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SUMMARY 
Reports of AIDS cases in Amsterdam up to February 1990 were used to make predictions 

of future cases up to 1993. Two published methods were applied, which make extrapolations from 

current cases and simultaneously estimate the extent of delay in reporting. The choice of the exact 

model greatly influenced the predictions, as did predictions for distinct transmission groups. We 

present results for the homo/bisexual male group, and the total population of Amsterdam. The 

AIDS case predictions are used to predict the HIV prevalence using the ratio of HIV prevalence 

to AIDS incidence and through 'back-calculation'. We suggest that the ratio is a simple technique 

that may be used to estimate HIV prevalence. The estimated number of cumulative HIV infected 

homo/bisexual males in Amsterdam in January 1990 was between 2100 and 4100 in a total of 

2200-4600 infected people. 
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Short-term Predictions of HIV Prevalence and 
AIDS Incidence 

The purpose of this paper is two-fold. First, we use surveillance data to 

make predictions of both the number of persons with AIDS and the number 

of persons infected with the human immunodeficiency virus (HIV). Such 

predictions are essential to assess and plan the needs of health care and health 

policy. They also provide a basis for comparison with future data, so that 

assumptions about how the epidemic will evolve can be quantified. The 

second purpose is to propose the ratio of HIV prevalence to AIDS cases as a 

possible method of quickly predicting future HIV prevalence. We purposely 

omit statistical detail, which is available elsewhere [1,2,3], in order to 

concentrate on the issues surrounding the use of predictions. 

In forecasting the course of the AIDS epidemic several methods have 

been used, such as extrapolation of a fitted model to AIDS incidence curves 

[1,2,4,5,6], dynamic transmission models [7,8] and back-calculation [9,10]. 

When analyzing surveillance data one has to consider the delay between the 

diagnosis of a case and its notification and also the existence of subgroups. 

Subgroups can be defined in terms of risk behaviour, geographical location, 

or clinical diagnosis. Only a limited number of subgroups can be explored 

because the standard error of the model parameters increases strongly as the 

group size becomes smaller. The AIDS surveillance systems usually provide 

data for the methods based on extrapolation of the AIDS incidence curves. 

In the Netherlands, as in most other countries, only limited HIV 

surveillance data are available. There is some information from studies among 

high transmission groups, but these data are selective and cannot be 

generalised. Screening for HIV on a voluntary basis is only done among 

pregnant women in Amsterdam and anonymous screening is not allowed. 

Thus one has to rely on mathematical and statistical models when describing 

the HIV epidemic, even in the present or the past. The number of HIV 

infected persons and the number of AIDS cases are related to one another in 
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a natural way through the incubation period. Several methods have been used 

to gain knowledge about the HIV epidemic from the AIDS incidence e.g. the 

back-projection method [3,9,11] and methods based on transmission models 

when these are calibrated to the number of AIDS cases [12,13,14]. 

In this paper distinctive patterns in the AIDS epidemic between the most 

relevant subgroups are incorporated by empirical models fitted to the monthly 

AIDS incidence data from Amsterdam. Two methods are presented, in which 

the AIDS incidence functions are used to forecast the HIV prevalence in 

Amsterdam. First the HIV prevalence is estimated from the ratio of HIV 

prevalence to AIDS incidence in a cohort of homosexual men in Amsterdam, 

and second, with back-projection from the AIDS incidence. The incubation 

period distribution used in the back-projection is also estimated from the 

cohort of homosexual men in Amsterdam. We used this estimate because it 

characterizes the population in Amsterdam (ie age at infection, clinical 

management). 

The use of the HIV/AIDS ratio has been suggested previously in the 

context of prediction [15,16], however it has been criticised on the grounds 

that the ratio was not stable over that period [17]. We calculate the ratio on 

an annual basis rather than calculating a single overall ratio [16], and show 

that it has an almost constant value after an initial perturbation. Furthermore, 

preliminary theoretical work has shown that under certain assumptions 

estimates of the ratio stabilize in the course of the epidemic [18]. 

Materials 

Since the diagnosis of the first AIDS patient in 1982 the Municipal 

Health Service in Amsterdam has collected data about the AIDS cases 

diagnosed in Amsterdam through active surveillance. The most recent CDC 

AIDS case definition is used when cases are reported to the surveillance 

system. 

