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Preface

This book is a collection of expert assays on various aspects of HIV prevention and treat‐
ment strategies for which there is evident need for scientific focus and review of current
trend. The organization of the book is unique and organic because it brings to the fore the
implications of HIV basic science, clinical, social and implementation aspects as well as
pathogenesis and treatment options as an integral component defining modern therapeutic
interventions. A visible objective of the book is to provide a wider readership of scientist,
clinicians, social workers/HIV caregivers, trainers and vaccine developers a multidisciplina‐
ry approach to HIV treatment and intervention strategy by presenting current trends in the
development of therapeutic options and its attendant challenges. It is of note that the antivi‐
ral drugs currently in use for the management of the infection have shown various haemato‐
logic, viremic and immunologic discordance in response from patients undergoing
treatment. Also, this decade has witnessed naturally resistant individuals in different races
of the world and an emerging host cellular antiviral proteins as well as the use of specifical‐
ly designed preventive microbicides. Therefore, the chapters are organized from the simple
sociological perspective and transmission to the more complex host antiviral proteins, redox
activity, global circulating forms and functional cure.

Several factors have limited the success of a vaccine for HIV, including high mutation rates
which result in various evasive circulating forms and lack of global immune response elici‐
tation to the viral antigens. It is then obvious that in spite of the progress and huge financial
resources from various governments and international agencies dedicated to HIV infection,
there are still major challenges facing successful vaccine development, preventive and con‐
trol mechanism of the infection. This book covers major aspects of HIV infection x-raying
useful research and intervention approaches, challenges and future dimension of research in
the field while bringing to limelight a comprehensive narrative of HIV treatment options.

Sincere appreciation to contributors who have extended full cooperation with the publisher
INTECH to present their expert opinion as contained in the book.

Ibeh Bartholomew, Ph.D
National Biotechnology Development Agency,

Abuja, Nigeria





Section 1
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Study Appraoch





Chapter 1

Spatiotemporal Dynamics of HIV Distribution Pattern
and Application of Indigenous Bioresources and
Microbicides in Expanding Preventive Options

Habu Josiah  Bitrus and
Ibeh Bartholomew  Okechukwu

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/61000

1. Introduction

HIV infection has maintained a high number of infections in human population. Currently,
there are growing population changes and corresponding challenges including new recombi‐
nant circulating forms. The infection is endemic in sub-Saharan Africa with peculiarities in the
distribution pattern.

Similarly, distinct transmission models have emanated over the years thus forming a special
focal point in the management and prevention of HIV/AIDS. In resource poor settings,
management of the disease remains a task as financial, infrastructure, and committed human
resources are remarkably low. The current treatment options though widely accepted is still
marred with issues of accessibility, resistance, toxicity, and financial burden on the recipient
patients. This chapter discusses and brings to concept the current HIV distribution pattern and
microbial bioresources deployed as a preventive and treatment option.

2. Global HIV population distribution pattern with emphasis on Africa

The global population of the virus infection has maintained an alarming rate, with record
values of more than 34 million people currently living with HIV [1,2] compared to less than
30 million observed in 2002 [3]. The geographical spread of the disease has been astronomical
in sub-Saharan Africa, with Nigeria having an estimated amount of 8% of the total global
burden of the infection [4].

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative 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.



The distribution and spread of the infection globally is entirely non-uniform and non-
homogenous, with more concentrated cases (over 70%) of occurrence observed in Africa alone
[5] (Figure 1A/1B and Figure 2). This estimate is extremely significant, given the fact that Africa
accommodates approximately 15.3% of the world population [6]. As previously observed in
the global spread of the disease, correlation between disease prevalence and social behaviours
such as sexual practices and use of intravenous drugs are existential. The spread of infection
in Africa is more pronounced and is relative to cultural practices. For example, HIV population
is seen to be least prevalent in the northern African countries and the Middle East (Figure 2),
which are typically known to practice less of cultural deeds that predispose individuals to HIV
infection. Conversely, the spread is dramatically highest in the southern region of the continent
[3] where HIV infection appears to have been densely concentrated amongst injection drug
users, gays, sex workers, partners of sex workers, etc. [7]. Not only is the prevalence of the
disease highest in Africa per global scale, but the rate of rise of occurrence has also been
astronomical on the continent, with estimated seven-fold increase in the number of occurrences
between 2005 and 2012 [4].

Data presented in Figures 1A and 1B are based on 2014 ECDC report [8], 2014 UN women report [9], and 2014 UN‐
AIDS Gap report [10]

Figure 1. (A) Regional HIV Population distribution pattern expressed as relative percentage based on 2013 data. (B):
Regional HIV Population distribution based on 2013 data.

Trends in Basic and Therapeutic Options in HIV Infection - Towards a Functional Cure4



The distribution and spread of the infection globally is entirely non-uniform and non-
homogenous, with more concentrated cases (over 70%) of occurrence observed in Africa alone
[5] (Figure 1A/1B and Figure 2). This estimate is extremely significant, given the fact that Africa
accommodates approximately 15.3% of the world population [6]. As previously observed in
the global spread of the disease, correlation between disease prevalence and social behaviours
such as sexual practices and use of intravenous drugs are existential. The spread of infection
in Africa is more pronounced and is relative to cultural practices. For example, HIV population
is seen to be least prevalent in the northern African countries and the Middle East (Figure 2),
which are typically known to practice less of cultural deeds that predispose individuals to HIV
infection. Conversely, the spread is dramatically highest in the southern region of the continent
[3] where HIV infection appears to have been densely concentrated amongst injection drug
users, gays, sex workers, partners of sex workers, etc. [7]. Not only is the prevalence of the
disease highest in Africa per global scale, but the rate of rise of occurrence has also been
astronomical on the continent, with estimated seven-fold increase in the number of occurrences
between 2005 and 2012 [4].

Data presented in Figures 1A and 1B are based on 2014 ECDC report [8], 2014 UN women report [9], and 2014 UN‐
AIDS Gap report [10]

Figure 1. (A) Regional HIV Population distribution pattern expressed as relative percentage based on 2013 data. (B):
Regional HIV Population distribution based on 2013 data.

Trends in Basic and Therapeutic Options in HIV Infection - Towards a Functional Cure4

3. Transmission dynamics models

3.1. Routes of transmission, geographical and racial distribution

In sub-Saharan Africa, the major route of transmission is through heterosexual contact rather
than homosexual interaction. In an endemic country like Cameroon, for example, whereas at
2012, the HIV prevalent rate amongst adults was 4.3% (4.0%–4.6%), the infection is concen‐
trated within the 15–49 age bracket in which over 50% of the infected population are women
[11]. The major mode of transmission identified by UNAIDS is largely heterosexual, with high
occurrence amongst groups such as commercial sex workers, long distance truck drivers,
injection drug users, and gay partners [12] with more than half of new HIV infection occurring
through heterosexual activity [13]. The transmission of HIV infection is geographic as well as
racial (as exemplified by cultural and social values) dependent (Figure 2). Differing factors has
been adduced for infection rates in Africans, Asians, Americans, and Europeans which
includes social values [14], economic stability/poverty [15, 16], level of awareness [17], and
host genetic factors [18].

The three main established routes of transmission of the infection are sexual contact [19], blood
transmission [20], needle sharing [21], and vertical (mother-to-child) [22] transmission.
Heterosexual transmission seems to be the most common means of infection in Africa with
over 60% of the global HIV infections [23] in contrast to other regions of the world, such as in
USA which has homosexual transmission and needle sharing as the dominant means [19]
(Figure 3). Sharing needles and injection instruments is thought to be three times more likely
to transmit HIV than sexual intercourse.

The increased burden of HIV prevalence amongst women in endemic regions have been
opined to be due to certain reproductive tract/biological susceptibility [24], social, physical,
economical, and even psychological factors which women especially in sub-Saharan Africa are
subjected to [25,26].

Figure 2. Estimated number of people (all ages) living with HIV based on 2013 WHO data

Available data shows that men who have sex with men (MSM) remain the group with the
highest prevalence of HIV infection in the USA, accounting for up to 78% of total infection, as

Spatiotemporal Dynamics of HIV Distribution Pattern and Application of Indigenous Bioresources and Microbicides…
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observed amongst men [27] (Figure 3). The prevalent rates amongst MSM are also recorded to
increase in the order, Hispanic MSM (6,700), black MSM (10,600), and white MSC being the
highest (11,200) [27]. Up to 16% of total HIV reported cases are due to intravenous drug users
(IDUs) in which they represent 8% of new cases [28]. Similarly, Europe has a high number of
HIV occurrences from MSM [29]. It could be observed that in high income countries HIV
epidemics is highly associated with MEM sexual networks [30, 31,32] while heterosexual
contacts prevail in low income regions [33,34,35] (Figure 3).

The data shows the prevalence based on 2013 United Nations Office on Drugs and Crime data from the annual report
questionnaire and national Government reports, 2013 UNAIDS report and CDC publications. Note: IDUs stands for
injecting drug users.

Figure 3. Regional distribution of HIV routes of transmission in HIV positive population

3.2. Exploring transmission models

Since both heterosexual and homosexual behaviour is a potent factor for increased HIV
transmission rate, exploring the dynamics of this mode perhaps could be a sure way of
providing and discovering a lasting HIV treatment option and drug design. A number of HIV
epidemic models have emerged, particularly the modes of transmission (MOT) model
recommended by the Joint United Nations Programme on HIV/AIDS (UNAIDS) [36,37]. The
MOT model as developed in 2002 aims to identify persons at risk of HIV infection [38] with
subsequent prevention policies and programmes [39]. This model was recommended for
country-wide studies in the year 2008 as part of a synthesis process supported by UNAIDS
and the World Bank Global HIV/AIDS Monitoring and Evaluation Team [40], with emphasis
on local content and immediate environment prevailing circumstances. The MOT model
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utilizes accurate information on recent prevalence of HIV infections in a given population and
the assumed patterns of risk behaviour within different risk groups (MSM, prostitutes, etc.) to
calculate the expected distribution of new adult HIV infections the next year in terms of the
mode of exposure. Certain considerations are necessary for a comprehensive and adequate
utilization of this model either at country or community level studies. These considerations as
noted by WHO are the proportion of the adult male and female population that belongs to
each of several risk groups identified, such as commercial sex workers and their patronizers,
injection drug users, men who sex men (MSM), persons of multiple heterosexual sex partners,
the low risk group such as partners of persons with higher-risk behaviour and married or
cohabiting couples with one monogamous heterosexual partner in the last year [41]. The model
tends to resolve issues such as complexity in risk groups, for example, a prostitute who is a
drug injection user. Secondly, the prevalent rate of HIV infection and of a generic sexually
transmitted disease (STI) identified in each risk group [41]. Thirdly, the average numbers of
sexual or injecting partners and exposures per partner with considerations of personal level
protective behaviour (such as condom use or the use of new needles), for individuals in each
risk group and lastly the probability of HIV transmission per exposure act in each risk group,
taking into account the effect of STIs and the prevalence of male circumcision [41].

4. Recombinant circulating forms and distribution pattern

The capacity of HIV to exhibit a unique high genetic variability has posed a major challenge
to its treatment [42]. The genetic diversity is also attributed to a high error rate of the HIV
genome during transcriptase reaction and also high genetic recombination rate [43].

Recombination is defined as the process whereby various subtypes or strains of the HIV shuffle
their genomic characteristics to form an entirely new strain. This recombination tactic, a system
of alteration of the HIV genetic constitution, is mostly common with the HIV subtype-1 (HIV-1)
and it is commonly called new circulating recombinant forms (CRFs) (Table 1). There also exists
the HIV subtype-2 (HIV-2), which is relatively less pathogenic in comparison to HIV-1 [44].
The occurrence of CRF is closely linked to the dynamism of the HIV infection and epidemic
and obviously to failure of most specific therapeutic target in eliminating the virus [45-47]. The
study of the distribution pattern of the various subtypes is therefore highly crucial for effective
HIV management especially in endemic regions of the world. Recombination occurs at a very
rapid rate estimated to be in the order of 2.8 cross-over per genome per cycle [48]. Recombi‐
nation events between subtypes lead not only to an ever increasing diversity of the HIV strains
[49] but also presents astonishing scenarios of emerging strains with resistance to the common
antiviral drugs [50,51]. The numbers of CRFs are increasing astronomically global, partly
because of the emergence of recombinants of the various subtypes in various local epidemio‐
logical regions [46]. There has also been a correlation between the emergence of divergent
subtypes in a population and the teeming occurrence of disease cases. For example, in
Cameroon, the number of newly infected individuals increased from 8,596 to 10,625 between
2006 and 2007 as the number of recombinant subtypes increases in the studied population [47].
Criteria set to define a new subtype, sub-subtype, or CRF include having the representative
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strain identified in at least three individuals who have no direct epidemiological relationship.

Three full-length genomic sequences are required but two complete genomes together with

partial sequences of a third strain could also define a new subtype, sub-subtype, or CRF. CRFs

are derived from recombination between viruses of different subtypes which are each given a

number. CRF12_BF, for example, is a recombination between subtypes B and F.

HIV
type

GROUP (%)
SUBTYPE(sub-

subtype)
CRFs GEOGRAPHICAL SPREAD

I M: Major (90%) A(A1,A2A3) CRF19_CPX,CRF01_AE,CFR1
4_BG,CRF03_AB,
31_BC,CFR06/18_CPX

West Africa ,Cuba[52,53,54]

B
CRF07/8_BC,CRF15/48/51/52/
53/54/55/58/59_01B

Europe, Japan, Thailand,
Australia, the Americas [55]

C
CRF10/41_CD,
CRF11/45/49/37/36_CPX

S/E Africa, India, Nepal, China
[55]

D
CRF05_DF,CRF13_CPX,
CRF16_A2D,CRF19_CPX

Eastern and Central Africa [55]

E CRF01_AE* Africa [55]

F (F1 F2)
CRF12_BF1,CRF22_01A1,CRF
25_CPX,CRF26_AU

Central Africa, S. America,
Eastern Europe [56]

G
CRF02_AG,CRF09/56/65_CPX
,CRF20/23/24_BG

Africa and Central Europe [56]

H
CRF32_06A1,CRF33/34_01B,C
RF35_AD,CRF38/39/40/42/44/
46/47/70/71/72_BF,CRF43_02G

Central Africa [56]

I CRF04_CPX Only in central America [57]

J
CRF50_A1D,CRF60/61/62/64_
BC,CRF17_BF1CRF
49_01B,CRF63_02A1

North, Central and W. Africa
Caribbean [56]

K
CRF04/06/18/27_CPX,CRF21_
A2D

Congo DR and Cameroon [56]

II

N:Non- M,Non-O

O:Outlier Cameroon [58]

P:Pending
West-Central Africa, Cameroon
[59]

A None
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HIV
type

GROUP (%)
SUBTYPE(sub-

subtype)
CRFs GEOGRAPHICAL SPREAD

B
W. Africa, Angola,
Mozambique, India, Brazil[60]

C-H
West Africa [61,62]
Liberia, Sierra Leone, Ivory
Coast [61,62]

* Recombine only with A, G, H, K, U, CPX=complex recombination of several subtypes (ADG)

Table 1. HIV Classification and global CRFs

5. HIV/AIDS prevention strategies, how well have they worked?

There are three major strategies of HIV prevention, namely, education or knowledge base,
contraceptives, and antiretroviral treatment.

5.1. Peer education

Amongst the many ways of curbing the onslaught of the HIV, one of the most vital is educating
the populace about the disease and its transmission dynamics. This significantly prevents re-
infection and protects those who are not already infected [63, 64, 65]. Therefore, inadequate
knowledge of the disease transmission equals resultant failure of all the measures originally
put together to tackle the spread of the disease. In a research conducted in 2006 to access the
effect of prior knowledge of HIV transmission relative to the number of occurrence of the
infection in Boston, USA, it was found that a significant proportion of the infected people are
those with significantly little or no knowledge of the disease or its mode of transmission [66].
Increase in HIV education, particularly amongst young people, remains the most effective way
of tackling the HIV onslaught. Where this form of education is limited, the disease is known
to prevail [67, 68] as also noted from various data in sub-Saharan Africa. Education on HIV/
AIDS plays a major role in controlling the spread of the disease amongst young people, which
consequently determines the global spread of infection. HIV infection has been captured as
the second most prevalent killer amongst young people. As of 2012, one-third of the global
new HIV infection was discovered to be amongst young people, with total infection of about
780,000 and concentrated within 15–24 age group [69]. This number has obviously dropped
down from 2012 to present due to vigorous and continuous education campaigns but, even
so, HIV/AIDS deaths amongst the young people worldwide are still at an alarming rate [70,
71]. Proper education enables young people and married adults to better protect themselves
against the sexually transmitted route of HIV infection, vertical transmission, and also
behaviours such as intravenous drug use [72]. So significant was the global implication of HIV/
AIDS infection on young people that it was opined that HIV education should be dispensed
even to healthy ones.
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5.2. Antiretroviral prophylaxis

In poor-resource settings, it is not uncommon to use antiviral therapy as a means of controlling
the spread of infection. Experiments however showed that the administration of antiviral
therapy, although it has a considerable control rate on HIV infection, is limited in its cost. Many
HIV populations do not have access to ART [73] and to others are very expensive [74]. In
Nigeria for instance the price of generic ART reported in 2001 could be over 10 times more
expensive in comparison with Asian countries and about 79% lower in some European
countries [75]. When antiviral therapy is considered as a chosen measure for HIV treatment,
an additional use of these therapeutic agents serves as a preventive measure rather than a
treatment option. The application of ART at a specific stage of disease progression (measured
by computerised simulation incorporating CD4 count and HIV RNA level) has proved to be
cost effective [76]. HIV prophylaxis treatment refers to the institution of measures taken to
protect a person from HIV infection to which the individual has been anticipated or is liable
to be exposed to HIV. HIV prophylaxis could either be post or pre-treatment option based.
According to the US CDC, pre-exposure prophylaxis (PrEP) is designed for individuals who
do not have HIV but who are at substantial risk of getting it to prevent HIV infection by taking
an antiretroviral drug every day [77]. Truvada which contains two HIV drugs (tenofovir and
emtricitabine) is usually prescribed [78]. On exposure to HIV through sex or injection drug
use, these drugs can work to keep the virus from establishing a permanent infection. PrEP has
been shown to reduce the risk of HIV infection in people who are at high risk by up to 92%
when adhered to for at least 3 months [77]. Similarly, WHO describes post-exposure prophy‐
laxis (PEP) as contrasted by PrEP as a short-term antiretroviral treatment to reduce the
likelihood of HIV infection after potential exposure, either occupationally or through sexual
intercourse [79,80]. Post-exposure prophylaxis (PEP) involves taking a 28-day course of ARVs,
for adults Tenofovir combined with either lamivudine (3TC) or emtricitabine (FTC) is prescri‐
bed. The recommended third drug by WHO is ritonavir-boosted lopinavir (LPV/r), which is
also a preferred drug for HIV treatment. Zidovidune (AZT) and lamivudine (3TC) backbone
drugs are used for children aged 10 or below, with ritonavir-boosted lopinavir (LPV/r)
recommended as the third drug choice [81-84]. As effective as this preventive option may be,
it faces challenges of adherences which has reduced its efficacy to less than 56%. Another
challenge is the accessibility of the drug to individuals and accurate timing of exposure.

Limited studies on supply and distribution of antiviral drugs in poor-resource areas indicated
that the mechanisms of supply and delivery of these drugs are not cost-effective [85-87]. The
most significant concern is rural population having access to HIV antiviral drugs and the
availability of laboratory facilities to monitor viral loads of patients on antiviral drug as
response to therapy and for full HIV clinical management. One of the standard laboratory
interventions used in the developed countries to monitor patients receiving antiviral drugs is
the plasma viral load monitoring assay [88] which is not readily accessible to the wider
population of HIV patients in resource-poor regions [89].

5.3. Contraceptives

Contraceptives may simply be understood as devices or pills used to prevent unwanted
pregnancies and diseases mostly sexually transmitted. These can be in the form of drugs,
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hormones, or devices such as condoms and intrauterine devices (IUD). Evidently, hormonal
contraceptives and pills do not protect against HIV or other sexually transmitted infections
(STI). At present there are no contraceptives, with the exception of condoms (male and female),
that protect against HIV infection [90]. Since the only forms of birth control that will protect
against HIV are abstaining from vaginal (and anal) sex or using condoms while having sex,
WHO therefore recommends dual protection technique for unwanted pregnancy and HIV
prevention [91]. Birth control options that do not protect against HIV infection include oral
contraceptives, birth control shot (injection of the hormone Depot Medroxyprogesterone
Acetate (DMPA) in the arm to release progestin)/Depo-provera, morning after pill (Levonor‐
gestrel or Ulipristal acetate) used after sexual activity, implants (implanon/norplant), IUDs
which release progestin, female condoms such as diaphragm/vagina ring/sponge/cervical cap,
withdrawal and spermicides. Currently, a new intravaginal ring that helps prevent pregnancy
while simultaneously releasing low doses of an antiretroviral drug that reduces a woman’s
risk of contracting both HIV and genital herpes has been designed [92,93]. This device releases
doses of the contraceptive Levonorgestrel and the antiretroviral HIV medication tenofovir
after being inserted in the vagina for 90 days and has demonstrated a 39% protection against
HIV infection in women [93]. It is obvious that many contraceptive pills may not be compatible
with ARTs, the widely prescribed antiretroviral drug efavirenz substantially reduces levels of
the hormonal contraceptive Levonorgestrel [94] and increases the risk of HIV infection [95,96].

6. Development of bioresources for HIV management

Bioresources relate to the total biological variation manifested in individual plants, animals,
or their genes, which could be utilized by humans for beneficial use such as drugs, food,
livestock feed, etc. It also refers to the development of improved crops and animals for higher
yield and tolerance to biotic and abiotic stresses. However, despite the global investment in
bioresources and machinery to curb the spread of HIV, weak health systems and inadequate
human resources are continuing to be major barriers to the elimination of the disease [5]. There
is therefore need for an upgrade of the existing methods of disease control and prevention to
include local biological resources such as herbs and other plant materials. Several biological
organisms mostly plant species have been employed in preventing and managing HIV
infection in developing or resource poor countries. Recently, this has metamorphosed into an
institutional traditional medicine sector with growing patronage and herbal formulations.
Though active antiretroviral therapy (ART) is the principal method for preventing immune
deterioration, about 80% estimated Africans still use herbal remedies [97]. In addition,
prophylaxis for specific opportunistic infections is indicated in particular cases. There has been
increased use of local resources in the treatment of HIV/AIDS known as alternative or
complementary therapy [98] with growing scientific journals that publish its procedure and
outcome. Some herbal remedies have been found to inhibit one or more steps of HIV replication
(Table 2). Though most herbal preparations treat HIV opportunistic infection [99], many
research groups are exploring the biodiversity of the plant kingdom to find new and better
anti-HIV drugs with novel mechanisms of action. Since some plant substances are known to
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modulate several cellular factors, such as NF-kappa B and TNF-alpha, which are also involved
in the replication of HIV. Their role as potential anti-HIV products should therefore be a
desirable focus of attention. In conclusion, several plant-derived antiviral agents are good
candidates for further studies, with a view to exploring their potentials and application in
systemic therapy and/or prophylaxis of HIV infections and most probably in combination with
other anti-HIV drugs. Plant resources in the form of herbal preparations provide cheaper and
accessible antiretroviral therapy to the poor populations.

6.1. Selected plant resources with anti-HIV activity

Plant Identified Compound Mechanism

Daphne acutiloba (Rehder
Thymelaeaceae)

Wikstroelide M

Inhibition of HIV1/2 reverse transcriptase
activity and integrase nuclear translocation
through disrupting the interaction between
integrase and LEDGF/p75 [100]

Dracontium peruviuanum
(jergón sacha)

D-tubocurarine and
Phytochemicals

Possibly as a protease inhibitor [101]

Croton tiglium Phorbol esters
Inhibitory effects on HIV-1 proliferation and its
protease [102]

Mangosteen Mangostin and gamma-mangostin Inhibitory activity against HIV-1 protease [103]

Licorice Glycyrrhizin Inhibits HIV replication [104,105]

Andrographis paniculata
Diterpene lactones:
(andrographolide)

Inhibit cell-to-cell transmission, viral
replication and syncytia formation in HIV-
infected cells [106]

Acer okamotoanum Flavonoid gallate ester
Anti-HIV-1 integrase
Activity [107]

Rhus succedanea L. Garcinia
multiflora

Biflavonoids, robustaflavone, and
Hinokiflavone

Inhibits HIV-1 reverse
Transcriptase [108]

Ancistrocladaceae Ancistrocladus
korupensis

Michellamines A and B
Inhibits reverse transcriptase,
cellular fusion, and
syncytium formation [109]

Annonaceae
Polyalthia suberosa

Lanostane-type triterpene,
suberosol

Anti-HIV replication activity [110]

Apiaceae
Lomatium suksdorfii

Suksdorfin
Suppresses HIV-1 viral
Replication [111]

Asteraceae Achyrocline
satureioides (Lam.)
DC (Marcela);

Dicaffeoylquinic acids: 3,5-
dicaffeoylquinic acid, and 1-
methoxyoxalyl-3,5-dicaffeoylquinic
acid, Wedelolactone, a coumarin
derivative;

Irreversible inhibition of
HIV-1 integrase [112]

Arctium lappa (Burdock) Orobol (an isoflavone derivative) Inhibits HIV-1 replication;
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Plant Identified Compound Mechanism

blocks cell-to-cell
transmission of HIV-1 [113]

Combreataceae
Combretum molle R.Br. ex G.Don

Gallotannin
Inhibits HIV-1 reverse
transcriptase [114]

Terminalia chebula, Euphorbia
pekinensis

Gallic acid and galloyl glucose
Inhibits HIV reverse
transcriptase and integrase [115]

Table 2. Selected plant resources with antiviral activity

6.2. Challenges of HIV Bioresources Development and Bioprospecting in Developing
Nations

Several challenges face development of bioresources effective in enhancing antiretroviral
development in low and mid-income countries. Such problems are mostly institutional
highlighted as follows:

1. Lack of appropriate framework for deployment and exchange of bioresources materials
within and amongst countries

2. Weak genetic banking infrastructure

3. Absence of advanced analytical and simulation laboratories

4. Weak linkage of existing bioresources centres to local industries

5. Absence of effective communication channel to supposed end users/beneficiaries of the
eventual product

6. Weak standardization and evaluation procedure for products emanating from bioresour‐
ces

7. Absence of a bioprospecting policy

7. Microbicides as preventive/treatment options

Microbicides are applications applied inside the vagina or rectum that protects against sexually
transmitted infections (STIs) including HIV. These types of chemical applications could be
formulated as gels, creams, films, or suppositories. Microbicides are potential HIV prevention
options which can reduce the spread of HIV especially among women in developing countries.
Without a preventive HIV vaccine, microbicides [116] offer an alternative to condoms as the
most feasible method for primary prevention of HIV. Microbicides- intravaginal/intrarectal
topical formulations of anti-HIV agents have also been proposed to prevent HIV transmission.
Currently, antiretroviral-based microbicides have been achieved for the prevention of HIV
new infections among women after many years of failed trial. More than 60 candidate agents
have been identified to have in vitro activity against HIV, several of which have advanced to
clinical testing stage.
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At least 10 reverse transcriptase inhibitors and 16 entry inhibitors have been or are in the
process of being investigated in clinical or preclinical trials. Ideally, these compounds are
characterized by high potency, low absorption from the vagina to the blood to minimize
development of resistance, and have a long half-life in order to remain active over a long
period. Tenofovir has also been formulated as a topical vaginally applied gel and assessed for
its protective effect against Simian immunodeficiency virus (SIV) in macaques. The results
indicated that the macaques receiving the tenofovir gel were completely protected from
infection [117] and in human trials [118]. The results of the human trial were released in July
2010 and showed that use of the gel reduced acquisition of HIV infection by 39% overall, and
by 54% in women who were highly adherent to gel use [118].

Topical microbicides are grouped into five classes of agents, based on their mode and site of
action [119] (Table 3)

Microbicides type Mechanism Formulation and year
Countries of clinical
trial

Surfactants/membrane
disruptors-based microbicides

Virucidal action through
disrupting the viral envelope

1.Nonoxynol-9 (N9) 1985
[120]
2. C31G(cetylbetaine and
myristamine oxide)1997 [121]
3. Sodium lauryl sulphate
(Invisible Condom)2002 [122]

Kenya, Cameroon
Ghana,

Vaginal milieu protector based
microbicides

Enhance the natural protective
mechanisms within the vaginal
canal through altered pH range

BufferGel, PRO 2000 Gel [123]

Malawi; South Africa;
Hlabisa, South Africa;
Zambia; Zimbabwe;
USA

Microbicide based on
inhibition of HIV entry in the
host cell

Negative charge, anionic
polymers interact with HIV's
viral envelope proteins and
interfere with the attachment and
fusion of HIV to target cell

CMPD167, Maraviroc (MVC),
cyanovirin-N, Cellulose
sulphate, SPL7013.2010
[124,125]

USA, Kenya
Benin, India, Uganda,
South Africa

Microbicides that act after
entry of HIV in the host cells

Prevention of replication and
release through inhibition of the
virus-encoded reverse
transcriptase (RT) or integrase
(IN)

Tenofovir 2010 [126-128]
South Africa, Uganda,
Zimbabwe

Microbicides based on
inhibitors with unknown
mechanism of action

Combination of extracts prepared
from plants with anti-retroviral
properties of unknown
mechanism

Praneem 2005 [129] Basant India

Table 3. Microbicides and their mechanism of action
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For development of acceptable microbicide, researchers must develop not only the active
ingredient but also a socially acceptable, affordable, and easy to apply microbicide providing
protection for several days and/or weeks. Other major issues include how a microbicide might
affect sperm and the possibility of causing adverse effects in women reproductive health. In
Table 3 the listed microbicides failed to achieve the desired results except for tenofovir gel
which showed 39% less likelihood for users to become infected with HIV than women who
received a placebo gel. For women who adhered to tenofovir gel prescription correctly, HIV
infection was 54% less likely than the placebo group.

8. Conclusion

HIV is widely distributed globally. Strong effort and interpersonal encouragement should be
channeled on exploring and developing bioresources with antiretroviral potential to serve as
a springboard for cheaper and locally available HIV drugs in addition to developing appro‐
priate bioprospecting policies. Behavioural change and abstinence remain a sure means of HIV
prevention, but need to be complemented with additional biomedical options especially in the
populations most vulnerable to HIV infection.
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1. Introduction

“The first step [in transforming] reality is [usually] learning to see it [from] a new
perspective (and being capable of showing it to others [in] this light)." Jorge
Riechmann

Despite the fact that over three decades have passed since the first recorded case of AIDS in
1981, many questions remain unanswered regarding the HIV pandemic: how did HIV
originate? When will an effective vaccine be available? How do strategies and measures for
prevention need to be designed and implemented?

Currently, the prevention and elimination of HIV is one of the major challenges for public
health worldwide. The HIV pandemic constitutes a social problem of great magnitude. It
is  a  complex social  phenomenon that  is  difficult  to  address.  Thus,  in  order to  study its
complexity,  it  is  necessary  to  adopt  an  interdisciplinary  approach.  In  this  sense,  the
sociological discipline and in particular, the sociology of health, is an important tool for the
study and understanding of HIV. The general purpose of this chapter is to reveal and justify
the relevance of integrating a sociological perspective to the study of HIV prevention. Firstly,
the  extent  and  magnitude  of  the  epidemic  on  a  global  scale  is  described.  Secondly,
sociological theories and methodologies that might be usefully applied in the field of HIV
prevention  and  treatment  are  presented  and  justified.  Finally,  conclusions  are  drawn
considering a number of relevant and pertinent analytical elements that are crucial to the
development of HIV prevention policies.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative 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.



2. The globalization of the pandemic

At present, there is evidence that globalization has affected health care in a variety of ways. In
this sense, the majority of the most prestigious institutions and organizations in the field of
public health have become standard-bearers for the concept of global health. As such, the
concept of global health is a consequence of the process of globalization. The definition of
global health pursues equity in health matters worldwide; it is a priority objective for the
international technocratic agenda [1].

The globalization process, with its multiple dimensions (economic, political, social, ecological,
etc.), has had a significant impact on global health. For instance, economic globalization
through the internationalization of trade and the communications revolution has resulted in
the globalization of risks and of certain diseases [2]. In addition, ecological globalization,
alongside the environmental and ecological changes it entails, has also had an effect on health
[3]. This can be illustrated by the following: water deprivation due to scarcity implies major
health risks; air pollution has caused an increase in respiratory diseases; climatic change with
its ensuing extreme temperature variations affect cardiovascular diseases and the depletion of
the ozone layer has increased the incidence of skin cancer [4]. On the other hand, the interde‐
pendence generated between governments and transnational problems, characteristic of
political globalization, have shifted power away from the State in favour of the creation of
international institutions. Thus, the World Health Organisation is today the largest exponent
of health, while UNAIDS serves this purpose in the case of HIV.

Consequently, social phenomena such as health tourism, the migration of health professionals
to developed countries, the existence of global risks, the resurgence of diseases that had
previously been limited (such as tuberculosis) in developed countries and the global emer‐
gence of infectious diseases (avian influenza, HIV, etc.) are greatly related to the globalisation
process. Specifically, globalisation has important repercussions for emerging infectious
diseases: “Since the 1970s, newly emerging diseases have been identified at the unprecedented
rate of one or more per year. There are now at least 40 diseases that were unknown a generation
ago” [5].

In general terms, the relationship established between globalization and global health is not a
positive one. However, it is worth noting that globalization has also had a positive impact on
certain aspects of global health, given that it offers opportunities and provides improvements
related to population health. For instance, globally, the total poverty rate has declined from
20% to 5% over the past 25 years [6]. Globalization, to the extent that it produces greater
economic growth, generally involves improvements in population health. For instance,
globalization has resulted in better health care conditions. This is evidenced by the success
achieved in relation to children’s nutritional status and mortality among breast-fed babies, as
demonstrated by specific indicators, greater opportunities for health care choices (patients
whose health problems cannot be treated in their own countries can explore the international
health care available and choose the most convenient option), an increase in the external aid
of developed countries as evidenced by the MDGs in the case of malaria, tuberculosis and HIV
(the containment of the spread of AIDS in many countries through the implementation of
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prevention programmes) [7], and the fact that new information and communication technol‐
ogies enable health professionals from anywhere in the world to access scientific evidence and
improve their clinical decisions [6].

Concerning the objective of this chapter, however, the relationhip established between
globalization and HIV is robust. So much so that HIV, along with other diseases such as
tuberculosis and malaria, is presently termed a “global disease”. To a large extent, this is the
result of the movement of goods and people, which has also increased the likelihood of diseases
spreading worldwide. Diseases, like goods and people, also commute across oceans and
borders. For this reason, one of the main concerns of international public health is the speed,
as well as the high rates, of the worldwide spread of highly contagious diseases, as illustrated
recently by the alarm triggered concerning Ebola infection.

HIV is a clear exponent of transnationalization and constitutes a global epidemic that now
poses one of the major threats to global health. Such has been the scope of the pandemic and
the resulting consequences that today, it can be affirmed that HIV represents one of the most
severe public health epidemics ever suffered by humanity. Therefore, considering the gravity
of the situation, the international organism UNAIDS was created to respond to this issue.

According to an UNAIDS 2013 report, it is estimated that on a global scale, 35.3 million people
were living with HIV in 2012, an increase compared to previous years [8]. This is largely due
to greater accessibility to treatment. In other words, there are progressively more people in the
world receiving antiretroviral therapy, which raises their life expectancy. The distribution
according to population group is 31.8 million adults and 3.2 million children [8]; 2.3 million
new cases of HIV infection were reported throughout the world in 2013, compared to the 3.4
million cases recorded in 2001 [8]. Consequently, these figures show that there has been a
decline of approximately 33%. In the case of new infections HIV in children, 240 000 children
worldwide (210 00-280 000) contracted HIV in 2013, compared to 580 000 (530 000-640 000) in
2001, signifying a decrease of 58% [8]. Similarly, the number of deaths from AIDS has also
declined: 1.6 million deaths were recorded in 2012, compared to 2.3 million recorded in 2005.
Specifically, 1.3 million deaths occurred among adults and 190 000 among children.

HIV indicators 2002 2012

People living with HIV (Total) 30.7 million 35.3 million

New HIV infections (Total) 3.3 million 2.3 million

AIDS-related deaths 2.1 million 1.6 million

People accessing treatment There is no data available 12.9 million

Source: UNAIDS, 2013

Table 1. Structural indicators of HIV

Despite the progress that has been made, epidemiological data continues to show alarming
figures, as reflected in Table 1. As such, there remain major obstacles in the eradication of the
pandemic. According to UNAIDS’ most recent report (2013), some of these challenges are [8]:
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1. Reducing the sexual transmission of HIV in African countries where a decline in the use
of the masculine condom has been detected.

2. Reducing HIV transmission among people who inject drugs, since data shows this
remains highly prevalent, whereas HIV prevention coverage remains low.

3. Reducing new infections in children, as well as maternal mortality during pregnancy.

4. Improving the availability of and accessibility to antiretroviral therapy in low and middle-
income countries.

5. Reducing the number of tuberculosis-related deaths in HIV patients.

6. Eliminating stigma, discrimination and coercive laws and practices in relation to HIV.

7. Eliminating gender inequalities, abuse and violence that cause the feminization of HIV.

8. The integration of people affected by HIV.

9. The overall lack of resources in the fight against AIDS.

HIV constitutes a clear example of social inequality in relation to health. In overall terms, the
highest prevalence of the pandemic occurs in countries with low human development
indicators. This increases social injustice and accentuates existing inequalities in these
countries. According a UNAIDS report (2013), some of the countries that present higher
prevalence rates with regard to global prevalence are [8]:

Country/ Region1 Prevalence of HIV (2012)

Swaziland 28.3%

Lesotho 24.7%

Botswana 24.4%

South Africa 18.4%

Zimbabwe 15.6%

Namibia 15.2%

Mozambique 12.9%

Malawi 11.4%

Equatorial Guinea 9.7%

North America 0.8%

Canada 0.3%

Western and Central Europe 0.2%

Source: UNAID, 2013
1Table 2 shows the existing discrepancies in the pandemic's global distribution; some countries show a higher HIV
prevalence, according to a 2013 sample, while other continental regions show lower levels of prevalence.

Table 2. Prevalence rate of HIV infection in adults

Similarly, the overall distribution of AIDS-related deaths shows that the greatest incidence
occurs in countries with low and moderate development rates: Nigeria (13%), South Africa
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(13%), India (8%), Mozambique (5%), United Republic of Tanzania (5%), Zimbabwe (4%),
Uganda (4%), Kenya (4%), Malawi (3), Ethiopia (3%), China (2%), Russian Federation (2%),
Democratic Republic of the Congo (2%) and Indonesia (2%)[8]. In the aforementioned coun‐
tries, the epidemic represents a major public health issue. Not only is it a medical and health
care issue, but it also constitutes one of the major obstacles to economic and social development
[9]. For example, the high percentage of adult AIDS-related deaths results in the loss of the
youngest and most productive individuals in a society, who are vital to economic develop‐
ment. Economic productivity also decreases, because AIDS sufferers and their caregivers stop
working. Additionally, the educational system in these countries is affected by the percentage
of teachers who die from AIDS, which means the loss of a significant part of the most educated
population. Furthermore, the health care expenditure generated by providing health care
services for people living with HIV and AIDS entails budgetary restrictions within the public
sector. This constrains investments in other sectors aimed at promoting social and economic
development. Finally, the scope of the epidemic in these countries is increasing, deepening
poverty and existing social inequalities, and consequently inverting the human development
trend. The HIV/AIDS epidemic has therefore become a priority for public policies in these
countries. As a result, the response to HIV/AIDS and the fight against poverty has become the
same battle [10]. For this reason, the elimination of HIV/AIDS has been established as a
Millennium Goal, the sixth MDG [11], specifying the need to: “Halt and begin to reverse the
spread of HIV/AIDS by 2015”. Thus, the inclusion of HIV as a Millennium Goal evidences the
global acknowledgement of the destructive and generalized effects of HIV/AIDS, as well as
the belief that it is possible to overcome the situation by means of greater and more intensive
national and international action, as well as the active will to do so.

3. Why is a sociological perspective of the HIV pandemic pertinent?

“Health sociology is no longer, nor should [it] be, the simple contribution of
techniques to the health care service but, on the contrary, should mean methodo‐
logical independence [for dealing] with health from an interdisciplinary view‐
point, in which the biomedical aspect is only an additional component, however
important it may be”.1

Currently, it is widely recognized that the study of HIV constitutes a complex social phenom‐
enon in which there is an interrelation between multiple social, economic, political, cultural
and environmental factors in those communities where the pandemic develops and spreads.
For instance, although HIV is a chronic disease in some European countries, in some African
countries it is a deadly disease. Therefore, insofar as the epidemic influences the lifestyles,
practices and subjectivities of a population, it is necessary to study it by utilizing tools that
provide a more qualitative and in-depth knowledge of the phenomenon. Consequently, social
sciences have begun to study the complex connections established in relation to the HIV
phenomenon with the aim of providing knowledge for its understanding and comprehension.

1 Cited in: Donati P. Sociology of health. Madrid: Díaz de Santos; 1994.
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However, despite existing evidence, the epidemiological method has been the benchmark for
most of the approaches in the study of issues concerning public health in general and HIV in
particular [10]. In this respect, it is worth noting that, currently, the epidemiological method
cannot cope with the complexity of the HIV phenomenon on its own. Therefore, there is a need
for HIV to be studied by different disciplines in order to address the complexity of the problem.
For instance, the positivist method involves the limitation of not being able to grasp the
qualitative aspects of health and disease. Thus, neither the subjective aspects of the disease nor
the cultural factors influencing the HIV epidemic are present in epidemiological studies. In
this sense, there is a need to generate qualitative information to help guide the design of
prevention policies, particularly in regions heavily affected by the epidemic, such as African
countries.

Social sciences provide a wide range of research theories and methodologies that can be
extremely useful for studying HIV in general and in particular, its prevention and treatment.
The sociological discipline, insofar as it seeks to explain and understand collective behaviour
within a social context, the meanings of actions and the multicausality of phenomena,
constitutes an essential tool in the construction of knowledge for an in-depth understanding
of the HIV pandemic. Therefore, sociological theories constitute fruitful ground for investi‐
gating health and disease within the current context, as will be discussed throughout this
chapter.

Health sociology, as a discipline, is a pertinent tool for the study of HIV. One of the reasons
for the emergence of this discipline is the crisis of medicine, not as a science, but as a model of
social practice [12]. One of the basic premises on which sociology is based is the need to focus
on the analysis of health and not of disease, as opposed to the biomedical model that has
primarily focused on disease. Such a fundamental purpose is in accordance with the need for
placing greater emphasis on HIV prevention rather than treatment, in order to eradicate the
pandemic. Therefore, assumptions that involve focusing on health from a sociological
perspective constitute basic assumptions for prevention when applied to the field of HIV [13]:

• Preventative action holds keeping people healthy as a central objective and is based on
actively guiding willingness and ability, considering health as a process and not as a state;
emphasizing the dynamic role of the subject as a pole of active reciprocity in respect of
medical and health care institutions and roles.

• To expect a permanent engagement with lifestyle changes focused on health, not only on
behalf of the individual, but also on behalf of the social and health care system; planning
and programming to prevent the disease both at an individual and collective level.

• To expect health to be promoted and safeguarded by all social actors, firstly, by all individ‐
uals, and in all cases, not wholly delegated to specific specialized places and centres.

Below, Table 3 shows some aspects that are likely to be investigated from a sociological
perspective:

As will be discussed below, the different theoretical contributions of sociology will enable
public health to approach health issues from a wider perspective, providing pertinent tools
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for designing effective action in the fight against HIV. Additionally, sociology provides a
multidimensional perspective for the study of behaviour towards HIV, the social roles that are
played in professional-patient interaction, as well as the role of health care institutions and the
social networks that influence the prevention of HIV. Finally, theoretical contributions of
sociology are also relevant for designing and implementing health promotion programmes in
relation to HIV.

4. Sociological approach to HIV research

Among the multiple sociological theories that offer a suitable approach for the study of HIV
prevention, three relevant theories will be outlined: symbolic interactionism theory, ethno‐
methodology and phenomenological sociology. All of these are essential analytical tools for
further exploring the above-mentioned aspects.

4.1. Symbolic interactionism theory

This theory focuses on explaining how people create their own identity and define themselves
through their social experiences, that is, through their interaction with other people. Society
is understood as a result of everyday, face-to-face, interaction among people. Through this
interaction, people define and give meaning to the social world in which they live [14].

Symbolic interactionism is based on multiple premises. The most relevant and useful scenarios
[15] for the study of HIV are: 1. Human beings react in one way or another depending on their
perception of the object, person or situation they face, that is, the meaning they prescribe to a
situation. 2. The individual (subject) adopts an active role in creating meanings. 3. Things do
not have an inherent meaning; the meaning of things arises or emerges as a consequence of
the social interaction established between people. 4. Meanings are handled in and modified
through an interpretative process carried out by the person. 5. Common meanings make
communication between human beings possible.

In summary, according to this theory, social reality is symbolically created during the course
of social interaction and is therefore subject to change. Human behaviour is social and is based

HIV objective issues Theories and approaches

Perceptions and social representations of HIV Phenomenology

Reasons for non- adherence to antiretroviral therapy Ethnomethodology

Professional-patient relationships Symbolic interactionism

Itineraries and satisfaction with HIV care Phenomenology

Reasons for the adoption of preventive practices Ethnomethodology

Stigma and HIV Symbolic interactionism

Table 3. HIV objectives and sociological theories
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on communication; therefore, people create and interpret social situations and their meanings
during this communicative process. It is during the course of social interaction that objects
gain meaning for the person or persons. These social meanings are created and modified
during the dialogue of social interation.

Thus, the symbolic interactionist perspective is especially useful in the construction of
behaviour, as it gives a primary role to the concept of the interaction that occurs between the
members of a social group. Furthermore, “human beings interpret or define the actions of
others, without being limited to simply reacting to them. Their response is not directly
elaborated as a consequence of the actions of others, but is based on the meaning they give to
such actions” [15]. Therefore, in relation to health and disease, and the prevention of HIV, this
theory constitutes an important theoretical perspective for studying and explaining the social
conduct of people and groups of people who interact with each other on the basis of sharing
symbolic meanings. In the field study of HIV, symbolic interaction theory has been extensively
applied [16]. This theory is useful for studying the stigma that exists among people living with
HIV. Recently, it has been published a meta-analysis about ART non-adherence. The results
of the study suggest that the existence of stigma is a factor of non-adherence [17]. This
systematic review identified 34 studies that applied this theory. These studies indicated
existing intrapersonal, interpersonal and structural barriers as a result of stigma as factors of
non-adherence [17].

The process of social interaction constitutes a fundamental aspect in the study of the doctor-
patient relationship. Since communication does not have a unidirectional character, the
emission and reception of messages does not occur in a passive way. Such constant feedback
creates a process that influences the way in which the disease and the person’s subjec‐
tive experience are created. This theory has been used to study the relationship between
people infected with HIV and health professionals [18]. Recently, an interesting study
conducted in Spanish health services analysed the relationship between people living with
HIV and physicians as it concerns interventions developed within the areas of sexuality
and safe sex [19].

Hence, symbolic interaction allows for a broader view of the approach to doctor-patient
interaction, because it enables an understanding of the processes of social interaction that take
place during the course of the relationship (doctor-patient). Subsequently, it also allows for an
analysis of the role of the patient and health professionals in their encounters throughout the
disease process. Furthermore, the communicative process that is established motivates the
participation of other people, the family and the community. Therefore, the meanings and the
subjective experiences of HIV-positive people are created during the social interaction process,
not only with health professionals, but also with other individuals and groups with whom the
HIV-positive person interact in normal everyday life. In this sense, studying doctor-patient
interaction is useful for identifying the potential cultural barriers that can arise from this
interaction. For instance, Spain recently conducted a research study, the objective of which
was to understand and analyse the experience of immigrant HIV-positive women with health
professionals and treatment services [20].
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The fundamental contribution of symbolic interaction to the field of social cognition is the
consideration that mental processes are the product of symbolic interaction and not of internal
individual processes [21]. Emotions are an example of mental processes that have been studied
from a symbolic interaction approach, given that they are expressed in response to social
relationships or situations, or both. Human interaction possibly plays the most important role
in the activation and expression of emotions [14]. Thus, emotions are biological responses to
social situations and the interaction between the people involved in such situations. From this
perspective, health and disease are understood as human constructions perceived in a
subjective manner by the population. It entails analysing peoples’ everyday views of disease,
the ideological connotations that health professionals attach to diseases, and the construction
and application of medical knowledge [22]. Altogether, according to this theory, it is possible
to analyse aspects that are relevant for the study of the HIV phenomenon, such as the different
constructions created by people in their interaction with others, the meanings, perceptions, life
experiences, beliefs, values in relation to HIV, guilt feelings for being HIV-positive, stigma,
risk perception, as well as reasons for abandoning treatment.

