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1
The  acquired immune deficiency syndrome (AIDS) is caused 
by the human immunodeficiency virus (HIV). HIV-1 was initially 
identified by Luc Montanier at the Institute Pasteur, Paris, in 1983 
and was then more fully characterised in 1984 by Robert Gallo 
in Washington and Jay Levy in San Francisco. A second virus, 
HIV-2, was isolated from West African patients in 1986. Viruses 
similar to HIV-1 and HIV-2 have been isolated from chimpanzees 
and wild African monkeys. It is most likely that HIV-1 and HIV-2 
crossed species from primates to humans in Africa several times 
over the last hundred years.

1.1  HIV structure and organisation
HIV is classified in the family Retroviridae, subfamily Lentivirinae, 
and genus Lentivirus.1,2,3 The structure of HIV follows the 
typical pattern of the retrovirus family, comprising a single-
stranded, positive-sense ribonucleic acid (RNA) genome of 
about 9.7 kilobases. There are two strands of HIV RNA and each 
strand has a copy of the virus’s nine genes (Figure 1.1a). The 
RNA is surrounded by a cone-shaped capsid which consists of 
approximately 2000 copies of the p24 viral protein. Surrounding 
the capsid is the viral envelope. The viral envelope is composed 
of a lipid bilayer membrane, formed from the cellular membrane 

of the host cell during budding of the newly formed virus 
particle. Host-cell proteins, such as the major histocompatibility 
complex (MHC) antigens and actin, remain embedded within 
the viral envelope, along with the viral envelope protein. 
Each envelope subunit consists of two non-covalently linked 
membrane proteins: glycoprotein (gp) 120, the outer envelope 
protein, and gp41, the transmembrane protein that anchors the 
glycoprotein complex to the surface of the virion. The envelope 
protein is the most variable component of HIV, although gp120 
itself is structurally divided into highly variable (V) and more 
constant (C) regions. The variability of V regions may be a 
product of envelope functionality, as has been especially well 
described in V3, where amino acid changes alter coreceptor 
use. The variability of the HIV envelope also confers a uniquely 
complex antigenic diversity.

The genomic organisation of HIV is extremely efficient. Use 
of all three reading frames (the triplet codes) of the genetic 
sequence permits overlapping of gene-coding regions. There 
are nine genes of HIV (Figure 1.1b). These encode proteins that 
may be broadly classified into structural, catalytic, regulatory, 
and accessory classes (Table 1.1).

Figure 1.1	 HIV genomic structure
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Notes: 	 (a)	 HIV virion structure highlighting envelope (gp120, gp41) and structural (gag p17, gag p24) proteins. RT = reverse transcriptase; ssRNA = single-stranded RNA. 
(b) The single-stranded RNA genome of HIV efficiently encodes nine major structural and catalytic proteins by using overlapping parts of the genome. Additionally, the 
nucleic acid secondary and tertiary structure performs functions independent of translation. LTR = long-terminal repeat
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In addition to the functions performed by these proteins 
in the viral lifecycle, the nucleic acid sequence of the virus 
possesses intrinsic functions. For example, the Rev responsive 
element, within the coding region for gp41, interacts with 
the Rev protein to assist export of spliced RNA transcripts 
from the nucleus of the cell.4 The long-terminal repeat (LTR) 
region has a transcription-promoter function in the integrated 
deoxyribonucleic acid (DNA) provirus, and contains regions 
essential for reverse transcription, integration into the host-cell 
genome5 and genomic RNA dimerisation.6 

1.2	 HIV life cycle
The life cycle of a retrovirus is that of an obligatory intracellular 
parasite, and thus HIV can not replicate outside human               
cells (Figure 1.2). 

1.2.1 HIV binding and entry
Infection of the host cell commences when HIV binds to specific 
receptors on the cell membrane. In general, the interaction 
requires the recognition of two host-cell surface-receptor 
proteins by the viral gp120 envelope protein.  The presence or 
absence of these cellular proteins restricts the range of host-cell 
types that are susceptible to infection by a strain of HIV. 

