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CHAPTER (T) 

8. GENERAL DISCUSSION 

8.1 The natural history of HIV infection 
The European Seroconverter Study outlined in the introduction of this thesis was estab
lished to characterise the natural history of HIV infection in IDU. Although IDU play an 
important role in the HIV epidemic, studies on the course of HIV infection have predomi
nantly been conducted in cohorts of HIV-infected homosexual men and there has been 
comparatively little research on the natural history among IDU. Compared with studies in 
homosexual men, IDU are often hard to reach because of their lifestyle. Moreover, most 
studies in IDU have started more recently and attrition is higher, resulting in relatively 
limited durations of follow-up. However, by means of this European multicohort study we 
succeeded in contributing to the understanding of HIV disease progression in IDU. 

Estimates of the median incubation time from HIV seroconversion to AIDS range from 
8.3 in homosexual men to 16.5 years in men with haemophilia [1], Differences in progres
sion to AIDS and death from AIDS between risk groups can largely be explained by differ
ences in age, the only cofactor that has been consistently shown to be associated with 
disease progression. Variability in the estimates might additionally be due to differences in 
genetic factors, the spectrum of AIDS-defining conditions (e.g. Kaposi's sarcoma, which is 
known to be an early AIDS diagnosis, being common in homosexual men, but rare in 
others), study-design, and access to health care. In general, risk group, gender and 
ethnicity seemed to have only a very marginal effect on progression times [2]. The research 
on the incubation period, the effect of risk group on progression rates, and cofactors of 
disease progression in IDU themselves presented in this thesis confirmed these findings 
(chapters 2 and 6). 

Only limited data are available on non-progression in IDU [3]. We have shown that there 
are no differences between homosexual men and IDU in the proportion classified as non-
progressors at 7 years following seroconversion applying the most stringent definition for 
non-progression (chapter 2). Several years ago various research groups started to identify 
non-progressors. However, the interest in studying long term non-progressors has been lost 
since it has been shown that non-progressors have characteristics that are mostly exactly 
the opposite of those of fast progressors, while researchers were hoping to find new clues 
that could help towards a better understanding of the pathogenesis of the virus. 
Furthermore, further follow-up of these non-progressors demonstrated that it is likely that 
they do not form a discrete group who never progress, but simply represent slow progres
sors who will ultimately develop AIDS given enough time and who are just the right-hand 
tail of the distribution of survival times [1,4]. 

Although (non-)progression does not differ by risk group, the natural history of HIV 
infection in IDU is characterised by a high pre-AIDS mortality rate compared with other risk 
groups. In addition, morbidity, including the spectrum of AIDS defining conditions, is 
different from that observed among homosexual men (chapter 2). As risk group does not 
affect the incubation period, immunoactivation associated with frequent and chronic infec
tions due to the lifestyle of IDU does not seem to have resulted in faster progression. An 
alternative explanation could be a survival effect; when death had led to 'survival of the 
fittest' among IDU before they became HIV-infected, it might have led to an overrepresen-
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tation of slow progressors among HIV-positive IDU. However, this is unlikely as we demon
strated that risk group did not affect non-progression. 

By now many groups have reported results on the effect of risk group differences on 
AIDS and death rates, while differences in genetic and biological markers between risk 
groups have hardly been studied at all. In general, results obtained from studies on markers 
in homosexual men are all to often considered to be applicable to groups other than homo
sexual men, while this is not necessarily true. For example, in the Amsterdam cohorts it 
was found that the prevalence and incidence of the HIV-1 syncytium inducing (SI) 
phenotype was lower in IDU than homosexual men, although the prognostic value of the SI 
phenotype appeared to be similar for both groups [5]. Conversely, the prevalence of CCR5 
A32 and CCR2b 641 mutations were comparable in both groups, but no protective effect of 
these mutations on disease progression was found among IDU, whereas these genotypes 
were independent predictors among homosexual men [6-8]. Further studies on differences 
in viral and host factors are needed to confirm and explain these Amsterdam findings. 

