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1. SUMMARY PERFORMANCE OF MALARIA
RDTS: WHO PRODUCT TESTING:

ROUNDS 1-4

1.1. Introduction

The World Health Organization estimates that half the
world's population is at risk of malaria, with an estimated
216 million people (range 149-274 million) developing
clinical malaria in 2010 (81% in Africa), and 655,000
deaths (range 537,000-907,000) due to malaria (91%
in Africa, most being children). Malaria remains endemic
in 106 countries, and while parasite-based diagnosis is
increasing, most suspected cases of malaria are still not
properly confirmed, resulting in over-use of anti-malarial
drugs and poor disease monitoring’.

WHO recommends that malaria case management be based
on parasite-based diagnosis in all cases?. The use of antigen-
detecting rapid diagnostic tests (RDTs) forms a vital part of
this strategy, forming the backbone of expansion of access
to malaria diagnosis by providing parasite-based diagnosis in
areas where good quality microscopy cannot be maintained.
The number of RDTs available, and the scale of their use,
has rapidly increased over the past few years. However,
limitations of comparative field trials and the heterogeneous
nature of malaria transmission and epidemiology has limited
the availability of good quality performance data that
national malaria programmes require to make informed
decisions on procurement and implementation, and limits
the ability to extrapolate results of field trials to different
populations and time periods. To this end, in 2006, the World
Health Organization (WHQ), Special Programme for Research
and Training in Tropical Diseases (TDR) and the Foundation
for Innovative New Diagnostics (FIND) launched an evalua-
tion programme to assess the comparative performance of
commercially available malaria RDTs. Currently, these data
are guiding procurement decisions which are in turn shifting
markets towards better-performing tests' and helping to
drive overall improvement in the quality of manufacturing.
The results of WHO Malaria RDT Product Testing have
been published annually since 2009 and form the basis of
procurement criteria of WHO, other UN agencies, the Global
Fund and national governments.

This Summary presents an overview of the results of the
first through fourth rounds of WHO Malaria RDT Product
Testing and is published in conjunction with the release of
the full report on Round 4. The results of the four rounds of
testing should be considered as a single data set. Separate

" World Malaria Report 2071. Geneva, World Health Organization, 2011

2 Guidelines for the Treatment of Malaria, Second Edition. Geneva,
World Health Organization, 2010 (ISBN9789241547925)

full reports of all rounds should be consulted for further
detail on product performance, and on the interpretation
and use of these results.

1.2. The WHO Product Testing
Programme

The RDT evaluations summarized here were performed as a
collaboration between WHO, TDR, FIND, the US Centers for
Disease Control and Prevention (CDC) and other partners3.
All companies manufacturing under ISO 13485:2003 Quality
System Standard were invited to submit a limited number of
products (2-3) for evaluation under the programme. In the
first round of testing, 41 products from 21 manufacturers
were evaluated against prepared blood panels of cultured
Plasmodium falciparum parasites, while 29, 50 and 48
products from 13, 23 and 27 manufacturers were evaluated
in Round 2, 3 and 4, respectively. Many manufacturers have
decided to voluntarily re-submit products to one or more
rounds of testing, including 1, 23 and 13 resubmissions
in Round 2, 3 and 4, respectively (Table S3). Of these 168
total products, 164 progressed to testing against panels of
patient-derived P. falciparum and P. vivax parasites, and
a parasite-negative panel. Thermal stability was assessed
after two months of storage at elevated temperature and
humidity, and a descriptive ease-of-use assessment was
recorded. Of the 164 fully evaluated products, 21 have
been evaluated twice, and 8 have been evaluated three
times between Rounds 1-4. Of the 128 unique products
tested by the programme, 35 detect P. falciparum alone, 83
detect and differentiate P. falciparum from non-P. falciparum
malaria (either pan-specific or species-specific (Pv, Pvom), 9
detect P. falciparum and non-P. falciparum malaria without
distinguishing between them, and one product was designed
to detect P. vivax only. Manufacturers submitted two lots of
each product for evaluation. Where the same products* have
been re-submitted in subsequent rounds of testing, the latter
results replace those published from the earlier round. Thus,
the performance of many tests in the results below differ
from those published in the Rounds 1-3 reports.

The evaluation is designed to provide comparative data on the
performance of the submitted production lots of each product.
Such data will be used to guide procurement decisions of
WHO and other UN agencies and national governments.

3 See full reports of Rounds 1-4 for full list of collaborating partners.

4 Informal Consultation on Laboratory Methods for Quality Assurance
of Malaria Rapid Diagnostic Tests. 20-22 July 2004. Manila. WHO
Regional Office for the Western Pacific. 2004. (RS/2004/GE/26(PHL)
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Product testing is part of a continuing programme of work
to improve the quality of RDTs that are used, and to support
broad implementation of reliable malaria diagnosis in areas
where malaria is prevalent. A fifth round of product testing
will begin in January 2013.

1.3. Results of the evaluation

The results (summarized in Figures S1 and S2 and Tables S1
and S2) provide comparative data on two lots of products
against a panel of parasite samples diluted to a low parasite
density (200 parasites/ul) and a higher parasite density (2000
or 5000 parasites/ul). The former is well below the mean
parasite density found in many populations with endemic
malaria, and considered close to the threshold that tests must
detect to reliably identify clinical malaria in many settings'.
For the purposes of this report, the main measure of perform-
ance is the ‘panel detection score (PDS)'2; the percentage of
malaria samples in the panel giving a positive result by two
RDTs per lot at the lower parasite density, and a single RDT
per lot at the higher parasite density. Thus, it is not a measure
of RDT clinical sensitivity, or positivity rate against the panel
but rather a combined measure of positivity rate, along with
inter-test and inter-lot consistency. The figures also show
the false-positive rates against blood samples containing no
malaria parasites or known markers of other diseases, and
the rate at which invalid results occurred.

The clinical sensitivity of a RDT to detect malaria is highly
dependent on the local conditions, including parasite density
in the target population. Sensitivity of a test will therefore
vary among populations with differing levels of transmis-
sion, as their different levels of immunity affect the para-
site density at which they exhibit symptoms warranting a
diagnostic test. Where transmission rates are low, parasite
densities in people with symptoms of malaria are likely to be
lower, resulting in tests having a lower sensitivity. For this
reason, test performance at 200 parasites/pl is particularly
important. The results in this report show comparative
performance among RDTs, and give an indication of which
products are likely to provide higher sensitivity in the field,
particularly in populations with low-density infections.

In general, as countries reduce malaria prevalence and even
move towards malaria elimination, detection of low parasite
densities becomes increasingly important in case manage-
ment. As the detection rate at 2000 parasites/ul indicates,
the sensitivity of many of these products will be similar in
populations with higher parasite densities, although a subset
of any population will include vulnerable individuals who may
develop illness at low parasite densities (e.g. young children,
pregnant women, those well protected by bed nets) and must
always be taken into account when interpreting RDT results.
An important caveat when predicting field sensitivity from
the PDS provided in this report is that the panels used in this

" Parasitological Confirmation of Malaria Diagnosis. Report of a WHO
technical consultation Geneva, 6-8 October 2009. Geneva, World
Health Organization, 2010. (ISBN 978 92 4 159941 2)

Termed 'Detection Rate' in the full report of Round 1, published in
2009. See the Round 4 report for a full explanation of the panel
detection score (PDS).

evaluation only include parasites known to express the target
antigens. While non-expression of the target antigens has not
been recorded for aldolase or pLDH, it is known that parasites
infecting people in some areas of South America do not
express HRP23. In areas where HRP2-deleted parasites exist,
HRP2-detecting tests will have greatly reduced sensitivity or
be incapable of detecting P. falciparum. In such populations,
only tests detecting pLDH in P. falciparum parasites will be
effective in diagnosing falciparum malaria.

Heat stability (summarized in Table S2) is vital to maintaining
sensitivity of the test in the field. As a result, for procurement,
it is essential that careful consideration be given to stability
results to ensure that products to be used in areas with high
temperatures of transport and storage have demonstrated
stability in the product testing programme. Requirements
will vary between countries: for example, if tests are to be
deployed in areas where temperatures rarely rise above 30°C,
less emphasis may be placed on stability at high temperatures
compared to other aspects of test quality.

Ease-of-use requirements will also vary, depending on the
extent of training and the work environment of the end-users.
Particularly in primary health care settings, the simpler the
tests, the easier it will be to avoid errors in preparation and
interpretation.

Detailed results of the evaluations can be found in the reports
of each evaluation,* and at www.wpro.who.int/sites/rdt. WHO
provides guidance on the procurement and implementation of
malaria RDTs® . Furthermore, an interactive guide to assist
in selecting products with performance characteristics most
suitable for a particular country health programme is found
on the FIND website.’

3 Gamboa, D., M. F. Ho, et al. A large proportion of P. falciparum isolates

in the Amazon region of Peru lack pfhrp2 and pfhrp3:implications for
malaria rapid diagnostic tests. PLoS One, 2010: 5(1): e8091.

Malaria Rapid Diagnostic Test Performance : Results of WHO
product testing of malaria RDTs: Round 1 (2008). Geneva, World
Health Organization, 2009. ISBN 978 92 4 1598071;

Malaria Rapid Diagnostic Test Performance : Results of WHO
product testing of malaria RDTs: Round 2 (2009). Geneva, World
Health Organization, 2010. ISBN 978 92 4 1599467;

Malaria Rapid Diagnostic Test Performance : Results of WHO
product testing of malaria RDTs: Round 3 (2010-11). Geneva, World
Health Organization, 2011. ISBN 978 92 4 150256 6.

5 Good practices for selecting and procuring rapid diagnostic
tests for malaria. Geneva, World Health Organization , 2011
(ISBN 978 92 4 150112 5)

6 Universal Access to Malaria Diagnostic Testing: An operational manual.

Geneva, World Health Organization, 2011 (ISBN 978 92 4 150209 )

Malaria RDT Interactive Guide : http://www.finddiagnostics.org/

programs/malaria-afs/malaria/rdt_quality_control/product_testing/

interactive-guide/index.jsp
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1.4. Summary of outcomes

This laboratory-based evaluation provides a comparative
measure of RDT performance in a standardized way to
distinguish between well and poorly performing tests to
inform procurement decisions of malaria control programmes
and guide UN procurement policy.

Overall, the gains noted in the performance of products
re-submitted to Round 3 were seen again in Round 4 for
several products (Table S3), indicating product improvement
by the manufacturers. Furthermore, in Round 4 the propor-
tion of tests achieving a PDS (>75%) at 200 parasites/ul is
comparable to Round 3 for P. falciparum at 73.9% and for
P. vivax, the proportion is 47.2 %, representing an improve-
ment over Rounds 1 and 3 combined (36.7%).

Several RDTs from the four rounds of testing demonstrated
consistent detection of malaria at low parasite densities
(200 parasites/pl), have low false-positive rates, are stable
at tropical temperatures, are relatively easy to use, and can
detect P. falciparum, P. vivax infections, or both.

Performance among products varied widely at low parasite
density (200 parasites/ul); however, the majority of products
showed a high level of detection at 2000 or 5000 parasites/pl.

P. falciparum tests targeting HRP2 antigen demonstrated
the highest detection rates. In Round 4, both tests targeting
pf-pLDH for detection of P. falciparum infection did not
pass Phase 1. Thus, the range of choice for well-performing
pLDH based P. falciparum tests remains limited, as it does
for pan-only specific tests.

Test performance sometimes varied between lots, and widely
between similar products, confirming the advisability of
lot-testing post-purchase and prior to use in the field.

The results underscore the need for manufacturers to have
adequate reference materials for product development
and lot-release. The WHO-FIND Malaria RDT Evaluation
Programme, in collaboration with the CDC, offers quality
standard panels of P. falciparum isolates to manufacturers to
assist in this process and is planning to transition to malaria
recombinant antigens panels by the end of 2014.

1.5. Use of these results

Accurate diagnosis is vital to good malaria case management,
whether based on microscopy or RDTs. The results of this
report should be used to short-list RDTs for procurement for
use in settings where good microscopy is not available or
appropriate. Additionally, it is imperative that procurement
decisions based on these results take into consideration local
conditions of malaria transmission and illness where the tests
will be used (e.g. Plasmodium species, target antigen varia-
tion, parasite densities, climate), as well as other important
considerations, including field-based ease-of-use assess-
ments, and training/retraining requirements. Furthermore,
in order to ensure that the high performance demonstrated
by the lots evaluated in the product testing programme is
maintained, it is recommended that each lot of RDTs is also
tested in a standardized way prior to dispersal to the field'.
Procurement of RDTs must not occur without programmatic
and infrastructure preparation for proper use, including supply
chain management, training on test usage and disposal, and
training on patient management in response to results. The
main report provides an algorithm (Annex 5a) to assist in
this decision-making process and comprehensive guidance
on several aspects of procurement can be found in 'Good
Practices for selecting and procuring rapid diagnostic tests
for malaria.

T The WHO-FIND Malaria RDT Evaluation Programme provides lot-
testing capacity in a number of regional laboratories free of charge,
and can be accessed through contacting [Vialaria_rdt@who.int and
|nfo@finddiagnostics.org.

2 Good Practices for selecting and procuring rapid diagnostic
tests for malaria, Geneva, World Health Organization, 2011
(ISBN 9789241501125)
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Malaria RDT performance in Phase 2 of Rounds 1-4 against wild type (clinical) samples containing

P. falciparum at low (200) and high (2000-5000) parasite densities (parasites/ul) and clean-negative samples

Figure S1
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Figure S2: Malaria RDT performance in Phase 2 of Rounds 1-4 against wild type (clinical) samples containing

P. vivax at low (200) and high (2000-5000) parasite densities (parasites/ul)) and clean-negative samples
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2. WHO MALARIA RDT PRODUCT TESTING:
ROUND 4 EXECUTIVE SUMMARY

2.1. Introduction

The World Health Organization estimates that half the
world's population is at risk of malaria, with an estimated
216 million people (range 149-274 million) developing clinical
malaria in 2010 (81% in Africa), and 655,000 deaths (range
537,000-907,000) due to malaria (91% in Africa, most
being children). Malaria remains endemic in 106 countries,
and while parasite-based diagnosis is increasing, most
suspected cases of malaria are still not properly confirmed,
resulting in over-use of anti-malarial drugs and poor disease
monitoring (7).

WHO recommends that malaria case management be based on
parasite-based diagnosis in all cases (2). The use of antigen-
detecting rapid diagnostic tests (RDTs) forms a vital part of
this strategy, by providing the possibility of parasite-based
diagnosis in areas where good quality microscopy cannot
be maintained. The number of RDTs available, and the scale
of their use, has rapidly increased over the past few years.
However, limitations of comparative field trials and the
heterogeneous nature of malaria transmission and epidemi-
ology has limited the availability of good quality performance
data that national malaria programmes require to make
informed decisions on procurement and implementation,
and limits the ability to extrapolate results of field trials to
different populations and time periods. To this end in 2006,
the World Health Organization (WHO), the Special Programme
for Research and Training in Tropical Diseases (TDR) and the
Foundation for Innovative New Diagnostics (FIND) launched
an evaluation programme to assess the comparative perform-
ance of commercially available malaria RDTs. Currently, these
data are guiding procurement decisions which are in turn,
shifting markets towards better performing tests and helping
to drive overall improvement in the quality of manufacturing.
The results of WHO Malaria RDT Product Testing have been
published annually since 2009 and presently form the basis
of procurement criteria of the WHO, other UN agencies ,the
Global Fund and national governments (3).This Report provides
data on Round 4 of Product Testing, performed at the United
States Centers for Disease Control and Prevention, Division of
Malaria and Parasitic Diseases (CDC) in 2011-2012. It provides
performance data on 48 products. This evaluation should be
seen as additive to Rounds 1-3 evaluations (3-5). The four
reports should be viewed together as a single evaluation,
with the exception that where products tested in previous
rounds have been re-submitted for testing in Rounds 2, 3 or
4, the most recent result replace those reported previously.
From round to round, the evaluation panels are essentially

equivalent!, and the same testing protocols are followed.
This report expands the data set from previous rounds,
and therefore increases the number of RDTs available for
procurement that have detailed comparative data on aspects
of performance relevant to field use.

2.2. The WHO Product Testing
Programme

Product Testing is part of the WHO-FIND Malaria RDT
Evaluation Programme. This programme develops methods
for evaluation and provides relevant data on antigen-
detecting malaria rapid diagnostic tests. The programme
is a collaboration of many institutions in malaria-endemic
and non-endemic countries, with the global specimen bank
maintained, and the testing performed, at CDC (Figure 2).

All companies manufacturing under ISO 13485:2003 Quality
System Standard were invited to submit up to two tests for
evaluation under the programme. The 44 products and 4
co-listed products from 27 manufacturers? were evaluated
against prepared blood panels of cultured Plasmodium
falciparum parasites and patient-derived, wild-type P. falci-
parum and P. vivax parasites, and a parasite-negative panel.
Thermal stability was assessed after two months of storage
at elevated temperature and humidity, and a descriptive
ease-of-use assessment was recorded. As in previous rounds,
RDTs are grouped in the result tables and figures into those
detecting P. falciparum only, various combination tests, and
those that have only a pan-specific (or P. vivax-specific)
line. Manufacturers submitted two lots of each product
for evaluation.

The evaluation is designed to provide comparative data
on the performance of the submitted production lots of
each product. Such data will be used to guide procurement
decisions of WHO and other UN agencies and national govern-
ments. Product testing is part of a continuing programme
of work to improve the quality of RDTs that are used, and
to support broad implementation of reliable malaria diag-
nosis in areas where malaria is prevalent. A fifth round of

v http://www2.wpro.who.int/sites/rdt/who_rdt_evaluationf (accessed
10 October 2012)

2 Several manufacturers are subsidiaries of Alere™ and two companies
(Access Bio, Ethiopia and Medisenor, Inc) sell re-branded products
manufactured by Access Bio, Inc (Table 1). These re-branded/joint
listed products were actually not evaluated as they are identical
to CareStart™ Malaria HRP2/pLDH (Pf/Pv) COMBO (G0161) and
CareStart™ Malaria HRP2/pLDH (Pf/VOM) COMBO (G0171)
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product testing will begin in January 2013, and results will
be published in 2014.

2.3. Results of the evaluation

The results (summarized in Tables 3, 4, 5 and Figures S1
and S2) provide comparative data on two lots of products
against a panel of parasite samples diluted to a low parasite
density (200 parasites/ul), considered close to the threshold
that tests must detect to reliably identify clinical malaria in
many settings (6), and a higher parasite density (2000 (or
5000) parasites/ul). For the purposes of this report, the main
measure of performance is the ‘panel detection score (PDS)’;
the percentage of malaria samples in the panel giving a posi-
tive result by two RDTs per lot at the lower parasite density,
and a single RDT per lot at the higher parasite density. Thus,
it is not a measure of RDT clinical sensitivity, or positivity
rate against the panel but rather a combined measure of
positivity rate, along with inter-test and inter-lot consistency.

Consistent with the performance of products included in
previous rounds of Product Testing, the PDS varies widely
between products, with some products showing high perform-
ance in detecting parasites, in thermal stability and other
performance measures. Overall, there is no obvious trade-off
seen between PDS (or positivity rate) and false-positive rate,
these being surrogates for sensitivity and specificity in the
field, respectively. Furthermore, a number of tests showed
good outcomes on both of these indicators. Sixty nine per
cent (9/13) of the re-submitted products either maintained
or improved their PDS and overall there was a mean increase
in P. falciparum PDS of 3.7. Against the P. vivax panels, the
mean PDS increase was 13.4. However, for combination tests,
some improvements in P. falciparum or P. vivax detection
were associated with decreases in the PDS for the other. A
few products have very high P. falciparum false-positive rates
against clean-negatives and, as previously reported, high
false-positive rates are seen for several products against the
blood samples containing specific immunological abnormalities
(e.g. rheumatoid factor, anti-mouse antibodies). However,
the number of samples evaluated was small and the clinical
significance of these results is limited, but may become impor-
tant in certain populations with very low parasite prevalence.
Some products show a variation in performance indicators
between the two lots evaluated, underlining the advisability
of lot-testing before field use. Heat (thermal) stability varies
widely, with some products retaining high positivity rates
after two months storage at 45°C in 75% humidity. For many
products, pan-line performance at baseline and post-heat
stress for detection of the P. falciparum isolate is poor, and
nearly universally poor against low parasite density samples,
making true stability difficult to assess.

The clinical sensitivity of an RDT to detect malaria is highly
dependent on the local conditions, including parasite density
in the target population, and so will vary among populations
with differing levels of transmission. The results in this

report show comparative performance between RDTs, and
give an idea of which products are likely to provide higher
sensitivity in the field, particularly in populations with low-
density infections. In general, as countries reduce malaria
prevalence and even move towards malaria elimination,
detection of low parasite densities becomes increasingly
important in case management. As the panel detection
score at 2000 parasites/ul indicates, the sensitivity of many
of these products will be similar in populations with higher
parasite densities, although a subset of any population will
include vulnerable individuals who may develop illness at
low parasite densities (e.g. young children, pregnant women,
those well protected by bed nets) and must always be taken
into account when interpreting RDT results.

