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INTRODUCTION 
 
Lentiviruses have been found in many African primate species, and the 
phylogenetic relationships between the viruses have been used to study the 
primate origins of human immunodeficiency viruses (HIVs), (Hahn et al., 
2000). Evidence exists that simian immunodeficiency virus (SIV) has crossed 
the species barrier (simians to humans) several times over decades, leading to 
the various types, groups and possibly clades of HIV. Phylogenetic analysis 
reveals that closest simian relatives of HIV-1 are SIVcpz in chimpanzees (Pan 
troglodytes troglodytes) and SIVgor in western gorillas (Gorilla gorilla); the 
less pathogenic HIV-2 is most closely related to SIVsmm in sooty mangabeys 
(Cercocebus atys), (Heuverswyn &Peeters 2007). At least three independent 
transmission events early in the 20th century spawned three HIV-1 groups 
(named M, O, and N). Strains related to the HIV-1 M and N groups have been 
found in chimpanzees and although group O-related viruses have been iden-
tified in gorillas, chimpanzees are considered the original reservoir of also this 
SIV infection (Heuverswyn & Peeters 2007, Taylor et al., 2008, Tebit et al., 
2007). Recent findings indicate that a new HIV-1 lineage might exist, deriving 
from gorillas. This novel lineage, represented by a single case currently, will be 
named group P if additional related isolates will be identified. The discovery of 
this new lineage highlights the continuing emergence of new HIV variants, 
particularly in Western Central Africa, the origin of all existing HIV-1 groups 
(Plantier et al., 2009). 

Viral archaeology has enabled to shed light on the origin of the current AIDS 
pandemic and on the geography and timescale of the early diversification of 
HIV-1 in humans. It has been hypothesized that HIV-1 was spreading among 
humans for 60–80 years before AIDS was first recognized (Korber et al., 2000, 
Worobey et al., 2008). The earliest human samples found to contain HIV-1 
were taken in 1959 and 1960 in Leopoldville (now Kinshasa, Democratic Re-
public of the Congo). The sequence analyses of 50-years-old samples have esti-
mated the date of the common M group ancestor no later than 1933 (Worobey et 
al., 2008). If the epidemic grew roughly exponentially from only one or a few 
infected individuals around 1910 to the more than 50 million estimated to have 
been infected by 2007, there were probably only a few thousand HIV-infected 
individuals by 1960, all living in central Africa (Sharp & Hahn, 2008). 

Today more than 20 million people have died from AIDS and roughly 33 
million others are living with HIV. The overwhelming majority of HIV-1-
positive individuals live in the developing world. The highest prevalence is seen 
in the sub-Saharan Africa where the epidemic has become a growing human and 
economic catastrophe, see Figure 1.  
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Figure 1. Adults and children estimated to be living with HIV in 2007 was 30.6–36.1 
million. Data source: AIDS epidemic update. (2008) Joint United Nations Programme 
on HIV/AIDS (UNAIDS), http://www.unaids.org 

  
  

Literature overview aims to outline the main characteristic features of HIV-1: 
its extraordinary genetic variability and mechanisms underlying it; the 
pandemic spread of the virus and its differential geographical distribution; 
classification of distinct strains and emergence of new viruses with mosaic 
genomes; the ability of the virus to evade immune system and implications it 
poses for vaccine development. 
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 AIMS OF THE STUDY 
 
Objectives of our study were: 
• to investigate the genetic epidemiology of HIV-1 in Estonia 
• to analyze the role of genetic background in HIV-1 infection and spread 
• to develop antigenic sequences for genetic vaccination; to evaluate the swine 

model for studying the breadth of cellular immune response 
 

Firstly, we characterized HIV-1 genetic diversity in Estonian population since 
the beginning of the epidemic in August 2000 when HIV-1 incidence grew 
explosively among Estonian intravenous drug users (IDUs). 

Secondly, we explored HIV-1 co-receptor, chemokine receptor 5 (CCR5), 
polymorphism among Estonian HIV-1 patients. In Estonia the frequency of the 
HIV-1 restrictive CCR5∆32 allele has been found to be among the highest in 
the world; concurrently, Estonia has a very high HIV-1 incidence. These fea-
tures allowed us to explore the CCR5 polymorphism in a Caucasian population 
with a high frequency of the CCR5∆32 allele, on a high background of HIV-1 
incidence.  

Thirdly, we showed a successful induction of broad cellular anti-HIV im-
mune response with an improved DNA vaccine vector encoding artificial fusion 
MultiHIV consensus antigen consisting of several viral proteins and selected 
epitope-rich regions of HIV-1 in domestic pig model. We also demonstrated 
that pig is an excellent test animal for studying T cell responses in immuno-
logical surveys, e.g. in vaccine evaluation studies.  
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REVIEW OF THE LITERATURE 
 

1. General description of HIV-1 
 
HIV-1 is an RNA virus that belongs to the family Retroviridae and the genus 
Lentiviridae (Chiu et al., 1985). The viral genome consists of two plus stranded 
RNA molecules of approximately 9.6 kbp, non-covalently linked near their 5′ 
end. The RNA genome is surrounded by a protein capsid together with essential 
viral enzymes. The capsid is enclosed in a matrix layer that in turn is sur-
rounded by a lipid envelope with embedded surface glycoproteins. The lipid 
bilayer is acquired from the host cell but the glycoproteins that protrude from 
the membrane are viral (Immunobiology, Murphy et. al. 2008), see Figure 2. 

 

 
 
Figure 2. HIV virion. (Figure modified from Immunobiology, 7ed. Murphy et. al. 
2008). 

 
 

1.1. Genome structure of HIV-1 
 
The HIV-1 RNA genome encodes the essential retrovirus genes Gag, Pol and 
Env, as well as the additional accessory/regulatory genes Vif, Vpr, Vpu, Rev, 
Tat, and Nef, see Figure 3.  
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Figure 3. Genomic organization of the HIV-1 proviral genome. Open reading frames 
are shown as rectangles. Structural and enzymatic proteins are encoded by the Gag, Pol 
and Env genes. Regulatory gene products are encoded by the Tat and Rev genes and the 
auxiliary proteins are encoded by the Vif, Vpu, Vpr and Nef. The long terminal repeats 
(LTRs) are sites for initiation of viral RNA synthesis and necessary for proviral 
integration into host cell genome. The lower line shows the length of the proviral 
genome (ref. strain HXB2) in bp.  
 

 
1.2. Structural genes 

 
The HIV-1 genome has three main coding regions; Gag which directs the 
synthesis of the internal structural proteins, Pol which encodes the viral en-
zymes and Env which gives rise to the envelope proteins.  

Gag refers to a genomic region encoding the capsid proteins, also known as 
group specific antigens, reviewed in (Göttlinger, 2001). Gag is often referred to 
as a precursor, because it is subject to cleavage by the viral protease. The pre-
cursor Gag p55 protein is processed to Gag p17 (matrix), Gag p24 (capsid), Gag p7 
(nucleocapsid), and Gag p6 (linker) protein and in addition small spacer peptides 
p2 and p1. Gag p55 is called assemblin to emphasize its role in viral assembly. 
Gag p17 is essential for membrane anchoring and nuclear transport of viral core 
as well as for the incorporation of the Env glycoprotein spikes during virus 
assembly. Gag p24 has crucial role in particle assembly; in the mature virion, 
Gag p24 forms the shell of the core. Gag p7 is a highly basic protein that binds 
RNA and functions as a nucleic acid chaperone; it is essential for the specific 
packaging of two copies of the genomic viral RNA into assembling particles; it 
is also linked to HIV-1 recombination. Gag p6 is important for retaining the Pol 
proteins within the virion once Gag-Pol is cleaved (Göttlinger, 2001, Hill et al., 
2005).  

Protease and other essential viral enzymes are brought into the virion as 
components of the Gag-Pol polyprotein, which is produced by ribosomal 
frameshifting between the overlapping Gag and Pol genes. Pol is expressed in 
the form of a 160 kDa Gag-Pol fusion protein and is cleaved to produce Gag p17, 
Gag p24, Gag p7, the transframe protein (TF), and the viral enzymes protease 
(PR), reverse transcriptase (RT) and integrase (IN). PR catalyses the proteolytic 
processing of the Gag p55 and Gag-Pol precursor-proteins. RT is a multi-
functional enzyme with RNA-directed DNA polymerase, DNA-directed DNA 
polymerase and ribonuclease hybrid activities (RNase H). It catalyses the con-
version of single stranded RNA into double stranded viral DNA for integration 
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into the host chromosomes. PR, RT and IN are not functional in their mono-
meric forms and must come together as either dimers (PR), heterodimers (RT: 
p66 [consisting of p51 and p15] + p51) or tetramers (IN) to be catalytically active, 
reviewed in (Hill et al., 2005). Gag and Pol are the most highly conserved HIV 
proteins and they contain the largest number of defined epitopes (Korber et al., 
2001, Yusim et al., 2002). 

HIV-1 interacts with target cells using envelope glycoproteins (Envgp120 and 
Envgp41). Envgp120 and Envgp41 are formed by proteolysis of Envgp160 and remain 
non-covalently associated in a spike on the outside of the viral membrane. The 
Envgp120 surface subunit binds cell receptors to attach virus to target cells and 
regulate viral entry. Envgp120 is a polyclonal activator of B cells, causing them to 
differentiate into immunoglobulin producing cells while activating the comple-
ment cascade. The Envgp41 transmembrane subunit fuses host-cell and viral 
membranes to deliver the viral core into the cell cytoplasm. On the surface of 
the virion, these Env proteins form trimers, with Envgp120 on the outer surface 
bound to Envgp41 spanning the cellular membrane. The uncleaved envelope 
protein, which contains five regions of hyper-variability, differs between 
isolates not only in terms of amino acid sequences, but also in terms of length 
and sites of glycosylation, the latter accounting for more than half of the 
molecular weight of the protein. While variable parts of Env are frequent targets 
of immune activity, the conserved regions are often masked or hidden within 
the three-dimensional structure of HIV-1, reviewed in (McBurney & Ross, 
2008, Stevceva et al., 2007, Surman et al., 2009, Wyatt R, 1998). 

 
 

1.3. Regulatory and accessory genes 
 
Tat and Rev proteins modulate transcriptional and posttranscriptional steps of 
virus gene expression and are essential for virus propagation.  

HIV transcription is controlled primarily by the trans-activator protein (Tat). 
It acts by binding to a short nascent leader RNA, termed the trans-activation 
responsive region, or TAR, that is present at the 5' extremity of all viral tran-
scripts, and  by activating transcription initiation and elongation from the long 
terminal repeat (LTR) promoter (Campbell & Loret, 2009, Karn, 2000). Tat is 
also secreted by the infected cells and taken up by neighboring cells. This exo-
genous Tat is able to enter both uninfected and latently infected cells, inducing 
apoptosis in the former and activating the transcription of the viral genome in 
the latter. Thus, Tat fulfills a role in HIV-1 pathogenesis not only as an essential 
protein for HIV-1 transcription, but also as an extra-cellular toxin, reviewed in 
(Campbell & Loret, 2009). 

