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There are few drugs for malaria, and those which are available for use are subject to rapid development of
resistance. Curiously, little effort has been made to improve drug use in malaria-endemic countries and to-
assess the benefits of such improvements. Advances can be made in public understanding of the value of
ingesting a full regimen of antimalarials, in order to achieve complete cure, and in improving simple
technologies (blister packaging) to achieve the same result. Better efforts can be made to reduce the
availability of fake or substandard dnrgs in the marketplace.

In this article, we describe the outcome of a concerted effort to improve drug compliance and drug
quality in an area of multidrug resistance for malaria. These research efforts, guided by the Task Force for
Improved Use of Antimalarials, characterized the problems in drug compliance in South-East Asia, and
developed interventions to improve drug use in the various countries. Interventions involved drug packaging,
public information campaigns, and assessments of drug quality. Results show that blisterpackaging worked
best to improve drug compliance and that the increased cost of packaged medication did not limit its use.
DNrg quality was a major problem in unregulated countries and should be improved.

Introduction
The benefits of the few drugs available for the treat-
ment of malaria are often reduced owing to poor use.
Except for the artemisinin derivatives which have
recently been widely deployed in the South-East
Asia region (1), resistance has emerged to all
antimalarials (2-5). While chloroquine and quinine
have been effective for the longest periods, in many
malaria-endemic areas chloroquine can no longer be
used against Plasmodiunt falciparumn and quinine is
under threat (6).

The UNDP/World Bank/WHO Special
Programme for Research and Training in Tropical
Diseases (TDR) has for many years supported the
development of antimalarials and provided funds for
the discovery ofnew drugs with novel mechanisms of
action against malaria parasites, which is a costl' and
time-consuming undertaking. Intemational and gov-
emnment agencies and pharmaceutical companies
spend hundreds of millions of dollars for an averare
of 10-15 years to develop and test each new regimen.
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Because the market for antimalarials consists mostly
of poor people there is little chance of profit from
this vast investment and research effort. In addition,
there are technical difficulties to find safe, effective
and structurally novel compounds. Efforts to de-
velop "new" structural analogues have met with
problems, e.g. rapid development of cross-resistance
(quinine, mefloquine, halofantrine, enpiroline), and
TDR continues to screen a wide range of herbal,
anticancer and antibiotic compounds for antimalar-
ial activity - too often with little success. The past
20 years have shown that drug resistance develops
faster than our ability to develop new drugs. Owing
to problems of drug resistance and the limited ability
of those who need the new drugs to pay for them,
there has been reduced investment by the private
pharmaceutical sector to support research and
development of drugs for malaria and other tropical
diseases.

Development of drug resistance
Field reports suggest that drug resistance has two
phases: the emergence of resistant strains over a
period of several years, and the dissemination of
these strains which may occur over several months,
depending on whether vectors or humans are the
agents of spread. Often populations with a high inci-
dence of malaria, who are also highly mobile such as
miners, loggers, and other temporary workers, are
implicated in the rapid spread of resistant strains
across large geographical areas and country borders.
Selection under drug pressure is probably an impor-
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tant factor during the emergent phase of resistance,
its role during the dissemination phase being much
more complex. Suboptimal regimens could hasten
the emergence of resistance through selection when
relapses occur after treatment. Another mechanism
for resistance is through reinfections following
drug administration when the levels are no longer
parasitocidal. While both mechanisms (relapse or
reinfection) can occur. following full regimens, it is
highly probable that incomplete, sub-lethal regimens
will lead to more rapid development of resistance.

In general, antimalarial drugs can be used in
three situations: against severe malaria, or uncompli-
cated malaria, or for prophylaxis. Since clinically
severe malaria is of the greatest public health impor-
tance and its treatment is least likely to foster the
development of resistance, some regimens which can
be used in all three situations should be reserved for
severe malaria only. However, as drugs for uncom-
plicated malaria become expensive, or difficult to
take, or ineffective, the health authorities in South-
East Asia have recently considered permitting these
types of drugs (e.g. artemisinins) for treating uncom-
plicated malaria and even for prophylaxis.

Improving the use of antimalarlals. Based on these
considerations, a Phase-IV research arm- the Task
Force for Improved Use of Antimalarials - was
created within TDR in 1993. The Task Force concen-
trated on the South-East Asian region with the
objective of establishing, through research, the
measures that should be taken to protect the few
existing antimalarials in this region, which had the
highest level of multidrug resistance against malaria
in the world. Much of the previous research had been
descriptive, e.g. identifying problems in drug use,
costs of treatment-seeking, and some potential solu-
tions, and had rarely proceeded to find solutions to
the problem and test their applicability in practice (7,
8). Most of these studies had been conducted in the
public sector, and there was no experience of trying
to influence private practitioners to improve drug
use. There was also no information on whether, and
under what circumstances, interventions had led to
better health outcomes. Very little was available on
the cost-effectiveness of such interventions, the
development of standardized approaches for the
collection of costing data, and selection of measures
of effectiveness.