Markers might also differ by gender, although progression rates are similar for men and 
women. We found that women seroconverted at higher CD4 cell counts and continue to 
have higher counts with ongoing HIV infection than men (chapter 7). If confirmed by others, 
then seroprevalent cohort studies that assess gender differences in progression and correct 
for baseline CD4 cell count as a surrogate marker for time since seroconversion, which is a 
common method, incorrectly imply that the CD4 cell count trajectory is the same for men 
and women. Moreover, recent studies have shown that women have lower levels of HIV 
RNA than men [9-13J, although it is not yet clear whether this difference either continues 
or diminishes with ongoing HIV infection. 

Future studies on the effect of cofactors should not only evaluate progression to clinical 
endpoints, but also investigate differences in marker paths in addition to the prognostic 
value of these markers. At least differences in the HIV RNA and CD4 lymphocyte count 
trajectories should be included in these types of studies, since current guidelines for initi
ation of antiretroviral therapy include these two markers as criteria for starting therapy, but 
do not draw any distinction between subgroups. However, if in the years to come the effect 
of a cofactor turns out to become differential under current treatment guidelines due to a 
deferred start, guidelines might need to be revised so everyone can benefit equally from 
therapy. Furthermore, a mechanism responsible for the observed differences (e.g. it has 
been suggested that oestrogen levels are responsible for the gender differences in HIV 
RNA levels and CD4 cell counts) in markers but not in progression rates or vice versa should 
be explored to gain more insight into the pathogenesis. 

8.2 Pre-AIDS mortality 
In this thesis much attention was paid to the phenomenon of pre-AIDS mortality. Data on 
pre-AIDS death rates are important to accurately estimate the size of the HIV epidemic from 
seroprevalence and AIDS surveillance data amongst populations with a relatively high risk 
of pre-AIDS mortality. We estimated that at 7 years from seroconversion, 15% of the IDU 
registered in the European Seroconverter Study had died without AIDS, and 17% had 
developed AIDS (chapter 4). Using a Markov model, it was estimated that eventually 24% 
of the IDU die without AIDS [14]. 
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The main objective of the two studies on pre-AIDS mortality included in the present 
thesis (chapters 4 and 5) was to study whether pre-AIDS deaths are the result of HIV 
infection. In studying progression to AIDS, investigators generally right-censor follow-up 
on patients who die without AIDS on the date of death assuming that the occurrence of this 
event is independent of progression to AIDS. We have shown that this assumption of inde
pendent censoring is not valid for pre-AIDS death from natural causes in IDU because the 
risk of pre-AIDS death is associated with more advanced disease (chapter 4). Among 
haemophilic and homosexual men we also demonstrated that pre-AIDS deaths are partially 
related to HIV disease progression (chapter 5). Therefore, censoring these deaths as 
withdrawn on the date of death in standard survival analysis results in an underestimation 
of the hazard of AIDS. In addition, it leads to biased estimates of relative risks if the risk of 
pre-AIDS death differs across covariate levels (e.g. if pre-AIDS death rates differ between 
risk groups). In contrast, when studying progression to death as a result of HIV infection, 
it is common to consider all-cause mortality including all pre-AIDS deaths as an endpoint. 
However, this results in an overestimation of the risk of death as a result of HIV infection 
because we showed that pre-AIDS mortality from overdose and suicide was not associated 
with HIV disease progression in IDU (chapter 4). 

We stress the point that pre-AIDS deaths from natural causes should be incorporated in 
survival analyses on HIV disease progression as this mortality underestimates the burden 
of HIV disease. The most appropriate method [14-17] to take these deaths into account 
depends on the research question (e.g. whether one aims to estimate either net disease 
occurrence or progression rates eliminating pre-AIDS deaths). In our survival analysis we 
attempted to adjust for pre-AIDS deaths from natural causes by estimating when each 
endpoint would have occurred, had they not died (chapter 6). However, further studies are 
needed to develop standardised methodology to account for this and other types of 
competing events that are partially related to HIV disease progression. 

