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Introduction 

In 1898 Manson 22 wrote 'Many drugs have been em- 
ployed in the treatment of malarial disease, and many 
drugs have some influence on it; all sink into insignif- 
icance in comparison with quinine.' Today, 85 years 
and over a quarter of a million drugs later one could 
make almost the same statement! What roles should 
drugs perform in the containment of malaria, to what 
degree has the assortment of  drugs in current use filled 
these roles, what are their shortcomings and what is be- 
ing done to improve the situation? These are the ques- 
tions that will be addressed in this paper. Before ap- 
proaching these questions, however, let it be empha- 
sized that a drug never has nor ever will serve other 
than as one of the major weapons in the fight to elimi- 
nate malaria as a cause of hmnan suffering and death at 
the community level, albeit it that specific antimalarial 
drugs will continue to be essential to relieve illness and 
save life in a high proportion of those individuals who 
harbor the infection. 

What should antimalarial drugs do? 

There are 2 quite distinct ways of  considering this topic. 
I believe that much of the difficulty that we encounter 
with antimalarial drugs today is due to our failure in 
the past to distinguish between the role of drugs in the 
individual and their role in the community. This lack of 
discernment (which applies, incidentally, to many drugs 
other than antimalarials) can be traced right through 
the history of malaria chemotherapy in this century, for 
example to Koch's recommendation of quinine for the 
control of malaria in village communities in German 
New Guinea ~. 

Drugs in the individual 

Differences in the life cycles of the 4 species of  Plasmo- 
dium that infect man (reviewed by Verhave and Meis, 
this issue), and certainly in the different basic sensitivi- 
ties of the different parasites to the available drugs  26 dic- 
tate to some degree which compounds can be deployed. 
However, the functions that antimalarias are required to 
carry out are as follows. 
Causal prophylaxis. Strictly speaking this should imply 
the total prevention of the infective stages, the sporo- 
zoites, from developing into pre-erythrocytic schizonts 
or, in P. vivax and P. ovale, hypnozoites. In practice the 
term is taken to mean the blockage of development of  
these intrahepatic stages. Primaquine which fills all 
three roles is, unfortunately, too toxic to be deployed as 
a causal prophylactic. Proguanil and pyrimethamine ef- 
fectively block pre-erythrocytic schizogony, certainly of 

P.falciparum and P. matariae and probably of P. vivax 
and P. ovale. It is questionable whether they influence 
the establishment and survival of hypnozoites of the 
latter two species when used in the normal manner. On 
the other hand, the use of a repository preparation of 
the active metabolite of proguanil (cycloguanil as its 
embonate salt) completely protected 12 of 24 volunteers 
against sporozoite-induced vivax malaria, which sug- 
gests that the hypnozoites may also have been de- 
stroyed in these individuals 9. 
Suppressive treatment. This, as defined in a recent WHO 
monograph 5, is ' treatment aimed at preventing or elimi- 
nating clinical symptoms and/or parasitemia by the 
early destruction of erythrocytic parasites.' Taken to its 
logical conclusion, continued suppressive treatment can 
lead to suppressive cure, at least in P.falciparum and 
P. malariae if medication is continued after leaving an 
endemic area for sufficient time to ensure that any de- 
veloping pre-erythrocytic schizonts have matured, there 
being no hypnozoites in these infections. A period of 
4-6 weeks usually suffices for this purpose. 2~_Amino_ 
quinolines (such as chloroquine), quinine and meflo- 
quine are excellent drugs for this purpose, proguanil 
and pyrimethamine less so, although pyrimethamine to- 
gether with an appropriate sulphonamide is very effec- 
tive. 

Radical cure. This term has caused some confusion 
since, by definition, it implies the 'complete elimination 
of malaria parasites from the body by means of contin- 
uous suppressive treatment '5. In the cases of P.falcipa- 
rum and P. malariae, radical cure can be equated with 
suppressive cure (leaving aside, for the moment, any 
question of drug sensitivity or resistance). With P. vivax 
and P. ovale this is not so unless suppressive treatment is 
continued for several years after the individual leaves 
the endemic area. In these infections radical cure de- 
mands the administration of a tissue schizontocide 
(hypnozoitocide is an appropriate, if rather clumsy 
term) to eliminate the hypnozoites that are responsible 
for true relapses of these parasites in the blood, some- 
times years after the initial infection. At the present 
time the only compound used for this purpose is the 
8-aminoquinoline, primaquine. 
Were it not for the question of  drug resistance there 
would be little problem today in protecting or treating 
the individual. Resistance of P.falciparum to antima- 
larials has been considered in some detail (see Dobers- 
tyn, this issue) and will be discussed again below. The 
erythrocytic stages of  P. vivax are commonly resistant 
to proguanil and pyrimetharnine, although so far no au- 
thentic example of chloroquine-resistant P. vivax has 
been reported. P.malariae too is known to become 
resistant to proguanil and pyrimethamine 26 but not to 
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chloroquine. The rare species, P. ovale, appears still to 
respond to all these drugs. Strains of  P. vivax in which 
high doses of primaquine are required to ensure radical 
cure (e.g. those such as the Chesson strain in Papua 
New Guinea) clearly have hypnozoites that are less sen- 
sitive to primaquine than strains from other areas. This 
observation, in turn, provides interesting food for 
thought since a) we do not yet know whether it is pri- 
maquine or one of its metabolites that exerts an antima- 
larial action and b) it is not known whether the hypno- 
zoitocidal action of primaquine is directed purely 
against the parasites or the intimate metabolic associ- 
ation of host cell and parasite 4. 

