physicochemical stability and resistance to microbial contamination.
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Polymeric solution Cast

-

Figure 3. Solvent casting method for manufacturing films.

Film

Matrix-forming polymers give the film mucoadhesive properties, which prevents vaginal
leakage and improves drug release. Films are inexpensive to manufacture and can easily be
reproduced, and their stable solid formulation makes them suitable for the release of drugs.

However, films also have some disadvantages that must be taken into account when devel-
oping these systems. Due to their small size and weight they can incorporate only a small
amount of drug, generally less than 50% of the total weight of the formulation [42]. The lim-
ited volume of vaginal fluid may condition the disintegration process and hence the release
of the drug. Another factor to consider is the wide variability in vaginal fluid secretion among
different women and even at different times, making the release sometimes difficult to predict
[43]. Administration may also be problematic, as the films start disintegrating immediately
the come into contact with vaginal fluid [41]. Lastly, the mechanisms for regulating the manu-
facture and characterization of films are not yet sufficiently standardized [44].

Immediate-release films have been widely explored, and fast-dissolving products are gener-
ally used as matrix-forming polymers, which significantly influences the properties of the
final product. These polymers cannot be toxic or irritant and must form films with good
wetting properties and disintegration time and high tensile strength. Polyacrylates, polyeth-
ylene glycol, polyvinyl alcohol (PVA) and cellulose derivatives are currently the polymers
of choice to formulate vaginal films. Plasticizers such as glycerol or polyethylene glycols are
also included to give the film flexibility and facilitate handling and administration [44]. Other
components are frequently included in addition to matrix-forming polymers and plasticiz-
ers; for example preservatives or disintegrants [42]. Work is currently underway to obtain
controlled release and long-term efficacy and stability [45]. The inclusion of nanoparticles
may also lead to promising drug delivery systems [46]; these thin polymer-based films could
serve as platforms for the administration of nanosystems, as they overcome several of the
disadvantages of other systems (nanoparticles alone or nanoparticles containing gels). For
instance, the vaginal leakage observed in previous nanoparticle systems (free or contained in
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a gel) is reduced due to the high mucoadhesion of the hydrated film which forms polymers.
They also prevent the premature release of the drug from nanoparticles to the aqueous phase
of the gel that occurs during storage. Other advantages include reduced discomfort and
easier incorporation and release of the nanosystems compared to other solid formulations
(such as rings and tablets) [41].

2.3.2. Films for HIV prevention under development

HPMC was used as the main excipient in the development of films containing mixtures of
Dapivirine, Tenofovir and/or Maraviroc by the solvent casting method. Other excipients were
added as secondary polymers (PVA or CMC) and plasticizers (glycerol or polyethylene glycol
800). This study demonstrated the versatility of the formulation according to the polymers
used when loading drugs with different solubilities. More than half of each drug was released
within the first 30 minutes of application, thus serving as an option for pericoital prophylaxis.
These films showed HIV activity for up to 1 year [47].

PVA -based films have also been used as formulations for the release of new drugs: Sassi et al.
developed a fast-dissolving Retrocyclin-analogue film that showed in vitro and ex vivo activity
against HIV [48].

HPMC has also been combined with sodium alginate for the development of Abacavir-based
films containing glycerol as a plasticizer. The film gels in contact with vaginal fluid to obtain
a highly bioadhesive formulation. More than half of the drug was released in the first 30 min-
utes, making this another interesting option for pericoital prevention [45].

Akil et al. combined HPMC with PVA and polyethylene glycol 8000 for the administration
of Dapivirine. Again, an immediate-release formulation was obtained for the prevention of
HIV, with no apparent toxicity for the vaginal microbiota. Good stability properties were also
observed, and anti-HIV activity persisted for at least 18 months [49].

The use of antimicrobial products has also been proposed as film-forming agents. Garg et al.
developed bioadhesive vaginal films of sodium polystyrene sulfonate. Their results suggested
that these films could have interesting biological, pharmaceutical and esthetic properties and
may offer substantial benefits for preventing the sexual transmission of HIV [50].

