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General Introduction 

At present, Sub Saharan Africa is the region that is hit hardest by the human immunodeficiency 
virus (HIV) epidemic, with prevalence rates of 30-40% in some countries [1]. Although the 
numbers stand in no comparison to those in Sub Saharan Africa, also in the western world large 
groups live with HIV infection. By 2003 more than half a million HIV-infected individuals were 
reported in western Europe and an estimated 21 thousand infections continued to occur in this 
region in 2004 [2]. Besides homosexual men and patients with hemophilia, injecting drug users 
(IDU) were a hard hit group at the beginning of the epidemic in the early 1980's. For this thesis 
aspects of the course of HIV infection in injecting drug users in Western Europe were studied. 
Besides studying the impact of the availability of new anti-HIV drugs on HIV disease course, two 
other infections typically seen in HIV-infected drug users, Hepatitis C virus and tuberculosis, and 
the effect of pre-infection immune status on subsequent HIV disease progression were studied. 

Prevalence of injecting drug use 
Based on the limited available data, it was estimated that by the end of 2003 there were 
approximately 13.2 million IDU worldwide which amounts to 0.3% of the total adult population. 
An estimated 1 to 1.4 million IDU live in Western Europe, and the proportion of injecting drug 
users among adults is highest in Spain, Malta, Albania and Greece (0.70%-1.06% of the adult 
population). In the Netherlands, this proportion is estimated at 0.04% or approximately 3-5 
thousand individuals aged 15-64 [3]. 

Prevalence of HIV infection in IDU 

Global prevalence 
Drug users are a major risk group for HIV infection because of the sharing of needles and other 
injection equipment. It has been estimated that globally, approximately 10% of HIV/AIDS cases 
are attributable to injecting drug use [3]. IDU represent the most prevalent group with HIV 
infection in several eastern and southern Asian countries (Malaysia, China and Vietnam) and in 
central and eastern Europe (former Soviet Union). An estimated 66%-82% of all HIV/AIDS cases 
in these countries were attributable to injecting drug use in 1999 or thereafter [3]. The severe HIV 
epidemic among injecting drug users (IDU) in most countries of the former Soviet Union is a very 
recent one: after a few small outbreaks in the nineties, two very large outbreaks were identified in 
the Russian Federation in 1999 and the situation has worsened since [4]. Also the Baltic States and 
North Africa have HIV epidemics driven by injecting drug use. HIV prevalence among IDU varies 
strongly between countries but also within countries. Many countries have at least one report of 
high (>20%) HIV prevalence in IDU in the capital city or other major urban areas. Information on 
HIV prevalence in IDU is not available from many countries in North Africa, the Middle East, 
sub-Saharan Africa, Latin America and the Caribbean [3]. 

Prevalence in Western Europe 
After its introduction in the gay community in Europe, HIV spread rapidly among injecting drug 
users across Western Europe and the prevalence became especially high among drug users in 
southern European countries such as Italy and Spain and still today, injecting drug users remain a 
large risk group in these countries. In Portugal, a southern European country with a relatively late 
HIV epidemic, injecting drug use accounted for almost 50% of all HIV infections in 2002 [1]. In 
recent years increasing trends in HIV diagnoses have been reported in 12 western European 
countries but mostly among risk groups other than injecting drug users. The number of new HIV 
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diagnoses among injecting drugs users in western Europe peaked in the late 1980's and has 
gradually declined more recently from over 600 new infections per year in the mid 1990's to a 
little over 500 new cases in 2002 [5]. The total number of drug users currently infected with HIV 
in Western Europe is not known, but over 100,000 IDU with AIDS were reported between 1999 
and 2003. 

HIV infection: differences between IDU and other risk groups 

Regarding HIV infection, there are differences between IDU and other HIV-infected groups. IDU 
are mainly infected due to unsafe injecting whereas the transmission routes among other groups 
comprise unsafe sex, mother to child (vertical transmission), and the receipt of blood and blood 
products. Kaposi sarcoma, a very rare disease in northern Europe and typically diagnosed in HIV-
infected homosexual men as an early AIDS defining event, mirroring the higher prevalence of 
human herpes virus type 8 in these men, is rarely seen in IDU [6]. Tuberculosis and recurrent 
pneumonia, two diseases which were added to the list of AIDS defining diseases in 1993, are more 
common among HIV-infected IDU than among other HIV-infected groups in the western world 
[7-9]. Also, at the biological level HIV does not evolve in entirely the same pattern in IDU as in 
homosexual men: the appearance of the more aggressive syncytia inducing HIV variants being 
more common in the latter group [10]. Furthermore, besides the use of drugs itself, IDU differ 
largely in lifestyle factors from other HIV risk groups. They are more likely to have a chaotic 
lifestyle, a substandard level of hygiene and to be homeless [11,12]. Despite all these differences 
between risk groups, the time from HIV infection to death or AIDS did not clearly differ among 
risk groups prior to the introduction of highly active antiretroviral therapy (HAART) when 
adjusted for age [13,14]. Variations in the spectrum of AIDS defining diseases and the larger 
proportion of HIV-infected IDU dying prior to the development of an AIDS defining disease were 
the only clear differences with respect to HIV progression in IDU compared to other risk groups in 
the past, prior to the general availability of highly active antiretroviral therapy (HAART) [15-17]. 

Drug users and anti-HIV therapy 

In 1996 highly active antiretroviral therapy (HAART) became widely available. Although not a 
cure for HIV, these were the first combinations of drugs which slowed disease progression, 
causing dramatic declines in the incidence of AIDS defining diseases and mortality [18-20]. 
However, where disease progression did not differ between risk groups prior to HAART 
availability, IDU showed less improvements than other risk groups since its availability [20] which 
was due to a reduced access to HAART and lower treatment adherence rates in this group. 
Continued drug use reduces the likelihood of being prescribed antiretroviral treatment [21-23] but 
also patient refusal rates of antiretroviral therapy are higher among IDU [24]. A patient's limited 
ability to keep appointments, alcoholism and homelessness are factors which deter providers from 
prescribing HAART as the regimens need to be strictly adhered to. Suboptimal; therapy is unable 
to suppress viral replication and can lead to drug resistance and the limitation of future treatment 
options [25]. Regimens used to be complicated with many different pills, strict time schedules for 
medication intake and different meal specifications for different drugs, although more recently 
simplified treatment regimens have been developed [25]. Suboptimal; adherence is a strong 
predictor of a decreased response to HAART and treatment failure [26]. Very high levels of 
adherence are necessary to achieve virologie suppression of HIV: studies vary, reporting minimal 
necessary levels of adherence of 80% but even up to >95% [26], and the immunologic and 
virologie response to treatment (i.e. the increase in CD4+ T cells and decrease of viral load) has 
been demonstrated to be lower among groups of IDU than among non-IDU [27-30]. However, 
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suboptimal adherence not only occurs among drug users. In general individuals who are younger, 
suffer from depression, with a self-perceived lack of social support, or are homeless, display a 
poorer adherence at similar levels as drug users [31]. Among drug users in the USA a suboptimal; 
virologie response is most likely among active injectors whilst former drug users may have similar 
response rates as non-drug users [32]. For active drug users the attendance of a methadone 
maintenance therapy program is associated with the receipt of HAART and an improved 
adherence [11]. For IDU, many factors play a role in the problem of not achieving a sufficient 
level of adherence. These include intolerable side effects caused by HAART (including a 
perceived decreased effect of illicit drugs and methadone [12]), the incompatibility of HAART 
uptake with an irregular life style and the psychological effects of HAART ranging from not 
understanding medical jargon to the confrontation with ones condition and dealing with a 
perceived negative attitude towards oneself from medical care takers [12]. In summary, less access 
to HAART, later initiation and lower therapy adherence play an important role in the less 
spectacular declines of AIDS and death observed in the HAART era among HIV-infected IDU 
than among other risk groups [20,33-35], 

Infections typical among HIV-infected IDU 

Owing to their life style, injecting drug users are at higher risk of illness and death than the general 
population. Some major causes of the excess death rate among IDU are suicide, accidents, 
overdose, and infectious diseases [36-38]. Unsterile injecting practices (sharing needles, filters or 
other injecting equipment), drug impurities and poor hygiene and living conditions contribute to 
the elevated risk for numerous serious infections which include skin infections, endocarditis, 
pneumonia and tuberculosis [7,39]. Unsafe injection practices are the reason why the transmission 
rates of blood borne viruses such as hepatitis B and C are also high in this population [40]. Since 
HIV was introduced into this group the prevalence of tuberculosis also increased in HIV-infected 
IDU due to the increased susceptibility for tuberculosis caused by HIV [41]. 

Tuberculosis and HIV 
Tuberculosis is a disease caused by Mycobacterium Tuberculosis and is predominantly spread by 
droplet infection via coughing. Infection usually involves the lungs and normally the primary 
infection heals, but can leave some surviving tubercle bacilli: the mycobacteria are phagocytosed 
by macrophages in the lung but M. Tuberculosis can prevent intracellular fusion with liposomes 
which carry the enzymes which would break it down. With lowering of the host resistance, even 
after many years, reactivation of the infection can occur. The lifetime risk of progressing to active 
disease among latently infected persons is approximately 10% [42] but the risk is 5-10% per year 
in individuals with HIV infection [43]. Pulmonary tuberculosis is the most common form of the 
disease but tuberculosis can also affect other organs such as the gastrointestinal tract, genito
urinary system and the central nervous system (extra pulmonary tuberculosis). It seems that 
infection with M. tuberculosis does not protect against future re-infection [44,45]. Patients with 
pulmonary tuberculosis are administered 6 months of isoniazid and rifampin, sometimes longer in 
HIV-infected individuals and individuals with extra pulmonary tuberculosis [46]. Due to drug 
interactions a non-rifampin based regimen is necessary when treating tuberculosis in individuals 
on HAART. 

HIV-infected individuals are particularly susceptible to tuberculosis, both through newly acquired 
infection and reactivation of dormant bacilli [47-50], and the incidence is especially high among 
HIV-positive patients in Sub Saharan Africa, where many individuals die prematurely of 
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tuberculosis [51]. In Europe the incidence is elevated in Eastern Europe [52]. In Western Europe, 
tuberculosis is more common among HIV-infected drug users than among other HIV risk groups 
and the risk of tuberculosis increases from North to South [53,54]. Compared to the general 
population the incidence of tuberculosis is elevated in HIV-negative IDU and even higher in HIV-
positive IDU [41]. A problem in screening HIV-infected individuals with tuberculin skin testing is 
the decreased reactivity to such testing (anergy) with advancing HIV infection [55]. Although M. 
tuberculosis bacilli thrive in immunosuppressed individuals, a notable feature of pulmonary 
tuberculosis in HIV Infection compared to other opportunistic infections is that it presents at 
widely differing CD4+ T cell counts, although the risk does increase with the degree of 
immunosuppression [56,57]. In contrast, extra pulmonary tuberculosis is associated with more 
profound immunodeficiency [58]. Initially pulmonary tuberculosis was not classified as an AIDS 
defining disease but it was added to the AIDS case definition in 1993 (defined by the centers for 
disease control) [8,9]. In developed countries tuberculosis is not clearly associated with HIV 
disease progression [59-61] and the advent of HAART has greatly reduced the risk developing 
tuberculosis [62]. 

Hepatitis C virus and HIV 

Hepatitis C virus (HCV) is a virus which actively replicates in the liver and can cause serious liver 
disease within 2-3 decades after infection [63]. Failure to clear the virus occurs in 55-85% of 
infected individuals after which the virus can persist in a patient for years in the absence of 
symptoms. At least one fifth of these chronically infected adults develops liver cirrhosis within 20 
years which eventually can progress to potentially lethal liver failure or hepatocellular carcinoma 
[64]. HCV is mainly transmitted through blood-blood contact and infection with HCV, even when 
an antibody response is present, does not protect against new infection in the future [65]. Some 
countries, such as Egypt, have very high prevalence rates in the general population [66]. In general 
however, approximately 1% of the general population in Western Europe is infected. The highest 
HCV prevalence rates are seen in individuals with repeated direct percutaneous or blood exposure 
such as hemophilia patients and injecting drug users, with prevalence rates of 60-90%. [67] 
Nowadays in Western Europe, with screening of blood products, the largest risk group for HCV 
transmission is IDU [68]. It is estimated that at least 1 million up to possibly several million 
individuals are infected with HCV in the European Union, of which approximately 500 000 are 
IDU [68]. Risk reduction programs such as needle exchange programs that were targeted to reduce 
the incidence of HIV infection among drug users were less effective in reducing the incidence of 
hepatitis C virus infection [69,70]. One reason for this is that hepatitis C virus is transmitted at 
least 10 times more efficiently through blood contact than HIV [71,72]. Another reason why the 
risk of infection with HCV is much greater than with HIV is the higher prevalence of HCV among 
IDU than of HIV. 

Hepatitis C virus is a single stranded RNA virus of approximately 9400 nucleotides classified into 
the hepacivirus genus of the family of flaviviridae, and it is estimated to be 500-2000 years old. 
Like HIV it has a sloppy replication system (lacking proof-reading activity) leading to high 
sequence variability. To date there are 6 different genotypes which are further classified into 
subtypes. Variability varies across the genome with a mean similarity between genotypes of 65-
70%. Isolates of the same subtype differ by 5-10%. Due to random mutation the strains within a 
host also show a sequence variability of 1-2% (so-called quasispecies). The distribution of HCV 
subtypes varies by geographic region. In Europe and the USA the predominant subtypes are la, 
lb, 2a, 2b and 3a. Among IDU subtypes la and 3a are the most prevalent subtypes. Genotype 4, 
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originating from the Middle East and Africa is now also found in IDU across Europe [73,74]. The 
genome variability of HCV allows for studying transmission patterns which was done in chapter 5. 

Drug use and the immune system 

In the absence of treatment, infection with HIV is characterised by gradual erosion of the immune 
system, the number of CD4+ T cells in peripheral blood gradually decreases, which leads to the 
susceptibility to a wide range of (opportunistic) infections and ultimately death. Even in the 
absence of HIV infection the immune systems of drug users have been reported to show 
abnormalities. Whether and how drugs affect the immune system (suppression or activation) may 
depend on the type and frequency of drug use, although reports have been inconsistent [75,76]. 
Opiates have been shown to suppress the function of T-lymphocytes but not in all studies [77]. T-
cell reactivity has been seen to be significantly depressed in IDU with very high injecting 
frequency of more than 50 times per month [78]. It is unlikely that defects or abnormalities in the 
immune system are purely the result of drug use. A combination of different factors probably plays 
a role besides the immune modulating effects of drugs [77] such as exposure to injected impurities 
and microbes, and differences in lifestyle [38,38,79]. Despite the specific characteristics of drug 
users, the average time from HIV seroconversion to AIDS and death did not seem to differ from 
that in other risk groups in the time when highly active antiretroviral therapy was not yet widely 
available [14]. However, within specific risk groups, differences in immune status may still play a 
role in HIV disease progression [80]. 

The European Seroconverter Study among IDU 

The European Seroconverter Study was initiated in 1994 to address questions on the natural 
history of HIV infection in IDU. Eight prospective cohorts in 6 European countries participate in 
the collaboration which was initiated by the Municipal Health Service in Amsterdam (figure 1). 
The multi-centre co-operation was necessary to obtain a cohort with sufficient numbers of so-
called HIV seroconverters and disease outcome to be able to adequately address questions on the 
course of HIV infection. Seroconverters are individuals for whom the dates of the last HIV-
negative and first HIV-positive test are available allowing reliable estimation of the date of HIV 
infection so that bias by the unknown duration of infection is not present when studying 
progression of HIV infection [81]. HIV-infected IDU seroconverters who had injected drugs 
between 1979 and prior to their HIV infection were included in the study. Every 3-6 months cohort 
participants underwent standardised clinical examination, blood testing and completion of 
questionnaires at each separate cohort. Data were sent to the coordinating centre in Amsterdam 
where a joint database was constructed. Data were collected, cleaned and merged. After 1994 the 
joint database was updated twice: in 1998 and 2002 (see table 1 for the number of participants by 
site). For the present thesis we studied the impact of the widespread use of HAART on HIV 
disease progression (chapters 2 and 3) and the risk of tuberculosis during HIV infection in IDU 
(chapter 4). For two studies on hepatitis C virus infection (chapters 5 and 6) an additional cohort 
participated (the Italian Seroconverter Study among IDU). In one study on the impact of the pre-
seroconversion immune status on HIV disease progression, only IDU from Amsterdam 
participated (chapter 7). 
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Glasgo 

Figure 1. Sites participating in the European Seroconverter study among injecting drug users. 

Table 1. Number of participants by site in the European Seroconverter Study among IDU 
Valencian 

Edinburgh Amsterdam Glasgow Geneva Paris Innsbruck Total 
region 

Total no. of 

Seroconverters 

No. with AIDS 

No of Deaths 

With AIDS 

Pre AIDS 

280 

57 

46 

30 

16 

185 

69 

98 

59 

39 

123 

33 

62 

26 

36 

70 

11 

31 

8 

23 

61 

16 

22 

13 

9 

40 

11 

9 

4 

5 

30 

11 

9 

4 

5 

789 

208 

277 

144 

133 
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Limited effect of highly active antiretroviral 
therapy among HIV-positive injecting drug 

users on the population level 
LISELOTTE C. VAN ASTEN, FAROUDY BOUFASSA, VERONIQUE SCH1FFER, RAYMOND P. BRETTLE, 

J. ROY ROBERTSON, [LDEPONSO HERNANDEZ AÜUADO, JIM MCMENAMIN, ROBERT ZANGERLE, 
ARNAUD FONTANET, ROEL A. COUTINHO, MARIA TRINS * 

There is evidence that HIV-positive injecting drug users benefit less than other risk groups from highly active 
antiretroviral therapy that has been available since 1996. In this multicentre European study the impact of the 
availability of highly active antiretroviral therapy on the progression rates to AIDS and death among injecting drug 
users with a documented date of HIV seroconversion is studied. After highly active antiretroviral therapy became 
available the risk of AIDS and death for injecting drug users decreased by 28% and 36%, which is less than has 
been reported for other risk groups. 

Keywords: Europe, highly active antiretroviral therapy, HIV disease progression, IV drug users, survival analysis 

-Lt is not yet clear whether HIV-positive injecting drug users 
(IDU) benefit as much as other risk groups from the 
general availability since 1996 of HAART {highly active 
antiretroviral therapy). Studies on the population level 
that include, among others, the IDU risk group, do show 
a reduced risk of AIDS and death in 1997 and 1 9 9 8 M 

and these improvements have been shown to be associ
ated with therapy usage. However, most of these studies 
concern seroprevalent cohorts in which adjusting fully for 
duration ot HIV infection is not possible, which leads to 
survival estimates in the HAART era that are too 
optimistic.6 Only two studies of seroconverters (thus with 
known duration of infection) have been published so far, 
showing a decreased risk of death of 50% (Italy) and 64% 
(Europe) for several risk groups combined in the 
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1997/1998 time period.5'7 However, IDU who are eligible 
for HAART have a lower probability of initiating the 
potent drug combinations and also start HAART later 
following HIV infection than other risk groups.8~'' So far 
risk reduction estimates of AIDS and death in time of 
HAART specifically for IDU have not been published. 
Therefore, on the population level, we studied the impact 
of the general availability of HAART on the progression 
rates to AIDS and to death among IDU with documented 
date of HIV seroconversion. 

METHODS 
The study population comprised 751 IDU with a known 
date of a seronegative and seropositive HIV test from 
seven cohorts in six European countries: the Valencian 
HIV Seroconversion Study (n=279), the Edinburgh Drug 
Addiction Study and the Edinburgh City Hospital 
Cohort Study (combined n=172), the Amsterdam 
Cohort Study (n=118), the Geneva HIV Cohort Study 
(n=65), the French SEROCO Study (n=40), the Scottish 
National Collaborative HIV Testing Study from Glasgow 
(n=52) and the Innsbruck AIDS Study (n=25). The 
individual cohorts started between 1982and 1988 and the 
design and methodology of each cohort have been 
described elsewhere.12 Information on AIDS and cause 
of death was obtained from review of medical records and 
by matching against local and national registries. 
Calendar period of follow-up was evaluated as a time-
dependent covariate in a Cox proportional hazards 
model. Three calendar periods were defined when 
analysing progression to AIDS: i) time before the 
implementation of the expanded European AIDS case 
definition, ii) time of the implementation of the 
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expanded definition hut before general availability of 
HAART and iii) time since general availability of 
HAART. The reason for distinguishing between time 
before and after the 1993 extended AIDS case definition 
is that this revision has been shown to increase the 
number of AIDS cases especially in IDU ^ , I 4 because in 
Europe cervix carcinoma, recurrent pneumonia and 
pulmonary tuberculosis were added,1'' of which the latter 
two are common among IDU. Hence, disregarding 

the increase in AIDS hazard in the second period whicb 
may be due to the change in AIDS case definition might 
underestimate the effect of HAART on progression to 
AIDS in IDU. For progression to death from natural 
causes (thus excluding death from suicide, overdose and 
unintentional injuries) the first two calendar periods were 
combined, as a change in AIDS definition would not 
affect survival. In contrast to other studies, and to avoid 
misclassification, country-specific cut-off dates were used 
for each time period: the 1993 AIDS case definition was 
introduced between 1—1—1993 or 1-1-1994 in the 
different countries and starting dates for general avail
ability of HAART varied between March 1996 and 
September 1996. Follow-up was calculated from the 
estimated time of seroconversion through the endpoint 
(AIDS or natural death), lost to follow up or censor date 
(maximally 1-1-1998). For AIDS analyses persons who 
died pre-AIDS were censored at death and for survival 
analyses persons who died of a non-natural cause were 
censored at death. In multivariate analyses the effect of 
calendar period was also corrected for a combination 
variable of geographic region and setting of follow up, as 
a clinical setting has been shown to be associated with 
faster progression and the cohort in Southern Europe 
was younger, thus in an earlier stage of disease progression 
in each calendar period. 

RESULTS 

Characteristics of the study population are shown in 

table I. During the study period 166 persons developed 

AIDS and 200 persons died, 

of whom 88 did so prior to 

the development of AIDS. 

Since the application of the 

extended AIDS case defini

tion, 101 individuals had 

developed AIDS, 20% as a 

result of one of the added 

diseases (17 pulmonary TB 

and three recurrent pneumo

nia). Following the change 

in AIDS case definition and 

before HAART was intro

duced, the risk of AIDS in

creased by 29% (adjusted 

hazard ratio 1.29 (1/0.77) 

(table 2a), 95% confidence 

interval (CI): 0.88-1.90). 

Later on, after HAART 

became available, the risk of 

AIDS declined by 28% (adjusted HR for AIDS 0.72,95% 

CI: 0.41-1-25) (table 2a), using as reference the time 

period during which the new AIDS case definition was 

applied and before the introduction of HAART. When 

ignoring the impact of the 1993 AIDS definition, thus 

comparing only two calendar periods at risk (before and 

after HAART), the impact of availability of HAART is 

slightly less pronounced (adjusted HR 0.78 CI: 0.45-1.34, 

not shown in the table). The reduction in risk oi death 

from natural causes after HAART compared to the total 

period before is 36% (adjusted HR 0.64 (CI: 0.36-1.17) 

(table 2b). 

DISCUSSION 

Until 1993 the incubation period from HIV sero
conversion to AIDS in IDU was estimated to be 10.2-11.6 
years. We assume the increased risk of AIDS in the 

1993 to 1996 time period to be attributable to the 
extension of the European AIDS case definition as two of 
three added diseases are mainly afflicting IDU and no 
changes in progression have been reported for earlier 
calendar periods despite earlier definition changes and 
the introduction of mono and bitherapy. However, 
when ignoring this increased risk of AIDS that is probably 
due to the 1993 AIDS definition, our estimated risk 
reduction of AIDS among IDU in the time of highly 
active antiretroviral therapy was altered only minimally. 

Table 1 Characteristics of the study population (751 IDU 

seroconverters) 

Female 

Median age at HIV seroconversion 

<2 years between negative and 
positive HIV test 

Median seroconversion year 

Median years of follow-up 

33% 

26 

70% 

1990 

5.1 

1QR" 22-30 

1QR 1986-1992 

IQR 3.0-8.4 

:IQR: 

Table 2a Hazard ratios for progression from HIV seroconversion to AIDS by calendar period 

AIDS 
mivariate 

AIDS 
multivariate'1 

Calendar period 

Application of 1987 AIDS definition 0.65(0.45-0.93) 0.77(0.52-1.14) 

1993 AIDS definition until HAART (reference) 1 1 

Since availability of HAART 0.78(0.45-1.35) 0.72(0.41-1.25) 

: Adjusted for age at gender, geographic region and setting of fnl t. up (ha :A\ VS. non-hospital based). 

