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The success of combination antiretroviral therapy (cART) has changed the 
outlook for people with HIV infection. But the battle against HIV is far from 
over. In the era of cART new challenges arise:  how frequent does viraemia 
occur during treatment? are all viraemias similar in their characteristics and 
clinical impact? do treatment interruptions compromise the effectiveness of 
treatment?  how does HIV infection associate with traditionally non-AIDS-
defining diseases?  This discussion will provide an overview of these issues in 
relation to the findings of the studies described in this thesis.  
 
Viraemia during cART and following treatment interruption 
It is not uncommon to observe episodes of viraemia during antiretroviral 
treatment, even in patients who have already shown a good response to 
treatment. We assessed how frequent viraemia occurred in successfully treated 
HIV-infected patients. An episode of viraemia was defined as starting when the 
HIV viral load increased to a level above 50 copies/ml and as ending when it 
returned to below this same threshold. We found that more than one-third of our 
study population experienced at least one episode of viraemia whilst on 
treatment according to this definition. 
 
Not all observed viraemias were the same in their characteristics and clinical 
consequences. Basically, viraemias fell into three categories: viral blips 
(transient low-level viraemia), persistent low-level viraemia and high-level 
viraemia.  
 
A typical viral blip is an increase in viral load to little above the lower limit of 
detection of the assay, which is transient in nature and which in the absence of 
any change in treatment is followed by a subsequent measurement again below 
50 copies/ml [1]. 
 
Persistent low-level viraemia episodes, as opposed to blips, were longer lasting,  
and involved two or more consecutive viral load measurements between 50-
1000 copies/ml [2]. Given that two-thirds of viraemias were at a median level of 
50-400 copies/ml and a majority of them (79.0%) were isolated viraemias 
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consisting of only one detectable viral load measurement, most viraemias in our 
study were likely to be viral blips, but this could not be definitively verified due 
to our infrequent quarterly virologic monitoring scheme. 
 
High-level viraemia, as indicated by its name, is a level of viraemia with a 
median level above a threshold which is higher than for viral blips/persistent 
low-level viraemia. However, there is no consistent agreement between studies 
regarding the cut-off value distinguishing low- from high-level viraemia. 
Furthermore, the cut-off value used has changed gradually with the advent of 
more sensitive HIV-RNA assays and the accumulation of more clinical 
evidence. The commonly accepted cut-off value for high-level viraemia has 
evolved rapidly from viraemia above 1000 copies/ml (as the cut-off value used 
in our earlier studies) to above 400 copies/ml (as the cut-off value used in our 
later studies) to currently above 200 copies/ml as indicated by US treatment 
guidelines [3]. 
 
Besides the abovementioned different characteristics, these three types of 
viraemia also differ with respect to the impact they may have on the course of 
HIV infection. Similar to several other studies [4-8], the occurrence of viral 
blips in our study was of little virologic, immunologic and clinical significance. 
Specifically, we found no association between blips and virologic failure, CD4+ 
cell count decline, AIDS events, or death. In accordance with these findings 
viral blips generally were also not associated with regimen changes or the 
emergence of antiviral drug resistance.  
 
In comparison, persistent low-level viraemia may be clinically more relevant, as 
it may result in overt virologic failure and consequently in declining CD4 cell 
counts [2, 9, 10]. A study by Deeks et al, conducted in 291 patients 
experiencing persistent viraemia, found that persistent viraemia above 500 
copies/ml indeed resulted in a reduction in CD4+ cell counts [11]. Moreover, 
these persistent low-level viraemias are associated with higher levels of immune 
activation than observed during complete virus suppression [12, 13]. The latter 
could even be the case at viraemia levels between 20-40 copies/ml, often 
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referred to as extremely low-level viraemia [14]. There is no consensus whether 
persistent viraemia at such an extremely low level can also result in the 
emergence of drug resistance. Unexpectedly, long-term episodes of low-level 
viraemia in our study, in contrast with most other studies, appeared to be 
associated with a more favorable rather than poorer CD4+ response. We have 
no obvious explanation for this finding, but one could potentially argue that 
patients with higher CD4 cell counts during treatment have a larger pool of cells 
from which low-level virus production may continue to occur despite treatment 
[15]. 
 
Higher levels of viraemia are even more prominently associated with the 
emergence of drug resistance and disease progression [16-18].  We confirmed 
that viraemia above 400 copies/ml was significantly associated with impaired 
immunological responses and an increased risk of progression to AIDS, though 
the latter did not remain statistically significant after adjustment. Furthermore, 
patients with viraemia above1000 copies/ml were more likely to develop drug 
resistance and switch their ART regimen. Other studies have reported similar 
findings suggesting that persistent viraemia above 200 copies/ml (currently 
considered as the threshold for virologic failure) could lead to the emergence of 
drug resistance, and particularly when viral load exceeds 500 copies/ml [3, 13, 
19]. 
 
The difference in clinical impact of the three types of viraemias we have 
discussed may be driven by differences in underlying mechanisms: statistical or 
biologic fluctuation in the case of viral blips as opposed to continued viral 
replication in the case of persistent low- and high-level viraemia [20, 21].  
 
