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Rapid diagnostic tests for malaria
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Abstract Maintaining quality, competitiveness and innovation in global health technology is a constant challenge for manufacturers,
while affordability, access and equity are challenges for governments and international agencies. In this paper we discuss these issues with
reference to rapid diagnostic tests for malaria. Strategies to control and eliminate malaria depend on early and accurate diagnosis. Rapid
diagnostic tests for malaria require little training and equipment and can be performed by non-specialists in remote settings. Use of these
tests has expanded significantly over the last few years, following recommendations to test all suspected malaria cases before treatment
and the implementation of an evaluation programme to assess the performance of the malaria rapid diagnostic tests. Despite these gains,
challenges exist that, if not addressed, could jeopardize the progress made to date. We discuss recent developments in rapid diagnostic
tests for malaria, highlight some of the challenges and provide suggestions to address them.

Abstracts in S5 H13Z, Frangais, Pycckuii and Espafiol at the end of each article.

Introduction

In the 1950s, the World Health Organization (WHO) launched
a global malaria eradication programme based primarily on a
strategy of vector control with insecticides supplemented with
mass drug administration to people living in malaria-endemic
countries outside sub-Saharan Africa.' While nearly 40 countries
succeeded in eliminating malaria in the 1950s and 1960s, many did
not, and the programme eventually collapsed.>’ In recent years,
a renewed interest in, and commitment to, malaria elimination
has emerged." WHO developed the global technical strategy that
aims to eliminate malaria in at least 35 countries by 2030 in close
coordination with the Roll Back Malaria Partnership.’

In the absence of accurate diagnostic tests, presumptive treat-
ment or clinical diagnosis of malaria can result in the treatment
of patients who do not actually have malaria,*” contributing to
overtreatment, wasted resources® and antimalarial medicine re-
sistance.’ Since the early 1900s, microscopy has been the primary
method used to diagnose malaria.” In this paper, we examine
the introduction of a new method to diagnose malaria - a rapid
diagnostic test that uses monoclonal antibodies to detect malaria
antigens in a drop of the patient’s blood. We describe recent
developments that have spurred the growth in demand for rapid
diagnostic tests for malaria, identify challenges that could limit
further progress and make recommendations that could help
mitigate these challenges.

Rapid diagnostic tests

Quality assured microscopic examination of Giemsa-stained
blood smears detecting malaria parasites is the gold standard in
malaria diagnosis.” However, microscopy requires trained techni-
cians, a basic laboratory infrastructure and quality equipment and
reagents. Because of these requirements, field microscopy is often
performed inaccurately, especially in rural settings or in places
where little malaria is found.»'*"

In the 1990s, new methods to detect malaria were introduced,
including molecular methods that can detect infections at very
low parasite levels and antigen detection that can be used by re-
mote health workers in areas where microscopy is impractical.”

Unlike microscopy or molecular methods, rapid diagnostic tests
require little training and the result is available after 15 to 30
minutes. Furthermore, rapid diagnostic tests require no laboratory
infrastructure, allowing them to be deployed to the most remote
settings. Table 1 provides an overview of the available diagnostic
methods for malaria.

In subsequent years, the large potential market for malaria
diagnostics attracted many suppliers: by 2005 about 60 manu-
facturers were supplying rapid diagnostic tests.'” Results from
field trials suggested highly variable performance but there was
no system in place at a global level to independently assess and
compare the performance of the tests.”

In 2008, WHO, the US Centers for Disease Control and
Prevention and the Foundation for Innovative Diagnostics jointly
implemented an evaluation programme, which coupled pre-pur-
chase product evaluation (product testing) with a post-purchase lot
verification service, to assess, review and compare the performance
of malaria rapid diagnostic tests in a standardized manner. In this
product testing scheme, tests provided by ISO13485-certified manu-
facturers are rigorously evaluated against blood samples containing
Plasmodium falciparum or Plasmodium vivax and malaria-negative
samples. The rapid diagnostic tests also undergo limited heat stabil-
ity testing (incubated for 60 days at 35 °C and 45 °C). This challenge
covers the upper limit of storage conditions recommended by rapid
diagnostic test manufacturers (i.e. 35-40 °C); but is shorter than
the typical product shelf-life of 18-24 months."

