














(3) A time series of AIDS case reports, for the homosexual risk
group only, was not isolated from the original data set; it was
used as it stood.

(4) No attempt was made to assess changing sexual behaviour by
homosexuals; this study does that.

(5) The incidence of AIDS diagnoses was equated with the
incidence of report. 1In the current study a reporting delay is
estimated on an ex—ante basis using the data on diagnosis and
report dates for cases in each country. The reporting lags were
fitted to a negative exponential distribution and the mean value
of the best fit distribution was employed in the model as a
constant in the SMOOTH function used to handle this feature. The
values obtained were 0.6225 years for the UK and 0.581 years for
the USA. £
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The parameters which were estimated via the fitting process on
the full model numbered nine as follows:

ETPnAR Estimated Total Population At Risk, where n= 1, 2 and 3
for each of the three strata of sexual activity which make up the
heterogeneous model.

PIPPSn Probability of Infection Per Partner where n= 1, 2 and
3 representing the three different stages of a:U-shaped infec-
tivity profile over the course of the incubation period. This
was fixed at 10 years (1, 8 and 1 for each phase of infectious-—
ness) from the outset. This approximates a third-order Erlang
distribution of incubation time.

MNDPn Mean Number of Different Partners (per year) where
n= 1, 2 and 3 to equate with the number of partners taken by each
of the three sexual activity groups. For n= 2 and n= 3 a table
function (against time) was employed to capture the effect of
changing behaviour. Three year increments were chosen for con-
venience, making five in all over the 15 year run of the model.
(For each country the model was initialised half way through 1976
by one infected individual being introduced into the sexual
activity class with the highest rate of partner change.)

The two data series are illustrated in figure 2 and, apart from
the scale difference together with the slightly earlier take—off
in the USA, the epidemics can be seen to possess a degree of
similarity.
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COMPARISON OF GQUARTERLY REPORTED INCIDENCE OF AIDS IN MALE HOMOSEXUALS
Data provided by the C.D.S.C. (UK) and C.D.C. (USA)
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Figure 2 Comparison of the UK and USA quarterly data series on
Fi new AIDS cases in homosexuals

The results for the optimised parameters are given in the table
below, together with the ranges imposed on them for the purposes
of the search algorithm in DYSMOD and the value attained by the
objective function.
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Range
(100E3 500E3)
(300E3 800E3)
( 20E3 150E3)

(0.05 0.20)
(0.01 0.08)
(0.10 0.20)
(0.5 1.5)

( )

( )

(2 15)

( )

( )

( )

( )

( )

(2 40)

( )

( )

( )

UNITED KINGDOM

Parameter

ETP1AR
ETP2AR
ETP3AR

PIPPS1

PIPPS2

PIPPS3

MNDP 1

MNDP2(1)
MNDP2(2)
MNDP2(3)
MNDP2(4)
MNDP2(5)
MNDP2(6)
MNDP3(1)
MNDP3(2)
MNDP3(3)
MNDP3(4)
MNDP3(5)
MNDP3(6)

Objective function = 158.9

Optimised Value

214133
340650
51148
(Total= 605931)

0.067
0.019
0.162
0.53

10.6
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(o)
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UNITED STATES

‘Range Parameter Optimised Value
(2E6 — 15E6) ETP1AR 7185811
(2E6 — 15E6) ETP2AR 2004290

(400E3 —~ 2E6) ETP3AR 716627
(Total= 9,906,728)
(0.05 - 0.20) PIPPSI 0.0588
(0.01 - 0.08) PIPPS2 0.0199
(0.10 ~ 0.20) PIPPS3 0.1166
(0.5 - 1.5) MNDP1 0.58