The first coreceptor described was the CD4 protein,7 which 
is present predominantly on cells of the T lymphocyte and 
macrophage lineages. The distribution of CD4 receptors 
has been thought to restrict HIV susceptibility to cells of the 
lymphocyte, monocyte/macrophage and other CD4-expressing 
lineages, although more recent studies have shown efficient 
viral entry into cells not expressing CD4.8-10 

Subsequently, the requirement of a second coreceptor for viral 
entry was recognised.11-13 This function may be performed by 
a range of proteins within the class of seven-transmembrane 
receptors, although the most important are CCR5 (CC chemokine 
receptor 5) and CXCR4 (CXC chemokine receptor 4). The seven-
transmembrane class of receptors is very large, containing 
over 100 related proteins. Several of these proteins have been 
shown to facilitate the binding of HIV in vitro.14-16 The in vivo 
significance of entry via these minor co-receptors, however, 
remains unclear.

After HIV gp120 binds to CD4 receptor and the co-receptor, a 
conformational change in gp41 causes insertion of the N-terminal 
hydrophobic fusion-peptide region into the target-cell membrane.17 
This insertion results in membrane fusion and the entry of the 
viral particle contents into the cytoplasm, a process critically 
dependent upon interactions between the N- and C-terminal 
regions of the gp41 ectodomain. This intra-protein interaction 

led to the discovery of a novel class of antivirals 
called fusion inhibitors, e.g. T-20 (enfuvirtide) which 
is a short peptide that mimics the structure of the 
conserved C-terminal region    of gp41.18,19,20 

Although all HIV strains will recognise and bind 
to CD4, affinity for either CCR5 or CXCR4 varies. 
These differences account for the observed 
distinct tropisms between HIV strains.21 Binding 
ability and tropism of the virus is dependent on 
the protein structure of gp120. Particular patterns 
of sequence of the V3 and V4 variable regions, and 
other regions of gp120, relate to CD4 binding and 
differential coreceptor affinity. 22-25

In general, viral strains that bind to CCR5 (R5 strains) 
infect macrophages and T cells, and are  
characterised by less aggressive growth in vitro. 
Strains that recognise CXCR4 (X4 strains), by 
contrast, infect only T cells and T cell lines.26 The 
growth of X4 strains in vitro is characterised by 
high viral titre and the presence of syncytial 
cells, which are formed by the fusion of multiple 
infected cells and can be observed by light 
microscopy. This classification, however, is by no 
means rigid.27,28 Viral replicative capacity depends 
on many variables apart from coreceptor use, and 
syncytium-forming ability may be related more 
to efficiency of viral growth than to tropism. At 
present, however, this working classification of 
viral strains remains broadly used.

Table 1.1	 The nine major genes of HIV and their 
	 associated gene products

Protein class Gene Gene products

Structural gag

env

p17 (matrix) 
p24 (capsid) 
p7 (nucleocapsid)
gp120 
gp41

Catalytic pol protease 
reverse transcriptase 
integrase

Regulatory tat
rev

Tat
Rev

Accessory vpu
vif
vpr
nef

Vpu
Vif
Vpr 
Nef
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Figure 1.2	 The lifecycle of HIV-1

Source:   Furtado MR, Callaway DS, Phair JP, Kunstman KJ, Stanton JL, Macken CA, et al. 
Persistence of HIV-1 transcription in peripheral-blood mononuclear cells in patients receiving 
potent antiretroviral therapy. N Engl J Med 1999;340:1614-22. Used with permission.
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An important new strategy for antiretroviral therapy has been 
the development of agents that block HIV entry into the cell.29 
A number of small molecules that block binding of HIV to either 
CCR5 and CXCR4 have been described, several of which are 
now in preclinical and clinical trials.30-33 

1.2.2 The pre-integration complex
The genetic information of HIV is contained within an RNA 
genome. Following infection of a new host cell, the RNA genome 
is first reverse transcribed into single-stranded DNA that is 
then further transcribed to double-stranded DNA. These two 
polymerase steps are performed by viral reverse transcriptase, 
which is copackaged in the viral particle. Self-priming of the 
single-stranded RNA and DNA and removal of the transcribed 
RNA strand occur by a complex series of steps dependent upon 
interactions between the viral LTR and host-cell enzymes. The 
double-stranded DNA genome forms a complex with host-cell 
and viral proteins (including matrix, integrase and Vpr) that is 
actively transported to the nucleus.34,35

