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1. SUMMARY OF PERFORMANCE OF
RAPID DIAGNOSTIC TESTS FOR MALARIA:
WHO PRODUCT TESTING ROUNDS 1-5

1.1. Introduction

WHO estimates that half the world's population is at risk of
malaria. In 2012, there were an estimated 207 million cases
(with an uncertainty range of 135 million to 287 million) and
an estimated 627 000 deaths (with an uncertainty range
of 473 000 to 789 000). Approximately 90% of all malaria
deaths occur in sub-Saharan Africa, and 77% occur in children
under 5 years. Malaria remains endemic in 104 countries, and,
while parasite-based diagnosis is increasing, most suspected
cases of malaria are still not properly confirmed, resulting in
over-use of antimalarial drugs and poor disease monitoring (7).

WHO recommends that malaria case management be based
on parasite diagnosis in all cases (2). The use of antigen-
detecting rapid diagnostic tests (RDTs) is a vital part of this
strategy, forming the basis for extending 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 have
increased rapidly over the past few years; however, limita-
tions of field trials and the heterogeneous nature of malaria
transmission have limited the availability of the good-quality
data on performance that national malaria programmes
require to make informed decisions on procurement and
implementation, and it is difficult to extrapolate the results
of field trials to different populations and times. Therefore,
in 2006, the WHO Special Programme for Research and
Training in Tropical Diseases (TDR) and the Foundation for
Innovative New Diagnostics (FIND) launched a programme
to systematically evaluate and compare the performance of
commercially available malaria RDTs. The results of WHO's
malaria RDT product testing have been published annually
since 2009 and form the basis of the procurement criteria
of WHO, other United Nations agencies, the Global Fund to
Fight AIDS, Tuberculosis and Malaria, national governments
and nongovernmental organizations. The data have guided
procurement decisions, which, in turn, have shifted markets
towards better-performing tests' and are driving overall
improvements in the quality of manufacturing.

This summary presents an overview of the results of rounds
1-5 of malaria RDT product testing and key concepts for
understanding and using the results. It is published in
conjunction with the release of the full report on round 5.
The results of all rounds of testing should be considered as a
single data set. The separate, full reports of each round (3-6)
should be consulted for further details of methods, product
performance and interpretation of the results.

1.2. The WHO product testing
programme

The RDT evaluations summarized here were performed
in collaboration by WHO, TDR, FIND, the United States
Centers for Disease Control and Prevention (CDC) and other
partners.! All companies that manufacture according to the
ISO 13485:2003 quality system standard were invited to
submit one to three products for evaluation in the programme.
In each round of testing, products are evaluated against
geographically diverse, cryopreserved Plasmodium falci-
parum and P. vivax clinical samples diluted to 200 and
2000 parasites/pL and with consistently comparable concen-
tration ranges of histidine-rich protein Il (HRP2), Plasmodium
lactate dehydrogenase (pLDH) and aldolase determined by
quantitative enzyme-linked immunosorbent assay (ELISA)
(Annex S1). In the first round of testing, 41 products from
21 manufacturers were evaluated against prepared blood
panels of cultured P. falciparum parasites, while 29, 50,
48 and 42 products from 13, 23, 27 and 34 manufacturers
were evaluated in rounds 2, 3, 4 and 5, respectively. Of these
210 products, 206 progressed to testing against panels of
patient-derived P. falciparum and P. vivax parasites and a
parasite-negative panel. Thermal stability was assessed after
2 months of storage at elevated temperature and humidity,
and a descriptive assessment of ease of use was made. Many
manufacturers have decided voluntarily to submit products
to one or more rounds of testing, and, in round 5, a require-
ment was instituted to resubmit products for re-evaluation
within 5 years of original testing (Table S1). Of the 206 fully
evaluated products, 32 have been evaluated twice, 11 have
been evaluated three times and two evaluated four times
in rounds 1-5. Of the 147 unique products tested in the
programme, 36 detect P. falciparum alone, 101 detect and
differentiate P. falciparum from non-P. falciparum malaria
(either pan-specific or species-specific for P. vivax or P. vivax,
ovale and malariae), 9 detect P. falciparum and non-P. falci-
parum malaria without distinguishing between them, and one
product was designed to detect P. vivax only. Manufacturers
submitted two lots of each product for evaluation. When the
same products (7) were resubmitted in subsequent rounds
of testing, the second set of results replaced those from
the earlier round. Thus, the performance of some tests in
the results below differs from that reported in rounds 1-4.