Drugs in the community 

A community is more than the sum of its parts, and this 
truism must be applied with particular emphasis to the 
community of malaria parasites within a community of 
human hosts. A simple numerical example will explain 
why. 
Suppose in a community of 1000 people, 100 are har- 
boring erythrocytic stages of P.falciparum, by no means 
an unlikely figure in a highly endemic area. I f  the aver- 
age level of parasitemia in each infected person is 1 par- 
asite per million red blood cells (a low figure in many 
areas), and each individual has an average of 8 • 10 ~2 
red cells, each will harbor 8 • 106 parasites. The number 
of parasites in the community will thus be some 8 x 109. 
Let us now consider the rates at which mutations can be 
expected to occur in malaria parasites when exposed to 
drugs. While no precise figures are available, Bishop 3 
working with clones of P.gallinaceum estimated that 
mutants resistant to metachloridine occurred at a rate 
between 1 in 5 • 107 and 1 in 109. More recent studies 
with rodent malaria parasites by Beale and his associ- 
ates 2 and human and rodent parasites 46 based both on 
isoenzyme markers and responses to various drugs indi- 
cate that the blood stages of Plasmodium are haploid, 
and that mutations such as those underlying drug resis- 
tance can readily be perpetuated either as Mendelian 
dominant or recessive characters by hybridization dur- 
ing sexual reproduction in the anopheline vector. While 
none of these authors was prepared to commit himself 
to a figure, it seems likely that spontaneous single gene 
mutation in Plasmodium occur at a frequency some- 
where between 1 in 106 and 1 in 101~ organisms. 
I f  the 1000 people are given regular doses of an antima- 
larial drug it is obvious that there is every possibility 
that the changes of there being in the community a 
number of  parasites with spontaneous resistance to that 
drug is remarkably high. Taking the minimum level 
above one might suggest 8 x 10 -~ and, at the highest 
level, 8 x l 0  3. 
So far this argument has been a hypothetical one. When 
we look at the reality of  practical experience when anti- 
malarial drugs have been applied on a community basis, 
it would appear that our calculations greatly under- 
estimate the risk. 
Some of the most valuable longitudinal studies on the 
rate of  development of  resistance to antimalarials in the 
community remain those of Clyde and Shute 8 and Av- 
ery Jones ~ with pyrimethamine in East Africa. These 

and other data 2s,28 indicate the rapidity with which the 
use of such antifols as proguanil or pyrimethamine, and 
even of the potentiating combination of pyrimethamine 
with sulfadoxine, on a community basis, has led to the 
emergence of parasites resistant to these drugs. More 
recent experience with chloroquine 26'28 suggests that 
resistance to this compound, once established in a com- 
munity, extends just as rapidly as does resistance to 
antifols, albeit limited to P.falciparum. Unlike antifol 
resistance, however, chloroquine resistance appears to 
be a highly stable character 25, dominant over sensitive 
parasites so that the population of resistant organisms 
appears even to overgrow sensitive ones in the absence 
of drug selection pressure. 
So far we have looked at the hazard of selecting drug 
resistance by applying antimalarial drugs in a commu- 
nity. What in fact would be the roles of a drug and the 
characteristics required for it to be of value for com- 
munity, as distinct from individual administration? The 
guidelines for the use of antimalarials in malaria eradi- 
cation or control programmes that have been laid down 
by expert committees of WHO have tended to become 
more conservative with time as experience has taught 
both the potential and the limitations of the few drugs 
that are available. In a recent monograph published by 
WHO, Bruce-Chwatt et al. 5 suggested that 'collective 
drug protection' may have the following, limited uses: 

a) For the control of epidemics, 
b) As a supplementary measure in control and eradi- 
cation programmes for 
- presumptive treatment, ' to relieve symptoms and pre- 
vent transmission until the diagnosis is confirmed and 
radical treatment can begin.' A blood schizontocide is 
given, often as a single dose, together with a gameto- 
cytocide. 
- mass drug administration in localized areas under spe- 
cified conditions. The difficulties attending this use are 
stressed. This, in fact, is by far the most controversial 
use for antimalarials and there is no question that the 
whole policy of administering antimalarials 'en masse' 
needs careful re-assessment. 
- for 'radical treatment', by which radical cure of vivax 
malaria is implied, using 5-15-day courses of prima- 
quine as a hypnozoitocide. 
c) To prevent malaria due to blood transfusion. 
These limited indications are a far cry from the exten: 
sive use of  drugs which formed an integral part of the 
chloroquine~DDT eradication era of  the 1950's and 
1960's. Yet, controversial as it may be, what choice do, 
for example, the health authorities of a country such as 
India have in the face of  several million new cases of  
P. vivax every year, but to employ chloroquine for pre- 
sumptive treatment and primaquine for radical treat- 
ment on an enormous scale, in the fact of continuing 
malaria transmission at a high rate, and the logistic and 
financial difficulties facing other methods of malaria 
control in that huge country? 
To be ideal for administration to  large numbers of peo- 
ple in the indications outlined by WHO, a blood schiz- 
ontocide or a hypnozoitocide should be 