The product evaluation programme demonstrated convinc-
ingly that some rapid diagnostic tests can consistently detect ma-
laria at the lower limits of clinically significant disease and with
very low false-positive rates.'” These findings were confirmed
in future rounds of testing and have contributed to the broader
acceptance of rapid diagnostic tests as a reliable diagnostic tool.
WHO has established recommended minimum rapid diagnos-
tic test performance criteria to inform procurement (Box 1).
Major procurers - including other United Nations agencies,
the Global Fund to fight AIDS, Tuberculosis and Malaria and
the President’s Malaria Initiative — have adopted these criteria.
The use of rapid diagnostic tests shifted to products that scored
highly in the evaluation programme, a trend that continues in
the public sector today.
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Table 1. Malaria diagnostic technologies

Method

Description Use

Characteristics

Antigen detection (rapid
diagnostic test)

training

Microscopy

technicians
Nucleic acid testing

Disposable tests that detect
antigens produced by malaria
parasite; requires minimal

Direct visualization of parasite
using microscope and stained
slides; requires trained

Detection of parasite
ribonucleic or deoxyribonucleic
acid; requires sophisticated
laboratory, instruments and
trained technicians

319 million rapid
diagnostic tests in
2013¢

Rapidly growing market; size and growth attractive
to suppliers; relatively low unit cost; research and
development incremental, e.g. improving existing

products to meet minimum standards

Approximately 197
million slides read and
reported in 20132

Mature, stable market; multiple suppliers of equipment,
regents and consumables; low unit cost (especially
at high volumes); research and development largely

focused on developing automated systems

Small niche market;
used for research,
surveillance and as
reference standard

Little standardization of methods, limited availability of
commercial test kits; relatively high unit cost per test;

research and development focuses on development of
point-of-care devices and test kits, rather than low cost

2 World Malaria Report 2014. Geneva: World Health Organization; 2014.

Box 1.World Health Organization procurement criteria for malaria rapid diagnostic tests

Products should be selected in line with the following set of criteria, based on the results of the
assessment of the World Health Organization malaria product testing programme:

For the detection of Plasmodium falciparum in all transmission settings the panel detection
score against P, falciparum samples should be at least 75% at 200 parasites/ul.

For the detection of Plasmodium vivax in all transmission settings the panel detection score
against P vivax samples should be at least 75% at 200 parasites/L.

There should be less than 10% false-positive test results and less than 5% invalid results.

Only products meeting performance criteria outlined above are recommended for procurement.

The results of the five evaluation
rounds published so far, including 147
unique products, show that tests for P. falci-
parum that target the histidine rich protein
IT antigen have the highest detection scores
at low parasite density. A smaller number
of tests detecting P. vivax, targeting plas-
modium lactate dehydrogenase or aldolase
antigens also perform well.” Most high-
performing rapid diagnostic tests are also
heat stable.”” These results are generally
consistent with recent studies evaluating
the performance of rapid diagnostic tests
in the field.'*"”

Demand for rapid tests

In 2010, WHO began to recommend con-
firmation of all suspected malaria cases by
microscopy or rapid diagnostic test before
treatment'® and subsequently WHO and
the Roll Back Malaria Partnership set
ambitious targets to achieve universal ac-
cess to testing for all patients suspected of
having malaria.”” As a result, there has been
a rapid increase in diagnostic testing for
malaria in recent years, primarily driven
by the uptake of rapid diagnostic tests in
the public sector. Global sales volumes
for rapid diagnostic tests rose from 48
million in 2008, to 319 million in 2013
and in many settings rapid diagnostic test
use surpassed microscopy for malaria di-
agnosis.””' Rapid diagnostic tests are also

used in private retail settings in countries
where this sector plays a significant role in
malaria case management.”**

