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Abstract

There are generally three methods of modelling the acquired immuno
dficiency syndrome (AIDS) epidemic At one extreme 1s the attempt to
ft a function of calendar time such as a polynomual or other
mahematically convenient curves to the AIDS incidence curve while the
ather extreme attemnpts to model the full dynamics of the transmmssion of
the epdemic n the populaton providing much insight nto the
quahtative evolution of the epidemic and 1dentifying the key vanables
that determine the future number of cases

The method of backcalculation which 1s mtermediate between the first
tvo methods, estimates the past HIV infection rate from the AIDS
treadence data and an estimate of the meubation period distribution This
nethod 1s used on the Malaysian data to model the AIDS epidemmc
bronuse 1t makes use of the Malaysian AIDS meidence which s farly
rdiable and 1s more reflective of the trend of the epidermc as compared
tc the HIV mfection rate recorded An application 1s made 1n thus study
o the AIDS mcidence data in Malaysia released by the Mimstry of
Eealth, Malaysia using a backcalculation program and an approximate
weubation peniod distribution to generate the current HIV infection rate

for Malaysia
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1. Introwction

Methods fo predicting the future trends in the mcidence of AIDS are based on one of
three methots These methods are sumular m that they all fit some function of calendar
tume to the ncidence of AIDS data but they differ in the degree to which the mechanisms
that generatethe data are incorporated mto the model

At one extrene, the method fits a function of calendar time such as a polynomual or other
mathematically convement curves to the AIDS ncidence curve and then exirapolates into
the future (see[10]) Although this method 1s easdly implemented, 1t has the danger of
‘extrapolating a itted model outside the range of the observed data The prevalence of HIV
mfection cannot be estimated with this approach This method 1gnores what 1s known
about the epridemiology of the disease and 1t cannot mcorporate mformation that one might

have on changmgpattems of transmission
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The second method models the full dynamucs of transmission of the epidemnic
population providing much msight nto the qualtative evolution of t.h‘:epepndexmlgl :1111;
dentifying t}}e key vanables that determine the short and medium term torecast ot the
number of cdses (see [2]) Unfortunately, the deterrmmstic models proposed for general
epidemics are complicated, and the stochastic models are even more complicated

Furthermore, predictions based on such models are particularly sensittve to unknown
parameters such as the long incubation distnbution from 1nfection to the development of
AIDS, the frequency and pattern of sexual activity and behavioural changes which change
with tume and also the proportion of mfected people who eventually develop AIDS with
allowance for emugration, immigration and death Such models are complicated and
contamed many unknown parameters (see [11])

The third approach, to be explamed m this study, which 1s ntermediate between these two
approaches, 1s the back projection method (see [3, 4, 9]) Backcalculation 15 a method of
estimating past HIV nfection rates from the AIDS meidence data, and an estumate of the
incubation period distnbution The method requires reliable counts of the number of
AIDS cases diagnosed over time and a reliable estimate of the incubation period
distribution,  The method 15 popular because 1t makes use of the AIDS mcidence data
which represent the most readily available mformation on the AIDS epidemic as most
nattonal AIDS surveillance data systems record only AIDS cases The mcubation period
ﬁstgbuﬂon 15 then applied to the estumated past HIV mfection rates to project future AIDS
cidence

2. The Method of Backcalculation

I'he basic convolution equation m backcalculation relates the number of new cases of
AIDSmtmetto #+dt (des1gnated Z (t)) and the number of new HIV mtections g(s)
at each time s since the start of the epidenuc (s =0) through the mcubation penod
distribution f'(#), where u 1s the tume spent between the mutial mfection and the eventual
diagnosts of AIDS. The basic convolution equation 15 given as

i

2@ = [ g(s)/ et~ s)ds. M
From the above equation, for an individual to be diagnosed as an AIDS case by calendar
time ¢, he or she must have been mfected at some prior tume s, and then have an mcubation
peniod less than 72— In other words, the backcalculation method uses the above
equation together with knowledge of Z(#) (obtamed from the AIDS cases registries) and
S (t) (obtamed from the epidemuological studies) to give information on past wfection
rates g(s) If () 15 known, the above relationship could be mverted to express g(s)
for all 0<5<{ as a tunction of Z(r) In general, a tamily ot values tor g(s), 0<s5<¢
can be constructed which are consistent with a realization of Z (3),0<s<rt.

