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This document provides an overview of the prodestihg scheme for antigen-detecting
malaria rapid diagnostic tests under the WHO — FIM&8laria RDT Evaluation Programme.
It describes the composition, characterization arahagement of the specimen bank, the
protocols for product testing and use of produstimg results, as well as the evidence and
methods on which the specimen bank and protoc@sbased. The evaluation described
provides performance data against a panel designedmic natural infections as closely as
possible while fulfilling the necessity for standaation of testing. It is not, therefore,
intended to fully replace field testing of RDTSs.

This paper aims to provide manufacturers and pesswf malaria RDTs with information to
guide submission of products to the programme tamuiide interpretation of results.
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[. Introduction

Malaria rapid diagnostic tests (RDTs) are fillingvaluable and growing role in providing
parasite-based diagnosis of malaria in areas whera quality microscopy cannot be
sustained. In this role, they can bring great impments in the early recognition and
management of both malarial and non-malarial feNegugh demonstration (or exclusion) of
antigens specific for malaria parasites in hosti¢p#) blood. Parasite-based diagnosis of
malaria is becoming increasingly important as gsiasistance of malaria parasites to less
expensive drugs has led to rising use of artenmddaised combination therapy (ACT) and
other higher-cost drug combinations. The term 'RiDTthis document refers specifically to
antigen-detecting lateral flow (immunochromatogiaptests.

While RDT-based diagnosis is applicable in a ramjemanagement conditions, the
predominant role is in malaria diagnosis away frogor health centres in tropical and sub-
tropical (malaria-endemic) areas. In these areassport, storage, re-supply, and supervision
are difficult and often limited. In such conditigreealth workers must consistently provide an
accurate diagnosis to guide the management of imbkéard non-malarial fevers that may be
rapidly fatal. Therefore, it is essential that miald&RDTs are sensitive and specific, simple to
use, and stable in ambient conditions of storage teansport, retaining their accuracy for
long periods.[1]

Manufacturers of malaria RDTs are faced with a neimtf challenges in producing high
guality products. Among these has been a lack tdbéshed standards for sensitivity,
specificity, and stability, and a lack of accesggtmd quality reference material for use in
assessing compliance with such standards (an uspatl World Health Organization
(WHO) review of 26 manufacturer stability test prals shows a high variability in both
protocols and reference standards). National régylauthorities in endemic countries face
similar problems in designing and implementing appiate regulatory standards to ensure
the tests used in national programmes are of apptepquality. Procuring agencies require
high quality comparative performance data to deir@erappropriate products for the intended
area of use.

The published literature contains evidence of lyigidriable sensitivity of RDTs in field use
(reviewed in [2-6]). While this may partly reflestudy design, it is clear that significant
problems arise with the accuracy of malaria RDTshim hands of their intended users, and
this is supported by unpublished data from natignagrammes. Deficiencies in manufacture
are likely to account for some shortfalls in qualibut variability in thermal stability,[7]
variability of the target antigen (Pf HRP2),[8, @&hd technical requirements for RDT
preparation and interpretation also play a roleeducing diagnostic accuracy.

The WHO, in cooperation with a number of reseancstitutions (Annex 1), has been
developing standardized methods to test RDT pedag®, guided by a number of technical
consultations since 2002. This programme is cugr@vierseen by the WHO-Regional Office
for the Western Pacific (WHO/WPRO) and the UNICEEINDP / World Bank / WHO
Special Programme for Research and Training initebDisease (TDR) in partnership with
the Foundation for Innovative New Diagnostics (FIINBnd aims to ensure and demonstrate
RDT quality relevant to their predominant area sé.[2, 10] This programme is developing
three tiers of quality control (Figure 1-1):



*  Product testing (comparative performance data aflave products) and provision of
reference standards for developers and manufasturer

* Lot-testing (testing of product conformity to expest standards at time of purchase
e Testing at the level of the end-user (to demorestagaturacy to both health workers and

patients).
. Global Specimen
Bank
. Product Testing
Manufacturer : g Appropriate storage
Good Manufacturing Goo and timely
Practice and QA procurement . distribution

derannnunns

A K v
» District / remote area
Regional / country laboratory > Quality Control
Lot Testing Training and Community
Educatiol

Figure I-1: Schematic representation of the MalariaRDT quality assurance programme

While there are other essential elements to RDT, us#uding appropriate training and
instructions (job-aids),[11, 12] and the developmand implementation of appropriate
algorithms for the use of positive and negativeulteg§13] providing demonstrably good
qguality RDTs is a precondition to addressing thaber aspects of use.

RDT-lot testing for control programmes and manufeats has been conducted through this
programme since 2003 at the Research InstituteTfopical Medicine (RITM) in the
Philippines and the Institute Pasteur Cambodge )(B@ National Malaria Control Centre
(CNM) in Cambodia, with support from the Hospital fTropical Disease (HTD), London,
UK, the Centres for Disease Control and preven{loBC), Atlanta, USA, and the Army
Malaria Institute (AMI), Brisbane, Australia.[145]L This network is now expanding to
include other institutions in Asia, Africa and SlouAmerica. Development of improved
positive control wells suitable for use in remotéics has been proceeding through a
partnership of these institutions and the Nati@iaproducts Institute in South Africa.[16]

This document describes the first tier of the RD@leation programme, Product Testing, and
the specimen bank that will support this procegstdvides an overview of the protocols used
for product testing, composition and managementhefspecimen bank and of the product
testing results, and the evidence and methods échvthe specimen bank and protocols are
based. The performance data derived from prodstinte will guide WHO procurement as



well as procurement recommendations to membersstatel form the performance data set
for future WHO prequalification of malaria RDTs. i$hwill complement the current WHO
requirement for certification of conformity with @.3485:2003, and for provision of a heat
stability protocol and specific product information



ll. Product testing of Rapid Diagnostic Tests

The RDT product testing consists in a laboratorgedhassessment of RDTs in terms of
sensitivity, specificity, stability and ease of usayainst a large specimen panel of well-
characterized antigen and parasite samples, usiagdadized protocols, controlled
manipulations and a unique testing location.

The composition of the product testing panel anal tisting procedures are designed to
ensure that parameters critical to RDT performanemain essentially constant while
individual samples in the bank are replaced adomes depleted. The results of product
testing must be interpreted in light of this, ahd fissessment is not intended to completely
replace field trials in real conditions of use.[3]

A. Testing Site

The rapid diagnostic tests will be evaluated at Medaria Branch, Division of Parasitic
Diseases at the Centers of Disease Control anceRtiien (CDC, Atlanta, USA), one of the
major operating components of the Department oftHeand Human Services (HHS) of the
United States of America. This laboratory houses dlobal specimen bank against which
performance is assessed. Part of the specimendaamngles are prepared at the CDC itself,
others are shipped from distant production faesitand/or collection laboratories to the CDC
for characterization and inclusion in the specirhank.

B. Contents of the specimen bank

1. Sub-panels of the specimen bank

The specimen bank is intended to be a repositoryafeomprehensive global reference
standard against which the performance of malapédrdiagnostic tests can be assessed. To
supply a reference for tests that detect the tadf@asmodiunantigens, the bank must:

* Provide a range of clinically-relevant antigen camitations (detection sensitivity)

* Provide a representative variety of antigens, botherms of polymorphism of the
antigen itself (known antigen variants), and inmteiof geographic origin of the parasites
from which these antigens are derived

*  Provide a clinically-relevant standard for stabiti¢sting

* Provide a panel of parasite-negative samples thelude probable causes of false-
positive results and likely differential diagnosdgnalarial fever

To achieve these aims, and to allow comparisons/deet large numbers of RDTs and

between RDTs over time with well-characterized atable testing parameters, the specimen

bank has been designed to include:

e Serial dilutions of recombinant antigens, at prectoncentrations, for which the
equivalence to parasite densities has previousiy Btudied (sub-panel 1)

e Culture-derived parasite samples, diluted to peeparasite densities (sub-panel 2)

* Wild parasite samples derived from infected hostd diluted to the same precise
parasite densities (sub-panel 3)



* Negative control samples, partly with blood factqasssibly causing false-positive
results, partly corresponding to so-called “cleagative samples” (sub-panel 4)

The contents of each sub-panel and the sample rmatepaprotocols are described in detail in
Chapter Ill and Annex 2.

2. Technical issues and choices

Variations from malaria RDT testing in field trials

While RDTs are designed to test fresh human bltioel requirement for a large and stable
panel necessitates the use of cryo-preserved samplese are prepared in conditions
designed to minimize loss of antigen content, angrovide a sample that mimics fresh blood
infected with naturally-occurring parasites as muaf possible, while fulfilling the
requirement for standardized and repeatable teftdlgHowever, some differences may
occur, both through the effects of preparation stalage on the target antigens, and on the
effect of freeze-thaw induced lysis of cells onaflon the RDT. As RDTs lyse cells in fresh
blood as an initial step, lysis of the frozen saamipl of limited significance, and is essential
for standardized internal quality assurance imtla@ufacturing process.[7]

A further variation from field equivalence is theeuof a micro-pipette to supply blood to the
RDT device rather than the blood transfer devicevided by the manufacturer. This is
necessary as blood is obtained from a cryo-tubleerahan a finger-prick. It also ensures
consistency of testing by reducing the likelihodaperator error (page 13).

Predominance d?. falciparumin the parasite sample panels

The four major human malaria species are repredemtethe specimen bank, with a
predominance oP. falciparumreflecting the higher importance of this speciesarms of
disease severity and case numbers. FurtherrRora|ciparumis expected to present higher
variations between parasite samples in antigeneogntiue to parasite sequestration and
structural variation of th®. falciparumspecific antigen HRP2 (Page 33).

