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Introduction

Early, prompt and accurate diagnosis and treatment is crucial to the management of morbidity and
mortality caused by malaria and is one of the main interventions used in the global control of malaria.
However, poor diagnosis continues to hinder measures for the control of malaria. Rising drug costs
resulting from the need to use newer medications or combination therapy, and recognition of the
inaccuracy of clinical diagnosis are increasing demand for the demonstration of parasitaemia prior to
therapy. The diagnosis of malaria was most recently addressed in a report entitled New perspectives:
malaria diagnosis 2000 [11], developed from the proceedings of a WHO/USAID informal consultation
held in late 1999. This report summarized the current state of malaria diagnostics, explored issues on
roles of rapid diagnostic tests (RDTs) (commonly referred to as QlipsticksQ in strategies for the
diagnosis and control of malaria, and defined certain research needs and standards for the wider
implementation of RDTs in the management of malaria. It was generally agreed that RDTs have a
place as an alternative to diagnosis based on clinical grounds or microscopy in some situations, in
particular, where good quality microscopy services cannot be readily provided. In the 3 years since this
report came out, there have been some changes that may alter the recommendations and conclusions
reached, but there has also been limited progress in addressing many of the recommendations made
for further applied and operational research.

Current approaches to the diagnosis of malaria
Clinical diagnosis

Clinical diagnosis is the most widely applied method for the diagnosis of malaria. Among the many
clinical signs and symptoms associated with malaria and used in diagnosis, the most prominent is
fever, which is often associated with chills, perspiration, anorexia, headaches, vomiting and malaise.
Additional signs indicating severe malaria include confusion or drowsiness. However, although clinical
diagnosis is sensitive, it is also poorly specific. Nevertheless, it is often the only feasible approach in
many circumstances, such as in rural areas and at peripheral health-care facilities and in areas of high
endemicity. The approach requires trained personnel but is inexpensive to perform, and requires no
specialized equipment. The major disadvantage relates to its low specificity. Over diagnosis and
subsequent over treatment of patients leads to increased drug pressure, which may facilitate the
development of drug resistance. This may increase costs, particularly with newer, more expensive
drugs, and expose patients to the unnecessary risk of adverse events.



Microscopy

In the laboratory, conventional light microscopy is the established Qyold standardOfor the confirmation
of malaria and has changed little over 100 years. Microscopy requires trained, skilled technicians, good
supervisory personnel and good equipment (microscopes, reagents) in order to achieve (old
standardOsensitivities and specificities. A skilled technician can detect parasites at densities as low as
5P10 parasites per | of blood [9]. However, the detection capabilities of a typical microscopist might
be more realistically placed at 100 parasites per | of blood [8].

Microscopy can be used to quantify and characterize species and circulating stage, providing indices to
guide therapy. This method is relatively inexpensive at US$ 0.12D0.40 per slide in countries where
malaria is endemic [11]. The necessary skills and equipment can be shared with other disease control
programmes, further minimizing costs. In addition, unlike other diagnostic modalities, microscopy
provides a permanent record of results. Unfortunately, microscopy can be time-consuming (requiring
at least 60 minutes from time of sample collection to diagnosis), and clinicians may make treatment
decisions without the benefit of the results. In general, use of microscopy is often very limited at
peripheral health facilities as a result of personnel and other resource constraints.

Quantitative buffy coat and fluorochromes

DNA-binding fluorochromes can be used to aid the detection and quantification by microscopy of
parasites in blood smears and in the layer of erythrocytes (Guffy coatQ in centrifuged blood samples.
However, such modifications increase the cost of microscopy and require special equipment, electricity,
and additional supplies.

Polymerase chain reaction

Analysis of blood samples by amplification of parasite-specific nucleic acids by nested and real-time
polymerase chain reaction (PCR) is reported to be highly sensitive and specific. The technique requires
highly trained personnel, and is both time- and resource-intensive. Special equipment, labile reagents
and specialized testing environments are also required, and these are not routinely available in the
field.

Rapid diagnostic tests

Rapid diagnostic tests (RDTs) use immunochromatographic methods to detect antigens derived from
malaria parasites in lysed blood. Tests that are currently available rely on detection of the following:

Histidine-rich protein Il (HRP-11) [1] (Howard et al., 1986), a water-soluble protein produced by
trophozoites and young (not mature) gametocytes of P. falciparum only;

Parasite lactate dehydrogenase (pLDH) (Makler & Hinrichs, 1993) produced by asexual and
sexual stages (gametocytes) of parasites of P. falciparum and non-falciparum species;

Aldolase, another enzyme in the glycolytic pathway that is present in all four species of malaria
parasite, is targeted in kits that also combine detection of HRP-1I antigen of P. falciparum
together with an unspecified Qpban-malarialOantigen of the other species.