letz, z; .z, be the number of AIDS cases diagnosed m the calendar time mterval [tin fy
> 1=1,2, n Itis assumed that mdividuals become infected according to a pomt
process. Then the expected number of AIDS cases occurnng during the time interval
[tes &) 15 grven by [7, p.198]
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E(z) = [ g(s) F(t, ~ )~ Flta —~s}ds @

whete F(?) 1s defined to be O for 7 <0 By convention, we shall define calendar time O to be
the start of the eprdenuc (that 1s g(s/ = 0 prior to that time) and thus ¢, = 0

The method of backcalculation 15 used because 1t makes use of the AIDS mncidence data
which 1s mare reflective of the trend of the epidermic The number of HIV+ cases, on the
other hand 15 dependent on the test made and 1s unreliable as a trend For example, a steep
nise 1n the number of HIV+ cases may be due to the mandatory testing of all intravenous
drug users n drug rehabilitation centres and mncrease i detection through aggressive case
finding

3. Result of the Backealculation Method on the Malaysian Data

The defintive diagnostic method for diseases mdicative of AIDS used m Malaysia 1s taken
from the Vimstry of Health’s publication “Plan of Action for Prevention and Control of
AIDS” rebased 1n May 1988 Thus defimtion 1s sumilar to the CDC’s 1987 defimtion and
the WHOdefimtion and has been mn used i Malaysia sice 1988 The under reporting
rate 15 asamed to be 10% (around 90% reported) throughout and the reporting delay,
which 1s aound 2 to 4 weeks, from the vanous districts to the AIDS section, Mistry of
Health 1s ssumed to be negligible

The backalculation method 1s applied by [13] on the Malaysian data until August 1996
and obtairzd the esttmated number of cumulative HIV mnfection as shown m Figure 1

which 1s based mamly on homosexuals, on the Malaysian data which are mainly
intravenous drug users 1s because the meubation peniod distribution of the two cohorts are
simular ( see[12])

Table 1 Cumulative HIV+ and AIDS cases recorded from the Mimstry of Health,

Malaysia ( see [1] ) and the corresponding esthmated cumulative HIV+ cases from the
backcalculation method 1n this study,

Year | Cumulative HIV+ | AIDS Cases Estimated cumulative
cases recorded reported HIV+ Cases
1986 | 3 1 1.62
1987 [ 5 0 402.26
1988 | 14 2 1036 68
1989 { 214 2 1828 84
1990 | 992 18 2897 21
1991 | 2786 60 4502 37
1992 | 5298 73 7208 14
1993 | 7805 71 12064 01
1994 | 11198 105 20214 95
1995 | 15396 233 30897 54
1996 | 19993 347 40536 07
1997 | 23917 568 46741 35
1998 | 28541 875 50055 38
1999 | 33233 1200 5171845
2000 | 38340 1168 52542 59
2001 | 44278 1302 5295032
2002 | 51256 1193 5315201

50000
40000 /
5 /
§ 3000 /
;3 /
k-] /’
‘_g 2000 /
2
2 a0 Ve
k] -
= >
E -
3 o —
He T 1me | 180 et . 182 1/83 74 18 1 1756
M8 @9 70 7At w2 T F/ 794 785 7B
nonth

Figure 1 bstimated cumulative number of HIV mtection apphed to the Malaysian data
tll Angust 1996 ( see [13])

An obvious psult from Figure 1 1s that the HIV/AIDS epidemic m Malaysia 15 m their
early stage wheh 1s evident m 1ts rapid exponential ncrease 1 the number of nfected
cases until Augist 1996 A backcalculation program 1n Fortran from [3] 1s used again on
the Malaysian {ata mn ths paper The program 1s based on the incubation period
distnbution from [4). The basis for using the incubation period distribution from [4];

