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SUMMARY 
Objective: The treatment-free incubation period distribution was estimated from data obtained 

from a cohort of homo/bisexual men in Amsterdam. 

Design: Participants in a cohort study that started at the end of 1984 in Amsterdam were seen at 

3- or 6-months intervals. The analysis excluded time since the start of zidovudine treatment 

(given to 27 individuals) and no cohort member received primary Pneumocystis carinii pneumonia 

prophylaxis (i.e., before AIDS diagnosis) before February 1990. 

Methods: Both HIV-positive (n=269) and HIV-seroconverted (n=79) homosexual men were 

included in this study. Of these, 68 developed AIDS before February 1990. The unobserved dates 

of seroconversion were obtained by multiple imputation. The incubation period distribution was 

estimated from these data by direct Kaplan-Meier analysis, and by using parametric Weibull and 

gamma distributions (including a parameter describing the probability of never progressing to 

AIDS). Our results are compared with published estimates of progression to AIDS from other 

homo/bisexual cohort studies. 

Results: Both the Weibull and the gamma distributions provide equally good empirical 

descriptions of the incubation period distribution for up to 7 years post-seroconversion, but the 

estimated gamma distribution (median, 9.2; mean, 10.2; percentage AIDS at 7 years, 33%) should 

be preferred beyond that time, due to a slowing of the hazard rate. There is insufficient 

information to be able to estimate accurately the probability of never progressing to AIDS. 

Conclusions: The time-dependent pattern of HIV incidence should be considered in the analysis 

of prevalent cohort studies. Our results are in agreement with other homo/bisexual cohort studies 

and will be valuable for future comparison with and understanding of the epidemiological 

consequences of clinical treatment that delays the onset of AIDS. 

Keywords: Incubation period, Weibull, gamma, multiple imputation, Kaplan-Meier, homosexual 
men, treatment-free. 



Treatment-Free Incubation Period 

The Treatment-Free Incubation Period of AIDS 
in a Cohort of Homosexual Men 

The incubation period of the AIDS is a key characteristic in 

understanding of the HIV and AIDS epidemic both clinically and 

epidemiologically. The incubation period distribution (IPD) provides 

information about the probability of progression to AIDS as it changes with 

time since infection with HIV. It also links the HIV infection rate and the 

occurrence of AIDS cases over time, and is an essential feature in back-

calculation methods Knowledge of the IPD creates the opportunity to make 

more reliable projections [1,2,3], which are necessary for health-care 

planning. 

There is a considerable variation in the length of the incubation period. 

This may be due to the emergence of new viral quasispecies in an HIV-

infected person [4]. According to this hypothesis, serious immunodeficiency 

occurs when the viral diversity exceeds some threshold beyond which the 

human immune system is unable to control viral replication [5]. Because of 

the variability the incubation period is best expressed in terms of probability 

distributions. 

The IPD itself can be dependent on age, date of seroconversion 

riskgroup and geographical area [6,7,8], as result of, for example, treatment, 

behaviour (changes), health care or changing virus phenotype (viral 

quasispecies diversity). Dependence upon age and date of seroconversion are 

more firmly established than dependence upon any other variable, since 

differences of methodology have made comparisons difficult. 

There are two methods of estimating the IPD of AIDS. The first is the 

comparison of the estimated infection distribution with the pattern of AIDS 

diagnoses [9] (because the distribution of AIDS is a convolution of the 

infection distribution and the IPD [1]); the second is direct estimation from 

cohort data, using individual incubation times. 

Incubation period analyses are now less restricted to transfusion 
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recipients and haemophiliacs, and more data are available from well defined 

cohort studies. Cohort study data relating to development of AIDS are 

inevitable incomplete in dates of seroconversion (infection) or development of 

AIDS, or both. This incompleteness has inspired a variety of approaches 

[9,10,11,12]. Seroconversion (defined as the development of detectable levels 

of antibodies to HIV) generally occurs within a few months of infection. 

Therefore in this study, as in many others, the time from seroconversion to 

AIDS diagnosis is defined to be the incubation period. 