Table 2b Hazard ratios for progression from HIV seroconversion to death of natural causes by calendar 

period 

Death 
univariate 

Death 
multivariate'1 

Calendar period 

Pre HAART 

General availability ol HAART 

1 

0.71 (0.39-1.27) 

I 

0.64(0.36-1.17) 

Adjusted for age at seroconversion, gender, geographic region and setting of follow up (hospital vs. non-hospital based). 
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In i iur study, the first effect of the availability of HAART 
among 1DU with documented HIV seroconversion is an 
approximate 28% decrease in risk of developing AIDS 
and 36% decrease in mortality. The survival benefit in 
our study is less than that reported in the CASCADE 
study in the same study period, where the overall decrease 
in mortality following HAART introduction was 64%, 
with no difference by risk group.7 The survival benefit in 
our study is also less than the 50% decrease in mortality 
among Italian seroconverters. The latter study does 
mention that the reduction was less pronounced among 
IDU, but not to which extent.5 Not only less HAART 
uptake, but also pre-AIDS deaths of natural causes (liver 
failure, bacterial infections), which are more common 
among IDU than other risk groups, may play a role in the 
limited effect of HAART on mortality.12 Future analyses 
including more follow-up time and details on individual 
treatment compliance will let us know whether IDU do 
indeed benefit less from the availability of HAART than 
other risk groups. 

Supported by the Dutch AIDS Foundation (Stichting AIDS Fonds), 
as part of the Stimulation Programme on AIDS Research of the 
Dutch Programme Committee for AIDS Research (2172) and hy the 
grants of the original studies. 
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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. 
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Tuberculosis risk varies with the duration of HIV 
infection: a prospective study of European drug users 

with known date of HIV seroconversion 
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Background: It is not known whether the risk of active tuberculosis disease varies with 
the length of time that individuals are infected with HIV. 

Objective: To study how, independently of CD4 T cell count, the risk of tuberculosis 
varies with the duration of HIV infection. 

Methods: Using Poisson regression analysis, the incidence of and risk factors for 
tuberculosis were studied in 683 injecting drug users (IDU) with a documented date of 
HIV seroconversion followed in seven cohorts in six European countries until 1998. 
Results: Overall incidence was 11.5/1000 person-years. Adjusted for CD4 T cell 
count and geographic region, the risk ratio (RR) for tuberculosis (both pulmonary and 
extrapulmonary), compared with the first 3 years of HIV infection, was 2.8 for years 4 
to 6 of HIV infection [95% confidence interval (CD, 1.3-6.3], 1.2 for year 7 to 9 (95% 
CI, 0.3-4.2) and 4.6 after 9 years (95% CI, 1.4-15.0). The adjusted RR for geographic 
region was 13.1 (95% CI, 4.3-40.0) for Amsterdam and 15.8 (95% CI, 4.8-52.0) for 
the Valencian region of Spain compared with all other sites combined. 
Conclusion: The risk of tuberculosis is increased relatively early in HIV infection (year 
4 to 6) and also later (after year 9) with possibly a relatively silent period between. As 
expected, IDU in Southern Europe have a substantially higher risk of tuberculosis than 
IDU in Northern and Central Europe. Amsterdam forms an exception for Northern 
Europe, with very high incidence rates. ©2003 Lippincott Williams &Wilkins 
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Introduction 

HIV-infected individuals have increased susceptibility 
to active tuberculosis, and HIV infection is the greatest 
risk factor worldwide for tuberculosis disease [1 -5 ] . 
The immunosuppression in HIV infection is associated 
with the increased risk of tuberculosis [2,3], but long
itudinally the predictive value of CD4 T cell count on 
the development of active tuberculosis has been studied 
only in two cohorts of HIV-infected individuals in 
Europe, showing a five- to six-fold higher risk of 
tuberculosis when C D 4 T cell counts are < 100 X 
10 cells/1 [6,7]. However , in contrast to other oppor
tunistic pathogens that cause disease mainly in severely 
immunodepressed HIV-infected persons, tuberculosis 
can occur at relatively higher C D 4 T cell counts: it 
is not uncommonly diagnosed at C D 4 cell counts 
> 4 0 0 X 10'' cells/1 [8-11] , 

A cohort study in Cape Town, South Africa showed 
that World Health Organization (WHO) clinical staging 
of HIV disease, not C D 4 T cell count, was a significant 
independent predictor for developing tuberculosis [9]. 
Like C D 4 T cell count, clinically staging of HIV disease 
conveys information about whether someone is in the 
early or late stage of HIV disease but it does not reflect 
exactly how long that person has been infected with 
HIV. Precisely how the risk of active tuberculosis varies 
with the duration of HIV infection is not yet known. 
Cohort studies of HIV-infected individuals usually lack 
data on individual dates of HIV infection, which is 
needed for a better understanding of the dynamics of the 
risk of tuberculosis during the complete course of HIV 
disease from HIV infection to death. 

Injecting drug users (IDU) are at high risk of active 
tuberculosis, and HIV-associated tuberculosis has 
emerged since the late 1980s among IDU in certain 
cities or regions [8 .12-14] . Incidence rates of tubercu
losis are especially high in HIV-infected IDU with a 
positive tuberculin skin test result, with incidence rates 
up to 162/1000 person-years measured in Barcelona 
and Madrid [7,13,15], 

The present study of a cohort of IDU from different 
European cities, for whom HIV-negative and HIV-
positive test dates were available, examined whether 
the duration of HIV infection influences the risk of 
tuberculosis and assesses the incidence rates of tubercu
losis and other risk factors. 

Methods 

Study population 
The study population comprised 683 IDU with a 
known date of the last seronegative and first seroposi

tive HIV test. An IDU was defined as someone who 
had injected drugs since 1979 and who had injected 
before HIV seroconversion. The participants were 
followed in seven cohorts in six European countries as 
part of the European Seroconverter Study among IDU: 
the Valencian HIV Seroconversion Study (n = 279), 
the Edinburgh Drug Addiction Study and the Edin
burgh City Hospital Cohort Study (combined n = 
160), the Amsterdam Cohort Study among Drug Users 
(n = 118), the Geneva HIV Cohort Study (n = 61), 
the French S E R O C O Study (n = 40) and the Inns
bruck AIDS Study (n = 25). The Scottish National 
Collaborative HIV Testing Study from Glasgow (n = 
52) also participates in the European HIV Seroconver
ter Study among IDU but does not collect data on 
non-AIDS-defming tuberculosis and is, therefore, not 
included m the present analysis. The individual cohorts 
were started between 1982 and 1988 and the follow-up 
settings include research units at municipal and regional 
health centres, AIDS information centres, general prac
tice surgeries, hospital-based HIV clinics and metha
done centres. 

Data collection 
All participants had a confirmed negative and positive 
HIV test date. They either entered the study HIV 
negative and seroconverted during follow-up or en
tered the study HIV positive but had an earlier blood 
sample that was retrospectively tested as HIV negative. 
Such samples were largely obtained for reasons un
related to HIV disease progression (such as testing for 
hepatitis B virus). Participants underwent standardized 
clinical examination and blood testing and were inter
viewed. Information on subsequent development of 
AIDS and cause of death was obtained from review of 
medical records and by matching this data against local 
and national registries. Diagnoses of tuberculosis, pul
monary and extrapulmonary, were recorded for each 
participant; these included all cases of pulmonary 
tuberculosis before 1993, when pulmonary tuberculosis 
was added to the W H O AIDS case definition as an 
AIDS-defming disease [16]. All diagnoses of tuberculo
sis were confirmed by a positive culture for Mycobacter
ium tuberculosis or by resolution of radiograph 
abnormalities and clinical symptoms after treatment. 
Besides gathering information on tuberculosis at active 
follow-up visits, Amsterdam and Valencia (which were 
non-clinic-based cohorts) had an extra source of 
tuberculosis diagnoses. In Amsterdam, patients were 
matched with data at the tuberculosis department of 
the Municipal Health Centre, which performs half 
yearly chest radiographic screening among methadone 
clients and also receives reports of all tuberculosis cases 
diagnosed in any inhabitant of Amsterdam, including 
IDU. In Valencia, all hospitals were periodically 
screened for any medical information, including tuber
culosis diagnoses, on any of the Spanish participants. 
For these two sites, these extra data allowed complete-
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ness of tuberculosis diagnoses also for participants who 
had not been in active follow-up for some time. For 
the other sites, which were mainly clinic-based centres, 
diagnosis of tuberculosis was considered complete until 
1 year after the last study visit. At clinical centres, 
persons with medical complaints such as tuberculosis 
are not expected to become lost to follow-up since 
they would require medical attention. 

Statistical analyses and definition of variables 
Poisson regression was used for calculating incidence 
rates of tuberculosis and for determining risk factors of 
tuberculosis. Incidence rates and risk factors were 
determined for any first case of tuberculosis, whether 
pulmonary or extrapulmonary. Analyses were then 
repeated separately for pulmonary tuberculosis and for 
extrapulmonary tuberculosis. The date of HIV serocon
version was calculated for each individual conditional 
upon the last negative HIV test and first positive HIV 
test using cohort-specific estimates of the cumulative 
HIV seroincidence over calendar time [17|. 

Subjects were considered at risk for tuberculosis from 
this calculated date of HIV seroconversion: they en
tered the analyses at that point or at the date of the first 
study visit if they were HIV positive at study entry. 
Participants with at least one follow-up visit were 
included in the analyses. For persons who developed 
tuberculosis, follow-up was stopped at the first episode 
of tuberculosis. So depending on the focus ot the 
analysis, censoring was at any first case of tuberculosis, 
at the first pulmonary case or at the first extrapulmon
ary case. Persons without a diagnosis of tuberculosis 
were censored at date of death, at 1 year after the last 
study visit or maximally on 1 January 1998. 

Variables examined in the risk factor analyses were 
study site, calendar period, patient's gender, age at HIV 
seroconversion, C D 4 T cell count, duration of HIV 
infection, foreign origin and age at initiation of inject
ing drug use. T h e variable site was categorized as 
Amsterdam, the Valencian region of Spain, and Other 
(combining Edinburgh, Geneva, Paris and Innsbruck 
because of the small numbers of tuberculosis diagnoses). 

Table 1. Characteristics of the study population: 
for HIV. 

Characteristic 

Female 
Median age at HIV seroconversion lyears (IQRll 
More than 2 years between negative and positive 
Median HIV seroconversion year IIQRl 
Median years of follow-up HQR) 
Foreign origin 
Median CD4 cell count before tuberculosis (up to 
|x 10''cells/1 (IQR)l 

C D 4 T cell count (categorized as < 100, 100-350 and 
> 350 X 10''cells/1), duration of HIV infection ( 0 -
3 years, 3—6 years, 6 - 9 years, and > 9 years), and 
calendar period (pre-1993, 1993-1995 and 1 9 9 6 -
1997) were evaluated as time-dependent variables, 
allowing their value to vary over time for each person. 
If the interval between two study visits was greater than 
1 year, the C D 4 T cell count was used in the analyses 
for maximally I year to limit Declassification. Partici
pants were considered as being of foreign origin when 
they were not born in the country of follow-up. 

Duration of HIV infection was entered into the 
Poisson regression model and all other variables were 
added in a stepwise forward manner. A P value of 
< 0.05 was considered statistically significant. 

Results 

One-third of the 683 II )U were female and the median 
age at HIV seroconversion was 25 years (Table 1). T h e 
total follow-up time was 3550 yean and, in total, 40 
persons developed a first episode of tuberculosis (either 
pulmonary or extrapulmonary). Of these persons two 
(5%) developed a second episode of tuberculosis, 2 and 
6 years after the first tuberculosis diagnosis, respectively. 
The majority, 62.5% (25), of the tuberculosis cases 
among IDU were pulmonary; 25% (10) were extra
pulmonary and 12.5% (5) of IDU were diagnosed with 
both types at the same time. Median C D 4 T cell count 
prior to (a maximum of 1 year before) the first 
tuberculosis diagnosis was 220 X 10 cells/1 [interquar
tile range ( IQR), 62-458] and was higher for pu lmon
ary tuberculosis (295 X 10''cells/1; I Q R , 110-682) 
than for extrapulmonary tuberculosis (183 X 10'' cells/1; 
IQR, 58-280) (P = 0.25). 

Incidence rates of any first diagnosis of tuberculosis, 
whether pulmonary or extrapulmonary, varied among 
sites from 0 to 23.5/1000 person-years and were high
est for Amsterdam and the Valencian region. Amster
dam and Valencia also had the highest incidence rates 

683 injecting drug users who seroconverted 

Value 

225 (33%) 
25 (22-29) 

HIV test 199(29%) 
19900985-1992) 

5.0(2.7-7.5) 
43 (6%) 

1 year before) 220(62-458) 

IQR, interquartile range. 
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of pulmonary tuberculosis alone at 20.1/1000 person-
years [95% confidence interval (CI). 11.7-34.7] and 
13.5/1000 person-years (95% CI, 8.1-22.4), respec
tively. Extrapulmonary tuberculosis incidence rates 
were lower overall and differed less greatly among sites, 
varying from 0 to 7.4/1000 person-years (Table 2). 

In univariate analyses, the following variables showed 
an association with increased risk of diagnosis of any-
type of tuberculosis: site (Amsterdam and Valencia 
compared with all other sites combined), C D 4 T cell 
count < 100 X 10''cells/1 (compared with > 350 X 
10'' cells/1) and the 1996-1997 calendar period (com
pared with before 1993). Gender, age at HIV sero
conversion, duration of HIV infection, age at initiation 
of injecting, and being of foreign origin showed no 
univariate association with diagnosis of tuberculosis (see 
Table 3). 

In multivariate analyses, the effect of calendar year 
disappeared and, apart from C D 4 T cell count and city, 
duration of HIV infection was revealed as one of the 
risk factors for a diagnosis of tuberculosis. The adjusted 
risk ratio (RR) for tuberculosis (compared with the 
first 3 years of HIV infection) was 2.8 (95% CI, 1.3-
6.3) in year 4 - 6 of HIV infection, 1.2 (95% CI, 0 . 3 -
4.2) in years 7 - 9 and 4.6 (95% CI, 1.4-15.0) for 
> 9 years (see Table 3). Omitt ing the category of 
unknown C l ) 4 T cell count from analyses did not 
substantially change the results, except that the risk 
ratio for the 4 - 6 year category of duration of HIV 
infection lost significance ( R R 2.1; 95% CI, 0 .7-6 .7) . 
Likewise, restricting analysis to IDU with a HIV 
seroconversion interval of 'S 2 years did not substan
tially change results, nor did any of the categories with 
increased risk lose significance. A subanalysis illustrates 
to what extent CD4 cell count does explain at least 
some of the increased risk that is found with duration 
of HIV infection. In a model including site and 
duration of HIV infection, but in which CD4 cell 
count is left out, notably the R R for > 9 years of HIV 
infection increased from 4.8 to 6.7 (95% CI, 2.1 — 

20.7). The analysis of duration of HIV infection as a 
risk factor for tuberculosis did not have enough 
statistical power to test interactions between different 
sites. Extending the final model with the non-signifi
cant variables, one at a time, did not reveal further 
contounders. 

Focusing on diagnosis of first cases with a pulmonary 
site of tuberculosis (30 cases), the same variables came 
out as significant risk factors in multivariate analysis as 
did for the analysis of the first diagnosis of any 
tuberculosis. Multivariate R R values were somewhat 
higher for Amsterdam (22.6; 95% CI, 5.0-101.2) and 
Valencia (21.4; 95% CI, 4.4-104.0) as well as for 
longer duration of HIV infection ( R R , 3.2; 95% CI, 
1.22-8.43 for year 4 - 6 of HIV infection; R R 5.29: 
95% CI, 1.32—21.23 for > 9 years). For extrapulmon
ary tuberculosis (15 cases), Amsterdam and Spain still 
had independently significantly increased R R values, 
but these were four-fold lower than for pulmonary 
tuberculosis, being 6.4 (95% CI, 1.3-31.0) for Valencia 
and 5.1 (95% CI. 1.2-21.8) for Amsterdam. In contrast 
to the findings for any first tuberculosis or pulmonary 
tuberculosis, longer duration of HIV infection did not 
show an association with risk of extrapulmonary tuber
culosis. The effect was much smaller, not significant, 
but in the same direction (results not shown). However 
the power of this analysis was relatively low because of 
the smaller number of extrapulmonary tuberculosis 
end-points (15). 

Discussion 

Among IDU, we found that, besides geographic loca
tion and CD4 T cell count level, the risk of tubercu
losis depends on duration of HIV infection. In our 
study, the risk of tuberculosis was increased almost 
three-fold in a relatively early stage of HIV infection 
(year 4—6) and five-fold in a later stage of HIV 
infection (after year 9) compared with that in the first 

Table 2. Incidence rates for the first episode per site (per 1000 person-years) of any tuberculosis, pulmonary tuberculosis or extrapulmonary 
tuberculosis. 

All sites 
Amsterdam 
Edinburgh 
Geneva 
Innsbruck 
Paris 
Valencia 

First tuberculosis 

Years 
(No. cases) 

3471 (40) 
639 05) 

1041 (1) 
316(2) 
145(0) 
230(1) 

1100(21) 

Incidence rate 
(95% CI) 

11.5(8.5-15.7) 
23.5(14.2-38.9) 

1.0(0.1-6.8) 
6.3 0.6-25.3) 

0 (0-25.4)" 
4.3 (0.6-30.8) 

19.1 (12.5-29.3) 

First pulmonary tuberculosis 

Years 
(No. cases) 

3491 (30) 
646 0 3) 

1041 (1) 
316(1) 
145(0) 
231 (0) 

1112(15) 

Incidence rate 
(95% CI) 

8.6(6.0-1.2) 
20.1 (11.7-34.7) 

1.0(0.1-6.8) 
3.2(0.4-22.4) 

0(0-25.4)" 
0(0-16.0)" 

13.5 (8.1-22.4) 

First extrapulmonary tuberculosis 

Years 
(No. cases) 

3525 0 5) 
674 (5) 

1041 (0) 
316(2) 
145 (0) 
230(1) 

1118(7) 

Incidence rate 
(95% CI) 

4.3 (2.6-7.1) 
7.4(3.1-17.8) 

0 (0-3.5)" 
6.3 0.6-25.3) 

0 (0-25.4)" 
4.3 (0.6-30.8) 
6.3(3.0-13.1) 

CI, confidence interval. 
JOne-sided97.5%CI. 
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Table 3. Univariate and multivariate incidence rate ratios of a first tuberculosis episode by sociodemographic and other characteristics. 

Variable 

Total 
Site 

Other1' 
Amsterdam 
Valencia 

Gender 
Male 
Female 

Age at HIV seroconversion (years) 
S25 
> 2 5 

CD4 cell count (x 
> 350 
100-350 
0-100 
Missing 

Calendar year 
< 1993 
1993-1995 
1996-1997 

Duration of HIV ir 
First 3 years 
Years 4 -6 
Years 7-9 
After 9 years 

Foreign 
No 
Yes 
Missing 

10'' cells/I) 

fection 

Age at start injecting tyears) 
« 2 0 
> 2 0 

Person-years 
(No. cases) 

3471 (40) 

1 732 (4) 
639(15) 

1100(21) 

2300(27) 
1171 (13) 

1765(15) 
1706(25) 

1070(5) 
728(12) 
182(7) 

1491 (16) 

1540(11) 
1287(15) 
644(14) 

1144(9) 
1182(20) 
716(4) 
429 (7) 

3145(36) 
203 (3) 
123 (1) 

1703 (18) 
1768(22) 

Univariate rate ratios 

Incidence rate 
ratio (CI) 

1 
10.2 (3.4-30.6) 
8.3 (2.8-24.1) 

1 
0.95(0.49-1.83) 

1 
1.73 (0.91-3.27) 

1 
1.65 (0.64-4.28) 
5.15 (1.87-14.19) 
1.44(0.61-3.35) 

1 
1.63 (0.75-3.55) 
3.04(1.38-6.70) 

1 
2.15(0.98-4.72) 
0.71 (0.22-2.31) 
2.08(0.77-5.58) 

1 
1.29(0.40-4.20) 
0.71 (0.10-5.18) 

1 
1.18(0.63-2.20) 

Overall 
Pvalue 

< 0.001 

0.87 

0.10 

< 0.001 

0.02 

0.08 

0.86 

0.61 

Multivariate significant rate ratios 

Incidence rate 
ratio-1 (CI) 

1 
13.11 (4.28-40.09) 
15.91 (4.83-52.40) 

1 
1.74(0.66-4.61) 
7.17(2.50-20.58) 
1.33 (0.56-3.18) 

1 
2.80(1.25-6.26) 
1.19(0.34-4.21) 
4.57(1.39-14.97) 

Overall 
Pvalue 

< 0.001 

0.001 

0.015 

LlAll three variables adjusting for each other. 
''Edinburgh, Geneva, Innsbruck, Paris. 

3 years of HIV infection. Years 7 - 9 of HIV infection 
may be a clinically silent period in between, with the 
risk of active disease not being significantly different 
from the risk at the beginning of HIV infection. This 
pattern was even more pronounced if only pulmonary 
tuberculosis was considered, so a higher susceptibility 
for pulmonary tuberculosis earlier in HIV infection and 
a higher susceptibility of extrapulmonary tuberculosis 
later in HIV infection is not a likely explanation. 
However, because of the wide value of the CI for the 
7 - 9 year period, it is also possible that tuberculosis risk 
increases with any duration of HIV infection beyond 
4 yean. 

The interaction between HIV and M. tuberculosis is 
complex. Both pathogens target components of the 
immune system and bidirectionally affect each other 
[1,2]. Pathogen interaction and effect on the immune 
system may cause a change in susceptibility to M. 
tuberculosis with progression of time in HIV-positive 
individuals that does not depend only on the C D 4 T 
cell count. Other immunological aspects of tuberculosis 

and HIV co-infection that may play a role as time 
progresses include changes in cytokine production that 
unbalance the immune system, reduced macrophage 
function, impaired antibody production, depletion of 
antigen-specific T cell clones, and possibly a switch 
from cell-mediated immune responses (T helper 1) to 
humoral responses (T helper 2) [ 1 ]. 

Differences in pathogenesis may be another explanation 
for the variation found in the risk of tuberculosis 
during HIV infection. Possibly, reactivation of latent 
M. tuberculosis infection occurs earlier in HIV infection, 
perhaps followed by a relatively silent period; later in 
HIV infection, (after 9 years in our data), susceptibility 
to new tuberculosis infection is increased. HIV-positive 
persons are known to be susceptible to both reactiva
tion of latent M. tuberculosis infection and to new 
infections of M. tuberculosis, as is demonstrated by-
studies using D N A fingerprinting of M. tuberculosis 
[18-22] . These studies are based on the assumption 
that clustering of D N A patterns reveals recent transmis
sion. To date, no such studies have investigated 
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whether tuberculosis cases earlier in HIV infection 
show less clustering than tuberculosis cases later in HIV 
disease, which would be indicative of remotely ac
quired latent infection. 

For our study, tuberculin skin test results were not 
available at study baseline or during follow-up, so it 
was not possible to stratify tuberculosis incidence for 
skin test reactivity. As in earlier studies, we found 
incidence rates of tuberculosis among IDU to be highly 
dependent on geographic location [14,23], A clear 
gradient of increasing risk from northern to southern 
European countries has been shown in patients with 
AIDS [23]. Our study of IDU at all stages of HIV 
infection showed this gradient less clearly. Nor th
ern and central European cities (Edinburgh, Paris, 
Innsbruck, Geneva) had the lowest incidence rates 
of tuberculosis (0—6.3/1000 person-years). Compared 
with these cities, after adjustment for confounding 
factors, IDU in the Valencian region in Spain had a 
much higher risk, as would be expected based on the 
reported incidence of tuberculosis in the general popu
lation in Spain [24], The 16-fold higher risk that was 
found, however, is much higher than the six-fold 
increased risk that has been reported earlier for south
ern versus northern Europe; however, that study 
concerned all HIV transmission groups combined, not 
only IDU [23]. Remarkably, although Amsterdam is a 
northern European city, it had a 13-fold increased risk 
of tuberculosis compared with the other northern and 
central European cities combined. A good tuberculosis 
case-finding system but no prophylaxis policy in 
Amsterdam may, in part, explain the high incidence 
rates. All patients with tuberculosis in the city are 
reported at the tuberculosis department of the Munici
pal Health Service and this department performs twice 
yearly chest radiographic screening of IDU. In the 
Valencian cohort, a 3-month course of isoniazid with
out previous tuberculin skin testing was provided to 
IDU attending a centre with a methadone maintenance 
programme, while at the other Valencian centres 
prophylaxis was given if a tuberculin skin test was 
positive. In Geneva and in Innsbruck, prophylaxis was 
variously prescribed, such as when close contact oc
curred with someone with tuberculosis, in addition to 
variation in prophylaxis policies, populations of IDU 
differ by region, and perhaps IDU in Amsterdam also 
represent a more underprivileged group than those at 
other study sites, a group with higher rates of active 
drug use or. possibly, a group with more frequent 
social contacts between IDU. Besides regional differ
ences in IDU populations, the Amsterdam cohort study 
may have attracted more marginalized IDU (who live 
on the streets and visit shelters, where the risk of 
infection is greater than at home) because of the low 
threshold to visit the study centre combined with a 12 
euro reward for each study visit. In general, incidence 
rates of tuberculosis in northern and central European 

countries other than Amsterdam are low. probably 
reflecting less environmental exposure to M. tuberculosis. 
The lower rates may also reflect less reactivation of 
latent tuberculosis infection, as an earlier study among 
HIV-positive IDU in Edinburgh concluded that inci
dence of tuberculosis among this group was lower than 
would be expected from historical tuberculin skin test 
data [25]. 

