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SUMMARY Studies done between 1997 and 2003 are reviewed to give an overall picture of antimalarial drug
resistance in the Eastern Mediterranean Region of the World Health Organization (WHO). The situation in 8
countries where resistance has been reported is detailed. It has been difficult to abandon chloroquine as
first-line treatment even though resistance to it is widespread. Resistance to sulfadoxine-pyrimethamine has
also been detected. The spread of resistance could be slowed down by the adoption of effective national
policies and control programmes. Coordination between counties and with other WHO regions, as opposed
to working in isolation, could further reduce the spread of resistance.

Introduction
This review was done to fulfil the following
objectives:
• to present a brief overview on the cur-

rent global concepts concerning anti-
malarial drug resistance;

• to review historical data about the emer-
gence of drug resistance in the coun-
tries of the Eastern Mediterranean
Region;

• to present the available information on
the current prevalence of drug-resistant
falciparum malaria in the Region;

• to set recommendations for measures
to prevent the emergence and spread of
antimalarial drug resistance in the Re-
gion.
This review was based on sources of

the following types:
• published in vivo and in vitro studies

carried out on antimalarial drug resis-
tance in the countries of the Eastern
Mediterranean Region identified
through digital databases (Medline® and
CAB Health®);

• non-digital publications identified by
cross-referencing of the above publica-
tions;

• unpublished reports by ministries of
health;

• regional and international conference
proceedings;

• reports of WHO consultants;
• postgraduate theses;
• personal contacts.

Studies done in 1997–2003 according
to recent WHO protocols were selected to
describe the current status of drug resis-
tance in the Region.

An overview of drug resistance
in malaria
Definition
Drug resistance in malaria has been defined
as the “ability of a parasite strain to survive
and/or multiply despite the administration
and absorption of a drug given in doses
equal to or higher than those usually rec-
ommended but within the tolerance of the
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subject” [1,2]. Later on a qualification was
added to this definition to specify: “... pro-
vided that the drug gained access to the
parasite or the infected red cell for the du-
ration of time necessary for its action” [3].

Infections due to failure of chemopro-
phylaxis as has been reported in United
States military personnel in Somalia are not
considered as treatment failures [4]. Resis-
tance to antimalarial drugs has been de-
scribed for 2 of the 4 species of human
malaria parasites, Plasmodium falciparum
and P. vivax. Plasmodium falciparum has
developed resistance to nearly all antimalar-
ials in current use, although the geographi-
cal distribution and prevalence rates of
resistance to individual drugs do vary.

Global distribution
Resistance of P. falciparum to chloroquine
(CQ) appeared almost simultaneously in
Colombia and in south-east Asia in 1960.
Today, CQ-resistant falciparum malaria is
being reported from all countries in which
the disease is endemic except for few foci
in central America north of the Panama Ca-
nal, Haiti and the Dominican Republic [5].
This created a great problem for malaria
control programmes, which depended on
the cheap and effective CQ as a first-line
treatment. In areas of CQ resistance, sulfa-
doxine-pyrimethamine was the usual
choice as a replacement as first-line treat-
ment for uncomplicated malaria. However,
sulfadoxine-pyrimethamine resistance
emerged in south-east Asia and south
America and is now on the increase in Afri-
ca. Mefloquine resistance is frequent in
some areas of south-east Asia and has been
reported in the Amazon region of south
America and sporadically in Africa [6]. Re-
sistance to quinine is often overestimated
since the dosage of 24 mg base per kg for
seven days is rarely respected, and the
threshold for in vitro resistance has not

been clearly defined. Plasmodium vivax in-
fection resistant to CQ and/or primaquine
has a limited distribution [7,8].

Methods of monitoring drug
resistance
In vivo tests
The first standardized test systems for the
assessment of in vivo drug response in P.
falciparum were developed shortly after
the first reports of CQ resistance in this
species [1]. These test systems were sub-
sequently revised [9] and have remained
basically unchanged since the WHO Scien-
tific Group on the Chemotherapy of Malar-
ia and Resistance to Antimalarials in 1972
put them in their present form [2]. The
standardized tests were originally devel-
oped for CQ but, with the appropriate mod-
ifications, they could be used for the
evaluation of the response to other blood
schizontocidal drugs. These tests follow
set criteria for the selection of patients, the
administration of a standard treatment regi-
men of the appropriate drug, and daily par-
asitological blood examination for the
stipulated period, e.g. 7 or 28 days for CQ,
or longer periods for drugs with a long
elimination half-life.