By the end of January 1990, 744 AIDS cases were recorded of which 

641 (86%) were homo/bisexual men. Of both total cases and the 

homo/bisexual men, 82% were resident in Amsterdam, and the larger part 
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Table 1. Number of AIDS cases reported i n Amsterdam from the first case in 1982 to 31 
January 1990 by transmission group, residence and disease. 

Group Residence Clinical disease Total 

01 KS OI+KS other 

Homo/bi A'dam 355 93 40 37 525 

not-A 86 17 8 5 116 

total 641 

IVDU A'dam 43 0 0 4 47 

not-A 3 0 0 0 3 

total 50 

Other A'dam 29 0 1 5 35 

not-A 17 1 0 0 18 

total 53 

Total A'dam 427 93 41 46 607 

not-A 106 18 8 5 137 

total 533 111 49 51 744 

IVDU, Intravenous Drug User; A'dam, Amsterdam; not-A, not-Amsterdam; OI, Opportunistic 

Infection; KS, Kaposi's sarcoma. 

(533) were diagnosed with an opportunistic infection (Table 1). The 

percentage of the AIDS cases resident in Amsterdam changed from 66% 

(31/47) in 1985 to 87% (191/219) in 1989. 

The ratio of the number of HIV seropositives at the beginning of a given 

year to the number of new AIDS cases in that year is determined from data 

of a cohort of homosexual and bisexual men in Amsterdam who have been 

observed every 3-6 months since enrolment. Virological, immunological and 

clinical data were collected at the Municipal Health Service at every visit. 

Between October 1984 and May 1985, 719 men entered the study and another 

285 men, who were mostly HIV seronegative, entered up to February 1990. 

Since data regarding the total population of homo/bisexual men are not 

available, the representativeness of this cohort of homo/bisexual men in The 

Netherlands is unknown. Data from 348 seropositive men were used to 
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estimate the ratio. From these 269 men were seropositive on entry and 79 

men seroconverted during follow-up. Sixty-seven men developed AIDS up to 

the beginning of 1990. The incubation period distribution is also estimated 

from the same data. This cohort has been more fully described elsewhere 

[19,20]. 

Methods 
Preliminary analyses were performed to detect differences between 

subpopulations on either the AIDS incidence or the reporting proportions (the 

proportion of cases reported in successive months following diagnosis). First a 

model free analysis [2] revealed that the reported proportion in the first month 

tends to be smaller for the intravenous drug user (IVDU) group than for the 

homo/bisexual group. Second, Poisson regression performed with a non-linear 

procedure in GENSTAT [21] showed that the AIDS incidence in the 

homo/bisexual group was significantly different from both other transmission 

groups (IVDU, other). There were also significant differences with respect to 

residence (Amsterdam, not-Amsterdam) and clinical diagnoses (Opportunistic 

infection, Kaposi's sarcoma, both). Taking into account the subpopulation 

sizes it was decided to focus on the AIDS incidence of both the 

homo/bisexual men living in Amsterdam (excluding disease class 'other', 

Table 1) and the total reported AIDS cases. The results for the homo/bisexual 

population are presented in detail. 

Prediction of AIDS Incidence 

To make prognoses and estimates of the AIDS incidence a full 

parametric method (model CM) developed by Cox and Medley [1] and a 

more statistical approach (model H) developed by Heisterkamp and colleagues 

[2] were used. In model CM the actual diagnoses, whereas on model H the 

reported diagnoses are assumed to arise from a Poisson distribution. Both 

models are similar in that the reporting delay and the AIDS incidence are 

estimated simultaneously. In model H this is performed with the reported 

proportions and a functional form for the cumulative AIDS incidence, 

whereas in model CM functional forms for both the reporting delay and the 
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AIDS incidence are used. In the full parametric model (CM) the reporting 

delay distribution is chosen from exponential forms on the basis of 

mathematical convenience. Out of several parametric forms used in model 

CM a mixture of two gamma distributions with index one proved to be the 

best fit in describing the reporting delay distribution. The probability density 

function for this combination of exponentials has the form 

with 60, 8, and 62 parameters and x length of lag. The logistic and linear-

logistic functions are used to describe the (cumulative) AIDS incidence 

function. These functions have been shown to be useful in the past [6,22]. 

