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Introduction 

Introduction 

Nearly two decades ago, in 1981, some previously healthy young 

homosexual men were diagnosed with Pneumocystis carinii pneumonia and 

Kaposi's sarcoma in the United States [1]. These malignancies are uncommon 

in young men and it turned out that these men were the first cases reported 

with the Acquired Immune Deficiency Syndrome (AIDS). In France, already 

in 1978 and soon thereafter a handful of patients, many with African 

connections, were seen with an inability to control normal benign infections. 

A few years later, in 1983, the retrovirus, that is now known as the Human 

Immunodeficiency Virus type 1 (HIV), was isolated, which is the causative 

agent for AIDS [2]. An antibody test against HIV was developed, and 

consequently seroepidemiological studies were started in the urge to increase 

knowledge concerning transmission, natural history and spread into the 

population. 

In the next years it became evident that next to homosexual men (like 

the first cases in the USA in 1981), also injecting drug users, recipients of 

blood or bloodproducts, children of mothers at risk for AIDS and heterosexual 

partners of AIDS patients were found to be diagnosed with AIDS. AIDS 

registries were started to monitor the course of the AIDS epidemic and 

showed disturbing increases in the cumulative number of diagnoses with 

AIDS. 

It is obvious that the number of new AIDS cases are generated by the 

population of HIV infected individuals, and, by definition, these numbers are 

naturally linked by the incubation periods of the individuals. Until now, 

population based HIV screening is rare, because of practical, methodological 

and ethical reasons. So, in order to quantify the size of population of HIV 

infected individuals, attention turned to the incubation period to be able to 

calculate the number of HIV-infected persons from AIDS cases. The 

incubation period is defined as the time from infection to onset of disease. 

However, both endpoints are hardly ever exactly observed and surrogate 
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The incubation period of an infectious disease 
is defined as the time interval from infection to 
onset of disease. The incubation period is a 
key parameter to predict the course of the 
epidemic and the progress of disease in the 
individual. The longer the period the more 
problems arise: 

- Evaluating the size of the epidemic. 
Collecting incubation data. 
Evaluating progression. 
Why so different between persons. 
Does it change during the epidemic. 

endpoints are needed. The date of HIV infection can be approximated with 

the date of seroconversion, indicated by a switch from a negative test result 

into a positive test result in a sequence of antibody tests against HIV of a 
person. The other endpoint of the 
incubation period can be approximated with T h e incubation period of 
the date of a diagnosis of AIDS. The infectious disease 

AIDS case definition consists of a list of 

AIDS-defining illnesses, which has been 

expanded since start of the epidemic to 

simplify the reporting process and to better 

reflect the HIV-associated illnesses in 

(specific) transmission groups. In this 

thesis, the 1987 CDC AIDS case definition 

is used in all chapters. Although, this way, 

both endpoints of the incubation period are 

well-defined, there is additional uncertainty in both dates, governed by the 

sensitivity of the test, in case of seroconversion and by diagnostic-variability 

in case of an AIDS-diagnosis. This is primarily a practical problem and, 

under general conditions, this leads to observed dates that occur later as 

should have been, which problem is automaticly solved in case of handling 

the so called doubly censored data. Consequently, this uncertainty will be 

reflected in the overall variability of the estimates ultimately obtained. To 

overcome the problems of determination of onset of disease, the time to death 

can be studied. In addition to the longer follow-up of several years that is 

needed the time to AIDS is of interest when quality of life and need for 

health care is considered. Note that also good registries of HIV-related deaths 

are needed. 

The incubation period varies between HIV-infected individuals from 

several months [3] to over 13 years [4]. Because of the large variability, the 

incubation period is best expressed in terms of probability distributions. The 

first estimates of the incubation period distribution (IPD) came from 

transfusion associated data and showed that the incubation period was long 

and variable, which indicated that the number of HIV infected individuals was 
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an alarming factor greater then the number of diagnosed AIDS cases. Starting 

from this point the backcalcution methodology [5,6] was introduced to 

estimate HIV prevalence, which is essential to assess and plan the needs of 

public health care and public health policy. The backcalculation method can 

be used to estimate any one of the following three: HIV incidence, incubation 

period and the AIDS incidence, from the remaining two. Backcalculation 

itself needs external estimates of the IPD to overcome nonidentifiability that 

arises if HIV prevalence is estimated from AIDS surveillance data and is also 

known to be sensitive to the IPD used. It needs to be stressed that only good 

estimates of the HIV prevalence are obtained, if the AIDS case reporting is 

rather (or nearly) complete. For this reason, backcalculation is only applied in 

industrialized countries and rarely in developing countries. 

