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Abstract
HIV-1 is a chimpanzee virus which was transmitted to humans by several zoonotic events resulting in infection with
HIV-1 groups M–P, and in parallel transmission events from
sooty mangabey monkey viruses leading to infections with
HIV-2 groups A–H. Both viruses have circulated in the human
population for about 80 years. In the infected patient, HIV
mutates, and by elimination of some of the viruses by the action of the immune system individual quasispecies are
formed. Along with the selection of the fittest viruses, mutation and recombination after superinfection with HIV from
different groups or subtypes have resulted in the diversity of
their patterns of geographic distribution. Despite the high
variability observed, some essential parts of the HIV genome
are highly conserved. Viral diversity is further facilitated in
some parts of the HIV genome by drug selection pressure
and may also be enhanced by different genetic factors, including HLA in patients from different regions of the world.
Viral and human genetic factors influence pathogenesis. Viral genetic factors are proteins such as Tat, Vif and Rev. Human genetic factors associated with a better clinical outcome are proteins such as APOBEC, langerin, tetherin and
chemokine receptor 5 (CCR5) and HLA B27, B57, DRB1*1303,
KIR and PARD3B.
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Origin of the Types and Groups of HIV and Its
Epidemiology

HIV-1
HIV is subdivided into two types, HIV-1 and HIV-2.
HIV-1 was transmitted to man by at least 4 zoonotic
transmissions, groups M–P, of the corresponding chimpanzee virus. This transmission occurred around 1930
(820 years), estimated from the molecular biological
phylogenetic data available [1]. The chimpanzee virus
SIVcpz might date back to many thousands of years ago.
It is a recombinant virus built up in its gag and pol part
from the simian immunodeficiency virus (SIV) of redcapped mangabey monkeys (Cercocebus torquatus) and
in its env part from SIVgsn or SIVmon of the greater spotnose monkey (Cercopithecus nicticans) or mona monkey
(Cercopithecus mona), respectively. SIV-infected chimpanzees in regions of central Africa have evolved to different subspecies (Pan troglodytes troglodytes and P. troglodytes schweinfurthii). After the separation of groups of
chimpanzees by big rivers, their SIVcpz viruses diverged
and only the SIVs of P. troglodytes troglodytes chimpanzees seem to be ancestors of the various HIVs. The presence of an HIV-like retrovirus in around 5% of these animals indicates a coevolution of host and virus over a long
period of time [2]. In most chimpanzees SIVcpz is apathogenic [3]. SIVcpz was hitherto not found in the chimpanzee subspecies P. troglodytes vellerosus and P. troglodytes verus.
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As a result of its spread and evolution in man, HIV-1
group M has been subdivided into subtypes A–K, where
subtypes E and I are missing since they are circulating
recombinant forms (CRF) [1, 4]. According to genetic relatedness there are 2 great lineages in HIV groups, M and
N, and O and P. People carrying group N and P viruses
are very rare, with, currently in Cameroon, about 20 and
3 infected people, respectively. Group O virus infections
are prevalent in about 0.1–1% of the sexually active population in Cameroon; some infected individuals have also
been identified in the neighboring countries of Gabon
and Equatorial Guinea.
HIV-1 group M has a worldwide distribution with currently more than 35 million infected people. A higher
prevalence of all subtypes is found in sub-Saharan Africa,
of subtype B in North and South America and Western
Europe, of subtype A in Eastern Europe, of subtype C in
southern Africa and India and of subtype A/E (CRF01) in
southeast Asia [5]. Group M subtype C is worldwide the
most prevalent HIV-1, but rare subtypes may occur in all
countries.
Diagnostic tools, i.e. tests for antibody detection, viral
load measurement and resistance determination, are
mainly based on subtype B; this aspect needs to be considered along with the fact that other subtypes are prevalent in certain countries of the world, when tests are interpreted as well in the choice of drugs for patient treatment, i.e. non-nucleoside reverse-transcriptase inhibitors
for subtype C.
HIV-2
The origin of HIV-2 is SIVsmm, the SIV of sooty
mangabey monkeys (Cercocebus atys) in West Africa [6].