The goodness of fit for both functions are equal in terms of mean deviance 

and likelihood ratio test and here mainly the linear-logistic is presented. The 

linear logistic form is 

c+dt 

with a, b, c and d parameters and t months since January 1982. In model CM 

approximate confidence intervals for the AIDS incidence are obtained using 

the profile likelihood method. This contrasts with the second model where the 

confidence intervals are calculated using the approximate prediction limits of 

a Poisson distributed variable [1]. 

Prediction of HIV Prevalence 

Two methods were used to estimate the HIV prevalence among 

homosexual men in Amsterdam. First the HIV prevalence is estimated from 

the ratio of AIDS incidence in a year to the HIV prevalence at the beginning 

of that year. The ratio is estimated from the cohort of homosexual men in 

Amsterdam, and the AIDS incidence is estimated from the linear-logistic 

functions fitted to the surveillance data using models CM and H. Note that 

the ratio estimates the HIV prevalence, that is excluding the AIDS cases in 

previous years. 

The second method is through back-calculation. The back-projection 
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method can be used to estimate any of the following three: AIDS incidence, 

incubation period and HIV incidence, from the remaining two [11]. Here the 

back-projection method is used to gain knowledge about the HIV incidence 

from the AIDS incidence and the incubation period. The back-calculation was 

performed based on a method by De Gruttola and Lagakos [3] using a time 

step of 0.5 month and as seen from the time point at 1 January 1993. Because 

continuous functions are used for both the AIDS incidence and the incubation 

period it is possible to use arbitrarily small time steps, which is not possible 

when the observed data of the AIDS surveillance are used. Time steps of 1 

month and smaller gave almost identical results. We constrained the HIV 

incidence to be non-negative. It is further assumed that the first date of 

infection is 1 January 1978. The first AIDS case in Amsterdam was 

diagnosed in 1982, only seven were diagnosed in 1983, and we think that 

1987 is as a realistic beginning of the HIV epidemic there. When we used 

1980 as start of the epidemic the numbers were reduced by 10%, but it did 

not influence the results qualitatively. In the back-calculation method the 

cumulative number of people who will develop AIDS is estimated; this 

includes individuals who have acquired AIDS or have died from AIDS. The 

incubation period distribution is estimated from the cohort of homosexual 

men in Amsterdam and the same AIDS incidence functions are used as in the 

first method. 

The incubation period distribution is the probability of an AIDS 

diagnosis at or before a certain time after HIV seroconversion. The interval 

between the last seronegative and first seropositive HIV test was maximal 6 

months for the seroconverted men during follow-up. The date of AIDS 

diagnosis was within 3 months of the preceding follow-up date. In these cases 

the dates were estimated as the midpoints of the intervals concerned. The 

dates of seroconversion for the men who were seropositive on entry were 

randomly chosen from an appropriate probability distribution. The 

randomization was performed with functions that described the probability of 

infection since the start of the HIV epidemic (smallest probability in the early 

years of the epidemic), and the Weibull and gamma incubation period 

distribution functions were fitted to these data. This was repeated 200 times, 
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and the parameters were estimated as the mean of these outcomes. The 
Weibull distribution has the density function 

and the gamma 

qpxpA-
-qx 

i » 

where p and q are the parameters to be estimated and x is the time between 

seroconversion and diagnosis. The estimated Weibull distribution has parame

ters 1.93 and 0.105 (mean = 10.7 years; median = 9.5 years) and the estima

ted gamma distribution has parameters 2.53 and 0.211 (mean = 12.0 years; 

median = 10.5 years). In comparison, data from homosexual male cohorts 

suggest a median in the region of about 10 years [23,24,25,26,27], so neither 

is a priori preferable. 
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Figure 2. Estimated monthly AIDS incidence curves for the homosexual men in Amsterdam. *, 

reporting delay adjusted; —, linear logistic model CM; , linear logistic (c=0) 

model H. 
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Results 
Prediction of AIDS Cases 

Table 1 shows that the group of homo\bisexual men living in Amsterdam 

is the most relevant subpopulation. Therefore the models are fitted to the data 

of both this subpopulation and the total diagnosed AIDS cases. The estimated 

Table 2. The annual AIDS incidence among homosexual men residing in Amsterdam 
(excluding 'other' clinical disease*). 