Accurate estimates of the IPD are essential, but, in fact, incubation data 

are limited because both the date of seroconversion and the date of 

occurrence of AIDS is often unknown, or only known to fall in a time-

interval. Several methods have been developed to overcome the complex 

censoring and truncation patterns found in 

incubation data and these will be discussed 

in more detail in the following section. 

Also studies have been deducted to 

find determinants (or cofactors) that may 

explain (some of) the variability of the 

incubation period or changes therein, such 

as age at infection, date of seroconversion, 

transmission group, geographical location, 

treatment, gender, lifestyle factors, genetic 

factors of the host and virus phenotype. 

Dependence on age at infection, date of 

seroconversion, treatment and on host 

genetics are more firmly established then 

dependence upon any other factor, since differences in methodology have 

made comparisons difficult. 

In contrast to determinants, markers are a consequence of HIV infection 

Markers of disease 
progression 

Markers of disease progression are a 

consequence of the disease and therefore 

indicate the stage of progression from infection 

to the onset of disease. Immunological 

markers are subject to considerable large 

measurement error and short-time scale 

variability, hiding the marker path for an 

individual. Incomplete incubation data still 

provide information of changes in the marker 

path. Progression through all stages of the 

marker path describe the incubation period. 

infection 

stage: 1 

AIDS 

- I 1 1-

2 3 4 
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and indicate the stage of disease progression. Recently, viral load (HIV-1 

RNA levels) has been found to be a important marker for HIV disease 

progression [7] and other main markers are indicators of immune function. 

Because CD4-lymphocytes are killed directly or indirectly by HIV [8], 

eventually resulting in immunodeficiency, the number of CD4 T-cells is an 

important indicator of the progression of HIV disease after infection. Higher 

viral load is associated with increasing clinical progression and with lower 

CD4 cell count. Other markers that have been investigated and applied are the 

presence of p24 antigen, T cell reactivity (anti-CD3), syncitium inducing 

variants of HIV, ß-2 microglobulin, neopterin and clinical symptoms. 

Sources & Methods to Estimate the IPD 
The ideal design for a study to collect incubation data would be to 

follow HIV uninfected persons continuously to determine the date of serocon

version and the date of an AIDS diagnosis, successively. Consequently, 

estimates of the IPD can be obtained straightforward, using parametrical and 

non-parametrical survival techniques. 

The product-limit method is a non-parametric approach, often used to 

estimate the cumulative incidence of AIDS in seroincident data and in 

imputed-seroincident data that involve elongation of the follow-up times (see 

below). The parametric approach for the IPD may involve Weibull, gamma, 

log-normal and logistic models. The choice between these functional forms 

depends on assumptions surrounding the hazard function. The Weibull model 

is appropriate when the hazard increases progressively, the gamma allows 

slowing of that rise and both, the log-normal and logistic model suggest a 

decreasing hazard. The slowing in the rise of the hazard, say after 5-7 years 

after seroconversion, suggests that the true hazard is not consistent with the 

Weibull distribution. Note, that the Weibull model estimates a longer mean 

incubation period when more follow-up is available. 

Unfortunately, the ideal design is not a realistic one to study the need a 

large number of participants with extreme long follow-up, because, incubation 

period of HIV infection. More specifically, such a design would first, 

infections occur relative rare and, second, the incubation period to AIDS is 
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very long and to death even longer. To overcome this problem, four types of 

cohort studies can be distinguished that were started to collect all incubation 

data available and subsequently methods were developed to estimate the 

incubation period distributions from these data. First, case-cohort studies 

comprising AIDS cases only with retrospectively obtained dates of infection. 

Examples are studies that use transfusion-associated AIDS cases. This is a 

retrospective study and typical cohort members are 1, 2, 3 and 5 (from top in 

figure), if they have observed date of AIDS diagnosis before the date under 

consideration (say the end of the 

s 
s 
:ORED 
4MPLES 

STUDY PERIOD 

0 • 

O— 

o , • 
—• O— 

START 

EPIDEMIC 

Schematic illustration of incubation data. In general, only 
that part of the incubation period is observed, that over
laps with the study period, unless data are ascertained. 
This is needed for the numbers 1 to 4, numbering from 
top to bottom. Specificly, the data of number 4 will be 
censored at both endpoints (doubly censored). 

study period in the figure). Second, 

cohort studies with ascertainment 

of the dates of seroconversion, 

using stored blood samples. 

