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Chemoprophylaxis of malaria in Africa: the spent
"magic bullet"

L J BRUCE-CHWATT

Only a year ago a group of specialists convened by the Ross
Institute, in London prepared a comprehensive and well-
reasoned report on the prevention of malaria in travellers from
Britain.1 Though plasmodia had become more resistant to
common antimalarial drugs, said the report, a judicious
selection of the available compounds should still provide
adequate protection from malaria. It added, however, that
complete safety from infection could not be expected, even if
the existing drugs were taken regularly and at the appropriate
dosage, in view of our lack of precise information on the type
and degree of resistance of the three main species of plasmodia
in most parts of the tropical world. Within each species of
human malaria parasites are many geographical "strains" with
great differences in their biological characters and especially in
their susceptibility to specific drugs. Our knowledge of the
genetic variations is still embryonic, but the results of new
studies show the extreme complexity of the problem.2
Much has been written recently on resistance to antimalarial

drugs.3 8 Foci of resistance of Plasmodium vivax or P malariae
in a few areas (Colombia, Venezuela, Pakistan, Malaysia,
Taiwan, Vietnam) are still restricted to antifolic compounds
(proguanil and pyrimethamine) and also (in one geographical
area of the south-west Pacific) to primaquine, an 8-amino-
quinoline used mainly for radical cure of relapsing malaria.
No resistance to 4-aminoquinolines has been seen in P vivax
and P malariae in the field. On the other hand, the resistance of
P falciparum to chloroquine, hitherto our most reliable anti-
malarial ofthe 4-aminoquinoline group, has now been reported
from various parts of 21 countries of America, Asia, and the
south-west Pacific. In addition to countries quoted in the report
of the Ross Institute' the new records comprise Sabah, the
state of Orissa in India, including its western borders, and
Sumatra. 9
The combination ofpyrimethamine and sulfadoxine at a fixed

ratio of 1:20 (Fansidar; Falcidar) has become a valuable
alternative to treatment of chloroquine-resistant falciparum
malaria and is also increasingly used (with or without justifica-
tion) for prophylaxis against the disease. A similar combination
of sulphalene with pyrimethamine (Metakelfin) has been
introduced but it is less widely known8; and Maloprim, a
combination of pyrimethamine and sulphone at a fixed 1:8
ratio, is essentially a prophylactic drug which, despite reserva-
tions about its pharmacokinetics, is also of value in areas of
chloroquine resistance.

Recently much clinical and other evidence has been
accumulating of resistance of Pfakiparum to the combination
of pyrimethamine and sulfadoxine in Indonesia, Thailand,
Papua New Guinea, and Brazil. During the past three years
signs of an impending change have also appeared in Africa,

where previously there had been little cause for alarm.
Resistance of P fakiparum to pyrimethamine had often been
reported since 1960 from various parts of Africa10"; its
distribution was well investigated only in East Africa,10 but it
probably occurred patchily over large tropical areas. Cross-
resistance to proguanil may well also have been common in
these places; no clear evidence was forthcoming. Reports of
alleged foci of chloroquine-resistant falciparum malaria in
Africa were, however, mostly discounted after proper investiga-
tions. Usually such claims were due to genuine technical errors
or to non-compliance by patients, though in some cases authors
may have been overambitious to secure a medical "scoop."'12
Nevertheless, a few studies in Ethiopia and in the Sudan
indicated low degrees of resistance of local strains of P
falciparum, but this was regarded as of little practical import-
ance.'3-16
Then in 1978 and 1979 appeared a series of clinical observa-

tions of P fakiparum malaria in American, German, Scandi-
navian, and other tourists in East Africa (Kenya, Tanzania,
Uganda), the Comoro Islands, and Madagascar.'7-22 Since the
plasma of some of these patients contained adequate concen-
trations of chloroquine the problem of resistance was seen to
be of greater importance than had previously been thought.
Furthermore, a substantial degree of chloroquine resistance
has been induced in an African strain of P falciparum main-
tained in a serial in-vitro culture in the laboratory.23
At the end of 1979 an extensive clinical and experimental