4.2. Phenomenological sociology

The focus of analysing this theory is how meanings are created in the individual’s conscious‐
ness. In other words, how life experiences influence and form part of the interrelationships
established between two or more actors in everyday life and how these meanings can be
revealed to an observer [23]. In the field of HIV research, this theory has been applied for
studying the social about of the virus. The study of social representations of HIV has been
extremely relevant to understanding the perceptions and meanings attached to the disease by
the general population [24].

A series of key notions that summarize the author’s thoughts and that constitute analytic tools
for the study of the HIV phenomenon are described below:

• Lifeworld (lebenswelt): the lifeworld concept is an essential category for understanding
the reality of the world of common-sense, as well as the reality of social action and interaction
[25]. It refers to the intersubjective social world inhabited by the actor in daily life by
applying a “natural attitude”. This lifeworld is characterized as being an intersubjective and
public world for the individual, and hence shared by and accessible to everyone. One of its
main defining characteristics is that it is a pre-existing world. It is an intersubjective world
that exists before being born and is given to the individual to experiment with and to
interpret. In essence, it constitutes the horizon that embraces all possible ways of living and
experiencing (where the fulfilment of humans in their human condition takes place) and of
constructing a social life, transcending the vital experience of a particular actor. In the field
of HIV research, this theory has been applied to the study and understanding of the different
perceptions and meanings of the virus, as well as its influence on how people live and
experience the disease [26].

• Intersubjectivity: this concept is essential for assimilating the mutual understanding that
occurs between people during their interaction. It is defined by Alfred Schutz [27] as
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“simultaneity... for it means that I grasp the subjectivity of the alter ego at the same time as
I live in my own stream of consciousness... and this grasp [of] simultaneity of the other as
well as his reciprocal grasp of me, makes possible ‘our’ being in the world together”. The
foundation of this concept is based on the social world, on the lifeworld; therefore, it is an
intersubjective world, not a private world, one that is common to all. However, the inter‐
subjective world is not only composed of subjective sensitivities, that is, what is received by
the senses, but also of subjects’ interpretations of those sensations. Therefore, it is based on
how the subject interprets his/her surrounding world, as well as on the elements that
condition this surrounding world and that make it possible to change or maintain the
subject’s interpretations and actions.

• Typifications and recipes: in the social world or lifeworld, people have a store of knowl‐
edge. A great part of this knowledge comprises what are known as “typifications” and
“recipes”. Typifications are schemes of reference, “knowledge that the world we live in is a
world of more or less well circumscribed objects with more or less definite qualities, objects
among which we move, which resist us and upon which we may act” [27]. Typifications
exist in society; they are socially approved and are acquired through the socialization
process and throughout the course of life. In contrast, recipes concern the knowledge used
to understand or control aspects of experience, in other words, aspects that are related to
situations and actions in the lifeworld, whereas typifications refer to the knowledge used
to understand people or objects.

• Meanings and motives: action constitutes a human conduct consciously projected by the
actor; hence, social action is that which involves the attitudes and actions of others, and is
aimed at them during the course of the action. Meanings refer to the way in which actors
determine what aspects of the social world are important to them, whereas motives attempt
to reveal the reasons that explain the actions of the actors.

• Roles: defined as the typifications of what actors are expected to do in certain social
situations. In the field of HIV research, the study of gender roles, both male and female, has
been used to understand the reasons for why people maintain unsafe HIV behaviours
[28-30].

• Reification: this concept is an analytical tool used by the authors from an integral perspec‐
tive of the social world. Reification is the tendency to perceive human products “as if they
were something other than human products – such as facts of nature, results of cosmic laws,
or manifestations of divine will” [27].

• Legitimizations: these centre on the knowledge of reality in order to legitimize their
existence.

In short, phenomenological sociology constitutes an important conceptual tool for approach‐
ing the study of HIV. This is the case because it is a theoretical perspective that permits for
capturing the subjective meanings that people attach to their actions; additionally, it serves to
describe and understand interpretations of meanings within the world, as well as for gaining
a sense of the actions and interactions of people who are HIV-positive.
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4.3. Ethnomethodology

The primary objective of this theory is to analyse the individual’s actions in daily life. Thus, it
analyses how people define and construct, face-to-face (through interaction), each social
situation. The traits that constitute social order are products of the activity itself. This order is
“produced by the participants” and essentially carried out by means of verbalization [31].
Therefore, the study of language (the decoding of cultural meanings) acquires great impor‐
tance. The study of social representations of HIV has been very relevant for understanding the
perceptions and meanings related to HIV among the general population. For instance, a study
recently conducted in South Africa analysed the discourse on risk perception that adolescents
have in order to assess whether the contents of HIV prevention campaigns were suitable [32].

For an ethnomethodology, social reality is above all a reflexive and interactive activity that is
socially constructed. According to this theoretical model, human society is the result of
repeated interpretations that occur during the course of interaction. Ethnomethodologists’
concern is that which Weber calls “significant behaviour” [21]. In order to understand this
theoretical approach and its relevance for the study of the HIV phenomenon, it is necessary to
know how it views social reality, the most significant premises in this context being the
following five situations [33]:

1. Everybody, through our thoughts and actions, is immersed in a process of creating social
reality. It is a process of which we are not aware.

2. The social construction of reality is constantly happening.

3. In their daily lives, people organize the world in coherent realities and this social reality
depends on the participants’ incessant reciprocal interaction and social construction of
reality.

4. Given that this interactive and reflexive work constitutes reality, such a reality cannot be
sustained without it. Therefore, each social reality is not a solid structure, but a very fragile
creation that can break.

5. People live in diverse social worlds and they may move from one reality to another. Thus,
behaviour that might be considered reprehensible in a certain social context may be
acceptable in a different one.

Authors such as Caballero (1991) have described and analysed some basic concepts developed
by ethnomethodologists, which constitute highly useful analytical tools for understanding and
studying the HIV phenomenon [34], namely:

• Explanations: by means of the explanation process, people make sense of the world [35].
Explanations are used by actors to do things such as describing, analysing, criticizing and
idealizing specific situations [36]. As such, this theory has been applied for identifying the
reasons why people living with HIV leave treatment services [37]. Additionally, this theory
has been applied for identifying the reasons why certain preventive practices, such as
making an early diagnosis, are not acquired by certain populations [38-40].
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• Reflexive action and interaction: the concept of reflexivity refers to how people who are
interacting maintain the presumption that they are guided by a certain reality. In other
words, humans interpret signals, words, gestures and information provided by other
humans in a way that supports a certain view of reality. Even contradictory evidence is
reflexively interpreted to maintain beliefs and knowledge.

• Indexicality: this term refers to phrases in which meaning varies depending on the context.
It is therefore considered that all explanations must be interpreted within their specific
context.

5. Research methodologies for studying the HIV pandemic

The sociological theories described in the previous section allow for investigating the phe‐
nomenon of HIV from its essential premise: HIV is a complex and dynamic social phenomenon
that acquires different meanings depending on the social and cultural context of each society.
These meanings, representations, perceptions, beliefs, values and life experiences will give
meaning to and guide the behaviour and actions of people in relation to HIV. Furthermore,
these different values and meanings influence the preventive practices that people adopt
against HIV. Therefore, it is evidenced that there are qualitative aspects to the HIV phenom‐
enon that also need to be known in order to prevent and eradicate the pandemic [10]. For this
reason, most of the interventions being carried out in this field take the social dimension of
HIV into consideration.

Therefore, sociological theories described in the previous section allow for grasping the
qualitative aspects of HIV. However, the study of HIV using these sociological theories can
only be developed from qualitative research strategies. In the scientific arena, the discipline
that has traditionally investigated HIV has, however, been clinical epidemiology. For this
reason, the research found in scientific literature is mostly prevalence and/or ecological studies.
Consequently, in overall terms, there is a predominance of knowledge based on data that
mainly describes how the epidemic is distributed among the population, depending on certain
factors [10]. Furthermore, the qualitative factors that define the phenomenon of the HIV
epidemic have evidenced the need for developing research methodologies that enable the
study of the epidemic, transcending the simple observation of how it is quantitatively
distributed within a certain population [10].

Using a qualitative methodology allows us to understand and comprehend the phenomenol‐
ogy of HIV from the perspective of the actors, as it focuses the way people interpret and give
meaning to their experiences and the world in which they live. It approaches social reality from
a holistic perspective, trying to explain, describe and understand people’s discourses on a
particular social phenomenon [41]. In brief, seeking the meaning of phenomena is the main
function of “the so-called qualitative” [42].

A qualitative methodology is equipped with multiple data collection or production procedures
that share common aspects, such as the understanding of social phenomena [43] or the
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centrality of discursive practices and discourse analysis [44]. However, each data collection
method offers a particular type of information. Multiple procedures exist for collecting
qualitative data. Some of the most representative techniques of the qualitative social research
methodology perspective, which can be very useful for approaching the HIV phenomenon,
are the following: qualitative interview, focus group, life history and participant observation.
It is worth noting that, like the rest of the techniques for collecting and analyzing information
on research, these techniques ensure the confidentiality and privacy of the respondents to the
extent that the information is treated anonymously and not personalized. Such techniques are
usually applied in cross-sectional studies.

5.1. The qualitative interview

The origin of qualitative interviews may be traced through the fields of anthropology,
sociology, psychology and journalism. In the 19th and early 20th centuries, this approach began
to be consciously applied in social research [45]. It is important to distinguish between the
social research interview – in its different formats – and other types of interviews, such as those
carried out by health professionals during the course of their duties. Although there are
multiple differences, their objective – that is, the purpose of the social research interview – may
be highlighted thus: “the research interview intends to construct [a] social sense of the
individual’s behaviour or of the behaviour of the individual’s reference group, by gathering a
set of personal data” [46].

Presenting a single concept of the qualitative interview is complicated, because both the
conceptualization and the practice of the interview are determined by the different paradig‐
matic perspectives and positions adopted in relation to qualitative research. Therefore, the
diversity of interview styles and manners is fairly heterogeneous. This heterogeneity causes
some authors to talk about qualitative “interview families”, as in the case of Herbert J. Rubin
and Irene S. Rubin [47], who include in this category interviews that have a semistructured
format (in reference to the focalized interviews of Merton and collaborators) and those that
are unstructured (referring to the works of Douglas [45]. They also define a combined modality,
present in many qualitative interviews, where there are “parts that are more structured and
others that are less structured, however the balance between them varies” [45]. The different
styles and forms of interviews determine if they are more or less structured. There is not only
one way of interviewing a person; nonetheless, depending on the higher or lower level of
flexibility of the guide, interviews will be more or less structured. They can thus be classified
in the following way:

• Structured interviews: consist of providing structured questionnaires in which both the
sequence and the formulation of the questions are predetermined.

• Semistructured interviews: as with the previous type, the questions are previously defined
in an interview guide but their sequence, as well as their formulation, may vary depending
on each interviewee. In other words, the researcher asks a series of questions (generally open
at the beginning of the interview) that define the area of research, but he/she has the freedom
to pursue ideas that might be relevant by asking new questions.
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• In-depth interviews: also termed “open-ended interviews”. These generally cover only one
or two themes, but in greater depth. The rest of the questions that the researcher asks emerge
gradually from the answers of the interviewee and focus fundamentally on the clarification
of details, with the aim of delving deeper into the theme being studied.

In this sense and from a phenomenological perspective, supported by authors such as Taylor
and Bogdan [43], the in-depth interview must be understood as “repeated face-to-face
encounters between the researcher and informants directed toward understanding inform‐
ants’ perspectives on their lives, experiences or situations as expressed in their own words”.
According to these authors, in-depth interviews are appropriate in the following situations:

1. Where there is a wish to study events from the past, or it is not possible to have access to
a particular type of setting and subsequently the settings, or the people, are not accessible
in any other way.

2. The research depends on data from a wide range of people or settings.

3. When there are time constraints on research in comparison with other techniques, such
as participant observation. Interviews permit for the more efficient use of time.

4. The researcher wishes to focus on the subjective human experience.

The qualitative interview is adequate for approaching people’s experiences. It is a tool with a
communicative character that attempts to capture the meanings mediated by the constructions
that subjects build on the basis of their experience. Thus, in the case of HIV-positive people,
as in the case of other social phenomena “contrasted with disease, which is a concept of biology
–more specifically, of pathology– illness is a phenomenon which is apparent to the individual
in terms of an altered state of perception of self” [41]. Therefore, the assessment carried out by
a doctor is objective, differing from the subjective perspective of the ill person, because he/she
is the one whose life is affected by HIV. For this reason, through the discourse that results from
the interview, knowledge is generated about the life experiences, feelings, thoughts and
perceptions of people that are HIV-positive. In addition, the meanings, norms and values
created by people are binding on the members of a group, because they generate and condition
people’s behaviour. This is why the qualitative interview can help to explain the behaviour
people demonstrate towards HIV and its treatments.

The qualitative interview is very useful in the field of studying the HIV phenomenon “when
the hypothesis is a conflict between norms. On the one hand, there are norms which are
dominant, referential, usually reproduced in discourses because they conform to what has
been legitimated, what has to be said. On the other hand, there are norms in practice, repro‐
duced in practice” [41], i.e., what is really done. Therefore, the relevance of its use in the
prevention of HIV results from the knowledge provided when there is a divergence, or conflict,
between social norms. For example, health professionals and the population in general point
out the non-existence of stigma and discrimination of HIV-positive people in their discourses.
However, they may be carrying out practices that lead to the stigmatization and discrimination
against people affected by HIV. Furthermore, HIV-positive people may be acting in a way
different to that which would normally be expected and might not be adopting preventive
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practices recommended by health services (legitimated discourse). For this reason, patients
make evaluations on the basis of their own direct experience. In this sense, communicating to
the ill person what he or she should do facing the illness in general and in particular towards
its prevention is complex, because the patient is the one who is emotionally involved in a way
that no else is. Therefore, the patient evaluates their condition based in their own experience.
This self-evaluation is key to overcoming the illness, important in the adaption process to the
illnessand in the preventive practices put in place. Consequently, the interview technique is
highly relevant for identifying “above all, what is really done, or what is really thought, as the
expression of following norms which deviate from the general norm” [41].

One advantage often emphasized when applying this qualitative technique is its suitability
for ensuring the confidentiality of the serostatus interviewee, as opposed to other group
qualitative techniques. Another advantage, because of the atmosphere of trust and privacy
created between the interviewer and the interviewee, is the degree of freedom that respondents
reach when responding to questions, which leads to expressing in confidence their experiences
and opinions about HIV. On the other hand, a limitation that has been noted of this approach
is that to achieve a degree of saturation sampling, a larger number of interviews must be
conducted as opposed to other group qualitative techniques, resulting in research that is costly
both in terms of time and financial budget.

5.2. Focus group

Research studies in the health care field primarily use focus groups and to a lesser extent,
discussion groups. The focus group, also called the “group interview” [49], tends to be
considered as “One specific technique within the broader category of group interviewing to
collect qualitative data. The hallmark of focus groups is the explicit use of group interaction
to produce data and insights that would be less accessible without the interaction found in a
group” [50].

The focus group is a technique that initially emerged in North American sociology as an
extension of the focalized interview; coherently, its model is inquiry via questionnaire. The
group modality reveals more nuances and more diverse responses than the individual
interview, but always in a context of strong directivity in which a progressive logic prevails
(step 1, step 2, etc., of the questionnaire). The group is constantly kept dependent on the
moderator, who promotes the contrast between individuals rather than a group dynamic [49].
In this methodological practice, there is always a guide containing questions related to the
research objective. The questions are aimed at the people who participate in the group, to be
answered by the group. The researchers prefix the questions in the guide.

In its most extreme form, the focus group is a directive technique, because discussion among
participants is non-existent if they simply respond to the moderator’s questions one by one.
However, in its more open form, there is the possibility of debate around explicit positions, in
which the conversation is limited only to registering stated opinions [49]. It is also a structured
technique, which uses the reflections of a group of people to reveal in-depth information on
the theme being studied. It essentially consists of moderating a debate between a group of
people who share certain experiences (possibly HIV), sociodemographic characteristics (age,
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socioeconomic level, etc.), with the objective of discussing and reflecting on the different
viewpoints of the theme. Creating a permissive ambiance is a key element for the discussion
of these different points of view [49].

Quite often, focus groups and discussion groups are confused with one another. Although
they have similarities, they also exhibit multiple differences. One difference worth highlighting
is that the discussion group is designed to investigate the common areas of a group of people
who, when placed in a discursive situation (conversation), tend to represent discourses that
are more or less typical of the social groups to which they belong. However, in the group
interview, a personal point of view prevails; hence, people listen as a group but answer as
single interviewees [51]. The focus group is therefore a very useful qualitative technique for
designing and assessing programmes and services. For example, for assessing user needs and
satisfaction, identifying obstacles for implementation, developing educational materials, or
assessing the quality of services. It is also useful for researching a certain phenomenon of
interest, as in the case of HIV, especially when the aim is to understand attitudes and percep‐
tions towards risk and behaviour, or to analyse cultural beliefs and values. Finally, the focus
group is useful for the development of adequate measuring instruments aimed at the target
population [52].

The focus group can be used as a research and assessment method, or as a complementary
measure to other qualitative and quantitative methods, and is recommended when the
objective is to learn about participants’ experiences and perspectives. It is highly useful for
studying what participants think of the group, but is especially valuable for finding out why
they think the way they do [53]. Through this methodological practice, we may analyse the
discourses produced by a group. This is useful for identifying user needs and satisfaction, and
knowing the different points of view of key people regarding a theme as conflicting as the HIV
phenomenon.

An advantage of this type of group technique is the fact that it allows for obtaining a large
degree of information, as it reaches its saturation sampling level with fewer groups needing
to be conducted. However, it has the disadvantage –as it happens in the case of the confiden‐
tiality of HIV serostatus– that it does not preserve discretion in front of the various components
of the group.

5.3. Life history

Different social research techniques are included under the heading “biographic documents”
(biographies, autobiographies, diaries, letters, life histories, etc.). Although these share
common assumptions, their application is very different. The choice of one over another will
depend on each approach’s adequacy concerning the research objective. Among biographic
documents, life history has been consolidated as one of the most efficient sources for obtaining
data.

The aim of the life history is to collect a person’s overall life history. The person involved is
considered a key informant. Due to its scope, the life history is collected over an extended
period of time. It tends to be exhaustive, using other testimonies or documents to corroborate
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or complete data. This technique is used when an exceptionally rich biographic narrative is
available and the narrative corresponds to an extremely singular subject [54]. According to
Sarabia, the term, “life histories” describes both stories of an entire lifetime and partial
narratives related to certain life stages or biographic moments. Furthermore, it is worth noting
that the term refers not only to the narrative, but also to all information gathered about the life
under study (information from school stages, health care sources, etc.) and, obviously, to the
analyses carried out by the researcher or researchers [55].

The use of life history as a research technique presents both advantages and limitations.
According to Valles [45], some of the primary advantages that are worth noting are:

1. The retrospective and longitudinal character of the gathered data provides in-depth
knowledge on the chronology, contexts of emergence and the development of social
interaction, as well as the individual’s points of view.

2. Having to conduct several interviews for each case or cases being studied elicits greater
robustness and quality of data.

3. The biographic method, particularly the life history, has been recognized for its great
capacity to implement the articulation of methods and techniques (methodological
triangulation).

4. Emphasis on the objectives of the social experience as opposed to the objectivism of the
experiment; the survey and systematic observation.

Similar to the individual interview, this qualitative data collection technique can prove to be
extremely appropriate, due to the privacy guaranteed to individuals, which requires preserv‐
ing confidentiality and anonymity, as is the case when involving HIV-positive people.

5.4. Observation

Observation is a common activity in everyday life. This type of common and generalized
observation can be transformed into a powerful social research tool, and a scientific technique
for data collection, when applied in the following ways:

1. Aiming and focusing observation at a particular and previously formulated research
object.

2. Systematically planning the phases, aspects, settings and people to be observed.

3. Controlling and relating observation to social propositions and theories.

4. Subjecting observation to veracity, objectivity, reliability and precision controls [43].

Participant observation may be considered the prime example for illustrating that qualitative
research methods are more akin to practices than techniques [42]. There are multiple defini‐
tions of participant observation. According to Taylor and Bogdan [43], the expression “par‐
ticipant observation” is used to define research that involves the social interaction between the
researcher and the informants within the informants’ context, a process during which data
collection is conducted in a systematic and non-intrusive manner. Marshall and Rossman [56]
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define it as “The systematic description of events, behaviours and artefacts in the social setting
chosen for study” [56]. It therefore involves observing the context by means of integrating the
researcher into the everyday life of the observed group, in a manner that is neither unstructured
nor covert. Participant observation provides not only descriptions of people, events and
interactions that occur between people, but also of the experience, life experiences and
sensations of the researcher [44].

The primary use of participant observation is to be found in the study of that which falls
relatively outside the norm: that which is still not understood, is incipient, relates to other
cultures, half-hidden or clandestine groups, as well as that which tends to be confined to
institutions (whole institutions, work centres, laboratories, etc.). In other words, in those places
where what is normal is bracketed and where it is understood that things are socially different
to what is considered either normal, or to what appears in the institutions’ formal discourses
[42]. Consequently, participant observation is especially useful for in-depth studies of the
everyday life of organizations, institutions and social groups that occupy a peripheral space
within society. In the area of health care, this means using it to study the everyday and
organizational lives of health centres, specific professional associations, hospital wards, etc.
[42]. Participant observation is adequate when seeking to reveal the practical rules of a
community, group, organization or institution.

Participant observation is defined by the interaction between the observer and the observed,
within the context of the observed, and therefore involves the importance of the community
setting that is to be observed. Choosing the settings to be observed is of the utmost importance
for the research, as not all settings allow for the presence of an observer, nor are they susceptible
to being observed. The particular research determines the selection of the setting and the
scenario that will be observed, and not the other way around [43].

Therefore, participant observation reveals the practical rules of people affected by HIV when
in a group, of the associations of HIV-positive people, of health service organizations and of
the exact representation of a given culture, among others. Furthermore, as well as bringing
forth participants’ discourses that are embedded in everyday practices, it enables the identi‐
fication of discrepancies between discourse and behaviour. For instance, HIV-positive people
undergoing antiretroviral treatment may say that they are following treatment when in fact,
it is observed that treatment dropouts are frequent. Therefore, knowing the practical rules that
condition the behaviour of people towards HIV is highly important for the development of
intervention programmes aimed at the prevention of HIV. These programmes need to be
adapted to the social and cultural rules that prevail in the different social and cultural contexts
of the societies in which interventions will be undertaken.

6. Conclusions

As discussed above, HIV is a complex phenomenon in which many aspects (social, cultural,
etc.), not only clinical and biological, are interrelated. Intervening factors in the HIV phenom‐
enon include social, economic, political, cultural and environmental aspects. The HIV phe‐
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nomenon interacts with lifestyles and practices, as well as with the subjectivities of the
population in communities where it develops and spreads. Therefore, it is currently a fact that
the epidemiological method is insufficient for providing holistic and hermeneutic knowledge
on the issue. For this reason, a primary conclusion of this study is the need for applying other
methodologies and theoretical tools to study the phenomenon with the aim of providing such
knowledge. Furthermore, this knowledge is a key element for assuring efficient and effective
HIV prevention policies and strategic planning. In this sense, sociology and in particular health
sociology constitutes a pertinent conceptual and methodological tool for studying the HIV
phenomenon in all its complexity. In this sense, it seeks to explain and understand the collective
behaviour that occurs in a social context, the meanings of actions and the multicausality of
phenomena.

The theories that have previously been explained are relevant methodological and theoretical
tools for comprehending the complexity that defines HIV. Though these instruments differ,
they do have certain common characteristics that should be taken into consideration. A
common premise is: conceiving human action in terms of its intentionality, autonomy and
reflexivity. All these characteristics share a subjective view of human behaviour, because they
define its discourses. Consequently, the relevance and contribution of these theories to the
study of health and disease, and specifically to the study of HIV, is now a fact. The advantages
of this are multiple:

• Enabling the understanding of the health-disease-attention process and ultimately, the
behaviour that results from the interaction between those involved in this process, as well
as offering coherence to these conducts. In this sense, it reveals conducts towards both the
diagnosis and the treatment of HIV.

• Knowing and understanding how individuals and groups participate in the construction of
social representations of HIV.

• Knowing and analysing the social control mechanisms that arise in relation to people with
HIV, such as stereotypes, prejudices, stigma and discrimination.

• Analysing the different meanings that exist in the construction of the HIV phenomenon; a
construction that is built on perceptions, life experiences, images, ideas, representations and
social control mechanisms. These meanings enable us to understand how people relate their
way of thinking to their way of acting towards HIV.

These theories are relevant and pertinent for obtaining useful knowledge to guide the design
of effective and efficient health promotion policies and strategies, specifically for the preven‐
tion of HIV, as they focus on the problem of how actors in different contexts create a view of
reality. Finally, a series of methodological tools were discussed whose validity and pertinence
for the study of HIV are currently beyond any doubt. This has been evidenced by multiple
studies in the field of HIV prevention, which have been conducted using this qualitative
methodology.
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Additional information is available at the end of the chapter
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1. Introduction

In the eight Millennium Development Goals, the World Health Organization proposed the
improvement of HIV/AIDS epidemiological rates worldwide through disease prevention and
treatment as a goal to achieve in 2015. Reaching the virtual worldwide eradication of vertical
transmission (prevention of mother-to-child transmission [PMTCT]) is among such goals.

This chapter will address topics related mainly to diagnostic and therapeutic aspects that have
been proven to be useful in the prevention of HIV vertical transmission (VT). The aim is to
provide the reader with a clinical guideline for the management of an HIV(+) pregnant woman
based on levels of evidence, grading of recommendation, and experts’ opinions and to
individualize those healthcare strategies that have demonstrated to be effective in the reduc‐
tion of HIV vertical transmission. Such achievement will highlight the importance of ordering
an HIV test to all pregnant women during prenatal control visit. The latter, in case of carrier
status, will help to decrease viral load in HIV(+) mothers to undetectable or almost undetect‐
able levels. It will also enable the formulation of a management strategy based on clinical and
laboratory parameters, with the use of the most adequate pharmacological management, thus
decreasing exposure of the newborn of an HIV(+) mother, to blood, genital secretions, or
amniotic fluid, and to identify the best opportunity to program delivery and termination of
breastfeeding.

This Clinical Guideline is intended for midwives, medical students, gynecology and obstetrics
fellows/residents, maternal-fetal medicine fellows/residents, obstetricians serving at level 2
and 3 hospitals, and specialists in maternal-fetal medicine, who aim at updating their knowl‐
edge on the diagnosis and management of gestations affected by HIV/AIDS.

All the aforementioned will bring insights on why healthcare strategies intended to prevent
fetal infection have become a paradigm of perinatal medicine since the application of such

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
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biomedical interventions has been proven to be successful in the prevention of HIV transmis‐
sion from an infected pregnant woman to her child, decreasing risk levels to 2%, as observed
in the United States.

2. Developing the guide

The attempt at improving epidemiological rates of HIV/AIDS through the prevention and
treatment of the disease is one of the eight Millennium Development Goals proposed by the
World Health Organization. Worldwide, the virtual eradication of mother-to-child transmis‐
sion is one of the goals to be accomplished [1, 2].

The present guide will be developed based on the method proposed by Harbour et al., which
in turn is based on the formulation of various questions that will be answered according to
levels of evidence, grading of recommendation, and experts’ opinions [3].

Vertical transmission (VT) of HIV is defined as that occurring from mother to child during
gestation, delivery, or breastfeeding. The VT rates range between 13% and 48%. [4-7]. Preven‐
tive strategies have been set out to lower VT rates to less than 2%. Pregnancy, delivery, and
breastfeeding are the most susceptible periods for VT of HIV [8, 9]. Maternal viral load (VL)
is the main independent risk factor for transmission. Certain sexually transmitted diseases
(STD) also increase the risk of VT. Likewise, low maternal CD4 cell counts also constitute a
risk factor for VT, which is independent from VL [10].

The prevalence of vertical transmission (VT) in the various regions of the world varies
according to geographic site and specifically according to the contribution of economic
resources invested by different countries worldwide in the various strategies for healthcare
policies, aiming at the prevention and treatment of infected mothers [2].

In countries with low infection prevalence rates such as Chile, efforts have been targeted to
the decrease of vertical transmission (VT), which is responsible for 99% of HIV infections
among children younger than 13 years old [5, 11].

Mother-to-child transmission as route of exposure has decreased, from rates of approximately
30% in 1996, prior to the first VT prevention protocol (ACTG 076), to 0.7% for HIV and 0.6%
for AIDS, during the 2006-2010 period [4, 12-14].

To optimize prevention of VT, the clinical approach to a seropositive pregnant woman must
be based on a thorough assessment of her initial health status, with a full physical examination,
focusing particularly on those signs that point toward an opportunistic infectious condition
and evaluating her current immune status.

The strategy for prevention of VT has been based on the continuous review of the pooled
evidence and has followed the impact factor of such evidence to suggest valid recommen‐
dations from expert  opinions.  It  is  of  key importance to further evaluate new behaviors
tending to identify, among other aspects: the eventual induction of resistance and toxicity
of antivirals both in the pregnant mother as well  as in the newborn, and their potential
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effect on subsequent quality of life, the use of micronutrients and the identification of their
impact on VT decrease, and the evaluation of vaginal delivery as an option in pregnant
women with a low viral load [2, 14-20].

Once the effectiveness of biomedical patient benefits in VT prevention has been demonstrated,
it is important to ensure the collection of epidemiological history in order to generate an
adequate means of notification, which constitutes data required for reassessing the design and
the effectiveness of preventive programs. To attain such goals, it is key to maintain and
improve diagnosis and primary prevention of infection in women in childbearing age.
Furthermore, it is important to avoid the high rate of unwanted pregnancies and abortions,
which represent indirect indicators of risk behaviors in such population. Likewise, one should
aim at reaching 100% of screening during the first trimester, at the possibility of repeating such
screening during the third trimester and at training maternity staff in rapid testing for the
detection of carrier status during labor for pregnant women not having previously undergone
such screening [2].

3. Medical diagnosis

3.1. Early diagnosis

Most women discover their carrier status or disease during pregnancy or after delivery upon
the detection of the infection in the newborn. With regard to the latter, and despite the fact that
there is no consensus on the recommendation of universal screening to all women upon their
pre- and/or postconception visit, the American College of Obstetricians and Gynecologists and
the Royal College of Obstetricians and Gynecologists United kingdom recommend performing
the test on a routine basis, a behavior commonly adopted in many countries worldwide [21,
22]. In fact, most of such countries have also integrated a mandatory pretest counseling, the
need for an informed consent, and the willfulness of people upon deciding to undergo the
testing. Thus, sample collection requires the participation of staff trained in “counseling”. The
latter has reinforced the decision of women to undergo the test and has resulted in a significant
rise of adhesion to preventive behaviors and therapy (Uganda and Rwanda) [23, 29, 30].

The recommended test for screening is the fourth-generation ELISA. Such laboratory exami‐
nation enables the simultaneous detection of Ag p24 and its respective antibodies, and
therefore the window period is reduced to approximately 30 days with a sensitivity of 99.9%
and a specificity of 99.5%. Despite the latter, it is important to stress that the positive predictive
value of such test during pregnancy is approximately 50%, as a result of being applied on a
low prevalence population. Thus, a confirmation test is required, and therefore patients with
positive ELISA test should undergo a confirmatory test with Western blot. The confirmatory
Western blot technique is carried out with a nitrocellulose strip onto which HIV envelope
proteins have been added. When patient serum is transferred to the strips, any antibody against
the virus present in serum will bind to the respective specific antigen on the strip. Western blot
results are interpreted by observing the colored bands that are identified according to their
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position and particular characteristics. When results are indeterminate, a new sample must be
ordered after 3 months to reevaluate eventual positivity [2, 31, 32, 36].

Furthermore, for pregnant patients with unknown serological status that seek healthcare
because of labor initiation or medical situations in which pregnancy interruption is imminent,
health services should be equipped with rapid diagnostic techniques (visual or instrumental).
Despite their nonoptimal specificity and sensitivity, in the event of being positive, such
techniques would enable the recommendation of peripartum preventive measures, with prior
provision of the informed consent by the patient. Such emergency evaluations may be
performed even by individuals lacking a specific training when other human resources are
unavailable [33-36].

3.2. HIV detection test requisition among pregnant women: who is eligible?

With regard to the indication of universal HIV testing for women at their preconception
consultation and/or at the beginning of their antenatal follow-up visit, the American College
of Obstetricians and Gynecologists recommends that it is carried out on a routine basis, as it
is the common practice in many countries of the world. In fact, most women are aware of their
carrier status during pregnancy or during the puerperium upon screening for neonatal
infection. As for the latter, it has been demonstrated that ordering the test together with pre-
and posttest counseling improves awareness on the disease, adherence to therapy, and
development of behaviors in the carrier to prevent transmission to her individual environment
[22-27]. With regard to pre- and postconception counseling, defined as a “confidential
conversation between a patient and a counselor that aims at the acquisition by the former of
skills to face the stress related to an eventual carrier status, at achieving HIV/AIDS-related
decision making during pregnancy, and learning of strategies for the prevention of vertical
transmission,” it is advisable to address the following topics:

• Information about basic aspects of HIV/AIDS transmission and prevention

• Signature of the informed consent or statement of declination of the test

• Evaluation of the HIV detection test final result, with posttest counseling

• Reinforcement of preventive strategies for HIV and other STD during pregnancy

• Supply of emotional support in the case the result of one or both tests is reactive or positive

• Provision of information on pregnancy control and/or follow-up procedures at the special‐
ties level and consequent referral in cases with reactive or positive test results

• Support to therapy adherence, exams, and periodic follow-up if applicable

• Record of the activity in the pertaining documents

The trend worldwide regarding HIV test ordering has progressed toward mandatory pro‐
grams. These are more efficient and less harmful than those that are voluntary or the routine
programs with implicit but revocable consent. International organizations (WHO/UNAIDS)
recommend guidelines regarding avoidance of compulsoriness of HIV testing and prioritiza‐
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tion of guidance, education, and advise for its performance [25, 27, 28]. The recommendations/
guidelines should be undertaken regardless of seropositivity prevalence in the population.
Such management protocols would enable an adequate control of mother-to-child transmis‐
sion at the population health level, while protecting mother rights and preventing stigmati‐
zation and discrimination. To the WHO, national policies and practices regarding
compulsoriness of HIV testing should be reviewed to eliminate any testing that is not volun‐
tary. Mandatory testing or testing under coercion on individuals belonging to vulnerable
groups or groups with high risk of infection such as pregnant women should not be performed.
Voluntary testing amplification and counseling must include a better protection of risk
behavior and seropositivity related stigma and discrimination. Additionally, more support for
bonding and connection to prevention, treatment, care, and support services should be
provided. Despite the latter and the trends seen in both poor as well as in developed countries,
there are some exceptions, such as several states at the United States of America and countries
like Chile. In Chile, the HIV/AIDS law has been in force since 2005 but does not accept
compulsoriness; however, the 2011 Decree of the Ministry of Health indicates that HIV testing
is mandatory for pregnant women [23-27].

It is imperative, therefore, for women at the last trimester or those at due date with unknown
serology for HIV antibodies to undergo an urgent HIV screening rapid test. Similarly,
counseling must be offered in this case and the corresponding informed consent obtained
[23-27]. Should such test be reactive, the vertical transmission prevention protocol should be
applied immediately (Level 4 evidence) [19-21, 35, 36].

Based on experts’ opinion, HIV testing should be offered to all pregnant women by their second
control visit at the latest. Should the result of the test be negative, the latter should be repeated
between 32 and 34 weeks of gestation in women under higher risk of acquiring HIV during
the first trimester of pregnancy (pathological alcohol consumption, drug addiction, sex
workers, multiple sexual partners, etc.), i.e., Grade D recommendation.

3.3. Medical examinations and specialty consultations that should be ordered in HIV(+)
pregnant women

Every patient with confirmed serology should be referred to consultation, and immediate
coordination should be implemented in order to provide the patient with assessment by a
multidisciplinary team (Grade D recommendation).

Routine exams different from those performed on the nonpregnant HIV-positive women are
not justified in the pregnant patient with recent positive serology, with the exception of those
clinically warranted (Grade D recommendation).

Other STDs should be actively ruled out. Hepatitis B and hepatitis C serology as well as
tuberculin skin testing (PPD) should also be performed (Grade D recommendation). Lym‐
phocyte count, viral load, and viral genotyping should be ordered by the immunologist or the
infectologist (Grade D recommendation).

The following are listed laboratory tests that should be routinely carried out [2]:
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• Rubella serology: both IgG and IgM are evaluated to evidence current or past infection. If
there is no evident immunity against rubella, postpartum vaccination is recommended.

• Urine culture: aiming at ruling out an infection of the urinary tract.

• Hepatitis B virus surface antigen: to evaluate the presence of disease, since the transmission
mechanism and the risk of vertical transmission are similar, and in the event of a synergic
effect in disease progression

• RPR or VDRL: these are nontreponemic tests for syphilis detection. They are highly sensitive
but poorly specific. Therefore, if a positive result is obtained, it should be confirmed with a
more specific test detecting antibodies against Treponema pallidum, such as FTA-ABS
(fluorescent treponemal antibody absorption). The presence of such microorganism is
associated with increased vertical transmission [9].

• Hepatitis C serology: the purpose of this test is to rule out the carrier status since it is common
among HIV-infected patients. It is considered an opportunistic infection and might be
patient death cause.

• PPD (purified protein derivative) testing for tuberculosis: to evaluate a tuberculosis
diagnosis. In HIV-carrier patients, a cutaneous reaction measuring 5 mm is enough to be
considered positive (at least 10 mm should be seen in the remainder of patients). False-
positive results may exist, for instance, in patients previously vaccinated with BCG (bacillus
Calmette-Guérin). This infectious association should be considered since it worsens patient
prognosis.

• Toxoplasma gondii serology: to detect the potential opportunistic infection, mainly with
encephalic involvement. In a carrier, a latent T. gondii infection may be reactivated as a result
of a deterioration of cellular immunity in these patients.

• Cytomegalovirus cytology: CMV is the most common viral opportunistic disease in AIDS.
It is associated with severe immunosuppression, and the reactivation of a latent disease is
its usual form of onset. The disease usually has high mortality rates.

• Gonococcus, chlamydia, mycoplasma, and Ureaplasma cultures: since they share in
common their mechanism of transmission, other sexually transmitted infections should be
ruled out.

3.4. Immunological parameters

3.4.1. CD4 T-cell count and viral load assessment (PCR)

These are prognostic factors for vertical transmission, and they are determinant factors for the
appropriate time to initiate ART. They are also parameters for the assessment of the therapeutic
response.

3.4.2. Genotyping

Its evaluation is critical to assess resistance to antiretroviral therapy.
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This information indicates that HIV(+) pregnant women should be assessed and treated by a
multidisciplinary medical team (Infectologist, immunologist, pharmacist, obstetrician, and
neonatologist) (Level 4 evidence) [16-21]. Additionally, as previously mentioned, screening
for various STDs found to be related with increased VT is of key importance. Such screening
should include herpes simplex virus 2 and T. pallidum (Level 2+ evidence [2-9].

4. Pre- and postnatal treatment

4.1. Therapeutic options

In pregnant HIV carriers, the transmission of the infection to the fetus can occur mainly during
delivery (65%), but also during pregnancy and breastfeeding with approximate rates of 35%
and 15%, respectively. Such risk for transmission increases with certain factors such as
maternal primary infection during pregnancy, intercurrent sexually transmitted infections,
decreased CD4 counts, and high viral loads (27). In relation with the latter, and despite the fact
that viral loads lower than 1000 copies/ml present a significantly lower risk for vertical
transmission, there is no viral load exemption from VT risk. Thus, triple-drug highly active
antiretroviral therapy (HAART) regimens have been proven to reach the goal of undetectable
viral load levels with a reasonable risk versus benefit quotient, especially during the peripar‐
tum period where the risk of infection of the product of conception is higher. It is during that
same period that it is advised to incorporate zidovudine to the regimen, since it has demon‐
strated its efficacy in abbreviated regimens prescribed during the intrapartum and postpartum
periods [2, 37-50].

Moreover, the study of the teratogenic risks entailed by the different drugs used in ART
regimens has not evidenced a higher incidence of congenital defects than that observed in
general population. Likewise the APRI (Antiretroviral Pregnancy Registry International)
study on the prevalence of congenital defects was 2.2 per 100 live births when assessing the
use of ART at any stage of pregnancy and was 3% when therapy was used during the first
trimester. With the exception of efavirenz, which is categorized by the FDA as D, because of
its association with neural tube defects, the rest of ARV is categorized as B or C [2]. There are
reports in which AZT might be related to an increase of hypospadia rates among the exposed
human population, and others where delavirdine might be associated with increased cardiac
septal defects in animals [46-49].

The following drugs or combinations should not be indicated during pregnancy: efavirenz,
nelfinavir, and the association of d4T (stavudine) and ddI (didanosine). They all share
teratogenicity and the risk of toxicity to the mother-child binomial [46-51]. Finally, to optimize
the update in side effects, it is essential to fully and continuously report to the competent
organizations such as APRI about the possible secondary teratogenic effects and to comply
strictly with regulations on the indication for therapy initiation and drug choice according to
the stage of pregnancy [46-49, 51].

Although it is true that the first attempt to control VT with a successful pharmacological regime
was achieved by the protocol known as ACTG 076, a protocol attaining a decrease in VT from
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29% to 5.6% in 2001, new evidence has demonstrated that triple ART was more effective than
monotherapy or bitherapy in VT prevention [14, 42-45]. Thus, a protocol that associated
biomedical preventive measures (cesarean section and elimination of breastfeeding) with the
indication of a combination of three antiretroviral drugs (nucleosidic and nonnucleosidic
inhibitors of reverse transcriptase and protease inhibitors, regimens known together as Highly
Active Antiretroviral Therapy or HAART) was designed [14, 42-45].

4.2. Antiretroviral therapy during pregnancy

The purpose of pharmacological therapy during pregnancy is to prevent vertical transmission
through the reduction of the viral load in the mother to undetectable levels without resulting
in teratogenic effects on the fetus. There are currently 14 commonly prescribed antiretroviral
drugs (Table 1) that should be used to customize regimens in which selection is based on the
eventual prior treatment of the pregnancy, the status of the disease, the viral load, CD4 cell
counts, and the associated toxic and teratogenic effects according to FDA (Tables 1 and 2).
Despite other drugs having been demonstrated efficacious in preventing vertical transmission,
it is advisable to include the use of zidovudine within the antiretroviral scheme since it is the
only drug that has proven efficacy and, most of the times, to be innocuous to the fetus in
protocolized regimens (AIDS Clinical Protocol 076-ACTG 076) [2].

Generic name FDA category

Nucleoside reverse transcriptase inhibitors

Abacavir C

Didanosine (ddl) B

Lamivudine (3TC) C

Lamivudine + zidovudine (Combivir) C

Stavudine (d4T zalcitabine) C

Zidovudine (ZDV, AZT) C

Nonnucleoside reverse transcriptase inhibitors

Delavirdine C

Evavirenz X

Nevirapine C

Protease inhibitors

Amprenavir X

Indinavir C

Nelfinavir X

Ritonavir B

Saquinavir B

Table 1. Antiretroviral agent categories according to FDA
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Category Interpretation

A Controlled studies fail to demonstrate risk

B No evidence of risk for humans

C The existence of risk cannot be ruled out; should only be used when potential benefits justify potential
risk to the fetus

D Proven risk

X Contraindicated in pregnancy

Table 2. FDA pregnancy categories

4.2.1. ART toxicity and side effects

One of the aspects that need to be assessed for the selection of a pharmacological therapy is
the eventual toxic effect of such medications on the mother-child binomial. Thus, studies have
reported that approximately 80% of treated pregnant women developed certain side effects
such as anemia, nausea, vomiting, abnormal liver enzyme results, or hyperglycemia [44-49].
As a consequence of the aforementioned, it is essential to know the side and toxic effects of the
drugs generally used (Table 3) in order to identify them and act accordingly in the event of
using them.

4.2.2. Protease inhibitors

In the general population, protease inhibitors have been linked to the induction of variable
degrees of carbohydrate intolerance. The latter should be considered when prescribing the
patient such drugs to the pregnant woman since they might trigger the development of
gestational diabetes [44-49].

4.2.3. Nucleoside—reverse transcriptase inhibitors

There is evidence that nucleoside reverse transcriptase inhibitors may induce mitochondrial
dysfunction by virtue of their high affinity for gamma DNA-polymerase found in mitochon‐
dria. Among the drugs of such family that are more intensely related to such adverse effect
are d4T (stavudine) and ddI (didanosine) and, to a lesser extent, ZDV (Zidovudine), 3TC
(lamivudine), ABC (abacavir), and TDF (tenofir). The association between such type of drugs
and lactic acidosis with or without concomitant liver steatosis is also known. Such conditions
are more commonly seen in association with the use of d4T (stavudine) (0.8%-1.2%) [44-49].
The clinical picture resulting from such entity is similar to Hellp syndrome, a condition that
may or may not be associated to polyneuropathies, fatty liver, myopathies, cardiopathies, and
lactic acidosis. Finally, there are literature reports on children from mothers exposed to
zidovudine or zidovudine/lamivudine (AZT/3TC) who developed mitochondrial dysfunc‐
tion-related symptoms, a finding that was not observed in the cohort of patients following the
ACTG/076 protocol [2].
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AR Main toxicity Other toxicities

AZT Anemia - Neutropenia Gastrointestinal-headache-rash

d4T Polyneuropathy, lipoatrophy, lactic acidosis Pancreatitis, hepatic steatosis

3TC - Gastrointestinal-headache

ddl Pancreatitis, polyneuropathy Gastrointestinal, Hyperuricemia

Abacavir Hypersensitivity reaction Gastrointestinal

Tenofovir - Gastrointestinal, Renal

Efavirenz CNS: Vertigo, Psychosis Rash, hepatotoxicity, dyslipidemia

Nevirapine Rash, Hepatotoxicity

PI (except for
Atanazavir)

Lipodystrophy, dyslipidemia, diabetes Liver toxicity, gastrointestinal, osteonecrosis

Indinavir Metabolic, hyperbilirubinemia, kidney stones Gastrointestinal

Atanazavir Hyperbilirubinemia, rash Gastrointestinal

Table 3. Antiretroviral agent toxicity

4.3. Opportunity for ART initiation in pregnancy

Several cohort studies show that the late initiation of ART is associated both with higher VT
as well as with longer duration of VT. The latter is based on the fact that when therapy duration
was 9.5 weeks, VT was significantly higher than when therapy duration was 16 weeks (P <
0.001) [21]. Conversely, in a study conducted at the United Kingdom and Ireland VT was
significantly higher among patients with a delayed initiation of therapy (25 + 6 vs. 30 + 1 weeks,
<0.001; level of evidence: 2++) [2, 14]. Conditions of ART initiation during pregnancy are listed
as follows:

• A pregnant woman without prior therapy should initiate ART from 20 weeks of gestation
(Grade B recommendation).

• When VL is higher than 100,000 copies/ml, ART should be initiated by week 14 (Grade B
recommendation).

• If the pregnant woman has clinical or immunological criteria for ART initiation, or if
seroconversion occurs during gestation, ART must be initiated immediately (Grade B
recommendation).

• A low frequency of VT (5%) has been observed during the second trimester of pregnancy.
Thirty-four percent of VT occurs during the antepartum and 66% occurs during delivery [2,
7, 10, 12]. However, placental transmission may occur from 13 weeks (Level 2++ evidence
C).

4.4. Choice of drugs to start ART

Triple ART or HAART (highly active antiretroviral therapy) is the preferred choice. The use
of zidovudine (AZT) in association with lamivudine (3TC) 600 and 300 mg per day, respec‐
tively, is recommended for the prevention of HIV vertical transmission. A preparation
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including both drugs in a fixed drug combination of 300 mg AZT and 150 mg 3TC is commer‐
cially available (grade of recommendation: A). Lopinavir/ritonavir (800/200 mg daily) or
saquinavir/ritonavir (2000/200 mg daily) are recommended as a third drug (Grade C recom‐
mendation). The use of nevirapine (NVP) as a third drug may be considered in patients with
CD4 T-cell counts lower than 250 cells/mm3 (200-400 mg daily) (Grade C recommendation).

A higher incidence of malformations failed to be demonstrated on 3,000 pregnancies exposed
to AZT and 3TC. The 3TC+AZT combination has evidenced a higher efficacy in the prevention
of VT than AZT as monotherapy. Cohort studies have reported a reduction in HIV mortality
and transmission with the use of AZT+3TC (Level 2+ evidence). There is not enough compa‐
rative evidence of the efficacy of other ARV combinations on VT prevention (Level 2+ evidence)
[19, 20, 43, 45].

The use of NVP in pregnant women with CD4 T-cell counts between 250 and 350 cells/mm3

failed to confirm an increase of the risk of suffering severe adverse effects. The benefits of using
NVP in pregnant women outweigh the risks (Level 2+ evidence) [19, 20, 43, 45].

4.5. Procedures for monitoring ART during pregnancy

Efficacy of ART is measured through the decrease of viral load. ART is effective if the decrease
is near 1 log of VL 2 weeks after the initiation of therapy and 1.5 log at 4 weeks. Achieving a
decrease of 2 logs between 28 and 34 weeks of gestation is also considered effective [19]. The
viral load should be assessed upon the first control visit. Viral load should be controlled 2 and
4 weeks after the initiation of therapy or after a change in therapy. Subsequently, VL should
be controlled on a monthly basis until becoming undetectable. At gestation weeks 34-36, a VL
assessment should be performed to define the route of delivery, eventual additional ART, and
to plan ART for the newborn (Grade D recommendation).

