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Quantitative estimates of the evolution of a malaria
epidemic in Turkey if remedial measures had not been
applied
E. ONORI 1 & B. GRAB 2

In 1978, public health authorities, by means oflarge-scale control operations, succeeded
in containing a severe malaria epidemic that had reached alarming proportions in the
,Cukurova and Amikova plains of southern Turkey. The benefits derivedfrom this inter-
vention are indirectly quantified in this article by estimating the number ofcases that would
have ocurred in the area if remedial measures had not been applied.

For thispurpose a simple mathematical model wasfitted to both the number ofcases in
January (seasonal minimum) and the number of cases in July/August (seasonal maximum)
that were recorded during the years 1976, 1977, and the beginning of 1978; the incidence
trendfrom 1978 onwards was then determined byprojection. By this method, it waspossible
to estimate that in the absence ofintervention theprojected annualparasite incidence would
have been 75.4per 1000 in 1978 instead ofthe observed incidence of24.5per 1000. According
to theforecast, this incidence would have reached 100.9 per 1000 in 1979, 115.1 per 1000 in
1980, to arrive at afinal stable level of129.4 per 1000, ifintervention measures had not been
applied.

Comparison of the number of malaria cases actually detected in 1978 (70 468) with the
numberprojected in the absence ofintervention (226 252) seems to indicate that about2/3 of
the expected cases were prevented in 1978 by the remedial measures applied.

A malaria eradication programme was started in
Turkey in 1957, and excellent results were achieved. In
1970 only 1263 cases of malaria were reported, mainly
from the south-eastern part of Anatolia. At that time,
194 Plasmodium vivax infections were diagnosed in
inhabitants of the ;ukurova and Amikova plains,
which form the provinces of Adana, Hatay, and Icel,
south of the Taurus range on the eastern Mediter-
ranean coast, with a population of approximately
3 million in 1978. However, the number of malaria
cases in this area, increased again in the mid-1970s,
reaching alarming proportions in 1976 and 1977
(30 852 and 101 867 cases, respectively). Many factors
contributed to the deterioration of the epidemiologi-
cal picture (4); among these factors, insufficient
coverage by the surveillance system during the period
1970-75 played a major role (3). Following a pro-
gramme reorganization in 1977, a large-scale control
campaign was initiated in 1978.

This paper reports the results of a study that was
undertaken to investigate how the epidemic might
have evolved if control measures had not been taken.
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OBSERVED NUMBER OF P. VIVAX INFECTIONS
IN THE CUKUROVA AND AMIKOVA PLAINS

OF SOUTHERN TURKEY, 1976-78

All infections detected in the 4;ukurova and
Amikova plains of southern Turkey during the last
decade were due to P. vivax.
The malaria case detection system, based on screen-

ing of fever cases, improved significantly in 1977 after
reorganization, and was satisfactory in 1978. Data
collected earlier, though indicating a slight annual
increase in the number of malaria cases, were less
reliable.
A marked and sudden rise in the number of cases

was recorded in 1976 and, for the reasons mentioned
above, the evolution of the malaria situation, as re-
flected by parasitaemia in fever cases, is reported only
for the years 1976 onwards in Table 1 and Fig. 1. The
development of an epidemic situation is clearly seen
from Fig. 1: the rapid rise in incidence during the
transmission season of 1976 left the residual reservoir
of infection in January 1977 at a much higher level
than it had been in January 1976. This situation was
then responsible for the further increase in incidence
reported in the summer of 1977 and for the consider-
ably larger amount of infection still remaining in
January 1978 as compared with that in January 1977.
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Table 1. Slide positivity for malaria parasites: 1976, 1977, and 1978, I;ukurova and Amikova plains, Turkey

1976 1977 1978
(Estimated population: 2 770 150) (Estimated population: 2 836 620) (Estimated population: 2 904 700)

Months Slides Slides Slides Slides Slides Slides
examined positive SPR8 BER b examined positive SPRa BER b examined positive SPRa BER b

