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HIV epidemic 
Human immunodeficiency virus (HIV) is a retrovirus of the lentivirus family, 
which was unknown until the early 1980’s and has become the cause of one of 
the most destructive pandemics in recorded history. By the end of 2012, an 
estimated 35.3 million people were living with HIV or acquired 
immunodeficiency syndrome (AIDS) worldwide, and in total 36 million people 
had died of AIDS-related diseases [1]. Over the years, great progress has been 
made to combat HIV: Less new infections - in 2012, 2.3 million people 
acquired HIV infection, 33% lower than in 2001; Less deaths - 1.6 million died 
from AIDS-related causes in 2012, a decrease of 0.7 million from the peak in 
2005; More access to therapy - 9.7 million people had access to antiretroviral 
therapy, an increase of 1.6 million over 2011[1, 2]. 
 
In the Netherlands as of June 2013, a total of 21,990 HIV-infected individuals 
had ever been registered by Stichting HIV Monitoring. Of these, 17,006 patients 
were known to be alive and being clinically monitored of whom 10,161 were 
men who have sex with men, and approximately 1100 persons were estimated 
to have been newly diagnosed  with HIV in the preceding year [3].  
 
Prognosis of HIV infection  
Understanding the factors affecting HIV-associated disease progression is 
important to comprehend the nature of the disease, standardize the clinical 
monitoring and guide the management of treatment and care. In the absence of 
treatment, the clinical staging of HIV disease and the risk of AIDS or death is 
importantly driven by the levels of HIV viral load and peripheral blood CD4+ 
T-lymphocyte counts. Furthermore, HIV viral load strongly predicts the rate of 
CD4+ cell count decline [4, 5]. Continuous virus replication,  including during 
the stage in which patients remain clinically asymptomatic, is associated with 
increasing immunodeficiency reflected in progressive depletion of CD4+ T-
lymphocytes, as well as persistent activation of both the adaptive and innate 
arms of the immune system. When CD4+ cells are reduced to below certain 
thresholds, the risk of opportunistic infections and malignancies characteristic 
of AIDS increases sharply [6]. On average, in the absence of treatment, patients 
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with HIV-1 infection will progress to AIDS within 6-10 years from acquiring 
HIV [7].  
 
The advent of combination antiretroviral therapy (cART) has revolutionized 
both the prognosis of individual patients with HIV as well as the course of the 
epidemic, in particular through scaling-up the availability of cART in resource-
limited settings. The use of cART suppresses virus replication, increases 
peripheral blood CD4+ cell counts, reduces immune activation, and slows down 
disease progression. Dramatic reductions in AIDS-related morbidity (from 29.4 
per 100 person-years in 1995 to 8.8 in 1997) and mortality (from 50 per 100 
person-years in 1994 to 3.7 in 1997) were observed shortly after the widespread 
introduction of cART in the US among patients with CD4+ cell counts below 
100 cells/mm3 [8]. These reductions were closely correlated to the increased 
usage of combination antiretroviral therapy.  
 
Studies conducted in the era of cART have demonstrated that, similar to in the 
pre-cART era, the prognosis of patients who start and are on cART remains 
dependent on their CD4+ cell count and level of plasma viral load [9, 10]. 
Compared to patients with a CD4+ cell count less than 50 cells/mm3 at the start 
of cART, those with a CD4+ cell count of 350 cells/mm3 or more have a much 
lower risk of progression to AIDS or death (hazard ratio [HR] 0.18, 95% 
confidence interval [CI] 0.14-0.22) [9]. For most patients, the use of cART, 
together with periodic monitoring of HIV plasma viral load and CD4+ cell 
count as part of the standard of care, in resource-rich settings has led to an 
increase in CD4+ cell count and suppression of viraemia to undetectable levels 
in a large proportion of patients [11,12]. 
 
Of note, the effectiveness of cART greatly depends on patients’ sustained 
adherence to treatment, which is needed to achieve sustained viral suppression 
and thereby for preventing the emergence of viral drug resistance [12, 13]. In 
the first decade of cART, the complexity of available regimens and the 
significant risk of both short- and long-term adverse effects of treatment posed 
significant challenges to patients for consistently achieving high levels of 
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adherence [14-16]. Lack of adherence to cART importantly increases the risk of 
virologic failure [17, 18], and is associated with progressive accumulation of 
drug-associated resistance mutations, particularly in the absence of periodic 
viral load monitoring [19]. Virologic failure is currently generally considered to 
be present in case of inability to achieve or maintain suppression of viral 
replication to a plasma viral load level  <200 copies/ml on treatment [20]. 
 