In spite of the valuable information so
far yielded by these standard tests, their
application in the field faced considerable
constraints due to the need for daily blood
examination, especially when follow-up
had to be extended beyond 7 days. In addi-
tion, these tests were primarily conceived
for the assessment of the parasitological
response of P. falciparum in non-immune
persons, and took practically no note of the
clinical response to the drugs beyond the
recognition of overt initial failure as a crite-
rion for discontinuing the test. For these
reasons, WHO started a scheme to devise a
new test system that would be simple and
at the same time provide enough informa-
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tion for the formulation and updating of
malaria treatment policies [10]. Since 1996
a number of versions of the protocol have
been drafted, the latest being issued in 2003
[11].

In vitro tests
In vitro tests measure the intrinsic sensitiv-
ity of P. falciparum and P. vivax to antima-
larial drugs, independent of host immunity.
They can be used for recognizing changes
in drug sensitivity even before the advent of
overt in vivo resistance; for assessing
baseline response before the introduction
of a new drug; for monitoring sensitivity to
drugs that cannot be used in monotherapy;
for assessing sensitivity to candidate drugs;
and for identifying cross-sensitivity and
cross-resistance patterns between drugs.
In association with in vivo tests, they can
be employed for determining the threshold
concentration of resistance for specific
drugs. A special application relates to the
sensitivity monitoring of imported infec-
tions. The most commonly used in vitro
test system is the standard micro-technique
for assessing the inhibition of schizont mat-
uration first published in 1978 [12]. Cur-
rently, a revised methodology, the Mark III
test, is being used [13].

The results of in vitro tests can be used
to determine individual or geometric mean
cut-off concentrations of schizont matura-
tion (P. falciparum) or growth (P. vivax).
The test results are usually also processed
by log concentration–response probit anal-
ysis for the determination of the 50%, 90%
and 99% effective concentrations (EC50,
EC90 and EC99) and other regression pa-
rameters.

Molecular markers
Molecular markers are very useful in the in
vivo test to differentiate between re-

infection and recrudescence during the
follow-up of the patient by comparing 3
polymorphic genes, MSP1, MSP2 and
GLURP. Chloroquine resistance has been
associated with changes in one or more of
several candidate genes. PfCRT (P. falci-
parum CQ resistance transporter) has been
identified as the potential gene involved in
CQ resistance. The P. falciparum multi-
drug resistance gene 1 (PfMDR 1), which
encodes for the P-glycoprotein homologue
1 protein (Pgh1), is thought to increase CQ
resistance [14]. Sulfonamides and sulfones
act on folate biosynthesis by inhibiting di-
hydropteroate synthetase (DHPS), where-
as biguanides and diaminopyrimidine inhibit
dihydrofolate reductase (DHFR). Resis-
tance arises through single point mutations
in the plasmodial DHFR and dihydro-
pteroate (DHPS) genes. At present, studies
are under way to establish the relationship
between antifolate resistance and the rela-
tive frequencies of these mutations in dif-
ferent epidemiological settings in order to
allow their use as public health surveillance
tools to monitor drug resistance [15].

Impact of antimalarial drug
resistance
One of the immediate effects of the emer-
gence of drug resistance in an endemic area
could show as increased malaria morbidity
and mortality that could reach epidemic
proportions, as happened in 1988 in Soma-
lia [16,17]. In areas where falciparum and
vivax malaria co-exist, the emergence of
drug-resistant P. falciparum strains could
led to a relative increase in the prevalence
of this species. This is believed to be why
CQ-resistant P. falciparum malaria has be-
come more prevalent during the last decade
in Pakistan [18], Afghanistan [19] and
neighbouring Tajikistan [20]. In the United
Arab Emirates imported resistant strains
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posed the threat of re-introduction of ma-
laria in an area in which the disease had
been eliminated [21]. Emergence of drug
resistance is known to be associated with
increased costs to malaria control pro-
grammes because replacement antimalari-
als are usually more expensive than the
original drugs [22]. When an increasing
proportion of cases are taking a first-line
antimalarial that fails, to be followed by a
course of the second-line drug, then there
would be a point at which it would be much
cheaper to replace the first-line drug by the
second-line. Moreover, the total cost of
treatment of cases with treatment failure
that progress to severe disease requiring
hospitalization is much higher than home
treatment of an uncomplicated attack [23].

