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General Discussion 

Summary and General Discussion 

Knowledge of the incubation period of HIV infection is valuable for 

understanding the size of the (unseen) population of infected persons and for 

evaluating the natural course in individuals. 

After an introduction in chapter one, In chapter two AIDS incidence and 

the cumulative HIV incidence is estimated, using several methods. 

Extrapolation of the AIDS incidence curves from AIDS surveillance data, 

using functional forms while fitting the reporting delay distribution 

simultaneously, could be applied effectively in countries with low numbers of 

AIDS cases, for the very short term. However it also showed that several 

curves had similar goodness-of-fit, using the Akaikes Information Criterion 

(AIC), but resulted in completely different predictions already 3 years ahead. 

Using the estimated functional forms of the AIDS incidence curve, the 

cumulative HIV incidence is calculated by using back-calculation and by 

using the ratio of cumulative HIV-incidence to AIDS-incidence, as observed 

in the ACS. The backcalculation method assumes that the incubation period 

distribution (IPD) is known and therefore, the IPD is estimated from external 

data. Another finding in the study from chapter two was that given the AIDS 

incidence curve the estimated cumulative HIV incidence was quite different 

for different functional forms of the IPD. Recently, statistically more 

satisfactory methods were applied and they also recognized the sensitivity of 

the forecasts as result of the choice of the IPD. It is evident that given the 

large variance of the IPD, a change in the mean of the IPD of say 0.5-1 year 

may show a very different underlying HIV prevalence curve of the AIDS 

incidence. In general, a change in the IPD can be compensated by a change in 

the estimates of the HIV prevalence curve. The total of 2200-4600 infected 

people that was estimated for Amsterdam in this chapter was several times 

lower than the estimates obtained before and were in line with estimates for 

the total of the Netherlands at that time, using other methods [1]. Although, 

no back-calculation method can estimate the HIV incidence in the last years 
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before the last reported AIDS data (using AIDS incidence data alone), it 

appeared that the estimates from the ratio and the higher estimates from the 

backcalculation-method, for January 1990 in this chapter were in line with 

estimates, using empirical Bayesian back-calculation methods and AIDS-data 

upto December 1993 [2]. 

In literature, much emphasis has been put on the proper choice to be 

made concerning the IPD and the sensitivity of the forecasts as result of that 

choice. The first problem is: How does the IPD look like? Additional 

problems that are of concern in this context are changes in the IPD because 

of different transmission groups, because of pre-AIDS treatment or because of 

changes in the definitions of AIDS. In chapters 3 to 6 these questions are 

addressed. 

In chapter 3 the IPD is estimated from a seroprevalent cohort among 

homosexual men in Amsterdam and showed that the median IP may be 

affected by 1.5 years as result of the assumptions surrounding the unknown 

dates of seroconversion of the seroprevalent cases. Because the follow-up in 

the Amsterdam Cohort Study on HIV and AIDS (ACS) among homosexual 

men is longer than the median IP, the choice between parametrizations can be 

made more correctly. So, this study also clearly showed that the two-

parameter Weibull distribution is not preferable to parametrize the IPD, 

because of the slowing of the increase of the hazard beyond 7 years after 

seroconversion. Our findings were used also to estimate projections of the 

HIV/AIDS epidemic in the UK [3] and in the USA [4]. 

The study presented in chapter 3 suggests that after 7 years 33% (95% 

CI: 26-37%) will have progressed to AIDS, if no treatment is involved and 

that 12% of those who are AIDS-free at that time (ie 67%) are expected to be 

diagnosed with AIDS in the next 12 months (ie the annual hazard rate at 7 

years after seroconversion equals 12%). These estimates are obtained after 

imputation of the unknown dates of seroconversion of the seroprevalent cases, 

using the HIV infection distribution of the cohort. These results are in 

agreement with other cohort studies among homosexual men [5,23,28,29], 

although they fall at the lower end of that range. 

At this moment the number of factors that may explain differences 

between different cohort studies are limited. Age at seroconversion in 
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homosexual men is shown to be associated with slower disease progression 

[6, 7], however not always statistical significant [8]. This association is also 

found in other transmission groups and especially in haemophiliac patients in 

whom the age range is generally wider [9,10]. Recently, genetic factors have 

been proposed to slow progression [11,12,13], although no differences by 

ethnicity were reported. 

