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SUMMARY 
Objectives: To estimate the incubation-period distribution (time from seroconversion to AIDS) 

accounting for death before an AIDS diagnosis (DBAD) in a cohort of injecting drug users (IDU) 

in Amsterdam, The Netherlands and to compare these estimates with those previously obtained 

from a contemporaneous study of homosexual and bisexual men in Amsterdam carried out using 

the same facilities. 

Design: Participants in a cohort study begun in Amsterdam at the end of 1985 have scheduled 

follow-up visits every 4 months. All participants of Dutch nationality and who had two or more 

follow-up visits before January 1996 from which CD4 measurements were available were 

included in this study. Data concerning AIDS diagnosis and death were verified through review of 

national and municipal registries. 

Methods: Because time of seroconversion was unknown for study participants and because IDU 

are at substantial risk for DBAD, we used a Markov model with CD4-based stages which allows 

for DBAD. The parameters in this model were estimated using the method of maximum 

likelihood and confidence intervals were calculated using bootstrap methods. 

Results: A total of 173 IDUs (134 seroprevalent, 39 seroincident) made 1829 visits. Nearly 10% 

of the visits were non-consecutive and for 2% of the visits two or more consecutive scheduled 

visits were missed. Forty five IDU developed AIDS and 25 died without an AIDS diagnosis. We 

estimated that 24% [95% confidence interval (CI), 17-25%] of IDU die before an AIDS 

diagnosis. As a result, the median time from seroconversion to AIDS (10.5 years, 95% CI, 

9.1-10.7 years) is considerably longer than the median time from seroconversion to death (8.3 

years, 95% CI, 7.9 - 8.5 years). Conditional on survival to an AIDS diagnosis, the median time 

to AIDS is 8.2 years (95% CI, 7.7-8.7 years). The median survival time after a diagnosis of AIDS 

is estimated to be 1.0 years. 

Conclusions: The high occurrence of DBAD in IDU has a considerable influence on estimates of 

the incubation-period distribution. Progression from seroconversion to death was faster than in a 

cohort of homosexual men in Amsterdam (median, 8.3 years and 9.6 years, respectively). 

However, progression to AIDS conditional on survival to an AIDS diagnosis seems to be similar 

in both the IDU cohort and in the cohort of homosexual men (median, 8.2 years and 8.3 years, 

respectively). 

Keywords: Death before AIDS, HIV disease progression, Incubation period distribution, Injecting 
drug users, CD4 counts, Markov model. 



CD4 Staging in Drug Users with HIV-Infection 

The Incubation Period to AIDS among Injecting 
Drug Users Estimated from Prevalent Cohort 
Data, Accounting for Death Prior to an AIDS 

Diagnosis 

The natural history of infection is characterized by progressive damage 

of the immune system, ultimately leading to AIDS. The time from infection 

to AIDS may differ among HIV-infected persons from several months [1,2,3] 

to over 13 years [4,5,6]. Both short-term and long-term HIV disease 

progression has been studied using immunological and virological disease 

indicators. Results from several studies of recipients of blood or blood 

products and of homosexual men show that the median incubation period is 

approximately 8 to 11 years [7,8,9,10,11,12], depending on censoring 

strategies and mean age [13]. However, less is known about the natural 

history of HIV-infection in injecting drug users (IDU). Injecting drug use is 

the most important transmission route of the HIV in several countries in 

southern of Europe [14] and in the Asian-Pacific region. 

Age, and possibly other cofactors such as route of transmission, general 

health, lifestyle and viral factors, may influence the length of the incubation 

period. Hence it is of interest to study the incubation period in specific 

transmission groups. Unlike HIV-infected homosexual men, HIV-infected IDU 

commonly die before being diagnosed as having AIDS [15,16]. Although 

injecting drug use itself is associated with higher mortality, mortality seems 

even higher in HIV-infected IDU then in non-HIV-infected IDU [15]. A 

variety of causes of death [including overdose/suicide, pneumonia, 

endocarditis/sepsis, liver function failure) occur in both HIV-infected and 

uninfected IDU, which makes it difficult to understand the relationship 

between HIV infection and death before an AIDS diagnosis (DBAD) among 

IDU. 