RDTs have generally been reported to achieve sensitivities of > 90% in the detection of P. falciparum
at densities at or above 100 parasites/ pl of blood. Below this level, sensitivity decreases markedly.
Although less extensively studied, kits for the detection of pLDH achieve sensitivities for P. vivax
comparable to those for P. falciparum, as indicated by past investigations. The specificity of RDTs is
uniformly high (mostly > 90%) [11]. Previous issues related to cross reactivities and false-positive



results, particularly with the earlier tests for HRP-I1, have reportedly been corrected. Since RDTs
detect circulating antigens, they may detect infection with P. falciparum even when the parasites are
sequestered deep in the vascular compartment and thus undetectable by microscopic examination of a
peripheral blood smear.

Among the advantages of RDTs are their ease of use and interpretation. They do not require any
electricity or special equipment, but an appropriate clinic or lab environment may be helpful. It has
been stated that only minimal, brief training is necessary with good retention of skills and minimal
inter-user variability, but more recent studies cast some doubt on this blanket statement. Test kits can
be shipped and stored under ambient conditions, but these ambient conditions must be within a
defined range.

RDTs that detect only HRP-11 are of limited use in areas where species other than P. falciparum are co-
endemic and cause a significant proportion of disease. Kits that detect LDH from both P. falciparum
and non-falciparum species cannot differentiate between P. vivax, P. ovale and P. malariae, nor can
they distinguish pure infections with P. falciparum from mixed infections that include P. falciparum.
Neither type of RDT is able to differentiate between sexual and asexual stages. Persistent positive
results with tests for HRP-11, up to 7b14 days after chemotherapy and parasite clearance (Shiff et al.,
1993), place some limits on the usefulness of these tests in monitoring response to therapy and
indicating drug failure or drug resistance. RDTs are not quantitative, and thus are unable to provide
information of prognostic importance. This also limits their suitability for use in trials of therapeutic
efficacy. RDTs are generally more expensive per test than microscopy, ranging from US$ 0.60 to

US$ 2.50 or more, depending on the marketing area [11].

More recent use and evaluation of these tests in remote areas and/or under conditions of operational
use have reported sensitivities and specificities well below those originally reported [2,4,6]. These
results have prompted questions related to a range of issues, including casting doubt on the accuracy
of RDT-based diagnosis in remote areas, the stability and robustness of these tests in their current
formats under field conditions, and in particularly issues related to quality control during production.
The past few years have also witnessed a rapid expansion in the range of product maufacturers, and
the disappearance of some products upon which early evaluations of RDTs were based. There is clearly
also a need to clarify the position of RDTs in the management and control of malarial disease.

Summary of current diagnostic practices

Several factors determine the choice of diagnostic practices to be used in a given geographic area,
including level of endemicity, prevalence and type of drug resistance, geographic accessibility,
social/economic characteristics, health infrastructure, and the available diagnostic tools. The following
summarizes the state of current diagnostic practices, which has changed little from the time of the
1999 WHO/USAID informal consultation report on malaria diagnosis [11].

In areas of high transmission, malaria occurs frequently and predominantly in young children and
access to health care is often difficult. Clinical diagnosis is used widely; cases in which this initial
diagnosis should be confirmed with microscopy or RDTs, depending on the situation, include:

Cases of suspected severe malaria, to guide initial therapy;
Persistence of parasites needs to be proved to confirm treatment failure (microscopy);

Urban private-sector health providers;



Multidrug resistance where treatment based on clinical diagnosis alone ceases to be rational
policy.

In areas of low to moderate transmission, malaria occurs less frequently and in all age groups.
Multidrug resistance has developed in some of these areas. Laboratory confirmation of malaria is thus
the goal. Microscopy diagnosis is generally available at the central level, but is unreliable or absent in
remote areas.

Situations benefiting from use of RDTs are:

Highly mobile populations in remote areas (for example in northwest Thailand, Cambodia,
India, and Brazil);

In areas affected by multidrug resistance, for which the treatments are more expensive than
the test;

Prevention and management of severe malaria, i.e. early diagnosis and treatment.

Other special situations that could benefit from RDTs include complex emergencies, malaria epidemics,
malaria in travellers returning to countries where malaria is not endemic, stand-by emergency self-
diagnosis in travellers, and front-line at-risk active duty military (or organized workforces).

Issues and research directions

As noted above, RDTs have a number of potential applications in disease management and control for
malaria. The major application in terms of test volumes and impact on disease is that of improving
diagnostic accuracy in areas that are remote from facilities with microscopy and expertise. However,
wherever possible, microscopic equipment should be maintained and microscopists should be trained.
Nevertheless, a need for RDTs is apparent and these devices are already widely used for diagnosis of
malaria in many countries. Changes in treatment policies to use of more expensive multidrug regimens
will increase the importance of obtaining an accurate diagnosis based on demonstration of
parasitaemia prior to treatment and, along with a provision of funds to national malaria control
programmes from the Global Fund to Fight AIDS, Tuberculosis and Malaria will further increase the use
of RDTs. An informal assessment of the current status of RDTs in malaria control and progress since
the previous WHO informal consultation in 1999 [11] was held recently in Manila, Philippines [10];
steps were defined to address a number of unresolved issues and research objectives in regard to the
widespread use of RDTs by malaria control services.