Factors associated with
emergence and spread of
antimalarial drug resistance
The emergence and spread of drug resis-
tant malaria is influenced by interactions
between the antimalarial drugs, the malaria
parasites, humans and the mosquito vec-
tors [24,25]. The basic event in the emer-
gence of drug resistance is acquisition by
the parasite of the ability to evade drug ac-
tion. This occurs by different mechanisms
for the different antimalarial drugs. Drug
pressure leads to selection of resistant
strains. When the natural population of ma-
laria parasites is exposed to sub-therapeutic
levels of the drug, only highly sensitive par-
asites are eliminated. If this drug pressure
is maintained, moderately sensitive para-
sites are eliminated, and so on, until we end
up with resistant parasites. A variety of fac-
tors can lead to the creation of drug pres-
sure, the most important of these being
poor patient or prescriber compliance with
the standard dose. A number of studies

have demonstrated the widespread practice
of self-medication and irrational prescrib-
ing of antimalarial drugs in Pakistan [26],
Somalia (M. Warsame, unpublished report,
1998), Sudan [27,28] and the Republic of
Yemen [29].

For the successful chemotherapy of
malaria, the effect of drugs is complement-
ed by the body’s immune system, which
helps in clearance of the parasites. Due to
lack of acquired immunity, drug resistance
usually manifests first in the non-immune
segments of the population. An example of
this was the spread of drug resistant malar-
ia among non-immune Eritrean refugees in
eastern Sudan [30,31]. In populations with
established drug resistance, movement of
these populations from one area to another
could help to spread resistance, as hap-
pened following the movement of Afghan
refugees into parts of Pakistan and the Is-
lamic Republic of Iran [18,32].

Antimalarials vary in their post-thera-
peutic selection span due to variations in
their elimination half-life, from a few hours
for quinine to 10–40 days for mefloquine.
This mechanism causes significant selec-
tion pressure in drugs with a long elimina-
tion half-life, i.e. drugs that are long-lived
at sub-therapeutic levels. It follows that
drug resistance develops much easier to
mefloquine and sulfadoxine-pyrimeth-
amine, with their long half-life [25].

The net effect of the emergence of drug
resistance on the intensity of malaria trans-
mission is not fully understood [33]. In
many instances the emergence of drug re-
sistance is associated with increased trans-
mission, irrespective of drug pressure.
There are also foci where drug resistance
has still failed to be established; this is prob-
ably due to poor parasite–vector compati-
bility.
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Antimalarial drug resistance in
the countries of the Eastern
Mediterranean Region
In the WHO Eastern Mediterranean Region,
transmission of P. falciparum and drug re-
sistance is being reported in three zones:
south Asia, (Afghanistan, Islamic Republic
of Iran and Pakistan), Africa south of the
Sahara (Djibouti, Somalia and Sudan) and
the Arabian peninsula (Saudi Arabia and Re-
public of Yemen).

Afghanistan
Malaria has a patchy distribution through-
out Afghanistan except for the central high-
lands, which are malaria-free above an
altitude of 1500 metres. The disease is en-
demic in the lowlands, especially the rice
growing areas, but it also occurs in urban
areas such as Kabul and Jalalabad. The pre-
dominant species is P. vivax, accounting
for 80% to 90% of cases. Chloroquine is
recommended in standard doses as a first-
line drug for treatment of uncomplicated
infections with P. falciparum and P. vivax.
However, due to reports of CQ resistance,
sulfadoxine-pyrimethamine has also been
recommended as a first-line drug for un-
complicated falciparum malaria in Afghani-
stan. The first case of drug resistant
falciparum malaria occurred in 1986 [34].

Chloroquine-resistant P. falciparum has
been reported among Afghan refugees in
Pakistan [18,35] and in Iran [36]. Most
(90%) of the cases of P. falciparum malar-
ia among the Afghan refugees in western
Pakistan were sensitive to sulfadoxine-
pyrimethamine [35]. A study conducted in
Afghanistan in 1999 showed 67% P. falci-
parum infection resistant to CQ in the east-
ern part of the country, with 11% having
RII–RIII resistance [19]. All cases were
successfully treated with sulfadoxine-
pyrimethamine.