Rev (regulator of expression of the virion) transports to cytoplasm single-
spliced and un-spliced viral mRNAs that are required for expression of HIV 
structural proteins and production of genomic RNA. In addition to facilitating 
nuclear export, Rev increases stability and translation of HIV RNA. Rev is 
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considered the most functionally conserved regulatory protein of lentiviruses, 
reviewed in (Li et al., 2005).  

Vif (virus infectivity factor) binds to an innate host defense protein 
APOBEC3G and counteracts its anti-HIV activity by promoting its degradation. 
APOBEC3G is a member of the cytidine deaminase family, which prevents 
viral cDNA synthesis via deaminating deoxycytidines in the minus-strand 
retroviral cDNA replication intermediate. As a result, it creates stop codons or 
G-A transitions in the newly synthesized viral cDNA which is then subjective to 
elimination by host DNA repair machinery. However, the virus has also 
developed an offensive strategy to suppress the antiviral effect of APOBEC3G 
through Vif, reviewed in (Romani et al., 2009).  

Vpr (viral protein R) has been shown to have multiple activities during virus 
replication, including effects on the nuclear import of the proviral DNA as a 
component of the pre-integration complex (PIC). Vpr also alters cell cycle and 
induces apoptosis in infected cells (Romani et al., 2009). 

Vpu (viral protein U) enhances the release of progeny virions from infected 
cells and induces the degradation of the CD4 receptor (Nomaguchi et al., 2008).  

The HIV-1 Nef protein is abundantly produced during the early phase of 
viral replication cycle (Arien & Verhasselt, 2008). The role of Nef in HIV-1 
replication and disease pathogenesis is determined by at least four independent 
activities. First, Nef affects the cell surface expression of several cellular 
proteins: it down-regulates CD4, CD8, major histocompatibility complex 
(MHC) class I and class II proteins, but up-regulates the invariant chain of 
MHC II (Trono, 1999). Secondly, it interferes with cellular signal transduction 
pathways. Thirdly, Nef enhances virion infectivity and viral replication. 
Fourthly, Nef regulates cholesterol trafficking in HIV-infected cells, reviewed 
in (Arien & Verhasselt, 2008). 

 
 

1.4. Viral life-cycle 
 
The main cellular receptor for HIV-1 is the CD4 molecule which is expressed in 
monocytes, macrophages, dendritic cells, CD4+ T lymphocytes and microglial 
cells in brain (Klatzmann et al., 1984). Upon binding to the HIV receptor CD4, 
Envgp120 undergoes conformational changes, leading to the exposure of Envgp120-
buried domains that interact with chemokine receptors, which behave as HIV 
co-receptors (Deng et al., 1996, Moore et al., 2004). Co-receptor binding further 
induces conformational change in the transmembrane part of Envgp41 which 
triggers the fusion of the viral envelope to the cell membrane.  

After entering the host cell the viral genome is reverse transcribed by the 
viral RT and the single stranded RNA genome of the virus is converted to a 
double strand DNA copy, termed provirus. Provirus is transported to the 
nucleus and subsequently integrated by the viral enzyme IN into the host cell’s 
genome, where it is further transcribed by the host polymerases. By 
transcription from this proviral DNA, viral genomic RNA as well as series of 
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fully or partially spliced mRNAs is generated to serve for viral protein 
synthesis. In the early phase of transcription, the regulatory genes Tat, Rev, and 
Nef are expressed. Transcription of late genes results in production of structural 
proteins for the viral particle, as well as viral enzymes. Assembly of the viral 
proteins and genome takes place in the cell membrane where the new immature 
viral particle buds out, thereby receiving its envelope. Upon budding, immature 
particles rearrange to form mature, infectious virions. The viral protease is 
activated during assembly, and it cleaves Gag to generate a set of new proteins 
and spacer peptides. These newly processed proteins then reassemble to form 
the distinct layers of the mature virion: Gag p17 remains associated with the 
inner viral membrane (the ‘matrix’ layer), Gag p7 coats the viral RNA genome 
(the ‘nucleocapsid’ layer), and Gag p24 assembles into the conical capsid that 
surrounds the nucleocapsid and its associated enzymes (Molecular Cell Biology, 
fifth ed. Lodish et al. 2004). 

 
 

1.5. Co-receptor usage 
 
The interaction of Envgp120/CD4 complex with co-receptors stabilizes virus 
binding and triggers conformational changes in Envgp41, which lead to the in-
sertion of the hydrophobic Envgp41 amino-terminus into the host cell membrane, 
and eventually to the formation of a fusion pore and viral entry. Several 
chemokine receptors can serve as co-receptors for HIV-1 entry, including 
CCR2, CCR3, CCR8, CCR9, CXCR6, CXCR1, APJ, GRP1, and RDC1. How-
ever, based on the pathophysiological data concerning the viral life cycle in 
vivo, the major co-receptors are CCR5 which is predominantly expressed on 
dendritic cells, macrophages, and CD4 T cells, and CXCR4, which is expressed 
on activated T cells (Immunobiology, 7ed. Murphy et. al. 2008). As CCR5 is the 
primary co-receptor in the initial phases of infection, transmission of HIV-1 is 
in approximately 90% of cases associated with viruses that utilize CCR5, 
reviewed in (Moore et al., 2004, Taylor et al., 2008). It has been shown that R5 
strains are preferentially transmitted from one infected individual to another as 
well as via sexual contact, vertical transmission, and direct blood transmission 
(Dragic et al., 1996).  

CCR5 is a 352-aa cell surface receptor protein with seven transmembrane 
segments encoded by CMKBR5 gene. The 32-bp deletion in the gene segment 
encoding the second extracellular loop appears to be the most prevalent as well 
as most thoroughly studied mutation in CMKBR5 gene (Galvani & Novembre, 
2005, Martinson et al., 1997, Novembre et al., 2005, O'Brien & Moore, 2000). 
Homozygous 32-bp deletion produces a truncated receptor, which is retained 
and degraded in endoplasmatic reticulum and is not expressed on the cell 
surface, neither in natural leukocyte populations, nor on transfected cell lines 
(Liu et al., 1996). Cells with heterozygous CCR5∆32 genotype have reduced 
number of CCR5 receptors exposed on the surface (Liu et al., 1996, Venkatesan 
et al., 2002). 
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Among Caucasians in North America and Europe, the prevalence of 
CCR5∆32 is approximately 1% for homozygotes and 10–20% to heterozygotes, 
with the highest frequencies in Nordic countries. Across Eurasia, the allele 
frequency of CCR5∆32 forms a north-to-south cline, with frequencies above 
15% in populations of Sweden, Estonia, Finland, and Northern Russia, to 4% in 
Sardinia and 2% in Greece. The ∆32 allele is virtually absent among non-
Caucasians, as several studies of African, Asian and South-American popu-
lations have revealed (Balanovsky et al., 2005, Limborska et al., 2002, Martin-
son et al., 1997, McNicholl et al., 1997, Novembre et al., 2005, Voevodin et al., 
1998). Very low frequencies are found in the Middle East and India and this 
allele is absent in China and Japan (Lu et al., 1999, Yudin et al., 1998). 

Epidemiological studies have linked CCR5∆32 heterozygosity with delayed 
onset of AIDS and reduced risk of initial transmission. This finding correlates 
with reduced levels of CCR5 and reduced infectability of CD4+T cells 
(Mulherin et al., 2003, Reynes et al., 2000, Visco-Comandini et al., 1998). 
Individuals homozygous for the CCR5∆32 allele do not express any of the 
CCR5 chemokine receptors on their cell surfaces, and in turn, they are largely 
resistant to infection by HIV-1 (Liu et al., 1996). Heterozygous individuals 
exhibit elevated resistance relative to wild-type individuals, and if heterozygotes 
do become infected, they have reduced HIV-1 viral loads with slowed 
progression to AIDS. Besides, heterozygosity could limit the epidemic by 
decreasing the probability of infection, as transmission rates are reduced for 
individuals with lower viral loads (Sullivan et al., 2001). 

In contrast to humans, who are only recent hosts to HIV, natural SIV host 
species express remarkably low levels of CCR5 on CD4+ T cells, especially in 
mucosal tissues where the fraction of CD4+ T cells expressing CCR5 is >50% in 
humans, but only 1%–5% in African non-human primates (NHPs). As natural 
SIV infection in these animals is asymptomatic and usually does not induce 
significant lymphocyte depletion despite high levels of virus replication, this 
down-modulation of CCR5 expression on CD4+ T cells is considered to be a 
key feature of SIV infection as opposed to HIV infection (Paiardini et al., 2009). 
CCR5 is an attractive antiviral target and therefore a number of gene therapy 
strategies have been developed to inhibit co-receptor synthesis or surface 
expression. Most of these strategies have not conferred complete down-
regulation of cell surface CCR5 expression, however, and have failed to confer 
complete inhibition of HIV-1 replication for a sustained period of time, 
reviewed in (Nazari & Joshi, 2008). 
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2. Genetic variation of HIV-1 
 
A central feature of Lentiviridae in general, and HIV-1 in particular, is the pro-
pensity to rapidly mutate and evolve in response to immunological or other 
selective pressures. 

 
2.1. Classification 

 
HIV is divided into HIV-1 and HIV-2, with sequence differentiation reaching 
up to 50%. HIV-2 is (supposedly due to its limited transmissibility) responsible 
for less than 1 million infections worldwide contrary to HIV-1, which has 
caused more than ~ 33 million infections (Tebit et al., 2007). 

Phylogenetic analysis of numerous HIV-1 strains, isolated from diverse 
geographic origins, have revealed that they can be subdivided into groups, sub-
types, sub-subtypes, circulating recombinant forms (CRFs) and unique recombi-
nant forms (URFs), (Buonaguro et al., 2007, Korber et al., 2001, Peeters, 2000, 
Peeters & Sharp, 2000, Riva et al., 2008, Robertson et al., 2000, Taylor et al., 
2008). The cumulative genetic variability of HIV-1 is managed on paper by the Los 
Alamos National Laboratory (LANL) HIV database (http://www.hiv.lanl.gov/). 
Figure 4 shows a phylogenetic tree demonstrating the known groups, subtypes, 
and sub-subtypes of HIV-1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. The phylogenetic tree showing all 
groups (M, N, and O), subtypes, and sub-
subtypes (A1, A2, B, C, D, F1, F2, G, H, J, and 
K) of HIV-1. The tree was inferred from near-
full-length non-recombinant sequences in the 
HIV sequence database of Los Alamos National 
Laboratory (http://www.hiv.lanl.gov/) using 
the Neighbor-Joining method (Tamura et al. 
2007). A genetic distance scale of 0.05 is 
indicated. 
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HIV classification: 
Groups – Distinctive HIV-1 lineages Major (M), Outlier (O) and non-M/non-O 
(N). While HIV-1 and -2 nucleotide variation might reach 50%, the differences 
between groups are ~ 30%.  
o HIV-1 group M viruses are found globally and are largely responsible for 

the AIDS pandemic, while group O and N viruses are restricted to West 
Central Africa. Within group M, HIV-1 isolates have been further divided 
into 13 currently recognized distinct subtypes (also called clades) and sub-
subtypes (Taylor et al., 2008).  

o HIV-1 group O viruses were named “outlier” because of their distinct 
clustering from members of the group M viruses. Phylogenetic analyses of 
group O strains have not revealed the same substructure as found within the 
evolutionary tree of group M; they do exhibit a high diversity, but do not 
show the same radiation like group M viruses. 

o HIV-1 group N viruses have only been identified in few patients and within 
last years. Phylogenetically they form an independent clade related to group 
M, whereas sequences from the 3’ end cluster more closely with the SIVcpz 
chimpanzee virus, suggesting a possible ancient recombination event. 