Antigen levels and parasite densities used for naRDT testing

For RDT product testing with recombinant antigereevant antigen concentration ranges
have been selected on the basis of previous stoflidege relationship between the parasite
density and the antigen content in the blood. Turpgse is to allow comparison of the RDTs
lower detection limits, usually situated around pa®asites per microlitre of blood [17, 18]

Culture-derived and wild parasite samples are eliluio well-calibrated parasite densities,
chosen according to the following rationales:

(i) High parasite density = 2000 or 5000 paragite/£ clinically relevant parasite density
which is significantly above the density at whicDRsensitivity variations have been
reported. Specimen bank samples at this dilutivallare expected to produce strongly
positive RDT results, and intend to reveal majasfdgictions of malaria RDTSs.



(i) Low parasite density = 200 parasite//uL = agséte density close to the lower limit of
clinical-relevancé, and close to the limit of sensitivity of RDTs refml in field
evaluations and of standard field microscopy. Speai bank samples at this dilution
level are expected to be detected, possibly wifhist RDT result, and are likely to
detect clinically-significant product and lot-totMariations.

(i) Medium parasite density = 500 parasite//plintermediate parasite density prepared for
non-P. falciparumspecies onlyR. vivax P. malariaeandP. ovalg, for which detection
of very low parasite densities is not clinically satical. Furthermore, various malaria
RDTs have been reported to be less sensitive tectien of nonP. falciparumspecies,
compared withP. falciparum[4, 19, 20] Specimen bank samples at this diluterel
should be detected even when the 200 parasite/gmiples produce negative RDT
results.

C. Outline of the product testing protocol

The general principle of the testing algorithmhswn in

Figure II-1. The RDT manufacturer must:

* Provide evidence of good manufacturing practicehie form of accreditation of full
conformity with 1SO13485:2003 (quality manufactuyiof medical devices). The close
US FDA equivalent US FDA 21 CFR part 820 can beduga clear indication of full
compliance is provided by the US FDA,

* Undertake an in-house real-time stability test pravide results for publication,

* Agree to publication of all performance data onbe product is submitted to the
programme.

The manufacturer is provided with a short panetalibrated parasite samples from fi
falciparumculture lines at high and low parasite densitlégh; 2000 or 5000 parasites/pL,
low: 200 parasites/uL). This ‘manufacturer panglisubset of the sub-panel 2 of the Malaria
Specimen Bank, described into more detail in Chrappteand Annex 2. It allows quality
control testing at the manufacturing site prioptoduct submission, and one of the culture
lines is later used for stability testing by thenmfacturer. Manufacturers will be required to
cover courier costs for delivery of these panelgam

The testing procedure is performed on two differéots of RDTs provided by the
manufacturer. The testing algorithm includes foainrsteps:

* Phase 1 challenge against recombinant antigenswuule-derived parasites,

* Phase 2 challenge against samples derived frompaiidsites and the parasite-negative
panel,

! NOTE ON USE OF 200 parasitgt/ AS LOWER LIMIT FOR RDT EVALUATION: The WHO inforral
consultations in 1999 and 2003 recommended thatsRibiduld detect 100 parasijdsivith 95% sensitivity.[2]
This is considered a parasite density likely taraicative of current or impending significant magddillness in
a host with low immunity, and consistent with tbever limit of good quality field microscopy. Thelegance of
detection of parasites below this density is cordrsial. The RDT evaluation described here doesnditate a
departure from that standard. The variation inrehationship between parasite density and antigecentration
(Page 33), the inherent inaccuracy of microscopy tuchance variation, human error and parasite fiasn
thick blood films, and the potential for antigersdoduring harvesting and cryo-preservation, netzesihe use
of a higher parasite density for the product testin
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* Heat thermal stability test (at CDC, and at the sftmanufacture),
* A descriptive Ease-of-use assessment.

A product must perform satisfactorily against thkage 1 panel to proceed to further
evaluation. This performance will be determinedthy specimen bank steering group and
communicated to manufacturers before product suoms

1. 'Phase 1'Panel Test

A first screening step allows the selection of R®ducts meeting certain minimal quality
requirements. This phase 1 panel test uses safmpiesub-panels 2 and 3, for which critical
characteristics and production conditions remaichanged over the years (page 18). RDTs
are tested against serial dilutions of recombiramtigens and well-characterized culture-
derived P. falciparumsamples at high and low parasite densities. Ombgd RDTs with
adequate performance will be included in furthestitgy. The minimal requirements for
further testing are less stringent, to preventwesioh of products that may perform adequately
on wild parasite samples but not in culture-deripedasite samples: positive RDT results
must be obtained with at least one recombinangans at the concentration equivalent to 200
parasites/pL, or with a minimal proportion of saegpht high parasite density (90% detected
samples at 2000 or 5000 parasites/pL) and at lowaspia density (50% detected samples at
200 parasites/pL).

2. 'Phase 2' Panel Test

Performance of both RDT lots is further assessaghaga panel with a larger number of wild
parasite samples from the blood of infected hastd, with negative control sampldsdure
[I-2). This phase 2 panel test is based on the sul-Bairgended to better reflect the variety
of parasites originating from different endemic emreof the world, and sub-panel 4 for
evaluation of the RDTs specificity using a cargfulhosen series of parasite-negative
samples.

Sub-panel 3 comprises 160 falciparum 20P. vivax 5 P. malariaeand 5P. ovaleisolates.
Due to the difficulty in obtaining mono-speciesdafions of norP. falciparumparasitespP,
vivax, P. ovale and P. malarideom non-human primates may be substitutadfalciparum
samples are included at low (200 parasitesand high (2000 or 5000 parasiigsy parasite
densities, and additional 500 parasjieésdilutions are included for noR: falciparum
samples. The rationales for deciding the samplebeusnand dilution levels for the four
species have been previously described (page 9)blifaled reading by technicians, low
parasite density samples arRlasmodiurmegative samples are re-labled and batches
combined before testing. A summary of such workings ensuring the quality of the whole
testing process is given later (page 13).

The sub-panel 4 consists of “clean negative” sasfilem the blood of healthy individuals,
and samples containing blood factors or comporiargs/n to be associated with RDT cross-
reactions, and likely differential diagnoses ohial malaria.

The results of the phase 2 panel test are expréssedns of percentage of detected samples
at high and low parasite densities (sensitivityld af true negative results obtained with the
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different sets ofPlasmodiurmegative control samples (specificity). Detailegrfprmance
results against individual components of the pankklso be available.

3. Stability testing

RDTs heat stability is assessed on 2 different R@X$ against a referende. falciparum
culture line (Nigeria XII strain), at two parasiiensities (including 200 parasitgls). The
choice of a reference culture line allows more dgadization of stability tests over the years.
The reference parasite strain originates from Afriand expresses the Pf HRP2 structural
group B with a typical antigen concentration (Pagg

The CDCs stability test algorithm is schematicalyown in Figure II-3. After baseline
testing, the RDTs are incubated for two months°&t, 85°C and 45°C (at 75% humidity),
and re-tested. If the results indicate a good khaloif the product (more than 80% positive
results with RDTs stored two months at 45°C), tegthay be repeated with RDTs stored 6
months at 4°C and 45°C.

Manufacturers will be required to perform real-titesting on the same 2 RDT lots at the
upper limit of their recommended storage tempeeaturd until their specified expiry date,
using Nigeria Xl strain provided by the specimemk.

4. Ease of use assessment

The ease of use assessment consists in a deserptluation of the RDT produdtigure
[I-4). Assessment focuses on the following criticalezsg

* RDT format

* Total preparation time

*  The necessity of time control

* Blood safety

* The quality of the instructions and the languagesthich the instructions are provided
* The blood transfer device

* Theitems included in the RDT package

The description will be accompanied by recommendation the appropriateness of various
parameters for different conditions of use.

5. Review and publication of results

All results are reviewed by the Malaria Diagnos@ecimen Bank and Evaluation Steering
Group (page 30), which may recommend repeatingicegvaluation steps or performance of
complementary tests if contradictory results wedraimed. A performance report will be sent
to the RDT manufacturer, and all results publishBeésults of the real-time stability
assessment by the manufacturer will be publisheédeasbecome available.

Data on product performance obtained through theOMWalaria Diagnostics Evaluation

Programme may be used as a reference for futumigment of RDTs by WHO, other UN
agencies and national health authorities. Manufacuwill be informed of all performance
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results, but these results can not be used asrades WHO endorsement or 'certification' of
a product.

D. Quality assurance of the RDT product testing

Product testing will be conducted according to 8#md Operating Procedures (SOPS)
developed through prior testing experience and dase recommendations of expert

consultations on this subject. A dry run usingnaittd number of tests and abbreviated panel
has been conducted to refine these proceduresquidéy of critical steps is controlled, as

follows:

*  Quality of the malaria RDTs and their use:
All RDTs are stored in a controlled environment<a25°C; the pouch is opened and
desiccant checked immediately before use; manutacinstructions are followed with
the exception of use of the blood transfer devicevided by the manufacturer (a
micropipette is used to ensure correct blood volume
A temperature-monitoring device will be includedttwthe RDTs for shipment to the
testing site.