- applicable in a single, well tolerated dose for therapy 
- preferably administerable by mouth 
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- safe in both sexes and all age groups, with a wide 
safety margin in case of  misuse 

- cheap 
- capable of being administered in widely spaced doses 

for prophylaxis 
- as little likely as possible to select resistant mutant 

parasites 
- a true causal prophylactic 

To what degree do our currently available antimalarials 
satisfy these criteria? Quite apart from the serious prob- 
lem of drug resistance, particularly in P.faleiparum, not 
a single compound fulfils all the criteria (table). 
While it must be stressed that the place of antimalarials 
as prophylactics for mass drug administration is re- 
stricted to rather limited circumstances, in those indica- 
tions it would undoubtedly be invaluable to have a 
compound or drug combination that, while fulfilling the 
desiderata set out above, in addition could be adminis- 
tered as a truly long-acting formulation, i.e. one that 
remains effective for at least 3 months following a single 
dose. The logistic advantages of such a preparation are 
obvious. The hazards are less so, however. Overriding 
many of the limitations that already exist in our current 
drugs today, moreover, is that of the rapidly increasing 
appearance of multiple drug resistance in P.falciparum 
on a global scale (see chapter by Doberstyn, this issue). 

Current progress in antimalarial drug research 

It has required 2 major wars, 2 decades of increasing 
drug resistance, and a world financial recession (limiting 
the ability of Third World countries to cope with the 
costs of  controlling malaria) to persuade those con- 
cerned with new drug development that effort and 
money should be invested in a search for new and better 
antimalarials. Two major programmes have provided 
nearly all the stimulus for the trials and achievements of 
recent years. The antimalarial development programme 
of the US Army Research and Development Command, 
based on the Walter Reed Army Institute of Research 
(WRAIR) has carried out since its inception in 1964 an 
unprecedented volume of research involving not only 
the mass primary screening of over 300,000 candidate 
compounds, but also basic studies on the biology and 
immunology of malaria. From this programme have 
emerged mefloquine and a handful of other promising 
candidates, several of which are currently in preclinical 
or clinical trial. The UNDP/World Bank/WHO Special 
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Programme for Research and Training in Tropical 
Diseases, was first launched in 1976. The role of  this 
'TDR'  programme is to coordinate research on malaria 
(and certain other parasitic diseases of  the Third 
World), and to provide the seed money that will stimu- 
late research workers from a wide range of fields to in- 
vest effort on resolving the so-far recalcitrant problems 
posed by these diseases, bringing to bear the full poten- 
tial of modern biomedical science. In addition, a select 
few commercial companies, several national institutes 
(notably in the People's Republic of  China) and rare 
academic centers have elected to join the search for new 
and superior antimalarials. 
Progress towards this target has been made in several 
directions. 

Experimental models 

New experimental models have been reviewed in detail 
elsewhere 27'2s and are therefore only listed here. They 
are as follows: 
in vitro - the use of P.falciparum in continuous culture. 
Since the seminal work of Trager and Jensen 44 and 
Haynes et al. 17 that opened the way to culture of these 
parasites, several techniques have been described by 
which the blood schizontocidal action of compounds 
can be detectedl< 
- the exo-erythrocytic stages of P. berghei and P. vivax 
have now been grown in tissue culture by several 
workers including Hollingdale et al. ~s and Mazier et 
a l .  23. Such cultures are now being developed as screens 
for causal prophylactic drugs. The potential value of 
these systems to detect hypnozoitocidal action is at 
present unknown. 
in vivo - rodent models have proved of immense value 
for the detection of blood schizontocidal activity 27 and 
causal prophylactic action 29. Both the South American 
owl monkey (Aotus trivirgatus)36 and, more recently, 
the squirrel monkey (Saimiri sciureus)35 have proved 
invaluable for advanced testing of drugs against both 
P.falciparum and P. vivax, but P. cynomologi in the 
rhesus monkey 38 remains the only valid model for the 
evaluation of potential hypnozoitocides. The cost and 
availability of all 3 monkeys are serious impediments to 
the advanced, in vivo evaluation of new antimalarial 
drugs prior to clinical trial. 
In efforts to detect long-acting blood schizontocides, 
testing systems based on rodent malarias have been de- 
scribed recently 2~ 39. 

U s e s  a n d  l i m i t a t i o n s  o f  a n t i m a l a r i a l s  f o r  ' c o l l e c t i v e  d r u g  p r o t e c t i o n '  

D r u g  C a u s a l  p r o p h y l a c t i c  B l o o d  s c h i z o n t o c i d e  H y p n o z o i t o c i d e  

A c t i v e  S p a c e d  d o s e s  S i n g l e  d o s e  O r a l  S a f e  S p a c e d  C h e a p  A c t i v e  