HIV-positive IDU have been shown in many studies to 
have a higher risk of tuberculosis than HIV-negative 
IDU. However, it is not known whether this risk is 
already elevated early in HIV infection. As our data did 
not include HIV-negative IDU, the risk of tuberculosis 
in the first 3 years of HIV infection could not be 
compared with that in HIV-negative IDU. However, m 
our study, incidence rates in the first 3 years of HIV 
infection for IDU in Amsterdam and in Valencia (18.8 
and 7.9 per 1000 person-years, respectively) were ele
vated compared with reported rates m HIV-negative 
IDU in Amsterdam (1.8/1000 person-years [12]), Barce
lona (3.0/1000 person-years [26,27]) and the United 
States (0 among a small group of HIV-negative IDU in 
N e w York [28] and 4/1000 person-years among IDU 
with a positive tuberculin skin test in San Francisco [29]). 

Highly active antiretroviral therapy (HAART) is asso
ciated with reduced risk of tuberculosis in HIV-positive 
persons [6,30], and this effect was indirectly studied by-
adding calendar year to the risk factor analyses. The 
1996-1997 calendar period is the time when H A A R T 
became generally available. In univariate analysis, this 
time period was associated with a three-fold increased 
risk instead of a decreased risk of tuberculosis. In 
multivariate analysis, this effect disappeared and ap
peared to be explained by the longer duration of HIV 
infection in those later calendar years. W e assume that 
we did not find an effect of the H A A R T era on the 
risk of tuberculosis because IDU have been shown to 
have a delay in initiating H A A R T and may be less 
adherent to therapy because of their lifestyle [31-34] . 
Since the 1996-1997 period represents only the first 
2 years that H A A R T was generally available, future 
studies with follow-up later into the H A A R T era, or 
information on individual H A A R T use, are needed to 
show whether risk of tuberculosis among IDU is 
decreased in time of H A A R T . 

A shortcoming of our study is the low number of 
tuberculosis diagnoses (40 end-points), especially for 
the subanalyses of extrapulmonary tuberculosis (15 
end-points). Furthermore, variables addressing social 
aspects such as contacts between IDU were not avail
able, nor were HIV R N A measurements, another 
marker for HIV disease progression. 

We conclude that the risk of tuberculosis in IDU varies 
with the duration of HIV infection. Risk is increased 
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relatively early (years 4 - 6 ) and later in HIV infection 
(after the 9th year). GD4 T cell counts are predictive 
of active tuberculosis when they fill to < 100 X 10 
cells/1, and geographic region is the most important 
risk factor for developing active tuberculosis. IDU in 
southern Europe have a substantially higher risk of 
tuberculosis than IDU in northern and central Europe, 
but Amsterdam is an exception, with very high 
incidence rates among IDU. 

Further research into the clustering (by D N A finger
printing) of tuberculosis depending on the duration of 
HIV infection is necessary to understand the role of 
reactivation and reinfection of tuberculosis over the 
course of HIV infection. D N A fingerprinting of M. 
tuberculosis among IDU in Amsterdam is also necessary 
to examine whether the relatively high incidence rates 
in this city are the result of more reactivation or of 
more recent transmission of tuberculosis, since reactiva
tion of latent tuberculosis infection can be prevented 
by the systematic provision of prophylaxis for HIV-
positive IDU. 
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To describe the spread of hepatitis C virus (HCV) among HCV/human immunodeficiency virus (HIV)-
coinfected injection drug users (IDUs), the molecular epidemiology of HCV was studied among 108 IDUs 
from 7 European countries. Phylogenetic analysis based on the NS5B region showed great sequence variation 
of HCV within each country and no clear phylogenetic clustering by geographic region. The most prevalent 
subtypes were la and 3a, but the percentage of genotype 4 was also relatively high, ranging from 7% in 
northern Europe to 24% in southern Europe. Genotype 4 consisted mainly of subtype 4d and has entered the 
majority of the IDU populations studied. The significantly lower evolutionary distances within subtype 4d 
suggest that this subtype may have entered the European IDU population relatively recently. In conclusion, 
HCV exchange between European IDU populations has occurred on a large scale, and, overall, country-specific 
clustering for HCV was less than that shown for HIV. 

Because of the use of contaminated needles and injec

tion equipment, injection drug users (IDUs) are an 

important risk group for acquiring hepatitis C virus 

(HCV) infection [1-3], Although symptoms in the 

acute phase of infection are usually absent or mild, up 

to 85% of those infected develop chronic hepatitis C 

[1, 4-6], and, over several decades, serious symptoms, 
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such as liver cirrhosis and hepatocellular carcinoma, 

may develop [7, 8]. IDUs are also a well-known risk 

group for infection with HIV, which is also transmitted 

through parenteral exposure, albeit much less efficiently 

than is HCV [1], Coinfections with both viruses are 

common in IDUs [9, 10], with HCV-related liver dis

ease becoming more evident among coinfected indi

viduals in the recent years, since anti-HIV treatment 

has led to increased life expectancy [11, 12]. As is the 
case for HIV, the genome of HCV is highly variable 

because of the lack of proofreading activity during virus 

replication [13]. HCV is classified into 6 different ge

notypes, each consisting of different subtypes. The dif

ferent genotypes are known to differ in their distri

bution, depending both on geographic region and on 

mode of transmission [14]. Of the different HCV sub

types, la and 3a are the predominant subtypes among 

IDUs in Europe [15-17]. HCV is one of the few mi

croorganisms for which genotyping, besides providing 
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epidemiological information, also provides information with 

regard to treatment [ 18]. In the case of infection with genotype 

2 or 3, treatment is more often successful than in the case of 

infection with one of the other genotypes [14, 18-20]. 

From a public health perspective, it is important to know how 

both viruses spread between IDUs. Very few studies have ad

dressed this issue on a European level. For HCV, one study 

determined the extent of transmission of subtypes la and 3a 

among several cities, most of which were in the United Kingdom, 

but the study also included Marseille, France, which is on the 

mainland of Europe, and Melbourne, Australia. It showed that 

none of these cities had a virus population that was completely 

isolated from that circulating in another city. Some regional 

differences were observed—mainly that the virus strains from 

London were the most phylogenetically dispersed [21]. For 

HIV, a study including a greater diversity of European cities 

showed that the genetic relatedness differs between several 

European countries [22]. The HIV epidemic was relatively 

conserved among IDUs in Edinburgh but was relatively diverse 

among IDUs in The Netherlands, Austria, and Switzerland, 

most likely due to multiple virus introductions and, perhaps, 

IDUs with more international contacts. Furthermore, geo

graphical separation between HIV epidemics in northwestern 

Europe and those in southwestern Europe has faded over 

time, probably due to virus exchange between IDU populations. 

For HCV, the genetic relatedness has not yet been studied in 

such a diverse group of cities across Europe, and that HCV 

and HIV share the same transmission route does not necessarily 

mean that the pattern of spread of HCV is similar to that found 

for HIV. 

Since very little is known about the migration of HCV among 

IDUs across Europe or how it compares with that of HIV, we 

investigated both the genotype distribution and the genetic links 

of the HCV strains circulating among different European IDU 

populations coinfected with HCV and HIV. These are the same 

IDU study populations for which the molecular epidemiology 

of HIV has been studied previously, which thereby allows a 

comparison of the phylogenies of both viruses [22]. 

SUBJECTS, MATERIALS, A N D METHODS 

Study subjects and samples. For this study, serum samples 

from 183 HIV-1-positive European IDUs were available. The 

samples were collected as part of the European and Italian 

Seroconverter Studies [22] from sites in Austria (Innsbruck, 

n = 24), Italy (Reggio Emilia and Turin, n = 15), The Neth

erlands (Amsterdam, n = 31), Scotland (Edinburgh and Glas

gow, n = 41), Spain (Alicante and Castellon, n = 30), Swit

zerland (Geneva, n = 22), and France (Paris, Marseille, and 

Nice, n = 20). The samples were collected between 1984 and 

2001, mostly within 1-3 years after HIV seroconversion (table 

1). A study of the phylogeny of HIV was performed previously 

on these same samples [22], 

Serologic testing. Samples were tested for the presence of 

antibodies against HCV by use of a commercial EIA system 

(Monolisa anti-HCV plus, version 2; BioRad). The assay was 

performed in accordance with the manufacturer's instructions. 

No confirmation testing was performed. 

RNA isolation. RNA isolation was performed on all sam

ples containing at least 100 iiL of serum. To increase the yield 

of RNA-positive samples, we used 2 isolation methods. First, 

isolation was performed by use of the QIAamp viral RNA mini 

kits (Qiagen; Westburg). If no RNA was detected by polymerase 

chain reaction (PCR), isolation was performed again, by use 

of the TriPure method. The pellets were resuspended in a vol

ume of 50 /xL containing 10 mmol/L Tris HC1 [pH 8.0] and 

10 U of RNasin (Roche Diagnostics). Both the QIAamp and 

the TriPure isolation procedures were performed in accordance 

with the manufacturer's instructions. All RNA samples were 

stored at —80°C until amplification. 

Reverse-transcriptase (RT) PCR. An RT-PCR targeting the 

core region of the HCV genome was performed on all the 

samples. This PCR was used to test for the presence of HCV 

RNA and to determine the HCV genotype present. On the 

samples that tested positive by this PCR, a second RT-PCR was 

performed, targeting the more-variable NS5B region, which was 

used for phylogenetic analysis. Amplimers were detected and 

analyzed on 10% acryl-amide gels (BioRad). 

Core PCR. The RT-PCR targeting the core region was based 

on the genotyping system described by Ohno et al. [23]. This 

PCR was shown to detect all HCV genotypes [23]. For the first-

round PCR, the AccessQuick RT-PCR system (Promega Benelux) 

was used, and 3 fjL of sample was added to 22 id. of reaction 

mixture, resulting in a volume of 25 iiL containing 1 X avian 

myeloblastosis virus (AMV)/Thermus flavus buffer, 2 mmol/L 

MgSCv 200 rimol/L dNTPs, 400 pg/iiL each primer, 2.5 U of 

AMV RT, and 2.5 U of Tfl DNA polymerase. The PCR program 

consisted of 45 min at 48°C and 2 min at 94°C, followed by 

30 cycles for 30 s at 94°C, 30 s at 55°C, and 50 s at 68°C and 

a final incubation for 7 min at 68°C. For the nested PCR, 2 

iiL of outer PCR product was added to 23 /xL of reaction 

mixture, resulting in a volume of 25 /xL containing IX PCR 

buffer, 2 mmol/L MgCL, 200 jimol/L dNTPs, 800 pg/tiL each 

primer, and 0.5 U of Taq polymerase (Eurogentec). The PCR 

program used for the second-round PCR consisted of 5 min 

at 94°C, followed by 30 cycles for 30 s at 93°C, 30 s at 55°C, 

and 1 min at 72°C and a final incubation for 7 min at 72°C. 

In some samples, we found an additional band of ~200 bp in 

mix 1. These bands were not considered, assuming that they 

were the result of aspecific cross-hybridization of the core prim

ers, in case of a high virus load, as described elsewhere [23]. 

NS5B PCR. The PCR targeting the NS5B region of HCV 
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Table 1. Characteristics of the European cohorts of 183 injection drug users (IDUs) infected with HIV. 

IDUs 

Age, median, (IQR), years 

Female, no. (%) 

Year of starting injection drug 
use, median 

Sample years, min imum-max imum 

Cities 

No. of subjects tested for HCV 
antibody/no of s u b l e t s 
positive for HCV antibody (%) 

No of subjects tested by core 
PCR/no. of subjects positive 
by core PCR (%) 

No. of subjects for w h o m NS5B 
sequences were obtained 

The Netherlands 

31 

34 (30-39) 

11 (35.5) 

1979 

1986-1999 

Amsterdam 

30/30(100) 

31/21 (67.7) 

2C 

Spain 

30 

31 (28-33) 

9 (30 0) 

1986 

1996-1998 

Alicante, Castellon 

30/30(100) 

30/25 (83.3) 

24 

Austria 

24 

28 (25-34) 

12 (50.0) 

1982 

1986-1992 

Innsbruck 

24/22 (91 7) 

24/18 (75.0) 

18 

France 

20 

25 (24-30) 

8 (4O.0) 

1986 

1988-1992 

Pans, Nice, Marseille 

20/20(100) 

20/19(95.0) 

17 

Italy 

15 

26 (23-291 

4 (26.7) 

1989a 

1990-1994 

Reggie Emilia. Turi 

14/14 (100) 

15/10(66 7) 

6 

Switzerland 

22 

29 (26-32) 

9 (40.9) 

' - • - . • 

1988-1997 

Geneva 

21/20(95 2) 

22/8 (36 4} 

6 

Scotland 

41 

27 (23-32) 

12 (29.3) 

1981 

1984-2001 

Edinburgh, Glasgow 

41/34 (82,9) 

16/7 (43.8) 

5 

Total 

183 

29 (25-34) 

65 (35.5) 

1985 

1984-2001 

180/170 (94.4) 

158/108 (68 4) 

96 

NOTE. HCV. hepatitis C 

* Known for only 3 IDUs 

:. IQR. interquartile range: PCR. pol chain reaction. 
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was based on the techniques of Mellor et al. [24] and Cochrane 

et al. [21]. In addition, primers for genotypes 2 and 4 were 

selected, since the core PCR, designed to detect all genotypes, 

indicated the presence of these genotypes. The resulting frag

ments of the NS5B region consist of 465-494 nt, depending 

on the genotype. Table 2 shows an overview of the primers 

used (all primers were obtained from Life technologies). The 

RT-PCR targeting the NS5B region was performed under the 

same conditions as those described for the core PCR (see pre

vious paragraph), with the exception that, in the first-round 

PCR, 1.5 mmol/L MgSO„ was used, and annealing of primers 

took place at 45°C. 

Sequencing. For the sequencing reaction, samples that had 

tested positive by NS5B PCR were ethanol precipitated. Both 

the sense and antisense strands were cycle-sequenced by use of 

the BigDye Terminator (BDT) system (versions 2.0 and 3.0; 

Perkin Elmer Benelux). For both the BDT reaction mixtures 

and the PCR program, the manufacturer's instructions were 

followed, with the adjustment of using 2 ^L of reaction reagent 

(RR) mix combined with 2 /xL of RR buffer, instead of 4 jtL 

of RR mix. Subsequently, the products were purified by use of 

DyeEx spin kits (Qiagen; Westburg), in accordance with the 

manufacturer's instructions. Analysis of the sequencing prod

ucts was performed on an Applied Biosystems 310 automated 

sequencer (Applied Biosystems). 

Phylogenetic analysis. The obtained sequences were aligned 

in the BioEdit sequence alignment editor [25] either by visual 

inspection or using ClustalW Multiple alignment [26]. Phylo

genetic trees for HCV were based on 425 nt of the NS5B region, 

and, for HIV, trees were based on env sequences published 

elsewhere [22]. Neighbor-joining trees and evolutionary dis

tances were calculated with MECA software (version 2.1) [27], 

by use of the Tamura-Nei substitution model with y distri

bution (a = 0.40 for HCV and a = 0.38 for HIV [28, 29]). 

To analyze the stability of the tree topology, bootstrap values 

in = 1000) were calculated. The degree to which HCV circu

lating in one European region (northern, central, or southern) 

was phylogenetically distinct from HCV circulating in another 

European region was measured in terms of an association in

dex (Al), as described elsewhere [21, 30]. In brief, the degree 

of phylogenetic mixing of defined groups (in this case, se

quences from different geographic regions) is scored in a phy

logenetic tree. This value is then compared with the score 

from a tree with the same topology, but with the sequences 

randomly relocated at the tips of the tree; the ratio of the 

observed score to the control score produces the AI. Al values 

approaching zero represent almost-complete segregation of se

quences, whereas values of 5s 1 suggest complete phylogenetic 

mixing (i.e., no more segregation between the regions than 

would be expected by chance). Bootstrap resampling of the 

original sequence data is used to determine the confidence 

Table 2. Primers used in polymerase chain reaction (PCR) tar
geting the NS5B region of hepatitis C virus. 

Primer 

A1 b 10/S) 

F ib (O/A) 

B ib (l/SI 

E1b (l/A) 

2HCV-OS 

2HCV-OA 

2HCV-IS 

2HCV-IA 

A3a (0/S) 

F3a (O/A) 

B3a (l/S) 

E3a (I/At 

4HCV-OS 

4HCV-OA 

4HCV-IS 

Sequence (5'-^3') 

CTGACRACTAGCTGYGGFAAYAC 

CCTGGAGAGTAACTRTGGAGTG 

GCTCCRGGACTGCACSATGCTCGTG 

AATGCGCTRAGRCCATGGAGTC 

GTGTTCACCACYAGCATGGGGA 

WSAGFTCGTGGGGAGWGTATGT 

TGGTRTGTGGMGACGACYTGGT 

GCCCGTGFAGCCFTTCAATTAT 

ACAATCACTTGTTACATCAAGGCC 

TCTACFGGAGAGTAACTGTGGA 

GGAACCCGGACTTTCTTGTC 

CCATGGAGFCTTTCAAFGATTG 

ACCACCAGCTTYGGRAACAC 

TTCGTGTGGAGAGTATCCRTGCA 

CTGAGAGACTGCACSATGYTGGT 

Nucleotide 

position3 

8113-8135 

8678-8699 

8181-8205 

8654-8675 

8110-8131 

8687-8708 

8201-8222 

8644-8665 

8134-8157 

8681-8703 

8186-8205 

8642-8663 

8116-8135 

8681-8704 

8182-8204 

Specific for 

genotype 

1 

1 

1 

1/4 

2 

2 

2 

2 

3a 

3a 

3a 

3a 

4 

: 
• i 

NOTE. All primers are expected to show some degree of cross hybridi
zation to targets of other genotypes. A, antisense; I, inner PCR; 0 , outer PCR; 
S, sense. 

a Numbered as in Choo et al. [31J, 

intervals of the association values obtained. The Al method was 

also used to compare the HCV and HIV phylogenies. The 

method can be used for the comparison of different genome 

regions or different organisms, since it is designed to look at 

the relative positions of sequences in relation to the nodes and 

does not consider branch lengths. 

Statistical analysis. Differences between groups were 

tested by either the Student's f test or the x~ test, by use of the 

SPSS statistical software package (version 9.0). 

Sequence accession numbers. The obtained sequences 

were submitted to GenBank and given the following accession 

numbers: AY131338-AYl 31435. 

RESULTS 

Subject characteristics. The median age of the 183 European 

HIV-positive IDUs was 29 years {interquartile range [IQR], 25-

34 years); 65 (36%) of the IDUs were female. The drugs most 

commonly injected were heroin or heroin plus cocaine. Samples 

were collected between 1984 and 2001. The median time be

tween the initiation of injection drug use and the date of sam

pling was 9 years (IQR, 5-13 years). Not all samples contained 

enough volume to allow both antibody and RNA testing. The 

presence of HCV antibodies was tested for 180 IDUs, of whom 

170 (94.4%) tested positive. For the individual study sites, the 

percentage that tested positive for antibodies ranged from 83% 

to 100% (table 1). 
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HCV RNA prevalence and genotype distribution. Of the 

170 samples positive for HCV antibody, core PCR analysis was 

performed on 150 samples, of which 103 (68.7%) tested positive 

for HCV RNA. Irrespective of antibody status, the total number 

of samples that tested positive by core PCR was 108, in which 

114 strains were detected, including 6 samples with HCV dou

ble infections. Genotyping showed that the European HIV-

positive IDUs are most commonly infected with HCV subtypes 

la and 3a and, to a lesser extent, with genotype 4 and subtype 

lb. Genotypes 2, 5, and 6 were not found in our study pop

ulation. The genotype distribution established by the core PCR 

was the following: la, 36.0%; lb, 11.4%; 3a, 33.3%; 4, 14.0%; 

and 5.3% could not be typed. Six persons had an HCV double 

infection: 4 persons were infected with both type lb and type 

4, 1 person with 3a and 4, and 1 with lb and 3a (table 3). The 

prevalence of the different genotypes varied by geographic re

gion. Geographic region was categorized as northern Europe 

(Amsterdam, Edinburgh, and Glasgow), central Europe (Inns

bruck, Paris, Geneva, Turin, and Reggio Emilia), and southern 

Europe (Marseille, Nice, Alicante, and Castellon). In northern 

and southern Europe, genotype la was the most prevalent ge

notype (44.8% and 41.5%, respectively), whereas, in central 

Europe, genotype 3a dominated (45.5%). From northern to 

central to southern Europe, the prevalence of genotype lb in

creased (6.9%, 11.4%, and 14.6%, respectively), although not 

significantly (P = .32, x2 test). In contrast, the increasing trend 

from northern to central to southern Europe for genotype 4 

was significant (6.9%, 9.1%, and 24.4%, respectively; P = .03, 

X! test). Comparing the genotype distributions of earlier versus 

later samples for each geographic region separately (the cutoff 

for earlier vs. that for later, defined as sample dates below or 

above the median), showed no significant differences. However, 

it must be noted that, for this subanalysis, numbers were small 

because of the extra categorization for calendar period. 

NS5B PCR. Of all samples that tested positive for HCV 

RNA by core PCR, 98 sequences were obtained after a second 

PCR, which targeted the more-variable NS5B region. Com

parison of genotyping based on the core region and genotyping 

based on sequencing of the NS5B region showed a high level 

of concordance: the results of the 2 methods were in agreement 

for 88 comparisons (91.7%). The main difference was that only 

2 HCV double infections were detected by sequencing of the 

NS5B region, versus 6 by core PCR. This is to be expected, 

since core PCR is designed to detect all the genotypes present, 

whereas, in the case of an HCV double infection, sequencing 

of the NS5B region will most likely detect the genotype that is 

present at the highest concentration. 

NS5B phylogenetic analysis. In total, 98 sequences of the 

NS5B region were obtained from samples from 96 IDUs, since 

2 HCV double infections were detected by sequencing of the 

NS5B region. The phylogenetic tree was cut into 3 parts because 

Table 3. Hepatitis C virus genotype distribution by geographic 

region. 

Genotype3 

1a 

1b 

3a 

4 

Not typeable 

Total 

Geographic reg 

Northern 
Europe 

13 (44.8) 

2 (6.9) 

10 (34.5) 

2 (6.9) 

2 (6.9) 

29 (100) 

Central 
Europe 

11 (25.0) 

5 (11.4) 

20 (45.5) 

4(9.1) 

4(9.1) 

44 (100) 

on 

Southern 
Europe 

17 (41.5) 

6(14.6) 

8 (19.5) 

10 (24.4) 

0 

41 (100) 

Overall 

41 (36.0) 

13 (11.4) 

38 (33.3) 

16 (14) 

6 (5.3) 

114 (100) 

NOTE. Data are no. (%) of sub le ts . Northern Europe: Amsterdam, Ed
inburgh, and Glasgow; central Europe: Innsbruck, Paris, Geneva, Turin, and 
Reggio Emilia; southern Europe: Marseille, Nice, Alicante, and Castellon. 

a The strains found in 6 HCV double infections are included separately in 
the genotype distribution. These included 1 injection drug user (IDU) with 1b 
and 4 (northern Europe), 1 IDU with l b and 3a (central Europe), 3 IDUs with 
1b and 4 and 1 IDU with 3a and 4 (southern Europe), 

of its large size (figures 1A-1C). As can be seen in figure 1A, 

all study sites are represented in the tree of genotype 1. Although 

2 strains or small groups of strains from the same city can 

sometimes be found located together in the tree, the overall 

picture is very mixed. Especially strains from The Netherlands 

and France are found throughout the tree. In the part of the 

tree representing subtype 3a, strains from all cities are again 

highly dispersed (figure IB). For genotype 4, only 1 strain clus

tered with the 4a reference strain (figure 1C). The other strains 

clustered with the subtype 4d reference strain. Strains from 

most countries are seen in this part of the tree, although the 

strains from southern Europe dominate. Strains 108 and 109, 

which are derived from 2 IDUs from Marseille who were broth

ers, are identical and were both obtained on the same date. 

