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Abstract Human immunodeficiency virus (HIV), the causative agent of Acquired Immunodeficiency Syndrome
(AIDS) was discovered way back in 1983. More than three decades since its discovery, HIV infection diagnosis,
treatment and management has been a big challenge to the medical field. HIV infection is attributed to cause
compromised T-cell and B-cell immunity, promote different malignancies and the infected individuals are at risk of
acquiring other viral, bacterial, fungal and parasitic infections. HIV disease progression was found different in
infected population, where few HIV infected patients develop AIDS in less than 5 years and are called as early
progressors, HIV infected population in whom development of AIDS is slow and may remain normal up to 10 years
are termed as late progressors and patients in whom the symptoms of AIDS are not seen even after 10-15 years are
labeled as long term non-progressors. The variability in disease progression is not completely understood. After the
discovery of HAART, the mortality of the HIV infected population has significantly reduced but the morbidity
attributed to HAART has remained as a serious concern. From being a life threatening infection HIV has now
become a chronic infection, where patients live their natural life years with the HAART therapy. Among the most
significant changes in HIV infection and pathogenesis is the development of non-infectious complications attributed
to the HIV infection, HAART therapy, other demographic factors and co-morbidities. Other factors that influence
the disease pathogenesis and progression include chronic immune activation, drug resistance and toxic side effects of
HAART therapy. Among this Immune activation plays a key role in the pathogenesis and progression of HIV
infection.
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1. Introduction
Human immunodeficiency virus replicates in TCD4+
cells and results in the depletion of cells which in turn is
responsible for gradual decline in the T cell immunity.
HIV viral replication results in the production of viral
particles which are responsible for the development of
chronic inflammation that contributes hugely to the
disease pathogenesis and progression towards AIDS and
death [1]. Introduction of HAART has significantly
reduced the morbidity and mortality in HIV infected
patients resulting in extended life on par with HIV non
infected individuals [2]. Of late research has revealed that
HIV infected individuals are at greater risks developing
non
infectious
complications
(Liver
disease,
cardiovascular disease (CVD)) that may precipitate with
the initiation of HAART [3]. With the easy availability
and affordability of HAART, the focus now is on
developing effective strategies to monitor HIV disease
progression and treatment response [4,5]. Though

pathogenesis of HIV is complex and a lot remains to be
understood, studies thus far have been successful in
applying the available knowledge to reduce the morbidity
and mortality. Early initiation of HAART has been
responsible for effective control of viral replication as
evidenced by the undetectable amount of viral load in
patients treated with HAART. From being an infection
that was potentially fatal, HIV infection has now evolved
in to a chronic disease. Initiation of HAART at the right
time and close monitoring of the patients during therapy
can significantly bring down the morbidity and mortality
rates and improve the quality of lives [6]. Other important
aspects of HIV disease and HAART therapy management
is the identification of co-morbidities, drug toxicities, drug
resistance and treatment compliance. HIV infection
remains permanent and the virus gradually spreads to all
parts of the body infecting TCD4+ cells of various organs.
Depending on the rate of depletion of TCD4+ cells, the
infected patients are at risk of developing various
opportunistic microbial infections and cancers (pneumonia,
tuberculosis, parasitic diarrhoea, Kaposi’s sarcoma and
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non-Hodgkin’s lymphoma) and most of the patients
develop advanced disease and succumb [7,8]. Reports of
HIV infected population who do not show significant
depletion of TCD4+ cell counts and remain healthy have
paved the way for further research that can be useful in the
development of vaccine and functional cure of HIV. It still
remains to be understood why uninfected TCD4+ cells
and other immune cells die or manage to control the HIV
infection. Studies have confirmed the role of chronic
immune activation in the HIV disease pathogenesis and
progression [9,10]. HAART, though has been instrumental
in the reduction of inflammation, the major cause of
concern that remains is the toxic effects of antiviral drugs.
Antiretroviral drugs are selected based on the type of sideeffects they produce, drug-drug interactions and the
potency [3]. A successful antiviral agent is described as
the one that brings about decrease in HIV/RNA plasma
viral load. Antiretroviral drugs fall in to six categories:
non-nucleoside reverse transcriptase inhibitors (NNRTI’s)
including Nevirapine, Efavirenz and Etravirine,
Nucleoside and nucleotide reverse transcriptase inhibitors
(NRTI’s) that include Zidovudine, Abacavir, Lamivudine,
Stavudine, Tenofovir and Emtricitabine, Integrase
inhibitors such as Raltegravir, Protease inhibitorssaquinavir, Lopinavir, Fosamprenavir, Darunavir and
atazanavir, CCR5-Inhibitor including Maraviroc and
Fusion inhibitor-Enfuvirtide [3,6].