investigation by Campbell et.a124 of malaria in an American
tourist returning from Tanzania proved (on the basis of an
induced infection in aotus monkeys and through culture in the
laboratory) that this strain had some characteristics of chloro-
quine resistance greater than the low (RI) degree. Nevertheless,
at that time chloroquine remained the best available prophy-
lactic and therapeutic antimalarial drug in Africa.25 Another
decisive observation of resistance came in a Swedish study of
two patients who had acquired their infection in Madagascar
and one whose malaria had originated from Kenya; their
response to chloroquine, including the assay of the amount of
the drug in the sera, was consistent with clinical reports.26 27
Meanwhile in West Africa, despite a single clinical observa-

tion from one locality in Nigeria suggesting a slow response of
Pfalciparum infection to a standard dose of chloroquine, tests
on a large group of naturally infected children showed normal
response to the usual (10 mg/kg) dose of chloroquine.28 29 A
single report from Zambia of a child whose symptoms did not
yield to a high dosage of chloroquine lacked proof of absorption
of chloroquine.30 A recent hospital report from the Ivory Coast,
however, described some expatriate and indigenous patients
who had not responded to the usual dosage of chloroquine
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because of the presence of a drug-resistant strain of P falci-
parum.3'

Further reports on chloroquine resistance in travellers
returning to Europe and the United States from East Africa
appeared in 1980-1.32-36 Some as yet unpublished but fairly
authentic cases of drug-resistant malaria have occurred in
temporary residents in East Africa, who were apparently taking
proper chloroquine prophylaxis; some deaths have occurred.
Resistance was confirmed at the Hospital for Tropical Diseases
in London, where patients who had acquired their infection in
Tanzania were treated.37
A further predicament arose this year when the first reports

of resistance of Pfalciparum to the pyrimethamine-sulfadoxine
combination were signalled from East Africa. These observa-
tions were supported by biochemical evidence of adequate
concentrations of the drug in the sera of patients who had
developed symptoms despite a proper prophylactic regi-
men.38-40 Another recent report also from East Africa
described a patient taking pyrimethamine-sulphone prophy-
laxis who developed falciparum malaria.41 Yet a well-conducted
field study, though confirming pyrimethamine resistance in P
fakiparum from Kisumu (Kenya), emphasised the good
clinical response of local strains to the pyrimethamine-
sulfadoxine combination.42

Individual prophylaxis

At present, therefore, the picture is complex and ominous
and is causing much concern both among the general popula-
tion and within the medical profession. A few weeks ago a

group of American experts recommended for areas with
chloroquine resistance a new prophylactic regimen consisting
of 300 mg of chloroquine base and a tablet of pyrimethamine-
sulfadoxine once a week.43 No doubt such triple regimen
may have greater protective effect if the strains of P falci-
parum resistant to one or the other compound are not too
prevalent. This recommendation, however, caused some

controversy: surely the combination of chloroquine with
pyrimethamine and sulphone would have been more logical
since the latter has a prophylactic action, even if its composition
has been questioned and its preventive effect is less than
expected. Any wider use of pyrimethamine with sulfadoxine
may increase the selection pressure on the malaria parasite.
This would contribute to a further spread of resistance to the
combination-which is essentially a therapeutic drug of
particular value when chloroquine loses some of its anti-
plasmodial action.

Other possibilities, such as increasing the protective dosage
of chloroquine to the 600 mg a week regimen, widely used in
French-speaking parts of West Africa, might have been
considered, since the side effects of this dosage taken for a

limited time are no greater than those of the present 300 mg
base dosage. Other possible drug combinations include pro-

guanil-chloroquine and proguanil-amodiaquine.
This, then, is the present confused and unsatisfactory state

of chemoprophylaxis of malaria generally and especially in
Africa. Much of the confusion stems from the presence of
unknown numbers of strains of P fakiparum with different
degrees of susceptibility to antimalarials, and from the virtual
impossibility of constant monitoring of actual or potential
resistance. The value of one drug regimen or another depends
largely on the place and degree of exposure to the infection and
also on another (most uncertain and fallible) factor: the
compliance of the drug user. This uncertainty is compounded
by the unpredictability of the side effects of present drugs
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taken by persons of varied age and sex, nutritional levels with
different genetic characteristics, metabolic aberrations, and
immunological states.
Themain trouble is that the current prophylacticregimens are

