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Do HIV disease progression and HAART response vary 
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Boufassa4, Barbara Broers5, Raymond P. Brettle6, J. Roy Robertson7, Jim McMenamin8, 
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Prior to HAART availability, there was no evidence of a geographical variation in HIV disease progression among 

injecting drug users (IDU) from different European regions. Nowadays, factors of importance regarding HIV disease 

progression in the face of HAART availability, such as HAART access, adherence, and the organisation of care for IDU 

may differ across Europe. Therefore we studied HIV disease progression in a European study of IDU with known dates of 

HIV-seroconversion. Results show that with ongoing HAART availability, the risk of HIV disease progression has 

continued to decrease. When accounting for pre-AIDS death (in AIDS analyses) and non-natural deaths (suicide, overdose, 

accidents and homicide, in analyses of death) which are common among IDU, the risk of AIDS and death has decreased by 

as much as 65% and 75%, respectively, in 2000/2001. Results show little geographic variation in progression to AIDS. All-

cause mortality was higher in IDU from Glasgow than elsewhere, while in the Valencian region (Spain) IDU were at a 

significantly lower risk of non-natural deaths. The timing of HAART initiation by treatment-nai've IDU likewise differed 

across Europe: IDU in Amsterdam, Innsbruck, and Edinburgh started at significantly lower CD4 counts than IDU in Paris, 

Geneva, Glasgow, and the Valencian region, but the subsequent short-term immune response was similar. In conclusion, 

the risk in progression to AIDS or natural death is similar across western Europe although IDU across Europe differ in 

other factors, such as the risk of non-natural death and the timing of HAART initiation. 

Introduction 
Since highly active antiretroviral therapy (HAART) 

became generally available, the risk of HIV disease 

progression has greatly decreased among injecting drug 

users (IDU), although not as much as in other HIV-infected 

groups [1-7]. In general, IDU are less likely to be on 

HAART [8,9], and are less compliant than other HIV-

infected individuals [10]; in those taking HAART [11-14], 

the immunological and virological responses are less 

pronounced in the short term [15-17] and in the long term 

[18]. The rate of coinfections is high among IDU and 

hepatitis C virus (HCV) infection has also been suggested 

to play a role in the decreased effect of HAART seen in 

this group [1], All these factors may differ from country to 

country, as also the specific antiretroviral drug 

combinations prescribed and the genera] approach to 

patient management and the organisation of care for HIV-

infected drug users. 

Prior to HAART availability, there seemed to be no 

geographical variation in HIV disease progression among 

IDU from different European regions [19]. When HAART 

first became generally available (mid 1996-1997), the 

probability for IDU to initiate HAART likewise seemed 

not to vary across Europe [8]. However, data on regional 

differences thereafter are lacking. Therefore we studied 

whether the rates of HIV disease progression and response 

to HAART vary among European IDU in different 

countries since HAART became widespread, using data 

from a collaborative study of IDU cohorts from 7 different 

cities or regions in Europe. 
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Methods 
Study population 

The study population comprised 790 IDU with a known 

date of a seronegative and seropositive HIV test. They 

were followed in 8 cohorts (as described elsewhere [20]) in 

6 European countries: Spain (Valencian region n=280), 

Scotland, UK (Edinburgh, 2 cohorts n=185, and Glasgow. 

n=70), the Netherlands (Amsterdam, n=123), Switzerland 

(Geneva, n=61), France (mostly Paris. n=41), Austria 

(Innsbruck n=30). In these cohorts, started between 1982 

and 1988; participants visit every 4-6 months for 

interviews, medical examination (including medication 

registration) and the sampling of blood for laboratory 

testing and storage. Information on AIDS and cause of 

death arc obtained from review of medical records and by 

matching against local and national registries. For each 

individual, the date of HIV-seroconversion was calculated 

conditional upon the last negative HIV test and the first 

positive HIV test, using a cohort-specific estimate of the 

cumulative HIV seroincidence over calendar time [21]. 

Survival analysis 

Cox proportional hazards analyses were used to estimate 

the effect of study site and calendar period on progression 

to AIDS and death, with adjustment for age and gender. 

For death, analyses were conducted for three different 

endpoints: 1) all-cause mortality, 2) death due non-natural 

causes such as accidents, suicide, overdose and homicide, 

and 3) death due to natural causes. Non-natural causes 

were analysed as a separate endpoint because they are 

common in IDU but not clearly related to HIV disease 

progression [20,22]. Progression to AIDS was studied for 

two endpoints: 1) AIDS, and 2) AIDS combined with pre-

AIDS death from natural causes. The second endpoint was 

included because, among IDU, death from natural causes 

commonly occurs without the individual having 

experienced an AIDS defining event and is in part the 

result of HIV disease progression [20,23] but prevents an 

individual from reaching an AIDS endpoint (it is possibly a 

competing risk). 