Because of the longer life expectancy due to HAART, pre-AIDS deaths, especially deaths 
due to HCV infection in haemophilic men and IDU, are likely to further arise. On the other 
hand, HAART might also delay or even prevent some pre-AIDS deaths, particularly those 
caused by bacterial infections. Furthermore, mortality after AIDS diagnosis but not from 
AIDS is also likely to increase in the era of HAART, but its association with HIV disease 
progression has not yet been evaluated. In general, the use of AIDS as outcome of a study 
has become more and more complicated over time because the spectrum of illnesses differs 
between subgroups, the case definition has been extended several times, the adoption of 
these extensions and the timing of introduction of extensions differ across countries, and 
therapy including HAART has changed the spectrum of diseases. 

8.3 The era of HAART: 
Is there still a natural history of HIV infection? 

The studies included in the present thesis were based on data collected in the era prior to 
the widespread use of HAART. Up to 1996, when HAART became generally available in 
developed countries, treatments for HIV-infected individuals were of limited and transient 
efficacy [1,18], although they considerably changed the spectrum of AIDS defining condi
tions (e.g. the incidence of Pneumocystis carinii pneumonia is significantly reduced due to 
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prophylaxis) [19]. HAART has substantially improved the survival in HIV-infected individ
uals since [20-26]. Therefore, progression of HIV infection is not only determined by the 
natural history itself but also by access to health care, the availability of HAART, the 
(moment of) offer of HAART by clinicians, compliance with or adherence to therapy, and the 
occurrence of serious side-effects. 

Because of the success and widespread use of HAART, strictly speaking it is even no 
longer valid to talk about the natural course of HIV infection. The clinical course of HIV 
infection would be a better phrase. Consequently, results on disease progression obtained 
in absence of or with less effective treatment will no longer be applicable in developed 
countries. However, studies that consider the impact of HAART on progression rates at a 
population level (i.e. the hazard of progression in the calendar period after HAART became 
available is compared with that in the period before) are still relatively rare due to lack of 
follow-up since it has just been over 3 years since HAART was generally introduced [27]. 
In the present thesis we demonstrated that prior to the introduction of HAART, as opposed 
to sexual exposure groups, no favourable trends in progression over calendar time were 
found in IDU, who were treated with antiretroviral therapy later in the course of the disease 
than sexual exposure groups (chapter 3). Interestingly, recent studies including follow-up 
in the HAART era also show that IDU are less likely to initiate therapy, but this has not so 
far resulted in progression differences [25,28,29]. These findings suggest that deferring 
HAART results in the same benefits. Alternatively, the follow-up period after the introduc
tion of HAART might yet be too short to observe survival differences. Second, the IDU that 
are treated might be those most likely to be compliant or therapy naive (therapy response 
is better in previously untreated persons), whereas in other risk groups the proportions of 
non-compliant and previously treated individuals are much larger. Third, theoretically the 
decrease in all-cause mortality in IDU might actually be a reduction in deaths from 
overdose, suicide and unintentional injuries but not in deaths as a result of HIV infection. 
As far as survival differences by gender are concerned, a recent study from Italy showed 
that shortly after the widespread use of HAART the survival benefits were limited to men 
[26], whereas others did not observe gender differences [25,29]. 