* Quality and objectivity of the RDT reading results:
Three different readings are performed: two inaeleat readings by two technicians,
and a third reading with a densitometer to givaiangjitative determination of intensity
for weak positive reaction.
All wild parasite samples at low parasite densitg first randomized with a similar
number of negative control samples and re-labetedbfinded reading of the RDT
results.

*  Quality of the specimen bank samples:
SOPs have been established for the preparaticsll (fpecimen bank samples [21].
Recombinant antigens, culture lines of parasites, wild-type samples are selected
taking into account previous evidence and data fspecifically conducted studies.. All
diluted parasite samples are stored and transpaitted0°C, and are used only once
within 8 hours of thawing (REF Ag Stability Studiéswvailable).

The detailed SOPs will be published prior to comosement of product testing.
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Evidence of quality manufacturing Manufacturer panel
Signed agreement between For QC testing
manufacturer and WHO by manufacturer

|

[ Receive RDTs, store below 25°C ]

v

| For each of 2 different RDT lots

PHASE 1 panel test l
[Recombinant Antigens (sub-panel 1): 7 antigens
HRP2 : 3 variants x 6 dilutions — test with 2 RDTs
LDH : 2 species (Pf, Pv) x 6 dilutions — test with 2 RDTs
\Aldolase : 2 species (Pf, Pv) x 6 dilutions — test with 2 RDTs

v

p
P. falciparum culture lines (sub-panel 2): 20 lines

High parasite density: — test with 1 RDT
Low parasite density: — test with 2 RDTs

Further testing of RDT products, if:

Reach pass criteria on sub-panel 2 (cultured parasites)
RDT are expected to detect at least 50% of high density samples

|
1
|
1
|
1
1
1
1
|
1
|
1
|
1
1
|
1
|
1
|
1
AN
1
1
|
1
|
1
|
1
1
|
1
|
1
|
1
1
1
1
|
1
1

_________________________________________ [mmTmm e
PHASE 2 panel test ¢ l v
i Sensitivity / Specificity i Stability Ease of use

' | Sub-panel 3: wild parasites, ' | Sub-panel 2: Description of test
' | Sub-panel 4: negative controls i | Reference Pf culture line Figure II-4

! Figure II-2 : Figure II-3

v
| Review of results (Malaria Specimen Bank Steering Group) |

v

| Product testing report sent to manufacturer and published |

Stability
Manufacturer’s
agreed protocol

‘

| Updated Report (including manufacturer-published stability results) published |

Figure II-1: Overview of RDT product testing algahm
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For each of 2 different RDT lots

RDTs detecting P. falciparum

i High/medium parasite density: 100 samples F?)mlj'om — test with 1 RDT
! abeling
i Low parasite density: 100 samples — test with 2 RDTs

P. falciparum wild parasites and negative controls (sub-panels 3 and 4) :
Negative controls: 100 samples — test with 2 RDTs

RDTs detecting non-P. falciparum species

P. vivax wild parasites and negative controls (sub-panels 3 and 4):
High parasite density: 20 samples Random — test with 1 RDT
Medium parasite density: 20 samples labeling — test with 1 RDT
Low parasite density: 20 samples — test with 2 RDTs
Negative controls: 20 samples — test with 2 RDTs

A 4

P. malariae wild parasites and negative controls (sub-panels 3 and 4):
High parasite density: 5 samples — test with 1 RDT

' - . Random !
Medium parasite density: 5 samples labeling — test with 1 RDT
Low parasite density: 5 samples — test with 2 RDTs
Negative controls: 5 samples — test with 2 RDTs

A 4

P. ovale wild parasites and negative controls (sub-panels 3 and 4):
High parasite density: 5 samples — test with 1 RDT

. : . Random !
Medium parasite density: 5 samples labeling — test with 1 RDT
Low parasite density: 5 samples — test with 2 RDTs
Negative controls: 5 samples — test with 2 RDTs

Report on sensitivity and specificity,
Review of results (Malaria Specimen Bank Steering Group)

Figure II-2: Sensitivity and specificity testing ahalaria RDTs
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Day O,
< 25°C

Time-point testing scheme

For each of 2 different RDT lots

P. falciparum Nigeria XII strain (part of sub-panel 3):
— test with 10 RDTs
— test with 10 RDTs

200 parasites / ul:

Higher parasite density:
“Clean negative” control (part of sub-panel 4):

Negative control:

— test with 2 RDTs

2 months 4°C
Time-point
testing scheme

2 months 35°C,
75% humidity
Time-point
testing scheme

2 months 45°C,
75% humidity
Time-point
testing scheme

v

Report on stability,

Review of results (Malaria Specimen Bank Review Group)

'

Further testing, if RDTs stored 2 months at 45°C:

2 8 of 10 RDTs are positive at 500 p/pl
2 8 of 10 RDTs are positive at 200 p/pl

.

A 4

6 months 4°C
Time-point
testing scheme

A 4

6 months 45°C,
75% humidity
Time-point

testing scheme

\ 4 l
v

Final report on stability,
Review of results (Malaria Specimen Bank Steering Group)

Figure 11-3: Stability testing of malaria RDT$

2 An additional stability test is performed by theamfacturer using samples of the saPne
falciparumculture line (product stability at the maximum eseunended storage temperature
for the recommended shelf-life).

16



Number of timed steps
(steps requiring specific
timing)

Total time to obtain result

(From placement of blood, Additional information
when instructions are * Format
followed) (card, cassette, dipstick,
Completed cassette-dipstick hybrid)

* Blood transfer method
Blood safety assfessment « Items included in
Mixing wells involved (Y/N)? orms package
Retractable needle (Y/N)? (swab, lancet, blood
Strip exposed (Y/N)? collection device)

e Instructions provided

(languages)
Quality of the instructions
No pictures /diagrams (1)
Pictures of results (2)
Pictures showing method (3)
A 4 \

Final report on stability,
Review of results (Malaria Specimen Bank Steering Group)

Figure II-4: 'Ease of use' testing of malaria RDTs



lll. Specimen bank contents and samples preparation

The malaria specimen bank, hosted at the Malarend@r, Division of Parasitic Diseases,
(CDC, Atlanta, USA), comprises four sub-panels (&x2). Sub-panel 1 consists in dilution
series of recombinant proteins, which are the timagr antigens used for malaria diagnosis
by RDTs: P. falciparum histidine-rich protein 2 (Pf HRP2)Plasmodium lactate
dehydrogenase (pLDH) amlasmodiumaldolase. Sub-panel 2 contains a series of cultfre
falciparum strains, while sub-panel 3 consists in wild pdeasiamples prepared with the
blood of naturally infected individuals or, in sorm&ses, of experimentally infected primates.
Sub-panel 4 provides a range of negative contrapées. All samples are prepared according
to Standard Operating Procedures (SOPs) which egelarly reviewed, based on the
experience of the collection laboratories and @omemendations of the Malaria Diagnostics
Specimen Bank and Evaluation Steering Group (paye 3

A. Sub-panel 1: Recombinant antigens

This set allows performance assessment of malalalsRagainst precisely known
concentrations of recombinant target antigens obwkn amino-acid sequence and
manufacturing quality.

1. Contents

In the case of pLDH andPlasmodiumaldolase, species-specific detection sensitivity i
assessed with recombinant proteins of bBthalciparumand P. vivax Both antigens are
structurally well conserved within these speciga@e 35).[22, 23] One recombinant protein
will be chosen for each of pLDH and aldolase amtggéor P. falciparumand P. vivax
Selection is based on comparative data of relatdtection of available recombinant antigens
against multiple available RDTs, and ELISA, to mmide the potential of structural
differences between recombinant and natural argiggroducing bias into RDT performance
data. Available recombinant antigens have been eoadpagainst RDT and ELISA and
further recombinant antigens are currently beingnetl and expressed for assessment of
suitability.

In the case of the. falciparumspecific antigen HRP2, high structural variabilitycurs and
this affects the lower limit of detection of HRP2tdcting RDTs (page 36) [8, 9] HRP2 has
been classified into three structural variant gsotgr the purpose of the testing programme
(Type A — high repeat frequency, B — intermedi&eeat frequency and C/Borderline — low
repeat frequency), on the basis of the frequencyepkats of major target epitopes. A
recombinant antigen from each structural groupdtuided.

Six dilutions of each recombinant antigen are uskxigned to cover the lower range of
antigen detection of commonly-used RDTSs, providangomparison of detection at very low
antigen concentration .

¥ HRP2 has been divided by the Programme into tstreetural groups based on the frequency of reéats
common target epitopes (discussed in more detaif)la
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2. Samples preparation

Currently, some recombinant proteins are obtaimech fcommercial suppliers who produce
well-characterized, recombinant proteins using ddash good manufacturing practices
(GMPs), such as CTK Biotech (California, USA), tRational Bioproducts Institute (South
Africa) and Standard Diagnostics (South Korea).

An independent production of recombinant proteinslaboratories of the Malaria RDT
Evaluation Programme network is also being develpge that the entire process can be
controlled and remain unchanged over years. Potame derived fromP. falciparum
laboratory reference strains and from recentlyeotdid, culture-adapted parasites at the Army
Malaria Institute (Australia). The gene coding flee antigen is cloned into JM109 cells, then
protein expression and purification is performedhat National Bioproducts Institute using
their GMP-labelled facilities and manufacturing gess. Determination of the gene sequence
at different cloning stages and characterizatiorthef protein end-product ensure that no
sequence change has occurred during the entiregsoc

The recombinant proteins are diluted to the siga@hconcentrations in venous donor blood,

which has previously been tested by microscopy rwadaria RDTs to ensure absence of

malaria infection. The dilutions are then aliquoted0 pL volumes and stored at -70°C. The

guality of the dilutions is ensured by strict wargirules (manipulation of the samples at 4°C,

reverse pipetting of blood, etc., page 23) andubsequent characterization of the samples by
ELISA quantification of the antigen contents.

