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The use of simple epidemiological models
in the evaluation of disease control programmes:
a case study of trachoma
T. K. SUNDARESAN1 & F. A. ASSAAD 2

One of the problems in the quantitative evaluation of disease control programmes is
the definition of a " critical " index reflecting the effect of control measures on the various
aspects of a polymorphic disease. Trachoma is an example of a polymorphic disease in
which its activity, intensity, severity, etc., are affected by control measures, including
their timing. A simple epidemiological model indicated that the "force of infection " is
a sufficient parameter to describe changes in the disease picture following a control pro-
gramme. Use was made oftwo trachomaprevalence sample surveys in the same communities,
one carried out in 1960-61 and the other in 1968-69. Total trachoma age-prevalence
histograms were constructed and simple catalytic curves fitted with the help of a computer
programme developed for this purpose. A reduction in the force of infection in the cohort
born after the institution of control measures was found. Its projection to the whole com-
munity indicated that the control programme had reduced the disease load to 20.1 %, i.e.,
about two-fifths of its former level.

One of the problems in the quantitative evaluation
of disease control programmes is the fact that most
diseases have multiple aspects. One type of pro-
gramme may have a marked impact on one aspect
while another type may have its effect primarily on
another aspect. If it were possible to define a single
" critical " index reflecting the effect of control mea-
sures on a polymorphic disease, each aspect being
viewed in its proper perspective, a balanced appraisal
of control programmes would be greatly facilitated.
Further, such indices would be useful in compari-
sons of cost-effectiveness and other operational
studies, when different strategies have to be evaluated
in relation to one another. Trachoma is an example
of a polymorphic disease in which the activity, inten-
sity, severity, and other aspects of the disease are
affected by control measures, including their timing.
A simple epidemiological model of trachoma de-
scribed earlier (Assaad & Maxwell-Lyons, 1966)
seemed to indicate that the " force of infection " was
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a sufficient parameter to describe the disease picture.
The force of infection here represents the balance
between the source of infection and the number of
available susceptible individuals. It depends on the
biophysical conditions that help to establish adequate
contact between susceptible and infectious persons.
The force of infection can be computed from age-
specific prevalence data. The epidemiological model
was applied in a descriptive manner to elucidate
the clinical and epidemiological features of trachoma
(Assaad & Maxwell-Lyons, 1966). The basic assump-
tions of the model were:

(1) that the population is exposed to a constant
force of infection that has not varied greatly over
the age band under study (0-64 years), the force
being measured in terms of effective contacts per
year, no matter how complex the chain of events
leading up to these contacts, and

(2) that the evidence of effective contact is clini-
cally definite and remains so for life.

Notwithstanding the oversimplification of the as-
sumptions from which they are derived, the catalytic
models were useful for descriptive purposes. Further-
more, one of the conclusions drawn from the study
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was that as a measure of a force of infection, the
catalytic curves would presumably be of value in
assessing changes in the disease picture with time.
The present study attempts to determine the use-

fulness of catalytic models in assessing change in the
rate of acquiring clinical trachoma following a pro-
gramme of intensive control. No attempt has been
made to disentangle the effect of control measures
per se from other factors-e.g., economic develop-
ment-that may play a part in the change of disease
pattern.

METHODS

The epidemiological model of the disease prior to
the institution of control measures can be described
by the following simple " catalytic " curve (Muench,
1959):

y = 1-exp (-rt) (y = Oat t =O)

where y= the fraction of the population diagnosed
as having trachoma, exp = exponential, r= the force
of infection, in terms of effective contacts per year
per unit of population, and t =age.

It is stressed that the idea of a " force of infec-
tion " is conceptual. In a stable endemic situation,
if one follows a cohort of children exposed to a
fairly constant force of infection from a nonfatal
disease such as trachoma, it can be shown that with
the assumptions of the model the age-specific preva-
lence rates of the infection should fit well with the
pattern described by the model for some value of
the force of infection. Although the value of this
force is not known a priori it can be estimated from
the observed age-prevalence. If there is no value of
the force that enables this pattern to be delineated
closely enough to observed findings, the conclusion
must be that the model is not adequate. Fortunately,
in the case of trachoma the model appears to fit
very well with observation under a variety of circum-
stances, thus lending some confidence to its validity.
However, according to the assumptions of the

model, once the endemicity changes the force of
infection must change. Thus, when a control pro-
gramme has been operating for a number of years
a single catalytic curve would be wholly inadequate
to describe the situation either during or after the
control operations. It is reasonable to assume that
the majority of trachoma cases are rendered non-
infective soon after the start of a control programme,
thus drastically reducing the force of infection. A par-
ticularly interesting group is the cohort of children
born after the control measures begin. After a period,

say 10 years, of the control programme, the age-
prevalence rate for ages below 10 should reflect this
diminution. If a catalytic curve could be fitted to
this cohort at the end of 10 years, the estimated
value of the parameter would in fact summarize
the 10-year experience of the population exposed to
a changed risk of infection. It could provide an inter-
esting basis for comparing control programmes in
different epidemiological situations.