Of the 22 products due for compulsory retesting in round 5,
10 were submitted (Table S1). Round 1 products that were not

1 See full reports of rounds 1-5 (3-6) for lists of collaborating partners.
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resubmitted have been removed from the figures and tables
in this summary performance document.

The aim of the evaluation is to provide comparative data
on the performance of the submitted production lots of
each product. These data will be used to guide procure-
ment decisions by WHO, other United Nations agencies
and national governments and constitute the laboratory
evaluation component of the WHO prequalification process
for malaria RDTs (8). Product testing is part of a continuing
programme of work to improve the quality of RDTs in use
and to ensure reliable malaria diagnosis in areas where
malaria is prevalent. A sixth round of product testing will
begin in June 2014.

Box 1: Example calculation of panel detection score and
of 200 parasites/pL

1.3. Panel detection score and
other results of the evaluation

The results (summarized in Figs S1-S3 and Tables S2 and S3)
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 is considered close to the threshold that must
be detected in order reliably to identify clinical malaria in
many settings (9). For the purposes of this report, the main
measure of performance is the panel detection score (PDS);
for each RDT evaluated, the PDS is measured separately at the

1 Termed "detection rate” in the full report of round 1, published in
2009.

for product A against a sample density

The first reading was at the minimum time specified by the manufacturer; the second reading was up to 30 min later?. A sample is
considered detected only if all first test readings, from both lots, are positive, i.e. readings a, b, ¢ and d must be positive.

Product A
Lot 1 Lot 2
Test 1 Test 2 Test 3 Test 4
a T b1 T ¢ T dm T Detected if
Reading| | Reading Reading| |Reading Reading| |Reading Reading| |Reading 4 positive
: 2 1. 2 : 2 1, 2 | first readings
7
2second reading results are for internal use only
P. falciparum
sample @ b € d
Sample
! U - U U NOT detected
Sample
2 U - - U NOT detected
Sample
3 B B U U detected

In this example, only one of three samples was positive all four times
it was tested; the PDS is therefore 1/3 = 330%.

The

is calculated as the percentage of all tests of a particular product that returned a positive test result at the

manufacturers' recommended minimum reading time when tested against a P. falciparum or P. vivax sample.

In the above example, the positivity rate is: 9/12 = 75%.
The

is always greater than the PDS, except when the PDS and the positivity rate are both 100%.
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Box 2: Performance measures in WHO product testing and in field settings: PDS versus clinical sensitivity

WHO Malaria RDT Product Testing

Primary performance measure: PDS indicates which
products are likely to be more sensitive in the field,
particularly in populations with low-density infections.

Reference panels: two fixed parasite densities allows
discrimination in RDT performance.

lower and the higher parasite density. The summary figures
also show the false-positive rates against blood samples
containing no malaria parasites or known markers of other
diseases and the rate of invalid results.

The PDS is the percentage of malaria samples in the panel
that give a positive result in two RDTs per lot at the lower
parasite density or by a single RDT per lot at the higher
parasite density. As each sample is tested with RDTs from
two lots, for a sample to be positive at the lower parasite
density, it must show a positive result in four tests (two RDTs
per lot for two lots); at the higher parasite density, it must
show a positive result in two tests (one RDT per lot for two
lots). Thus, the PDS is a combined measure of positivity rate,
incorporating inter-test and inter-lot consistency. As all tests
performed on each sample must show a positive result for
the sample to be considered positive, the PDS for a given RDT
will usually be lower than a simple positivity rate per panel,
measured by comparing the number of positive tests among
all tests performed per panel. The PDS is also different from
clinical sensitivity: the ability of the test to detect malaria
infection in a given population of infected patients. Boxes 1
and 2 illustrate how the PDS is calculated and how it differs
from a simple positivity rate for all samples tested and from
clinical sensitivity in a population.

Malaria endemic setting
Performance measure: sensitivity is the proportion of the
population studied who have malaria for whom the test is
positive.

- high, moderate, low transmission

- immune, non-immune

- vulnerable groups

et

Patients have varying parasite density. Most RDTs for

P. falciparum and P. vivax perform well for a parasite density
> 2000 parasites/uL, but clinically significant densities

< 200 parasites/uL may be missed. The "overall” test
performance will nevertheless be classified as very good in a
field evaluation.