Participants are, from the top in 

figure, number 2, 3 and 4, if they 

participate in both studies and 5 

and 6. Third, closed cohort studies 

having a restricted intake period 

and follow-up of both HIV-

negat ive and HIV-posi t ive 

participants. Fourth, open cohort 

studies with an ongoing intake 

period and follow-up of both HIV-negative and HIV-positive participants. The 

last two are population-based prospective studies, also referred to as prevalent 

cohort studies. The difference between the last two is especially of interest 

when ageing of the cohort and the infection distribution is considered. 

Participants of these two studies only provide information of that part of the 

incubation period that overlaps the study period and consequently, fast 

progressors before the start of the study (see number 1 from the top in the 

figure) are not included. The kind of incompleteness of the incubation data is 

roughly the same in the types 2 to 4 and concern both endpoints (doubly 

censored data). The date of AIDS diagnosis can be known to fall within a 

time-interval (interval-censored) or known to fall after a certain date (right-
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censored), because it is passed the study-endpoint (truncation) or lost to 

follow-up (censored). The date of seroconversion can be interval-censored, 

between the last HIV-negative sample (possibly the start of the epidemic) and 

the first HIV-positive sample. When the intervals are small the interval 

censoring is of lesser concern and the midpoint (or any other) imputation 

method can be applied. 

The first estimates of the IPD came from data from transfusion-

associated AIDS cases [9], ie cohort type 1 mentioned above. Uniquely for 

such data, the dates of infection can be estimated as the dates of transfusion 

with infected blood. However, the usefulness of this study is greatly reduced, 

because it only consists of persons who have already developed AIDS, 

resulting in severe right truncation (a form of length biased sampling). In 

additon, although to a lesser concern, there is also a number of early deaths 

among recipients of blood transfusion, which is most likely not random and 

may occur more frequently among persons with older age. Non-parametricly, 

only the truncated IPD can be estimated, which is proportional (up to a 

constant) to the IPD. 

Subsequently, the IPD was estimated from cohort studies in which stored 

samples were used to determine the date of seroconversion. These data are 

characterized by interval censoring (referring to the fact that the date of 

seroconversion is only known to fall in the time-interval between the date of 

last negative and the date of first positive HIV antibody test) and by right 

censoring (referring to the fact that the date of an AIDS diagnosis did not 

occur before a certain time). Midpoint approximation prior to standard 

survival techniques and parametric and nonparametric modelling of both the 

seroconversion distribution and the IPD, simultaneously, were used to fully 

account for the censoring on both endpoints. The midpoint approach is only 

appropriate if the date of seroconversion is uniformly distributed over the 

interval, which is unlikely if the interval is sufficiently long, whereas the 

simultane approach can avoid bias [10]. 

By the time that most cohort studies started (in the beginning among 

homosexual men), a large number of the participants were already HIV 

infected (seroprevaient) at recruitment, while the date of seroconversion could 
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not be ascertained. Another limitation of a so called prevalent cohort study is 

the relative short follow-up times of the identified seroconverters. Special care 

needs to be taken to handle the seroprevalent data. The midpoint-imputation 

approach must not be applied, because of the extreme width of these intervals 

(from the start of the epidemic to enrolment). In addition, these intervals are 

nearly the same for most of the study participants. 

Parametric methods have been used to handle this incompleteness of the 

incubation data. Other approaches were, to use a seroconversion-density from 

external data, to impute the date of seroconversion of each subject (from 

laboratory marker values at enrolment or otherwise) and to backcalculate the 

IPD from the population AIDS incidence and the cohort-based HIV infection 

density. 

The IPD can also be estimated without imputing the unknown dates of 

seroconversion using staged Markov 

models based on a marker path (i.e. CD4 s t a g e d M a r k o v m o d d 

cell counts), by assuming that the present 

stage of HIV infection determines disease 

progression [11,12,13]. Although, this may 

seem to be a strong assumption it is very 

much in line with the property of 

biological systems, that the present state is 

the most dominant factor for what the 

further course will be. The advantage of 

using a Markov model is that it makes full 

A continous-time Markov chain can link the 
progression through marker-based stages to 
the incubation period. The Markov model 
assumes that progression to the next stage is 
independent of the progression through the 
previous stages. This model consists of: 

A set of stages. 
(Exponential) distributions of waiting 
times in each stage. 
(Multinominal) probability distributions 
of moving to another stage at the end 
of the waiting time. 

use of data from all individuals, also from those who are seropositive at 

recruitment without making assumptions about their time of infection. 

Moreover, the IPD can be estimated before any of the seroincident persons 

develop AIDS. It also allows marker values and progression to AIDS to be 

modeled jointly. 