China had been producing and deploying
artesunate and artemether for some years. Viet
Nam, in 1991, had just emerged from facing the high-
est death rates for severe malaria on record and
unable to afford the high prices of imported
antimalarials - had marshalled its internal re-
sources towards the development and production of

artemisinin (and, later, artesunate) on a scale large
enough to be deployed against malaria throughout
the country; by 1993 the number of cases of severe
malaria had been reduced by 55% and malaria mor-
tality by 77%. The Vietnamese production and de-
ployment of artemisinins posed a substantial threat
to neighbouring countries, which shared rights of
passage across the borders.

Thailand, in particular, was cautiously con-
sidering the optimum deployment., strategies for
artesunate in the face of significant recrudescence
rates when used as monotherapy for 5-7 days.
Artesunate was the last ine in treatment for this
country, which had the fastest and best documented
history of rises in drug resistance despite strict con-
trols (Fig. 1). Chloroquine was introduced for radical
cure of malaria following the Second World War;
although its long biological half-life was thought
to be an advantage because a few doses ensured
therapeutic efficacy, chloroquine-resistant strains
appeared in 1957. In 1973, the malaria control pro-
gramme in Thailand switched from chloroquine to
sulfadoxine + pyrimethamine, but again high levels
of resistance were recorded within 10 years. The,
treatment efficacy of the triple combination
mefloquine + sulfadoxine + pyrimethamine (MAP),
introduced in 1985, lasted for 5 years; despite a
government monopoly and strict controls in the
use of mefloquine in 1990-91, the efficacy of
this single-dose drug, administered only to slide-
confirmed P. falciparum cases, diminished shortly
thereafter. In 1993, the first-line treatment for
falciparum malaria in some areas of Thailand was

Fig. 1. Trends in antimalarial drug resistance in Thai-
land, 1975-95. CO = chloroquine, SP = sulfadoxine +
pyrimethamine, Q = quinine, QT = quinine + tetracycline,
M15 = mefloquine for 15 days, M25 = mefloquine for 25
days, A + M = artesunate + mefloquine.
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quinine + tetracycline taken three to four times a
day over at least 7 days; quinme is particularly prob-
lematic as its adverse side-effects lead to poor com-
pliance with the courses required for effective
therapy. The general availability of the artemisins
in the marketplace in neighbouring Viet Nam raised
concerns that they would be brought illegally into
Thailand and that their unregulated use would ulti-
mately limit their efficacy and value for the treat-
ment of life-threatening malaria.

The TDR Task Force thus began to function
when there was a heightened regional interest in
rationalizing the use and application of drugs and a
common desire to improve the therapeutic benefits of
existing antimalarials. The Task Force was supported
by the malaria control authorities and experts from
six countries: Cambodia. China. Lao People's Demo-
cratic Republic, Myanmar, Thailand, and Viet Nam.

Rationale
Malaria experts within the Task Force were unani-
mous that increased benefits from currently avail-
able antimalarials could best be achieved by focusing
on improving drug quality, prescribing practices, and
patients' compliance with full multidose drug combi-
nations or monotherapy. This view was strongly ex-
pressed since serious attempts to modify behaviour
in relation to antimalarial drug use, or to work with
the private sector - drug vendors and pharmacists
- to optimize their role in the sale and appropriate
use of antimalarial drugs had not been attempted
before. Although the risk factors in the evolution of
drug resistance are not known, the Task Force con-
sidered that drug pressure, i.e. patients acquiring a
new infection while subtherapeutic concentrations of
an antimalarial drug are still in their blood after
treatment for a previous infection (9), was an impor-
tant element in precipitating increases in rates of
parasite resistance to drugs. It followed that the pre-
scription, sale, and use of partial regimens was a
critical, modifiable, element in the development of
drug resistance to which no significant research
efforts had ever been applied. Failure to improve
compliance with a full regimen reduces the thera-
peutic effectiveness of antimalarials.

The task of improving antimalarial compliance
was far more difficult than expected because most
clinical episodes of malaria are self-treated or
treated outside the public health care sector. It has
long been hoped that self-treatment outside the
public health sector would eventually be reduced
through improvements in case management within
the public sector- through accessibility, efficiency,
and low cost- eventually forcing the private sector

(small drug vendors and private practitioners) out of
the market. Public sector monopoly in the subsidized
distribution of new drugs (e.g. mefloquine) was ex-
pected to reinforce its edge over the private sale and
use of drugs, but events over the past decade had
proved otherwise.

First, private sales and marketing of drugs
directly to the consumer according to demand for
short treatment courses continue despite an efficient
public health care sector and tight controls over sales
and distribution. Second, the policies of neighbour-
ing countries are mutually inconsistent and create an
illegal market for drugs even where national sales
and distribution are tightly controlled. Therefore, in
countries where the public sector provided efficient
and accessible services, e.g. in Thailand, the private
purchase of drugs, poor prescribing practices in both
public and private sectors, and partial compliance
with therapeutic regimens continue. The large and
growing private sector - private physicians, phar-
macists, shopkeepers, herbalists - consulted by
patients in malaria-endemic areas often does not
prescribe a full regimen or even know the effective
regimen for malaria. Patients are therefore not prop-
erly advised, and if they obtain information, tend to
be forgetful, careless, or deny their need for treat-
ment after the symptoms subside.