B. Sub-panel 2: P. falciparum culture lines

Twenty culture-adapted strains Pf falciparumof widely varied geographic origin have been
selected to constitute a stable source of welladtarized parasites, continuously available
over years. Parasite culture-derived samples alblewter control of the effects of parasite
stage and accumulation of stable antigens on RDfbnpeance.

1. Contents

Twenty (20)P. falciparumculture lines have been selected among strains hadtbeen
adapted to culture and cryostabilized after onliea culture cycles in order to minimize
culture-induced changes of the parasites. The temheof the parasite strains would be based
on three main criteria:

* The concentration of the three antigens HRP2, plabH aldolase, measured by ELISA
in parasite sample dilutions at 200 parasites perotiter (parasite//uL).

o Previous studies have determined the natural v@miaf antigen concentration
at this parasite density in geographically widelgtributed wild parasite
samples . For inclusion into the sub-panel 2, gragite strain must display an
antigen content in the middle 90% of the observaedge of antigen
concentrations at 200 parasite//uL..

* The structural group of the Pf HRP2 antigen, touemghe natural variation of this
antigen in parasites of reflected in the panel.

0 Previous studies have described the natural vamiatf the Pf HRP2 antigen,
the impact of this variation on RDT results (clésation into the three
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structural groups A, B and C/borderline), and tsative proportions of HRP2
variants in different endemic areas. Similar preipos have then been applied
to the sub-panel 2 composition (inclusion of 3, 4d4d 3 culture lines
possessing an HRP2 antigen of type A, B and C/lokimde respectively,(page
36).
* Diversity of geographic origin is maintained, wititlusion of parasites originating from
Africa, Asia and the Pacific, and the Americas.

For each culture line, dilutions at high (2000 5800 parasite//uL) and low (200
parasite//uL) parasite densities are prepared fodyct testing (choice of parasite
densities, page 9). A summary of the culture lirthsjr geographic origins and their
HRP2 variant groups is shown in Annex 2.

A subset of these 20 culture lines has been selefde the so-called ‘manufacturer
panel’(pagel0). This consists in dilutions dP5falciparumculture lines that are provided to
the manufacturer for in-house quality control tegtbefore actually starting the product
testing. Selection of these 5 culture lines folldws same rationale as described above: the
strains originate from 3 different continents (&&j the Americas, and the Western Pacific),
and representatives from each Pf HRP2 structuraupy are chosen with the same
proportions as above (1, 3 and 1 culture lines WithHRP2 type A, B and C, respectively).
Samples preparation

The continuous culture of the parasite strainsased on a previously published standard
protocol.[24] Before dilution to the target parasinias, the cultures are synchronized at the
young trophozoite stage with a standard protocaetaon sorbitol treatment.[25] After
resuspension in a 40% hematocrit mixture of O+ dloells and AB+ plasma, the parasite
density is determined by two independent microstiepbased on a red cell count. Dilutions
at 5000 parasite//uL, 2000 parasite//uL and 20agi&//uL are then prepared, using venous
donor blood uninfected bylasmodiumparasites (screened by microscopy and malaria
RDTSs). The dilutions precision and stability ofiget during the dilution process are ensured
by the same working rules as for dilutions of wilarasite samples (page 23).

All samples are additionally characterized by P@Rensure single-strain cultures, and
antigen is quantitated by ELISA to ensure antigencentration is within the mid-80
percentile of the expected range.

C. Sub-panel 3: Wild parasite samples

Wild parasite samples of the four hunflasmodiunspecies are prepared from venous blood
of naturally infected patients in the Western RacRegion, South-East Asia, Africa and
South-America. In the case Bf vivax P. malariaeandP. ovale single-species infections are
relatively uncommon in most endemic areas. Somepkemare therefore derived from
primates experimentally infected with parasiteisgavhich have been initially isolated from
human patients. This sub-panel approaches moselgldee real conditions of use of a
malaria RDT, since the samples contain naturaflgciting parasites.

1. Contents
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Sub-panel 4 comprises 160 falciparum 20P. vivax 5P. malariaeand 5P. ovalesamples,
with each one being derived from a single infecedrce case. Samples are prepared from
the venous blood of the infected host by dilutionptecisely calibrated parasite densities:
high (2000 or 5000 parasites/pl) and low (200 pasiiL), with additional dilutions at a
medium parasite density (500 parasites/pL) for Rofalciparumspecies only. The selection
criteria of the parasite densities have been desgrabove (page 9). A summary of the
samples, their geographic origin and their Pf HR#actural group is shown in Annex 2. The
selected collection sites and preparation protoactésdetailed in the following paragraphs.
The final dilutions are characterized by microscopolecular species typing, Pf HRP2
sequencing, antigen quantitation and screening i@l nfections (page 24). Recurrent
collections will ensure availability of wild paréesisamples over coming years. Replacement
is planned to ensure that the composition of the warasite sample set remains stable in
terms of antigen variant group and geographic orjgage 28).

2. Collection sites and laboratories

Laboratories are contracted by WHO and FIND inetéht endemic areas of the Western

Pacific Region, of the African continent and of 8eAmerica in order to ensure a broadly

scattered geographic origin of the wild parasitm@gas (Figure lllI-1). Selection of these

laboratories is based on a series of criteria:

* Geographic area

*  Quality of infrastructures and staffing

* Quality of previous / ongoing work in the field ofalaria, particularly on malaria
diagnostics

e Ease of access to malaria endemic recruitment sites

*  Experience in field work logistics

Malaria patient recruitment is conducted in heddtbilities with skilled local health staff,
good working conditions, availability of HIV courbeg services, and within easy reach o
the laboratory where the samples are processed.

All collection laboratories have obtained authaima from the respective National and
WHO Ethics Committees before recruiting patientd preparing specimen bank samples. All
initial collections have been attended by a coastlexperienced in the use of the collection
and preparation protocols, and staff have beenfgly trained. The collection laboratories
will have an annual external quality assessmentinffastructure, working conditions,
equipment, staff supervision and management, guadisurance documentation, internal and
external quality control, and safety. The preparadf wild parasite samples will be regularly
reviewed.
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® Collection and testing site
.Specimen characterization
QGIbBaI- specimen bank

5 L ; i

......

. RITM o
- s

I Areas where malaria cransmission occurs
| Areas with limited risk
No rnalaria

Figure IlI-1: Laboratories doing sample collectiongharacterization and hosting the
malaria specimen bank

3. Sample preparation

The preparation of wild parasite samples can belelvinto three main steps: i) recruitment
of Plasmodiuminfected patients in the field and collection adfnous blood (‘parasitized

blood'), ii) procurement of blood from non-infecteldnors (‘parasite-free blood’), and iii)
dilution of the 'parasitized blood' with the 'patadree blood' to high, medium and low level
parasite densities (high level: 5000 or 2000 pteagper microliter of blood, medium level:

500 parasite//pL, low level: 200 parasite//uL)gabting and freezing. Inclusion of samples
in the specimen bank is based on final charactaizaresults. The whole process is
schematically presented in Figure IlI-2 and Figilir8.

Patient recruitment and blood collection (Figuite2ll

Febrile patients aged 5 years or more (age limiés lagher in some sites, according to
country-specific ethics requirements) and not hgwtaken any known anti-malaria treatment
in the past month are screened for malaria by RBd/a thick blood film. If a strongly
positive RDT result and/or a sufficient parasiteigity are detected, the patient is informed
and his consent for venous blood collection andesung for viral infections (hepatitis B and
C, HIV | and 1l) is requested. If positive, patisrdre informed of viral screening results,
through the locally-appropriate health service na@ism.

A unique identification number (ID) is assignedthe patient, venous blood is collected (10
mL in EDTA tubes, 5 mL in a plain tube), and twask with thick and thin blood films and
two blood spots on filter paper are prepared. Athples are immediately transported to the
laboratory in appropriate storage conditions.
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Preparation of parasite-free blood (Figure I1I-3)

For dilution of thePlasmodiurrinfected patient blood, “parasite-free” blood iepared by
centrifugation of O- or O+ whole blood and replaesamof the O- or O+ plasma by AB+
plasma (ensures compatibility with all patient lwayoups). The whole blood and the plasma
are obtained from informed and consented voluntieeors or from accredited blood banks
(mostly National Blood Transfusion Centres). Bloatbnors are tested for malaria
(microscopy, RDT) and viral infections (hepatitis @&d C, HIV | and I, by ELISA).
Screening of these infections by the blood bankeigied and completed if necessary. Blood
is only used if all tests are negative. The quatitythe “parasite-free” blood mixture is
ensured by rapid preparation at 4°C, good homogénizand use within 36 hours.

Dilution of the parasitized blood (Figure 111-3)

The patient’s infection is characterized for specéd parasite density by thin/thick film
analysis by two experienced, prequalified microsstspusing a discrepancy limit of 20% and
a white cell count of the patient’'s blood for caditions (see below). The mean parasite
density is used for calculating the dilution stegmwvn to a high-level (2000 or 5000
parasite//uL), a medium-level (500 parasite//ul, fionP. falciparumspecies only) and a
low-level parasite density (200 parasite//uL). Tiations are first prepared in a small test
volume of 1 mL, to check for fulfillment of two ¢eria: i) no agglutination of red blood cells,
i) at least a faint positive RDT result at the Wevel (for P. falciparuminfections) or at the
medium-level (for norR. falciparum infections) parasite densities. Larger volumes of
dilutions are then prepared and checked againhersame criteria. If satisfactory, these
dilutions are aliquoted in 50 pL volumes in predlda cryotubes and immediately frozen at -
70°C.