In areas where significant levels of non-expression of HRP2
are known to occur, the results of HRP2-detecting tests
given in this report should not be considered predictive of
field sensitivity. Tests targeting P. falciparum by detection
of pLDH or aldolase should only be considered.

Heat stability (summarized in Table 5) is vital to maintaining
sensitivity of the test in the field. As a result, for procurement,
it is essential that careful consideration be given to stability
results to ensure that products to be used in areas with high
temperatures during transport and storage have demon-
strated good stability in the product testing programme.
Requirements will vary between countries: for example, if
tests are to be deployed in areas where temperatures rarely
rise above 30°C, less emphasis needs to be placed on stability
at high temperatures.

Ease-of-use requirements will also vary, depending on the
extent of training and the work environment of the end-users.
Particularly in primary health care settings, the simpler the
tests, the easier it will be to avoid errors in preparation and
interpretation.

2.4. Use of these results

The results included in this report should be considered
together with those of previous Rounds 1-3, with the results
of re-submitted products replacing those reported in earlier
rounds (3-5). Ultimately, it is imperative that procurement
decisions based on these results take into consideration local
conditions of malaria transmission and illness where the
tests will be used (e.g. Plasmodium species, target antigen
variation, parasite densities, climate). Procurement of RDTs
must not occur without programmatic and infrastructure
preparation for proper use, including supply chain manage-
ment, training on test usage and disposal, and training on
patient management in response to results. This report
provides an algorithm to assist in this decision-making
process (Annex 5a). Furthermore, comprehensive guidance
on several aspects of procurement can be found in 'Good
Practices for selecting and procuring rapid diagnostic tests
for malaria' (7).
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3. BACKGROUND

In 2011, WHO estimated that 3.3 billion persons were at risk
of acquiring malaria. Of these, 216 million people (range
149-274 million) developed clinical malaria in 2010 (81%
in Africa), and 655,000 died (range 537,000-907,000) due
to malaria (91% in Africa, most being children). Malaria
remains endemic in 106 countries (7).

In the past decade, major new opportunities for the control
of malaria have emerged, including implementation of
long-lasting insecticidal nets, indoor residual spraying of
insecticides and artemisinin-based combination therapy
(ACT). These tools have been shown to reduce the burden
of malaria infection in countries where they are adequately
implemented. In turn, the proportion of febrile episodes
attributable to malaria is likely to decrease substantially.

Despite WHO recommendations for laboratory-confirmed
diagnosis of malaria infections prior to treatment in all
cases (2), diagnosis is often made on clinical grounds (6).
However, in most endemic areas malaria makes up a minority
of 'malaria-like' febrile illness. Microscopy has been the
cornerstone of diagnosis and is recommended for malaria
diagnosis where its quality can be maintained; however,
the need for trained personnel, adequate reagents and

Figure1: Mode of action of antigen-detecting malaria RDTs

equipment, limit its availability and accessibility to many
people in malaria-endemic areas. Rapid, accurate and acces-
sible diagnostic tools are becoming increasingly important,
as programmes expand parasite-based diagnosis and the
prevalence of malaria decreases. In recent years, rapid
diagnostic tests (RDTs), which detect Plasmodium-specific
antigens (proteins) in whole blood of infected people, have
emerged as an attractive alternative to microscopy. Currently
available RDTs come in various formats (dipstick, cassette
or card) and contain bound antibodies to specific antigens
such as histidine-rich protein-2 (HRP2) (specific to P. falci-
parum), pan-specific or species-specific plasmodium lactate
dehydrogenase (pLDH) or aldolase (specific to all the major
Plasmodium species: P. falciparum, P. vivax, P. malariae, P.
ovale (Figure 1).

To be widely useful, a RDT must have high sensitivity to ensure
all clinically-significant malaria infections are detected; high
specificity to enable monitoring of low malaria prevalence
and appropriate management of non-malarial fever; and high
stability to allow transport and storage in ambient conditions
in malaria-endemic areas. Published field trials of RDTs show
high variability in performance, likely due to inadequate
quality of manufacture, incorrect storage and handling, poor
preparation and interpretation, and sometimes poor study
methods, analysis and reporting (8-76). In general, diagnostic
testing (by microscopy or RDT) to a level of 200 parasites/pl
will reliably detect nearly all clinically relevant infections in
malaria-endemic areas (6).
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Figure 2: Network of specimen collection, characterization and testing sites

@ Collection and testing site
@ Specimen characterization

O Global specimen bank
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I Countries or areas where malaria transmission occurs
[ Countries or areas with limited risk of malaria transmission O %

&

Source: © WHO 2010. All riahts reserved.

This map is intended as a visual aid only and not as a definitive source of information about malaria endemicity.

Abbreviations: CDC Centers for Disease Control and Prevention (Atlanta, United States of America); CIDEIM Centro Internacional de
Entrenamiento y Investigaciones Médicas (Cali, Colombia); DMR Experimental Medicine Research Division (Department of Medical
Research, Yangon, Myanmar); EHNRI Ethiopian Health and Nutrition Research Institute (Addis Ababa, Ethiopia); HTD Hospital for Tropical
Diseases (London, United Kingdom of Great Britain and Ireland); IHRDC Ifakara Health Research and Development Center (Bagamoyo,
The United Republic of Tanzania); IMT Instituto de Medicina Tropical (Universidad Peruana Cayetano Heredia, Lima, Peru); IPB Institut
Pasteur de Bangui (Bangui, Central African Republic); IPC Institut Pasteur du Cambodge (Phnom Penh, Cambodia); IPM Institut Pasteur
de Madagascar (Antananarivo, Madagascar); KEMRI: Kenya Medical Research Institute (Kisumu, Kenya); QIMR Queensland Institute
of Medical Research (Brisbane, Australia); RITM Research Institute of Tropical Medicine (Manila, The Philippines); UCAD: Université
Cheikh Anta DIOP (Dakar, Senegal); UL University of Lagos (Lagos, Nigeria).

The number of RDTs available on the market has grown rapidly
since their introduction in the late 1990s. It is estimated
that there are 60 brands and over 200 tests commercially
available today, with an estimated 155 million tests or
more financed in 2011" 2. However, requlatory oversight of
diagnostics is often weak, and procurement agencies have
faced considerable problems in selecting appropriate RDTs
and ensuring quality. In view of the inconsistency in field
study results and the inherent difficulties in assessing large
numbers of products in a standardized way through field
trials, WHO and various partners embarked on a Malaria
Rapid Diagnostic Test Product Evaluation Programme in 2002
to develop and employ standardized assessment of malaria
RDT performance, and to guide procurement decisions and
regulatory mechanisms. The Programme has been overseen
by WHO and TDR in partnership with FIND, and has been
guided by a Steering Committee and technical consultations
from 2003 to 2012 overseeing the development of standard
operating procedures (SOPs) for the programme (17, 18).

T Tracking Progress in Scaling-Up Diagnosis and Treatment for Malaria.
Geneva. 2009. Roll Back Malaria Partnership.

2 J. Cunningham, unpublished data.

A network of specimen collection sites was established to
contribute specimens to a global bank at the CDC and to
facilitate local quality control activities (Figure 2).

The reports of the first, second and third rounds of Product
Testing were released in 2009, 2010 and 2011, respectively
(3-5). This fourth report adds performance data on 35
new products and updated data on 13 re-submitted RDTs.
Testing for Round 4 was conducted against an evaluation
panel with similar characteristics in terms of overall antigen
concentration, parasite origin, and parasite-negative blood
samples, to previous panels®. The majority of panel samples
were retained from previous rounds. The results should be
considered together with those from Round 1-3 (3-5).

3 http://www2.wpro.who.int/sites/rdt/who_rdt_evaluation) (accessed
10 October 2012)
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4. OBJECTIVE

The objective of the programme is to evaluate malaria RDTs
to produce performance data to guide procurement of RDTs
for use in the field in malaria-endemic countries.

5. MATERIALS AND METHODS

5.1. Test selection

In December 2010, the WHO-FIND Malaria RDT Evaluation
Programme issued a call for expression of interest to manu-
facturers of malaria RDTs along with information regarding
the requirements for submission of a product to Round 4 and
the conditions for participation in the Evaluation Programme.
Requirements included: valid ISO 13485:2003 certification
from all manufacturing sites, supply of sufficient quantities of
products (1100 tests from each of 2 lots), compliance with the
product definition? and deadlines for document submission.

Thirty manufacturers, including 82 products, responded to the
call. In order to keep to schedule and budget, manufacturers
were asked to limit their product submissions to two. The final
number of products included in Round 4 was 48, including
4 joint listed products®. Based on catalogue numbers and
verification with manufacturers, 13 of the 48 products
(27%) were previously submitted to one or more rounds
(Table S3). After initial evaluation against the P. falciparum
culture-derived panel (Phase 1), two products did not meet
minimum performance requirements* and therefore did not
proceed to the full evaluation.

In summary, of the 46 products fully evaluated: 10 are designed
to detect P. falciparum alone, 35 to detect and differentiate

U http://www.wpro.who.int/sites/rdt/who_rdt_evaluation/call_for |
festing_round4.hti

2 Working definition of a product can be found here in Annex 2:
ttp://www2.wpro.who.int/NR/rdonlyres/2E4CFDF2-90BC-433C]

B22D-7E42634EABB7/0/EOIAnnex1_2_3_Round4final171210.pd}

(accessed 10 October 2012)
3 SeeTable 1

4 PDS > 80% against high density (2000p/ul) P. falciparum culture
samples

P. falciparum from non-P. falciparum malaria , as well as
P. falciparum and Pvivax or P. vivax, ovale, malariae (vom)-
specific, and 1 to detect P. falciparum and non-P. falciparum
malaria without distinguishing between them. Annexes 1 and 2
provide a comprehensive overview of product characteristics.

5.2. Outline of the Product Testing
Protocol

The testing process is outlined in Figure 3 and in the Methods
Manual for Product Testing of Malaria Rapid Diagnostic Tests
- Vlersion 5 (17). In brief, RDTs from each of two lots of each
product were evaluated against a panel of parasite-positive
and parasite-negative cryo-preserved blood samples, and
a panel of parasite-negative samples. Both lots were also
tested for heat (thermal) stability, evaluated before and
after two months' storage at 4°C, 35°C and 45°C. Finally,
an ease-of-use description was completed using a standard
assessment format.

The testing process and all results were overseen by the
WHO-FIND Malaria RDT Evaluation Programme Steering
Committee, and manufacturers were given 60 days to
comment on individual product results prior to publication.
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Table 1: Manufacturers and products accepted into Round 4 of WHO Malaria RDT Product Testing Programme

Catalogue .
Manufacturer Product Name Number? Target antigen(s)
ABON™ Malaria Pf. Rapid Test Device (Whole Blood)  IMA-402 HRP2
ABON Biopharm (Hangzhou)
b ™ 1 H H
Co. Ltd ABON™ Plus Malaria P.f[Pan Rapid Test Device IMA-T402 aldolase  HRP2

(Whole Blood)

CareStart™ Malaria HRP2/pLDH (Pf/Pv) COMBQ® G0161 pvpLDH HRP2
Access Bio, Inc.

CareStart™ Malaria HRP2/pLDH (Pf/VOM) COMBQ® G0171 pvompLDH HRP2
ParaCare Malaria HRP2/pLDH (Pf/Pv) COMBQ¢ G0161

ParaCare Malaria HRP2/pLDH (Pf/VOM) COMBO® G0171

pvpLDH HRP2
Access Bio Ethiopia
pvomplLDH HRP2

Advy Chemical Private Limited

(Affiliate of Bharat Serums & EzDx™ Malaria Pan/Pf Rapid Test Detection kit RK MAL 001 panpLDH  HRP2
Vaccines Ltd. )
Trusty™ Malaria Antigen P.f. test A03-11-322 HRP2
Artron Laboratories Inc.
Trusty™ Malaria Antigen Pf./p.v. test A03-12-322 pvplLDH HRP2
AZ0G Malaria pf (HRPII)/pf (LDH)/ (PAN-LDH)
Antigen Detection Device MR, el i) | (pipllo il
AZOG, INC. HRP2,
AZOG hCG Malaria Detection Test Device MPT-124 hCG pf-pLDH,
panplLDH
Maleriscan ® Malaria P.f Antigen Test MAT-PF-50 HRP2

Bhat Bio-Tech India (Pte.) Ltd.

Maleriscan® Malaria P.f/PAN (Pv, Pm, Po) 3 Line

MAT-PF/PAN-50

panpLDH  HRP2

Antigen Test
Bioland Ltd. NanoSign Malaria pf/pan Ag ¢ RMAP10 panpLDH  HRP2
Bllute @ioss BioMidfieel One Step Malaria P.F Test (Cassette) © 522352 HRP2
(Beijing) Co, Ltd. One Step Malaria P.F/PV Test (Cassette) 523352 pvplDH  HRP2
Core Diagnostics Ltd. Core Malaria Pan Pf MAL-190024 panpLDH  HRP2

OnSite Pf/Pv Ag Rapid Test ¢ RO112C HRP2 pvpLDH
CTK Biotech, Inc.

OnSite Pf/Pan Ag Rapid Test ¢ R0113C HRP2 panpLDH
Formosa Biomedical " q
Technology Corp. MeDiPro Malaria Ag HRP2/pLDH Combo IR-0051K panpLDH  HRP2
el Mislemiler Malaria Pf/Pv GMO002 pvpLDH HRP2
Diagnostics pvt.Ltd. Malaria Pf/ PAN GMO04 panplDH  HRP2
Suangzou Wondfo Biotech oo One Step Malaria P Test W 37-C HRP2

HiSens Malaria Ag P.f/P.v Combo Card HR3123 pvpLDH HRP2
HBI Co., Ltd.

HiSens Malaria Ag P.f/lVOM Combo Card HR3323 pvomplDH HRP2

RAPID 1-2-3® HEMA EXPRESS® MALARIA PF/PV TEST MAL-PFV-0207  pvplDH  HRP2
Hema Diagnostic Systems, LLC MAL-PFV-

_2-3®

RAPID 1-2-3® HEMA CASSETTE MALARIA PF/PV TEST CAS/25(100) pvplDH  HRP2

Humasis Malaria P.f/Pan Antigen Test AMAL-7025 panpLDH  HRP2
Humasis, Co., Ltd.

Humasis Malaria Pf/P.v Antigen Test AMFV-7025 pvpLDH HRP2

ICT MALARIA COMBO ¢ MLO2 HRP2 aldolase
ICT INTERNATIONAL

ICT MALARIA PF. MLO4 pfpLDH

IND ONE STEP MALARIA ANTIGEN P.f/Pan TEST 535-10 panpLDH  HRP2
IND Diagnostics Inc.

IND ONE STEP MALARIA ANTIGEN P.f 535-11 HRP2

Medisensor Malaria HRP2/pLDH (Pf/PV) COMBOH M161 pvplDH  HRP2
Medisensor, Inc.

Medisensor Malaria HRP2/pLDH (Pf/VOM) COMBO® ~ M171 pvomplDH HRP2
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Manufacturer

Orchid Biomedical Systems
(Tulip Group)

RapiGen inc.

Span Diagnostics Ltd.

Standard Diagnostics Inc.?

Unimed International Inc.

United Biotech, Inc.

Zephyr Biomedicals

Product Name

Paracheck® Pf-Rapid Test for P. falciparum Malaria
Device (Ver.3)¢

Paracheck® Pf-Rapid Test for P. falciparum Malaria
Dipstick (Ver.3)¢

BIOCREDIT Malaria pf(HRP I1)

ParaHIT - Total Ver. 1.0 Rapid Test for P. falciparum
and Pan malaria species (Dipstick)

ParaHIT - Total Ver. 1.0 Rapid Test for P. falciparum
and Pan malaria species (Device)

SD BIOLINE Malaria Ag Pf/ Pan
SD BIOLINE Malaria Ag Pf/ Pf[ Pv
FirstSign™ Malaria Pf

FirstSign™ ParaView (Pan+Pf)°

Malaria pf (HRP II)/PAN (pLDH) Antigen Detection
Test Device

Malaria pf (HRP 1) / pv (pLDH) Antigen Detection
Test Device

FalciVax™ - Rapid test for Malaria Pv/Pf ¢

Parascreen® - Rapid test for Malaria Pan/Pf ¢

Catalogue
Number®

30301025

30302025
HR0O100

551C203-10

551C204-10

05FK66
05FK100
2100CB-25
2101CB-25

1-13-101-1

1-13-101-3

50300025
50310025

Target antigen(s)

HRP2

HRP2
HRP2

aldolase HRP2

aldolase HRP2

panpLDH  HRP2

pvpLDH pfpLDH HRP2
HRP2

panpLDH  HRP2

panpLDH  HRP2

pvplLDH HRP2

pvplLDH HRP2
panpLDH  HRP2

Pf, P falciparum Py, P.vivax ~ Pvom, P.vivax, ovale, malariae  HRP2, histidine-rich protein 2 pLDH, Plasmodium lactate dehydrogenase
2 The same products may have different catalogue numbers to reflect box sizes and/or kit contents. Usually this involves the end portion of the product code. Please

contact manufacturers for details
b Alere subsidaries

¢ These products have also been submitted to previous rounds of WHO Malaria RDT Product Testing (Round 1-3). For details on all product resubmissions refer to Table S3.

d These products are joint listed (manufactured under identical conditions) with CareStart™ Malaria HRP2/pLDH (Pf/Pv) COMBO (G0161, Access Bio, Inc.)
¢ These products are jointed listed (manufactured under identical conditions) with CareStart™ Malaria HRP2/pLDH (Pf/VOM) COMBO (G0171, Access Bio, Inc.)

Figure 3: Malaria RDT Product Testing Overview
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5.3. Evaluation panels

RDTs were evaluated against three panels, specifically:

i) P falciparum culture lines (includes a subset, ‘'manufac-
turer's panel’) at low (200 parasites/ul) and high parasite
densities (2000 parasites/ul).

i) Wild-type Plasmodium species (P. falciparum, P. vivax)
from naturally infected humans and parasite-negative
samples at low (200 parasites/pl) and high parasite
densities (2000 (or 5000)" parasites/ul). All samples are
prepared from isolates that express HRP2.

i) Parasite-negative panel (‘clean’ samples and disease-
specific or blood factor-specific samples).

An overview of the sample collection and characterization
process can be found in the methods manuals developed for
this purpose (77-18). Characterization results for each Round
1-4 can be found on the WHO/WPRO RDT and FIND websites.?

In summary, each panel specimen was characterized for:

i) Species by duplicate microscopy (two microscopists) and
confirmation by nested PCR of mono-species infection

ii) Antigen concentration, determined by quantitative ELISA
for HRP2, pLDH, aldolase

iii) PCR for malaria and confirmatory testing for other
pathology in the case of parasite-negative samples

Most samples in the global specimen bank are also character-
ized according to HRP2 sequence by PCR amplification. This
is no longer performed on samples collected after 2009, as

T 5 (5%) of the 98 P. falciparum dilution samples sets were 200 and
5000 parasites/ul and 1 (3%) of the 34 P. vivax dilution sample sets
were 200 and 5000 parasites/ul

2 http://www.wpro.who.int/sites/rdt/who_rdt_evaluation/call_for

festing_round.htn]; lhttp://www.finddiagnostics.org]

Figure 4a: Origin of Phase 2 P. falciparum wild type
(clinical) samples (n=98)
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Table 2: Characteristics of Plasmodium spp. negative samples

Nature of negative sample? No.
Clean-negative® 58
Anti-nuclear antibody positive (sera) 13
Anti-mouse antibody positive (plasma) 3
Rheumatoid factor positive (whole blood and sera) 4
Rapid plasma reagin positive (sera) 5
Chagas' disease antibody positive (plasma) 2
Dengue antibody positive (whole blood sera) 4
Leishmaniasis antibody positive (sera) 5
Schistosomiasis antibody positive (whole blood and sera) 6

2 Whole blood unless indicated. Sera and plasma samples were reconstituted
packed cells

b Healthy volunteers with no known current illness or blood abnormality

accumulated evidence indicates no significant effect on
RDT sensitivity (79). All samples have their geographical
origin recorded.

Panel composition

P. falciparum-cultured parasites panel

Twenty culture-adapted strains of P. falciparum of varied
geographical origin were selected, including 15 strains with
type B HRP2 sequence, three with Type A, and two with Type
C HRP2 sequence. All specimens were derived from the CDC
culture bank, and diluted in O positive USA donor blood (77).

Figure 4b: Origin of Phase 2 P. vivax wild
type (clinical) samples (n=34)
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Wild-type parasite panel

The parasite-positive wild-type (clinical) panel consisted
of samples from 98 cases of P. falciparum and 34 cases of
P. vivax, derived from 12 collection sites in Asia, Africa and
South America (Figures 2, 4a and 4b).

Samples were collected from febrile patients and processed
according to standardized methods designed to preserve
target antigen concentration (78). After dilutions and cryo-
preservation, samples were transferred to the global bank
(WHO Specimen Bank) at CDC for further characterization.
The distribution of concentration of HRP2, aldolase and pLDH
were determined on a larger sample during the first round
of product testing in 2008, and a test panel developed for
that round that excluded samples with extremes of high or
low antigen concentration. Panels for subsequent rounds,
including Round 4, have been maintained within these
parameters.