 
Subtypes/clades – Genetically related HIV-1 strains from group M that are 
phylogenetically approximately equidistant from each other (subtypes A, B, C, 
D, F, G, H, J, and K). Sequence similarity between subtypes is 70–90%, with 
the greatest genetic differences observed in the Env gene (up to 30% nucleotide 
diversity) followed by Gag (20%) and Pol (15%). Genetic variation within a 
subtype can be 15–20%.  
 
Sub-subtypes – Within some subtypes (A and F), further phylogenetic structure 
can be identified (A1 and A2; F1 and F2). Also B and D clades are more closely 
related to each other than to other subtypes and currently subtype D is 
considered to be the early B-African variant, but their original designation as 
subtypes is retained for consistency with earlier published work. Also sub-
subtypes A3 and A4 have been suggested to classification (Vidal et al., 2006). 
 
Circulating recombinant forms (CRFs) – CRFs represent viral isolates that 
are the combination of two or more viral isolates from different subtypes that 
have been found in at least three epidemiologically independent individuals and 
play an important role in the HIV-1 pandemic. The assigned name of the CRF 
reflects sequence of discovery and subtype composition. If the genome contains 
sequences originating from more than two subtypes, the letters are replaced by 
“cpx”, denoting “complex”. It is estimated that CRFs account for about 10–20% 
of all new infections. The majority of CRFs have been found in areas with a 
high prevalence of different genetic subtypes. In regions where multiple sub-
types are co-circulating with a high prevalence, recombination between recom-
binants has also been observed (so called second-generation recombinants) 43 
CRFs are currently characterized, eight of which are mosaic genomes con-
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taining gene regions of more than two subtypes and nine of which are second-
generation recombinants (http://www.hiv.lanl.gov/content/index). More than 
20 CRFs whose origins can be tracked to areas where the parental strains are co-
circulating have been reported.  
 
Unique recombinant forms (URFs) – URFs are generated in patients after 
superinfection or co-infection with different subtypes. URFs have heterogenous 
recombination breakpoints and have limited transmission in the human popu-
lation. URFs are responsible for over 30% of the infections where several HIV-
1 subtypes co-circulate.  

During the early phases of the epidemic, HIV subtype classification was 
based on a sub-genomic region of an individual gene, mostly Envgp120. This led 
to mistakes in the classification, for instance re-analysis has indicated that 
CRF02_AG is the parent of the recombinant subtype G, rather than the two 
having the opposite evolutionary relationship, as is currently proposed (Abe-
casis et al., 2007). At present, nucleotide sequences derived from multiple sub-
genomic regions of the same isolates or near-full-length sequences are used for 
classification.  

 
 

2.2. Mechanisms for producing viral variation 
 
HIV has several intrinsic mechanisms that ensure rapid viral evolution (Gao et 
al., 2004). 

Firstly, HIV-1 undergoes continuous genetic differentiation within indivi-
dual patients due the error-prone nature of the viral RT (3.4x10–5 mutations per 
base per cycle) combined with rapid viral turnover (~2.6 days/replication cycle) 
and high levels of persistent virus replication (1010 viral particles/day). This 
corresponds to approximately one new nucleotide substitution per genome per 
replication cycle (Gao et al., 2004). Beyond base-substitutions, HIV-1 is subject 
to relatively large deletions, insertions, and duplications. In addition, selective 
forces of the host environment, the pressure for change coupled with tolerance 
to change further contributes to the genetic variation. While immune escape 
clearly can drive positive selection in specific HIV epitopes, neutral mutations 
and genetic drift can also contribute to the overall diversity of the virus, 
reviewed in (Rambaut et al., 2004).  

Secondly, genomic recombination between two different HIV-1 populations 
frequently occurs in vivo, resulting in biologically viable viruses with mosaic 
genomes. In regions where two or more different strains are in co-circulation, 
intersubtype recombination is common. Co-infection or super-infection with 
different genetic variants of HIV-1 does happen in nature; active infection with 
one virus strain does not confer complete protection against infection with 
another strain (Jung et al., 2002).  
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As a consequence, HIV-1 populations at the individual and global level exist 
as a heterogeneous set of highly related viral variants, referred to as quasi-
species, unique to a host or, on a larger scale, to a geographical area (Tebit et 
al., 2007). 

Recent studies continue to reveal evidence that the viral subtypes have diffe-
rent phenotypic properties, such as co-receptor utilization, ex vivo replicative 
fitness, rate of disease progression, biology of transmission, antigenicity, and 
mutational patterns (Lynch et al., 2009). Namely, the subtype-specific diffe-
rences in frequency of usage of certain co-receptors have been found among 
subtype C and D isolates, as well as among Thailand B and E viruses (Subbarao 
et al., 2000). Also, it has been shown that subtype C HIV-1 isolates might have 
reduced ex vivo pathogenic fitness relative to other group M HIV-1 viruses 
(Abraha et al., 2009). Ex vivo studies on pathogenic fitness as well as on 
transmission fitness suggest that HIV-1 group M viruses are more fit than HIV-
2, which in turn are more fit than group O viruses; this order in replicative 
fitness is reflected also in their prevalence in the epidemic (Arien et al., 2007). 

 
 

2.3. Recombination in HIV-1 
 
Genetic recombination is an integral part of the HIV lifecycle and it appears to 
be a common feature of retroviral replication in general. By this means the virus 
is provided with far more adaptive potential than is available from nucleotide 
substitution alone. The high capacity of the HIV-1 RT to generate recombinant 
progeny viruses has lead to the hypothesis that the reason retroviruses are 
diploid, is to provide a recombination partner. Two fundamental properties of 
retroviruses are critical to their high frequency of recombination. Firstly, 
retroviral genomic RNAs are encapsidated in pairs and upon infection of a new 
cell, the proximity of the two RNA molecules facilitates template switching that 
is in orders of magnitude more frequent than that of other viruses. Secondly, 
retroviruses are characterized by error-prone replication machinery, reviewed in 
(Clavel et al., 1989, Onafuwa-Nuga & Telesnitsky, 2009, Rambaut et al., 2004).  

Retroviral genomes are composed of single-stranded RNAs, designated as 
“plus-strand”, as they contain open reading frames that are recognizable by host 
ribosomes. Thus, upon infection of a target cell, the virally encoded RT is 
responsible for synthesis of the first DNA strand, designated as “minus single 
stranded” (-)ssDNA complementary to the genomic RNA, see Figure 5.  

Once the genomic RNA is copied, it is degraded by the RNase H activity of 
the RT. Subsequently, using (-)ssDNA as template, the second DNA strand is 
synthesized (Ramirez et al., 2008). Following reverse transcription, the viral 
cDNA is primed for integration in the cytoplasm by integrase-mediated 
trimming of the 3’-ends of the viral DNA. Following 3’-processing, integrase 
remains bound to the viral cDNA as a multimeric complex that bridges both 
ends of the viral DNA within intracellular particles called pre-integration 
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complexes (PICs). The viral RT, Gag p17, Gag p7, and Vpr contribute to the 
transport of PICs through the nuclear envelope. Once in the nucleus, IN 
catalyses the insertion of the viral cDNA ends into host chromosomes. This 
strand transfer reaction consists of the ligation of the viral 3’-OH DNA ends to 
the 5’-DNA phosphate of a host chromosome (Pommier et al. 2005). 

During synthesis of the (-)ssDNA strand, the RT frequently switches from 
one copy of genomic RNA onto the other (a process known as copy choice) and 
if the two RNAs contain divergent sequences, copy choice results in genetic 
recombination (Ramirez et al., 2008). For recombination to take place, it is 
necessary that two divergent viruses establish successful infection of the same 
cell, and that the two types of genomic RNA have the capacity to form hetero-
dimers. If these requirements are fulfilled, the nascent viral progeny will be 
constituted by homozygous as well as heterozygous particles and, during 
reverse transcription in a heterozygous virus, copy choice can eventually lead to 
synthesis of a recombinant proviral DNA (Ramirez et al., 2008). The fact that 
mosaic viruses are indeed recombinants is supported by the existence of discrete 
breakpoints between the genomic regions with different phylogenetic as-
sociations (Peeters, 2000).  

The current estimates are that HIV-1 undergoes four to five crossovers per 
genome. Although recombination is observed throughout HIV-1 genomes, fre-
quencies are not uniform and recombination hot spots have been identified. It 
has been suggested though, that most common crossovers observed in vivo are 
more likely the result of selection rather than template-switching hot spots 
(Onafuwa-Nuga & Telesnitsky, 2009, Zhuang et al., 2002). 

Recombination contributes to HIV-1 genetics on several levels: from origins 
of the virus to its adaptability in individual patients. The chimpanzee virus that 
gave rise to HIV-1 was probably a recombinant of other SIVs; HIV-1 group N 
arose likely via recombination between an SIV and an early form of group M. 
Within patients, recombination is an extensive and ongoing source of viral 
diversity (Onafuwa-Nuga & Telesnitsky, 2009). The efficient spread of re-
combinant viruses has generated several CRFs, reviewed in (Buonaguro et al., 
2007). 
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Figure 5. Process of HIV-1 reverse transcription. (A) A tRNA primer is bound to 
complementary sequences at the primer binding site (pbs) on encapsidated HIV-1 
RNAs. (B) Minus-strand DNA synthesis initiates from primer tRNA and halts when it 
reaches the 5' end of RNA, thus creating a short DNA stretch comprising the 5’ LTR – 
i.e. minus strong stop DNA. (C) The RNase H activity of RT degrades the copied region 
of the template RNA, a replicative template switch occurs and the minus-strand strong-
stop DNA hybridizes with the 3' end of the RNA. (D) As minus-strand synthesis 
proceeds, plus-strand DNA synthesis is initiated from the polypurine tracks (PPTs). (E) 
After the RNaseH-mediated removal of the tRNA primer, plus-strand strong-stop strand 
transfer results from the annealing of the 3' end of plus-strand strong-stop DNA to 
complementary sequences at the end of the minus-strand DNA intermediate. (F) DNA 
synthesis is completed, generating double-stranded DNA with LTRs. Integrase cata-
lyzes the establishment of the provirus, and host repair enzymes remove flaps and gaps. 
Reproduced from (Onafuwa-Nuga & Telesnitsky, 2009).  
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3. Molecular epidemiology of HIV-1 
 

3.1. Geographical distribution 
 
Throughout the world, individuals are infected with a diverse range of HIV 
isolates. The expansion of different HIV strains has been largely uneven. Foun-
der effects, host restrictive factors, as well as social and behavioral facts all 
have contributed to this differential spread. 