Rapid diagnostic tests also play an
important role in detecting clinically
significant malaria in settings that have
reduced their malaria transmission to
very low levels.”” There is an emerging
need for tests that can detect malaria in
the asymptomatic population with even
lower levels of infection.”*” There are
uncertainties about the optimal limit of
detection and trade-offs between perfor-
mance, ease of use and the time taken to
obtain test results.”® The use of rapid tests
will depend on the malaria elimination
strategies that countries chose to adopt,
including whether and to what effect
mass screening and treatment strategies
are deployed.” Finally, given the decline
in malaria burden, most malaria tests will
be negative and the current generation
of rapid diagnostic tests presents health
workers with the challenge of diagnosing
and managing fevers that are not caused
by malaria. Experience is growing with
algorithmic approaches to managing these
cases.”” New diagnostic tools for other
febrile illnesses and for biomarkers that
can help identify severe disease may be
available in the future.”’ In summary, we
expect that demand for rapid diagnostic
tests will continue to expand. Despite
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these gains, UNITAID’s market landscape
reports* as well as recent procurement and
costing data analyses highlight potential
challenges that, if unaddressed, jeopardize
the progress made to date.

Future challenges

A limited number of manufacturers supply
the global public health market, despite a
large number of eligible manufacturers.
Because the process for achieving WHO
prequalification status has been slow in
recent years, most countries and interna-
tional funders continue to use procure-
ment criteria based on results from the
WHO testing programme. While 29 man-
ufacturers meet WHO’s recommended
procurement criteria, data from the Global
Fund and the President’s Malaria Initiative
indicate that three manufacturers won 92%
oftenders in 2013. Furthermore, since one
of the three highest-volume manufactur-
ers procures major components from
one of the other two manufacturers, 92%
of the public sector supply is essentially
dependent on only two manufacturers.*
Although the two manufacturers have
sufficient annual production capacity to
meet current global demand, quality or
capacity issues at one manufacturer could
cause global supply shortages.

From 2010 to 2014, ex-factory prices
for rapid malaria tests decreased by nearly
50%. Recent procurement data show that
prices in some tenders are as low as 0.18
United States dollars (US$) per test.””
While price reductions were expected
due to competition and economies of
scale, the recent prices may be too low.
The cost of production is estimated to be
US$ 0.16 to US$ 0.23, depending on the
level of automation, production volumes
and allocation of indirect costs. Low prices
for the public sector have caused some
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manufacturers to exit the market; for those
that remain, the low margins may discour-
age research and development. Low prices
could compromise quality and ultimately
performance, by leading manufacturers to
cut corners in their production.***

Most procurers award annual tenders
to a single manufacturer. This results in
shorter lead times and higher production
and transport costs for manufacturers.
Because manufacturers do not know if
they will win or lose a tender, they are un-
able to accurately plan production. Given
uncertain demand and low margins, most
manufacturers carry little stock of raw
materials and finished products. Once
a tender is won, manufacturers have to
rapidly procure materials at higher prices
due to spot contracts and higher transport
costs to ship the materials immediately.
Furthermore, manufacturers experience
busy months producing at capacity using
multiple shifts a day to fill a tender, which
in turn results in increased labour costs.

Despite WHO’s product testing pro-
gramme, gaps still exist in quality control
and quality assurance. With respect to
product testing, manufacturers can produce
(or procure) rapid diagnostic test batches
exclusively for submission to the product
testing programme. In addition, although
nearly all lots tested pass the minimum
performance thresholds in lot testing,
many of the rapid diagnostic tests are not
randomly sampled, since they are often sent
directly by the manufacturer to the testing
laboratory. In malaria endemic countries,
post marketing surveillance is nearly non-
existent; there are no practical tools that can
be used by central reference laboratories or
at point-of-care to check that rapid diag-
nostic tests are still performing acceptably
after they are delivered. Few countries have
a robust surveillance system to monitor
rapid diagnostic test use in facilities and
to document abnormalities and failures.™

A weak regulatory environment at
the country level may lead to substandard
rapid diagnostic tests being imported and
deter manufacturers from entering the
market.”® Lengthy registration processes,
which have to be completed separately in

each country, also act as barriers to market
entry. In some countries, different authori-
ties or professional associations regulate
the sale and use of in vitro diagnostics,
but roles may overlap and resources may
be insufficient to implement the regulatory
controls. If substandard rapid diagnostic
tests enter the market without regulatory
controls being enforced, manufacturers
will need to compete against these prod-
ucts. In Uganda, for example, almost 20%
of private pharmacies carried rapid diag-
nostic tests that had not been evaluated by
WHO’s testing programme.”” Many coun-
tries have yet to determine which outlet
types or providers can administer or sell
rapid diagnostic tests. These decisions will
affect access, especially to diagnosis by the
private sector, which treats an estimated
30-50% of people with fever in countries
where malaria is common.”