The objective of this paper was to estimate the IPD in a cohort of 

homosexual and bisexual men in Amsterdam. We used a multiple imputation 

procedure, with four related models, each covering different assumptions, to 

investigate the sensitivity of the estimated IPD regarding the imputation 

method. The imputation procedure was used to provide the unobserved 

interval between seroconversion and enrolment for those individuals who 

were already HIV infected at enrolment. 

We can exclude observations relating to individuals who received 

antiviral and/or prophylactic treatment designed to delay the onset of AIDS. 

The results obtained from data such as these will be valuable in future to aid 

the understanding of the effects of new therapies on the evolution of the 

AIDS epidemic. 

Materials 

The time interval between HIV seroconversion and the date of diagnosis 

with AIDS was analysed using data from all homosexual and bisexual men 

with HIV-seropositive blood samples (n=348; aged 25-45 years), who were 

part of a larger cohort study in Amsterdam [13,14]. The analysis is based on 

data that was available in February 1990. At that time the cohort consisted of 

719 men enroled between October 1984 and May 1985 and 285 men enrolled 

after May 1985. Of the 348 HIV-seropositive men 269 were seropositive at 

entry and 79 seroconverted during follow-up. 

The Centers for Disease Control (CDC) 1987 AIDS case definition was 

used for AIDS diagnosis [15]. Sixty-eight men developed AIDS before 

February 1990, of whom 12 had seroconverted during follow-up. Of the 68 

46 



Treatment-Free Incubation Period 

AIDS cases, 14 were diagnosed with Kaposi's sarcoma (KS), 44 with an 

opportunistic infection (01), one with both KS and an 01 and nine with other 

(for example, neurological) diseases. 

All 348 participants were grouped into one of the following four 

categories: (1) seroconverted during study and AIDS-free at their last visit 

(n=68); (2) seroconverted and developed AIDS during study (n=ll); (3) 

seropositive at enrolment and AIDS-free at their last visit (n=219); (4) 

seropositive at enrolment and developed AIDS during study (n=50). The 27 

men who received zidovudine treatment (mostly in randomized controlled 

trials) were included in group 1 and 3, using the first date of zidovudine 

treatment as the date of the last visit. Of these men, only seven developed 

AIDS in the last few years of their follow-up. Before February 1990 there 

was no consensus about primary Pneumocystis carinii pneumonia (PCP) 

prophylaxis for asymptomatic HIV-seropositives. Thus, before that time PCP 

prophylaxis was not given to any AIDS-free cohort member. 

HIV antibody and anticore tests were performed (ELISA; Abbott 

Laboratories, North Chicago, Illinois, USA and Vironostika Teknika, 

Organon, Oss, The Netherlands) and Western blot tests were used to confirm 

HIV seroconversion. The time interval between the last seronegative and the 

first seropositive test was 3 months for 58 of the seroconverters, and 6 

months for the remaining 21. Infected men visited the Municipal Health 

Service every 3 months, so that the date of diagnosis with AIDS was known 

within 3 months. 

Methods 
The IPD is the probability of being diagnosed with AIDS at or before a 

certain time after seroconversion. A multiple imputation method is used to 

incorporate the date of seroconversion in the estimation of the IPD. Two 

choices for the probability density function of the time of HIV infection are 

combined with two parametric forms for the IPD, giving four parametric 

models. The probability of not developing AIDS after infection is estimated 

simultaneously, as presented by Lui et al. [12]. 

Both the date of seroconversion and the date of AIDS diagnosis are 
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(interval-) censored. The date of AIDS diagnosis of the men who developed 

AIDS within the study period was assumed to be the midpoint between the 

subsequent visits. For those who had not been diagnosed with AIDS at 1 

February 1990, this date was right-censored. For those who received 

zidovudine before they developed AIDS, the date of last AIDS-free 

observation was considered to be right-censored at the first date they received 

zidovudine. In the case of seroconversion during follow-up the date of 

seroconversion was assumed to be the midpoint of the last seronegative and 

the first seropositive dates. The dates of seroconversion for the HIV-

seropositives at entry were interval-censored with a time interval from the 

start of the epidemic to the date of entry. For these cases, the date of 

seroconversion was estimated using a probability density function for the 

elongation of the observed part of the incubation period. The two choices for 

the elongation distribution were a truncated exponential and a truncated 

Weibull distribution function, each describing a different pattern of probability 

of infection in time. 