Today, the highest prevalence of HIV-1 is found in Southern Africa, where 
HIV-1 subtype C is dominant. In fact, among all known subtypes and CRFs, 
subtype C is the most prevalent and is accounting for more than 50% of group 
M infections worldwide and representing the predominant HIV-1 lineage in 
addition to Southern Africa, also in China and India (Osmanov et al., 2002, 
Tebit et al., 2007). In East Africa, subtypes A, D, and C as well as unique inter-
subtype recombinants combining these three subtypes predominate. Subtype A 
and related CRFs account for roughly 30% of group M infections, and are 
primarily found in Western and Central Africa, which is described as an „HIV 
diversity hotspot“ and where the greatest genetic variability of HIV-1 is found. 
For example, from Democratic Republic of Congo as well as from Cameroon, 
nearly every HIV type, group, subtype and circulating recombinant form can be 
identified in the infected population. Subtype B comprises about 15% of group 
M infections and is the predominant subtype in Europe, Australia and the 
Americas. Subtype B and related recombinants are also common in Asia (Kothe 
et al., 2007). 

Sub-subtype A1 variants are spread globally and are differentiated into two 
distinct evolutionary lineages, one mainly restricted to Central Africa and the 
other responsible for the majority of epidemics in Eastern European countries 
formerly constituting the Soviet Union (Riva et al., 2008). 

In the global HIV-1 pandemic the relevance of CRFs is increasingly rising, 
representing the predominant local form in South-East Asia (CRF01_AE) and 
in West and West Central Africa (CRF02_AG), (Buonaguro et al., 2007). 

 
 

3.2. HIV-1 epidemiology in Estonian population 
 
The spread of HIV-1 in eastern European countries has been closely linked with 
the rise of injecting drug use, which increased promptly after the collapse of 
Soviet Union in the 1990s. The HIV-1 epidemic among intravenous drug users 
(IDUs) started in 1996 in southern Ukraine with subtype A, probably derived 
from a single introduction event in Odessa, and later spread to other Former 
Soviet Union regions (Hamers & Downs, 2003, Riva et al., 2008), see Figure 6. 
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Figure 6. Estimated adult prevalence percentage of HIV in Central and Eastern Europe 
in 2007. Data source: Report on the global AIDS epidemic (2008) UNAIDS, 
http://www.unaids.org 
 
 
In Estonia, during the 1990s, the reported number of HIV-1 cases was relatively 
low and the predominant HIV-1 type was B (likewise in other Baltic countries), 
with a limited distribution of subtypes A, C, D, F, and G as well as CRF02_AG 
(Liitsola et al., 1996, Naganawa et al., 2002). Before the epidemic outbreak, in 
1999, Estonia reported 96 diagnosed HIV cases, only 4% of which were 
detected among IDUs. This situation changed drastically in August 2000 when 
the number of IDU associated HIV-positive cases started to increase rapidly and 
comprised nearly 90% of all new HIV cases reported in 2000 (Uusküla et al., 
2002). Based on studies conducted among IDUs and other risk groups, the total 
number of Estonian inhabitants living with HIV was estimated to be appro-
ximately 11 000 in 2008 (Lai et al., 2009).  
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4. Medical interventions against HIV 
 
The introduction of highly active antiretroviral therapy (HAART) has been 
successful in reducing the rates of vertical transmission as well as HIV-related 
morbidity and mortality among HIV-infected individuals. Antiretroviral therapy 
has moved from almost ineffective monotherapy to combination multidrug 
regimens which are able to effectively suppress viral replication in most HIV-
infected patients. Currently, five different classes of anti-HIV drugs are avail-
able, classified by the phase of the retrovirus life-cycle that the drug inhibits: 
nucleoside and nucleotide RT inhibitors (inhibit reverse transcription by being 
incorporated into the newly synthesized viral DNA and preventing its further 
elongation); non-nucleoside inhibitors (inhibit the reverse transcription by 
binding to the p66 subunit of RT and altering its ability to function); protease 
inhibitors (inhibit the PR cleavage of polyproteins to mature proteins in budding 
virion); fusion inhibitors (interfere with binding, fusion and entry of HIV-1 to 
the host cell by binding to Envgp41); and integrase inhibitors (inhibit the strand 
transfer process during the integration of viral DNA into the DNA of the 
infected cell).  

The reality is however, that most people living with HIV in the developing 
world still have very limited access to antiretroviral treatment. In addition, 
response to HAART is a complex phenomenon and is often limited by the 
occurrence of acute or chronic toxicities or by the emergence or drug resistance 
(Tozzi, 2009).  

It is estimated that approximately 60% of the HIV-infected individuals in 
Estonian population who could benefit from antiretroviral therapy, do not re-
ceive it, either because they are not aware of their HIV status, or because for 
various reasons they have not accessed health care services. This suboptimal 
coverage greatly increases the risk of HIV transmission in the general po-
pulation (Lai et al., 2009). 

The common notion is that the development of safe and effective HIV-1 
vaccine would be better solution for the ultimate control of the worldwide HIV 
pandemic than expensive and life-long HAART. Unfortunately, regardless of 
two decades of research, this goal has not yet been achieved. 

Recently the first tiny morsel of good news in HIV vaccine field came with 
the announcement that, for a first time, an HIV vaccine was shown to provide a 
modest degree of efficacy in phase 3 clinical trial (Lancet, 2009). A combi-
nation of ALVAC HIV, which consists of an attenuated canarypox virus vector 
encoding HIV gag, pol, and env genes and AIDSVAX B/E recombinant 
Envgp120 versus placebo were tested in more than 16 000 HIV-negative volun-
teers in Thailand. During 3 years of the study, HIV infection was detected in 51 
(0.62%) of 8197 volunteers given the vaccine combination and 74 (0.90%) of 
8198 given placebo, leading to the absolute difference of 0.28% (Lancet, 2009).  
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4.1. Vaccines 
 
HIV-1 has escaped from the attempts of scientists to develop an HIV vaccine 
for 25 years due to its unique virologic and immunologic characteristics: its 
extraordinarily high diversification rate, which enables immune evasion and its 
capacity to evade adaptive immune responses, the inability to induce broadly 
reactive antibody responses and the early establishment of latent viral reser-
voirs, reviewed in (Barouch, 2008, Taylor et al., 2008).  

An ideal long-term solution to the HIV-1 pandemic is a vaccine that blocks 
infection completely – confers sterilizing immunity. Neutralizing antibodies, 
CD4+ and CD8+ T-cell responses as well as innate immunity have all been 
linked to protective efficacy; however none of these parameters are so far 
shown as universal (McBurney & Ross, 2008). A less efficient, but still valu-
able alternative would be a vaccine that considerably diminishes the risk of 
transmitting infection to a new host and reduces manifestation of HIV-1 in-
duced disease phenotype by providing partial immune control of viral 
replication after infection. The latter is realistic goal of human leukocyte antigen 
(HLA) -mediated cytotoxic T lymphocyte (CTL)-inducing vaccines that do not 
trigger neutralizing antibodies (Barouch, 2008, Letvin, 2006). 
 

 
4.1.1. Current HIV-1 vaccine strategies 

 
Vaccine strategies for HIV-1 can be divided into traditional and novel 
approaches, reviewed in (Barouch, 2008, Letvin, 2006, Mooij & Heeney, 2001).  
The traditional technologies include live attenuated viruses, whole killed 
viruses, and protein subunits. These strategies have been most successful with 
vaccines for other viruses; however they are not exploitable for HIV-1. 
Although live attenuated viruses provide substantial protective efficacy against 
SIV challenges in rhesus monkeys, they can not be used in humans due to the 
significant safety concerns (possibility of reversion). The use of whole killed 
viruses and protein subunits, on the contrary, have been insufficient to induce 
broadly active neutralizing antibody responses as well as CD8+ T lymphocyte 
responses, reviewed in (Barouch, 2008, Mooij & Heeney, 2001).  

Novel strategies include plasmid DNA vaccines and live recombinant 
vectors that are engineered to express HIV-1 antigens. Recombinant vectors 
include attenuated or replication-incompetent viruses, e.g. adenoviruses and 
poxviruses with replication potential to express HIV-1 antigens. However, the 
magnitude of the cellular immune responses of live recombinant virus vectors in 
human volunteers immunized with such vaccines has been substantially lower 
than that seen in non-human primates. This reduced immunogenicity might be a 
consequence of pre-existing vector-specific immunity – as with most viral 
vectors derive from current widespread human infections. Plasmid DNA 
vaccine constructs are non-live, non-replicating, non-spreading, highly flexible 
and have proved to be effective immunogens in mice for eliciting cellular 



27 

immune responses and for priming antibody responses. However, they are less 
immunogenic in non-human primates than they are in mice, and even less 
immunogenic in humans than in non-human primates. As a result, with plasmid 
DNA vaccines, multiple injections of high doses of DNA are usually required to 
elicit detectable immune responses. To overcome this, substantial research 
effort is put on the molecular adjuvants, such as plasmid DNA immunogens 
encoding cytokines and delivery technologies, such as in vivo electroporation, to 
increase the efficiency of cellular transfection with DNA. Also, gene optimi-
zation strategies (modification of the Kozak sequence, species-specific codon 
optimization) and RNA structural design (removal of instability elements that 
lower expression) have been introduced to increase protein production on a per-
cell basis, leading to enhanced T-cell responses and antibody induction,  
reviewed in (Barouch, 2008, Kutzler & Weiner, 2008, Letvin, 2006, Mooij & 
Heeney, 2001).  

Among all known subtypes, subtype C is the most prevalent, accounting for 
more than 50% of group M infections worldwide; subtype A and related CRFs 
account for roughly 30% and subtype B comprises about 15% of group M 
infections (Osmanov et al., 2002). Since all other subtypes and CFRs are less 
prevalent, candidate vaccines have historically been selected from members of 
subtypes A, B, and C (Douek et al., 2006). 

 
 

4.1.2. Immunologic challenges for vaccine development 
 

4.1.2.1. HIV-1-specific humoral immunity 
 
The earliest vaccine efforts attempted to block HIV-1 during the initial steps of 
infection, with the goal of achieving sterilizing immunity. After infection, anti-
bodies bind to and interfere with the HIV envelope protein, and these 'neutra-
lizing antibodies' were seen as promising key components of a protective 
vaccine. Although antibodies cannot fully control an established infection, they 
can reduce viral infectivity and modulate infection if present early. Also, virus-
specific neutralizing antibody titers represent key immune correlates of pro-
tection for most licensed viral vaccines, and thus first vaccine developmental 
strategies have been focused on developing HIV-1 Env subunit immunogens 
(Barouch, 2008, Haigwood & Hirsch, 2009). Proof-of-concept passive transfer 
studies in NHPs have shown that administration of high doses of broadly 
reactive monoclonal antibodies can afford sterilizing protection from infection, 
thus demonstrating the potential of virus-specific humoral immunity (Mascola 
et al., 2000). The first vaccine concept that completed clinical efficacy studies 
used monomeric HIV-1 Envgp120 protein with the aim to induce Env-specific 
humoral immune responses. Phase 3 efficacy trials indicated though, that the 
type-specific antibody responses that were generated were insufficient to protect 
against HIV-1 (Flynn et al., 2005, Gilbert et al., 2005). Development of a 
vaccine that induces neutralizing antibodies that bind to the trimeric envelope 
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on the surface of the virion remains a great challenge. There are currently no 
vaccine candidates that are aimed at eliciting broadly reactive Env-specific 
neutralizing antibodies in clinical trial (Barouch, 2008). 