January 4249 71 1.7 0.2 11 818 693 5.9 0.4 10446 2293 22.0 0.4
February 10 218 183 1.8 0.4 14904 1 085 7.3 0.5 28 182 5 702 20.2 1.0
March 19 175 554 2.9 0.7 47 558 3670 7.7 1.7 112 183 11 493 10.2 3.9
April 29 941 651 2.2 1.1 49142 5 678 11.6 1.7 92183 10 931 11.9 3.2
May 29 795 709 2.4 1.1 67 535 8 147 12.1 2.4 91 824 12 537 13.7 3.2

June 35 028 1 362 3.9 1.3 88 102 15 391 17.5 3.1 103 330 10 066 9.7 3.6

July 43 058 4 655 10.8 1.6 124 529 29 714 23.9 4.4 82 735 7 303 8.8 2.8
August 46765 5776 12.4 1.7 151 222 21 131 14.0 5.3 78535 4453 5.7 2.7

September 46 287 4 709 10.2 1.7 103 240 6 591 6.4 3.6 73 226 2 384 3.3 2.5
October 48 980 4 971 10.1 1.8 79 184 4 501 5.7 2.8 73 435 1 553 2.1 2.5
November 45 142 5 476 12.1 1.6 57 286 2 945 5.1 2.0 54 659 1 253 2.3 1.9
December 34921 1 735 5.0 1.3 27 909 2321 8.3 1.0 38033 500 1.3 1.3

Total: 393 559 30852 7.8 14.2 822 429 101 867 12.4 29.0 838 771 70 468 8.5 28.9

a Slide positivity rate.
b Blood examination rate.

The antimalaria measures implemented in 1978 in
the Iukurova and Amikova plains can be summarized
as follows:

(a) All malaria cases discovered in 1977 were
treated for a second time in early 1978;

(b) Malathion residual spraying (2 g of technical
malathion/M2) was applied twice, the first round
during the period 15 April-15 May and the second
during the period 15 July-15 August;

(c) Larviciding operations in and around urban
centres started in March and continued, with an inter-
ruption of 3-4 weeks during the months of higher
transmission, until October (fuel oil used in March
and April was replaced by temephos from June
onwards);

(d) The larvivorous fish, Gambusia qffinis, was
widely distributed in all irrigated areas throughout the
year;

(e) Mass drug distribution was introduced in the
most receptive areas in May and was continued until
October, but often with low population coverage and
inadequate supervision;

(/) Increased routine surveillance activities were
undertaken throughout the year.

Shortcomings became evident in the course of
implementing the various field activities; these were
due to the very short time available for the reorganiz-
ation of the antimalaria services and to serious logistic
problems. Nevertheless, the results achieved during

1978 clearly indicated that the epidemic had been
contained.
As shown in Fig. 1, the impact of the intervention

measures applied became noticeable in June 1978: the
May peak can be explained by some early transmission
that was not controlled by the first application of
residual spraying. Transmission fell markedly during
the summer months when it should have been at its
peak.

ESTIMATED NUMBER OF P. VIVAX INFECTIONS
IN 1978 AND SUBSEQUENT YEARS IN THE
ABSENCE OF INTERVENTION MEASURES

By analogy with the catalytic process observed in
chemistry, Muench (2) developed a simple mathemat-
ical model to describe the dynamics of infection trans-
mission under certain conditions. An attempt is made
here to use a similar approach to project what the
epidemiological situation in the Iukurova and
Amikova plains would have been under natural con-
ditions from 1978 onwards.
The choice of an appropriate projecting function to

be adjusted to the observations was dictated by the
following simplifying assumptions:

(a) The forecast is developed on the basis of the
number of blood slides found positive for malaria
parasites by month from January 1976 to December
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Fig. 1. Monthly incidence of malaria-positive slides observed in 1976-78 and incidence projected for 1978-80, Sukurova
and Amikova plains, Turkey.