The PDS for a given RDT is different from the clinical sensi-
tivity of that RDT (also called the true positive rate), which
is a measure of the proportion of people known to have the
disease who test positive for it. The sensitivity of malaria
RDTs is highly dependent on local conditions, including the
parasite density in the population; it therefore varies among
populations with different levels of transmission, as their level
of immunity affects the parasite density at which they exhibit
symptoms that warrant a diagnostic test. Where transmission
rates are low, the parasite densities in people with symptoms
of malaria are likely to be low, and tests will be less sensitive.
Test performance at 200 parasites/uL is therefore particularly
important. The results in this report show the comparative
performance of RDTs and indicate which products are likely
to be more sensitive in the field, particularly in populations
with low-density infections.

In general, as countries reduce the prevalence of malaria
and even move towards malaria elimination, detection of
low parasite densities becomes increasingly important in
case management. As the high PDS at 2000 parasites/uL
indicates, the sensitivity of many of these products is similar
in populations with higher parasite densities and therefore it is
not possible to discriminate RDTs with superior performance.
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An important caveat to estimating field sensitivity from the
PDS provided in this report is that the panels used include
only 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 that infect
people in some areas of South America and India do not
express HRP2 (70, 17). In areas where HRP2-deleted parasites
exist, tests for HRP2 will have greatly reduced sensitivity or
be incapable of detecting P. falciparum. In such populations,
only tests for pLDH or aldolase in P. falciparum parasites will
be effective for diagnosing falciparum malaria.

Heat stability (summarized in Table S3) is vital to maintaining
the sensitivity of tests in the field. As a result, for procure-
ment, careful consideration must be given to ensure that
the products to be used in areas with high temperatures
of transport and storage have demonstrated stability in
the product testing programme. Requirements vary among
countries; for example, if tests are to be deployed in areas
where temperatures rarely rise above 30 °C, less emphasis
is needed on stability at high temperatures than on other
aspects of quality.

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

Detailed results can be found in the report of each evalua-
tion (3-6) and at http://www.who.int/malaria/publications/
diagnostic_testing/en/.

1.4. Summary of outcomes

This laboratory-based evaluation provides a comparative,
standardized measure of RDT performance for distinguishing
between well and poorly performing tests to serve as a basis
for procurement decisions by malaria control programmes
and to guide United Nations procurement policy.

In round 5, the proportion of tests that achieved a PDS > 75%
at 200 parasites/pL is comparable to those in rounds 3 and 4
for P. falciparum (78.6%); that for P. vivax, 42.4%, is similar
to that in round 4.

Several RDTs in the five rounds of testing consistently detected
malaria at a low parasite density (200 parasites/uL), had low
false-positive rates, are stable at tropical temperatures, are
relatively easy to use and can detect P. falciparum or P. vivax
infections or both.

Although the performance of the products varied widely
at low parasite density (200 parasites/uL), all products
had a high rate of detection of P. falciparum at 2000 or
5000 parasites/pL, as did the majority of products for P. vivax
at 2000 parasites/uL.

P. falciparum tests that target the HRP2 antigen had the
highest detection rates, and two previously evaluated tests
that target pan-pLDH for detection of Plasmodium spp. infec-
tion also achieved a good PDS. In round 5, the two poorest
performing tests for detection of P. falciparum were based
on P. falciparum-specific pLDH detection. Thus, the choice
of 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
testing lots after purchase and before use in the field.
Furthermore, anomalies that interfered with test interpreta-
tion were regularly recorded during round 5 (Annex S2). All
products had issues with red background and with incomplete
clearing, and cases of samples failing to flow or migrate on
the RDT were reported for 62% of products.

Ninety-eight percent of the RDTs evaluated in round 5 were
in cassette format.

With regard to products retested under the compulsory
resubmission requirement, one showed improved (4.8%)
detection of P. falciparum and one improved (4.3%) detection
of P. vivax, while six and two had diminished performance
(> 5% decrease) for detection of P. falciparum (mean, 13.9%;
median, 8.4%) and P. vivax (mean, 8.5%), respectively. All
products except one had the same or lower false-positive
rates (mean improvement, 3.7%).
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1.5. How can product testing
results inform RDT procurement
and use?