Duration of follow-up was calculated from the estimated 

time of seroconversion through each endpoint of interest, 

or to the date of loss to follow-up or the censor date 

(maximally 1-1-2002). IDU entered the analyses at their 

estimated date of HIV seroconversion or, at the date of 

their 1st study visit if HIV-positive at study entry (left 

truncation). For the progression to AIDS, persons who died 

without having experienced an AIDS-defining event were 

censored at death. For progression to natural death 

analysis, those who died a non-natural death were censored 

at the date of that death and for progression to non-natural 

death analysis those who died a natural death were 

censored at that date. For both endpoints, IDU with an 

unknown cause of death were censored at death (n=l 1, 4%, 

Glasgow excluded). The calendar period of follow-up was 

evaluated as a time-dependent covariate in a Cox 

proportional hazards model. Four calendar periods were 

defined: I) time before the general availability of HAART: 

< mid-1996, 2) the first years of HAART availability: mid 

1996-1997, 3) 1998-1999 and 4) 2000-2001. All analyses 

were adjusted for age (continuos) and gender, and pairs of 

variables were checked for interactions. 

Modeling the mean CD4+ T eel trajectory 

For all IDU who initiated HAART and for whom CD4+ T 

cell measurements were available (n=224) 

the mean CD4+ T cell trajectory after HAART initiation 

was assessed with regression analysis for repeated 

measurements using the mixed procedure statement (PROC 

MIXED) in SAS [24,25]. To correct for the dependence 

between consecutive CD4+ T cell measurements within 

each individual, we used a random effects model with 

random intercept and random slopes. To satisfy the 

normality and homoscedasticity assumption, CD4+ T cell 

numbers were modelled on a square-root scale [26]. The 

CD4+ T cell trajectory was modelled from 3 years prior to 

HAART initiation until 2 years after HAART initiation 

(2683 CD4+ T cell measurements) in a piece-wise manner, 

allowing for 3 different slopes: I) the 3 years prior to 

HAART initiation, 2) the first 6 months after HAART 

initiation and, 3) the period between 6 months and 2 years 

after HAART initiation. Three slopes were used because 

the strong increase in CD4+ T cell numbers in the first few 

months of HAART is generally followed by a slower 

response thereafter. Data were analysed based on intention 

to continue treatment, ignoring treatment interruptions or 

discontinuation. Analyses were adjusted for non-naive 

initiation of HAART. HAART was defined as any 

regimen including a protease inhibitor or a non-nucleoside 

reverse transcription inhibitor or at least 3 nucleoside 

reverse transcription inhibitors. 
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Results 

The study population of 790 IDU with a documented date 

of HIV seroconversion was followed for a total of 5317 

person years (characteristics shown in table 1). Of this 

group, 209 IDU developed AIDS. In total 276 IDU died: 

197 from natural causes, 54 from non-natural causes, and 

25 - mostly from Glasgow (14) - from unknown causes. Of 

those IDU who died, almost 50% died without an AIDS 

diagnosis (n=132): 60 due to a natural cause, 52 due to 

non-natural cause (31 overdose, 11 suicide, 7 accident, and 

3 homicide) and 20 IDU due to unknown cause. The 

contribution made by liver-related deaths (indicated as 

HCV, cirrhosis, or liver failure) has increased from 4% in 

the pre-HAART era to 14% of all deaths in the 2000/2001 

period (table 2). Comparing the proportion in 2000/2001 

with the proportion of liver-related deaths in the previous 

time periods combined the increase was marginally 

significant (p=0.06, Fisher's exact test). Deaths from 

Glasgow were excluded in the calculation of the 

percentages because of the high numbers of unknown 

causes of death (14/31, 45%). Of the 530 IDU in follow-up 

in the HAART era. 227 IDU received HAART. Of 216 

IDU the observed CD4+ T cell count at or up to maximally 

one year prior to HAART initiation was known with a 

median of 242 cells/microliter (inter quartile range(IQR): 

107-401) and varied largely by site (149 Edinburgh, 192 

Innsbruck, 220 Amsterdam, 308 Geneva, 326 paris, 330 

Valencian region, and 421 cells/microliter in Glasgow). 

Table I. Characteristics of injecting drug users (HIV seroconverters) by study site 

Seroconverters 

Male, # (%) 

Age at seroconversion, 

Median (IQR1) 

Seroconversion interval2, 

years (IQR1) 

AIDS cases 

Deaths 

With AIDS 

Pre AIDS 

Valencian 

region 

280 

203 (73%) 

25 

(22-28) 

1.1 

(0.7-2.1) 

57 

46 

30 

16 

Edinburgh 

185 

124(67%) 

24 

(20-29) 

1.3 

(0.6-2.4) 

69 

98 

59 

39 

Amsterdam 

123 

73 (59%) 

30 

(27-37) 

0.4 

(0.3-3.3) 

33 

62 

26 

35 

Glasgow 

70 

52 (74%) 

27 

(23-31) 

1.7 

(0.8-3.5) 

11 

31 

8 

23 

Geneva 

61 

42 (69%) 

26 

(23-28) 

1.4 

(0.5-3.0) 

16 

22 

13 

9 

Paris 

41 

27 (66%) 

24 

(22-27) 

0.9 

(0.4-1.5) 

12 

9 

4 

5 

Innsbruck 

30 

16(53%) 

26 

(22-23) 

0.6 

(0.3-1.1) 

11 

9 

4 

5 
IQR: interquartile range 
time between the last negative HIV test and first positive HIV test. 

Table 2.. Causes of death among HIV-positive injecting drug users in 4 calendar periods, Glasgow excluded*. 