Negative blood samples

The negative panel consisted of ‘clean’ parasite-negative
samples from donor-derived blood obtained in banks or
from volunteers in non-endemic (USA) and endemic areas
(The Philippines, Madagascar, Senegal, Nigeria and Kenya),
having been malaria-negative by microscopy. The panel
further contains parasite-negative samples from donors with
diseases that may potentially be in the differential diagnoses
of malaria, or contain specific blood factors known to be
common in the community or known to have the potential
to cause false-positive reactions on immunochromatographic
tests (Table 2). All negative control samples were confirmed
to be free of Plasmodium parasites by PCR amplification.

Further details of the culture, wild-type and parasite-
negative panels can be found at
http://www.wpro.who.int/NR/rdonlyres/62AA6F12-638E-
4C1E-B7CC-10014B2273CA/0/RndFourProdTestEvalPanel_
Pub.pdf.

5.4. RDT registration

The receipt of each shipment of RDTs at the CDC was recorded
in a dedicated RDT register. Temperature monitoring devices
were offered to manufacturers free of charge, to accom-
pany RDTs shipments to CDC. All RDTs were stored in room
temperature at = 25°C immediately and temperature moni-
tors were labelled with receipt date and forwarded for
downloading, when applicable.

5.5. Specimen panel registration

All panel specimens were assigned unique identification
numbers at the collection sites and stored in aliquots of
50uL at -70°C until the time of testing. All data pertaining to
specimen identification, storage location and characterization
results are stored in a secure, dedicated database.

0.6. Test phases

The evaluation was divided into two testing phases:

Phase 1 - A screening step to allow the selection of RDTs
meeting minimal quality requirements. Products from two
lots were evaluated against a panel of 20 culture-derived
P. falciparum samples at high (2000 parasites/pl) and low
(200 parasites/ul) parasite densities. To progress to the full
evaluation (Phase 2), a product evaluated in Phase 1 must
achieve a minimum 80% panel detection score (PDS) against
the 2000 parasites/ul samples (Figure 6).

Phase 2 - Products from two lots were evaluated against a
panel of diluted clinical blood samples containing wild-type
parasites and a parasite-negative panel, evaluated for heat
(thermal) stability, and assessed for ease-of-use.

a. The mixed parasite-positive and parasite-negative panel
was comprised of 98 P. falciparum, 34 P. vivax at two
parasite densities (200 parasites/pl and 2000 (or 5000)'
parasites/ul), and 100 parasite-negative controls.

b. Heat stability evaluation: Baseline testing of 15 RDTs from
each of two lots against a single culture-derived P. falci-
parum isolate (Nigeria XII strain, Pf HRP2 sequence type B
with a typical antigen concentration) at 200 parasites/pl
and 5 RDTs from each lot at 2000 parasites/ul, and 4 RDTs
from each lot against a negative sample. This procedure
was repeated after RDTs were maintained for 60 days at
4°C, 35°C and 45°C at 75% humidity.

c. Ease-of-use assessment: After becoming familiar with
the test device, technicians jointly described the test
for blood safety characteristics, quality of instructions,
number of timed steps and total time to result, using a
standard reference guide (77).

5.7. Performing rapid tests

All RDTs were brought to room temperature prior to first use.
Desiccant was inspected for colour changes and products
were discarded if they were present. RDTs were labelled with
sample identification number, dilution, and the date when test
was performed. Performance of rapid tests was in accord-
ance with manufacturer's instructions, with the exception
that blood transfer was carried out by micro-pipette from
the sample tube. The result was recorded by a technician at
the minimum specified reading time. A second technician
re-read the result within 1 hour for internal monitoring
purposes and for information for manufacturers. Technicians
were rotated, and blinded to sample type and to each other's
results during Phase 2. Annexes 1 and 2 contain a descriptive
and illustrated summary of the test characteristics, steps and
guide to interpretation of results.

1 Five (5%) of the 98 P. falciparum dilution samples sets were 200
and 5000 parasites/ul and 1 (3%) of the 34 P. vivax dilution sample
sets were 200 and 5000 parasites/pl
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5.8. Interpretation of results

Results of control and test lines were recorded as negative
or positive by each technician. Each test was read against
a standard colour chart and the band intensity graded as O
(no visible band), 1, 2, 3 or 4. If the control line is recorded
as absent by either technician, the test is recorded as invalid.

Figures 5 and 6 illustrate the testing sequence at low and
high parasite densities.

Figure 5: Testing procedure and calculation of ‘panel detection score’ and band intensity for Product A against

a sample density of 200 parasites/pl

The first reading was at the minimum time specified by the manufacturer; the second reading was up to one hour later®. A sample is
considered detected only if all first test readings, from both lots, are positive ie. Readings a, b, c and d must be positive.

Product A
Lot 1 Lot 2
Test 1 Test 2 Test 3 Test 4

a b (o d
RT' R/!i\' R,!i\' R/E' RT' R/!:' R/!J\' R/E Detected if
eadin eadin eadin eadin eadin eadin eadin eadin e

e 5 1 e e P i 70 4 positive

L I I I > first-readings

Based on the positive results of first test reading (2 tests per lot), the mean band intensity score =a+b+c+d/4

(excluding negative results).
@second reading results are for internal use only

Figure 6: Testing procedure and calculation of ‘panel detection score' and band intensity for Product A against

a sample density of 2000 parasites/pl

The first reading was at the minimum time specified by the manufacturer; the second reading was up to one hour later®. A sample is
considered detected only if all first test readings, from both lots, are positive ie. Readings a and b must be positive.

Product A
Lot 1 Lot 2
Test 1 Test 2
a b
T T T T Detected if
Rea?mg Reagmg Reaflng Reaglng 2 positive
L 1 > | first-readings

Based on positive results of first test reading (2 tests per lot), in each lot, the mean band intensity score =a+b/2

2second reading results are for internal use only
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6. DATA
MANAGEMENT

7. QUALITY
ASSURANCE

The receipt of products was hand recorded in a RDT register at
the CDC as per Standard Operating Procedures (SOPs). Data
associated with specimen collection and characterization was
recorded first on hard copy report forms as per the SOPs at
the collection sites (Figure 2), HTD (ELISA results) and CDC
(PCR results) and then entered directly into Excel followed
by importation into a specially developed database.

The results of the product panel testing and heat stability
testing conducted at the CDC were recorded on report forms
by each technician individually, as per the SOP. These results
were double-data entered, and analysed for discrepancies.

All source documents and electronic records of study data
are maintained in secure storage until the conclusion of the
evaluation, data analysis and report publication.

Individual product testing reports were distributed to manu-
facturers' on 3 September 2012, for a 60 day review period
prior to publication of the final report. Raw data were made
to manufacturers available upon request.

Product testing follows SOPs developed through prior testing
experience and are based on recommendations of expert
consultations, with minor modifications made on suggestion
by the Steering Committee prior to Round 4 (77). In particular,
changes in the SOPs from the previous rounds include an
increase in the number of RDTs tested against 200 parasites/
uL at each stage of stability testing from 10 to 15, while
RDTs tested at 2000 parasites/uL were reduced from 10 to 5.
Overall, the quality of critical steps was controlled, as follows:

i) Quality of the malaria RDTs and their use:

All RDTs were stored in a controlled environment at room
temperatures < 25°C; the pouch was opened and desiccant
checked immediately before use; manufacturer instructions
were followed with the exception of use of the blood transfer
device provided by the manufacturer (a micropipette was
used to ensure correct blood volume).

A temperature-monitoring device was offered to be included
with the RDTs for shipment to the testing site (CDC). Logs
were analysed for any temperatures below or above manu-
facturers recommended storage conditions.

ii) Quality and objectivity of the RDT reading results:

Results were read in good lighting by trained technicians
tested for visual acuity, and doubly entered into the database.
Technicians were rotated. Readings of a second technician
were used for internal monitoring purposes, and summarized
results reviewed in detail and potential discrepancies identified
and cross-checked against source laboratory report forms.

All wild-type parasite samples were randomized with para-
site-negative samples and re-labelled for blinded reading
of the RDT results.

iii) Quality of the WHO Specimen Bank samples:

SOPs were established for the preparation of all specimen
bank samples (78). Culture lines of parasites and wild-type
samples were selected taking into account previous evidence
and data from specifically conducted studies. All diluted
parasite samples were stored and transported at -70°C, and
were used only once within 8 hours of thawing.

iv) Quality of the product testing site:

The Division of Parasitic Diseases and Malaria (DPDM), Center
for Global Health, CDC, is the major operating component
of the Department of Health and Human Services (HHS)
of the USA that deals with malaria control and preven-
tion. Laboratories within DPDM hold Clinical Laboratory
Improvement Amendments (CLIA) accreditation and are
monitored by an internal quality management systems
(QMS) program.
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8. ETHICAL
CONSIDERATIONS

Each specimen collection site obtained approval from a WHO
Research Ethics Review Committee and/or local institutional
review board for specimen collection, transport and archiving
of blood samples for the purpose of product testing, lot
testing and quality assurance procedures.

9. DATA ANALYSIS

9.1. Measures of parasite detection:
panel detection score and positivity
rates

Malaria RDTs detect parasite-derived antigen. The relationship
of the concentration of antigen available from the blood
sample (after lysis of red cells and parasites) to the peripheral
parasite density varies highly due to a series of host and
parasite factors. In addition, the population frequency of
specific factors that can result in false-positive results may
vary. Therefore, field sensitivity and specificity of an RDT may
change in different epidemiological situations. The evaluation
reported here does not predict sensitivity or specificity in
a given field situation. It reports comparative detection of
target antigens and false-positive rates of RDTs against a
standardized panel, in a controlled, repeatable manner. As
the panel is developed to be a close approximation of field
samples, the comparative detection rates between products
are expected to be reflected by similar comparative detection
rates in the field. As the panel is designed to include a large
number of samples close to the limits of detection of RDTs
(200 parasites/pl), the panel is likely to discriminate more
clearly than a field trial. It follows that in some settings,
such as where parasite density is very high, differences in
the panel detection score (PDS) and positivity rates between
tests observed against the WHO evaluation panel may not
be observed in patient populations, or may be much smaller.
Furthermore, where parasite densities are very low, detection
rates may be lower than those reported here.

Referring to Figure 5, a product must return four positive
test results at the manufacturers' recommended minimum
reading time (two from Lot One, two from Lot Two at the
initial reading time) when tested against a parasite density
of 200 parasites/ul, to contribute to its PDS. When tested
against 2000 or 5000 parasites/pl (Figure 6) the product must
return two positive tests at the manufacturers' recommended
minimum reading time (one from each lot). Thus, the PDS is a
measure of inter-test and inter-lot consistency, as well as the
ability to detect antigen. The PDS for P. falciparum indicates
an RDT result confirming the presence of P. falciparum,
when tested against cultured and wild-type P. falciparum
samples, while the non-P. falciparum PDS (P. vivax detection
in this Report) indicates Plasmodium-positive/P. falciparum-
negative results when tested on wild-type P. vivax samples.

The positivity rate is the percentage of all tests of a particular
product that returned a positive test result, at the manufac-
turers' recommended minimum reading time, when tested
against a P. falciparum or P. vivax sample.

9.2. False-positive results

False-positive results are analysed and reported as two sepa-
rate groups; those that had incorrect species identification,
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and those that returned a positive result for samples not
containing Plasmodium spp. parasites. Specifically, the
false-positive rate is the percentage of all tests of a particular
product that returned a positive test result when it shouldn't
have, based on results at the manufacturers recommended
minimum reading time.

9.2.1. Incorrect species identification

A test is considered as returning an incorrect species result if
a positive P. falciparum test line appears upon testing against
a sample containing non-P. falciparum (P. vivax) parasites.
P. falciparum samples resulting in only a visible pan-specific
(or non-P. falciparum-specific) test line on combination tests
are also considered to be false-positives.

9.2.2. False-positives from Plasmodium-
negative samples

Any test that produces a positive reading to samples with
no Plasmodium parasites is considered a false-positive. In
Phase 2, parasite-negative samples consist of clean-negative
samples and also samples containing other infectious agents
(e.g. dengue, leishmania, Chagas) and immunological factors
(e.g. rheumatoid factor, anti-nuclear antibodies, anti-mouse
antibodies) (Table 2).

9.3. Band intensity

All positive test results were recorded according to the
band intensity against a standard reference chart, matched
closely to line colour. Based on the first reader results, the
distribution of band intensity results is presented as the mean
band intensity of positive results. In addition, the intensity
was expressed for each possible result (0, 1, 2, 3 or 4) as the
percentage recorded at that level'.

9.4. Lot agreement

Disagreement between test lots is calculated from the
number of samples that returned a positive result on both
RDTs tested in that lot against parasite-positive samples at
200 parasites/ul, and on the single RDT from each lot tested
against samples at 2000 (or 5000) parasites/pl. Thus, high
inter-lot agreement indicates consistency in detecting malaria
parasites. Where one test was invalid and the other positive,
positive agreement was recorded.

T Astandard intensity comparison chart is used which allows matching
to the closest of four common colour variants of labelled antibodies
used on RDTs, each at four levels of intensity.

9.5. Invalid tests

These are the total number of tests that were deemed invalid
during testing of both lots, using samples at 200 parasites/pl
and 2000 (or 5000) parasites/pl.

9.6. Heat (thermal] stability

The results of heat stability testing are reported as the
number of positive tests returned based on either Reading
1 or Reading 2 from two lots at each parasite density
(maximum score 30 against 200 parasites/ul samples; 10
against 2000 parasites/ul samples)? and mean band intensity
(for positive tests only based on either Reading 1 or 2) at
baseline and after lots were stored at 4°C, 35°C and 45°C
for two months against one cultured P. falciparum parasite
sample at 200 and 2000 parasites/pl.

2 Fifteen tests per lot against 200 parasites/ul samples and 5 tests per
lot against 2000 parasites/ pl samples. Invalid results were excluded
from analysis.
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10. LABORATORY VERSUS FIELD-BASED
MALARIA RDT EVALUATIONS

Despite the strengths of the product testing programme,
the evaluation is not completely analogous to field testing
of malaria RDTs. In order to compose a panel that could be
reproducibly used to evaluate RDTs, blood samples were
diluted, frozen and stored below —70°C. Blood that has
undergone a freeze thaw process and is therefore lysed may
not have exactly the same characteristics as fresh blood.
A further variation from field equivalence is the use of a
micro-pipette to supply blood to the RDT device rather than
the blood transfer device provided by the manufacturer. This
was necessary because blood is collected from a cryo-tube
rather than a finger-prick, and the blood transfer devices
provided with a particular product can vary (20). This tech-
nique also ensured consistency of testing by reducing the
likelihood of operator error. All samples in the panel used
for the evaluation are prepared from parasites that express
HRP2. The results will therefore not be predictive of field
trial results involving parasite populations with significant
levels of HRP2 deletion (217).

Field trials have a place in product selection, particularly
in determining which of a short-list of products is most
appropriate for the technicians and situation of its intended
use by a programme (e.g. ease-of-use characteristics). Such
trials should have carefully defined objectives and procedures
designed to achieve these. Trials to determine the likely
field sensitivity and specificity of a product also have a
place, but require large sample sizes and populations with
low parasite densities to determine significant differences
between well-performing products, they need to be tightly
controlled, and are therefore expensive. They do not allow
comparison of a large number of products. WHO has produced
recommendations on good practice for malaria field trials
which should be followed to improve the repeatability and
quality of results (22).
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11. RESULTS

11.1. Summary

Round 4 of WHO Malaria RDT Product Testing, reports results
for 48" products evaluated against P. falciparum culture
samples, and for 46 of these products that proceeded to
evaluation against wild-type samples collected from para-
sitaemic patients from three continents and a large panel
of parasite-negative samples. Heat stability was assessed
at temperatures commonly encountered in malaria endemic
countries. Thirteen research institutes have been engaged
in either sample collection or sample characterization to
establish the evaluation panels. Between June 2011 and May
2012 approximately 56,000 tests were performed at the CDC.

The results of the evaluation reveal the following key outcomes:

i) The overall range of results including PDS, positivity
rate, false-positive rates and heat stability, were similar
to those reported in Rounds 1-3 (3-5) . There has been
a gradual increase in median PDS for P. falciparum at
low parasite densities across the rounds. The change in
PDS for P. vivax at low densities has been less consistent
although the median for Round 4 (61.8) was higher than
in the previous round (51.4).

ii) A number of RDTs demonstrated consistent detection
of malaria at low parasite densities (200 parasites/ul),
have low false-positive rates, are stable at tropical
temperatures, are relatively easy to use, and can detect
P. falciparum, P. vivax infections, or both, adding to the
number of available well-performing tests included in
Rounds 1, 2 and 3.

iii) Performance between products varied widely at low
parasite density (200 parasites/ul); however, the majority
of products showed a high level of P. falciparum and
P. vivax detection at 2000 (or 5000) parasites/ul.

iv) Again P. falciparum tests targeting HRP2 antigen demon-
strated the highest PDS for P. falciparum. The two tests
targeting pf-pLDH for P. falciparum detection did not
pass Phase 1 (<80% PDS for P. falciparum at 2000
parasites/pl). Furthermore, of those tests with both a
HRP2 and pf-pLDH test line, the PDS based on the HRP2
line was substantially better than PDS based on the
pf-pLDH line2.

T This includes four products that were joint listed which were not
evaluated at the CDC, refer to footnote 3 on this page for product-
specific details

2 AZOG Malaria pf (HRPII)/pf (LDH)/ (PAN-LDH) Antigen Detection
Device (MFV-124F);SD BIOLINE Malaria Ag Pf/ Pf/ Pv (05FK100)

v) Several combination tests achieved PDS in the high part
of the range for both P. falciparum and P. vivax.

vi) Test performance sometimes varied between lots of some
products.

Tables 3 and 4 summarize the performance of malaria RDTs
against P. falciparum cultured parasites and blood containing
wild-type P. falciparum and P. vivax parasites and Plasmodium
spp. negative samples. It is important to note that although,
results for 48 products are reported, only 44 were actually
tested. The four products listed that were not tested are
re-labelled/re-branded versions of the same product that was
evaluated3. All six products are manufactured at the same
location and under the same conditions so the numbers of
products discussed below reflect the 44 products that were
actually tested and the four co-listed products that are listed
with the same results. The data are colour coded according
to arbitrary categories, to ease the interpretation of results,
and these do not imply limits of acceptable or unacceptable
performance. Detailed information pertaining to product
testing Phase 1 and Phase 2 results is included in Annex 3
and Annex 4, respectively. A graphical representation of this
data follows in Figures 7-15.