In this study, we used CD4 counts, a widely accepted marker of HIV 
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disease progression, in a staged Markov model to estimate the incubation-

period distribution (IPD) of AIDS in a prevalent cohort of IDU in 

Amsterdam, The Netherlands. A Markov model was used because it can 

easily account for the doubly censored data that characterize a prevalent 

cohort; it can also be constructed to allow for the possibility of DBAD. These 

features allowed us to estimate progression rates for both AIDS and death, as 

well as the progression rates for AIDS obtained by removing the effect of 

DBAD. Staged models of disease progression that use CD4 measurements 

must take into account the high degree of measurement error and biological 

variability in CD4 counts [7]; in this study, we accounted for this by 

smoothing the data before fitting the Markov model [10]. 

Materials and Methods 

Study Population 

The data used in our study were obtained from IDU who participated in 

a cohort study in Amsterdam [17,18]. This study has been recruiting both 

HIV-seronegative and HIV-seropositive participants since December 1985, for 

whom follow-up visits are scheduled every four months. All 173 Dutch HIV-

positive IDU who had two or more follow-up visits with CD4 measurements 

before 1 January 1996 were included in this study (total of 1829 visits). At 

entry into the study, 134 (77%) drug users were seropositive; 39 (23%) 

seroconverted during follow-up. 

Data on clinical AIDS diagnoses [using the 1987 Centers for Disease 

Control and Prevention (CDC) AIDS case definition] [19] and death were 

collected through active follow-up, review of hospital records, municipal and 

national registries and postmortem examination. Forty-five participants 

developed AIDS and 57 died during the study period, of whom 25 died 

without a diagnosis of clinical AIDS. 

We excluded study participants who were not Dutch, because that group 

(comprising mainly Germans) has an unusual pattern of loss to follow-up. The 

mean duration of follow-up period in this group is comparable to that among 

the Dutch drug users, but the observed AIDS incidence is relatively low, 

possibly indicating a tendency to return to their country of origin when 

feeling ill. This phenomenon would have biased the estimates of transitions to 
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stage 7 ('AIDS'), because the proportion (of low CD4's) progressing fast to 

AIDS would have been under-estimated. 

T-Lymphocyte Subset Determination 

Peripheral blood mononuclear cells were isolated from heparinized blood 

by density-gradient centrifugation to determine T-lymphocytes. Numbers of 

CD4+ cells per microliter were determined by immunofluorescence and flow-

cytometry [20]. 

Staged Markov Model 

We modelled HIV disease progression by using a continuous-time 

Markov model with eight stages (Figure 1). Stage 1 to 6 are transient states 

defined by ranges of the number of CD4+ cells (Figure 1), as used previously 

[7,10,21]. This scheme has been successful in dividing the incubation period 

into relatively even periods in cohort studies of homosexual men. Stage 7 is a 

transient state defined by diagnosis with clinical AIDS (using the 1987 

Centers for Disease Control and Prevention (CDC) AIDS case definition 

[19]), and stage 8 (the only absorbing state in our model) corresponds to 

death. Our model allowed transitions between adjacent CD4 stages, an AIDS 

diagnosis directly from the last three CD4-based stages, and transitions from 

any stage to death. Consequently, the model is specified by 20 transition 

parameters {A- values), governing the instantaneous hazard of moving between 

stages. For example, A48 is the instantaneous hazard of death (stage 8) from 

stage 4 (351-500 cells x 106/1). 