Calendar period 

Cause of death pre-Haarr 1996'•'1997 1998/1999 2000/2001 Total 

HCV/cirrhosis/ 
liver failure 

Other natural 
cause 

Non-natural 
death' 

Unknown 

Total deaths 

6 (4 %) 

116(74%) 

32 (20 %) 

3 (2 %) 

157(100%) 

0 (0 %) 

21 (75%) 

6(21 %) 

1 (4 %) 

28(100%) 

2 (5 %) 

26 (67 %) 

9 (23 %) 

2 (5%) 

39(100%) 

3(14%) 

13(62%) 

1 (5 %) 

4(19%) 

21 (100%) 

11 (4%) 

176(72%) 

48 (20%) 

11 (4%) 

245(100%) 
Glasgow excluded due to many deaths without a documented cause (14/ 31,45 %). 
Death due to overdose, homicide, suicide, and accidents. 
Pre-HAART era: time period prior to the general availability of highly active antiretroviral therapy for HIV. HAART became available 
between March 1996 and September 1996 depending on the study site. 
HAART became available in 1996, starting between March and September depending on the study site. 
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Survival analysis 

From widespread HAART availability until 2001, the risk 

of progression to AIDS and progression to all-cause death 

has continued to decrease among IDU (table 3). For AIDS 

the initial decrease in the early years of HAART (mid 

1996-1997) was not very pronounced and not significant 

whereas for death the rate of decrease was greatest in this 

initial HAART period. When pre-AIDS death from natural 

causes (which is associated with HIV disease progression 

in IDU [20]) is also included as an AIDS endpoint, the 

initial decrease in the risk of progression to AIDS in the 

1996-1997 calendar period is amplified (changing from a 

29% reduction to a 41% reduction in risk) and becomes 

significant Although the initial risk reduction was already 

more pronounced for death than for AIDS, an even greater 

risk reduction for death in the initial years of HAART is 

seen when analyses are restricted to natural causes of death 

only (changing from a 38% reduction to a 53% reduction); 

the risk reductions in the later time periods likewise 

became more pronounced. In contrast to natural death, 

progression to non-natural death showed no clear trend in 

time. Changing the reference category and thus comparing 

the later time periods to the early HAART period the 

further improvements in 2000/2001 for progression to 

AIDS, death, and death due to natural causes were 

marginally significant (p-values between 0.06 and 0.10). 

Sites did not differ greatly in their risk of progression to 

AIDS and the combined endpoint of AIDS and pre-AIDS 

death, except that IDU in Innsbruck showed a more than 

two-fold greater risk than the reference category. The risk 

for all-cause mortality was highest in Glasgow (and 

statistically significant) and lowest in Paris and the 

Valencian region (but not significant at either site). 

Separating all-cause death into natural and non-natural 

causes of death yielded no apparent difference among sites 

in the risk of death due to natural causes. IDU in the 

Valencian region appeared to be at a decreased risk for 

non-natural death but not for death due to natural causes. 

For Glasgow, these separate analyses could not be 

performed due to the large numbers of death with unknown 

cause. Changing the reference category for the study site 

did not reveal any other significant differences in the risk 

of death among regions. For AIDS, the risk appeared 

significantly lower in Geneva when compared to Valencia. 

No significant interactions between variables were 

observed. 

CD4+ T cell response 

Of 227 IDU known to have initiated HAART, 90 were 

naïve for any prior antiretroviral treatment. Of these 90, 

measurements of CD4+ T cell numbers between 3 years 

prior to and 2 years after HAART initiation were available 

for 88 IDU (98%, 905 CD4+ T cell measurements), for 

whom the mean CD4+ T cell trajectory is shown in figure 

1. The values of the intercepts and slopes of the CD4+ T 

cell trajectory, stratified by site, are shown in table 4. 