Djibouti
Since 1978 malaria has become endemic in
Djibouti. The epidemiological situation is
characterized by malaria outbreaks that
have a particularly serious impact on the
most vulnerable groups. The absence of
epidemiological surveillance and coordina-
tion of public services renders the control
of the epidemic difficult and encourages
the development of resistance to 4-amino-
quinolines in P. falciparum (the prevailing
parasite species). There are no recent data
on the therapeutic efficacy of drugs against
malaria parasites in Djibouti. Although cas-
es of treatment failure following CQ have
been noted, the presence and extent of re-
sistance needs to be confirmed. The last in
vitro tests were done in 1990 by a team
from the US Naval Medical Research Unit
in Cairo (NAMRU-3) in collaboration with
health service staff in Djibouti in order to
test the sensitivity of P. falciparum to CQ.
The standard in vitro micro-test was used.
In total, 21 P. falciparum isolates were
tested, 10 were classified as sensitive, 9
were classified as borderline and two iso-
lates were classified as resistant. There is
definitely a need for an updated assessment
of the status of resistance using standard
methodology [37].

Islamic Republic of Iran
Malaria-endemic areas of the Islamic Re-
public of Iran are located in the south-east-
ern part of the country, between the coast
and Pakistan to the east. These areas in-
clude the provinces of Sistan-Baluchestan,
Hormozgan and Kerman (mainly the Kah-
noudj district). The predominant species is
P. vivax, accounting for about 90% of in-
fections, the rest being due to P. falci-
parum. The recommended first-line
antimalarial treatment is CQ, with sulfadox-
ine-pyrimethamine recommended as the
second-line treatment for uncomplicated
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cases. It is believed that drug resistant
strains of malaria parasites might have been
introduced by the influx of refugees from
Afghanistan in recent years [34].

Resistance of P. falciparum to CQ was
first observed in Iranshahr in Sistan-
Baluchestan province in 1983 [38] and later
in Bandar-e Abbas, Hormozgan province,
both situated in the south-east [39].

The response to antimalarial drugs has
been evaluated for a large number of cases
referred to the malaria laboratories at
Bandar-e Abbas and Iranshahr health re-
search and training centres during the peri-
od 1990–1996 [36]. Enrolled cases were
referred from malaria out-patient clinics in
Bandar-e Abbas. These studies used the
standard WHO extended in vivo test [40]
and Mark II in vitro test [41]. In the first
phase of the study (1990–93), 593 falci-
parum cases (73.4%) were resistant at RI
(45.5%), RII (16.7%) and RIII (11.2%)
levels. Of 88 CQ-resistant patients treated
with sulfadoxine-pyrimethamine, 12 cases
(13.6%) were also resistant to sulfadoxine-
pyrimethamine at RI (6.8%) and RII
(6.8%) levels. In the in vitro test, 1011
blood samples were collected from falci-
parum malaria patients and examined
against CQ, amodiaquine, sulfadoxine-
pyrimethamine, mefloquine and quinine.
Among 508 cases in which the growth of
the parasite was successful, the resistance
rates to the drugs were 33.4%, 15.2%,
17.9%, 2.2% and 0.0%, respectively. In
the second phase of the study (1994–96),
297 cases (60.2%) were resistant to CQ at
RI (46.9%), RII (10.5%) and RIII (2.8%)
levels. Parasites were totally sensitive in
vitro to mefloquine in 33 samples taken
from patients from the Iranshahr area dur-
ing 1990–1993. In most cases, no growth
was observed in any mefloquine treated
well. However, sporadic cases of innate re-

sistance to mefloquine in vitro had previ-
ously been reported in Iran [42,43].

Response to antimalarial drugs contin-
ued to be similarly monitored in south-east-
ern areas at two sentinel sites, with results
for 2001 indicating resistance to CQ at RI
of 65.2%, RII 6.5% and no cases at RIII
[37]. Although all the samples tested for
sulfadoxine-pyrimethamine at these sites in
2001 were fully sensitive to the drug, pre-
liminary molecular studies done in this area
of the country have revealed a high preva-
lence of a DHFR mutation associated with
sulfadoxine-pyrimethamine resistance
[44,45]. This highlights the need for close
monitoring for the emergence of resistance
to this antimalarial.

Pakistan
Malaria in Pakistan belongs to the oriental
eco-epidemiological type. About 40% of
cases are due to P. falciparum, which is
significantly more common in Sindh prov-
ince (64%). Pakistan was the first country
in this region to establish a system for mon-
itoring the efficacy of antimalarial drugs in
1997 (S.M. Mujtaba, I.H. Shah, M.A.
Shah, unpublished report, 1981), prompted
by concern over the emergence of resistant
parasite strains in India. The programme
concentrated on field studies to assess the
response of P. falciparum to CQ, mainly
by using the classical WHO extended test
[2]. The first cases of CQ resistant falci-
parum malaria in Pakistan were reported in
1984 [46,47]. Data from these studies
were reviewed by Shah et al. [18]. Most of
the tests were done in Punjab province, in-
volving small numbers of cases in each
survey. Variable rates of RI and RII resis-
tance were detected but no cases of RIII
were reported. The past decade has wit-
nessed a resurgence of falciparum malaria
and the spread of resistant strains has been