The Weibull elongation model was chosen to reflect the HIV infection 

density of the seroconverters in the cohort. The parameters of the truncated 

Weibull distribution were chosen so that the probability of seroconversion 

between 1 January 1980 and 1 January 1985 is 50% and between 1 January 

1980 and 1 January 1990 is 90%. In concordance with data from a hepatitis B 

cohort study [16], the start of the HIV epidemic was put at 1 January 1980 

(so that the probability to be infected before January 1980 was assumed to be 

zero). Let T = time of enrolment of a seropositive at entry since 1 January 

1980 and T = time of seroconversion since 1 January 1980. The truncated 

Weibull distribution we used has the density function: 

T 

o 

with a = 1.7 and/3 = 0.16. 

The date of seroconversion of each seropositive at entry was estimated as 

48 



Treatment-Free Incubation Period 

the mean of 200 random samples from this distribution. Although the mean 

can be calculated analytically we used simulation to preserve some variability. 

Thus, the a priori probability that two seropositive men who enter the study 

on the same day also seroconverted on the same day is smaller than 1. 

The exponential elongation model assumes that the probability of 

infection rises exponentially from the start of the HIV epidemic and is largest 

immediately before enrolment. The truncated exponential density function is: 

T 

exdx 
o 

The imputed elongation period (from either the truncated exponential or 

the truncated Weibull distribution) was added to the AIDS-free period 

actually observed in the cohort to give an AIDS-free period for each 

individual seropositive at entry. Thus, direct, non-parametric analysis (Kaplan-

Meier) of survival to AIDS is possible. The Weibull and gamma distributions 

were also fitted to these data by maximum likelihood. The Weibull 

distribution has the density function: 

8Xsts-ie-(Xtf 

and the gamma 

5,S-1„-A.f kötö-le 
T(8) 

where 8 and A are the parameters to be estimated, t is the time between 

seroconversion and diagnosis and T is the complete gamma function. To 

estimate the probability of never progressing to AIDS, p, the probability 

density functions are multiplied by p. The likelihood function is 

straightforward to compose and the maximum can be found numerically [12]. 

Approximate confidence intervals (CI) for the progression rates were 
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calculated from standard errors of the quantiles using a linear transformation, 

as in the delta method. Standard methods were used to calculate CI of the 

Kaplan-Meier estimates. 

Results 
Figure 1 shows the number of seroconversions per quarter-year between 

1985 and 1990 of homosexual and bisexual men from the Amsterdam cohort, 

who entered the study between October 1984 and May 1985 (55 out of all 79 

Figure 2. The number of seroconversions per quarter-year between 1985 and 1990 in a cohort of 
homosexual and bisexual men from Amsterdam enrolled between October 1984 and 
May 1985. 

seroconversions during the study). These data show that the probability of 
HIV infection is clearly time-dependent. We therefore used a Weibull 
distribution to provide the elongation, as it reflects the pattern of the HIV 
density shown in Figure 1. 