There 1s a slowdown 1 the increase of the number of estimated infected HIV+ cases 1n the
late 1990s as can be seen from Figure 2. This trend 1s supported by a slowdown n the
mncrease of the number of AIDS cases (as can be seen m Table 1) which gives a clear
picture of the trend of the epidemic Also, there 1s a narrowing of the gap between the
number of recorded cumulative and esttmated HIV+ cases This 1s probably due to an
increasing awareness among the population (especially the ugh nisk group) towards the
epidemic and also due the efforts by the Malaysian govemnment and non-govemnment
orgamzations to promote this awareness This slowdown in the increase 1s also simlar to
the trend 1n developed countries hke the US and UK where the AIDS epidemic had begun
earher (see 3, 8])
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Figure 2 A companson between the recorded and estimated cumulative number of HIV
fections m Malaysia

Beside the uncertamnty resulng from maccurate knowledge of the mputs of AIDS data, the
estimates Trom the method of backcalculation have some mherent stochastic uncertainty,
The confidence bounds in Table 2 reflect only the uncertamty that would be present if we
actually know the icubation and reporting mputs and the smoothness weights

Table 2 Pont wise 95% lower and upper confidence bounds of the estimated HIV+

mcidences

Year | Cumulattve HIV+ | Lower bound Upper bound

estimated
1986 | 1.62 0 2371
1987 | 402.26 229.72 574.79
1988 | 1036 68 789.61 1281 75
1989 | 1828 84 1590 70 2066 58
1990 | 2897 21 2590 98 3203 44
1991 | 4502 37 4000 09 5004 66
1992 | 7208 14 6478 84 7937 44
1993 | 12064 01 11082 89 13045 12
199 | 20214 95 18796 78 21633 12
1995 | 30897 54 28951 01 32844 07
1996 | 40536 07 3809 14 42976 00
1997 | 46741 35 43744 66 49748 03
1998 | 50055 38 46405.93 53704 83
1999 | 5171845 47428.19 56008 72
2000 | 52542 59 47705.98 5737920
2001 | 52950.32 47705 65 58194.98
2002 | 5315201 47630 46 58673 56
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4. Discussion

There are sgveral potential sources of error and lumnitations underlying the assumption of

the methodology ~ Furstly, the parametric model for the HIV infection rate provide no
mformation about future mcidence rate as 1t only attempts to estmate the histoncal

infection rates It 1s for thus reason that backcalculation 15 referred to as a method for
estimating the mummum size of the emdermic (see [6]) Secondly, there 1s little
mformation about the recent infection rate because of the long incubation period
However, short term projections of AIDS are reliable because such projections depend
more strongly on the infection rate n the distant past than the recent ones The third
Limitation 1s that the mcubation distnbution, F, is not known precisely although it 1s
assumed known The incubation distribution may be different for different subgroups of
fected mdividuals with age as a cofactor of disease progression  Fourthly, the
assurmption of dependence between the calendar date of mfection and ncubation peniod
mmplicit 1n the convolution equation would be violated if cofactors of disease progression
are 1dentified that are more prevalent among those mnfected earlier (or later) m calendar
time  Also, a smaller f needs to be compensated by a larger g m order to fit the
cumulative AIDS mcidence senes The fifth potential source of hmitation 1s m the
maccuracies m the AIDS mcidence data over ttme It could be clouded with 1ssues hke
reporting delays and changes m AIDS definition, discussed mn the previous section

The application of backcalculation to data 1s useful 1n several aspects Furstly, the
bachcalculation method provides a smple conceptual framework for relatng the
mcubation distribution with the ATDS mcidence data and the infection rate  Secondly,
backcalculation leads to short-term projections of AIDS incidence that are robust to
changes m the mcubation distribution (see [5, 6, 14]) Thurdly, although backcalculation
estimates of cumulative mfections are known to be highly sensitive to the choice of
plausible ranges of estimates of g from backealculation for the number nfected i the
United States based on data through mmd-1987 were 1n broad agreement with estimates
based on surveys 1n selected populations (see [6, 14])
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