2. Management
Complications

of

Non-Infectious

Virological (HIV/RNA viral load), immunological
(TCD4+ cell counts), haematological (Haemoglobin
(HB%, total leukocyte count (TLC), Erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) and
others) and biochemical markers (Albumin, Globulin,
cholesterol and others) have been shown to have great

potential in the management of HIV disease and treatment
response. Studies in the past have also noted that the
biological markers like neopterin, β-2 microglobulin,
Dehydroepiandrosterone (DHEAS) and many others may
be useful in the management of HIV infected individuals
and those on antiretroviral therapy. Tumor necrosis factorα (TNF- α), Interleukins (IL-2, IL-6, and IL-10) and other
cytokines have been demonstrated to have significant role
in the monitoring of HIV disease and HAART therapy
[11-16]. Since huge population of HIV infected
individuals live in poor and economically weak third
world nations, which have financial limitations to acquire
necessary equipment, research is now concentrated on
evaluation of cheaper and easily performed alternate
markers that can be used to regularly monitor HIV
infected population and antiretroviral therapy response.
Considering the adverse effects of HAART, previous
studies have suggested that HIV infected patients should
be screened for haematological abnormalities (Anaemia)
before initiation of antiretroviral therapy [11]. In a study
that we have performed recently on the occurrence and
usability of Haemoglobin % and Erythrocyte
sedimentation rate (ESR) revealed that there was anaemia
among the HIV infected population (HB%, 10.6±1.9) and
after initiation of HAART the levels of haemoglobin have
increased (HB%, 10.8 ± 2.2) indicating better prognosis.
Evaluation of ESR after 4-6 months 0f HAART therapy
revealed a mild reduction in the levels of ESR also
considered as better prognosis (ESR before HAART (16.3
± 8.9 and ESR after initiation of HAART (13 ± 7.2) [13].
Worsening of anaemia and increase of inflammatory
markers including ESR after initiation of HAART therapy
should be considered as a cause of serious concern [13]
Figure 1 and Figure 2. Our recent studies have evaluated
the role of serum gamma-glutamyl transpeptidase (GGT),
activities of lactate dehydrogenase (LDH) and their utility
as alternate biological markers in the management of HIV
infection and treatment response [14,15].

Figure 1. Hemoglobin [HB%] before and after HAART
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Figure 2. Erythrocyte Sedimentation Rate [ESR] before and after HAART

3. HIV, HAART and Liver Disease
HIV infected population are prone to liver disease as
evidenced from the available literature [3,14]. This is
further worsened by the initiation of HAART as the toxic
effects of antiretroviral therapy play a key role in the
pathogenesis and progression of HIV disease. HIV
infection by itself may contribute to hepatic and biliary
tract abnormalities including hepatomegaly, liver fibrosis,
liver cirrhosis, hepatic/biliray steatosis and elevated liver
enzymes. Hepatotoxicity, hyperlipidemia, hyperglycemia,
and lactic acidosis are some of the adverse conditions of
HAART therapy. Hepatotoxicity can influence HIV-1
treatment and can cause an increase in morbidity and
mortality. Protease Inhibitors (PIs), nonnucleoside reverse
transcriptase inhibitors (NNRTIs), and the chemokine
receptor 5 (CCR5) antagonist, maraviroc, can be
hepatotoxic with asymptomatic elevations in liver
enzymes, liver dysfunction and liver failure. Co-infections
with other hepatocellular viral infections like Hepatitis B
virus and hepatitis C virus may further be responsible to
liver related severe morbidity and mortality [17].
Alcoholism, lifestyle diseases like obesity, hypertension
and diabetes mellitus may act as co-factors in worsening
the liver disease. Non-antiretroviral drugs, used in the
treatment of secondary bacterial, viral, parasitic and
fungal infections could also contribute to the liver
dysfunction. Although some previous studies have noted
the improvement in the liver performance after initiation
of HAART, much still remains to be known about the
possible toxic effects of long term antiretroviral therapy
[18]. HAART therapy involves use of at least two
nucleoside analogue reverse transcriptase inhibitors
(NRTI); zidovudine (ZDV), zalcitabine (ddC), didanosine
(ddI), lamivudine (3TC) or stavudine (d4T) combined
with a protease inhibitor (PI) or with a non-nucleoside
analogue reverse transcriptase inhibitor (NNRTI) such as
efavirenz (EFV). Long-term side effects associated with
the use of NRTI’s and their ability to inhibit polymerase,