( ) MNDP2( 1) 2.9

( ) MNDP2(2) 7.3

(2 - 25) MNDP2(3) 20.0

( ) MNDP2(4) 10.7

( ) MNDP2(5) 4.2

( ) MNDP2(6) 2.0

( ) MNDP3(1) 49,1

( ) MNDP3(2) 46 .6

(2 —.80) MNDP3(3) 29.4

( ) MNDP3(4) 11.3

( ) MNDP3(5) 2.3

( ) MNDP3(6) 2.0

Objective function = 914.6

The resultsjfor both countries support the view of there being a
dip in infdctiousness during the course of the incubation period,
with a strong rise towards the time of onset of clinical AIDS.
The numbers of different partners taken by the most sexually
active ‘and moderately sexually active strata (numbers 3 and 2
respectively) have declined considerably from the mid—1980°s
which again supports the view of widespread -adoption of reduced
frequency of partner change by homosexuals cited in many sexual
surveys. Although the average number of different partners
actually climbed for the moderate sexual activity stratum in the
USA, this may well have occurred given that the recognition of
the seriousness of the situation (and the health promotion cam—
paign) was not in place until the mid-1980°s. The ranges for the
number of different partners were made wider for the USA because
of the a priori belief, derived from surveys, that a greater
degree of heterogeneity in sexual activity exists there.
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Plots of the quarterly reported incidence of AIDS in homosexuals,
together with the expected incidence derived from the model, are
shown below for the two countries. Inspection of the printed
results reveals that by the end of the second quarter of 1991,
14322 homosexuals had become seropositive since the start of the
epidemic in the UK with 9976 of these still not progressed to the
clinical definition of AIDS. For the USA the figures are 338492
and 223081 respectively.

COMPARISON OF ACTUAL AND SIMULATED AIDS CASES IN UK HOMOSEXUALS
Reported data provided by the C.D.S.C. (UK}
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Figure 3 Quarterly reported incidence of AIDS in UK
homosexuals with fitted model trajectory

For the United Kingdom analysis, the fitted parameters reported
above were not those associated with the lowest chi-square value.
Possibly because of the greater variability in the gquarterly
incidence data for the UK, a run which produced a value for chi-
square of 138 also produced a table for the mean number of
different partners that was much more varied and, in particular,
showed a higher figure as the final (sixth) value. Although this
gave a ’best fit’, the resultant behaviour of the epidemic fol-
lowing directly after the period of the fit was just not
plausible; not surprisingly the incidence of new AIDS cases
exhibited a second take—-off. While this could actually happen,
especially if the homosexual risk group become less circumspect
about their rate of partner change, it does seem unlikely and the
result serves as a warning to those who prefer to determine all
parameter values in a model by time—series data alone.
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COMPARISON OF ACTUAL AND SIMULATED AIDS CASES IN USA HOMOSEXUALS
Reported data provided by the C.D.C. (USA}
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Figure 4 Quarterly reported incidence of AIDS in USA
homosexuals with fitted model trajectory

Finally, & co-plot is given below of the two countries®
homosexual AIDS epidemics projected over 50 years by the best fit
models in each case. The overall character of the epidemic 1is
remarkably similar in each country. It reveals that peak
incidence has almost been reached or indeed has been passed in
the case of the United States which exhibits the leading curve as
it does the reported data. However, it cannot be stressed enough
that this graph is not a forecast, .but merely a projection based
on the assumptions incorporated into our model. Further release
of data sets might cause the parameter specification to change
but there is strong evidence from this study that we are close to
the peak incidence of AIDS in homosexuals.
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COMPARISON OF SIMULATED EPIDEMICS IN THE UK AND USA
MALE HOMOSEXUAL POPULATIONS
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Figure 5 A projection of AIDS incidence in the UK and USA
derived from a model parameterised by optimising the fit
to reported data

Conclusion

This study has demonstrated that optimisation of system dynamics
models using special purpose software such as DYSMOD is a power-—
ful research methodology capable of offering additional insight
into complex systems. Few applications of this methodology exist
other than on textbook examples. While system dynamics models
should never be specified entirely by such a method, the work
reported above stands testimony to its use as a viable adjunct to
conventional system dynamics modelling.
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