YEAR Actual Delay corr. Model H Model C M 

1983 8 8 9 ( 2- 16) 10 NC 

1984 20 20 19 ( 11-27) 20 NC 

1985 27 27 36 ( 25- 47) 36 NC 

1986 75 75 62 ( 47- 76) 58 NC 

1987 93 93 96 ( 78-114) 90 NC 

1988 105 105 134 (112-155) 128 NC 

1989 146 153 167 (142-191) 173 (152-198) 

1990 - - 186 (153-220) 220 (170-280) 

1991 - - 191 (140-242) 268 (180-390) 

1992 - - 185 (121-249) 313 (200-540) 

Other, see Table 1; Delay corr, Model free corrected AIDS cases; H, estimated AIDS cases with 
90% confidence limits using model H. The linear logistic form is fitted to the cumulative AIDS 
incidence. The linear logistic form is [ (c + dt)/(I + exp(-b(t -a) ] with a, b, c and d parameters 
and r months since January 1982. The parameter c was put to zero because it was smaller then 
its standard error.; CM, estimated AIDS cases, with 90% confidence limits, using model CM. 
The linear logistic function was fitted to the AIDS incidence.; NC, not calculated. 

reporting delay distribution for the homo/bisexual men is very similar to that 

for the total population. Over 85% of the reported AIDS cases were reported 

within 3 months after diagnosis. 

Figure 1 presents estimates of the monthly AIDS incidence of the 

homo/bisexual men resident in Amsterdam after adjustment for reporting 

delay and using models CM and H with different AIDS incidence curves. The 

32 



HIV Prevalence and AIDS Incidence 

estimates of the monthly AIDS incidence for model CM and H are similar up 

to January 1990. The predictions for the near future are slowing down for 

model H but not for model CM, where the incidence per month is still 

increasing. Table 2 presents the annual AIDS incidence for the homo/bisexual 

men in Amsterdam. The numbers of new AIDS cases in 1990 are beginning 

to diverge and are almost a factor 2 different by 1992. 

Prediction of HIV Prevalence 

The incidence of HIV in the cohort has decreased considerably since the 

start of the study in October 1985. The ratio of HIV prevalence to AIDS 

incidence has stabilized in the last years (Figure 2), and this is not influenced 

C/3 
Q 

X 

O 
1= 

1985 1986 1987 

YEAR 

1988 1989 

Figure 3. The ratio HIV prevalence at the beginning of a year to AIDS incidence in that year in 

a cohort of homosexual men in Amsterdam from 1985 to 1989. The ratio was 

calculated from 105/3, 255/16, 253/17, 240/21 and 224/23. 

by loss to follow-up or by those who entered the study after May 1985. Table 

3 shows the results from six related methods to estimate the number of HIV 

infected persons among the homosexual men. All methods use the AIDS 

incidence function from either model CM or model H. The second and fifth 
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column include the HIV prevalence at January of each year calculated from 

the ratio. This prevalence is adjusted for (i.e. includes) the cumulative AIDS 

cases estimated from model H and CM respectively. This adjustment allows a 

comparison of the results from the ratio with those from the back-calculation 

method, if death prior to AIDS is neglected. The estimated HIV prevalence at 

1 January of 1986 are 1050 and 1001 as result of the decline in the ratio in 

the early years of the HIV epidemic. The ratio was extrapolated with the 

mean of the last three years (ie 12, Figure 2). Columns three and six show 

Table 3. The estimated number of cumulative HIV infected individuals at 1 January of each 
year among the homo-/bisexual men residing in Amsterdam (excluding 'other' clinical 
disease). 

AIDS incidence: model H AIDS incidence: model CM 

YEAR Ratio BCW-method BCG-method Ratio BCW-method BC-method 

1983 - 883 1374 - 862 1332 

1984 - 1057 1602 - 1028 1547 

1985 1278 1232 1829 1275 1227 1810 

1986 1050 1389 2026 1001 1456 2109 

1987 1565 1521 2179 1467 1711 2438 

1988 1693 1628 2294 1626 1992 2786 

1989 2021 1717 2369 2244 2300 3151 

1990 2758 1796 2434 3158 2648 3548 

1991 3003 1875 2482 3947 3028 3965 

Other, see Table 1 ; Ratio, Adjusted for (i.e. including) cumulative AIDS cases as estimated in 
Table 2; BCW-method, Back calculation with Weibull incubation period distribution with mean 
10.7 years. BCG-method, Back calculation with gamma incubation period distribution with mean 
12.0 years. 