the enzyme responsible for replication of mitochondrial
DNA (mt DNA). Depletion of mtDNA in the liver may
manifest as micro vesicular steatosis, steatohepatitis or
liver failure [18]. Studies in the recent past have evaluated
the utility of liver enzymes (Alanine aminotransferase
(ALT), Aspartate aminotransferase (AST) and gammaglutamyl transpeptidase) in the management of HIV
seropositive patients receiving HAART [14].

4. HIV, HAART and Cardiovascular
Disease
HIV infection is associated with increased
cardiovascular risk as evidenced by the available
literatures that have shown elevated levels of cholesterol,
triglycerides and other lipid abnormalities [19]. Coronary
arterial disease (CAD) is the leading cause of non-HIV-1related death in people infected with HIV-1 [3]. HIV-1
infection may be an independent risk factor for Cardio
vascular disease (CVD), although there is not yet
sufficient evidence to consider it a Coronary heart disease
(CHD) risk equivalent. Factors responsible for
cardiovascular risk among HIV-1 infected population may
be related to the chronic inflammatory response, metabolic
disorders (insulin resistance, dyslipidemia, abnormal fat
distribution) and adverse effects of antiretroviral therapy.
Antiretroviral therapy may prove beneficial in reducing
the cardiovascular complications, but one should be
cautious about the immune dysfunction, immune
activation and severe inflammatory conditions produced
by HAART [20,21]. Previous studies suggests that the
nucleoside analogue, reverse transcriptase inhibitors
(NRTIs) including stavudine, didanosine, and zidovudine
may cause mitochondrial toxicity by inhibiting
mitochondrial DNA polymerase in fat and other tissues
and thus interfering with respiratory chain complexes
which results in impaired fatty acid oxidation and
intracellular accumulation of triglycerides and lactate
(SREBPs), which can enter the systemic circulation.
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Protease inhibitors (PIs) inhibit maturation of sterol
response element binding proteins, which affect
intracellular fatty acid and glucose metabolism and
adipocyte differentiation. The PIs also down-regulate
peroxisome proliferator-activated receptor gamma
(PPARγ), an important nuclear transcription factor that is
affected by SREBPs and is necessary for adipocyte
differentiation and function and fatty acid metabolism.
Lipodystrophy and dyslipidemia are also observed in
acute HIV-1 infection and HAART naive patients, lending
support to HIV viral role as well. Potential host risk
factors include age, sex, life style, genetic predisposition,
obesity and race or ethnicity. Both HIV-1 infection itself
and antiretroviral therapy can cause and worsen lipid
abnormalities. Management of dyslipidemia in the HIV-1infected population on HAART therapy requires
awareness of the toxic effects of antiretroviral agents on
lipid metabolism, including potential age, sex and race
related effects [22]. Although the exact mechanism by
which HIV infection triggers CVD is not fully understood
a recent study has shown that in chronic HIV infection,
despite HAART the increased expression of IL-1β on
infected monocytes stimulate the excessive production of
pro-inflammatory cytokine IL-6 [19].