4. Quality assurance of the sample preparation

Quality of the malaria microscopy

The species and parasite density of the patiemfiestiion are determined by blinded thin/thick
film analysis by two prequalified microscopistsatfleast one microscopist identifies a mixed
species infection, the sample is not processetidurParasite densities are calculated against
an accurate white cell count of the patient blawdhe Earl-Perez method is used for parasite
quantitatiol. The two calculated parasite densities must haveaaimal discrepancy of
<20%. If not, the two counts are repeated and,str@ipancy remains higher than 20%, the
sample is discarded.

Quality of the malaria RDTs used for screening

Malaria RDTs can be used for the initial patiemesaing prior to microscopy. Two different
RDT brands are used, usually to detect Pf HRP2RdridDH, with pan-specific LDH and/or

pan-specific aldolase. RDTs are stored at a cdetolemperature. If locally prepared
specimen bank samples are available, the qualityeoRDTSs is assessed prior to use.

* Previous studies have shown that thick film paeagiiantitation using the Earl-Perez method anéhagan
accurate white cell count are equivalent.
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Quality of blood dilution

All dilutions are performed with successive dilutisteps and factors between 2 and 10.
Calibrated micropipettes and the reverse pipettreghod are used (large volumes of blood
are slowly dispensed with sterile plastic pipettes)d the blood is homogenized on slowly
rotating hematology wheels and a minimal mixinggidepending on the volume { mL: at
least 15 min, > 1 mL: at least 1 hour). To avoidrdeation of the parasite antigens, the
maximal delay between blood collection and freezifithe final dilution aliquots is 24 hours.
During this time, all blood samples and dilutions maintained at°2C to 8 C.

5. Characterization of the samples

Summary of characterization of wild parasite samftem venipuncture to inclusion in the

specimen bank:

* Parasite densities of the patient’s infection anined by expert microscopy analysis
of a thick film (see above).

* Parasite species are initially identified by micmsy, but the definitive species
determination is performed with molecular biologyols (nested PCR, page 35).
Samples with mixed species infections are excldo®d the specimen bank.

* The parasite antigen activity of dilutions is telsteith malaria RDTs. If the low-level
(for Pf infections) or medium-level (for non-Pf @dtions) dilutions produce negative
results with all test RDTs, the samples may beusled from the specimen bank. (In all
cases, samples are tested by quantitative ELIS&rédieing include in a testing panel).

* Antigen contents of dilutions are quantified withl§A, against established standard
curves. Only samples having an antigen contentinvitiie middle 90% of previously
observed variations are included in the specimeik lgage 34).

* HRP2 variation is determined by sequencing of thelRP2 gene and classification in
type A, type B and type C/borderline structuralug®. Multi-clone infections producing
indeterminate sequence results are considered to biee HRP2 structural group B.
Precise proportions of type A, B, C/borderline sispare included in the specimen
bank, consistent with previously observed propaodioin geographically widely
distributed parasite samples (page 37).

* Infections by hepatitis B, hepatitis C, and HIVrdall viruses are eventually screened
with rapid diagnostic tests upon patient recruitmdrut a definitive and systematic
screening is done with ELISA (commercial referemus, according to the national
guidelines of the respective countries). Positamagles are excluded from the specimen
bank.

e Some aliquots of the initial patient blood (wholedd, serum and cell pellet) are
retained at -70°C for additional tests in the fatiirwarranted (e.g. additional molecular
analyses).

*  The diagram irFigure 111-4 shows a summary of all tests.

Conditions for patient screening :
1) Febrile patient
2) 5 years or older (higher age limits are used ineseites)
3) No recent intake of anti-malarials (time limit 14-@ays)
4) Not anaemic (in some sites only)
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|

[ Finger prick blood sampling } ------------------------------- H
¢ With whole blood (fingerprick / venous
Malaria Rapid Diagnostic Test (RDT) or with serum / plasma : _
and/or thick film for microscopy Hepatitis B / C and / or HIV screening

with rapid diagnostic tests (optional),
l requires informed and signed consent

A
Conditions for patient recruitment :
1) Malaria RDT strongly positive
and/or parasite density > 2000 p/pL :

2) Hepatitis B/ C and / or HIV negative (if testedWRDTS)

3) Informed and signed consent, HIV counseling

[ ASS|gnment of patient ID }

Venepuncture [T T mmmmmm I
5 mL blood 10 mL blood 2 microscopy slides with 2 blood spots
(plain tube): (EDTA tube): thin / thick blood films: on filter paper:
for hepatitisB/ C for preparation for precise parasite countg | for molecular
and HIV serology of QC samples by two microscopists species diagnosis
Label with patient ID Label with patient ID
Transport to laboratory af@. Transport to laboratory in dry conditions.

Figure IlI-2: Patient recruitment and blood colledébn in the field
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Parasitized blooc
[10 mL blood (in EDTA)] [2 thin / thick fnms] [ 2 blood spots ] [5 mL blood (plain)]

I — ] |

white cell cour 2 independent coun
per uL of blood by 2 microscopists:

parasite density (p/uL)

DNA extraction, Screening for
species diagnosis | Hep. B/ C, HIV
by nested PCR by ELISA

l >20% discrepancy: rep§ l l
If <20% discrepancy : Mixed infections:| | If positive:
calculate mean density and blood dilution to be excluded to be excluded

Procure (-/+ bloodand AB+
_ plasma (donors / blood bank)
Parasite-free blood Screen for:
Replace O+/- plasm Malaria (microscopy, RDT),
by AB+ plasma, mix| Hepatitis B/C, HIV (ELISA).

v

Dilute down to 200 p/uL (Pf)
or to 500 p/pL (non-Pf).

l

Agglutination of red blood cells?q _If yes [STOP processing this sample ]
Malaria RDT negative?

l If no T If yes

QC dilutions (large volumes): .
- Agglutination of red blood cel?
High-level: 2000 or 5000 p/uL, [M%?aria RDT negative? }
Medium-level: 500 p/pL (non-Pf) 9 :
Low-level: 200 p/uL l .
no

‘Test’ dilutions (1 mL volume): [

volumes and freeze at -70°C

l

[ Characterization anﬂ Wild parasite samples

in/exclusion in bank (Sub-panel 4 of
specimen bank)

[ Aliquot dilutionsin 50 pL }

Figure I1I-3: Preparation of wild parasite samplem the laboratory
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2 malaria RDTs

Antigen reactivity (RDT) ]

2 thin / thick films

Parasite density (microscopy)]

2.

Species, Antigen variation (MB)

)
)
2 blood spots (20 uL)]
¢

[Patlent blood samplﬁ,< Plasma (5 mL plain tubé)—»

collected in the field

hepB, hepC, HIV (ELISA) ]

YT Y Y

Antigen content (ELISA) ]

6 x 100 pL whole blooc} —
1 mL whole blood ]

\

Additional tests if warranted ]

1 mL blood Pellet ] [
Serum

A 4

(High-level dilution

Antigen reactivity (RDT ]

1 malaria RD’ ]
1 Earl Perez, thick film ]

¥

(2000 or 5000 p/uL) |

Parasite density (microsco) ]

v Nor-Pf only

1 malaria RDOT | —> |

Antigen reactivity (RDT) |

{1
(Medium-level dilution { %

(500 p/uL) 1 Earl Perez, 1 thick filrﬂ1—> [

Parasite density (microscopy)]

l ) [

1 malaria RDT ] — [

Antigen reactivity (RDT) ]

(200 p/uL) (1 Earl Perez, 1 thick film —

Parasite density (microscopy)]

[Low—level dilution ]

15 x 250 pL whole bloofl—» |

Antigen content (ELISA) ]

Figure llI-4: Characterization of patient blood samies and dilutions

D. Sub-panel 4. Negative control samples

The parasite-negative challenge panel is designettiude:

e Samples from cases with characteristics previoustyrded to cause, or suspected to

cause, false-positive RDT results

e  Samples from cases with possible differential desgs of malarial fever
e  Samples with no known disease or cause of falsgimsesults.

1. Contents

It has been reported that blood factors unrelateddlaria, mostly antibodies, can produce a
non-specific positive result with some malaria RDFPablished studies have demonstrated or
strongly suggested that the rheumatoid factor aterbphile antibodies (HAMA) have been
responsible for the occurrence of false-positivelRBsults.[26-28] In the case of other blood
factors, like anti-nuclear antibodies (ANA), anteuse antibodies and the RPR positivity,
their eventual cross-reaction with the monoclonalibedies in malaria RDTs is rather

suspected.

It is similarly important to evaluate the risk @fide-positive malaria RDT results in patients
suffering from a disease with malaria-like symptaifmat is commonly occurring in malaria
endemic areas. Selected diseases for the RDTdgstogramme are dengue fever, typhoid
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fever, schistosomiasis, leishmaniasis and Chagasasie. Samples from HIV-infected
individuals are also included in this sub-panekaaese of commonly occurring co-infection
of malaria and HIV, especially in some African cties.

For each of these selected characteristics, bleadym or plasma samples from at least five
different individuals are prepared with a low ankigh titer of the relevant antibodies.