Because CD4 measurements are subject both to measurement error and 

short time-scale variability, we fitted the Markov model to smoothed data. As 

with our previous study among homosexual men [10], each person's stage at 

each visit was determined using by applying a kernel smoother to the log-

transformed data. The bandwidth of the smoother was chosen so that the 

variance of the residuals (i.e., the difference between the observed and the 

smoothed values) was equal to an estimate of the variance of the 

measurement error and short-time-scale variability of CD4 measurements. We 

obtained this estimate by considering additional data (n=151) obtained from 
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Figure 2. The network of stages used to specify the Markov model. Patients in stage 1 to 6 are 
infected but have not developed AIDS; those in stage 7 have been diagnosed with 
clinical AIDS and those in stage 8 are deceased. The model permits transitions 
between adjacent stages based on CD4 cell count, AIDS diagnosis from stages 4 
through 6, and transitions from any stage to death. The Atj values are the monthly 
transmission rates. The ranges of CD4 cell count (x 106/1) used to define stages 1 to 6 
are indicated beneath each stage. 

the visits that took place between the regular 4-monthly intervals as replicate 

easurements. The additional data were related to participation in clinical 

experiments, confirmation of seroconversion or confirmation of laboratory 

measurements and they covered the range of the 'regular' CD4 measurements. 

We estimated the standard error (e) to be 0.23, corresponding to a bandwidth 

of the smoother of 1.2 years. Our estimate for the short-time-scale variability 

is almost identical with that which we obtained in our previous study of 

homosexual men [10]. Note that this value is close to the 8-week variability 

(e=0.25) [22] and noticeably larger than the within-test variability O=0.19) 

[23] from literature. 

The model parameters (A values) were estimated using the method of 

maximum likelihood [24]. The distributions of the times at which each stage 

was first entered (first-passage times) were generated from 10,000 simulations 

using the estimated A values and exponential waiting times. To account for 
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the variability introduced by the smoothing step, we calculated confidence 

intervals for the A values and median first-passage times by using the 

bootstrap procedure. Specifically, we constructed bootstrap replicates for each 

person by sampling from the set of observed residuals, adding the sampled 

residual to the smoothed value and then resmoothing the resulting data. The 

model was fitted to each replicate data set, and bootstrap confidence intervals 

(CI) were obtained using the percentile method [25]. We also calculated the 

expected number of stages visited before an AIDS diagnosis as a measure of 

how well the staged CD4-model predicted progression. 

Results 
This study included 173 IDU (aged 21-47 years; median age, 32 years; 

123 males, 50 females) who made a total of 1829 visits. At entry into the 

study, 134 (77%) IDU were seropositive and 39 (23%) seroconverted during 

follow-up. Forty-five participants (29 males, 16 females) developed AIDS; 57 

(35 males, 22 females) had died by January 1 1996, of whom 25 had died 

without an AIDS diagnosis (16 males, nine females). The proportion that 

reported injecting drug use in the 6 months before study entry is 63% 

(n=109), of whom 53% (n=58) reported daily use. Of the participants, 96 

reported use of borrowed (previously used) needles or syringes more than 10 

times in the 6 months before study entry. Most (87%) of the participants had 

been living in Amsterdam for 5 years or more. 

The median time between two successive visits was 4.1 months (inter

quartile range Q1-Q3, 1.1 month) and one or more regularly scheduled 4-

monthly visits were missed between 10% of successive visits. Antiretroviral 

or prophylactic treatment in the preceding 4 months was reported at 356 visits 

(19%) by 61 participants. Of these, 69 visits by 18 participants involved 

treatment with zidovudine only, 83 visits by 26 participants involved 

Pneumocistic carinii pneumonia (PCP) prophylaxis only, and 204 visits by 40 

participants involved both zidovudine use and PCP prophylaxis. Other 

treatment (i.e. didanosine, zalcitabine, lamivudine) was only administered to 

participants already receiving zidovudine and/or PCP prophylaxis (32 of the 

61 participants). 
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Table 1. The number of observed transitions (mean number of days), following smoothing, 

between pairs of successive follow-up visits. 