In patients starting ART before week 24, a VL every 2 months (8 weeks) and at week 34 is
recommended (Grade D recommendation).

Several clinical guidelines propose such management based on expert recommendations
(Level 4 evidence) [15-17, 19-21].

4.6. What are the best moment and the recommended route for delivery?

A cesarean section should be indicated at 38 weeks of gestation in women with HIV infection
without ART during pregnancy, in women without a VL result at gestation week 34, or in cases
of VL >1,000 copies/ml (Grade B recommendation).

A vaginal delivery may be allowed in mothers under ART from 24 weeks of gestation or earlier,
with VL <1,000 copies/ml at week 34, CD4 T-cell counts above 250, and that additionally meet
the following conditions:

• Gestational age greater than 37 weeks

• Single fetus in cephalic presentation

• Favorable obstetric conditions
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• Care provided by specialist physician

• Informed consent from the patient

Invasive maneuvers (amniocentesis, chorionic villus biopsy, internal monitoring, artificial
rupture of membranes) and instrumental delivery (forceps, spatulas) should be avoided
(Grade D recommendation) though oxytocin may be used for labor guidance. The use of
methylergonovine for the management of uterine inertia should be avoided if the patient is
using protease inhibitors.

Elective cesarean section at 38 weeks of gestation, before an eventual rupture of membranes
or initiation of spontaneous labor, substantially reduces the risk of HIV transmission. On its
own, elective cesarean section reduces the risk of HIV transmission in 50%. Cesarean section
together with antiretroviral therapy during the antenatal period, during delivery and admin‐
istered to the newborn with the addition of termination of breastfeeding, achieves decreases
close to 90% with final vertical transmission rates under 2% (Level 2++ evidence) [52-57].

Studies with large patient numbers have failed to show benefits in favor of cesarean section in
women undergoing ART with VL <1,000 copies/ml. Shapiro showed transmission rates for
vaginal delivery of 0.8 v/s 0.5 for cesarean section (OR 1.4 (0.2-6.4)) in patients with viral load
lower than 1,000 copies/ml. (Level 2+ evidence) [53]. Moreover, cesarean section has been seen
to cause 7-10-fold increases in morbidity, mainly infectious, as compared to vaginal delivery
(Level 2+ evidence) [57]. Obstetric procedures that increase the risk of fetal exposure to
maternal blood such as amniocentesis, villus biopsy, and invasive monitoring have been
implicated by some researchers as transmission risk factors (Level 2+ evidence) [30]. The use
of oxytocin is not contraindicated; however, ergot derivatives accumulate in patients receiving
protease inhibitors because of the inhibitory action of the latter on cytochrome 3A4, and
exaggerated vasoconstriction and ischemia have been described in relation with their use in
association (Level 4 evidence) [15-20].

4.7. Antiretroviral drugs used during delivery or cesarean section

Intrapartum intravenous AZT shall be used in the indicated dose, regardless of the chosen
route for delivery (Grade B recommendation), as follows:

• Loading dose: 2 mg/kg, infused over 1 h (in case of cesarean, 4 h prior to surgery)

• Maintenance dose: 1 mg/kg/h during cesarean section (to run 3 h after the loading dose) or
during labor, until the cord is clamped

• In case AZT 200 mg is unavailable, the oral administration of AZT/3TC upon the initiation
of labor or 4 h prior to scheduled cesarean section is recommended

Nevirapine 200 mg single dose before cesarean section shall be added in any of the following
settings (Grade B recommendation):

• The late initiation of the protocol (later than 34 weeks and patients that failed to complete
4 weeks of ART upon delivery)
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• VL week 34 >1,000 copies/ml

• Intrapartum HIV (+) diagnosis that did not receive ART

When NVP is used intrapartum, AZT/3TC should be added for 7 days postpartum to decrease
the risk of developing resistance to NVP (Grade B recommendation).

The  use  of  IV  AZT  during  delivery  enables  reaching  effective  fetal  plasma  levels  thus
generating a preexposure prophylaxis. The latter, together with the oral administration of
AZT suspension to the newborn for 6 weeks, enables a postexposure prophylaxis that as a
whole has an impact on VT regardless of the patient having received AZT within her ART
regimen during pregnancy or even, in the case of an eventual resistance to AZT (Level 2+
+ evidence) [53-55].

4.8. Breastfeeding management

Pharmacological cessation of breastfeeding shall proceed in all HIV(+) women even if such
result is just from the rapid intrapartum test (Grade B recommendation). Based on four studies
in which mothers acquired HIV-1 after birth, the estimated risk of transmission is 29% (95%
CI 16-42%). The analysis of five studies showed that when the mother became infected before
delivery, the additional risk of transmission through breastfeeding, beyond in utero or
intrapartum transmission, is 14% (95% CI 7-22%) (Level 2+ evidence) [56, 57].

5. Special situations

5.1. What to do with HIV(+) pregnant women who received previous ART and are currently
without ART?

A CD4 T-cell count, a VL, and a viral genotyping study are recommended in women previously
exposed to ART and who discontinued therapy. The latter will enable designing the thera‐
peutic regimen based on patient history and current genotype. Viral load should be assessed
after 4 to 6 weeks of the initiation of ART, and a new genotyping study should be performed
in case of failure, for adjustment of the latter. Zidovudine should be included in the ART
regimen when possible (Grade D recommendation).

Several clinical guidelines propose such management based on expert recommendations
(Level 4 evidence) [15-20].

5.2. What to do with HIV(+) women undergoing ART who become pregnant?

Women undergoing ART who become pregnant are recommended to maintain ART if their
VL is undetectable. If the regimen includes drugs that increase toxicity (D4T) or contains
Efavirenz, these should be withdrawn and replaced with lopinavir/ritonavir or by saquinavir/
ritonavir, including, when possible, AZT in the regimen (Grade D recommendation). The
WHO guidelines do not recommend the use of the antiretroviral medication efavirenz (EFV)
during the first trimester of pregnancy because of its potential fetal teratogenic effects, mostly
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involving defects of neural tube closure. Nevertheless, there are no categorical studies
supporting such recommendation (Level 3 evidence). Likewise, the use of the ddl/d4T
combination should be terminated [15-21].

The genotyping study should be performed on pregnant women undergoing ART with VL
>1,000 copies/ml, particularly in pregnancies that have not achieved such goal at 34 weeks of
gestation. Moreover, the addition of a single dose of nevirapine at the moment of delivery is
suggested (Grade D recommendation).

Several clinical guidelines propose such management based on expert recommendations
(Level 4 evidence) [15-21].

5.3. What to do with HIV(+) pregnant women who reach 32 weeks of gestation without ART?

In pregnant women reaching the 32nd week of gestation or more without ART, it is recom‐
mended to assess CD4 T-cell levels and VL and to initiate immediately ART with AZT/3TC
coformulated, together with a protease inhibitor (PI). Nevirapine (NVP) can be used instead
of a reinforced PI when CD4 T-cell counts are lower than 250 cells/mm3 (Grade D recommen‐
dation).

There is wide experience on the use of NVP during pregnancy. The drug has a risk of severe
hepatotoxicity with CD4 >250 cells/mm3, especially in coinfection with HBV and HCV. Several
clinical guidelines propose such management based on expert recommendations. When NVP
is used during delivery, AZT/3TC needs to be used subsequently to prevent drug resistance
induced by NVP (Level 4 evidence) [15-21].

5.4. What to do with HIV(+) pregnant women close to delivery date without prior ART?

The following are to be observed:

• Ideally assess CD4 T cells and VL.

• Intravenous zidovudine as per regimen.

• Single dose of nevirapine.

• Resolution of delivery through cesarean section.

• Use AZT/3TC for 1 week, add PI, until evaluating the best regimen to continue therapy
(Grade D recommendation).

Several clinical guidelines propose such management based on expert recommendations
(Level 4 evidence) [15-21].

5.5. What to do with HIV(+) pregnant women who have been treated with ribavirin?

Because of the potential teratogenesis of ribavirin, its preconception withdrawal for at least 4
months in women and at least for 7 months in case the couple had received such drug should
be counseled. In case of an eventual use during pregnancy, it should be immediately with‐
drawn, and a consultation visit should be arranged to assess maternal liver function.
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5.6. What to do with HIV(+) pregnant women with threat of premature delivery?

The administration of IV AZT 2 mg/kg/h, together with tocolytic therapy, during the first hour
followed by 1 mg/kg/h until dynamics ease up, according to ART administration policy during
delivery, is recommended in the presence of regular uterine dynamics, despite cervical
modifications being scarce. If unable to slow down the situation and if delivery is triggered
and/or rupture of membranes ensues, a cesarean section shall be performed sufficiently in
advance (Grade C recommendation).

Premature delivery constitutes a risk factor for perinatal transmission of the virus: a maternal
viral load (VL) of <400 c/ml in a delivery occurring before 34 weeks was related to an 8-fold
increase in the risk of transmission as compared to term delivery (Level 2+ evidence) [58].

5.7. What to do with HIV(+) pregnant women with premature rupture of membranes?

All patients should receive ART and undergo the usual control and therapeutic measures such
as the administration of prophylactic antibiotics, steroids, and eventually the use of magnesi‐
um sulfate as neuroprotector. In case of a suspected infection or loss of fetal well-being,
pregnancy interruption must be carried out. The recommended delivery route is cesarean
section. The management of each case depends on the gestational age (Grade D recommen‐
dation).

In pregnancies of less than 26 weeks, a conservative therapy is recommended in view of the
risk of severe sequels as a result of prematurity and high neonatal mortality (Grade D recom‐
mendation). Between weeks 26 and 30, each case shall be evaluated according to maternal and
fetal status, the virological status of the mother, if she has been administered a therapy or not,
and the neonatal outcomes of the center (Grade D recommendation). Between 30 and 34 weeks,
the general behavior that is recommended is to terminate pregnancy. In view of the higher
tendency to an increase of reported VT in premature deliveries with PROM even while
receiving ART, the preferred route for delivery shall be cesarean section (Grade D recommen‐
dation)

There is a clear difference in the risk of severe sequels between gestational ages (61.5% at week
23 and 10% at week 28). In view of the higher risk of VT in preterms, a cesarean section shall
be considered (Level 2+ evidence) [21, 56, 58].

Before the use of ART during pregnancy, several studies found a relationship between the
duration of the rupture of membranes and the VT, particularly if such duration was greater
than 4 h. In women with less than 24 h since the rupture of membranes, for every hour that
elapses after the rupture, the risk of vertical transmission rises in 2%. Because the risk of fetal
infection in patients with PROM and very low plasmatic viral load and/or under ART is
unknown, treatment of PROM has not been fully clarified. Several clinical guidelines propose
such management based on expert recommendations (Level 4 evidence) [15-21].
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6. Conclusion

Recommendations and protocols discussed above are easy to implement in countries with
adequate resources, consolidated healthcare systems, and proven functional system with
trained healthcare personnel and high literate population. Countries must strategically choose
their models for the provision of services, taking into consideration the type of epidemics, cost-
effectiveness, equity in access, and available resources. The WHO at present collaborates with
poor countries, proposing a “Health Systems Platform for HIV/AIDS.” Such idea comprises
the following areas that are considered as crucial: (1) labor systems that ensure the availability
of a sufficient number of trained healthcare providers that work in an adequate facility and in
safe conditions, (2) systems to purchase and distribute medications and other supplies, (3) fair
funding systems to prevent people from being pushed into poverty when they become ill, and
(4) healthcare information systems to alert the administrators of healthcare assistance and
those in charge of elaborating policies addressing risks for persons in situations that might
severely worsen. Of all these necessities, the most urgent is the availability of a sufficient
number of health professionals. Nevertheless, there are some experiences gained through the
participation of untrained personnel in some stages of the process; for instance, in the diagnosis
of the condition of HIV carrier, this should not be de-emphasized.
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1. Introduction

Human immunodeficiency viruses 1 and 2 (HIV-1 and HIV-2) infection leads to immunological
failure and Acquired Immunodeficiency Syndrome (AIDS). During transmission and dissem‐
ination within a new host, HIV must overcome several cellular mechanisms aiming to inhibit
or restrict its infection and its spread to other host cells. Not surprisingly, as a well-adapted
human pathogen, HIV has evolved in order to counteract and subvert these cellular inhibitory
factors. Defining how viral and cellular proteins interact remains a critical area of research
with direct implications in the knowledge of transmission, pathogenic mechanisms, vaccine
design and molecular targets for therapeutic intervention.

In this chapter, the mechanisms involved in the inhibitory activity of some cellular proteins
and the way HIV evades those host cell restrictions will be focused on. Particular attention will
be given to the tripartite motif 5 (TRIM5) protein family, involved in viral uncoating; the
retroviral protection factors, apolipoprotein B mRNA-editing enzyme catalytic polypeptide-
like (APOBEC) and Tetherin, involved in the reverse transcription and viral release respec‐
tively; and to the sterile alpha motif [SAM] and histidine/aspartic acid [HD] domain-containing
protein 1 (SAMHD1), which mediates the restriction of HIV-1 replication in dendritic cells.
This review will also delve into the mechanisms of two recently described factors: MxB, which
restricts HIV nuclear import and integration, and cholesterol-25-hydroxylase that converts
cholesterol to a soluble antiviral factor (25-hydroxycholesterol) that blocks HIV fusion with
target cells.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative 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.



2. Brief overview on HIV replication cycle

The replication cycle of HIV can be divided into five major steps: (i) virus-receptor interactions
and fusion; (ii) reverse transcription and proviral integration; (iii) HIV genomic DNA tran‐
scription; (iv) HIV mRNA splicing, nuclear export and translation; and (v) viral assembly,
release and maturation (Figure 1).

The first step of the cycle begins with the binding of the virion gp120 surface subunit (SU
glycoprotein) to CD4 receptor present in T-cells, macrophages and dendritic cells. The SU
glycoprotein and the gp41 transmembrane subunit (TM glycoprotein) remain associated by
non-covalent binding. Both SU and TM are proteolytically cleaved from the envelope (Env)
precursor protein by a cellular convertase, furin, within the endoplasmatic reticulum (ER). The
SU glycoprotein allows viral binding to cellular receptors – CD4 and a coreceptor belonging
to the chemokine receptor’s family – while the TM protein is involved in the fusion between
the viral envelope and the host cell membrane [1]. After initial binding to CD4, SU undergoes
structural changes that lead to the exposure (or formation) of the coreceptor-binding site.
Although several chemokine receptors were identified as mediators of HIV entry in vitro, CCR5
and CXCR4 seem to be the two major coreceptors [2, 3]. After SU glycoprotein binding to co-
receptor additional conformational changes are observed, exposing the N-terminal region of
TM (dubbed the “fusion peptide”), which mediates the fusion between the viral and host
membranes (reviewed in [4, 5]). This viral fusion process may occur through a direct pH-
independent fusion mechanism with plasma membrane [6], or via endocytosis and fusion with
endosomes [7].

After viral fusion, the viral capsid enters the cytoplasm and the viral RNA is converted to
double-stranded DNA, a reaction mediated by the viral reverse transcriptase (RT), that occurs
in a cytoplasmic complex named the reverse transcriptase complex (RTC). RT has three
essential activities for virus replication: RNA-dependent DNA polymerase (i.e. reverse
transcriptase), RNase H activity that cleaves the genomic RNA in RNA/ DNA hybrids during
cDNA synthesis, and DNA-dependent DNA polymerase activity (for synthesis of the second
strand of the proviral DNA). The result is a double-stranded DNA replica of the original
genomic RNA. The double-stranded viral DNA, as part of the preintegration complex (PIC),
penetrates the host cell nucleus through the pores in the nuclear membrane. Another viral
enzyme, integrase, inserts the double-stranded viral DNA in the host cell chromosomal DNA
(reviewed in [8]). The PIC is composed of several cellular and viral components, e.g. viral DNA,
RT, integrase (IN), capsid (CA), matrix (MA) and Vpr proteins. In activated cells, the proviral
DNA is transcribed, acting as a template for mRNA synthesis. The viral mRNA exists as three
distinct classes: multiply spliced (~2kb), single-spliced (4-5kb) and unspliced (9kb). The
multiply spliced transcripts are the first to accumulate soon after infection and encode the
regulatory proteins Tat, Rev and Nef. The accumulation of Rev protein enables the efficient
nuclear export of single-spliced and unspliced mRNA and to an increase in the levels of these
mRNAs (reviewed in [9]).
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Figure 1. Schematic representation of HIV replication cycle. HIV initiates infection by attaching (1) to cellular recep‐
tors: CD4 and a chemokine receptor (co-receptor). The interactions with both receptors trigger the fusion between viral
envelope with cellular membrane, either after endocytosis (2A) or by direct fusion with plasma membrane (2B). The
release of viral nucleocapside into the cytoplasm (3) precedes the formation of the reverse transcriptase complex (RTC)
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where the reverse transcription takes place (4). The RTC transforms to the preintegration complex (PIC), composed by
several cellular and viral components, that is imported to the nucleus where viral DNA is integrated into cellular chro‐
mosomal DNA (5 and 6). The proviral DNA is then transcribed (7) and mRNA migrates to the cytoplasm and translat‐
ed to viral proteins (8). Assembly of different components of viral particles occurs at plasma membrane (9). After
egress and release of immature virions (10), the proteolytical cleavage of Gag polyprotein takes place leading to ma‐
ture virions (11).

After replication, transcription and translation, the viral genome information is ready to
proceed to the final step: the viral assembly, the release and maturation of recently formed
virions. The nucleocapsid assembly occurs through protein-protein interactions mediated by
the uncleaved Gag polyprotein – through the capsid (CA) domain [10] – that also recruits the
viral genomic RNA, through the interaction between the nucleocapsid (NC) domain and the
RNA packaging signal (Psi sequence) [11]. The NC domain also mediates the formation of the
RNA dimer via a palindromic sequence in the dimer linkage structure (DLS) sequence, which
is located in the Psi sequence. In addition, specific cellular tRNAs are packaged. The assembly
of the virus particle, which final steps occur at the plasma membrane (reviewed in [12]), is
partly regulated by the Vpu and Vif proteins, which play an important role in the assembly of
the virus. At the cell membrane, the immature viruses are released and maturation takes place
through polypeptide cleavage mediated by the viral protease. The mature virus is now able
to infect other cells.

3. Organization of viral genome

The majority of replication competent retroviruses depend on three genes: "group specific-
antigen" (gag), "polymerase" (pol) and "envelope"(env) genes. The “classic” structure of a
retroviral genome is: 5'LTR-gag-pol-env-LTR 3 ' (Figure 2). The non-coding LTR ('long terminal
repeat") represents the two ends of the viral genome and they are linked to host cell DNA after
integration. The gag and env genes encode the core and the viral envelope glycoproteins
respectively. The pol gene encodes for the RT, IN and protease [13]. In addition, HIV contains
in its 9.749 kb RNA, six additional genes: vif, vpu (only in HIV-1), vpr, vpx (only in HIV-2), tat,
rev, and nef) which contribute to their genetic complexity and helps virus in several steps during
replication cycle [14].

Figure 2. HIV-1 genome organization. The major viral proteins encoded by gag, pol and env genes are indicated in red.
Numbers indicate the beginning and ending of each gene according to nucleotide numbering of HXB2CG HIV-1 strain
(GenBank accession number: K03455).
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The vif gene codes for Vif, a protein that increases the infectivity of the HIV particle. This
protein is found inside HIV-infected cells, and its main function is to interfere with one of the
innate immune system's defenses - a cellular protein called APOBEC3G [15].

The "Viral protein U", (coded by vpu gene), enhances the release of new viral particles, helping
them to bud from the host cell. Vpu also works within the infected cell to enhance the degra‐
dation of CD4 protein. This has the effect of reducing the amount of CD4 present in plasma
membrane, therefore reducing the likelihood of superinfection [16].

The "Viral protein R", (coded by vpr gene), is incorporated into viral particles through a specific
interaction with Gag proteins. It has several functions during intracellular steps of viral
replication. For instance, Vpr is present in the PIC and has been shown to influence the reverse
transcription and the nuclear import of viral DNA; it also modulates cell cycle progression and
apoptosis of infected cell [17].

Tat and Rev are regulatory proteins coded by tat and rev genes. They are present in the nucleus
of infected cells and bind to defined regions of the viral DNA and RNA. These proteins
enhances the transcription of proviral DNA into mRNA, promote the RNA elongation,
stimulate the transport of HIV-1 mRNA from the nucleus to the cytoplasm and also are
essential for translation [9].

Tat is a regulatory transactivator protein, which enhances the activation of HIV long terminal
repeat (LTR) increasing the efficiency of HIV genomic transcription. This enhancement is also
the result of additional interaction between Tat and cellular transcription factors such as NF-
κB and SP-1. Furthermore, Tat also plays a crucial role in AIDS pathogenesis, especially in the
development of HIV-associated dementia, dysregulation of cytokine expression and induction
of apoptosis [9]. As referred earlier in this chapter, Rev facilitates the nuclear export of single-
spliced and unspliced viral mRNAs (~4 kb and ~9 kb mRNAs respectively). The molecular
mechanism underlying Rev activity involves a direct interaction between Rev protein and a
cis-acting sequence-specific target named RRE (Rev-responsive element). RRE is found within
the env gene in all incompletely spliced mRNAs [9, 18]. It has been shown that Nef protein has
several functions. It induces down-regulation of CD4 [19] and the HLA class I and II molecules
from the surface of HIV infected cells [20], which may represent an important escape mecha‐
nism for the virus to avoid recognition by CD4+ T cells. Nef may also interfere with T cell
activation, as a result of selective binding to various proteins that are involved in intracellular
signaling [21].

4. Cellular factors with inhibitory activity on HIV replication and
implications in viral pathogenesis

Innate immunity had evolved as a mechanism to defend eukaryotes from bacterial and viral
infections. These mechanisms rely on different cellular restriction factors that suppress the
replication of the pathogens, namely retroviruses [22].
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During HIV-1 infection, incoming viral RNA triggers a TLR7/8-mediated innate immune
response, resulting in the production of type I interferon (IFN). In particular IFNα has been
shown to be up-regulated after TLR sensing during acute infection with HIV-1 or SIV [23-25].
Accordingly, initial observations in vitro revealed that pre-treatment of macrophages with
type-I IFN inhibited the replication of HIV-1, indicating that potent inhibitory factors were
induced after IFN exposure [26, 27]. Most of them are still uncharacterized.

The identification of cellular restriction factors and the viral proteins that antagonize those
restrictions have stimulated an active area of research that explores crucial mechanisms
underlying HIV interference with cellular restriction factors and innate immunity. In this
subchapter specific cellular factors with inhibitory activity on HIV replication are discussed
including how viral-encoded proteins counteract these factors.

4.1. TRIM5α

The search for the mechanisms underlying the innate cellular resistance to retroviral infections
shown by different non-human primate species, has led to the identification of a cytoplasmic
factor that prevented infection of Old World monkeys by HIV-1 [28]. This factor – TRIM5α –
was identified as a member of the tripartite motif (TRIM) family of proteins, a large family of
cellular proteins with distinct biological activities including innate immune signaling [29].
After its initial identification in rhesus macaques (rhTRIM5α) [28] and owl monkeys (TRIM‐
Cyp) [30], TRIM5α was also identified as a retroviral restriction factor in humans [31, 32] that
is induced by both type I and type II IFN [33].

Different models have been proposed for retroviral inhibition mediated by TRIM5 proteins
[34]. They suggest that these proteins mediate restriction by directly binding to specific
determinants in the viral CA protein, blocking HIV replication soon after viral release in host
cell cytoplasm. The TRIM proteins family is defined by three domains (RING, B-Box2, and
Coiled- Coil), which are present in all members of this family. The N-terminal RING domain
possesses E3 ubiquitin ligase activity that is crucial for retrovirus restriction [35, 36]. The B-
Box2 and Coiled Coil (CC) domains are thought to contribute to the higher and low order
multimerization of TRIM5α, respectively. The TRIM5α also possesses a C-terminal capsid
binding domain that mediates specific recognition and restriction of certain retroviruses [37].
The recognition of viral capsid determinants (CA protein) relies on three variable regions
present in the C-terminal domain of TRIM5α, and apparently they are equally involved in
retrovirus recognition and restriction [38-41].

Several studies have addressed the mechanisms by which TRIM5α protein prevents viral
infection and different models have been proposed to explain this restriction. The “accelerated
uncoating” model was based on the observation that cytosolic CA protein was specifically
dissociated in rhTRIM5α-expressing cells [42] leading to the proposal of a “proteasome
independent capsid degradation” mechanism. This model suggests that the stripping of capsid
protein prevents viral RTC to proceed to subsequent steps in infectious replication cycle,
namely the reverse transcription and nuclear import [42]. An alternative model was primarily
based on the observation that proteasome inhibitors allows reverse transcription and integra‐
tion, without affecting the TRIM5α-mediated restriction [43, 44]. Accordingly, a “two-step
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restriction mechanism” was proposed, suggesting that restriction activity of TRIM5α occurs
by both proteasome-dependent and -independent pathways. The relative contribution of each
pathway is apparently dependent on host cells-viruses combinations [45].

4.2. APOBEC3

One  important  form  of  intrinsic  immunity  against  retroviral  infections  is  provided  by
apolipoprotein  B  mRNA-editing  enzyme  catalytic  polypeptide-like  (APOBEC)  family
proteins,  and  particularly  by  human  APOBEC3G  (A3G)  and  APOBEC3F  (A3F)  [46-49].
These two proteins are cellular antiretroviral factors that possess inhibitory activity against
HIV-1 replication [22, 48, 50].

APOBEC proteins act on single-stranded DNA or RNA substrates and their main function is
to induce alterations in the nucleotide sequence through cytidine deamination, converting
cytidines to uridines (C to U) or deoxycytidines (dC) to deoxyuridines (dU).

The A3G protein, which expression seems to be regulated at a transcriptional level through
NFAT and IRF binding to specific sites located in A3G promoter region [51, 52], is packed
inside newly formed HIV-1 virions by a specific interaction with the amino-terminal region of
NC domain of HIV-1 Gag polyprotein [53-57]. As expected due to the interaction with NC,
A3G is present in viral core as a ribonucleoprotein complex together with genomic RNA, NC,
IN and Vpr [58]. Interestingly, binding of A3G to HIV genomic RNA led to inactivation of
deaminase activity, while the action of HIV RNase H, which degrades the RNA chain during
reverse transcription activates its enzymatic activity [58]. After viral entry into a new cell and
during reverse transcription, the released A3G targets the minus-strand DNA product and
induces a dC to dU deamination resulting in a dG to dA hypermutation in the HIV-1 double-
stranded DNA genome of the replicating virus. This hypermutation activity ultimately
introduces mutations and stop codons that disrupt the normal expression and function of viral
proteins [46, 59]. A3G can also interfere directly with viral reverse transcriptase preventing
RT-dependent cDNA elongation independently of deaminase activity [60]. Finally there is also
evidence suggesting that A3G reduces the integration of HIV-1 DNA by interfering with PIC
functions [61, 62]. In addition to A3G, also A3F seems to exhibit inhibitory activity against
HIV-1 replication [47, 49, 63, 64].

Despite their ability to hinder HIV replication, these proteins only show their potent inhibitory
effect with HIV-1 mutants lacking a functional vif gene, since the Vif protein expressed by wild-
type HIV-1 blocks the function of these host cell proteins [50, 65-70]. Basically, Vif binds to
A3G in the cytoplasm of infected cell and directs it for polyubiquitination and proteasomal
degradation, preventing its inclusion into the newly formed virions thus overcoming the
inhibition of viral replication mediated by A3G [67-69, 71]. A cellular E3 ubiquitin ligase
complex consisting of cullin5, elonginB, elonginC and RING finger proteins that binds an E2
ubiquitin-conjugated enzyme, induces the polyubiquitination of A3G. This complex is
recruited by Vif that connects it to its substrate inducing the polyubiquitination of A3G [67-69,
71-73]. Additionally, Vif also interferes with the translation of A3G mRNA, reducing its
intracellular pool [72, 74].
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Besides A3G and A3F proteins, the human genome also contains genes encoding five others
members of the APOBEC3 family. However, of these five additional genes, apparently only
three (APOBEC3A, APOBEC3B and APOBEC3C) are expressed in human cells. Recent data
shows that APOBEC3A is recruited at post-entry HIV-1 replication complexes [75-79]. Its
expression is induced in monocyte-derived macrophages (MDM) by interferon-alpha (IFN-α)
and it seems to promote resistance to HIV-1 infection in MDM [75]. The APOBEC3C protein
is a weak inhibitor of wild-type or vif-deficient HIV-1 [63, 64, 80] although it was described,
together with APOBEC3B, as a potent inhibitor of simian immunodeficiency virus (SIV)
replication [81]. As for A3G, the APOBEC3B protein is also packed inside HIV-1 virions due
to a specific interaction with the NC protein. It induces a potent inhibition of HIV-1 replication
and it seems to be resistant to HIV-1 Vif protein [82]. However, APOBEC3B is expressed at
very low levels in human tissues, in contrast to A3G and A3F [82].

4.3. Tetherin/ BST-2

In early 2008, an additional restriction factor dubbed Tetherin, previously referred to as BST-2,
CD317 or HM1.24, was described [83, 84]. The main function of this IFN-induced protein [85,
86] remained elusive until it was identified as an intrinsic antiviral factor that restricts the
egress of HIV and other enveloped viruses by tethering mature virions to the host cell
membrane [83, 84, 87-91]. Tetherin is a type II membrane protein highly expressed at the
plasma membrane of B cells at all differentiation stages, bone-marrow CD34+ cells and T-cells
[92]. It has an unusual topology consisting of an amino-terminal cytoplasmic tail (CT), followed
by a transmembrane region that anchors tetherin to the plasma membrane and a coiled-coil
extracellular domain that is also linked to the plasma membrane by a carboxy-terminal
glycophosphatidylinositol (GPI) anchor [93, 94]. Due to the presence of this GPI anchor,
tetherin is mainly located in cholesterol-rich microdomains also referred as “lipid rafts”.
Tetherin is involved (through the CT domain) in the organization of subapical actin cytoske‐
leton in polarized epithelial cells [95] and unlike other GPI-anchored proteins, is endocytosed
from lipid rafts in a clathrin-mediated pathway [96].

Coincident with the identification of tetherin as an antiviral factor, it was also found that it was
the target of the HIV-1 accessory protein Vpu, providing a plausible mechanism for the well-
established but ill-defined, virus-release function of Vpu [83]. The Vpu is a small transmem‐
brane (TM) protein encoded by the vpu gene present in the genomes of HIV-1 and some SIV
strains, but absent in HIV-2. It is anchored to the plasma membrane of the infected cell by its
amino-terminal region. Initial studies showed that Vpu protein besides its ability to degrade
CD4 protein [97], was also required for efficient replication of HIV-1 in some cell types and that
the restriction factor counteracted by Vpu was a protein located at cell surface [16, 98-101]. This
factor was found to be IFNα-inducible and showed the ability to block the release of Vpu-
defective virions by directly tethering them to the plasma membrane of virus-producer cells.
The trapped virions are subsequently internalized by endocytosis and probably degraded in
lysosomes [83, 85]. Remarkably, the lipid rafts localization of tetherin is coincident with the
preferential site for budding and egress of enveloped viruses [102, 103], providing further
explanation for the mechanism by which tetherin blocks virion release. Several aspects of the
Vpu-mediated antagonism of tetherin are still controversial. It was initially proposed that Vpu
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impairs the transport of newly synthetized tetherin by sequestering it within the trans-Golgi
network [104-106]. Additionally, Vpu might block the recycling of tetherin after its internaliza‐
tion from the lipid rafts [104, 106, 107]. Finally, it was also proposed that Vpu might directly
internalize tetherin from cell membrane [108-110]. Interestingly, it was observed that treat‐
ment with proteasomal inhibitors lead to increased levels of tetherin and loss of Vpu-mediat‐
ed  enhancement  of  HIV-1  release.  These  results  suggest  that  the  Vpu-induced  down-
regulation of tetherin might at least in part involve proteasomal degradation of the restriction
factor  [111-113].  The  exact  mechanisms  of  tetherin  down-modulation  from  cell  surface,
intracellular  sequestration or  degradation remain to  be  determined.  These  three  distinct
mechanisms may act cooperatively counteracting tetherin to varying degrees in different
cellular contexts. Regardless the model that is preferentially observed, binding of Vpu to tetherin
through TM-TM interaction seems to be crucial for Vpu antagonism of the restriction factor
[108, 111, 114, 115].

Despite the wide cellular distribution of tetherin and the need to counteract its viral restriction
action, most primate lentiviruses do not contain a vpu gene. Some (e.g. SIVsmm, SIVmac, and
SIVagm) use their Nef proteins to antagonize tetherin function [116-118]. This is not surprising
since Nef protein - a myristoylated protein coded by nef gene essential for HIV replication in
vivo - is known to act as an adaptor protein interacting with different cellular proteins. Through
these interactions Nef manipulates cellular trafficking, signal transduction and gene expres‐
sion in HIV infected cells (reviewed in [119]). Apparently, Nef targets the cytoplasmic tail of
tetherin reducing its expression at host cell membrane [116, 118]. In alternative to Nef, HIV-2
relies on its envelope glycoprotein Env to antagonize tetherin. The proposed mechanism
suggests that Env interacts directly with the ectodomain of tetherin, sequestering it away from
sites of virus budding and targeting it to clathrin-mediated endocytosis [120].

Besides the referred lentiviruses, the antiviral activity of tetherin was also demonstrated
against a broad range of unrelated viruses, such as filoviruses [87, 88], arenaviruses [88] and
herpesviruses [121, 122]. For some of these viruses specific viral encoded antagonists has been
described. For example, human herpesviruses 8 (HHV-8, also known as Kaposi's Sarcoma
herpesvirus) uses K5/MIR2 - a viral protein belonging to the membrane-associated RING-CH
ubiquitin ligase family - to ubiquitinate tetherin and target it for degradation [121]. In Ebola
virus - a filovirus associated with hemorrhagic fever outbreaks - the tetherin-mediated
restriction is counteracted by viral envelope glycoprotein [123] in a process similar to the
described sequestration of tetherin by HIV-2 Env.

4.4. SAMHD1

Myeloid-lineage cells, including monocytes, dendritic cells (DCs) and macrophages, play a
multifaceted role in HIV-1 initial infection and viral dissemination during acute infection. In
particular, the interactions between HIV and DCs are connected with all aspects of HIV
infection in vivo, including transmission, pathogenesis and immune control (recently reviewed
in [124]). DCs exposed to HIV during sexual transmission help viral dissemination and
systemic infection by two distinct mechanisms: by becoming productively infected or by
transferring HIV to CD4+ T cells during immunologic synapse (IS), even in the absence of DCs
infection [125-127].

Inhibition of HIV Replication by Host Cellular Factors
http://dx.doi.org/10.5772/60795

83



Although DCs can be infected, HIV replication is generally less productive compared with CD4+
T cells. Nevertheless, extensive viral replication takes place once DCs come into contact with
CD4+ T cells in lymphoid tissue in the context of IS [128]. This implies that HIV must be able to
evade DC’s innate immune sensing and endolysosomal degradation and then make use of DC
maturation and migration to draining lymph nodes to be transmitted to highly susceptible T
cells during antigen presentation process within lymph nodes (reviewed in [129]).

Infection by DNA or RNA viruses triggers innate immune responses when host recognizes
specific viral molecular structures (e.g. nucleic acid and surface glycoprotein), called pattern-
associated molecular patterns (PAMPs) [130-132]. These PAMPs are recognized by pattern-
recognition receptors (PRRs), such as Toll-like receptors (TLRs), RIG-I-like helicases (RLH),
and cytosolic DNA sensor proteins. Inside the cytoplasm, viral nucleic acid can be detected by
different PRRs depending on the cell type. For example, TLR7 and TLR9 are responsible for
detection of viral RNA and DNA, respectively, in plasmacytoid dendritic cells (pDCs), whereas
RLHs detect viral RNA in conventional DCs, macrophages and fibroblasts [133, 134]. The
recognition of PAMPs by the PRRs activates several transcription factors, namely nuclear
factor-κappa binding (NF-κB) and IFN regulatory factors (IRFs). This activation leads to the
production of pro-inflammatory cytokines and type-I IFNs (IFN-α and IFN-β), respectively
(reviewed in [130]). The production of type-I IFNs induces the expression of hundreds of
interferon-stimulated genes (ISGs) [135], providing crucial mechanisms of antiviral defense
by inhibiting viral replication and spread. For example, during HIV Infection, viral single-
stranded RNA (ssRNA) is recognized by TLR7/8 initiating anti-HIV immune response by
inducing type I IFN. However, as a well-adapted human pathogen HIV must be able to avoid
– at least in part – these cell sensing mechanisms in order to evade host innate immunity.

Sterile alpha motif (SAM) and histidine/aspartic acid (HD) domain-containing protein 1
(SAMHD1), an analogue of the murine IFN-y-induced gene Mg11 [136], was identified as a
HIV-1 restriction factor that blocks early-stage virus replication in DCs and other myeloid cells
[137, 138]. It acts by depleting the intracellular pool of deoxynucleoside triphosphates (dNTP),
thus impairing HIV-1 reverse transcription and productive infection [139-141]. The expected
lower replication in DCs may enable HIV-1 to avoid intracellular viral sensor that would
otherwise trigger IFN-mediated antiviral immunity [142, 143]. It seems that while SAMHD1
effectively renders DCs less permissive to HIV-1 infection, it is somewhat paradoxically
responsible for the HIV-1 evasion of immune sensing and subsequent poor priming of adaptive
immunity.

HIV-2 brings in a new and interesting element: Vpx (an accessory protein encoded by vpx gene,
present in SIVsm/SIVmac and HIV-2), that is believed to have originated by duplication of the
common vpr gene present in primate lentiviruses [144], possibly to compensate for a theor‐
ised low HIV-2 RT affinity for dNTPs [145, 146]. This accessory protein antagonizes the effect
of SAMHD1 by targeting it for proteasomal degradation using the host cell E3 ubiquitin ligase
complex, in which Vpx interacts with the DCAF1 subunit of the CUL4A/DDB1 ubiquitin ligase
to degrade SAMHD1 via the proteasome [137, 139, 147, 148]. The degradation of SAMHD1
renders HIV-2-infected DCs much more permissive to productive infection and viral replica‐
tion, allowing faster accumulation of full length viral DNA [148]. This results in a widely positive
DC-specific effect in the innate immune sensing of HIV-2 infection [143, 146, 148, 149] and it
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may be related to the lower viral load and slower progression to AIDS that is characteristic of
HIV-2 infection (reviewed in [150]). The immunologically positive effects of Vpx was also
demonstrated in monocyte-derived DCs (MMDCs) infected with HIV-1 where an increased
type I IFN production and up-regulation of CD86 was only observed in the presence of Vpx
[146]. Hence, by avoiding productive infection of MDDCs through preservation of SAMHD1
function,  HIV-1 may also control  viral  antigen presentation,  resulting in qualitatively or
quantitatively minor CD8+ and CD4+ responses [146, 149, 151]. Furthermore, individuals with
low SAMHD1 activity or silenced SAMHD1, present an enhanced immune response to HIV-1
infection, as previously hypothesised [139, 143] [139, 143] and demonstrated [146].

4.5. MxB

The myxovirus resistance (Mx) genes were discovered in the 1960s when it was observed that
wild mice were resistant to influenza viruses, whereas inbred mice were susceptible [152]. This
trait was later mapped to a locus on mouse chromosome 16 [153-156]. Mx family proteins are
found in almost all vertebrates, demonstrating their evolutionary importance for host organ‐
isms [157]. Humans Mx gene resides on chromossome 21 [158] and encodes two proteins, called
MxA and MxB, that belong to the family of dynamin-like large GTPases. The MxA protein has
been recognized as a potent cell restriction factor with antiviral activity against pathogenic
DNA and RNA viruses [159].

The X-ray crystal structure of human MxA showed that this protein can be divided into a
globular GTPase head, a largely C-terminal α-helical stalk domain and a series of α-helices
found in sequences adjacent to these domains which fold in the protein tertiary structure to
form the bundle signaling element (BSE) [160]. On the basis of sequence homology and
computer modeling the predicted structure of MxB is almost superimposable with that of MxA,
having 63% amino acid sequence identity.

In contrast to human MxA protein that inhibits a variety of viruses [161], MxB was initially
described as lacking antiviral activity against influenza or vesicular stomatitis virus [162].
Instead, MxB was solely related to cellular functions, such as regulating nuclear import and
cell-cycle progression [163, 164].

This view was challenged in 2011, when Schoggings and collaborators addressed an overex‐
pression screening to test the antiviral activity of more than 380 human interferon stimulated
gene (ISGs) products against a panel of viruses, where they first uncovered an antiviral activity
of human MxB against HIV-1 [165].

More recently, three additional studies [166-168] showed that MxB overexpression potently
reduces the permissiveness of the cells in a single-cycle HV-1 infection assay. They also
demonstrate that silencing MxB expression reduced the inhibitory potency of the interferon-
α demonstrating its importance in the interferon-mediated response against the early steps of
HIV-1 infection.

The next step was to understand which specific post-entry event of the HIV replication cycle
was affected by MxB expression. Recent studies agreed that MxB expression potently inhibited
HIV-1 infection after reverse transcription but before integration [166-168]. So MxB might be

Inhibition of HIV Replication by Host Cellular Factors
http://dx.doi.org/10.5772/60795

85



interfering with one or more of the following processes: 1) HIV-1 uncoating; 2) nuclear import
of the HIV-1 PIC; or 3) nuclear maturation of the PIC.

Fricke and colleagues [169] suggested a model in which MxB binds to the HIV-1 core in the
cytoplasm of the cell and prevents the uncoating process of HIV-1 through stabilization of
incoming viral capsides. In addition, they demonstrated that MxB requires capsid binding and
oligomerization for effective restriction.

More recently, Matreyek et al. [170] observed that MxB restricts HIV-1 after DNA synthesis at
steps that are coincident with PIC nuclear import and integration.

HIV-1 RNA is reverse transcribed into double stranded linear DNA and carries a fraction of
the viron CA protein [171, 172]. HIV-1 CA protein is known to play a central role in mediating
physical interactions with several host proteins involved in the post-entry step of infection.
Some identified residues of CA involved in binding to cyclophilin A (CypA), TRIM5α, TNP03,
CPSF6, NUP153 and NUP358/RanBP2 are also critical for the sensitivity of HIV-1 to the
antiviral action of MxB. Results obtained by Liu and colleagues indicate that both silencing of
CypA expression or disruption of the CA-CypA interaction by addition of cyclosporine A
abrogated the antiviral activity of MxB, thus CypA binding to the HIV-1 CA appears to be
required for MXB restriction. Furthermore, results obtained by diverse groups indicate that
CA mutations counteracted MxB restriction [165-168, 170].

The viral integrase (IN) protein processes the long terminal repeat (LTR) ends of the viral DNA
to yield the integration-competent PIC, which subsequently transports the viral DNA into the
nucleus for IN-mediated integration [173]. Matreyek and collaborators [170] found evidence
for an additional block in the formation of 2-LTR circular viral DNA (that are only present in
the nucleus, and thus have been utilized as a marker of nuclear entry of viral DNA [174]). In
contrast, results obtained by Liu and collaborators [167] showed that MxB reduces the levels
of integrated HIV-1 DNA, though it does not affect the amount of 2-LTR circles. They con‐
cluded that MxB impairs the integration step and spares the nuclear entry of viral DNA.

Apparently, MxB antiviral activity is independent of its GTPase active site residues or stalk
domain Loop4 (both previously shown to be necessary for MxA function) that confer func‐
tional oligomerization to related dynamin family proteins [166, 168]. There are two locations
in MxB that exhibit the greatest sequence dissimilarity with MxA. The first one is Loop4 that
is not critical for MxB antiviral activity but is important for the MxA inhibition of Influenza A
and Thogotovirus infection [170, 175]. The other part of MxB with greatest dissimilarity to
MxA is the N-terminal region. The specific particular functions conferred by this region are
particularly important for MxB activity and consequent HIV-1 restriction [170].

In a global perspective, the post-entry step of HIV-1 replication cycle appears to be quite
vulnerable to the actions of IFN-inducible restriction factors: TRIM5α, APOBEC3 proteins,
SAMHD1 and, more recently, MxB use distinct mechanisms to prevent integration of this
pathogenic virus in host genome. Certainly it will continue to be of interest to the scientific
community the study of restriction factors of viral infection by antiviral host factors due to its
impact in many areas. These findings raises hope as a potential clinical and epidemiological
relevant approach which could be exploited to control HIV infections and AIDS.
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4.6. Cholesterol-25-hydroxylase

Recently, a new antiviral IFN-induced protein (cholesterol 25-hydroxilase; CH25H) was
identified as being able to block the fusion between viral envelope and target cell membrane.
It exhibits a broadly antiviral activity against several enveloped virus including HIV, Ebola
virus (Zaire strain), vesicular stomatitis virus, herpes simplex virus I, Rift Valley fever virus,
Nipah virus, Influenza A (H1N1) virus and varicella zoster virus [176, 177]. It also revealed
antiviral effect against poliovirus [178], a non-enveloped virus. The IFN-induced cholester‐
ol-25-hydroxylase (Ch25h) gene encodes an endoplasmic-reticulum-associated enzyme
(CH25H) that mediates the oxidation of cholesterol, by the addition of an extra hydroxyl group
at position 25, converting it to 25-hydroxycholesterol (25HC). 25HC belongs to a large class of
endogenous cholesterol derivatives named oxysterols. In addition to their involvement in basic
metabolic processes, e.g. bile acids production in the liver [179], oxysterols also play a key role
in several signaling pathways that influence the activation of macrophages, T-cells and B-cells,
and thus the regulation of inflammatory response [177, 180-188].

Although several antiviral mechanisms have been suggested for CH25H and 25HC, they seem
to inhibited HIV-1 replication by blocking the virus-cell fusion step [176]. One possible
mechanism underlying this effect is the induction of cellular membrane changes affecting the
topology and permissiveness for fusion of host cell membrane. There is extensive evidence
that the lipid composition of target cell membrane influences HIV-1 fusion and entry. In fact,
though the fusion event is triggered by HIV envelope glycoproteins, lipids also play a key role
in virus-cell membrane fusion by themselves, directly affecting the viral receptor accessibility
and distribution in lipid rafts domains of the plasma membrane, or the membrane fluidity and
curvature [189]. The modifications in cellular membrane architecture induced by 25HC
(considerably more hydrophilic than cholesterol [190]) would be of outstanding importance
in the complex protein-lipid interplay required for successful virus-cell fusion events [176].

5. Conclusion

The pathogenesis of HIV infection is a highly complex network of interconnected processes.
It likely borrows much of its complexity from the co-evolution with several mammalian species
that HIV and predecessors lentiviruses have enjoyed over an unknown, but rather long period
of time. During the complex interplay between HIV and host cell, different intrinsic cell factors
are involved that mitigate or restrict HIV replication and spread as shown in Figure 3. Some
of these host restrictions factors that have been identified inhibit early steps of replication cycle.
In fact, the post-entry step of HIV-1 replication cycle appears to be quite vulnerable to the
actions of IFN-inducible restriction factors: TRIM5α, APOBEC3 proteins, SAMHD1 and, more
recently, MxB and cholesterol 25-hydroxylase, all of them use distinct mechanisms to prevent
integration of viral DNA into host genome. The best characterized of these are the TRIM5α
and the APOBEC3 proteins. APOBEC3 interacts with the nascent DNA during reverse
transcription while TRIM5α interacts with incoming viral capsids resulting in premature
disassembly. SAMHD1 protein acts prior to integration, by depleting the intracellular pool of
deoxynucleoside triphosphates (dNTP), therefore impairing HIV-1 reverse transcription and
accumulation of HIV double stranded DNA. Another restriction factor, Tetherin (BST- 2/
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CD317), acts in late steps of viral replication cycle, by preventing viruses from leaving the cell
during budding and release of viral particles. The recently described factors MxB and choles‐
terol 25-hydroxylase seem to inhibit the nuclear import/integration of viral DNA and the viral
fusion events, respectively. Remarkably, despite this array of restriction factors, HIV had
created viral proteins to subdue these restrictions emphasizing how well adapted this virus is
to human host.

Figure 3. Schematic representation of a simplified replication cycle of HIV and the different steps that are blocked
by cellular restriction factors. The cholesterol-25-hydroxylase blocks viral fusion with target cell membrane; TRIM5α,
SAMHD1 and APOBEC3G impair viral DNA synthesis either by accelerating capsid disintegration, reducing dNTPs
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intracellular pool or by introducing mutations in nascent chain of viral DNA; MxB impairs the nuclear import and/or
the integration step; and finally, Tetherin induces virion retention at the host-cell membrane.