Munoz et al [14] showed that a large part of the variation between 

estimates of the median IP from different cohort studies among homosexual 

men may be explained by the variation in the mean age at seroconversion 

between these studies. They conclude that if both viral load and CD4 cell 

count are known, the prognostic information of age at seroconversion 

diminishes (but is not completely eliminated). 

The ACS is a prospective cohort study with follow-up of both HIV-

seronegative and HIV-seropositive participants, that embodies a considerable 

number of individuals already seroprevalent (i.e. with a positive antibody test) 

at entry of the study. Data from the seroprevalent cases and seroincident cases 

are inevitable doubly censored. The problems associated with and methods of 

analysis of such data have been previously described [15,16]. In chapter 3 the 

unknown dates were imputed using the HIV incidence distribution of the 

cohort. Several other studies also have used characteristics of the HIV 

incidence distribution [17,18]. Seroconversion time has also been imputed 

using laboratory marker information [19]. As mentioned above, the choice of 

strategy to handle unknown dates of seroconversion of the seroprevalent cases 

may influence the estimates of IPD considerably. Driven by an attempt to 

make full use of the data and to avoid assumptions that have a large impact 

on the estimates, Markov modelling was applied. Several studies in the later 

years have shown that given the CD4 cell count category the hazard of AIDS 

is not dependent on the duration of infection [20,21], being in line with the 

assumption of a Markov model. Furthermore, CD4 cell count at the time of 

diagnosis with AIDS is predictive for progression (from AIDS) to death, next 

to age at the time of diagnosis and type of diagnosis [22]. In general, the 

further course of biological systems is very much predictive from the present 

state. This seems to be the case in HIV disease progression also, where CD4 

cell count plays an important role to define the present state. Although, 
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Markov modelling is not yet implemented for use of covariates, it also allows 

to model marker progression. Among others: stage-specific IPD (chapter 4-6) 

and percentages of deceased before AIDS and percentages of AIDS-free and 

alive (chapter 4) can be estimated using this kind of modelling. 

In chapter 4 the marker information of all men in the ACS, by means of 

the CD4 cell count measured at each visit, were used in a Markov model to 

estimate the IPD. The participants in this study were primarily the same 

participants like those in chapter 3. The median time to AIDS is estimated at 

8.3 years (95%CI: 8.1-8.6) and falls perfectly in the range of estimates from 

the previous chapter. Compared to the method in the previous chapter, there 

is a substitution of problems. While previously should be dealt with the 

unknown dates of seroconversion, now there is the problem to control the 

measurement error and the short-time scale variability, that together may be 

substantial. In chapter 4 the noisy CD4-data are controlled by applying a 

kernel smoother before the Markov model is fit. The amount of smoothing 

(i.e. the bandwidth of the kernel smoother) is important. We were able to 

estimate the bandwidth using additional data of the study population and 

found that the amount of smoothing applied were in agreement with literature 

[23]. A further comparison with the results from a study conducted in the San 

Francisco Men's Health Study (SFMHS), using hidden Markov methodology 

[24], showed that the differences in the median IP (SFMHS: median 10.3 

years, ACS: median 8.3 years) concur with the first 3 stages, which may be 

explained by different age distributions [12]. 

Similar multi-state models are also routinely used with cancer and other 

diseases [25,26,27] and were introduced in the field of AIDS using clinical 

stages [28]. Later, the states were defined using laboratory markers, as there 

is CD4 cell count [29,30] and IgA count [31]. The second finding in the 

study of chapter 4 was that the anti-CD3 staging could be applied to model 

the IP, whereas the conclusion was drawn that anti-CD3 predicts progression 

less well than CD4 cell count. Although, several (immunological, serological 

and clinical) markers are associated with progressive stages of HIV disease 

and are used in clinical management of patients, only a few are capable to 

describe the course of HIV disease. From these CD4 cell count is best 

described and most frequently used. Much is to be expected from 
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measurements of the viral load and tuning of the viral-load stages could be 

conducted following the methods presented in this study. 

So far, the IP in homosexual men in the industrialised countries is 

presented extensively in literature and is becoming established, using data 

several years longer than the median incubation period. This is not yet the 

case in other transmission categories, except for the transmission category of 

recipients of blood or bloodproducts. Although the size of the epidemic is 

largest in countries in Africa and South-East Asia, hardly any information of 

the IPD is available from these countries, while this knowledge is most 

needed. 