From To stage: 

stage: 1 2 3 4 5 6 7 8 

1 37(137) 16(156) 1 (371) O(-) O(-) O(-) O(-) 2 (335) 

2 9(187) 97(132) 20(231) 2 (664) O(-) O(-) 1 (116) 2(107) 

3 1 (287) 11 (161) 153(135) 48(194) 2(312) O(-) 1 (821) 2(40) 

4 O(-) 2 (888) 17(210) 338(134) 66(196) 3 (700) 2(130) 11 (209) 

5 O(-) O(-) O(-) 17(189) 420(135) 45(171) 15(225) 6(87) 

6 O(-) O(-) O(-) O(-) 10(226) 228(135) 26(149) 2(111) 

7 O(-) O(-) O(-) O(-) O(-) O(-) 1 1 (495) 32(309) 

Stage 1 to 6 are CD4-based stages and stage 7 and 8 correspond to clinical AIDS and death, 

respectively (Figure 1). 

Table 2. Estimated monthly transition rates (95% CI) of the CD4 staging system of HIV 

infection by using a reversible Markov model. 

Rate Estimate (95% CI) 

Xl2 

X2, 
X}2 

A.,4 

XÂ, 

^ 1 8 

X2li 

^ 7 8 

0.081 
0.022 
0.042 
0.016 
0.057 
0.012 
0.039 
0.000 
0.009 
0.022 
0.009 
0.009 
0.025 

"Ö".0Ö7' 
0.003 
0.001 
0.005 
0.001 
0.000 
0.082 

(0.044-
(0.009-
(0.035-
(0.007-
(0.035-
(0.005-
(0.017-
(NC) 
(0.005-
(0.017-
(0.007-
(0.004-
(0.021-

••(Ö.0ÖT 
(0.001 
(0.001 
(0.002 
(0.000 
(NC) 
(0.080 

0.087) 
0.031) 
0.060) 
0.017) 
0.064) 
0.015) 
0.046) 

0.012) 
0.024) 
0.010) 
0.012) 
0.025) 
0".0T3")" 
•0.009) 
•0.005) 
-0.006) 
•0.002) 

-0.089) 

CI, Confidence interval; \ , Monthly transition rate from stage i to stage j ; NC, Not calculated: 

the parameter was estimated to be zero, and, therefore removed from the final model. 
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Table 1 shows the number of observed transitions and the mean 

numberof days between successive follow-up visits. Table 2 shows the 

maximum likelihood estimates of the monthly transition rates (/?,-,- values) with 

95% confidence intervals (CI) obtained by fitting the model of Figure 1. The 

À values were used to compute the cumulative probability distributions of the 

first passage time from any stage to any other stage (Figure 2). The IPD from 

15 20 25 
YEARS SINCE STAGE 

Figure 3. The cumulative probability distributions of the passage time from each CD4-based 
stage to AIDS. Each line is numbered according to the starting (CD4-based) stage. 

seroconversion to AIDS (stage 7) shown in Table 3 is the weighted sum of 

the cumulative probability distributions of the first passage time from any 

CD4-based stage to AIDS, weighted by the stage-occupation frequencies of 

the first HIV-positive sample among the seroconverters with narrow 

seroconversion intervals (<1 year, n=33). These frequencies are 0.09, 0.15, 

0.42, 0.15, 0.15 and 0.03 for the stages 1 to 6, respectively. By using these 

weights, we accounted for different CD4 counts at seroconversion. Table 3 
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Table 3. Cumulative proportion (95% CI) in whom AIDS developed, or who died and either of 
the two, by year since seroconversion, estimated from a CD4-staged Markov model, 
including death before AIDS. 

Cumulative Proportion (95% CI) in whom time of seroconversion to: 