The effectiveness of malaria treatment depends
on full adherence to the prescribed regimen; a less
than complete kill of parasites within a patient in a
malaria-endemic area allows a circulating pool of
gametocvtes to perpetuate the transmission cycle
and contributes to the development of resistance. In
1993, the last line of attack for life-threatening ma-
laria was being used for uncomplicated cases and the
public sectors in the countries could no longer be
complacent. They needed to generate serious re-
search to modifv patients' behaviour in antimalarial
drug use through technical innovations, information/
education/communication (IEC) interventions, or
drug pricing.

The Task Force therefore extensively adver-
tised for research proposals within the region, par-
ticularly studies that would examine how technical
innovation could aid compliance with a full regimen,
e.g. through new packaging or formulation of anti-
malarial drugs (blister packs would guard tablet
integrity, and provide a readily accessible reminder
of daily doses for one or a combination of drugs). A
second focus was changing the patients' purchasing
behaviour through IEC campaigns using printed or
video-fflm material. A third focus involved subsidiz-
ing the prices of expensive drugs used in combina-
tion therapy. The common objective to all these
interventions was to produce a change in behaviour
-m prescribing practices and patients' behaviour
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in purchasing and adhering to a full multidose
therapeutic regimen.

This Supplement of the Bulletin of the World
Health Organization describes the interventions and
results of research carried out during the Task
Force's operations. Because of their importance and
the paucity of experience in changing behaviour
related to drug use in malaria, the studies are being
published in a single volume.

Research activities and results
The focus of activities in each country was on a
better characterization of the problems envisaged in
malaria control. Of the six countries involved, China,
Myanmar, Cambodia and Thailand focused on drug
compliance, and the Lao People's Democratic
Republic and Viet Nam on their specific problems
(childhood malaria and drug quality).

* The situation in the Lao People's Democratic
Republic was marked by high levels of childhood
malaria, which made interventions to improve com-
pliance with drugs more complex since children
require precise doses, and compliance depends on
both the child's acceptance of the drug (its formula-
tion and taste) and parental guidance. The country
therefore needed to show that children were at high
risk of malaria prior to planning any intervention.
Malariometric surveys provided data on age-specific
malaria as a starting point from which to consider
rational drug policies. On average, 27.3% of the
population surveyed were slide-positive for malaria
at the time of the survey. Community-based data
showed that 25-29% of children below the age of 10
years were parasite-positive. Hospital data covering
a broader catchment of communities established that
up to nearly half of all malaria cases were children
(21.8% in Savannakhet Hospital and 40.5% in
Songkhon Hospital). In children under the age of 10
years, the most frequent signs associated with ma-
laria were pallor and jaundice. In young adolescents,
these signs again predominated but to a lesser
degree; in patients. over the age of 16 years, the most

frequent signs were chills, vomiting and arthralgia.
With such a high prevalence of parasitaemia, one
would expect immunity,to rise with age, leading to an
age-related decrease in the prevalence of symptoms
due to acquired immunity. The study could not
detect such a relationship. It was not clear whether
human acquisition of immunity was not observed
because malaria was very seasonal (unstable) and
the survey was carried out during a peak transmis-
sion season, or whether immunity had been acquired
but was counterbalanced by higher occupational
exposure risks among adults.

* Viet Nam was less concerned with drug compli-
ance than with drug distribution and quality. Malaria
transmission in this country has traditionally been
highest in the mountainous region bordering the
south of the Lao People's Democratic Republic and
Cambodia. In 1978, the natural forest covering this
area began to be logged and was replaced by exten-
sive rubber and mulberry plantations as part of a
new economic zone in the south of the country,
which involved the relocation of families from the
north. By 1990, approximately 12 years following
establishment of the first plantation settlements,
mortality from malaria among nonimmune settlers
working in these plantations was high, provoking
considerable concern within the health sector and
widespread efforts at malaria control. In the absence
of foreign exchange to cover the costs of quinine and
mefloquine, which at that time were the drugs of
choice in the region, a major programme was initi-
ated for the local production, manufacture and use
of artemisinin derivatives. Easy access to these de-
rivatives may have been an important reason for the
dramatic reduction in severe morbidity and mortal-
ity frpm malaria; one implication is that the early use
of effective antimalarials (in this case, artemisinin
derivatives) prevents severe malaria and associated
high mortality.

Although easy access to artemisinin derivatives
may have been responsible for reducing the number
of clinical cases and mortality (Table 1), the Viet-
namese authorities were concerned that the regula-
tory processes were not yet in place to ensure

Table 1: Number of malaria cases and deaths in Viet Nam, 1991-96

1991 1992 1993 1994 1995 1996

Deaths 4646 2658 1054 - 348 198
Severe malana 31741 26553 14308 X 4222 2146
Clinical cases 1091201 1294426 1080980 860999 660153 532860

Figures not available.
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production under Good Manufacturing Practices, to
control their quality in the market, and to give pre-
cise indications about their purchase and use. Poor
drug quality has an effect similar to incomplete regi-
mens for the development of resistance, and also
leads to loss of confidence and discarding of treat-
ment by patients. The research in Viet Nam there-
fore concentrated on drug quality and indications for
use, rather than compliance.