Finally, the identification of cellular restriction factors, such as those referred in this chapter,
and the disclosure of the mechanisms by which they impede viral replication, also enabled the
identification of new promising targets for therapeutic intervention. In fact, it is increasingly
clear that the most successful treatment and/or prevention strategies will likely be derived
from the modulation of human cell functions rather than acting directly upon viral mecha‐
nisms.
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1. Introduction

HIV is known to be associated with a wide range of immunological and haematological
changes.The immunological changes include depletion in CD4+ T cell, cytokine dysregulation
and immune dysfunction. The dominant immunologic feature of HIV infection is progressive
depletion of the helper T cell (CD4+ T cell), which reverses the normal CD4:CD8 ratio and
subsequently lead to immunodeficiency. CD4+ T cells interact with antigen presenting cells
(APCs), B cells, cytotoxic T cells (CD8+ T cells) as well as natural killer cells. Thus, infection
and depletion of CD4+ T cell population could induce profound immunodeficiency in such
patients.

The haematological changes occur mainly due to several factors such as marrow defects and
immune cytopenias. It is caused by HIV infection, either directly to the bone marrow, oppor‐
tunistic infections, development of lymphoma as a secondary neoplasm and side effects of the
drugs used for the treatment or drugs used for the complicating infection or lymphoma. In
order to further understand the immunological and haematological changes that occur in HIV
infection, the chapter begins with the review of immune system as well as normal haemato‐
poiesis. It further highlights the importance of changes associated with clinical symptoms in
patients with HIV.

2. The human immune system

The immune system plays an important role to protect the host from infectious agents such as
bacteria, viruses, fungi and parasites. In addition, it is also important in the identification and
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elimination of tumor cells as well as in response to injury and trauma. Thus, an effective and
efficient immune system is essential as a host defense mechanism against infectious diseases
and cancer. The immune system can be further subdivided into innate and acquired or
adaptive immunity (Table 1).

Innate immunity Acquired immunity

Physico-chemical barriers Skin Cutaneous and mucosal immune systems

Mucosal membranes Antibodies in mucosal secretions

Lysozyme

Stomach acid

Commensal bacteria in gut

Circulating molecules Complement Antibodies

Immune Cells Granulocytes B lymphocytes

Monocytes/macrophages T lymphocytes

Natural killer cells

Soluble mediators Macrophage-derived cytokines Lymphocyte-derived cytokines

Table 1. Components of the innate and acquired immune systems [1].

2.1. Innate immunity

Innate immunity is the first line of defense mechanism against the invading agents present at
birth. The innate immune system includes physico-chemical barriers, circulating molecules,
immune cells as well as soluble mediators [1, 2]. As compared to acquired immunity, innate
immunity has no memory, poor specificity and has immediate response with lower potency.

2.2. Acquired immunity

The acquired or adaptive immune response is the second line of defense mechanism which
offer better protection against re-exposure to the same pathogen [2]. The acquired immune
system is further subclassified into humoral mediated immunity which involves antibody
production by B lymphocytes and cell mediated immunity comprising CD4+ and CD8+T
lymphocytes. Acquired immunity has immunological memory and it is highly specific. The
specificity occurs because each lymphocyte carries surface receptors for a single antigen [1].
When compared to innate immunity, it has slower response, however it is much more potent
and robust and the response varies among individuals.

Innate and adaptive immune systems as well as complement counteract each other to produce
an effective function and mechanism of eliminating the invading agents.
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2.2.1. B lymphocytes

B lymphocytes are known by their ability to produce antibodies (immunoglobulins), which
are specific for particular antigen [1]. Antibodies work in several ways to combat invading
pathogens. Some pathogens, particularly viruses and some bacteria as well, infect individuals
by entering cells. Some of these pathogens escape humoral immunity and later on will be
encountered by cell-mediated immunity, which is conferred by T lymphocytes.

2.2.2. T lymphocytes

Mature T lymphocytes express T-cell receptors on their surface. They are able to recognize
only those antigens which are associated with the protein termed major histocompatibility
complex (MHC): in humans the MHC is known as human leukocyte antigen (HLA) [2] that
are presented to them on a cell surface by antigen presenting cells (APCs) [2]. When an APC
(e.g. macrophage) encounter an antigen or pathogen, it will engulf, process and present the
pathogen to the T cell [2].

T lymphocytes can be further subdivided into CD4+ T cells (Helper T cells) and CD8+ T cells
(Cytotoxic T cells). CD4+ T cells are further subclassified into Th1 (T helper 1) and Th2 (T helper
2). Th1 is important for eliminating intracellular pathogen whereas Th2 is important for
immunity against extracellular pathogen [2].

The regulation of the immune response is shown in Figure 1. The Th1 cells are involved in cell-
mediated immunity against intracellular pathogens. They produce cytokines such as inter‐
leukin-2 (IL-2), interferon-gamma (IFN-gamma) and interleukin-10 (IL-10) [2]. IL-2 promotes
proliferation of T lymphocytes [2] while IFN-gamma activates the cells involved in the
elimination of pathogens and cells with tumour properties (e.g. monocytes, macrophages,
cytotoxic T lymphocytes, natural killer cells) [1]. By contrast, the Th2 cells are mainly involved
in humoral immunity and immunity against helminthic infection [2]. They produce cytokines
such as IL-4, IL-5, IL-10 and IL-13. It is known that IL-4 stimulates proliferation of B lympho‐
cytes while IL-5 promotes activation of eosinophils [2]. IL-10 has inhibitory effect while IL-13
involves in allergic reaction and helminthic infection [2]. Thus, both Th1 and Th2 cells and
their cytokines counteract with each other to regulate the immune response [1].

The communication within the acquired immune system and between innate and acquired
immunity involves cell surface proteins (e.g. adhesion molecules) and the soluble molecules
which can produce signals from one cell to another, that is called cytokines [1].

2.3. Cytokines

Cytokines are a diverse group of intercellular signaling peptides and glycoproteins with
molecular weight between 6000 and 60,000. They are produced by a variety of tissues and
cells  in response to stimuli  [2].  Cytokines have diverse and pleiotropic  effects  [4].  Their
binding to specific receptors on the cell surface leads to changes in growth, development
or activity of the target cells. They do not only regulate immune and inflammatory responses
but also involve in wound healing, haematopoiesis, angiogenesis as well as other biologic
processes [2, 4].

Immunological and Haematological Changes in HIV Infection
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3. Immunological aspects of HIV infection

3.1. Clinical features of HIV infection

In primary infection of HIV-1, patients may be asymptomatic though sometimes the disease
is self-limiting. Within the incubation period of about 6 weeks, patients can present with a
mononucleosis-like syndrome, which is characterized by fever, cough, painful swallowing,
myalgias, arthralgias, diarrhea as well as maculopapular rash and lymphadenopathy [5]. In
most circumstances, the symptoms are usually mild as contrasted to severe cases, where
pneumonitis, oropharyngeal and esophageal ulcers may occur. Encephalitis, meningitis,
neuropathy, radiculopathy and myelopathy are not common sickneses in HIV infection.
Although the true incidence of this syndrome is not precisely known, it may also depend on
the degree of exposure to the virus, it may be as high as over 50% in persons who acquire HIV-1
infection [5].

World Health Organization [6] categorized an adult or adolescent (aged > 12 years) as having
AIDS in presence of at least two of the major signs in combination with one of the minor signs
(Table 2).

The diagram shows the mechanism of regulation of immune response. Th1 is mainly involved in cell-mediated im‐
munity and offers protection against intracellular pathogens while Th2 is important in humoral immunity, protection
against helminthic infection as well as allergic or atopic diseases such as allergic rhinitis, asthma etc.

Figure 1. The regulation of immune response [3]
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Major signs Minor signs

⋅ Weight loss of more than 10% bodyweight
⋅ Chronic diarrhea for more than 1 month
⋅ Prolonged fever for more than 1 month (intermittent or
constant)

⋅ Persistent cough for more than 1 month*
⋅ Generalised pruritic dermatitis
⋅ History of herpers zoster
⋅ Oropharyngeal candidiasis
⋅ Chronic progressive or disseminated herpes ⋅ simplex
infection
⋅ Generalised lymphadenopathy

* Persistent cough for more than 1 month should be considered as a minor sign in patients with tuberculosis

Table 2. Major and minor signs of HIV infection [6].

3.2. The classification of HIV disease

The staging and classification of HIV disease are standard tools for monitoring HIV epidemic
and also serve as a guide for clinicians in managing HIV patients. It provides important
information for patients and clinicians regarding the staging of HIV disease and clinical
management. Currently, two major classification are used: World Health Organization (WHO)
Clinical Staging and Disease Classification System and the United State Centers for Disease
Control and Prevention (CDC) Classification System.

The WHO Clinical Staging and Disease Classification System (revised in 2007) is usually used
in resource-constrained settings without access to CD4 cell count measurements or other
diagnostic and laboratory methods [7] The system classifies the HIV disease based on the
clinical manifestations of patients. By contrast, the CDC classification system assesses the HIV
disease severity by CD4 cell count as well as by the presence of specific HIV-related conditions
[7]. This classification system is usually beneficial in the clinical as well as epidemiologic
research.

3.2.1. WHO clinical staging of HIV/AIDS and case definition

The clinical staging and case definition of HIV was developed by WHO in 1990 and revised
in 2007. It is based on the clinical findings rather than CD4 cell count. This staging system has
been used by some countries for managing HIV patients where the CD4 cell count testing is
not available [7]. The staging was categorized as 1 to 4 based on clinical severity and progres‐
sion from primary infection to advanced stage. The adult and adolescents were defined as
individuals aged ≥ 15 years. WHO, 2007 [8] classifies the clinical staging of HIV/AIDS based
on the clinical conditions or symptoms (Table 3).

Clinical Stages Clinical Conditions or Symptoms

Primary HIV Infection ⋅ Asymptomatic
⋅ Acute retroviral syndrome

Clinical Stage 1 ⋅ Asymptomatic
⋅ Persistent generalized lymphadenopathy
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Clinical Stage 2 ⋅ Moderate unexplained weight loss (<10% of presumed or measured body weight)
⋅ Recurrent respiratory infections (sinusitis, tonsillitis, otitis media, and pharyngitis)
⋅ Herpes zoster
⋅ Angular cheilitis
⋅ Recurrent oral ulceration
⋅ Papular pruritic eruptions
⋅ Seborrheic dermatitis
⋅ Fungal nail infections

Clinical Stage 3 ⋅ Unexplained severe weight loss ("/>10% of presumed or measured body weight)
⋅ Unexplained chronic diarrhea for "/> 1 month
⋅ Unexplained persistent fever for "/> 1 month ("/>37.6ºC, intermittent or constant)
⋅ Persistent oral candidiasis
⋅ Oral hairy leukoplakia
⋅ Pulmonary tuberculosis
⋅ Severe presumed bacterial infection (e.g., pneumonia, empyema, pyomyositis, bone or joint
infection, meningitis, bacteremia)
⋅ Acute necrotizing ulcerative stomatitis, gingivitis or periodontitis
⋅ Unexplained anaemia (haemoglobin<8 g/dl)
⋅ Neutropenia (neutrophils <500 cells/µL)
⋅ Chronic thrombocytopenia (platelets < 50, 000 cells/ µL)

Clinical Stage 4 ⋅ HIV wasting syndrome, as defined by the CDC (see Table 1, above)
⋅ Pneumocystis pneumonia
⋅ Recurrent severe bacterial pneumonia
⋅ Chronic herpes simplex infection (orolabial, genital, or anorectal site for "/>1 month or
visceral herpes at any site)
⋅ Esophageal candidiasis (or candidiasis of trachea, bronchi, or lungs)
⋅ Extrapulmonary tuberculosis
⋅ Kaposi sarcoma
⋅ Cytomegalovirus infection (retinitis or infection of other organs)
⋅ Central nervous system toxoplasmosis
⋅ HIV encephalopathy
⋅ Cryptococcosis, extrapulmonary (including meningitis)
⋅ Disseminated nontuberculosis mycobacteria infection
⋅ Progressive multifocal leukoencephalopathy
⋅ Candida of the trachea, bronchi, or lungs
⋅ Chronic cryptosporidiosis (with diarrhea)
⋅ Chronic isosporiasis
⋅ Disseminated mycosis (e.g., histoplasmosis, coccidioidomycosis, penicilliosis)
⋅ Recurrent nontyphoidal Salmonella bacteremia
⋅ Lymphoma (cerebral or B-cell non-Hodgkin)
⋅ Invasive cervical carcinoma
⋅ Atypical disseminated leishmaniasis
⋅ Symptomatic HIV-associated nephropathy

Trends in Basic and Therapeutic Options in HIV Infection - Towards a Functional Cure110



Clinical Stage 2 ⋅ Moderate unexplained weight loss (<10% of presumed or measured body weight)
⋅ Recurrent respiratory infections (sinusitis, tonsillitis, otitis media, and pharyngitis)
⋅ Herpes zoster
⋅ Angular cheilitis
⋅ Recurrent oral ulceration
⋅ Papular pruritic eruptions
⋅ Seborrheic dermatitis
⋅ Fungal nail infections

Clinical Stage 3 ⋅ Unexplained severe weight loss ("/>10% of presumed or measured body weight)
⋅ Unexplained chronic diarrhea for "/> 1 month
⋅ Unexplained persistent fever for "/> 1 month ("/>37.6ºC, intermittent or constant)
⋅ Persistent oral candidiasis
⋅ Oral hairy leukoplakia
⋅ Pulmonary tuberculosis
⋅ Severe presumed bacterial infection (e.g., pneumonia, empyema, pyomyositis, bone or joint
infection, meningitis, bacteremia)
⋅ Acute necrotizing ulcerative stomatitis, gingivitis or periodontitis
⋅ Unexplained anaemia (haemoglobin<8 g/dl)
⋅ Neutropenia (neutrophils <500 cells/µL)
⋅ Chronic thrombocytopenia (platelets < 50, 000 cells/ µL)

Clinical Stage 4 ⋅ HIV wasting syndrome, as defined by the CDC (see Table 1, above)
⋅ Pneumocystis pneumonia
⋅ Recurrent severe bacterial pneumonia
⋅ Chronic herpes simplex infection (orolabial, genital, or anorectal site for "/>1 month or
visceral herpes at any site)
⋅ Esophageal candidiasis (or candidiasis of trachea, bronchi, or lungs)
⋅ Extrapulmonary tuberculosis
⋅ Kaposi sarcoma
⋅ Cytomegalovirus infection (retinitis or infection of other organs)
⋅ Central nervous system toxoplasmosis
⋅ HIV encephalopathy
⋅ Cryptococcosis, extrapulmonary (including meningitis)
⋅ Disseminated nontuberculosis mycobacteria infection
⋅ Progressive multifocal leukoencephalopathy
⋅ Candida of the trachea, bronchi, or lungs
⋅ Chronic cryptosporidiosis (with diarrhea)
⋅ Chronic isosporiasis
⋅ Disseminated mycosis (e.g., histoplasmosis, coccidioidomycosis, penicilliosis)
⋅ Recurrent nontyphoidal Salmonella bacteremia
⋅ Lymphoma (cerebral or B-cell non-Hodgkin)
⋅ Invasive cervical carcinoma
⋅ Atypical disseminated leishmaniasis
⋅ Symptomatic HIV-associated nephropathy

Trends in Basic and Therapeutic Options in HIV Infection - Towards a Functional Cure110

⋅ Symptomatic HIV-associated cardiomyopathy
⋅ Reactivation of American trypanosomiasis (meningoencephalitis or myocarditis)

Table 3. WHO Clinical Staging of HIV/AIDS for Adult and Adolescents [8].

3.2.2. CDC classification system for HIV infection

The CDC classification of HIV/AIDS is based on the level of CD4 cell count and on previously
diagnosed HIV-related conditions (Table 4) [7]. For example, if a patient had met the criteria
for category B but currently is asymptomatic, the patient would remain in category B. The
categorization is shown in Table 5. Patients in categories A3, B3 and C1-C3 are considered to
have AIDS.

CD4 Cell Count Categories

CLINICAL CATEGORIES

A: Asymptomatic, Acute
HIV or PGL

*B: Symptomatic
Conditions, not A or C

**C: AIDS-Indicator
Conditions

1. ≥ 500 cells/µL A1 B1 C1

2. 200-499 cells/µL A2 B2 C2

3. < 200 cells/µL A3 B3 C3

PGL: persistent generalized lymphadenopathy for *B and **C Clinical Categories refer to Table 5

Table 4. CDC Classification System for HIV-Infected Adults and Adolescents [7].

*Category B:
Symptomatic Conditions

Definition: Symptomatic conditions occurring in an HIV-infected
adolescent or adult that meet at least one of the following criteria:
1. They are attributed to HIV infection or indicate a defect in cell-mediated
immunity
2. They are considered to have a clinical course or management which is
complicated by HIV infection
3. Include the following:
⋅ Bacillary angiomatosis
⋅ Oropharyngeal candidiasis (thrush)
⋅ Vulvovaginal candidiasis, persistent or resistant
⋅ Pelvic inflammatory disease (PID)
⋅ Cervical dysplasia (moderate or severe)/cervical carcinoma in situ
⋅ Hairy leukoplakia, oral
⋅ Herpes zoster (shingles), involving two or more episodes or at least one
dermatome
⋅ Idiopathic thrombocytopenic purpura
⋅ Constitutional symptoms, such as fever ("/>38.5°C) or diarrhea lasting "/>1
month
⋅ Peripheral neuropathy
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**Category C:
AIDS-Indicator Conditions

⋅ Bacterial pneumonia, recurrent (two or more episodes in 12 months)
⋅ Candidiasis of the bronchi, trachea, or lungs
⋅ Candidiasis, esophageal
⋅ Cervical carcinoma, invasive, confirmed by biopsy
⋅ Coccidioidomycosis, disseminated or extrapulmonary
⋅ Cryptococcosis, extrapulmonary
⋅ Cryptosporidiosis, chronic intestinal ("/>1 month in duration)
⋅ Cytomegalovirus disease (other than liver, spleen, or nodes)
⋅ Encephalopathy, HIV-related
⋅ Herpes simplex: chronic ulcers ("/>1 month in duration), or bronchitis,
pneumonitis, or esophagitis
⋅ Histoplasmosis, disseminated or extrapulmonary
⋅ Isosporiasis, chronic intestinal ("/>1-month in duration)
⋅ Kaposi sarcoma
⋅ Lymphoma, Burkitt, immunoblastic, or primary central nervous system
⋅ Mycobacterium avium complex (MAC) or Mycobacterium kansasii,
disseminated or extrapulmonary
⋅ Mycobacterium tuberculosis, pulmonary or extrapulmonary
⋅ Mycobacterium, other species or unidentified species, disseminated or
extrapulmonary
⋅ Pneumocystis jiroveci (formerly carinii) pneumonia (PCP)
⋅ Progressive multifocal leukoencephalopathy (PML)
⋅ Salmonella septicemia, recurrent (nontyphoid)
⋅ Toxoplasmosis of brain
⋅ Wasting syndrome caused by HIV (involuntary weight loss "/>10% of
baseline body weight) associated with either chronic diarrhea (two or more
loose stools per day for ≥1 month) or chronic weakness and documented
fever for ≥1 month

Table 5. B and **C Clinical Categories of HIV infection [7].

3.3. Immunologic changes in HIV infection

3.3.1. Depletion of CD4+T cells causes immunodeficiency

Untreated HIV-1 infection is associated with a gradual loss of peripheral CD4+ T cells. Loss of
CD4+ T cells and systemic immune activation are the major hallmarks of HIV infection [9].
There are two major phases of HIV disease, acute and chronic infection. Acute infection is
associated with gradual loss of CD4+ T cells in the mucosal tissue [10] while chronic infection
is characterized by immune activation which is associated with massive production of
proinflammatory cytokines [11]. This subsequently leads to decrease in peripheral CD4+ T cells
and profound immunodeficiency.

The major mechanism of CD4+ T cell depletion in HIV patients is due to apoptosis, in which
the number of apoptotic cells exceed the number of HIV-infected cells [12]. Other causes
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of CD4+ T cell depletion include impairment of de novo production of T lymphocytes by the
thymus  [9],  induction  of  syncytium  formation,  alteration  of  membrane  permeability,
mitochondrial dysfunction as well as killing by HIV-specific CD8+ T cells due to immune
activation [9].

3.3.2. Loss of function of CD4+ T cells

Functional defects in the immune system of HIV-infected individuals exacerbate the immune
deficiency caused by depletion of CD4+ T cells. These functional defects include a decrease in
T cell responses to antigens as well as weak humoral immune responses even though total
serum Ig levels may be elevated [13]. The defects might be due to the direct effects of HIV on
CD4+ T cells through:

1. Binding of gp120 (viral encoded membrane glycoprotein) to newly synthesized intracel‐
lular CD4+ T cells that result in the interference of normal protein processing in the
endoplasmic reticulum as well as block the surface expression of CD4+ T cells.This makes
the cell incapable of responding to antigenic stimulation and,

2. CD4+ T cells which bound to gp120 may not be available to interact with class II major
histocompatibilty complex (Class II MHC) molecules on antigen presenting cells (APCs),
thus T cell responses to antigens would be inhibited. Alternatively, gp120 binding to
CD4+ may deliver signals that downregulate helper T cell function.

In addition, HIV-infected T cells are unable to form tight synapses with APCs, therefore
interferes with T cell activation [13]. Failure of the activation process will lead to incapability
of the T cells particularly CD4+ T cells to interact with other immune cells and subsequently
lead to failure of elimination of the virus [13].

3.3.3. Cytokine dysregulation and coagulopathy in HIV infection

Cytokines play an important role in controlling the homeostasis of the immune system.
Cytokine dysregulation is a major immunopathogenic factor in HIV infection [14]. The rise in
serum levels of pro-inflammatory and inflammatory cytokines contribute to viral replication
and many manifestations of immunodeficiency [15]. Cytokine production can increase viral
replication due to its activation role in HIV infected cells [16]. Such cytokines include IL-2, IL-4
and interferon type II (IFN-γ) which primarily are required for expansion aid of antiviral T
cells and antibody responses [16].

3.3.3.1. Cytokine dysregulation

Infection with HIV results in dysregulation of the cytokine profile in vivo and in vitro. During
the course of HIV-1 infection secretion of T-helper 1 (Th1) cytokines, such as interleukin (IL)-2
and antiviral interferon (IFN)-gamma important for intracellular infection is generally
decreased, whereas production of T-helper 2 (Th2) cytokines required for extracellular
infection such as IL-4, IL-10, proinflammatory cytokines (IL-1, IL-6, IL-8) and tumour necrosis
factor (TNF)-alpha, is increased [13, 14, 17]. This altered balance of Th1 and Th2 responses may
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partially explain the susceptibility of HIV-infected individuals to infection by intracellular
microbes. In addition, Th2 cytokines also may inhibit macrophage-mediated killing of
microbes [13] and consequently lead to failure of macrophage activation in the killing process
of the virus.

Tumour necrosis factor-alfa (TNF)-α, IL-1 and IL-6 which are produced by monocytes and
macrophages, play an important role in activation of neutrophils, monocytes and macrophages
to initiate bacterial and tumor cell killing, increase adhesion molecule expression on the surface
of neutrophils and endothelial cells, stimulate T and B lymphocytes proliferation as well as
initiate the production of other proinflammatory cytokines [1, 2]. In addition, these cytokines
can cause systemic symptoms such as fever and weight loss as well as influence the production
of acute phase protein in the liver [1]. Inflammation is one of the components of innate immune
response. Thus, production of appropriate amounts of TNF, IL-1 and IL-6 is important in
response to infection [1]. Increased production of these cytokines, particularly TNF-α has been
found in acute and inflammatory conditions (e.g., trauma, sepsis, infection, rheumatoid
arthritis) [18]. The observed increase in proinflammatory and inflammatory cytokines
following cell injury or infection subsequently leads to immune dysfunction.

3.3.3.2. Coagulopathy in HIV patients

Normal levels of protein S, protein C and antithrombin activities are necessary for coagulation
process. In HIV patients, protein S, protein C and antithrombin activities decrease with an
increase in plasma D-dimer [19, 20]. Binding of viral and bacterial components to Toll-like
receptors (TLRs) stimulate the procoagulant tissue factor to initiate the coagulation cascade.
This leads to thrombin activation which then cleaves the fibrinogen to fibrin [21]. Plasmin
cleaves the fibrin to produce fibrin degradation products. An increase in monocyte tissue factor
expression leads to increase in D-dimer in HIV infection [21]. Decrease protein S, protein C
and antithrombin activities as well as increase in plasma D-dimer are the predisposing factors
which will increase the risk HIV patients to thrombosis.

3.4. Prognostic markers of HIV infection

Prognostic markers are important tools for monitoring the HIV disease progression. Proper
monitoring of the disease may reduce the morbidity as well as mortality rate. Some markers
have been identified for monitoring the HIV disease progression. The markers is classified as
immunologic (CD4+ T cells), virologic (RNA viral load), serologic (serum β2microglobulin and
neopterin) [22] as well as biomarkers (lipid peroxidation) [23]. Among the markers, CD4+ T
cell count and RNA viral load are two most commonly used prognostic markers for clinical
progression of HIV infection [24, 25].

3.4.1. Immunologic marker of infection

The CD4+ T cell count is the most important laboratory indicator of immune function in HIV-
infected patients. It is also the strongest predictor of subsequent disease progression and
survival according to findings from clinical trials and cohort studies [22, 26].
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Measurement of CD4+ T cell count is necessary prior to the initiation of HAART. Since the
CD4+ T cell count reflects the status of overall immune function of HIV-infected patients, the
measurement is important as a guide for initiation of HAART to HIV patients as well as to
start or discontinue the prophylaxis for opportunistic infection (OI). Most of OIs occur in
patients with CD4+ T cell counts<200 cells/mm3 [27], however some patients may have OIs at
higher CD4+ T cell counts. For patients who are on therapy, adequate response is defined as
an increase in CD4+ T cell counts in the range of 50 to 150 cells/mm3 during the first year of
HAART. Patients who has faster response will show the response within the first 3 months of
treatment and subsequent increase in the range of 50 to 100 cells/mm3 per year until it reaches
a steady state [27]. Patients who has undergone the therapy at a low CD4+ T cell counts [28]
or at an older age [29] may have a minimal increase in CD4+ T cell counts despite virologic
suppression.

3.4.2. Virologic marker of infection

RNA viral load is the best indicator of progression to AIDS and death followed by CD4+ T cell
count, serum neopterin levels and serum β2microglobulin. It strongly predicts the rate of
decrease in CD4+T cell counts and progression to AIDS and eventual death, but the prognosis
of HIV is best predicted by combination of both plasma HIV-1 RNA and CD4+ T cells [21].

In addition, it is also a marker of response to HAART. The main goal of HAART is to achieve
and maintain durable viral suppression. A patient’s pre-HAART viral load level and the
magnitude of viral load decline after initiation of HAART provide prognostic information
about the probability of disease progression [30]. Thus, the most important use of the viral
load is to monitor the effectiveness of therapy after initiation of HAART. The minimal changes
in the viral load is considered to be statistically significant (2 standard deviations) when there
is a three-fold change (equivalent to a 0.5 log10 copies/mL change) in the viral load [31]. Optimal
viral suppression is defined as presence of persistent viral load below the level of detection
(HIV RNA <20 to 75 copies/mL, depending on the assay used) [31].

Data from previous studies and clinical trials reported that reduction in viral load following
initiation of HAART are associated with reduced risk of progression to AIDS or death [30].
Therefore, RNA viral load measurement is an established surrogate marker for treatment
response.

3.4.3. Serologic markers

Beta-2 microglobulin is a low molecular weight protein, which comprises the light chain of
class 1 MHC proteins and is noncovalently bound to the heavy chain [2]. It is present on the
surface of all nucleated cells. Dissociation during metabolism and degradation leads to its
release to all biological fluids. In HIV disease, an increased level of Beta-2 microglobulin in
cerebrospinal fluid (CSF) correlates with the disease progression and a decrease level indicates
successful therapy [32].

Similarly, neopterin, a marker of immune activation is a low molecular weight compound
derived from guanosine triphosphate [5]. It is produced by monocyte/macrophages upon
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stimulation with IFN-γ. The production is increased in HIV infection and infection by
intracellular organisms such as parasite, autoimmune disease, malignant tumours, allograft
rejection, neurological as well as cardiovascular disease [33]. However, it has slightly low
predictive value compared to beta-2 microglobulin [5]. Neopterin and beta-2 microglobulin
levels were proved to be significant predictors of AIDS risk in HIV-1 seropositive patients. The
predictive value of both parameters is equal to CD4+ T cell counts. Therefore, neopterin and
beta-2 microglobulin are recommended to be used as an additional marker to predict AIDS
risk for HIV-1 seropositive patients and is beneficial particularly in the setting where the CD4+
T cell count measurement is not available [34].

3.4.4. Biomarker

Oxidative stress is a condition in which there is increased amounts of reactive oxygen or
nitrogen species. This condition is now recognized to be a prominent feature of many acute
and chronic disease and even in normal ageing process. Lipid peroxidation was found to be
one of the biomarkers to assess oxidative stress status in human disease including HIV [23]. A
study done by Friis-Moller et al. [35] have shown that HIV-infected patients have oxidative
imbalance early in the disease; low serum and tissue antioxidants and elevation of peroxidation
products. Besides, high plasma levels of malondialdehyde (MDA), reduced plasma gluta‐
thione (GSH) and decreased superoxide dismutase activities were also found [36].

4. Haematologic aspects of HIV infection

4.1. Normal haemopoiesis

Haemopoiesis is the formation of blood or blood cells in the living body. It involves the
production of three (3) major cell lines which are red blood cells, white blood cells and platelets
[37]. In humans, this process occurs in the bone marrow. In certain diseases, the process can
be altered either directly or indirectly. Patients with HIV infection will have altered haemo‐
poiesis [38], affecting both red and white blood cells and platelet formation.

Haemopoietic stem cells (HSCs) are the earliest cells recognized in the bone marrow (Figure
2). HSCs produce all blood cells [37]. About 5% of the HSCs in the bone marrow are functioning
at one time, thus maintaining the haemopoietic system for the lifetime in a human body.
Growth factors, also play an important role for production and differentiation of blood cells
in the bone marrow. Erythropoietin, a type of hormone which is mainly produced by the
kidney and thrombopoietin, which is mainly produced by the liver, are the growth factors that
are necessary for production and proliferation of red blood cells and platelets respective‐
ly.White blood cells have five (5) major components which include neutrophil, monocyte,
eosinophil, basophil and lymphocyte. The lymphocytes are further subdivided into B-
lymphocytes and T-lymphocytes, which are important for functional activity.

In most circumstances, HIV infection causes reduction in blood cell formation [40]. These
include red blood cell (anaemia), platelet (thrombocytopenia) and white blood cell (leucope‐
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nia) or any combination of these lineages (Table 6). The cause of these changes in HIV infection
are not fully understood.

White blood cell
Normal Value

(x109/l) %
Reduce lineage

1. Neutrophil 2.0 – 7.0 40 – 80 Neutropaenia

2. Monocyte 0.2 – 1.0 2 – 10 Monocytopaenia

3. Eosinophil 0.02 – 0.5 1 – 6

4. Basophil 0.02 – 0.1 <1 – 2

5. Lymphocyte 1.0 – 3.0 20 - 40 Lymphopaenia

Table 6. Haematological abnormalities in HIV infection and normal adult reference values.

4.2. Haematological changes in HIV infection

Haematological abnormalities are common complications of HIV infection. These abnormal‐
ities increase as the disease advances. On both antiretroviral-treated and untreated individuals,
different types of haematological abnormalities are common [41, 42, 43, 44] (Table 6).

The diagram illustrates the hematopoiesis process that occurs in the bone marrow which gives rise to production of
various cell lines from the marrow stem cell.

Figure 2. Production of red and white blood cells and platelets in the bone marrow [39]
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Since the impact of HIV infection can be found in the peripheral blood and bone marrow,
disorders of the haemopoietic system include anaemia, leucopenia, thrombocytopenia and
thrombosis. These could be because of direct effects of the virus on the bone marrow, sup‐
pression of bone marrow by secondary infections or neoplasms causing ineffective haemato‐
poiesis, nutritional deficiencies or side effects of the drugs used [44]. The disorders commonly
occur throughout the course of HIV infection.

4.2.1. Blood abnormalities

The majority of the HIV cases present haematological abnormalities in the middle or advanced
stages of the infection. However, some of the changes such as low haemoglobin and platelets
have been reported in the early stages of HIV infection [44].

4.2.1.1. Anaemia

Anaemia refers to decrease in the haemoglobin (Hb) concentration with reference to healthy
individuals of the same age group, sex, physiological state and environment (altitude).Normal
haemoglobin for men is more than 13 g/dL while for women is 12 g/dL [38]. This can be
classified based on the etiology or morphology of the red blood cell. The normal red blood cell
shows a normochromic normocytic morphology. Anaemia is one of the commonest abnor‐
malities seen in HIV, occurring in more than 50% of patients [40]. In a study done in HIV
patients without myelosuppressive therapies, 8% of asymptomatic HIV-seropositive patients,
20% of those with symptomatic middle-stage HIV disease, and 71% of those with Centers for
Disease Control (CDC)-defined AIDS were found to be anaemic [40]. Anaemia can be the
earliest haematological manifestation, especially in children with HIV infection. Normochro‐
mic normocytic anaemia is the usual feature, but sometimes the HIV patients can present with
a hypochromic microcytic anemia [45, 46, 47, 48, 49].

The causes of anemia in HIV patients are multifactorial. Inflammatory cytokines released by
lymphocytes such as tumour necrosis factor (TNF), Interleukin-1 (IL-1) and interferon gamma
play an important role in the pathogenesis of anaemia. These cytokines have been shown to
inhibit red cell production (erythropoiesis) in vitro [51]. TNF levels were found to be consis‐
tently elevated in HIV infection and this condition is correlated with viral load [52]. Presence
of dyserythropoiesis and opportunistic infections have also resulted in functional and
morphological abnormalities of red blood cells [41]. This can alter the normal function of red
blood cell as oxygen carrier or alter its normal biconcave shape. Other factors that contribute
to the development of anaemia include underlying chronic disease, mixed nutritional defi‐
ciencies, opportunistic infections and side effects from the treatment [53]. As HIV disease
progresses, the prevalence and severity of anaemia also increases [48, 54].

Disseminated Mycobacterium avium complex (MAC) disease may be present in HIV patients.
It has been reported that about 76% of patients with this infection have severe anemia [52].
Another isolated red cell disorder, chronic pure red cell aplasia has been reported in HIV
patients infected with parvovirus B19 [55]. This indicates that the underlying infection due to
immunosuppression can give rise to anaemia.
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Nutritional anaemia in HIV patients frequently arises from an inadequate balanced diet intake
and malabsorption. Infection and drug toxicity are common causes of gastrointestinal disease.
Vitamin B12 deficiency is seen in up to one-third of HIV-positive subjects. Iron and folate
deficiency are also common in this type of patients [38]. Bone marrow infiltration by tumour,
such as lymphoma, is more common among HIV patients as compared to the normal popu‐
lation.The infiltration can suppress the production of red blood cells which can lead to
anaemia. Anaemia is known to occur as an adverse effect of drug therapy for HIV infection or
its complications. Myelosuppression can be caused by dose limiting toxicity of zidovudine
[56]. Other drugs such as primaquine, dapsone and ganciclovir can lead to anaemia in HIV
patients [52]. HIV patients with lymphoma on chemotherapy may present with anaemia due
to the myelosuppressive treatment.

4.2.1.2. Thrombocytopaenia

Platelets are produced in the bone marrow. Normal platelet count is between 150 – 400 x 109/L.
Reduction in the number of platelet count can be due to ineffective and/or reduced production
of platelets in the bone marrow or increase destruction/ consumption of platelets in the
peripheral blood. In HIV disease, thrombocytopaenia is the second most frequent hematolog‐
ical complication of HIV infection. It is found in 3% to 40% of individuals with HIV infection
and could occur at any stage [57]. Presence of thrombocytopaenia is independent of the disease
progression.

The mechanism of thrombocytopenia in HIV infection is mainly due to ineffective platelet
production and at the same time increased platelet destruction [58]. There is a significant
platelet sequestration and destruction in the spleen in HIV-associated thrombocytopenia.

(a) (b)

The peripheral blood smear in Figure 3(a) appears normal morphology, this condition is a normochromic, normocytic
anemia. The utilization of iron is impaired due to a cytokine-mediated blockage in transfer of iron from the storage
pool to the erythroid precursors in the bone marrow. The RBC's in Figure 3(b) appear smaller than the normal mor‐
phology and have an increased zone of central pallor. This feature shows a hypochromic (less hemoglobin in each
RBC) and microcytic (smaller size of each RBC) anemia.

Figure 3. (a) Normochromic normocytic red cells and (b) Hypochromic microcytic red cells [50]

Immunological and Haematological Changes in HIV Infection
http://dx.doi.org/10.5772/61259

119



Platelet destruction normally occurs early in the course of the disease. The destruction is often
antibody mediated [59]. There are HIV-specific antibodies that have been shown to share a
common epitope with antibodies against glycoprotein on the platelet surface (platelet GPIIb/
IIIa) [59]. Nonspecific absorption of immune complexes onto platelets also occurs which
predisposes the cell to immune thrombocytopaenia. Interestingly, there was a study that
correlated the presence of lupus anticoagulant and anticardiolipin antibodies in HIV patients
with the presence of thrombocytopaenia [60]. The other common cause of reduced platelet
production in HIV patients is direct infection of megakaryocytes by the virus itself [61]. This
gives rise to abnormal megakaryocytes morphology in the marrow. Other causes of throm‐
bocytopenia include marrow infiltration by opportunistic infection or lymphoma, presence of
complications such as thrombothic thrombocytopaenic purpura, and myelosuppressive effects
of drug therapy.

4.2.1.3. Leucopaenia

Leucopaenia is the reduction in total white blood cell (WBC) count. In adults, normal WBC
count is between 4.5 to 11.0 x 109/L. Leucopaenia is frequently seen in HIV patients and
predominantly due to lymphopenia, decrease in the number of lymphocyte count, mainly
CD4+ lymphocytes. Leucopaenia generally correlates with the disease progression in HIV
patients [62]. Reduction in absolute number of CD4+ T-cells occurs as one of the earliest
immunologic abnormalities of HIV infection and is one of the important prognostic indicators
of risk of developing opportunistic infections.

Production of granulocytes and monocytes is also reduced, but less well recognized feature as
compared to lymphopaenia. Occurance of neutropaenia is hinged on several other factors
which are commonly seen in patients with advanced HIV disease. It can also occur due to
concurrent infections, immune mediated or therapy related factors. Another cause of neutro‐
paenia might be decreased bone marrow production of granulocytes due to inhibition of
granulocyte progenitors. It has been postulated that a glycoprotein present in the marrow of
infected patients might have an inhibitory effect [62]. Despite cellularity changes, morpholog‐
ical changes may occur in HIV patients. The changes are mainly due to dysplasia [38].
Peripheral blood smear will show some neutrophil changes such as detached nuclear frag‐
ments, abnormal nuclear fragmentation either hypofragmentation or hyperfragmentation, and
abnormal nuclear granulation.

4.2.1.4. Haematological changes in HIV infection with correlation to CD4 cell count

In 2012, Parinithia and Kulkarni had done a study among 250 HIV patients to determine the
haematological changes that occur in HIV patients as well as to evaluate its correlation with
the CD4 cell count. They reported that among the HIV patients studied, anaemia, lymphopenia
and thrombocytopenia was found in 210 (84%), 163 (65.2%) and 45 (18%) cases respectively
[61]. Majority of the cases (70%) had CD4 cell counts below 200 cells/mm3, 54 cases (21.6%) had
CD4 cell counts between 200 to 499 cells/mm3 and in 21 cases (8.4%), the CD4 count is more
than 500 cells/mm3. In patients with CD4 cell counts less than 200 cells/mm3, anaemia,
leucopenia, lymphopenia and thrombocytopenia was observed in 91.4% 26.8%, 80% and 21.7%
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cases respectively [61]. This study revealed that there was a significant increase in the number
of cases of anaemia and lymphopenia with decreasing CD4 cell counts. Thrombocytopenia
was also seen but did not show significant increase with disease progression.

5. Bone marrow associated haematological abnormalities

Bone marrow abnormalities are frequently seen in HIV infected patients.However, these
changes do not seem to be specific, but maybe typical for HIV patients. The most common
findings are dysplasia affecting one or more cell lineages. Bone marrow examination is not
routinely done in HIV infected patients. It is usually performed to evaluate peripheral
cytopenias or when systemic infections or malignancies are suspected.

5.1. Cellular abnormalities

The cellularity of the bone marrow can be assessed based on trephine biopsy. It can be normal,
reduced or increased, depending on the patients’ condition. Normally the bone marrow will
show normal or increased cellularity. However, the marrow cellularity does not always
correlate with the peripheral blood findings. The commonly observed pancytopenia (reduction
in the 3 major cell lineages, which are red cells, white cells and platelets) in the peripheral blood
is often associated with an active marrow [45], suggesting dysmyelopoiesis or increased
peripheral destruction. Other than cellularity, the morphology and function of the cells can be
altered. These include presence of severe nutritional deficiencies in advanced stages of HIV
infection, bone marrow suppression by opportunistic infections or neoplasm, underlying
chronic and toxic side effects of antiretroviral compounds (or other medications used to treat
the complications of HIV disease). Megaloblastic changes where the red cell series are
macrocytic, are occasionally seen in the bone marrow aspiration of HIV patients and this may
reflect myelodysplastic changes or concurrent effect of treatment [45]. There is possibility of
HIV directly infecting the haematopoietic precursor cells and inhibiting their differentiation
and maturation [45].

The increased number of plasma cells has been observed in some HIV patients. This may be
related to repeated infections that always occur in immunocompromised patients. Haemo‐
phagocytosis is frequently seen in a bone marrow examination, especially in patients with
CMV and herpes simplex infection. Features of increased macrophage activity may also be
seen in tuberculosis [63] and histoplasmosis infection associated with HIV disease [64].

5.2. Opportunistic infections

An opportunistic infection is an infection caused by pathogens, particularly opportunistic
pathogens, such as bacterial, viral, fungal or protozoal infections that usually do not cause
disease in a healthy host with a healthy immune system. All HIV-infected individuals are in
the immunosuppressive state. They are susceptible to a wide array of opportunistic infections
and are at higher risk to pathogenic organisms that plague the general population [65].
Infectious agents reported to attack the bone marrow in patients with HIV include Mycobac‐
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terium avium complex, Mycobacterium tuberculosis, Mycobacterium xenopi and kansasi,
Histoplasma, Cryptococcus, Toxoplasma, Cytomegalovirus and Pneumocystis carinii [66].
These infections may cause marrow changes either directly by the the organism itself or
indirectly by causing reactive changes.

5.3. HAART and other medication that cause bone marrow changes

Introduction to highly active antiretroviral therapy (HAART) has resulted in a highly signifi‐
cant decline in mortality [67]. However, some of these drugs frequently cause haematologic
toxicity. Several studies have shown that zidovudine and dideoxycytidine inhibit erythroid
colony forming units (CFU-E) that are needed for erythroid formation and granulocyte
macrophage colony forming units that is important for granulocyte formation [68]. Leucopenia
can be seen in HIV patients treated with Ganciclovir. Pyrimethamine and sulfadiazine used
in the treatment of toxoplasmosis cause leucopenia and thrombocytopenia. Chemotherapeutic
agents used in the treatment of malignancies, especially lymphoma result in myelosuppression
which is often dose limiting. Alpha interferon used in the treatment of Kaposi sarcoma in HIV
patient is frequently associated with haematologic toxicity [69].

5.4. Lymphoma in HIV disease

Lymphoma is a group of diseases caused by malignant lymphocytes that accumulate in lymph
nodes [37]. Lymphadenopathy or enlargement of the lymph nodes is the main clinical feature.
It can be subdivided into Hodgkin’s lymphoma and non-Hodgkin’s lymphoma.

Patients with HIV disease have an increased incidence of lymphoma as compared to general
population, especially diffuse non-Hodgkin's lymphoma subtype [70]. This is often of high
grade lymphoma and mostly of B cell origin [70, 71]. The increased risk of lymphoma appears
to be related to many factors, which are mainly related to a variety of genetic lesions, including
infection by Epstein-Barr virus (EBV), c-myc gene rearrangement, bcl-6 gene rearrangement,
ras gene mutations, and p53 mutations/deletions [72]. The malignant lymphoma, probably
arises as a monoclonal outgrowth from a pool of proliferating B lymphocytes, which have been
stimulated by the infective agents such as EBV and CMV.These opportunistic infections
contribute to the pathogenesis of lymphoma more seen in HIV infection. Lymphoma in HIV
patients tends to metastasize to brain or spread extranodal [73]. The relapse rate is high and
overall patients will have a poor prognosis. However, with the introduction of HAART
treatment, the risk of lymphoma has decreased and the clinical outcome improved [73].

6. Conclusion

The HIV epidemic clearly has broad and significant implications and impact on individuals
infected and affected globally. Possibility of HIV patient developing severe HIV-related
disease or not, depends on the degree of suppression of the immune system as well as the
extensive reduction in the blood count. Therefore, it is important to identify those patients who
are at risk of having the disease for proper assessment of infection and/or disease progression
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and subsequent monitoring. Prompt and consistent treatment should be given to those who
are early diagnosed and side effects or drug toxicity assessment clearly made for effective
consideration of drug change or drug discontinuation. Recently, with the introduction of
HAART most of the immunological and haematological complications has been reduced,
though some patients still develop unpredictable complications.
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1. Introduction

The highly active antiretroviral therapy (HAART) is the most efficient and safe alternative
against HIV-1 infection, to allow the restoration of the immune system, with consequent
reduction in mortality rate, increased survival and quality of life of infected patients. Apart
from the great benefits of the use of different HAART regimens, laboratory and clinical
experience has shown that HAART can induce severe and considerable adverse effects on
metabolic complications of lipid metabolism, characterized by signs of dyslipidemia, increased
risk of cardiovascular disease and even an increased risk of atherosclerosis. In this context, the
class of protease inhibitors has been associated with a higher level of changes of lipid metab‐
olism and an increased risk for cardiovascular disease. In turn, the search for different
therapeutic strategies to reverse HAART-associated lipid disorders has led to the use of less
metabolically active antiretroviral drugs without compromising antiretroviral efficacy. Thus,
the different interactions of antiretroviral drugs are recommended based on their degree of
impact on lipid metabolism. Recently, fusion inhibitors, integrase strand transfer inhibitors,
entry inhibitors, have been included in the therapeutic arsenal against HIV-1 infection, and
are not associated with metabolic disorders, since their mechanisms of action are different from
other classes of antiretrovirals. Instead, the use of hypolipidemic drug therapy (statins, fibrates,
inhibitors of intestinal cholesterol) becomes necessary when HAART-associated dyslipidemia
occurs or persists for a long period and when alterations in diet, exercise and other HAART
strategies are ineffective. Several alternatives are available, which, when adequately moni‐
tored, may be beneficial in reducing HAART-associated dyslipidemia. Changes in diet and
lifestyle, and the adequacy of a hypocaloric diet, are recommendations that seek to reduce the
concentrations of total cholesterol and its fractions. These changes bring benefits over short
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periods of time and reduce the risk for cardiovascular and atherosclerotic diseases in HIV-1
patients. In addition to known HAART regimens, new drugs and formulations have been
developed to prevent infection by HIV-1. This new approach based on pre-exposure prophy‐
laxis (PrEP) has shown promising results when administering drugs orally and in vaginal and
rectal microbicides. PrEP using intravaginal rings with antiretroviral drugs is emerging as a
promising strategy for the prevention of sexual HIV-1 transmission. The use of vaginal rings
as controlled release strategy of antiretroviral drugs may improve adherence to PrEP, and
provide sustained mucosal levels independent of coitus and daily dosing. Finally, the search
for new drugs and methods that allow a greater survival, quality of life or prevention of HIV-1
transmission are constant challenges.