Year AIDS deceased AIDS or deceased 

1 0.00 (0.000-0.001) 0.01 (0.003-0.012) 0.01 (0.003-0.013) 
2 0.02 (0.005-0.021) 0.05 (0.04-0.06) 0.06 (0.05-0.07) 
3 0.05 (0.04-0.07) 0.10 (0.08-0.11) 0.13 (0.12-0.15) 
4 0.09 (0.09-0.12) 0.16 (0.14-0.18) 0.19 (0.18-0.23) 
5 0.16 (0.13-0.19) 0.22 (0.20-0.26) 0.29 (0.26-0.31) 
6 0.22 (0.20-0.27) 0.31 (0.28-0.33) 0.37 (0.35-0.40) 
7 0.29 (0.27-0.35) 0.39 (0.37-0.42) 0.46 (0.44-0.50) 
8 0.37 (0.35-0.43) 0.47 (0.45-0.51) 0.55 (0.53-0.58) 
9 0.42 (0.41-0.49) 0.56 (0.54-0.59) 0.62 (0.61-0.65) 
10 0.48 (0.47-0.55) 0.62 (0.61-0.66) 0.68 (0.67-0.71) 
11 0.52 (0.51-0.60) 0.68 (0.67-0.72) 0.73 (0.72-0.76) 
12 0.56 (0.55-0.64) 0.73 (0.73-0.77) 0.78 (0.77-0.81) 
13 0.60 (0.59-0.68) 0.78 (0.77-0.81) 0.82 (0.81-0.85) 
14 0.62 (0.61-0.71) 0.82 (0.81-0.85) 0.85 (0.84-0.88) 
15 0.65 (0.64-0.73) 0.85 (0.84-0.88) 0.87 (0.87-0.90) 

CI, Confidence interval; AIDS, Centers for Disease Control (CDC) 1987 AIDS case definition; 
AIDS or deceased, Time to the first of these two events and one minus this proportion is the 
proportion of alive and AIDS-free, for example, 54% are alive and AIDS-free 7 years after 
seroconversion. 

also shows the distribution of the times from seroconversion to death and 

seroconversion to either AIDS or death. These estimates account for DBAD, 

as well as for the effect of CD4 stage both at the time of seroconversion and 

at the time of AIDS diagnosis. For example, we estimate that 54% (95% CI, 

50-56%) of IDU are alive and also AIDS-free 7 years after seroconversion. 

Using the parameter values in Table 2, we estimate that 24% (95% CI, 

17-25%) of seroconverting IDU die before being diagnosed with AIDS. As a 

consequence of this high number of deaths before AIDS diagnosis, the 

median time from seroconversion to AIDS (10.5 years; 95% CI, 9.1-10.7 

years) is considerably longer than the median time from seroconversion to 

death (8.3 years; 95% CI, 7.9-8.5 years). If deaths that occur before an AIDS 

diagnosis are unrelated to HIV disease progression, then an estimate of the 

IPD for IDU that removed deaths before an AIDS diagnosis would better 

reflect the natural history of HIV disease. The IPD with death before AIDS 
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removed is shown in Figure 3 and can be calculated from column 2 of Table 

3 and the 24% of death before AIDS. Conditional on not dying before an 

AIDS diagnosis, the median time to AIDS is 8.2 years (95% CI, 7.7-8.7 

years). The median survival time after a diagnosis of AIDS is estimated to be 

1.05 years (95% CI, 0.96-1.07). 

The dependence of the hazard of AIDS on CD4 count is accounted for 

by the parameters A47, A57 and A67. This hazard increases considerable as CD4 
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Figure 4. Incubation-period distributions (IPD) for injecting drug users (IDU) calculated 
assuming deaths before AIDS diagnosis (DBAD) are independent of AIDS (long 
dashes) and for homosexual men in the Amsterdam cohort study [10] (solid line). Also 
shown are the upper and lower pointwise 95% confidence intervals for the IPD for 
IDU. 

count decreases. The hazard from stage 4 to AIDS was estimated to be zero, 

so this parameter was removed from the model. 

The dependence of the hazard of death before AIDS is accounted for by 

the parameters Al8, A2S, A,3g, A4g, A5S and A68. There is a slightly discernible 

trend for decreasing hazard with decreasing CD4 count, presumably accounted 
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for by the increasing likelihood in our model that the deaths of persons with 

low CD4 cell counts may have been preceded by undiagnosed clinical AIDS. 