Possibly, these IDUs had infected each other in the period close 

to sample collection. The 2 subtype 4d strains from Amsterdam 

originate from IDUs with foreign nationalities (Irish and Ger

man). Compared with those of the other subtypes, the distances 

between the different strains of subtype 4d are clearly smaller. 

This is supported by the mean evolutionary distances (ex

pressed as proportion of nucleotide difference), which are sig

nificantly lower for subtype 4d than for la, lb, or 3a (by use 

of the Tamura-Nei substitution model; mean, 0.014 vs. 0.067, 

0.055, and 0.047, respectively; P<.001, Student's f test). 

Comparing HIV and HCV sequence diversity among Eu

ropean IDUs. HIV sequences of the V3 region were available 

for 145 IDUs from the same study population (22], partially 

overlapping the 96 IDUs for whom we obtained HCV se

quences. For the group of IDUs for whom both an HCV and 

an HIV sequence were obtained (n = 65), both the HCV and 

the HIV phytogeny are shown (figure 2). Comparing the phy

togenies of these 2 viruses with the individual level indicates 

that, in most cases, HCV and HIV do not seem to have been 
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Figure 1. Neighbor-joining tree based on the Tamura-Nei substitution model with a 7 distribution (a = 0.40). Bootstrap values higher than 70 are 
shown (n = 1000}. A, Hepatitis C virus (HCV) NS5B genotype 1. B, Hepatitis C virus NS5B genotype 3. C, Hepatitis C virus NS5B genotype 4. 
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Figure 2. Hepatitis C virus (HCV)/NS5B and HIV/em phylogeny. Neighbor-joining tree based on the Tamura-Nei substitution model with a 7 

distribution {a = 0.40 for HCV and a = 0.38 for HIV [28. 29j). The HCV type is indicated next to the HIV tree. 



60 Chapter 5 

transmitted simultaneously or between the same individuals. 

Concerning the degree of phylogenetic mixing for both viruses, 

it seems that HIV sequences from the same city were more 

often located together than were HCV sequences from the same 

city, although differences between the trees are difficult to assess 

visually. Therefore, for both HCV and HIV, the degree of phy

logenetic mixing of the sequences in the different European 

regions was measured by calculation of Al values (northern vs. 

central, northern vs. southern, and central vs. southern Europe) 

(table 4). This method allows the use of all available sequences 

for each virus (HIV, 145 IDUs; HCV, 96 IDUs) and the quan

tification of the degree of phylogenetic mixing. In general, the 

AI values were somewhat higher for HCV than for HIV (higher 

values reflecting a higher degree of phylogenetic mixing of virus 

between 2 regions; table 4). For HCV subtype 3a, there is a 

modest degree of sequence segregation between the sequences 

from northern Europe and those from central and southern 

Europe (AI, 0.56 and 0.60, respectively), whereas sequences 

from central and southern Europe had an AI of 1.05, which 

means that they were undifferentiated. Such a difference in the 

degree of phylogenetic mixing between the sequences from 

northern Europe and the sequences from central and southern 

Europe was not found for subtype la, which showed a modest 

degree of segregation of sequences from all the different Eu

ropean regions (AI, 0.65-0.79). HCV subtypes lb and 4d could 

not be analyzed, because of the small numbers of sequences. 

DISCUSSION 

We have shown that transmission of HCV between IDU pop

ulations from different European cities has occurred on a very 

large scale, since strains from all the different European cities 

are highly dispersed throughout the phylogenetic tree. Also, the 

HCV epidemic within each European city is diverse, as multiple 

strains of various subtypes circulate within each country. Over

all, country-specific clustering for HCV was somewhat less than 

that shown previously for HIV in this same study population. 

Contrary to that for HIV, the HCV phylogeny showed no clear 

division between epidemics in northwestern Europe and those 

in southwestern Europe. Furthermore, the HCV-infected pop

ulations in most cities were visibly phylogenetically dispersed, 

whereas, in a study of HIV in this same study population, this 

finding was shown only for Amsterdam, Innsbruck, and Geneva 

[22]. Our finding that, for the most part, AI values were higher 

for HCV than for HIV' confirms a higher degree of HCV ex

change in Europe. This lower degree of country- and region-

specific clustering for HCV could be due to the fact that, com

pared with HIV, HCV entered the IDU population as soon as 

injection drug use became popular in the late 1960s, which is 

almost 2 decades before HIV entered this population [32, 33]. 

This, together with the fact that, during parenteral exposure, 

Table 4. Association indices between different geographic 
regions, for hepatitis C virus (HCV) subtypes 1a and 3a and HIV. 

Association indexa 

Region HCV la HCV 3a HIV 

Northern Europe and central 
Europe 0.79 0 56 0.72 

Northern Europe and southern 
Europe 0.65 0 60 0.49 

Central Europe and southern 
Europe 0.68 1.05 0 59 

NOTE. Northern Europe: Amsterdam, Edinburgh, and Glasgow; Central 
Europe: Innsbruck, Paris, Geneva, Turin, and Reggio Emilia; southern Europe: 
Marseille, Nice, Alicante, and Castellon. 

Measure of segregation between 2 groups of sequences Values ap
proaching zero represent almost complete segregation, whereas values of ^ 1 
suggest no more segregation between the regions than would be expected 
bv chance [21, 301. 

HCV is transmitted up to 10-fold more efficiently than is HIV 

[1], probably has allowed HCV to enter the IDU population 

through more introductions than HIV and to have circulated 

up to 20 years longer in this specific population. This may also 

explain why directly comparing HCV phylogenies of IDUs for 

whom sequences of both viruses were available with HIV phv-

logenies of the same IDUs does not indicate simultaneous trans

mission of HIV and HCV in the majority of cases. In most 

cases, HCV was probably already present before HIV infection 

was acquired. For all IDUs included in the present study, the 

most likely route of HIV infection reported was injection drug 

use. However, we cannot completely rule out the possibility 

that sexual transmission of HIV could play a role in the differing 

patterns of HIV and HCV spread, since, unlike HCV, HIV is 

also sexually transmissible, and the proportion at which these 

2 transmission routes contribute to the transmission of HIV 

in the present study population is not clear [34, 35]. A final 

explanation could be that it has been well established that an 

individual can be coinfected with 2 different HCV strains [36-

38] or acquire a new infection after clearing the first, whereas, 

for HIV, this is thought to be less likely. 

It has been shown that clearance of HCV occurs in ~20% 

of infected persons [39, 40]. This finding explains a major part 

of the discrepancy between the number of subjects positive for 

antibody and the number of subjects positive for RNA (68.7% 

of those positive for antibody) found in the present study. 

Different storage conditions and different cycles of freezing and 

thawing, for earlier research purposes, may also have influenced 

the sample quality, since the percentage of subjects positive for 

HCV RNA varied largely by site of origin (36%-95%). The 

overall proportion of samples positive by PCR is similar to that 

found in the study of HIV conducted in the same study pop

ulation (71%), with the variation by site being similar as well 

[22]. Also, RNA-negative samples were stored a median of 3 

years longer than were positive samples (sample years 1991 vs. 
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1994; P = .04, Student's t test). It is a unique situation that 

stored samples from so many different countries were available 

for the present study. Since it is to be expected that the age of 

the samples would have some effect on detection of RNA, a 

68.7% RNA-positivity rate for the samples positive for HCV 

antibody can be considered to be a relatively good result. 

As is the case for the general IDU population, the present 

study has shown that, among HIV-infected IDUs, subtypes la 

and 3a are the most prevalent subtypes [15-17]. No IDU in 

our study was infected with genotype 2, 5, or 6. We did, how

ever, find a relatively high percentage of infections with ge

notype 4 (overall 14.0%), increasing from 6.9% in northern 

Europe to 24.2% in southern Europe. Genotype 4 is predom

inantly found in Africa, where it has been reported in countries 

such as Cameroon, Gabon, the Central African Republic, and 

Egypt, a country known for its extremely high prevalence of 

genotype 4 infections [14,41]. Although not all Egyptian studies 

investigated subtype distributions, the majority of the type 4 

infections further subtyped are subtype 4a [42], whereas, in 

Saudi Arabia, subtype 4d is reported to circulate [43]. Recently, 

genotype 4 has also been reported in low percentages in the 

general populations, as well as among IDUs, of several Euro

pean countries [17, 37, 44, 45]. Furthermore, genotype 4 was 

found in 7.5% of hemodialyzed patients in a Belgian study and 

in 5.2% of the general population of Vienna, Austria [17,46], 

but most prevalences of genotype 4 that are >5% are reported 

in France and more-southern European countries [47-50]. In 

the present study, all but 1 of the genotype 4 infections were 

subtype 4d. Two of the studies reporting genotype 4 in Europe 

also report subtype 4d [50, 51]. Our study has shown that 

subtype 4d has entered the majority of the European IDU pop

ulations studied. Scotland and Switzerland are the only coun

tries in the present study in which subtype 4d was not detected, 

but the number of RNA-positive samples from both countries 

was low. Speculating on the origin of the specific subtype 4d, 

which is now circulating among European IDUs, is difficult 

with these data. We do know, however, that subtype 4d was 

introduced into the IDU population at least 13 years ago, be

cause 1 subtype 4d strain was derived from an IDU in Nice as 

early as 1989. Also, in Marseille, Amsterdam, and Innsbruck, 

subtype 4d strains were found in samples obtained early (1990 

and 1991). To our knowledge, no other study has reported 

genotype 4 in European IDUs as early as this. Perhaps, the high 

prevalence of genotype 4 infections in southern Europe is due 

to this region's proximity to Africa. However, in the present 

study, the samples derived from Spain were also the most recent 

samples obtained (1996-1998), suggesting that, perhaps, the 

high prevalence of genotype 4 in Spain may reflect an increasing 

spread of genotype 4 among IDUs in recent years. Such an 

effect of calendar time on the prevalence of genotype 4 would 

be in accordance with the findings of 2 previous studies as

sociating genotype 4 in Europe with recent transmission [17, 

44]. In general, sequences tend to become more heterogeneous 

over time, and, therefore, a recent spread of genotype 4 is also 

supported by the fact that the subtype 4d strains in the present 

study have significantly shorter evolutionary distances than the 

other subtypes. Even among subtype 4d strains derived from 

different countries, the similarity was great. This observation 

also indicates that subtype 4d most likely did not enter the 

IDU population by many introductions, since a greater se

quence variation should otherwise have been observed. Because 

of the extent of homogeneity of subtype 4d strains across Eu

rope, we propose that genotype 4d was most likely introduced 

into the European IDU population relatively recently by only 

1 or a few introductions and was thereafter transmitted between 

IDUs across European borders. 

The distribution of HCV genotypes is of particular impor

tance, since genotypes vary in their response to treatment, with 

genotypes 1 and 4 showing lower success rates than genotypes 

2 and 3 [14, 18]. This is of importance for southern Europe, 

which is the region with the highest proportion of IDUs in

fected with genotype 1 or 4 in the present study (81% in south

ern Europe vs. 66% and 56% in northern and central Europe, 

respectively). Prevention of HCV among IDUs has been shown 

to be difficult [52, 53], as illustrated by a strong decline in the 

incidence of HIV infection among IDUs in recent years that 

has not been matched by a similar decline in the incidence of 

HCV infection. Prevention campaigns, harm-reduction pro

grams, and a shift to noninjection drug use apparently have 

had less effect on transmission of HCV than on HIV, despite 

the fact that, in IDUs, both viruses share the parenteral trans

mission route [54-56]. Although they have not yet been in

vestigated, differences between the 2 viruses, such as a higher 

background prevalence of HCV among IDUs and its higher 

transmission efficiency, may play a role in this phenomenon 

[57]. In future efforts to prevent HCV infection among IDUs, 

the high degree of virus exchange between IDUs across Eu

ropean borders is an issue to consider. 
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Infection with concurrent multiple hepatitis C virus 
genotypes is associated with faster HIV disease 

progression 

Liselotte van Asten3 and Maria Prinsa for the European Seroconverter 

Study among injecting drug users* and the Italian Seroconverter 

Study* 

Objective: To elucidate the importance of hepatitis C Virus (HCV) genotype in HIV 
disease progression. 

Design: This study was conducted among 126 HIV/HCV co-infected drug users with a 
known interval of HIV seroconversion whose HCV genotype was known early in HIV 
infection. Both clinical progression (to AIDS) and immunological progression (to a 
CD4+ T-cell count of 200 X 106cells/l) by HCV genotype were studied using Cox 
proportional hazards analysis. 

Results: The median duration of follow-up was 7.3 years [interquartile range (IQR), 
4.6-10.1 yearsl. The majority of the HCV infections concerned genotype 1 and 
genotype 3; The distribution was: HCV type 1: 48%, HCV type 3: 34%, HCV type 4: 
13%, multiple HCV types: 5%. Concurrent multiple infections consisted of HCV 
genotypes 1b+3a, 1 b+4 and 3a+4. HCV genotype 1 and multiple HCV genotype 
infections were associated with faster immunological progression [hazard ratio (HR), 
2.02; 95% confidence interval (CI), 1.04-3.92 and HR, 2.74; 95% CI, 0.95-7.90, 
respectively]. Multiple HCV genotype infection was also associated with faster clinical 
progression (HR, 3.36; 95% CI, 0.82-13.79). These hazard ratios increased further 
and were all significant when analyses were limited to data in the pre-HAARTera (HR, 
3.92; 95% CI, 1.51-10.20; HR, 4.38; 95% CI, 1.04-18.40 and HR, 6.54; 95% CI, 
1.39-30.76, respectively). 

Conclusion: HIV disease progression differs by HCV genotype and is especially faster 
in individuals whose HCV infection involves more than one HCV genotype. The effect 
of HCV genotype on HIV progression was greater in the pre-highly active antiretroviral 
therapy (HAART) era, suggesting that the effectiveness of HAART may diminish the 
effect of HCV genotype on HIV disease progression, c 2004 Lippincott Williams & Wilkins 
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Introduction 

The effect of hepatitis C virus (HCV) infection on 
HIV disease progression remains controversial. It has 
been suggested that discordant results from different 
studies may be due to H C V genetic heterogeneity [1], 
but studies of this issue are rare. Among haemophihc 
men H C V genotype 1 appears to be associated with 
faster HIV progression [2-4] . The effect of infection 
with H C V type 4. a genotype on the rise among 
injecting drug users (IDU) [5,6], and the effect of 
infection with concurrent multiple H C V types has not 
been studied at all. Furthermore it is also unknown 
whether highly active antiretroviral therapy (HAART) 
changes an effect of H C V genotype on HIV disease 
progression. As HCV infection is almost universal 
among HIV-infected IDU we investigated HIV disease 
progression among IDU for whom the HCV genotype 
was known early in HIV infection. Their interval of 
HIV seroconversion was also known, so that bias by 
unknown duration of HIV infection was not present 
PI-

Methods 

T h e study population comprised 126 IDU co-infècted 
with HIV and HCV, and receiving no treatment for 
H C V . For each IDU, dates of a seronegative and 
seropositive HIV test were documented. These HIV 
seroconverters originated from cohorts in seven Eur
opean countries: the Netherlands, Spain, Austria, 
France, Switzerland, Italy and the UK (Scotland) [8,9], 

For 104 of the 126 IDU, the H C V genotype was 
determined using a reverse transcriptase (RT)-polymer-
ase chain reaction (PCR) targeting the core region of 
the H C V genome [5,10]. All such testing was con
ducted at the Municipal Health Service in Amsterdam. 
For the remaining 22, information on HCV genotype 
was determined by the line probe assay protocol [11] at 
each study centre. For the majority of all 126 IDU, the 
H C V genotype was determined early in HIV infection 
[median 1.4 years following HIV seroconversion, inter 
quartile range ( IQR), 0 .7-3 .3] , 

The effect of HCV genotype on HIV disease progres
sion (both clinical and immunological progression) was 
assessed in a Cox proportional hazards model. As pre-
AIDS mortality (i.e. death occurring among individuals 
who have not yet progressed to an AIDS-defining 
diagnosis) due to natural causes is high among drug 
users and associated with HIV disease progression 
[8,12], clinical progression was defined as progression 
to AIDS (125 IDU) or pre-AIDS death (five IDU) for 
which we excluded non-natural causes of death such as 
accidents, suicide, overdose and homicide. Immunolo

gical progression was defined as progression to a C D 4 + 
T-cell count of 200 X 106 cells/1. Y-or IDU who did 
not progress to an endpomt follow-up was censored at 
death (for clinical progression: pre-AIDS death from a 
non-natural cause), loss to follow up, or the censor date 
(maximally 1 January 2002). For the analyses of 
progression to the first C D 4 + T-cell count of 
200 X 10 cells/1 persons were also censored if the 
interval between two study visits was greater than 1 
year. This was done to limit the risk of assigning 
inappropriately long follow-up to IDU whose CD4 
cell count potentially may have dropped to 
200 X 106 cells/1 in the time-period in which no CD4 
measurements were available. IDU for w h o m no data 
were available on C.D4+ measurements (13 IDU) or 
whose C D 4 + measurement was already 
=£ 200 X 10" cells/1 at study entry (five IDU) were 
excluded, limiting the analysis of immunological pro
gression to 108 out of 126 IDU. In this subgroup the 
H C V genotype distribution did not differ from that in 
the total group. In line with previous studies [2,13|, 
HCV genotype 3 was defined as the reference category. 
T o study the effect of H C V genotype with H A A R T , 
analyses were repeated on data limited to the pre-
F1AART era. Data was censored when H A A R T 
became available, which was between March 1996 and 
September 1996 depending on the study site. 

Results 

The complete group of 126 HIV-positive IDU with a 
known H C V genotype was studied for a total follow-
up time of 865 years since HIV seroconversion. 
Demographic characteristics and H C V genotype dis
tribution are shown in Table 1. Of I D U for whom 
information on antiretroviral treatment was available 
and who were still AIDS-free and in active follow-up 
on the following dates: 60% (50 of 84) had initiated 
H A A R T by July 1997 and this had increased to 75% 
(58 of 77) by 1 January 1999. 

Clinical progression 
In the p r e - H A A R T era, IDU infected with concurrent 
multiple HCV types showed a significantly elevated 
risk of clinical progression, compared to IDU infected 
with HCV genotype 3 [adjusted hazard ratio (HR) for 
all genotyping methods, 6.54; 95% confidence interval 
(CI), 1.39-30.76, Table 2[. Including data of the 
H A A K T era, the risk of progression was elevated to a 
lesser extent and not significant (adjusted H R , 3.36: 
95% CI, 0.82-13.79). However, for this total period, 
when limiting the analyses to IDU for whom the 
genotype was determined by the same typing method 
(PCR of the core region) the hazard ratio increased 
and became significant (adjusted H R , 4.41; 95% CI, 
1.05—18.57, not shown in table). N o statistically sig-
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Table 1. Characteristics and hepatitis C virus (HCV) genotype distribution for 12b HIV-HCV 
co-infected injecting drug users. 

Characteristics 
Follow-up (median, IQ) 
Age at HIV seroconversion (median. 
Female (n, %) 

HCV genotype'1 

HCV type 1 

HCV type 2 

HCV type 3 

HCV type 4 

Multiple HCV types 

Total 

n(% of total) 

60 (48%): 

1 (1%): 

43 (34%) 

16(13%): 

6 (5%): 

126(100%) 

IQRI 
7.3 years (4.6-10.1) 
27 years (24-3.3) 
40 (32%) 

Subtype distribution 
n (% of specific genotype) 

subtype 1 a 
subtype lb 
subtype 1 

subtype 2 

subtype 3a 
subtype 3 

subtype 4 

subtype 1 b+3a 
subtype 1 b+4 
subtype 3a+4 

47 (78%) 
9(15%) 
4 (7%)b 

1 (100%) 

41 (95%) 
2 (5%)b 

16(100%)' 

1 (17%) 
4 (67%) 
1 (17%) 

Determined by 
core PCR 

49 (82%) 

0 (0%) 

38 (88%) 

11 (69%) 

6(100%) 

104(83%) 

•"Genotype determined by polymerase chain reaction of the core region ( n = 104) or Inno-LiPA 
assay (n = 22). '' Subtype not specified. ' For 11 IDU, sequencing of the NS5 region showed 
that 10 (917o) harboured subtype 4d and one (9%) harboured subtype 4a. IQR, inter quartile 
range. 

Table 2. Hazard ratios for progression to AIDS or pre-AIDS death of a natural cause by hepatitis C virus genotype 

Hepatitis C 
geno(\ |>f 

Genotype 3 
Genotype 1 
Genotype 4 
Multiple types 

No. IDU 
(cases'1) 

43 (11) 
60(17) 
16(4) 

6(3) 

Person 
years 

404 
310 
120 
31 

Total study period 

Adjustedb HR 
(95% CD 

1 
1.23 (0.55-2.76) 
0.83 (0.25-2.77) 
3.36(0.82-13.79) 

P-value 

Overall: 0.35 

0.62 
0.76 
0.09 

No. IDU 
(cases'') 

39(6) 
53(7) 
15(1) 
6(3) 

Person 
years 

233 
185 
"1 
21 

Pre-H AART era' 

Adjusted1' HR 
(95%CI) 

1 
1.07(0.35-3.25) 
0.49 (0.05-4.56) 
6.54(1.39-30.76) 

P-value 

Overall: 0.06 

0.88 
0.52 
0.02 

'HCV type 2 excluded due to inadequate numbers for analysis lone injecting drug user (IDU)]. ''Adjusted for age at HIV seroconversion, 
geographic region and setting of recruitment. 'Pre-highly active antiretroviral therapy (HAART) era: time period prior to the general availability of 
HAART for HIV. HAART became available between March 1996 and September 1996 depending on the study site. dNumber of IDU who 
developed AIDS or died prior to AIDS (excluding non-natural causes of death such as overdose, suicide, accidents and homicide). HR, hazard 
ratio: 95% CI, 95% confidence interval. 

nificant differences in clinical progression were seen 

between IDU infected with genotype 3 (the reference 

category) and genotypes 1 or 4 (adjusted H R , 1.23; 

95% CI , 0 .55-2 .76 and H R , 0.83; 95% CI, 0 .25-2 .77 , 

respectively, for the total study period). 

Immunologic progression 
Immunologic progression of HIV infection was faster 

among IDU infected with multiple HCV genotypes 

compared to IDU infected with H C V genotype 3 

(adjusted H R . 2.74; 95% CI, 0 .95-7 .90; P = 0.06, 

Table 3). It was significantly increased among IDU 

infected with HCV genotype 1 (adjusted H R . 2.02; 

95% CI, 1.04-3.92). Limiting analyses to IDU for 

whom routine C D 4 + measurements were initiated 

within 1 year from HIV seroconversion (64% of the 

study population), showed no substantial change in the 

hazard ratios. Analyses limited to those IDU whose 

genotype was determined by P C R of the core region 

also yielded negligible change. However , as with 

clinical progression, limiting the analyses to the pre-

H A A R T era greatly increased the risk for IDU infected 

with multiple H C V genotypes (adjusted H R . 4.38: 

95% CI, 1.04-18.40 compared to genotype 3). For 

IDU infected with genotype 1 the risk also increased 

(adjusted H R . 3.92; 95% CI, 1.51-10.20). For the 
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Table 3. Hazard ratios for progression to a CD4+ T-ccll count of 200 x 10fa cells/1 by hepatitis C virus genotype 

Hepatitis C 
genotype'1 

Total study period Pre-HAART era' 

No. IDU Person 
(casesd) years 

Adjusted1' HR No. IDU 
(cases'1) Person years 

Adjusted1' HR 
(95% CI) P-valu 

Genotype 3 
Genotype 1 
Genotype 4 
Multiple types 

38(16) 
51 (27) 
13(4) 
6(5) 

231 
226 

89 
30 

Overall: 0.04 

2.02 (1.04-3.92) 
0.66(0.22-2.00) 
2.74 (0.95-7.90) 

0.04 
0.47 
0.06 

34(6) 
43 (18) 
12(2) 
6(3) 

146 
145 
57 
22 

3.92 (1.51-10.20) 
1.01 (0.20-5.141 
4.38(1.04-18.40) 

Overall: 0.02 

<0.01 
0.99 
0.04 

JHCV type 2 excluded due to inadequate numbers for analysis [one injecting drug user (IDU)J. ''Adjusted for age at HIV seroconversion, 
geographic region and setting of recruitment.' Pre-highly active antiretroviral therapy (HAART) era: time period prior to (he general availability of 
HAART for HIV. HAART became available between March 1996 and September 1996 depending on the study site. ''Number of IDU who 
progressed to a CD4 T-cell count of 200 X 10b cells/1 or less. HR, hazard ratio; 95% CI, 95% confidence interval. 

total study period, we analysed IDU infected with 
genotype 1 in whom the suhtvpes were known (la or 
lb) finding that subtype la was associated with an 
elevated risk of immunologic progression whereas 
subtype lb was not (adjusted H R , 2.10; 95% CI, 1.01 — 
4.35 'and H R , 0.86; 95% CI, 0 .19-3 .92 , respectively) 
compared to genotype 3. Defining genotype 1 as the 
reference category instead of genotype 3 further re
vealed that for the total study period, immunologic 
progression of IDU infected with genotype 4 is 
significantly slower than that of IDU infected with 
genotype 1 (HR, 0.33; 95% CI, 0 .11-0.96) . 