3 ParaCare Malaria HRP2/pLDH (Pf/Pv) COMBO and Medisensor Malaria
HRP2/pLDH (Pf/PV) COMBO are rebranded/identical to CareStart™
Malaria HRP2/pLDH (Pf/Pv) COMBO (G0161) and ParaCare Malaria
HRP2/pLDH (Pf/VOM) COMBO and Medisensor Malaria HRP2/pLDH
(Pf/VOM) COMBO are rebranded/identical to CareStart™ Malaria
HRP2/pLDH (Pf/VOM) COMBO (G0171)

MALARIA RAPID DIAGNOSTIC TEST PERFORMANCE - Results of WHO product testing of malaria RDTs: Round 4 (2012)

RESULTS




80 (6g) 8Tl ool 000l (0054 "PYTIAd sonsoubeiq Jejnd3joly Xiwouag COOND Ad/4d elBlelN

80 (6€) 9T 00 000l 0S8 ‘P17 "0 'sisewiny SZ0L-MINY 153] UBIRUY Adf§d BLE[EJ SISEWNy
00 00 00 0'00L 000l P11 "0Q IgH €2€EYH pie) 0quio) NOA/¥d DY elelely SuaSIH
00 00 00 0'00L 056 P31 0D IgH €2LEYH pJeD 0QWOD Ad/d By eliejejy SUSSIH
00 00 00 056 056 s|eatpawolg JAydaz §2000€05 3d/nd BlEBIN 1043533 pidey -, XBAR|ed
00 00 00 0'00L 0'56 U] ‘olg SS90y 1109 089N0D (INOAd) HO19/2dYH euelel ,1esaie)
00 00 00 0'00L 058 U] ‘olg S0y 19109 04IN0D (Adf4d) HaTd[TdYH BUEBI L HEISDIED

Ad pue id
Ll (6€) 0 (61) ST 0'00L 056 du] sdnsoubelq piepuels 995450 Ued [4d Y euelelN INI10IG AS
80 (6€) 0 00 0'00L 000l sleaipawolg JAydaz G200LE0S Jdued eueey 104 153} pidey - gUIIISeled
00 00 00 0'00L 006 Py sansoubelq ueds 0L-¥0ZJI5S (321730) O'L 43A [€30] - [|HEled
00 00 00 0'00L 0'§L ‘P sonsoubeq ueds 0L-€02JISS (Honsdiq) 0L 43 [e30] - [|Hesed
00 00 00 0'00L 059 dul ‘yd301g N1 JELL0Y 153] pidey by uedfjd 2SuQ
00 00 00 0001 000L ‘P¥] puejolg 0LdVIAY 0'¢ Oy ued/yd euejejy ubisoueN
00 00 00 000L 068 ‘10D ABojoUYD3] [EDIPAWOG ESOLUIOS M1500-4| 0qwio) HJ1d/cd4H Dy elelepy 0idiasIn
00 00 00 0'00L 008 P (93d) BIpu| Yd]-0Ig Jeug 05-NVd/4d-L¥IN 353 uabnuy aur € (od 'Wid ‘Ad) NVd/¥d elelelN @UedsLd[elN
00 00 00 0'00L 0'59 U] 'yda101g panun L-LOL=EL-1  321A3Q 3s3] uonaa12q uabnuy (HA1d) Nvd/(Il dHH) 4d eueep
00 S £9 006 0’5t "PI1IAd SaASoubeIQ JeNd3JOIA XILUOUID 700D NVd [4d elele
00 00 00 0'00L 056 du| sansoubelq anl 0L-5€5 1531 Ued/¥d NIDILNY YIYIVIA d31S INO aNI
00 00 00 0'00L 058 TYNOILYNYILINI 1 0N 08INOD VINYIVIN 1
00 00 00 0'00L 0001 P11 "0] 'sisewny STOL-TYINY 153 UbNUY Ued/}d elele|\ SisewnH
00 00 00 0'00L 058 dU| [BUOIBUIIU pRWIUN §z-4010LT (4d+ued) maIpeIed , UDISISIIY

(P37 sauiRdep
B SWNIAS Jeseyq Jo Aleljly) [ediway) Anpy
00 00 00 0'00L 000l 'P¥] sdnsouberq 210) 720061 -1VIA 4d UEd ELIE[EN 910]
IDIA3( U01RIR(Q

00 00 00 0'00L 068 L0 TVIN XY 11 U0NARI2( 353 pidey Jd/ued ELE(B ,,X(Z3

oe oe &t gt oee Aoy LI uabRUY (HAT-NYd) /(HQT) d/(1dyH) d eueen 907y
00 00 00 0001 06 p11 ‘03 (noyzbueH) wieydoig NOgY ZOVL-YINI (POOJg D10UAA) 291A3q 1531 pidey Ued/yd BUE[EI SNId NOBY.
ued pue jdq
00 N N 0001 058 "D}7 0D Ya3101g 0JPUOM NoYZBUEN ILEM 1531 4d ellejeyy 415 3UQ ojpuUo
00 N N 056 008 U] S310}E100E] U0 2z6-11-€0¥ 1531 g UABRUY euelep ,Aisniy
00 VN VN 000l 0S8 mewm>m |e3Ipawolg piydiQ G20C0E0E Amgu\/v VAUZWQ,D elelepn EBLGQ\U\B.,\ d 10J31s3| U_me\un_ @|93Ydeied
00 N N 000l o Swajshs [22IPaLIOIG PIYRIO SZOL0E0E  (€33N) 39N BLIE[e WnIDdid[D) o 104 153] pidet-1d @¥aLdeled
00 N N 0001 0001 P17 "0 (Bulfiag) [E2IP3N-01g SS01) an]g 256225 (33135580) 1531 4d evieey 23S SuQ
00 N N 0o0L 008 P17 (21d) EIpu| YpaL-01g Teyg 05-4d-LYIN 153] UBIUY Jd BLRIEN o UBISUBIEN
00 N N 0ooL 009 ) sapsoubeig N LL-5€S ¥ NIOILNY VISVIVIN 4315 INO ON|
00 N N 0z 00 TYNOILYNYLNI 1O 0TI Y VISYIVW LI
00 N N 0001 oot U] [eUORBURIY| PALILN 5z-800012 1d eUele LUBISISII
00 N N 0001 o u] uapidey 00104H (Il dyH)d evielel 110340018
00 N N 056 00z P11 ‘03 (nouzbuen) wieydoig NOgY 20b-YIAl (POOIG 310UM) 30IA3Q 3531 Pidey ‘¥ eUEEN WLNOEY.
Auo 34

(o=u) (08=u |f/sayisesed |f/sayisesed
(oz1=u) R AR L S B O 000z 00z Jainjoenuepy J3quinu anbojele) 3anpoig

(%) 3384 pijeau]
(%) quo13d34uI Jd-uou 3AIsod-3s|eq (0Z=u) £2402S u01323)3Q |dued

B
)
S
~
o
2
E
3
o
K]
o
[
]
=
s
©
£
5
o
=
@
i)
ko]
S
=3
2
(=%
o
y
=
ks
2
>
2
3
o
1
[N}
o
=
<
=
[
o
L
[
VN }
o
=
wn
[Nu}
[
&)
—=
0
o
pz4
5]
<
[=)
=]
o
<
o
<
[ 4
<
-
<
=

(M/sanseaed) sanisuap aysesed (0002) Ybiy pue (00z) Moj Je saulj wniedidje) 4 painynd Oz isuiebe sjqy elejew g Jo aduewltoad | aseyd Alewwns : ¢ 3jqe|




S11NSs3y

(Irf/doooz e 9006 ‘I11/d00Z 38 9%609) ZdyH-4d pue (I1/do00z e 960l :|/d0oz 38 960) Ha1d-4d sem
(Ul '90ZV) 4T L-dIN 404 pue (11/do00z 38 %00L *[1/d00z 38 %S6) Zd4H-4d pue (M/doo0z 3e 96001 *I11/d00T 3 96S) HATd-4d :sem (du| sansoubelq piepuess)

malaria RDTs: Round 4 (2012)

001450 404 S3Ul| 1S3) [BNPIAIPUI UO PAsEq SQd wnipdidjp) 4 “(HaTd-4d 4o zdyH-4d J3ua19) aul| 3531 4d AnIsod e uo paseq s 3|qe) ay3 ul p3uasaid Sad »

pajonNpuod pajaNpuod pajoNpuod pajanNpuod
Seal0oes Senliotgesy senlioonel SR (%) 3184 pijeAu| UOIII34ul Wnipdid|nj o Uou 3ASod-3s|e; e sa1edlpul 3A1ISod Ajuo sul| Ad 10 Ued 4
JA3ISod 3. 'dwi} Bulpeas paiydads WNWIUIW Je 'UBIIUYIR]Y 3SI1 Y3 AQ PEJ S10| Y30q WOl S|aY ||e 4 AJUO P330333p PaJapISuod S| jdwies \f
oL< 0L-9 5t 4 ) 2t erpotEesi ey $2193ds WnIpowsnj4 ‘ued  XDAIA WNIPOWSDI ‘N WNIDADID) WNIPOWSD]d ‘o
0s > ¥8-05 ¥6-G8 §6= (9%) 2184 U0Nd313Q 3)qedyjdde Jou 'y

00 VN A\ 000l 0SS “ONI 'D0ZY vel-1dIN 901N 359] UORI91:( ElE[EIN DY DOZY

Ajuo uey

00 00L 0'SS 056 008 U] S3110}eI0QET UOILIY zee-zl-eoy 153} Wd[4d usbnuy euefepy ,Aisnip

00 0S €l 000L 056 U] sansoubelq piepuels 001450 9Ad [id [id BY elielely INOIE AS

00 00 00 0'00L 000L JT1 'swaisAS d13soube|q ewsy (001)S2/SYI-Add-TVIN 1S3L Ad/Ad YIYYIVIA I113SSYD VINIH o€-2-L didvY

Ll (6€) 9T (62) €L 00 00 JT1 'swaisAs dnsoubelq ewsH £020-Ndd-TVIN 1S31 Ad/4d VISYIVIN @SS3¥dX3 VINIH o€-2-L aldvY

00 00 00 0'00L 066 e|dolyi3 oig SsVY L£109 04N0D (INOAJ) HaTd/2dyH elele|y asedeled

00 00 00 0'00L 058 eldoiy}g olg ss2dy 19109 04IN0D (Ad/4d) HAd/ZdHH elefepy aiedeled

00 GIA 0S 000l 00 U] 'yaalolg 319 JCLLoY 1531 pidey By Adfd dHSUQ

00 00 00 096 009 juy| ..OU A@C mu |BJIP3|A-0Ig SS01) 3In|g CSEECS Avﬁwmmmuv 13| >&En_ eleepn prm U0

00 00 00 0'00L 056 “QU| UOSUSSIPIN LLLIN 09IN0D (INOA/K) Ha1d/zddH eliele|N J0SuasIpa|y

00 00 00 000l 068 “QU[ U0SUSIPIN L9LIN 09INOD (Ad/4d) HATd/TdYH eliB[e|y J0SU3SIPI

St 00 Loel 000l 0sL QU] 'Yaa101g panun €-10L-€L-L  30IA3Q IS3L UONIR1Q UbAUY (HATd) Ad / (Il d¥H) 4d eiejely

(ov=u) (og=u |f/sayisesed |/sayisesed
(oz1=u) [M/saysesed ooz ifsausesed ooz 000¢ 00c Jaanydenuepy J3quinu anbojeie) Janposyd

(%) 3384 pijeau]

(%) quo13d34ul Jd-uou AIsod-3s|ey

(0Z=Uu) £2103S u0132333( [dued

(panunuod) g s|qep

o
£
0
&
©

=3
h=3

<4

(=8
o
u
=
K]
2
>

3

[}
o

1
[N}
o
=z
<
=
[
o
L
[
L
a
=
n
[u}
(=
o
=
0
=]
z
5]
<
=)
=]
o
<
@
<
[
-
<
=




8¢C
€0
L'0
00
00
00
L'0
L'0
L0
00
00
L'0
00
00
€0
€0
€0
00

[4Y
L0
00
00
00
49
L'0
49
S0
00

(c6LL=U)
(%) 23e4
prjeAu]

(9ze) €1 (t9) 00
L9¢ 005
00 (L9) 0t
00 Sl
00 Sl
70 00
60 gl
€l gl
00 00
00 00
€l 65
70 gl
816 586
9T 00
(Leg) g€ 00
(og7) zze LTy
(1€g) 21 00
70 00
(1eg) ¥'0 00
(og7) TS 6
60 00
€1 00
€l Sl
¥0 00
09 Lyl
(leg) e Sl
(1€2) L'66 956
0 00
(cee=u) -
uol3ju| "dds hw_mw%u:_
wnipowseld P 13934 d
JAIIsod 2] SRR
gl -3s|e4
3s|eq
s3jdwes  s9jdwes g
JAnebau
-ue3|)
(%) s23e4
JAIsod
-35|ej [ejol

(s61) 00
00
S0
00
00
00
00
00
00
00
00
(s61) 00
00
00
00
00
00
00

VN
VN

VN

VN

VN
VN
VN
VN
VN
VN

(961L=u)
>uoi3I34ul
44 uou
JAnisod
-3s|e4

sajdwes 44
M/ssyisesed 000z

(%) s33e4 dAnIsod-3sjeq

(0g1) 00 (58¢) O'L 0001 0001 L'v6 806
zoe (16€) 00 S€T 0001 59z 0'66
00 €0 z16 0001 '8 59/
00 80 L'v6 066 819 LY8
00 00 L'L6 086 788 SvL
00 80 0001 000L L'L6 676
00 (16€) 00 00 066 6C 769
(44 (16€) 00 §9L 000l 00 L't8
(5€1) 00 00 €58 66 6C 8'6€
L0 €0 L'L6 0001 6C €'€9
Tt 00 €48 0'00L 819 616
L0 50 788 066 6G 59/
€66 00 00 000L 00 000L
Sl €0 0001 0001 819 8.8
@ (16€) €0 L'v6 066 8Ll §9L
gee 00 76T 0001 59z 0'66
s (06€) 00 788 086 00 79
00 00 L'L6 0'00L 6G LS8
00 WN WN 0'66 WN 868
(SeL) v wN WN 0001 N 888
00 WN VN 066 N 0L
00 VN VN 086 VN 6'56
00 wN N 066 WN 676
Sl wN WN 0'86 WN L€8
et wN WN 066 WN z19
L0 WN WN 000l WN 676
(WA VN VN 0'00L VN 066
00 WN WN 066 WN A4
=u
(9e1=) Wmoﬂwutw_
puoiur  ° S
4d 3nnisod wm 1sod (re=u) (86=U) (ye=u) (86=Y)
-3s|eq |%m_m“_ soldwes g  sojdwes §d s3jdwes A s3jdwes j4
sajdwes Ad  sajdwes Jd

|f/sayisesed 0oz f/sayisesed ooz

/ssysesed 000z

q2402S U01393)3( [dued

U] saisoubelq plepuels
s|edipawolg JAydaz

'py] sansoubelq ueds

'py] sansoubelq ueds

Ul 'yaolg 41

‘P17 pugjolg

'd10) ABojouyd3] [BdIPAWOIG BSOLIIOS

P31 (93d) BIpu| Ya31-01g eyg

U] 'Yp3101g paNUN

"PITIAd SA1soubelq J.INd3|O|A XIWOUD
"Ju| sansoubeiqg gn|

TYNOILYNYEILNI LI

‘P17 0D 'sisewny

"JU| [BUOIIBUIIU| pawWIun)

(p¥] SaUIdEA B

SWNJ3S 1eJeyq Jo dlel|iy) [edlway) Apy
‘P17 sansoubelq 210D

“ONI '902v

P11 0D (noyzbueH) wieydolg NOGY
'pY] "0 Yd3301g 0JpUOp) Noyzbueng
“JU[ S31I0}BIOQET UOIY

SWa)SAS [BIIPAWOIG PIYIQ

SWISAS [BIIpaWOIg PIYdI0

P11 0D (builiag) [ed1paj\-Olg SS0.)) anig
"P1 (21d) BIpU Y23]-01g Jeyg

Ju| sansoubelq gn|

"JU| |BUOIJBUISIU| paWIUN

Ju| uanidey

P17 "0 (noyzbuen) wieydoig NOGY

Jainjdejnuelp

99)450
SZ00LE0S
0L-+02JISS
0L-£0ZJISS
JeLL0Y
0LdYINY
MLS00-Y|
05-NVd
Hd-1YN
L-10L-€L-1
700D
01-5€S
201N
STOL-IVINY
Sz-9010LT

100 TVIN MY
720061 -1VIN
vcLl-NMdIN
CovL-VINI

J-LEM
¢ce-LL-E0v

§¢0z0E0E

§20L0€0E

¢S€CCs
0S-4d-1VIN
L1-G€S
G¢-g200l¢
00L04H
COv-VINI

Jquinu
anbojeye)

(M/sa1isesed) Ayisuap ayisesed (.000¢2) ybiy pue (002) Moj 1e s3jdwies xealn o pue wniedidje) o (jediul]d) adAy pjim Jsuiebe s|qy euejew 94 Jo

Ad pue 4d

ued [id by euelely INIT0IG OS

Jd/ued elee|y 10} 1531 pidey - guUaldseled

(32113q) O'L 13/ [30] - ||HEJEd

(usdig) 0'L J2A [E30] - L|HEled

153] pidey by ued/id 31SuQ

0°¢ by ued/jd euejepy ubisouen

0quio) H19/zdYH DY elele 0idIasIN

159] uabnuy

aul € (0d ‘wid ‘) NVd/¥d BUEIEI @UEISLID[EN
NIA(J 1S3]

uo1a312( uabnuy (HA1d) Nvd/(Il d4H) Jd elejey
NVd [4d elielel

1531 Ued/¥d NIDILNY YI9VIVIA d31S INO NI
08IN0D VIYYIVIAL 1D

1S9] CM@E:( cmn_t.n_ BliB|e|\ SIsewnyH

(4d+ued) maIpeIEd ,UDISISIIY

1 U01231( 153 pidey Jd/ued elejel ,Xaz3

Jd Ued eLigje\ 310D

;301N U0RIAIR(Q

uabnuy (Ha1-Nvd) /(HQ1) 49/(11d¥H) Jd eLeeN 90ZY
(PooIg 3jou) 91A3( 153 pidey Ued/yd euelely shid uNOgY
ued pue Jq

1531 4d BUB[EJ\ d3)S SUQ OJpPUON)

1593 '} Uabnuy eueep ,Aisni

(€u2n) onsdiq

elielely EEGQ.C\E d 104 1S39] bamm.“i @]23Yydeied
(€230 1n9a

eLIe[e|\ WnIpdidny o 40} 3S3] pidey-id @fd3ydeieyd
(9119558 153] 4 B[R dA1S UQ

153] U3bNUY Jd BUE[B|\ @ UBISLII|BIN

+d NIDIINY VISVIVIA d31S INO aNI

4d BUEIB ,, UDISISIIY
dyH)yd elejepy 114340019
(Poo|g 2J0upn) 221A2Q 353 pidey Jd eliele\ ,,NOFY
Ajuo 34

3dnpoid

s9|dwes aA13eb3u *dds wnipowsej4 pue
dduewlo4iad g Iseyd Alewwng :4 3|qel

B
S
s
~
o
[=4
=3
[=}
o
]
o
[
I
=
©
]
=
ks
o
£
b
2
©
=3
=3
2
(=%
o
y
=
ks
2
5
2
[}
o
1
[N}
o
z
<
>
x
o
L
o
VN }
a
[
n
[Nu}
[=
o
[
n
o
z
15}
<
[=}
o
a
<
[
<
x
<
<
=




S11NSs3y

~
S
ol
~
o
[=4
=3
[=}
o
K
(=}
o
©
T
i
©
£

(IM/doooz 3e %686 *I11/d00T 38 967 '29) TdYH-4d pue (|i/d000z 38 %8'LE ‘I/d00z 38 9L °€) HATd-4d sem (U] 'D0ZY) 4¥ZL-AdIN 404 pue (1/do00T 38 96001 *I11/d00T 38 906'96) TdYH-4d pue

(IM/do00z e 966'96 *1M/d00Z 38 %S GZ) HATd-4d :Sem (du| Sd1IsoUbeIQ PAEPUBLS) O0LY4SO 104 SUI| 353} [BNPIAIPUI UO Paseq SAd wniodidjos o “(HA1d-4d 10 ZdyH-4d 4oy3i) aul| 3533 4d 3AISOd € UO Paseq SI 3|qel Y3 Ul pa3usald Sad W
U330 3ABY JOU P|NOYS 3 USYM pajelauab Sem eliejew 104 3nSaJ 2AI11S0d B S} 4O J3quinu (B30} Y] 5 m
UO34Ul WnJ0AdID) o SAHISOd-3S|e) B S33edIpul 3ASOd Sul| 4d o m
pP2JINPUOd pP2JANPUOd pP23ANPUOd pP2NPUOd UOIIUI WNIDdId[D) o UOU 3AINISOd-3S|e) B $31BIIPUI AAILISOd 'A|UO ‘Ul Ad 4O UBJ 'S1S) UOIBUIQUIOD JO4 s
1591 40 0/pG< S1591 40 0p5-7 S1S91 40 0pz-1 1591 40 0> (%) 31ed pifeAul 3AIsod 3e 'swi buipess palid3ds WNwiulw 18 'UeIdIuYd31 151 SYY AQ Pess S10] Y10q Woil S|QY (B 41 AJUO p319313p PpaJapisuod st 3jdwes \ o g
oL< oL-9 57 > (0) 2181 3nIs0d-3s]e |ri/sa11se1ed 000G PUB 00T 349M S13S 3|dUES UONN|IP XDAIA  ¥€ U1 JO (06E) L PUe |ri/satiseied 000G PUB 00T 49M S13s sa|dwies uoiN|ip wnodidjog 4 86 Y1 JO (%S) G e W
g R e B (o) 3381 UORINAQ $3/199ds winipowsold 'ued  XDAIA WNIPOWSD| ‘N WiNDAId[D) WNIPOWSDIH 'Id m
3|0edldde Jou 'yN g
1
[40] €e VN VN VN VN 6'95 066 00 L9 “ONI '90ZY vCl-1dIN NI 353 U0II3(Q EUEBIN HIY HOZY %
Ajuo ueg Z
50 (Leg) oze (L9) v6L (¥61) 091 (sel) Lt gel 0'00L 066 41 8'88 OU| S3LI0JRIOQ.T UOILY  ZZE-CL-E0Y 153} Wd[4d usbnuy euejepy ,Aisnip =
00 (A4 00 50 00 €0 0'00L 000l 1'L6 696 U] Sd13soubelq piepuels 001450 JAd [4d [3d By euelely INIOIE AS m
00 £ g1 00 L0 00 000L 000l V6L 676 377 ‘swanshs dnsoubeiq ewsp aw_/ﬁﬁwm 1531 Ad/d VISV TYIN 3L13SSYD YINIH 6€-2-L QIdvY m
00 00 67 S0 L0 €0 0001 0'00L zl6 868 eldoiy}g oig ssaddy 1109 08INOD (INONd) HQ1d/ZdYH elielei 2iedesed m
00 00 gl ol 00 €0 0'00L 0'00L L6 806 eldoiy}g oig ssaddy 19109 080D (Adf4d) HAd/zdYH euelel 2ieQeied (S)
00 el 00 0c 00 gl 0'00L 0'00L 0°00L 9'6L U 'yd3101g M1 JCLL0Y 159] pidey by Ad/id 21SUO w
00 £l gl 00 6T 00 T'l6 6'56 00 0'0S P71 0D (builiag) [ed1paj\-01g SS0I) an|g TSEETS (91195580 159] A\'d[4d Eleley dIS auQ =
00 00 6C S0 L0 €0 000l 000l 'l6 8'68 U] UOSUSSIPI LLLIN 04IN0D (INOA/4d) Ha1d/2dYH BlE[EI\ J0SURSIPI M
00 00 gl oL 00 €0 000L 000l L'v6 806 U] 'UOSUSSIPI L9LIN 04IN0D (Adf4d) HaTd[TdYH BlE[BI\ JOSUISIPI o
S0 (ogz) 00 gl (s6L) L'E (seL) 00 50 59 66 00 T09 Ul 'yasjolg parun €-10L-€L-1  0IA3( s3] UoNIR1a( uabnuy (HaTd) Ad /(I d4H) 4d eLeley %
00 60 00 S0 L0 80 6'S 676 00 80t "PI1IAd SaSoubeIq JEINI3JOIN XILUOUID COOND Ad[4d elelepy M
00 el Sl S0 L0 S0 000L 0'00L 000L 676 ‘P17 "0 ‘sisewny SC0L-NINY 153] UbIUY Ad[4d ELE[el SISewny x
00 00 00 S0 00 00 e 000l §9/ 8'68 ‘P11 0] 1gH €CECYH pie) 0quio) NOA/¥d DY elelely SuasiH N_
L0 0 00 S0 00 (16€) €0 L'v6 (0)0[0]3 '6L 868 ‘P11 0] IgH €CLEYH pieQ 0qwio) Ad/yd by elele|y SUSIH =
00 A 6C 00 6T 80 0'00L 000l 788 086 s|edipawolg JAydaz G2000£0S 3d/Nd euele| 104353} pidey -, XeAR|ed
00 00 6¢C S0 L0 €0 000L 000L 413 868 U] 0lg SS3Y L£109 04INOD (INOA/K) HO19/2dYH BUEIEN ,)ie1S24E)
00 00 gl 0l 00 €0 0'00L 000l L'v6 806 U] ‘olg Sy 19109 08INOD (Ad/4d) HATd/TdUH ElUEIBN ,,}iBISIED
=u =u =u
coﬁ_uwmvwh .w&m hwmwhu:_ um_wm_m«—u&m_ wﬂm«_uwww_ uwm.m_wwutw_
wnipouiseld - P oiiicod 3 UOU T Fiiisod  3d UoU (re=u) (86=Y) (re=u) (86=u)
aniysod aseq aniysod asjey ansod  sydwes'nd  sajdwes g sajdwes Ad  sajdwes jq
(@611=u) ENA| -3s|eq -3s|eq
(%) 33ed s3jdwes  sojdwes A sojdwes 34 sajdwes Ad  s3jdwes Jd Jaanpejnuepy musc._:: 3oNnpouy
pljeAu| U>_“_.mm0= anbojejey
-uea|) f/sansesed 000z |f/sayisesed 0oz M/sansesed 000z |f/sayisesed 0oz
(%) »S93€4
JAIsod (9%) sa3ed aaiyisod-as|ey 403G U0133333( |dued
-9s|e} |ejo]

