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Antimalarial Drug Resistance: Surveillance and Molecular
Methods for National Malaria Control Programmes
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National malaria control programmes have the responsibility to develop a policy for malaria dis-
ease management based on a set of defined criteria as efficacy, side effects, costs and compliance. These
will fluctuate over time and national guidelines will require periodic re-assessment and revision. Changing
a drug policy is a major undertaking that can take several years before being fully operational. The
standard methods on which a decision can be taken are the in vivo and the in vitro tests. The latter allow
a quantitative measurement of the drug response and the assessment of several drugs at once. However,
in terms of drug policy change its results might be difficult to interpret although they may be used as an
early warning system for 2nd or 3rd line drugs. The new WHO 14-days in vivo test addresses mainly the
problem of treatment failure and of haematological parameters changes in sick children. It gives valu-
able information on whether a drug still ‘works’. None of these methods are well suited for large-scale
studies. Molecular methods based on detection of mutations in parasite molecules targeted by antima-
larial drugs could be attractive tools for surveillance. However, their relationship with in vivo test
results needs to be established.
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Despite considerable efforts done during this
century to eradicate or control it, Plamodium
falciparum malaria is still the most prevalent and
the most devastating disease in the tropics (WHO
1993). In the last decades, its control and treatment
has been complicated by the emergence of resis-
tance to widely used antimalarial drugs such as
chloroquine. Drug resistance of malaria parasites
has been defined as the ability of a parasite strain
to multiply or to survive in the presence of con-
centrations of a drug that normally destroy para-
sites of the same species or prevent their multipli-
cation. Its dynamics and occurrence are the result
of several interactions:

Parasites and drugs - Natural populations of
P. falciparum are heterogeneous mixtures of indi-
viduals with different, genetically determined de-
grees of drug response. The efficacy of medica-
tion will depend on the concentration of the drug
in relation to the parasite’s sensitivity and the time
over which concentrations above this threshold are
maintained. A small fraction of the original para-
site population might always survive to the drug
but it will be eventually removed by the immune
system. However, the infection will not be cleared
if the surviving fraction is too large due either to
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reduced sensitivity or to subcritical drug concen-
trations. Selection of resistant strains could occur
when a particular drug is misused (Wernsdorfer
1991). The transmission of such parasites might
also be enhanced by an increased production of
gametocytes (Robert et al. 1996).

Humans and drugs - Readily absorbed drugs
with a long half-life, like mefloquine and
sulfadoxine-pyrimethamine (SP), can permit effec-
tive single dose treatment of malaria and the fol-
lowing chemoprophylactic period prevents infec-
tion for several weeks and may be important in
recovery from anaemia. However, these drugs are
likely to exert undesirable drug pressure for a long
time once their concentrations drop below the criti-
cal threshold and may select resistant parasites. This
has been shown in Kenya where a potent selective
pressure for resistance operates even under condi-
tions of supervised drug administration and opti-
mal dosage (Watkins et al. 1997).

Vector and parasite - Vectors may be more re-
ceptive to resistant strains and may produce more
parasites compared to sensitive strains. Enhanced
drug pressure and uninhibited transmission might
produce a fast selection and spread of resistant
parasites (Wernsdorfer 1991).

NATIONAL DRUG POLICIES

It is the responsibility of National Programmes
to develop a policy for malaria disease management
as early diagnosis and adequate treatment remain
the basic elements of any malaria control action
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(WHO 1993). The basis for the national drug policy
should be a set of defined criteria for efficacy, side
effects, costs and compliance. Rational prescribing
in the public sector should be promoted through the
development and introduction of treatment guide-
lines. These activities should be supported by the
supply system to ensure that the drugs health work-
ers have been trained to prescribe are actually avail-
able (Baudon 1995). Many of the factors influenc-
ing the national drug policy, such as parasite drug
susceptibility, drug pricing and availability, will fluc-
tuate over time and national guidelines for malaria
treatment will require periodic re-assessment and
revision (WHO 1996). This should be done on the
basis of reliable information that, in case of parasite
drug susceptibility should be collected by means of
an appropriate surveillance system.