During the early steps of the HIV-1 replication cycle, the virus 
counteracts specific host proteins that have evolved to limit 
retroviral replication. One of these host cell factors is called 
human tripartite motif 5 alpha (TRIM5alpha). TRIM5alpha acts 
in the early steps of HIV-1 replication cycle, soon after the 
entry process and before reverse transcription.36 TRIM5alpha 
restricts retroviral infection by specifically recognising HIV-1 
capsid and promoting its rapid, premature disassembly.37,38 
TRIM5alpha from rhesus macaques and African green monkeys 
inhibit HIV-1 replication, whereas the human homologue 
is inactive against simian immunodeficiency virus (SIV) and 
HIV-1, leading to the susceptibility of human cells to both 
viruses.31,39 TRIM5alpha also restricts other retroviruses such 
as the Moloney leukemia virus. 37, 40-42 Variants of this factor 
have been detected in some patients with HIV-1 infection.43 
The presence of these isoforms of TRIM5alpha was associated 
with a relatively long asymptomatic phase, suggestive of some 
degree of suppression of HIV-1 replication by TRIM5alpha. 
Whether the polymorphisms of TRIM5alpha are associated with 
disease progression is debatable. A recent study has however 
reported that different genetic variants of TRIM5alpha may 
lead to different clinical outcomes.44 

1.2.3 Integration and transcription
The double-stranded HIV genome is then either randomly 
integrated into the host-cell genome by means of DNA splicing, 
performed by the viral integrase, or forms stable DNA circles.45 
The integrated form of HIV is known as the provirus and takes the 
form shown in Figure 1.1, with identical LTR copies flanking the 
coding regions. Proviral DNA is replicated as part of the normal 
cell genome and may persist in this form for long periods and 
through many rounds of mitotic cell division.

The 5’  end of the LTR now functions as a promoter, regulating 
the production of RNA transcripts dependent on the presence 
of host-cell transcription factors (such as promoter-specific 
transcription factor, SP1, and nuclear factor - kappa beta) and 
the viral protein Tat.46 The transcribed HIV RNA molecules may 
either be spliced in preparation for translation of viral proteins, or 
exported from the nucleus in an unspliced form for packaging 
into newly produced virions. Nuclear export of spliced RNA is 
assisted by the viral protein Rev. 

Viral proteins perform a variety of roles to subvert normal cellular 
function and facilitate viral replication. Much about these 
processes remains poorly understood. Vpr acts to alter host-cell 
transcription 47 and arrest infected cells at the G2/M phase of 
cell division.48 Nef induces downregulation of the CD4 receptor 
and MHC class I molecules.49-51 Vpu promotes degradation of 
CD4 in the endoplasmic reticulum52 and Vif is necessary for 
subsequent efficient infectivity of the newly produced viral 
particles.53,54 Vif counteracts cytidine deaminases (enzymes 
present especially in macrophages and T cells) that are naturally 
occurring host defence mechanisms against retroviruses. These 
proteins include APOBEC3G and APOBEC3F and are degraded 
by HIV.55

1.2.4 HIV assembly and release
Immature viral polypeptides are processed into their functional 
forms by the enzyme protease and assembled with full-length 
HIV RNA transcripts into nascent viral particles. The main 
structural immature viral polypeptide, gag, encodes the majority 
of such proteins. gag itself uses cellular proteins to make its way 
to the plasma membrane for assembly into the new progeny. 
It is now known that the p6 protein located at the C-terminus 
of the gag polypeptide interacts with tumour suppressor gene 
101 (TSG101), an interaction which is critical for the release of 
the newly assembled particles.56 Immature viral polypeptides 
together with the full-length HIV RNA transcripts are initially 
assembled into immature particles. During budding from the 
plasma membrane, viral proteins within these particles are 
processed into their functional forms by the enzyme protease 
and rearranged into mature particles. The Vpu protein facilitates 
virion release from the cell membrane in the late stage of the 
replication cycle.57 Vpu interacts with a host cell factor named 
tetherin, an interferon-alpha-induced human protein.58 Tetherin 
is an endogenous membrane associated protein that blocks 
release of viral particles. Without Vpu, HIV-1 particles become 
tethered to the cell membrane and cannot be released. 