Discussion 

This study shows that among IDU, HIV disease 
progression differs with H C V genotype, being espe
cially enhanced in those harbouring HCV infection 
involving more than one H C V genotype. 

The effect of genotype on HIV progression appears to 
have been much greater in the p r e - H A A R T era. 
suggesting that the effectiveness of H A A R T may 
diminish the effect of HCV genotype on HIV disease 
progression. 

T o our knowledge, only one other study on this issue 
included IDU as part of the study population (75%) 
113] although with unknown duration of HIV infec
tion. Unlike studies among haemophilic men |2 —4], 
they found no difference in clinical progression of HIV 
between individuals infected with different H C V geno
types. W e likewise found no effect of genotype 1 on 
clinical progression, but we did find genotype 1 to be 
associated with faster immunological progression than 
genotype 3. Interestingly, further analyses of our 
genotype 1 cases linked this effect to subtype la and 
not to subtype lb . 

I he effect of infection with genotype 4 or with 
multiple H C V genotypes on HIV disease progression 

has not been analysed previously in any HIV risk 
group. Among our IDU the number with multiple 
H C V infections was small but showed HIV disease 
progression to be significantly enhanced in this group 
in the p r e - H A A R T era. As a greater frequency of 
unsafe injecting might be expected to be associated 
with greater risk of multiple genotype infection, these 
infections may be a surrogate marker for exposure to 
other blood-borne infectious pathogens which may 
contribute to faster progression. However, this is not a 
likely explanation since no effect of lifestyle factors on 
HIV disease progression so tar has been observed 
among I D U [14], H o w multiple genotypes may cause 
faster HIV disease progression is not known. Sabin et 
al. [2] suggest two mechanisms which possibly play a 
role in the association between HCV genotype and 
HIV disease progression. Firstly, any direct interaction 
between H C V and HIV may differ by H C V genotype 
and further, C D 4 cell proliferation within hepatic tissue 
might be H C V genotype-dependent and may affect 
HIV proliferation. 

Different combinations of (sub)types 3a, l b and 4 were 
found among IDU infected with multiple genotypes. 
In individuals infected with only one genotype, neither 
subtype 1 b nor type 4 was associated "with increased 
HIV progression compared to genotype 3, ruling out 
the possibility that a specific subtype was singly respon
sible for the increased risk associated with multiple 
genotypes. In our study, median C D 4 + cell counts at 
the date of HCV sampling were lower in IDU with 
multiple H C V genotypes (233 X 1()f' cells/1; I Q R . 
201-738) than in others (500 X 106 cells/1: IQR, 
3 0 8 - 7 2 0 , but not significantly P = 0.40), although 
time since seroconversion did not differ ( P = 0 . 2 1 ) . 
This finding may reflect a detrimental impact of multi
ple genotype infections on HIV disease progression, 
but conversely it might reflect a greater susceptibility to 
multiple genotype infections among faster progressors, 
or a faster outgrowth to detectable levels of multiple 
H C V genotypes that were either acquired early in HIV 
infection or even prior to HIV infection. The numbers 
in our study were small, and statistical methods taking 
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into account small groups in a Cox regression model 
are not available; Cox regression with small numbers 
may yield confidence intervals that are too narrow 
[15]. Thus although a strong effect of multiple HCV 
genotype infection was found in the present study, this 
result needs confirmation in larger studies. The neces
sary data however, are sparse and difficult to obtain and 
our study is the first with individuals for whom the 
H C V genotype was determined early in HIV infection. 
Studies that have longer follow-up in the H A A R T era 
are also necessary to determine whether any effect of 
H C V genotype on HIV disease progression remains 
now that H A A R T is available. How, biologically, 
H A A R T and HIV interact with HCV is not clear as 
studies report conflicting results [16]. 

Bias may also have been introduced into our study 
through technical aspects of H C V genotype determina
tion. First, we used genotyping results from two differ
ent methods, although 83% were determined by the 
same in-house P C R , and limiting analyses to these 
results did not substantially change the hazard ratios, 
but for IDU infected with multiple HCV types 
statistical significance was reached. Second, both tests 
are able to pick up multiple genotype infections, but 
how much either test misclassifies multiple infections as 
single infections is unknown. If such misclassification is 
at random, it causes an underestimation of an associa
tion, meaning that possibly multiple HCV genotype 
infections are associated with an even greater risk of 
HIV progression than our study has revealed. How
ever, multiple infections that are misclassified as a single 
genotype infection may possibly represent a select 
group of IDU in whom the predominant genotype is 
picked up and other genotypes are missed due to 
presence at very low levels. H o w this would affect 
results is not clear, but this study does show that for 
IDU in whom mixed infections are detected, HIV 
disease progression is enhanced. 

A complicating factor when assessing the impact of 
H C V genotype on HIV disease progression is that 
HCV infection can be cleared and that infection with 
one genotype does not protect against infection with 
another. Therefore an individual who remains ex
posed to H C V (e.g., by risky injecting behaviour), 
may switch from one genotype to another over time 
or switch from one genotype to multiple genotypes 
and vice versa, or in due course clear H C V R N A 
altogether [17]. Notably, for the present study we 
assessed the effect of the H C V genotype that was 
present early in HIV infection. In future, due to the 
possibility of re-infection and clearance, HCV geno
type should ideally be measured prior to HIV infec
tion and longitudinally at different time-points within 
HIV-infected individuals to gain a better understand
ing of the effect of H C V genotype on HIV progres
sion. 
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Pre-seroconversion immune status predicts the rate of 
CD4 T cell decline following HIV infection 

Liselotte van Asten3, Figen Danisman3, Sigrid A. Ottob, José A. M. 
Borghansb, Mette D. Hazenbergb, Roel A. Coutinhoac Maria Prins3 

and Frank Miedemabc 

Objective: To study whether immune status prior to HIV seroconversion predicts CD4 
T cell decline during HIV infection. 

Design: Prospective cohort study including 51 injecting drug users (IDU) who were 
HIV negative at study entry and seroconverted for HIV during follow-up. 
Methods: Cryopreserved peripheral blood mononuclear cells obtained before HIV 
seroconversion were used to measure naive (CD45RO-CD27+), memory 
(CD45RO+CD27+), and total CD4 T cell numbers, the fraction of dividing KJ67+CD4+ 
T cells, and CD4 T cell receptor excision circles (TREC). The effect of pre-seroconver
sion immune status, as defined by these markers, on the rate of CD4 T cell decline 
during HIV infection was assessed using linear regression for repeated measurements. 
Results: IDU with low pre-seroconversion CD4 T cell TREC contents lost CD4 T cells 
at a significantly faster rate during HIV infection than those with a high CD4 T cell 
TREC content. IDU with higher pre-seroconversion CD4 T cell numbers had a 
significantly steeper CD4 T cell decline in the first 3 months of HIV infection, but their 
CD4 T cell counts remained higher throughout HIV infection. Intermediate levels of 
pre-seroconversion dividing Ki67+CD4+ T cells were associated with a significantly 
steeper CD4 cell decline than high levels. IDU with the highest pre-seroconversion 
drug-injecting frequencies showed slower CD4 T cell decline than those who injected 
less. No correlation was present between pre-seroconversion immune markers and the 
pre-seroconversion duration or intensity of drug use. 

Conclusion: Among IDU, immune status prior to HIV infection as measured by TREC 
content affects the disease course after HIV seroconversion. 

© 2004 Lippincott Williams & Wilkins 

AIDS 2004, 18:1885-189.3 

Keywords: HIV, injecting drug users, TREC, CD4 T cell decline, HIV disease 
progression, pre-seroconversion immune status 

Introduction known about the extent to which the immune status 
before HIV seroconversion determines HIV disease 

It has been proposed that increased levels of immune course. T o our knowledge, only one recent study 
activation in healthy individuals prior to HIV infection among homosexual men has investigated this issue [3] 
may be associated with faster HIV disease progression and this showed that both low C D 4 T cell count and 
[1,21. However, because of the paucity of patient high immune activation ( C D 4 + C D 7 0 + expression) 
material obtained prior to infection with HIV. little is before seroconversion were associated with faster pro-
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gression to AIDS. Compared with heterosexual indivi
duals, HIV-negative liomoscxii.il men may have in
creased levels of immune activation owing to increased 
prevalence of sexually transmitted diseases [4,5]. H o w 
ever, the median incubation tunc ro AIDS and death in 
risk groups with perhaps even higher immune stimula
tion, such as injecting drug users (IDU) and people 
living in Sub-Saharan Africa, does not differ from that 
among homosexual men in industrialized countries in 
the era without highly active antiretroviral therapy 
(HAART) [6 -8 ] . Nevertheless, pre-seroconversion im
mune status could be a factor explaining the great 
interindividu.il variation in HIV disease progression 
within risk groups, as demonstrated by our previous 
study among homosexual men [3]. 

IDU are an interesting risk group in which to study the 
association between pre-seroconversion immune acti
vation and subsequent HIV disease progression because 
large intermdividua] differences in pre-seroconversion 
immune status may be present as a result of the 
immune-modulating effects of drug use [9], exposure 
to injected impurities and microbes, and differences in 
lifestyle |1«).1 l | . Whether and how drug use affects the 
immune system (suppression or activation) may depend 
on the type and frequency of drug use [12,13]. Access 
to stored serum samples from IDU that were obtained 
at least 3 months prior to the last HlV-seronegativc test 
result have provided a unique opportunity to study 
how the rate of CD4 T cell decline during HIV 
infection depends on the immune status of an indivi
dual prior to HIV infection. In addition to a T cell 
activation marker characterizing the level of T cell 
proliferation before HIV seroconversion, pre-serocon
version C D 4 signal joint T cell receptor excision circles 
(TRJEC) were measured as a cumulative marker of an 
individual's history of T cell activation. 

Methods 

Study population 
In the Amsterdam cohort study among IDU. which 
started in 1985, participants visit every 4 months for 
standard interviews and blood sampling for laboratory-
testing and storage. Cryopreserved peripheral blood 
mononuclear cells (PBMC) collected prior to HIV 
infection (at least 3 months before the last antibody-
negative HIV test) were available from 51 IDU out of 
a total of 66 individuals who seroconverted after April 
1989, at which point the collection and storage of 
PBMC became part of the study routine. 

Immune markers 
T R E C have been used as a marker for thymic output 
ot newly synthesized T cells, but the T R E C content 
(i.e., the average number of T R E C / T cell) is affected 

not only by thymic output but also by T cell prolifera
tion and apoptosis. TREC' content, therefore, also 
reflects the implicative history of a cell population 
[14,15]. Ki67 is a nuclear antigen that is expressed by 
cells that are m cell cycle: it can. therefore, be used as a 
surrogate marker for T cell proliferation ex vivo at the 
time of blood sample collection [ I6 | . Pre-seroconver
sion CD4 T cell numbers, C D 4 naive and memory 
subsets, T R E C and C D 4 Ki67 expression were meas
ured as previously described [17|. Briefly, PBMC were 
stained to identify C D 4 naive (CD27 + C D 4 5 R O - ) 
and memory ( C D 2 7 + C D 4 5 R O + ) T cell subsets. After 
fixation and permeabilization, lymphocytes were 
stained intracellularly with monoclonal antibody for 
Ki67, fixed and analyzed on a FACSCalibur (Becton 
Dickinson. San Jose, California, USA). For TREC' 
analysis. C D 4 Ï cells were isolated from PBMC by 
positive selection over MiniMACS separation columns 
(Miltenyi Biotec, Sunnyvale, California, USA); DNA 
was purified, and the signal joint T R E C frequency of 
this fraction was quantified using real-time polymerase 
chain reaction [I4 | . T o normalize for input DNA. the 
Cot constant region, which remains on the genes for 
the T cell receptor despite receptor rearrangement 
processes, was amplified in even- sample tested. T R E C 
content was defined as the average number of TREC' 
CD4 T cell, assuming 15(1 (>00cells/pg DNA. Total 
T R E C numbers were calculated as T R E C content 
multiplied by the CD4 cell count. For all immune 
markers, three categories were defined by the 33rd and 
67th percentile. 

Drug-use behaviour 
Pre-seroconversion duration of IDU was calculated as 
the number of years from initiation of injecting to HIV 
seroconversion, subtracting temporary periods in which 
injecting drug use was suspended (divided into three 
groups defined by the 33rd and 67th percentile: < 5.3. 
5.3-13.9 and > 13.9 years). Pre-seroconversion inject
ing frequency was calculated as the mean of the daily 
injecting frequencies reported at all study visits in the 2 
years prior to HIV infection (categorized as < 1.5. 1.5-
,V<) and > 3.0 tunes daily). 

Statistical analysis 
The effect of several markers on the mean C D 4 T cell 
trajectory during HIV infection was assessed with 
regression analysis for repeated measurements using the 
proc mixed statement in SAS [18,19]. T o correct for 
the dependence between consecutive C D 4 measure
ments within each individual, a linear mixed effects 
model was used in which a first-order autoregressive 
moving-average correlation structure was applied (i.e.. 
each CD4 T cell count value depends on the value of 
and the variation around the preceding count; this 
correlation decreases as the time between measure
ments increased). T o satisfy the normality assumption, 
CD4 T cell numbers were modelled on a square-root 
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scale [20,21], The CD4 trajectory was modelled from 
the date of HIV seroconversion until 7 years after 
seroconversion. The onset of HIV infection is asso
ciated with a rapid fall in CD4 T cell numbers followed 
by a long-term slower decline. Therefore, tine C D 4 T 
cell trajectory was modelled in a piecewise manner, 
allowing the initial slope of the regression line to differ 
from the slope later in infection [22], The best fit was 
achieved when the slope of the modelled mean C D 4 T 
cell number was allowed to change at 3 months after 
HIV' seroconversion. The date of HIV seroconversion 
was calculated for each individual conditional upon the 
last negative HIV test and first positive HIV test, using 
a cohort-specific estimate of the cumulative HIV 
seroincidence over calendar time [23], 

Measurements from the date of HIV seroconversion 
onwards were entered into the analyses up to 1 
October 2002 or until an individual initiated H A A R T , 
was diagnosed with AIDS, died or was lost to follow-
up, whichever occurred first. Correlations were calcu
lated using Spearman's rank correlation coefficients. 

Results 

Population characteristics 
The median age of the 51 HIV-positive IDU was .52 
years [interquartile range ( IQR), 28 -37] and 33% of 
the study population was female. The median follow-
up time since HIV seroconversion was 6.9 years ( IQR. 
4 .0-8 .5) . By 1 October 2002, 17 IDU had initiated 
H A A R T at'a median of 3.9 years ( IQR. 2 .1-6.7) after 
HIV seroconversion, after which they were excluded 

from the analyses. Pre-seroconversion markers of im
mune status were measured using samples taken at a 
median time of 6.5 months ( I Q R . 4.0-9.1) prior to 
the last date on which the IDU tested negative for HIV 
antibodies, i.e.. a median time of 9.7 months ( IQR. 
6.4-14.1) prior to the estimated date of HIV serocon
version. The distribution of marker values and drug use 
prior to HIV seroconversion are given in Table 1. 

Pre-seroconversion correlations 
As reported by others [24], older individuals had lower 
T R E C contents (r = - 0 . 3 9 ; P = 0 . 0 1 ) . Lower naive 
C D 4 T cell numbers were also associated with older 
age ( r = - 0 . 2 8 ; P = 0 . 0 5 ) , while Ki67 expression on 
CD4 T cells (total, naive or memory) was not 
dependent on age. 

Pre-seroconversion CD4 T cell numbers showed no 
correlation with pre-seroconversion T R E C content, 
whereas higher naive CD4 T cell numbers were 
associated with higher T R E C content ( r = 0 . 3 3 ; 
/>=0 .02) . The percentage of K i 6 7 + C D 4 + T cells did 
not correlate with T R E C content ( r = - 0 . 0 l ) . Total 
T R E C numbers were highly associated with T R E C 
content (r = 0.89: P < 0.001), with C D 4 T cell count 
(r = 0.41; P = 0.003) and with the numbers of naive 
C l )4 I cells ( r = 0 . 5 7 ; / ' < 0.001). 

Drug-use variables showed no correlation with im
mune markers with one exception: a higher daily 
injecting frequency (during 2 years prior to seroconver
sion) correlated significantly with increased numbers ol 
naive CD4 T cells' (r = 0.31; 1' - 0.03). 

Table 1. Drug use and marker values prior to HIV seroconversion of 51 HIV-infecled drug users. 

Pre-HIV seroconversion characteristics Value 

Type of drug mainly injected prior to IIIV seroconversion |No. <%)] 
Heroine - cocaine 28 (55) 
Heroine 9(18) 
Cocaine 9 0 8) 
Barbiturates 2 (4! 
Methadone 3 (6) 

Median duration of injecting prior to HIV seroconversion lyears (IQR)I'1 9.8 (3.9-1 5.9) 
Median injecting frequency prior to HIV seroconversion [per day (IQR)l'' 2.2 (0.7-3.9) 
Immune markers prior to HIV seroconversion 

Median TREC contenl per CD4 T cell (IQRl 0.023 i0.01 2-O.Ü35) 
Median total CD4 TREC |x KrVKIQR)] 25.7 03.4-37.8) 
Median CD4T cell count [x l0 6celM( lQR) l 10701850-1310) 
Median naive(CD45RO-CD27+) CD4 Tcells [X 106 cells/l (IQR)| 278 0 99-442) 
Median memory (CD45RO+CD27+I CD4 T cells |x 10'' cells/1 (IQR>1 530 (418-682) 
Median Ki67+CD4+ |%(lQRi]r 2.1 (1.6-3.1) 
Median Kib7-positive naive CD4 T cells 1% (IQRil' 0.5 (0.3-0.9) 
Median Ki67-positive memory CD4 T cells |% (IQR)I' 2.60.9-4.1) 

IQR, interquartile range: TREC, T cell receptor excision circles. 
'Number of years between initiation of injecting drug use and HIV seroconversion, corrected for periods of 
abstinence. 
''Average number of daily injections in the 2 years prior to I IIV seroconversion. 
' Figures from 45 individuals not 51. 
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Modelling of the decline of CD4 T cell numbers 
The mean C D 4 trajectory during HIV infection was 
modelled starting from HIV seroconversion (Fig. 1). 
The mean C D 4 T cell decline was significantly more 
rapid in the first 3 months after HIV seroconversion 
than at later time points ( P = 0.02). The values of the 
intercepts and slopes for the mean C D 4 T cell decline, 
stratified by pre-seroconversion drug use and immune 
marker values, are shown in Table 2. For each marker, 
the highest group was defined as the reference group. 

Pre-seroconversion CD4 T cell counts 
The cohort was divided into three equal groups based 
on their C D 4 T cell count prior to HIV seroconver
sion: > 1240, 8 9 6 - 1 2 4 0 and < 896 X 106 cells/1. The 
lowest category was significantly associated with a 
slower rate of C D 4 T cell decline in the first 3 months 
of HIV infection compared with the highest category 
( P = 0 . 0 5 ) . After 3 months, the rate of CD4 T^cell 
decline did not differ significantly among the three 
categories. Despite the steeper initial decline of C D 4 T 
cells in IDU with the highest pre-seroconversion CD4 
T cell counts, their C D 4 T cell counts remained higher 
throughout HIV infection compared with IDU who 
started off with lower C D 4 T cell counts; however, the 
difference with the middle group became smaller with 
time (Fig. 2a). IDU with the lowest numbers of naive 
CD4 T cells prior to HIV infection had significantly 
lower total C D 4 T cell numbers at HIV infection and 
showed no decrease in total C D 4 T cell counts in the 
first 3 months of HIV infection. Thereafter, rates of 
C D 4 T cell decline did not differ significantly with 

1000 

• 
o 

0 

- Mean CD4 (observed) 
Mean CD4 (predicted) 

0 20 40 60 80 
Months from HIV seroconversion 

Fig. 1 . Mean CD4 trajectory during HIV infection. The line 
for the observed values was smoothed using a Lowess curve. 
The predicted line was created using coefficients obtained 
from the piecewise repeated measurements model. On the 
right side of the graph, the observed line lies above the 
predicted line, which illustrates how the observed line is 
biased by the measurements of injecting drug users with 
longer fol low-up time: faster progressors are underrepre-
sented in the later measurements. The predicted line averages 
the individual CD4 cell trajectories, instead of summarizing 
the available marker values at each separate time point. 

variation in the level of pre-seroconversion naive C D 4 
T cell numbers, although IDU with the highest pre-
seroconversion naive numbers did exhibit higher total 
CD4 T cell numbers throughout HIV infection. Those 
with the highest memory C D 4 T cell numbers also had 
the highest total C D 4 T cell numbers throughout 
infection, but the total CD4 T cell count at HIV 
infection and the rates of CD4 T cell loss did not differ 
significantly (Table 2). When stratifying by pre-sero
conversion naive and memory C D 4 T cell percentages 
instead of absolute numbers, no significant differences 
in C D 4 T cell trajectories during HIV infection were 
found. IDU with the lowest proportion of memory 
C D 4 T cells prior to HIV infection had slightly higher 
total C D 4 T cell counts during infection but differ
ences were small and all trajectories converged (data 
not shown). 

TREC and age 
Compared with I D U with high pre-seroconversion 
CD4 T R E C content ( > 0.029/cell), there was a 
significantly faster decline of CD4 T cell numbers from 
month 3 to 80 of HIV infection in IDU with low 
( < 0.016/cell; P = 0.04) and intermediate (0 .016-
0.029/cell; P < 0.001) T R E C contents (Fig. 2b). The 
intermediate and lowest T R E C categories showed 
similar (i.e., almost overlapping) C D 4 trajectories and 
rates of decline. As T R E C content is known to decline 
with age, a possible confounding effect by age was 
assessed. In univariate analysis, the oldest age category 
( > 37 years) showed a faster CD4 T cell decline in 
months 3 to 80 compared with the two younger age 
categories [ < 30 years (P = 0.02) and 3 0 - 3 7 years 
{P= 0.001); Fig. 2c], After adjusting pre-seroconver
sion T R E C contents for age and vice versa, the effect 
of both on C D 4 T cell decline during HIV infection 
remained (Fig. 3 for the effect of T R E C stratified by-
age). Analyzing total C D 4 T R E C numbers instead of 
TREC ' content showed that IDU with the lowest total 
TREC ' numbers had significantly lower CD4 T cell 
numbers at seroconversion compared with IDU with 
higher pre-seroconversion C D 4 T R E C numbers. Pre-
seroconversion total T R E C numbers were not signifi
cantly associated with the rate of CD4 T cell decline. 
although IDU with the lowest total C D 4 T R E C 
numbers showed a slightly faster CD4 T cell decline 
after month 3 than those with the highest T R E C 
numbers, which was borderline significant (P = 0.06; 
Fig. 2d). In the figure, however, this slope is not clearly 
steeper, because of back-transformation of the modelled 
square root C D 4 T cell numbers, which decreases 
visual effects at lower C D 4 T cell counts. Stratifying 
by age did not change the results for total T R E C 
numbers. 

Ki67 expression 
Patients with the highest fraction of K i 6 7 + C D 4 + T 
cells before seroconversion had the lowest numbers of 
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Table 2. Estimates of the mean square root of the CD4 T cell numbers by immune markers and drug use behaviour measured prior to HIV 
seroconversion (from a piecewise mixed linear regression model). 

Slope in the first 3 months Slope after month 3 of 
of HIV infection HIV infection 
(v/CD^month) (yCD^month) Parameter measured prior to HIV seroconversion No. 