2. HAART as a new perspective of life for HIV+ subjects

For HIV-1-infected patients, the 1990s were marked by the introduction of HAART, which
represented a new perspective of life for these patients [1]. The use of HAART was shown
to  effectively  suppress  the  replication  of  HIV-1  and  dramatically  reduce  mortality  and
morbidity rates, which has led to a better and longer quality of life for HIV-1 patients [2].
The HAART regimens, composed of at least three different antiretroviral drugs, are effective
in reducing viral load (HIV-1-RNA) to undetectable levels when adhered to recommend‐
ed prescription [3].  HAART regimens,  with their  different combination of  drugs,  inhibit
viral replication by acting at different stages of infection [4]. This allows them to reach the
viral  cycle  and/or  viral  enzymes  and thus  are  classified  in  different  therapeutic  groups
according to their mechanism of action: nucleoside reverse transcriptase inhibitors (NRTIs),
non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors (PIs), fusion
inhibitors,  entry inhibitors  (CC chemokine receptor-5 [CCR5] antagonists),  and integrase
strand transfer  inhibitors  (InSTIs)  [5-10]  (Table  1).  NRTIs  are  nucleoside  and nucleotide
analogues which inhibit reverse transcription during HIV-1 infection. HIV-1 is a virus that
has RNA as the genetic material, and is unable to integrate its DNA into host cell. For its
integration into the chromosomal DNA of the human cell it  must be reverse transcribed
into DNA by a reverse transcriptase. The conversion of RNA to DNA therefore, is made
by  the  viral  protein  reverse  transcriptase  (RT).  NRTIs  prevent  reverse  transcriptase's
enzymatic activity and block completion of synthesis of the double-stranded viral DNA,
this prevents HIV-1 multiplication. They are analogues of naturally occurring deoxynucleo‐
tides and competitively incorporates itself into the growing chain of viral DNA. NRTIs lack
a 3′-hydroxyl (3 'OH) group on the deoxyribose moiety thus act as a chain terminator which
prevents the next deoxynucleotide from forming another 5′–3′ phosphodiester bond needed
to extend the DNA chain [5].  NNRTIs inhibit  RT by binding to an allosteric  site  of  the
enzyme, and act as non-competitive inhibitors of RT. NNRTIs as a class of drug affect the
handling of substrate (nucleotides) by RT by binding near the active site [6].  PIs on the
other  hand block  the  viral  protease  enzyme necessary  to  produce  mature  virions  upon
budding from the host membrane; ultimately these drugs prevent the cleavage of gag and
gag/pol  precursor  proteins.  In  the  presence  of  protease  inhibitors,  virus  particles  pro‐
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duced are defective and mostly non-infectious [7].  Fusion inhibitors and entry inhibitors
interfere with binding, fusion and entry of HIV-1 to the host cell by blocking one of several
targets. The drugs selzentry and enfuvirtide are the two currently available agents in this
class. Selzentry works by targeting CCR5, a co-receptor located on human helper T-cells.
Enfuvirtide is  a  peptide drug that  must  be injected and acts  by interacting with the N-
terminal heptad repeat of gp41 of HIV-1 to form an inactive hetero six-helix bundle, which
prevents infection of host cells [8, 9]. InSTIs, also known as integrase inhibitors, inhibit the
viral enzyme integrase, which is responsible for integration of viral DNA into the DNA of
the infected cell.  There  are  several  integrase inhibitors  currently  under  clinical  trial;  the
drug raltegravir became the first to receive United States (US) Food and Drug Administra‐
tion (FDA) approval in 2007. Raltegravir has two metal binding groups that compete for
substrate with two Mg2+ ions at the metal binding site of integrase.  Two other clinically
approved integrase inhibitors are elvitegravir and dolutegravir [10]. Apart from the great
benefits  of  the use of different HAART regimens,  laboratory and clinical  experience has
shown  that  HAART  can  induce  severe  and  considerable  adverse  effects  on  metabolic
complications  of  lipid  metabolism,  characterized  by  signs  of  lipodystrophy,  insulin
resistance, central adiposity, dyslipidemia, increased risk of cardiovascular disease and even
an  increased  risk  of  atherosclerosis  [11-14].  However,  other  factors,  such  as  virological,
genetic, and individual immunological features, may be involved in the metabolic and lipid
alterations  observed  because  not  all  of  the  patients  exposed  to  the  same  HAART regi‐
mens are affected [15-17].

3. Lipid changes in HIV infection

The observed changes in lipid metabolism during HIV-1 infection, as shown by changes in
high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, very
low-density lipoprotein (VLDL), triglycerides (TG), lipid peroxidation, and their relationship
with atherosclerosis in HIV-1 patients, results from the critical role of cholesterol in the
mechanism of HIV-1 replication [11, 12, 18, 19]. The HDL is widely known as "good choles‐
terol", in which many studies have demonstrated that increasing serum levels are considered
normal and are associated with a lower risk of cardiovascular disease because it can transport
fat molecules out of artery walls, reduce macrophage fat accumulation and therefore regress
atherosclerosis [18-20]. HDL has several potential for antiatherogenic properties, for instance,
cholesterol is transported from peripheral tissues such as the cells in the arterial walls to the
liver by HDL components, where it is used for a composition of lipoproteins and in synthesis
of bile acids, steroid hormones, or fat-soluble vitamins [20]. Unlike the HDL, LDL is an
important risk factor for the development of atherosclerosis and cardiovascular disease, and,
this is the main lipoprotein cholesterol transports to peripheral tissues where they are inter‐
nalized through the LDL receptor, a key mediator of plasma LDL concentrations [21]. Elevated
plasma TG is emerging as an independent risk factor for the metabolic syndrome, type 2
diabetes, and cardiovascular disease, particularly if the levels of HDL are low and the levels
of LDL increased [20, 21]. HIV-1 decreases plasma HDL by impairing the cholesterol-depend‐
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ent efflux transporter ATP-binding cassette protein A1 (ABCA1) in human macrophages,

which is a condition that has a high atherogenic risk [22, 23]. The use of PI-based HAART

currently constitutes a more potent option against HIV-1 infection, preventing the maturation

of viral particles and effectively controlling the infection of new cells by HIV-1. However,

observed changes in lipid metabolism in HIV-1 patients have been associated with this class

of antiretroviral drugs [13, 14, 24, 25].

Drug class Generic name drug Trade name/manufacturer/approval (year)

Nucleoside reverse transcriptase inhibitors
(NRTIs)

Abacavir (ABC)
Didanozine (ddl)
Emtricitabine (FTC)
Lamivudine (3TC)
Stavudine (d4T)
Tenofovir (TDF)
Zidovudine (AZT)
Zalcitabine (ddC)

Ziagen® ViiV Healthcare (1998)
Videx® Bristol-Myers Squibb Co. (1991)
Emtriva® Gilead Sci. (2003)
Epivir® GlaxoSmithKline (1995)
Zerit® Bristol-Myers Squibb Co. (1994)
Viread® Gilead Sci. (2001)
Retrovir® ViiV Healthcare (1987)
Hivid® Roche (1992)

Non-nucleoside reverse transcriptase
inhibitors (NNRTIs)

Delavirdine (DLV)
Efavirenz (EFV)
Nevirapine (NVP)
Etravirine (ETR)
Rilpivirine (RPV)

Rescriptor® Pfizer (1997)
Sustiva® Bristol-Myers Squibb Co. (1998)
Stocrin® Merck Sharp, Dohme (1998)
Viramune® Boehringer Ingelheim (1996)
Intelence® Janssen-Cilag (2008)
Edurant® Janssen-Cilag (2011)

Protease inhibitors (PIs) Amprenavir
Atazanavir
Darunavir
Fosamprenavir
Indinavir
Lopinavir
Nelfinavir
Ritonavir
Saquinavir
Tipranavir

Agenerase® GlaxoSmithKline (1999)
Reyataz® Bristol-Myers Squibb Co. (2003)
Prezista® Janssen-Cilag (2006)
Lexiva® ViiV Healthcare (2003)
Crixivan® Merck & Co. (1996)
Kaletra® Abbott (2000)
Viracept® ViiV Healthcare (1997)
Norvir® AbbVie Inc. (1996)
Invirase® Roche (1995)
Aptivus® Boehringer Ingelheim (2005)

Fusion inhibitors Enfuvirtide/T-20 Fuzeon® Hoffmann La Roche (2003)

Integrase strand transfer inhibitors
(InSTIs)

Dolutegravir (DTG)
Elvitegravir (EVG)
Raltegravir (RAL)

Tivicay® GlaxoSmithKline (2013)
Stribild® Gilead Sci. (2012)
Isentress® Merck & Co. (2007)

Entry inhibitors
(CC chemokine receptor 5 [CCR5] antagonists)

Selzentry Maraviroc® Pfizer (2007)

Table 1. Antiretroviral drugs.
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There  is  significant  support  in  the  literature  showing  that  the  PIs  are  associated  with
increased hepatic TG-synthesis, VLDL, and to a lesser extent, total cholesterol (TC) [11-14].
Moreover, it was observed that these drugs impair the hydrolysis of TG-rich lipoproteins
by lipase, which reduces the storage of free fatty acids (FFA) and interferes with the normal
postprandial metabolism of FFA [25, 26]. The PIs are analogous substrates of the aspartyl
protease enzyme of the HIV-1 that are involved in the cleavage process of viral proteins
and form smaller and functional viral particles with infective capacity. After the cleavage
process, the newly formed viral and infectious particles are released from infected cells in
mature form [7, 27, 28]. Once the PIs bind to the active site of the protease enzyme, they
block the cleavage process, which interferes with the normal process of viral maturation
and  formation  of  infectious  viral  particles  in  HIV-1  infection  [27,  28].  The  different
mechanisms by which PIs promote these changes remain unknown. However,  the main
effect of PIs seems to be suppressing the breakdown of the nuclear form of sterol-regulato‐
ry element binding protein-1 (nSREBP1) in the liver and adipose tissue. This regulator is a
key element in the proteolytic pathway responsible for regulating cellular and plasma levels
of fat and cholesterol [29]. Some other classes of antiretroviral drugs are available, including
those with excellent activity on suppression of viral replication without adverse effects on
lipid metabolism [12, 25, 30]. However, it is clear that the use and recommendation of PIs
occurs in situations where other drugs and/or regimens have not achieved the desired effect,
either by non-adherence to treatment, viral resistance or lack of immune response [31, 32].
Once the therapy with PIs is initiated, a change to a more conservative therapy without
their  use  is  not  recommended nor  used in  clinical  practice  [33,  34].  Thus,  a  continuous
monitoring  of  the  patient’s  characteristics  for  each  PI  available  is  required,  in  order  to
achieve alternative HAART regimens that could maintain a suppressive response of viremia,
with minor effects on lipid metabolism of HIV-1 patients [34, 35].

4. Mechanism of HIV-associated lipid disorders

Lipid disorders during the course of HIV-1 infection and acquired immunodeficiency syn‐
drome (AIDS) had been observed long before the advent of antiretroviral regimens [36, 37]. In
the early phase of acute HIV-1 infection, the patient has several clinical signs of immunosup‐
pression, variably characterized by fever, intestinal infections, weight loss and depletion of
protein reserves [37, 38]. The possibility of the HIV-1 infection causing changes in lipid
metabolism was already postulated because it is evident that plasma viremia may promote a
decrease in plasma concentrations of TC, HDL and LDL, and, in later stages of infection, an
elevation in the concentration of TG [37, 38]. Specifically, the reduction of HDL likely occurs
as a result of an activation of the immune system in early HIV-1 infection, which promotes an
increase in lipid peroxidation, alterations in the reverse cholesterol transport, and inflamma‐
tory cytokine production. Cytokines are small proteins which function to mediate communi‐
cation between immune and non-immune cells, and they are produced by various cells of the
immune system such as lymphocytes, natural killer (NK) cells, macrophages, dendritic cells,
as well as endothelial cells, among others. These molecules orchestrate a variety of processes
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ranging from the regulation of local and systemic inflammation to cellular proliferation,
metabolism, chemotaxis, and tissue repair. Different cytokines produced by these cells mediate
the transition from innate to adaptive immunity response [39]. This process promotes an
imbalance in the antioxidant system, a decrease in the production of anti-inflammatory
cytokines and an elevation of pro-inflammatory cytokines, which increases the chances of
developing atherosclerotic diseases [33-40]. The inflammatory process initiated by viral
infection, a stimulus of endothelial lipase and phospholipase A2 occurs, which in turn can
reduce HDL concentration [41-43]. The inflammatory process may also be characterized by an
elevation of interferon-γ levels (IFNγ) originating from lymphocytes and macrophages.
IFNγ levels are elevated at early stages of infection and are also correlated with the presence
of hypertriglyceridemia [44, 45]. Tumor necrosis factor-α (TNFα) is another potent pro-
inflammatory mediator whose concentrations increase in HIV-1 infected ART-naïve patients.
TNFα promotes lipid peroxidation and disturbances in the metabolism of free fatty acids and
also acts on the suppression of lipolysis mediated by hormones [46].

5. Mechanism of HAART-associated lipid disorders

HAART-associated dyslipidemia is complex and involves immunological, hormonal, genetic
predisposition aspects and the effects induced by different antiretroviral drugs [13, 47]. The
observed dyslipidemia is characterized by hypertriglyceridemia, hypercholesterolemia, and
decreased serum levels of HDL, either accompanied or unaccompanied by increased levels of
LDL (Table 2) [47, 48]. Other metabolic and/or clinical common disorders include insulin
resistance with hyperinsulinemia, increased C-peptide levels, diabetes mellitus and lipodys‐
trophy syndrome [44-48]. Diabetes mellitus is a group of metabolic disorders in which the
blood glucose is higher than normal levels due to insufficiency of insulin release or improper
response of cells to insulin. The resultant hyperglycemia produces sever complications [49].
The production and secretion of insulin is realized by pancreatic β-cells, and occurs in response
to concentrations of amino acids, fatty acid and glucose. However, glucose is considered the
first stimulus to the beta cells which secrete insulin. Regulated insulin release requires tight
coupling in the β-cell between glucose metabolism and insulin secretory response [50].
HAART also affects the hydrolysis of TG-rich lipoproteins and tissue lipase, disrupts normal
postprandial FFA and lipoprotein catabolism and interferes with peripheral fatty acid
trapping. These effects could be due to the interaction of fatty acids with the master transcrip‐
tional regulator sterol regulatory element binding protein 1 (SREBP1) [51-56]. Nevertheless,
the presence of dyslipidemia in individuals who use HAART is not necessarily accompanied
by lipodystrophy and/or an evident insulin resistance, which suggests that the mechanism(s)
involved in these disorders maybe independent [47, 51, 56, 57]. The NNRTI-based HAART,
zidovudine, stavudine or lamivudine, has eventually become associated with the occurrence
of dyslipidemia; however, lipid metabolism disorders are mainly evident in individuals who
make use of the PI-based therapy [47, 48, 57, 58]. In as much as the mechanisms involved in
PI-associated dyslipidemia are not fully understood, the prevailing hypothesis is based on the
structural similarity between the catalytic region of the HIV-1 protease and two homologous
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human proteins involved in the metabolism of lipids, called cytoplasmic retinoic acid-binding
protein type 1 (CRABP-1) and low-density lipoprotein-receptor-related protein type 1 (LRP1).

5.1. CRABP-1

CRABP-1 exhibits 58% homology in its amino acid sequence of the C-terminal region in the
catalytic area of the HIV-1 protease. CRABP-1 usually binds intracellular retinoic acid and
presents it to Cytochrome P450 3A4 (CYP3A4) (EC 1.14.13.97) enzymes, which convert retinoic
acid to cis-9-retinoic acid, bind to retinoid X receptor-peroxisome proliferator-activated
receptor γ (RXR-PPARγ) heterodimer, stimulating adipocyte differentiation and inhibiting
apoptosis [22, 48, 59]. Hepatic CYP enzymes are responsible for the metabolism of xenobiotic
and many pharmaceuticals, but they also utilize endogenous compounds as substrates, such
as cholesterol and fatty acids [60]. CRABP-1 shows homology with the viral protease, therefore,
it is suggested that PIs bind to CRABP-1 and thereby inhibit the formation of 9-cis retinoic acid,
leading to a reduction RXR-PPARy activity, increased apoptosis, and decreased proliferation
of peripheral of adipocytes. Such events would cause peripheral lipoatrophy syndrome and
hyperlipidemia because of adipocyte loss, decreased lipid storage and lipid release into the
bloodstream. The inhibition of CYP3A by ritonavir is another possible mechanism involved
in lipid abnormalities in HIV-1 patients and associated PI-based therapy and would promote
a reduction in the formation of cis-9-retinoic acid and reduced enzymatic activity of RXR-
PPARy. The decrease in RXR-PPARγ activity results in apoptosis of peripheral adipose stores,
decreased adiponectin, and insulin resistance. However, central and visceral adipose stores
are spared and expand with weight gain, contributing to insulin resistance [22, 48, 60].

5.2. LRP

LRP share 63% homology with the catalytic region of HIV-1 protease. LRP binds to LPL on the
capillary endothelium, and the formation of this LRP-LPL complex promotes cleavage of fatty
acids from TG, thereby promoting FFA accumulation in peripheral adipocytes. A possible
hypothesis is that the binding of PIs to LRP may inhibit the complex normal function of LRP-
LPL and interfere with fatty acid storage, leading to hyperlipidemia. Hyperlipidemia is
characterized by elevations in cholesterol levels, principally in the LDL and VLDL cholesterol
fractions, because fatty acids released into the bloodstream subsequently reach the liver and
promote a secondary hepatic synthesis of TG and VLDL [48, 59, 61].

5.3. Mitochondrial alterations

Another proposed mechanism for HAART-associated dyslipidemia is the mitochondrial
alterations induced by HAART, especially with PI-based therapy. The hypothesis is that the
HAART regimens will cause mitochondrial disturbances by inhibiting the mitochondrial DNA
(mtDNA)-polymerase γ, leading to mitochondrial DNA depletion, respiratory chain dysfunc‐
tion and reduced energy production by cells [62, 63]. This disturbance in the mitochondrial
respiratory chain may promote metabolic disorders in adipocytes, promote lipodystrophy
syndrome and increase plasma lipid levels. Moreover, interference between PIs and cellular
protease could also trigger the development of metabolic alterations because some proteases
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are essential for mitochondrial biogenesis and metabolic function. Furthermore, functional
changes of mitochondria in skeletal tissue promote insulin resistance and consequent dysli‐
pidemia [62-64].

5.4. Genetic factors

HAART-associated lipodystrophy and dyslipidemia may be related to genetic predisposition.
Studies on HIV-1 patients with hypertriglyceridemia and low HDL were shown to be associ‐
ated with different polymorphisms in the APOCIII gene. Promoter polymorphisms -455T>C
and -482C>T in the APOCIII gene are both associated with increased levels of TG containing
lipoproteins (VLDL) and low HDL values. Carriers of the -455T>C genetic variant had 30%
lower levels of HDL compared to those without this polymorphism and plasma lipid concen‐
trations increase according to the number of these variant alleles. Another variant nucleoside,
the -1131T>C promoter polymorphism in the APOA5 gene, was associated with hypertrigly‐
ceridemia in PI-based patients [65-68].

5.5. Paraoxonases

Changes in antioxidant enzymes, such as the family of paraoxonases (PONs), may partially
explain some of the mechanisms involved in HAART-associated dyslipidemia and conse‐
quently characterize a higher risk for cardiovascular diseases and atherosclerosis [63]. The
hypothesis that the PIs can promote reductions in the activity of PONs and an increased risk
for atherosclerotic disease in HIV-1 patients has been shown through previous evidence. PON1
is an antioxidant enzyme present in serum is strongly associated with apolipoprotein-A1
(apoAl) from HDL and protects LDL against oxidative modifications [69, 70]. The action of
serum PON1 most likely occurs through the involvement of the enzyme in reverse cholesterol
transport, a well-established anti-atherogenic propriety of HDL [71]. PON1 has the ability to
inhibit LDL oxidation (oxLDL) and significantly reduce the lipid peroxidase enzyme, which
decreases the accumulation of cholesterol in peripheral tissues [72]. The oxidative modification
of LDL in the arterial wall plays a central role in the pathogenesis of atherosclerosis, which is
characterized by the deposition of lipids and the formation of atherosclerotic plaques that
cause narrowing of the blood vessels [73]. The inhibition of oxLDL by HDL is attributed to the
high antioxidant content of the lipoprotein possibly due to the antioxidant properties of apoA1
and by the presence of other different antioxidant enzymes, such as glutathione peroxidase
and PON, which prevent the formation of or degrade bioactive products of oxLDL [68]. Some
studies have shown that the activity of PON1 may be affected and/or inactivated by oxidative
stress, which could explain its reduced activity during HIV-1 infection [69-71]. In HIV-1
patients and those who undergo HAART, there is a significant increase in oxidative stress. In
asymptomatic HIV-1 patients, there is an increased oxidative stress characterized by elevated
lipid peroxidation products and/or a quantitative decrease in antioxidants compared to
seronegative controls that are considered to be in a healthy condition. Therefore, possible
reductions in the activity of PON1 and HDL concentrations may characterize an increased
cardiovascular risk in individuals infected with HIV-1 [70, 71, 75]. The PON1 activity that was
reduced in ART-naïve patients, and restored in patients treated with HAART suggested that
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the activity of PON1 is associated with the immune status in HIV-1 patients. However, in
individuals treated with lopinavir/ritonavir, even with low plasma viremia, PON1 activity was
reduced and a higher atherogenic risk was shown by the high TC:HDL ratio, suggesting that
a PI-based regimen affects the mechanisms involved in the oxidation of LDL, which promotes
greater atherogenic risk [69-74].

5.6. LDL oxidation

Oxidative modifications to LDL, which are considered the initial event in the pathogenesis of
atherosclerosis, are attributed to oxidative stress mechanisms initiated by agents such as
superoxide, nitric oxide and hydrogen peroxide (H2O2) that transform LDL into oxLDL [77,
77]. The deposition of oxLDL in the arterial intimal layer promotes a cytotoxic effect on the
vascular endothelium, followed by inflammation and modification of monocytes into macro‐
phages that phagocytose oxLDL particles to form the foam cells which accumulate in the intima
and lead to the development of atheromatous plaques [78]. The oxLDL particles are immuno‐
genic, and serum levels of anti-oxLDL antibodies (Abs) can be used as indicators of oxidative
stress [76-78]. The immunoglobulin G (IgG) anti-oxLDL Abs are pro-atherogenic and can
predict the progression of coronary and carotid atherosclerosis, whereas IgM anti-oxLDL Abs
appear to be associated with a possible protective role against the development of atheroma‐
tous plaques [79]. During the process of infection by HIV-1, the increase in atherogenic risk
results from changes in lipid metabolism associated with the severity, duration and stages of
infection. Different degrees of lipodystrophy occur in patients along with a decrease in LDL
receptor expression, which could lead to increased oxidation of LDL particles and the conse‐
quent development of atherosclerosis [80]. HIV-1 patients treated with lopinavir/ritonavir
have shown higher levels of IgG anti-oxLDL Abs compared to patients treated with efavirenz
or nevirapine regimens, and these levels were associated with an increase in the atherogenic
indices [78-80].

6. HAART-associated lipodystrophy

Lipodystrophy is a syndrome that includes peripheral fat wasting and central obesity and is
a well-documented side effect of HAART (Table 3) [16, 53, 81]. In addition to the decrease in
the expression of LDL receptors, and a consequent increase in serum concentrations of LDL,
the most obvious mechanism of HAART-associated lipodystrophy and dyslipidemia are the
mitochondrial changes induced by HAART [13, 62-64]. The inhibition of mtDNA-polymerase
γ, which leads to mitochondrial DNA depletion in respiratory chain dysfunction and a reduced
energy production in cells, may promote metabolic disorders in adipocytes and promote
increased lipodystrophy syndrome and plasma lipid levels [62-64, 82, 83]. Both therapies, PIs-
and NRTIs-based, are associated with the inhibition of mtDNA-polymerase γ [82-84]. The
abnormalities observed in lipodystrophy syndrome include lipoatrophy, lipohypertrophy,
and metabolic disturbances. Lipoatrophy is associated with the loss of subcutaneous fat,
usually in the lower limbs, face and buttocks. The observation of lipoatrophy in HIV-1 patients
has been demonstrated in therapy with both PIs- and NRTIs-based therapies. Several studies

The Impact of Modern Antiretroviral Therapy on Lipid Metabolism of HIV-1 Infected Patients
http://dx.doi.org/10.5772/61061

137



initially suggested that lipoatrophy in HIV-1 patients is primarily associated with the use of
PI-based therapies; however, more recent reports show that the incidence of lipoatrophy was
significantly higher in the efavirenz plus two NRTIs group than in the lopinavir or efavirenz
plus two NRTIs plus lopinavir groups [85-87]. The association of lipoatrophy with efavirenz
use was mainly in combination with either stavudine or zidovudine but not with tenofovir/
lamivudine. Lipohypertrophy consists of the accumulation of adipose tissue. The PI-based
therapy has been associated with the development of lipohypertrophy, but several longitudi‐
nal studies have failed to demonstrate that this therapy is the main cause of lipohypertrophy
in HIV-1 patients [86-89].

Drug class Drug Effects on lipids Effects on glucose

NRTIs Abacavir (ABC)
Didanozine (ddl)
Emtricitabine (FTC)
Lamivudine (3TC)
Stavudine (d4T)
Tenofovir (TDF)
Zidovudine (AZT)

↑  Dyslipidemia
↑  ↑  Dyslipidemia
↑  Dyslipidemia
↑  Dyslipidemia
↑  ↑  Dyslipidemia
↑  Dyslipidemia
↑  ↑  Dyslipidemia

No effect
Insulin resistance
No effect
No effect
Insulin resistance
No effect
Insulin resistance

NNRTIs Efavirenz (EFV)
Etravirine (ETR)
Nevirapine (NVP)
Rilpivirine (RPV)

↑ ↑  HDL, ↑  Dyslipidemia
Neutral effects
↑  ↑  HDL, ↑  LDL
Neutral effect

No effect
No effect

PIs Amprenavir/ritonavir
Atazanavir/ritonavir
Darunavir/ritonavir
Fosamprenavir/ritonavir
Indinavir
Lopinavir/ritonavir
Nelfinavir
Saquinavir
Tipranavir/ritonavir

↑ ↑ ↑  Dyslipidemia
↑  Dyslipidemia
↑  Dyslipidemia
↑  ↑  ↑  Dyslipidemia
↑  ↑  Dyslipidemia
↑  ↑  ↑  Dyslipidemia
↑  ↑  Dyslipidemia
↑  Dyslipidemia
↑  ↑  ↑  Dyslipidemia

Insulin resistance
Insulin resistance
Insulin resistance
Insulin resistance
Insulin resistance
Insulin resistance
Insulin resistance
Insulin resistance
Insulin resistance

Fusion inhibitors Enfuvirtide, T-20 Neutral effect No effect

InSTIs Dolutegravir (DTG)
Elvitegravir (EVG)
Raltegravir (RAL)

Neutral effect
Neutral effect
Neutral effect

No effect
No effect
No effect

Entry inhibitors Selzentry Neutral effect No effect

Table 2. Antiretroviral drugs: impact on lipid and glucose metabolism.
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Clinical diagnosis Treatment options

Lipoatrophy

Sunken eyes, sunken cheeks, prominent zygomatic arch,
prominent veins, skinny or muscular appearance, loose
skin folds loss of contour

Switching antiviral therapies: Stavudine or zidovudine
to abacavir or tenofovir, other switch, and/or
reconstructive procedures

Lipohypertrophy

Increased abdominal girth with visceral fat accumulation,
dorsocervical or supraclavicular fat pad

Diet, exercise, liposuction

Related findings

Hypertriglyceridemia, usually with depressed HDL,
hypercholesterolemia, insulin resistance, glucose intolerance

Statins, fibrates, inhibits intestinal cholesterol
absorption, fish oils, diet, exercise, drugs (metformin,
acarbose, sulfonylureas, glinides or leptin)

Table 3. Clinical diagnosis and treatment of to HIV-associated lipodystrophy syndrome.

7. Switching antiviral therapies

The search for different therapeutic strategies to reverse HAART-associated dyslipidemia has
led to the use of less metabolically active antiretroviral drugs without compromising antire‐
troviral efficacy. Ritonavir is the most representative drug in HAART-associated dyslipidemia
and in combination with lopinavir confers higher risks for cardiovascular disease in HIV-1
patients. Amprenavir and nelfinavir promote lower impacts compared to the therapy with
lopinavir/ritonavir [31, 70, 80, 90, 91]. Similarly, the use of indinavir and saquinavir shows
even less adverse effect on lipid metabolism in HIV-1 patients receiving HAART. Currently,
atazanavir has the least impact on lipid metabolism [92, 93]. In contrast, nelfinavir promotes
the elevation of TC, TG and LDL levels, and its replacement by atazanavir permits the
reduction of the concentrations of these parameters without affecting antiretroviral activity
[94]. A more recent alternative is tipranavir, a non-peptide PI prescribed for patients with
multidrug resistance (MDR). However, this drug has shown deleterious effects that promote
atherogenic risk by increasing the levels of TC and TG [95]. Another strategy to control
dyslipidemia has been the discontinuation of the PI-based regimens and a switch to a NRTI-
or NNRTI-based protocol. For ART-naïve patients, HAART regimens that include at least one
NNRTI, or abacavir and two NRTIs, might be as efficient as PI-based therapy, although they
may not be the standard choice. This exchange of HAART in patients with viral suppression
did not reduce antiretroviral efficacy during long-term use [95-96]. A strategy that must be
better evaluated is the long-term use of the NRTI/NNRTI class of drugs before the use of PI-
based therapy. The use of NRTI-associated nevirapine reduces levels of TC and TG, promotes
an increase in HDL and a decrease in atherogenic risk. The use of NNRTIs may also alter the
lipid profile due mostly to the use of efavirenz. Using this medication, TG levels were higher
when compared with nevirapine usage. However, in studies with a large number of HIV-1
patients, accompanied at intervals of ninety days and with undetectable HIV-1-RNA, the levels
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of TC, LDL and TG were kept within the desirable limit in the groups treated with nevirapine
and efavirenz, including HDL levels within the reference values [95-98]. Only the HIV-1
patients treated with a PI-based regimen showed lipid abnormalities and increased risks for
cardiovascular disease [13, 24, 96]. In addition, possible alterations in lipid metabolism
resulting from the use of NNRTI-based therapy are easier and faster to reverse with the use of
statins, fibrates, diet and lifestyle. Although the individual effects of NRTIs remain unclear,
stavudine was associated with TC and TG elevations greater than zidovudine and tenofovir.
The addition of fusion inhibitors to the existing therapies, such as enfuvirtide/T-20, had little
effect on plasma lipids. The possibility of different HAART strategies eliminating or reducing
the dyslipidemia in HIV-1 patients must be evaluated, and the risk of development of variants
of the virus with MDR must be taken into account [99]. In HIV-1 patients with favorable
historical responses to HAART and accompanied by a physician experienced in HIV-1
infection, the transition from a PI-based to a therapy with nevirapine, abacavir, or even
atazanavir may be preferable to the use of a hypolipidemic agent. In practice, many patients
will show pre-existing resistance to the drugs, limiting options for the exchange of the
treatment [83, 92-94]. Experts must assess the risks of toxicity of the new treatment and the
possibility of virologic relapse when switching HAART regimens.

8. Other therapies for HAART-associated dyslipidemia

The use of hypolipidemic drug therapy becomes necessary when HAART-associated dyslipi‐
demia occurs or persists for a long period and when alterations in diet, exercise and other
HAART strategies are ineffective. Difficulties in the treatment of dyslipidemia in HIV-1
patients involve potential interaction between drugs, toxicity, intolerance, and low patient
adherence to multiple drug regimens. Several alternatives are available, which, when ade‐
quately monitored, may be beneficial in reducing HAART-associated dyslipidemia.

8.1. Statins

Statins is the name given to the group of drugs that help lower cholesterol. These will normally
be prescribed to people who have harmful cholesterol levels present in their blood, especially
if other control methods have failed or if the individual is at risk of developing health com‐
plications. Statins benefit users to prevent and treat atherosclerosis, which is the hardening of
the arteries as a result of accumulation of cholesterol (atherosclerotic plaques) [100, 101]. They
are drugs that inhibit the enzyme HMG-CoA reductase (3-hydroxy-3-methylglutaryl coen‐
zyme A reductase) and are considered the primary drugs for the treatment of primary
hypercholesterolemia [100]. In clinical practice, the use of statins has achieved excellent results
in reducing TC and LDL, leading to a decreased risk of coronary artery events and in the
primary and secondary prevention of heart diseases [100-102]. Statins inhibit the key rate-
controlling enzyme in the de novo synthesis of cholesterol, which is responsible for production
of >50% of total body cholesterol. Inhibition of HMG-CoA reductase also promotes an increase
in the synthesis of hepatic LDL receptors and reduced VLDL production [101-103]. The most
important drugs of this class are simvastatin, fluvastatin, atorvastatin, lovastatin, pravastatin
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and rosuvastatin. All of these drugs reduce LDL concentrations, although the use of simvas‐
tatin and atorvastatin has shown superior effects in HIV-1 seronegative patients [101-103]. In
HIV-1 patients affected with dyslipidemia, the use of simvastatin, pravastatin, fluvastatin and
rosuvastatin promotes reduction of dyslipidemia, but not in complete remission once other
factors and elements are associated with the dyslipidemia in these patients [101-104]. The
different drugs that compose HAART have metabolizing effects similar to statin (Table 4). In
general, statins are metabolized by CYP3A4, and may cause clinically relevant interactions
with other agents that are changed by this enzymatic complex, such as oral anticoagulants,
ketoconazole, cyclosporine, erythromycin, itraconazole, PIs and NNRTIs [104-106]. Addition‐
ally, statins serve as substrates for G-glycoprotein, a known carrier of drugs in the small
intestine, which may influence their oral bioavailability [105-107]. The presence of elevated
statin levels in plasma increases the risk of liver toxicity, promoting elevations of serum
transaminases and possible toxic hepatitis as well as skeletal muscle toxicity and myalgia with
elevations of serum creatine kinase (CK) levels, especially in the case of simvastatin and
atorvastatin [105-109]. Fluvastatin is metabolized by CYP2C9 enzyme; pravastatin and
rosuvastatin are not significantly metabolized by the CYP450 system and have a very low risk
of drug interactions. Reductions in the levels of TC and TG were observed in patients with
dyslipidemia associated HIV-1 infection undergoing treatment with a PI and the use of
rosuvastatin therapy. Simvastatin, lovastatin and atorvastatin should be avoided because they
present a high risk of pharmacological interactions with PIs. Moreover, in a recent study,
pravastatin had the lowest binding to plasma proteins of the statin agents and dietary advice
associated with the statin compound significantly reduced TC levels in HIV-1 patients treated
with HAART, without significant adverse events [104-108]. It is reasonable to recommend the
use of pravastatin and/or rosuvastatin as a first-line treatment for hypercholesterolemia in PI-
treated patients and the use of fluvastatin, characterized by a slightly lower efficacy, as a
second-line regimen. Additional benefits are obtained in patients treated with indinavir or
pravastatin and fluvastatin, which significantly reduces the levels of TC and LDL, while
maintaining good tolerability. Different associations between statins and antiretrovirals
present considerable tolerability but always require monitoring of serum transaminases and
CK. Different clinical studies and the routine use of fluvastatin, pravastatin, or rosuvastatin
have shown that they are most suitable and safe to reduce LDL levels in HIV-1 patients
[104-110].

8.2. Fibrates

Fibrates or fibric acid derivatives are the drugs of choice for the treatment of hypertriglyceri‐
demia and play an important role in the control of mixed dyslipidemia. Clinical studies have
shown that fibrates may reduce the risk of coronary atherosclerosis in patients with hyper‐
cholesterolemia and also in individuals in post myocardial infarction with higher LDL, lower
HDL, and TG with discrete increases. Fibrates may be used in combination with statins for
hyperlipidemia or when HDL levels are decreased, besides acting in the hepatic synthesis of
TG, TC, lipoprotein lipase (LPL) and acetyl-CoA carboxylase, it inhibits peripheral lipolysis
and controls blood glucose [111-113]. Fibrates are also metabolized by CYP450 system, but
they appear to affect only CYP4A enzymes and do not show clinically relevant interactions
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with PIs. However, concomitant use of both fibrates and statins can increase the risk of skeletal
muscle toxicity and should be avoided [112-114]. In HIV-1 seronegative individuals, the use
of a fibrate and a statin in a monotherapy regimen exhibits moderate lipid-lowering effects
and good tolerability [114-116]. In HIV-1 patients, fibrates do not have the same efficacy of
statins in preventing cardiovascular disease. Studies with HIV-1 patients treated with PI-based
therapy and fibrates, including gemfibrozil, bezafibrateor fenofibrate, showed a significant
reduction in the concentration of TC, TG and hypertriglyceridemia [113, 115, 116]. Fibrates
appear as a suitable alternative for the treatment of dyslipidemia associated with HIV-1,
especially in the presence of hypertriglyceridemia. Periodic monitoring of serum creatinine,
CK, and transaminases should be performed when using fibrates [115-117]. The association
between fibrates and statins has been used with relative safety and demonstrated in different
studies with large numbers of HIV-1 patients volunteers, except for the use of the combination
of statins and gemfibrozil, which is not recommended [116-118]. The use of statins, fibrates, or
associated therapeutic agent has shown positive results in HIV-associated dyslipidemia. and
the pravastatin/fenofibrate combination has accelerated the an improvement of lipid param‐
eters and is safe and efficacious [119-120].

8.3. Inhibitors of intestinal cholesterol absorption

Inhibitors of intestinal cholesterol absorption are a class of drugs that prevent the absorption
of cholesterol from the small intestine into the circulatory system. Ezetimibe is effective at
lowering lipid levels because it has the ability to inhibit the intestinal absorption of cholesterol,

Drug Metabolism and Interactions

Simvastatin

Considerable CYP3A4 metabolism. ↑  simvastatin levels with PIs and ↓  ↓  levels with efavirenz.
Not recommended with atazanavir, atazanavir/ritonavir, fosamprenavir/ritonavir, saquinavir/
ritonavir, tipranavir/ritonavir, lopinavir/ritonavir, indinavir/ritonavir, darunavir/ritonavir and
nelfinavir. Doses of 80 mg/day with NNRTIs, raltegravir and selzentry.

Lovastatin
Not recommended with atazanavir, atazanavir/ritonavir, fosamprenavir/ritonavir, saquinavir/
ritonavir, tipranavir/ritonavir, lopinavir/ritonavir, indinavir/ritonavir, darunavir/ritonavir and
nelfinavir. Doses of 80 mg/day with NNRTIs, raltegravir and selzentry.

Atorvastatin
Somewhat CYP3A4 metabolism, ↑  levels with PIs darunavir, lopinavir, saquinavir/ritonavir,
fosamprenavir. ↓  levels with efavirenz. Doses of 20 mg/day with PIs, 80 mg/day with NNRTIs,
raltegravir and selzentry.

Pravastatin
Reduced interaction with CYP450 metabolism, primarily renal excretion but 50% ↓  with
lopinavir/ritonavir, 45% ↓  with nelfinavir, 80% ↑  with darunavir/ritonavir, and 40% ↓  with
efavirenz. Doses of 80 mg/day with PIs, NNRTIs, raltegravir and selzentry.

Fluvastatin
Metabolized by CYP2C9, and occasional interactions with nelfinavir and efavirenz. Doses of 80
mg/day with PIs, NNRTIs, raltegravir and selzentry.

Rosuvastatin
Not CYP3A4 metabolized but 5x ↑  levels with lopinavir/ritonavir and darunavir/ritonavir
(uncertain). Low starting doses (5-10 mg) recommended with PIs. Doses of 20 mg/day with PIs,
40 mg/day with NNRTIs, raltegravir and selzentry.

Table 4. Statins to HAART-associated dyslipidemia.
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and it shows good tolerability because it does not interact with the metabolism of CYPA4
enzymes [121, 122]. In HIV-1 seronegative patients who have dyslipidemia, the monotherapy
with ezetimibe or when combined with statins or fenofibrate has shown considerable efficacy
and safety [123, 124]. In HIV-1 patients with high serum levels of LDL, the use of ezetimibe
has also been considered an effective alternative [122]. Monotherapy using 10 mg/day of
ezetimibe has accelerated reductions of more than 20% of serum LDL and, in addition, reduces
the concentrations of TC and TG while increasing HDL concentrations [121-124]. Studies have
shown that in individuals with HIV-1 that are beyond effective treatments, ezetimibe has no
interaction with HAART, and those receiving a PI-based association of fenofibrate/ezetimibe
showed greater efficacy compared with pravastatin in monotherapy resolution of dyslipide‐
mia [125-127].

8.4. Fish oil

The ability of fish oil, commonly known as omega-3 fatty acids (namely, eicosapentaenoic
acid (EPA) and docosahexaenoic  acid (DHA),  to  reduce elevated TG concentrations  has
been observed in different studies [128, 129]. HIV-1 patients using both HAART and fish
oil showed an effective reduction in the concentration of TG [130]. This ability to reduce
TG levels promotes a direct benefit in risk reduction of atherogenic cardiovascular disease
through a combination of anti-inflammatory and anti-platelet actions [130-132]. For HIV-1
patients,  the use of fish oil  associated with fenofibrate showed additive effects in reduc‐
ing TG. Given these considerable results, the American Heart Association’s (AHA) dietary
guidelines, recommends that healthy adults have a minimum of two portions of fish per
week, and those who have elevated TG should consume 2-4 g of EPA and DHA daily as
a dietary supplement [130-133].

8.5. Niacin

Niacin (water-soluble vitamin B3), or nicotinic acid, is a powerful reducing agent of serum
lipids  when  administered  at  pharmacological  doses.  Its  ability  to  reduce  the  levels  of
lipoproteins and apolipoprotein-B-containing lipoproteins and to raise HDL levels has been
shown, characterizing it as an atheroprotective drug [134, 135]. Niacin has beneficial effects
on cardiovascular risk factors, including lipoprotein (a), C-reactive protein (CRP), platelet-
activating  factor  (PAF)  acetylhydrolase,  plasminogen  activator  inhibitor  (PAI)-  1  and
fibrinogen [136, 137]. The molecular mechanisms involving the action of niacin are not fully
understood, but its effect on hypertriglyceridemia in uninfected individuals is recognized
[135-137]. In HIV-1 patients, the use of niacin in an extended release formulation significant‐
ly reduced the levels of TC, TG and HDL. However, the use of niacin in HIV-1 patients
with dyslipidemia need to be carefully monitored because the presence of adverse events
have been commonly shown, including headache, flushing, pruritus, rash, hyperuricemia,
and exacerbation of insulin resistance [138, 139].

8.6. Other contributory agents to HIV dyslipidemia

Other agents may contribute to HIV-associated dyslipidemia. The use of recombinant me‐
thionyl human leptin was associated with reduced insulin resistance and increased HDL levels
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[140]. Tetradecylthioacetic acid (TTA), an agent whose mechanism is still unknown, promotes
a reduction in levels of plasma lipoproteins [141]. Additionally, Acipimox, a drug with
sustained action and a structure similar to niacin, has been associated with decreased insulin
resistance and significantly reduced levels of TG in HIV-1 adults [142]. In a double-blind study,
the use of cholestin was able to reduce the levels of TC and LDL without modifying HDL and
TG, and without showing adverse effects [143]. The use of L-carnitine (3 g/day) resulted in a
significant reduction in serum TG in patients with HIV-associated dyslipidemia [144]. These
and other drugs studied aimed to revert the HIV-associated dyslipidemia but require more
control to be considered appropriate for the treatment of dyslipidemia.

9. Current antiretroviral drugs and dyslipidemia

Since the introduction of zidovudine (1987) for the treatment of HIV-1 infection, followed by
the emergence of the fusion inhibitors, such as enfuvirtide/T-20 (2003), and more recently the
introduction of raltegravir (2007) and dolutegravir (2013) (Table 1), both InSTIs drugs,
treatment for HIV-1 infection has been adapting to new challenges. Once the inability to
eradicate viremia by the different HAART regimens was recognized, new drugs, strategies
and therapeutic regimens were developed for greater efficiency associated with safety and
reduced adverse effects. The common adverse effects observed by the use of the first class of
drugs such as zidovudine, and the dyslipidemia caused by the use of PIs, are obstacles that
are being minimized in newer drugs that are in the experimental phase. Currently, more than
30 drugs are approved and available in various forms (the different classes of antiretroviral
drugs), and many others are in experimental stages.

9.1. NRTIs

9.1.1. Festinavir

Festinavir (BMS986001) is a thymidine analogue drug, derived from stavudine but with less
potential toxicity [145]. It has been used in cases where there is resistance of HIV-1 to abacavir
and tenofovir and is an oral drug recommended for HIV-1 patients with MDR. The compound
has a 50% effective concentration (EC50) in the inhibition of mtDNA-polymerase γ and is 100
times less toxic to the mtDNA-polymeraseγ in renal proximal tubular cells, muscle cells, and
adipocytes and on the cellular levels of adenosine triphosphate and/or lactate production
(ATP) than stavudine. The mitochondrial toxic effects of stavudine are the main cause of the
adverse effects associated with lipodystrophy and peripheral neuropathy, which has led to
the decline in its use and indicated that festinavir, has a minor impact on lipid metabolism
[145-147].

9.1.2. Apricitabine

Apricitabine (AVX754, formerly SPD754) is a drug for oral administration and is in the
experimental phase (Phase IIB clinical trial). It is structurally related to lamivudine and

Trends in Basic and Therapeutic Options in HIV Infection - Towards a Functional Cure144



[140]. Tetradecylthioacetic acid (TTA), an agent whose mechanism is still unknown, promotes
a reduction in levels of plasma lipoproteins [141]. Additionally, Acipimox, a drug with
sustained action and a structure similar to niacin, has been associated with decreased insulin
resistance and significantly reduced levels of TG in HIV-1 adults [142]. In a double-blind study,
the use of cholestin was able to reduce the levels of TC and LDL without modifying HDL and
TG, and without showing adverse effects [143]. The use of L-carnitine (3 g/day) resulted in a
significant reduction in serum TG in patients with HIV-associated dyslipidemia [144]. These
and other drugs studied aimed to revert the HIV-associated dyslipidemia but require more
control to be considered appropriate for the treatment of dyslipidemia.

9. Current antiretroviral drugs and dyslipidemia

Since the introduction of zidovudine (1987) for the treatment of HIV-1 infection, followed by
the emergence of the fusion inhibitors, such as enfuvirtide/T-20 (2003), and more recently the
introduction of raltegravir (2007) and dolutegravir (2013) (Table 1), both InSTIs drugs,
treatment for HIV-1 infection has been adapting to new challenges. Once the inability to
eradicate viremia by the different HAART regimens was recognized, new drugs, strategies
and therapeutic regimens were developed for greater efficiency associated with safety and
reduced adverse effects. The common adverse effects observed by the use of the first class of
drugs such as zidovudine, and the dyslipidemia caused by the use of PIs, are obstacles that
are being minimized in newer drugs that are in the experimental phase. Currently, more than
30 drugs are approved and available in various forms (the different classes of antiretroviral
drugs), and many others are in experimental stages.

9.1. NRTIs

9.1.1. Festinavir

Festinavir (BMS986001) is a thymidine analogue drug, derived from stavudine but with less
potential toxicity [145]. It has been used in cases where there is resistance of HIV-1 to abacavir
and tenofovir and is an oral drug recommended for HIV-1 patients with MDR. The compound
has a 50% effective concentration (EC50) in the inhibition of mtDNA-polymerase γ and is 100
times less toxic to the mtDNA-polymeraseγ in renal proximal tubular cells, muscle cells, and
adipocytes and on the cellular levels of adenosine triphosphate and/or lactate production
(ATP) than stavudine. The mitochondrial toxic effects of stavudine are the main cause of the
adverse effects associated with lipodystrophy and peripheral neuropathy, which has led to
the decline in its use and indicated that festinavir, has a minor impact on lipid metabolism
[145-147].

9.1.2. Apricitabine

Apricitabine (AVX754, formerly SPD754) is a drug for oral administration and is in the
experimental phase (Phase IIB clinical trial). It is structurally related to lamivudine and

Trends in Basic and Therapeutic Options in HIV Infection - Towards a Functional Cure144

emtricitabine and, as such, is an analog of cytidine [148]. This drug is well tolerated, and its
most common side effects include headache, nausea, muscle aches and diarrhea. The use of
apricitabine in HIV-1 patients had no effect on bone marrow, liver or kidney toxicity, and
lipase. However, its use causes changes in lipid metabolism, most noticeable by elevated serum
TG, indicating that its use should be evaluated in patients who initiated therapy with aprici‐
tabine or who already have a dyslipidemic profile [148-150].

9.1.3. GS-7340

GS-7340  is  a  prodrug  of  tenofovir  called  tenofovir  disoproxil  fumarate  (TDF).  Unlike
tenofovir, GS-7340 is stable in plasma and then converted to tenofovir inside the cell by the
cellular enzyme cathepsin, which is highly expressed in lymphoid tissue [151]. Within the
cell,  the drug is transformed into the active metabolite tenofovir diphosphate,  an inhibi‐
tor of RT. Phase III studies are underway to better define the safety profile and efficacy,
and initially, the drug does not show effects on lipid metabolism. However, formulations
with 300 mg promoted adverse effects on the kidneys and bone marrow toxicity [151-153].

Other drugs of the NRTIs class are in the experimental phase, such as racivir (an enantiomer
of emtricitabine), elvucitabine (Phase II clinical trial), and amdoxovir (AMDX or DAPD). For
these drugs, current data about the adverse effects are insufficient to characterize the impact
on lipid metabolism [154-156].

9.2. NNRTIs

9.2.1. Etravirine

Etravirine (ETR, Intelence®) is a drug that has shown efficacy, safety and good tolerability in
HIV-1 patients [157]. One of the great advantages of etravirine is as a replacement for other
NNRTIs to which the HIV-1 virus is resistant, mainly due to the presence of the K103N and
Y181C mutation in the case of efavirenz and nevirapine, respectively. The FDA approved the
drug in 2008 for use in patients with multiple drug resistance. However, the drug is a substrate
and an inhibitor of different CYP3A4 enzymes, which in turn are contraindicated with
antimicrobial and anticonvulsant drugs metabolized by the CYP450 system. In patients
receiving HAART and who have alterations in lipid metabolism, the switch to a therapy
containing etravirine has shown satisfactory results and the reversal of dyslipidemia [157-160].