The differences between the two elongation models can be illustrated by 
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the HIV density functions of an individual. Figure 2 shows the elongation 

density functions from the Weibull and exponential elongation model for four 

men, chosen at random, who were seropositive at entry but entered the study 
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Figure 3. The Weibull (broken lines) and the exponential (straight lines) elongation probability 
functions for four men, who were seropositive at entry. Their dates of entry in the 
study (in decimal notation) were 1984.81, 1985.68, 1988.38 and 1989.59. The 
estimated dates of seroconversion using the Weibull and exponential elongation are 
1982.81, 1983.11, 1984.34, 1984.76 and 1983.79, 1984.72, 1987.31 and 1988.59, 
respectively. 

at different dates. Note that for the exponential elongation model the 

probability of seroconversion is largest near date of entry into the study and 

that the shape of the distribution for each individual is approximately the 

same, irrespective of the date of entry, whereas the shape of the Weibull 

elongation function depends strongly on the date of entry. Generally, the 

estimated elongation using the Weibull model will be longer than that 

estimated using the exponential model. 
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Figure 3. The estimated (crosshatched) and observed (empty) number of seroconversions by 
quarter years in a cohort of homosexual and bisexual men in Amsterdam, as the result 
of Weibull (top) and exponential (bottom) elongation of the known part of the 
incubation period of the seroprevalent cases. 

Figure 3 shows the histogram of the observed and the estimated dates of 

seroconversion using the Weibull (A) and the exponential (B) elongation 
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model. The most notable feature of these figures is that in both models, and 

particularly in the Weibull model, the majority of the estimated dates of 

seroconversion fall in the early years of 1980. This is due to the highly 

irregular pattern of entry to the study. Approximately 80% were enrolled in 

the first half-year of the period under study, none in the year following, and 

the remainder (approximately 20%) from then up to February 1990. Thus, 

Figure 3 reflects the (estimated) overall density of this group, but not of the 

population, since it is strongly biased by the pattern of entry into the study. 

First, we discuss the estimation of the probability of never progressing to 

AIDS (p). The combination of the two elongation methods (Weibull and 

exponential) and the two incubation period distributions (Weibull and gamma) 

gives four models for estimating p. The maximum likelihood estimates of p 

range from 0.12 to 0.51 all with large 95% CI (from 0.00-0.61 to 0.00-0.69). 

The profile likelihood plots of p for each of the combinations are presented in 

Figure 4A. The curves (compared to the horizontal dotted lines) show that the 

estimation of p from current data is highly uncertain for any assumed IPD. 

Figure 4B shows the maximum likelihood estimate of the mean in each of the 

four combinations plotted against different values of p. This shows that 

different values within the CI of p have large effect on the estimates of the 

IPD (up to 4 years in mean incubation period) and that they even differ 

according to p = 0 or p ^ 0. On the other hand, different values of p do not 

change the log-likelihood much, compared with the deviation from the 

maximum at the size of the 95 percentile of the %2 distribution with 1 d.f. 

(Figure 4A). Therefore, it is still too early to estimate accurately the 

proportion of infected homosexual and bisexual men who will never develop 

AIDS using these data. Because p is expected to be small, it was assumed to 

be zero. 

Figure 5 presents the estimated cumulative IPD for AIDS in homosexual 

and bisexual men, assuming that every HIV-infected person will eventually 

develop AIDS. The estimates of the parameters 8 and A and the means and 

medians are presented in Table 1. The choice of the elongation model or the 

IPD affects the median by 1.5 years or < 0.5 year, respectively. Figure 5 

shows that within each elongation model both distributions fit equally well to 
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Figure 4. The probability of never developing AIDS after HIV-infection against (A) the log 
likelihood values and (B) the estimated mean incubation period by combination of 
incubation period distribution (IPD) and elongation model of the HIV-seropositives at 
entry. The horizontal lines indicate the deviation from the maximum log likelihood at 
the size of the 95th percentile of the %' distribution with 1 d.f.. (solid line), gamma 
IPD and the Weibull elongation model; (small dashes), Weibull IPD and the Weibull 
elongation model; (long dashes), gamma IPD and the exponential elongation model; 
(intermediate dashes), Weibull IPD and the exponential elongation model. 
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the Kaplan-Meier estimator. After 10 years' incubation the Weibull and 
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Figure 5. The cumulative distribution function of the incubation time for AIDS in homosexual 
and bisexual men, assuming that every HIV-infected person will eventually develop 
AIDS. The step functions indicate the (1 - Kaplan-Meier) estimators in both elongation 
models. See also legends of Figure 4. 