5. HIV, HAART and Immune Activation
HIV infection, pathogenesis and disease progression is
complex which involves both immune deficiency and
deregulated immune-activation and remains different in
various populations. HIV infects TCD4+ cells,
compromises immunity and predisposes infected patients
to various infectious, inflammatory and cancerous
conditions. Studies in the past have elaborated on the role
of HIV in the induction of chronic immune activation that
plays a key role in the disease progression and
pathogenesis [1]. Chronic immune activation is
characterized by exhaustion of TCD4+ cells and TCD8+
cells and results in increased viral replication and viraemia.
Immune activation in HIV infected patients’ results with
the release of pro inflammatory markers which are
responsible for suppression of hemopoetic cells in the
bone marrow and the development of blood cytopenias
[23,24]. Studies have also noted that immune activation
may result possibly involving two distinct pathways and
both distinctively affect TCD4+ and TCD8+ cells [25].
Early HIV infection leads to the development of cytokine
imbalance between the viral inductors (IL-6, IL-15, IL-1β
and Tumour necrosis factor TNF-α)) and viral suppressors
(IL-10 and type 1Interferons (IFN- α and IFN- β)) that
transforms in to an equilibrium where virus replication
may be controlled/uncontrolled resulting in to variable
disease progression [26,27]. Studies in the past have noted
that initial infection of HIV resulted in the rise of
cytokines like IFN- γ and IL-12 associated with lower
viral loads and appearance of elevated IL-7, IL-15 and
lower TCD4+ cells with higher viral loads. The same
study has noted that there was a rise in pro inflammatory
cytokines like IL-2, IL-7, IL-15 and IL-21 that play a key
role in improved immune defence against HIV
proliferation [28]. A study by Wren et al revealed that
appearance of IL-10 and IL-15 is associated with
improved activity of anti-HIV natural killer cells (NK-

cells) suggesting utility of these cytokines as prophylactic
preparations/intervention [29]. Other studies have shown
that a decrease in IL-2 and IFN- γ, simultaneous increase
in IL-4 and IL-10 may be associated with compromised
antigen-specific viral defence mechanism, increased
lymphocytic apoptosis and decrease in TCD8+ cells [30,
31 and 32]. It has been observed that elevated activities of
TCD8+ cells are instrumental in natural suppression of
HIV infection as observed in long term non progressors
(LTNP) and that decreased activation of TCD4+ cells and
Th1 cells are associated with slow progression [33,34].
After the initiation of antiretroviral therapy, the activity
of various cytokines and chemokines were elaborated by
various working groups and found contrasting results
[35,36,37]. Some studies have noted insignificant changes
in the cytokines and other inflammatory markers (IL-6 and
C-reactive protein) and other have revealed a decrease in
IL-1β, IL-6, IL-12, IFN- γ and TNF- α after 4-6 months of
HAART [38,39,40].
In correlation with TCD4+ cells, it was noted that low
counts were observed with increased cytokine levels of
TNF- α, IL-6, IL-1ra and IL-8 [41]. There are contrasting
reports of IL-10 levels among patients receiving HAART,
as some show reduction and others reveal raised activities
[42,43,44]. This needs further studies as IL-10 is found to
have therapeutic efficacy. A recent study by Cozzi-Lepri
et al have revealed that an interruption in the treatment
was associated with increased viral load, lowering TCD4+
cells and increased production of viral induction cytokines
like IL-6, IL10 and TNF- α, a consequence of immune
activation and immunological deficiency [45]. A study on
the utility of IL-18, a pro inflammatory cytokine marker
has shown that a decrease in the levels of IL-18 was
observed in patients receiving Antiretroviral therapy and
an increase was noted among those not treated which were
correlating well with viral loads [46,47]. Performance of
Th17 cell types in the initiation and worsening of immune
activation revealed increased production of IL-17, IL-1,
IL-2, IL-21, IL-22 and TNF- α [48,49,50]. It has been
observed that the pro inflammatory activity induces
gradual mucosal barrier/tissue damage and results in
chronic generalized inflammation and disease progression
[51]. Studies on the effect of age as a co-morbid condition
on the HIV disease progression and antiretroviral therapy
revealed that though HAART is beneficial in the viral
suppression, there is a possibility of chronic immune
activation that can result in age-related multi-organ
morbidity [52]. Microbial translocation, presence of
bacterial enzymes, antigens (lipopolysacharides) and toxic
by products could precipitate immune activation and
accelerate HIV disease progression [53]. Chronic immune
activation in HIV infected population many contribute to
the development of cancers by stimulating cell
proliferation, production of reactive oxygen and nitrogen
species, enhance secretion of pro carcinogenic cytokines
and chemokines and related mechanisms [54,55]. Studies
thus far have confirmed that chronic immune activation
and elevated activity of inflammatory cell may contribute
to increased mortality even in the presence of HAART
and irrespective of TCD4+ cell counts [56]. A recent
study has elaborated on the possible role of Treg cells
(CD4CFOXP3+), a group of regulatory T cells in
generation of immune activation during HIV infection
[57]. Another recent observation has elaborated the
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possible reason behind the immune activation in
chronically infected HIV patients and found that exposure
of immune system to viral antigens and other microbial
antigen could be responsible for continuous T-cell
activation [58]. A recent research has revealed the
influence of HIV over antigen presenting cells (APC’s) to
react with commensal bacteria could contribute to further
immune activation and inflammation [59]. Immune
activation mechanism studies in primary HIV infection
(PHI) has shown that immune activation is not driven
solely by impairment of mucosal barrier and microbial
translocation (MT) but by viral replication as evidenced
by expression of soluble TCD14+ cells and IL-1RA [60].
Recent research has identified the role of HLA-DR, Ki67
and CD38 expression on regulatory T cells (Tregs)
including TCD4+,TCD25+, TCD127+ contribute to
immune activation in HIV infected but treatment naive
patients [61]. Read SW et al from their study have
demonstrated the significance of leflunomide, an
immunomodulator in reducing the immune activation in
chronic HIV infected population [62]. Studies on simian
immunodeficiency virus infection in sooty mangabeys
have confirmed that immune activation plays a significant
role in HIV disease progression, where SIV infected sooty
mangabeys show no signs of disease progression and
absence of immune activation even when viral replication
is present [63]. Human studies have also noted that use of
cyclosporine, an immune-modulator along with HAART
has reduced the rapidity of T cell activation and cell death
[64]. A recent study by Gilad Doitsh et al has revealed that
immune activation and depletion of TCD4+ cells may be
due to pyroptosis, an intense inflammatory reaction caused
due to release of pro inflammatory cytokines occurring in
activated T cells and cells surrounding such cells resulting
in cell death [65]. Animal studies in the recent past have
also elaborated on the use of pro-biotic and pre-biotic
supplementation that help in immune reconstitution, better
functioning of mucosal barriers and reduced fibrosis of
lymphoid system [66].
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physicians involved in the treatment would manage the
patients both for AIDS related and non-AIDS related
complications. Evaluation of co-morbidities, both
infectious and non infectious, which may contribute to
disease progression, is a matter of serious concern for
better HIV disease management. Interventions including
the anti-inflammatory drugs (sevelemer-anti-LPS, antiPD1 antibodies, anti IL-6 antibodies, anti IFN-α
antibodies) and HIV cure concepts (Histone deacetylase
inhibitors, disulfiram, CCR5-modified T cells and stem
cells, IL-7, IL-15 therapy and methylation inhibitors)
provide a route map and hope that may at last result in
HIV functional cure [73,74,75]. Health care system must
be acquainted with skilled and volunteering individuals
who take the responsibility to identify HIV infected
patients, provide access to therapy and continuously
monitor treatment response and disease progression. It has
also been noted that HIV care become even more
complicated with ageing HIV infected population
[76,77,78].