01 Antimalarial drug resistance in the Eastern.pmd 2/21/2005, 1:26 AM497



498 La Revue de Santé de la Méditerranée orientale, Vol. 9, No 4, 2003

2003 ,4 ef®ªA ,©mBNªA fºV¿ªA ,“ŒùB®ªA “ZvªA “¿•ƒø ,°mÃNùA ∂jrª “ŒZvªA “ºVùA 20

reported. However, recent information re-
garding drug resistant malaria in Pakistan
remains incomplete. In 1998 the Eastern
Mediterranean Regional Office of WHO
undertook the re-establishment of sentinel
sites in Pakistan for monitoring the thera-
peutic efficacy of antimalarial drugs using
standard WHO protocols (A.A. Adeel, un-
published report, 1998).

Saudi Arabia
In Saudi Arabia the prevalence of malaria
has been on the decrease over the past few
years. Currently, there are two main malar-
ia endemic areas in the country, in the south
(Asir) and the south-west (Jizan). There
are a number of case reports of CQ resis-
tance [48–54] but the main evidence comes
from the annual random screening con-
ducted by the Ministry of Health. Results of
this screening indicate that the endemic P.
falciparum strains that are resistant to CQ
by in vitro test steadily increased in the Ji-
zan region between 1986 and 1998 [37].
The therapeutic efficacy of CQ against P.
falciparum has recently been assessed by
Ghalib et al., who reported a treatment fail-
ure rate of 12%, which is probably an un-
derestimate [55]. It should be noted that
the protocol they used did not conform to
standard WHO methodology. Patients with
any degree of parasitaemia on day 3 were
considered as treatment failure and given
alternative treatment.

Even in the other Gulf States like Ku-
wait and the United Arab Emirates, where
there is no active malaria transmission, ma-
laria is still a matter of concern since a sig-
nificant proportion of imported cases seen
in clinical practice are drug resistant infec-
tions [56,57].

Somalia
In Somalia there are different epidemiologi-
cal strata of malaria transmission, resulting

in varying grades of population immunity
and consequent variable response to anti-
malarials. There are areas of intense trans-
mission along the two rivers (Shebele and
Jubba) and in the south and central regions
and there are also hypoendemic areas of
unstable transmission in the north-west and
north-east. The predominant species of
malaria is P. falciparum. There is no offi-
cial national malaria treatment policy in
Somalia. Both CQ and sulfadoxine-py-
rimethamine are widely used for first-line
treatment. Self-medication and irrational
use of antimalarials are common [17].

The first published indications of the
emergence of drug-resistant malaria in So-
malia were from Ethiopia, where the first
cases of CQ-resistant falciparum malaria
were found to be confined to areas of the
borders with Somalia, Sudan and Kenya
[58]. Cases on the Ethiopia–Somalia bor-
ders were classified at RII/RIII based on
the WHO 28-day test (the extended test).
The Ethiopia–Somalia border areas are po-
rous boundaries, frequently crossed by ref-
ugees, traders and immigrants and
predominantly inhabited by nomads who
move freely in search of grazing pastures.
At about the same time, in a field study car-
ried out in Malable, 132 km south of Moga-
dishu, the WHO 7-day in vivo test resulted
in parasite clearance in all patients within 7
days (S/RI) while the in vitro test showed a
low level of resistance in 3 out of 29 sam-
ples tested [59].

Subsequent studies indicated a rapid
spread and intensification of CQ resistance
in Somalia. Over the 4 years that the Mal-
able area was monitored the prevalence of
cases classified as RII/RIII rose from 17%
in 1987 to 19% in 1988 and 30% in 1989
[60]. In the same study, the in vitro test
demonstrated the steady rise of CQ resis-
tance as the proportion of resistant isolates
rose from 3/29 in 1986 to 12/19 in 1989.
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There was also a rise in the mean effective
dose of CQ, EC50 (50% effective concen-
tration) and EC99, rising from 0.34 × 10–6

mol/L and 1.99 × 10–6 mol/L respectively in
1986 to 0.78 × 10–6 mol/L and 7.5 × 10–6

mol/L respectively in 1989. The emergence
and spread of CQ resistance was closely
associated with the malaria epidemic that
occurred in Balcad in 1988 [16,17]. In a
hospital sample investigated during this ep-
idemic the in vivo response of P. falci-
parum to the standard therapeutic regimen
of CQ showed a high degree of resistance,
with 31 of 36 patients showing resistance,
including 5 RI responses and 26 RII/RIII
responses. Micro in vitro tests for CQ-
susceptibility showed resistance in 33 out
of 37 isolates with a mean EC50 and EC99
of 1.50 × 10–6 mol/L and 10.97 × 10–6 mol/
L respectively, indicative of a high degree
of CQ resistance. After the onset of civil
strife in 1991, the situation deteriorated fur-
ther due to deterioration of the health infra-
structure and mass population movements.