Finally, sub-panel 4 also comprises a set of “cleagative control samples”, consisting in
blood samples from 50 healthy volunteers in whichenof the previously listed blood factors
or infections have been detected.

2. Samples preparation

Whole blood samples are obtained from accrediteddbanks or collected from volunteer
donors. The protocols for recruitment and sampdparation are based on those described for
the wild parasite sample preparation (page 20} thié following three main differences:

* Malaria infection is excluded by microscopy and RD@Tring recruitment, and
subsequent confirmatory diagnosis by nested PCée(B8),

* Specific tests for detecting relevant blood factars non-malaria infections are
performed during the patient recruitment, accordmgelevant national or international
guidelines or protocols.

* Collected venous blood is distributed in 50 pL adits, without previous dilutions,
within a timeframe of 24 h during which the blosdkept at 4°C.

Serum or plasma samples are derived from archigetbkes at the Malaria Branch, Division

of Parasitic Diseases (CDC, Atlanta, USA), or froammercial sources that have performed
any relevant tests of blood factors or non-malarfactions. All samples are subjected to
screening of malaria by nested PCR, then aliquiot&® pL volumes.

E. Maintenance of the specimen bank

Consistency over the years will be ensured for sathpanel by the following mechanisms:

« ltis verified that the recombinant antigens (saingd 1) manufacturing process does not
undergo major changes, and batch-to-batch consistesntested against comparative
ELISA standard curves. In production laboratorieshe QA-RDT network, expression
clones are cryopreserved, and regular sequencitiggdiRP2, pLDH and aldolase genes
ensures consistency of all sequences.

- The P. falciparumculture lines (sub-panel 2) are cryopreserved éetweach sample
preparation period. Each batch of diluted sampéssted for parasite density, consistent
antigen amounts and unchanged Pf HRP2 sequence.

«  For wild parasite samples (sub-panel 3), a steagiacement cycle ensures that there is
no large panel change from year to year. Newly gmeg dilutions undergo the usual
characterization process (page 24). Antigen costemist be in the middle 90% of
previously studied antigen levels (page 34) attléas two of the three antigens Pf
HRP2, LDH and aldolase. Inclusion of replacemenias in the specimen bank is then
decided according the structural group of Pf HRPZplicable), by maintaining the
relative proportions of groups A, B and C in then@a(page 37), and according to the
geographical origin, by ensuring that each strattgroup has representatives from
Africa, Asia / Western Pacific, and the Americastfiis order of emphasis).
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For replacement of negative control samples (suleipd), the collection sites or
commercial sources are maintained as much as pmsaitd the samples are tested for
consistent levels of antibodies / blood factors&fiplicable).

29



V. Management of the specimen bank and RDT product tésg

A. The Malaria Diagnostics Specimen Bank and Evaluati&teering Group

The technical and logistical aspects of the malapacimen bank and the malaria RDT
evaluation programme is mainly driven by the reca@ndations of the Malaria Diagnostics
Specimen Bank and Evaluation Steering Group (suwlesdly referred to as the Steering
Group). This group is constituted by representatioé the following Organizations or
Institutions (number of representatives in bragketsd meets at least one time per year:

e  WHO/TDR (Geneva, Switzerland) £2)

*  WHO/WPRO (Manila, Philippines) (1)

* FIND (Geneva, Switzerland) (2)

* CDC (Atlanta, USA) (1)

* Collection laboratories (annual rotation)

* 1 laboratory in the African Region (1)

* 1 non-African laboratory (Asia, Western PacificuBeAmerica) (1)
* Médicins Sans Frontieres (Holland) (1)

* Hospital for Tropical Diseases (London, UK) (1)

* Army Malaria Institute (Queensland, Australia) (1)

* External expertise from consultants may tempordrdyncluded

Between full meetings of the Steering Group, deaisi may be made by a subgroup
consisting of TDR (1), WPRO (1), FIND (1), CDC (apd other members as expertise
requires.

The Terms of Reference of the Steering Group cbimsfgoviding recommendations on:

* The management of the malaria specimen bank, imgud
- Content, characterization and maintenance offibeisen bank
- Policy on access to bank samples

* Development and modification of protocols for spgen collection and use
* including Product Testing and Lot Testing of maldateral flow RDTs

* Development and modification of protocols for ladnory-based testing of other antigen-
detecting diagnostics

* Review product testing results prior to publication
B. Outline of management policies

1. Specimen bank management and policy of access

The decisions concerning the inclusion, exclusiad aharacterization of samples for the
specimen bank are based on criteria of publisheduspublished evidence, discussed and
developed by the Steering Group. These criterialaseribed in detail in specific paragraphs

® Figures in brackets indicate the number of repriegives.

3C



concerning the different specimen bank sub-pamelgg 18), their characterization (page 24),
as well as contents and variation of the antigpagd 33 and 35 ).

The protocols for collection and/or preparation specimen bank samples (recombinant
proteins, parasite culture lines, wild parasite gas and parasite-negative samples) have
been developed in collaboration with the laborawiincluded in the QA-RDT network, and
are agreed by the Steering Group. SOP modificatieqgire the approval of the responsible
WHO Officer, with eventual consultation of the Stag Group.

Inclusion of the collection laboratories of the @®T network is based on a series of criteria
detailed elsewhere (page 21) and is decided witliWWHO — TDR — FIND partnership, with
consultation of the Steering Group.

Access to the specimen bank samples and assoa#dechation is at the final discretion of
WHO, in collaboration with FIND, and on the advigkthe Steering Group. In general, wild
parasite samples are only available for testingRDfTs within the network supported and
coordinated by WHO and FIND. Culture-derived paesiamples may be accessed by
diagnostics manufacturers and developers, througtapproval mechanism described above,
and at a cost decided by WHO (aimed at coverintsdosurred in providing the sample).

2. Management, rules and definitions of the product tsting

Main rules

The criteria for inclusion of RDT submitted prodsicin the malaria RDT Evaluation
Programme have been outlined previously (page df)), access to a more detailed list of
criteria is available online.[29] The manufactucan withdraw products from the Evaluation
Programme up to 2 months after having receivedrthreufacturer panel samples for in-house
testing, but not after commencement of the prodasting. Submission of the physical
product indicates agreement to test the productT Ribbducts first undergo a phase 1
evaluation, and are then subjected to the complese 2 evaluation if the phase 1 criteria for
adequate test performance are fulfiled (page 1lhe Steering Group will give
recommendations on equivocal results.

The phase 1 and phase 2 testing results are s\ataltyareviewed by the Steering Group.
All product testing results will be published anchde available to the manufacturer, but
cannot be used for promotional purposes or as ee&ltor product certification (page 12).

WHO will list all evaluated products and performardata on a dedicated page of the WHO
website and in a hard copy publication. WHO may aeena product from the website list
(de-listing) or require its re-submission if chasgé the RDT product justify its re-definition
as a new product, or if data obtained from fieldtitey are considered to be consistently
outside those of the product testing programme.

Joint-submission and joint-listing of identical Rpfoducts with different names is possible
if they are produced on the same production lin€, iithe concerned companies provide all
required documentations demonstrating that thes& piducts are the same. In this case,
only one product can be submitted for testing, tiedidentical RDT products will be jointly
listed with the performance results.
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Main definitions

A RDT product is considered to be different or ®odnew product if one of the following
specifications have changed:

(i)  Monoclonal antibodies (MABs): change of theget epitope, or of the species from
which the target antigen for MAB development isived

(i) Dye conjugate: change of specifications quetyf label

(i) RDT format: change in the assay presentaftipstick, cassette, card, etc.)

(iv) RDT manufacturer: production of similar RDDby different manufacturers, except if
joint listing of RDTs has been justified and aceepsee below)

Other changes, which could have the potentialgnicantly affect RDT performance, such
as changes in raw materials or components (MABHels) nitrocellulose membranes, etc.),
do not require the re-definition of a RDT as a ngwduct, but the manufacturer should
provide WHO with data demonstrating the equivaleocperformance of the changed RDT
product.

The definition of a RDT lot is the responsibility the RDT manufacturer, and must be
compatible with the 1S013485:2003 or US FDA 21 Qi 820 certification.

A more detailed description of the Malaria DiagimsstSpecimen Bank and Evaluation

Steering Group, policies, rules and definitionavailable on the WHO-WPRO Malaria Rapid
Diagnostics website.[29]
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V. Evidence and methods for RDT product testing

A. Antigen contents

The detection sensitivity of malaria RDTs is gefigranentioned in terms of lowest
detectable parasite density (lower limit of det&c}i However, a positive or negative RDT
result rather depends on the amount of antigenageed in the blood sample. The antigen
content in infected venous blood can be quantibgdELISA, by establishing a reference
standard curve with known amounts of recombinatigans. ELISA protocols and standard
curves have been set up for the three antigens HRFA2lciparun), pLDH and aldolase, the
relationship between parasite density and antigaent in blood samples is being assessed.
The results of this study will provide the basis éieciding about the recombinant proteins
and their concentrations in dilution series to bedufor RDT product testing.

1. Quantification of antigens by ELISA

After analysis of standard curves and range of ganti detection, the CELISA kit
(Cellabs,Australia) and SD Malaria Antigen ELISA kiStandard Diagnostics, South Korea)
were selected for quantitation of HRP2 and pLD>speztively.

Protocols follow the manufacturers' recommendatiobut are optimized to improve
guantitation. Samples are diluted to operate withanlinear range of the standard curves of
the respective ELISAs.

A quantitative ELISA has been developed for thegpimme by US CDC, using recombinant
aldolase and anti-aldolase monoclonal antibodiesiged through WHO, to assess aldolase
content..

