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Since accurate monitoring of HIV prevalence is critical to
the planning and evaluation of its treatment, care, and preven-
tion programs, HIV/AIDS surveillance has been initiated in
Japan since 1984 (1). However, there remains a question
regarding the reliability of estimates of HIV in Japan. For
example, curiously enough, the relative index of HIV infec-
tion rate among blood donors in Japan was thirteen times
greater than that of western countries (2). The non-obligatory
reporting of “progression to AIDS” and reporting delay (3)
has hindered us from grasping the reliable number of the HIV-
infected in Japan.

Recently, Yoshikura (4) performed an arithmetic estimation
of the number of “HIV-infected” subjects in order to calculate
the figure crudely and simply. In order to increase the accuracy
of his approach, we took the knowledge of disease progres-
sion into account. Our aim in this paper is not only to estimate
the crude number of HIV infections but also to make estima-
tion easier by using a reasonable method which extends the
backcalculation method.

We consider the point process of new HIV infections and
assume that the distribution of the lengths of the incubation
periods (from infection to AIDS diagnosis) is independent,
identically distributed variables with probability density
function (PDF) w(τ). Let τ be the time between infection
and AIDS diagnosis and w(τ) be the PDF of this incubation
time τ. We always describe the PDF of the incubation
period of HIV infection with the use of Weibull distributions
(5). This could be written as follows:

,     [1]

where α and β are shape parameter and scale parameter,
respectively (Fig. 1). The discrete time data in Table 1 is
produced from Fig. 1 generated from equation [1] where
α= 2.286 and β= 10. Here, the cumulative fraction of AIDS
progression in the initial 3 years after an infection (i.e.,
0.09, 0.10, and 0.12 in the first, second, and third years,
respectively) is higher than in the actual disease progression.
This deviation was chosen for the purpose of mathematical
convenience in order to avoid too large an effect of w(t)
when t comes close to 0 (6). Backcalculation is based on the

Fig. 1.  Progression to AIDS after an infection.
Incubation period of AIDS was assumed to follow the probability
density function of the Weibull distribution.
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Table 1.  Weibull distribution for AIDS progression

τ (years after an infection) w(τ)

  0 0.0000

  1 0.0052

  2 0.0249

  3 0.0618

  4 0.1158

  5 0.1854

  6 0.2673

  7 0.3576

  8 0.4514

  9 0.5443

10 0.6321

11 0.7116

12 0.7806

13 0.8382

14 0.8844

15 0.9201

16 0.9465

17 0.9654

18 0.9784

19 0.9869

20 0.9924
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underlying relation between the cumulative number of new
AIDS cases in time t to t + dt which we will denote a(t), and
the number of new HIV infections h(s) at time s since the
start of the epidemic at time (s = 0). Therefore, the formula is
given by

.     [2]

Without doubt, the most reliable data in HIV/AIDS sur-
veillance is the number of AIDS cases because its apparent
symptoms more likely to lead to hospital visits. Therefore,
normally we estimate the number of HIV infections in a
time series (by obtaining h) by inverting equation [2]
(deconvolution) with a and w (7). However, since this
method has been relatively impractical (or unfriendly) for
epidemiologists as well as clinicians, it is fruitful to keep
matters simple. We therefore extend simple approximation
into this equation by transforming it into a discrete time model.

That is, 1 year after the onset of an epidemic, h(1)w(1)
cases of AIDS would be produced according to a(1) =
h(1)w(1). Here, h(1) denotes the number of HIV infections
during the first year. After 2 years, we would get h(2) from
a(2) = h(1)w(2) + h(2)w(1). After the next year, in the same
way, we could derive h(3) from a(3) = h(1)w(3) + h(2)w(2) +
h(3)w(1). Thus, the cumulative number of HIV infections,
after 3 years, is h(1) + h(2) + h(3). Mathematically, the
estimated number of HIV infections at t years after the onset
of an epidemic would be given by

.     [3]

As seen in equation [3] (and as can be seen in the usual
backcalculation method), the impact of w(1) on the estimated
trend of HIV infections becomes high in our method. With
the use of the widely distributed statistical data regarding
AIDS (8), we estimated the cumulative number of HIV
infections within our model. Here, we had to exclude patients
after 2000 from our subjects, because the progression to AIDS
of patients previously reported as “HIV-infected” has been
non-compulsory since 1999.

Applying our model using the simple assumptions men-
tioned above, the cumulative number of HIV infections has
been obtained (Fig. 2). There could be approximately 5,453
cases in 1999. The growth trend is nearly exponential, which
is consistent with the basic concept of the mathematical (epi-
demiological) modeling of an epidemic: the growth in a “lin-
ear” system would normally be seen at the exponential phase
(early phase) of an epidemic. If the exponential growth trend
continued (that is, if our methodology could be applied to
recent epidemiology), the number of HIV-infected would have
been approximately 15,135 cases in 2003. However, this must
be an overestimation because of our assumptions (for PDF in
first 3 years after an infection), and because of theoretical
reasons as follows.

The goodness of fit could be seen especially at the early
phase of an epidemic, becoming rougher later on. This
indicates a limitation of this model. After definite recognition
(or announcement) of an epidemic, the population would
change their behavior (i.e., avoid risky sexual intercourse),
which would lead to a decrease in the susceptible population
as well as in transmission potential (9). Due to the introduc-
tion of an effective anti-retroviral therapy (ART), the incuba-
tion period defined with approximately parameterized Weibull
distribution could form a different shape. As a result, it is
more effective to consider the growth of an epidemic within

a non-linear system. Therefore, to a greater or lesser degree,
the backcalculation method, including our approximate
method, could be applied for short-term study (10). When a
longer-term model is required, we should apply a dynamic
system for estimation, evaluation, and future prediction (11).
Although we could do this by fitting the early phase data
shown in Fig. 2 with the use of a mathematical model for
HIV, we would like to leave this for further study. Another
limitation to be noted in our model is that the estimation
itself could be very different according to the definition of
PDF and its parameters (12).
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