In a comprehensive survey of distribution,
stocks and indications under which drugs were sold
in the entire country, antimalarial drug availability
and use were characterized. The results demon-
strated the remarkable inroads made by the
artemisinins in treating symptomatic malaria and the
variations in practices and indications for sale. Sam-
ples of antimalarials were collected from shops and
pharmacies selling artemisinins in all three provinces
surveyed. These were assessed for content and date
of expiry by the Institute of Drug Quality Control in
Viet Nam; all but 3.2% of the drugs sampled met the
requirements for quality. The 10% sample of drugs
independently assessed by WHO revealed a differ-
ent picture: 70% of the drugs assessed failed to meet
the standard specifications required. In the very
early stages of drug resistance it is possible that good
pharmacodynamic effects and in vivo responses re-
sult from a wide variation of doses and active drug
content; when resistance increases, low drug doses or
adulterated drugs start to correlate with in vivo fail-
ures and quality control becomes a clinically impor-
tant issue. The WHO evaluation therefore assessed
the standards used for quality control, the equipment
used, the technical ability of staff at the various labo-
ratories, and the procedures in place to monitor and
regulate drug use in the country. The equipment
available for assessing drug content and quality was
extremely sophisticated; a fundamental absence of
necessary, less-sophisticated equipment was noted
as were the absence of procedures, controls and
accountability to the laboratory which normally
ensures independent evaluation of drug content and
quality. For example, it was common that the State
regulatory apparatus (quality control laboratories
and technicians) were physically located within the
state pharmaceutical enterprises being evaluated.
Although this arrangement was probably due to a
desire to save the fixed costs of laboratory space, the
price has been the absence of an independent regula-
tory evaluation. Steps are now being taken to im-
prove the minimum training of chemists and to
improve the regulatory quality control procedures.

* The study in China, which has been producingl
artemisinin derivatives for the treatment of P.
falciparum malaria but with substantial P. vivax

malaria, focused on compliance. In a bold and inno-
vative move, research to characterize current
compliance was conceived in terms of a double
intervention, which would package chloroquine +
primaquine for treatment of P. vivax, and artesunate
for treatment of P. falciparum malaria and compare
compliance using this new packaging with that ob-
tained using the standard distribution of tablets. The
results would indicate the extent of compliance in
normal circumstances, and whether such compliance
could be improved through use of blister packs and
giving simple instructions. Primaquine has little clini-
cal benefit but is an important gametocytocidal for
killing the parasite stage involved in malaria trans-
mission. The drug is normally formulated as a small
13-mg tablet with a red polymer coating for oral
intake over 14 days. Compliance with the drug has
been traditionally difficult because of its lack of a
clinical effect, and adverse side-effects in humans
wvith glucose-6-phosphate dehydrogenase (G6PD)
deficiency. Since the colour red and the number 8 are
considered lucky for the Chinese, the research team
used red tablets to be taken over 8 days; 97% efficacy
in compliance was achieved through the intervention
(Fig. 2). This high rate was questioned because of the
method of measuring compliance- reported intake
of tablets, and a tablet count. The intervention was
therefore repeated by marking the tablets with a
pharmacological marker to more accurately measure
compliance. As reported in this Supplement, evi-
dence for the utility of phenobarbital as a marker of
antimalarial compliance was not obtained, but the
compliance and tablet counts correlated well and the
results seem to fit a logical pattern. There was higher
compliance with the new packaging compared with
the standard method of drug distribution and, as
expected. the reported compliance was higher with a
short course of drugs that provided clinical benefit
(chloroquine) than wvith a longer course of drugs
that had less clinical benefit (primaquine). In addi-
tion, the use of blister packs helps to deal with
the problem of underdosing due to lost and spoiled
tablets.

The focus on drug compliance was in two stages
in Cambodia, Myanmar, and Thailand. First, base-
line information was collected to establish the extent
of use and misuse of antimalarials within the coun-
tries, and to characterize the underlying causes of
such misuse. These baseline studies were prepara-
tory to interventions to improve the compliance with
multidose antimalarials. It was expected that the
causes of poor compliance in each country might
van, from poor prescribing practices and sale of
single-dose or inappropriate drugs to poor packag-
ing, and inadequate information or verbal advice
given to the patient at the time of consultation.

WHO Bulletin OMS. Vol 76 (SuppL. 1) 1998 13
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Fig. 2. Effects of three intervention strategies: community IEC (information/educa-
tion/communication) campaigns, subsidized medication (mefloqulne), and blister
packaging.

IEC community
campaigns

Subsidized
medication
Blister .

packaging

o 25 50None/minor Moderate 5

* Surveys in Cambodia covered areas in the west of
the country towards the Thai border; within the
areas studied, hospitals constitute the only public
health care service. In the Sre Ambel district, where
the hospital services were poor, 96.8% of patients
went to the private sector (average cost of chemo-
therapy for a single malaria episode was US$ 20.60),
whereas in Chouk district, where a well-running
M6decin sans Frontieres hospital was operating, ap-
proximately half the patients went to the private
sector for treatment (average cost of treatment per
episode was US$ 2.24). As part of the study design,
observations were made of the medications pre-
scribed by drug vendors and private practitioners,
including traditional healers. A total of 42-46% of
all patients received quinine + tetracycline (the rec-
ommended regimen) for uncomplicated malaria; it
was not possible to ascertain whether the full dose
was purchased or ingested. For severe malaria, how-
ever, there was cause for concern because 32.1% and

Table 2: Average cost of treatment for each episode of
uncomplicated and severe malaria in the private sec-
tor in two districts In Cambodia.