Viral blips 
Not all degrees of detectable viraemia occurring during treatment are 
necessarily indicative of virologic failure. Isolated detectable viral load results 
(typically < 400 copies/ml)  which are followed by a return to virologic 
suppression (while treatment remains unchanged) may be  observed during 
clinical monitoring, and are called viral blips [20]. 
 
The definitions of viral blips reported in the literature, however, are far from 
clear-cut. The definition of a blip depends on characteristics of the episode of 
transiently detectable low-level viraemia including its amplitude, frequency of 
detection, and duration. The major difference between definitions is driven by 
how frequently viral load is determined. Most studies measure viral load 
monthly or quarterly [21]. Among these studies, blips occurred in up to 40% of 
the study population, with the proportion varying depending on whether a lower 
and upper viral load boundary and subsequent measurement was required [21, 
22]. The typical characteristics of a blip derived from a comprehensive study in 
which viral load was measured on average less than once a month, reported a 
mean viral blip amplitude of 158 RNA copies/ml with a mean blip frequency of 
0.09 per viral load sample. Analysis of the blip frequency and amplitude 
distributions suggested that two blips less than 22 days apart have a significant 
chance of being part of the same episode of viraemia. [23]. Blips are thought to 
be a reflection of virus production from latently infected cells that become 
activated, and may potentially result from decreased adherence, particular viral 
load assay or blood collection equipment characteristics, as well as from 
external perturbation such as vaccination [24-27]. An exceptional study by 
Nettles et al. measured viral load intensively every 2–3 days during a 3-4 
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months study period [28]. During the period of observation, 9 out of 10 patients 
developed viral blips, which lasted shorter than 3 days and had an average 
magnitude of 79 copies/ml. Blips in this study were considered to be consistent 
with random biological and statistical variation around a certain mean viral load. 
 
Whether viral blips are of virologic, immunologic and clinical significance 
remains controversial. Some studies have suggested that blips have a limited 
effect and do not increase the risk of virologic or clinical failure [28, 29]; others 
report that even viral blips at very low level may be associated with the 
emergence of drug resistance and virologic failure [30-32].  
 
Morbidity and mortality not traditionally associated with HIV and AIDS  
As cART has become increasingly available and markedly improved patients’ 
survival and quality of life, HIV infection has changed more and more from a 
life-threatening to a chronic manageable condition [8, 33]. Unfortunately, at the 
present time cART treatment has to be taken life-long, in the absence of a cure 
for HIV as a result of virus persisting in reservoirs which cannot be purged with 
currently available interventions [34]. While current regimens are generally 
better tolerated and associated with less toxicity, regimens from the early cART 
era were increasingly recognized to be associated with severe, particularly 
metabolic, toxicities which were associated with lipodystrophy (body shape 
changes due to abnormalities in adipose tissue distribution) and increased 
cardiovascular risk [35-38]. These early more toxic cART regimens also were 
associated with a greater risk of poor adherence, emergence of resistance and 
treatment failure. The recognition of these limitations, together with the high 
cost of continuous antiretroviral treatment, in the early years of the past decade 
led to a series of clinical studies investigating a strategy of providing 
intermittent rather than continuous cART, in the hope of thereby reducing the 
likelihood of long-term toxicity, improving life quality, and lowering the cost of 
drug treatment, while maintaining efficacy [39]. As a result several so-called 
scheduled treatment interruption studies (STI) were performed either guided by 
CD4+ cell count responses or by fixed intervals [40-42].  
 