Treatment-nai've IDU from Edinburgh, Amsterdam and 

Innsbruck initiated HAART at lower CD4+ T cell numbers 

than did IDU from the other sites (fig.1). Defining Valencia 

as the reference category this was significant (p<0.05) with 

estimated average CD4+ T cell counts at HAART initiation 

of 206, 221, 240 respectively compared to 353 

cells/microliter in the Valencian region. The subsequent 

rate of increase in CD4+ T cell numbers in the first 6 

months after HAART initiation was significant but did not 

differ significantly across sites. After the initial response, 

the increase leveled off or changed to a slight decrease for 

all sites except Glasgow, where an increase in CD4+ T 

cells seemed sustained for the total period after naive 

initiation of HAART (24 months). However, this increase 

in comparison with the other sites did not reach statistical 

significance. 
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Table 3a. Adjusted Hazard ratios for progression to AIDS among injecting drug users in Europe 

p- AIDS and pre-AIDS p-

value death2 value 

Year 

Pre-Haart 

1996-19974 

1998-1999 

2000-2001 

Site 

Amsterdam 

Edinburgh 

Geneva 

Glasgow 

Innsbruck 

Paris 

Valencian 

Region 

AIDS 

l(ref) 

0.71 (0.46-1.11) 

0.44(0.27-0.73)* 

0.35(0.16-0.79)* 

1 (ref) 

1.13(0.72-1.76) 

0.93(0.50-1.73) 

1.47(0.73-2.97) 

2.61 (1.30-5.23)* 

1.02(0.51-2.05) 

1.86(1.15-3.01)* 

<0.001 

0.13 

l(ref) 

0.59(0.39-0.90)* 

0.45(0.29-0.71)* 

0.35(0.18-0.69)* 

1 (ref) 

1.06(0.72-1.54) 

0.79(0.46-1.37) 

1.29(0.69-2.42) 

2.07(1.09-3.95)* 

0.96(0.52-1.75) 

1.47(0.96-2.25) 

0.002 

0.03 

Table 3b. Adjusted Hazard ratios for progression death among injecting drug users in Europe'. 

Year 

Pre-Haart 

1996-19974 

1998-1999 

2000-2001 

Site 

Amsterdam 

Edinburgh 

Geneva 

Glasgow 

Innsbruck 

Paris 

Valencian 

region 

All cause death 

l(ref) 

0.62(0.41-0.93)* 

0.51 (0.34-0.77)* 

0.35 (0.20-0.60) * 

1 (ref) 

0.81 (0.58-1.15) 

0.68(0.41-1.12) 

2.64(1.68-4.17)* 

0.95(0.47-1.93) 

0.52(0.26-1.07) 

0.72(0.47-1.11) 

P-

value 

< 0.001 

< 0.001 

Death due to 

natural causes 

Href) 

0.48(0.29-0.81)* 

0.35(0.21-0.60)* 

0.25(0.13-0.51)* 

1 (ref) 

0.91 (0.61-1.37) 

0.72(0.40-1.29) 

-5 

0.95 (0.37-2.42) 

0.68(0.30-1.53) 

1.07(0.63-1.79) 

P-

value 

<0.001 

0.76 

Death due to non-

natural causes' 

1 (ret) 

1.38(0.56-3.44) 

2.07(0.91-4.72) 

0.52 (0.07-4.04) 

l(ref) 

0.61 (0.26-1.46) 

0.91 (0.31-2.66) 

_5 

1.08(0.34-3.43) 

0.37(0.08-1.68) 

0.39(0.17-0.91)* 

P-

value 

0.28 

0.21 

Adjusted for age and gender. 
2 excluding non-natural pre-AIDS deaths (suicide, accidents, overdose, and homicide). 
1 suicide, accidents, overdose, and homicide. 
4 HAART became available in 1996, starting between March and September depending on the study Ï 
5 Glasgow excluded because of the high numbers (14/31.45%) of unknown causes of death. 
* p<0.05 
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Figure 1. Mean CD4+ T cell numbers before and after HAART initiation of treatment-naive injecting drug users. 
The lines are created using coefficients obtained from a piece-wise repeated measurements model. ** IDU in Amsterdam, Edinburgh, and 
Innsbruck initiate HAART at significantly lower CD4 numbers than do IDU in Valencia (defined as reference), p<0.05. 

Table 4. Estimates of the mean CD4+ T cell trajectory in treatment-naïve injecting drug users before and after HAART 

initiation, by study site'. 
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Discussion 

This study shows that in the HAART era there is no clear 

variation among HIV-infected IDU from different 

European cities in the trends of progression to AIDS and 

natural death; however, there is some geographical 

variation in the risk of all-cause death and the risk of death 

due to non-natural causes. The timing at which HAART is 

initiated also differs across Europe, with IDU in several 

countries starting HAART at significantly lower CD4+ T 

cell counts than in other countries, but the response seems 

comparable in terms of increase in CD4 cell counts. Since 

the introduction of HAART in 1996, the risk of HIV 

disease progression to both AIDS and death has continued 

to decrease in IDU in Europe but these reductions are 

underestimated when deaths due to non-natural causes (for 

progression to death) are included and, to a lesser extent 

when pre-AIDS mortality due to natural causes (for 

progression to AIDS) are not considered. However, even 

when accounting for these specific types of death 

categories which are common among IDU, the risk 

reductions remain of a lesser magnitude than the reductions 

reported for European homosexual men and heterosexual 

individuals with estimated dates of seroconversion [1,3,27] 

but they are not less than has been reported for hemophiliac 

patients [1]. 