In the discussion whether the IP may differ between different 

transmission groups, it needs to be noted that there may be marked 

differences in methodology between studies, as well as in conditions that are 

specific for that transmission category. For instance, it is well known that 

mortality is high among injecting drug users (IDU), and it seems even higher 

among HIV-infected IDU [32]. Estimates of the IPD may be quit different, 

whether death before an AIDS diagnosis (DBAD) is related to AIDS or not. 

In the study of chapter 5 the IPD among IDU is estimated, while accounting 

for DBAD. Nearly 24% of the HIV-infected IDU are estimated to die before 

clinical AIDS. An intriguing finding was the approximately constant hazard 

for death before clinical AIDS. This may suggest that deaths, of all causes, 

before AIDS are independent of HIV disease progression, in which case the 

8.2 year median time to AIDS would reflect the true natural history of HIV 

disease in IDU. Furthermore, even if some specific causes of death are related 

to HIV-disease, then one may expect that this estimate will change only 

minimally. Note that the median time to death for all causes is 8.3 years. So, 

the estimate of 8.2 years could be compared to the 8.3 year median time from 

the previous chapter. That study among homosexual men was conducted 

contemporaneously, using the same facilities, laboratory and personnel, which 

largely rules out remarkable methodological differences. These results support 

the idea that the IPD in both transmission categories of homosexual men and 

of IDU are similar, however in the presence of DBAD, IDU progress slower 

then homosexual men. 

Already in 1991, when the HIV epidemic was nearly one decade in 
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progress, a paper was published with the intriguing title: "Is the incubation 

period of AIDS lengthening?" [33] and it was concluded that no statistical 

significant evidence was found that the IP was lengthening. It is more 

difficult to establish changes in the IPD of diseases with such long IP as in 

HIV. Signs for such changes come from studies that have observed changes 

in factors that are believed to have effect on the length of the IP. Such factors 

are: treatment, behaviour, health care and the spectrum of AIDS diagnoses, 

possibly resulting in lengthening, and broadening of the definition of AIDS 

and increasing virulence, that may result in shortening of the IP. Several 

studies have suggested no major changes in the IP upto 1991-1992 [34,35]. In 

the later years, treatments of HIV disease have been more and more 

administered, while increasing virulence may have played a role, although 

hard laboratory-evidence is not available. In chapter 6, differences in the IP 

from CD4-based stages to AIDS and death, respectively, were studied among 

homosexual men in the ACS and in the Vancouver Lymphadenopathy-AIDS 

Study (VLAS) in the period after March 1990 compared to before March 

1990. The results from both cohort studies were consistent with the fact that 

the incubation period was found be longer among individuals with low CD4 

cell counts, in the period where treatment has been widely administered (i.e. 

after March 1990). This finding is in agreement with other studies [36,37], 

specifically when it is possible to account for levels of CD4 cell count. These 

studies are conducted in the early years of triple combination therapies and 

there is no doubt that more extreme lengthening is to be expected in the 

future. 

These studies have contributed to the understanding of the natural course 

of HIV-1 infection and changes therein. Current knowledge of the incubation 

period is largely based on data from the industrialised countries, while the 

extent of the epidemic is limited compared to countries in Africa and South-

East Asia. For several reasons, it is more difficult to collect incubation data in 

these countries. Studies concerning the incubation period could than be 

limited to study the stage-specific transitions and stage-specific progression, 

while accounting for competing risks (chapter 4, possibly multiple endpoints). 

Although, differences between transmissiongroups and between geographical 

areas are not very likely to exist in the industrialised countries, a comparison 
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with such results would be valuable to complete the understanding of HIV 

disease progression and subsequently of the economic implications and of the 

public health care needed in the non-industrialised countries. 

So far, factors that influence the IPD are limited and dependency on age 

at seroconversion and treatment during the incubation period are most 

dominantly demonstrated. Especially, treatment, that delays onset of an AIDS 

diagnosis, is generally indicated after a specific stage of HIV disease 

progression, resulting in non-stationarity of the IPD. Therefore, stage-specific 

progression needs to be studied 'continuously' in order to evaluate the non-

stationarity of the IPD. Currently, methods to estimate the size of the HIV 

epidemic and of the number of AIDS cases in the future are more and more 

adapted, using non-stationary stage-specific incubation period distributions, 

while accounting for age distributions. Dependency on age can be based on or 

be checked with meta-analysis and the non-stationarity of the stage-specific 

incubation period distributions can be estimated from present cohort studies 

with prolonged follow-up. 
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