Cost (US$) per treatment

Sre Ambel district Chouk district

Uncomplicated malaria:
Drug vendors 4.50 0.90
Private practitoners 6.60 14.90

Severe malana:
Drug vendors 16.20 5.30
Private practitioners 13.20 8.10

41% of patients, respectively, in Sre Ambel and
Chouk districts received quinine and tetracycline
for severe malaria, and use of injectable drugs -

hydrocortisone and serum infusions was 46% in
both districts. Thus, although there was a well-run-
ning and accessible hospital in Chouk district, use of
unnecessary and dangerous drugs was widespread,
and efforts are needed not only to encourage use of
appropriate drugs, but also to discourage use of inap-
propriate and dangerous drugs. The expenditures as-

sociated with these treatments are given in Table 2.
The recommended regimen for severe malaria is
parenteral/oral quinine for 7 days plus oral tetracy-
cline for 7 days, and the recommended regimen for
uncomplicated malaria is oral quinine + tetracycline
for 7 days at a cost of US$ 3.85 to WHO and the
National Malaria Control Programme of Cambodia.
The results show that, overall, private practitioners
charge more than drug vendors; some of the charges
reflect a profit over the cost of quinine + tetracy-
cline. Money spent on treatment of severe malaria
probably reflects the vulnerability of a patient or the
family at the acute stage of the disease, and the will-
ingness of the family to pay cash to avoid death.

A major contributing factor to the drug-
defaulting problem was the lack of complete and
comprehensible advice from either the drug vendor
or health practitioner about the importance of a full
treatment regimen of antimalarials for cure. In the
absence of public health care services at the primary
health care level, the malaria control programme
wished to assess whether it was possible to optimize
the role of drug vendors in health care, particularly
in miniing drug defaulting. The problem was one
of establishing whether printed educational material
provided at the source of drug purchases would be
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cost-effective in changing behaviour towards the
purchase and use of full-course therapy, compared to
the alternative of providing a comprehensive infor-
mation programme to the public in general. The edu-
cational programme was targeted at the public with
symptoms of either severe or uncomplicated malaria,
but the study only measured the changes in compli-
ance with regimens for treating uncomplicated ma-
laria. A study to assess the efficacy of each of the two
educational programmes (printed material versus a
general public educational programme) was de-
signed and tested by the malaria control programme
in a malaria-endemic area of Cambodia. The stand-
ard treatment for cure of uncomplicated malaria was
a 7-day course of oral quinine + tetracycline, a com-
plicated regimen in which quinine is taken three
times a day and tetracycline four times a day for the
7-day period. Quinine is, of course, noted for its
adverse side-effects (primarily tinnitus).

The study was the first investigation to assess
the efficacy of health education in changing drug-
defaulting behaviour in malaria. The results demon-
strated a benefit for a comprehensive public
information programme in leading to a significant,
albeit modest, improvement indrug purchasing and
full compliance with the full regimen. For patients
exposed to the comprehensive public information
campaign there was a 28% (14% for the printed
educational material group) improvement in the
number of patients who bought a full regimen, a20%
(6%) improvement in taking the full regimen, and
a 58% improvement in compliance for those who
bought the full regimen. The impact upon compli-
ance appeared to be dependent on the type of health
care worker consulted; this difference was not the
result of more private practitioners giving advice to
use full doses. It could be that patients were more
likely to take the advice of a private practitioner
(rather than a pharmacist or drug vendor) to take the
full regimen. Two errors- never purchasing the full
course of drugs and prematurely discontinuinz
the medication despite having purchased the full
course - contributed to the majority of defaulting
behaviour.

* The study in Thailand compared the compliances
with a 7-day quinine + tetracycline regimen and a
5-day artesunate regimen for the treatment of
uncomplicated falciparum malaria. Patients were
recruited at the malaria clinics that are responsible
for slide confirmation of malaria and distribution of
treatment. As mentioned above, Thailand had
resorted to the last line of drugs for the treatment of
uncomplicated malaria, and was cautious about the
deployment of the artemisiin derivatives in the
periphery when these were being used successfully

for the treatment of multidrug-resistant malaria. A
series of trials had been carried out or were in
progress to define empirically the efficacy with
artesunate regimens shorter than 5-7 days, which
was the minimum required to achieve total cure.
Compliance with either 7-day quinine + tetracycline
or 5-day artesunate was not known. For the purposes
of the study it was defined as ingestion of the full
regimen, as reported by the patient at follow-up, or
absence of residual pills in a count at follow-up.
Curative effectiveness was evaluated by the results
of a peripheral blood smear on day 5 for the
artesunate group or day 7 for the quinine + tetracy-
cline group. The results based on the number of
evaluable patients (i.e. without loss to follow-up)
showed 98% compliance with artesunate compared
with 71.7% for quinine + tetracycline. All subjects in
the artesunate group were slide-negative at day 5,
whereas 77% were slide-negative in the quinine +
tetracy-cline group.