Lastly, films are currently an option for the incorporation of nanoparticles. Srinivasan et al.
prepared vaginal films containing a novel non-nucleoside reverse transcriptase inhibitor—
IQP0528 —with and without PLGA-Eudragit® S 100 nanoparticle encapsulation of the drug.
Both formulations released a higher amount than required to exceed IC50 and showed no
toxicity or alterations in vaginal microbiota. The drug release profile from nanoparticle-based
films was some orders of magnitude greater than for films containing the free drug [42].

Cunha-Reis et al. developed fast-dissolving HPMC/PVA-based films containing nanoencap-
sulated Efavirenz in PLGA nanoparticles and free TFV. They were characterized in vitro and
in vivo and the results from mice revealed that concentrations of the drug in vaginal secre-
tions decreased rapidly after administration, and were more pronounced for the free than
for the encapsulated drug. However, AUCs for both drugs were some orders of magnitude
higher than obtained when administering both drugs in an aqueous vehicle. Films therefore
represent an option for drug administration due to their longer residence time in the vagina. It
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Study Phase Formulation Reference
FAME-02 Phase I Dapivirine vaginal film and gel [52]
FAME-05 Early Phase I Tenofovir vaginal film and gel [53]

Table 3. Vaginal films for HIV prevention under clinical investigation.

was also demonstrated that nanoparticles can prolong the release of the drug, indicating that
nanoparticle-based films have potential for the development of controlled release systems [51].

Table 3 shows the vaginal films for HIV prevention currently under clinical investigation.

2.4. Vaginal rings
2.4.1. Overview

Vaginal or intravaginal rings are dosage forms placed closed to the cervix [54, 55] and designed
to release drugs in a controlled or sustained manner over weeks or months to achieve either
local or systemic action. From a physicochemical point of view, they are flexible toroidal
devices with a polymeric structure. The first references to vaginal rings for drug delivery date
from the late 1960s and 1970s with a patent from the Upjohn Company and the discovery that
several drugs, including steroids, could be released through silicone elastomers [55-57]. The
first clinical evaluation of a vaginal ring—for contraceptive purposes—took place in the 1970s
[57]. The inclusion of microbicides against HIV in vaginal rings was proposed at a micro-
bicide conference in 2002. The first article on microbicide vaginal rings for HIV prevention
was published 1 year later, and described a matrix-type silicone elastomer vaginal ring with
in vitro release of Nonoxynol-9 over 8 days. This drug subsequently ceased to be seen as a
microbicidal candidate as its gel formulation increased the risk of HIV transmission due to
the damage to the vaginal epithelium. In 2005, a core-type silicone elastomer vaginal ring was
described which released Dapivirine (or TMC120) in vitro over the 71 days of the study, and
was attributed a sustained release of the total dose for between 1 and 4 years [54-56].

Vaginal rings with microbicide formulations are well accepted by women as they can be
inserted and removed by the patients themselves, they offer controlled release of the drugs—
resulting in a convenient dosage regimen—and are compatible with the sexual act, all of
which ensures greater therapeutic compliance and effectiveness [54-57].

Two main types of polymers are used in the development of vaginal rings: silicone and ther-
moplastic elastomers. Silicone elastomers are obtained by chemical crosslinking of functional-
ized, linear, polydimethylsiloxane [56]. Thermoplastic elastomers have rheological properties
which alter during heating (flow) and cooling (harden). The most important elastomers for the
manufacture of vaginal rings are polyurethanes (PUs) and ethylene and vinyl acetate (EVAs)
copolymers [54, 55]. The vinyl acetate content (which ranges from 10-40% approximately) and
the molecular weight of the EVAs influence the mechanical properties and the drug release
rate of the final formulation. Although there are few cases of EVA vaginal rings for micro-
bicide release [54, 56], the possibility of varying the vinyl acetate content of EVA materials
offers a broader range of drug permeation properties than silicone elastomer materials, which
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are also more expensive. EVA polymers can also form rate-controlling membranes that are
thinner than 100 um. PUs are bi-phasic copolymers that constitute alternative biocompatible
materials and are also under study for the development of microbicide vaginal rings. They
are obtained by a polymerization reaction between diisocyanates, a low molecular weight
diol and a high molecular weight diol. The combination of the diisocyanate with the low
molecular weight diol leads to the formation of hard segments —responsible for the material’s
resilience—while combination with the high molecular weight diol produces soft segments
which confer elasticity and elastomeric properties. By varying the proportion of hard and soft
segments, hydrophobic and hydrophilic PUs can be obtained to allow the optimal release of
different types of drugs [56].