However, the trend in the parameters AIS, A2S, XiS, Â48, A58 and Â68 is not 

statistically significant (P=0.10) and the hypothesis that the hazard for death 

before AIDS is constant cannot be rejected. This is not too surprising as 

overdose, suicide and violent death are common in IDU, and may support the 

use of the IPD to AIDS with death before AIDS removed. 

The mean number of stages an HIV-infected IDU passes through before 

an AIDS diagnosis (conditional on survival to an AIDS diagnosis) starting 

from each CD4-based stage is presented in column 2 of Table 4. In a model 

Table 4. The mean number of stages passed before AIDS, the (conditional) mean waiting time 
and the forward progression to the next higher stage, and directly to death, 
respectively, by stage, by using a death-included staged Markov model. 

Conditional Percentage Percentage 

Stage Mean number of Mean waiting mean waiting progressing progressing to 

stages passed time (months) time (months) forward death 

1 9.2 11.3 12.3 92 8 
2 8.2 14.8 15.6 62 5 
3 6.3 13.4 13.7 76 2 
4 4.6 17.9 19.7 69 9 
5 2.9 24.9 25.7 75 3 
6 1.8 29.5 29.5 72 0 
7 NA 12.2 NA 100 100 

Conditional, Conditional not progressing to deceased; NA, Not applicable. 

in which CD4 cell count could only decrease and in which no direct 

progression from stage 4 and 5 to AIDS is allowed, these numbers would be 

6, 5, 4, 3, 2 and 1 for stages 1, 2, 3, 4, 5 and 6, respectively. The steady 

decline in stages visited with declining CD4 cell count shows that the CD4 

stages are predictive for HIV disease progression, although stages 1 and 2 do 

not seem to be as well differentiated as later stages. The proportion of persons 

estimated to progress directly to the next stage and directly to death (ie 

directly from that stage without passing through any other stage) are given in 

columns 5 and 6. The estimated proportion of persons progressing to lower 

CD4 cell counts or death is never lower than 67%. Column 3 of Table 4 

shows the mean waiting time in each state, and column 4 shows the mean 
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waiting time in each state conditional on moving to another CD4-based stage 

or to AIDS. 

Discussion 
To account for missing time-of-infection data for IDU who had prevalent 

HIV-infection at study enrolment, and to account for the high rate of deaths 

before an AIDS diagnosis (DBAD), we constructed a staged Markov model 

which allows transitions from pre-AIDS stages to death. Proper consideration 

of the role of DBAD is critical in estimating the incubation period in IDU, as 

we estimated 24% of HIV-infected IDU die before an AIDS diagnosis. As a 

result, the median time from seroconversion to AIDS (10.5 years) is 

considerably longer than the median time from seroconversion to death (8.3 

years). Conditional on survival to an AIDS diagnosis, the median time to 

AIDS is 8.2 years. Despite the higher mortality rate in HIV-positive IDU 

compared to HIV-negative IDU [15], the DBAD from any cause may be 

independent of stages of HIV disease progression; however, this may not to 

be the case when specific categories of causes of death are considered. The 

approximately constant hazard for death before AIDS suggests that deaths 

before clinical AIDS are independent of HIV disease progression, in which 

case the 8.2-year median time would reflect the true natural history of disease 

in IDU. This estimate of 8.2 years falls in the lower range of the estimates 

from cohort studies in homosexual men [7,8,10,21,26,27,28]. The median 

survival after AIDS in IDU is estimated to be 1.0 years, compared to 1.5 

years in a cohort of homosexual men in Amsterdam, using this same staged 

model; it has been estimated to be 1.5 years based on data from patients in 

medical Center in the USA [29]. The 1987 CDC AIDS definition was used in 

both these and our study. Although a reduction in pre-AIDS mortality might 

be expected using a more recent definition of AIDS, it is likely that estimates 

of progression to death of all causes will be similar. Our estimate of 24% of 

seroconverting IDU dying before an AIDS diagnosis is in agreement with the 

14.7% and 19% at 7 and 10 years after seroconversion estimated in a 

previous study [30], using also the 1987 CDC AIDS definition. 

