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SuMMAry

The human immunodeficiency virus 1 (HIV-1) infects amongst other cells, CD4+ 
T cells, which forms  part of the human immune system, . In these cells, HIV-1 can 
replicate and infect more cells, leading to a high viral load and a failing immune system. 
This renders the patient more prone to opportunistic infections and ultimately leads to 
acquired immunodeficiency syndrome (AIDS). The time from infection to AIDS varies 
amongst infected individuals in the absence of therapy, from a rapid 3 years to even 
more than 20 years after infection. This varying disease progression is of interest to 
scientists as it can provide clues to treating or even preventing HIV-1 infection.  Various 
factors play a role in this varying disease outcome, from host genetics to the virus 
with which the person is infected. One of the problems with HIV-1 is its huge genetic 
variability, making it hard for the immune system to recognize an ever changing virus 
that is constantly escaping the immune response. Therefore, the best way to contain 
the HIV-1 epidemic is by preventing new infections. 

One of the best known methods to implement prevention on a large scale is by 
vaccination. A vaccine triggers the immune system by simulating what happens during 
natural infection so that at the moment the real pathogen is encountered effective 
measures are in place. Neutralizing antibodies are part of the immune system that 
responds to a vaccine and can in turn prevent infection from the actual virus. In HIV-
1, these antibodies are directed against the viral envelope of the virus (gp160) and 
can block the virus from entering its target cell. During natural HIV-1 infection these 
antibodies generally develop from 3 months after infection and can neutralize the virus. 
However the virus can rapidly escape this neutralizing response by sequence mutations,  
by increasing the length of variable regions and by adding sugar moieties  on the outside 
of the viral envelope, which can shield parts of the virus that are more conserved 
and sensitive to the neutralizing antibodies. Also, these antibodies are most specific 
for the virus of that patient and are unable to neutralize viruses from different HIV-1 
subtypes circulating across the globe. However, some antibodies are directed against 
conserved regions of the virus and can neutralize most viruses from different subtypes. 
These antibodies are known as broadly neutralizing antibodies. These antibodies 
were isolated from individuals with cross-reactive neutralizing activity (CrNA) in the 
sera of their blood. Understanding how these antibodies develop and evolve in these 
individuals during natural infection, can provide clues to develop a vaccine that could 
induce broadly neutralizing antibodies, which might prevent new infections. 
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Summary

Major findings in this thesis

In order to determine the prevalence of CrNA in the Amsterdam Cohort Studies 
(ACS) on HIV-1 infections and AIDS we studied sera that were obtained 2 to 4 years 
after seroconversion from HIV-1 subtype B infected men who have sex with men 
(MSM) on a panel of viruses from different subtypes (chapter 2 and chapter 3). As it 
was likely that the antibodies of individuals with CrNA were directed against conserved 
regions of the virus, simply because they broadly neutralize also unrelated viruses, we 
hypothesized that they would have long term control of the autologous virus, as it is 
plausible that conserved regions do not allow escape mutations. To test this hypothesis, 
we determined whether CrNA would have a beneficial effect on the clinical course of 
HIV-1 infection. Within the ACS we found that the prevalence of CrNA was similar in 
individuals with long term non-progression and progressors (chapter 2) and that the 
prevalence of CrNA increased over the time of infection. To elaborate on this finding, 
we screened additional patients and found the prevalence among MSM within the ACS 
to be 33% (chapter 3). Surprisingly we found that the presence of CrNA did not have 
an influence on the disease course. The mounting of a potent cross-reactive immune 
response was associated with a lower CD4+ T cell count and a higher viral load at 
setpoint (Chapter 3). 

In chapter 4 we studied the kinetics with which CrNA develops and how this 
relates to the development of autologous neutralizing activity as well as viral escape 
and diversification. We found that CrNA can rapidly develop after HIV-1 infection is 
established, even within the first year after seroconversion in an elite neutralizer as 
opposed to other individuals with CrNA, where it took 20 – 35 months to develop. 
The kinetics with which CrNA developed paralleled the development of autologous 
neutralizing activity, as well gp160 sequence diversity. Viral escape occurred in all 
individuals, despite the CrNA in their sera, which was reflected by the increasing gp160 
sequence diversity which was higher in individuals with CrNA, especially in the elite 
neutralizer. This implies that CrNA in sera adds extra pressure on the virus to escape this 
potent immune response. The rapid escape was in line with the absent effect of CrNA 
on the clinical course of infection.