Vaginal rings come in different designs (Figure 4). Spring vaginal rings were the first to
appear and were formed by a metal spring over-molded by a silicone sheath. Despite offering
good results in terms of their clinical efficacy, they were also rigid and had several adverse
effects [56]. Matrix or homogeneous vaginal rings have the simplest design and consist of a
polymeric matrix in which the drug is dispersed. Drug release occurs through a permeation
mechanism involving the dissolution of the drug in the polymer and diffusion through the
matrix. The delivery rate depends on the solubility of the drug in the polymer, the ability
of the drug to diffuse through it, the drug content and the surface area of the ring [54, 55].
Until 2006, reservoir vaginal rings and matrix rings were the main microbicide vaginal ring
designs. Also known as “core vaginal rings,” they are formed by a polymer membrane which
encapsulates one or more cores loaded with the drug. The possibility of including several
cores in one reservoir ring (“multi-core ring”) allows the formulation of different drugs in the
same dosage form [55, 56]. The cores can also be inserted in a ring before sealing the ends [54].
Drug release also occurs through permeation and can be controlled by modifying the thick-
ness of the membrane [55, 56]. Segmented vaginal rings are formed by two or more connected
segments loaded with one or more drugs; they allow control over the release of each drug and
avoid interactions between them [54, 55]; they may be either matrix- or reservoir-type systems
[56]. Sandwich or shell vaginal rings are based on an outer membrane, a narrow drug-loaded
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Figure 4. Vaginal ring designs.
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polymer layer and an inner central core. As in the case of reservoir rings, the release rate
depends on the thickness of the outer membrane [54, 55]. In order to overcome the problems
of permeability when releasing hydrophilic and/or high molecular weight drugs from vagi-
nal rings based on silicone or thermoplastic elastomers, several new designs of these dosage
forms have been developed. Coated pod-insert vaginal rings are silicone elastomer rings
containing drug cores or pods coated with layers of polymers such as semipermeable polylac-
tic acid. The drug release rate depends on the size of the delivery window in the silicone ring,
the number of cores and the amount and composition of the core coating. This ring design
allows the release of drugs with different physicochemical properties from the same dosage
form. Rod and tablet-insert vaginal rings are silicone elastomer rings containing freeze-dried
polymer gel rods or compressed polymeric tablets with the drug/s. The gel reconstituted by
vaginal fluid and the tablet both release the drug in a sustained manner. The lyophilized gel
rods are interesting for the formulation of peptide- and protein-based microbicides, as the
freeze-drying process stabilizes this kind of drug. Biosoluble and hydrogel vaginal rings
are other new designs of vaginal rings. For instance, biosoluble acacia gum, nonbiodegrad-
able hydrogels based on methacrylates and a nanoporous polydiol citrate elastomer hydrogel
have been used to manufacture microbicide vaginal rings [54-56].

2.4.2. Vaginal rings for HIV prevention under development

Numerous vaginal rings are currently under development for preventing the sexual transmis-
sion of HIV. Some examples are described below.

Malcolm et al. developed matrix silicone elastomer vaginal rings containing Maraviroc and
CMPD167. In vitro release tests showed a controlled release of both drugs over 28 days. Their
concentrations in vaginal fluid in a 28-day study in rhesus macaques were around 10°-fold
higher than the 50% inhibitory concentrations for inhibiting a simian/human immunodefi-
ciency virus in macaque lymphocytes in vitro [58].

A core-matrix vaginal ring for preventing HIV-1, HSV-2 (herpes simplex virus-2), HPV
(human papilloma virus) and unwanted pregnancy was proposed by Ugaonkar et al. MIV-150
and zinc acetate (anti-HIV drugs), carrageenan (also for HPV) and Levonorgestrel (contracep-
tive) were included in this multipurpose dosage form. MIV-150 and Levonorgestrel diffused
from the EVA hydrophobic matrix of the ring while zinc acetate and carrageenan diffused
through a pore from the hydrophilic core. The drugs were released in vitro over 94 days, and
up to 28 days of the study period in rhesus macaques, showing effectiveness for virus protec-
tion and contraception [59].