The study marked the first attempt to quantify
and compare the compliance rates with two antima-
larial regimens in Thailand. No attempt was made to
change the delivery of either therapy to the patients
in each group. Although the issue is not discussed in
the paper. artesunate was blister-packed by the
manufacturer and additional packaging and labelling
in Thai was provided. Quinine + tetracycline is nor-
mally prescribed in an envelope with verbal instruc-
tions. Although ingestion of the first dose of either
regimen was observed in the malaria clinic, the
number of doses and adverse events of artesunate
were limited in number compared to the more com-
plex quinine + tetracycline regimen.

* Maninar also focused on drug compliance but
chose to measure simultaneously recrudescences re-
sulting from drug-defaulting, compared to regimens
in which mefloquine was added to the treatment with
artesunate. The country has a strong interest in en-
suring full compliance because it provides a trade
route between China and an extensive and profitable
market in the region. Pre-intervention drug utiliza-
tion studies established that 1 in every 10 malaria
patients was treated with the artemisinin derivatives,
particularly intramuscular artemether and oral
artesunate, which were available without restriction.
Knowledge about the importance of compliance in
treatment efficacy, and compliance with the full
artemisinin regimen was poor. No one used the
artemisinins in combination with mefloquine and
72% used courses too short for parasitological cure.
An important reason for using partial regimens was
stated to be the cost of mefloquine: a full course of
artesunate and mefloquine cost US$ 7.80 per patient,
compared with US$ 1.50 for artesunate alone.
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Two sequential interventions were imple-
mented. The first involved a subsidy for mefloquine
to reduce the cost of cure, mefloquine being made
available at specific outlets through a redeemable
voucher given with the prescription for the
artemisinins. Post-intervention evaluation indicated
that 1780 packets of artemisinin regimens were sold,
but only 3.6% of patients redeemed their voucher
for mefloquine and 62% of patients took
noncurative doses of the oral. artemisinins. While
46% of those who bought the artemisinins were
given a voucher for mefloquine to be redeemed at
the outlets mentioned, none took up this option.
Only in the case of the hospital pharmacies, where
both artesunate and mefloquine were available, did
100% of the hospital patients buy the full dosage of
artemisinins plus mefloquine. This constituted 3.6%
of the total sample of patients treated for malaria.
Contrary to the baseline information, patient inter-
views indicated that cost was not a factor against
mefloquine; however, the inconvenience of going to
a different outlet to redeem the mefloquine voucher
inhibited its uptake.

In consequence, a third intervention was de-
signed using blister packaging of combined
artesunate + mefloquine with daily doses, and
identical packaging for artesunate alone. Three
endpoints were measured: uptake of the new pack-
aging purchased at full cost, compared with historical
controls; compliance with the new packaging, com-
pared with historical controls; and concurrent com-
parison of recrudescence rates after 5 days of
artesunate alone (158 patients) and 5 days of
artesunate + mefloquine (222 patients). Compliance
with either therapy was measured using two pharma-
cological markers, one added to the dose to be taken
on the day 3 and one added to the dose to be taken
on day 5.

Uptake of the new packaging at full cost was
100%; compliance (with either artesunate alone or
artesunate + mefloquine) was 99%. There was a
statistically significant difference in failure rates be-
tween the two groups: 0.45% for combined therapy
and 4.4% for monotherapy.

These results provide convincing evidence that
blister packaging of daily doses is a very effective
way to improve compliance with short courses, espe-
cially for drug combinations, although the increase in
therapeutic efficacy of the artesunate + mefloquine
combination, although significant, was too small to
warrant changing the policy towards its introduction.
The two sequential trials have important implica-
tions for areas that are experiencing emerging levels
of multidrug-resistant P. falciparum malaria infec-
tions, e.g. in the Thai-Myanmar border areas and
nearby townships, which impose a major manage-

ment and control problem since artemisinin deriva-
tives are easily available.

Measuring endpoints
All the interventions reported in this Supplement
required a reliable measure of the change in behav-
iour. Since five of the interventions measured com-
pliance with a full regimen as one of the endpoints,
the Task Force invested in improving methodologies
for measuring compliance with short (5-7-day) drug
regimens. Poor compliance with therapy is often sus-
pected but difficult to prove. There have been three
methods used for measuring compliance: asking the
patient (reported compliance), taking a tablet count,
and using a pharmacological marker. Determination
of the drugs themselves in urine was not possible
because their short biological half-lives made the
levels very sensitive to the ingestion and timing of
the last one or two doses. Patient interviews and
counts of retumed tablets are useful if they indicate
reduced levels of compliance (if a patient says that
he or she has not ingested a tablet, it is probably true;
and tablets returned could not have been taken), but
these methods may overestimate compliance (10).

The ideal method of measuring compliance
should be able to give the pattem and absolute level
of compliance, be easily applicable to large numbers
of patients in unsophisticated settings, and be
unmanipulable by the patient. Currently, no method
fulfils all these criteria. The drug regimens used for
the treatment of uncomplicated malaria in South-
East Asia in 1993 varied from 7-day quinine + tetra-
cycline (49 tablets), to 5-day artesunate mono-
therapy (14 tablets) and artesunate + mefloquine
(15 tablets). The reasons for defaulting by patients
had to be that they were not given instructions,
did not understand the instructions, forgot to take
the treatment, decided to stop treatment, or that
the drugs disintegrated or were lost or produced
adverse side-effects.