Starting from 1997, studies done in So-
malia to assess the response of falciparum
malaria to antimalarials adopted the newer
approach, aiming at assessment of clinical
as well as parasitological response to che-
motherapy [61]. With this approach, War-
same et al. investigated the response of
falciparum malaria to treatment at 2 sites,
at Merca, an area of intense transmission,
and at Gabiley, an area of low transmis-
sion [62]. Treatment with CQ resulted in
clinical failure in 33% (n = 60) and 51% (n
= 49) of the patients in Merca and Gabiley
respectively. There were corresponding
parasitological failures of 77% RII/RIII
and 35% RII/RIII. With the sulfadoxine-
pyrimethamine treatment, 98% (n = 50) of
the patients achieved an adequate clinical
response despite a parasitological failure
rate of 76% RII/RIII. It was concluded
that CQ should no longer be considered ad-

equate for treating clinical falciparum ma-
laria in vulnerable groups in the areas stud-
ied. Doubts about the therapeutic life of
sulfadoxine-pyrimethamine in relation to
malaria were raised by the high levels of
resistance in the Merca area, underlining
the need to identify suitable alternatives.

Although previous studies had indicated
the efficacy of mefloquine against P falci-
parum malaria in Somalia [63], 5 cases of
mefloquine prophylaxis failure were report-
ed among 41 cases of military personnel of
the United States of America stationed in
Somalia 1992–93. All 5 cases had both se-
rum levels ≥ 650 ng/mL and metabo-
lite:mefloquine ratios > 2, indicating
chemoprophylactic failure. It has also been
reported that primaquine therapy was inef-
fective in preventing relapses in cases of
vivax malaria acquired in Somalia, suggest-
ing the presence of primaquine-resistant P.
vivax strains [64].

Currently, work is under way to estab-
lish a number of sentinel sites to cover dif-
ferent epidemiological zones in the country
using standard WHO protocols [11]. Two
sites, Jamaame, in the south of the country,
and Jawhar, 90 km north of Mogadishu,
are now operational, and preliminary re-
sults indicate high levels of early treatment
failure of CQ and parasitological failure of
sulfadoxine-pyrimethamine [65].

Sudan
There are different epidemiological strata
of malaria in Sudan, leading to different lev-
els of community immunity to malaria, and
this affects therapeutic response to treat-
ment. In southern Sudan malaria is holo-
endemic in the equatorial and rich savannah
belt and hyperendemic in the savannah
zone. In central Sudan it is mesoendemic in
the poor savannah and semi-desert zones.
In northern Sudan malaria is hypoendemic
along the Nile and along the Red Sea hills.
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Transmission ranges from perennial in the
south to seasonal in the other parts of the
country.

Up to 1970, CQ-resistant P. falciparum
had not been confirmed in Africa [66]. The
drug was cheap, effective and tolerable. It
is widely believed that the first confirmed
cases of CQ-resistant falciparum malaria
were those of the American tourists return-
ing from Kenya in 1979. On reporting the
cases, Kean made a very dramatic state-
ment, “All malariologists have dreaded the
day when chloroquine-resistant malaria
from Africa would be described. Alas, evi-
dence presented in two case reports would
indicate that the day is here” [67].

By that time, CQ-resistant falciparum
malaria had already been suspected and
confirmed in a small number of indigenous
cases in the Sudan. This had been done in
an in vivo study carried out in 1978, using
the WHO standard in vivo test for 28 days
in Gezira and for 7 days in Bor [68]. Three
cases of resistance were identified in
Gezira but no cases were detected in Bor.
Because the follow-up was done for only 7
days in the Bor area, it was possible that
cases with RI resistance could have been
missed. In the same year a team from
WHO conducted in vitro and in vivo stud-
ies in Sennar and reported that P. falci-
parum had lower sensitivity to CQ by the in
vitro test than other African strains, and
that parasite clearance time was slower by
the in vivo test than in other African cases
of malaria tested [69].