In the present study, use was made of two tra-
choma prevalence sample surveys in the same com-
munities, one in 1960-61 and the other in 1968-69
(Assaad et al., 1971). Total trachoma age-prevalence
histograms were constructed and catalytic curves
fitted. The assumptions underlying the reduction in
the force of infection and their corresponding mathe-
matical expressions are described in the Annex.

FINDINGS

Plotting the age-prevalence histogram for total
trachoma in 1960-61 yielded an exponential curve
to which a simple catalytic model gave a good fit
(Table 1, Fig. 1). The model indicated that an aver-
age of 42 of every 1 000 susceptible persons would
acquire the clinical disease each year. On the other
hand, it was clear from the 1968-69 age-prevalence
rates (Table 1, Fig. 2) that the younger cohorts born
before 1960-61 had been replaced by new cohorts
with a far lower risk of infection. A single simple
catalytic curve for the entire 0-64-year age band
would not, therefore, be appropriate. Constructing
a simple catalytic curve based on prevalence data
for the ages 0-9 years in 1968-69, i.e., approximately
the period between the two surveys, gave a good fit
for that limited age band. The model indicated that an
average of 11 out of every 1 000 susceptible children
would acquire clinical trachoma each year. For older
age groups the curve is based on the assumption
that (a) a sudden drop in the force of infection fol-
lows the institution of an effective control pro-
gramme, and (b) a proportion of trachomatous cases
heal without leaving a visible trace of past infection
(see Annex).
To test the model with observed data the preva-

lence rates of total trachoma estimated from the
model (the areas under the single curve in 1960-61
and the two curves in 1968-69) were compared to
those actually observed, with the following results:

Prevalence rates (%)
Estimated Observed

1960-61 49.3 48.8
1968-69 34.2 34.2
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Table 1. Prevalence of trachoma by age and year of survey

1960-61 survey 1968-69 survey
Age

(years) Number Trachoma cases Number Trachoma cases

examined No. % examined No. %

<1 613 17 2.8 479 0 0.0

1 666 29 4.4 383 2 0.5

2 702 59 8.4 647 20 3.1

3 610 78 12.8 634 30 4.7

4 670 102 15.2 637 32 5.0

5 634 118 18.6 673 49 7.3

6 630 143 22.7 697 45 6.5

7 603 145 24.0 654 61 9.3

8 600 163 27.2 710 60 8.5

9 602 190 31.6 657 56 8.5

10-14 2 084 879 42.1 3 027 330 10.9

15-19 1 291 784 60.7 1 921 347 18.1

20-24 1 111 713 64.2 1 007 360 35.7

25-29 1 109 796 71.8 1 218 637 52.3

30-34 1 089 821 75.4 1 212 746 61.6

35-39 904 707 78.2 1140 823 72.2

40-44 803 654 81.4 1 012 791 78.2

45-49 685 581 84.8 798 669 83.8

50-54 582 522 89.7 721 620 86.0

55-59 394 366 92.9 525 479 91.2

60-64 311 286 92.0 425 405 95.3

0.1
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Age (years) WHO 30377

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Age (years) WH0374

Fig. 2. Fitting of catalytic curves to 1968-69 age-
prevalence histogram.

Fig. 1. Fitting of a catalytic curve to 1960-61 age-
prevalence histogram.
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The similarity between the estimated and observed
rates is very close.
With the passage of time the cohorts born before

the control programme, carrying with them the load
of disease contracted earlier, will disappear. A simple
catalytic curve based on the new (reduced) force of
infection should then describe the trachoma picture.
The expected total prevalence can be estimated by
projecting the curve fitted to the observed prevalence
in the ages 0-9 years in 1968-69 (Fig. 2). This was
found to be 20.1 %, i.e., about two-fifths of the load
of the disease in 1960-61.