In the present study, the risk of death among IDU differed 

when analysing 3 different definitions of death. All cause 

mortality may not be the ideal disease endpoint to study for 

HIV-infected IDU, especially when comparisons are made 

across risk-groups [30]. Among IDU, non-natural causes of 

death such as suicide, overdose, accidents, and homicide 

are unrelated to progressing HIV disease [22] and occur 

more frequently than among other risk groups [22,29,30]. 

When censoring these causes of deaths, thus limiting 

analyses to deaths due to natural causes, the risk reductions 

for death among IDU were more pronounced in all three 

time periods of HAART availability. The risk reduction for 

the latest time period (2000-2001) increased from 63% to 

73%, but still does not approximate the 91% risk reduction 

reported in homosexual men for the 1999-2001 period [1], 

Even if maximal HAART access, adherence, and response 

were to be attained by IDU, their risk of death would 

probably remain higher than that of most other groups 

because of their higher risk of non-natural death and high 

prevalence of HCV co-infection, often untreated. The 

incubation period of liver disease due to HCV is up to 30 

years. Now that HAART is available more individuals co-

infected with HIV and HCV live long enough for liver 

complications to occur [31] as shown by the increasing 

proportion of liver-related death (4% pre-HAART to 14% 

in 2000-2001)[32-34]. Barriers for HCV treatment among 

IDU are multiple (including side effects, compliance, and 

reduced responsiveness of genotype 1 and 4 which are 

common in this group) and IDU often do not receive HCV 

treatment [35,36,37]. 

For progression to AIDS, results changed when 

considering pre-AIDS mortality due to natural causes, but 

risk reductions became more pronounced only in the initial 

period of HAART availability (from a 29% to a 41% 

decreased risk) and were unaffected in the time periods 

thereafter. In IDU, pre-AIDS deaths due to natural causes 

are clearly associated with more advanced HIV disease 

[20,22]. As both pre-AIDS death (in progression to AIDS 

analysis) and non-natural death (in progression to death 

analyses) are usually not accounted for, the effect of 

HAART on progression to AIDS in IDU as a group has 

probably been underestimated in other studies [1,3,6]. 

In the pre-HAART era, increasing age was the only 

predictor of faster HIV disease progression for all HIV risk 

groups [38]. Interestingly, as we did not find a significant 

interaction between calendar time and age, the post-

HAART effect of age was not diminished in our subjects, 

whilst in mixed risk-groups the importance of age 

decreased enormously [1]. Our finding does not reflect a 

lack of power to detect an interaction, because even when 

the pre- and post-HAART ara were analysed separately, the 

effect of age remained the same (RR of AIDS per 10 year 

increase in age: 1.05 for both time periods). In general, 

treatment compliance improves with patient age [39] and 

this might contribute to the reported decreased importance 

of age on progression. However in the current study, older 

age was still associated with accelerated progression but it 

is not known whether older IDU displayed better 

adherence. However, in studies on CD4 response, older age 

has been shown to be associated with a poorer CD4 

response [39,40] which might result in a higher rate of 

clinical disease progression [41]. Whether older IDU are 

less responsive to HAART than younger IDU is not clear. 

Our study sites showed a few significant differences in 

progression rates to AIDS and death. One site, Innsbruck, 

showed an increased risk of progression to AIDS, probably 

because its cohort was the only one in which no IDU were 
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'lost to follow-up' allowing all diagnoses of AIDS to be 

known. The increased risk of AIDS thus may be 

attributable to a completeness of information as linkage 

with AIDS registrations was not possible at all sites. This is 

particularly supported by the fact that the risk of death was 

not elevated in Innsbruck because contrary to AIDS, the 

endpoint of death is easier to trace through linkage with 

death registries for any IDU who was lost to follow up in 

the other cohorts. Like others, we found the risk of death to 

be significantly increased among IDU from Glasgow 

compared to other cities [42]. Whether this was attributable 

to natural or non-natural causes was not known. The risk of 

all-cause death was lowest in IDU from Paris and the 

Valencian region and appeared to be mainly attributable to 

a decreased risk of non-natural death, which was 

statistically significant for the Valencian region only. It has 

been hypothesized that non-natural deaths due to suicide, 

overdose and accidents are low in Spain due to a better 

supportive social network [20]. However, it should be 

noted that the power to look at progression to non-natural 

death, cither temporally or according to region, was limited 

(54 of the 790 IDU had died of a non-natural death during 

the study period) and this is reflected in the relatively wide 

confidence intervals. 