Recommendations

To address some of the challenges de-
scribed above, we propose the following
recommendations. First, donors, procure-
ment bodies and countries should increase
their focus on quality. Although price will
continue to be a driving force, it should not
be the key factor that determines public
tender selection. Since 2009, donors and
major procurers have aligned rapid diag-
nostic test selection criteria that emphasize
minimum performance requirements and
lot testing. Eventually, they could also pub-
licly agree to buy only WHO prequalified
rapid diagnostic tests so as to encourage
manufacturers to achieve this high stan-
dard. Recently, the major manufacturers
have prequalified five rapid diagnostic
tests for malaria.*
sampling agents to randomly select rapid
test products. Donors and procurers could
also prioritize the adoption and roll out of
quality control tools (e.g. positive controls
or recombinant antigen reference panels)
to support post market surveillance.
Second, the global malaria commu-
nity should work together to harmonize
rapid diagnostic tests with international
standards and evidence to promote best

Procurers could hire

Theodoor Visser et al.

practices in production, packaging and test
procedures. In 2013, the Roll Back Malaria
Partnership studied how rapid diagnostic
tests could be harmonized to promote
appropriate use and reduce operator er-
rors. Best practices for device labelling,
packaging, accessories and instructions for
use were developed. Future efforts could
include harmonization of test procedures,
reducing the need for re-training following
the introduction of new tests, but the tech-
nical and regulatory implications of such
changes require careful consideration.

Third, long-term agreements with
several manufacturers could contribute to
low prices without putting manufacturers
out of business. If manufacturers obtain
volume commitments for at least one or
two years, cost efficiencies can be achieved
through reduced prices of materials, lower
labour costs, improved production sched-
ules and better inventory management. In
pursuing these longer-term agreements,
volumes should be split appropriately
between eligible manufacturers.

Fourth, donors, countries and the
global malaria community could work to
strengthen national legal frameworks for
regulation of in vitro diagnostic tests.”
Wherever possible, adoption of harmo-
nized registration requirements, quality
standards and regional mechanisms (e.g.
regional networks of accredited labora-
tories to facilitate batch testing or other
quality control activities) could promote
best practices, avoid duplication of efforts
and minimize the burden on regulators
and manufacturers alike.”’ In the short
term, there is a need to provide manufac-
turers and importers with information on
how to register rapid diagnostic tests and
stipulate who may perform the test under
what conditions. Given the scale up of
rapid diagnostic tests for malaria and the
continuing need for innovation, the stakes
are particularly high. Our recommenda-
tions can help enhance quality, reduce
costs, encourage innovation and increase
the availability of rapid diagnostic tests. ll
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Résumé

Tests de diagnostic rapide du paludisme

Le maintien de la qualité, de la compétitivité et de l'innovation dans les
technologies de la santé au niveau mondial représente un défi constant
pour les fabricants, tandis que I'accessibilité économique, I'acces et Iéquité
constituent un défi pour les gouvernements et les organismes internationaux.
Nous abordons ces questions dans le présent rapport en ce qui concerne
les tests de diagnostic rapide du paludisme. Les stratégies visant a enrayer
et a éradiquer le paludisme reposent sur un diagnostic précoce et précis.
Les tests de diagnostic rapide du paludisme nécessitent peu de formation
et de matériel et peuvent étre réalisés par des non-spécialistes dans des
endroits isolés. L'utilisation de ces tests sest considérablement répandue

au cours des dernieres années suite aux recommandations préconisant
d'examiner tous les cas présumés de paludisme avant la mise en route d'un
traitement et de mettre en ceuvre un programme d'évaluation pour mesurer
les performances des tests de diagnostic rapide du paludisme. Il demeure,
malgré ces avancées, des défis, qui, sils ne sont pas surmontés, risquent de
compromettre les progrés accomplis jusqu'a présent. Le présent rapport
fait état des améliorations récemment apportées aux tests de diagnostic
rapide du paludisme, souligne un certain nombre de défis et propose des
solutions pour les surmonter.