1.3 	 The taxonomy of HIV and the 	
	 primate immunodeficiency 
	 viruses
HIV is subdivided into two very broad types: HIV-
1 and HIV-2 (Figure 1.3). HIV-1 is by far the most 
common and broadly distributed HIV type, accounting 
for most of HIV infections worldwide. Significant 
prevalence of HIV-2 is confined to western central Africa 
and southern and western India,59,60 although sporadic 
occurrences and transmission have been reported from 
many countries, including the United States of America 
(USA), Europe and Australia.61-64

The differences between HIV types 1 and 2 reflect their distinct 
zoonotic origin.65 HIV-1 is most similar to SIV strains isolated from 
chimpanzees and HIV-2 to those from the sooty mangabey. 
There is some evidence that HIV-2 results in a less virulent 
infection than HIV-1, with generally lower viral loads, lower rates 
of vertical transmission and slower progression of the disease in 
an individual with the infection.66-68

1.3.1 HIV-1 lineages - groups
HIV-1 is divided into three quite distinct lineages: the 
groups M, N and O. Again, the worldwide distribution 
of these groups is not equal: group M (for Main) 
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strains are substantially more common in the global  
epidemic than the group O (Outlier) strains, which are largely 
confined to Africa, with sporadic cases reported elsewhere. 
The group N (non-M, non-O) strains have only been isolated in 
Cameroon.69

1.3.2 	 Subtypes and circulating 
		  recombinant forms
There are currently nine subtypes that are consistently identified 
as different subtypes regardless of the genomic region analysed 
(Figure 1.4). Additionally, several recombinant forms of the 
virus, the genomes of which made up of different regions from 
distinct subtypes, have been separately classified as circulating 
recombinant forms (CRFs).70

The subtypes and CRFs show strong patterns of distribution in 
the global pandemic. Western countries, including Australia, 
continue to have an epidemic that is almost exclusively 
subtype B in all risk groups. Thailand originally showed a sharp 
segregation of subtypes between risk groups, with heterosexual 
transmission largely due to CRF01-AE, and injecting drug use 
(IDU) transmission due to subtype B; since then CRF01-AE has 
come to predominate in all risk groups.71-73 India and South 
Africa are experiencing explosive epidemics of subtype C.74,75 
All HIV subtypes described to date have also been detected in 
sub-Saharan Africa.

HIV subtype A/E was first described in Thailand as a new 
subtype E. Subsequent analysis of the entire genome of this 
form showed it to be a recombinant between subtypes A (that is 
most prevalent in Africa) and subtype E (that is unique).  Isolates 
of this strain were then termed subtype A/E.  As this strain is so 
prevalent in Asia, it was among the first to be renamed under 
the new nomenclature of CRFs.  It is now referred to as HIV 
CRF01-AE. 

1.3.3 	 Sub-subtype classification
A further refinement in the subtype classification has been 
made recently to distinguish strains that form distinct groups 
within subtypes, but are not sufficiently different to warrant 
classification as a novel subtype. A detailed description of the 
most recent HIV taxonomy has been published by the Los 
Alamos National Laboratory (USA) HIV Sequence Database and 
is continuously updated on the Laboratory’s database website 
(http://www.hiv.lanl.gov/content/index).

1.3.4 	 Phenotypic differences between 
		  HIV subtypes
Although all HIV subtypes are similar there is some evidence 
that the genotypic subtype classification may have different 
phenotypes. Phenotypic differences between HIV subtypes are 
of clinical importance for the following reasons:
 	transmission and viral fitness
 	drug resistance
 	vaccine design.