9.2.2. Rilpivirine

Rilpivirine (RPV, Edurant®) a NNRTIs class drug is more potent than diarylpyrimidine
(DAPY), its adverse effects are considerably reduced compared to older NNRTIs such as
efavirenz. After clinical trials, rilpivirine was approved by the FDA in 2011, and its use is
combined with emtricitabine and tenofovir. Rilpivirine produces few changes in serum TC,
LDL, HDL and TG in HIV-1 patients. In comparison to the treatment with efavirenz, this drug
promotes an increase in lipids and in the TC:HDL ratio, which is characterized by an increased
risk of cardiovascular diseases in these patients [161, 162].
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9.2.3. MK-1439

MK-1439 is a new and effective drug against a variety of HIV-1 mutants that are resistant to
NNRTIs [157]. Preclinical studies (Phase l clinical trial) that are currently in progress show that
this drug has a good pharmacokinetic profile, with the possibility of a daily dose in low
concentrations to obtain an optimal effect. Additionally, it has good absorption, low potential
for toxicity and the ability to be used with other antiretroviral agents. MK-1439 showed good
results in cases where the K103N mutation of HIV-1 leads to resistance to treatment with
nevirapine and efavirenz, as well as in the occurrence of the Y1818C mutation, which leads to
a lower susceptibility in treatment with nevirapine, rilpivirine and etravirine. In vitro data
suggest that MK-1439 has beneficial properties for additional development as a new antiviral
drug; however, no data are available about its potential impact on lipid metabolism [163-164].

New NNRTIs class drugs are in various experimental stages such as BILR 355 BS (Phase Ila),
(+)-Calanolide A (Phase I), GSK 2248761 (Phase Ilb), MK-4965 (Phase I), MK-6186 (Phase I),
RDEA806 (Phase Ila), and UK-453061 (Phase Ilb). These new drugs have not been approved
by the FDA and still require different clinical trials to be launched as drugs available for the
treatment of HIV-1 infection. Currently, no scientific information regarding their possible
effects on lipid metabolism is available.

9.3. Fusion/entry inhibitors

The HIV-1 envelope (Env) glycoprotein complex, which is composed of three receptor-binding
gp120 subunits and three fusion protein gp41 subunits, mediates virus entry by fusing viral
and cellular membranes and offers an attractive target for developing antiviral agents [165,
166]. In succession to enfuvirtide/T-20, a number of design strategies have been applied to
develop new peptide-based fusion inhibitors with improved stability, bioavailability and
potency [166, 167]. There are several drug classes that are in two experimental phases.
Albuvirtide (FB006M), T649, T2634, T2544, T1249, SC34EK, and SC29EK are in the class of
fusion inhibitors. BMS 663068, BMS 626529, vicriviroc (SCH 417690), and cenicriviroc
(TAK-652, TBR-652) are in the class of entry inhibitors. These and other drugs are in experi‐
mental stages and/or have been suspended, and there are no initial and/or conclusive data
about their potential toxic effects and the impact on lipid metabolism.

9.4. InSTIs

Cobicistat (GS-9350) is a new InSTIs drug recently approved by the FDA (2012). This drug, like
ritonavir, has the ability to inhibit hepatic enzymes that metabolize other drugs used to treat
HIV-1 infection, such as raltegravir [168]. Cobicistat has become increasingly important, and
its use has been associated with elvitegravir, permitting it to have higher blood concentrations
with use of smaller doses, which theoretically allows for greater suppression of viral replication
with elvitegravir, having fewer adverse effects. Cobicistat has been employed in combination
with elvitegravir/emtricitabine/tenofovir (Stribild®) [168, 169]. Cobicistat is a potent inhibitor
of CYP3A enzymes, which will concurrently affect administered medications metabolized by
this pathway. It also inhibits intestinal transport proteins, increasing the overall absorption of
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9.2.3. MK-1439

MK-1439 is a new and effective drug against a variety of HIV-1 mutants that are resistant to
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drug; however, no data are available about its potential impact on lipid metabolism [163-164].
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by the FDA and still require different clinical trials to be launched as drugs available for the
treatment of HIV-1 infection. Currently, no scientific information regarding their possible
effects on lipid metabolism is available.
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gp120 subunits and three fusion protein gp41 subunits, mediates virus entry by fusing viral
and cellular membranes and offers an attractive target for developing antiviral agents [165,
166]. In succession to enfuvirtide/T-20, a number of design strategies have been applied to
develop new peptide-based fusion inhibitors with improved stability, bioavailability and
potency [166, 167]. There are several drug classes that are in two experimental phases.
Albuvirtide (FB006M), T649, T2634, T2544, T1249, SC34EK, and SC29EK are in the class of
fusion inhibitors. BMS 663068, BMS 626529, vicriviroc (SCH 417690), and cenicriviroc
(TAK-652, TBR-652) are in the class of entry inhibitors. These and other drugs are in experi‐
mental stages and/or have been suspended, and there are no initial and/or conclusive data
about their potential toxic effects and the impact on lipid metabolism.

9.4. InSTIs

Cobicistat (GS-9350) is a new InSTIs drug recently approved by the FDA (2012). This drug, like
ritonavir, has the ability to inhibit hepatic enzymes that metabolize other drugs used to treat
HIV-1 infection, such as raltegravir [168]. Cobicistat has become increasingly important, and
its use has been associated with elvitegravir, permitting it to have higher blood concentrations
with use of smaller doses, which theoretically allows for greater suppression of viral replication
with elvitegravir, having fewer adverse effects. Cobicistat has been employed in combination
with elvitegravir/emtricitabine/tenofovir (Stribild®) [168, 169]. Cobicistat is a potent inhibitor
of CYP3A enzymes, which will concurrently affect administered medications metabolized by
this pathway. It also inhibits intestinal transport proteins, increasing the overall absorption of
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several drugs including atazanavir, darunavir, and tenofovir alafenamide fumarate (TAF).
Phase III trials of the cobicistat-containing combination antiretroviral therapy regimens in
ART-naïve patients have shown a small elevation of serum fasting lipid, with a relative increase
in the levels of TC and TG, in addition to bilirubin elevations, jaundice, nausea and diarrhea
[168-170]. Other drugs of the InSTI class are experimental, such as MK2048. It is a drug that
acts by inhibiting integrase enzyme four times longer and shows superior efficacy to raltegra‐
vir. Additionally, it is being investigated for use as part of PrEP [171]. In turn, BI224436 is the
first non-catalytic site integrase inhibitor (NCINI) with capacity to inhibit HIV-1 replication.
This inhibition of HIV-1 replication occurs via its attachment to a conserved allosteric pocket
of the HIV integrase enzyme. This makes the drug distinct in its mechanism of action compared
to raltegravir and elvitegravir, which bind at the catalytic site [172, 173]. Another experimental
drug is GSK744 (S/GSK1265744, Cabotegravir®), which has a structure similar to that of
carbamoyl and omizanddolutegravir. In investigational studies, the agent has been packaged
into nanoparticles (GSK744LAP), which confer an exceptionally long half-life of 21–50 days
following a single dose. In theory, this would make suppression of HIV-1 possible when dosing
as infrequently as once every three months. These drugs do not have sufficient data on their
toxicity profile and/or on lipid metabolism; however, they have been previously considered
to have low metabolic toxicity [174, 175].

10. Pre-Exposure Prophylaxis (PrEP)

In addition to known HAART regimens demonstrated in HIV-1 patients, new drugs and
formulations have been developed to prevent infection by HIV-1. This new approach based
on PrEP has shown promising results when administered as oral drugs, vaginal microbicides
(VM), and rectal microbicides (RM). PrEP is an important tool for the prevention of HIV-1
infection, and can be combined with condom provision, counseling, and the diagnosis and
treatment of sexually transmitted infection (STI), thus providing even greater protection than
when used alone [176, 177]. Different clinical trials based on PrEP, have shown reductions in
HIV-1 infection rates among men who have sex with men (MSM), and heterosexual HIV-
serodiscordant couples, who were prescribed daily oral antiretroviral PrEP with a fixed-dose
combination of TDF and emtricitabine (FTC) (Truvada®). The isolated use of TDF also
demonstrated safety and efficacy in clinical trials among injecting drug users (IDU) and among
men and women in heterosexual HIV-discordant couples [177-180] (Table 5).

10.1. Tenofovir Disoproxil Fumarate (TDF)/Emtricitabine (FTC)

The combination TDF/FTC (Truvada®, TVD), both NRTIs, widely used as part of first-line
regimens for the treatment of HIV-1 infection, was approved in July 2012 by the FDA for PrEP
in combination with safer sex practices to reduce the risk of sexually acquired HIV-1 in high-
risk adults [181]. Currently, prescribing daily oral PrEP with TDF 300mg/FTC 200 is recom‐
mended as one prevention option for MSM, heterosexual patners, and IDU at substantial risk
of HIV acquisition [181-183]. TDF/FTC has had few serious side effects, which facilitates
adherence to its use, however, it can’t be administered to subjects with renal failure and
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Fanconi syndrome [177-179, 184]. Additionally, its use in PrEP is well tolerated, and the
occurrence of headache, nausea, vomiting, abdominal pain, and weight loss may occur
infrequently [177-179]. Nausea and vomiting affects about one in six patients at the beginning
of the treatment, but these effects often reduce in the first month [177]. Although the use of

Study
Clinical
trial*

Sample size Limitations Evidence

Among men who have
sex with men

iPrEX trial (n=2499) Phase lll trial
TDF/FTC (n=1251)
Placebo (n=1248)

Adherence High

US MSM Trial(n=400) Phase ll trial
TDF/FTC (n=201)
Placebo (n=199)

Minimal High

Among heterosexual men
and women

Partners PrEP(n=4758) Phase lll trial
TDF(n=1589)
TDF/FTC (n=1583)
Placebo (n=1589)

Minimal High

TDF2(n=1219) Phase ll trial
TDF/FTC (n=201)
Placebo (n=199)

-High loss to follow-up Moderate

Among heterosexual Women

FEM-PrEP(n=2120) Phase lll trial
TDF/FTC (n=1062)
Placebo (n=1058)

-Stopped at interim analysis
-Limited follow-up
-Very low adherence

Low

West African(n=936) Phase ll trial
TDF (n=469)
Placebo (n=467)

-Stopped early for operational
concerns
-Small sample size
-Limited follow-up time on assigned
drug

Low

VOICE(n=3019)
Phase llB
trial

TDF(n=1007)
TDF/FTC (n=1003)
Placebo (n=1009)

-TDF arm stopped at interim analysis
-Very low adherence to drug regimen
in both
TDF and TDF/FTC arms

Low

Among injection drug users

BTS(n=2411) Phase lll trial
TDF (n=1204)
Placebo (n=1207)

Minimal High

Table 5. Clinical trials with TDF/FTC (Truvada®) for pre-exposure prophylaxis (PrEP)(GRADE Criteria). Note: Grade
quality rating: high=further research is very unlikely to change our confidence in the estimate of effect;
moderate=further research is likely to have an important impact on our confidence in the estimate of effect and may
change the estimate;low= further research is very likely to have an important impact on our confidence in the estimate
of effect and is likely to change the estimate; very low=any estimate of effect is very uncertain. *All trials in this table
were randomized, double-blind, prospective clinical trials.
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TDF/FTC may be in a single daily dose, it is important to assess the risk of developing drug
resistance. Thus, it is necessary for all patients to be seronegative for HIV-1 before beginning
treatment, to perform laboratory tests every two or three months, in order to confirm their
seronegative status for HIV-1 [185]. In individuals with signs and/or symptoms of acute HIV-1
infection, or who reported ppotential HIV-1 exposure in the previous month, HIV-1 infection
should be excluded by repeated tests before starting PrEP [177, 179, 185]. Further, the starting
of PrEP with TDF/FTC requires that individuals carry out medical examinations and screening
for diagnosing possible STI in six-month intervals [185-190]. The main clinical studies of TDF/
FTC and TDF monotherapy, which allowed the approval of this therapy as choice for PrEP,
are shown in Table 5.

11. Microbicides for prevention of HIV transmission

Recently, strategies for prevention of HIV-1 infection with topical formulations for vaginal
application and/or rectal have been receiving attention. Whereas most phase I and phase II
clinical trials have found microbicide compounds to be safe and well tolerated, phase III trials
completed to date have not demonstrated efficacy in preventing HIV transmission [191].
Different topical microbicides under study for prevention of HIV-1 are grouped into classes
of agents, based on where they disrupt the pathway of sexual transmission of HIV. These
classes include surfactants/membrane disruptors, vaginal milieu protectors, viral entry
inhibitors, reverse transcriptase inhibitors, and other groups whose mechanism is unknown.
Surfactants and acidifying agents act non-specifically, either by disrupting viral and cellular
membranes, or creating a more hostile environment in the genital tract for viral transmission
[191-193] (Table 6).

11.1. Specific microbicide agents

11.1.1. Reverse transcriptase inhibitors

Reverse transcriptase inhibitors are antiretroviral with recognized efficacy and safety in the
treatment of HIV-1 infection and prevention of mother-to-child HIV-1 transmission. This class
of drugs has allowed the formulation of topical microbicide less toxic and more effective [194].
The nucleotide reverse transcriptase inhibitor tenofovir was the first antiretroviral drug to
safely demonstrate in animal models both pre-exposure and post-exposure prophylaxis as
proof-of-concept against the sexual transmission of HIV-1 [195, 196]. Two other compounds
of class NNRTIs being studied as topical microbicides to prevent HIV-1 infection, are the
TMC120 and UC781. Preclinical or clinical testing of these compounds as potential topical
microbicides have several features in common, and both compounds show minimal systemic
absorption, and good safety profiles in animal studies [200, 201]. In vitro, TMC120 and UC781
prevent cell-free and cell-associated virus from infecting co-cultures of monocyte-derived
dendritic cells and T cells [202-204].
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11.1.1.1. Tenofovir

Tenofovir is active as a diphosphate, rather than a triphosphate, which does not act via HIV
DNA chain termination, coupled with the limited phosporylation ability of macrophages. This
explains why the drug might be effective in macrophages and other non-dividing cells [197,
198]. Based on the animal studies and with an appreciation for tenofovir’s relatively high
barrier to resistance compared with other reverse transcriptase inhibitors [196], the compound
became the first antiretroviral drug to be assessed as a VM in a clinical trial. In a phase I study
(HPTN 050), 0 3% and 1% vaginal tenofovir gel, formulated as a diphosphate, was used once
or twice daily for 14 days by HIV-1 infected and uninfected women. The gel was found to be
safe, well tolerated, and acceptable to participants [199].

Drug Clinical trial*

Specific microbicide agents

Reverse transcriptase
inhibitors (NRTIs and
NNRTIs)

Tenofovir (NRTI);
(PMPA; nucleotide
analogue)

Phase I trial, Phase II (NCT00561496, NCT00540605,
NCT00594373), Phase II (NCT00111943), Phase IIb
(CAPRISA 004; NCT00441298), and Phase II/IIb
(NCT00705679)

TMC120 (NNRTI) Phase III trial efficacy study and phase I/II safety

UC781 (NNRTI) Phase I trial, Phase I(NCT00441909, NCT00132444,
NCT00385554), and Phase I (NCT00408538). Male tolerance
study ongoing(NCT00385554)

Entry inhibitors: CCR5
blockers

PSC-RANTES Protected macaques from SHIV (SF162)

CPMD167 Full protection of macaques from SHIV (162P4) not
achieved alone, but only with addition two peptides
BMS-378806and C52-L

Non-specific microbicide agents

Vaginal milieu protectors/
acidifying agents

Carbopol 974P (BufferGel®) Phase II/IIb trial (HPTN 035) (NCT00074425)

Acidform (Amphora®) Phase III trial: preventionof N. gonorrhoeae and C. trachomatis

Entry inhibitors: anionic
polymers

Naphthalene sulfonate
(PRO2000®)

Phase II/IIb trial (NCT00074425), Phase III (NCT00262106)

Carrageenan (Carraguard®) Phase III trial

Cellulose sulfate
(Ushercell®)

Phase III trial
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Drug Clinical trial*

Cellulose acetate
phthalate/CAP

Phase I trial

Dendrimers:
SPL7013(Vivagel®)

Protection from HIV in a macaque model and from HSV
models
Phase I trial,Phase I trial(NCT00331032), Phase I trial
(NCT00442910)

Detergents or surfactants Nonoxinol 9 (nonoxynol-9®)No current clinical trials for HIV prevention. Phase III

C31G (Savvy®) Phase III trial

Sodium dodecyl sulphate
(SDS)(Invisible Condom)

Phase II trial(NCT00136643)and Phase II/III trial

Note: NNRTI=non-nucleoside reverse transcriptase inhibitor; STI=sexually transmitted infection; SHIV=chimeric simian/
human immunodeficiency virus;HSV=herpes simplex virus.

*NCT number: Clinical trials.gov website :http://www.clinicaltrials.gov.

Table 6. Specific and non-specific microbicides agents for prevention HIV-infection.

11.1.1.2. TMC120 and UC781

Two other compounds of class NNRTIs being studied as topical microbicides to prevent HIV-1
infection, are the TMC120 and UC781. Preclinical or clinical testing as potential topical
microbicides showed that they possess several features in common, and both compounds show
minimal systemic absorption, having revealed goodsafety profiles in animal studies [200, 201].
In vitro, TMC120 and UC781 prevent cell-free and cell-associated virus from infecting co-
cultures of monocyte-derived dendritic cells and T cells [202-204]. TMC120 (4-[{4-[(2,4,6-
trimethylphenyl)amino]pyrimidin-2-yl} amino]benzenecarbonitrile), a diarylpyrimidine, was
the first topical microbicide the NNRTIs class, in gel form, with activity and effectiveness
proven in vivo [201, 203]. The thiocarbanilide UC781 (N-[4-chloro-3-(3-methyl-2-butenyloxy)
phyenyl]-2-methyl-furan-3-carbothioamide), presents a good capacity to block cell-free and
cell-associated HIV-1 transmission in human cervical tissue-based culture organ [205, 206],
and have shown effectiveness as a VM safety studies in rabbits [200]. Additional phase I trials
are underway [205, 207] (Table 6).

11.1.2. Entry inhibitors: CCR5 blockers

CCR5 blockers, also known as CC chemokine receptor 5 [CCR5] antagonists, entered the
market in 2007 as antiretroviral drugs, such as drugs capable of effectively blocking the fusion
of HIV-1 to CCR5 receptors (Selzentry, Maraviroc®) of the target cell. Its effectiveness at
blocking HIV-1 fusion raised its possible ability to act as topical microbicide for the prevention
of HIV-1 infection [208, 209]. CCR5 is the most important co-receptor for macrophage-tropic
viral strains, which can predominate in the early stages of viral transmission (126). Two CCR5
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receptor antagonist have been studied as topical microbicides, the PSC-RANTES [208] and
CMPD167 [209].

11.1.2.1. PSC-RANTES

PSC-RANTES, a potent synthetic inhibitor of the CCR5 co-receptor, had in vitro, showed
antiviral activity against all HIV-1 subtypes as well as being able to inhibit the infection of
Langerhans cells by HIV-1, which are considered crucial cells for HIV-1 transmission across
the vaginal epithelium [210-212].

11.1.2.2. CMPD167

CMPD167, a cyclopentane-based compound formulated as a 5 mmol vaginal gel, provided
protection from vaginal simian/human immunodeficiency virus (SHIV) challenge in eight out
of ten macaques [209], and, has been assessed in combination with two peptides that block the
viral–host cell interaction at different loci, BMS-378806 and C52-L. BMS-378806 binds viral
gp120 and prevents attachment to the CD4 and CCR5 receptors [213, 214], whereas C52-L, a
modified version of enfuvirtide, inhibits gp41-mediated viral–cell fusion [209, 215]. Although
these animal studies evaluating combinations of compounds with different mechanisms are
promising, it is not yet clear whether they will correlate with protection from HIV-1 in human
trials [209]. An important challenge in considering the CCR5 inhibitors for use as topical
microbicides is their inability to block the entry of CXCR4-tropic virus. Although this latter
pathway is less important in sexual transmission, it might still have a role in the infection
process. Another concern is the pressure that CCR5-inhibiting compounds might place on
HIV-1 to shift toward the use of non-CCR5 pathways/co-receptors to gain entry into cells. A
clinically effective microbicide most likely will need to block all modes of receptor-mediated
entry [191].

11.1.2.3. Cyanovirin-N

Additionally, beyond the fusion inhibitor C52-L, which inhibits viral-cell gp41-mediated
fusion [209, 215], another fusion inhibitor that is being evaluated in clinical trials as a topical
microbicide is cyanovirin-N, the lectin purified compound from cyanobacterium. A cyano‐
virin-N, prevents viral–host cell fusion by binding high mannose residues in the HIV-1
envelope [216, 217]. However, it is necessary to consider that some lectins have shown
unwanted side-effects, such as human red blood cell agglutination, mitogenic stimulation of
peripheral blood mononuclear cells (PBMC), inflammatory activity, and cellular toxicity [218].
Various formulations of cyanovirin-N, including those expressed by lactobacilli, are under
development [219] (Table 6).

11.2. Non-specific microbicide agents

11.2.1. Vaginal milieu protectors/acidifying agents

Vaginal milieu protectors are topical microbicides that promote the maintenance and restora‐
tion of natural protective mechanisms within the vaginal canal - the acidic pH maintained by
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lactobacilli. A pH between 4 0 and 5 8 has been shown to inactivate HIV-1 [220-222]. Therefore,
various factors affecting this acidic pH, such as the presence of sêmen or bacterial vaginosis,
neutralise the baseline acidity of the vagina. Use of microbicidal compounds in this class can
act as direct acidifying agents, or as enhancers of lactobacilli production [220-224]. Some
representatives of this class that have been evaluated in clinical studies are carbopol 974
(BufferGel®) [223, 224] and acidoform (Amphora®) [225, 226] (Table 6).

11.2.1.1. Carbopol 974P

Different studies on the efficacy of carbopol 974P (BufferGel®) as topical microbicide have been
conducted. The compound is a polyacrylic acid that buffers twice its volume of semen to a pH
of 5 or less, and has shown spermicidal activity [223], virucidal in vitro activity to HIV-1 [221]
and herpes simplex virus (HSV) [227], and protection in mouse vaginal models against HSV
and C. trachomatis [224]. In gel form, inhibits human papillomavirus (HPV) in animal models
[228]. Their safety, as topical microbicide, has also been demonstrated in clinical trials phase I
[229, 230]. BufferGel was safe and acceptable among men in a penile tolerance study in HIV-1
infected and uninfected men [231], and a study of phase II/IIb (HPTN 035), showed safety and
efficacy when compared with a placebo gel and with condoms.

11.2.1.2. Acidoform

Acidoform (Amphora®) is a sexual lubricant, however, acid-buffering and its bioadhesive
properties make it appealing for development as a microbicide candidate. Acidform has
undergone two phase I safety studies, as well as the male penile tolerance study [232-234].
Clinical studies have shown that acidoform is well tolerated when used alone, and in combi‐
nation with nonoxinol 9 (N-9) compound, promotes vaginal irritation (80). The presence of
moderate vulvar irritation, including itching, tingling, burning, dryness, erythema, ulceration,
and vesicles, have been presented, but are instances considered mild [232, 233].

11.2.2. Entry inhibitors

Advances in the drug development against HIV-1 have lead to the identification of new
compounds which could be used to target cellular entry and nuclear integration of virus
in addition to drugs that commonly target RT and protease. Cellular entry of HIV-1 is a
multistep procedure involving a range of cellular and molecular interactions between virus
envelope protein and receptors expressed on the surface of the target cells,  thus provid‐
ing many opportunities to block infection [235]. Topical microbicide agents of class entry
inhibitors act by blocking the binding of HIV-1 to host cells, as well as inhibit fusion of the
viral membranes. This class, stand out as anionic polymers microbicide agents, in which
they present negative charges in their structure, interact with viral envelope proteins (gp120
and/or  gp41)  which  interfers  with  attachment  of  HIV-1  to  CD4+  cells  [236].  The  gp120
protein  of  CXCR4-tropic  viruses  are  vulnerable  to  the  actions  of  anionic  polymers  by
changing the melting capacity of these viruses in the host cell membranes. However, there
is  controversy about  the effectiveness  of  anionic  polymers for  CCR5-tropic  viruses  [236,
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237].  Naphthalene sulphonate [238],  carrageenan [239],  cellulose sulphate [240],  cellulose
acetate phthalate [241], and dendrimers [242], are the main compounds evaluated in clinical
trials, phase l, ll and lll (Table 6).

11.2.2.1. Naphthalene sulphonate

Naphthalene sulphonate (PRO2000® gel), is a sulphfonated polymer with in vitro activity
against HIV-1, C. trachomatis, N. gonorrhoeae, and HSV [243, 244]. Phase I clinical trials have
shown that naphthalene sulphonate gel was generally well tolerated [238, 245]. Phase ll/llb
revealed safety and efficacy, and a phase III efficacy trial, show that the naphthalene sulpho‐
nate gel has better efficacy when compared with BufferGel, gel placebo, or the condom [238,
244, 246].

11.2.2.2. Carrageenan

Carrageenan (Carraguard/R515®) is a sulphonated polysaccharide derived from a seaweed
extract, and blocking HIV-1 transmission by binding the HIV-1 envelope. Carrageenan has
been found to prevent HIV-1-infected mononuclear cells from migrating across vaginal
epithelia to pelvic lymph nodes in mouse models [247]. Phase I safety trials of carraguard gel
and similar carageenan-based formulations showed safety in HIV-1 negative men and women
[248, 249]. Other clinical trials have shown that carraguard gel was safe in preventing infection
by HIV-1 [250, 251]. However, a placebo-controlled phase III study in South Africa, with HIV-1
negative and non-pregnant women, found that although carraguard gel was safe when used
over a 2-year period, incident HIV-1 infections occurred at a similar rate in the Carrageenan
and placebo groups, with incidence of 3:3 infections per 100 woman-years in the Carrageenan
group, and incidence of 3:7 per 100 woman-years in the placebo group, raising major questions
about whether poor adherence contributed to the lack of efficacy found in the trial [252].

11.2.2.3. Cellulose sulphate and cellulose acetate phthalate

Cellulose sulphate gel (Ushercell®), acts by binding the V3 loop of the gp120 HIV-1 envelope,
and it can inhibit both CXCR4 and CCR5-tropic virus types [253]. Phase III efficacy trials of
cellulose sulphate versus placebo showed a higher HIV seroincidence in the trial group [240].
Cellulose acetate phthalate (CAP) is another anionic polymer under investigation as a
microbicide agent, that blocks gp120 binding sites, and showed in vitro activity against HIV-1
and HSV (types 1 and 2) [255]. CAP has been presented in the form of a film and micronized
gel, and has shown ability to block gp120 binding site on CXCR4 and CCR5-tropic virus types
[256, 257]. Additionally, the micronised form of CAP provides an acidic environment, which
was shown in one study to cause disintegration and loss of infectivity of HIV-1 [258].

11.2.2.4. Dendrimers

Dendrimers are anionic polymers containing macromolecules, and contain a central core,
interior branches, and terminal surface groups adapted to specific targets. Because of their size
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and multiple terminal surface groups, they possess the ability to bind to multiple locations on
multiple cells. O SPL7013 (Vivagel®) is a first dendrimer to be formulated as a microbicide gel
and tested clinically. It showed protection from chimeric SHIV in a macaque model, and from
HSV2 in two different animal models [259].

11.2.3. Detergents or surfactants

Detergents or Surfactants were the first compounds evaluated clinically as topical microbi‐
cides. These topical agents act in a nonspecific way disrupt membranes, offering contraceptive
properties and activity against a wide range of potential STI pathogens [260, 261]. The agents
of this class of topical Microbicides are represented by nonoxynol 9 (N-9), C31G, and sodium
lauryl sulfate (SLS) (Table 6).

11.2.3.1. Nonoxinol 9 (N-9)

This prototype detergent compound is the non-ionic surfactant nonoxynol 9 (N-9) that forms
a chemical barrier between the vaginal mucosa and the ejaculate. The nonoxynol 9 is a
spermicide low cost and easy access sulfactant that proved effective against HIV-1 infection,
in vitro tests [262]. However, since nonoxynol 9 disrupts the phospholipid membrane of cells,
it can cause non-specific damage to vaginal epithelium cells, uterine and cervical tissue thus
increasing rather than decreasing the likelihood of HIV-1 infection [260, 261]. In a blinded,
randomized controlled efficacy trials of nonoxynol 9, in seronegative sex workers for HIV-1
in Cameroon, the data showed no difference in the rate of HIV-1 infection, though a higher
incidence of genital ulcers with the use of nonoxynol 9 compared with placebo was observed
[263]. In turn, the efficacy trial in female sex workers in four countries showed an association
between N-9 and increased HIV-1 seroincidence when nonoxynol 9 has been used more than
three times daily [264]. These findings suggest that the toxicity of nonoxynol 9 on tissue of the
vaginal mucosa at higher doses would be a possible cause for increased transmission among
frequent users, which led researchers to disregard the use of nonoxynol 9 as a HIV-1 preventive
microbicide [191].

11.2.3.2. C31G

C31G (Savvy®), or cetyl betaine and myristamine oxide, is a surfactant with the potential to
microbicide and contraceptively spermicide, in addition it has in vitro activity against C.
trachomatis, HSV, and HIV-1 [265-267]. A clinical study has shown that many patients are
reluctant to use it because of associated burning sensations [268]. The C31G co-polymer gel
(1%, 0.5% and 1.7%) was evaluated, but the results were inconclusive regarding their safety
and efficacy for preventing HIV-1 infection, and clinical trials of C31G have recently been
discontinued [268, 269].

11.2.3.3. Sodium Dodecyl Sulphate (SDS)

Sodium dodecyl sulphate (SDS), also called sodium lauril sulphate (SLS) [270, 271], are
sulphated (negatively charged) surfactants that denature membrane proteins of pathogens and
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cells. SDS in vitro and in animal models have inhibitory activity against HIV-1 and HSV [272],
promoting the reduction of adsorption of the HIV viral envelope glycoproteins in the mem‐
brane of the target cell [273]. In the form of a thermoreversible gel acts as a physical barrier
and as a denaturing agent of the viral envelope glycoproteins [272, 273]. In similarity with
nonoxynol 9, its long time application can cause non-specific damage to the vaginal epithelium
cells, uterine and cervical tissue.

12. Intravaginal rings

PrEP using intravaginal rings (IVR) with antiretroviral drugs, is emerging as a promising
strategy for the prevention of sexual HIV-1 infection [274]. The use of IVR as controlled release
strategy of antiretroviral drugs may improve adherence to PrEP, and provide sustained
mucosal levels independent of coitus and daily dosing [275]. The delivery of two or more
antiretroviral drugs from conventional IVR designs involves significant technological and
manufacturing challenges [276]. Recently, an IVR was developed which allows the release of
multiple agents over a wide range of target delivery rates and aqueous solubilities [277-279].
Researchers have evaluated the pharmacokinetics of IVR containing five drugs as a proof-of-
concept, described as advanced multipurpose prevention technology, which combines three
antiretroviral drugs from different mechanistic classes (tenofovir, nevirapine, and saquinavir)
with a proven estrogen-progestogen contraceptive for prevention of HIV-1 infection and
unintended pregnancy [280, 281]. Studies with IVR delivering TDF and emtricitabine, as well
as a triple-combination IVR delivering TDF, emtricitabine, and selzentry are in progress for
safety and pharmacokinetics evaluation. Preliminary results show that no adverse events were
observed, although certain toxicological findings were observed. Mild-to-moderate increases
in inflammatory infiltrates were observed in the vaginal tissues of some animals in both the
presence and absence of IVR [277-281]. New perspectives and challenges are open for the
development of IVR delivering multiple drugs, to ensure the safety and efficacy for the
prevention of HIV-1 infection [279-281].

13. Diet and lifestyle

Changes in diet and lifestyle, and the adequacy of a hypocaloric diet are recommendations
that seek to reduce the concentrations of TC and its fractions, especially LDL [282-284]. These
changes bring benefits over short periods of time and reduce the risk for cardiovascular and
atherosclerotic diseases. The dietary recommendations are addressed to the entire population
and specifically to HIV-1 patients which also indicates measures that should be applied to
delay the need for lipid-lowering drugs, even before the treatment of dyslipidemia [282-285].
Changes in diet can directly alter the levels of circulating LDL including saturated fats,
cholesterol, and trans-unsaturated fats. The highest impact comes from saturated fats, which
are in a solid state at room temperature or under refrigeration. The major sources of saturated
fats are meat and meat products (poultry, pork, beef, lard, and sausages), dairy (milk and
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cheeses), and vegetable oils (derived from palm or coconut). For an adequate daily diet, the
recommended consumption is equal or <7% of saturated fats, for the total daily caloric intake.
Dietary cholesterol is exclusively found in animal products such as meats (particularly organ
meats and tissues such as brain, kidney, and liver), egg yolks, and dairy products. It is
recommended to keep dietary cholesterol consumption to <200 mg/day. Trans fats and
unsaturated fats are found in breads and cookies, doughnuts, stick margarine, and fried foods
[286, 287]. The consumption of unsaturated fats preferred sources include fish such as salmon,
mackerel, tuna, and vegetables such as avocado, olives and olive oil and vegetable oils [289].
Other foods that are considered for the maintenance and/or lipid-lowering effects are the
omega-3 fats, which are polyunsaturated fats that can lower TG levels. Omega-3 fats are
considered as fish oils, they are present in fish such as salmon, tuna and mackerel, but these
are also found in krill and flax seed oil. Currently, a diet with 25-35% of daily calories derived
from fat sources is recommended, including saturated fats, which must be <7% [289]. In
addition, physical activity improves cardiorespiratory function, promotes the reduction of
LDL and TG, and decreases insulin resistance (in both uninfected and HIV-1 patients) [290,
291]. Physical exercise has shown reduction effects in TC and TG, also reduced total fat mass,
and increased muscle mass in HIV-1 patients with hypertriglyceridemia [291-293]. Addition‐
ally, physical exercise is associated with greater cardiovascular fitness, improved muscle
strength and endurance, and the reduction of depression and anxiety. In addition, it helps with
problems resulting from lipodystrophy (dyslipidemia, insulin resistance, and osteoporosis)
and cardiovascular disease [291-293]. However, there are several factors that can directly
influence the reduction of metabolic disorders observed in seropositive patients. The common
observation of gastrointestinal diseases in patients in advanced stages of infection may reduce
the positive effects of a balanced dietary regimen [292, 293].

14. Conclusion

After more than three decades of the emergence of HIV/AIDS, it is clear the advances achieved
with HAART in patients infected with HIV-1. A better quality of life, reducing morbidity and
mortality, and a greater survival rate are evident in patients who use the therapy. The
therapeutic arsenal is wide, and many possibilities occurs in those cases where viral resistance,
viral genetic mutations, presence of quasispecies and also adhesion problems of treatment and
maintenance due to adverse reactions and side effects such as those produced on lipid
metabolism. In turn, the advent of PrEP is undoubtedly the most important and innovative
approach to prevent infection by HIV-1, and is already showing excellent results in several
clinical studies conducted to date. Additionally, maintaining perspective of low viral load
levels in patients who use HAART is considered as one of the keys to reducing the transmission
of infection, and associated with PrEP, presents us with a positive scenario for the coming
years. Beside the excellent results obtained with HAART , a definitive cure for HIV-1 remains
a major obstacle. Nevertheless, nowadays patients infected with HIV-1 have a better perspec‐
tive of life.
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Chapter 7

Oxidative Stress, Redox Regulation and Elite Controllers
of HIV Infection: Towards a Functional Cure

Ibeh Bartholomew Okechukwu

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/60806

1. Introduction

HIV infection has been associated with a high oxidative stress profile. Different stages of the
infection are marked with distinct characteristics of redox activity culminating to either
potentiation of the disease or an ameliorative process. Both host and viral survival rates require
varying degrees of antioxidants to counter the devastating effect of oxidative stress (OS)
molecules produced during the onset of the infection. Here, the chapter x-rays and brings to
concept the oxidative stress condition and its implication on HIV functional cure. It is obvious
that ‘excess’ free radicals could destroy cell membranes and generate apoptosis, the main cause
of lymphocyte-CD4+ depletion in HIV infection. The whole scenario demonstrates that
measurement of oxidative stress molecule could function as a potentially HIV biomarker and
surveillance parameter in addition to CD4 cell count and that its regulation controls the HIV
infection processes.

Generally, people with HIV infection have an unbalanced redox system which is related to a
depletion of protective system (glutathione peroxidase; superoxide dismutase; vitamins A, C
and E; selenium; etc.), activation of immune signalling molecules (cytokines and chemokines)
and an increased production of free radicals (superoxide anion, hydrogen peroxide and
hydroxyl radicals). Immunological and biological consequences of this condition include
activation of lymphocytes and phagocytising cells, chronic inflammation, increased polyun‐
saturated fatty acid concentration and lipoperoxidation and direct or indirect effect of several
pathologic agents. As the search for HIV functional cure intensifies, oxidative stress condition
of natural controllers of HIV infection remains an integral success path for a possible disease
cure and management.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative 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.



2. Free radicals in HIV disease progression

2.1. Free radical production and Reactive Oxygen Species (ROS)

Free radicals are chemical species capable of independent existence and which contain one or
more unpaired electrons [1]; they are like loose cannons or rather hot pepper ready to cause
biological damage. They consistently react with proteins, lipids, polysaccharides and nucleic
acids of biological components and thus damage cell membranes, organelles and importantly
DNA [2, 3] with the resultant disease condition [4]. It has been estimated that the average
person produces about 10,000–20,000 free radicals attacking each body cell daily [5]. In
biological systems, oxygen radicals are known collectively as reactive oxygen species (ROS)
possessing high chemical reactivity, with original formation in the mitochondria and smooth
endoplasmic reticulum as oxygen reduces along the electron transport chain [6,7]. ROS are
formed in other processes that include white blood cells such as neutrophils, which specialise
in producing oxygen radicals used in host defence against invading pathogens, cellular
exposure to abnormal environment such as hypoxias [8], drugs/xenobiotics [9] and ionising
radiation [10]. Hypoxic conditions are created when oxygen is limited and mitochondria pump
out ROS which alert the cell to the shortage, but how cells sense hypoxia is a subject of much
debate; Bell et al. [11] described these extensively. Reactive oxygen species (ROS), namely,
hydroxyl radicals (HO'), superoxide anions (02

-), nitric oxide (NO) and hydrogen peroxide
(H202), are constantly generated in aerobic organisms in response to both external and internal
stimuli [12]; therefore, metabolic activity initiated by immune cells against stimuli creates
electron-deficient free radicals. As highly reactive molecules, they damage other molecules by
abstracting electrons from them. High doses and/or inadequate removal of ROS results in
oxidative stress which causes severe metabolic malfunctions and damage to biological
macromolecules. ROS therefore are the main cause of oxidative stress.

2.2. ROS in HIV infection: Do they differ in the different stages of HIV?

Oxidative stress (OS) means any perturbation in the pro-oxidant to antioxidant balances in
favour of oxidation, thus resulting in damage to cells. OS increases the replication of HIV and
the amount of certain cytokines, among them is tumour necrosis factor-alpha (TNF-α) through
the activation of nuclear factor-kappa binding (NF-κB) and indirectly by activation of genes
that further promote OS [13]. Oxidant production in HIV infection, however, is through the
stimulatory effects of gp125 (an HIV glycoprotein) and tat, the viral-transactivating protein
[14]. Mycoplasmas as well enhance the replication of HIV by increasing oxidative stress since
they are known to produce H202. HIV coinfection with mycoplasma therefore results in the
release of H202 from T-cells.

It has been proposed that CD4+ T-cells are depleted by apoptosis and that T-cells are primed
to undergo apoptosis upon cross-linking of CD4 by gp120 of the virus [15]. Subsequent
activation perhaps by conventional antigens or superantigens induces apoptosis in these T-
cells and increases the progression rate. OS have been implicated to play a rather devastating
role in the progression of HIV disease. In this case, certain questions are raised, namely, does
the OS condition in HIV infection differ in the various stages of the disease? Does the threshold
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of OS correspond to the worsening clinical manifestation of the disease as the infection
progresses? What is the OS threshold that is associated with the stages of infection?

Generally, chronic OS, with constant generation of free radicals, affects the immune system’s
fight against HIV through the following mechanisms:

1. Enhanced HIV replication through activation of NF-kB and genes (TNF genes) that further promote
oxidative stress

2. Apoptosis of CD4 T-cells and immune dysfunction

3. Causing cells to make sensitive abnormal chemicals

4. Making the body more sensitive to the toxic effects of certain drugs

Clinical and immunological classification systems of HIV infection use a four-stage system for
both adults and children. Higher numbers indicate advanced degrees of deterioration in
clinical and/or immunological status. The recent WHO clinical staging or case definition
recognises four (1–4) stages (clinical stage 1, asymptomatic; clinical stage 2, mild symptoms;
clinical stage 3, advanced symptoms; clinical stage 4, severe symptoms) [16] as well as the US
Centers for Disease Control and Prevention (CDC) which provided a revised classification
system for paediatric HIV infection; here, the immunological status staging is used for HIV
surveillance. The ranking of the CDC HIV symptoms seems different from the WHO listing.
The US CDC clinical staging categories are N, not symptomatic; A, mildly symptomatic; B,
moderately symptomatic; and C, severely symptomatic [17]. Similarly, the current CDC HIV
surveillance and staging recognises five infection stages in which a confirmed case can be
classified as 0, 1, 2, 3 or U [18]. Zero (0) indicates a negative HIV test within six months of the
first HIV infection diagnosis. Stages 1–3 are determined by the CD4 test immunologic criteria
based primarily on the CD4+ T-lymphocyte count as indicated below: stage 1, ≥1,500 in one-
year-olds/≥500 in adults; stage 2, 750–1,499/200–499; and stage 3, 750/<200 [18]. If none of the
above apply (e.g. because of missing information on CD4 test results), the stage is U (un‐
known). These four stages may be referred to, respectively, as the seroconversion and primary
HIV infection stage, chronic HIV infection, HIV infection with symptoms and AIDS.
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production in stage 2 of HIV infection than in stage 4 [22]. Invariably, the antioxidant compo‐
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capability to serve as a potent surveillance tool (Fig. 1). Further studies should focus on
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threshold of OS generated and/or needed to determine entrance to the various infection stages.
A possible explanation to the observed consecutive more intense overproduction of ROS in
the various stages especially in stage 2 is associated partly with changes in the expression of
the antiapoptotic/antioxidant compounds Bcl-2 and thioredoxin along the course of the disease
by hydrogen peroxide H2O2 [26]. It is known that the free radical H2O2 plays a central role in
activating NF-κB (NF-κB activates HIV replication) through the activation of a factor that binds
to a DNA-binding protein; NF-κB in turn stimulates HIV gene expression by acting on the
promoter region of the viral long terminal repeat (LTR). NF-κB regulates cellular responses as
a ‘rapid-acting’ primary transcription factor. This makes it to be a first responder to harmful
cellular stimuli such as H2O2. Known inducers of NF-κB activity include reactive oxygen
species (ROS), tumour necrosis factor alpha (TNF-α) and interleukin-1-beta (IL-1β) [27]. If there
is no adequate levels of antioxidants, the activity of NF-κB increases in excess amounts and
accelerates HIV replication. It is estimated that more than one billion T4 cells are killed and
over 50 million HIV replenished on a daily basis in AIDS; this characteristic causes an increase
in cytokine synthesis and free radical damage of cells [28].

3. Induction of stress responses and stress response genes: A coping
strategy

Oxidative stress is a potent biological stress that weakens and damages cellular components.
Naturally, cells devise means of coping, avoiding and responding to this call. Perhaps, the
coping mechanism may depend on the degree of the stress, allowing the cell not to overstretch
its capabilities. Induction of the antioxidant response element or suppression of inflammatory
reactions could limit HIV replication in the host. The master transcription factor known as
nuclear factor (erythroid-derived 2)-like 2 (Nrf2) is known to regulate the expression of
antioxidants through activation of antioxidant response element (ARE). Fan et al. showed that
upregulation of Nrf2 increased the ARE-dependent antioxidants and that HIV-1-related
proteins downregulated Nrf2 expression in HIV-1 transgenic rats [29]. Increased oxidative
stress induces Nrf2 and stimulates key antioxidant defence mechanism [30] in HIV cells. Cells
tend to respond differently to different levels of OS. At a medium level of OS, cells are known
to undergo a halt on cell growth and differentiation [31]. In this state, the redox-sensitive
transcription factors NF-κB and activator protein-1 (AP-I) are both activated and induce stress
protein synthesis through ARE on stress protein genes [128]. Other factors associated with
apoptotic pathways are also activated which enables the cell to undergo the characteristic
changes known to apoptosis [32, 33]. A higher level of OS is characterised by the pathological
changes caused by free radical damage; this becomes apparent and the cell undergoes death
characterised by necrosis [34, 35].

However, response to ROS at the cellular level occurs through ARE and oxidative stress-
responsive genes (Fig. 1). Following oxidative stress, a signal is transduced by interaction of
specific DNA repair enzymes, antioxidant enzymes, heat shock proteins, proteases, protease
inhibitors, cytokines and proliferation factors [36]. This adaptive response is biphasic: an ‘early’
response (1–4 h), which imparts relatively minor protection, and a ‘late’ response (12–16 h)
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which imparts major protection and involves the synthesis of proteins such as repair enzymes
[37]. The response also varies with the initiating stress in that some responses are global (e.g.
induction of SOD), whereas others are specific to the initiating stress and in other cases, tissue
specific (e.g. induction of surfactant proteins in the lung).

4. Lipid peroxidation products: A possible biomarker of HIV disease
progression

Lipid peroxidation is a free radical reaction. Any species that has sufficient reactivity to abstract
a hydrogen atom from a polyunsaturated fatty acid side chain in membrane lipids may initiate
this process [38]. This occurs when hydroxyl radicals and possibly oxygen react with the
unsaturated lipids of bio-membrane, resulting in the generation of lipid peroxide radical
(R000), lipid hydroperoxide (R00H) and fragmentation products such as hydroxyoctadecadie‐
noic acid from linoleates, F2-isoprostanes from arachidonates and neuroprostanes from
docosahexaenoates [39], 4-hydroxy-hexanal, 4-hydroxy-2-nonenal and malondialdehyde
(MDA) [40] that gives the OS condition. MDA seems to be the most potent biomarker of lipid
peroxidation although 4-hydroxy-hexanal and 4-hydroxy-2-nonenal are also specific, sensitive
and quantifiable markers (noninvasive) measurable in urine for OS overview [41]. Lipid
peroxidation in biological membranes generally proceeds through a complex process involv‐
ing rearrangement and destruction of the double bonds in polyunsaturated fatty acid. This
occurs in three steps, viz. initiation, propagation and termination phases. Peroxidation of
membrane lipids can have several outcomes, such as increased membrane rigidity, decreased
activity of membrane–bound enzymes, altered activity of membrane receptors (e.g. sodium
pumps), altered permeability (increased permissibility), formation of hydrophobic centres that
approaches the external phase, alteration of protein structure, mutagenicity (resulting from
DNA/RNA damage or binding) and inhibition of growth and protein synthesis [24]. This is
caused by the high nucleophilic properties of decomposed aldehyde products formed during
lipid peroxidation, which enables them to react with electrophilic sites such as amino and thiol
groups [42]. Biomarkers are characteristics that are specific, reliable and can be measured
objectively upon evaluation as indicators of normal biological processes, pathogenic processes
or pharmacologic responses to a therapeutic intervention.

It is now established that HIV infection is associated with formation of lipid peroxidation
products. The importance of evaluating these products is to determine or rather to have a fair
idea of the degree of damage the infection has caused the cell. Numerous research works have
implicated lipid peroxides as a marker of disease prognosis, drug development and evaluation
of efficiency of drugs [43, 44]. A number of scientists have suggested the use of OS marker
MDA as a potent additional tool for the assessment and surveillance of HIV/AIDS disease
[25,39] and a possible predicator of HIV/AIDS disease progression [45].This is not unlikely
knowing that different levels of OS measures as MDA is associated with stages of HIV/AIDS
infection classification (Fig. 1).
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5. Elite controllers

Elite controllers are referred to as individuals having the ability to spontaneously suppress
viral load and maintain HIV control mainly achieved soon after seroconversion. These
individuals may not be common in the population, about <1 %, and may best be understood
using serodiscordant HIV infection. There is evidence of an increasing number of these
individuals in some parts of Africa.

5.1. Serodiscordant infection: Definition

HIV natural resistance can best be described using serodiscordant HIV infection in sexual
partners. Serodiscordant HIV infection recognises couples/sexual partners in which one may
be either HIV seroconcordant-seropositive or seroconcordant-seronegative or the partners are
having different serostatuses [46]. Serodiscordant HIV infection refers, therefore, to partners
adequately exposed to HIV infection in which one is HIV positive (seropositive) and the other
HIV negative (seronegative).

5.2. Global prevalence

The prevalence of HIV serodiscordant infection in seronegative population has not been well
documented. About 0.5 % (one in 200) people are reported in America [47]. Scott-Algara et al.
[48] in 2003 reported that between 5 and 15 % of individuals of different populations at risk of
HIV infection (regular partners of seropositive subjects, prostitutes and intravenous drug
addicts) show no signs of apparent infection by HIV in spite of many years of exposure.
However, some studies have indicated an estimate of about 5 % in Africa. Fowke et al. [49] in
a cohort study showed that 4.3 % of HIV-1-exposed seronegative prostitutes in Kenya were
persistently HIV negative after 12 years of follow-up study. Other reports have shown an
increasing number of persistent serodiscordant-seronegatives and the risk of HIV transmission
within stable serodiscordant partners across 23 countries of sub-Saharan Africa [50].