Implementing a change in drug policy is a ma-
jor undertaking that can take several years before
being fully operational. The ‘reaction-time’ could
be quite long in countries where the capabilities of
training and re-training of health workers is lim-
ited and the distribution system of drugs is com-
plex, fragmentary and uncontrolled. A study done
in Congo in 1993 has shown that 77% of General
Practitioners (GPs) did not know the national drug
policy and that they continued to apply a strategy
(weekly malaria chemoprophylaxis in children
under 5) abandoned seven years before (Baudon
1995). In optimal conditions the reaction time has
been estimated to at least two years (Baudon 1995).
Considering these difficulties, once the decision
of changing the first line drug has been taken there
is no go back.

SURVEILLANCE

One of the major questions is whether the first-
line drug is still ‘working’. Unfortunately, the cri-
teria on which this decision can be taken are not
clear (Bloland et al. 1993). The standard methods
to assess the efficacy of a given drug can be di-
vided in two broad groups: in vivo and in vitro tests.

In vivo test - During the in vivo test the recom-
mended dose of an antimalarial drug is adminis-
tered to infected subjects and the parasite’s re-
sponse in the host is assessed. The test could be
done on symptomatic or asymptomatic people
(Wernsdorfer & Payne 1988) with a 7-day follow-
up (Prasad et al. 1990). It assesses only the initial
parasitological response and, to a limited extent,
clinical response to therapy during the follow-up.
However, it does not address the implications and
manifestations of persistent parasitaemia occurring
after poor response, for example its impact on other
condition such as anemia and malnutrition (Bloland
et al. 1993). A study carried out in Malawi and in
Kenya among young children with clinical malaria

showed a shortening of the duration of clinical
improvement and a decreased haematological re-
covery after therapy with chloroquine as compared
to SP. In addition the health care system is bur-
dened by both the drug cost and the manpower re-
quirements of frequent and repetitive visits for
treatment with a poorly efficacious drug. The new
14-days in vivo test proposed by WHO (WHO
1996) tries to address this problem by looking
mainly at treatment failure and change in the
haematological parameters (Hb/PCV at day 0 and
14). It is a more clinical test, carried out on sick
children (fever + parasitaemia) aged 6 months-5
years (D’Alessandro et al. 1997). This test does
not permit a quantitative assessment of the drug
sensitivity of individual parasite populations, may
occasionally be influenced by the abnormal fate
of the drug in individual patients and it is influ-
enced by the immunological host response to the
parasite. However, it gives an information that is
closer to real-life situation and therefore essential
in deciding drug policy changes.

In vitro test - The in vitro test consists in mea-
suring the inhibition of schizont maturation by in-
creasing doses of a given antimalarial drug. It al-
lows the quantitative measurement of drug re-
sponse, permits to test several drugs at once and
imitate the non-immune state. However, it is gen-
erally held that the in vitro tests do not reflect the
degree of in vivo resistance, since the latter is sub-
stantially determined by factors related to the host’s
response (Draper et al. 1988). Furthermore, it is
estimated that the technical capacity to conduct the
necessary assays is difficult to develop and main-
tain in national malaria control programmes. There-
fore, in vitro testing cannot substitute in vivo ob-
servations of malaria therapy and is inappropriate
for making policy decision on drug use. Neverthe-
less, in vitro tests may provide an early warning of
impeding resistance before this becomes clinically
apparent. The optimal deployment of in vitro tests
should be to define specific issues related to tem-
poral and geographical trends of parasite’s response
to drugs. Such issues include the longitudinal fol-
low-up of parasite drug susceptibility, monitoring
the patterns of parasite cross-resistance to differ-
ent drugs and the establishment of baseline data
on the susceptibility of local parasites to new drugs
(WHO 1990).