For those IDU who receive HAART, the timing at which 

HAART is initiated clearly differs across Europe. IDU in 

Amsterdam, Edinburgh and Innsbruck started HAART at 

significantly lower CD4+ T cell counts than IDU in Paris, 

Geneva, Glasgow and the Valencian region. However such 

variation did not lead to variation in the subsequent 

increase in the CD4 T-cell numbers: neither in the first 6 

months after HAART initiation nor in the longer-term 

response. This finding is in accordance with data from a 

larger cohort of seroconverters (all risk-groups combined) 

showing no benefit in terms of short-term immune 

response from initiating HAART at CD4+ T cell counts 

above 350 cells/ul compared to 200-350 cells/ul [15J 

although the CD4+ T cell numbers reached at 2 years after 

HAART initiation were higher in IDU who initiated 

HAART at higher CD4+ T cells. In the present study 

CD4+ T cell counts did not seem to continue to increase 

after 6 months after HAART initiation and even displayed 

a slight decrease at most sites. Several studies have already 

shown suboptimal; immunological response to HAART in 

IDU [43,13], even after a good initial response [18]. 

However even in a non-IDU population with controlled 

viraemia a considerable proportion may experience a 

decrease in CD4+ T cell counts instead of an increase (35% 

of treatment nai've individuals over a 3 year period on 

HAART) [44]. Factors that have been associated with an 

impaired CD4 cell recovery and virologie failure in IDU 

are continued drug use, treatment breaks and low 

adherence [43,45,13]. Glasgow and Geneva were the only 

sites without decreasing CD4+ T cell numbers (but with a 

zero or positive slope) after the first 6 months of HAART. 

These were also the only sites where no IDU used 

saquinavir as part of the initial regime. Saquinavir was 

used by 10-33% of IDU at the other sites and perhaps the 

inferior immunological and virological responses 

associated with early saquinavir hard gel might also have 

played a role in the decrease of CD4+ T cells observed at 

these sites after 6 months of HAART [ 13,46]. 

In conclusion, trends in progression to either AIDS or 

death due to natural causes in IDU are similar across 

western Europe. There also were no variations in the short-

term immune response to HAART therapy, although sites 

clearly differed in the timing of HAART initiation. An 

increase in CD4+ T cells from 6 months after HAART 

onwards was absent in treatment nai've IDU at all sites, 

except possibly among IDU in Glasgow. Risk of death due 

non-natural causes, an endpoint which is not associated 

with HIV disease progression, was significantly lower in 

the Valencian region of Spain. 

Acknowledgements 

We thank Ronald Geskus for critical reading of the 

manuscript and Lucy Phillips for editorial review. 

We also thank the clinicians and health workers who 

contributed by collecting data, the laboratories 

collaborating with the original studies for determining 

lymphocyte subsets, and the participants for their ongoing 

participation. 



HIV disease Progression and immune response in IDU 37 

References 

1. Porter K, Babiker A, Bhaskaran K, Darbyshire J, Pezzotti P, Walker AS. Determinants of survival following HIV-
1 seroconversion after the introduction of HAART. Lancet 2003; 362:1267-1274. 

2. van Asten LC, Boufassa F, Schiffer V, Brettle RP, Robertson JR, Hernandez A, 1, et al. Limited effect of highly 
active antiretroviral therapy among HIV-positive injecting drug users on the population level. European Journal of 
Public Health 2003; 13:347-349. 

3. Perez-Hoyos S, Del Amo J, Muga R, del Romero J. Garcia dO, Guerrero R, et al. Effectiveness of highly active 
antiretroviral therapy in Spanish cohorts of HIV seroconverters: differences by transmission category. AIDS 2003; 
17:353-359. 

4. Poundstone KE, Chaisson RE, Moore RD. Differences in HIV disease progression by injection drug use and by sex 
in the era of highly active antiretroviral therapy. AIDS 2001; 15:1115-1123. 

5. Pezzotti P. Dorrucci M, Donisi A, Cusini M, Mazzarello G, De Luca A, et al. [Survival, progression to AIDS and 
immunosuppression in HIV-positive individuals before and after the introduction of the highly active antiretroviral 
therapy (HAART)]. [Italian]. Epidemiologia e Prevenzione 2003; 27:348-355. 

6. Dorrucci M, Balducci M, Pezzotti P, Sinicco A, Alberici F, Rezza G. Temporal changes in the rate of progression 
to death among Italians with known date of HIV seroconversion: estimates of the population effect of treatment. 
Italian HIV Seroconversion Study (ISS). Journal of Acquired Immune Deficiency Syndromes 1999; 22:65-70. 

7. Egger M, May M, Chene G, Phillips AN, Ledergerber B, Dabis F, et al. Prognosis of HIV-1-infected patients 
starting highly active antiretroviral therapy: a collaborative analysis of prospective studies. Lancet 2002; 360:119-
129. 

8. Mocroft A, Madge S, Johnson AM, Lazzarin A, Clumeck N, Goebel FD, et al. A comparison of exposure groups in 
the EuroSIDA Study: starting highly active antiretroviral therapy (HAART), response to HAART, and survival. J 
Acquir Immune Defic Syndr Hum Retrovirol 1999; 22:369-378. 

9. Celentano DD, Galai N, Sethi AK., Shah NG, Strathdee SA, Vlahov D, et al. Time to initiating highly active 
antiretroviral therapy among HIV-infected injection drug users. AIDS 2001; 15:1707-1715. 