Today HIV-2 is divided into the groups A–H, of which A
and B are the most prevalent and perhaps the only pathogenic ones. The easiest explanation for the presence of
these groups in humans is that the independent and separate zoonotic transmission of a virus of each group to
humans and further spread amongst humans by sexual
transmission. Calculations of the nucleic acid sequence
data estimated the date of introduction of HIV-2 in humans to 1940 (820 years), which is very close to the predicted introduction of HIV-1 [7]. HIV-2 is less pathogenic than HIV-1, which results in a prolonged period until
the signs of immunodeficiency and AIDS develop, and a
mother-to-child transmission rate of around 7‰ to 2%,
compared to 10–40% in those infected with HIV-1 [8].
The prevalence of HIV-2 in some African communities
has reached approximately 10–16% over time, but this is
currently being overtaken by HIV-1 [9]. HIV-2 is rare out80
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side of West Africa, Mozambique, Angola and southwest
India. A few people might be coinfected with both viruses, and HIV-2 does not induce immunity to prevent HIV1 superinfection, nor vice versa [10]; doubly infected patients develop an immunodeficiency and all the signs of
AIDS earlier. Until now, a recombinant virus composed
of parts of HIV-1 and HIV-2 has not been found in humans.
Mutation Rate and Quasispecies
The replication cycle of HIV within the cytoplasm of
a susceptible CD4 T lymphocyte, macrophage or dendritic cell starts after entry into the cell and cleavage of the
core followed by synthesis of one new DNA strain. The
reverse transcriptase (RT) synthesizes the first DNA
strain using the viral RNA as a template. After RNA digestion by the RNase activity the RT synthesizes the second complementary strand. Finally, the double-stranded
DNA molecule (proviral DNA) is released into the nucleus and integrated into the human host cell genome [11].
The RT part of the polymerase has some enzymatic
peculiarities: first, an error-prone activity during RNADNA transcription that is combined with a preference to
incorporate G in favor of A [12], and second, to jump and
attach onto some neighboring nucleic acids so that deletions, and to some extent insertions, occur frequently [12,
13]. The error rate is about 1 in 10,000 nucleotides [13, 14],
which means that in each replication cycle in which the
reverse transcription is involved, statistically one false
nucleotide is incorporated in the HIV genome. Some
parts of the 3-dimensional configurations of the enzymes
and of structural proteins of HIV are essential for function. These regions are highly conserved, whereas other
parts are tolerant to mutations. Examples of highly conserved structures are parts of long-terminal repeats, active enzymatic parts of the RT and integrase and p24 protein parts needed for condensation of the core; examples
of hypervariability are parts of the envelope proteins
gp120 and gp41, particularly the V3 loop in gp120 [15].
Selection Pressure by Antiretroviral Drugs
The antiretroviral treatment with nucleoside RT inhibitors induces a selection pressure in parts of the RT
that are close to the enzymatic pocket in a direction such
that the wild-type enzyme is inhibited by the drugs, and
thus HIVs carrying wild-type RT are no longer produced.
HIV strains with a mutated enzyme that are resistant to
the drug will continue to replicate and adapt, and most
replicate as fast as the wild-type virus. In a similar way, a
mutated HIV strain can escape from the action of the imEberle/Gürtler

mune system which is favored when random mutations
are found in the gp120 protein, especially in the crown of
the V3 loop. Usually for the first 5 years after infection,
those HIV strains that are not cleared by immune action
continue to replicate and will contribute to the HIV quasispecies population found in the sexual and cerebral
compartment and in the blood [16, 17].
Finally, there are certain parts of the HIV genome,
noncoding (long-terminal repeat) or coding regions for
proteins, e.g. accessory proteins, where mutations are tolerated. As a consequence of rapid HIV replication, a
cloud of mutated viruses accumulates after the first 6
months in the organism of the HIV-infected person. The
formed quasispecies are all still, for example, HIV-1 M
subtype B. Some of these members of the HIV quasispecies are eliminated by antiretroviral treatment with a decay half-life time in resting activated CD4 cells and
CD14+ monocytes of around 20 months [18]; meanwhile,
new HIVs are generated by new mutations and will overgrow and replace the circulating population [16]. This cycle of generation of new quasispecies is ongoing until the
AIDS stage is reached, when finally one population becomes dominant and causes severe CD4 cell depletion.
The formation of quasispecies is not restricted to HIV but
may be seen in other chronic infections with RNA viruses as well, e.g. influenza, hepatitis C and the picornavirus
[19, 20].