Technical characteristics of rapid diagnostic tests and developmental
research needs

RDTs should provide diagnostic results that are at least as accurate as those derived from microscopy
performed under routine field conditions. To meet that ideal standard, RDTs must fulfil specific
technical characteristics as specified by the previous consultation in 1999 [11]. Sensitivity is the most
critical issue, since false-negative results can result in failure to treat a potentially fatal disease;
sensitivity should be close to 100% or at least 95% at 100 parasites per pl of blood for detection of P.
falciparum, and ideally also P. vivax. RDTs should be able to detect all four species of malaria parasite
that infect humans, or at least to differentiate P. falciparum from the other species. Specificity should
be > 90% for detection of malaria. Another preferred characteristic of malaria RDTs would be a shelf-
life of 18 months to 2 years at 400C. These are ideal specifications and it is likely that the specified
performance capabilities will not be met in the near future without additional developmental research.



Specific developmental research needs

Identification of new target antigens, taking advantage of the newly available genomic and
proteomic data. Presently marketed RDTs target one or a combination of P. falciparum-specific
pLDH, pan-specific pLDH, HRP-I1, or pan-specific aldolase. Development of tests that
distinguish between non-falciparum species is worthwhile and will have increasing application in
the future, if drug resistance of non-falciparum species becomes more widespread.

Improvement in current test performance characteristics through enhanced formats and
production of robust capture antibodies, in order to consistently obtain a minimum sensitivity
threshold of greater than 95% at 100 parasites per ul of blood in all four species. Sensitivity for
non-falciparum species in particular requires further improvement. Specificity, although less
important, should remain at a high level (> 90%) in order to direct therapy with accuracy. Early
field trials of RDT products demonstrated their potential for achieving high sensitivity and
specificity [5] but several recent trials have reported sensitivity and specificity below that
required for operational use [2].

Improvement of existing blood transfer devices. Transfer of the correct volume of blood to the
strip is a critical step that can lead to false results. Improving accuracy and ease of use of blood
transfer devices will lead to improved test performance.

Quality assurance and quality control needs

While a number of countries (Thailand, Cambodia, South Africa) are already basing their public-sector
diagnosis of malaria in remote areas on RDTs, variation in test results on large-scale implementation
has resulted in some uncertainty as to their suitability and reliability. In this regard, relatively few
countries have any mechanisms in place to monitor the quality of RDT performance. Additionally, the
range of available malaria RDTs has changed and expanded rapidly since 1999. Twenty-five or more
brand-name products are available commercially now, or will be available in the near future. The
majority of these target P. falciparum only. Six products available in or prior to 1998 are no longer on
the market. The development of a comprehensive quality assurance and control programme(s) is
essential to ensure that test quality is maintained, reducing the likelihood of misdiagnosis and
maintaining confidence of health-care service providers and consumers.

The following are required:

The most appropriate methods/systems for maintaining and monitoring quality of RDTs before
and during distribution and use should be determined, along with directions for future research
on RDT quality assurance systems.

Development of a bank of reagents and a network of quality control (QC) testing sites. Parasite-
based QC panels from geographically-diverse areas, to allow for possible regional variations in
antigenicity, should be developed and made available to manufacturers and other interested
parties. Sensitivity of some tests could vary in geographically distinct areas.

Large-scale multi-site phase I11/1V field trial(s) to determine the best/most appropriate RDT
products for field use, to determine the main issues surrounding deployment of RDTs that may
need to be addressed by further research, and to define minimum standards/guidelines
appropriate for other RDT field trials.

Specific operational research needs

The increased use of combination therapies increases the importance of demonstrating parasitaemia
prior to treatment. This enlarges the need for operational research to guide large-scale implementation
of RDT-based diagnosis. There is a need to:



Evaluate the ease of use and accuracy of existing blood transfer devices and dispensers of
buffer solution in the hands of the likely end-users.

Evaluate the impact of package insert formats. Improved insert formats, including diagrams
and text, adaptable to different cultural backgrounds, should be developed.

Evaluate the impact of the large-scale introduction of RDTs at a national level on diagnosis and
treatment of malaria, and in terms of impact on quality of clinical care, costbeffectiveness,
savings in drug costs, improved patient management and health provide treatment practices.

Assess, through qualitative and quantitative research measures, what factors affect the choice
of a diagnostic test, its implementation or expansion of usage at a national level.

Assess the impact of the introduction of a quality assurance scheme for RDTs on health-care
service delivery, including the quality of training materials.

Assess different distribution systems to remote areas in order to ensure a regular supply of
RDTs that are within their expiry date and in a fit condition for use, including temperature
monitoring and evaluation of the feasibility of developing low-cost temperature monitors for
packaging with RDTSs.

Investigate the practicability of using positive-control wells containing target antigens at a
provincial or district level for quality control.

Assess the costbeffectiveness and costbbenefit of RDTs and diagnostic alternatives with regard
to epidemiology, treatment costs, availability of alternatives, case load, the aims of the
intervention, and the cost of the RDT itself.

Assess the present use of RDTs in the private sector, the potential for expansion, and the likely
regulatory problems, to guide development of policy to encourage responsible use in this
sector.
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