To give a definitive answer to the question as to whether a delayed start results in a 
poorer prognosis, the continuation of observational studies among seroconverters like ours 
is of great importance. Findings from these studies will contribute to the current debate on 
the optimal time at which HAART should be initiated. If indeed deferring HAART results in 
the same survival improvement, this is an extremely important finding given the 
complexity of existing treatment regimens, the potential for serious side-effects and the 
fear of limiting future treatment options [30]. Furthermore, no large-scale randomised trials 
for comparing treatment regimens in terms of clinical progression are ongoing or planned 
at present. Therefore, in the years to come observational cohort studies will most likely be 
the only source of data relating drug regimens to the risk of clinical progression, adverse 
drug reactions and death [31]. Moreover, IDU are often excluded from clinical trials. Hence, 
observational studies should not only include details on the time of initiation of each 
treatment regimen, in addition to repeatedly measured markers values, but also details on 
compliance and occurrence of serious side effects at an individual level. It is known that 
observational studies are subject to selection bias with respect to therapy because prog-
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nostic factors and judgements about adherence mainly influence initiation. Therefore, 
serious bias can be present when comparing the clinical efficiency of antiretroviral 
regiments in observational studies. However, the sources of bias can be explored and taken 
into account when interpreting results [31). 

Furthermore, in contrast to clinical trials, surveillance data and observational cohort 
studies have the potential to estimate the extent to which HAART is implemented in a 
population of HIV-infected individuals. Various reports have been published on the low rate 
of HAART use in IDU [32-35]. A future question to be addressed is whether in IDU and other 
marginalized groups either initiation of HAART continues to be delayed, or HAART is less 
frequently used at all by those eligible for therapy. In this respect, identification of deter
minants of not receiving potent therapy is important in order to improve the level of care 
for groups that do not seem to take full advantage of medical progress. 

Other important areas for future research in the era of HAART for which observational 
cohort studies of HIV negative and HIV positive individuals are a potentially rich source of 
information include changes in risk behaviour and HIV incidence due to the success of 
HAART, and the impact of HAART on non-AIDS death rates. The latter topic has been 
discussed at the end of paragraph 8.2. Furthermore, these cohorts are essential for the 
monitoring of the transmission of HIV-1 strains resistant to drugs amongst recent serocon-
verters because there is some concern that the widespread use of antiretroviral agents may 
result in the increased transmission of drug resistant variants, which might limit the effec
tiveness of therapy [36-38]. Another question of central importance not yet considered in 
seroconverter studies, is whether characteristics previously found to be associated with 
progression and non-progression are still predictors of HIV disease progression among indi
viduals treated with HAART since the response to HAART might not be homogeneous. 
Furthermore, future research should evaluate the long-term outcomes for recent serocon-
verters who are the only ones that have the opportunity to benefit fully from HAART. 

It could be that to answer these epidemiological questions collaboration across cohorts 
is necessary because these questions cannot be adequately addressed through single 
studies. As discussed in the paragraph in chapter 1 on the advantages and disadvantages 
of pooling of previously collected data, we are aware that heterogeneity increases through 
pooling, particularly heterogeneity originating from different study designs and methods. 
In contrast, by obtaining original data, through using common definitions, coding and 
cutpomts, and through applying the same statistical methods, heterogeneity across studies 
will be reduced. In any case, investigators often pay insufficient attention to heterogeneity, 
while it is essential that in any epidemiological study potential sources of bias are system
atically explored and discussed. Moreover, the methods used to deal with these sources of 
bias, and the analysis strategies employed to examine their influence on the results 
obtained need to be systematically reported [39,40], as we tried to do (e.g. by describing 
sensitivity analysis), especially in the study described in chapter 6. As more pooled 
analyses are performed, the influence of methodological factors on findings will be better 
understood. With this increased awareness future standards of conduct and reporting of 
both single and pooled epidemiological studies should improve [41]. 

To summarise, the continuation of seroconverter cohorts is crucial for obtaining 
unbiased estimates of the incubation period in the era of HAART, to assess the long-term 
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impact of treatment regimens and to investigate the (opportunity of) uptake of therapy in 
various populations. These data are necessary for predicting the future course of the HIV 
epidemic, which is important for planning the utilisation of health care facilities, treatment 
strategies and other interventions to improve the level of care. 
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