Pesiome

,El,marl-locmqecme 3Kcnpecc-TeCTbl Ha Manapuro

MNopnepkaHvie KauecTsa, KOHKYPEHTHOW CIOCOOHOCTH 1 MHHOBALIMIA
B 00M1aCTV TEXHONONIA MUPOBOTO 3[1PAaBOOXPAHEHNSA Ha BbICOKOM
YypOBHe — 3TO 33faya, Haj peleHnem KOTopon MOCTOAHHO
paboTaloT M3roTOBWTENM, B TO BPEMA KaK 3afjauein NpaBuTenbCTs
M MeXIOYHapOAHbLIX OpraHm3auUnii CTaHOBMTCA obecrneueHne
[OCTYMHOCTH, LIEHOBOW MPUEMIEMOCTY ¥ PaBEHCTBA B BOMPOCax
nleyeHns. B 3TOM CTaTbe paccMaTpUBalOTCA NPOGeMbl, CBA3aHHbIE
C BbICTPBIMM CNOCOOAMM TECTUPOBAHWSA MPW MOCTaHOBKE [1MarHo3a
«Mansapuisy. Bblbop CTpaTternii KOHTPONA 1 UCKOPEHEHUA Mansapun
3aBUCKT OT BO3MOXHOCTIN PaHHEN 1 TOUHOWM NOCTAHOBKM [1MarHo3a.
[lnarHocTryecKkne aKCNpecc-TeCTbl Ha ManApuio He TpebyioT
JNUTENBHOIO 00YUEeHVA UK CnelmanbHOro 06opyaoBaHMA U MOTyT

BbINMONHATLCA [aXke HeCneumanucTaMmn B YCI0BUAX OTAANEHHbBIX
PanoHOB. 3a NocneaHne HECKOMBbKO NET Takue TeCTbl Mosyumin
WMPOKOE PaCcMpPOCTPaHEHE NOCSIE TOrO, Kak OblfIo peKOMEHA0BAHO
NPOBEPATL BCE CITyYau MOAO3PEHNIA Ha MaNAPMIO 10 Havuana neyeHns,
aTaKKe Nocse OCyLLEeCTBEHA NPOrpaMMbl OLIEHKM, HaNpPaBieHHO
Ha onpegaeneHvie 3GHeKTUBHOCTY SKCMPEeCC-TECTOB A ANArHOCTVIKMA
Manapun. HecmoTpa Ha ycnexw, CyuiecTsyeT paa npobnem, Kotopble
MOTYT MOCTaBUTb MOA Yrpo3y AOCTUTHYTHIM Ha CEroAHA NPOrpece,
€CIVI He YAeNATb UM IO/KHOIO BHUMaHWA. B CTaTbe paccmMaTprBatoTcs
HeAaBHMe pPa3paboTky B 06ACTM [MArHOCTUYECKOTO SKCNPecc-
TECTUPOBAHNS Ha MaNAPWI0, OCBELLAIOTCA HEKOTOPbIE 13 NPOOEM,
a TaKxe NPeaaraloTca Crnocobbl pearnpoBaHa Ha 3TV NPOGIEMbI.

Resumen

Pruebas de diagndstico rapido del paludismo

Mantener la calidad, competitividad e innovacion en la tecnologia de
salud mundial es un desafio constante para los fabricantes, mientras que
laasequibilidad, el acceso y la equidad son desafios para los gobiernos y
las agencias internacionales. En este articulo se debaten estas cuestiones
con relacién a las pruebas de diagnéstico rapido del paludismo. Las
estrategias para controlar y eliminar el paludismo dependen de un
diagnostico temprano y preciso. Las pruebas de diagnostico rapido del
paludismo requieren muy poco entrenamiento y equipo y pueden ser
llevadas a cabo por no especialistas en lugares apartados. La utilizacion

de estas pruebas se ha expandido significantemente durante los Ultimos
afos, tras las recomendaciones de hacer una prueba en todos los casos
de posible paludismo antes del tratamiento y laimplementacion de un
programa de evaluacién para examinar el rendimiento de las pruebas
de diagnéstico rapido del paludismo. A pesar de estos avances, todavia
existen desafios que, si no se abordan, podrian poner en peligro el
progreso hecho hasta la fecha. Se debaten los recientes desarrollos de
las pruebas de diagndstico rapido del paludismo, se destacan algunos
de los desafios y se proporcionan sugerencias para tratarlos.
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