By virtue of their different potential impact viral blips and persistent viraemia 
need to be managed differently. In case of a viral blip it is acceptable to leave 
therapy unchanged and to carefully monitor the patient. In contrast, in case of 
persistent viraemia at a level between 200-1000 or more copies/ml, resistance 
testing should be attempted, especially if viraemia is above 500 copies/ml.  
Based on the resistance profile and a patient’s treatment history, the regimen 
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may be changed, if sufficient therapeutic options remain available. There is no 
consensus on how to best manage persistent viraemia at levels between 50-200 
copies/ml [3, 22].   
 
We found antiretroviral treatment interruptions, similar to high-level viraemia 
occurring during cART, to be associated with inferior immunological and 
clinical outcomes.  These findings are consistent with the results of the SMART 
trial. In this trial patients randomized to CD4+-cell-guided treatment 
interruption, compared to those on continuous ART were  at an increased risk of 
both death from any cause and AIDS, as well as at increased risk of non-AIDS 
morbidities, notably major cardiovascular, renal and hepatic disease. 
Interruption-induced increases in viral replication were subsequently shown to 
partly explain these worse clinical outcomes [23]. Our own findings, like those 
of SMART strongly support that antiretroviral treatment interruption should not 
be advocated in clinical practice [3].  
 
Non-AIDS morbidity 
The results of the SMART trial have led to a paradigm shift in our 
understanding that HIV infection may promote disease states which 
traditionally had not been previously associated with HIV and AIDS [24, 25].  
 
We found that patients with viraemia at levels above 400 copies/ml during 
cART, compared to those who remained suppressed to levels below 50 
copies/ml were at an increased risk of developing cardiovascular disease.  This 
resembles the findings from the SMART study in which those allocated to 
CD4+-guided treatment interruption showed a trend towards a higher risk of 
cardiovascular disease than those randomized to continuous treatment [26]. 
Marin et al along the same lines reported recurrent viraemia during cART to be 
associated with an increased risk of death from cardiovascular disease [27]. 
Exactly why HIV viraemia may enhance cardiovascular risk remains unclear. 
Possible explanations include HIV-associated reductions in HDL-cholesterol as 
well as increases in immune activation and inflammation [26, 28, 29]. Of note, 
exposure to HIV viraemia is not consistently associated with any type of non-
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AIDS morbidity. Consistent with what has been reported in the literature, we 
did not find any association of viraemia with chronic kidney disease or liver 
fibrosis/cirrhosis [30-32].  
 
In contrast, immunodeficiency reflected in reduced CD4+ cell counts seems to 
impact on a wider range of non-AIDS diseases. More severe immunodeficiency 
in our analyses was associated both with a greater risk of a composite outcome 
of non-AIDS morbidity, and of chronic kidney disease and liver 
fibrosis/cirrhosis. Other studies have also reported higher risks of non-AIDS 
malignancy, neurocognitive disorder, osteoporosis, and pancreatitis in patients 
with lower CD4+ cell counts [25, 33-37].  
 
However, we did not find an association between immunodeficiency and 
cardiovascular disease. Not all other studies have consistently found such an 
association [25, 38-40]. One explanation may be that some studies could have 
inappropriately included endpoints such as certain opportunistic infections of 
the central nervous system which are more likely to occur at low CD4 counts 
and clinically can resemble a stroke [41, 42]. 
 
The role of immunodeficiency as a risk factor for non-AIDS morbidity was first 
recognized when researchers observed a comparable increase in non- AIDS 
malignancies between HIV-infected patients and immunosuppressed transplant 
patients[43]. As already indicated chronic increased immune activation is also 
considered to be a major contributor [44, 45].Generally, immune activation is 
part of the normal host defense against infection. In the setting of HIV infection 
however, immune activation may persist during cART despite sustained 
virologic suppression [46-48], and has been demonstrated to be associated with 
a lesser degree of CD4 cell recovery following treatment [48].  CD8+ cell 
numbers during treatment may be a marker of immune senescence which has 
also been considered to contribute to the risk of non-AIDS morbidity, in ways 
which may be similar to what happens during ageing [49-51]. Recent studies 
have suggested that the CD4/CD8 ratio could also serve as a marker of residual 
immune activation during treatment, and thereby should be explored as a 
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possible predictor of non-AIDS morbidity in HIV-infected patients on cART 
[52, 53].  
 
Recommendations 
It is essential to maintain sustained virologic suppression during antiretroviral 
treatment, as is recommended by all HIV treatment guidelines [1, 3]. Although 
isolated viral blips are unlikely to have detrimental consequences, the situation 
is different for episodes of higher sustained levels of viraemia. This may not 
only result in the emergence of drug resistance, CD4+ cell decline and HIV 
disease progression, but it may also detrimentally impact on the risk of 
developing non-AIDS morbidities.  
 