MOLECULAR METHODS FOR SURVEILLANCE

Recently, molecular diagnostic methods for
detecting resistant parasites have been proposed
for monitoring the level and spread of resistance
(Plowe et al. 1995). The methods are suited for
use on large numbers of samples in a laboratory in
a malaria-endemic country and have major advan-
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tages on in vitro tests that require parasite cultiva-
tion and take days to perform (Plowe et al. 1996).
These molecular tools are based on the detection
by PCR of point mutations in the parasite genes
responsible for in vitro resistance. Presently, sev-
eral mutations associated with resistance to SP have
been identified while the role of those linked to
chloroquine resistance is more controversial. The
latter has been associated to Pfmdr1 gene
polymorphysm, although multiple mutations in
different genes are probably required for clinical
resistance (Foote et al. 1990). Wellems et al. (1990)
have linked chloroquine resistance to a single ge-
netic locus yet to be identified. The point muta-
tions linked to SP resistance have been observed
in the parasite genes encoding for dihydrofolate
reductase (DHFR) and dihydropteroate synthetase
(DHPS), the targets for pyrimethamine and
sulfadoxine respectively (Wang et al. 1995). A
serine in position 108 of the DHFR gene is linked
to in vitro sensitivity to both pyrimethamine and
cycloguanil. A mutation to asparigine at position
108 seems to be the key mutation for conferring in
vitro pyrimethamine resistance (de Pecoulas et al.
1996), although a genotype without this mutation
has been recently described (Wang et al. 1997).
An asparagine to isoleucine change at position 51
and a cysteine to arginine at position 59 appear to
modulate higher levels of in vitro pyrimethamine
resistance when they occur with the asparagine-
108 mutation, and an isoleucine to leucine muta-
tion at position 164 in combination with the aspar-
agine-108 and arginine-59 mutations has been
found in P. falciparum lines that are highly resis-
tant to both pyrimethamine and cycloguanil (Basco
et al. 1995, Reeder et al. 1996). Point mutations of
the DHPS gene have been less extensively stud-
ied. Thirteen variants over the wild type have been
identified so far in samples from different coun-
tries, the most common alteration being in posi-
tion 437 (Wang et al. 1997). A certain amount of
correlation was found between the prevalence of
known DHFR and DHPS mutations and increas-
ing levels of in vivo SP resistance in four different
countries: Mali, Kenya, Malawi, Bolivia (Plowe
et al. 1997). Different degrees of in vivo parasito-
logical resistance and clinical failure to SP might
be due to the progressive accumulation of DHFR
and DHPS mutations (Plowe et al. 1997). How-
ever, this still needs to be established by carrying
out prospective studies on the relationship between
parasite genotype and clinical outcome in indi-
vidual infections treated with SP. No relation be-
tween clinical SP resistance and mutations in the
DHFR gene could be established in a study car-
ried out in Tanzania. Although all the isolates
showed a point mutation in at least one codon of

the DHFR gene, only 43% of the children had de-
tectable parasitaemia seven days after treatment
(Jelinek et al. 1997).

The characterisation of the two polymorphic
merozoite surface antigens, MSP1 and MSP2 has
also been used to establish whether a parasitaemia
observed after treatment is caused by a recrudes-
cence of drug-resistant parasites or by a new in-
fection (Babiker et al. 1994, Al-Yaman et al. 1997).
This could be an important information when car-
rying out in vivo tests, particularly in areas with a
considerable amount of transmission where, after
a certain time, it is impossible to distinguish be-
tween recrudescence and new infection. However,
it is unlikely that national malaria control
programmes will routinely use such methods.

In vitro test results have been used as the golden
standard to establish the link between resistance to
SP and point mutations in the DHFR and DHPS
genes. Therefore, molecular tests identifying mu-
tant parasites might replace in vitro tests, as they
are easier to perform and can be carried out on a
larger number of samples. They will complement
the information on treatment failure and might ac-
tually identify areas where a given drug is likely to
be less efficacious. However, for antimalarial drugs
other than SP, these tests are not available yet and
drug susceptibility of different parasite populations
will continue to be established by in vitro tests.
Decisions on the national drug policy will continue
to be based on the results of in vivo tests as these
reflect more closely the therapeutic efficacy of a
given drug.
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