All of these methods have been used in a variety of cohort studies, 

concerning different transmission groups. The median of the truncated-

incubation time (an underestimate of the incubation period, see above) in 

blood recipients was 7.3 years for age 5-59 years [9]. The median incubation 
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time in homosexual men ranges from 8-12 years, in injecting drug users from 

10-11 years and in haemophiliacs from 12-17 years. For further interpretation 

of these results, age at seroconversion, differences in the spectrum of AIDS-

defining conditions, the calendar period of enrolment, the underlying 

treatment opportunities and death before being diagnosed with AIDS, 

occurring frequently among injecting drug users, should be considered. 

The Amsterdam AIDS Surveillance System 
Since the first AIDS cases in 1982, the Amsterdam AIDS surveillance 

system was started at the department of Public Health of the Municipal 

Health Service. This system is an active surveillance system, in which AIDS 

patients in the region of Amsterdam are registered anonymously, on the basis 

of voluntary reporting by physicians. The Amsterdam AIDS surveillance 

system reports to the National AIDS surveillance system (Ministry of Health), 

which itself reports to the European surveillance system (the European 

Centre for the Epidemiological Monitoring of AIDS, Paris). Up to July 1998, 

2678 AIDS patients were reported to the Amsterdam AIDS surveillance 

system, of whom 2017 homosexuals, 303 injecting drug users and 243 

heterosexuals. 

The Amsterdam Cohort Studies 
The Amsterdam Cohort Studies consist of two separate studies, which 

both are collaborations between the department of Public Health and 

Environment of the municipal Health Service of Amsterdam, the department 

of Retrovirology of the Academic Medical Center, the department of Internal 

Medicine of the Academic Medical Center and the department of Clinical 

Viro-Immunology of the Central Laboratory of the Netherlands Red Cross 

Blood Transfusion Service and the Laboratory for Experimental and Clinical 

Immunology of the Academic Medical Center. 

The Amsterdam Cohort Study on HIV infection and AIDS among 

homosexual men was started in October 1984 [14], has ongoing enrolment 

and follow-up of both HIV-negative and HIV-positive homosexual men. 

Seropositive men are seen every 3 months and seronegatives every 6 months. 
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Through May 1998, a total of 276 HIV-1 seropositive men and 1264 HIV-1 

seronegative men have been enrolled. During the study period, 137 

seroconversions were registered among the seronegative men and a total of 

256 men developed AIDS. 

The Amsterdam Cohort Study on HIV infection and AIDS among drug 

users is an open, ongoing study, that was initiated in December 1985 [15]. 

Participants are mainly recruited via the methadone dispensing circuit and 

through a STD clinic for drug using prostitutes. Both injecting drug users and 

non-injecting drug users are invited to participate and subsequently asked to 

return for a follow-up visit every 4 months. Through February 1998, a total of 

296 HIV-1 seropositive participants and 963 HIV-1 seronegative participants 

have been enrolled. During the study period, 85 seroconversions were 

registered among the seronegatives and a total of 100 participants developed 

AIDS. 

The Vancouver Lymphadenopathy-AIDS Study 
The Vancouver Lymphadenopathy-AIDS Study was started in November 

1982 and had enrolment until December 1984 [16]. Both HIV-negative and 

HIV-positive homosexual men were followed at 3 to 6 months until 1986 and 

annually thereafter. At enrolment, HIV seroprevalence among the 715 

participants was 33% (n=237). The HIV-positive men with two or more 

follow-up visits with CD4 cell counts measurements before January 1 1997 

(n=509) were included in the study presented in chapter VI. 

Outline of this Thesis 
This thesis provides information of the incubation period distribution 

from HIV-1 seroconversion to a diagnosis with AIDS (IPD). In chapter 2 

estimates of the IPD are applied to estimate the size of the HIV epidemic in 

Amsterdam and these estimates are compared to those, using the ratio of HIV 

prevalence to AIDS incidence. In chapter 3 parametric models are used to 

estimate the IPD from data of the cohort study among homosexual men in 

Amsterdam and in chapter 4 through 6 reversible continuous-time Markov 

models are used. In chapter 4 a Markov model based on CD4 cell count is 
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used to study the HIV disease progression in the cohort study among 

homosexual men in Amsterdam and the effectiveness of anti-CD3 reactivity 

as a marker for disease progression is compared with that of the CD4 cell 

count. In chapter 5 the incubation-period distribution is estimated also using a 

CD4-based Markov model, while accounting for death before an AIDS 

diagnosis in a cohort of injecting drug users in Amsterdam and these 

estimates are compared with those from the study of homosexual men. In 

chapter 6 secular trends in the waiting times in CD4-based stages of HIV 

disease progression are studied in a cohort of homosexual men in Vancouver 

and in a cohort of homosexual men in Amsterdam. Finally, in chapter 7 the 

findings from these studies are discussed. 
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