10. Press N, Tyndall MW, Wood E, Hogg RS, Montaner JS. Virologie and immunologic response, clinical 
progression, and highly active antiretroviral therapy adherence. J Acquir Immune Defic Syndr JID - 100892005 
2002; 31 Suppl 3:S112-S117 

11. Lucas GM, Cheever LW, Chaisson RE, Moore RD. Detrimental effects of continued illicit drug use on the 
treatment of HIV-1 infection. J Acquir Immune Defic Syndr 2001; 27:251-259. 

12. Arnsten JH, Demas PA, Grant RW, Gourevitch MN, Farzadegan H, Howard AA, et al. Impact of active drug use 
on antiretroviral therapy adherence and viral suppression in HIV-infected drug users. J Gen Intern Med 2002; 
17:377-381. 

13. Lucas GM, Gebo KA, Chaisson RE, Moore RD. Longitudinal assessment of the effects of drug and alcohol abuse 
on HIV-1 treatment outcomes in an urban clinic. AIDS 2002; 16:767-774. 

14. Palepu A, Yip B, Miller C, Strathdee SA, O'Shaughnessy MV, Montaner JS, et al. Factors associated with the 
response to antiretroviral therapy among HIV-infected patients with and without a history of injection drug use. 
AIDS JID-8710219 2001; 15:423-424. 

15. Babiker A, Darbyshire J, Pezzotti P, Porter K, Prins M, Sabin C, et al. Short-term CD4 cell response after highly 
active antiretroviral therapy initiated at different times from seroconversion in 1,500 seroconverters. J Acquir 
Immune Defic Syndr JID - 100892005 2003; 32:303-310. 

16. Dronda F, Moreno S, Moreno A. Casado JL, Perez-Elias MJ, Antela A. Long-term outcomes among antiretroviral-
naive human immunodeficiency virus-infected patients with small increases in CD4+ cell counts after successful 
virologie suppression. Clin Infect Dis JID - 9203213 2002; 35:1005-1009. 

17. Palepu A, Tyndall M, Yip B, O'Shaughnessy MV, Hogg RS. Montaner JS. Impaired virologie response to highly 
active antiretroviral therapy associated with ongoing injection drug use. J Acquir Immune Defic Syndr JID -
100892005 2003; 32:522-526. 

18. Dragsted UB, Mocroft A, Vella S, Viard JP, Hansen AB, Panos G, et al. Predictors of immunological failure after 
initial response to highly active antiretroviral therapy in HIV-1-infected adults: a EuroSIDA study. J Infect Dis JID 
-0413675 2004; 190:148-155. 

19. Prins M, Brettle RP, Robertson JR, Hernandez A. I, Broers B, Carre N, et al. Geographical variation in disease 
progression in HIV-1 seroconverted injecting drug users in Europe? International Journal of Epidemiology 1999; 
28:541-549. 

20. Prins M, Hernandez A, I, Brettle RP. Robertson JR. Broers B, Carre N, et al. Pre-AIDS mortality from natural 
causes associated with HIV disease progression: evidence from the European Seroconverter Study among injecting 
drug users. AIDS 1997; 11:1747-1756. 



38 Chapter 3 

21. Geskus RB. Methods for estimating the AIDS incubation time distribution when date of seroconversion is 
censored. Statistics in Medicine 2001; 20:795-812. 

22. Prins M, Sabin CA, Lee CA, Devereux H, Coutinho RA. Pre-AIDS mortality and its association with HIV disease 
progression in haemophilic men, injecting drug users and homosexual men. AIDS 2000; 14:1829-1837. 

23. Seaman SR, Brettle RP, Gore SM. Pre-AIDS mortality in the Edinburgh City Hospital HIV cohort. Statistics in 
Medicine 1997; 16:2459-2474. 

24. SAS Institute I. SAS/STAT Software: Changes enhancements through release 6.12.SAS Institute; 1996. 
25. Diggle PJ, Liang K, Zeger SL. Analysis of longitudinal data.Oxford: Clarendon Press; 1995. 
26. Carré N, Prins M, Meyer L, Brettle RP. Robertson JR, McArdle H, et al. Has the rate of progression to AIDS 

changed in recent years? AIDS 1997; 11:1611-1618. 
27. Del Amo J, del Romero J, Barrasa A, Perez-Hoyos S, Rodriguez C, Diez M, et al. Factors influencing HIV 

progression in a seroconverter cohort in Madrid from 1985 to 1999. Sexually Transmitted Infections 2002; 78:255-
260. 

28. Pehrson P, Lindback S, Lidman C, Gaines H, Giesecke J. Longer survival after HIV infection for injecting drug 
users than for homosexual men: implications for immunology [see comments]. AIDS 1997; 11:1007-1012. 

29. van Haastrecht HJ, van den Hoek AJ, Coutinho RA. High mortality among HIV-infected injecting drug users 
without AIDS diagnosis: implications for HIV infection epidemic modellers? AIDS JID - 8710219 1994; 8:363-
366. 