Instead a markedly different approach for achieving humoral immunity was 
recently introduced by two different groups in NHPs, reviewed in (Haigwood & 
Hirsch, 2009). The study of Hessell et al. indicated that moderate amounts of 
repeatedly transferred neutralizing antibodies can protect from multiple viral 
challenges (Hessell et al., 2009). Johnson et al. showed that long-lasting neutra-
lizing antibodies can be produced by gene transfer in vivo — thus providing 
continuous protection against the virus (Johnson et al., 2009). Both of these 
studies, however, used viruses for challenge that were specifically matched to 
the neutralizing antibody tested. 

 
 

4.1.2.2. HIV-1-specific cellular immunity 
 
The HIV-1 vaccine field has also been developing immunogens for induction of 
T-cell response, encouraged by data from natural history studies and NHP 
models: CD8+ T cell responses emerge during acute infection coincident with 
initial control of primary viremia; potent cellular responses have been reported 
in long-term non-progressors; specific HLA alleles have been correlated with 
control of viral replication; experimental depletion of CD8+ lymphocytes has 
been shown to abrogate immune control of SIV replication in NHPs, reviewed 
in (Barouch, 2008, Korber et al., 2001, Mooij & Heeney, 2001).  

Recently, results of a vaccine concept evaluated in phase 3 efficacy trials 
with the aim to elicit HIV-1-specific cellular immune responses were an-
nounced (Buchbinder et al., 2008). This approach used replication-incompetent 
recombinant adenovirus serotype 5 (rAd5) vectors expressing HIV-1 Gag, Pol, 
and Nef. It failed to protect against infection or to reduce viral loads after 
infection and, furthermore, the vaccinees with pre-existing Ad5-specific neutra-
lizing antibodies exhibited an enhanced rate of HIV-1 acquisition (Watkins et 
al., 2008).  

HIV-specific CD4+ and CD8+ T cell responses have been shown to recognize 
peptides from every HIV-1 protein, although vast majority of defined epitopes 
are found in HIV Gag, Pol, Env, and Nef (Korber et al., 2001). The breadth of 
epitope-specific T lymphocyte responses is considered to be critical for an HIV-
1 vaccine, for maximizing immunologic coverage of HIV-1 diversity on one 
hand and for minimizing the potential for viral escape from recognition by T 
lymphocytes on the other. One basic approach is the inclusion of multiple whole 
HIV-1 protein coding regions to maximize the potential breadth of the response. 
Another strategy is to concatenate conserved DNA encoding epitopes into a 
single contiguous DNA vaccine (Korber et al., 2001). It has been suggested that 
HIV-1 vaccines including highly conserved, cross-clade or multi-clade T cell 
epitopes would be the most effective types of vaccine in the global context of 
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HIV epidemic, especially if supertype epitopes and promiscuous epitopes are 
included (De Groot et al., 2003).  

 
 

4.1.2.3. MHC-I role in HIV-1 infection 
 
Viral proteins are not recognized by CTL in their native form, but are cleaved 
into peptides in the cytosol of infected cells, transported to the endoplasmatic 
reticulum and loaded into a groove on major histocompatibility complex class I 
(MHC-I) molecules, i.e. HLA-I in humans (Immunobiology, 7ed. Murphy et. al. 
2008). HLA-I molecules present peptide antigens on the surface of infected 
cells, targeting them for removal by the CTLs. HLA-I genes are highly poly-
morphic loci and the efficiency of this process differs amongst individuals 
because of the high number of allelic variants of HLA-I genes. Almost all of the 
extensive HLA-I polymorphism is concentrated to those residues that are 
located in the peptide-binding groove of the molecules, thereby defining the 
peptides that bind to each HLA molecule, reviewed in (Goulder & Watkins, 
2008). However, HIV-1 can escape the HLA-mediated CTL response through 
the evolution of variants within the targeted epitopes, abolishing recognition by 
the CTL. Virus variability may influence any step in epitope processing (Para-
dela et al., 2000), however, escape from a CTL response is balanced by detri-
mental impacts on viral replication (Moore et al., 2002). Higher HLA poly-
morphism is suggested to be associated with elevated immune response 
efficiency towards HIV-1. This effect rises from the ability to present a broader 
repertoire of antigens to T cells, thus complicating the emergence of HIV-1 
escape mutants (Piacentini et al., 2008). Individuals with HLA alleles that 
specifically select regions of HIV proteins that infrequently mutate, due to the 
effects on viral fitness, could therefore have better outcomes when infected with 
HIV, as the potential for the appearance of escape mutants is reduced (Black-
well et al., 2009). An example is HLA-B*27 allele, which recognizes a con-
served epitope in the Gag p24 protein and is associated with significantly 
improved survival in HIV-infected individuals. As an opposite, certain other 
HLA-I alleles are associated with rapid disease progression of HIV-1, namely,  
HLA-B*35-restricted escape mutants affect the recognition of CTL by reducing 
both peptide binding and T cell receptor recognition, leading to rapid HIV 
disease progression (Blackwell et al., 2009). However, by investigating nume-
rous cohorts from North America, the Caribbean, Europe, sub-Saharan Africa, 
Australia and Japan, it was shown recently that the frequency of escape muta-
tions to CTL pressure in a given population is correlated with the prevalence of 
the relevant HLA allele in that population. Therefore, the accumulation and 
fixation of escape mutations at a population level suggests that viruses are 
becoming resistant to CTL responses and that previously identified protective 
HLA alleles (e.g. B*57) might lose their advantage (Kawashima et al., 2009). 
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SLA-I 
The process of evolution of MHC-I genes in mammals is highly complicated, 
comprising many types of species-specific expansions of class I genes. 
Consequently, the structure of the gene family of MHC-I varies among species, 
and it is often difficult to find counterparts of a particular class I gene even in 
closely related species (Tanaka-Matsuda et al., 2009). Surprisingly, the swine 
MHC-I or swine leukocyte antigen (SLA-I) complex has been shown to be 
remarkably similar to human MHC-I (HLA-I), (Renard et al., 2006). SLA-I 
differs by only one rather extensive deletion and two moderate gene expansions 
from the HLA-I region, opposite to other mammalian species, e.g. rhesus 
macaques, among whom multiple blocks of expansion have been observed 
(Renard et al., 2003).  

The polymorphic amino acid positions of the classical SLA-I sequences have 
been shown to be almost perfectly superimposable on those of the HLA class I 
sequences. However, the overall genomic organization of the SLA-I region is 
quite different from that of the HLA-I region (Ando et al., 2003, Lunney et al., 
2009). It has been suggested that differences in gene organization of the MHC-I 
region in mammalian species arose due to gene duplications after speciation 
(Lunney et al., 2009). In the pig genome, three phases of the SLA class I region 
evolution have been distinguished, the most recent corresponding to the 
evolution of the SLA-I genes, which arose through a series of five duplications 
of a class I containing elementary unit. The origin of SLA-1, SLA-2, and SLA-3 
genes from the common SLA-I unit ancestor explains the high similarity present 
among different SLA loci: SLA-1 and SLA-2 coding sequences are nearly 98% 
similar to each other on the nucleotide level and SLA-3 about 97% (Renard et 
al., 2003). 

Compared with a large number of alleles of the HLA-A, -B and -C loci, a 
relatively limited number of alleles in the three SLA-I loci have been reported 
so far. According to the Immuno Polymorphism Database (IPD)-MHC SLA 
sequence database (http://www.ebi.ac.uk/ipd/mhc/sla/), there are 125 classical 
SLA-I (SLA-1, SLA-3 and SLA-2) alleles, designated by the SLA Nomen-
clature Committee of the International Society for Animal Genetics (ISAG), 
(Ho et al., 2009). With numerous swine breeds worldwide, the actual extent of 
SLA diversity in outbred pig populations is still not known (Lunney et al., 
2009). The polymorphisms of the SLA-I genes are concentrated in exons 2 and 
3 of the coding regions which form the class I protein peptide-binding groove 
(Lunney et al., 2009).  

Unlike the HLA-I molecules, the foreign antigen binding sites and T cell 
recognition sites in the SLA-I have not been precisely clarified yet. Some 
putative antigen recognition sites in the SLA-I in relation to those in the HLA-I 
have been determined by analyzing selective forces operating at the amino acid 
sequence level. This analysis suggested that selective forces operating at single 
amino acid sites of the SLA-I molecules are almost similar to those of the HLA-
I, although some functional sites for antigen and CTL recognition might differ 
(Ando et al., 2003). 
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4.1.3. Implications of genetic subtypes for vaccine development 
 
Another challenge facing AIDS vaccine development is the vast variability 
among circulating HIV-1 populations in different geographical locations and the 
need to develop vaccines that can elicit enduring protective immunity to various 
HIV-1 strains. 

Due to the huge diversity of HIV-1 isolates circulating in the population, it 
would be overly optimistic to expect that a vaccine based on a single viral 
isolate will be able to protect against the infection, reviewed in (Gaschen et al., 
2002, McBurney & Ross, 2008). If any currently circulating HIV-1 strain would 
be selected as a candidate immunogen, then one should bear in mind that it 
might be as distant from other present-day viruses as these are from each other. 
To maximize the degree of sequence similarity, the use of “centralized” HIV-1 
immunogens, expressed from consensus or reconstructed ancestor gene 
sequences have been proposed (Ellenberger et al., 2002, Gaschen et al., 2002, 
Korber et al., 2001, McBurney & Ross, 2008, Nickle et al., 2003, Novitsky et 
al., 2002). Because of their “central” position within an evolutionary tree, these 
inferred sequences are almost half as distant from extant HIV-1 strains, as the 
latter are from each other and should thus contain a larger number of conserved 
epitopes and may have enhanced potential for eliciting cross-reactive responses 
(Gaschen et al., 2002). 

Three methods of developing centralized vaccines are ancestral, center-of-
the-tree and consensus, see Figure 7.  

Figure 7. Three methods of developing a centralized vaccine. (A) Ancestral vaccine. 
This method of centralization utilizes the theoretical ancestor that gave rise to the 
phylogenetic tree. The location of the ancestral vaccine is shown with a grey dot. (B) 
Center of the tree. This method of centralization generates a sequence that is equidistant 
to all points of the phylogenetic tree. The approximate location of the vaccine sequence 
is shown with a grey dot. (C) Consensus vaccine. A consensus sequence is generated 
from the seven sample Env sequences by assigning the most common amino acid at 
each position in the amino acid sequence (McBurney & Ross, 2008). 
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A phylogenetic tree, for example, by means of maximum likelihood approach is 
developed using primary viral protein sequences to develop center-of-the-tree or 
ancestral sequences. Center-of-the-tree sequences are based upon generating a 
sequence that is equidistant to all points of the tree. The ancestral approach is 
based upon the theoretical ancestor sequence that gave rise to all sequences of a 
particular tree. In addition, the population of these sequences can be aligned to 
make a consensus sequence based on the most common amino acid in each 
position in an alignment (Gaschen et al., 2002, Nickle et al., 2003). 