Accurate diagnosis is vital to good malaria case management,
whether based on microscopy or RDTs. The results of this
report should be used to identify a short list of RDTs for
procurement for use in settings where good microscopy is not
available or appropriate. Box 3 lists WHO's minimum criteria
for RDT selection, and Annex S3 provides a step-by-step
approach to selecting an RDT, taking into consideration local
malaria transmission and illness where the tests will be used
(e.g. Plasmodium species, target antigen, parasite densities,
climate) and other important considerations, including ease
of use in the field (Annex S2), training or retraining require-
ments and lot testing.!

The tabular results in TableS2 are colour-coded to reflect
achievement of WHO performance requirements for RDT
procurement, and a web-based tool that allows filtering of
product testing results by various parameters to assist in
selecting products with the performance characteristics most
suitable for a country's health programme is available and
maintained by FIND (72). Comprehensive guidance on several
aspects of procurement can be found in Good practices for
selecting and procuring rapid diagnostic tests for malaria and
guidance on implementation in Universal access to malaria
diagnosis (13, 14).

T The WHO-FIND malaria RDT evaluation programme provides lot-
testing capacity in two regional laboratories free of charge; it can
be accessed at malaria_rdt@who.int and info@finddiagnostics.org.

1.6. Product testing and WHO
programme for prequalification of
diagnostics and medical devices

The WHO prequalification of diagnostics and medical devices
programme uses the results of product testing as the labora-
tory evaluation component of the prequalification process
for malaria RDTs. These data are used to set priorities for
dossier review and inspection. Although prequalification is
not currently a requirement for WHO procurement, manu-
facturers are encouraged to apply for it. A list of prequalified
diagnostics, including malaria RDTs, is available at http://
www.who.int/diagnostics laboratory/evaluations/PQ _list/en/.

Box 3: WHO selection criteria for the procurement of RDTs

Products should be selected in line with the following set of criteria, based on the results of the assessment of the WHO Malaria

RDT Product Testing Programme:

(A) For the detection of Plasmodium falciparum (Pf) in all transmission settings the panel detection score (PDS) against Pf

samples should be at least 75% at 200 parasites/uL.

(B) For the detection of Plasmodium vivax (Pv) in all transmission settings the panel detection score (PDS) against Pv samples

should be at least 75% at 200 parasites/uL.
(C) The false positive rate should be less than 10%.
(D) The invalid rate should be less than 5%.

Only products meeting performance criteria outlined in A,B,C and D are recommended for procurement

MALARIA RAPID DIAGNOSTIC TEST PERFORMANCE - Summary results of WHO product testing of malaria RDTs: Round 1-5 (2008-2013)

Lo
1
[92]
()]
pd
2
o
o
>
(a
<
=
=
-]
(9]



mailto:malaria_rdt@who.int
mailto:info@finddiagnostics.org
http://www.who.int/diagnostics_laboratory/evaluations/PQ_list/en
http://www.who.int/diagnostics_laboratory/evaluations/PQ_list/en

iparum

Malaria RDT performance in phase 2 of rounds 2-5 against wild-type (clinical) samples containing P. falci
at low (200) and high (2000-5000) parasite density (parasites/uL) and clean-negative samples

Figure S1
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@ Panel detection score: A sample is considered detected only if all RDTs from both lots read by the first technician, at the minimum specified reading time, are positive.

b Clean-negative, blood samples from healthy volunteers with no known current iliness or blood abnormality.

* Indicates tests that also detect other non-P. falciparum parasites
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Figure S2: Malaria RDT performance in phase 2 of rounds 2-5 against wild-type (clinical) samples containing

P. vivax at low (200) and high (2000 or 5000) parasite density (parasites/uL) and clean-negative samples
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@ Panel detection score - A sample is considered detected only if all RDTs from both lots read by the first technician, at the minimum specified reading time, are positive.

b Clean-negative - blood samples from healthy volunteers with no known current illness or blood abnormality.
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Figure S3: Panel detection score of malaria combination and pan-only RDTs, meeting WHO procurement criteria for
false-positive and invalid rates, in phase 2 of rounds 2-5 against wild-type (clinical) samples containing P. falciparum
and P. vivax at low (200) parasite density (parasites/uL)
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Panel detection score P. falciparum? Panel detection score P. falciparum?