30. Prins M, Veugelers PJ. Comparison of progression and non-progression in injecting drug users and homosexual 
men with documented dates of HIV-1 seroconversion. European Seroconverter Study and the Tricontinental 
Seroconverter Study. AIDS 1997; 11:621-631. 

31. Copeland L, Budd J, Robertson JR, Elton RA. Changing patterns in causes of death in a cohort of injecting drug 
users, 1980-2001. Arch Intern Med JID-0372440 2004; 164:1214-1220. 

32. Rockstroh .IK, Spengler U. HIV and hepatitis C virus co-infection. Lancet Infect Dis JID - 101130150 2004; 4:437-
444. 

33. Horstcr S, Goebel FD. HAART-prolonged life of HIV-infected patients should not be shortened by hepatitis C. 
Infection JID - 0365307 2004; 32:369-371. 

34. Lewden C, Salmon D, Morlat P, Bevilacqua S, Jougla E, Bonnet F, et al. Causes of death among human 
immunodeficiency virus (HlV)-infected adults in the era of potent antiretroviral therapy: emerging role of hepatitis 
and cancers, persistent role of AIDS. Int J Epidemiol JID - 7802871 2005; 34:121-130. 

35. van Asten L, Verhaest I, Lamzira S, Hernandez-Aguado I, Zangerle R, Boufassa F, et al. Spread of Hepatitis C 
Virus among European Injection Drug Users Infected with HIV: A Phylogenetic Analysis. J Infect Dis 2004; 
189:292-302. 

36. Di Bisceglie AM, Hoofnagle JH. Optimal therapy of hepatitis C. Hepatology 2002; 36:Suppl-7 
37. European Centre for the Epidemiological Monitoring of AIDS. HIV/AIDS Surveillance in Europe. First Quarterly 

Report 1997. 1997. 
38. Anonymous. Time from HIV-1 seroconversion to AIDS and death before widespread use of highly-active 

antiretroviral therapy: a collaborative re-analysis. Collaborative Group on AIDS Incubation and HIV Survival 
including the CASCADE EU Concerted Action. Concerted Action on Seroconversion to AIDS and Death in 
Europe. Lancet 2000; 355:1131-1137. 

39. Yamashita TE, Phair JP, Munoz A, Margolick JB, Detels R. O'Brien SJ, et al. Immunologic and virologie response 
to highly active antiretroviral therapy in the Multicenter AIDS Cohort Study. AIDS 2001; 15:735-746. 

40. Hunt PW, Deeks SG, Rodriguez B, Valdez H, Shade SB, Abrams DI, et al. Continued CD4 cell count increases in 
HIV-infected adults experiencing 4 years of viral suppression on antiretroviral therapy. AIDS 2003; 17:1907-1915. 

41. Nicastri E, Chiesi A, Angeletti C, Sarmati L, Palmisano L, Geraci A, et al. Clinical outcome after 4 years follow-
up of HIV-seropositive subjects. J Med Virol 2005; 76:153-160. 

42. Frischer M, Goldberg D, Rahman M, Berney L. Mortality and survival among a cohort of drug injectors in 
Glasgow, 1982-1994. Addiction 1997;92:419-427. 

43. Dronda F, Zamora J, Moreno S, Moreno A, Casado JL, Muriel A, et al. CD4 cell recovery during successful 
antiretroviral therapy in naive HIV-infected patients: the role of intravenous drug use. AIDS 2004; 18:2210-2212. 

44. Smith CJ, Sabin CA, Lampe FC, Kinloch-de-Loes S, Gumley H, Carroll A, et al. The potential for CD4 cell 
increases in HIV-positive individuals who control viraemia with highly active antiretroviral therapy. AIDS 2003; 
17:963-969. 

45. Zaccarelli M, Barracchini A, De Longis P, Perno CF, Soldani F, Liuzzi G, et al. Factors related to virologie failure 
among HIV-positive injecting drug users treated with combination antiretroviral therapy including two nucleoside 
reverse transcriptase inhibitors and nevirapine. Aids Patient Care & STDS 2002; 16:67-73. 



HIV disease Progression and immune response in IDU 39 

46. Kirk O, Mocroft A, Pradier C, Bruun JN, Hemmer R, Clotet B, et al. Clinical outcome among HIV-infected 
patients starting saquinavir hard. AIDS 2001; 15:999-1008. 

47. Krol A, Flynn C, Vlahov D, Miedema F, Coutinho RA, van Ameijden EJC. New evidence to reconcile in vitro and 
epidemiologic data on the possible role of heroin on CD4+ decline among HIV-infected injecting drug users. Drug 
& Alcohol Dependence 1999; 54:145-154. 

48. Prins M, Robertson JR, Brettle RP, Hemandez-Aguado I, Broers B, Boufassa F, et al. Do gender differences in 
CD4 cell counts matter? AIDS 1999; 13:2361-2364. 