The use of a long half-life marker as a pharma-
cological indicator of compliance, which had been
extensively tried in long-course therapy, offered
promise in the interventions funded by the Task
Force. The long half-life marker was not expected to
give a dose-to-dose pattern of compliance (as in the
quinine + tetracycline regimen which requires 7 tab-
lets to be taken daily). However, the issue facing
most malaria control managers in the region was not:
Did the patient complete the course of drugs- yes
or no? Rather the question was: What proportion of
patients reach 3, 5 and 7 days of compliance? And
related to this question: Are the numbers of default-
ers less when we influence their behaviour (e.g. the
tablets are presented in a blister packet, or IEC in-
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tervention, etc.)? All approaches to measuring com-
pliance were used in the interventions. There were,
however, two innovations.

The first was the use of a pharmacological
marker. This required the development of a model
for predicting the steady-state plasma concentration
of the marker chosen (low-dose phenobarbital) for
malaria patients, and then its application to a patient
population. The pharmacological marker was chosen
because it had demonstrated value in application
as a marker of compliance in long-course therapy
where significant departure from steady-state con-
centrations (achieved with full compliance) would
confirm missed doses. Volunteers with confirmed
P. falciparumn malaria were randomized into four
groups and given malaria therapy together with phe-
nobarbital daily for 5-7 days. Plasma samples for
determination of phenobarbital concentrations were
taken just prior to the daily dose of phenobarbital.
Although there was a clear and predictable indi-
vidual pattern of blood concentrations following
each dose of phenobarbital, inter-individual varia-
tion in blood concentration levels was significant and
reduced the predictive value of plasma concentra-
tions beyond the second day's dose. The cause of the
inter-individual variation in plasma concentrations
is not clear - it could be attributable to different
sources of the drug, a prior intake of phenobarbital
by the patient, or a variance in absorption and drug
disposition in malaria patients.

A second approach, serendipitously developed
by the Myanmar investigators since plasma samples
could not be exported for assays abroad, was the use
of different markers for different days in a regimen.
In the Myanmar study it was important to know what
proportion of patients reached 3. 5 and 7 days of
compliance. A different marker was used for the
doses to be given on these days and sequential doses
and determination of compliance could be based on
an "all or none" detection of the marker rather than
on drug levels.

Discussion and conclusions
In real life, people live or travel through malaria-
endemic areas, are continually exposed to infection
despite use of drugs, have financial constraints to
purchase a full treatment regimen, and- even when
they do - do not take the full course for various
reasons. The result of all this is higher morbidity and
mortality from inadequate drug use and the develop-
ment of parasite resistance through parasite expo-
sure to subtherapeutic drug levels.

Nobody involved with malaria in the South-East
Asian region has the illusion that a perfect tool will

be developed to cure the disease. It is taken for
granted that drug resistance is likely to emerge for all
existing and future antimalarials and that evidence-
based policies are the only way forward. None the
less, high quality studies of interventions to improve
drug use in uncomplicated malaria are rare.

The Task Force accepted these realities and al-
lowed each participating country to define and carry
out studies that reflected local or national epidemio-
logical patterns and addressed an issue of special
importance to the region. The research built upon
the knoNvn epidemiology of malaria and drug resist-
ance and evaluated. from the results, the policies and
practices that would ameliorate the specific problem
identified. In several countries, adult malaria was
predominant. There was a lack of experience in the
public and private sector in trving to improve drug
use among private practitioners and by the patient.
MIore needed to be known about whether, and under
what circumstances, interventions directed at practi-
tioners and at patients resulted in better patient out-
comes. A number of lessons were drawn from the
experience in the region.

The studies were initiated to diagnose rapidly
the current situation regarding drug use, and then to
follow on quickly wvith well-designed studies testing
the effectiveness of community-based changes in
drug policies. The studies described in this Supple-
ment show that there are simple measures which can
be introduced for the prescription, sale, and use of
antimalarials that can improve the outcome: drug
compliance and therapeutic efficacy.

In China. Myanmar, and Cambodia the trials
assessed present levels of drug compliance and tried
the most promising intervention to improve current
levels. Although the regimens in all three countries
deal with rather long durations of drug administra-
tion for malaria, the baseline levels of compliance
prior to intervention varied considerably: from 10%
in Cambodia to above 80% in China. The reasons for
poor compliance also varied from poor information
given by prescribers, lost and disintegrating tablets,
to inconvenience in obtaining combined antimalarial
therapies that had not been registered as a combined
regimen and were therefore not packaged as a com-
bination to simplify use by the customer. An in-
depth study of the reasons for noncompliance prior
to the intervention was not warranted, but was abso-
lutely crucial in a post-intervention evaluation.

The direct cost of medication was not a major
limiting factor. It is often assumed that the cost of
packaging either blister packaging of multidose
monotherapy or of combined therapy - will result
in a greater expense to the customer, and inhibit full
purchase and use of a multidose regimen. The study
from Myanmar demonstrated the contrary. Patients
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provided with a voucher for free mefloquine (an ex-
pensive, single-use drug for cure of malaria) did not
redeem the voucher because of the inconvenience of
doing so. In contrast, they paid the full cost and took
the full regimen of artesunate + mefloquine in a
follow-up trial, when this drug combination was
packaged together.. The full cost did not deter a
single patient from purchasing the combination
therapy.