1 diagnosticks MALARIA (Pan/Pf) Cassette- MPNFWBC1007.4 40 Malaria Pf (HRPII)/ PV (PLDH) Antigen Detection Test Device - GM006

2 Core™ Malaria Pv/Pf - MAL-190022 41 ParaHIT - Total Ver. 1.0 (Device) - 551C204-10

3 FalcivVax™ - Rapid test for Malaria Pv/Pf - 50300025 42 Advantage Malaria Pan + Pf Card - IR231025

4 SD BIOLINE Malaria Ag Pf/ P/ Pv - 05FK100 43 GenBody™Malaria Pf/Pan Ag - MALAG100

5 SD BIOLINE Malaria Ag Pf/Pv - 05FK80/05FK83 44 HiSens Malaria Ag Pf/Pv (HRP2/pLDH) Card - HR2923

6 Malaria pf (HRP Il) / (PAN-pLDH) Antigen Detection Test Device - MFV-124R 45 Maleriscan® Malaria Pf/PAN (Pv, Pm, Po) 3 Line Antigen Test - MAT-PF/PAN-50
7 IND ONE STEP MALARIA ANTIGEN P.f/Pan TEST - 535-10 46 CareStart™ Malaria/Pregnancy Combo (pLDH/HRP2/HCG) - G0221

8 SD BIOLINE Malaria Ag P.f/Pan - 05FK60/05FK63 47 Surestep™ Easy Malaria Pf/Pan Rapid Test Device - IMA-T402

9 BIONOTE MALARIA P.f.& Pan Ag Rapid Test Kit - RG19-08 48 EzDx™ Malaria Pan/Pf Rapid Test Detection kit - RK MAL 001

10 diagnosticks MALARIA (Pan/Pv/Pf) Cassette - MPNVFC1007.5 49 Clearview® Malaria Combo - VB11

11 ICT Malaria Dual Test - ML0O3 50 Malascan™ Device - Rapid test for Malaria Pf/Pan - 50402025

12 BIONOTE MALARIA P.f.& P.v. Ag Rapid Test Kit - RG19-12 51 ASAN Easy Test® Malaria Pf/Pan Ag - AM4650-K

13 Core™ Malaria Pan/Pv/Pf - MAL-190026 52 Malaria pf (HRP Il) / pv (pLDH) Antigen Detection Test Device - MFV-124V
14 NanoSign Malaria pf/pan Ag 3.0 - RMAP10 53 OnSite Pf/Pv Ag Rapid Test - R0112C

15 Humasis Malaria P.f/P.v Antigen Test - AMFV-7025 54 Advantage Malaria Card - IR211025

16 RAPID 1-2-3® HEMA CASSETTE MALARIA PF/PV TEST - MAL-PFV-CAS/25(100) 55 BIOCREDIT Malaria Ag Pf/Pan (HRPII/pLDH) - C30RHA25

17 Parascreen® - Rapid test for Malaria Pan/Pf - 50310025 56 BioTracer™ Malaria Pf/PAN Rapid Card - 17012

18 OnSight™ - ParaQuick-2 (Pv,Pf) Malaria Test - 5637-25-DB 57 ICT MALARIA COMBO - ML02

19 diagnosticks- Malaria (Pv/Pf) Cassette - KMVFC6002 58 ParaHIT - Total Ver. 1.0 (Dipstick) - 551C203-10

20 CareStart™ Malaria HRP2/pLDH (Pf/Pv) COMBO - GO161 59 IMMUNOQUICK CONTACT MALARIA +4 - 0525K25

21 Medisensor Malaria HRP2/pLDH (Pf/Pv) COMBO - M161 60 ABON Malaria Pan/P.f. Rapid Test Device - IMA-B402

22 SD BIOLINE Malaria Ag Pf/ Pan - 05FK66 61 MeDiPro Malaria Ag HRP2/pLDH Combo - IR-0051K

23 CareStart™ Malaria HRP2/pLDH (Pf/PAN) COMBO - G0131 62 ACCUCARE ONE STEP MALARIA Pf/Pan Antigen Test - MAGC 25

24 DIAQUICK Malaria P.f/Pan Cassette - Z11200CE 63 ParaHIT® total (dipstick) - 551C201-10

25 Humasis Malaria P.f/Pan Antigen Test - AMAL-7025 64 Malaria pf (HRP I1)/PAN (pLDH) Antigen Detection Test Device - 1-13-101-1
26 CareStart™ Malaria HRP2/pLDH (Pf/VOM) COMBO - GO171 65 ParaHIT®fV Rapid test for P. falciparum and P.vivax Malaria - Device - 551C402-5
27 HiSens Malaria Ag P.f/P.v Combo Card - HR3123 66 AZOGMalariapf(HRPII)/pf(LDH)/(PAN-LDH)Antigen Detection Device - MFV-124F
28 HiSens Malaria Ag P.f/VOM Combo Card - HR3323 67 Malaria Pf./Pan Antigen (MAL Pf/Pan) Test Kit - A03-18-322