Transmission and viral fitness 
Researchers and public health officials have viewed with 
increasing alarm the growing dominance of HIV subtype C in 
the global pandemic.76,77 Several viral characteristics suggest this 
particular subtype might have adapted better to transmission in 
human populations. The viral promoter in subtype C strains is of 
a different structure to that of other subtypes,78 driving higher 
rates of viral replication and potentially higher levels of circulating 
virus in patients with the infection– leading to the potential 
for increased transmission. Recent studies from Thailand have 
shown differences between subtypes B and CRF01-AE both 
in level of viral replication during seroconversion,79 and in 
transmissibility in a cohort of injecting drug users.80
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Note: A tree based on an alignment of envelope gene sequences (gp120 
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Alamos National Laboratory (USA) HIV Sequence Database. Group M strains 
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Drug resistance 
The pattern of mutations 
associated with drug 
resistance in subtype B strains, 
although complex, is well 
defined and is used routinely in 
clinical practice.  Several non-B 
subtypes commonly show 
genetic mutations that are 
associated with resistance 
to antiretroviral therapy in 
subtype B, despite no exposure 
to these agents.81-83 Subtypes 
also differ in the rate or pattern 
of acquisition of resistance 
mutations.84,85 

Vaccine design 
Vaccine epitopes have been 
identified that elicit immune 
responses common to 
multiple subtypes, but most of 
the candidate vaccines under 
development or trial have 
been designed to specifically 
protect against the HIV subtype 
predominantly circulating 
in the target population. 
Genetic characterisation 
of the prevalent subtype 
in each country, and each 
distinct sub-epidemic within 
some countries, is thus a 
fundamental first step in 
vaccine design.86

1.4  	The global 		
	 pandemic 
	 of HIV
Despite the improved access 
to antiretroviral treatment, the 
implementation of prevention 
programs and development 
of low cost testing for early 
detection, the HIV epidemic is 
on the rise in many countries. 
More than 2.6 million more 
people were living with HIV in 2006 than in 2004. The total 
number of individuals with the infection in 2006 reached 39.5 
million of which 17.7 million were women and 2.3 million were 
children under the age of 15 years. Sadly, the number of children 
with HIV infection accounted for 40% of the overall number of 
newly diagnosed people in 2006.87 The 2007 statistics show 
that this number has remained almost steady.  (Figures 1.5a and 
1.5b). 

1.4.1 North America and Western 
	 and Central Europe 
In the USA, sexual activity among men who have sex with men 
(MSM) is still the main mode of HIV transmission (accounting 
for approximately 44% of new HIV infections in 2001-2004). 
IDU has become a more prominent route of HIV infection in 

Figure 1.5 (b) Adults and children estimated to be living with HIV in 2007
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Figure 1.5 (b)  	 Adults and children estimated to be living with HIV in 2007

Note:     The figures above shows current statistical data provided by UNAIDS on newly diagnosed infections and the total    
number of people living with HIV in 2007. The Sub-Saharan region remains the most affected country in the world by the 
global epidemic. Of the 22.5 million people living with HIV in this region, 61%  are women. 

Source:  Joint United nations programmme on HIV/AIDS (UNAIDS). Used with permission.

Figure 1.5 (a) Adults and children newly infected with HIV in 2007
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Figure 1.5 (a) 	 Adults and children newly diagnosed with HIV infection in 2007 

the USA, where an estimated 17% of new reported HIV cases 
are related to this mode of transmission.88 In Canada, the 
number of people with HIV infection increased by 16% with 
an increase in the percentage of women with the infection 
each year. The main mode of transmission remains MSM (46% 
of infections), while women represented 27% of new HIV 
infections in 2005, compared with 22% in 2002.87

Throughout the world, ethnic minorities and migrant 
communities are unevenly affected by HIV and AIDS. In 
the USA, there is a higher incidence of HIV among African-
Americans and Hispanics, accounting for 69% of all HIV 
cases.88 It is well recognised that migrant populations are at 
heightened risk for HIV infection and that initiatives to prevent 
HIV transmission do not necessarily reach ethnic minority or 
migrant communities.89,90 
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Minority populations often miss out on mainstream prevention 
efforts in the countries in which they are living. They also have 
limited access to care and health services.91

According to the UNAIDS surveillance report for 2006, there are 
now 740 000 people with HIV infection living in Western and 
Central Europe, with more than half of these infections being 
acquired via heterosexual sex. Again, similar to North America, 
the data show an increased trend of new infections among 
migrant and immigrant communities. In most Central European 
countries, the number of people with HIV infection remains low 
compared to Western Europe and the number of new infections 
in the Baltic region (i.e. Latvia, Lithuania and Estonia) has been 
rising at a slower rate.  