2. Relationship between antigen content and parasitesthsity

Using the above described protocols and standamgesuantigen concentrations have been
determined in culture line and wild parasite sarmph¢ calibrated parasite densities. The
preparation of blood samples at 200, 500, 2000/ ancb000 parasites per microliter of blood

was previously described, for parasite culturedliimethis document.

The results showed a correlation between antigemcesdration and parasite density.

Relatively weak correlation factors were obsenesecially in the case of Pf HRP2, because
of varying antigen contents in different samplespie identical parasite densities, and
probably due to variation in binding of antigenrbgnoclonal antibodies:

Various factors can cause antigen content variattam given parasite density. Some are of a
technical nature, e.g. eventual effects of bloosha components (donor blood used for
dilution, anticoagulants) or inaccuracies duringnpke preparation (microscopy, pipetting,

mixing). Antigen content is also influenced by therasite stage (particularly in the case of
pLDH), the duration of the infection, the inheramtigen expression level of the parasite and
antigen variant type (in the case of Pf HRP2, @@)e variations in the parasite load (parasite

33



sequestration in the case & falciparun), and persistence of antigen after parasite
elimination (particularly of Pf HRP2).

The SOPs of the sample preparation process haue designed to minimize the effect of
these factors ( page 20).

A published study has shown that the amount ofetedrPf HRP2 protein per parasite indeed
varies from one parasite stage to another.[3( Himilarly possible that the level of HRP2
transcription and of Pf HRP2 protein productioniesrfrom one parasite strain to another.
However, the significance of this to clinical seivily is not clear, as HRP2 persists and
therefore accumulates in the circulation over sqbeat cycles of parasite development. The
relationship between antigen concentration andsitaraensity would be further clarified by
future studies .

3. Study-based choices for the specimen bank

The results of the above described study have milezisions concerning the different sub-
panels of the product testing specimen bank.

Sub-panel 1

This sub-panel consists of dilution series of rebmant Pf HRP2 (three variant types,
according to page 35), Pf LDH, Pv LDH, Pf Aldolas® Pv Aldolase, with the purpose to
compare the lower limits of RDT detection. The mngf recombinant antigen
concentrations is therefore situated around thavafpnt of a parasite density of 200
parasite//pL, which has been previously determifmeceach recombinant protein. In the
case of Pf HRP2, where different protein variantsdpce different ELISA results, the
equivalent of 200 parasite//uL has been specifiadksessed for each variant of sub-panel
1.

Sub-panels 2 and 3

Parasite culture lines for sub-panel 2 and wilcapig¢ samples for sub-panel 3 were chosen
and prepared according to the criteria describedtha corresponding paragraphs.
Subsequently, the contents of HRHA2 (alciparumonly), LDH and aldolase in all 200
parasite//uL dilutions were determined by ELISA.sBd on the range of antigen content
observed at 200 parasite//uL in all collected idasite samples, those with atypical antigen
concentrations, (i.e. being situated within the &8per and 5% lower range of antigen), were
excluded.

In the case of Pf HRP2, quantitation by ELISA iteafed by the variation of this antigen.
ELISA results can therefore not be regarded asanrate assessment of antigen content, but
they ensure that the specimen bank samples haigeardontents within a wide acceptable
range. By excluding only the “far outliers” (i.eamaples with antigen content in the 5% upper
and lower ranges), and by including parasites wvdifierent HRP2 variants in given
proportions (page 12), the introduction of any bgaBmited and the specimen bank mimics
as much as possible the wide diversity occurringvild parasites from different malaria
endemic areas.
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B. DNA extraction and molecular diagnosis of parasgeecies

The infecting species present in the wild parasémples of the specimen bank has to be
precisely identified, and more particularly mixedeictions have to be excluded. The sample
preparation procedure includes a high quality nsicopy analysis, with species diagnosis on
both a thick and a thin film by two experienced mscopists. Nevertheless, it has amply
been reported that more sensitive molecular diagmasthods detect higher rates of mixed
infections, because minor species at very low ppraensity are frequently overlooked by
microscopy.[31-34] Whole blood in EDTA or blood-¢poon filter paper are therefore
collected from the patient, subjected to DNA eximat and the infecting species is
diagnosed by nested PCR analysis.

Commercial kits are used for extraction of DNA frmenous blood samples (QIAamp DNA
Blood BioRobot MDx Kit) and from filter paper blo@pots (QIAamp Media MDx, QlAamp
DNA Mini, or QlAamp DNA Blood Mini Kits). A robot $ used for automated high-
throughput extraction, minimizing the risk of comiaation and manipulation errors
(BioRobot MDx). The two kits procedures are basedhe same DNA extraction priniciple:
after lysis and protease digestion, the samplexeadnwith ethanol and filtered through silica
columns fixing the genomic DNA. After several wastaps, the DNA is eluted and stored at -
20°C until PCR analysis.

The infecting species are identified by speciesifipenested PCR amplification, using a
published protocol which is currently regarded he teference and has been used in
numerous clinical and field studies since its matibn.[32-37] This protocol is based on
amplification of the 18S ribosomal RNA gene of tharasite. TwoPlasmodiurmspecific
primers are used for the primary amplification stéen four different species-specific primer
pairs are used for four separate and specific diggdlon reactions oP. falciparum P. vivax

P. malariaeandP. ovale Additionally, the primate parasife. knowlesis detected by using

a previously published protocol, since this paeasias been shown to infect humans in
various Asian countries.[38, 39] The presence seabe of each of these species is assessed
by standard agarose gel electrophoresis and BHTirsjaof the PCR products.

C. Antigen variation

The robustness of malaria RDTs is based, among%tioe their capacity to recognize
epitopes in the target antigen, whatever the ggbgeral origin and the genetic background of
the malaria parasite. It is therefore essentialstess possible sequence variations which may
alter the number and binding affinity of the epdspn the parasite antigen targeted by the
monoclonal antibodies (MABS) in the RDTSs, as walltlae eventual impact of such variations
on the detection performance of the RDTs. The tahepitopes of the HRP2, pLDH, and
aldolase antigens of commercial RDTs are not plybknown. The genetic diversity of the
antigens has therefore been assessed by sequeheimtire coding region of the pLDH,
aldolase and HRP2 genes of geographically widesgriduted parasites by collaborating
institutions.

1. PlasmodiumLDH and aldolase variation

The genetic diversity of LDH has recently been ®ddin wild isolates of the four
Plasmodiumparasite species infecting huma. falciparum 49 isolates from Africa, the
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Americas, Asia, the Western Pacific, and the Midgitest ;P. vivaxandP. malariae 10 and
17 isolates, respectively, from Africa, Asia an@ tAmericas ;P. ovale 13 isolates from
Africa and South-East Asia).[23] The resulting amiacid sequences &f. falciparum P.
vivaxandP. malariaeLDH were 100% identical within each species, wittly a few cases of
synonymous nucleotide variations. Only one non-synmus mutation was noted in a
publishedP. falciparumlaboratory strain sequence. In the casd obvale three different
LDH protein sequences were observed because ofsyrwnymous mutations in three
positions.

Even though larger confirmatory studies would befuis these findings suggest that LDH
variation is very limited. It appears unlikely tHaDH variation is the reason for the varying
RDT detection sensitivities dP. falciparum P. vivaxand P. malariae It could possibly
account for the rather poor detectionRof ovaleby LDH-based RDTSs, but this hypothesis
would need to be confirmed by further investigadiph, 20]

Another recently published study of the entire Ede gene sequenceRn falciparumandP.
vivax isolates has similarly shown very little sequenagation within each species.[21] The
study was based on 38 falciparumisolates originating from Africa, the Western Riaci
Region and South-East Asia, and onPl&ivaxisolates from the Western Pacific and South-
East Asia. A small number of synonymous mutatioesewfound in the wild parasite isolates,
and only one non-synonymous mutation was foundl@baratory strain of each species.

As for LDH, it seems highly unlikely that antigeiversity could be responsible for different

performances of aldolase-based malaria RDTs, at feathe detection d?. falciparumand
P. vivax

2. P. falciparumHRP2 variation and its impact on RDT results

Published studies

A recently published study based on P5falciparumculture lines and isolates from 19
different malaria endemic countries has shown dareke diversity of Pf HRP2 nucleotide
sequences.[8] The translated Pf HRP2 protein segsenonsisted of various amino acid
repeats which vary in composition, number and orDetection of a subset of these parasite
isolates with two different RDTs revealed that de¢ection of relatively low parasitaemias (
250 parasites per microliter of blood, parasite)/mlas highly dependent on the Pf HRP2
sequences, while all isolates were well detectedpatasitaemias higher than 1000
parasite//uL. More particularly, the RDT detectisansitivity could be predicted with a
regression model, establishing a threshold for lizighobable sensitive test resul{s X 0,5)
based on the multiplied numbers of type 2 and typepeats (number of type 2 x type 7
repeats > 43).

The observation that HRP2 sequence variation a&ffé&DT performances was further
supported by a study demonstrating variable reiagtioef HRP2-specific monoclonal
antibodies (MABs) with geographically distinet falciparumisolates and different MABs
recognizing different epitopes.[9]

Further studies in the context of the RDT prodastihg scheme (unpublished data)
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The two published reports justified the need of @erextensive study of the worldwide Pf
HRP2 sequence variation Ih falciparumparasites in the context of this RDT product tegti
scheme. Pf HRP2 sequences have been determineted aumber of 373 parasite samples
(as at 2 November 2007) originating from AfricajasSouth-East Asia, the Western Pacific,
South America and the Caribbean. The resulting RPRI sequences have been classified
according to their predicted detection sensitiloyyPf HRP2-based RDTs (Figure V-1), based
on the previously described regression model,[8)el as further statistical analysis with a
larger number of samples: types A and B are preditd be well detected at parasitaemias
below 250 parasite//uL, while the probability oftetgion of types C and borderline below
this parasitaemia is predicted to be low.