5.3. Classification of HIV natural resistance

Those individuals who are serodiscordant-seronegative may possess natural resistance to HIV
infection. They can be grouped into two: highly exposed persistently seronegatives (HEPSs) and
long-term nonprogressors (LTNPs)

5.3.1. Highly Exposed Persistently Seronegatives (HEPSs)

They are individuals who are repeatedly exposed to HIV through different routes of exposure
but persistently remain seronegative (do not develop antibody to HIV).

5.3.2. Long-Term Nonprogressors (LTNPs)

About 5–10 % of HIV-infected people remain asymptomatic for about 7–20 years after infection
despite being on no antiretroviral therapy. Their immune function is well controlled with CD4+
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lymphocytes counts above 6000/mm3 coupled with a low plasma HIV RNA. Initially, these
were based primarily on immunologic control, i.e. maintenance of high CD4 count, but
currently LTNPs are known as elite controllers based on viral load calculations/standards.
Those with undetectable viremia (HIV RNA<50 copies/ml) are elite controllers, while those
with low but detectable viral load (HIV RNA <2000 copies/ml) are known as viremic controllers
[51, 52]. These individuals are referred to as LTNP or elite controllers (ECs) [47]. Other
subgroups include typical progressors (TPs) where about 80 % of HIV-infected individuals
develop AIDS within the median time of ten years [53] and rapid progressors (RPs) which
develop within 2–3 years of infection and exist in 10 % of the population [54].

5.3.3. Viral fitness

The phenomenon of viral ‘fitness’ relates to the pathogenicity of certain strains of HIV. HIV
replicative capacity (RC) is attributed as a component of viral fitness [55]. RC, therefore, is a
measure of the ability of the virus to replicate successfully in a given environment [56] which
tends to affect controllers of HIV. In LTNP, a number of genetic defects have been associated
with the virus. Such documented defects or genetic lesions include the NF-κB or SP1 site and
the nef mutant gene within the long terminal repeats of the virus [57]. According to Learmont
et al., some LTNPs have shown to possess this mutant gene (nef) [58]. Also faster rates of
disease progression have been observed in Ugandan individuals infected with subtype D
compared with subtype A isolates. The current concept is based on the viral load dynamic
equilibrium set point that is established between the production of virus (VR) (dependent on
the number of activated CD4 cells) and the suppression of replication and elimination of virus-
producing CD4 cells by adaptive immunity [51, 52]. Here, the elite controllers fall into extreme
low viral load carriers that are undetectable, though other researchers still maintain effective
immune clearance of EC as the major factor [58]. From studies, vigorous virus-specific humoral
and cell-mediated immune responses have been detected. For example, high titres of potent
neutralising antibodies have been found in sera of LTNPs with strong CD8+ cytotoxic T-
lymphocyte cells [59]. Genetic differences in human leukocyte antigen (HLA) alleles have also
been shown to influence HIV disease susceptibility [60] and disease progression [61]. In
particular, HLA B*5701 has been found as reported by Migueles et al. to be highly overrepre‐
sented in LTNP. Other immunological factors found include natural killer (Nk) cells in
resistant Vietnam population [48] and high levels of IL-2 (interleukin-2) found in resistant
infants born to HIV-positive mothers.

A mutant allele of CCR5 with a 32-base pair deletion (CCR5-delta-32) discovered in 1996
confers resistance to the highly exposed group of seronegative individuals [62,63]. It is often
seen in populations of European origin (in Caucasians, 1 % are homozygous, while 15–20 %
are heterozygous), which encodes a nonfunctional truncated protein. Homozygotes for the
Δ-32 allele are believed to exhibit a strong and complete resistance to HIV infection, whereas
heterozygotes delayed progression to AIDS as observed in LTNP [64]. This mutation is
hypothesised to be absent in African origins and certain Asian populations.
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6. Protective effects of antioxidants

Antioxidants are groups of substances which when present at low concentrations, in relation
to oxidisable substrates, significantly inhibit or delay oxidative processes while often being
oxidised themselves [65]. There exists a balance between their formation and removal (redox
state). To maintain an oxido/redox balance, cells protect themselves from the toxicity of excess
ROS/RNS in different ways, enzymatic and nonenzymatic antioxidants.

6.1. Relevant HIV antioxidants: Does HIV benefit from their activities?

There are many biochemical processes that oxidise reduced antioxidant molecules to neutralise
free radicals and then restore the antioxidant molecules to a reduced state. In HIV infection,
antioxidants serve to aid the CD4 cells in removing the virions by reducing the oxidative stress
that develops during HIV infection [66]. Antioxidants are useful to the host for defence and
neutralisation of free radicals.

6.1.1. Superoxide Dismutase (SOD)

Superoxide dismutase (EC 1.15.1.1) destroys the free radical superoxide by converting it to
peroxide which is further destroyed by catalase or glutathione peroxidase (GHPX) reaction. It
is known that SOD converts the superoxide radical to the less-reactive H202 [67]. In humans,
the three forms of SOD are cytosolic Cu, Zn-SOD, mitochondria Mn-SOD and extracellular
SOD (ECSOD). Generally, SOD catalyses the dismutation of 02

▪- by successive oxidation and
reduction of the transition metal ion at the active site in a ping-pong-type mechanism with
widely acknowledged high reaction rates [68]. Copper-zinc superoxide dismutase (Cu, Zn-
SOD) is also known as SOD-I; the active site is constituted by a copper and a zinc atom bridged
by a common ligand.

The HIV TAT domain is a regulatory protein of the virus that enhances the efficiency of virus
transcription and has been shown to carry exogenous molecules into cells [69], thus can fuse
with protein transduction domains (PTDs) for effective cellular cargo delivery [70]. TAT-PTD
linked-SOD1 has been shown to be ferried across the cytoplasm and even the mitochondria
where superoxide is generated, making TAT-SOD1 a source of intracellular antioxidant [72].
Currently, Qing et al. [73] in 2013 provided evidence that TAT-SOD1 has protective therapeutic
activity against ionisation radiation. Conversely, cells actually infected with HIV have been
reported to express less Mn-SOD and to lose their ability to induce antioxidant enzyme in
response to TNF. Therefore, expression of TAT protein of HIV suppresses cellular Mn-
containing superoxide dismutase (Mn-SOD) [74]. Furthermore, the protective nature of Mn-
SOD has been demonstrated by several authors; its overexpression provides oxidant
protection against AZT or 3TC-induced endothelial dysfunction [75] and against lung cancer
radiation therapy [76].
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6.1.2. Glutathione system

The glutathione system (glutathione, glutathione peroxidase, glutathione transferase and
glutathione reductase) is a key defence against H202 and other peroxides. The term glutathione
is typically used as a collective name to refer to the tripeptide L-gamma-glutamyl-L-cysteinyl
glycine in both its reduced and dimeric forms. Glutathione is necessary for maintaining
immune-mediated T-cell and phagocytosis. It inhibits HIV replication by acting at the late
stages of the virus’ life cycle through strong suppression of the production of p24 and gag
protein as well as the viral infectivity factor (Vif) [77]. This results in a dramatic decrease in
both budding and release of virus particles from chronically infected cells (either macrophages
or lymphocytes). Also there is a relative decrease in the expression of gp120 (the protein
component of the HIV viral coat), the major envelope glycoprotein rich in intrachain disul‐
phide bonds. Experiments with rats showed that gp120 increases the accumulation of H202 and
superoxides; thus, Brook et al. [78] demonstrated that the activity of this HIV protein increases
that of the key glutathione peroxidase as a defensive mechanism against ROS. Also glutathione
inhibits the reverse transcriptase (RT) process of HIV and its expression [79]. GSH further
blocks in a concentration-dependent manner the (intracellular) activation of essential protein-
splitting enzymes, such as HIV proteases. The glutathione redox cycle is a major source of
protection against low levels of oxidant stress, whereas catalase becomes more significant in
protecting against severe oxidant stress [80]. Glutathione reductase enzyme (EC 1.8.1.7), which
reduces glutathione disulphide (GSSG) to the sulphhydryl form GSH, is an important cellular
antioxidant.

6.1.3. Catalase (CAT)

Catalase (EC 1.11.1.6) is a tetrameric haem-enzyme consisting of 4 identical tetrahedrally
arranged subunits of 60 kDa. It is highly efficient that it is difficult to be saturated by H202 at
any concentration [81]. Catalase reacts with H202 to form water and molecular oxygen, a less/
nontoxic product. Catalase protects cells from hydrogen peroxide generated within them. It is
actively involved in the HIV disease progression and may serve as one of the marker enzymes
where it augments glutathione, SOD and other antioxidants. Serum catalase is known to
increase as HIV disease progresses [82, 83].

6.1.4. Vitamins A, C and E

Vitamin A plays a role in the development of both T-helper cells and B-cells. Studies have
shown that vitamin A, in the form of retinol or retinoic acid, improves immunity by stimulating
immunoglobulin synthesis through its action on T-cells or T-cell products. Retinoic acid
inhibits the production of interleukin-6 in a dose-dependent manner by downregulating the
expression of interleukin-6 mRNA [84]. Vitamin A acts as an immunostimulant by modulating
the growth and function of T-cells, B-lymphocytes and natural killer cells.

Vitamin C (ascorbate, AscH-) can donate a hydrogen atom to a free radical molecule (R⋅),
thereby neutralising it  while becoming an ascorbate radical itself  (Asc-  or Asc⋅-).  But the
free  radical  (Asc⋅)  is  very  stable  because  of  its  resonance  structure.  Moreover,  AscH-  is
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readily  regenerated  from  the  Asc-  with  NADH  or  NADPH-dependent  reductases  [85].
Ascorbate can also neutralise  the radical  form of  other  antioxidants  such as  glutathione
(GS⋅) and vitamin E (⋅TOC). Vitamin C also inhibits the replication of human immunodefi‐
ciency virus-1 (HIV-1) [86].

Tocopherols (vitamin E) interrupt free radical chain reactions by capturing the free radical;
this inherent action displays the antioxidant properties of vitamin E. The free hydroxyl (OH)
group on the aromatic ring of tocopherol is responsible for its antioxidant activity. The
hydrogen from this group is transferred to the free radical, resulting in a relatively stable free
radical form of the vitamin [87]. Vitamin E is an effective antioxidant (peroxyl radical scav‐
enger) for terminating the chain reactions of lipid peroxidation in the cell membrane. The
tocopheroxyl radical is the pro-oxidant form of vitamin E and is thought to be regenerated to
the antioxidant form by a network of other antioxidants, including vitamin C and glutathione.
In the mitochondria membrane, vitamin E that donates a hydrogen to neutralise a free radical
can be regenerated (reduced) by coenzyme Q which has two hydrogens to donate and can
avoid becoming a free radical by donating both hydrogens; this is an efficient process. Alpha-
tocopherol has potent activity against HIV. The anti-HIV-1 activity may be due, in part, to their
antioxidant properties. Alpha-tocopherol generally interferes with membrane integrity and
fluidity. As HIV-1 is a membrane virus, any alteration of the membrane fluidity of the virus
interferes with its ability to bind to cell-receptor sites, thus reducing its infectivity [88]. It
stimulates CD4 T-cell and IL-2 proliferation [89]. Vitamin E inhibits CD95 (APO–1/Fas) ligand
expression (part of TNF receptor which T-cell uses to undergo apoptosis) and protects T-cell
from activation-induced cell death of the CD95/CD95 ligand system of T-cells [90]. Tocopherol
completely inhibits and blocks DNA binding NF-κB, resulting to complete inaction [91].

6.1.5. Flavonoids

The flavones and catechins seem to be the most powerful flavonoids for protecting the body
against ROS [92]. Flavonoids may have an additive effect to the endogenous scavenging
compounds; they increase their function. Flavonoids (quercetin) was reported to exhibit both
anti-infective and antireplicative HIV abilities. Quercetin significantly downregulates p24
antigen production, LTR gene expression and viral infectivity in a dose-dependent manner (5–
50 mM) and further downregulation of the expression of the pro-inflammatory cytokine TNF-
α with concomitant upregulation of anti-inflammatory cytokine IL-13 [93]. A higher level of
IL-13 is known to inhibit TNF-α production and also HIV-1 infection. Some flavonoids work
on the intracellular replication of viruses, whereas others inhibit the infectious properties of
the viruses. Flavonoids have inhibitory activity on reverse RT and RNA-directed DNA
polymerase [94, 95]; however, it also has antiintegrase and antiprotease activities [96].
Similarly, myricetin activity was tested against HIV-RT and inhibited the enzyme by 49 % [97]

6.1.6. Metals

Zinc is a metallic divalent cation bound to proteins within cells and cell membranes. Zinc plays
catalytic, structural and regulatory roles in more than 200 zinc metalloenzymes that have been
identified in biological systems. Zinc fingers are exploited by transcription factors for inter‐
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acting with DNA and regulating the activity of genes [98]. Another structural role of zinc is in
the maintenance of the integrity of biological membranes (membrane stabilisation) by its
ability to stabilise thiol groups and phospholipids, resulting in their protection against
oxidative injury. These properties affect signalling processes involved in cell-mediated
immunity. Zinc also influences gene expression by structural stabilisation of different immu‐
nological transcription factors. It induces cytokines, including interleukin (IL)-1, IL-6 and TNF-
α [99]. HIV binds to zinc ions in T-cells in order to produce proviral peptides, which form the
basis of new infectious viral particles. HIV-1 protease enzyme cuts the viral chains to form new
infectious viral particles, as with other proteases (collagenase, angiotensin-converting enzyme
(ACE), caboxypeptidase A and neutral endopeptidases); when sufficient zinc ions are bound
to the protease, it will remain inactive [100]. Zinc therefore has both an enhancing and
inhibiting activity depending on its concentration in the surrounding tissues. In HIV replica‐
tion, viral RNA is transformed into viral DNA via the enzyme reverse transcriptase; zinc also
binds to this enzyme. Zinc influences NK cell-mediated killing and also modulates cytolytic
T-cell activity and inhibition of TNF-α [101], in addition to its anti-HIV drug potentiation
activity as [102].

Similarly, selenium is found in human and animal tissue as L-selenomethionine or L-seleno‐
cysteine. L-selenomethionine is incorporated randomly in proteins known as selenoproteins.
The antioxidant activity of selenium is mainly accounted for by virtue of its role in the
formation and function of the selenium-dependent glutathione peroxidase (GSHPx) [103].
Selenium effect on boosting cellular immunity is due to the upregulation of the expression of
the lymphocyte cells’ high affinity to interleukin (IL)-2 receptors, thus providing a vehicle for
enhanced lymphocyte cell response as well as preventing oxidative stress to human cells
[104,105]. Research has shown that the HIV virus hijacks the host supply of selenium for its
own antioxidant protection, thereby inducing or exacerbating a selenium deficiency with
increasing disease progression. Thus, HIV may be capable of incorporating host selenium into
viral selenoprotein that has glutathione peroxidase activity [106,107].

7. A search for functional cure: Is it functional or sterilising cure?

There is currently no cure for HIV/AIDS, but recent research interest on HIV treatment tends
to focus on functional cure which has renewed optimism for HIV cure. The aim of the
functional cure is to get rid of all viruses from the system and remove any negative effects of
HIV on the body and prevent viral rebound after discontinuation of the antiviral treatment.
In other words, people who had been functionally cured would never develop AIDS or other
signs of HIV disease as classified by WHO [16] and US CDC [17, 18]. Current HIV themes are
now focused on this approach to solve the problem of HIV infection globally.

This type of HIV cure does not translate to eradicating all viruses from the body but being able
to control viremia without antiviral drugs [108]. The difference between a functional cure or
remission and eradication/sterilisation cure is that while the former may de-emphasise the
HIV viral reservoir clearance and establish a sufficiently strong immune response with low-
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level viremia at <50 copies/ml, the latter sees it as a central task to eliminate the virus from all
body compartments with a plasma HIV RNA count of <1 copy/ml. In addition, the reservoir
is significantly smaller in elite controllers with decreased concentration of HIV DNA. Viral
reservoir is simply different areas of the body where viral copies hide quietly and undetected
and are unable to be treated until they are stimulated or activated to reproduce. Anatomical
reservoirs include the gastrointestinal tract (GIT), lymphoid tissue and the central nervous
system (CNS). These compartments may harbour unique long-lived latently infected cells, and
penetration of cART may be limited at these sites. What are the phenotypic characteristics of
functional cure? First is the undetectable or very low noninfective levels of the virus (<50
copies/ml) though some authors suggested <75 copies/ml for six months [109], and second is
a normal range of CD4 cell count when cART is discontinued. Although cART have tremen‐
dously improved the lives of individuals with HIV, they come with significant side effects,
perhaps not the ideal functional cure which would get HIV-infected patients to the point where
cART are no longer needed to keep their infections under control.
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It seems certain that oxidative stress control of HIV elite controllers may contribute to the expected functional cure in 
HIV patients (Fig. 1). Examination of possible and established cases implicates the action of redox control instead as an 
approach for the cure. But is this a misconceived theory or a deception? 

Epidemiology of elite or aviremic control of HIV infection appears to occur in approximately 1 in 300 HIV-infected 
persons and represents a distinct phenotype among HIV-infected individuals [110]. Through a recently established 
international collaboration (HIV Controller Consortium), over 300 elite controllers have been identified and recruited for 
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(elimination of all HIV-infected cells) still remains a major challenge to scientists. As noted previously, establishment of a 
latent or ‘silent’ infection in resting CD4+ T-cells is a major impediment to finding HIV cure. Several randomised clinical 
trials have shown that treatment intensification even with additional ART has little impact on latent reservoirs. Some 
potential drugs used to reduce latency, including histone deacetylase inhibitors, currently used and licensed for the 

Figure 1. Schematic diagram representing a putative mechanistic model of oxidative stress (OS) activity in elite con‐
trollers and in HIV disease progression. (Consequences of oxidant/antioxidant activation in the different stages of HIV
infection and interrelationship between OS and HIV control. OS= oxidative stress, ARE= antioxidant responsive ele‐
ment.)

8. Oxidative stress regulation of elite controllers: A reality or a hoax of
functional cure

It seems certain that oxidative stress control of HIV elite controllers may contribute to the
expected functional cure in HIV patients (Fig. 1). Examination of possible and established cases
implicates the action of redox control instead as an approach for the cure. But is this a mis‐
conceived theory or a deception?
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It seems certain that oxidative stress control of HIV elite controllers may contribute to the
expected functional cure in HIV patients (Fig. 1). Examination of possible and established cases
implicates the action of redox control instead as an approach for the cure. But is this a mis‐
conceived theory or a deception?
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Epidemiology of elite or aviremic control of HIV infection appears to occur in approximately
1 in 300 HIV-infected persons and represents a distinct phenotype among HIV-infected
individuals [110]. Through a recently established international collaboration (HIV Controller
Consortium), over 300 elite controllers have been identified and recruited for study [111].
Achieving either a functional cure (long-term control of HIV in the absence of cART) or a
sterilising cure (elimination of all HIV-infected cells) still remains a major challenge to
scientists. As noted previously, establishment of a latent or ‘silent’ infection in resting CD4+ T-
cells is a major impediment to finding HIV cure. Several randomised clinical trials have shown
that treatment intensification even with additional ART has little impact on latent reservoirs.
Some potential drugs used to reduce latency, including histone deacetylase inhibitors,
currently used and licensed for the treatment of some cancers, methylation inhibitors,
cytokines such as IL-7 or activators of NF-κB such as prostratin, show promising activity in
reversing latency in vitro when used either alone or in combination [112]. Prodrugs provoked
through ferrocene-mediated oxidation currently have been developed to enhance the selec‐
tivity and specificity of anticancer drugs. Peng et al. [113] described how the strategies of ROS
activation can be employed for further development of new ROS-targeting prodrugs, which
must eventually lead to novel approaches and/or combined technology for more efficient and
selective treatment of cancers.

The major reason why HIV cannot be cured is the persistence of HIV in a latent form in different
cellular reservoirs which may be pre- or post-integration latency. Functional cure strategies
tend to reduce effects of this latency. The case report of a German patient with acute myeloid
leukaemia, who received a bone marrow transplant from a donor with a 32-base pair deletion
in the CCR5 gene, may remain the only current example of a sterilising cure [114]. After
transplantation, the patient discontinued cART for 45 months and HIV RNA remained at
below 1 copy/ml with no virus found in reservoir compartments. However, a strategy of using
bone marrow transplantation with a CCR5 mutant donor is not a realistic cure for HIV, given
the toxicity and complexity of the treatment. Similarly, Sangamo Biosciences used zinc finger
nucleases, a genome editing technique, to cut off the gene in CD4 cells that controls the
expression of CCR5 coreceptor which the virus uses to enter cells, based on the coreceptor
theory [115,116]. The data generated from the clinical trials with the drug SB-728-T showed
control of viremia, improved CD4 cells and reduced proviral reservoirs with no safety
concerns; these were sustained for 56 weeks after disruption of treatment [117,118]. How cost-
effective this treatment and its availability to the large population of HIV patients remain to
be answered.

There is a possibility that other cases of remission or functional cure exist in patient populations
globally who may have started treatment soon after infection. But the figures are not certain
on the proportion of these populations that experience functional cure, though some experts
have speculated one in seven people. To date, HIV functional cure has not been 100 %
successful. In 2010, the Mississippi baby (treatment started early) believed to be functionally
cured of HIV after two years of treatment discontinuation now has detectable levels of the
virus in her blood [119], though this paved way for rational very early treatment in perinatal
HIV infection [120]. Similarly, a German patient who initiated antiretroviral therapy with AZT,
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3TC and efavirenz just under three months after exposure to HIV and within one month of
confirmed seroconversion, after an acute viral illness had his viral load below limit of detection
with stable range of CD4 cell (900–1,000 cells/mm3). He has shown no HIV RNA or associated
proteins in any tissue/organ compartment after treatment interruption for nine years [121].
This case shows evidence of strong and broad CD8 T-cell responses and strong proliferative
CD4 T-cell responses. What might be responsible for this? In contrast, analysis of the CCR5
coreceptor showed that the homozygous CCR5 promoter A59029G was present, but no delta
32 deletion was observed [121] and the HLA-I subtype was A 01, 02 B:44, 52. Nevertheless,
HIV was recovered later from the patients using a humanised mouse model after transplan‐
tation of the patient’s purified CD4 T-cells and anti-CD3/anti-CD28 stimulation. This indicated
the presence of HIV capable of replication and that other factors other than CCR5 mutation
may be responsible for viral control. The French VISCONTI cohort study also reported patients
who started treatment early and was able to gain control of the virus replication with unde‐
tected viral load after six years of treatment interruption [122]. A period of at least four years
of treatment is suggested prior to treatment interruption [123].

In most studies, preferential attention has been given to latent resting CD4+ T-lymphocytes as
a source of HIV persistence in the cell and CCR5 coreceptor mutation as responsible for HIV
control. While explanations for functional cure have proved inadequate, ROS has been
demonstrated to contribute to disease progression and drug design [124]. New strategies for
HIV functional cure should incorporate use of ROS-activated prodrugs [113]. Adequate data
on OS condition of spontaneous controllers (natural resistance) and the posttreatment
controllers (PTC)/functional cure are not available. Luc Montagner, codiscoverer of the HIV,
identified oxidative stress as one of the four factors responsible for its variability [125]. Besides,
recent report that P13K/Akt inhibitors can drastically sensitise HIV-infected macrophages
(reservoir) to oxidative-stress-induced cell death [126] indicates possible ROS therapeutic
approach to achieve HIV cure as well as the cytoprotective effect of the virus-activated P13K/
AKt in human microglial cell line and macrophages against apoptotic challenge [127]. In
addition, HIV infection increases the cellular levels of ROS, especially superoxide anion and
peroxynitrite which accelerates HIV replication in macrophages [28]. Recently, Bhaskar et al.
demonstrated that a marginal increase of about ~25mV in EGSH is sufficient to switch HIV-1
from latency to reaction using Grx1-roGFP2 biosensor [128], suggesting possibility of purging
HIV-1 by redox modulators which shows how fluctuations in EGSH modulate expression of
antioxidant gene in infected HIV patients [129].

9. Conclusion

HIV host reservoir of latently infected cells stands as the barrier to a successful longed-for cure
that would free HIV-positive patients from a lifetime of taking antiretroviral drugs. Antire‐
trovirals known to protect uninfected cells reduce the viral load and stave off full-blown AIDS.
However, they do not eliminate the HIV reservoir in the host. Though the virus is not com‐
pletely eradicated in EC, the reservoir could not replicate, so low viral load is recorded and
antiretrovirals are unnecessary. OS however has been implicated in HIV replication and
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disease progression; so it can be used as a surveillance tool. The chapter presents oxidative
stress and redox regulation of controllers of HIV infection as a means to achieve a functional
cure. Therefore, ROS should be seen as a viable strategy to achieving HIV functional cure.
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1. Introduction

The acquired immunodeficiency syndrome (AIDS) caused by the Human immunodeficien‐
cy virus (HIV) is by far the most feared disease by any person on the planet. The root cause
of  this  fear  stems from its  relentless  worldwide spread and the  absence  of  an  effective
therapeutic / preventive modality. Since its discovery in the early 1980s, it has been over three
decades of war between mankind and HIV. All attempts to overcome the virus have so far
been unsuccessful due to the unique features of HIV such as, the abilty to undergo rapid
genetic evolution and to establish latent reservoirs. The higly active anti-retroviral therapy
(HAART) is currently the only available strategy to limit the disease progression. Howev‐
er, the principal flaw in HAART is that it fails to eliminate the infection and warrants life
long therapy. Long term treatment with anti-retroviral drugs has the disadvantage of poor
compliance due to adverse effects and also possesses the risk of selecting resistant mutants.
These reasons justify the need to search for novel therapeutic options superior to convention‐
al anti-viral therapy.

Success stories of the Mississippi baby and the Berlin patient have revolutionized the concepts
of HIV treatment and offered hope that HIV is not invincible. The strategies that have been
developed / being developed against HIV, either affect the virus directly at different phases of
its natural course or enhance the immunity to clear the infection from the body. Novel natural
and synthetic compounds, peptides, DNA and RNA manipulatory techniques are being
explored for their ability to impede the virus. Immune based therapies to accentuate specific
anti-HIV immunity have stemmed from the failures encountered with vaccines. Apart from
this, various alternative therapies are also being sought by patients. This chapter elaborates
the various novel options that are currently being developed for HIV treatment and discusses
their potential uses and impediments.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative 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.



2. Why should we look beyond the HAART?

The major problem faced with HAART is that it only controls the infection and never eliminates
it. When used continually on a lifelong basis, the HAART provides an infected individual with
a significant improvement of clinical condition, enhancement of the quality of life and drastic
reduction of circulating viral load. Nevertheless, treatment cessation at any point results in a
rebound viremia, stripping off all the benefits that the patient had enjoyed during therapy.
This could be stated as the inherent flaw in HAART, which exerts its inhibitory effect only
against the actively replicating viruses in circulation and has little or no effect in destroying
the quiescent viruses hidden in the latent cellular and anatomical reservoirs. Due to several
reasons, this proviral reservoir gets activated at a later date proceeding to active viral replica‐
tion and viremia, which can occur unchecked upon discontinuation of HAART [1-4].

Another worrisome aspect of HIV is its ability to undergo rapid genetic evolution as a
consequence of its voracious mutating capacity. For a virus with such a feature, lifelong
therapy with anti-retroviral drugs can be deleterious by itself, as the constant drug pressure
eventually selects the resistant mutant viral populations. Such mutant viruses, resistant to the
currently used anti-retroviral drugs have already emerged and are being disseminated in
various countries across the globe. There is a possibility that these strains may replace the drug
susceptible ones and render the HAART inactive.

Lifelong HAART also faces the practical constraint of continuous patient adherence to the
prescribed regimen and also its discontinuation due to adverse drug effects. Optimistic
predictions of worldwide HIV control using HAART would be just a mirage if the impending
failure of the HAART in the future is not foreseen from the present. In the light of these issues,
any attempt to curtail the HIV pandemic warrants the need for novel anti-retroviral agents
and/or strategies to supplement, if not to supplant the HAART [5].

3. Novel agents and strategies currently being tried against HIV

All of the therapeutic strategies which are either currently available or under experimental
research, involve attacking HIV at any one of the different phases in its infection course.
(Figure-1) All these strategies use one or more of the following principles including adminis‐
tration of active chemical compounds, nanotechnology, DNA manipulation, RNA based
techniques and cellular transplants.

Apart from these therapeutic strategies which directly impede the viral activity, several
immune based therapies are also being developed which intend to enhance the ability of the
immune system to overcome HIV on its own. These strategies also act at one or more points
in the natural course of HIV infection allowing the immune system to suppress and possibly
eliminate HIV [6].
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4. Agents and strategies inhibiting retroviral replication

4.1. Using the HAART for a functional cure

The HAART and the other anti-retroviral agents halt the natural course of HIV infection at the
phase of active viral replication. This section elucidates the newer concepts that propose to
maximize the utility of the existing anti-retroviral agents and also sheds light on novel
compounds and targets which could be exploited for use against HIV.

Figure 1. Natural course of HIV infection and the targeting points of therapeutic strategies
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The scope of the HAART to achieve a ‘functional cure’ is being studied extensively. Functional
cure is said to be achieved when the infected individual treated aggressively with HAART
early in the course of infection, does not develop rebound viremia on cessation of therapy for
several months [7]. This concept had stemmed from the story of the Mississippi baby, where
a mother seropositive for HIV-1 gave birth to an infant who was also found to be infected.
Anti-retroviral therapy was initiated to the baby at 30 hours of birth and was continued till 18
months of age after which the therapy was discontinued. Surprisingly at 30 months of age, the
child was tested negative for plasma HIV-1 RNA, proviral DNA in peripheral-blood mono‐
nuclear cells and serum HIV-1 antibodies [8].

In an attempt to replicate the observations of the Mississippi baby, the VISCONTI study
conducted in France has effectively achieved a functional cure in a cohort of 14 adults who
currently are free of viremia even after several years of interruption of anti-retroviral therapy
[9]. Likewise, functional cure has been reported in an elderly German patient who had
deliberately interrupted treatment after five years and has controlled rebound viremia for nine
years after the cessation of treatment [10].

The reason hypothesized behind functional cure is that, early aggressive treatment prevents
the build-up of large latent reservoirs and also reduces the viral load low enough that the
immune system clears off the residual infection without continued use of antiretroviral drugs
[11]. The drawback of this concept is that it necessitates the stoppage of the anti-retroviral
drugs that have helped in the control of viremia. It is not known whether this might result in
a functional cure or cause a rebound viremia. As it would be unethical to stop treatment in an
individual with good viremic control without knowing the correlates of protection, well
designed clinical trials must be conducted prior to implementation of this concept, to obtain
answers to questions of uncertainty such as; what is the time period within which the treatment
should be initiated following infection to favour functional cure? How long should the
treatment be given? When is the ideal time for the interruption of treatment? What are the host
factors involved in protection?

By the time the functional cure concept offered some hope, the occurrence of rebound viremia
in the Mississippi baby smashed all the excitement [12]. It might only be a matter of time before
we know whether the other patients claimed to be functionally cured, progress to viremia or
remain “cured“. Nevertheless, the Mississippi baby and the other studies have hinted that
control of viremia is possible on treatment cessation. Further studies are required to find how
to prolong this drug-free control of viremia.

4.2. Targeted drug delivery to infected cells

To achieve viremic control by anti-retroviral drugs, the patient should also face a plethora of
untoward effects. Drug interactions, synergistic toxicity of combination, frequent dosing and
pill burden are the various adverse effects of the HAART causing a poor compliance. Novel
techniques based on nanotechnology are being developed to overcome the shortcomings of
conventional anti-retroviral drug therapy.
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Targeted drug delivery is the technique that is extensively being applied to accentuate the
beneficial effects and to simultaneously reduce the adverse effects of anti-retroviral drugs. In
the course of infection, HIV gains entry into its target cells by membrane fusion, leaving behind
its envelope and surface glycoproteins on the surface of the infected cells. During active
replication of HIV within the target cells, the infected cells also express these viral glycopro‐
teins synthesized de novo. Active targeting exploits these viral components on the cell surface
to selectively identify the infected cells from the uninfected ones [13]. Active replication of HIV
in vivo, from the point of infection of a CD4 T-cell to release of viral progeny takes an average
of 52 hours for completion [14]. This long generation time of HIV could be effectively utilized
to specifically deliver the anti-retroviral drugs to the infected cells by nanotechnology
methods. This would prevent the dissemination of the viral progeny and reduce the viral load
more effectively than systemically administered anti-retroviral drugs.

The nanoparticles used for targeted drug delivery contain a carrier vessel straddled with a
targeting moiety. The carrier nanoparticles are tiny containers which could be loaded with the
drug of interest and are capable of delivering their cargo into cells upon fusion. Various types
of nanocarriers such as; liposomes, micelles, dendrimers, nanocapsules, nanoemulsions, solid
lipid nanoparticles, polymeric nanoparticles, gold nanoparticles and nanocrystals have been
successfully loaded with one or more known anti-retroviral agents. The active targeting moiety
tagged to the surface of these carriers guides them specifically to the target cells. Recombinant
CD4 molecules or Fab fragments of monoclonal anti-gp120 antibodies which possess high
affinity to HIV envelope glycoproteins are used to actively target the envelope glycoproteins
of HIV present on the surface of the infected CD4 cells [15].

Targeted drug delivery possesses significant advantages over conventional chemotherapy of
which, the most important is the reduction of the adverse effect profile of the anti-retroviral
agents. This is because, the technique concentrates the drug only to the necessary sites and
hence not only it reduces the administered dose, but also avoids the accumulation of drug at
unwanted sites. Besides this, some of the nanoparticles have inherent antiretroviral property
and function synergistically when loaded. This promising technique however, is not devoid
of pitfalls. Nanoparticles face the major problem of opsonization and phagocytic clearance
which occurs almost rapidly following their administration. The process of pegylation which
involves in coating of the nanoparticles with polyethylene glycol overcomes this disadvantage
by making the nanoparticles invisible to immune clearance. However, the fusion kinetics of
these ‘stealth’ nanoparticles is diminished when compared to the non-pegylated ones [16].
Nanocarriers packed with a single drug are more stable and addition of more drugs within
the same nanocarrier makes it more unstable. As monotherapy can accelerate viral resistance,
stable models of multidrug nanocarriers are now being developed [17]. Poor oral bioavaila‐
bility, causation of target cell membrane instability and cytotoxicity, complications in renal
clearance and high production cost are some of the problems that have to be solved before
nanotherapeutics come into effective use [13].
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4.3. Congeners of HAART

The currently available anti-retroviral drugs specifically inhibit a select few steps of HIV
replication such as HIV entry and fusion, reverse transcription, protease action and integration.
Apart from their beneficiary action, the anti-retroviral drugs possess significant adverse
reactions which form the principal reason behind poor compliance and drug withdrawal. With
the advent of pharamacological techniques, congeners of anti-retroviral drugs are being
developed with the aim of minimizing the side effects.

The congeners are molecules of any particular drug class which are engineered to overcome
the pitfalls faced by the existing members of the same drug class. They possess minor structural
modifications that confer one or more favourable properties such as increased biovailability,
increased target site binding affinity or longer half life. By virtue of these properties, the
congeners can be effectively administered at reduced dose and interval and hence possess a
low adverse effect profile. The congeners are subject to clinical trials and would probably fail
or get pass the trial stages to get approved by the United Staes Food and Drug Administration
(FDA) and relevant international bodies. Table-1 summarizes the FDA approved anti-
retroviral dugs for use in the USA and their congeners in the pipeline (updated to October
2014) [18-21].

Stage of HIV replication
inhibited

Anti-retroviral drug class FDA approved agents Congeners

Attachment to CCR5 co-
receptor

Entry inhibitors Maraviroc Cenicriviroc
Vicriviroc
Adaptavir
INCB-9471
PRO-140

Fusion of envelope with cell
membrane

Fusion inhibitors Enfuvirtide Albuvirtide

Reverse transcription Nucleoside / Nucleotide
Reverse Transcriptase
Inhibitors (NRTIs)

Zidovudine
Lamivudine
Stavudine
Didanosine
Emtricitabine
Abacavir
Tenofovir disoproxil
fumarate

Tenofovir alafenamide
Hexadecycloxy propyl
tenofovir
Amdoxovir
Racivir
Festinavir
Elvucitabine
Dexelvucitabine

Non-Nucleoside Reverse
Transcriptase Inhibitors
(NNRTIs)

Nevirapine
Efavirenz
Delaviridine
Etravirine
Rilpivirine

Doravirine
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Stage of HIV replication
inhibited

Anti-retroviral drug class FDA approved agents Congeners

Proteolytic cleavage of
precursor polyprotein into
functional proteins

Protease inhibitors Ritonavir
Nelfinavir
Indinavir
Saquinavir
Atazanavir
Foamprinavir
Tipranavir
Darunavir

-

Integration of viral DNA to
the host cell genome

Integrase inhibitors Raltegravir
Dolutegravir

Elvitegravir
Cabotegravir

Table 1. Anti-retroviral drugs approved by the FDA and their congeners under consideration

4.4. Reducing the pill burden

One of the practical difficulties faced by the multi-drug HAART regimen is the pill burden. It
is glaringly obvious and even scientifically proven that, therapeutic regimens with lesser
number of pills have a better patient adherence [22]. In this context, pills with a fixed dose
combination of more than one anti-retroviral agent are being developed and few have also
been approved by the FDA. Table-2 summarizes the list of combinations approved by the FDA
as of October 2014 [18].

Name of the pill Drugs contained

Epzicom Abacavir and lamivudine

Combivir Zidovudine and lamivudine

Truvada Emtricitabine and tenofovir disoproxil fumarate

Triumec Abacavir, dolutegravir and lamivudine

Trizivir Abacavir, zidovudine and lamivudine

Atripla Efavirenz, emtricitabine and tenofovir disoproxil fumarate

Complera Emtricitabine, rilpivirine and tenofovir disoproxil fumarate

Striblid Elvitegravir, cobicistat, emtricitabine and tenofovir disoproxil fumarate

Table 2. Fixed dose combinations of anti-retroviral drugs approved by the FDA

Designing a single drug molecule containing the active moieties of two different anti-retroviral
compounds is yet another strategy to reduce the pill burden. These molecules termed ‘port‐
manteau inhibitors’ can exert their anti-retroviral action at two different steps of HIV replica‐
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tion and could thereby reduce an extra pill. Caffeoyl-anilide compounds are evaluated for their
dual action in inhibiting HIV integrase and blocking the CCR5 receptor mediated entry [23].

4.5. Synergistic enhancers of anti-retroviral drug action

Certain compounds such as pharmacokinetic boosters and virostatics, are being evaluated for
their role in potentiating the action of anti-retroviral drugs. The property of pharmacokinetic
boosting is exclusively exploited for protease inhibitors which are metabolized and cleared
from the body by the cytochrome P-450 CYP3A4 enzyme. The effect of protease inhibitors can
be boosted if they are co-administered with compounds that inhibit this enzyme. The protease
inhibitor ritonavir with the propensity to inhibit the cytochrome P-450 CYP3A4 enzyme, when
co-administered with another protease inhibitor not only enhances its bioavailability, but also
acts synergistically to minimize the dosage of both agents [24]. The combination of lopinavir
boosted by ritonavir has been identified to provide maximum benefits with minimal adverse
effects and hence is approved by the FDA and marketed as a fixed dose combination pill under
the name, kaletra. Cobicistat is another unrelated compound which is a potent inhibitor of the
cytochrome P-450 CYP3A4 enzyme without having any inherent anti-retroviral activity. As it
is also capable of boosting the beneficial effects of integrase inhibitors, it is approved for use
along with the fixed combination of elvitegravir, emtricitabine and tenofovir under the trade
name, striblid [18, 25].

Virostatics is an abbreviation for the combination of antiviral (viro) and cytostatic drugs
(static). This combination intends to reduce viremia by inhibiting HIV replication with anti-
retroviral drug and simultaneously reducing the number of the viral target cells (normal CD4
T-cells), using the cytostatic drug. It has been observed that the antiviral drug didanosine
functions synergistically with hydroxyurea, an inhibitor of cellular proliferation to achieve
viral load reduction. As this strategy depends on hydroxyurea induced immunosuppression
for reduction of viremia, more knowledge has to be gained on its practicality, with respect to
didanosine resistant HIV mutants and flare-up of opportunistic infections [26, 27]. The anti-
parasitic / anti-inflammatory drug leflunomide is also found to have similar synergistic effect
to inhibit HIV replication when used along with nucleoside reverse transcriptase inhibitors
[28, 29].

4.6. Novel targets and synthetic molecules to inhibit active retroviral replication

From binding to release, the replication of HIV involves several steps of which, only a few
steps are targeted by the currently available anti-retroviral drugs and their congeners. As the
various sub-cellular and molecular mechanisms of HIV replication are gradually being
unraveled, novel compounds are also being identified to target and inhibit one or more steps
of HIV replication. Most of these are small synthetic molecules identified based on computa‐
tional analysis of their structure and ability to dock at the required site and further screened
for functionality by in vitro bioassays. As the discovery of newer anti-retroviral compounds is
an ongoing process, table-3 summarizes a non-exhaustive list of novel synthetic anti-retroviral
compounds and the phase of HIV replication they inhibit.
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Phase of HIV replication
inhibited

Novel mechanism of action Compound Reference

Entry and fusion Binding to HIV gp 120 and prevention of
its attachment to CD4 receptor

Temsavir and fostemsavir [30]

BMS-488043 [31]

NBD-556 [32]

DCM-205 [33]

Curdlan sulfate [34]

Attachment to the CXCR4 co-receptor
and prevention of HIV envelope fusion
to cell membrane

AMD-11070 [35]

T-22 [36]

KRH-1636 [37]

Uncoating Binding to HIV capsid / cyclophilin-A
and prevention of uncoating by
stabilizing the capsid

Pyrrolopyrazolone derivatives [38]

Quinoxaline derivatives [39]

Destabilisation and dissolution of the
HIV capsid after entry

PF-3450074 (PF74) [40, 41]

I-XW-053 [42]

Reverse transcription and
DNA synthesis

Inhibition of reverse transcription by
novel nucleoside analogues

Adenosine analogs [43]

Inhibition of HIV DNA synthesis and
introduction of lethal mutations

Ribonucleoside analogs [44]

KP-1461 [45]

Reversal of susceptibility in NRTI
resistant mutants

Foscarnet [46]

Transcription Inhibition of viral protein (tat) or
inhibition of the leader sequence of HIV
mRNA (TAR) or inhibition of tat-TAR
interaction to prevent the initiation of
transcription

Quinolone derivatives (HM13N,
NM13)

[47]

Acetylpromazine derivatives [48]

N1-aryl-propane-1,3-diamine [49]

Inhibition of cellular factors responsible
for the elongation of HIV mRNA

Flavopiridol derivatives [50]

Seliciclib [51]

Roscovitine [52]

Iron chelators [53]

Garcinol derivatives (LTK-14) [54]

Ribofuranoside and carbonitrile
derivatives

[55]

Miltefosine [56]

Inhibition of post transcriptional
processing of HIV mRNA

Mycophenolic acid [57]
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Phase of HIV replication
inhibited

Novel mechanism of action Compound Reference

Cytoplasmic export of
HIV mRNA

Inhibition of host proteins involved in
nuclear export of HIV mRNA

PKF050-638 [58]

Translation Inhibition of cellular ATPases involved
in the initiation of HIV mRNA
translation

Rhodanine and triazine
compounds

[59, 60]

Assembly and release Binding to capsid protein and Inhibition
of assembly

benzodiazepines and
benzimidazoles

[61]

Blocking the ion channel function of the
HIV protein vpu

BIT225 [62]

Maturation of progeny
after release

Preventing the release of capsid protein
from its precursor protein in the
progeny virions and thereby rendering
them non-infectious

Bevirimat [63]

Viral DNA integration Inhibition of lens epithelium derived
growth factor protein p75 (LEDGF/p75)
which helps in viral DNA integration

2-(quinolin-3-yl) acetic acid
derivatives

[21]

Chicoric acid derivatives [64]

Enhancing the anti-viral
restriction factors of the
host cell

Inhibition of HIV virion infectivity factor
(vif) to indirectly improve the viral
restriction by APOBEC proteins

RN-18 [65, 66]

VEC-5 [67]

Direct enhancement of APOBEC
proteins

SN-2 [68]

Multiple steps Inhibition of uncoating and assembly Thiourea compounds [69]

Acylhydrazone derivatives [70]

Inhibition of viral entry and
transcription

Aminoglcosides (Neomycin,
netilmicin)

[47]

Direct destruction of free
HIV virions

Cation mediated destruction of HIV
envelope

Ceragenins (CSA-54) [71]

Selective cytolysis of HIV
infected cells

Inhibition of acute viral infection and
activation of apoptotic pathways
specifically in cells infected with HIV

Ciclopirox and deferiprone [72]

Table 3. Novel synthetic anti-retroviral compounds and their mechanism of action

Although most of these compounds have shown potent in vitro anti-retroviral activity, their
in vivo efficacy needs to be evaluated. A few of the listed drug candidates are undergoing
clinical trials and are expected to be available for use in the near future. The concept of using
antiviral compounds for treatment of HIV poses a significant drawback. Unlike other viruses,

Trends in Basic and Therapeutic Options in HIV Infection - Towards a Functional Cure218



Phase of HIV replication
inhibited

Novel mechanism of action Compound Reference

Cytoplasmic export of
HIV mRNA

Inhibition of host proteins involved in
nuclear export of HIV mRNA

PKF050-638 [58]

Translation Inhibition of cellular ATPases involved
in the initiation of HIV mRNA
translation

Rhodanine and triazine
compounds

[59, 60]

Assembly and release Binding to capsid protein and Inhibition
of assembly

benzodiazepines and
benzimidazoles

[61]

Blocking the ion channel function of the
HIV protein vpu

BIT225 [62]

Maturation of progeny
after release

Preventing the release of capsid protein
from its precursor protein in the
progeny virions and thereby rendering
them non-infectious

Bevirimat [63]

Viral DNA integration Inhibition of lens epithelium derived
growth factor protein p75 (LEDGF/p75)
which helps in viral DNA integration

2-(quinolin-3-yl) acetic acid
derivatives

[21]

Chicoric acid derivatives [64]

Enhancing the anti-viral
restriction factors of the
host cell

Inhibition of HIV virion infectivity factor
(vif) to indirectly improve the viral
restriction by APOBEC proteins

RN-18 [65, 66]

VEC-5 [67]

Direct enhancement of APOBEC
proteins

SN-2 [68]

Multiple steps Inhibition of uncoating and assembly Thiourea compounds [69]

Acylhydrazone derivatives [70]

Inhibition of viral entry and
transcription

Aminoglcosides (Neomycin,
netilmicin)

[47]

Direct destruction of free
HIV virions

Cation mediated destruction of HIV
envelope

Ceragenins (CSA-54) [71]

Selective cytolysis of HIV
infected cells

Inhibition of acute viral infection and
activation of apoptotic pathways
specifically in cells infected with HIV

Ciclopirox and deferiprone [72]

Table 3. Novel synthetic anti-retroviral compounds and their mechanism of action

Although most of these compounds have shown potent in vitro anti-retroviral activity, their
in vivo efficacy needs to be evaluated. A few of the listed drug candidates are undergoing
clinical trials and are expected to be available for use in the near future. The concept of using
antiviral compounds for treatment of HIV poses a significant drawback. Unlike other viruses,

Trends in Basic and Therapeutic Options in HIV Infection - Towards a Functional Cure218

HIV possesses an immense potential to undergo genetic variation and the anti-retroviral agents
rapidly select out resistant mutants. This could be well explained with the experiences faced
with the experimental uncoating inhibitor PF74 and the maturation inhibitor bevirimat. The
action of both these drugs can be nullified by HIV with simple mutations causing amino acid
substitutions and these resistant mutants are expected to emerge rapidly if these drugs get
approved for widespread use [41, 73]. While comparing the length of time and amount of work
required to approve new anti-retroviral molecules acting on viral components, it is almost an
instantaneous process for HIV to develop resistance against the drugs. In this context,
compounds that inhibit the genetically more stable host components to produce anti-retroviral
effects such as the CCR5 / CXCR4 inhibitors hold promise, until the virus finds an alternative
to evade their action.

4.7. Natural derivatives with anti-retroviral property

Apart from the multitude of synthetic anti-retroviral compounds that are being generated
every day, many naturally occurring compounds have also been identified to inhibit HIV [74,
75]. Plants, marine organisms, arthropod venoms and bacteria form the principal sources of
these compounds. Extracts from natural sources are tested in vitro for anti-retroviral activity
and the most active component identified, purified and studied for possible mechanism of
action. Interestingly, some of the natural compounds have been found to perform better than
their synthetic counterparts [73]. Recently, virtual methods are being developed for screening
natural compounds for their anti-retroviral property [76]. If the in vitro effects could be
effectively achieved in vivo, it would not be surprising when some of these compounds soon
make their way across clinical trials and be available for use in the near future. Table-4
summarizes some recent compounds of renewed interest among various naturally occurring
anti-retroviral compounds already identified.