DISCUSSION AND CONCLUSION

Earlier studies of trachoma (Assaad & Maxwell-
Lyons, 1967) have suggested that under stable con-
ditions intensity and gravity are related to prevalence,
which in turn is a function of incidence. Likewise,
activity is reflected in incidence; since active cases
constitute the source of infection, the higher their
prevalence the greater the risk of infection.
However, a reduction in the risk of infection (e.g.,

following a control programme) may first be reflected
in a lowering of the intensity of clinical signs and in
an increase in the cure rate, followed by a reduction
in the incidence and hence, in the long run, in the
prevalence of the disease (Assaad et al., 1968).
Any one of the above indices would not therefore

give a true picture of the change in the disease
pattern. In the present study, taking prevalence of
total trachoma as the end-product of change, preva-
lence was reduced over a 10-year period by less

than 30%. However, Fig. 1 and 2 show vividly the
shift of the load of disease to older age groups.
The change in prevalence in the ages 0-9 years in
1968-69 amounts in fact to a reduction by approxi-
mately two-thirds. It is clear that the cohorts born
before 1960-61 are being replaced by new cohorts
with a far lower risk of infection. A truer assessment
of the change would therefore be the projection of
this lowered risk of infection to the total community.
A catalytic model may give an accurate summation
of the risk of infection in terms of "force of
infection ".
As the above comments suggest, a single catalytic

curve based on just one force of infection would be an
inadequate description of the status of a disease
following a control programme. Two (or perhaps
more) curves are required for this purpose. Where
the age band should be divided to provide the two
curves and what forces of infection should be used
for each are admittedly parameters that could be
obtained by iteration. However, it is easy, once the
age-specific prevalence and the period of control
operations are known, to begin with reasonable esti-
mates and to obtain optimal values after a limited
number of iterations. A computer programme has
been developed for this purpose and the whole pro-
cess is not unduly time-consuming.
Although reduction in the force of infection is not

quite the same as the reduction in annual incidence,
it is nevertheless a faithful reflection of it. Whether
the objective is to maximize the reduction in annual
incidence, or to maximize the change in the force
of infection, the optimal strategy will be the same.

RESUMEI
EMPLOI DE MODELES EPIDEMIOLOGIQUES SIMPLES DANS L'EVALUATION DES PROGRAMMES

DE LUTTE CONTRE LES MALADIES: APPLICATION AU CAS DU TRACHOME

Un des problemes qui se posent lors de l'evaluation
quantitative des programmes de lutte contre les maladies
est la definition d'un indice . critique * refletant correcte-
ment l'effet des mesures prises sur les divers aspects d'une
maladie polymorphe. Letrachome fournit un exemple
d'une telle maladie dont l'activitW, l'intensite, la gra-
vite, etc., sont affectees par les moyens mis en oeuvre
pour la combattre et leur chronologie. Un modele
epidemiologique simple fait apparattre la a force d'infec-
tion * comme un paramrtre capable de decrire les change-
ments intervenus dans les aspects de la maladie a la suite
d'un programme de lutte. On a utilise les donn6es
recueillies lors de deux enquetes par sondage sur la pre-
valence du trachome effectu6es dans les memes collecti-

vites de l'ile de Taiwan en 1960/61 et 1968/69, et cons-
truit des histogrammes de la prevalence du trachome en
fonction de l'age. Une courbe catalytique simple adapt&e
i l'histogramme de 1960/61 donne une bonne concor-
dance avec un modele indiquant que 42 personnes recep-
tives sur 1 000 contractent un trachome clinique chaque
annee. I1 ressort en outre de l'histogramme de 1968/69
que les cohortes les plus jeunes nees avant 1960/61 ont
ete remplacees par de nouvelles cohortes exposees A un
risque d'infection de loin moins eleve. II n'est donc pas
indique d'utiliser une courbe unique pour l'ensemble des
groupes d'age de 0 a 64 ans. L'etablissement d'une courbe
basee sur les donnees de la prevalence dans le groupe
d'age 0-9 ans en 1968/69, c'est-a-dire approximativement
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une periode s'etendant entre les deux enquetes, donne
une bonne concordance pour cette tranche d'age limit6e.
Le modele montre qu'en moyenne 11 enfants receptifs
sur 1 000 sujets contractent un trachome clinique chaque
annee. Pour les groupes d'age superieur, une courbe
convenable est obtenue en se basant sur les hypotheses
suivantes: a) on constate une diminution plus ou moins
brusque de la force d'infection provoqu6e par la mise
en aeuvre des mesures de lutte par suite de l'elimination
des cas actifs en tant que sources d'infection, et b) un
certain nombre de cas de tiachome gu6rissent sans laisser
de trace visible.
Avec le temps, les cohortes n6es avant I'application