1.4.2		 Australia and the South Pacific
At the end of 2006, in Australia there were 26 267 diagnoses of 
HIV, 10 125 diagnoses of AIDS and 6723 deaths following AIDS.  
The number of new HIV infections increased from 763 to 998 
cases per year accounting for a 31% increase between 2000 
and 2006.  Within this group, the number of people born in 
countries with a high prevalence of HIV (i.e. sub-Saharan Africa) 
was five times higher than for people born in Australia.92

The main route of HIV transmission in Australia remains MSM, 
followed by heterosexual sex and IDU.  Concomitant with an 
increase in HIV cases among the MSM population, a significant 
increase in sexually transmissible disease has been observed.  
Acquisition by IDU is more common in Indigenous compared 
with non-Indigenous Australians.92 The predominance of 
subtype B in the Australian epidemic is the product of multiple 
introductions of the virus from the USA and Europe.93 

In New Zealand, the highest number of recorded HIV cases was 
218 in 2005, with 51% of these cases acquired via MSM and 37% 
acquired via heterosexual sex. Almost 90% of these cases were 
acquired outside the country primarily in Asia and sub-Saharan 
Africa. MSM also form a major risk group for HIV acquisition 
in other countries of the region such as Kiribati, Vanuatu, Fiji, 
Samoa and the Solomon Islands, with an estimated 300 new 
cases reported in 2005. 

Papua New Guinea is by far the most affected country by HIV in 
the Pacific region, with a prevalence of 1.8% or more than 57 000 
adults living with HIV in 2005. Out of 7100 new cases reported 
within Australia, New Zealand and the Pacific Islands in 2005, three 
quarters were acquired in Papua New Guinea. National prevalence 
data are still extremely limited, because of the very small number 
of sentinel sites and low levels of testing outside Port Moresby. In 
this city, there has been a rapid increase in HIV prevalence over the 
last several years with only 24% of young men and 13% of women 
admitting to using condoms.87 A behavioural survey that analysed 
samples from 1175 participants from seven different provinces 
found that of the 71 HIV positive cases, 33 (46%) had subtype C HIV-1 
infection. Within the global pandemic, PNG subtype C isolates most 
closely resemble those from East Africa.  The remaining 2 (6%) were 
subtype B and further phylogenetic analysis found no province-
specific clustering among the samples.94 Lack of awarness, poor 
condom use, early sexual relationship initiation, concurrent sexual 
relationships, transactional activity and increasing sexual violence 
against women, have all contributed to the growth of the epidemic 
in PNG according to the UNAIDS 2006 and the Risk Behaviour and 
HIV Prevalence in Tanah Papua (2006) reports, clearly suggesting an 
urgent need for expanded national surveillance and prevention 
programs.95

1.4.3		 Sub-Saharan Africa
The sub-Saharan African region accounts for 63% of people 
with HIV infection worldwide. The number of people with 
HIV infection in 2006 reached 24.7 million and the number of 
people who died from HIV/AIDS reached 2.1 million, accounting 
for 72% of  HIV/AIDS related deaths worldwide.85 According to 
UNAIDS surveillance data, one in five adults has HIV infection 
in Zimbabwe, a country where the life expectancy for women 
and men is 34 and 37 years, respectively, which is the lowest in 
the world.

One of the regions with the highest adult HIV incidence in 
the world is Swaziland with a prevalence of 33%, followed by 
Botswana, Lesotho and Namibia. In Botswana, almost 40% of 
pregnant women have HIV infection.  In some African countries, 
the numbers of new infections have decreased or stabilised.  
For example, over the last few years in Angola the number 
of pregnant women diagnosed with HIV has decreased.  In 
Malawi, in 2005, one million people were newly diagnosed with 
HIV.  However since 2000, the overall number of new infections 
appears to have stabilised.  This trend is reported to be the result 
of an increased uptake of safe sex practices and abstinence 
(22% of young women see abstinence as one of the best 
ways to prevent infection).87  West and Central Africa have a 
much lower HIV prevalence compared to Southern Africa and 
Nigeria, which continue to report high HIV prevalence among 
adults. 
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