The best time to initiate antiretroviral treatment has long been a matter of much 
debate. Increasingly though it is recommended to start treatment as soon as 
possible after diagnosing HIV infection, and preferably as early as possible after 
having become infected. This may provide the best opportunity to preserve 
immune function and thereby prevent traditional HIV/AIDS-associated 
morbidity and the accentuated risk of non-AIDS morbidity as well [23, 31, 36]. 
The extent by which earlier treatment initiation will impact on the risk of 
individual non-AIDS diseases has not been well quantified. The ongoing 
Strategic Timing of Antiretroviral Treatment (START) trial can be expected to 
fill that gap in our knowledge [54]. In this trial start of cART at a CD4+ count 
over 500 cells/mm3 is compared with deferral of treatment until CD4+ counts 
reach a level of 350 cells/mm3. Particular efforts are made to systematically 
capture clinical non-AIDS events.  
 
When thinking about preventing non-AIDS morbidity in people living with HIV, 
it is important to not only consider the role of earlier initiation of treatment, but 
at the same time address the key issue of managing traditional modifiable risk 
factors. Altering these risk factors appears to be as effective in reducing co-
morbidity risk in HIV-infected persons as in the general population [36, 55]. 
Cigarette smoking for example is frequent among HIV-infected populations and 
a major risk factor for a range of diseases, including cardiovascular, renal, 
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chronic obstructive pulmonary disease, osteoporosis, and lung cancer, amongst 
others [56-60]. Studies have shown that HIV patients who stopped smoking or 
otherwise changed life style-related behaviors, reduced their chance of 
developing cardiovascular diseases, with the benefit being greater the longer 
they had ceased smoking [57, 61]. Thus, health care providers need to pay 
special attention to managing modifiable life style-related risk factors in their 
patients with HIV.  
 
Although antiretrovirals have become increasingly safer over time, some of the 
drugs which are currently used remain associated with chronic toxicities which 
can contribute to the onset of some of the non-AIDS morbidities. Examples 
include increased risk of cardiovascular disease with the use of certain HIV 
protease inhibitors and of chronic kidney disease and osteoporosis with the 
currently used formulation of tenofovir dipivoxil. In addition, treatment toxicity 
and intolerance may contribute to suboptimal adherence, emergence of drug 
resistance and treatment failure. Thus, continued efforts are needed to 
understand the contribution of drug toxicity to non-AIDS morbidity, and to 
develop safer and effective drugs with negligible or preferably no long-term 
toxicities.  
 
Future research should incorporate more sophisticated existing and novel 
measures of immune competence as well as of innate and adaptive immune 
activation. This may provide further insight into the pathogenesis of non-AIDS 
diseases in the setting of treated HIV infection. Such research may also help 
advance the potential development of immune-based therapy for HIV, including 
therapy aiming at mitigating the risk of non-AIDS morbidity [49].  In this 
context it is important to note that there may be important differences in the 
pathogenesis of each type of non-AIDS disease. This is exemplified by the 
association we observed between viraemia and cardiovascular disease, but not 
with a number of other non-AIDS morbidities.  
 
Recently viraemia copy-years have been proposed as an alternative way of 
calculating cumulative exposure to viraemia [62].  This new method estimates 
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the cumulative impact of viraemia on HIV progression in a continuous fashion. 
To gain a better understanding of the utility of viraemia copy-years as a 
potential novel prognostic measure, further studies are need in which it is 
compared head-to-head to more traditional approaches. For example, exposure 
to 10,000 HIV-RNA copies/ml for a year may trigger/represent different 
biological processes in the body than exposure to 1000 HIV-RNA copies/ml for 
ten years, although in both instances the value in copy-years is identical. 
 
When studying clinical non-AIDS morbidity outcomes, large datasets of 
individuals followed over prolonged periods of time are required to provide 
sufficient statistical power, especially when one wishes to address individual 
comorbid diseases. In the absence thereof, future research may consider the use 
of surrogate endpoints indicative of disease pathogenesis, for example the 
measurement of  subclinical indicators of carotid atherosclerosis as an 
intermediate indicator of cardiovascular disease risk[63]. In order to serve as 
valid surrogate endpoints close correlation between such surrogate outcomes 
and clinical outcomes must however have been demonstrated.  
 
Long-term studies of causes of morbidity and mortality in populations of 
patients with HIV on lifelong treatment will become increasingly relevant as 
patients get older [64]. Not only does ageing by itself markedly increase the risk 
of comorbidity, but this risk may be accentuated and possibly even accelerated 
in the context of HIV. In addition, age imposes additional challenges in people 
living with HIV. Older individuals with HIV tend to have a less robust recovery 
of CD4+ cells after starting cART [65, 66]. Furthermore, ageing may influence 
the pharmacokinetics and pharmacodynamics of antiretrovirals and other drugs, 
and thereby potentially enhance the risk of drug toxicity [2, 44, 67]. More 
studies of drug metabolism in older individuals with HIV are needed to address 
these issues further [68]. Finally, older individuals are more likely to need 
treatment with other medications in conjunction with antiretroviral therapy. This 
increases the likelihood of drug-drug interactions which can increase the risk of 
toxicity and thereby contribute to the risk of comorbidity. For all these various 
reasons, new challenges will arise as people with HIV continue to age. These 
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will require both additional targeted research as well as appropriate 
management by health care providers [62].   
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