des mesures de lutte et qui continuent 'a supporter le
fardeau de la maladie contractee auparavant finiront par
disparaitre. La prevalence totale escomptee 6valu&e en
extrapolant la courbe relative au groupe d'age 0-9 ans
en 1968/69, est de 20,1 %, c'est-ia-dire une r6duction de
la morbidite aux deux cinquiemes de sa valeur en 1960/61.
On doit souligner que la 4 force d'infection* est une

notion conceptuelle. La reduction de la force d'infection
ne correspond pas exactement is la r6duction de l'inci-
dence annuelle, mais elle en est le reflet fidele. Que l'on
envisage de maximiser la reduction de l'incidence annuelle
ou de maximiser la reduction de la force d'infection,
la strategie optimale sera identique.
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Annex

A MATHEMATICAL MODEL TO DESCRIBE AGE-SPECIFIC TRACHOMA PREVALENCE
BEFORE AND AFTER A CONTROL PROGRAMME

A number of assumptions can be made as to the
manner in which the force of infection can be
reduced. Whatever the assumption may be, it is neces-
sary to distinguish between two groups of the popu-
lation: (a) the population born after the control
programme started, which is exposed to a reduced
force of infection; and (b) the population born before
the start of control, which is subjected to a constant
higher force of infection until the start of control
and after that time to a different force of infection.

Assumption 1
The first assumption to be tested is that there was

a linear decrease in the force of infection from r0
at time to (time of start of control) to rc at time tc
(when the reassessment is made). A force of infec-
tion changing in this way was fed into the differential
equation describing the disease prevalence and inci-
dence, namely,

dy/dt = r(t) (l-y) (1)

where y is the fraction of the population with tra-
choma and r(t) is the force of infection expressed
as a function of time, t. However, the expected age-

specific prevalence rates computed from the above
equation did not correspond well with observed data.
Thus the assumption of a gradual decrease in the
force of infection does not seem to be appropriate.

Assumption 2

Assumption 2 postulates the following:

(i) There was a more or less sudden drop from r0.
to rc in the force of infection at time to. In practice
this would mean within about 2 years after the start
of control.

(ii) A small proportion of the population who
were trachomatous at time to could be spontaneously-
or otherwise healed to the extent that at time tc they
did not present any visible traces of the infection.
This phenomenon is well known and has been docu--
mented (Assaad & Maxwell-Lyons, 1966). However,
this proportion becomes smaller and smaller as age
increases, till it is practically nil in the oldest age:
group. If this proportion is k for age c (born at
time to) and declines linearly to zero at age a then
the proportion at age x (c<x<a) is:
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qx = k -{k(x-c)]/(a- c)

and p(x)=I -q(x) would continue to show signs of
infection. The population aged x at time te would
be aged (x-c) at time to. The proportion infected
at time to in this cohort would be:

1 - exp{- ro(x- c)} (2)

If the new force of infection is zero, thus giving rise
to no new infections in this cohort, then, since the
death rates are assumed to be the same in both the
trachomatous and nontrachomatous populations, the
proportion with discernible signs of infection at age x
at time tc could be:

px[l - exp{- ro(x - c)}] (3)

If, however, the new force of infection is not zero

but rc, then (3) has to be augmented by applying
this new force of infection to a cohort free of tra-
choma at time to. For persons aged x(>c) at time tc
the cohort free of trachoma at time to would be rep-
resented by the proportion exp{-ro(x-c)}. Thus the
expected proportion infected at age x at time tc
should be:

Y = Px[l-expf- ro(x- c)}] 4- exp -ro (x-c)}
[1- exp(- roc)]

= Px- [exp(roc){exp(- rcc) +
Px- }] exp(- rox) (x > c) (4)

On the basis of past experience, it was assumed
that 20% of the trachomatous population in the
10-14-year age group would be healed with no
traces of past infection, and that this percentage
would decrease to zero for the 60-64-year age group.
For those born after control the proportion

infected would be represented by:

y = 1-exp(- rcx) (o < x < c) (5)

In the study, ro was estimated from data available
for the period before control, and rc was estimated
from the data relating to children about 6 years after
the initial survey and treatment.
The expected age-specific prevalence rates in the

older age groups as obtained by using these estimates
in (4) agree well with the rates actually observed
(Fig. 2), thus lending credence to the validity of
assumption 2.
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