not based on well-established scientific criteria, such as those
worked out during the second world war by Hamilton Fairley
in Australia on many hundreds of volunteers from the armed
Services or by the Americans and the British on civilian
volunteers. Many new or amended preventive drug regimens
are relics of past experience, when the susceptibility of strains
of malaria parasites was different; moreover, some of our

expert advice on chemoprophylaxis is derived from limited
experience on groups of people whose degree ofexposure to the
infection was not quantified, whose adherence to the drug
regimen was not supervised, and whose response to the
infective challenge was often unknown.
From this brief review a few conclusions emerge: there is

today no absolute guarantee of an ideal chemoprophylaxis of
malaria; some drug regimens will confer a high degree of
protection, others will provide at best a partial one. However
small may appear our present choice of antimalarial com-

pounds, a judicious selection ofthem, singly or in combination,
will in most cases prevent any severe infection. -In most cases,

even if there is a failure of protection, prompt and adequate
treatment of an acute malaria infection with, when necessary,
the use of quinine with or without sulphonamide-pyrimeth-
amine or tetracycline, will effect a rapid recovery.

Population prophylaxis

The second current dilemma is whether or not to give out
antimalarial drugs to large numbers of people in tropical
countries to lessen their burden of disease-with the possible
risk of increasing the selection pressure on the existing
mutants within the population complex ofthe parasite species.44
Unfortunately, unlike the clinical microbiologist with his large
choice of potent antibiotics, the malariologist has at his
disposal perhaps half a dozen compounds and only a few
permutations in mixing them.
A balanced approach is needed with, perhaps, some enforced

limitation of drug use and careful monitoring of any change,
but this has to be linked with technical, administrative, social,
and political considerations. In Kenya in July 1982 the medical
authorities instructed all health institutions in the country to
use medicines containing pyrimethamine as reserve drugs only:
practitioners found prescribing these medicines for routine
treatment or prophylaxis would face disciplinary action. More
emphasis needs to be given to control of malaria transmission
by attack on the anopheles vector, despite the difficulties in
highly endemic tropical areas.

Indeed, planning the control of malaria within a given
country or area demands a good knowledge of the epidemio-
logical features of malaria transmission locally, and this entails
an understanding ofthe behaviour ofthe population concerned.
The observance of some time-honoured and relatively simple
methods of individual protection from mosquito bites may be
of great value-measures which are now being disregarded
by newcomers to tropical countries.

New drugs

In our search for new antimalarial drugs, we have not made
enough progress with the evaluation of all possible compounds.
The immnense effort of the American Army research group
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screened some 250 000 compounds and produced several
possible leads.45 Mefloquine, a new drug remarkably effective
against strains of Pfalciparum resistant to many other drugs, is
now undergoing extended field trials under the aegis of the
World Health Organisation. Six other compounds of three
aminoalcohol series are being considered.46 Various other
derivatives of previously known compounds, such as the
Chinese Qinghaosu, are being developed and tested under the
aegis of the WHO Special Programme for Research and
Training in Tropical Diseases.

Sadly, however, the search for new antimalarials has become
steadily more difficult and more expensive. The often expressed
hope that better knowledge of the biochemistry of plasmodia
will lead to some tailor-made, highly active compounds has not
yet been fulfilled.47 On the other hand, the development of

methods of culture of P falciparum in the laboratory has
provided a reliable and simple means for screening various
strains of parasites for the presence and degree of resistance to
drugs, and aotus monkeys infected with human plasmodia have
proved to be of great value for testing of candidate antimalarial
drugs.48 49 Hopefully, too, a malaria vaccine may eventually
open new possibilities for immunoprophylaxis of malaria.50

In the mean time we must use all our experience and
imagination to overcome the present difficulties, which,
however daunting they may be, are not beyond solution.
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