The results from Myanmar and China also show
the important effect of blister packaging. Under dif-
ferent baseline compliance rates, this intervention
brought compliance rates to nearly 100%, even
though the duration of clinical symptoms (2-3 days)
in uncomplicated malaria is normally much shorter
than the duration of therapy (approximately one
week). Blister packaging efficacy can be contrasted
with the trial in Cambodia, which focused on the
drug use of the consumer in general rather than on
the individual patient and yielded statistically signifi-
cant, but modest, improvements in purchase and
compliance. The evidence would suggest -that al-
though knowledge and understanding may improve
drug use, a simple technology such. as the blister
packaging of drugs can be far more important.in its
impact as a physical reminder to comply. The next
areas of operational research should be the applica-
tion of blister packs and drug combinations in blister
packs in countries such as Cambodia and the devel-
opment of polymer-coated paediatric doses for tar-
get groups such as Laotian children.

In Thailand, which has significantly less malaria
per capita and a more comprehensive. malaria con-
trol programme than the other countries, the effort
was on developing a research tool that could be used
to study compliance rigorously. The research tool
examined - use of a pharmacological marker
could not distinguish small (2-3 days) differences in
duration of compliance. Through the pragmatism
born of necessity, Myanmar researchers developed a
methodology to establish whether mefloquine had
been ingested on the third day of the combination
therapy, and whether artesunate had been taken up
to the fifth day. The researchers marked the regimen
with two different markers for the third and fifth day
of the regimen to obtain their answer. On the basis of
the evidence on pharmacological markers, our rec-
ommendation is that the Myanmar methodology be
used in the future, and that studies measuring com-
pliance as an outcome should have a control group to
distinguish between blister packaging and other
study effects.

The work of the Task Force, in addition to
providing practical solutions to real problems,
generated new interest in applied research within
the South-East Asian region. From TDR's perspec-

tive, this included increased grant applications for
malaria-related research and research capability
strengthening from the involved countries. To fur-
ther meet this growing interest of young researchers,
and as a follow-up to the Task Force's activities,
TDR is now funding a small grants programme
(in collaboration with SEAMEO (South-East
Asian Ministers of Education Organization) and
TROPMED (Regional Tropical Medicine and Pub-
lic Health Network)) to support research directly
related to control questions in the region. Outside
the region, primarily in Africa, the approach and
research results by the Task Force are being repli-
cated on a much larger scale. This is being done
under the aegis of a new Task Force on Home Man-
agement of Malaria in Africa.

The Task Force approach was one of problem-
solving with research teams in the countries. The
approach continuously involved TDR staff, WHO
regional staff,WHO representatives in the countries,
and the Task Force members who were drawn from
the fields of research- and malaria control in each
country. Data-analysis meetings were held together
with the Task Force meetings to review data, de-
velop intervention proposals, review the interim
results of the interventions, and analyse and write up
the results with the teams. In this way, the Task
Force exercised responsibility for the research it
funded. By involving all the interested parties both
within WHO, TDR, and academic institutions in-
volved in research in malaria control, the process
and implementation of research was coordinated
and targeted. This was an important lesson learned
and becomes a challenge for the future.

Resum6
Interventions destinees a ameliorer
l'utilisatlon des antipaludiques en Asie du
Sud-Est: vue d'ensemble
11 n'existe qu'un petit nombre de m6dicaments
contre le paludisme, et ceux qui sont disponibles
font rapidement l'objet d'une resistance multiple de
la part des parasites. 11 est surprenant que l'on n'ait
pas davantage cherche a am6liorer l'utilisation des
m6dicaments dans les pays d'endemie palustre et
a evaluer .les b6n6fices des interventions. Des
progrbs pourraient etre faits au niveau de la prise de
conscience par le public de l'int6rdt de suivre un
traitement complet de fa9on a assurer la gu6rison
totale, et aussi dans la mise en ceuvre de technolo-
gies simples, comme le conditionnement sous
plaquettes thermoform6es, pour atteindre ces
r6sultats. 11 faudrait aussi redoubler d'efforts pour
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limiter la pr6sence sur le march6 de medicaments
falsifies ou de qualit6 insuffisante.

L'article decrit les resultats d'un effort concert
en vue d'am6liorer l'observance du traitement
m'dicamenteux et la qualit6 des medicaments
dans une zone de polypharmacor6sistance du
paludisme. Ces efforts de recherche, avec l'aide du
Groupe special sur l'am6lioration de I'utilisation des
antipaludiques, ont permis de caracteriser les
probl&mes d'observance en Asie du Sud-Est et
de mettre au point des interventions visant A
ameliorer l'utilisation des antipaludiques dans les
divers pays. Ces interventions portaient sur le
conditionnement des medicaments, les campagnes
d'information du public et 1'6valuation de la qualit6
des produits. Les r6sultats ont montr6 que le
conditionnement sous plaquettes thermoform6es
(ublister") 6tait l'intervention la plus efficace
pour ameliorer l'observance et que son cout
plus 6lev6 n'en limitait pas l'usage. La qualite
des m6dicaments etait un probleme majeur
dans les pays d6pourvus de reglementation
pharmaceutique et devrait etre amelioree.
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