Centralized vaccine strategy has been used to construct a number of HIV-1 
gene sequences (Burgers et al., 2006, Malm et al., 2005, Santra et al., 2008, 
Thomson et al., 2005). It remains to be determined weather vaccines that are 
based on such artificial genes elicit immune responses with greater width than 
vaccines that incorporate single, naturally occurring viral genes. 
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 RESULTS AND DISCUSSION 
 

Genetic structure of the HIV-1 strains causing the 
epidemic outbreak of HIV-1 infection in Estonia (Ref I) 

 
The spread of HIV-1 in eastern European countries has been closely linked with 
the rise of intravenous drug use, which increased promptly after the collapse of 
Soviet Union in 1990s. The drug-related epidemic started in 1996 in Ukraine, 
rapidly followed by neighboring countries: Belarus, Russia, Moldova, and 
Kazakhstan (Hamers & Downs, 2003). In all these regions, sub-subtype A1 
viruses predominated; in fact, due to the distinctive way of transmission, the 
lineage was designated as IDU-A (Riva et al., 2008). Eventually, in year 2000 
the HIV-1 epidemic reached to Estonia.  

Studies carried out in the 1990s, before the epidemic outbreak, had deter-
mined subtype B to be a predominant form of HIV-1 in the Estonian population, 
like elsewhere in Europe (Liitsola et al., 1996). 

The study was initiated to establish the exact genetic structure of the HIV-1 
strains causing the IDU-associated epidemic outbreak of HIV-1 infection in 
Estonia after August 2000. 

Two proviral genomic regions were selected to identify existing strains and 
to detect possible recombination events: a 430–base pair (bp) fragment of the 
gag/pol region and a 387-bp fragment of envgp41. For subtyping, proviral 
genomic DNA samples from 141 HIV-1 positive individuals were amplified by 
PCR reaction and sequenced. Detailed descriptions of methods and materials 
used are given in reference I.  

Phylogenetic analysis revealed that a rare circulating recombinant form, 
CRF06_cpx is predominant in population of Estonian HIV-1 positive indi-
viduals. CRF06_cpx is a complex mosaic form of the virus composed of suc-
cessive fragments of subtype A, G, K and J and shows similarity to G sequences 
in both selected envgp41 and gag/pol regions (Montavon et al., 1999, Oelrichs et 
al., 1998), see Figure 8.  

Figure 8. The mosaic structure of CRF06_cpx composed of subtypes A, G, K, and J. 
Figure adopted from (Montavon et al., 1999, Oelrichs et al., 1998). 
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While majority of the samples from recently infected individuals belonged to 
type CRF06_cpx, the remaining demonstrated remarkable similarity with a 
subtype A sequence isolate derived from the Ukraine. The samples of patients 
with HIV-positive status identified before 2000 were classified as subtype B.  

In addition to CRF06_cpx, subtype A, and subtype B sequences, the phylo-
genetic analysis exposed yet another type of viruses with mosaic structure, 
resembling subtype A in the first part of the gag/pol segment and CRF06_cpx in 
the second. Moreover, in cases of many individuals, discordant results of 
subtype determination became obvious between gag/pol or envgp41 sequence 
data, see Table 1. 
 
 
Table 1. Genetic subtypes of HIV-1 in Estonian samples  
 
  gag/pol   
  A B CRF06 A/CRF06 Total % 
 A 1 0 1 2 4 3 
envgp41 B 0 6 0 0 6 4 
 CRF06 3 0 107 21 131 93 
 Total 4 6 108 23 141 100 
 % 3 4 77 16 100  

 
 
Detailed comparison of the mosaic gag/pol sequences revealed the presence of 
multiple different types of recombinant forms, each type showing different 
pattern of potential cross-over points. Sequences that differed from each other 
by less than three consecutive character changes were grouped together, 
defining 9 different groups. It is noteworthy, that the crossover sites of Estonian 
gag/pol URFs correspond to the genomic region (5’end of Pol) of HIV-1 that 
has been characterized as a region of recombination hot spot (Jetzt et al., 2000). 
A high incidence of different recombinant forms in the Estonian IDU popu-
lation indicates that co-infection with different strains of HIV-1 occurs fre-
quently among drug users. 

The CRF06_cpx isolates that are circulating in Estonia show remarkably low 
nucleotide diversity which suggests a recent introduction of the strain to Esto-
nia. Due to the small number of available reference sequences from geographi-
cally remote areas and the significant difference between our sequences com-
pared to other CRF06_cpx isolates, the origin of the CRF06_cpx lineage in 
Estonia could not be traced. There is evidence, though that this lineage was also 
present in neighboring countries Russia and Sweden – already in 2002 (Skar et 
al., 2008).  
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Identification of a novel circulating recombinant form 
CRF32_06A1 (Ref I) 

 
Currently, 43 intersubtype recombinants fulfill the requirement necessary to be 
circulating recombinant forms (CRFs), meaning they have been identified in at 
least three individuals who are epidemiologically unlinked and at least two full-
length viruses with identical recombination breakpoints must be sequenced 
(Robertson et al., 2000). The impact of these CRFs on the evolution of the pan-
demic is evident, as already some have spread more widely than their parental 
subtypes. For example, CRF01_AE is a highly prevalent strain in Southeast 
Asia whose parental subtype E has never been detected (Peeters, 2000). 

To study the prevalent Estonian HIV-1 forms in more detail, four represen-
tative HIV-1 near-full-length proviral genomes were sequenced. For detecting 
HIV-1 intersubtype recombination the bootscanning-based method Simplot 
(Lole et al., 1999) was used. SimPlot calculates and graphically plots the phylo-
genetic identity (bootscanning) of the query sequence to a group of reference 
sequences. A detailed description of parameters used is given in reference I. 

The results of the bootscanning analyses confirmed the mosaic structure of 
the isolates EE0369 and EST2002-1169, consisting of stretches of subtypes A 
and CRF06_cpx.  

The data on 2 full-length and 6 partial sequences with the same recombinant 
structure allowed us to designate this as the emergence of a new CRF, namely 
CRF32_06A1, see Figure 9. 

 

Figure 9. Novel CRF CRF32_06A1, breakpoints: 1-789: 06_cpx; 790-2126: A1; 2127-
9719: 06_cpx; reference sequence EE0369 (AY535660). Breakpoint locations are based 
on the HxB2 numbering. The illustration was adopted from the Los Alamos HIV Se-
quence Database Website. 
 
 
As reviewed in (Thomson & Najera, 2007), apart from subtype B and the IDU-
A, HIV-1 clades reported to be circulating in Europe include subtype G and 
CRF14_BG in Portugal and Spain, CRF11_cpx in Switzerland, CRF01_AE in 
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Finland, CRF04_cpx in Greece, subtype F in Romania, CRF03_AB in Russia, 
and a subtype G variant (unrelated to the Iberian strain) in Italy, demonstrating 
the increasing diversity of HIV-1 in Europe. Thus, the emergence of a rare 
CRF06_cpx as well as CRF32_06A1 in Estonia adds to the findings of other 
studies indicating a trend toward an increasing genetic complexity of HIV-1 
epidemics in Europe. 

 
 

Frequency of CCR5∆32 polymorphism among HIV-1-
positive individuals in Estonian population (Ref II) 

 
The ∆32 deletion mutant of CCR5, resulting in a non-functional receptor not 
reaching the cell surface, is clearly associated with strong, although incomplete, 
resistance to HIV infection for homozygotes (Dean et al., 1996, Liu et al., 1996, 
Samson et al., 1996). Several studies have investigated whether heterozygosity 
for a CCR5∆32 polymorphism affects susceptibility towards infection of the 
HIV-1, but the results obtained so far appear to be contradictory, reviewed in 
(Arenzana-Seisdedos & Parmentier, 2006). In many cases, the interpretation of 
observed differences in genotype and allele frequencies in terms of suscepti-
bility is often complicated, as in populations with higher frequency of 
CCR5∆32 allele (Caucasians in North America and Europe) the HIV-1 inci-
dence is relatively low. Additionally, heterogeneous ethnical/genetic back-
grounds as well as differences in route of transmission likely contribute signi-
ficantly to the end result.  

We analyzed the CCR5∆32 polymorphism among HIV-seropositive 
individuals in a Caucasian population simultaneously characterized by a high 
frequency of CCR5∆32 allele (Kalev et al., 2000) and high HIV-1 incidence – a 
combination of features that only seldom coexist. A detailed description of 
methods and materials used is given in reference II. We found that CCR5∆32 
heterozygosity occurs with the same frequency among HIV-1 seropositives as in 
healthy control population, thus suggesting that in case of IDU associated 
epidemics, CCR5∆32 heterozygosity does not confer protection from HIV-1 
infection, see Table 2. 

It has been hypothesized, that difference in transmission route or characte-
ristics of the HIV-1 variants that circulate in IDUs could explain why different 
results are obtained when IDU-associated epidemics are involved in such 
surveys (Lukashov et al., 1996, Op de Coul et al., 2001, Schinkel et al., 1999). 
The distinct transmission route in IDUs, among whom the initial virus replication 
takes place in lymph nodes (not in mucosal macrophages like in sexual trans-
mission), could explain why our results are different from several other studies, 
mainly involving homosexuals, where protective effect of the CCR5∆32 hetero-
zygosity was postulated (Marmor et al., 2001, Meyer et al., 1997, Papa et al., 
2000, Samson et al., 1996). However, if this were a risk-group specific pheno-
menon, we would see elevated frequency of CCR5∆32 heterozygotes among 
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IDUs compared to sexually infected patients. Our results obtained by estimating 
CCR5∆32 allele frequencies among sexually infected patients and IDUs did not 
reveal statistically significant differences, though. 
 
 
Table 2. CCR5∆32 genotypes and allele frequencies in controls and in HIV-1 patients. 
 
 HIV-1 patients Controls 
Total 300 504 
ccr5 wt/wt 230 (76.7%) 371 (73.6%) 
ccr5 wt/∆32 70 (23.3%) 117 (23.2%) 
ccr5 ∆32/∆32 0 16 (3.2%) 
Allelic frequency of ∆32 0.117 0.148 

 
 
HIV-1 cellular tropism and co-receptor specificity are largely determined by the 
sequence of the third hypervariable loop (V3) of the viral Envgp120 glycoprotein, 
and distinct changes in this region have been associated with the NSI/SI pheno-
type (Deng et al., 1996). However, the V3 regions of the Estonian isolates are 
highly conserved and have a low overall positive charge, which is consistent 
with the NSI phenotypes and using CCR5 as a co receptor (Cilliers et al., 2003). 

It has been demonstrated that the concentration of the CCR5 co-receptor on 
the cell surface correlates significantly with cell permissiveness and thus mo-
dulates primary HIV infection. However, it has remained unknown, how the 
reduced cell surface expression of CCR5 affects dual infection (Ciuffi et al., 
2004, Reynes et al., 2000). We analyzed, whether CCR5∆32 heterozygotes har-
bor URFs on an equal frequency to CCR5WT homozygotes. The statistical ana-
lysis confirmed equal distribution of URFs both among CCR5∆32 heterozy-
gotes as well as among CCR5WT homozygotes. Thus, our data does not reveal 
any association between CCR5∆32 genotype status and frequency of dual 
infection.  