Recombination
A frequent action of a retrovirus to enlarge its genetic
repertoire is the formation of recombinants. When a cell
gets infected by two genetically different HIV-1 viruses,
the RT may use both RNA templates for the first strand
synthesis. As a consequence, a recombinant virus is
formed harboring parts of the genome of strain 1 and
strain 2. A recombination event in one cell occurs in 1 in
400 HIV particles produced [21, 22]. There might be some
regions of preselection where it occurs [22]. Recombination between the different members of a quasispecies, including drug-resistant strains, is a frequent event. A newly formed recombinant HIV might be very stable [23] as
is the case for the chimpanzee virus which is the origin
of HIV-1, for the CRF01 which is a recombinant of A and
E, for CRF02 which is a recombinant of A and G, and for
CRF17 which did not change during the 20 years of follow-up in Cameroon [4, 24].
New recombinants occurring after 1990 between different group M subtypes have been found frequently
around the world as CRF07 and 08 (BC) in China,
CRFF12, 28 and 29 (BF) in Argentina and Brazil, or mixHIV: Origin of Types and Groups and
Epidemiology

tures of 3 different subtypes [24]. Recombinants between
group M and group O have been found in Cameroon. As
mentioned above, natural recombinants between HIV-1
and HIV-2 have not been found, despite the fact that these
can be formed artificially in the laboratory [24]. Recombination is a frequent event in other RNA viruses, e.g.
flavivirus, influenza virus (reassortment) and reovirus
[26].
Superinfection
Cellular Level
After entry into a cell, HIV alters the cell metabolism.
One of the actions triggered by the Nef protein is the internalization of CD4 molecules expressed on the surface
of the cell, accompanied by inhibiting or retarding the
transport of newly synthesized CD4 molecules to the cell
membrane [27]. By this mechanism, superinfection of an
already infected cell with a further HIV is impaired but
still continues [28].
Patient Level
Superinfection of an HIV-infected person with a newly acquired HIV, e.g. by sexual transmission, has been
observed frequently [29]. The immunity established by
the first infecting HIV strain remains incomplete due to
viral mutation, which is in turn due to a lack of efficiently neutralizing antibodies and primed CD8 lymphocytes
incapable of killing all HIV infected cells, especially those
in the sanctuary sites [30, 31]. Thus, a multi-drug-resistant strain is also able to superinfect an HIV-infected patient, and as a result, a multi-drug-resistant HIV profile
may be seen during follow-up in a patient who previously had a virus with a susceptible drug profile [23, 32, 33].
Genetic Repertoire Influencing the Replication of HIV
Viral Factors
Several accessory proteins support and accelerate HIV
replication which is usually called viral fitness [34]. The
most effective of these proteins is Tat, which acts as viral
transcriptional transactivator, Rev, which regulates the
RNA transport and Vif, which promotes viral maturation
and release from the cell. None of these 3 proteins is involved in the formation of drug resistance.
Human Factors
Due to mutations (single nucleotide polymorphism) in
the human genome the genetic background is heterogeneous. Proteins involved in the suppression of HIV replication and pathogenesis are: APOBEC3 – an apolipoprotein B mRNA-editing, enzyme-catalytic, polypepIntervirology 2012;55:79–83
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tide-like 3 enzyme which interferes with Vif [35],
langerin – CD 207, a type II transmembrane protein of
Langerhans cells in the mucosa and epidermis that binds
by a lectin-mannose action to HIV glycoproteins and accelerates internalization and subsequent degradation of
the particle [36], tetherin – CD317, a human cellular protein capable of inhibiting HIV replication by interfering
with Vpu, catching the freshly released HIV particle at
the cell surface and forcing endocytosis and degradation
[37] and CCR5 – chemokine receptor 5, which, when
lacking at the cell surface, delays lymphocyte attachment
of HIV R5 strains that use it as a coreceptor together with
the CD4 molecule [36]. The capability of an R5 virus to
adhere to the amino acid motif of the V3 loop of gp120
can easily be determined by nucleic acid sequencing and

thus the inhibitory capacity of maraviroc, for example,
can be determined [39]. Human genetic factors of
the immune system that influence progression of the
HIV disease are HLA molecules, HLA B27, B5901 and
DRB1*1303 [40]. Further genetic factors associated with
single nucleotide polymorphism that might be protective
or enhancing have been found in PARD3B, RANTES and
KIR [41].
Both viral and human genetic factors contribute to
HIV pathogenesis and some of the viral factors are routinely identified by nucleic acid sequencing as targets to
estimate and improve the outcome of the HIV-infected
patient. To analyze human genetic factors besides CCR5,
APOBEC and HLA might be a future challenge for those
involved in the determination of HIV drug resistance.
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