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ABSTRACT 
 
 
After 30 years of research, the exact mechanisms underlying human immunodeficiency virus 
type 1 (HIV-1) pathogenesis and disease progression remain elusive. In the absence of highly 
active antiretroviral therapy, most HIV-infected individuals progress to AIDS within 10 
years. The clinical course of HIV-1 infection is characterized by considerable variability in 
the rate of disease progression among patients with different genetic background. It has been 
shown that the rate of progression can depend on the expression of certain human leukocyte 
antigen (HLA) class I alleles that present antigen to the host immune system. The HLA-
B*5701 allele is most strongly associated with slower progression. Underlying mechanisms 
are not fully understood but likely involve both immunological and virological dynamics. In 
this thesis, viral evolution and immunological patterns were studied in the context of HIV-1 
risk of disease progression in HLA-B*5701 subjects and non-HLA-B*57 control subjects. 
First, HIV-1 in vivo evolution and epitope-specific CD8+ T cell responses were investigated 
in six untreated HLA-B*5701 patients monitored from early infection up to seven years post-
infection. The subjects were classified as high-risk progressors (HRPs) or low-risk 
progressors (LRPs) based on viral load and baseline CD4+ T cell counts. Interestingly, 
polyfunctional CD8+ T cell responses were more robust in LRPs, who also showed 
significantly higher interleukin-2 production in early infection compared to HRPs. 
Additionally, HIV-1 gag p24 sequences exhibited more constrained mutational patterns with 
significantly lower diversity and intra-host evolutionary rates in LRPs than HRPs. Further in-
depth analyses revealed that the difference in evolutionary rates was mainly due to 
significantly lower HIV-1 synonymous substitution [replication] rates in LRPs than HRPs. 
The viral quasispecies infecting LRPs was also characterized by a slower increase in 
synonymous divergence over time. This pattern did not correlate to differences in viral 
fitness, as measured by in vitro replication capacity, but a significant inverse correlation 
between baseline CD4+ T cell counts and mean HIV-1 synonymous rate was found. The 
results indicate that HLA- linked immune responses in HLA-B*5701 subjects who maintain 
high CD4+ T cell counts in early infection are more likely to control HIV-1 replication for an 
extended time. 
To further assess these findings and evaluate them in the context of viral population 
dynamics, a new method was implemented to investigate the temporal structure of 
phylogenetic trees inferred from HIV-1 intra-host longitudinal samples. The analysis 
revealed that changes in viral effective population size (Ne) over time were more constrained 
in HLA-B*5701 subjects compared to non-HLA-B*57 controls, possibly due to the different 
evolutionary dynamics of archival viral strains observed in the two groups of patients. 
Explaining the differences in risk of HIV-1 disease progression among HLA- B*5701 
subjects, as well as between HLA-B*5701 and non-HLA-B*57 subjects, could have 
significant translational impact by providing specific correlates of protection that are 
essential for the successful development of a vaccine. Ultimately, the present work 
demonstrates that a thorough understanding of HIV-1 pathogenesis and disease progression 
requires a multidisciplinary approach unifying viral evolution and immunological patterns. 
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