Heterozygotes of CCR5∆32 allele have been found to display slower pro-
gression to clinical stages of AIDS, reviewed in (Arenzana-Seisdedos & Par-
mentier, 2006). As during the current survey the HIV-1 epidemic was in its 
early stage, the impact of the CCR5∆32 polymorphism on the progression of 
the HIV infection towards AIDS, both among IDUs and among sexually 
infected individuals, remains to be monitored in future. 
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MultiHIV antigen design (Ref III) 
 
The leading questions in selecting the immunogens for effective and broadly 
active HIV-1 vaccine concern the choice of antigen sequences and the HIV 
genomes from which the antigen sequences ought to be selected.  

For a vaccine designed to elicit cellular immunity, the broadest responses 
would be expected from immunogens that encode the largest number of con-
served T cell epitopes, both to maximize the strength of response and to mini-
mize the probability of viral escape. Incorporating highly conserved proteins in 
a vaccine considerably improves the likelihood of cross-clade efficacy, and as 
Gag and Pol are the most highly conserved HIV proteins and as they contain the 
largest number of defined epitopes, they have believed being the best candidate 
antigens (De Groot et al., 2003, Finnefrock et al., 2007, Korber et al., 2001). In 
addition, more variable Nef, Tat, and Rev, have been suggested as vaccine 
antigen candidates, as they contribute substantially to the immune response in 
many HIV-infected patients (especially Nef) and, importantly, they are early 
expressed within the viral lifecycle (Betts et al., 2002). On the other hand, 
among all HIV vaccine candidates evaluated, live attenuated vaccines which 
express the majority of viral proteins have been the most successful, indicating 
that multiple viral proteins might still be required as antigens for effective HIV 
vaccine (Mooij & Heeney, 2001). Furthermore, HIV-1-specific CD4+ and CD8+ 
T cell responses have been shown to recognize peptides from every HIV 
protein, thus all HIV proteins may contribute to control of HIV replication 
(Betts et al., 2002, Korber et al., 2001).  

In the current study, four different prototype clade/ancestor MultiHIV 
antigens were designed based on sequence data of HIV-1 A, B, C, F, G, and H 
subtypes. These antigens were named as MultiHIV-A (based on subtype A 
consensus sequence), MultiHIV-B (based on subtype B consensus sequence), 
MultiHIV-C (based on subtype C consensus sequence) and MultiHIV-FGH 
(based on ancestral sequence for subtypes F, G and H), respectively. All four 
MultiHIV antigens were designed by fusing regulatory early viral proteins Rev, 
Nef, and Tat, as well as structural proteins Gag p17 and Gag p24 (see Figure 10) 
with similar structure and  size of 1053–1079 aa. 

Figure 10. Structure of the MultiHIV antigens. 
 
 
In addition, with the aim to maximize the coverage of potential CTL epitopes, nine 
human T cell epitope-rich regions from PR (1 region), RT (6 regions) and envelope 
proteins Envgp120 (1 region) and Envgp41 (1 region) with length 17–46 aa were 
selected from The 2001 Immunology Compendium, Brander & Goulder. It is 
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important to note, that all epitopes included in this database represent experi-
mentally mapped, not bioinformatically predicted ones. Thereafter, artificial protein 
sequence was generated by consecutive incorporation of the selected regions and 
this fragment was incorporated into the C-terminal end of the MultiHIV antigen.  

In addition, two dominant CTL epitopes were included into this fragment for 
potency assays in the mouse and macaque systems, respectively, see Figure 11. 

Figure 11. Genomic regions of the HIV-1 genome included into the artificial multigen 
are colored pink (Rev, Nef, Tat, p17, and p24); T-cell epitope rich regions included into 
the multigen are coloured blue 
 
 
After designing general constitution of the MultiHIV antigen, bioinformatical 
manipulations were performed to confront the extensive variability present in 
global HIV-1 population: 

To reduce the degree of sequence variation between a vaccine strain and 
circulating viruses, all HIV-1 isolate sequences of particular subtypes listed in 
HIV database http://www.hiv.lanl.gov in August 2002, were taken into account 
and synthetic viral protein sequences were created using either subtype con-
sensus or ancestral lineages. The consensus sequence of a subtype is generally 
biased towards a subset of lineages that are sampled from the region where the 
subtype predominates. A, B, and C are all major subtypes with distinct subsets 
and geographical distribution patterns. For any one of these, the consensus 
sequence has less mutational differences from an average individual isolate 
within the group than the ancestral sequence of the subtype. However, in case of 
minor subtypes, like F, G and H with relatively small number of representatives, 
each deriving from different geographic location, consensus approach could 
introduce a bias towards specific subtype consensus that is represented by more 
than 50% of the sequences. For that reason, the FGH ancestral sequence was 
constructed separately for every amino acid sequence segment of HIV-1 
proteins from all available isolates belonging to F, G, and H subtypes using 
maximum likelihood program proml from the software package PHYLIP. 

As a next step, the epitope rich areas of created consensus/ancestor se-
quences were compared with the isolates of particular subtypes. It appeared that 
the constructed sequences were complementing each other in a window of the 
assumed size of the T cell epitopes (20 aa). The average of maximum hits from 
the four sequences was always higher than the hit rate from one particular 
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sequence. However, over the stretch of many 20 aa windows one or two 
consensus/ancestral sequences showed identity with each other. Trying to 
economize this redundancy, an additional step of optimization was taken: in one 
of the two subtype consensus sequences identical to each other in the sliding 
window of 20 aa, the redundant amino acid was replaced with second frequent 
one. The change was introduced into the subtype consensus, which showed 
higher incidence of the alternative variant in a given position in the HIV-1 
database. By the end of this optimization and compilation every 20 aa window 
showed on average a 94.8% identity with the isolates from the database. 
Subtype B showed the highest average identity (96.1%), followed by subtypes 
C (95.2%), A (94.7%), and FGH (93.2%).  

After designing the protein sequences of MultiHIV antigens, the presence of 
known CTL epitopes in the MultHIV antigens was analyzed. First, the antigen 
sequences were compared manually with the list of the best-defined HIV-
derived CTL epitopes taken from The 2001 Immunology Compendium, Brander 
& Goulder; also the status of these 105 epitopes included into the MultiHIV 
antigens was checked. It was concluded that in most cases the defined epitopes 
were identical or very similar to motifs present in our antigens and the anchor 
amino acids were only rarely affected. 

For viral proteins to be recognized by CTLs they must first be cleaved into 
short peptides; this step occurs in the cytosol and is due to the immuno-
proteasome (Murphy, 2008). Cleavage sites generated by immunoproteasome 
are sensitive to the surrounding amino acid sequences and predictable by neural 
network approach NetChop (Kesmir et al., 2002). Thus, the created MultiHIV 
antigen sequences were also analyzed by NetChop prediction server 
(http://www.cbs.dtu.dk/services/NetChop). When analyzed separately, approxi-
mately 60% of C-terminal ends of the best defined epitopes were predicted as 
immunoproteasome cleavage sites. However, as the processing of an epitope 
was often predicted for only one or two antigens out of four, the simultaneous 
inclusion of all antigens resulted in predicting even more than 70% C-terminal 
ends of 105 best defined epitopes. 

 
 

Generation and analysis of the MultiHIV-encoding GTU 
DNA vaccine vectors (Ref III) 

 
The DNA coding sequences of all four MultiHIV antigens were designed by 
backtranslation of the amino acid sequences, followed by optimization steps 
resulting in human codon-optimized cDNAs with appropriate start and stop 
codons and Kozak consensus motifs. Unwanted RNA secondary structure and 
instability elements as well as cryptic splice sites were eliminated by synony-
mous replacements. Finally, the cDNAs were synthesized by combining 
chemical oligonucleotide synthesis, PCR and recombinant DNA techniques. 

Subsequently, the created cDNAs were cloned into GTU® DNA vaccine 
vector. The GTU® vector has several unique features while compared to 
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ordinary DNA plasmid vectors. First, the vector expresses nuclear anchoring E2 
protein of bovine papillomavirus type 1 that together with E2 binding sites 
present in the GTU plasmid provide segregation/partitioning function to the 
GTU®, therefore assuring the maintenance of the plasmid in the nuclei of 
dividing cell population (Abroi et al., 2004, Baars et al., 2003, McPhillips et al., 
2005, You et al., 2004, You et al., 2005). Second, the E2 protein and E2 binding 
sites are strongly acting as transcription enhancer of the promoter driving the 
expression of the gene antigen (Baars et al., 2003, Kurg et al., 2006). As an 
outcome, different promoters become up to 100 times stronger in GTU® con-
text compared to the regular vectors (Blazevic et al., 2006). 

The expression studies in cell culture system showed that MultiHIV fusion 
proteins were all expressed as full-length proteins at high expression levels in 
the cytoplasm of the transfected cells (Martinon et al., 2009). In addition, the 
MultiHIV-B expression was studied in vivo in pig skin, which is standard 
biomedical animal model of human skin, especially suitable for studies on DNA 
uptake and gene expression (Hengge et al., 1996). The intra-dermal injection 
resulted in significant expression of the MultiHIV antigen, mainly in cytoplasm 
of epidermal keratinocytes. Furthermore, similar results were also obtained in 
macaque skin. However, intra-dermal injection of macaques with the plasmid 
without electroporation resulted in antigen expression only in the dermis; 
electroporation substantially increased antigen expression level in the epidermis 
(Martinon et al., 2009). 

 
 
GTU-MultiHIV DNA vaccine-induced CTL-response  
in a heterogenous domestic pig population (Ref III) 

 
The immunogenicity of GTU-MultiHIV antigen has previously been shown in 
mice. However, homozygous inbred animals are not suitable models for 
analyzing the breadth of the T-cell response due to limited number of different 
MHC class I antigens on the cells, leading to a limited number of presented 
epitopes to T-cells. As a result, mouse immunisation with vectors encoding 
MultiHIV antigen elicited strong CTL response mainly against only 2 epitopes, 
both described as potent epitopes in Balb/c mice (Blazevic et al., 2006). In order 
to be able to analyze the breadth of the induced T-cell response, we started to 
use domestic pigs as model animals, instead of mice. Domestic pig is con-
sidered to be a useful test animal for biomedical research (mainly trans-
plantation) due to the similarity of its organ size and body weight as well as 
cardiovascular system structure, to those in humans (Tanaka-Matsuda et al., 
2009). In addition, domestic swine are usually outbred animals, and the swine 
MHC (SLA) complex, which plays a central role in the presentation of antigenic 
peptides to T cells, has been shown to be remarkably similar to human MHC 
(HLA). We took advantage of these features and analyzed the immunogenicity 
profile of our DNA vaccine using domestic swine as test animal. 
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To assess the genome diversity of the SLA class I loci, all five immunized 
study animals were SLA-I- genotyped, see Table 3.  

