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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 

Liselotte van Asten3, Miranda Langendam3, Robert Zangerleb, 
lldefonso Hernandez Aguadoc, Faroudy Boufassad, Veronique Schiffer6, 

Raymond P. Brettlef, J. Roy Robertson^, Arnaud Fontanel, 

Roel A. Coutinhoah, Maria Prins3 

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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