29 Medisensor Malaria HRP2/pLDH (Pf/VOM) COMBO - M171 68 Malaria pf (HRP Il) / pv (pLDH) Antigen Detection Test Device - MFV-124V
30 Malaria Pf/Pan One Step Rapid Test - RT 20222 69 Maleriscan® Malaria Pf/Pv - MAT-50

31 CareStart™ Malaria pLDH 3 Line Test - G0121 70 OptiMAL-IT - 710024

32 Advanced Quality™ Rapid Malaria Test (Pf/Pan) - ITP11005 71 Malaria Pf/Pv - GM002

33 FirstSign™ ParaView (Pan+Pf) - 2101CB-25 72 Malaria Pf/ PAN - GM004

34 Wondfo® One Step Malaria P.f/P.v Whole Blood Test - W056-C 73 One Step Malaria P.f/Pan Test - W56-C

35 CareStart™ Malaria Screen - G0231 74 Advantage Mal Card - IR221025

36 OnSite Pf/Pan Ag Rapid Test - R0113C

37 Vikia® Malaria Ag Pf/Pan - 412499

38 ABON™ Plus Malaria P.f/Pan Rapid Test Device (Whole Blood) - IMA-T402
39 First Response® Malaria Ag. pLDH/HRP2 Combo Card Test - [16FRC

75 HiSens Malaria Ag P.f/P.v Card - HR2823
76 SD BIOLINE Malaria Ag - 05FK40
77 NanoSign Malaria Pf/Pv Ag - RMAD10

@ Panel detection score - A sample is considered detected only if all RDTs from both lots read by the first technician, at the minimum specified reading time, are positive.
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Table S1: Product resubmissions: WHO malaria RDT product testing rounds 1—5

Product re-submission

Lo
1
[92]
()]
pd
2
o
o
>
(a
<
=
=
-]
(9]