P r o g u a n i l  + - - + + - • ? - 

P y r i m e t h a m i n e  + • - + + • • ? - 

F a n s i d a r  § + + + • + - ? - 

C h l o r o q u i n e  - - + + + - + - 

Q u i n i n e  - - - + • - - - 

M e f l o q u i n e  - - + + + + - - 
A r t e m i s •  . . . .  ?b _ ?b _ 

P r i r n a q u i n e  ( + )a . . . . . .  + 

a N o t  u s e d  f o r  t h i s  p u r p o s e ;  b s t i l l  u n d e r  e v a l u a t i o n .  
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New blood schizontocides 

4-Quinoline- and 9-phenanthrenemethanols 

Of these series the most advanced compound is meflo- 
quine, a 4-quinolinemethanol (fig. 1, I), developed origi- 
nally by the WRAIR programme and recently under 
the auspices of the TDR programme. This compound 
which has an unusually long half-life in man, is in an 
advanced state of clinical trial particularly in areas of 
Asia 16 and South America 4~ where multiple drug-resis- 
tant P.fatciparum is a major problem, and in parts of 
Africa 13 where the problem is rapidly becoming estab- 
Iished. As summarized in the table, mefloquine, as well 
as related compounds such as halofantrene (fig. 1, II) 
are solely blood schizontocides. Mefloquine, however, 
has a long half-life that increases its value for commu- 
nity use. Its main advantagel is that, so far, it has 
proved almost 100% effective' in curing infections of 
P.falciparum that are resistant to other therapy. Meflo- 
quine cannot be administered parenterally and may the- 
refore have to be supplemented by quinine (or qui- 
nidine 47) for the emergency treatment o f  individuals suf- 
fering from cerebral or other severe forms of falciparum 
malaria. The other potential disadvantage of ineflo- 
quine and related compounds is that they are, in effect, 
analogues of quinine against which resistant strains of 
P:falciparurn are now clearly emerging especially in 
Thailand 7. While quinine is not used on a large scale at 
present, the release of mefloquine on its own for 'collec- 
tive drug protection' is, for the reasons expounded 
above, fraught with the danger that strains of P.falcipa- 
rum resistant to this invaluable drug will rapidly 
emerge. The potential for this has already been clearly 
demonstrated in experimental models 24'3~ 
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Figure 1. I, Mefloquine; II, halofantrene. 

Sesquiterpene tactones 

The next most promising series of blood schizontocides 
to be reported recently are sesquiterpene Iactones based 
on the compound artemisinine (qinghaosu), a natural 
constituent of the plant Arternesia annua Linn. (Compo- 
sitae). This unique compound (fig. 2, I) has been shown 
to have a rapid blood schizontocidal action against ro- 
dent, avian and human malarias, but no activity against 
hepatic stages 33. As artemisinine itself is very poorly 
soluble it has had to ~ administered by injection but 
even the suspensions used to date have been shown to 
exert a very rapid parasiticidal action which has been of 
particular value in patients with cerebral malaria. This: 
activity is maintained against parasites that are resistant 
to chloroquine. However, Chinese workers have noted 

that up to 10 % of all patients treated for either falcipa- 
rum or vivax infections recrudesce after the initial rapid 
clearance of parasitemia. The reasons for this are not 
yet clear, but we have found (unpublished observations) 
that resistance can readily be induced to artemisinine in 
P. berghei in vivo. As far as is kown artemisinine has a 
wide margin of safety but further toxicological evalu- 
ation of the compound is currently being carried out in 
China. 
In view of the poor solubility of artemisinine, semi-syn- 
thetic derivatives of this lactone are being evaluated. 
Two of these, artesunate (fig.2, II) and artemether 
(fig. 2, III) are more soluble, active and correspondingly 
more toxic ~4. Artesunate in particular looks especially 
promising for the i.v. therapy of cerebral malaria and is 
currently being developed for further clinical trials in 
this condition 14. Meanwhile the mode of action of this 
series is being studied by Li et al? ~, Gu et al. 15, and 
other workers. Blockade of protein synthesis by the par- 
asite following concentration of the compounds in in- 
fected erythrocytes appears to be the primary lesion 
that they cause. 

CH3 
~. ! H 

H I 
C. CO' CH2CH2COOH 
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Figure 2. I, ArteroJsinine; II, artesunate; I l l ,  artemether. 

Other blood schizontocides 

While various other compounds have been described in 
recent literature, very few outside the WRAIR pro- 
gramme 5 have passed their preclinical trial stage. New 
developments were recently reviewed ~9'4~ and have been 
further detailed by various authors 31. Among the newer 
compounds hydroxypiperaquine (fig. 3, I), pyronaridine 
(fig. 3, II) and halofantrene (fig. 1, II) are known to be 
in clinical trial. 

/z-"-~N _CH2 _ ICH 2 _CH 2 _ N , / ~  N ',,___/ 

cI Cl 

I 9 H 2 ~  

, fN~OCH3 

Figure 3. 1, Hydroxypiperaquine; II, pyronaridine (see Xu et ak49). 
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Unfortunately the potentiating combination of pyri- 
methamine with sulfadoxine (Fansidar) which proved 
so effective in the treatment of multiple-resistant P.fal- 
eiparum infections for the past 15 years has now lost its 
edge with the development of an increasing proportion 
of Fansidar-resistant strains of this parasite in South- 
east Asia, South America and, recently, East Africa. 
Nevertheless the marked difference between the speed 
with which resistance to this combination has appeared 
in the field with the rate at which resistance appeared to 
pyrimetharnine when it was used alone (e.g. a matter of 
months only in Ghana) 6 is most striking and should be 
remembered by future policy makers. 