(panunpuod) ¢ s1qep




11.2. Phase 1 - P. falciparum

culture panel

The majority of tests (94%) consistently detected = 95% of
P. falciparum cultured parasites at high parasite densities

(2000 (or 5000) parasites/ul); however, the panel detection

score was highly variable (0-100%) at low parasite densities
(200 parasites/pl). At low parasite densities, the products with

the highest PDS targeted HRP2 (Figure 7). Two products had

a PDS < 80% on high parasite density samples and therefore,

did not proceed onto Phase 2.

Figure 7: Phase 1 P. falciparum panel detection score of malaria RDTs at low (200) and high (2000) parasite densities

(parasites/ul) according to target antigen type (HRP2 or pLDH)

vy

VVVYVYYYVYY

VYVYVVYVVYYVYYVYY

200 (HRP2)
200 (pLDH)

v 2000 (HRP2)

4 2000 (pLDH)

+ 2020-Add-1VIN - 1S31 Ad/dd VIMVIVIN @SSTUdXT VINTH ®@€-2-1 aidvy
- 70N - "4'd VIMVIVIN LDI

- Z0Y-VINI - @d1A0Q 3s9) pidey ‘¥ d euele|y n.NOGY

- YOOIND - NVd/id ele[eN

- ZOOWD - Ad/id eMelel

- ¥Z1-1dIN - 921A8(Q 1S9 UonOB)e( BUElRI DY DOZY

- 26£€TG - (9Nasse)) 1saL A'd/d°d elejey dajg duQ

- 11-6€S - 'd NIOLLNV VIIVIVIN d31S INO aNI

- 4vZ1-AdIN ~@Bnuy (Ha1-Nvd) /(Ha) 3d/(1dYH) 3d eueley 50zv

- O€LLOY - 1saL pidey By ued/id aySuUO

= 1-101-€1-1 -3s3L uondajeq usabnuy (Ha1d) Nvd/(ll dyH) sd eueen

- OZLLOY - ¥saL pidey By Adjid @HSUO

- 01-€0Z2ISS - (1onsdi@) 0°) "49A [e0] - 1IHeled

- €-101-€1- - uonaajaq uabnuy (Ha1d) Ad / (Il JYH) 4d elejey

- 22E-TL-S0V - ¥S9) "A'd/y d usbiuy euejey , Aysniy

- 22€-L1-E0V - 159} '} d uabiuy euejep ., Aysniy

- 0S-NVd/dd-LVIN - uy aur € (od ‘wid ‘Ad) NVd/¥'d ele[e|y @uedsuisjey

- 05-4d-LVIN - 3s91 uabnuy j d euejely @ueasusje|y

- O-LEM - 3591 §°d euele|y do}g SUQ OJpUOM

- 620Z0€0¢€ - (€'19A) euiejey wniedidjey "d 104 3s9) pidey -3onsdiq id @ioayseled

- M1500-¥I - oqwo) HA1d/zdyH By euejely oidiaain

- Z0TN - OSINOD VIIVIVIN LOI

- GZ0L-AdINY - 3saL uabiuy A'djy d elee|y sisewny

- 6Z-901012 - (3d+ued) maipered ,, ubigysii4

- 100 TVIN MY - 31) uoyadjaq 3sa1 pidey jd/ued euele| ,,xaz3

- 19109 - 09INO9 (Ad/id) HAd/ZdYH eleleiN 4, MeISDIED

= 0L-¥0ZOISS - (991A2Q) 0} "J9A ejOL - 1IHeted

- GZ000£0S - 4d/Ad eLelely Joy 3sd) pidey - ,, XeAldled

- 09Y4S0 - ued/jd By eueleiy aNIT0OIg AS

- 001450 -;Ad /id /3d By euelely INIT0IG AS

- 01-6€S - 1S3L ued/y'd NIOILNV VIMVIVIN d3LS INO aNI

- €ZLEYH - p1eD oquio) A'djy'd By euelely suasiH

- 12109 - 09INOD (IWOA/d) Ha1d/ZdHH elee|y , HeIgale)

- Z0V.L-VINI - @31A9( }s3] pidey ued/y d elele|N shid ».NOGY

- (001)52/SVD-Add-TVIN - 1STL Ad/dd VINVIVIN ILLISSVO VINTH ©@¢-2-1 AldVY

- GZ00LE0S - 4d/ued eleely 1o} )sa} pidey ,, usaioseled

- GZ0L0SOE - (€ 19A) erejely wnuedidjey “d 1oy }so} pidey -921A8Q 4d @429ydeied

- 26£Z26S - (9ndsse)) 1sa] 4°d elejey dayg suo

- 0LdVINY - By uedpd euejely ubigoueN

- 620~ TVINV - 3891 usbnuy uedjy'd euelepy sisewny

- €ZEECYH - p1ed oquio) INOA/S d BY elejey suagiH

- 62-900012 - 4d eUelep ,, ubiS)siig

- $20061-TVIN - }d Ued elieey 810D

- 00L0YH - (Il dYH)yd euelely LI@IYO0IG

10-E EENEEENNNEVVVYVYVY

.21098 Uo1}99}a( |oued

o

@ Asample is considered detected only if all RDTs from both lots read by the first technician, at minimum specified reading time, are positive;

® Refer to Table 3 for individual HRP2 and pf-pLDH test line PDS.
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were generally higher, reflecting the increased antigen
content of wild-type samples. As in Phase 1, the majority

11.3. Phase 2 - Wild-type

P. falciparum and P. vivax and
Plasmodium spp. negative

samples

of tests (45; 98%) had a panel detection score =95% of

P. falciparum samples at high parasite densities. Seven of

the ten products specific for P. falciparum alone achieved
PDS of =75% against low parasite density samples (Figure 8).

Figure 8: Phase 2 P. falciparum panel detection score of malaria RDTs at low (200) and high (2000?) parasite density

(parasites/ul) according to target antigen type (HRP2 or pLDH)®

All 48 products in Round 4 were designed to detect P. falci-
parum. Compared to the P. falciparum cultured parasite panel,
P. falciparum PDS and positivity rates of wild-type samples

11.3.1. P, falciparum detection
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were 200 and 5000 parasites/pl
® Phase 2 evaluation panel consisted of 98 clinical blood samples containing wild type P. falciparum. RDTs performed = 2 tests x 2 lots at 200 p/ul

2 5 (5%) of the 98 P. falciparum dilution samples sets were 200 and 5000 parasites/ul and 1 (3%) of the 34 P. vivax dilution sample sets

and 1 test x 2 lots at 2000 p/ul;
¢ A'sample is considered detected only if all RDTs from both lots read by the first technician, at minimum specified reading time, are positive;

9 Refer to Table 4 for individual HRP2 and pf-pLDH test line PDS
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11.3.3. Combined detection of P. falciparum

and P, vivax

11.3.2. P. vivax detection

Figure 9 illustrates, that 28 (78%) of products designed

to detect P. vivax detected = 75% of the high parasite

Considering the 36 pan-specific and combination tests,

17 (47%) had a PDS of =75% for both P. falciparum and
P. vivax at the low parasite density (200 parasites/ul) (Table

4). Several performed well at high parasite densities. The
single pan-specific only test had a 0% PDS for P. vivax at

the low parasite densities.

densities (2000 (or 5000) parasites/pl) consistently, and

17 (47%) achieved the same threshold of PDS against 200
parasite/pL samples. The overall detection of the low parasite

density wild-type P. vivax samples was lower than that for

P. falciparum. At low parasite densities (200 parasite/ul ),

only 11 products had panel detection scores = 90% and 19

products had a PDS of <75%. (Table 4)
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Figure 9: Phase 2 P. vivax panel detection score of malaria RDTs at low (200) and high (2000?) parasite densities

(parasites/ul) according to target antigen type (aldolase, pLDH)®
® Phase 2 evaluation panel consisted of 34 clinical blood samples containing wild type P. vivax; RDTs performed = 2 tests x 2 lots at 200 p/ul

21 (3%) of the 34 P. vivax dilution sample sets were 200 and 5000 parasites/ul

and 1 test x 2 lots at 2000 p/ul;
¢ A'sample is considered detected only if all RDTs from both lots read by the first technician, at minimum specified reading time, are positive
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11.3.4. P, falciparum and P. vivax positivity

rate

In addition to the PDS, the positivity rate was also measured.
This puts aside test and lot differences captured in the PDS

and measures the total number of times a test returned a

positive result. As expected, positivity rates were higher than

PDS but mirrored PDS against wild-type P. falciparum and

P. vivax samples (Figures 10 and 11).

Figure 10: Phase 2 P. falciparum panel detection score PDS and positivity rate at 200 parasites/pl?
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2 Phase 2 evaluation panel consisted of 98 clinical blood samples containing wild type P. falciparum. RDTs performed = 2 tests x 2 lots at 200 p/ul

and 1 test x 2 lots at 2000 p/l;

® A sample is considered detected only if all RDTs from both lots read by the first technician, at minimum specified reading time, are positive;

¢ The total number of times a test returned a positive result;

9.2% and pf-HRP2 75.5%

for positivity rate (PR) at 200 p/ul: 05Fk100 (Standard Diagnostics Inc)

99% and for MFV-124F (AZOG, Inc.) PR at 200 p/ul was pf-pLDH

45200 and pf-HRP2=

9 Refer to Table 4 for individual PDS based on HRP2 and pf-pLDH test lines;

was: pf-pLDH
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11.3.6. False-positive rates

11.3.5. Band intensity

Overall false-positive rates were low, with only five tests

Although RDTs are not quantitative, technicians did grade

having rates >10% on clean-negative samples, on any test
line (Figures 12, 13). These same five tests also had high
false-positive (FP) rates with samples containing other

positive results according to a standard colour chart and

mean band intensity (for positive results) was calculated

(Annex 4 - Tables A4.2, A4.3). There was a positive correlation

pathogens and immunological abnormalities. A few tests with
low false-positive rates on clean-negative samples returned
false-positive rates (range 8.3%-50%) against samples from

between panel detection score and band intensity (Spearman

0.83, P<0.001).

rank correlation, r

Figure 11: Phase 2 P. vivax panel detection score and positivity rate at 200 parasites/ul?
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2 Phase 2 evaluation panel consisted of 34 clinical blood samples containing wild type P. vivax; . RDTs performed = 2 tests x 2 lots at 200 p/l

and 1 test x 2 lots at 2000 p/ul;
° A sample is considered detected only if all RDTs from both lots read by the first technician, at minimum specified reading time, are positive;

¢ The total number of times a test returned a positive result
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Importantly, there was no clear trend of higher false-positive
rates for tests with higher PDS, indicating that there was not

patients with other blood pathogens, particularly for dengue

and leishmaniasis and for immunological blood abnormalities
(FP rate range 3.99%-66.7%), including RPR, rheumatoid

a clear trade-off between sensitivity and specificity of tests

at these detection thresholds (Figures 14, 15).

factor, anti-DNA antibody and human anti-mouse antibody

samples. However, sample sizes were small. For detailed

information regarding the blood abnormality or pathogen
that generated false-positive results for a specific product

refer to Annex 4 (Tables A4.8, A4.9).

Figure 12: Phase 2 P. falciparum (P. falciparum test line) false-positive rate against clean-negative samples?

S11NSs3y

100

75—

I I
o o)
n N

(%) @yes anysod asjeq

0-1€ M - 1581 §'d eueey dejg auQ Ojpuop

22E-Z1-S0V - 159} "A'dry d usbnuy euejely whysni)

T2E-L1-E0V - 359) 'y d usbnuy euefely w Asniy

001)1450 - ;Ad /4d /3d BV euelely aNIT0I9 @S

99450 - Ued /}d By euelely ANIT0IG AS

(001)S2/SVI-A4d-TVIN - 1S3L Ad/4d VINVIVIN LLISSYD VINTH @¢-2-1 aldvy
GZ001£0S - Jd/ued eliele|y Joj }sa} pidey - @uaaioseied

01-¢029ISS - (}onsdiq) 0°} “J9A [eJOL - 1|Hesed

01-7029ISS - (99142Q) 0°) "J9A [€}0L - LIHeled

6Z020£0¢€ - (¢19A) eLejely wniediojey d 10y 3sa 1 pidey-yonsdiq 4d @23yoeied
GZ01L0€0E - (¢49A) eliejely wniedidje) d J0) 3sa ) pidey-ad1Aa( Jd @4odydeled
12109 - 09INOI (WOA/Hd) HA1d/ZdYH elefe aiegeied

19109 - OGN0 (Ad/id) HATd/ZdYH elele dJedeied

0ZL10Y - s8] pidey By Adjid SHSUO

2€110Y - 3531 pidey By uedjjd a)iSuo

26EETS - (9nassen) 1sa A'd/4'd eLeje|y dayg auo

26£226 - (anassed) 1sa 4'd eueey dajs suQ

01dVINY - 0°'¢ By uedjjd euejely ubigoueN

LLLIN - OSINOD (INOA/Kd) HA1d/Zd¥H elelely Josuasipaly

L9LIN - OSINOD (Ad/id) HATd/Zd¥H elielel Josuasipaly

M1500-¥I - oquod HATd/zdyH By elrejely oidiaan

0S-NVd/dd-LVIN - 3581 uabiuy aur € (od ‘wid ‘Ad) NVd/¥'d ele[ejy @ueastajen
06-4d-1VIN - s3] uabiuy § d eueely @ uesstaley

ZOONO - Adjid elelely

Y0OS - NVd /id elefey

1-L0L-E1-| - 931A9(Q IS8 UONdR}RQ uabnuy (HA1d) NVd/(Il duH) 3d euejely
€-101-E1-1 - 991A8( s8] UoNodjaq uabnuy (Had) Ad / (Il dyH) 4d euejely
01-G€S - 1S31 ued/y'd NIDILNV VIMYIVIN 431S INO aNI

L1-6€S - ¥'d NIOILNV VIIVIVIN d3LS 3INO aNI

201N - 09INOD VINVIVIN LOI

6Z0.-TVINY - 3s3] uabiuy uedyd euefel sisewny

6Z0.-AdNY - 3581 uabiuy A'djyd euelely sisewny

$ZESYHH - p1ed oquio) WO/ d BY euefel suagiH

$TLEYH - p1ed oquiod A'djy'd By euejely suagiH

SZ-901012 - (Jd+ued) maipeied ,, ubigisiiy

6Z-920012 - 4d eLelely , ubigsily

GZ000€0S - Jd/Ad eleel 1o} }s8) pidey - ,, XeAld|eq

100 TVIN MY - 1Y uondajeq Isa pidey jdjued BUeeW w.XQZ3
¥2006L-TVIN - 3d Ued eliefe|y 8109

12109 - 09INO9D (NOA/d) HA1d/ZdYH BlUele|N w. Hejgaled

19109 - 09INOD (Ad/td) HOTd/ZdYH eLeleN w HBISaIeD

00L0YH - (Il d¥H)d euee 11a3yo019

4vZ1-AdIN - 9391A8Q uoiddjaq usbiuy (HAT-NVd) /(HaT) sd/(IIdyH) 4d euejley 50zv

¥Zl-1dIA - 921A8(Q IS8 uonjd9leQ elejely OOY O0ZV
Z0V1-VINI - (pooid a]oyM) 3d1Aaq 3saL pidey ued/)d eliejely snid ».NOGY
207-VINI - (pooig 3]oyM) 921AaQ IsaL pidey ‘¥ d euelel . NOGY

@ Phase 2 evaluation panel included 100 Plasmodium spp. negative samples of which 58 were clean-negatives from healthy volunteers

with no known current illness or blood abnormality
® Individual false-positive (FP) rates based on HRP2 and pf-pLDH test lines were: 05Fk100 (Standard Diagnostics Inc):

=0.4 %

1.3% and pf-HRP2

2.2% and for MFV-124F (AZOG, Inc.) FP was pf-pLDH=

0% and pf-HRP2=

pf-pLDH
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Figure 13: Phase 2 Plasmodium spp. (pan or P. vivax[Pvom test line) false-positive rate against clean-negative samples?
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@Phase 2 evaluation panel included 100 Plasmodium spp. negative samples of which 58 were clean-negatives, from healthy volunteers

with no known current illness or blood abnormality
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Figure 14: Phase 2 P. falciparum false-positive rate? versus P. falciparum panel detection score®
at low (200) parasite density (parasites/ul)
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@ False-positive rate is on clean-negatives, only;
A sample is considered detected only if all RDTs from both lots read by the first technician, at minimum specified reading time, are positive.

Figure 15: Phase 2 P. vivax false-positive rate? versus P. vivax panel detection score®
at low (200) parasite density (parasites/ul)
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@ False-positive rate is on clean-negatives, only;
A sample is considered detected only if all RDTs from both lots read by the first technician, at minimum specified reading time, are positive.
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12. HEAT STABILITY

Asingle P. falciparum culture sample (from the same lot as
Round 3) was used as the reference sample for heat stability
testing. Variations in baseline performance reflect inter-test
variation since the sample at 200 parasites/ul was at the
limit of detection of some products.

Several products were stable, meaning that they detected
a P. falciparum cultured sample the same number of times
at baseline and following incubation for two months (75%
humidity) at 4°C, 35°C and 45°C. (Table 5). Detailed results
are presented in Annex 4 (Tables A4.11-A4.13a) and in
Figures 16-23, showing the results of both lots are combined
(maximum score 30; 15 tests per lot against 200 parasites/ul;
maximum score 10; 5 tests per lot against 2000 parasites/pl).

Overall, products showed greater stability against samples with
high (2000 parasites/ul) compared to low (200 parasites/pl)
parasite densities, Figures 16, 18, 20, 22 and Figures 17, 19,
21, 23, respectively, as small deteriorations at these high
parasite densities will not be apparent. In several cases
products which had baseline positivity less than 100% based
on the pan-line showed unpredictable variation in positivity
rates on subsequent testing after two months, consistent
with test lines on the borderline of visibility (i.e. as the 200

parasite/ulL culture sample used is near the threshold of
detection of many products, a minor change in detection
threshold may cause a large apparent change in the recorded
result). Some test lines showed a high degree of stability at
35°C but lost the ability to detect antigen after incubation
at 45°C. As previously reported, a few products showed an
improved performance with incubation (Figures 17, 18, 20,
22, 23). Overall, the stability of pan-pLDH-detecting test lines
was much lower than that for HRP2-detecting test lines, for
both high and low parasite density samples. The only two
products with good reactivity after prolonged storage at 35°C
and 45°C had very high false-positive rates for wild-type and
parasite-negative sample types .