Source Source organism Compound Mechanism of anti-retroviral action Reference

Plants Camellia sinensis (Green
tea)

Epigallocatechin-3-
gallate

Inhibits HIV transcription. Also
degrades the semen-derived enhancer of
virus infection and prevents mucosal
transmission

[77, 78]

Eucalyptus globoidea
(Australian Eucalyptus
tree)

Globoidnan A Inhibits HIV integrase [79]

Betula pubescens
(and several other
plants)

Betulinic acid Prevents the release of capsid protein
from its precursor protein in the
progeny virions and thereby renders
them non-infectious

[73]

Isatis indigotica (Chinese
medicinal plant)

Indirubin-3'-monoximeInhibits host cellular machinery
responsible for HIV transcription

[80]
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Source Source organism Compound Mechanism of anti-retroviral action Reference

Salvia miltiorrhiza
(Chinese medicinal
plant)

Tanshinone II A Inhibits host cellular machinery
responsible for HIV transcription

[81]

Pelargonium sidoides
(German medicinal
plant)

Unidentified
compounds

Inhibits HIV entry [82]

Grapes and berries Resveratrol Inhibits tat-induced HIV transactivation.
Also possess cystostatic effects on CD4
T-cells similar to hydroxyl urea

[83]

Grapefruit juice Unidentified
compounds

Neutralizes the CYP3A4 in the GI tract
and increases the bioavailabity of anti-
retrovirals

[84]

Marine
species

Griffithsia species (Red
algae)

Griffithsin / Grifonin-1 Binds to various HIV surface
components including gp41 and gp120
and inhibits entry

[85, 86]

Corticium simplex
(Sponge)

didehydro-cortistatin
A

Most potent inhibitor of tat-dependent
HIV transcription identified till date

[47, 87]

Fascaplysinopsis reticulata
(Sponge)

Fascaplysin Inhibits host cellular machinery
responsible for HIV transcription. Also
inhibits HIV reverse transcriptase

[88]

Cassiopia Andromeda
(Jelly fish)

Cnidarian proteins Various anti-HIV activities including
inhibition of HIV protease, inhibition of
HIV entry and cytotoxicity of infected
cells

[89, 90]

Galaxura filamentosa
(Red algae)

Litophyton arboreum
(Soft coral)

Bacteria Nostoc ellipsosporum
(Cyanobacterium)

Cyanovirin-N Binds to various HIV surface
components including gp41 and gp120
and inhibits entry

[91]

Scytonema varium
(Cyanobacterium)

Scytovirin [92]

Sorangium cellulosum
(Myxobacterium)

Ratjadone-A Inhibits host proteins involved in
nuclear export of HIV mRNA

[93]

Streptomyces species
(Actinomycete)

Leptomycin-B Inhibits the viral protein rev which helps
in nuclear export of HIV mRNA

[94]

Arthropods Bee venom Melittin Binds to various HIV surface
components and disintegrates the
envelope

[95]

Scorpion venom Kn2-7 Interacts with HIV envelope and inhibits
entry

[96]

Table 4. Anti-retroviral compounds isolated from natural sources

Trends in Basic and Therapeutic Options in HIV Infection - Towards a Functional Cure220



Source Source organism Compound Mechanism of anti-retroviral action Reference

Salvia miltiorrhiza
(Chinese medicinal
plant)

Tanshinone II A Inhibits host cellular machinery
responsible for HIV transcription

[81]

Pelargonium sidoides
(German medicinal
plant)

Unidentified
compounds

Inhibits HIV entry [82]

Grapes and berries Resveratrol Inhibits tat-induced HIV transactivation.
Also possess cystostatic effects on CD4
T-cells similar to hydroxyl urea

[83]

Grapefruit juice Unidentified
compounds

Neutralizes the CYP3A4 in the GI tract
and increases the bioavailabity of anti-
retrovirals

[84]

Marine
species

Griffithsia species (Red
algae)

Griffithsin / Grifonin-1 Binds to various HIV surface
components including gp41 and gp120
and inhibits entry

[85, 86]

Corticium simplex
(Sponge)

didehydro-cortistatin
A

Most potent inhibitor of tat-dependent
HIV transcription identified till date

[47, 87]

Fascaplysinopsis reticulata
(Sponge)

Fascaplysin Inhibits host cellular machinery
responsible for HIV transcription. Also
inhibits HIV reverse transcriptase

[88]

Cassiopia Andromeda
(Jelly fish)

Cnidarian proteins Various anti-HIV activities including
inhibition of HIV protease, inhibition of
HIV entry and cytotoxicity of infected
cells

[89, 90]

Galaxura filamentosa
(Red algae)

Litophyton arboreum
(Soft coral)

Bacteria Nostoc ellipsosporum
(Cyanobacterium)

Cyanovirin-N Binds to various HIV surface
components including gp41 and gp120
and inhibits entry

[91]

Scytonema varium
(Cyanobacterium)

Scytovirin [92]

Sorangium cellulosum
(Myxobacterium)

Ratjadone-A Inhibits host proteins involved in
nuclear export of HIV mRNA

[93]

Streptomyces species
(Actinomycete)

Leptomycin-B Inhibits the viral protein rev which helps
in nuclear export of HIV mRNA

[94]

Arthropods Bee venom Melittin Binds to various HIV surface
components and disintegrates the
envelope

[95]

Scorpion venom Kn2-7 Interacts with HIV envelope and inhibits
entry

[96]

Table 4. Anti-retroviral compounds isolated from natural sources

Trends in Basic and Therapeutic Options in HIV Infection - Towards a Functional Cure220

4.8. Anti-retroviral peptides

Eukaryotic organisms are known to secrete antimicrobial peptides as a part of their innate
immunity, which have a broad spectrum of activity against various pathogenic microbes [97].
These peptides are usually short sequences of 12 - 20 amino acids, but some of them may also
be around 40 amino acids long. Apart from the inherent anti-retroviral peptides produced by
the human body, numerous studies have identified several peptides from natural and
synthetic sources that are capable of inhibiting HIV replication [98]. With the FDA approval
of the fusion inhibitor peptide enfuvirtide, coupled with the growing problem of resistance to
anti-retroviral drugs, much interest is being shown in the development of novel anti-retroviral
peptides. Currently, there are nearly a thousand HIV inhibiting peptides identified and new
members are being added on a daily basis [99].

The anti-retroviral peptides identified till date are predominantly from natural sources ranging
from bacteria to plants to primates. Also a significant number of these peptides are derivatives
of HIV itself, which structurally mimic the viral substrates and competitively inhibit the
various replicatory processes. On the other hand, synthetic production using techniques such
as phage display, offer the scope of combination of related or unrelated peptides to achieve
maximal anti-retroviral effect. Most of the anti-retroviral peptides inhibit one or more of the
phases of HIV replication. Majority of the peptides act extracellularly to inhibit HIV attachment
or its fusion while others inhibit the intracellular phases of replication such as reverse tran‐
scription, transcription and integration. Apart from the direct administration of peptides for
therapy, these agents could also be administered in their complementary DNA form which on
recombination with the host cell genome and subsequent expression, makes the target cell
resilient to HIV infection (subsequently discussed). Certain peptides possess the unique
property of cell penetration and hence being evaluated for their possible role in targeted
nanotechnological and cellular delivery techniques [99, 100].

The advantages of therapeutic peptides include their high specificity for the site of action, rapid
break down into harmless amino acids which are eliminated easily and hence possess less
toxicity and adverse effect profile [98]. However, this rapid breakdown of peptides by the
peptidases could also be a drawback since they could be cleared off before they exert their
action. Currently, synthetic peptides incorporated with D-isomers of amino acids (instead of
the naturally occurring L-isomers) or with added non-peptide moieties, overcome this
drawback and possess extended half life [101]. Peptides are highly antigenic and elicit the
production of antibodies. Hence the extracellular acting peptides face the problem of antibody
mediated clearance. Although the intracellular acting peptides are devoid of the antibody
problem, availability of efficient delivery systems into the cell and degradation by the
intracellular peptidases are the challenges they face. Poor oral bioavailability, inability to cross
biological barriers and high production cost are further problems to be addressed prior to
approval for therapeutic use [100, 102]. The FDA however, has approved enfuvirtide, this
approval has offered hope for the success of other anti-retroviral peptides currently undergo‐
ing clinical trials [103]. With advancements in nanotechnology and cellular delivery systems,
peptide therapy might become a reality for HIV infection in due course of time.
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4.9. RNA based therapeutics

RNA based therapeutic strategies exert their action between the phases of transcription and
translation. Numerous RNA based techniques have been developed which are classified by
their mechanism of action. They include; inhibitors of messenger RNA (mRNA) translation
(antisense oligonucleotides), the agents of RNA interference (RNAi), catalytically active RNA
molecules (ribozymes) and RNAs that bind proteins and other molecular ligands (aptamers)
[104, 105] (Table-5). These techniques can be utilized for the treatment of any viral disease by
engineering specific, complementary inhibitory RNA particles to the viral transcription
components. Among these techniques, RNAi and to a lesser extent antisense oligonucleotides,
have been tried out to inhibit retroviral replication. As these techniques can also target the host
cellular processes, they are being exploited in strategies to increase the resilience of target cells
to HIV infection, which is discussed later [106].

RNAi is an endogenous mechanism which involves the down regulation of mRNA activity
during transcription and post transcription phases using short double stranded RNA (dsRNA)
called micro RNA (miRNA), which are about 20-30bp long. The identification of this regulatory
process has provoked the interest of controlling unwanted viral replication using exogenously
administered specific sequences of short dsRNA. The exogenously administered agents of
RNAi therapy include small interfering RNA (siRNA) and short hairpin RNA (shRNA). These
agents act on the post transcript mRNA and either cause direct sequence specific cleavage
when there is a perfect sequence complementarity match, or lead to translational repression
and degradation of mRNA when the interfering RNA sequence is of limited complimentarity
to the targeted mRNA. As the siRNA get cleared off after their action, their effects are only
transient and need repeated administration similar to agents of chemotherapy. On the other
hand the action of shRNA is similar to gene therapy, as they get expressed on promoters and
cause long term effects. Various viral and non-viral delivery mechanisms and active targeting
strategies have been developed to deliver these active agents into the target cells [107, 108].

Systems employing siRNA and shRNA to target the gene products of tat, rev, nef, env, vif and
pol have been designed and evaluated for efficacy [47, 106]. However, the use of this technol‐
ogy against viral replicatory processess is threatened by the genetic variation exhibited by HIV.
Very simple mutations allow HIV to escape from the action of both siRNA and shRNA [109,
110]. Four possible solutions are being tried to tackle the problem of these escape mutants. The
first attempt is to expand the RNAi technique to simulataneously inhibit multiple HIV mRNA
targets similar to the concept of multidrug use. Recent studies have demonstrated that
concurrent inhibition of HIV mRNA with three different shRNAs can prevent viral escape in
vitro [111, 112]. In the second possible solution, inhibitory RNAs with a complete match to the
most commonly encountered viral escape sequences are being designed. When used along
with the inhibitory RNA of the wild type virus, these could prevent a majority of the mutants
from escape [113]. The third solution involves identifying novel, genetically conserved
sequences of HIV which do not usually undergo mutation. Targeting these stable sites would
favour the success of RNAi [114]. Finally, RNAi techniques are also being designed to restrict
the ‘genetically more stable’ host factors that help in HIV replication (discussed later under
strategies to enhance target cell resilience to HIV infection).
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Apart from the disadvantages posed by the virus per se, RNAi technology has numerous
setbacks. The short lived action of siRNA warrants its repetitive administration thereby
compounding the treatment cost. The overexpression of shRNA can result in cell death and
hence needs strict dose titration. RNA is immunogenic and is rapidly neutralized by antibodies
in circulation, hence effective vectors are needed for the in vivo administration of RNA. Even
after successful intracellular delivery, the administered RNA moieties are easy targets for
degradation by cytoplasmic ribonucleases. Engineered RNA with modifications in sugar
moieties, nucleotides or their backbone are found to possess improved cytoplasmic stability
and are being evaluated for their superiority and efficacy [115].

Due to the numerous setbacks, almost all RNAi techniques that exclusively inhibit the viral
targets have stagnated at the level of pre-clinical testing and none have entered into clinical
trials. A recent technique which involves the simultaneous use of three shRNAs to specifically
inhibit three corresponding targets of HIV, has been found to be safe and effective and is
hopeful to enter phase I trials in the near future [111].

5. Strategies to eliminate latent reservoirs

The ability to integrate its nucleic acids with host cell genome and co-exist in a genetically
quiescent proviral state is one of the distinct features of HIV, which makes eradication of
infection next to impossible. The latent reservoirs of HIV are categorized into two broad groups
namely the cellular and the anatomical reservoir. The cellular reservoir comprises the long
lived resting CD4 T-cells. With an extended lifespan averaging 400 days, these cells bear the
provirus and release the progeny upon activation at a later time [116]. Infection of the cells of
the monocyte-macrophage lineage and subsequent compartmentalization of these infected
cells into various organs / tissues such as the reticulo-endothelial system, lymph nodes, gastro-
intestinal tract, brain and lungs, lead to the formation of anatomical reservoirs. Within the
macrophages of these anatomical reservoirs, the HIV either remains quiescent inside the
chronically infected cells or maintains a continuous low level replication [117]. Thus, the
reservoirs act as Trojan horses spilling the progeny virions into circulation at periodic intervals.
Although the mechanisms involved in proviral repression are gradually being unraveled,
specific factors / agents reactivating the viral replication are yet to be clearly identified.
Although early aggressive treatment helps in achieving a functional cure by limiting the
reservoir formation, it does not offer a solution to the already established reservoirs. The new
strategies and techniques that are being developed for eradicating the established viral
reservoirs are subsequently discussed.

5.1. Targeted drug delivery to the reservoirs

Apart from attempts to limit viral replication in actively infected CD4 T-cells, nanotechnology
methods are widely studied for the elimination of the latent viral reservoirs. Strategies include
passive and active targeting and the use of surface moieties which enhance the penetration of
biological barriers by the nanoparticles.
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Upon systemic administration, most of the nanoparticles are instantaneously opsonized with
plasma proteins and rapidly cleared off from circulation by the phagocytosis. The macro‐
phages of the reticulo-endothelial system are the principal cells which are involved in the
degradation and clearance of the nanoparticles [118]. This forms the basis of passive targeting
which aims at achieving high concentrations of anti-retroviral agents in the reticulo-endothe‐
lial reservoir as a consequence of phagocytosis of the drug loaded nanoparticles. Studies have
demonstrated the achievement of higher drug concentrations in the reticulo-endothelial cells
following the administration of liposomes, nanocapsules or polymeric nanoparticles loaded
with anti-retroviral drugs [119]. Likewise, passive targeting of the lymphatic reservoir can be
achieved by incorporation of the nanoparticles with lipids such as phosphatidylcholine and
cholesterol or by surface coating of the nanocarriers with polyethylene glycol [120, 121].

Apart from passive targeting, specific drug delivery to the anatomical reservoirs can be
accomplished by active targeting strategies. Nanocarriers tagged on their surface with
galactose or mannose residues or anti-HLA-DR monoclonal antibodies, effectively localize in
the reticulo-endothelial system which have abundant receptors for these ligands such as the
galactose and lectin receptors and the HLA-DR determinant of MHC-II respectively. Active
targeting of the cellular reservoirs is based on the aforementioned principle of employing
nanocarriers with homing ligands to viral components on infected cell surface. The infected
resting CD4 T-cells containing HIV envelope glycoproteins on their surface attract the drug
loaded nanoparticles coated with recombinant CD4 molecules or Fab fragments of monoclonal
anti-gp120 antibodies [13].

Nanotechnology also offers a solution for the problem of poor drug penetration in certain
anatomical sites. One such anatomical reservoir is the brain, where the infected microglial
cells rest safely with the protection conferred by the blood brain barrier against the system‐
ically  administered anti-retroviral  agents.  The blood brain barrier  functions  not  only by
preventing the permeation of the circulating anti-retroviral compounds into the brain tissue,
but also by efflux of a considerable portion of the compounds that have managed to cross
through. With the ability to increase the crossing and reduce the efflux of drugs, nanotechnol‐
ogy methods help in reservoir elimination by overcoming the privilege offered by the blood
brain barrier [122].

Nanotechnology methods that increase the drug transport across the blood brain barrier
function by mimicry of natural substrates, utilization of cell penetrating peptides or by active
targeting of molecules of abundance in neuronal vasculature with suitable surface ligands. The
non-ionic surfactant ‘polysorbate-80’ has found to be an effective enhancer of drug delivery
to the brain using the principle of substrate mimicry. Upon systemic administration, the drug
loaded nanoparticles coated with polysorbate-80 adsorb various apolipoproteins in circulation
to form a complex that mimics lipoproteins. Presuming them as natural substrates, the blood
brain barrier permits the entry of these complexes by receptor mediated transcytosis resulting
in delivery of the drug to the brain tissue [123]. Nanoparticles coated with cell penetrating
peptides such as the HIV-1 tat peptide has shown enhanced efficacy in crossing the blood brain
barrier. As the microvasculature of the brain is rich in receptors such as transferring receptor,
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low-density lipoprotein receptor and β2 receptors, their respective ligands such as transferrin,
apolipoprotein-E and β2 agonists are considered possible candidates for active targeting.

The use of nanotechnology for reservoir elimination poses some peculiar problems in addition
to other drawbacks mentioned earlier. The effectiveness of nanotechniques that rely on anti-
retroviral drugs to eliminate the reservoir is questionable as these agents are lethal to the virus
only during active replication and do not affect the inactive provirus. The final clearance of
the nanoparticles from the anatomical sites, especially from the brain is not clearly known and
accumulation overtime with repeated doses can possibly lead to neurotoxicity. Acquisition of
more knowledge through carefully designed clinical trials is needed so that the potential of
this technology could be put into adequate use [122].

5.2. The ‘shock and kill’ strategy

Considered as the ‘holy grail’ of HIV eradication research, this strategy aims at depletion of
the latent reservoirs by widespread activation of the provirus using ‘shocking agents’ and
subsequent killing of the actively replicating virions. Reactivation of the quiescent viral genes
can be achieved either by inactivating the repressing factors and/or by activating the tran‐
scription factors [13].

Deacetylation and methylation of histones and DNA methylation are the few processes that
have been identified to favour the proviral repression and hence the inhibitors of these
processes are considered as attractive candidates for shocking agents. Inhibitors of the histone
deacetylase group of enzymes; valproate and vorinostat have been tried out for viral reacti‐
vation with limited success [124]. Congeners of vorinostat such as givinostat, belinostat,
panobinostat and droxinostat and other novel histone deacetylase inhibiting compounds such
as oxamflatin, romidepsin are being evaluated for their efficacy in reactivating viral replication.
Histone methyltransferase inhibitor chaetocin and DNA methyltransferase inhibitors azacy‐
tidine and decitabine are also being assessed for their efficacy as shocking agents [125].

Provirus could also be drawn into active replication by making the intracellular milleu
conducive for transcription [126, 127]. This could be achieved by activating the transcription
factors such as the NF-κB and transcription elongation factor- b. Initial studies that employed
NF-κB activators such as interleukin-2 and monoclonal anti-CD3 antibodies failed to relieve
the provirus from repression. This led to the identification of a gatekeeper kinase which has
to be concurrently activated along with NF-κB to facilitate viral replication. Other compounds
such as prostratin and bryostatin-1 are also being evaluated for efficacy in the activation of
NF-κB pathways [128]. Activators of elongation factor-b such as hexamethylene bisacetam‐
mide, disulfiram and certain quinolones are being evaluated as shocking agents. Apart from
these, interleukin-7, agonists of Toll like receptor-9 and novel syenthetic molecules have been
identified to activate viral replication in the latent reservoirs [125, 129]. All of these transcrip‐
tion activators are being assessed for stand-alone use or for use in combination with inhibitors
of proviral repression.

None of the agents of this attractive strategy has provided satisfactory results so far. The dosing
and combinations have to be worked out to extract maximum effects out of these shocking
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agents. As most of the shocking agents are related to anti-cancer drugs, they are likely to have
a significant adverse effect profile. The activators of the NF-κB pathway are notorious for
triggering a plethora of cytokines and can cause a fatal cytokine storm if administered at higher
concentrations. Another important drawback is that, even if an efficient shocking agent is
identified, killing of the actively replicating virions depends on anti-retroviral drugs which
are expected to lose their efficacy in the future due to the evolution and dissemination of
resistant viral population. Nevertheless, this strategy has immense potential in eradicating
viral reservoirs if the various setbacks are addressed over time [130].

Apart from the trial of different compounds, techniques of gene therapy have also been tried
out to activate viral reservoirs with limited success. Herpes virus and lentiviral vectors loaded
with genes coding for key viral proteins involved in replication were found to induce repli‐
cation and release of the provirus from the latent CD4 T-cells [131]. Problems with in vivo
administration, lack of specificity in targeting the cellular reservoir, low frequency of recom‐
bination are the various setbacks which have withheld the progress of this technology in
reservoir elimination [132].

5.3. Selective cytolysis without viral reactivation

Another interesting finding pertaining to reservoir eradication is the property of the gold
complex drug ‘auranofin’ to selectively destroy the retroviral cellular reservoir. Although
developed and used as an anti-rheumatic agent, the unique ‘anti-memory T-cell effect’ of
auranofin has kindled interest in its possible role against HIV. Auranofin exerts its cytocidal
action by inducing intracellular oxidative stress. The memory T-cells with low antioxidant
defenses are highly vulnerable to the oxidative stress induced by auranofin and perish along
with the integrated provirus. Combination of auranofin and buthionine sulfoximine, an
inhibitor of glutathione synthesis is found to act synergistically by causing further imbalance
in the redox pathways [133].

Auranofin has shown promising results in studies utilizing the simian AIDS model. Simian
immunodeficiency virus (SIV) infected macaques, treated with a combination regimen of
auranofin, buthionine and HAART have not only shown a prolonged post treatment drug free
control of viremia but also developed enhanced cell mediated immunity with SIV specific
cytotoxic CD8 T-cells following treatment suspension [134, 135]. However, well designed
human clinical trials are required to know more about this anti-HIV reservoir compound
before its flamboyance could be translated to practicality.

5.4. Repression of latency

With the mechanism exactly opposite to the shock and kill strategy, this strategy aims at
achieving viremic control by keeping the viral reservoirs continually in the inactive state. As
mentioned under the shock and kill strategy, concurrent activation of the gatekeeper kinase
and NF-κB favours reactivation of the provirus. The compound Jun N-terminal protein kinase
inhibitor-5 which is a potent inhibitor of the gatekeeper kinase strongly prevents viral reactiva‐
tion even upon strong stimulation of the NF-κB pathway under in vitro conditions. Inhibitors
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of the NF-κB pathway such as aloisine A and roscovitine also inhibit HIV reactivation to a lesser
extent [128]. Various other molecules such as C-terminal truncated STAT5, Staf 50, prothymo‐
sin α, thioredoxin reductase, glucosamine and OKT-18 zinc finger protein have been identi‐
fied to prolong the proviral repression. As the HIV protein ‘Tat’ activates proviral transcription
after getting itself activated by acetylation, molecules that could specifically inhibit host cell
acetylases which, eventually subdues the activity of the Tat peptide, can serve as attractive
candidates for continuing viral repression [136]. Also, molecules that enhance the activity of
the histone deacetylase if identified, could serve as suitable agents for this strategy [137].

5.5. Genome editing

Genome editing techniques confer the possibility of excising out specific genetic sequences
from the whole genome. This novel concept is currently being used for research involving in
eukaryotic genome manipulation to produce gene knockout animals. The ability of this
technology to specifically excise the integrated provirus from the genome of the latent reservoir
cells is being evaluated.

Three different genome editing systems are currently available such as the zinc finger nucle‐
ase (ZFN) system, the transcription activator like-effector nucleases (TALEN) system and the
clustered regularly interspaced short palindromic repeat (CRISPR) with CRISPR-associated
protein-9 (Cas9) known as the CRISPR/Cas9 system (Table-5). Of the three systems, the ZFN
and the CRISPR/Cas9 system are being tried in the genome editing of the latent reservoir cells.
In vitro  studies employing the CRISPR/Cas9 system have demonstrated the ability of the
technique to remove the HIV internal genes and suppress proviral reactivation in T cells [138].
Alternatively, studies employing the ZFN system have demonstrated the ability of the technique
to excise the full length HIV proviral DNA from the infected human T cell genome [139].

This advanced technology also has its own drawbacks. The efficacy of genome editing
strategies observed with different in vitro studies is about 30% though research work is still
ongoing, addressing the challenges and improving on the efficacy. Suitable transport systems
are yet to be developed for in vivo delivery of the editing machinery to the viral reservoir cells.
All genetic editing systems have a certain proportion of ‘off-target activity’ where they excise
out genes unrelated to the targeted site. As this can result in undesired gene modification
events, the genome editing systems must be made more specific before its utilization for anti-
HIV treatment [140].

6. Strategies enhancing target cell resilience to HIV infection

6.1. Replacement therapy

The discovery of HIV cure by replacement therapy happened by chance from the observations
made on Timothy Brown, widely referred as the ‘Berlin patient’. The patient was seropositive
for HIV and had undergone an allogenic bone marrow transplant on developing acute
myelogenous leukemia. Incidentally, the transplanted donor stem cells carried a homozygous
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CCR5Δ32 deletion and produced T-cells with a truncated chemokine receptor CCR5 conferring
resistance to infection with CCR5 utilizing virus. The patient had discontinued HAART after
the transplant yet has had no detectable viremia for over five years [141]. The experiences with
the Berlin patient, introduced the concept of ‘sterilizing cure’ which essentially comprises of
eradicating all replication competent viruses from the body including the ones inside the latent
reservoirs.

Replacement with resilient target cells alone does not suffice to achieve a sterilizing cure. As
seen with the Berlin patient, the replacement therapy must be preceded by eradication of latent
reservoirs. This has been effectively achieved in the Berlin patient by the myelo-ablative
procedures prior to bone marrow transplant and continued by the graft versus host disease
which occurred following the transplant [142].

Attempts to replicate the cure of the Berlin patient have not been successful so far. A similar
treatment provided for two adults in Boston resulted in a brief period of aviremic state,
subsequently followed by rebound viremia in both the patients. A few reasons have been
postulated for the failure of sterilizing cure in the Boston patients. The first reason being, the
initial myelo-ablative procedure was milder than that which was given to the Berlin patient
and hence would have not effectively destroyed the viral reservoirs. Also, the donor cells
transplanted to the Boston patients carried a heterozygous CCRΔ32 deletion which might
allow HIV infection, when compared to the more resilient homozygous mutant cells trans‐
planted to the Berlin patient [143].

Although well substantiated, the concept of sterilizing cure still has many lacunae. The exact
correlates of protection involved in pre-transplant reservoir ablation, establishment of a graft
versus host disease and homozygous versus heterozygous CCR5Δ32 deletion are yet to be
identified. It has been observed that CCR5Δ32 deletion is associated with increased suscepti‐
bility to infections with West Nile virus. There may be other serious adverse effects which are
to be identified before using defective CCR5 as replacement therapy for HIV infection. Another
thought provoking issue is the ability of defective CCR5 in protecting infections caused by
CXCR4 tropic viruses [144].

Apart from the above mentioned hurdles, the major setback which could limit the reality of
this strategy is the availability of matched donors with the required mutation. Autologous
bone marrow transplant has been considered to overcome these stringent requirements of
allogenic transplants. Transplants of uninfected haematopoietic stem cells harvested earlier
from the same person and made resilient to HIV infection by in vitro genetic modification
(discussed below) do not confer as much protection as their allogenic counterparts. The poor
performance of autologous transplants is attributed to the lack of the ‘allo-effect’ in clearing
the infected reservoirs by establishing a graft versus host disease [145]. Hence it has to be borne
in mind that replacement with resilient target cells is not a stand-alone strategy and must be
compulsorily preceded by reservoir eradication procedures, in order to achieve an effective
sterilizing cure.
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6.2. DNA manipulation

Techniques of DNA manipulation have immense potential and offer a wide scope in tackling
HIV. Apart from their use in peptide delivery and in the shock and kill and the genome editing
strategies for reservoir elimination, the different techniques of genetic manipulation can be
exploited to confer resilience to the natural target cells against HIV infection. DNA manipu‐
latory techniques can confer CD4 T-cells with resilience to HIV infection by either modification
of the natural cellular components which are utilized by HIV or by the administration of
engineered genetic material which get expressed to produce HIV inhibitory peptides. The
techniques utilized for this purpose include gene therapy and genome editing.

Although the term ‘gene therapy’ is interchangeably used to denote all the DNA and RNA
based techniques, this much earlier developed technique actually involves the delivery of
specific genetic elements to the target cells by a suitable vector. This is followed by homologous
recombination of the transferred genetic element with the recipient cell genome and its
eventual participation in transcription and translation to express the desired phenotype.
However attractive it may be, the success of this technique depends on the effective recombi‐
nation of the foreign gene with the target cell genome. Low frequency of recombination is the
principal drawback faced with this technology [146].

The more recent gene editing techniques as mentioned earlier, comprises excising specific
portions of genetic material from the target cell genome. The principle of this technology makes
it a good strategy for reservoir elimination as it can cut off the unwanted proviral genes without
any subsequent untoward effect. Although when used for host cell genetic manipulation, the
success of these techniques relies on the identification of suitable sub-cellular targets, which
on manipulation cause significant impairment of HIV replication without affecting the normal
cellular function. These novel techniques are found to have a higher success rate than other
dated techniques of gene therapy [140].

Though the functional mechanism differ in the techniques, they still have several processes in
common. Firstly, both techniques require an effective carrier-delivery system called vectors
which can deposit the genetic elements / editing machinery specifically to the cells that are to
be modified. Various viral vectors utilizing adenovirus, baculovirus, canary pox virus or
lentivrus have been developed for this purpose. In vivo use of viral vectors face the problem
of antibody mediated clearance. To overcome this challenge, non viral vectors based on
nanoparticles like dendrimers are being developed. Cell electroporation is yet another
technique that has been developed for the in vitro delivery of nucleic acids into target cells
[147]. The second common feature is that, both the techniques can be developed for either in
vitro or in vivo use. The in vitro methods involve in harvesting of the cells of interest, genetic
modification in laboratory conditions followed by transfusion of the modified cells to the
recipient, while the in vivo methods rely on vector mediated delivery by active targeting of the
cells of interest. Another feature of the genetic manipulation procedures is that they could be
performed on either mature cells or stem cells. Modification of mature CD4 T-cells confers
protection only during their life span and warrant the need for repetitive transfusions over
time. On the other hand, genetically modified stem cells such as the CD34+ haematopoietic
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stem cells can be effective with a single transplantation as exemplified with replacement
therapy [148].

Both techniques attempt to make the target cells resilient to HIV infection by either modifying
the cell surface components required for HIV entry or by altering the intracellular contents
which are utilized by the virus during replication, or a combination of both. Strategies involved
in limiting viral entry by surface component modification possess certain remarkable advan‐
tages. It has been detected that among all HIV related cell death events, over 95% are caused
by apoptosis initiated by the cells immediately after viral entry [149]. Hence, the target cells
can be saved from committing ‘suicide’ if they are made impervious to viral entry.

With the serendipitous discovery of its curative effects in the Berlin patient, CCR5 which acts
as the co-receptor for HIV entry is the most sought-after target for genetic modification. A
homozygous deletion of a specific 32 base pair sequence from the CCR5 gene confers complete
protection, while a heterozygous deletion of the same nucleic acids confers partial protection
from HIV entry, without causing any glaring change in the CD4 T-cell function. All the three
systems of gene editing namely the ZFN, the TALEN and the CRISPR/Cas9 system are being
evaluated for this purpose and are found to have nearly 50% efficacy in disrupting CCR5 in
mature CD4 T-cells and around 25% efficacy in adult haematopoietic stem cells. In this regard,
it is intriguing to use induced pluripotent stem (iPS) cells to introduce delta32-like mutation
and test their viral resistance. In vitro studies of CXCR4 disruption has also shown promising
results but this might not serve the purpose in vivo, as the deletion is expected to cause
functional derangement.[140]. Yet another instance of gene therapy under human trials is the
SB-728-T, a zinc finger DNA-binding transcription factor. It binds to the DNA of target cells
and disrupts the gene responsible for CCR5 co-receptor production [150]. Apart from the ones
mentioned here, there are numerous other techniques of DNA manipulation, RNA based and
peptide based techniques being tried to harness the potential of CCR5 alteration in curtailing
HIV infection (Table 5).

The target cells can also be made resistant to HIV infection by increasing the expression of
intracellular factors that restrict the viral replication process. TRIM5α, APOBEC3G and
tetherin are the well known restriction factors of HIV infection. TRIM5α is a cytoplasmic
protein which inhibits HIV by binding with the incoming capsid and preventing further the
process of replication. The APOBEC3 family of mRNA editing proteins, especially the
APOBEC3G inhibits HIV replication by introducing lethal mutations during reverse tran‐
scription. Tetherin is another host cellular protein involved in HIV restriction by preventing
the release of viral progeny from the infected cell.[151] As the vif and vpu proteins of the virus
neutralize the effect of APOBEC3G and tetherin respectively, they can be made resistant to
their respective viral proteins by introducing point mutations. Single amino acid substitution,
D128K in APOBEC3G and T45I in tetherin makes them overcome the viral factors vif and vpu
respectively. Gene therapy techniques to increase the expression of TRIM5α and mutated
APOBEC3G and tetherin in CD4 T-cells are known to enhance their resilience to HIV infection.
Mov 10 and CPSF6 are the newer restriction factors that are being considered for development
in this strategy [106, 152]. Recently, the interferon inducible family of proteins called the
myxovirus resistance proteins (Mxs) have been identified as potent restriction factors which
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act by inhibiting HIV uncoating [153]. Also, TSG-101 the intracellular protein derivative of
tumor susceptibility gene has been identified to inhibit the HIV protein p6 thereby blocking
viral budding and release [154]. These proteins could possibly serve as candidates for anti-
retroviral gene therapy.

Administration and expression of extraneous genetic material can also confer resistance to the
target cells against HIV. Much of recent interest is towards the surface modification using the
synthetic peptide ‘C46’. When expressed on the CD4 T-cell surface, this peptide binds with
gp41 of the approaching virions and prevents envelope fusion. Stable expression of C46 can
be achieved on CD4 T-cells following delivery of the corresponding gene using retroviral
vectors. As the cells made resilient by CCR5 alteration alone remain vulnerable to CXCR4
tropic viruses and the reverse also holds good, C46 can be effectively used to inhibit infection
with both of the viral strains [152]. Extraneously administered genetic material coding for
dominant negative inhibitory proteins of HIV replication such as the M-10 and those coding
for intrabodies and intrakines can also cause favourable intracellular modifications in the T-
cells making them resistant to HIV infection [148].

Newer studies advocate the combination of both surface and intracellular modifications of the
target cells to obtain improved resilience against HIV [147]. Apart from their role in enhancing
resilience to HIV infection, techniques of genetic manipulation are also useful in conferring
resistance to viral integration and thereby restricting the reservoir formation [155]. Although
the techniques of genetic manipulation has numerous setbacks; poor frequency of recombi‐
nation faced with gene therapy, unwanted off-target effects and double strand break induced
apoptosis occurring with gene editing are the principal challenges that have to be overcome.
Nevertheless, few of these techniques have entered into clinical trials and give hope for a
promising future [152]. Apart from their use in therapeutic strategies, techniques of gene
therapy are being evaluated in DNA vaccines for prophylactic use and also in some of the
strategies of ‘immune therapy’ [156].

6.3. RNA based mechanisms

Studies employing RNA based therapeutics such as antisense oligonucleotides, RNAi,
ribozymes and aptamers have shown to be effective in down-regulation of CCR5 and subse‐
quent inhibition of HIV replication in humanized mice [106, 157]. Of all the above mentioned
technqiues, silencing of CCR5 using RNAi is the most widely studied. RNAi techniques have
also been studied for the downregulation of other cellular factors of HIV replication such as
CXCR4, CD4, NF-κB, LEDGF/p75 and DDX-3 [158].

RNAi techniques for host cell modulation are devoid of the problem of viral escape mutants
that is faced, when the same technique is employed for inhibiting viral targets. However, the
adverse effects faced with these techniqiues are due to loss of other essential functions of the
target cell as a consequence of cellular factor silencing. Increased susceptibility to West Nile
virus infections has been observed with the loss of CCR5 function. CXCR4 downregulation can
disrupt the homeostasis of the lymphopoietic pathway as these receptors are essential for the
homing of stem cells into bone marrow and their subsequent differentiation into T-cells [159].
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Hence, the success of this strategy depends on the identification of suitable cellular co-factors
of HIV infection which can be down regulated without altering the normal cellular physiology.
In the search for such targets, genome wide profiling studies have revealed numerous
previously unknown cellular factors that participate in HIV infection. Subsequent knock down
studies have validated the effectiveness of silencing these factors for limiting HIV replication
[160-162]. Further studies are needed to reveal the adverse effects following the knock down
of these novel cellular factors.

The technique related pitfalls are the same as the ones mentioned earlier, which include the
problems faced with delivery of inhibitory RNAs into specific target cells, off-target effects of
the inhibitory RNAs and cytotoxicity to the administered cell. As of date, only one RNAi
technique has entered clinical trial. The technique was designed to inhibit both viral (tat protein
and TAR RNA) and cellular factors (CCR5). However, the trial was terminated in phase-0 and
the results were not disclosed [163]. Table-5 broadly summarizes all the nucleic acid based
therapeutics that are currently being tried against HIV.

Type Cells targeted Phase acted on Mechanism Technique employed

DNA based
techniques

Infected reservoirs
(In vivo)

Elimination of
latent reservoirs

Direct excision of integrated proviral DNA Genome editing systems -
CRISPR/Cas9, ZFN and
TALEN

Activation of viral replication (Shock and
kill)

Gene therapy - Vectors
based delivery of genes
coding for viral proteins of
replication

Uninfected
susceptible cells
(In vivo / In vitro)

Diversion of natural
course of infection
to make the target
cells resilient

Modification of
normal cellular
components

Cell surface
modifications

Genome editing systems -
CRISPR/Cas9, ZFN and
TALEN to knock out
cellular co-factors that
support HIV replication

Intracellular
modifications

Expression of novel
protective proteins

Cell surface
expression

Gene therapy - Vector
based delivery of cDNA of
novel peptides followed by
their recombination and
expression

Intracellular
expression

RNA based
techniques

Actively infected
cells
(In vivo)

Inhibition of active
viral replication

Inhibition of viral mRNA Agents of RNA interference
(siRNA and shRNA) and to
a lesser extent other RNA
based techniques
(Antisense oligonucleotides,
ribozymes and aptamers)
delivered in viral / non-
viral vectors to the desired
target cells by active
targeting

Inhibition of host cellular factors involved
in viral replication

Uninfected
susceptible cells
(In vivo / In vitro)

Diversion of natural
course of infection
to make the target
cells resilient

Modification of
normal cellular
components

Cell surface
modifications

Intracellular
modifications

Table 5. Nucleic acid based therapeutics for HIV infection
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7. The ‘receptor decoy’ strategy

The receptor decoy strategy is a novel concept which helps to salvage the natural target cells
of HIV by diverting the virus to infect decoy particles, thereby altering the natural course of
HIV infection. This involves the usage of decoy cells termed ‘cancellers‘, which possess HIV
entry receptors on their surface and do not contain the machinery required for retro-viral
replication. The cancellers (Figure-2) intend to function as decoys and get infected by the free
HIV virions thereby preventing the infection of the natural target cells. Apart from protection
of the natural target cells, the cancellers also serve to limit viremia as the trapped virions cannot
replicate inside the cancellers due to the absence of replication machinery. Optionally, the
trapped virions could be destroyed by packing anti-viral agents within the cancellers [164].

Figure 2. Schematic representation of a canceller particle. RBC particle reconstituted with receptors on the membrane
surface and loaded with various molecules. CD4 (red) and CCR5 (green) receptors are involved in the active targeting
of HIV virions. Accessory surface molecules (orange) may be added to enhance the fusion process and/or to prevent
elimination of the canceller by reticulo-endothelial system. Molecules capable of viral destruction (blue spheres and
yellow stars) such as protein and RNA damaging agents are packed within the canceller.

The superiority of the receptor decoy strategy over the conventional anti-retroviral drugs is
that it mimics natural conditions and is thereby devoid of the ‘adverse factor’ effect in selecting
out resistance. This attractive strategy is in the concept phase and more discussions and
comments could be made only after its implementation. Similar strategies employing modified
erythrocytes or nanoparticles as viral traps are being studied for their use against HIV [164].
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8. Immune based therapies

Since the discovery of HIV repeated attempts to achieve effective protection using conven‐
tional methods of immunoprophylaxis have resulted in outright failure. The failure of the
preventive strategies has lead to the concept of ‘immunotherapy’ or ‘immune based therapy’.
This strategy involves in the manipulation of the immune system in a therapeutic motive to
eliminate the already acquired infection, rather than preventing new infection. The immune
based therapies involve in enhancing the potency of the immune system to counteract HIV by
reducing inflammation, preventing immune activation by HIV-1 or promoting effective
immune responses against HIV. The different modalities used to achieve this effect can be
broadly classified into non-HIV antigen specific therapies and those which use the HIV
antigens (Table-6)[6, 165].

None of the immune based therapies have provided satisfactory results so far. Among the
available methods of immunotherapy, HIV specific CTL induction using the dendritic cells is
of recent interest and appears to be a promising strategy. Recent studies reveal that a thera‐
peutic vaccine using autologous monocyte-derived dendritic cells pulsed with heat-inactivat‐
ed whole HIV, stimulated anti-HIV immune response and shifted the virus/host balance in
favor of the host when administered to patients on HAART with CD4+ T-cell count >450 cells/
mm. At week 12 after ART interruption, 55% of people in the vaccinated group represented
decrease of their viral load by at least 10-fold or 90%, compared with just 9% in the control
group receiving non-pulsed DCs. These proportions dropped to 35% and 0%, respectively at
week 24. This significant decrease in plasma viral load observed in vaccinated recipients was
associated with a consistent increase in HIV-1-specific T cell responses. These data indicate
that HIV-1-specific immune responses are elicited by the therapeutic DC vaccination. This
could significantly reduce plasma viremia after ART interruption in HIV patients chronically
infected but controlled with sufficiently high CD4 numbers. Thus, this study warrants further
investigation with new candidates and/or new optimized strategies of vaccination toward the
final goal to achieve a functional cure of HIV infection. Although heat-inactivated whole HIV
was used as the antigen in this strategy, direct expression of the mRNA derived from patient's
cells can also be considered using DCs in the immune therapy which expects highly precise
antiviral efficacy targeting not only HIV but also non-viral antigens [166].

9. Complementary and alternative therapies

It is a common feature that people living with HIV or AIDS across the world resort to products
and practices that are not presently considered to be part of conventional anti-retroviral
medicine. When these are used together with conventional anti-retroviral medications, they
are referred to as complementary therapies and if used as a stand-alone modality instead of
conventional medications, they are referred to as alternative therapies [167]. A plethora of
complementary and alternative strategies are available from all over the world which pre‐
dominantly involves the use of natural products and/or mind and body practices. Herbal
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Types Components Examples Mechanism

Non-antigen
specific
therapies

Cytokines Interleukin-2
(Proleukin)

Augmentation of CD4 T-cell proliferation and cytolytic
function of CD8 T-cells

Interleukin-7 Improvement of T-cell homeostasis

Interleukin-12 Enhancement of Th1 response and increasing the cytotoxic
activity of T-cells and NK cells against virally infected cells

Interleukin-15 Expansion of effector and memory subsets of CD* T-cells

Interleukin-21 Proliferation and enhancement of the cytolytic potential of
effector CD8 T-cells

Drugs Chloroquine Reduction of IFN-α in order to reduce the immune activation
to prevent depletion of CD4 T-cells and progression to AIDSHydroxy

chloroquine

Aspirin Reduction of T-cell activation due to its broad anti-
inflammatory property

Celecoxib Inhibition of cyclo-oxygenase type-2 enzyme to reduce T-cell
activation

Antibodies Anti-CD4
(Ibalizumab)

Competitive inhibition of viral entry receptors

Anti-CCR5 Competitive inhibition of viral entry receptors

Anti-PD-1 Blockage of the negative co-stimulatory molecules PD-1 and
CLTA4 on the surface of T-cells to prevent CD8 T-cell
dysfunction and enhancement of CD4 T-cell proliferation

Anti-CLTA4

Prebiotics and probiotics Modulation of the gut microbiome and amelioration of HIV
induced mucosal damage

Antigen
specific
therapies

Vaccines Inactivated whole
virus

gp120 depleted, inactivated HIV strain with incomplete
Freund's adjuvant

Antigenic sub-units
of HIV

Recombinant immunodominant proteins of HIV with suitable
adjuvants

Viral vectors
expressing HIV
antigens

Various HIV specific antigens expressed on different viral
vectors

DNA Plasmids containing one or more genetic determinants coding
for HIV proteins

Dendritic cell Delivery of viral antigens to dendritic cells to ensure activation
of both CD4 and CD8 T-cells

Table 6. Immune based therapies being developed against HIV
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remedies derived from the ancient medical science forms of different countries are the most
widely sought after modality of complementary or alternative therapies. The various mind
and body techniques include spirituality, meditation, yoga and other body manipulatory
procedures, acupuncture and energy therapies [168].

Observations across the globe reveal that 30 - 90% of the HIV infected patients seek for
complementary or alternative therapies of which, majority are females and educated individ‐
uals [169, 170]. The usefulness of these therapies is controversial. Spiritual methods such as
prayer, faith healing and meditation are found to improve the psychological state by helping
to overcome anxiety, depression and stress thereby providing a feeling of well being [171]. The
compound IGM-1, obtained from herbs used in traditional medicine was observed to alleviate
the symptoms of HIV infection but did not have any effect in reduction of viremia or improving
the immune status. Many of the other Chinese herbal medicines tested were found to be
unsatisfactory in altering the viral and immune parameters [172]. To much despair, several
studies have highlighted the deleterious effects of complementary and alternative medicines.
Recent reports indicate that patients on concurrent complementary therapy have reduced
adherence rate to conventional anti-retroviral therapeutic regimens [173]. Homeopathy, a
traditional health system has been proven ineffective for the treatment of HIV infection and
has been disregarded by the WHO [174]. Herbal preparations containing St. John’s Wort and
those containing garlic extracts reduce the therapeutic levels of conventional anti-retrovirals.
Apart from reducing the efficacy, many other herbal preparations have also been observed to
increase the HAART related side effects [169].

Despite these assumptions, complementary and alternative therapies cannot be totally
overlooked. This is due to the fact that natural compounds with antiretroviral property such
as indirubin monoxime and tanshinone II A have been isolated from herbal medications [80,
81]. Meta analyses on the efficacy of herbal preparations have yielded only inconclusive results
but not ineffective [172, 175]. Hence rigorous clinical trials including large study population
are required to refute or accept the potential benefits of these therapeutic modalities. National
Centre for Complementary and Alternative medicine, a division of the National Institute of
Health, USA is an organization dedicated for research in alternative and complementary
medicines and thus provides funding to various studies in this field [167].

10. Conclusions

The HAART has played its crucial role in curtailing the HIV pandemic so far. However, its
inability to eliminate the infection and the rise of resistant mutants is a fundamental challenge.
This has initiated the frantic search for novel compounds and strategies to counteract HIV.
Desperate measures have resulted in the discovery of a plethora of anti-retroviral compounds
and strategies, but none could be unanimously agreed upon as completely reliable. The much
hyped functional cure concept has taken a big blow with the occurrence of rebound viremia
in the Mississippi baby. Moreso, studies to replicate the sterilizing cure of the Berlin patient
have provided disappointing results. Despite the development of various novel antiviral
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Centre for Complementary and Alternative medicine, a division of the National Institute of
Health, USA is an organization dedicated for research in alternative and complementary
medicines and thus provides funding to various studies in this field [167].

10. Conclusions

The HAART has played its crucial role in curtailing the HIV pandemic so far. However, its
inability to eliminate the infection and the rise of resistant mutants is a fundamental challenge.
This has initiated the frantic search for novel compounds and strategies to counteract HIV.
Desperate measures have resulted in the discovery of a plethora of anti-retroviral compounds
and strategies, but none could be unanimously agreed upon as completely reliable. The much
hyped functional cure concept has taken a big blow with the occurrence of rebound viremia
in the Mississippi baby. Moreso, studies to replicate the sterilizing cure of the Berlin patient
have provided disappointing results. Despite the development of various novel antiviral
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compounds, HIV is well set before-hand to readily evolve and overcome all anti-viral actions.
Novel techniques such as gene therapy, gene editing, RNA interference, anti-retroviral
peptides may have sound concepts and appear attractive but in reality they face numerous
roadblocks. By virtue of the ability to undergo rapid genetic evolution and the tendency to
establish latent reservoirs, HIV has thwarted all the overcoming attempts. Currently, efforts
are being stepped-up by scientist globally to overcome the challenges discussed herein, though
the strategy(ies) may face limitations today but they still have the potential to achieve the
required success of sustained functional cure.
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