Tissue schizontocides 

Combined in this category are both those compounds 
that function as causal prophylactics (sensu lato) and 
hypnozoitocides. The review by Davidson et alJ ~ and 
subsequent analysis of the problem by a group of WHO 
experts 42 made it clear that, of the numerous chemical 
groups which had displayed clearcut prophylactic activ- 
ity in various rodent malaria models in vivo, only 8- 
aminoquinolines had proved to be hypnozoitocidal 
when tested in the P. cynomolgi-rhesus model. Recent 
studies by workers in Paris and London 4 suggest that 
primaquine at least may exert an effect both on the pre- 
erythrocytic schizont and its hepatic parenchymal host 
cell. Other investigators are exploring the metabolites 
and pharmacokinetics of the 8-aminoquinolines in the 
hope of detecting non-toxic but antimalarial metabo- 
lites. 
Several new 8-aminoquinolines that are being evaluated 
as possible replacements for primaquine show promise 
in having a strong blood schizontocidal as well as tissue 
schizontocidal effect. Such a compound is WR 225 448 
(fig. 4, I) 1~ 19. 
A further compound, floxacrine (fig. 4, I1) showed great 
interest in having both blood and tissue schizontocidal 
action in rodent models 34 but it too did not have hypno- 
zoitocidal action against P. cynomolgi at the maximum 
tolerated dose, and was dropped when it showed unex- 
pected, but prohibitive toxicity in animal studies 37. 
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"H30~jNH 2 
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I CH3 
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Figure 4. 1, WR 225448; II, floxacrine; III, WR 158122. 

Repository preparations 

While I do not believe that repository preparations of- 
fer any serious advantage for chemoprophylaxis or 

therapy in the individual, they clearly do in 2 
indications for communal use, i.e. when 'collective drug 
protection' is indicated (and here either a good causal 
prophylactic or suppressive drug is needed), or for the 
radical cure of vivax infections when adequate super- 
vision of prolonged courses (e,g. of primaquine) is im- 
practical. Trouet et al. 45 described several series of pri- 
maquine derivatives including peptidic prodrugs with 
which they were able to extend the half-Iife and reduce 
the toxicity of the parent compound in rodent malaria 
models, but only to a modest degree. Other workers 
have synthesised prodrugs based on other procedures 
but details of their data are not yet available. 
Attention has been drawn to the screening of com- 
pounds for inherently long biological half-lives 39. Rela- 
tively long half-lives in this series appeared to be linked 
mainly to poor solubility and the formation of local 
depots at injection sites. 
Following the lead of Thompson and his associates 43 
who produced promising, but irritant injectable formu- 
lations containing poorly soluble salts of cycloguanil 
and dapsone, Wise et al. 48 studied a series of mixtures of 
the compound WR 158 122 (fig. 4, III), a poorly soluble 
quinazoline, alone or with sulphadiazine, incorporated 
in biodegradable polymers based on lactic and glycolic 
acids, They experienced considerable difficulty in ob- 
taining the parallel release rates of the two compounds 
which would have been necessary if each compound 
was to 'protect' the other i.e. achieve optimal poten- 
tiation of action while minimising the rate at which the 
parasites could become resistant to them. Subsequently 
Judge et al# ~ obtained very prolonged activity in rodent 
malaria models with subcutaneous implants containing 
pyrimethamine and sulphadiazine in a different type of 
biodegradable polymer, a cross-linked polydihydropy- 
ran, 20 and 37 weeks respectively. No new repository 
formulations have yet reached the stage of clinical trial. 
One major problem here is the necessity to use appro- 
priate combinations of drugs, preferably potentiating 
pairs, to minimize the risk of selecting resistant par- 
asites, and this in turn greatly complicates the preclin- 
ical efficacy and safety testing that must be performed, 
not to mention the cost of developing such prepara- 
tions. 

The role of drug combinations in preventing drug resis- 
tance 

One theme that has run throughout this chapter has 
been the danger that parasites resistant to virtually any 
drug will in time be selected, and that the more exten- 
sively a drug is deployed, the more rapidly will emerge 
resistant organisms. In the case of antifols the risk is so 
great that it is now considered unethical if not suicidal 
to administer an antifol alone, be it for the treatment of 
malaria or a bacterial infection. The example of Fansi- 
dar quoted above does show the value of an appropri- 
ately selected drug combination in protecting the indi- 
vidual components against resistance. It is essential to 
stress the word appropriate since this factor must be de- 
termined by preliminary study in a good experimental 
model before deciding on which compounds to associ- 
ate. Thus Merkli et al. 24 have shown that the triple corn- 
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bination of mefloquine, pyrimethamine and sulfa- 
doxine* is extremely effective in delaying the emergence 
of resistance to any of the three in malaria infected 
mice, while we have confirmed that this holds for me- 
floquine even in a strain already resistant to the other 
two components 32. On the basis of painful past experi- 
ence with older drugs used alone, or with chloroquine 
administered with pyrimethamine, and in the face both 
of established Fansidar and emerging quinine resistance 
in P.falciparum, extensive studies are now being made 
under WHO T D R  auspices of this triple combination 
for use in man. While mefloquine will shortly be made 
available for the treatment of individuals with acute, 
chloroquine-resistant falciparum malaria, it is feared 
that the release of  this compound alone for prophylaxis 
will rapidly be followed by its misuse and subsequently 
by the appearance of resistance even to this valuable 
new drug. It is hoped and anticipated that the deploy- 
ment of the triple combination will extend the life of 
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mefloquine and Fansidar for sufficient time for the next 
generation of antimalarials to be developed. It  takes at 
least 10 years development from first discovery to intro- 
duction for a new compound to become available for 
use in man. 
Meanwhile other means are being sought to protect 
both the individual and the community against malaria. 
Other chapters in this review outline progress that is 
being made in developing new means of vector control, 
and high hopes are currently being held out for the pro- 
duction of safe vaccines with which to protect man. 
Both approaches however pose many problems and  
many hurdles will have to be crossed before new weap- 
ons in the fight against malaria become available. When 
they do, and this is particularly important in the case of 
vaccines as well as of drugs, it is vital to keep in mind 
the distinction between protecting the individual and 
protecting the community. We have made this mistake 
in the past. Let us learn from our mistakes. 