Intercept at HIV 
seroconversion 

(JCOA cell count! 

CD4T cell count (x 10'cells/1) (n = 51) 
> 1240(ref) 
896-1240 
<896 

Naive CD4 T cell count (x 106 cells/I) (n = 51) 
> 358 (ref) 
230-358 
<230 

Memory CD4T cell count (x 106 cells/1) 
(n = 51) 

> 638 (ref) 
455-638 
<455 

TRECperCD4Tcell(n = 51) 
> 0.029 (ref) 
0.016-0.029 
< 0.016 

Total CD4TREC(X 1 0<7I) (n = 51) 
> 33.0 (ref) 
16.3-33.0 
< 16.3 

Age at HIV seroconversion (years) (n = 51) 
> 37 (ref) 
30-37 
< 3 0 

Ki67+CD4+ (%) (n = 45) 
> 2.46 (ref) 
1.75-2.46 
< 1.75 

Naive Ki67+CD4+ (%) (n = 45) 
> 0.78 (ref) 
0.34-0.78 
<0.34 

Memory Ki67+CD4+ (%) (n = 45) 
> 3.4 (ref) 
2.2-3.4 
<2 .2 

Injection duration (years)a (n — 51) 
> 13.9 (ref) 
5.3-13.9 
< 5.3 

1 njection frequency (per day)b (n = 51} 
> 3.0 (ref) 
1.5-3.0 
< 1.5 

17 

! 17 

17 
17 
17 

17 
17 
17 

17 
17 

! 
17 
17 
17 

17 
17 
17 

15 
15 
15 

16 
16 
13 

15 
]h 

14 

17 
17 
17 

19 
Id 
16 

31.24 
24.55* 
21.10* 

30.15 
26.85 
18.86* 

28.50 
26.13 
23.08 

25.66 
27.42 
24.86 

29.51 
24.77 
24.04* 

26.15 
25.90 
27.01 

21.55 
29.52* 
27.36 

21.89 
29.66* 
27.37 

24.84 
29.39 
26.61 

23.86 
27.32 
26.76 

27.77 
26.75 
23.50 

-1.55 
-0.35 
-0.03* 

-1.19 
-1.32 

1.05* 

-1.47 
-0.30 
-0.33 

-0.50 
-1.05 
-0.60 

-1.22 
-0.71 
-0.41 

-0.44 
-1.38 
-0.67 

-0.56 
-0.98 
-1.06 

-0.04 
-1.94* 
-0.60 

-0.81 
-2.33 
-0.23 

-0.31 
-0.77 
-1.13 

-1.16 
-0.60 
-0.51 

0.1 I 
-0.11 
-0.12 

-0.13 
-0.16 
-0.10 

-0.10 
-0.15 
-0.1) 

-0.07 
-0.19** 
-0 .14* 

-0.12 
-0.09 
-0.18 

-0.21 
- 0 . 0 9 " 
- 0 . 1 1 * 

-0.08 
-0.18* ' 
-0.12 

-0.10 
-0.13 
-0.15 

-0.09 
-0.12 
-0.16 

-0.12 
-0.16 
-0.11 

- 0 . 0 9 
-0 .17* 
-0.12 

TREC, T cell receptor excision circles. 
'Number of years between initiation of injecting drug use and HIV seroconversion corrected for periods of abstinence. 
''Average number of daily injections in the 2 years prior to HIV seroconversion. 
Significance: *P « 0.05; **P s 0.01 compared to the highest group. 

CD4 T cells until month 70 after seroconversion. 

Trajectories eventually converged owing to a steeper 

CI)4 T cell decline in IDU with smaller fractions of 

dividing K i 6 7 + C l ) 4 + T cells, but this was significant 

only for the intermediate group. A steeper CD4 T cell 

decline was also observed for the group with inter

mediate fractions of dividing naive C D 4 T cells pre-

seroconversion, albeit only during the first three 

months after infection. Both intermediate groups had 

significantly higher C D 4 T cell numbers at the time of 

HIV seroconversion (Fig. 2e). 

Drug-use variables 
There was no statistically significant association be

tween the duration of drug injecting before serocon

version and the C D 4 T cell trajectory during HIV 
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Fig. 2. Mean CD4 T cell trajectory during HIV infection related to pre-seroconversion immune markers and drug use 
behaviour prior to infection, (a) Decline related to CD4 T cell count, (b) Decline related to CD4 T cell receptor excision circles 
(TREC) content, (c) Decline related to age. (d) Decline related to total CD4 TREC numbers, (e) Decl ine related to percentage 
Ki67+CD4+ cells, (f) Decline related to injecting frequency. *P< 0.05 compared with the highest category for the CD4 T cell 
count at HIV seroconversion. *P< 0.05 compared wi th the highest category for the slope in month 0 - 3 . * * P < 0.05 compared 
wi th the highest category for the slope after month 3. 

infection. However, the average injecting frequency 

before seroconversion did seem to play a role. For the 

majority of the time during HIV infection, 1DU with 

the highest injecting frequencies ( > 3 times daily) had 

the highest CD4 T cell numbers (Fig. 2f). Compared 

with these frequent injectors, intermediate injectors 

(those who injected 1.5-3.0 times daily) exhibited a 

significantly steeper C D 4 T cell decline after month 3, 

and their trajectory eventually converged with those 

who injected < 1.5 times per day. 



Prior immune status predicts CD4 T cell decline 81 

Youngest age group (<30 years) Middle age group (30-37 years)_ Oldest age group (>37 years) 

CD4 TREC content -0 029/cell 
CD4 TREC content 0.016-3.029/cell 
CD4 TREC content <0.016/cell 

Q 200 
O 

0 20 40 60 80 
Months from HIV seroconversion 

0 20 40 60 80 
Months from HIV seroconversion 

0 20 40 60 80 
Months from HIV seroconversion 

Fig. 3. Mean CD4 T cell trajectory by preseroconversion CD4 T cell receptor excision circles (TREC) content stratified by age. 

Discussion 

This study assessed the predictive value of pre-serocon-
version C D 4 T cell counts, T R E C levels and Ki67 
expression for subsequent HIV disease progression. The 
data suggest that immune status prior to HIV infection 
affects the course of HIV infection in a well-defined 
cohort of IDU seroconverters and confirmed findings 
in homosexual men [3). The latter study showed that 
individuals with increased levels of T cell activation 
pre- or post-seroconversion progressed more rapidly to 
AIDS. W e have extended this line of research by 
determining the C D 4 T cell trajectory post-serocon
version and by adding pre-seroconversion C D 4 T R E C 
analysis. Because T R E C content in CD4 T cells 
declines with cell division, this marker can be taken as 
a cumulative measure of previous immune activation. 

IDU with high C D 4 T cell counts prior to HIV 
infection had a significantly higher rate of C D 4 T cell 
decline in the first 3 months of infection than IDU 
with lower C D 4 T cell numbers. After this initial 
phase, the rate of C D 4 T cell loss became similar for all 
three groups. However, the IDU with high pre
seroconversion C D 4 T cell counts maintained the 
highest C D 4 T cell counts throughout infection, a 
finding that supports the previous observation that high 
pre-seroconversion C D 4 T cell counts are associated 
with slower progression to AIDS in homosexual men 
| 3 | . The faster initial decline in IDU with higher pre-
seroconversion C D 4 T cell counts may be caused by 
regression to the mean. However, the steeper tall is 
more likely related to increased HIV replication in 
those with higher C D 4 T cell numbers, because HIV 
R N A levels shortly after seroconversion have also been 
shown to be higher in such individuals [25]. Higher 
levels of virus may induce higher levels of immune 
activation and consequently more redistribution of 
activated C D 4 T cells to lymph nodes. In our study, 
with data on viral load available for 27 IDU in the first 
3 months of HIV infection, median HIV R N A viral 

load was higher among those with higher pre-serocon
version C D 4 T cell numbers but differences were not 
significant (3.9, 5.0 and 5.1 log,,, copies/ml for < 896, 
8 9 6 - 1 2 4 0 and > 1240 X 106 cells/1, respectively; 
P = 0 . 2 5 , Kruskal-Wallis test). After this initial phase, 
the median viral load was similar for the three groups 
between months 6 and 12 of HIV infection [4.61, 4.65 
and 4.86 logm copies/ml, respectively (n = 40); 
P = 0 . 5 0 , Kruskal-Wallis test]. O u r data are also in 
line with a study in which C D 4 T cell numbers at 
seroconversion were estimated to be higher and subject 
to a steeper decline after seroconversion among haemo
philiacs compared with homosexual men [26]. 

O u r studv also shows that IDU with high pre-
seroconversion CD4 T R E C content lost their C D 4 T 
cells at a significantly slower rate during HIV infection 
than I D U with low pre-seroconversion C D 4 T R E C 
content. Older individuals reportedly lose their C D 4 T 
cells more rapidly than younger individuals [26], but 
when we stratified our population by age, the advanta
geous effect of high pre-seroconversion C D 4 T R E C 
content remained. Low C D 4 T R E C contents during 
HIV infection have been shown to predict faster 
progression to AIDS [27-29] , most likely reflecting 
HIV-induced T cell activation, which leads to dilution 
of T R E C [14]. In contrast, differences in pre-serocon
version C D 4 T R E C contents may reflect interindivi-
dual differences in the number of infections 
experienced throughout life and differences in genetic 
predisposition to immune stimulation in response to 
infections. Since the extent of HIV-induced activation 
is associated with disease progression [3], high respon
ded - who are expected to have lower C D 4 T R E C 
contents even before HIV seroconversion - would 
have a more rapid loss of C D 4 T cells during HIV 
infection. Indeed. HIV-infected people with the 
high immune-responder phenotype H L A - A 1 + H L A -
B 8 + H L A - D R 3 + progress more rapidly to AIDS [30]. 
T h e observation that groups with intermediate and low 
T R E C content did not differ in their rate of C D 4 T 
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cell decline after HIV seroconversion suggests that 
there is a critic.il level of immune activation that is 
associated with a higher risk for progression: a level of 
immune activation that is not reached by the low-
responder group with high pre-seroconversion T R E C 
contents. When pre-seroconversion T cell activation 
was measured using Ki07 (a marker of T cell activation 
at the time of blood draw), neither this study nor the 
previous one [3| found a clear-cut predictive value on 
the C D 4 1 cell trajectory or on disease progression. 
However , CD70 did have predictive value 111 the latter 
study. Importantly, while Ki67 expression and C D 7 0 
expression merely reflect an individual's immune status 
at a specific moment in time, the average C D 4 T R E C 
content is a cumulative and, therefore, better marker of 
an individual's immune status history. 

Hie association between pre-seroconversion ("1)4 
TREC" contents and the post-seroconversion rate of 
("1)4 T cell decline could also be a reflection of 
interindividual differences in residual thymic output. 
Individuals with more residual thymic output are 
expected to have relatively high pre-seroconversion 
( 4 ) 4 T R E C content and a slower decline of ( 4 ) 4 T 
cells upon infection. Since T R E C content is strongly 
influenced by T cell proliferation, differences in thymic 
output, as measured by T R E C content, may be 
obscured by differences in T cell division. We. there
fore, also studied the predictive value of the total 
number of T R E C , which is the net result of past and 
ongoing thymic function and loss of naive T cells. 
Total T R E C numbers are not affected by cell division 
and may. therefore, be better reflective of thymic 
function. The association with the rate of CD4 T cell 
loss during HIV infection was not significant, suggest
ing that pre-seroconversion thymic function is not 
predictive of ( 4 ) 4 T cell decline. However , II )U with 
the lowest numbers of total T R E C did have a nearly 
significantly (I> = 0.06) faster loss of C D 4 T cells from 
month 3 onward compared with IDU having higher 
pre-seroconversion total T R E C numbers. Also age 
(which correlates with thymic volume) was significantly 
associated with the rate of ( 4 ) 4 T cell loss upon 
infection. Therefore, the loss of C D 4 T cells induced 
by the immune-activating effect of HIV may be slowed 
by the input of new I' cells from the thymus in 
individuals with more thymic output, although the 
results for total T R E C numbers did nor clearly confirm 
this (lacking statistical significance). Since direct mar
kers to analyze thymic output are lacking, and because 
thymic output in healthy adults is thought to be quite-
low, it remains to be determined whether differences 
in thymic output can affect the rate of ( 4 ) 4 4" cell 
decline during HIV infection. 

We found no correlation between pre-seroconversion 
duration or frequency of drug use and almost all pre-
seroconversion immune activation parameters, con

firming the results of a study comparing HIV-positive 
and I IIV-negative female 11 )U [31]. Remarkably, we 
found that IDU with the highest injecting frequency 
had a slower ( 4 ) 4 I cell decline. Although the mean 
("1)4 1 cell count at seroconversion has been shown to 
be higher in IDU and haemophiliacs compared with 
homosexual men, the rate of ( 4 ) 4 T cell decline has 
not previously been found to differ among these three 
groups [26]. 

In conclusion, our results show that pre-seroconversion 
( 4 ) 4 T R E C content is a determinant of the rate of 
( 4 ) 4 T cell Kiss in HIV infection among IDU. Since 
TREC" content is a cumulative marker for an indivi
dual's immune history, immune status pno r to HIV 
infection thus affects the disease course after HIV 
seroconversion. Because the number of patients ana
lyzed was small, these results warrant further research in 
larger groups ot patients and other risk groups. 
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General discussion 

HIV disease progression in the era of widespread HAART 

Despite smaller effects than in most other risk groups, injecting drug users (IDU) have clearly 
benefited from the availability of highly active antiretroviral therapy (HAART). Although receipt 
of HAART was delayed in IDU, at the population level a reduced risk of AIDS of approximately 
30% was already seen in the initial period of HAART availability in 1996-1997 (chapter 2 and 3). 
For death the risk reduction was somewhat greater, around 37% in this initial HAART period. 
However it was of a lesser magnitude than the 50%-64% initial improvements recorded in other 
risk groups [1,2]. With ongoing HAART availability the risk of human immunodeficiency virus 
(HIV) disease progression to AIDS and death has continued to decrease further. However, in 
chapter 3 we showed that the initial risk reduction for progression to AIDS was greatly 
underestimated when pre-AIDS deaths due to natural causes were not accounted for. These are 
deaths which are not due to overdose, suicide, accidents, or homicide which occur in individuals 
who have not yet been diagnosed with an AIDS defining disease. In IDU these pre-AIDS death 
causes are common and are associated with progressing HIV disease [3,4]. For death, risk 
reductions seemed to be underestimated in the complete HAART era, not only in the initial period 
of availability, when non-natural deaths, which are not associated with HIV disease progression, 
[4] were included as HIV-related outcomes as has been done in all previous studies. Excluding 
these non-natural deaths, the risk of death due to natural causes had decreased by 75% in HIV-
infected IDU in the 2000-2001 period which compares to the reported risk reduction of death in 
HIV-infected hemophilic men but is lower than the 91% reduction in HIV-infected homosexual 
men [5]. Considering that IDU have less access to treatment and more problems with treatment 
adherence [6-8] a 75% reduction in the risk of death is not an unsatisfactory result. Greater 
reductions in risk of death will also be difficult to achieve as long as IDU are not treated for 
hepatitis C virus (HCV) infection which is almost universal in this group (chapter 5). Liver related 
mortality has increased among IDU in recent years due to the life lengthening effect of HAART 
[9,10] and the relatively long incubation period of HCV. Although not all IDU are inadequately 
adherent, optimal treatment adherence by all IDU will be difficult to achieve. Treatment adherence 
is also difficult to achieve for groups other than IDU such as younger individuals and depressed 
persons. An in-depth study among hard drug users in Amsterdam illustrates the multiple barriers 
which can play a role in this problem [11]: 
1) Owing to years of lack of sleep, lack of hygiene and proper nutrition hard drug users often have 
a poor physical condition which makes it more difficult to cope with side effects. This includes a 
perceived decreased effect of illicit drugs, sedatives and methadone. 2) An irregular lifestyle is 
incompatible with strict HAART regimens especially when large pills or liquid medication are 
involved. Being occupied with drug use all day also has a negative effect on HAART compliance. 
Shelter, peace and quiet, and privacy are also necessary for adherence but not available to all drug 
users. A lack of financial means may also be a barrier for adherence when individuals are required 
to stick to a prescribed diet for specific drugs or when they are required to contribute to the 
payment of HAART. 3) Psychological effects due to HAART exist. HAART can confront HIV-
infected IDU with their condition which can lead to individuals who 'tend' to forget their 
medication. Furthermore, HIV-positive drug users often have a hard time, and feelings of 
depression negatively affect adherence. Also medical jargon results in insufficient and incorrect 
knowledge of HAART among IDU, and a lack of social support and the perception that doctors 
have a negative attitude towards them is demotivating for adhering to treatment. 
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The development of easier regimens and directly observed therapy in which HAART is provided 
in combination with methadone provision will probably make HAART uptake and adherence 
easier for larger proportions of IDU although the circumstances of some IDU may never be 
compatible with any type of regimen. 

Tuberculosis in IDU 

HIV-infected IDU are highly susceptible to tuberculosis disease caused both by reactivation of 
latent disease and by recently acquired infection [12-15]. In chapter 4 we showed that among IDU, 
the risk of tuberculosis varies with the duration of HIV infection: it is elevated relatively early in 
infection (years 4-6) and even more so in late HIV infection (after year 9), independently of CD4+ 
T cell count. Although we were unable to ascertain this directly as the study population did not 
include HIV-negative IDU to compare with, the risk of tuberculosis was probably already 
increased in the initial years of HIV infection: the incidence rates in the first 3 years of HIV 
infection were higher than reported rates for HIV-negative IDU (up to 18.8 per 1000 person years 
vs. reported rates between 0 and 3.0 per 1000 person years in HIV-negative IDU [16-19]. A recent 
study among HIV-infected South African miners [20] showed tuberculosis risk to double within 
the first year of HIV infection with only slight increases thereafter. This trend with ongoing HIV 
infection may differ from the trend that we found among European IDU due to differences in 
setting, background prevalence of Mycobacterium Tuberculosis, and perhaps disease pathogenesis. 
As HIV-positive persons are known to be susceptible to both reactivation of latent M.Tuberculosis 
infection and to new infections of M.Tuberculosis [18-22] we hypothesized that in IDU the 
variation we found in the risk of tuberculosis during HIV infection might be explained by varying 
degrees of reactivation and re-infection with duration of HIV infection: possibly, reactivation of 
latent M.Tuberculosis infection occurs earlier in HIV infection, perhaps followed by a relatively 
silent period and later in HIV-infection, (after 9 years in our data), susceptibility to new 
tuberculosis infection is increased. The relative contribution of both mechanisms to tuberculosis 
disease in HIV-positive IDU can be studied by using DNA fingerprinting of M.Tuberculosis or 
genotyping, with clustering of cases indicating new infections. To date, no such studies have 
investigated whether tuberculosis cases earlier in HIV infection show less clustering than 
tuberculosis cases later in HIV disease. Even if duration of HIV infection is not known, 
determining the relative contribution of reactivation of latent infection and new infection is 
relevant in planning intervention strategies. This is especially relevant among HIV-positive IDU in 
Amsterdam as it remains to be elucidated why the incidence of tuberculosis is so much higher 
there than in other Central and Northern European cities (chapter 4). The higher incidence is 
striking because in the general population the incidence of tuberculosis is relatively low in central 
and Northern European countries including the Netherlands [21]. If the elevated risk in 
Amsterdam is due to reactivation of latent tuberculosis infection it can be decreased by the 
provision of prophylaxis as is done in several cities in Europe (chapter 4). Prophylaxis has been 
shown to diminish tuberculosis incidence in latently infected by 50% and more in the short term 
[22-25]. However, it may be difficult to target the total IDU risk group and ensure sufficient 
treatment adherence. Reactivation of latent disease is thought to be less likely in the developed 
world where tuberculosis prevalence is low, however IDU are an exception in that they have a 
higher rate of previous infection with tuberculosis than the general population [26]. Also newly 
acquired infections are likely to play a major role in tuberculosis disease burden in IDU as shelters 
for homeless individuals are known foci of tuberculosis transmission [27-30]. Comparing M. 
Tuberculosis strains of IDU with those of non-IDU may help in estimating whether and at which 
intensity tuberculosis is transmitted from IDU to the general population. This may differ among 
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European cities, depending perhaps on issues such as the availability of shelters and the extent to 
which IDU receive social support and still live at home as is more the case in the Valencian region 
of Spain. Another molecular epidemiological issue to investigate among HIV-infected IDU is 
whether recurrence of tuberculosis within the same individual is due to exogenous re-infection or 
due to relapse of previous infection, the latter implicating that treatment administration needs to be 
better tailored to this group to improve adherence and treatment success. However if mainly 
similar or even identical strains circulate among IDU, molecular techniques may be of limited help 
in discriminating between relapse and new infection. Furthermore future studies with follow-up 
later in the HAART era or information on individual HAART use are needed to understand how 
much the risk of tuberculosis among HIV-infected IDU has decreased in the HAART era. 

Hepatitis C virus infection in IDU 

Effect ofHCVon HIV disease progression 
It is well established that HIV causes faster progression of hepatitis C virus (HCV) infection to 
liver cirrhosis [31-33]. Alternatively, whether HIV disease progression is enhanced by HCV is 
under debate with findings from different studies being inconsistent [34-42]. The focus may have 
to shift to studying the effect of specific HCV genotypes instead of simply studying the presence 
of HCV infection regardless of genotype. In hemophilic men HCV genotype 1 (not further 
distinguished by subtype) was previously associated with more rapid progression to AIDS, but not 
in IDU [43,44]. In chapter 6 we confirmed the finding that subtype 1 is not associated with 
enhanced progression to AIDS in IDU although it may be associated with enhanced progression to 
low CD4+ T cell counts. In our study, HIV disease progression was especially enhanced in those 
harboring HCV infection involving more than one HCV genotype. This association needs 
confirmation by further studies as it has not been studied previously and is based on small 
numbers. The effect of mixed HCV genotype infection is particularly relevant for IDU, as IDU 
may remain exposed to HCV by risky injecting behaviour which potentially causes infection with 
mixed HCV genotypes. However, individuals who are repeatedly exposed to HCV may not 
necessarily carry multiple genotypes. IDU have been shown to switch from one genotype to 
another over time or switch from one genotype to multiple genotypes and vice versa, or might in 
due course clear HCV RNA altogether [45-47]. Also super infection with divergent strains of the 
same genotype is not uncommon, but will not be detected when the subtype is determined but not 
the extent of virus variability [46,48]. In individuals who switch from one genotype to another it is 
not known whether the previously present genotype actually is cleared or whether it remains 
present at undetectable levels. Also which viral and host factors predict spontaneous clearance of 
HCV needs to be further ascertained. Due to the risk of re-infection (through continued use of 
previously used injecting equipment) in IDU and possible clearance of the virus, HCV genotype 
should ideally be measured prior to HIV infection and longitudinally at yearly intervals within 
HIV-infected individuals to gain a better understanding of the effect of HCV genotype on HIV 
progression. Furthermore as studies on the effect of HCV genotype on HIV disease progression to 
date are few and small, larger studies are necessary to confirm current findings, especially among 
HIV-positive IDU among whom hepatitis C virus (HCV) infection is almost universal (chapter 5). 
Whether the risk of HIV disease progression among IDU with chronic HCV infection of different 
genotypes differs from IDU without HCV infection will be difficult to ascertain as numbers of the 
latter group are often too few to comprise a large enough comparison group. This problem 
underlies the bias present in the many studies that have already studied the relationship between 
HCV genotype and HIV progression regardless of HCV genotype. They are all seriously limited 
by an extremely disproportionate distribution of risk groups across the HCV-positive and HCV-
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negative individuals that were being compared [34-42]. All the studies reporting that HCV 
accelerates HIV disease progression [36,39-42] as well as some of the studies reporting no effect 
of HCV [34,37] included an HCV-positive group comprising almost exclusively IDU (ranging 
from 75% to 92%), and included almost no IDU in the HCV-negative group (ranging from 5% to 
14%). As IDU are known to exhibit faster progression in the HAART era due to the lower 
proportion of person time spent on HAART, comparing such different risk groups can potentially 
cause serious bias. Some studies finding no effect of HCV infection feature somewhat less extreme 
disproportionality in the risk group distribution across HCV exposure groups: in a study in Taiwan 
17% of HCV-positive and 0.8% of HCV-negative individuals were IDU [35] and in a study among 
pregnant women in the USA, in which the risk group distribution is not clearly stated, 72% of 
HCV+ women and 30% of HCV- women reported hard drug usage during their pregnancy [34]. 
Besides not adjusting for the possibly varying effect by HCV genotype, another limitation of all 
but one of all the studies on this issue [36] is that they were conducted in prevalent cohorts, 
therefore lacking defined dates of HIV acquisition[34]. Thus whether HCV affects the course of 
HIV infection remains controversial. Although sufficient numbers will be difficult to attain, 
studies with homogeneous risk group distributions or within single risk groups, in which HCV 
genotype is also accounted for, are necessary to shed further light on this issue. 