It remains unclear why only some individuals have the ability to develop CrNA. 
In chapter 5 we wished to reveal whether the host genetic background may be a 
determinant for the ability to develop HIV-specific CrNA. Therefore we performed a 
genome-wide association study (GWAS) to look for associations between host genetic 
loci and the presence and potency of HIV-1 specific CrNA in sera of participants of the 
ACS on HIV-1 infection and AIDS. Although genome-wide significance was not reached, 
we identified several single nucleotide polymorphisms (SNPs) in or near genes in the 
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HLA-region that may influence the eliciting of CrNA, which might be partially antigen 
load dependent. However, we cannot exclude other yet unknown mechanism that may 
directly influence CrNA formation.

Besides host factors that could play a role in the development of CrNA, we explored 
whether specific properties of Env could attribute to potent CrNA later in infection in 
chapter 6. We retrospectively examined Env sequences from HIV-1 variants that were 
isolated very early in infection from individuals who at three years post-SC had or had 
not developed CrNA. We observed that a shorter variable region 1 (V1) and a lower 
probability of N-linked glycosylation of potential N-linked glycosylation sites (PNGS) 
both correlated with the development of CrNA in serum. 

In chapter 7 we investigated the prevalence and characteristics of CrNA in injecting 
drug users (IDUs) and compared this to findings in our MSM cohort. HIV-1 infected 
injecting drug users (IDUs) had a lower potency and prevalence of CrNA than HIV-1 
infected MSM. Interestingly, this effect could be fully attributed to the women in the 
IDU cohort, who had a lower prevalence of CrNA than men from both cohorts. From 
route of exposure, gender, viral load and CD4+ T cell count at setpoint, only the last was 
independently associated with CrNA in serum. 

In chapter 8 and chapter 9 we investigated whether the successive round of 
neutralizing antibody escape of HIV-1 in sequentially infected individuals has influenced 
the neutralization phenotype of the virus at the population level over the course of the 
epidemic. We isolated viruses during primary infection from individuals who became 
infected at the start of the epidemic (1985 to 1988) and compared them for their 
sensitivity to neutralization with viruses that were isolated during primary infection 
from individuals who became infected between 2003 and 2005. Over calendar time and 
at a population level, HIV-1 had become more resistant to neutralization by different 
antibodies, but especially CD4 binding site directed antibodies. This increased resistance 
coincided with enhanced masking mechanisms and indicated that HIV-1 had adapted to 
humoral immunity over time. 

Despite their increased neutralization resistance, currently circulating HIV-1 strains 
are sensitive to multiple broadly neutralizing antibodies, even at low concentrations 
(chapter 9).  In the face of a changing HIV-1 landscape over the course of 20 years, 
a vaccine that is capable of eliciting potent antibodies with exceeding neutralizing 
breadth will be required to target multiple sites of the viral envelope in order to achieve 
sterilizing immunity.
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Summary

Concluding remarks

Despite the fact that potent CrNA had no protective effect during disease 
progression, the currently known broadly neutralizing antibodies are able to neutralize 
a vast array of different viruses at concentrations that could realistically be induced 
with a vaccine. Should antigens be developed that could induce these antibodies, this 
could be incorporated in a multivalent vaccine that target multiple regions of the viral 
envelope to increase the chance to achieve sterilizing immunity. The interplay between 
the evolving virus and humoral immune response could supply us with valuable tools 
that could aid in the development of a safe and effective vaccine against HIV-1. In this 
thesis we focused on the neutralizing antibody response in the natural course of HIV-1 
infection. However, we do not exclude that other arms of the immune system can play 
an indispensable role in the protection from new HIV-1 infections. 




