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Ong, Hong' Choon
Modelling the Aids Epidemic in Penang, Malaysia

Hong Choon Ong Lay Fong Sin Li Ling Tan
School of School of . School of

Mathematical Mathematical Mathematical
Sciences, Sciences, Sciences,

Universiti Sains Universiti Sains Universiti Sains
Malaysia Malaysia Malaysia

This study briefly look at some of the statistical methods that have been
developed to model the HIV/AIDS epidemic and also use the back calculation
method to estimate the HIV infection rate in Penang. The back calculation pro-
gram has been chosen to model the underlying HIV/AIDS epidemic in Penang,
Malaysia because it makes use of the AIDS incidence data which is more re-
flective of the epidemic as compared to the number of HIV infected recorded
which is known only if tests are conducted. The AIDS incidence data collected
however have some limitations and uncertainties due to censoring of the data,
reporting delay, under reporting and the changes in the AIDS surveillance def-
inition. The back calculation method is used to reconstruct and estimate the
number of people who have been infected previously in Penang using the AIDS
incidence data obtained and an estimate of the incubation period distribution.
The simulation shows the presence of under and delay reporting in the AIDS
incidence data obtained especially in the early stages.
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Modelling the Aids Epidemic in Penang, Malaysia

1Hong Choon Ong, 2Lay Fong Sin, 3L Ling Tan

L286chool of Mathematical Sciences,
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Abstract

This study briefly look at some of the statistical methods that have been developed
to model the HIV/AIDS epidemic and also use the back calculation method to estimate the
HIV infection rate in Penang. The back calculation program has been chosen to model the
underlying HIV/AIDS epidemic in Penang, Malaysia because it makes use of the AIDS
incidence data which is more reflective of the epidemic as compared to the number of HIV
infected recorded which is known only if tests are conducted. The AIDS incidence data
collected however have some limitations and uncertainties due to censoring of the data,
reporting delay, under reporting and the changes in the AIDS surveillance definition. The
back calculation method is used to reconstruct and estimate the number of people who have
been infected previously in Penang using the AIDS incidence data obtained and an estimate
of the incubation period distribution. The simulation shows the presence of under and delay
reporting in the AIDS incidence data obtained especially in the early stages.

Keywords: Back calculation method, AIDS modelling, HIV infection

1. Introduction

Methods commonly used method to model the HIV/AIDS epidemic in such countries as USA and UK
are based on one of three methods. These methods are similar in that they all fit some form of calendar
time to the incidence of AIDS but they differ in the degree to which the mechanisms that generate the
data are incorporated into the model. The first method attempts to fit a function of the calendar time
like polynomial or other mathematically convenient curves to the AIDS incidence curve and
extrapolating into the future. This method is not efficient, as it makes use of less information (Healy &
Tillett, 1988).

At the other extreme, the second method attempts to model the full dynamics of the
transmission of the epidemic in the population, providing much insight into the qualitative evolution of
the epidemic and identifying the key variables that determince the future number of cases but this
method has unverifiable assumptions and contain many unkown parameters (Arca et al., 1992).

The third method which is intermediate between the first and second methods is the method we
choose to model the HIV/AIDS epidemic in Penang — back calculation method (Ong & Soo, 2006).
This method is applied to estimate the past HIV infection cases from the AIDS incidence data and an
estimated incubation period. The back calculation method is used on the AIDS incidence data in
Penang by using the back calculation program from Bacchetti, Segal & Jewell (Bacchetti et al., 1993)
and the incubation period distribution from Brookmeyer and Gail (Brookmeyer & Grail, 1988) for
estimating the HIV infection rates in Malaysia. The number of HIV+ cases, on the other hand, is
dependent on the test made and is unreliable as a trend. For example, a steep rise in the number of
HIV+ cases may be due to the mandatory testing of all intravenous drug users in drug rehabilitation
centres and increase in detection through aggressive case finding. AIDS/HIV was nonexistent in



Malaysia until 1986. The first case of AIDS in Malaysia was reported in December, 1986 in an
American of Malaysian origin. The American of Malaysian origin had returned home for a visit and
died due to Pneumocystis carinii pneumonia. During the same year, there were another three persons
who were found to be HIV positive.

The bulk of the AIDS incidence cases in Penang are injecting drug users and both
heterosexually and homosexually transmitted. Mariotto et al. (1992) also reported the three modes of
transmission are similar in their incubation period distribution and there is not much statistical
difference between them. In this study, the incubation period distribution is taken from Brookmeyer
(1991), which is based mainly on homosexuals in the USA.

HIV incubation period is the random time between the inception of the HIV infection and the
onset of clinical AIDS or time when AIDS is diagnosed. Incubation period of HIV is very long and
highly variable within and between cohorts. Distribution of this non-negative random variable is
known as HIV incubation period distribution. Estimation of this distribution is hard because the time of
infection in the risk groups is usually unknown, except in the blood transfusion associated cases where
the time of infection is from the date of transfusion.

2. Methodology
2.1. The method of Back calculation

The back calculation method uses the AIDS incidence data with the estimate of incubation period
distribution to reconstruct the number of people who have been infected previously. Then, the
incubation distribution is applied to these estimated numbers to predict the AIDS incidence data.