A definite confirmation of the extent of
CQ resistance in Sudan was first demon-
strated by an in vivo study in the Khartoum
area. The study was done in April 1982 in 8
villages about 25 km north of Khartoum.
The test was carried out in 26 patients aged
4–20 years who were observed for 28
days. Ten were sensitive, 9 had RI and 7
had RII responses. It was also noted that

parasite clearance was slower and more in-
complete than in the previous 2 studies
conducted in Sudan [70,71].

In the 1980s eastern Sudan faced a
number of disasters, including drought,
famine, floods, war and influx of refugees
from Ethiopia. Under these conditions ma-
laria outbreaks were frequent, with reports
of substantial numbers of cases not re-
sponding to CQ.

A study combining in vivo and in vitro
assessment done in 1986 in eastern Sudan
indicated 43% of P. falciparum infections
investigated were resistant at RI, RII or
RIII levels [30]. Subsequently, clinical and
laboratory reports indicated that resistant P.
falciparum was widespread in Sudan
[31,32,72–80] (E. Stivanello, unpublished
report, 2003).

It is difficult to compare the earlier data
because different methods were used, but a
good number of these studies did conform
to the standard in vivo and in vitro tests
developed by WHO. Application of these
tests to cover the whole country on a peri-
odic basis met with several difficulties due
to the complicated nature of the tests and
the difficult field conditions. In 1997 a plan
was launched by the Federal Ministry of
Health and WHO to establish sentinel sites
to cover the different epidemiological strata
in the country.

As a result of this effort, work was ini-
tiated in a number of sentinel sites. This
was intended to be a continuous process
whereby the country would be covered in
time and space by a system of monitoring
that would be the source of a continuous
flow of information on the therapeutic effi-
cacy status of antimalarials. Work in most
of these sites was discontinued, however,
after one round of the test owing to prob-
lems faced in these sites such as lack of
training, lack of close supportive supervi-
sion, unstable staff and poor incentives for
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the workers. In spite of these problems, the
programme did provide valuable informa-
tion from its inception. The programme has
been recently reactivated and another train-
ing workshop for field workers was held in
2002. Data from these sites and from other
independent studies indicate a high level of
resistance to CQ and a high likelihood of
the development of resistance to sulfa-
doxine-pyrimethamine.

In all, 26 studies were done based on
WHO protocols [37,73–75] (I.A. Ahmed et
al., unpublished report) (E. Stivanello, un-
published report, 2003). These studies
covered 17 different sentinel sites in 11
states. Chloroquine was assessed in 25
tests, of which 22 indicated a prevalence
rate of drug resistance at or greater than
25%. Sulfadoxine-pyrimethamine was test-
ed in southern Sudan and treatment failure
rates were reported to be 69.9% (E. Sti-
vanello, unpublished report, 2003), where-
as a study in Khartoum in northern Sudan
reported 11.69% of tested cases classified
as RI or RII [75].

Besides the evidence from field studies,
there are a number of clinical case reports
on Sudanese patients diagnosed with CQ-
resistant malaria after they travelled abroad
to areas with no natural malaria transmis-
sion [56,57].

A number of molecular studies on
Sudanese isolates of P. falciparum have led
to a better understanding of the molecular
basis of drug resistance [81–84].

Republic of Yemen
There are 4  major epidemiological strata of
malaria in the Republic of Yemen. These are
coastal plain, foothills, mountains and the
island of Sokotra. Malaria-free zones in-
clude the mountain plateau and arid slopes
from the highlands to the desert. The popu-
lation at risk of malaria constitutes 60% of
the total population, with an estimated 3

million cases a year and a mortality rate es-
timated to be 1% of cases. The predomi-
nant species is P. falciparum.

Most of the studies on antimalarial drug
efficacy carried out in the past 2 decades
were done in the southern parts of the
country (D.K. Berga, unpublished report,
1999). These were mainly in vivo studies
based on the standard WHO 7-day test. A
study conducted in Al Makatra (Ta’izz gov-
ernorate) in 1987 demonstrated the pres-
ence of CQ-resistant parasites. In this
study, 3 of 50 patients included in the study
failed to clear asexual parasitaemia during
the 28-day follow-up period. Only low (RI)
level resistance was demonstrated in all
these patients. Eight isolates were found
resistant to CQ out of 72 isolates tested in
vitro in Hodeida and Ta’izz in 1989. Since
then, the status of CQ sensitivity was de-
termined only sporadically until 1993. Dur-
ing the period 1993–1998 no survey was
carried out on drug resistance by the malar-
ia control programme in the country. Most
of the studies were carried out in the late
1980s and early 1990s by WHO consult-
ants for malaria control. From the national
side, mainly laboratory technicians were in-
volved in the studies. More recently, an in
vivo drug resistance study was conducted
in Ibn Khaldun Hospital (Lahij governorate)
in May 1998. Of the 100 patients included
in this study, resistance was detected in 9
patients, 2 moderate (RII) and 7 low grade
(RI) resistance levels. Patients were admit-
ted to the hospital for 1 week and followed
up weekly for 28 days after discharge.