1978, assuming that the number of positive slides
reliably reflects the monthly malaria incidence. It is
considered that the slide positivity rate was sufficiently
low in the non-transmission season and not excessively
high in the transmission season (see Table 1), thus
providing an indirect assurance that the slides exam--
ined were properly selected and adequate in number;

(b) The seasonal dynamics of the vector population
are assumed to have remained unchanged from year to
year;

(c) Although the development of an epidemic situ-
ation is characterized by a high rate of increase in the
annual numbers of cases, it is assumed that this rate
decreases slightly with time because of the progressive
acquisition of immunity by the exposed population,
and probably also because a certain fraction of the
population is not actually exposed to the risk of
infection;

(d) To facilitate the computations it is further

assumed that the population in the area concerned is
constant and equal to 3 000 000 (an approximation of
the actual population figures for the years 1976-78 as

given in Table 1).

The technique used here consists essentially of pro-
jecting the trend and determining the upper limit of:

the seasonal minimum monthly number of cases
(in January)
the seasonal maximum monthly number of cases

(July/August).

Both asymptotic upper limits will reflect the level of
the reversible pressure of the immunity process in the
course of epidemic development, as well as the relative
size of the population under low risk of infection or
not exposed.
The catalytic curve with movable asymptote is a

function well adapted to the present situation and at

a)

C.)

-c

en

zcn

a)

.E_

0.-o
a)

CD

E
0

a)

E
z4

323

11



324 E. ONORI & B. GRAB

the same time likely to satisfy the theoretical require-
ments as stated above. This function was therefore
fitted to the observations.

Projection of the minimum monthly incidence

The mathematical expression of the function to be
adjusted to the three minimum monthly numbers of
cases observed in January 1976, 1977, and 1978 takes
the form:

y = a (1-exp(- b(t + t0))) (1)

The dependent variable y is the ratio of the logar-
ithm of the number of cases x to the logarithm of the
population size P. (y can vary theoretically between
0 and 1 when the number of cases x varies between
1 and P.)
The independent variable t is the time, the unit

being the month (January 1976 = 1, February 1976 =
2, etc...).
The values of the parameters a, b, and t0 are the

solutions of the system of equations obtained by
imposing function (1) to pass through the three
observed points defined by the following pairs of
coordinates t and y:

Number of cases
reported

Time t x ya

January 1976 1 71 0.28582
January 1977 13 693 0.43858
January 1978 25 2293 0.51881

a y = log X/ log P, where P = 3 000000.

Solving the system numerically by the trial and error
method leads to the equation:

y = 0.60755 (1-exp(-0.053666(t + 10.84588))) (2)

Equation (2) can be used to project the line of mini-
mum monthly incidence to January of 1979 and subse-
quent years, assuming that no control measures are
carried out. The numerical value of y is obtained by
replacing t with its corresponding value. The number
of cases x is then calculated with the formula:

x= 0ylogP (3)
The computation is summarized below:

Number of cases
expected

Time t y x

January 1979 37 0.56094 4298
January 1980 49 0.58307 5979
January 1981 61 0.59469 7111

Asymptotic limit co 0.60755 8613

The seasonal residual reservoir of infection would
ultimately stabilize itself at a minimum monthly inci-
dence of about 8600 cases in January of each year.

Projection of the maximum monthly incidence

The maximum observed monthly incidence oc-
curred in August in 1976 and in July in 1977. For prac-
tical purposes it is assumed that the normal seasonal
period for the peak incidence corresponds to the
months of July and August, and the mean incidence of
these two months is used to determine the ordinates of
the peak values for 1976 and 1977, as follows:

Number of cases
reported

Time t x ya
July/August 1976 7.5 5215.5 0.57391
July/August 1977 19.5 25422.5 0.68012

a y = log x/ log P, where P = 3 0000 .