Manufacturer Product name Catalogue No. Round

Voluntary ~ Compulsory

CareStart™ Malaria HRP2/PLDH (Pf/Pv) COMBO (0161 2,4
CareStart™ Malaria HRP2/PLDH (Pf/VOM) COMBO G0171 2,4
Access Blo, Inc. CareStart™Malaria HRP2 (Pf) G0141 1 5
CareStart™ Malaria HRP2/pLDH (Pf/PAN) Combo G0131 1 5
CareStart™Malaria pLDH (PAN) GO 1 5
ooy Chernical ;V@attﬁh@fﬂftf & E2Dx™ Malaria Pan/Pf Rapid Test Detection Kit RK MAL 001 45
Biosynex IMMUNOQUICK® MALARIA falciparum 0502_K25 1 5
AZ0G Malaria pf (HRP I1) / (PAN-LDH) Antigen Detection Test Device? MFV-124R 1,3
Malaria pf (pLDH) / PAN-pLDH Test Device MFV-124 3,5
Bhat Bio-Tech India (P) Ltd. Maleriscan® Malaria Pf/PAN (Py, Pm, Po) 3 Line Antigen Test MAT-PF/PAN-50 45
Bioland NanoSign Malaria Pf/Pan Ag RMAP10 3,4
. ) One Step Malaria Pf Test (cassette) 522352 2,3, 4
Elli Gl =il (i) G ich One Step Malaria P.F/PV Test (Cassette) 523352 4,5
Onsite Pf Ag Rapid Test RO114C 2,3
CTK Biotech, Inc. Onsite Malaria Pf/Pan Malaria Ag Rapid Test R0O113C 2,3, 4,5
Onsite Malaria Pf/Pv Ag Rapid Test RO112C 2,3,4
DiaMed - A Division of Bio-Rad OptiMAL-IT 710024 1,3
Wondfo On Malaria Pf/Pan Whole Blood Tt W56- 1
Guangzhou Wondfo Biotech Co. Ltd. Or?e gt:pOM:ét:apP-faT:Sti e ole Blood fest \/\Iis—g 2, 334
ICT Malaria Combo Cassette Test MLO2 1,3, 4
ICT INTERNATIONAL ICT Malaria Pf Cassette Test MLO1 1,3
ICT Malaria Dual Test MLO3 3,5
InTec Products, Inc. Advanced Quality™ One Step Malaria Pf Test [TP11002TC1/TC40 1,3 5
Humasis Co., Ltd. Humasis Malaria Pf/Pan Antigen Test AMAL-7025 4,5
Advantage Pan Malaria Card IR013025 1 5
J.Mitra & Co. Pvt. Ltd. Advantage Mal Card IR221025 1 5
Advantage P.f Malaria Card IR016025 1 5
i Bl e S Paracheck® Pf Device - Rapid test for P. falciparum Malaria (Ver. 3)¢ 30301025 1,3, 4
Paracheck® Pf Dipstick - Rapid test for P. falciparum Malaria (Ver3)¢ 30302025 1,34
. ) . First Response® Malaria Ag Combo (pLDH/HRP2)¢ [16FRC 1,2,5
Premier Medical Corporation Ltd. First Response Malaria Ag P. falciparum (HRP2) Card Test [13FRC 1 5
SSA Diagnostics & Biotech Systems diagnosticks- Malaria (Pf)Cassette WB KMFC6001 2,5
SD BIOLINE Malaria Ag 05FK40 1,3
Standard Diagnostics Inc. SD BIOLINE Malaria Ag Pf/Pan 05FK60/05FK63 1,3,5
SD BIOLINE Malaria Antigen 05FK50/05FK53 1 5
Unimed International Inc. FirstSign™ - ParaView (Pan+Pf) Malaria Test 2101 CB-25 2,4
- . ) Malaria Rapid Combo/Clearview® Malaria Combo VB11¢ 1,3
\A'S'On Biotech (Pty) Ltd /_Org_emcs (Alere Malaria Rapid Pf [Clearview ®Malaria Pf VBO1 1,3,5
ealthcare (Pty) Ltd subsidaries) . | . . .
Malaria Rapid Dual/Clearview® Malaria Dual Test Device VB20¢ 1,3,5
Malascan™ Device - Rapid test for Malaria Pf/Pan 50402025 1,3
sl Bt Sys s Parabank™ Device - Rapid test for Malaria Pan 50301025 1,3
Parascreen™ Device -Rapid test for Malaria Pan/Pf 50310025 1,3,4,5
Falcivax Rapid Test for Malaria Pv/Pf (device) 50300025 2,4

o

Round 1 product name error: published - Malaria Pf (HRPII)/pv-LDH) Antigen Detection Test Device Code; corrected product name: Malaria Pf (HRPII/PAN-LDH) Antigen
Detection Test Device Code. No change in product code.

In round 2, product did not pass phase-1, therefore results do not feature in summary tables.
Ver.3 was introduced after round 1
Error in WHO malaria RDT product testing: round 1 report: product code (II6FRC30) should have been (116FRC ), as in round 2

¢ New company acquisition (Alere™), therefore change in product branding and catalogue numbers; VBO11 to VB11 and VB020 to VB20. Manufacturer confirmed
compliance with product definition.

)

o

MALARIA RAPID DIAGNOSTIC TEST PERFORMANCE - Summary results of WHO product testing of malaria RDTs: Round 1-5 (2008-2013)