A segmented dual-reservoir PU vaginal ring containing Tenofovir and Levonorgestrel was
formulated by Clark et al. to protect women against HIV and unwanted pregnancy. The
rings comprised a 10- or 20 mm-long polyether urethane-based reservoir segment contain-
ing 1.3 wt% Levonorgestrel surrounded by a 100 um thick rate-controlling membrane also
of polyether urethane. Tenofovir was loaded as glycerol paste in a hydrophilic PU reservoir
segment separated from the Levonorgestrel segment by PU caps to prevent it from diffusing
into the Tenofovir reservoir. The rings formed by the 20 mm-long segment of Levonorgestrel
released both drugs in vitro over 90 days [60].
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Study Phase Formulation Reference

MTN-013/IPM 026 I Silicone elastomer matrix-type vaginal ring loaded with 25 mg [65]
Dapivirine and 100 mg Maraviroc

2013-329 I Polyurethane Tenofovir Disoproxil Fumarate vaginal ring [66]

The Ring Study/IPM 027 I Silicone elastomer matrix-type vaginal ring containing 25 mg [67]
Dapivirine

ASPIRE/MTN-020 I Silicone elastomer matrix-type vaginal ring containing 25 mg [68]
Dapivirine

Table 4. Vaginal rings for HIV prevention under clinical investigation.

Srinivasan et al. described a pod-vaginal ring containing 65 mg of Tenofovir Disoproxil
Fumarate and 68 mg of Emtricitabine and tested it in female pigtailed macaques. The ring
was made of silicon elastomer and included three poly(vinyl alcohol) coated-pods of each
drug and one delivery channel per pod. All the animals treated with the ring were protected
against the infection compared to the control group, despite the exposure to simian/human
immunodeficiency virus. The drugs were also released in a sustained manner and maintained
effective levels over 4 months [61, 62].

Murphy et al. formulated rod insert silicone elastomer vaginal rings to release the candidate
antiretroviral peptides T-1249 and JNJ54310516-AFP (JN] peptide). The drugs were contained
in a hydrophilic excipient—sodium chloride, sodium glutamate, lactose or zinc acetate at dif-
ferent concentrations—to form the peptide-loaded rod inserts. In vitro release tests showed
the sustained release profiles that could be achieved with these rings and which may be
related to the type of hydrophilic excipient and its swelling properties [63].

Vaginal rings based on biosoluble acacia gum and a non-biodegradable hydrogel of
2-hydroxyethyl methacrylate (HEMA) to release one or two anti-HIV drugs were studied
by Saxena et al. Five types of rings were formed, namely acacia gum rings with Dapivirine,
Boc-lysinated-betulonic acid (Boc-LBA) or a combination of TMC120 (Dapivirine) and PMPA
(Tenofovir), and HEMA rings with Zidovudine or Dapivirine and Tenofovir. The results
of the drug release assays showed drug levels greater than the minimum dose required to
inhibit the virus, which were sustained for at least 15 days for acacia gum and 28 days for
HEMA rings [64].

Table 4 shows some of the clinical trials on vaginal rings for HIV prevention.

3. Authors’ conclusions and future perspectives

HIV and AIDS are huge health problems today, and especially in women in developing coun-
tries. Current systems for preventing transmission are generally beyond their reach, so it is
essential to develop new strategies, among which an interesting option is the use of topical
vaginal formulations as prophylaxis .
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The vaginal route of administration has various complexities, and intense research is under-
way around the world to find the formulation that best meet the requirements. Vaginal gels
and tablets are easy to manufacture and administer, but patients report comfort issues such as
substantial leakage after administration. Vaginal rings overcome this problem, but are more
expensive and difficult to manufacture. Vaginal leakage is also reduced by vaginal films,
which are cheap and easy to manufacture, but these tools are still fairly novel and require
more knowledge and technical improvements in the production process.

We therefore consider that sustained-release formulations may represent the most attrac-
tive option, since greater compliance is crucial to ensure the effectiveness of the microbicide.
Although vaginal rings are the most suitable formulation for sustained release, vaginal films
and tablets are also being investigated to obtain longer protection times, and are seen as
promising platforms for the inclusion of microbicides to prevent the sexual transmission of
HIV.
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