Impact of HCV on death in IDU and treatment of HCV 
Since the life expectancy of HIV-infected IDU has increased due to HAART, the impact of HCV 
infection in this group has become more evident: the risk of AIDS-related death has been greatly 
reduced and individuals live long enough for liver disease to develop as illustrated by the 
significant increase in the proportion of liver related deaths among IDU in the past years [9,10]. 
IDU, whether HIV-infected or not, often do not receive treatment for HCV and treatment 
guidelines in the recent past even discouraged their treatment [49,50], However, to limit liver 
morbidity and mortality and for the prevention of further spread of HCV it is important that IDU 
are treated. Important advances in the treatment of HCV have occurred and several recent 
guidelines now recommend treatment of IDU [51-53]. However barriers for HCV treatment are 
multiple. Most importantly, the psychological side effects such as depression and emotional 
lability known to be caused by interferon treatment [54] may be more pronounced in IDU, a fragile 
population with pre-existing problems and lack of social support. This not only causes treatment 
discontinuation, a large proportion of IDU even refuse to initiate treatment for fear of its side 
effects [55]. Adherence to HCV therapy is further jeapordised by several other social and 
psychological factors, many the same as which affect adherence to HAART. In general, in 
adherent individuals, HCV treatment success is not achieved by everyone. Sustained response 
rates vary between 40-80% for the newest treatment combinations (pegylated interferon and 
ribavirin) depending on the HCV genotype and in the absence of HIV [9,56]. Genotype 1, which is 
relatively common among IDU, and genotype 4, which has entered the European IDU population 
(chapter 5) [57], have lower treatment success rates than genotypes 2 and 3 [56]. We found that 
14% of HIV-infected drug users in Western Europe were infected with these types (chapter 5). 
Finally, an important consideration among physicians who are reluctant to treat HCV infection in 
IDU is the risk of HCV re-infection after successful treatment, when unsafe injecting is continued, 
which can be as high as 50% [58]. Needle exchange programs effectively diminish needle sharing 
and prevention measures should include the risk of sharing other equipment which also readily 
transmits HCV, such as cookers, spoons and filters [59,60]. It may be possible to keep re-infection 
rates low among IDU as illustrated by a low re-infection rate of 7% over an average follow-up 
period of 2,5 years in a study among French IDU [61]. Since low re-infection rates are not 
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sufficient to halt HCV transmission, treatment of IDU can play a role in reducing HCV 
transmission in this group. 

For HIV-HCV co-infected individuals it is advised that HCV is treated prior to initiating HAART 
due to the toxic effects of all drugs. Treatment success is higher when HCV is treated in the stage 
of acute infection before it has evolved to chronic infection [62]. It is however difficult to 
recognize acute infection as disease onset is frequently asymptomatic. However to limit HCV 
transmission and to improve treatment success it might be best to treat HCV-infected IDU during 
acute infection, arguing for repeated testing for HCV in IDU seen in treatment centres. It also 
remains to be determined whether a fast initiation of treatment, due to the time pressure involved 
in treating acute infection, is achievable in IDU without compromising the level of preparation 
they need. Treatment of HCV is more successful in IDU when combined with methadone 
maintenance therapy and with close supervision of physicians [63]. Individualised management 
and a multidisciplinary approach are advised in the management of HCV infection in IDU, perhaps 
with an integration of HCV treatment within substance abuse treatment [55]. Many current studies 
on the treatment success of HCV are performed in non-drug users but should be complemented by 
studies focusing on drug users as they comprise the largest risk group of HCV infection [64]. 
Optimal treatment strategies in those with HIV-HCV co-infection also need to be determined. 
Considering that great reductions in AIDS-related morbidity and mortality have been achieved 
among IDU due to HAART, which consists of complicated treatment regimens and is 
administered for years, treatment of HCV, which is a matter of months, should be feasible among 
IDU when properly tailored. As noted by Edlin et al: 'If poor adherence were a contra-indication 
to therapy, most medical conditions would go untreated. Nor are patients whose behavior could 
cause a recurrence of a condition generally denied treatment in other settings'. Some examples of 
such other patients are smokers, individuals with alcoholic liver disease and persons with sexually 
transmitted infections who engage in high-risk sexual practices [60]. 

HCV in young drug users and the spread of HCV 
Young drug users should be of special focus for prevention particularly because HCV is highly 
infectious. Young drug users to whom injecting is new may not have their own injecting 
equipment and be inclined to share and they may need help with injecting [65]. Requiring help 
with injecting is a demonstrated risk factor for acquiring HIV which is less infectious than HCV 
[66]. As mixing with experienced injectors occurs, initial injecting episodes may be particularly 
risky when unsafe injecting practices are involved, even when syringes and needles are not directly 
shared but e.g. cookers, spoons, and filters are [59,67]. Although patterns of drug use change with 
time [68] and the prevalence of injecting has decreased in recent years, [69-71], minimal exposure 
to HCV can result in infection [57]. In the Amsterdam Cohort Study the HCV antibody prevalence 
was 91% among young (age <30 years) drug users in the 1980's, and 44% in the 2000-2004 time 
period [69]. Although younger individuals more often clear the virus, further research is necessary 
to determine the risk of chronic hepatitis C infection and its pathogenesis in young individuals: 
e.g. to determine whether young individuals who have apparently cleared the virus are perhaps 
viremic at currently undetectable levels and what the clinical consequences might be in the long 
term. In chapter 5 we have shown that the HCV epidemic within each European city is diverse, as 
multiple strains of various subtypes circulate within each country. Transmission of HCV between 
IDU populations from different European cities has occurred on a very large scale, since strains 
from all the different European cities are highly dispersed throughout the phylogenetic tree of this 
study population. In future efforts to prevent HCV infection among IDU in one country, the high 
degree of virus exchange between IDU across European borders should be considered: injecting 
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practices applied when IDU travel abroad or when they contact visiting IDU in their own country 
may have to be addressed. For prevention purposes it can also be useful to understand whether 
younger IDU mix with older IDU or whether segregated epidemics occur within different age 
groups: do younger drug users infect each other or is there a substantial spillover from older 
generations? So far this has only been studied in Amsterdam and the data from young drug users 
shows mainly diversification of old strains and the introduction of new HCV strains over time. 
Low genetic variability between strains from 2 different time periods were also incidentally 
observed indicating that mixing among generations perhaps does occur[69]. 

Immunology 

The mechanism of the CD4+ T cell depletion during HIV infection is still not entirely clear. Direct 
killing of infected cells by HIV seems to play a relatively minor role [72]. HIV causes the immune 
system to be in a continuously activated state: T cells are activated, including non-HIV specific T 
cells, and therefore go through rapid cycles of cell division after which most of the cells which are 
generated by cell proliferation will normally die[73-75]. The rate of CD4+ T cell turnover in HIV 
infection is lower than was previously postulated [76,77]. Loss of CD4+ T cells, driven by 
immune activation, at a rate higher than new T cells are normally produced by the immune system, 
probably causes small net losses of CD4+ T cells which leads to the gradual decline of CD4+ T 
cell numbers in HIV-infected individuals [74]. Whether the capability to produce new CD4+ T 
cells by the thymus is also impaired in HIV-infected individuals is under debate. 

In chapter 7 we showed that in IDU the immune status already prior to HIV infection affects the 
disease course after HIV seroconversion. We measured pre-seroconversion CD4 T-cell receptor 
excision circle (TREC) content assuming that higher CD4 TREC contents reflect a lower rate of 
infections experienced throughout life and perhaps a genetic predisposition to respond with lower 
levels of immune stimulation when going through an infection. IDU with high TREC contents 
prior to HIV infection lost their CD4+ T cells at a significantly slower rate during HIV infection 
than IDU with lower pre-seroconversion CD4 TREC contents indicating that a better immune 
status prior to infection is associated with slower disease progression. Studies on the effect of the 
pre-seroconversion immune status are very limited with only one other study among homosexual 
men in which lower levels of pre-seroconversion immune activation (CD70 expression) also were 
associated with slower HIV disease progression to AIDS [78]. However CD70 expression merely 
reflects an individual's immune status at a specific moment in time whilst the average CD4 TREC 
content is a more cumulative and therefore better marker of an individual's immune status history 
[79]. Previously, experiencing infections during HIV infection has also been associated with lower 
CD4+ T cell numbers, although only in the first 5 years of HIV infection [80]. In contrast to this 
association with self-reported infections, the difference between IDU with low and high TREC 
content was more clear-cut with individuals with the highest TREC content displaying higher 
CD4+ T cell numbers throughout infection which did not tend to converge with the lower CD4+ T 
cell trajectories of other IDU as did in the analysis of self-reported infections after 5 years. Self-
report is likely to be less reliable than laboratory assessment of markers and besides, TREC 
content mirrors one's immune status history where self report during HIV infection conveys no 
information on infections experienced in the past prior to HIV infection. We also studied the 
predictive value of the total number of TRECs which is reflective of thymic function. IDU with 
higher pre-seroconversion total TREC numbers tended to display a slower rate of CD4+ T cell loss 
during HIV infection, which was borderline significant (p=0.06). Due to small numbers our study 
may have been underpowered and therefore remained inconclusive. To confirm the importance of 
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both pre-seroconversion immune status and pre-seroconversion thymic function not only further 
research is required among IDU but also among other risk groups. 

In the same study (chapter 7), higher injecting frequency was associated with slower CD4+ T cell 
decline. As injecting frequency was not correlated with CD4+ TREC content, the injecting 
frequency, even when measured longitudinally, is assumably not associated with the intensity of 
infections experienced throughout life because injecting frequency conveys little information on 
lifestyle, and on the infections and drug impurities encountered. But current injecting frequency 
itself might affect the immune system of IDU as was also previously demonstrated by a decreased 
T cell proliferative response in HIV-positive frequent injectors in the Amsterdam cohort [81]. 
Furthermore another factor, the frequent borrowing of injection equipment, has previously been 
shown to be associated with higher CD4+ T cell counts already prior to HIV infection [80] and 
slower progression of HIV infection to low CD4+ T cell counts [80]. However in general, research 
regarding the immune system in HIV infection is not often performed among IDU and certainly 
confirmation of the results is lacking. Another aspect to keep in mind is that when studying 
seroprevalent HIV-infected IDU, IDU with less severe immune deficiency or slower disease 
progression may simply display different injecting behaviour than IDU with advanced 
immunosuppression or serious clinical symptoms, thus causing spurious associations in studies of 
IDU. Results from a controlled trial in monkeys suggest that AIDS progression is retarded by 
opiate dependency [82]. This might be explained through the following mechanism: as activation 
of T cells leads to production of human immunodeficiency viruses, then suppression of the 
immune system through opiates [82-84] might reduce viral load production and slow AIDS 
progression [82]. However, contrary to this finding, some laboratory studies have shown that 
cocaine and heroin promote the growth of HIV in vitro. In contrast to in vitro and animal studies, 
the majority of epidemiological studies fail to find an effect of drug use on HIV disease 
progression [85-88]. According to Donahoe, studying IDU as a group causes the discordance 
between laboratory studies on the one hand and epidemiological studies on the other [82] and he 
poses several reasons which may explain why epidemiological studies fail to find any effect of 
drug use: Importantly different drugs, which are regularly used in combination, have different 
effects on the immune system (suppression versus activation) and even individual drugs, when 
used alone, are associated with varied immunomodulatory capacities [82,83,89]. Thus opposing 
effects may counter each other, both within individual IDU exhibiting poly-drug use as well as 
among different IDU using different drugs resulting in a net zero effect of drug use on HIV 
infection in epidemiological studies. This problem is further exacerbated by the fact that IDU 
largely differ in their dose regimens and even individual drug users may not use consistent drug 
dosages through time or even from one day to another. Donahoe also suggests that selection bias 
may impact on the results of epidemiological studies in the sense that IDU who are in poor health 
as well as those who are in relatively good health with relatively stable dependencies may be less 
likely or unable to participate in studies. Finally, most epidemiological studies focus on all AIDS 
defining diagnoses whilst there are indications that progression more specifically to neurological 
AIDS defining events might be enhanced in IDU [90,91]. Moreover, all epidemiological studies 
have data on self-reported drug use, which might be subject to recall bias and socially desirable 
answers. 

Further immunological research may help to understand the still unresolved issue of whether drug 
use retards, accelerates or has no effect on progression of HIV infection [82,88,90,92], especially 
when the different characteristics of IDU (such as drug use frequency, dosage, type of drug(s) 
used, and perhaps lifestyle) are kept in mind instead of grouping IDU together and assuming this 
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group to represent a homogenous entity. One previous epidemiological study shows that use of 
mainly heroin is associated with a sharper CD4+ T cell decline but this effect disappeared 6 
months after HIV seroconversion. If in fact the effects of drugs are short lived then this might 
explain the discrepancy between laboratory and epidemiological studies (which are generally 
conducted over longer time periods than laboratory studies) [80]. A better understanding of the 
immunology of HIV infection in IDU is not only relevant for HIV-infected drug users but research 
among IDU might also give rise to clues which can lead to a further understanding of HIV 
pathogenesis in all risk groups. 

Because the prevalence of co-infections is high in HIV-infected IDU, further study of the 
immunological and virological consequences of such co-infections might help in discovering 
additional factors that affect HIV disease progression and the health status and well being of IDU. 
Better understanding of the immunological implications of HCV-HIV co-infection might help in 
clarifying the issue of whether HCV infection does or does not influence HIV disease progression 
and the significance of HCV genotype in both HIV disease progression and HCV disease 
progression. CD4+ T cells and CD8+ T cells are involved in the control of HCV infection but as 
HIV infection is characterized by the loss in numbers and function of CD4+ T cells the effect on 
the immune system of dual HCV/HIV infection remains to be further explored. Interestingly HCV 
is not directly cytopathic and liver lesions are mainly related to immune-mediated mechanisms, 
which are characterized by a predominant typel helper cell response. Also co-factors influencing 
the outcome of HCV infection including age, gender and alcohol consumption are poorly 
understood and might be studied from an immunological perspective. Also the interaction between 
M.Tuberculosis and HIV remains to be further explored. HIV and M.Tuberculosis both target the 
immune system (macrophages), and together with HCV, these 3 pathogens evade host defense 
systems leading to persistent infection. 

In conclusion 

Many aspects of HIV infection in IDU but also in non-injecting drug users remain to be further 
explored: how to improve adherence to HAART, the optimal treatment strategy of HCV, the long 
term effects of HCV infection, methods for decreasing the prevalence of tuberculosis, the 
immunological aspects of drug use in HIV infection, and the interactions between co-infections 
such as HCV, tuberculosis, and HIV. Many of the issues regarding HCV and tuberculosis also 
need to be further explored in HIV-negative drug users such as the long term consequences of 
HCV infection and the best treatment strategies, and whether the prevalence of tuberculosis in 
Amsterdam which is very high among HIV-positive IDU is also high in HIV-negative IDU. 
Although trends in drug use change over time, research among injecting drug users remains 
relevant. The prevalence of injecting has greatly decreased in the recent past [69-71], but as 
injecting prevalence seems to increase and decrease in cycles [68] the popularity of injecting drugs 
may rise again, as demonstrated by a recent study in London [93]. At present IDU form a large 
group of people living with HIV in Europe and Asia, and new HIV epidemics in this risk group 
still occur as illustrated by the recent epidemics in Portugal and Eastern Europe [94]. 
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Summary 

This thesis presents research on injecting drug users (IDU) who are infected with the human 
immunodeficiency virus (HIV). All but one of the studies were conducted on pooled data from 
cohorts in 7 cities or regions in Europe participating in the European Seroconverter Study among 
IDU. Commonly, individuals do not known when they were infected with HIV. Notably, all IDU 
in the European Seroconverter Study had a known date of seronegative and seropositive HIV test 
(seroconverters) thus allowing for accounting for the duration of HIV infection in statistical 
analyses. Besides studying the progression of HIV infection and the importance of the immune 
system in IDU, also aspects of tuberculosis and hepatitis C infection, two infections that are 
common in this group, were investigated. 

HIV disease progression since highly active antiretro viral therapy (HAART) 

Initial effect of HAART limited 
Shortly after highly active antiretroviral therapy (HAART) became available in 1996, evidence 
came that HIV-positive injecting drug users benefited less from this therapy than other risk groups. 
Data from the European Seroconverter Study were used to study the impact of the availability of 
HAART on the progression rates to AIDS and death among injecting drug users (chapters 2 and 
3). In the first one and a half years of HAART availability (1996-1997) the risk of AIDS and 
death for injecting drug users decreased by 28% and 36% respectively. The initial 36% survival 
benefit was less than the decrease that had been reported for other risk groups (50%-64%). 
Notably, 3 years prior to the availability of HAART, the risk of AIDS had tended to increase 
among IDU (23%), probably due to the extension of the AIDS definition in 1993 which came to 
include 3 extra diseases of which 2 mainly affected IDU (pulmonary tuberculosis and recurrent 
pneumonia). When ignoring the extension the estimated risk reduction of AIDS in time of 
HAART altered only minimally, therefore correcting for the 1993 extension of the AIDS 
definition is apparently not necessary. 

The recent years 
A later study among the same IDU including longer follow-up showed that with ongoing HAART 
availability the risk of AIDS and death has continued to decrease further (chapter 3). By 2000-
2001 the risk of AIDS was reduced by 65% and for death by 75% compared to the pre-HAART 
era. These reductions however, remain of a lesser magnitude than the reductions among other 
groups in Europe in the same time period (87%-91%). Differences in progression rates in the 
HAART era by geographic region have not been studied previously. Factors that may be of 
importance regarding HIV disease progression in the face of HAART availability, such as drug 
adherence, co-infection with hepatitis B and C, and patient management and the organisation of 
care for HIV-infected drug users in general may differ across Europe. However, the progression 
rates to AIDS showed little geographical variation although there was more variation in the risk of 
death. All cause mortality was increased in IDU in Glasgow and the risk of non-natural deaths was 
lowest in IDU in the Valencian region of Spain. The timing at which HAART is initiated clearly 
differed across Europe, with IDU in Amsterdam, Edinburgh, and Innsbruck starting HAART at 
significantly lower CD4+ T cell counts (representing more advanced immune deficiency) than 
IDU in Paris, Geneva, Glasgow and the Valencian region. However this did not lead to apparent 
variations in the subsequent short-term immune response (chapter 3). 



100 

Tuberculosis (TB) 

TB risk varies with the duration of HIV infection 
As it was unknown whether the risk of active tuberculosis disease varied with the length of time 
that individuals are infected with HIV this issue was investigated in chapter 4. It appeared that in 
IDU the risk of tuberculosis varied with the duration of HIV infection, independently of the state 
of the immune system. The risk of tuberculosis was increased relatively early in HIV infection 
(year 4 to 6) and also later (after year 9) with probably a relatively silent period in the years 
between. This pattern was not attributable to variations with time since seroconversion in the 
incidence of pulmonary tuberculosis and extra pulmonary tuberculosis. We hypothesized that 
maybe reactivation of latent M. Tuberculosis infection occurs earlier in HIV infection, whilst late 
in HIV infection (after 9 years in our data), susceptibility to new tuberculosis infection is 
increased. 

Geographic distribution: TB risk unexpectedly high in Amsterdam 
The prevalence of tuberculosis is known to differ by geographic region and as expected, IDU in 
Southern Europe showed a substantially higher risk of tuberculosis than IDU in Northern and 
Central Europe. However, Amsterdam formed an exception for Northern Europe, with very high 
incidence rates (chapter 4). A good tuberculosis case-finding system but no prophylaxis policy in 
Amsterdam may in part explain the high incidence rates. Furthermore the Amsterdam cohort may 
have attracted a more marginalized group at higher risk of TB than the IDU in the other cities. 

Hepatitis C 

High degree of hepatitis C virus exchange across Europe 
The spread of hepatitis C virus (HCV) among HIV co-infected IDU is described in chapter 5. The 
great level of diversity and lack of geographical clustering of HCV strains revealed that HCV 
exchange between European IDU populations has occurred on a large scale. Also, to date, HCV 
virus strains are less region specific than HIV strains. This may be due to the fact that HCV has 
been present for longer and has had more time than HIV to spread, but perhaps HCV is also 
exchanged at a greater intensity between IDU populations than HIV. 

HCV Genotype 4: a recent introduction? 
In contrast to genotypes 1, 2, and 3, HCV Genotype 4 is not very common in northern and central 
Europe and is seen mostly in individuals with a foreign background and increasingly in IDU. The 
percentage of genotype 4 was relatively high among the studied IDU (ranging from 7% in 
Northern Europe to 24% in Southern Europe) and consisted mainly of subtype 4d. The 
evolutionary distances within this subtype were lower, suggesting that this subtype may have 
entered the European IDU population only relatively recently (chapter 5). 

Does carrying multiple HCV genotypes accelerate HIV disease progression? 
Due to contradicting studies, it is still not clear whether individuals infected with both HIV and 
HCV will develop AIDS and die at a faster rate than those with HIV infection alone. The different 
HCV genotypes that are involved may play a role in this issue. In chapter 6 it is shown that 
compared to other genotypes progression to low CD4+ T cell counts is enhanced in IDU with 
HCV genotype 1 infection but that both clinical and immunologic progression are especially faster 
in individuals whose HCV infection involves more than one HCV genotype. Furthermore, the 
effect of HCV genotype on HIV progression was greater in the pre-HAART era, suggesting that 
the effectiveness of HAART may diminish the effect of HCV genotype on HIV disease 
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progression. However, the small numbers in this study and the unclarity as to what comes first (do 
multiple HCV types make HIV-infected individuals sicker or are sicker individuals more 
susceptible for multiple HCV infections?) make further research on this topic necessary. 

Immune status 

Already important prior to HIV infection 
Not much is known about the extent to which the immune status in healthy individuals before HIV 
infection determines subsequent HIV disease course. Stored viable cells that were obtained prior to 
HIV infection allowed for the unique opportunity to study this issue among HIV-positive drug 
users. The findings illustrated that a better immune status prior to HIV infection does indeed affect 
the disease course after HIV seroconversion (chapter 7): 

The more CD4+ T cells the better 
HIV infection is characterized by the gradual erosion of the immune system owing to a loss of 
CD4+ T lymphocyte cells which are an important component of the immune system. IDU starting 
off with higher numbers of CD4+ T cells prior to HIV infection maintained higher levels of these 
cells throughout HIV infection. 

Are immune systems burdened in the past at a disadvantage? 
The T-cell receptor excision circle (TREC) content of CD4+ T cells is probably a marker which 
better than CD4+ T cells reflects inter-individual differences in the number of infections 
experienced throughout life and differences in genetic predisposition to immune stimulation in 
response to infections (with higher TREC content reflecting an assumably lower historical burden 
of the immune system). Drag users with the highest TREC content prior to HIV infection 
displayed significantly slower erosion of their immune system during HIV infection. 
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Samenvatting 

HIV (het humaan immunodeficiëntievirus) is zeer moeilijk onder de duim te houden door het 
menselijk immuunsysteem. Na besmetting blijft het virus in het lichaam aanwezig en meestal geeft 
het een aantal jaren geen lichamelijke klachten. Het virus tast langzaam het immuunsysteem aan 
onder andere door het aantal CD4-T-cellen, welke een belangrijk onderdeel van het 
immuunsysteem vormen, te reduceren. Zonder medicatie is het immuunsysteem na gemiddeld 8 
tot 10 jaar zo verzwakt dat een geïnfecteerd persoon ernstig ziek kan worden van ziekteverwekkers 
of vormen van kanker waar een gezond persoon normaal geen last van heeft. Deze ziekten worden 
de AIDS-definiërende ziekten genoemd. Als een HlV-geïnfecteerde zo'n ziekte krijgt dan heeft hij 
AIDS. Vanaf 1996 toen effectieve anti-Hl V-therapie werd geïntroduceerd, is het risico van het 
ontwikkelen van AIDS en het overlijden aan AIDS sterk afgenomen. Hierdoor is HIV meer een 
chronische ziekte geworden in landen waar deze therapieën beschikbaar zijn. 