The projected line of maximum monthly incidence
for July and August 1978 and subsequent years is ob-
tained, as for the line ofminimum incidence, by fitting
equation (1) to the observations. Although the exist-
ence of continuing transmission was already evident
before 1976, it is reasonable to assume, for the sake of
convenience, that in principle the epidemic process
would have started at time -to with the theoretical
introduction of the first case.a Under this hypothesis it
is possible to determine the remaining two unknown
parameters a and b of equation (1) with the coordi-
nates of the only two maximum points available. Solv-
ing the corresponding system of equations by the trial
and error method gives:
y = 0.74613 (1-exp(-0.079917(t + 10.84588))) (4)

The computation of the expected peak seasonal
incidence in July and August of 1978 and subsequent
years in the absence of any control measure is straight-
forward: entering the value of t corresponding to the
month concerned in equation (4) gives the numerical
value ofy needed to calculate the projected number of
cases x with equation (3). The results are shown below:

Number of cases
expected

Time t y x

July 1978 31 0.71980 45942
August 1978 32 0.72182 47348
July 1979 43 0.73603 58531
August 1979 44 0.73681 59211
July 1980 55 0.74226 64224
August 1980 56 0.74256 64509

Asymptotic limit a 0.74613 68037
a An alternative, more general approach would be to project the

summer peak incidence on the basis of the mean relative decrease
observed between successive maximum and minimum incidences,
such change being assumed to reflect adequately the recovery process
starting after the peak of each transmission season.

Derived computations showed, however, that in the present
situation the results would not depart significantly from those
reported above.



MALARIA IN TURKEY

Table 2. Monthly and annual numbers of cases reported in 1978 and projected numbers in 1978, 1979, and 1980

1978
Number of cases Expected number of cases

Month
Reported 8 Expected 1979 1980

January 2 293 2 293 4 298 5 979

February 5702 3779 6642 8881

March 11 493 6228 10264 13 192

April 10 931 10 264 15 861 19 596

May 12 537 16 915 24 511 29 108
June 10 066 27 877 37 876 43 237
July 7 303 45 942 58 531 64 224
August 4 453 47 348 59 211 64 509

September 2 384 29303 37 432 41 503

October 1 553 18135 23 664 26702
November 1 253 11 223 14 960 17 179

December 500 6945 9458 11 052

Total 70468 226252 302708 345 162

Annual parasite incidence
per 1000 populationb 23.5 75.4 100.9 115.1

a Number of positive slides.
b The population being fixed at 3 000 000.

The seasonal peak incidence would ultimately
become stabilized at a maximum of about 68 000 cases
per month.

Projection of monthly and annual incidence

The projected trend of the minimum and maximum
seasonal incidences as well as their asymptotic upper
limits are clearly displayed in Fig. 1.
Under the assumption of a linear increase between

the January and July logarithmic incidences and of a
linear decrease between the August and January
logarithmic incidences, the number of cases expected
in the absence of any intervention can easily be esti-
mated for each month. The assumed trend is also
shown in Fig. 1 and the results of the computation are
given in Table 2 for the years 1978, 1979, and 1980,
together with the number of malaria positive slides
reported in 1978 (data beyond December 1978 were
not available at the time of the preparation of the
manuscript).

Similar computation based on the asymptotic lower
and upper limits arrives at a final stable level of
388 057 positive cases per year, representing an annual
parasite incidence of 129.4 per 1000 for a total popu-
lation of 3 000 000.

DISCUSSION AND CONCLUSIONS

The benefits from the 1978 intervention in the
4ukurova and Amikova plains of Turkey have been
indirectly quantified by estimating the number of
cases that would have occurred in the area if remedial
measures had not been introduced.
Macdonald (1) expressed mathematically the rate of

growth of epidemics from small origins in terms of the
reproduction rate of the disease. In principle, the
evolution of the epidemic that occurred in southern
Turkey in 1976 and 1977 could have been studied, and
the 1978 situation could have been projected, by the
use of the basic reproduction rate, if all the variables
involved in the transmission dynamics had been
measured. This, however, was not the case and, in
particular, the data on mosquito density in relation to
man, and its seasonal variation, and on the longevity
and degree of anthropophilism of the vector con-
cerned were not available for the period under review.