Our analysis also provides an important opportunity to compare the 
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natural history of HIV disease in IDU with that of our cohort of homosexual 

men [10], which was conducted contemporaneously and using the same 

facilities, personnel and laboratory as the IDU study reported here. Also, the 

CD4-based staging scheme and other modelling details employed in this paper 

were the same. The major difference between the two analyses is the 

inclusion of DBAD in the model for IDU. Because AIDS at death cannot be 

verified for those who die before an AIDS diagnosis, we cannot determine 

wether deaths before an AIDS diagnosis are related to HIV disease. 

Comparing the survival time distributions from seroconversion to death, 

instead of seroconversion to AIDS, is also of no help, because the median 

survival time since seroconversion is estimated to be shorter in IDU (8.3 

years) than in homosexual men (9.6 years) because of the high proportion of 

deaths of IDU before an AIDS diagnosis. 

If we assume that deaths before an AIDS diagnosis are independent of 

HIV disease, the median times to AIDS in both cohorts (IDU: 8.2 years; 

homosexual men: 8.3 years) are comparable. In Figure 3 we compare the IPD 

for IDU that results from this assumption with that obtained for 

homosexual/bisexual men in the Amsterdam cohort study [10]. The two IPDs 

are quite similar; the IPD for H/B men is entirely contained in the 95% 

confidence band for the IPD for IDU. This suggests that the natural history in 

these two groups is comparable once DBAD is accounted for. Note that the 

median age at seroconversion in both cohorts is similar (32 years for IDU and 

35 years for homosexual men), but the age distribution is more skewed 

towards the higher ages in the cohort of homosexual men compared to the 

IDU (Q1-Q3, 28-35 years in IDU; Q1-Q3, 30-41 years in homosexual men). 

In the absence of any additional factors, the younger age at seroconversion in 

the IDU cohort compared to the cohort in homosexual men would suggest a 

longer time to AIDS in IDU. 

In both cohorts the percentage of visits associated with antiretroviral or 

prophylactic treatment are similar, although zidovudine was used more 

frequently in the cohort study of homosexual men and PCP-prophylaxis was 

used more frequently in the IDU-cohort study. In addition to age [31], there 

may be other factors (i.e. social, economic and geographical) that result in 

differences in the IPD in transmission groups [32]. As has been observed in 
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other studies [33], IDU in our study tended to have lower initial CD4 levels 

than the homosexual men in the Amsterdam cohort study. The stage 

occupation frequencies for stages 1-6 at seroconversion (i.e. first HIV-positive 

sample among the seroconverters) among IDU were 9.1, 15.2, 42.4, 15.2, 15.2 

and 3.0% compared to 14.4, 28.8, 27.9, 23.1, 5.8 and 0.0% among 

homosexual men. Although the mean waiting times vary more between stages 

than in our model of homosexual men, the data in Table 4 show that CD4 

cell count is successful in staging HIV disease in IDU. 

Finally, we found that the survival in IDU and in homosexual men were 

in agreement with the Kaplan-Meier estimates from the incident cohorts and 

in agreement with a previous study among IDU and among homosexual men 

with well-documented dates of seroconversion [34]. Although the overall 

estimates in that study [34] (median time to death of 10.7 for IDU and 10.6-

11.8 for homosexual men, using different censoring strategies) are longer than 

in our study, it appeared that, probably due to older age at seroconversion, the 

estimates from the Amsterdam cohorts are shorter than the overall estimates 

and were close to those from our study. 

Differences in progression between transmission groups (though not 

statistically significant in all cases) have been reported in the literature related 

to the incubation period to AIDS and to death [35], the probability of 

developing AIDS before CD4 count falls below specific levels [36], and in 

the time period from diagnosis of AIDS-related conditions to AIDS [37]. In 

addition, mortality may differ among cohorts of IDU [38]. We found that in 

Amsterdam, in the absence of DBAD, progression to AIDS in IDU and 

homosexual men is comparable; in the presence of DBAD, IDU progress 

more slowly to AIDS than homosexual men do. 
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