The summary results of heat/thermal stability testing are
presented in Table 5. Note that, as a culture-derived P. falci-
parum sample is used for heat stability testing, it is not
possible to provide stability data on test lines that detect only
non-P. falciparum parasites. Such data, and confirmatory data
on the stability of recent production lots of all tests, should
be obtained from manufacturers during product selection
processes when procuring RDTs (Annex 5a).
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12.1. P. falciparum test lines

Figure 16: Heat stability of P. falciparum specific test line of P. falciparum only tests against a low density
P. falciparum sample (200 parasites/pl). Positivity rate at baseline, and after 60 days incubation.
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Figure 17: Heat stability of P. falciparum specific test line of P. falciparum tests against a high density
P. falciparum sample (2000 parasites/pl). Positivity rate at baseline, and after 60 days incubation.
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Figure 18: Heat stability of P. falciparum specific test line in combination tests against a low density
P. falciparum sample (200 parasites/pl). Positivity rate at baseline, and after 60 days incubation.
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@ Maximum score is 30 (15 tests x 2 lots)
® Refer to Table A4.11 for individual HRP2 and pf-pLDH test line performance
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Figure 19: Heat stability of P. falciparum specific test line in combination tests against a high density
P. falciparum sample (2000 parasites/pl). Positivity rate at baseline, and after 60 days incubation.
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RESULTS

12.2. Pan-specific test lines

Figure 20: Heat stability of pan-line of pan-specific tests against a low density P. falciparum sample (200 parasites/pl).
Positivity rate at baseline, and after 60 days incubation.
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9 Single test line includes pf-pLDH, pan-pLDH and HRP2 antibodies
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Figure 21: Heat stability of pan-line of pan-specific tests against a high density P. falciparum sample (2000 parasites/pl).
Positivity rate at baseline, and after 60 days incubation.
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Figure 22: Heat stability of pan-line of combination tests against a low density P. falciparum sample (200 parasites/pl).
Positivity rate at baseline, and after 60 days incubation.
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Figure 23: Heat stability of pan-line of combination tests against a high density P. falciparum sample (2000 parasites/ul).
Positivity rate at baseline, and after 60 days incubation.
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13. EASE-OF-USE
DESCRIPTION

After becoming proficient at using a product, two technicians
jointly produced an agreed assessment of product usability.
The results, which constitute a description of the product
with emphasis on aspects considered of importance to ease-
of-use in a field setting, are presented in Table 6. Importantly,
the assessment does not compare blood transfer devices
which are critical to both safety and accuracy of the testing
procedure, and pose a significant challenge to many users.
These can be varied by manufacturers with many products.
Procurement decisions should consider which transfer devices
are best suited to the intended users and discuss this with the
manufacture prior to procurement. Ultimately, it is strongly
recommended that RDT packaging, contents, safety and
ease-of-use be assessed in the field as part of the product
selection process (Table A5.1). Furthermore, end-users should
be aware of major RDT anomalies that may be encountered
in some production lots (Figure A5.2).

RESULTS

MALARIA RAPID DIAGNOSTIC TEST PERFORMANCE - Results of WHO product testing of malaria RDTs: Round 4 (2012)



(Jo1eatpul P11 (91d) 05-Nvd 1S3 UbRUY aur €
Inojod 0u) JUEdISaQ Uang anadig amassey  USIPUT dmIsse) awadd o L v € * € L o ! elpu| 4931-01g 1eyg [Hd-L¥N  (0d 'Wd '\d) NYdl/¥d BUEIEI oL
: : - 321N 153 U0INIIR(Q
(9buey2-10j03 -UOU) 1UBIISIQ UaHNg '9M13sse)  ysI|bug  3113sse) VN 0z L 7 C X 4 l VN L ou| ‘Yaszolg psyun L-LOL-€EL-1L

ubnuy (Had) Nvd/(Il d4H) 4d euefely

st 6
ysibuz  apasse) amadd  og L v 4 x 4 LWL e X0a $OOND Nvd /id euelen

(103B21pUI INOJOD
0U) JUBISAQ 'S10UET Jaying 'aadld ‘91135580

10}BIIPU INOJ0D OU) JUBDIISI(] 344N '913SSE; Si|6u ap33sse X U] Sa13soubel - 1531 ued
oSS O @) WIS LA B | UL | SESE) | WY | G ! v ¢ ¢ ! N g | SEObEd Nl OVSES g N3DILNY VIMYTVIN d3LS INO NI
(sbuey) J0j0D) 1UBISAQg
'qeMS [0y0dly JadUET ayng ‘anadig ‘anasse) ysiibug  apasse)  apadid Gl L € 4 X 4 L 0 L TVNOILYNYIINI LD [l 04N0J VIYVIVIN L3I
(403831pUI JNOJOD {m_cmam 1 A o
ou) 1ueanisaq ayng ‘dooy jajsues] amassey U W) dool 08 _ v 4 X z L YN L P 0D SISBWNH  GZO/-IYWY 1531 U3BIUY Ued/rd euiefely Sisewnyy
: Usibu3
(103€21pUI JN0J0D OU) JULISAQ “Ua44Ng 6 d . 6
'sqeMS [04oS[y 130UE] ‘D00 JoysuBl] 'SHasEey ysi|bug  ayasse) 00| 014 | € | X z | 0 | U [BUOI}BUIIU| PaWIUN GZ-90101T (Jd+Ued) MalpBIEd |, UBISISII
(OAPUL oibu  apessey  amedd  oc ! ¥ z x z ! N ! 3 mekmﬁwwﬂ | E—— HH e REAE =
IN0j0d 0U) JUBIISIQ U344Ng '913d1d '9133558) : SNEILY) (WAL AAPY 1591 pidey Jd/ued euelep ,xaz3 S
(10331pUI IN0JOI OU) JUBDISI . =
'SqeMS [040dly 190UET 'd00T JaJSUel| ‘3133558 ysiibuz  apassey  dooj 0z L € L X C L 0 L P17 sdnsoubelq 210)  $2006L-1YIN 4d Ued BlIE[E[\ 910] ]
3
o
(40121pUI JN0JOD OU) JUBIIISIQ UayNg '9133ss8)  ysi|buz  313asse) VN 0z | % z X z L VN L INI'90ZY 2 LM 1A U0NIR1RQ UBRUY (HAT o
-Nvd) /(HQ1) 39/ (11d4H) 4d eueiepy 50z %
(t03e31put P17 '0Q (noyzbuep) _ (pooig 3joyp) 3d1A3Q E=
IN0j0d 0U) JUEDISI J344Nng '9133d1d '9113558) UEUE] | SessE) | SiREle 5t 4 v 4 X 4 L YN L wJieydolg NOGY COPLYINI 153] pidey ued/yd elele snid ,NOgY m
ueq pue j4 ﬂma
(103e21pU INOJOD 7] ) UGS cn.a
0U) JUBDIS Ua4Ng ‘GEMS [0L0d]Y (3]Pa3N bug  opesse)  doo| 5l L ] 4 X £ L L ! o c% i Su M?%.m JQLEM 1531 ¥d Bue[ely 935 dUQ OJpUO £
3|Qe10..124) 19dUE] ‘00T JySued] '3113s5e) JPUOM oY 9 0
(103e31pUI INOJOI OU) JUBIISI( 24INg '91355E) 116U 3333s5E) WN 014 | ¥ z X z | VN | QU] S31I0JLIOQET UOIMY  ZZE-LL-E0Y 1531 "y uabnuy euefep ,Aisnig ]
(10321pUI JN0JOD OU) JUBIDISI( U34Ng SwysAg (€13) >P1sdiq eliefely wnipdjdjos o B
'QEMS |0Y03|y ‘13ueT 'doo Jaysued] yansdiq g | Spistl i) 0c L 4 L x L 0 0 L [B1paWolg PIYd.0 520c0e0e 104159 pidey-4d @Xd3Ydeied o
(103€31pUI JN0J0D OU) JUBIISAQ Ua44Ng SWASAS (€U9A) 221A3Q elIB[B WNIDdId[0) o W
'0eMS |0Y0d|y ‘}3ue] 'dooT Jajsuel] '91335se) g | S 5] 0c l v 4 X 4 L 0 L |edrpawolg pIya.Q SC0L0g0E 104159 pidey-4d @Ad3Ydeied 5
[u)
(103€31pUI 1N0J0D OU) JUEDDISI 34Ng '313SSED  UsIBUT  9NISSED YN sl L b z X z L N ! P11 "0 (buliog) 256275 (a113558D) 153] 4 eLijeyy da1s 2uQ e
[BIIPI\-01g SS0I]) an|g 2
(403e31pUl 6 did i 5 6 . !
1N0J0d 0U) JUEIISI ajNg ‘313adid '113556) URjE) | SmesEy) | Rl 0c L 14 [4 X 14 L VYN L P17 (21d) elpu] Ya31-0ig Jeyg 05-4d-1VIN 153 USbRUY Jd BUEJBIN @ UBISHISIEIN L
(103ed1puI 1N0J03 OU) JUEIIISAQ URYNg ‘AASSE)  ysifbul  d1sSE) eu ST l ¥ 4 X 4 l VN L du] sansoubelq AN LL-GES 4d NIOIINY VIHVIVIA d31S INO aNI z
(9buey)-10]0D) JUBIISIQ 6 did . W
Ya4ng 'SQeMS [04odly 1a0ue] ‘anadig ‘apassey  USHPUT OHISSEDameal Sl L 4 4 X 4 L 0 L TYNOILYNYILINI 1 YOIN 4d VISVIVIN LI S
. [
oS [ o Hoo oo Se  USIBU3  awase)  dool 0z ! £ ! x ¢ ! 0 L Ul feuoneusul pALILN  SZ-GD00LC 3d euelEN ,UBISISIY &
=
(103e21pUl IN0|0D 6 aqm . d d i
ou) 1UEDISaq Iayyng ‘saqn] AdejjideD) ‘amasse)) UsI|oUaRREsTIaSSEYR B o el 0E L ¥ 4 X @ L VN L duj usplaey 00LOYH (Il dyH)4d eLiEey 11038D019 =
d d d o
(t03e31pul P17 °0) (noyzbuep) ~ (pooig 3joym) 5
1n0j03 0U) JUEIISIQ “Ua44ng ‘anadid ‘9133558 (FfOlE] | ESSE) | SRRl 5l ! € 4 X L L N 0 wJeydolg NOGY [Sialil IAQ 353 pidey ‘yd euelelN .NOgy W
Ajuo 44 %
. . poyaw . 3|pa3u  panjoAul =
Xew Xew nsal Jo weibel Xew) pasodx:
RIS RIAP  Jnsas  sdays Amu‘_oumu HNusu.mu Hnsa1 Jo w__smaﬂ_c oN ’ HmusumH ugEmm 2198 SIIPM Rquinu W
s3bexded ur papnpul sway Jo jewlo] J3jsuel) 0} 3wy pawi jo o - weibeiq : ; -peRy  buixipy lainpeynuepy et Janpo.id S
abenbue poojg |ejo] Jqunp wEob [E3€D =
J oA31jenb uondniysu) ¢A33jes poolg m
-
bui3s3] 39npoid 1@y BUe[BIN OHM i punoy ul papnjaul S|y elejew 8¢ Jo uoi3didsap asn-}0-3se] :9 3|qe] =




S11NSs3d

I~
10}BJIpU| JN0JOJ OU) JUBIDISA(Q 0dN0d <
'sj20ue] _Bm;w 2y ng _uz&_un_ passey  USIPUI wassed awadd 0 - i C X ¢ : g - adonp3 o1 sy M09 (NONJid) HOTd/zdYH el 2EDeIRg T
(401B31pUI INOJOD OU) JUEIIISIQ d 080 3
'S10UET 'SOEMS |y Ujng '13d1d 9133558 Bug | smasseD | spadid 0c L 4 [4 X [4 ! 0 ﬁ EI001LRT 01 S5900Y 19109 (Ad[3d) Im:&mn_xx elie|e|\ JeJeled M
(OWMPU i6uy  omassey  apadid ot ! v z x z | N ! QU] '4p20Ig Y1 JziioY 153] pidey By Adfid 21SU0 =
In0j0d 0U) JUEIISIQ U34Ng ' 31131y '913355E) : : : : o
‘P37 0D (builia o ic]
(103€21pUl IN0|03 OU) JUBISIQ U344Ng '3113S5ED 11bug  amesse) YN Sl L 12 [4 X [4 L VN L ,S_E_zt.w_m mum% cm:_mmw TGEETS  (919sseD) 1S3L \d/4d euefely dais uQ g
(=}
103B2IpU| JNOJOD OU) JUBDISIQ — 049N0D o
'sj20u8] _m%gw 2y 124ng .WEQ__& nasse) bug " amassey| apadd e : Z € * € : g - e i YW (Vo) HdfzduH euelen Josuasipay £
|3
JOJBJIPUI JNOJ0D OU) JUBISI] - 09N0D b
'S190ue] .mgm\sw Y Uapng Uzug__q '3119s58) ug) | ez | SERELE 0c L v [4 X [4 L 0 ﬁ Su] J0SUSSIpIN 19LIN (Ad/4d) HQ1d/zdYH BlElB JOSUISIPIN m
( ) 5Q Uayng 'oNasse)  usibuz  amassed W 0z L b z x z L N L 2U| 423101 PAUUN  E-LOL-EL-1 spitalieeliohisniad &
JOJBJIpUI JNOJ0D OU) JUBDISI(Q U344ng ysijbug | | -10L-EL-
. usbnuy (Ha1d) Ad / (11 dyH) 4d euele w
(401831pUI INOJOD “PITING Sdnsoubelq 3 =
0U) 1UBISAQ '$I0UET Uaying 'aadld ‘31135580 UL | e | Rl 0z L v [4 X [4 L YN L JB|NI3JO\ XIWOUD) C00ND Adf3d BUEIEN m
ysiueds 2
ou) JuedIsaq Jagng 'doo _wwwsmmwmw UpuBly| | SERSEY) | @) 0€ L v [4 X @ L YN L PA1"0Q SISBWNH  SZOL~-MINY 1531 UaBRUY Ad/Jd lIE[e| SISEWnH &
) 1uedIsdQ Uagng 'dooT sajsuel] D ysybug N
(&)
IN0J03 0U) JUBISAQ ‘nadid ,at:mcmmw_mﬁ ysiibuz  amasse  apadid oz ! 4 z X z ! wN l ‘P11"0) IgH ECEEYH  PIBD 0quo) INOAHd DY elielej sudSH 4
. . =
1N0j0d 0u) JUEdISAQ ‘3Mdid ,at:mm%wum_mﬁ ysiibug  anasse  apadid oz L 4 [4 X [4 L WN L P11°0Q IgH ECLEYH  PIe) 0QIO) Ad[id By elielely SUdSIH m
) . [
_— ,OEOU_@N%,DU@H_@M%“ _Mmmuum__%mmwmmw ysijbuz  anesse)  doo (014 | € | X 14 | 0 L s|edlpawolg JAydaz GZ000E0S  3d/Ad BIBIBIN 10} 359 pidey -, XeAd|ed W
)
(403821pUI IN0J0J OU) JUBISI( - 040 L
'5130u8] 'Sqems ly Tyng opadig apassey AP IsSEd awadd 0 ! v € X ¢ ! . g IO sy H109 (onisd) HVd/zdyH evelen 1 eISiE) b
103BIpU| JN0J0J OU) JUBIIISI(Q - 040D =
'sj20Ue] _Bm;m Ay 24ng .32__& passey  USIPUI wassed awadd 0 : i C X ¢ : 0 : R P09 (rgJ1d) HANdJ2duH ELelE WEISRIED S
Ad pue 34 )
3sanbniiogd M
(403E31pUl JN0J0J OUJIUEBIIISI( UHNG '9113SSED Iﬂmmﬂm 9)33sse) VN Sl l € L X 4 L VN L U] sansoubelq plepuels 99450 ued /44 by eueepy INI10IG AS m
'ysi|bu3 =
36uBY)-10]0D) JUBIISIQ UaKNg 4d[ued x
'sqems E;oU_/m\ '}20ue] doo._ﬁﬁmcm:. '9113sse) UFfarE] | SRR ) 0c L € L X 4 L 0 L S pRLE) AR SC00LE0S elie[e|\ 10} 153} pidey - gUaIdseled g
<
ey LR R R S T D404 nowaeguss oeomss (00l oL e =
(sbueyy 2qm
10]0D) JUBIDISQ 'SQN| 1S3 Uayng ‘sldue]  ysiibug  pnsdig 14 L € z X L 0 0 L ‘P sonsoubelq ueds  OL-€02DISS (Risdig) 0'L J2A B30 - ||HEled
J) Alejjided
'SqeMS |0Yod|y ‘saqn] Asejjided onsdig :
O — ol usibuz  amassey amadd o L v 4 x 4 LWL QU] 43101 YLD RN 1531 pidey By uedjd 1SU0
o0 e oo el e USlBU3  masse)  dooy gL L v z x 4 ! 0 ! PrIpUEOlg  OLAYIY 0'€ By uedjd euieleyy ubisoueN
(103e31pUI ‘di0) Abojouyda| - d By eLEIEI 0L
1N0j03 0U) JUEISH] “agng 'adig assey bug  apesse) apadid gL L € z X L L VN 0 e patog esa o] MLS00-YI  0qwio) HJ1d/zdYH DY euejep 0idIgaN
. . poypaw . 3[p33u  paAjoAUl
uomRnsul NP Jnsas sdays Aw‘_vww_ma Aw‘_ww_ws 3Insal Jo ﬂﬁwﬁm Eﬂmw% Hw‘_wwm.; Jm_ﬂ_wm_ dqe  S|Im 1qunu
s3bexded ui papnjul sway Jo jewso4 J3jsuely 03 awy pawy jo weibeiq . d -pesRYy  buixipy J34njdejnueln anbojeye) Pnpoid
abenbue poojg |ejo] J3qunp w::%

qoA31jenb uondniysu «A13)es poolg

(panunuod) 9 s|qep




buibexoed [eulbLio syy ul papnjaul 10u 13jydwed suopdNAsU|

"W} WS Y3 I SIL0SSIIIE PINbaI Y} [[B 24nd0.d A3Y3 2INSUD PUE S} 159} AUBWIOII. S|BLIDIBW JEUYM SIINIIBINUBW Y} YHM AJLI9A PINOYS S12IN0IJ SIUAJUOD 13 PAEPUELS A[LIESSIIAU JOU I8 ISAY] 5
7=POYIaW pue 1|nsal Jo Welbeiq ! | =s3NsaJ 3Y1 Jo weibeiq ‘0=sweibeip oN q

| =PaJ12A0D) '0=pasodx] :(313355e3 10 PJed UIY}IM J0U) psodxa diilS !0=0N ! L =S3A :3|P32U |QEIIEIY | L =ON '0=S3A :PIAJOAUI S||3M DBUIXI ¢

$2102ds wnipowsnld 'ued  XDAIA WNIPOWSDld ‘N Wnindid|) WNIpoWsojd 'id

3|gedldde Jou 'yN

(103ed1pUl IN0JO OU) JUBDISAQ URYNg '3N3SSE)  yslibuz  anasse) VN 0c L 14 c X @ L VN L “ONI '90ZY YCL-1dIN 991A3( 359] U031 BUEEIN HOY HOZY
Ajuo ueq
(10121pUI INOJOI OU) JUBDISIQ UayNg '9Sse)  ysibug  113sse) wN 0z | ¥ z X z | VN | "JU| S31I0}BJOQET UOIMY  ZZE-ZL-E0V 159) N[y d uabnuy eueep ,Asnip
(103B31pUI JNOJOD OU)IUBISIQ NG 9N3SSE)  YsIiBu3  9WISSE) YN Sl L € L X z L wN L 2u] sansoubelq piepuels 001450 Ad [} [4d BY elielely INI0IF AS
J3n0D ynsdip T £020-\dd 1S31 AdHd
‘{1oseatpuy nojoo ou) uesoisaq ayng womeg NP paypopy YN S g 2 < X - . ik b swshs onsoubelq eway VN VIHYIVIN 05S3HdX3 VINIH o€-2-| QIdVY
. _rSmu_u_E 1n0|0d 0u) eS| 60 [seces) | dogy - 1 o z « z 1 0 ! , oM Aow:mm‘\mg ‘G‘ﬁ NdHd
SQBMS [040d]y 1344ng 'd007 Jajsuel] '3133sse) SWISAS dnsoubelq ewsy Ad-IVIN - VISYTYIN 3LLISSYD YINTH of-2-L dIdvY
. . poyiaw R . 3|p33u  panjoAul

uoijaNA)sul NP Ynsas sdays Aw‘_ﬂw_.ms HW_MM_WS 3nsal Jo w___ﬁwaﬂ_m Em%_m_u Hmu_wwm; Jm_ﬂ_wm_ Jqe  s|pm J2quinu
s3bexped ui papnpul sway| jo Jeulo4 J3jsuer) 0} dwiy pawny o o weibelq : ¢ -peiay  burxipy Junpeynuely el Janpoig

abenbue poojg |ejo] Jqunp wEo...._ €383

J oA31jenb uononiysu) ¢A3ajes poolg

B
S
S
~
o
[=4
=3
[=}
o
K]
o
[
]
c
©
©
£
5
o
£
@
2
ko]
=3
=3
2
(=%
o
y
=
]
2
>
3
[}
o
1
[N}
o
=
<
>
o
o
L
o
VN }
o
=
wn
[Nu}
—
o
=
0
=]
z
5]
<
=)
=]
o
<
@
<
x
<
-
<
=

(panuiauod) buisa] 39npoid 1ay euUejelN OHM ¥ punoy ui papnjdul s|qy eliejew g Jo uondidsap sn-40-3sed :9 3|qe|




14. DISCUSSION OF
KEY FINDINGS

This report describes the performance of many of the available
malaria antigen-detecting RDTs manufactured under the
ISO 13485:2003 quality standard. Malaria RDTs have the
potential to provide a huge step forward in the management
of febrile illness in malaria-endemic areas. To be useful in
this context, malaria RDTs must have adequate:

i. sensitivity, to detect nearly all clinically-significant cases

of malaria;

ii. specificity, to accurately discriminate non-malarial febrile
illness from malaria, to ensure appropriate management
and accurate disease monitoring;

iii. stability, for accuracy to be maintained after transport

and storage in ambient conditions;

iv. ease-of-use and safety, to allow safe and correct prepara-
tion, and accurate interpretation of results.