14

14 

 

The Strategies for Management of Antiretroviral Therapy (SMART) trial was 
both the largest and likely most influential of these studies [42]. SMART in a 
randomized fashion compared two cART strategies: 1) a drug conservation 
strategy in which cART in patients with > 350 CD4+ cells/mm3 was deferred 
(in those not yet on treatment) or interrupted (in those already on treatment) 
until the CD4+ cell count decreased to less than 250 cells/mm3, at which time 
cART was resumed until the CD4+ cells counts increased to more than 350 
cells/mm3 again, at which time it was again interrupted, and 2) a viral 
suppression strategy in which patients continuously used therapy to achieve 
maximal and continued viral suppression. Importantly, by virtue of its aims the 
trial not only captured traditional endpoints like AIDS and death, but also 
severe cardiovascular, renal and hepatic events, which were collectively 
referred to as serious non-AIDS events. Owing to less drug exposure, the drug 
conservation strategy was expected to be associated with less serious non-AIDS 
events. However, the trial was discontinued early following the 
recommendation by the independent Data Safety Monitoring Board when, 
contrary to expectations, it was found  that significantly more non-AIDS events 
occurred in the drug conservation arm of the trial (1.8 events per 100 person-
years) than in the viral suppression arm (1.1 per 100 person-years) (HR, 1.7; 
95% CI, 1.1 to 2.5). A smaller trial with similar design to SMART but 
conducted in Cote d’Ivoire found similar results with the incidence of invasive 
bacterial diseases being particularly more common in those assigned to CD4-
guided intermittent cART [41].  
  
The results of these trials, particularly those of SMART have led to a paradigm 
shift and the recognition that HIV impacts on a much wider range of diseases 
than just AIDS, and that both the virus as well as its effects on the immune 
system, including persistent immune activation and inflammation, also play a 
role in the pathogenesis of co-morbid conditions other than those which are 
traditionally considered to be part of the spectrum of AIDS[43]. These insights 
within the context of HIV have also been extended to the increased risk of 
patients developing non-AIDS malignancies in the era of cART [44]. This is in 
line with the known raised risk of cancer in immunosuppressed renal transplant 
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recipients [45] and the observation that HIV-infected patients have similarly 
increased risks of cancer as immunosuppressed transplant recipients [46].  
 
Outline of the thesis 
In order to gain further insight into the contribution of HIV viral load and 
immunodeficiency as measured by peripheral blood CD4+ cell count, with 
respect to both AIDS- and non-AIDS-associated morbidity and mortality, the 
analyses described in this thesis were conducted using data from the Stichting 
HIV Monitoring (SHM) database. SHM was founded as a result of the 
successful AIDS Therapy Evaluation in the Netherlands project (ATHENA), 
and as of 2002, is officially charged by the Dutch Minister of Health, Welfare 
and Sport to monitor the HIV epidemic and the quality of HIV care in all 26 
formally acknowledged adult and 4 pediatric HIV treatment centers in the 
Netherlands. As of June 2012, 16,169 adult patients with HIV were known to be 
alive and receiving care in these centers. 
 
Chapter 2 describes the characteristics of episodes of viraemia and the 
immunologic, virologic and clinical consequences thereof, in a group of 
previously therapy-naïve patients who had achieved suppressed viraemia to < 
50 HIV-1 RNA copies/ml on cART. Specifically, the probability of observing 
differently defined episodes of viraemia at the next measurement, as well as 
associations between viraemia and both CD4 cell counts and clinical events, 
were estimated based on the level of current viral load. 
   
Chapter 3 extends the analyses in patients on suppressive cART of the impact 
of transient viraemia as well as treatment interruptions on the course of CD4 
count, the occurrence of AIDS, and mortality. The consequences of different 
categories of viraemia were analyzed on the basis of both duration and 
amplitude of the viraemia episodes, while the effect of episodes of treatment 
interruption was considered separately. 
 
Chapter 4 evaluates the impact of immunodeficiency and episodes of viraemia 
on serious non-AIDS events, including cardiovascular disease, chronic renal 
failure and liver disease. 
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Chapter 5 evaluates the impact on the risk of AIDS as well as non-AIDS 
morbidity in patients suppressed on cART for two or more years, with different 
degrees of CD4 cell recovery on treatment. 
 
Chapter 6 describes the results of analyses of the risk of non-AIDS morbidity 
amongst HIV-infected patients not yet on antiretroviral therapy. 
 
Chapter 7 provides a general discussion of the main findings and a broader 
perspective how future research may further improve our understanding of the 
impact of HIV on non-AIDS co-morbidity and thereby provide guidance for 
clinical practice.  
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