Acknowledgments. Original research carried out in the author's 
laboratory has received generous support from the Malaria Action 
Programme of WHO, the UNDP/World Bank/WHO Special Pro- 
gramme for Research and Training in Tropical Diseases, from the 
US Army Medical Research and Development Command, Depart- 
ment of the Army (under various contracts), and from those few, 
far-sighted pharmaceutical companies that have maintained their 
interest in the antimalarial field. In relation to the US Army sup- 
port, this paper forms contribution No. 1673 from the Army Re- 
search Programme on Antiparasitic Drugs. 

1 Avery Jones, A., Mass treatment with pyrimethamine. A study of 
resistance and cross resistance resulting from a field trial in the 
hyperendemic malarious area of Makueni, Kenya, Sept. 1952- 
Sept. 1953. Trans. R. Soc. trop. Med. Hyg. 52 (1958) 547-561. 

2 Beale, G.H., Carter, R., and Walliker, D., Genetics, in: Rodent 
malaria, pp. 213-245. Eds R. Killick-Kendrick and W. Peters. Aca- 
demic Press, London/New York/San Francisco 1978. 

3 Bishop, A., Drug resistance in protozoa. Biol. Rev. 34 (1959) 445- 
500. 

4 Boulard, D., Ellis, D., Landau, I., Miltgen, F., and Peters, W., The 
chemotherapy of rodent malaria. XXXIII. Causal prophylaxis, 
part 3. Ultrastructural changes induced in exo-erythrocytic schiz- 
onts of Plasmodium yoelii by primaquine. Ann. trop. Med. Parasit. 
77 (1983) 555-568. 

5 Bruce-Chwatt, L.J., Black, R.H., Canfield, C.J., Clyde, D.F., Pe- 
ters, W., and Wernsdorfer, W.H., Chemotherapy of malaria, 2nd 
edn. WHO, Geneva 1981. 

6 Charles, L.J., Van der Kaay, H.J., Vincke, I.H., and Brady, J., 
The appearance of pyrimethamine resistance in P.falciparum fol- 
lowing self-medication by a rural community in Ghana. Bull. 
WHO 26 (1962) 103-108. 

7 Chongsuphajaisiddhi, T., Subchareon, A., and Attanath, P., In vivo 
and in vitro sensitivity of falciparum malaria to quinine in Thai 
children. Ann. trop. Pediat. 1 (1981) 21-26. 

8 Clyde, D.F., and Shute, G.T., Resistance of East African varieties 
of Plasmodium falciparum to pyrimethamine. Trans. R. Soc. trop. 
Med. Hyg. 48 (1954) 495-500. 

9 Coatney, G.R., Contacos, P.G., and Lunn, J.S., Further obser- 
vations on the antimalarial activity of CI-501 (Camolar ~) against 
the Chesson strain of vivax malaria. Am. J. trop. Med. Hyg. 13 
(1964) 383-385. 

* From the research laboratories of F. Hoffmann-La Roche, Basel, we 
have been advised that a fixed combination containing 250 mg meflo- 
quine, 500 mg sulfadoxine and 25 mg pyrimethamine per tablet has 
been registered in Switzerland under the trade mark 'Fansimef' for 
treatment of falciparum malaria. According to Hoffmann-La Roche, in 
Thailand, under the auspices of the Ministry of Health and WHO, this 
combination has been widely used since mid 1983 for the containment 
of multiresistant falciparum malaria. 

10 Davidson, D.E., Ager, A.L., Brown, J.L., Chapple, F.E., Whit- 
mire, R.E., and Rossan, R.N., New tissue schizontocidal antima- 
larial drugs. Bull. WHO 59 (1981) 463-479. 

11 Dempwolff, O., Bericht fiber eine Malaria-Expedition nach 
Deutsch-Neu-Guinea. Z. Hyg. InfektKrankh. 47 (1904) 81-132. 

12 Desjardins, R.E., Canfield, C.J., Haynes, J.D., and Chulay, J.D., 
Quantitative assessment of antimalarial activity in vitro by a semi- 
automated microdilution technique. Antimicrob. Agents Che- 
mother. 16 (1979) 710-718. 