Table 1. The parameters, means and medians of the incubation period distributions by different 
elongation model. 

IPD Elong 5 X Mean Median 

gamma Weibull 3.349 0.3270 10.2 9.2 

exp 2.866 0.3348 8.6 7.6 

Weibull Weibull 2.490 0.0986 9.0 8.8 

exp 2.185 0.1155 7.7 7.3 

IPD, Incubation Period Distribution; Elong, elongation distribution; exp, exponential distribution 
function. 

gamma IPD diverge, with the gamma distribution predicting a longer tail. 

Figure 6 presents the associated hazard functions of these four IPD. Although 

all functions of the hazard rate are increasing, there is a noticeable abatement 

in the rate of increase when the gamma distribution is used. 
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Figure 6. The hazard functions associated with the incubation period distributions for AIDS. See 
also legends of Figure 4. 

Discussion 

This paper estimated the treatment-free IPD of AIDS using data from a 

cohort study of homosexual or bisexual men in Amsterdam. This cohort is 

important because their enrolment date occurred early in the history of the 

epidemic, in the largest risk group in western Europe. The design of this 

cohort study enables both HIV seroconversions and AIDS diagnoses to be 

observed. However, a considerable amount of information is provided by 

participants with a long but incompletely observed incubation period. 

Participants who did not develop AIDS at their last visit or, more importantly, 

who were HIV-seropositive at study entry have incomplete data. The Kaplan-

Meier estimates of the incident and prevalent seropositives showed, as 

expected, that rates of progression since seroconversion are lower than the 

comparable rates of progression since study entry, and that the estimated 

incubation period from the incident cases had large CI. This prompted us to 

incorporate the incomplete data from seroprevalent cohort members in the 

estimation of the IPD. 
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We imputed the unobserved dates of seroconversion using probability 

distributions. In this way, date of an individuals' enrolment into the study is 

treated as a covariate that alters the imputed seroconversion date of that 

individual. Another covariate, that has been used in this context is CD4 count 

at enrolment [17]. Although the mean CD4 count of the group can be 

modelled appropriately near seroconversion, an individual's date of 

seroconversion cannot be estimated satisfactorily from the mean, because of 

the large variation around the group mean. 

To estimate the treatment-free IPD, the incubation period was considered 

to be right-censored at the first date of zidovudine treatment. The majority of 

the 27 men who have received zidovudine were selected randomly, and only 

seven developed AIDS thereafter. Because of these relatively low numbers, 

the informative censoring is only a minor issue in this study, but may be 

more important in other studies. 

It is important to assess goodness-of-fit if using parametric models. If 

additional information is available it is possible to make acceptable (plausible) 

choices for a parametric model. The advantage of a parametric model is that 

it provides more accurate (stable) estimates from restricted data. However, it 

is evident that the outcome is largely dependent on the additional information. 

For comparison we also used a non-parametric method that fully accounts for 

the interval censoring on both endpoints [11]. The estimated 5-year 

progression rate to AIDS was 21%, which was intermediate between the 5-

year progression rates (16% and 24%) found using the Kaplan-Meier method 

in the Weibull and exponential elongation models. However, not all data sets 

guarantee an absolute maximum in the likelihood function, and we may not 

have found an absolute maximum with this method. 

An alternative approach is a sensitivity analysis. We varied the 

functional forms of IPD and the elongation distribution. The data suggest that 

the distribution of HIV infection is not uniform (Figure 1). The Weibull 

infection distribution agrees with the idea that when an infectious disease is 

introduced in a population the supply of susceptibles with highest risk (who 

are most vulnerable to be infected) is largest at the beginning of the epidemic. 