A national project for establishing senti-
nel sites for monitoring the therapeutic effi-
cacy of antimalarial drugs to P. falciparum
based on the standard WHO protocol has
now been established (A.A. Adeel, unpub-
lished report, 2002). Three sentinel sites
are now operational, in Bajil (Hodeida gov-
ernorate), Musemir (Lahij governorate) and
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Udayn (Ibb governorate). The first round
of tests assessed the response of falci-
parum malaria to CQ. Preliminary results
from the 3 sites indicate high levels of treat-
ment failure with CQ (M. Khalifa, personal
communication).

Problems and constraints
In all the countries reviewed, CQ remains
the first-line treatment for uncomplicated
malaria. In spite of the emergence and
spread of CQ resistance to significantly
high levels in some areas, it has been diffi-
cult to abandon this drug and move to an
alternative second-line drug. A delay in
changing the first-line drug would result in
excess, avoidable morbidity and mortality
[10]. When we postulate changing treat-
ment practices to accommodate changes in
drug susceptibility, we find problems at 3
different levels. First, there are problems in
gathering and presenting evidence on drug
resistance. The second level is that of artic-
ulating this evidence into new policies and
the third level is changing policies into
practice.

Conclusions and
recommendations

• Drug-resistant falciparum malaria poses
a problem in all countries of the WHO
Eastern Mediterranean Region, espe-
cially those in which the disease is en-
demic.

• The emergence of resistance to antima-
larial drugs is inevitable, but could be
slowed down. An important approach
to controlling the emergence and spread
of drug resistance is to limit drug pres-

sure. This could be achieved through an
effective antimalarial drug policy, im-
provement in prescription practices of
health workers and improving patient
compliance.

• A number of countries within the Re-
gion share the same problem because
the continuous population movements
between these countries make drug re-
sistance a common threat for their ma-
laria control programmes. It would be
more effective if such problems were
tackled by integrating efforts between
these countries rather than working in
isolation. The recent “Intercountry
workshop on monitoring therapeutic ef-
ficacy of antimalarial drugs”, held in
Sana’a, Republic of Yemen 21–25 April
2002 made a significant contribution to-
wards this end by having the plans of
action for the Region and for each
country on the table for discussion.
Inter-regional links should also be en-
couraged to promote coordination of
efforts with neighbouring countries that
belong to other WHO regions.

• To reduce the need for drugs, other
measures for control of malaria trans-
mission, such as insecticide-treated ma-
terials, should be supported. To limit the
spread of resistant malaria strains, it
would be highly desirable to use game-
tocytocidal drugs.

• The possibility of introducing drug
combinations should be investigated in
terms of financial feasibility and possi-
ble impact on malaria case management
and the malaria situation in general. This
could be facilitated by operational re-
search on the different aspects pertain-
ing to a change of the first-line drug for
malaria.
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Improving access to antimalarial medicines. Report of the RBM
Partnership Meeting

Following an evaluation of the Roll Back Malaria (RBM) partnership in
2002, it was suggested that more be done to develop a coherent
and coordinated response of partners to the needs of countries in
developing and implementing treatment policies. In response, a
meeting of the RBM partnership was convened from 30 September
to 2 October 2002.

The meeting’s overall objective was to define how access to anti-
malarial drug treatment could be improved in the context of new
and challenging treatment policies. It also aimed to create consen-
sus on actions to support implementation of more effective treat-
ment options, guided by country experience and realities.

The specific objectives were: to identify, through country experi-
ences, issues involved in making rational selections of antimalarial
treatment policies and their implementation; to identify the role that
RBM partners can play in supporting the implementation of policies;
to define a coordinated partnership strategy for country support; to
review policies for financing antimalarial treatments in endemic
countries, with a view to ensuring universal access to treatment.

The report of the meeting can be accessed free online at: http://
whqlibdoc.who.int/hq/2003/WHO_CDS_RBM_2003.44.pdf
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