13 Ekue, J.M.K., Ulrich, A.-M., Rwabwogo-Atenyi, J., and Sheth, 
U.K., A double-blind comparative clinical trial of mefloquine and 
chloroquine in symptomatic falciparum malaria. Bull. WHO 61 
(1983) 713-718. 

14 Guoquiao, L., Xingbo, G., Rui, J., Zicai, W., Huaxiang, J., and 
Ziyan, L., Clinical studies on treatment of cerebral malaria with 
Qinghaosu and its derivatives. J. tradit, chin. Med. 2 (1982) 125- 
130. 

15 Gu, H. M., Warhurst, D.C., and Peters, W., Rapid action of Qing- 
haosu and related drugs on incorporation of 3H-isoleucine by 
Plasmodium falciparum in vitro. Biochem. Pharmac. 32 (1983) 
2463-2466. 

16 Harinasuta, T., Bunnag, D., and Wernsdorfer, W.H., A phase II 
clinical trial of mefloquine in patients with chloroquine-resistant 
faleiparum malaria in Thailand. Bull. WHO 61 (1983) 299-305. 

17 Haynes, J.D., Diggs, C.L., Hines, F.A., and Desjardins, R.E., 
Culture of human malaria parasites, Plasmodium falciparum. Na- 
ture 263 (1976) 767-769. 

18 Hollingdale, M.R., Leland, R., and Schwartz, A.L., In vitro culti- 
vation of the exoerythroeytic stage of Plasmodium berghei in a 
hepatoma cell line. Am. J. trop. Med. Hyg. 32 (1983) 682-684. 

19 Howells, R.E., Advances in chemotherapy. Br. med. Bull. 38 
(1982) 193-199. 

20 Judge, B.M., Howells, R.E., Graham, N.B., and McNeill, M.E., 
Sustained released implants in the chemotherapy of experimental 
rodent malaria II. The effects of sulphadiazine, pyrimethamine and 
cycloguanil in biodegradable polymer matrices. Ann. trop. Med. 
Parasit. 75 (1981) 511-519. 

21 Li, Z.L., Gu, H.M., Warhurst, D.C., and Peters, W., Effects of 
Qinghaosu and related compounds in incorporation of [G3H] hy- 
poxanthine by Plasmodiumfalciparum in vitro. Trans. R. Soc. trop. 
Med. Hyg. 77 (1983) 522-523. 

22 Manson, P., Tropical diseases. A manual of the diseases of warm 
climates. Cassell & Co. Ltd., London/Paris/New York/Melbourne 
1898. 

23 Mazier, D., Landau, I., Druilhe, P., Miltgen, F., Gugen-Guillouzo, 
C., Baccam, D., Baxter, J., Chigot, J.-P., and Gentilini, M., Culti- 
vation of the liver forms of Plasmodium vivax in human hepa- 
tocytes. Nature 307 (1984) 367-369. 

24 Merkli, B., Richle, R., and Peters, W., The inhibitory effect of a 
drug combination on the development of mefloquine resistance in 
Plasmodium berghei. Ann. trop. Med. Parasit. 74 (1980) 1-9. 



Experientia 40 (1984), Birkh/iuser Verlag, CH-4010 Basel/Switzerland 

25 Padua, R.A., Plasmodium chabaudi: genetics of resistance to chlo- 
roquine. Exp. Parasit. 52 (1981) 419-426, 

26 Peters, W., Chemotherapy and drug resistance in malaria. Aca- 
demic Press, London/New York 1970. 

27 Peters, W., Chemotherapy of Malaria, in: Malaria, vol. 1, pp. 145- 
283. Ed. J.P. Kreier. Academic Press, New York/London/Toronto/ 
Sydney/San Francisco 1980. 

28 Peters, W., Antimalarial drug resistance: an increasing problem. 
Br. med. Bull. 38 (1982) 187 192. 

29 Peters, W., Davies, E.E., and Robinson, B.L., The chemotherapy 
of rodent malaria, XXIII. Causal prophylaxis, part 2. Practical ex- 
perience with Plasmodium yoelii nigeriensis in drug screening. Ann. 
trop. Med. Parasit. 69 (1975) 311-328. 

30 Peters, W., Portus, J.H., and Robinson, B.L., The chemotherapy 
of rodent malaria. XXVIII. The development of resistance to me- 
floquine (WR 142 490). Ann. trop. Med. Parasit. 7t (1977) 419- 
427. 

31 Peters, W., and Richards, W.H.G., eds. Handbook of experi- 
mental pharmacology, vol. 68, part II. Springer-Verlag, Berlin/Hei- 
delberg/New York 1984. 

32 Peters, W., and Robinson, B.L., The chemotherapy of rodent ma- 
laria XXXIV. Further studies on the retardation of drug resistance 
by the use of a triple combination of mefloquine, pyrimethamine 
and sulfadoxine in mice infected with P. berghei and 'P.berghei 
NS'. Ann. trop. Med. Parasit. 78 (1984) in press. 

33 Qinghaosu Antimalaria Coordinating Research Group, Anti- 
malaria studies on Qinghaosu. Chin. med. J. 92 (1979) 811 816. 