This may also be the case in this cohort (Figure 1). In the Weibull elongation 

57 



Treatment-Free Incubation Period 

-r. 
Q 
< 
o 

00 

-

ca 
H 

>-

i/-> 

•4 

£ 
£ 

E 
3 
E 

-a o 

> 

a: 

J 
J 

o 
iù E 

E 

73 W 

•J 

1 2 •* 

c cd o 
f ) cd 

e 
o 
Cl 
o 

X > 
O 

E 

cd 
o 

' u 
O 
P 

3 
O . 

.E 
'5 

Cu 

X > 
O 

E 

cd 
o 

' u 
O 
P <D 

> 3 -
a> ,V *•{ '— CD 

T ) 

cd _1 3 

e w 
0 

cd 

e 
7Z, 

"cl 

O 
E 
•a 

T 3 
CU 
M 
cd 

£ 

E 

CL) 
bo 

S 
y. 

—' -
ex 

ei 
cd 
N 
cd 

oo 

ts 
o 

cd 

E 

O 
a) 
E 

PQ o 
c 

_o 

3 T 5 cN u u 0 0 s s 
r r c S2 J=, c 

& Q . l_ 

Ä 
c 
o E O 

s 
O 

F 
g + 

C/l o cd tu <D 
t / i ;>. 0 0 

U _c o - C U b û u ; ) c/3 <D U 

z 
r3 U u Ü, Tt- U 

z 
i/~) r3 

^ O PH i/~i U H 

oo oo X > 

U 

z ^ t U. <N ùTJ CO oo 

ON 

s-
t-H 
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model, the infection distribution is used to impute the unknown date of 

seroconversion. This distribution can be regarded as the force of infection 

from the population on an individual. In the Weibull model we assumed, that 

those already seropositive at enrolment were vulnerable to infection since 

1980. Given the ages of the individuals, this might be true for most of the 

participants. 

The exponential elongation model was performed in order to evaluate the 

sensitivity of the results to these assumptions. This model is best when, for 

example, HIV seropositive men are more likely to enter the study if they have 

been infected recently. In either case, the censoring mechanism on the left 

side of the incubation period is time-dependent. 

We prefer the results based on the Weibull elongation since this method 

reflects the changing pattern of infection. The lower estimates of the 

progression rates obtained using the Weibull elongation are in agreement with 

other recent studies [8,10,18,19,20]. Both higher [11] and lower progression 

rates [21,22] have been reported from studies concerning haemophiliacs 

(Table 2). However it should be noted that we estimated the incubation period 

in the absence of treatment, and that the lower estimates from this study fall 

within the CI of other studies. 

Other cohort studies [8,10,17] with follow-up of over 7 years, suggest 

that the rise in hazard slows after 5-7 years. This suggests that the true hazard 

is not consistent with a Weibull distribution. However, in this study and 

others [9], the estimated Weibull IPD falls within the CI of the Kaplan-Meier 

survival hazard. Thus it still appears appropriate to parameterize the 

incubation period with either a gamma or Weibull distribution, at least upto 

seven years after seroconversion. 

It should be noted that not all studies suggesting that the hazard rate 

levels off use data excluding the period of zidovudine treatment. Thus 

estimates of the hazard rate may have been affected by zidovudine treatment 

in the later years under investigation. After controlling for therapy, the true 

natural history of AIDS in homosexual men may be better described by a 

slowing of the hazard approximately 5 years after infection [8,9], so that the 

gamma IPD might be preferable to the Weibull IPD, although both agree 
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equally with the Kaplan-Meier estimator (Figure 5). 

In conclusion, the choice of the IPD only minimally affects the estimates 

in the first 7 years of the distribution, but has greater effect beyond this time. 

The form of the elongation model is responsible for a difference of 

approximately 1.5 years in median progression time. So, in this cohort, where 

the start of the epidemic is 4.5 years earlier than cohort recruitment, the 

choice of the elongation model is the more important of the two. It is obvious 

that this discrepancy may vary with a changing pattern of entry of HIV-

seropositive men into the study insofar as it influences the censoring period 

on the left side of the observed incubation period (for example, if the study 

has no open enrolment or if the interval between start of the epidemic and 

start of recruitment is considerably smaller than the 4.5 years in this study, 

possibly 2.5 years or less). 