HIV prevalence back-calculated using the Weibull incubation period and 

columns four and seven using the gamma incubation period distributed. Note 

that the HIV prevalences at January 1988 to January 1990 estimated from the 

ratio increase more than those back-calculated with either incubation period 

distribution. In the period 1988-1990 HIV seroprevalence back-calculated with 

the gamma incubation period distribution corresponds best with the results 
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from the ratio. It also needs to be stressed that a decline in the AIDS 

incidence (Table 2, model H) does not necessary imply a decrease of the HIV 

prevalence (Table 3, columns three and four). 

Discussion 
Prediction of AIDS Incidence 

There are a number of problems that arise when predictions of AIDS 

incidence are made from the surveillance data. First, there is the revision of 

the AIDS definition in 1985 [28] and in 1987 [29]. In general the changes in 

the AIDS definition in 1985 are expected to affect the number of reported 

AIDS cases by <5%; this can hardly be recognized on the low numbers so 

far. In the Netherlands the same holds for the changes in the AIDS definition 

in 1987, though the effects in other countries can be relative large [30]. In 

particular the inclusion of the HIV wasting syndrome and extrapulmonary 

tuberculosis are expected to affect on the numbers reported in the IVDU 

group [31], although these numbers are still very low (Table 1). So the 

corrections, due to the revisions of the AIDS definition must be considered to 

be negligible. 

Second, not all AIDS cases may be reported. A study carried out in 

Amsterdam in 1989 showed under-reporting of 5.7% [32], while from regular 

sampling afterwards it followed that the under-reporting amounted never more 

then 5%. 

The third problem is the effect of early treatment for HIV infection [33]. 

Up to February 1990 it is difficult to measure the effect of treatment with the 

potential to delay the onset of AIDS on the data from the AIDS surveillance 

system in Amsterdam. There was no consensus about primary Pneumocystis 

Carinii pneumonia prophylaxis for asymptomatic HIV seropositives until that 

time. In addition, in The Netherlands before February 1990, only patients with 

AIDS-related complex (ARC) or AIDS received zidovudine. Registration of 

zidovudine distribution showed that the number of patients with ARC who 

received zidovudine in 1988 and 1989 was estimated at 34 and 58 

respectively. These include those who used zidovudine in the previous year 

and who still have ARC. The observed AIDS diagnoses after mid-1987 fell 
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within the variability of the estimates from the data before 1987. In 1990 and 

later the effect of prophylactic treatment will surely be more profound, but at 

present it is difficult to make any correction without further investigation and 

data. 

Finally, the choice of the model is paramount in predictions of the AIDS 

incidence. Of several parametric forms those with the best fit in each model 

are presented and though model CM and model H are similar in some points 

(see Methods), the prognoses of the AIDS incidence for the near future are 

quite different. This arises largely from the fact that in model CM the linear 

logistic function was fitted to the AIDS incidence and in model H the same 

form was fitted to the cumulative AIDS incidence. In combination with data 

on the survival of patients following diagnosis, the predictions of the AIDS 

cases can also be used to predict the number of cases alive [1,6,22]. 

If one adds 10% to allow for the category 'disease other', 5% for under

reporting and another 10% for statistical variability then our data suggests a 

range from 198 to 340 new AIDS cases in the homo/bisexual population and 

187 to 360 in the total population in Amsterdam in 1991. In January 1990 the 

population of Amsterdam consisted of 695221 people from which 236283 are 

men in the range of 15 to 60 years [34]. 

In 1990 196 AIDS cases were diagnosed of which 160 were 

homo/bisexual men (data reported up to end of March 1991). The estimates 

for model H and CM are 216 and 284 for the total population and 186 and 

220 for homo/bisexual men. These numbers fall at the lower end of the 

estimated range, suggesting that the lower predictions may be more accurate 

for future policies. 