34 Raether, W., and Fink, E., Antimalarial activity of floxacrine 
(HOE 991). II. Studies on causal prophylactic and blood schizont- 
ocidal action of floxacrine and related dihydroacridinediones 
against Plasmodium yoelii and P. berghei. Ann. trop. Med. Parasit. 
76 (1982) 507-516. 

35 Rossan, R.N., Young, M.D., and Baerg, D.C., Chemotherapy of 
Plasmodium vivax in Saimiri and Aotus models. Am. J. trop. Med. 
Hyg. 24 (1975) 168-173. 

36 Schmidt, L.H., Infections with Plasmodium falciparum and Plas- 
modium vivax in the owl monkey - model systems for basic biologi- 
cal and chemotherapeutic studies. Trans. R. Soc. trop. Med. Hyg. 
67 (1973) 446-474. 

37 Schmidt, L.H., Antimalarial properties of floxacrine, a dihydro- 
acridinedione derivative. Antimicrob. Agents Chemother. 16 (1979) 
475-485. 

1357 

38 Schmidt, L.H., Rossan, R.N., Fradkin, R., Woods, J., Schule- 
mann, W., and Kratz, L., Studies on the antimalarial activity of 
1,2-dimethoxy-4-(bidiethylaminoethyl)-amino-5-bromo-benzene. 
Bull. WHO 34 (1966) 783 788. 

39 Schofield, P., Howells, R.E., and Peters, W., A technique for the 
selection of long-acting antimalarial compounds using a rodent 
malaria model. Ann. trop. Med. Parasit. 75 (1981) 521-531. 

40 Souza, J.-M. de, A phase II clinical trial of mefloquine in Brazilian 
male subjects. Bull. WHO 61 (1983) 815-820. 

41 Sweeney, T.R., The present status of malaria chemotherapy: me- 
floquine, a novel antimalarial. Med. Res. Rev. 1 (1981) 281-301. 

42 TDR. Summary of discussions on tissue schizontocidal drugs 
against malaria-principal lacunae in knowledge and recommenda- 
tions for future research. Bull. WHO 59 (1981) 481-487. 

43 Thompson, P.E., Waitz, J.A., and Olszewski, B., The repository 
antimalarial activities of 4, 4'-diacetyldiaminodiphenylsulphone and 
cycloguanil pamoate (CI-401) in monkeys relative to local release 
following parenteral administration. J. Parasit. 51 (1965) 345 349. 

44 Trager, W., and Jensen, J.B., Human malaria parasites in contin- 
uous culture. Science 190 (1976) 673-675. 

45 Trouet, A., Pirson, P., Steiger, R., Masquelier, M., Baurain, R., 
and Gillet, J., Development of new derivatives of primaquine by 
association with lysosomatropic carriers. Bull. WHO 59 (1981) 
449-458. 

46 Walliker, D., Genetic variation in malaria parasites. Br. reed. Bull. 
38 (1982) 123-128. 

47 White, N.J., Looareesuwan, S., WarrelI, D.A., Chongsuphajai- 
siddhi, T., Bunnag, D., and Harinasuta, T., Quinidine in falcipa- 
rum malaria. Lancet 2 (1981) 1069-1070. 

48 Wise, D.L., Gresser, J.D., and McCormick, G.J., Sustained 
release of a dual antimalarial system. J. Pharm. Pharmac. 31 (1979) 
201 204. 

49 Xu, Y.X., et al., Clinical observations on treatment of malaria with 
intramuscular pyronaridine phosphate. Nat. med. J. China 62 
(1982) 686-688 (in Chinese summary in WHO/MAL/83.1001, 
cyclostyled report, WHO, Geneva, 1983). 

0014-4754/84/121351-0751.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1984 

Malaria prophylaxis in travellers: the current position 
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Summary. Malaria prevention is a main challenge for physicians, nurses, health officers and tour operators. The 
attack rate of malaria in travellers is 1-10/10,000 departures, and the case fatality rate of imported malaria is 
around 0.5/100. Travellers should be informed about the risk they are going to take, how to protect against 
mosquito bites, about the antimalarials they will have to take and about what to do when a malaria breakthrough 
should occur. 
The 4-aminoquinolines (chloroquine, amodiaquine) remain the drug of choice for the prevention of Plasmodium 
vivax and of sensitive P.falciparum infections. The problem is to find an effective and safe drug combination for 
travellers to areas where P.falciparum is either resistant to chloroquine, to Fansidar (the combination of pyri- 
methamine plus sulfadoxine) or to both. These travellers will probably best be protected by an individually tailored 
drug combination, which includes amodiaquine or mefloquine as baseline drugs, and a supplementation with 
Fansidar, Maloprim (the combination of pyrimethamine with dapsone), paludrine or an antibiotic. 
Key words. Malaria; prophylaxis, malaria; Plasmodia; mosquito bite, protection against; antimalarial drugs, 

Introduction 

Malaria is perhaps the most important parasitic infec- 
tion worldwide. It covers vast areas in Africa, Asia and 
Latin America (fig. 1). According to incomplete report- 

ings to WHO there were 13 million malaria cases in 
198132 . One expert estimates that the disease affects 
more than 200 million people each year 24. Of the 179 
states where there is a potential for malaria transmis- 