SLA typing revealed considerably high heterogeneity among study animals: 
all swine had a unique SLA class I allelic combination, with 16 different alleles. 
Five of the SLA-I alleles found in the local pigs were novel, while eleven of the 
alleles have been previously described in other pig breeds. Two alleles were 
shared by two animals; all other alleles were present in a single animal. All of 
the putative new alleles were different from each other. Among five animals, 
three were heterozygous for one or two loci; remaining two were homozygous 
for all three loci. However, in a case of only one allele detected, a possibility of 
the existence of another allele on the other chromosome cannot be excluded. 
Five alleles (SLA-1*1501, SLA-1*0401, SLA-1*1201, SLA-2*1001, and SLA-
3*0401) have been described in Large White/Landrace before; three alleles 
have been identified in porcine cell line ESK4 (SLA-1*es11, SLA-1*es12, 
SLA-2*es22) and three alleles (SLA-3*03an04 and SLA-3*0501, and SLA-
2*w06sn01) have been found in other pig breeds.  
 
 
Table 3.  SLA-I-typing results in five vaccinated animals. 
 

Pig ID Locus (Allelic) designation 
53–14 SLA-1 SLA-1*1501 

SLA-2 SLA-2*1001 
SLA-3 SLA-3*03an04, new allele 

42–09 SLA-1 SLA-1*0401 
SLA-2 new allele 
SLA-3 SLA-3*0401 

38–07 SLA-1 SLA-1*es12; SLA-1*es11 
SLA-2 SLA-2*es22; SLA-2*w06sn01 
SLA-3 not determined 

37–14 SLA-1 SLA-1*1201 
SLA-2 SLA-2*1001 
SLA-3 new allele 

37–11 SLA-1 new allele 
SLA-2 new allele 
SLA-3 SLA-3*0501; SLA-3*03an04 

 
 
Using swine as test animals we were able to show that the CTL response against 
MultiHIV antigen is directed against all constituents of the MultiHIV antigen, 
in which detailed epitope mapping was done. The results show that the epitopes 
recognized in pigs lie in the same antigenic regions as recognized in humans, 
indicating that immunogenicity profile of vaccines in domestic swine may 
predict the outcome of human immunisation. 
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SUMMARY 
 
Firstly, we characterized HIV-1 genetic diversity in Estonian population since 
the beginning of the epidemic in August 2000 when HIV-1 incidence grew 
explosively among Estonian intravenous drug users (IDUs). Phylogenetic ana-
lysis revealed that a rare circulating recombinant form (CRF), CRF06_cpx was 
predominant in population of Estonian HIV-1 positive individuals, comprising 
76% of all circulating viruses. Additionally, high incidence (17%) of different 
unique recombinant forms (URFs) was detected, consisting of stretches of 
subtypes A and CRF06_cpx, indicating that co-infection with different strains 
of HIV-1 occurs frequently among drug users. The fact that one particular type 
comprises one third of all URFs in Estonia, allowed us to designate this as the 
emergence of a new CRF, namely CRF32_06A1. 

Secondly, we studied HIV-1 co-receptor, chemokine receptor 5 (CCR5), 
polymorphism among Estonian HIV-1 patients. In literature, CCR5∆32 hetero-
zygosity has been linked with delayed onset of AIDS and reduced risk of initial 
transmission. In Estonia the frequency of the HIV-1 restrictive CCR5∆32 allele 
has been found to be among the highest in the world. Nevertheless, Estonia has 
a very high HIV-1 incidence, allowing us, therefore, to follow the CCR5 poly-
morphism in a Caucasian population with a high frequency of the CCR5∆32 
allele, at the high background of HIV-1 incidence. We found that CCR5∆32 
heterozygosity occurs with the same frequency among HIV-1 seropositives as in 
healthy control population. It suggests that in case of IDU associated epidemics, 
CCR5∆32 heterozygosity does not confer protection from HIV-1 infection. 
CCR5∆32 allele frequencies among sexually infected patients versus IDUs did 
not reveal statistically significant differences, thus indicating that this was not a 
risk-group specific phenomenon. We also analyzed, whether CCR5∆32 hetero-
zygotes harbor URFs of HIV-1 (indicative of dual infection) with the same 
frequency as CCR5WT homozygotes. The statistical analysis confirmed equal 
distribution of URFs both among CCR5∆32 heterozygotes as well as among 
CCR5WT homozygotes. Thus, our data did not reveal any association between 
CCR5∆32 genotype status and frequency of dual infection.  

Thirdly, four different prototype clade/ancestor MultiHIV antigens were 
designed based on sequence data of HIV-1 A, B, C, F, G, and H subtypes. All four 
MultiHIV antigens were designed by fusing regulatory early viral proteins Rev, 
Nef, and Tat; structural proteins Gag p17 and Gag p24, as well as human T cell 
epitope-rich regions from PR, RT, and envelope proteins Envgp120 and Envgp41, with 
similar structure and size. We showed a successful induction of broad cellular anti-
HIV immune response with a MultiHIV-B consensus antigen and demonstrated that 
the CTL response was directed against all constituents of the MultiHIV antigen in 
domestic pig. To assess the genome diversity of the SLA class I loci, all immunized 
study animals were SLA-I- genotyped. SLA typing revealed considerably high 
heterogeneity among study animals: all swine had a unique SLA class I allelic 
combination. We thus demonstrated that pig is an excellent test animal for studying 
T cell responses in immunological surveys, e.g. in vaccine evaluation studies.  
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 SUMMARY IN ESTONIAN 
  

 HI-viiruse molekulaarne varieeruvus ja  
selle teadmise kasutamine vaktsiini väljatöötamisel 

 
Käesoleva uurimistöö eesmärgiks oli Eesti populatsioonis esinevate inimese 
immuundefitsiitsuse (HI-) viiruse tüüpide määramine. Enne HI-viiruse epidee-
mia algust 2000. aastal toimus nakatumine HI-viirusega peamiselt seksuaalsel 
teel ning levinuim  viiruse tüüp Eestis, nagu mujalgi Euroopas, oli alamtüüp B. 
Alates 2000. aastast moodustavad nakatunutest põhiosa süstivad narkomaanid 
ning uurimistöös määrati nende seas levivad HI-viiruse tüübid. Viirusisolaatide 
nukleotiidse järjestuse analüüs näitas, et Eesti süstivate narkomaanide seas oli 
valdavaks viiruse tüübiks haruldane rekombinantne vorm CRF06_cpx, mis 
moodustas kõigist analüüsitud isolaatidest 76%. Lisaks esines märkimisväärselt 
suure sagedusega (17%) erinevaid unikaalseid rekombinantseid viirusvorme, 
mille nukleotiidne järjestus sarnanes viiruse genoomi ühes osas alamtüüp A 
viirustega, kuid teises osas CRF06_cpx tüüpi viirustega. Uuritud unikaalsetest 
rekombinantsetest viirusvormidest kolmandiku moodustasid identse mosaiikse 
struktuuriga isolaadid, andes tunnistust sellest, et Eesti populatsioonis ringleb 
uus, seni kirjeldamata rekombinantne HI-viiruse tüüp, mis hiljem määratleti uue 
rekombinantse vormina  CRF32_06A1. 

Lisaks uurisime HI-viiruse koretseptori, kemokiiniretseptori 5 (CCR5), 
polümorfse alleeli  CCR5∆32 esinemissagedust HI-viirusega nakatunutel Eesti 
populatsioonis. Inimestel, kellel esineb homosügootses olekus muteerunud 
alleel, mis sisaldab 32 aluspaarilist deletsiooni retseptori teist rakuvälist lingu 
kodeerivas järjestuses, on kogu toodetav CCR5 retseptor mittefunktionaalne ja 
vastavat valku raku pinnal ei ekspresseerita. Tänu sellele on need indiviidid 
suure tõenäosusega HI-viirusnakkusele resistentsed. Inimestel, kellel esineb 
heterosügootses olekus CCR5∆32 mutatsiooniga alleel, on täheldatud väiksemat 
nakatumise riski ja aeglasemat serokonversiooni järgset immuunpuudulikuse 
(AIDS) arengut, kuigi sageli on tulemused olnud vastukäivad. Eesti popu-
latsioon on heterosügootses olekus CCR5∆32 ja HI-viiruse nakkuse seoste uuri-
miseks eriti sobiv, kuna varasemad uuringud on näidanud, et Eesti populat-
sioonis on CCR5∆32 alleeli esinemissagedus üks kõrgemaid maailmas ning 
samaaegselt on populatsioonis väga kõrge HIV-positiivsete osakaal. Leidsime, 
et heterosügootses olekus CCR5∆32 alleeli esinemise sagedus oli samasugune 
nii HIV positiivsetel (23,5%), kui ka HIV negatiivsetel (23,2%) patsientidel. 
Saadud tulemused lubavad väita, et heterosügootne CCR5∆32/CCR5WT geno-
tüüp ei kaitse HI-viirusesse nakatumise eest. Lisaks leidsime, et  CCR5∆32 
alleeli esinemissagedus oli mõlemal viisil (seksuaalsel teel või narkootikumide 
veenisisesel süstimisel) nakatunutel sarnane. Ka ei erinenud CCR5∆32 alleeli-
sagedus unikaalsete rekombinantsete HI-viirusvormidega nakatunute seas võr-
reldes ülejäänud HIV-positiivsete patisentidega. Kuna unikaalsete rekombi-
nantsete vormide esinemine on märk koinfektsioonist või superinfektsioonist,  
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võib väita, et CCR5∆32/CCR5WT heterosügootne genotüüp ei taga kaitset uute 
nakkuste eest. 

HI-viiruse alamtüüpide A, B, C, F, G ja H fülogeneetilisel analüüsil põhi-
nevate konsensus- või eellasjärjestuse alusel konstrueeriti neli sünteetilist 
MultiHIV antigeeni (konsensus-A, konsensus-B, konsensus-C ja eelas-FGH), 
eesmärgiga  kasutada neid HI-viiruse vastastes geneetilistes vaktsiinides. Kõik 
neli antigeeni olid sarnase ülesehituse ja suurusega, sisaldades viiruse elutsükli 
algfaasis ekspresseeritavaid regulatoorseid valke Rev, Nef ja Tat; struktuurseid 
valke Gag p17 ja Gag p24 ning inimese T-raku epitoopide rikkaid alasid viiruse 
proteaasist, pöördtranskiptaasist ning ümbrisevalkudest Envgp120 ja Envgp41. 
Alamtüüp B spetsiifilist MultiHIV-B antigeeni ekspresseerivat DNA vaktsiini 
kasutati, et immuniseerida katseloomi – kodusigasid. Näitasime, et antigeeni 
vastane rakuline immuunvastus oli ulatuslik, kuna sea tsütotoksilised T-lümfo-
tsüüdid reageerisid kõigile erinevatele viiruse komponentidele antigeenis. 
Katses osalenud katseloomad genotüpiseeriti MHC-I lookuste SLA-1, SLA-2 ja 
SLA-3 osas. Ilmnes, et kõigil katseloomadel esines unikaalne SLA-I genotüüp. 
Meie uurimus tõestas, et kodusiga on suurepärane katseloom T-rakulise 
immuunvastuse kirjeldamiseks, näiteks vaktsiiniarendusel. 
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