It has been suggested that there is an initial period in the IPD that is free 

from AIDS diagnosis (i.e., that the probability of being diagnosed with AIDS 

is zero in this period). No such initial period was explicitly included in our 

analyses, although it could be incorporated into the imputation methods. A 

possible period free from AIDS diagnosis after seroconversion is reflected in 

the estimates of the IPD, where the probability of being diagnosed with AIDS 

in the initial period (1 - 1.5 years) is almost zero (Figure 5). It should be 

emphasized that it is difficult to estimate this initial period using prevalent 

cohort data, because AIDS cases are excluded from study entry and this 

biases the results against (very) short incubation periods. 

We used a time-independent IPD in the parametric models. Taylor et al. 

[8] and others have questioned this for several reasons. In both our cohort and 

the AIDS surveillance in Amsterdam the percentage of KS among AIDS 

diagnoses fell towards the end of the study (February 1990) and in the 

following 12 months. KS is a less severe form of immune deficiency, but has 

a shorter incubation period. This may indicate that the incubation period is 

lengthening [23]. It is also clear that early treatment (instituted after February 

1990 in this cohort) will lengthen the incubation period. Not enough data are 

available yet from this study to estimate the lengthening of the already long 

and variable incubation period. 
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Table 3. Progression rates per yeai • with 95% confidence intervals by different incubation period 
distributions (IPD) using the Weibull elongation model. 

time Gamma IPD Weibull IPD K-M estimator 

1 0.003 (0.001-0.004) 0.003 (0.001-0.004) 0.003 (0.000-0.008) 
2 0.016 (0.004-0.026) 0.016 (0.011-0.020) 0.006 (0.000-0.014) 
3 0.05 (0.02-0.06) 0.05 (0.04-0.05) 0.04 (0.02-0.06) 
4 0.10 (0.07-0.13) 0.09 (0.08-0.10) 0.10 (0.07-0.14) 
5 0.17 (0.13-0.20) 0.16 (0.15-0.17) 0.16 (0.12-0.21) 
6 0.24 (0.19-0.28) 0.24 (0.22-0.26) 0.23 (0.18-0.29) 
7 0.33 (0.26-0.37) 0.33 (0.31-0.36) 0.30 (0.22-0.37) 
8 0.40 (0.33-0.46) 0.44 (0.41-0.48) NA 
9 0.48 (0.40-0.55) 0.55 (0.50-0.59) NA 
10 0.56 (0.47-0.64) 0.65 (0.59-0.70) NA 
11 0.63 (0.54-0.71) 0.74 (0.68-0.79) NA 
12 0.69 (0.60-0.77) 0.82 (0.75-0.87) NA 
13 0.74 (0.65-0.82) 0.88 (0.82-0.92) NA 
14 0.78 (0.69-0.85) 0.92 (0.87-0.96) NA 
15 0.82 (0.74-0.89) 0.95 (0.91-0.99) NA 

IPD, Incubation Period Distribution; K-M, Kaplan-Meier method; NA, Not Applicable. 

This study suggests that after 7 years 33% (95% CI: 26-37) will have 

progressed to AIDS, if no treatment is involved (Table 3, Figure 5) and 50% 

will develop AIDS within 9.2 years (95% CI: 8.3-10.3). This is in agreement 

with other studies, especially with the more recent ones (Table 2). The 

probability of being diagnosed with AIDS during the 12 months after being 

AIDS-free for 7 years is 12% (Figure 6). 

The incubation period plays an essential role in evaluating the HIV/AIDS 

epidemic. Using the treatment-free incubation period, plausible estimates of 

the number of HIV-infected individuals can be obtained by back-calculation 

from the number of AIDS cases adjusted for early treatment. This number of 

HIV infected cases together with estimates of new infections, is a better 

indicator of the epidemic than the number of AIDS cases (assuming that most 

HIV-infected individuals, with or without treatment, will develop AIDS 

eventually). Using the number of AIDS cases (obtained from AIDS 

surveillance) for future projections of the HIV epidemic can be misleading, 

particularly when the major risk group has good access to medical treatment. 
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