In order to assist National Malaria Control Programmes and
other procurement agencies in the selection of products
appropriate to their needs, malaria RDTs were evaluated
in terms of these four major requirements. The panel used
successfully discriminated between the RDTs evaluated,
showing a considerable range of performance. Importantly,
a number of products demonstrated a high rate of antigen
detection combined with a low false-positive rate and good
heat (thermal) stability, attributes essential if they are to be
relied on as a basis for malaria treatment decisions in most
endemic populations. Deserving special note in Round 4, is the
marked improvement in PDS of many products re-submitted
for evaluation from previous rounds (Table S1, S3). Against the
200 parasites/pl panels, the mean and median PDS of the 13
re-submitted products rose from 84.0% to 87.7% and 85.0%
t0 89.8%), respectively for P. falciparum detection. For the nine
products which detected P. vivax, the mean and median rose
from 59.1% to 72.6% and from 80.0% to 88.2%), respectively.

The results for re-submitted products in Round 4 replace
those of previous rounds. The programme adheres to a
working definition of ‘product’ which lays out specific condi-
tions/modifications that denote a change in product.

Overall the Round 4 mean PDS for low densities P. falciparum
and P.vivax samples was 81.6% and 51.3%, respectively. This
represents an increase for P. falciparum compared with previous
Rounds 1, 2 and 3 (67.2%, 69.9%), 75.5%, respectively). For
P. vivax the mean PDS of 51.3% was comparable to previous
rounds, i.e. 36.0%, 58.9% and 47.1% in Rounds 1, 2 and 3,
respectively. In addition, the mean false-positive rate was
4.5% and is lower than 5.9% in Rounds 3; furthermore, the
median FP rate fell from 1.8%), 2.9%, 1.0% (Rounds 1, 2 and
3) to 0.6 % in Round 4. Overall, the trend is towards better
performing RDTs associated with the period of the WHO-FIND
RDT Evaluation Programme.

The principal results in this report are presented in Tables 3
and 4. The tables group the RDTs by type, depending on what
they are supposed to detect, e.g. P. falciparum only, P. falci-
parum and non-falciparum species, as well as P. falciparum
and Pvivax or Pvom-specific and pan- only, or all malaria
species without discrimination. Note that the evaluation
only tests against P. falciparum and P. vivax samples, and
does not therefore indicate whether a product intended to
detect other species can do so. Panel detection scores at both
high and low parasite concentrations are presented, as are
false-positive rates, and the percentage of invalid test results.
Tests in each category are listed alphabetically, but the results
are colour-coded to assist the reader in quick interpretation
of the data. These colour codes are intended to be used to
quickly compare performance in the different categories
and not as performance cut-offs to guide test selection or
procurement. WHO recommendations for procurement should
be referred to regarding these criteria'. When choosing an
appropriate product, it is important to also review the stability
results (Table 5) in the context of the expected conditions of
transport and storage of the RDTs in the field.

This evaluation is performed against a standardized panel
of cultured P. falciparum and frozen blood samples by expe-
rienced technicians in a research laboratory, and is not
therefore a field evaluation of RDT accuracy in a specific
epidemiological context in the hands of intended users. The
panel is designed to mimic fresh blood samples from actual
cases as closely as possible, while allowing direct comparison
of a large number of products simultaneously in a manner
that controls for confounding factors and is calibrated to a
level likely to discriminate performance differences of various
products. In interpreting the results, it is therefore important
that the following discussion points are taken into account.

14.1. Panel Detection Score (PDS)
and its relationship to sensitivity

Evaluation of the RDTs against the Phase 2 wild-type parasite
panel with parasite densities of 200 parasites/pl (Figures 8, 9)
revealed a wide range of frequency and consistency of antigen
detection between products, recorded as the “Panel Detection
Score" (PDS). As expected, testing at higher parasite densities
(2000 [or 5000] parasites/ul) results in smaller differences
in performance. As two tests each from two different lots
were tested at 200 parasites/ul, and as all four results had
to be positive for a sample to be considered detected by an
RDT, a positive result indicated both the ability of a product
to detect the target antigen in the sample, and to do this
consistently (both tests from both lots). Parasite densities of
around 200 parasites/pl should be detected to ensure high
field sensitivity for clinically-significant malaria infection in
many malaria-endemic populations (6).

! Information note on interim selection criteria for procurement
of malaria rapid diagnostic tests (RDTs) (April 2012) http://www.
who.int/entity/malaria/diagnosis_treatment/diagnosis/RDT_selec-
tion_criteria.pdf (accessed 15 October, 2012)
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The PDS against the panels used in this evaluation is expected
to differ from the test sensitivity in a specific clinical setting
for five main reasons.

i. Performance may vary between lots or batches of the same
product. Variability in lot performance is an issue with all
diagnostics, and it cannot be guaranteed that the results
found here will predict results from subsequent RDT lots.
It is important to test lots prior to distribution to the field,
to ensure that expected performance is maintained (see
Section 15.2).

ii. In clinical settings, patients show a wide variety of
parasite densities, the range of which will depend on
the local epidemiology of the disease. The magnitude of
the parasite density in the population tested affects the
clinical sensitivity of the test. PDS against the test panel
of blood samples diluted to 200 parasites/ul are likely
to underestimate the clinical sensitivity of an RDT in
areas of high-transmission where symptomatic patients
often have much higher parasite densities in their blood.
Many tests that showed only moderate detection of
the 200 parasites/ul panel may perform well in such
settings, as indicated by the better PDS of most prod-
ucts against the panel set at 2000 parasites/pl.
Importantly, when interpreting Figures S1, S2, 7-9,
and the colour coding in Tables 3, 4, the small differ-
ences in panel detection scores found among the
better-performing RDTs in this evaluation are unlikely
to result in noticeable differences in clinical sensi-
tivity, and other issues such as stability, cost, prior
experience and training of the intended users, ease
of use (Annex 5b) and manufacturing capacity
may be equally important factors in test selection.
Taking into consideration the parasite density of the
target populations and the likely field sensitivity of RDTs,
it is important to note that, even in areas with high
transmission and strong malaria immunity, populations
may include individuals with low parasite densities but
clinically significant infections (e.g. young children, preg-
nant women, those regularly using bed nets, immigrants,
and others with reduced immunity). The ability to detect
low parasite density infections reliably, therefore, remains
important in these cases. As some countries move towards
elimination, population immunity will decrease and it will
become increasingly important to use diagnostic tests that
detect low parasite densities (i.e. with high PDS against
200 parasites/ul samples).

iii. Performance of tests against the challenge panel may
sometimes not be predictive of sensitivity in clinical testing
where antigen expression by certain parasite populations
differs greatly from that in the panel. Specifically, there
is evidence that P. falciparum strains in some areas of
South America do not express HRP2 antigens due to gene
deletions (79, 21). If a significant proportion of parasites
in a given area do not express HRP2, it is necessary to use
tests detecting other target antigens (eg. pLDH or aldolase
in the case of HRP2,3 deletions). The distribution of such
strains is currently being mapped. To date, no parasite
populations with high frequencies of non-expression of
target antigens have been demonstrated outside of South
America.

iv. The conditions under which RDTs are transported and
stored can alter their field sensitivity. The tests used in
this evaluation were shipped and stored under conditions
intended to safeguard against degradation caused by
high temperature or other extreme conditions. If similar
precautions are not taken with purchased RDTs, loss of
performance could result. Ambient temperatures of storage
conditions vary widely in settings where these tests are
commonly used, as do temperatures during transport, and
requirements for heat stability of a product will therefore
differ. Tests should be transported and stored well within
the temperature range recommended by the manufacturer,
and extremes of temperature avoided (23, 24).

v. Diagnostic sensitivity and specificity are dependent on
the quality of preparation and interpretation of the tests.
Highly trained individuals performed all the testing in this
product evaluation. In clinical settings, malaria RDTs will
often be used by health workers with limited training and
supervision. Simplicity of design and clearly-interpretable
results will have an influence on ensuring that the tech-
nical proficiency of a product translates into accurate
diagnosis in the field'

14.2. False-positive rate and
specificity

False-positive rates are reported here against a panel of
clean-negative samples taken from blood donated in low-
transmission settings by people without malaria symptoms.
In addition, false-positive rates were calculated against
a smaller number of samples with specific characteristics
that affect the likelihood of a false-positive result from an
immuno-diagnostic test (e.g. rheumatoid factor, anti-nuclear
antibody), or that may be of significance in a specific popula-
tion in malaria-endemic areas (e.g. leishmaniasis, dengue).
The importance of these results will vary with the intended
area of use. High false-positive rates against samples of blood
from dengue patients, for example, may not be a significant
factor to consider in regions where dengue does not occur.
In view of the small number of samples in each category in
this evaluation, the results should be considered primarily
as a guide to highlight potential cross-reactions that will
require close monitoring if relevant to the target population.

In general, it is preferable to procure a product with a low
rate of false-positive reactions. In the case of many diagnostic
tests, a trade-off must be made between a preference for
a high rate of antigen detection (sensitivity) and a low
false-positive rate (specificity). The context in which the
test will be used will guide the relative importance of these
two factors in choosing one product over another. Overall,
in this evaluation there was no correlation of lower PDS (loss
of sensitivity) associated with low false-positive rates (high
specificity). A number of products attained both a high PDS
and a low false-positive rate.

' Examples available here: http://www.wpro.who.int/sites/rdt/
using_rdts/training/main.htm (accessed 15 October , 2012);
http://www.finddiagnostics.org/programs/malaria/find_activities/
rdt-job-aids/ (accessed 15 October, 2012)
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14.3. Heat (thermal) stability

RDTs in this evaluation were held for two months at 35°C and
45°C and 75% humidity and then retested to evaluate stability
at these temperatures. The importance of thermal stability
will vary according to the ambient conditions under which
a product is expected to be transported and stored. Thus,
stability at high temperatures will be vital if an RDT is to be
stored at clinic level in a country where ambient temperatures
can reach 45°C in the hot season, but less critical in a high-
altitude or cooler environment where temperatures rarely rise
above 35°C. Many commercially-available RDTs list 30°C as
the maximal storage temperature. Higher temperatures were
used for this evaluation because it is common for malaria-
endemic countries to have maximum ambient temperatures
of 35°C or above, although the use of cool storage methods
can allow storage and use of products designed for storage
below these temperatures. Where transport and storage of
RDTs is likely to occur at high ambient temperatures, heat
(thermal) stability should be seen as a significant factor in
ensuring maintenance of sensitivity.

High humidity will accelerate the degradation of malaria
RDTs and other lateral flow tests. All the products in this
evaluation were packaged in individual envelopes that contain
a desiccant and are designed to be moisture-proof. This
allows the user to open the envelope of a specific test at the
time of use, limiting exposure to high humidity. During the
stability testing phase of this evaluation, RDTs were stored
at 75% humidity. The packaging should, if in good condition,
protect the contents from exposure to high humidity during
storage. As such, the stability testing results presented here
provide an assessment of both the stability of the RDT and
the quality of its packaging.

Currently, we are only able to assess the stability of test lines
to detect cultured P. falciparum samples. Several products
showed high stability at the temperatures and time periods
used in this evaluation. In general, in this round as in previous
ones pan-specific lines (pLDH) performed less well at baseline
and were less stable than HRP2 test lines, rendering post
incubation stability assessment difficult to interpret.

Though temperature and humidity were held constant in
this evaluation, temperatures in the field fluctuate with
time of day and season. While two months' storage at a set
temperature cannot accurately predict long-term stability
under field conditions, loss of parasite detection over this
period indicates a likelihood that significant sensitivity will
be lost when similar or higher storage temperatures comprise
a significant amount of the storage time, and indicates likeli-
hood of a higher susceptibility to degradation during short
periods of exposure to much higher temperatures, such as
during transport (25, 26).

14.4. Ease-of-use description

The sensitivity and specificity of RDT results are dependent
on the quality of preparation and interpretation of the test. In
general, a simpler format with fewer steps or fewer required
extraneous materials is likely to be prepared and interpreted
more reliably. Thus, cassette-format RDTs are generally more
reliably prepared and interpreted than products in dip-stick
format (27). The extra cost involved in such a format may be
offset by the advantages of increased accuracy and, in some
cases, less additional equipment required to perform them.

The method of blood transfer from the patient to the test is
important for the safety of the user, and for the accuracy of
volume of blood transferred. Devices for blood transfer are
supplied with RDTs, and vary widely in design, and accuracy
(20). The performance of blood transfer devices was not
formally assessed in this evaluation, as blood was transferred
from a tube by a micro-pipette to ensure the manufacturer-
specified volume was used. Programmes procuring RDTs
should consider the adequacy of the blood transfer
device supplied, including previous experience of health
workers and the costs and time required for re-training.
It may often be appropriate to discuss with manufacturers
the possibility of changing the blood transfer device from
that normally supplied.

Clarity of results is important to test interpretation. A clearly
visible (intense) test line is less likely to be overlooked than
a line that is barely visible. While reading proficiency and
adequate work places should always be ensured, health
workers may sometimes have sub-optimal vision or work in
conditions of inadequate lighting. The intensity of the line
of the test band is closely associated with the PDS achieved
by RDTs in this report (Tables A4.2, A4.3).

The importance of format and simplicity of test design will
depend on the intended end-users. Trained laboratory techni-
cians may handle a complicated procedure more reliably than
village-level volunteers with limited supervision. In all cases,
specific proficiency-based training and adequate supervision
should be included in any RDT-based diagnostic programme,
and clear instructions should be provided in a language and
format appropriate for the end-user (27-29). Annex 5b
provides guidance on conducting a field-based ease-of-use
assessment (Table A5.1) and illustrates examples of RDT
anomalies (Figure A5.2).
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14.5. Inter-lot variability

This testing programme evaluated only two production lots of
each product. Malaria RDTs are complex biological products
made of components commonly supplied from multiple
sources, and subject to various conditions during manufacture
that may affect the quality of the final product. All manufac-
turers entered in this evaluation provided at least one current
ISO 13485:2003 certification for a manufacturing facility.
This standard is designed to give assurance of consistency
of quality of the final product, if correctly implemented. The
results presented here indicate that inter-lot variability does
occur, and WHO strongly recommends that a sample of RDTs
from each production lot be tested prior to dissemination
to the field to ensure it meets an appropriate standard. This
can be facilitated by WHO through two WHO-recognized
lot testing facilities (Section 15.2).

Since inter-test variability also occurs, this will be detected
to some extent by routine lot testing. Ensuring manufacturers
have good manufacturing standards should minimize the
likelihood of inconsistencies due to poor practice in the
manufacturing process. Culture-based panels' that are
subsets of the Phase 1 panel of this evaluation are available
as reference standards for manufacturers to set their own
lot-release criteria against.

14.6. Target antigens and species

Malaria RDTs included in this evaluation detect one or more
of three parasite antigens (HRP2, pLDH, and aldolase) in
various combinations. HRP2 is present only in P. falciparum,
whereas aldolase and pLDH are present in all four species
and may be used as pan or all-species targets. Some tests
use differences in pLDH sequences between species as a
means to differentiate P. falciparum from P. vivax and other
species. There is considerable overlap in the PDS of products
targeting the different antigens in this evaluation. While the
products with the highest PDS for P. falciparum targeted
HRP2, a number of pLDH-detecting products demonstrated
high PDS against P. vivax. The thermal stability of tests
targeting these different antigens also overlapped for high
parasite density samples.

T To access these panels, contact Malaria_rdt@who.ing,
Eunninghami@who.in} or [nfo@finddiagnostics.ord.

The choice of RDT should take target antigen into account:
HRP2-detecting RDTs should not be used in areas where high
rates of HRP2 non-expression occur (79,27). Tests detecting
only HRP2 (without pLDH or aldolase lines) will have limited
utility where non-falciparum malaria is common. pLDH (and
possibly aldolase) RDTs may have further advantages where
antigen persistence (common with HRP2) may result in a
high false-positive rate in areas where early retesting in the
weeks immediately after treatment is common.

The required sensitivity of a test may also vary with species; a
less sensitive test may be acceptable for detection of P. vivax
compared to detection of P. falciparum, as severe outcomes
due to missed diagnoses are less likely. Use of a sufficiently
sensitive pan-specific-only test may be appropriate in areas
where both P. falciparum and P. vivax occur, if all infections
were to be managed initially as a P. falciparum infection with
artemisinin-based combination therapy (ACT), but species-
specific monitoring data would be lost. Tests with high PDS
for both P. falciparum and P. vivax were demonstrated in this
and previous rounds of product testing (3, 4, 5).

It should be noted that pan-species tests were not evaluated
for detection of P. ovale or P. malariae in this evaluation
due to lack of sources of suitable mono-species infections
of these parasites.
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15. USING THESE
RESULTS TO
ENSURE QUALITY
OF DIAGNOSIS IN
THE FIELD

This report provides data to guide malaria control and manage-
ment programmes in selecting products likely to perform
to a high standard in the particular contexts in which the
programme operates. The final decision on product selection
requires that this data be considered in a systematic way,
taking into context the distribution of parasite densities of
the target population among whom the tests will be used,
and the experience and training of the intended users. Further
information should be sought from the manufacturer and other
sources. An algorithm to guide this process is given in Annex
5a' and detailed guidance is provided by WHO elsewhere (7).

While malaria RDTs can be applied in a number of settings, the
greatest potential for impact on public health is in extension
of access to accurate, parasite-based diagnosis of malaria
to regions and populations where good quality microscopy-
based analysis is impractical to maintain. This makes possible
the implementation of recent WHO recommendations on
universal parasite-based diagnosis prior to anti-malarial
therapy (2). This currently applies to most people at risk of
malaria in endemic countries (7). In many settings where RDTs
have been introduced, the true rate of parasitaemia has been
found to be considerably lower than expected, allowing health
systems to reduce wastage of anti-malarial medicines and to
focus on the appropriate management of non-malarial causes
of fever, including early pneumonia and sepsis. A successful
RDT programme must therefore address not just malaria but
also the management of other common and severe febrile
illnesses that occur locally, in the differential diagnoses of
malaria, if the potential full public health impact of an RDT
programme is to be achieved.

15.1. Beyond procurement

Diagnostic tests normally represent the starting point in
a health system intervention, and their use presumes that
appropriate patient management, based on testing, will
follow. Thus, successful introduction of RDTs requires careful
planning beyond rational procurement to ensure consistent

T An interactive guide designed to help short-list test according to
individual programme needs, based on the performance of tests in
rounds 1-4of the WHO Product Testing Programme can be found
at http://www.finddiagnostics.org/programs/malaria-afs/malaria/
rdt_quality_control/product_testing/interactive-guide/index.jsp

supplies of all necessary materials (including gloves, sharps
disposal containers, and supplies required for further case
management), training of end-users, community sensitization,
and monitoring of diagnostic quality and results. This extends
beyond malaria management to management of other febrile
diseases and health service delivery systems, and requires an
integrated approach with other health programmes impacting
on the management of febrile illness.

This report provides information to guide procurement of
RDTs within this framework. A number of factors beyond
performance characteristics reported here must influence
procurement decisions. An example algorithm, including
ease-of-use assessment, is provided to guide these decisions
in Annexes 5a and 5b.

Details of implementation will vary widely between
programmes according to local capacity and needs. Further
recommendations on budgeting, planning and implementation
can be found in Annex 6 and in the relevant WHO guidance
document (30).