Unfortunately, there are no simple rules available on purely statistical 

and theoretical epidemiological grounds to determine which of the divergent 

predictions is likely to be more accurate. However, there may be other data 

and arguments available to aid the formulation of policy. For example, the 

introduction of medication which delays the onset of AIDS will imply that 

predictions of smaller numbers may be more realistic in the next few years. 

On the other hand, the reported increase of unsafe sexual behaviour in 

homosexual men [35] may lead to the conclusion that AIDS cases will 
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increase. This is largely a matter for informed epidemiological judgement. 

Prediction of HIV Prevalence 

In this paper two methods are used to estimate the HIV prevalence from 

the AIDS incidence. If the current HIV prevalence is estimated from the ratio, 

the assumption is needed that the dates of HIV infection and AIDS diagnosis 

in the cohort and in the population occurred with a similar pattern. These are 

in closest agreement when the HIV prevalence is estimated in the 

homo/bisexual population. Estimates of the HIV prevalence from the ratio are 

not influenced if the incubation period is changing in chronological time as 

long as the changes in the cohort and in the homosexual population are 

similar. Changes in the incubation period occur when the onset to disease is 

changed e.g. early treatments and changes in the AIDS definition. The HIV 

prevalence estimated from the ratio is somewhat robust to recent changes. 

The ratio of HIV prevalence at a beginning of a year to AIDS incidence 

in that year was validated with data from England and Wales in 1990 [22] 

and San Francisco in 1987 [17]. The ratios appeared to be 16 and 13 in 

comparison with 15, 12 and 10 in 1987, 1988, 1989 respectively from our 

results. This suggests that there is a similar epidemiological pattern with a 

rather stable character in different places. The stability of the ratio over 

several years suggests that this method may produce reliable short term 

predictions of HIV prevalence. 

In the back-calculation procedure we used functional forms for the AIDS 

incidence, and not the observed AIDS surveillance data, and a constant 

incubation time distribution. Recent changes in the HIV incidence as caused 

by heterogeneity or changes in sexual behaviour will not be detected because 

of the low risk of AIDS diagnosis in the 2-3 years following infection. To 

investigate the sensitivity of the conclusions to the model assumptions, several 

parametric forms for the AIDS incidence and the incubation period are used 

against a method concerning information from HIV prevalence in a cohort of 

homosexual and bisexual men. 

The numbers of HIV infected homosexual men in Amsterdam estimated 

from the ratio and the back projection method are in the same range. We have 
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shown that the estimates for the ratio and incubation period distribution 

derived here compare with other studies, which gives some confidence that 

the extrapolation from sample to general population gives meaningful results. 

After adjustment for the 'other disease' class (10%) and underreporting 

(5%) the ratio estimates the number of infected homo/bisexual men in 

Amsterdam in January 1990 as 3200-3700 and estimates from the back-

calculation methods range from 2100 to 4100. These estimates are much 

lower than previously available [36,37], when it was suggested that there 

would be 9000-19000 HIV infected individuals in Amsterdam at the 

beginning of 1987. The numbers suggested from this paper are in agreement 

with results from other methods reported in recent studies [38,39]. 

One conclusion that may be drawn is that the HIV epidemic could have 

reached a constant level or be decreasing for the homo/bisexual population; 

this has also been concluded in other epidemiological studies [40]. To draw 

this conclusion for the total population can be deceptive because most 

assumptions and estimates are determined by the major transmission group. In 

our study this is the homo/bisexual male population but the IVDU group is 

more likely then the others to show a rapid rise in HIV incidence. 

Undoubtedly this will have its effect on the total number of HIV infected 

individuals in the future. Until then the estimation of approximately 3500-

4400 cumulative HIV infected individuals gives a likely picture of the HIV 

epidemic in Amsterdam in January 1990. These numbers are suggested from 

the ratio and the AIDS incidence estimated from both models mentioned 

applied to the total number of AIDS cases in Amsterdam. The estimates from 

the back-calculation method range from 2200 to 4600. 

It is reassuring that estimates of the HIV prevalence using the ratio and 

the back-calculation method fall within the same range. The actual value of 

the ratio is stable and is in general agreement with other places. Estimates 

from the ratio are somewhat robust to recent changes in the incubation period 

or recent behavioral changes. This makes the ratio attractive to use as a quick 

method of predicting HIV prevalence in distinct risk groups. 
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