Therefore, preference was given to an adaptation of
the catalytic model developed by Muench (2), which
makes it possible, under certain simplifying assump-
tions, to extrapolate future trends from observed rates
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of change in the dynamics of the disease, under
natural conditions of transmission.
To appreciate the potential development of an epi-

demic, as estimated by the forecasting approach
described above, the observed and projected annual
malaria parasite incidences are compared below:

Ratio ofsuccessive
Annual parasite incidence valuesfor annual

Year per 1000 parasite incidencea
Observed Projected

1976 11.1
1977 35.9 * 3.23
1978 24.5 75.4 2.10
1979 * 100.9 1.34
1980 * 115.1 1.14

Upper limit 129.4 1.00

a In the absence of intervention.

The observed parasite incidence was more than 3
times higher in 1977 than in 1976; a further increase of
2.1 times was foreseen for 1978, if remedial measures
had not been applied. The projected parasite incidence

per 1000 population would have then reached 100.9 in
1979 and 115.1 in 1980.
A comparison of the number of malaria cases

actually detected in 1978 (70 468) with the number
projected in the absence of intervention (226 252)
seems to indicate that about 2/3 of the expected cases
were prevented in 1978 by the remedial measures
applied. Although the precision of this estimate is not
known, the reduction of malaria transmission
obtained in the 4ukurova and Amikova plains as a
result of the control measures cannot be questioned or
denied.
As the present problem was treated on an ad hoc

basis, caution should be exercised in attempting to
apply this empirical approach to other situations.
Accurate and precise forecasting is, however, a pre-
requisite for the evaluation of the impact of public
health activities, and particularly for the evaluation of
intervention measures in control programmes against
communicable diseases. Sound, valid, and reliable
forecasting methods are therefore needed by the
public health administrator to assist him in the process
of decision making, and further development of such
methods should be encouraged.

RESUME

ESTIMATION QUANTITATIVE DE L'EVOLUTION POSSIBLE D'UNE EPIDEMIE DE PALUDISME
EN TURQUIE SI DES MESURES N'AVAIENT ETE PRISES POUR L'ENRAYER

Des op&rations de lutte men&es sur une grande &chelle ont
permis, en 1978, d'endiguer la grave epidemie de paludisme
qui sevissait dans les plaines de Cukurova et Amikova, dans
le Sud de la Turquie. Le bilan positif de cette intervention a
et degage d'une maniere indirecte en procedant a une esti-
mation du nombre des cas qui auraient pu etre enregistres
dans la zone concernee si des mesures de lutte n'avaient pas
e appliqu&es.
Un modele mathematique simple a e etabli a cet effet en

tenant compte a) du minimum saisonnier du nombre
mensuel des cas (enregistre en janvier) et b) du maximum
saisonnier de ce nombre (juillet/aouit) au cours des ann&s
1976, 1977 ainsi qu'au debut de 1978. La tendance de l'inci-
dence a partir de ce moment a ete determinee par projection.

Cette methode a permis d'estimer qu'en l'absence d'inter-
vention l'incidence annuelle de l'infection parasitaire aurait
et en 1978 de 75,4 pour 1000 au lieu de 24,5 pour 1000-ce
dernier taux etant celui qui fut effectivement enregistre grace
aux mesures de lutte appliqu&es. Selon les projections qui ont
e faites, cette incidence aurait atteint, en l'absence de
mesures de lutte, un niveau de 100,9 pour 1000 en 1979 et de
115,1 en 1980 pour se stabiliser finalement au taux de 129,4
pour 1000.

11 ressort d'une comparaison entre le nombre des cas de
paludisme effectivement depistes en 1978 (70 468) et le
nombre de cas estimes en l'absence d'intervention (226 252)
que les 2/3 environ des cas qui auraient pu se produire en
1978 ont et evites grace A l'application de mesures de lutte.
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