The basic calculation of the back calculation method is based on the relationship between the
cumulative numbers of new AIDS cases from the time of the onset of the epidemic, 0 to t (designated
Z(t)) and the number of the new HIV infection g(s) at time s since the start of the epidemic (s=0).
Then, let u be the time spent between the initial infection and the eventually diagnosis of AIDS (u = t-
s) and F(u) be the distribution function of this incubation period.

The basic convolution equation is:
t

Z@®= [ g(s) F(t-s) ds

(/]

2.2. An Application of the Back Calculation Method to Penang AIDS Incidence Data

The back calculation method is applied on the AIDS incidence data of Penang. This method is chosen
because it makes use of the AIDS incidence data which is quite representative of the trend of the
epidemic rather than the number of HIV cases recorded which is not reliable. We input the Penang
incidence data (refer Table 1) into the back calculation program in FORTRAN by Bacchetti et al. (4).
The incubation period distribution in this program is taken from Brookmeyer (7), which based on
homosexuals in United States. Majority of AIDS cases in Penang are transmitted through IDU and the
incubation period distribution is similar to that of both heterosexual and homosexual transmission (6).

Using the AIDS incidence data Z(t) and an estimate of the incubation period distribution F(u),
we estimate the past HIV infection rates g(s) in Penang in the equation above using a deconvolution
technique. This estimated past HIV infection rates can then be compared with the recorded past HIV
infection rates to draw inferences about the AIDS epidemic and the nature of the HIV/AIDS data
recorded.



Table 1:  Total number of HIV/AIDS cases and related deaths reported in Penang from year 1988 to 2006

AIDS

Year HIV infection

Cases Death
1988 4 1 0
1989 6 1 1
1990 26 1 1
1991 37 1 0
1992 63 4 1
1993 64 4 8
1994 113 9 9
1995 174 14 13
1996 194 24 24
1997 215 27 27
1998 223 52 35
1999 225 105 55
2000 194 70 52
2001 215 69 34
2002 268 88 45
2003 266 49 20
2004 308 59 34
2005 251 70 50
2006 228 81 47
Total 3074 729 456

Source: AIDS/STI Unit, Ministry of Health Malaysia

3. Result

The result of the back calculation program applied is the estimated number of HIV infection from
January 1991 to December 2006. The cumulative number of recorded and estimated HIV+ cases, and
the recorded number of AIDS incidence cases is shown in Table 2.



Table2: The recorded and estimated HIV/AIDS cases in Penang from year 1986 to 2006

Year Cumulative HIV Cumulative HIV AIDS recorded
recorded estimated
1988 4 - 1
1989 10 i
1990 36 1
1991 73 33.74 1
1992 136 85.36 4
1993 200 145.11 4
1994 313 373.98 9
1995 487 578.11 14
1996 681 855.87 24
1997 896 1322.40 27
1998 1119 1955.52 52
1999 1344 2761.67 105
2000 1538 3534.56 70
2001 1753 4074.35 69
2002 2021 4473.09 88
2003 2287 4810.00 49
2004 2595 5139.57 59
2005 2846 5795.06 70
2006 3074 7874.34 81
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Figure 1: The comparison between the cumulative recorded HIV and the cumulative estimated HIV in Penang
from year 1991 to 2006



Figure 1 shows the comparison between cumulative recorded HIV and the cumulative recorded
estimated HIV cases in Penang from the year 1991 to 2006. Technically the estimated HIV should be
higher than the recorded HIV because of the probable existence of untested cases. However, for the
year 1991 to 1994, the estimated value is slightly lower than the recorded value. This may happen
because of delay reporting from the previous years and changing of the definition of AIDS surveillance
system. According to the year 1993 AIDS surveillance definition, anyone with CD4 lymphocyte count
below 200/mm’ is considered as a condition for AIDS.

There is a slowdown in the increase of cumulative estimated HIV value in the year 1999 to
2004 in Figure 1. This trend is supported by a slowdown in the increase of the number of AIDS cases.
This is because the back calculation method depends on the inputted AIDS incidence data which is
back calculated and according to the AIDS data, there is a sudden drop in the number of AIDS cases
recorded in year 2003. There is a big difference for the year 2006 between the estimated and recorded
value. This could show that there might have some cases of under reporting during that period.

5. Conclusion and Discussion

Every method used for modeling the AIDS epidemic has its own advantages and disadvantages. We
choose back calculation because this method makes use of AIDS incidence data which is the most
readily available indicator of the epidemic. The incubation period of homosexual (available from the
United States) and intravenous drugs users are very similar. Based on this, we can calculate the past
HIV infection rate.

The back calculation method provides a simple conceptual framework for modeling the
progression of the AIDS epidemic. This method is able to reconstruct and estimate the underlying HIV
infection rate which is not possible if we were to use the first method which is the curve fitting method.
However, back calculation is heavily dependent on accurate AIDS incidence data.

The main problem in most developing countries is the incomplete reporting data and lack of the
information on the AIDS epidemic. Delay reporting and under reporting is one of the major
uncertainties.
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