15.2. Lot testing

Complementary to the product testing programme, WHO and
FIND currently support laboratories that perform continual
quality assurance of RDTs in the form of lot testing. This
programme responds to requests from national malaria
programmes, manufacturers, and procurement bodies to
assess the quality of RDT lots prior to purchase or when they
arrive in country, prior to dispersal to the field and for clinical
use. Testing is performed against parasite-positive and nega-
tive panels prepared and characterized in the same way as
the panels used in this evaluation. A number of other national
institutions have also developed this capacity. Lot-testing
reassures countries that the product they have purchased is
performing to a high standard before distribution, and helps
to ensure that manufacturers produce consistently good lots
and improve their products.

Countries and/or manufacturers ship between 125-175
RDTs to the regional WHO-recognized lot testing centres
where they are evaluated against a small panel of parasites
at high and low parasite densities and negative samples
(Figure 2 - IPC, RITM). They are subsequently incubated
at a temperature close to the manufacturer's specified
storage temperature and retested after 18 months. Initial
results are available after five days and then sent again after
subsequent retesting. Details of the protocol can be found in
the published methods manual for lot testing (78). National
malaria programmes and procuring agencies are encouraged
to participate in the lot testing programme.

To access lot testing through the WHO-FIND programme,
contact: Malaria_rdt@ who.in{ or finfo @finddiagnostics)
at least 2 weeks before RDTs are ready for shipment.
Further information is available at www.wpro.who.int/sites
ydt/who_rdt_evaluation/lot_testing.htm, or through jwww/

finddiagnostics.ord
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Annex 2: Malaria RDT guide to results interpretation

Type A: Malaria Generic Pf RDT Results Guide
Results Window: C=control line; T=test line with bound HRP-2 or Pf-specific pLDH antibody.

Negative Results: One line ‘'C' appears in the results window.

Positive Results: P. falciparum infection. Two lines 'C" and 'T" appear in the results window.
Test is positive even if the test line is faint.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type B: Malaria Generic Major Plasmodium species (pan) RDT Results Guide

Results Window: C=control line; T=test line with bound pan-specific pLDH or aldolase antibody.

Negative Results: One line ‘C' appears in the results window.

Positive Results: Plasmodium species (P. falciparum, P. vivax, Pmalariae, P.ovale) infection. Two lines ‘C' and 'T" appear in
the results window. Test is positive even is the test line is faint.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type C: Malaria Generic Pan-Pf RDT Results Guide

Results Window: C=control line; T1=test line with bound pLDH or aldolase antibody; T2=test line with bound HRP2
and/or Pf specific pLDH antibody.

Negative Results: Only one line 'C' appears in the results window.

Positive Results:

P. falciparum: Two lines 'C" and 'T2" appear in the results window.

Non-falciparum infection (P. vivax, P.ovale, P.malariae) or mixed infection of these:
Two lines 'C" and 'T1" appear in the results window.

P. falciparum or mixed infection. Three lines ‘C', 'T1" and 'T2" appear in the results window.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type D: Malaria Generic Pf-Pan RDT Results Guide

Results Window: C=control line; T1=test line with bound HRP2 or Pf specific LDH antibody;
T2=test line with bound pLDH or aldolase antibody.

Negative Results: Only one line ‘C" appears in the results window.

Positive Results:

P. falciparum infection. Two lines 'C" and 'T1" appear in the results window.

Non-falciparum infection (P. vivax, P.ovale, Pmalariae) or mixed infection of these.
Two lines ‘C' and 'T2" appear in the results window.

P. falciparum or mixed infection. Three lines ‘C', 'T1" and 'T2" appear in the results window.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type E: Malaria Generic Pv-Pf RDT Results Guide

Results Window: C=control line; T1=test line with bound P. vivax specific pLDH;
T2=test line with bound HRP2 or Pf-specific pLDH antibody.

Negative Results: Only one line 'C" appears in the results window.

Positive Results:

P. falciparum infection. Two lines ‘C' and 'T2" appear in the results window.

P. vivax infection. Two lines 'C' and 'T1" appear in the results window.

P. falciparum and P. vivax mixed infection. Three lines 'C’, "T1" and 'T2" appear in the results window.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type F: Malaria Generic Pf-Pv RDT Results Guide

Results Window: C=control line; T1= test line with bound HRP2 or Pf-specific pLDH antibody;
T2=test line with bound P. vivax specific pLDH.

Negative Results: Only one line 'C" appears in the results window.

Positive Results:

P. falciparum infection. Two lines 'C' and 'T1" appear in the results window.

P. vivax infection. Two lines 'C' and 'T2" appear in the results window.

P. falciparum and P. vivax mixed infection. Three lines ‘C', “T1" and 'T2" appear in the results window.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type G: Malaria Generic Pan-Pv-Pf RDT Results Guide

Results Window: C=control line; T1=test line bound with pLDH or aldolase antibody; T2=test line with bound P. vivax specific
pLDH; T3=test line with bound HRP2 or Pf-specific pLDH antibody

Negative Results: Only one line 'C" appears in the results window.

Positive Results:

P. falciparum infection. Two lines ‘C' and 'T3" appear in the results window.

P. vivax infection. Two lines 'C' and 'T2" appear in the results window.

P. falciparum with or without mixed infection with P. ovale or P. malariae. Three lines ‘C', 'T1" and ‘T3" appear in the results window.

P. falciparum and P. vivax mixed infection. Three lines ‘C', 'T2" and 'T3" appear in the results window.

P. falciparum and P. vivax mixed infection with or without P. ovale and/or P. malariae infection.
Four lines 'C', 'T1', "T2" and 'T3" appear in the results window.
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P. vivax with or without P. ovale and/or P. malariae infection. Three lines ‘C', 'T1' and ‘T2" appear in the results window.

P. malariae and/or P. ovale P. vivax infection. Two lines ‘C' and ‘T1" appear in the results window.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type H: Malaria Generic VOM'-Pf RDT Results Guide

Results Window: C=control line; T1= test line bound with pLDH specific for non. P. falciparum (P. vivax, P. ovale and P. malariae);
T2=test line with bound HRP2 or Pf-specific pLDH antibody

Negative Results: Only one line 'C" appears in the results window.

Positive Results:

P. falciparum infection. Two lines ‘C' and 'T2" appear in the results window.

P. falciparum mixed infection (with anyone or more of P. vivax, P. ovale and P. malariae). Three lines ‘C’, ‘T1" and ‘T2
appear in the results window.

Non-P. falciparum infection (P. vivax, P. ovale and P. malariae) or mixed infection of these. Two lines ‘C' and ‘T1" appear
in the results window.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type |: Malaria Generic Pv RDT Results Guide

Results Window: C=control line; T=test line bound with P. vivax specific pLDH.

Negative Results: Only one line 'C" appears in the results window.

Positive Results: P. vivax infection. Two lines 'C" and 'T" appear in the results window.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type J: Malaria Generic Pf-Pf RDT Results Guide

Results Window: C=control line; T1= test line bound with pLDH specific for P. falciparum;
T2=test line bound with HRP2.

Negative Results: Only one line 'C" appears in the results window.

Positive Results:

P. falciparum infection. Two lines 'C' and 'T1" appear in the results window.

P. falciparum infection. Two lines ‘C' and ‘T2" appear in the results window.

P. falciparum infection. Three lines ‘C', 'T1" and ‘T2" appear in the results window.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type K: Malaria Generic Pv-Pf-Pf RDT Results Guide

Results Window: C=control line; T1= test line with bound P. vivax-specific pLDH; T2=test line with bound HRP2 or Pf-specific
pLDH antibody; T3=test line with bound HRP2 or Pf-specific pLDH antibody. If an RDT has bound HRP2
antibodies on T2 then T3 will have bound Pf-specific-pLDH and vice versa (T2 Pf antigen target = T3 Pf
antigen target).

Negative Results: Only one line ‘C" appears in the results window.

Positive Results:

P. falciparum infection. Two lines 'C' and ‘T3" appear in the results window.

P. falciparum infection. Two lines 'C" and 'T2" appear in the results window.

P. falciparum infection. Three lines ‘'C', “T2" and 'T3" appear in the results window.

P. falciparum infection and P. vivax mixed infection. Three lines ‘C’, 'T1" and 'T2" appear in the results window.

P. falciparum infection and P. vivax mixed infection. Three lines ‘C', ‘T1" and 'T3" appear in the results window.
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P. falciparum infection and P. vivax mixed infection. Four lines ‘C', 'T1", 'T2" and 'T3" appear in the results window.

P. vivax infection. Two lines 'C' and 'T1" appear in the results window.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Type L: Malaria Generic Pan-Pf-Pf RDT Results Guide

Results Window: C=control line; T1= test line with bound PAN-pLDH or aldolase antibody; T2=test line with bound HRP2
or Pf-specific pLDH antibody; T3=test line with bound HRP2 or Pf-specific pLDH antibody . If an RDT has
bound HRP2 antibodies on T2 then T3 will have bound Pf-specific-pLDH and vice versa (T2 Pf antigen
target = T3 Pf antigen target)

Negative Results: Only one line ‘C" appears in the results window.

Positive Results:

P. falciparum infection. Two lines 'C' and ‘T2" appear in the results window.

P. falciparum infection. Two lines 'C" and 'T3" appear in the results window.

P. falciparum infection. Three lines 'C’, 'T2" and ‘T3" appear in the results window.

P. falciparum infection with or without mixed infection with any one or more of P. vivax, P. ovale or P. malariae.
Three lines 'C', 'T1" and 'T2" appear in the results window.

P. falciparum infection with or without mixed infection with any one or more of P. vivax, P. ovale or P. malariae.
Three lines 'C', 'T1" and 'T3" appear in the results window.
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P. falciparum infection with or without mixed infection with any one or more of P. vivax, P. ovale or P. malariae.
Four lines 'C', 'T1", 'T2" and 'T3" appear in the results window.

Non-P. falciparum infection (P. vivax, P. ovale, P. malariae) or mixed infection of these.
Two lines 'C' and 'T1" appear in the results window.

Invalid Results: No ‘C' line appears in the results window. Repeat the test using a new RDT if no control line appears.
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Annex 5a: Selection of an appropriate RDT
Figure A5.1 How to select of an appropriate RDT

Step 1.1 What ? target parasite species and antigen?

Define setting of use Pf or mixed Pf/non-Pf  Pf or non-Pf infections®: Pvivax, only:
infections: - HRP2, aldolase ; HRP2, pLDH-pan - aldolase
- HRP2 - HRP2, pLDH-Pv; HRP2, pLDH-Pvom | - pLDH-pan
- pLDH-Pf - HRP2, pLDH-pan; pLDH-Pv - pLDH-Pv

- pLDH-Pf, pLDH-pan; pLDH-Pf, pLDH-Pv
- pLDH-Pf, pLDH-P vom

**Pf with absent HRP2 - DO NOT USE HRP2 based RDTs®

Where ? Exposure high temperature eg. tropical environment
OR
Temperature controlled environment, including during
transport and storage

Who? Laboratory personnel
OR
Health workers outside of laboratories

'

Step 1.2 WHO RDT Product Testing results? and apply WHO recommended RDT
Review RDT performance selection criteria®
- Panel Detection Score (PDS)
- False Positivity Rate (FPR)
- Invalid Rate (IR)
- Ease of use
- Thermal stability
- Ease of use
Sensitivity and specificity based on quality
field studies in relevant populations

Generate RDT short list

Step 1.3 National malaria treatment guidelines

Apply national guidelines

and experience in use of RDTs .
In-country experience: ease of use assessments (Annex 5b);

availability of training materials

Step 1.4 - Price

Other considerations - Supplier's: production capacity, lead times, heat stability data
- Delivery schedules (eg. staggered deliveries), box size, shelf life
- Registration requirements of a national regulatory authorities
- Product lot testing results
- Overall budget requirements (Annex 6)

@ Pf only or mixed Pf/non Pf infections: Most area of sub-Saharan Africa and lowland Papua New Guinea; : Pf and non-Pf invfections (single species): Most endemic areas
of Asia and the Americas and isolated areas of the Horn of Africa; Mainly vivax-only: areas of East Asia, central Asia, South America, and some highland areas elsewhere

® Tests with a falciparum-specific line and pan-specific line will not distinguish P. falciparum-only infections from mixed falciparum infections. Distinguishing falciparum
from mixed falciparum-vivax infections only becomes important if a full course of primaquine is routinely given for infections due to P. vivax. This must be weighed
against the loss of ability to detect P. malarioe and P. ovale if a test has only P. falciparum and P. vivax-specific lines. Inclusion of further test lines to detect these (eg. Pf-
Pv-pan) increases complexity of test interpretation. A programme should prioritize these various advantages and dis-advantages according to local conditions in the initial
stage of making procurement decisions.

¢ P, falciparum parasites lacking HRP2 +/- HRP3 genes have been identified in parts of South America (Gamboa D et al. PLoS ONE 5(1):e8091.doi:10.1371/journal.pone.000809)

9 Malaria Rapid Diagnostic Test Performance: Results of WHO product testing of malaria RDTs: Round 1(2008); Round 2 (2009); Round 3 (2011); Round 4 (2012); FIND Malaria
RDT Product Testing: Interactive Guide - http.//www.finddiagnostics.org/programs/malaria-afs/malaria/rdt_quality_control/product_testing/interactive-guide/index.jsp

¢\WHO RDT procurement criteria : http://www.who.int/malaria/diagnosis_treatment/diagnosis/en/index.htm/

For a comprehensive guide to procurement of malaria RDTs extending beyond selection to quantification, budgeting,
technical specifications, management of tenders, contracts, supply management and monitoring of supplier performance
and managing product variations, see the “Good Practices for selecting and procuring rapid diagnostic tests for malaria” (6)

MALARIA RAPID DIAGNOSTIC TEST PERFORMANCE - Results of WHO product testing of malaria RDTs: Round 4 (2012)




Annex 5b: Malaria RDT field assessment and RDT anomalies
Obtain samples of each malaria RDT under consideration (at least one box packaged as intended for delivery to end users.)

Obtain malaria parasite-negative blood samples, and where readily accessible, parasite-positive blood samples for testing
against RDTs. The purpose of this evaluation, on a limited number of RDTs, is to assess aspects of packaging, safety and
ease-of-use, and not to assess diagnostic accuracy.

Table A5.1 Field assessment of RDT packaging, safety and ease-of-use to guide product selection

Date of assessment
Name of RDT
Yes No NA Problems /Comments
Packaging and accessories
The RDT box is in good condition
RDTs are in individual sealed packages
The correct number of RDTs are in the box
A desiccant is included
An expiry date is visible on the package

All required accessories are included (test, buffer, blood transfer
device, alcohol swab, lancet, gloves, test tubes (for dipsticks))

Instructions

If no, what is not included:

Instructions are included

Instructions are in the national language(s)
The instructions are for the correct product
The instructions include diagrams

The diagrams are accurate (specifically order of test lines
and results interpretation)

Preparation and Procedure
It is easy to write on the test device
It is easy to open the test pouch
The test lines on the device are clearly labelled
It is easy to use the device for blood collection
It is easy to open the buffer bottle
The buffer bottle dispenses even drops

It is easy to fill the sample well correctly
with the provided blood transfer device

It is easy to fill the buffer well correctly (no overflow)
The buffer flows well through the test strip
Result Interpretation
Control and test lines
Control line is clear
Test line(s) are clear
Good clearance of blood by time of reading If no, number of tests in the box affected:
Steps and reading time
Reading time <30 mins
Two or less timed steps

Did you get 1 or more invalid tests (no control line)
among the last 10 tests you performed?

If YES, how many?
Safety
Are there mixing wells (risk of blood splash)?
Retractable needle for finger prick?
Is the RDT strip exposed eg. dipstick test format?

Do you have any safety problems/concerns
regarding the waste disposal? (Please describe)

ANNEXES
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Figure A5.2 Malaria RDT anomalies encountered in production lots

Below are examples of RDT anomalies encountered during WHO Malaria RDT Product Testing at the CDC. Since mid-2012,
WHO-FIND Lot Testing laboratories are reporting these anomalies to requesters '. In most cases, these anomalies do not
invalidate the results, as reactivity in the control and test line areas are still visible, but they may pose challenges to health
workers interpreting the results. Furthermore, they should be reported to manufacturers.

A - Red background (residual blood smear that could obscure test and control lines)

Notes: Poor clearing of blood may obscure weak positive test lines, causing false negative results. Faint background staining is relatively
common, and should only be commented on if intensity is significant, similar to the pictures shown. If a test line is visible despite blood
streaking, the test result should be reported as ‘positive!

C - Failure to Flow
Blood and buffer did not run the length of the strip

Note: White lines appear on a blood-stained background. Ghost lines do not indicate a positive test result; positive test lines are those that are
darker than the strip's background color.

T http://www.finddiagnostics.org/export/sites/default/programs/malaria-afs/docs/lot_testing/Malaria_RDT_functional_anomalies.pdf (accessed

31 October 2012)

MALARIA RAPID DIAGNOSTIC TEST PERFORMANCE - Results of WHO product testing of malaria RDTs: Round 4 (2012)



E - Patchy or broken test line(s)

F - Faint test line(s)

Note: Test line appears wider than control line, without clearly defined edge.

ANNEXES
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Annex 6: Introducing RDT-based malaria diagnosis

into national programmes

As parasite-based diagnosis is introduced at smaller clinics
and village level for case management, a large number of
challenges arise not only in logistical administration but
also in managing the health-seeking and health-providing
behaviour of patients and health workers. These can be
addressed by a clear, time-bound strategic plan that spans
planning, implementation, monitoring and evaluation of

hinder the process of strengthening appropriate malaria case
management. A focal person, or persons, will be needed to
coordinate the overall implementation plan and to ensure
that the various agencies that may be involved understand
the process and their particular roles.

Examples of wide-scale successful introduction of malaria

RDTs are now in existence in various national programmes
and comprehensive technical guidance on achieving universal
access to malaria diagnostic testing has been published
(30,31). Figures A6.1 and A6.2 give examples of the steps and
timelines for RDT implementation and budget components for
a malaria diagnosis programme, respectively. This will need
to be modified considerably for each programme.

the diagnostic programme; a process that must commence
well before RDTs are procured. Furthermore, funding for the
programme must include a significant component for plan-
ning and coordination, sensitization/information, education,
communication (IEC), training, quality assurance, monitoring
and supervision, and logistics, in addition to procurement.
Without this, much of the funds expended on RDTs may be
wasted, and a loss of confidence in RDT-based diagnosis may

Key challenges

Changing past thinking that "fever equals malaria
unless proven otherwise".

Introducing RDTs will demonstrate that this is not the case. To have an
impact on anti-malarial diagnosis and treatment, RDTs must be seen to
provide an accurate diagnosis by both health workers and patients alike,
that is, they must be as good or better than those relied on previously. A
health worker will also need a good alternative to anti-malarial medicines
for the management of parasite-negative febrile patients. To achieve and
maintain confidence in RDT-based diagnosis, a good quality assurance system
must be in place. There must be satisfactory education of health workers,
and widespread community sensitization. Knowledge of other causes of
fever will be necessary to develop appropriate management algorithms
for parasite-negative cases.

Changing and enforcing regulatory requirements

At the national level, regulatory requirements may need to be developed
to control the importation and use of malaria RDTs, and new procedures
for storage, distribution and inventory management, such as those used
for medicines, may need to be developed.
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Figure A6.2. Components of the budget for a malaria diagnosis programme?

Activities for
management of (malaria
and non-malaria) fevers

Activities specific to Activities specific to

I microscopy RDTs

Preparation of technical guidelines, standard operating procedures and checklists

Guidelines Laboratory supervision® RDT transport and storage Fever management algorithm

Standard operating procedures for
diagnostic testing

Other tests used at primary

Microscopy performance RDT performance
care level

Proficiency testing, validation

Other standard operating procedures of routine slide results RDT storage
Training manual for Training manuals for
Training material aining Training manual for RDTs integrated management of
microscopy F
evers
Checklists for supervision Laboratory visits® Health facility visits
Procurement and supply of commodities
A Urine dipsticks, haemoglobin
Diagnostic tests M|cro_scopes el gt RDT kits meter, hematocrit meter,
supplies
glucometer
. Antibiotics, zinc, inhaled
el L salbutamol, rehydration salts
Other commodities Gloves, lancets, alcohol, cotton wool, timers, sharps boxes
Distribution of commodities to the Al items listed above
field
Quality management system
Pre-shipment testing Lot-testing
Training of focal people Quality management system focal people

Monitoring the quality management Quality monitoring supervision visits and compilation of
system health information management data

Training of health workers

Tutors for RDT performance outside laboratories and clinical

Training of tutors Expert microscopists management of fever cases

Training of health workers Microscopists Health workers Clinicians
Training of supervisors Laboratory supervisors® Clinical supervisors

Supervision

Supervisory visits Laboratory visits® Health facility visits

Advocacy, communication and social mobilization

Communication on other

Design of strategies and material Communication on the need for malaria testing ) S—

Dissemination of key messages Through each delivery channel
Monitoring and evaluation

Updating the health information Add row for RDTs in laboratory report and column Column for other test results
management system for malaria test results in clinicians' book in clinicians' book

Train health workers in the new
health information management
system

Training of person in charge or focal person for reporting on
health information management in health facilities

@ Adapted with permission (30)
® To simplify, activities specific to laboratories have been mentioned under ‘Microscopy', although both microscopy and RDT are generally performed in laboratories.
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