7. Conclusion
Although HAART has revolutionised HIV care, factors
contributing to chronic inflammation even in patients
undergoing treatment, influence of co-morbidities, and
antiviral drug toxicities and resistance on disease course
are subjects that need extensive research for achieving
better patient management in HIV seropositive patients
receiving HAART. Early diagnosis of non-AIDS related
complications, initiating treatment and management
strategies and regular monitoring would benefit HIV
patients to reduce the morbidity and increase quality of
life and life expectancy.
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6. Future of HIV Disease
Ever since its discovery, way back in 1983, HIV has
always been a big challenge to the medical fraternity.
Advancements in the diagnosis of HIV infection have
come to a level where most of the centres are well
equipped even in developing and economically
constrained nations. After the introduction of HAART in
1995, the availability and affordability has improved
globally. HAART though has been successful in reducing
the mortality, the cause of concern is the long-term toxic
consequences and the increase in non-AIDS related
conditions in HIV infected population receiving HAART.
Neurological complications, haematological and organ
related malignancies, bone and connective tissue disorders,
cardiovascular, renal and hepatic diseases are some of the
serious non-AIDS events which are responsible for
morbidity and mortality in HAART era [67,68,69]. From
being a life threatening infectious disease, HIV has now
become a chronic infectious disease having potential for
severe morbidity and mortality if not properly managed
[70,71,72]. Special HIV-care centres would be ideal for
the management of HIV infected population, where
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