HIV kan worden overgedragen via seksueel contact, via bloed-bloed contact, en van moeder naar 
kind tijdens de bevalling en na de bevalling via borstvoeding. Druggebruikers lopen het risico om 
besmet te worden wanneer zij gebruikte naalden met elkaar delen. In dit proefschrift wordt 
onderzoek onder een groep Europese injecterende druggebruikers beschreven waar voor alle 
deelnemers bekend was wanneer ze ongeveer met HIV besmet waren geraakt. Op deze wijze kan 
precies de tijd tussen het oplopen van een HIV-infectie en de diagnose AIDS of sterfte worden 
bestudeerd. De druggebruikers werden gevolgd in verschillende steden of regio's in Europa: 
Amsterdam (Nederland), Edinburgh en Glasgow (Schotland), Genève (Zwitserland), Innsbruck 
(Oostenrijk), Parijs en omgeving (Frankrijk), en Valencia en omgeving (Spanje). 

Beloop van HIV-infectie ten tijde van de effectieve anti-HIV-therapie (HAART) 

Kort na de introductie is het effect van HAART beperkt 
Kort nadat effectieve anti-Hl V-middelen ofwel highly active antiretroviral therapy (HAART) 
beschikbaar kwamen in 1996, werd duidelijk dat HlV-geïnfecteerde druggebruikers minder vaak 
deze therapie kregen voorgeschreven dan andere Hl V-geïnfecteerde groepen. Data uit de Europese 
Seroconverter Studie onder Druggebruikers werden gebruikt om het effect van de beschikbaarheid 
van nieuwe anti-HIV-middelen op de mate van HIV-ziekteprogressie onder druggebruikers te 
bepalen (hoofdstuk 2 en 3). In de eerste anderhalfjaar na het beschikbaar komen van HAART 
(1996-1997) nam het risico van AIDS onder druggebruikers af met 28% en het sterfterisico met 
36%. Deze initiële afname van het sterfterisico was minder dan de 50%-64% afname die werd 
gerapporteerd bij andere met Hl V-besmette groepen. In de 3 jaar voorafgaande aan de 
beschikbaarheid van HAART was overigens het risico van AIDS bij druggebruikers toegenomen. 
Dit werd waarschijnlijk veroorzaakt doordat de lijst van AIDS-definiërende ziekten was uitgebreid 
met drie aandoeningen waarvan er twee voornamelijk bij druggebruikers voorkwamen, namelijk 
longtuberculose en een terugkerende longontsteking. De vraag was of dit verschijnsel de schatting 
van het initiële effect van HAART op het risico van AIDS vertekende. Dit bleek niet het geval. 

Recentere jaren 
Sinds HAART beschikbaar kwam, bleek het risico van AIDS en sterfte onder druggebruikers 
verder af te nemen (hoofdstuk 3). In 2000-2001 was het risico van AIDS verminderd met 65% en 
van sterfte met 75% vergeleken met de periode voordat HAART beschikbaar was. Deze afnamen 
waren echter nog steeds minder dan de afnamen in de meeste andere risicogroepen die lagen 
tussen de 87% en 91%. Verschillen in HIV-ziekteprogressie tussen druggebruikers uit 
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verschillende Europese regio's was nog niet onderzocht in het HAART-tijdperk. Zaken die van 
belang zijn ten tijde van HAART beschikbaarheid, zoals therapietrouw, gelijktijdige infecties zoals 
hepatitis B en C, en de organisatie van zorg voor HlV-geïnfecteerde druggebruikers zouden 
kunnen verschillen in Europa. Echter progressie naar AIDS varieerde nauwelijks tussen de 
geografische regio's, alhoewel er binnen Europa wel enige variatie was in het risico van 
overlijden. Dit was het hoogst onder druggebruikers in Glasgow. Omdat druggebruikers relatief 
vaak overlijden aan niet-natuurlijke doodsoorzaken zoals een overdosis, zelfmoord, moord en 
ongelukken, en dit veelal niets te maken heeft met het stadium van HIV-infectie zijn natuurlijke en 
niet-natuurlijke doodsoorzaken daarom ook apart onderzocht. Uit deze analyse bleek dat het risico 
van een natuurlijke dood, veelal HlV-gerelateerd, nauwelijks varieerde tussen de verschillende 
regio's. Het risico van een niet-natuurlijke dood was wel duidelijk lager onder druggebruikers uit 
de regio rond Valencia. Ook bleek dat het moment waarop met HAART wordt begonnen varieerde 
binnen Europa. Druggebruikers uit Amsterdam, Edinburgh en Innsbruck startten later met HAART 
dan de druggebruikers in Parijs, Genève, Glasgow en de regio rond Valencia. Bij de eerste groep 
werd pas met HAART begonnen als het virus het immuunsysteem al behoorlijk had aangetast door 
reductie van het aantal CD4-T-cellen. Er was tussen de landen echter weinig verschil in de mate 
waarin het immuunsysteem zich herstelde door toename van CD4-cellen tijdens de eerste 6 
maanden van therapie. Echter na de eerste 6 maanden van therapie was er meestal geen verdere 
vooruitgang behalve bij druggebruikers uit Glasgow (hoofdstuk 3). 

Tuberculose (TB) 

Het risico van TB varieert met de duur van HIV-infectie 
Het was onbekend of het risico van tuberculose varieerde met de duur van de HIV-infectie. Uit dit 
onderzoek (hoofdstuk 4) bleek dat bij druggebruikers het risico van TB varieerde met de duur van 
de HIV-infectie, onafhankelijk van de toestand van hun immuunsysteem. Vergeleken met de eerste 
3 jaar na infectie met HIV, was in het 4e tot het T jaar, en vanaf het 10e jaar na besmetting met 
HIV het risico van TB verhoogd. Tussen deze twee periodes (7e -9e jaar) was het risico van TB 
relatief laag en vergelijkbaar met de eerste 3 jaar na HIV-infectie. Dit patroon werd niet 
veroorzaakt door verschillen in het risico van longtuberculose en van tuberculose-infecties buiten 
de longen. Het is mogelijk dat reactivate van een latent aanwezige tuberculose-infectie vroeg na 
HIV-infectie optreedt, terwijl veel later na HIV-infectie het risico van TB is verhoogd als gevolg 
van een toegenomen vatbaarheid voor een nieuwe of eerste tuberculose-infectie. Deze hypothese 
moet echter verder worden onderzocht. 

Het risico van TB is hoog in Amsterdam 
Onder de algemene bevolking verschilt het voorkomen van tuberculose binnen Europa. Dit is het 
hoogst in Zuid-Europese landen en neemt af richting het noorden. Ook onder HIV positieve 
druggebruikers was deze gradiënt zichtbaar met het hoogste risico op TB onder Spaanse 
druggebruikers. Amsterdam viel echter op met een bijna even hoog risico op TB als in Spanje 
(hoofdstuk 4). Het niet toedienen van profylaxe (preventieve middelen), zoals in sommige steden 
wel wordt gedaan bij druggebruikers, maar het wel geregeld onderzoeken van druggebruikers op 
tuberculose, wat in andere steden niet wordt gedaan, zou mogelijk deels het hogere aantal TB-
infecties in Amsterdam verklaren. Ook zouden de druggebruikers in het Amsterdamse onderzoek 
mogelijk een meer gemarginaliseerde groep druggebruikers betreffen met een hoger risico op TB 
dan de cohorten in de andere steden. 
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Hepatitis C 

Veel uitwisseling van hepatitis-C- virus in Europa 
De verspreiding van het hepatitis-C-virus (HCV) onder injecterende druggebruikers is beschreven 
in hoofdstuk 5. Bijna alle HlV-geïnfecteerde druggebruikers blijken ook te zijn geïnfecteerd met 
HCV. De hoge mate van diversiteit van HCV en het gebrek aan geografische clustering toont aan 
dat uitwisseling van HCV tussen Europese injecterende druggebruikers op grote schaal heeft 
plaatsgevonden. Ook bleken de HCV-stammen diverser te zijn (minder specifiek voor elke regio) 
dan de HIV-stammen in dezelfde populatie injecterende druggebruikers. Dit komt mogelijk 
doordat HCV al langer in deze groep circuleert dan HIV en dus meer tijd heeft gehad om zich te 
verspreiden. Anderzijds is er mogelijk ook meer uitwisseling van HCV (wat veel besmettelijker is 
dan HIV) geweest onder druggebruikers in Europa. 

Is hel HCV-genotype 4 recent geïntroduceerd? 
In tegenstelling tot HCV-genotypen 1, 2, en 3, kwam HCV-genotype 4 niet erg veel voor in 
Noord- en Centraal-Europa. Het werd het meest gezien in individuen van buitenlandse komaf en 
recentelijk bleek het genotype 4 relatief veel voor te komen onder de Europese druggebruikers 
(oplopend van 7% in Noord-Europa tot 24% in Zuid-Europa). Onder de druggebruikers betrof het 
voornamelijk subtype 4d. De evolutionaire afstanden tussen de virussen van dit subtype waren 
lager dan van de andere subtypen, hetgeen suggereerde dat subtype 4d vrij recentelijk zijn intrede 
heeft gedaan in deze populatie van Europese injecterende druggebruikers (hoofdstuk 5). 

Hangt dragerschap van meerdere HCV-genotypen samen met een versnelde HfV-ziekteprogressie? 
Het is nog steeds niet duidelijk of het hebben van zowel een HIV-infectie als een HCV-infectie 
leidt tot het sneller ontwikkelen van AIDS of overlijden dan een HIV-infectie zonder HCV-
infectie. Mogelijk speelt hier het HCV-genotype een rol. Hoofdstuk 6 betreft een onderzoek in een 
subgroep van de druggebruikers die met beide virussen zijn besmet en waarvan het HCV-genotype 
is bepaald. Deze studie laat zien dat HIV-ziekteprogressie naar een laag aantal CD4-T-cellen 
versneld is onder de druggebruikers geïnfecteerd met HCV-genotype 1 maar dat de progressie nog 
sneller was bij druggebruikers die meer dan één HCV-genotype droegen. De laatste groep 
vertoonde bovendien ook een versnelde progressie naar AIDS. Deze effecten van HCV-genotype 
op HIV-infectie waren groter in het tijdperk zonder HAART. Dit suggereerde dat de hoge 
effectiviteit van HAART mogelijk het negatieve effect van HCV-infectie overschaduwt of 
verzwakt. Verder onderzoek naar het effect van HCV op HIV-infectie is echter nodig omdat uit dit 
onderzoek nog niet duidelijk was wat oorzaak en gevolg was: werden HlV-geïnfecteerden sneller 
ziek door een HCV-infectie met meer types of waren individuen met een snellere HIV-
ziekteprogressie bevattelijker voor een HCV-infectie met meer types? 

Immuunstatus 
Status van het immuunsysteem al belangrijk voordat H/V-infectie plaatsvindt 
Onbekend is van welk belang de immuunstatus zonder HIV-infectie is op het beloop van de HIV-
infectie na besmetting. Bewaarde, ingevroren bloedcellen van druggebruikers uit Amsterdam die 
waren afgenomen voordat zij besmet raakten met HIV, boden een unieke kans om deze vraag te 
beantwoorden. De studie toonde aan dat een betere immuunstatus voordat HIV-infectie plaatsvindt 
inderdaad het Hl V-ziekteproces beïnvloedt (hoofdstuk 7). 
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Hoe meer CD4-T-cellen hoe beter 
Tijdens een HIV-infectie wordt het immuunsysteem langzaam aangetast onder andere door een 
verlies van CD4-T-cellen. Injecterende druggebruikers die hoge aantallen CD4-T-cellen hadden 
voordat ze besmet raakten met HIV, hadden ook een hoog aantal van deze cellen tijdens HIV-
infectie. 

Is een immuunsysteem dat in het verleden weinig is geactiveerd een voordeel? 
Het aantal T-cell-receptor excisie circles (TREC) van CD4-T-cellen is waarschijnlijk een indicatie 
voor het aantal infecties dat is opgelopen in het leven en voor de genetische aanleg voor de reactie 
van het immuunsysteem op stimulatie. Hogere TREC-inhoud is mogelijk een indicatie van een 
immuunsysteem dat in het verleden minder vaak is geprikkeld door infectie. De studie laat zien dat 
druggebruikers met een hoge TREC-inhoud voordat HIV-infectie plaatsvond hun CD4-T-cellen 
langzamer verliezen na HIV-infectie. 



707 

Dankwoord / Acknowledgements 

Het is af! Na alle jaren waarin ik met veel plezier aan dit onderwerp heb gewerkt, ben ik heel veel 
mensen dankbaar die aan dit proefschrift, velen misschien onbewust, een steentje hebben 
bijgedragen. 

De meest direct betrokkenen zijn natuurlijk mijn promotor Roel Coutinho en copromotor Maria 
Prins. Roel, ik vond het erg prettig om met jou samen te werken. Af en toe dwong je me jou 
duidelijk te maken dat er nog leuk onderzoek te doen was met de druggebruikersstudie. Maar 
eigenlijk wist je altijd welke richting we op moesten met elk stuk en zag je ook mogelijkheden 
voor compleet nieuwe onderwerpen zoals de verspreiding van HCV. Het bleef altijd leuk om te 
zien hoe je, soms met een paar nonchalante strepen hier en daar over mijn papieren, altijd elk stuk 
doeltreffend tot de essentie wist terug te brengen. Maria, je hebt me bijna door de hele rit heen 
begeleid. Ik ben jou zeer dankbaar voor al je waardevolle opmerkingen en bijdragen, en de 
aandachtigheid waarmee je elk stuk las. Jij bezit de waardevolle eigenschap om de dingen te zien 
waar anderen overheen lezen. 

In de loop van dit promotie-onderzoek heb ik met een aantal mensen intensief samengewerkt om 
een aantal van de artikelen te produceren. Figen, samen hebben we aan het TRECS-stuk gewerkt 
en later heb ik dat onderzoek van je overgenomen. Ik ben blij dat je op een dag je spullen hebt 
gepakt en mijn kamergenoot bent geworden. Je was heel stimulerend, begaan met anderen en je 
motivatie was aanstekelijk. Bovenal was het erg gezellig en hebben we samen heel wat beschuit 
met muisjes weggewerkt. Nadat je was vertrokken heb ik stilletjes nog lang gehoopt dat je terug 
zou komen. Ook Inge, ik vond het verschrikkelijk jammer datje weg ging. We hebben samen het 
HCV-stuk geschreven en flink wat uren gediscussieerd, geschreven, en herschreven en ik heb veel 
van je opgestoken wat de fylogenie betreft. Zonder jou was dit stuk niet van de grond gekomen. 
Door een gebrek aan eindpunten voor de survivalanalyses is het TRECS-verhaal, waar ik met 
Figen aan had gewerkt, later over een andere boeg gegooid en heb ik het in samenwerking met het 
CLB afgemaakt: Frank, José, Mette en Sigrid er zijn heel wat mailtjes over en weer gegaan en ik 
vond het erg leuk om met jullie samen te werken. José, ik ben je zeer dankbaar voor de rust en al 
het geduld waarmee je mij een stukje van de wereld van de immunologie hebt bijgebracht. En 
altijd stond je klaar om me te helpen of mee te denken. Ik schaam me echter diep, want ik heb nog 
nooit iemand zó lang op taart laten wachten! Zodra ik weer een oven heb, kom ik langs. 

I was very lucky to have the opportunity to work with the collaborators of the European 
Seroconverter Study among IDU, who are an extremely helpful and friendly group of people. I 
thank all of you for your contributions to the study: Ildefonso Hernandez Aguado (you also gave 
me the great tip to visit Cuba), Faroudy Boufassa (thanks as well for all the electronic hugs and 
kisses), Roy Robertson (I will remember the lovely stay with your family in Edinburgh), Ray 
Brettle, Robert Zangerle (also for the friendly advice and perfect data), Jim McMenamin, Barbara 
Broers (thanks for the tip on the HCV reference which was also very useful in writing the 
discussion part for this thesis), Veronique Schiffer, and finally Giovanni Rezza from the Italian 
Seroconverter Study who joined us with the two HCV projects. Several other persons have been 
involved in the writing of specific papers. Arnaud Fontanet helped me getting my first paper done 
and I'm very grateful for your willingness to help out as a last minute stand-in for Maria and join 
me for the meeting in Edinburgh. Peter Simmonds and Alexandra Cochrane, I thank you for 
sharing your knowledge with us for the study on the spread of HCV. I also thank all the clinicians, 



108 

health workers, laboratory workers, and the study participants of each of the cohorts for their 
efforts in making the research possible. 

Op de GG&GD was het een gezellige tijd! Dit heb ik aan een heleboel oud-collega's te danken: 
Ineke (mijn promoveermaatje: samen beginnen en samen afronden), Birgit (uren kletsen en 
snoepen), Udi (ik kan jou niet meer bevoorraden dus voor het geval je toch ooit een poging durft te 
wagen, voeg ik onderaan voor jou het brownie-recept toe. Hier heb je in ieder geval geen goggles 
voor nodig...), De oude 'kamer 102': Joke, Els en Maja voor alle gezellige gesprekken en wijze 
raad (Joke, het blijft toch erg jammer dat onze-soppa brief niets opleverde!), Ronald (de wijze en 
sociale statisticus, die altijd tijd voor je maakt. Bedankt voor de geweldige fietsroute door Cuba), 
Colette en Anneke (jullie zijn allebei heel attent en enorm bedankt voor alle klusjes die jullie voor 
me hebben gedaan wanneer ik niet naar de GGD kon komen), Nicole (wij delen een aantal 
passies!), de collega-onderzoekers op het streeklab: Grace, Thijs en Robin (het was erg leuk dat de 
interactie met het lab toenam), Saida en Mirjam (bedankt voor al het PCR'en en sequencen), 
Marion (jij vindt altijd ruimte om anderen een hart onder de riem te steken), Miranda (het was kort 
maar krachtig, bedankt voor de fijne begeleiding), Sylvia (voor de vanzelfsprekende bereidheid die 
je toonde om de HCV-studie aan te pakken en jouw begeleiding daarin), Hanna en Merlijn (de 
levenslustige en vrolijke combi op de nieuwe kamer 102), Akke (het was leuk in San Francisco en 
New York!), Karen (altijd in voor een gesprek), Daniela (we zijn een explosieve combinatie maar 
ook dat is leuk), Ewald (altijd optimistisch), Maria Xiridou (rustig en kalm), Wil (je bent een 
duizendpoot, kent alles en iedereen, het was altijd gezellig als je langswipte op de afdeling en ik 
dank je hartelijk voor alle hulp in de afgelopen jaren), Leny (prettig recht-door-zee en bedankt 
voor alle refman-klussen), en alle collega's van lang vervlogen tijden bedank ik voor de prettige 
sfeer en leuke tijd. 

Op het CIE trof ik een grote gemoedelijke afdeling. Goede gesprekken, gezellige lunches met een 
dosis onzin en humor, rondvliegende vliegtuigjes, soppa-medestanders en vaak, heel vaak, taart. Ik 
zit in twee fijne projectgroepen. Dit is leuk. 

Paranimfen, ik zal er niet alleen voor staan en dat is een goed gevoel! Twee mede-epidemiologen 
die me bij zullen staan. We hebben dezelfde studie gevolgd, en jullie zijn, ieder in een andere 
periode, huisgenoten van me geweest. Jullie vriendschap is me dierbaar. Mirjam, we trekken al 
heel lang samen op en ik moest heel hard wennen aan het idee dat ik sinds kort niet meer bij je in 
de buurt woon. Laten we nog vaak samen uren doorbrengen en ons geld verbrassen bij de 
Japanner. En ook al heb ik een beetje gesmokkeld, ik krijg de taart! Lieve Marjoke met je gouden 
handen, eigenlijk heb ik niet twee maar drie paranimfen! Ik bewonder je om je rustige aard, je 
eerlijkheid en het feit dat je voor iedereen klaarstaat. Ik had geluk dat je bij ons op de 
Leeuweriksweide kwam wonen waar we vrienden zijn geworden. 

De leuke momenten in mijn leven beleefde ik meestal niet alleen: afspraken, etentjes, vakanties, 
cursussen, feesten, gesprekken, discussies, tips en goede raad uitwisselen en elkaar helpen met van 
alles en nog wat. Ik dank al mijn vrienden en kennissen voor deze momenten. Ik kan jullie hier 
niet allemaal bij naam noemen maar ik ben blij en dankbaar dat ik jullie allemaal ken. Twan en 
Monique, bedankt dat jullie je hebben gebogen over een deel van de tekst in dit boekje. En dat 
notabene op Twan's verjaardag. Lalo en Mirta, wat fijn dat jullie mij de eerste stappen van de 
Argentijnse tango hebben bijgebracht. Mijn stoere peettante Eugenie, hartstikke bedankt voor alle 
aandacht toen ik klein was. Nog steeds ontvang je mij met open armen. Jouw aanwezigheid, ook al 
was het over de oceaan, is belangrijker voor me geweest dan je waarschijnlijk zelf weet. Kees, 



109 

bedankt voor alles! Het laatste jaar had ik veel minder tijd voor alles wat we samen delen. Op een 
gegeven moment kookte jij altijd, mopperde nooit en heb je de werklast van dit proefschrift voor 
mij verder verlicht door mij de lay-out en vormgeving helemaal uit handen te nemen. 

Lieve papa en mama, bij jullie kan ik gewoon mezelf zijn. Jullie stellen geen eisen, vellen geen 
oordeel. Ik ben blij met jullie. Pap, bedankt voor alle lekkere diners. Mam, voor je luisterende oor 
en alle steun. Het is niet de lolligste kost, maar dit proefschrift draag ik op aan jullie. Rose, jij 
maakt van koffie een kunst. Ik zal je missen, kom gauw een keer terug. Mieke jij zit vol met 
humoristische verrassingen en zorgzaamheid. Maisha jij bent vet cool gaaf! Jullie zijn een 
superfamilie. 

Al mijn vrienden en familie heb ik veel te weinig gezien in het afgelopen jaar. Aan jullie allemaal: 
de deur staat open, kom gauw weer eens eten! 

Brownies 

3 75 ml meel 
500 ml suiker 
185 ml cacaopoeder 
250 gram boter of margarine 
5 eieren 
flinke snuf zout 
walnoten naar smaak 
(meel, suiker en cacao afmeten met een maatbeker). 

Oven voorverwarmen op 150 °C. 
Een bakblik van ongeveer 20x30 cm invetten. 
Boter smelten. 
Alle droge ingrediënten mengen in een kom. 
Roer de eieren en boter er goed door. 
Giet het in het bakblik. 
30 minuten bakken. 
Prik er met een satéstokje in. 
Is het deeg nog te nat verleng de baktijd met 5 a 10 minuten en prik dan opnieuw. 
Als er kleffe kruimels aanhangen zijn de brownies goed. 
Laat het blik afkoelen en snij het gebak in vierkantjes. 
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studievereniging, trainingen gegeven, en heb ik in samenwerking met studenten uit Zuidelijk 
Afrika 'pit latrines' gebouwd in een ruraal gebied in Zuid-Afrika. Ik ben afgestudeerd in de 
specialisaties Epidemiologie en Gezondheidsleer en heb hiervoor stage gelopen bij de GGD 
Rivierenland in Tiel (Psychosociale problematiek onder jongeren in Rivierenland) en twee 
afstudeerscripties geschreven aan de universiteit (Fragiele ouderen, hun reukvermogen en 
subjectief welbevinden, en Meat consumption and preparation in relation to sporadic and 
hereditary colorectal adenomas). Mijn eerste baan was het schrijven van jeugdgezondheids-
rapporten bij de GGD IJssel-Vecht in Zwolle. Vervolgens heb ik een aantal maanden gewerkt bij 
het National Aids Therapy Evaluation Centre (NATEC) in Amsterdam en heb ik daarna een 
gezondheidsmonitor geschreven voor de Gemeente Den Haag. Eind 1999 begon ik als 
epidemiologisch onderzoeker op de afdeling HIV/SOA-onderzoek bij de GGD Amsterdam, waar 
dit proefschrift een resultaat van is. Ik coördineerde de studie the European HIV seroconverter 
study among injecting drug users. Onder andere verzamelde en analyseerde ik data uit 7 Europese 
centra en regelde ik jaarlijkse bijeenkomsten. Verder hoorde het begeleiden van collega
onderzoekers, het afsplitsen van datasets voor andere internationale studies, onderwijs geven en 
het coördineren van een cursus epidemiologie voor eerstejaarsstudenten aan de Universiteit van 
Amsterdam tot mijn taken. Sinds april 2004 werk ik als epidemioloog op de afdeling Centrum 
voor Infectieziekten Epidemiologie (CIE) bij het Rijksinstituut voor Volksgezondheid en Milieu 
(RIVM). 
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VALE, PERO MILLONES DE VECES MAS, 
I A V1DA DE UN SOLO SER HUM AM) 
QUE TODAS LAS PROPIEDADES 
DEL HOMBRE MAS R1CO DE LA TIERRA. 