In all investigated geographical areas, the majRPB variant was of type B. type C and
borderline HRP2 variants represented at least 30#teoparasite samples in Asian countries
and the Western Pacific, while they were much faewalent in Africa (15%) and were not

detected in South and Central America in this sampl

Area n A B C Borderline
> 100 50 - 100 <43 44 - 49
Africa 135 14 (10%) | 101 (75%) | 12 (9%) 8 (6%)
China 10 2 (20%) 5 (50%) 3 (30%) 0
Pacific 84 9 (11%) 50 (77%) 9 (11%) 16 (19%)
S. America| 54 9 (16%) 45 (83%) 0 0
S.E. Asia | 90 8 (9%) 47 (52%) | 31 (34%) 4 (4%)
Total 373 | 42(11%) | 248 (66%) | 55 (15%) 28 (8%)

Figure V-1: Distribution of HRP2 variant types in mlaria endemic areas

P. falciparumparasite samples were obtained from Africa (BeBuwkina Faso, Cameroon, Gambia,
Ghana, Guinea, Kenya, Liberia, Malawi, Nigeria, &tigSierra Leone, Sudan, Tanzania, Uganda,
Zambia), China, the Western Pacific Region (Eashdfj Paua New Guinea, Solomon Islands,
Vanuatu), South America and the Caribbean (Br&alumbia, Ecuador, Haiti, Honduras, Peru, Santa
Lucia, Suriname, Columbia), as well as South-Easa ACambodia, Indonesia, Malaysia, Philippines,
Thailand, Vietnam).

HRP2 variants were classified according to the ipligd number of type 2 and type 7 amino acid
repeaty with 50 being the threshold for sensitive detattly HRP2-based malaria RDTs (below 50:
type C and borderline, 50 and above: type A an{BB).

3. Study-based choices for the specimen bank

The results of this study were used to decide timeposition of the product testing specimen
bank, in terms of HRP2 variants. The rationale watest malaria RDT products against all
three categories of HRP2 variants (type A with higbeat number, type B with intermediate
repeat number, and type C and bordeline, with lepeat numbers), and to apply the relative

® AMI working classification
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proportions of the investigated sample set (11%p€&MA’, 66% ‘Type B’, 23% ‘Type C and
borderline’) to all sub-panels madeRffalciparumparasite samples.

. Sub-panel 1 (recombinant antigen panel) containeeethrecombinant HRP2
preparations, with one for each HRP2 variant catego

. Sub-panel 2 (parasite culture lines) is made oP2€alciparumculture lines, with 3,
14 and 3 lines harboring a type A, type B a typé kbrdeline HRP2 sequence,
respectively,

. Sub-panel 3 (wild parasite samples) contains POCalciparum parasite samples
prepared from infected individuals, with HRP2 sames belonging to ‘Type A’ in 11
samples, to type B in 66 samples and to type Gddsbne in 23 samples,

. The ‘manufacturer panel’ consists offs falciparumculture lines, with 1, 3 and 1
lines expressing the Pf HRP2 structural groups t¥peB and C / borderline,
respectively,

. For stability testing, on®. falciparumculture line with the major type B Pf HRP2
structural group has been selected.

38



Annex 1: Laboratories of the Malaria RDT Evaluatrogramme

Network

Global Specimen Bank / Samples Characterization

Division of Parasitic Diseases

National Centers for Disease Control and Prever(tGinC)

4770 Buford Highway

MS F36 Bldg 109, Room 1121
NE Atlanta GA 30341

USA

Samples Characterization

Australian Army Malaria Institute (AMI)
Weary Dunlop Drive

Gallipoli Barracks

Enoggera QLD 4051

AUSTRALIA

Department of Clinical Parasitology
Hospital for Tropical Diseases (HTD)
Mortimer Market, Capper Street
London WC1E 6AU

UK

Production of Recombinant Proteins

National Bioproducts Institute (NBI)
Private Bag X9043

Pinetown 3610, Natal

SOUTH AFRICA

Collection laboratories

Research Institute of Tropical Medicine (RITM)
Filinvest Compound

Alabang, Muntinlupa City

PHILIPPINES

Laboratory of Molecular Epidemiology
Institut Pasteur du Cambodge (IPC)
#5, Monivong Blvd, P.O. Box 983
Phnom Penh

CAMBODIA
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Experimental Medicine Research Division,
Department of Medical Research (DMR)

No. 5, Ziwaka Road, Dagon P.O., Yangon 11191
MYANMAR

Department of Medical Microbiology and Parasitology
College of Medicine (RM 308) of the University oagos (UL)
University of Lagos

Idiaraba, Lagos

NIGERIA

Institut Pasteur de Bangui (IPB)
BP 923 Bangui
CENTRAL AFRICAN REPUBLIC

Centre for Clinical Research

Kenya Medical Research Institute (KEMRI)
Po Box 54

Kisumu

KENYA

Ifakara Health Research and Development Centre DIEIR
360 Kiko Avenue

Mikocheni, Dar-es-Salaam

UNITED REPUBLIC OF TANZANIA

Institut Pasteur de Madagascar (IPM)
Unité du Paludisme - Malaria Unit
Institut Pasteur de Madagascar

BP 1274 - Antananarivo 101
MADAGASCAR

Centro de Entrenamiento y Investigaciones MédiC4BEIM)
Avenida 1-N 3-03

Cali

COLOMBIA

Instituto de Medicina Tropical Alexander von Humtiol
Universidad Peruana Cayetano Heredia

Av. Honorio Delgado 430

Urb. Ingenieria, San Martin de Porres

AP 4314 Lima

PERU
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Annex 2: Summary of the Malaria Specimen Bank

Sample type n Antigen ® n Origin " n Testing conditions

PHASE ONE PANEL

Recombinant antigen 7 PfHRP2type A 1 1 6 serial dilutions,
(sub-panel 1) PfHRP2typeB 1 1 range of antigen concentrations:
PfHRP2typeC 1 1 equivalent to 500 p/pL
Pf LDH 1 Tobefinalized 1 down to below 100 p/uL
Pv LDH 1 1
Pf aldolase 1 1
Pv aldolase 1 1
P. falciparum culture lines 20 PfHRP2type A 3 SEAsia/WP xx dilutions at
(sub-panel 2) PfHRP2type B 14 Africa XX 200 p/pL (low) and

PfHRP2typeC 3 S America XX 2000 or 5000 p/uL (high)

PHASE TWO PANEL

Wild parasites, derived from human (sub-panel 3)
P. falciparum 100 PfHRP2type A 10 SEAsia/WP xx dilutions at
PfHRP2type B 60 Africa XX 200 p/pL (low) and
Pf HRP2 type C 30 S America XX 2000 or 5000 p/uL (high)

Wild parasites, derived from human or primates (sub-panel 3)

P. vivax 20 dilutions at 200 p/pL (low),
P. malariae 5 500 p/pL (medium),
P. ovale 5 2000 or 5000 p/uL (high)
Plasmodium -negative samples (sub-panel 4)
Anti-nuclear Ab positive 5-10
RPR positive 5-10
Rheumatoid factor positive 5-10
Heterophile Ab positive 5-10
Anti-mouse Ab positive 5-10 dilutions at high and low titres
Chagas 5-10 of relevant
Leishmaniasis 5-10 antibodies / blood factors
Schistosomiasis 5-10
Typhoid 5-10
HIV 5-10
Clean negative (none of above) 5-10 no dilution (whole blood)

Note : all Plasmodium-positive samples are characterized by microscopy, molecular species diagnosis,
Pf HRP2 sequencing (if applicable), and antigen quantitation by ELISA (paragraph xxx).
@ Where relevant, the parasite antigen is indicated (Pf HRP2 types A, B, C : see paragraph xxx).
® Recombinant proteins are either commercially available or are produced in laboratories of the QA-RDT network,
The origins of the parasite strains are grouped into : South-East Asia / Western Pacific, Africa, South America.
n = number of samples, p/pL = parasites per microlitre of blood.

Sample type n Antigen ® Origin ° Testing conditions

MANUFACTURERS PANEL (subset of the sub-panel 2 of the specimen bank)

P. falciparum culture lines 5

Name of the Pf strains :

Benin | Pf HRP2 type A Benin, Africa

Santa Lucia Pf HRP2 type B (low) El Salavador, C America dilutions at

Nigeria XII * Pf HRP2 type B (med.) Nigeria, Africa 200 p/uL (low) and
FC27/A3 Pf HRP2 type B (high)  Papua New Guinea, WP 2000 or 5000 p/uL (high)
PH1 Pf HRP2 type C Philippines, WP

Note : samples characterized by microscopy, molecular species diagnosis, Pf HRP2 sequencing, and antigen ELISA.
 Indication of the parasite antigen (Pf HRP2 types A / B / C and antigen content high / medium / low).

b Geographical origins of parasite strains : Africa, Central America, Western Pacific.

* Pf culture line used as the reference standard for RDT stability testing at the CDC and by the manufacturer.

n = number of samples, p/pL = parasites per microlitre of blood.
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