J.Mitra

S 00 0 00 S0 L0 Sl 1'L6 0t6 €16 00¢ "P¥1IAd 00 B BN T §eoLeedl PIeD [E| 3DeIU_ADY
5 1T (Lez) L8 'l (£61) 00 (¥el) £9 (68¢) €0 L'L6 000L 009 0'88 2U] 'S1aNPoId 33U S00LLdlI (Ued/3d) 331 euele|\ pidey ,,AlEND padUBAPY
S 0 (v€2) €L 00 (661) 00 (6€L) 00 €0 1’26 0¢6 L 099  'QL1IAd (elpul) sdnsoubelq 34yI-gv1 S¢ J9VIN 153 UbNUY Ued/}d YIYYTVIA 431S INO FHYINIIY
¥ 00 0 00 00 00 00 (WA3) 0'00L 6'S £S8  py1°0) (noyzbuey) wieydolg NOGY TOPL-YINI  (POOIg 30U/ 321A3Q 353) pidey UEJ/d elelel SNid wNOgY
€ 00 00 00 00 00 00 629 066 00 £69  "py] 0] (noyzbuep) wieydoig NOGY ¢0vg-VINI IN3(Q 153 pldey yd/ued elejepy NOgY
ued pue 34
14 4] (Leg) ¥'0 00 VN 00 VN VN 066 A\ 868  'PY] 0D Yyd3301g OJpUOp Noyzbueng J-LEM AS3l 4d eliejepy dals auQ 0jpuopA
S L0 (seg) L's 'l VN 1'% VN VN 0'00L VN 0%8 P71 (A1d) ud101g UOISIA LOFA dd BUEIEN UOISIA
4 L0 (0€2) 5 6T N (seL) vy WN N 000L N 888 2U| S31I0JeI0QET UOILY  ZZE-LO-E0V 1591 'Jd Uabnuy eliejey ,Asni|
g 00 00 6T VN 00 WN wN 0'66 N 056 2U] 'sd1Isoubelq PIEpUES  EG4S0/0SMS0 dd Y elieeiy INT0IE aS
€ 00 0¢C 00 VN 00 VN VN 000t VN 6'/8 duj sapsoubelq piepuels 06)450 4(HQ1d/zd4H) ¥d OV euelelN INTT0IG AS
€ 00 ST 7l VN 00 wN VN 066 YN 808 ‘P sdnsoubeiq ueds  05-€0LDISS (Pnsdiq) - eliHeled )
€ 00 00 00 VN 00 VN VN 0'00L VN 618 P sansoubeiq ueds 0S-¥0LJISS (321A30) 4 - @lIHeIEY S
14 00 60 00 VN 00 VN VN 066 VN ¥'0L SwSAS [ed1paWolg PIUIQ S200Y0Z0€  (€29A) Yousdiq eue|e wniediojej o 10353] pidey-id eA2ydeied m
¥ 00 el 00 VN 00 VN VN 0’86 VN 656 meHm\,m |ed1pawolg pIyd.0 GZ00€0C0E ;M.BZ NIA(J elieley EEmQ.G\E d 10J1S3] qum_d:n_ @|93Ydeled m
€ 00 S€ 00 VN L0 VN VN 000l VN 698 du| 'yasnolg H1J JrLLOY As3] pidey By Jd ansuQ M
z 00 oLl £ VN 18 WN wN 0'66 WN 0L dU] ‘[BuonEuIRIU| XIUAbWY 80-GT-L1S 153 Jd BLE[eIN -, YDISUQ 3
14 00 €1 Lyl VN 00 VN VN 066 VN 6%6 Py 0D (buifiag) [EIIP3N-0Ig SS0.) 3n|g ¢S€Ces [(919sseD) 153 4 euefely dais uQ ﬂ
€ €0 00 00 VN 00 VN VN 000l VN 678 p1] ‘puejoig OL4VINY by Jd eueje}\ ubisoueN .DDl“
4 4] ¥0 00 VN gl VN VN 086 VN L'E8 ‘P17 (91d) elpu| yds]-oig leyg 05-4d-1VIN 153 UIBNUY §d BUEJE @ UBDSLIDJE o
— 5
g L0 (s€2) 901 6Tl YN 7l vN YN (86)8'L6 YN 06L BuaauiBus-oig enyay a;mmmmm 02-90-4-H) 153] pidey Jd by euee egH E
¥ 10 09 ! N T N N 066 WN 19 U sansoubelq ANl 1L-g€g #d NIDIINY VIHYIYI d31S INO ONI S
s 20 (ve2) L's £ N ¢ N N 0g6  WN 0L XauAsolg Gz 2090 wniediojes YIgyIYIN @XOINDONNINAI =
€ €0 (661) 0% vl N (6e1)9€ N N 000l WN 818 xauAsorg 526150 wniediajes 13¥INOI XINOONNINIAI =
€ 00 00 00 N 00 N N 086 YN 698 TYNOILYNY3LNI D] LOTW (4d BUE[E) Sosoube(q 1)) 3
z 10 ol 00 N 00 N N 000l YN 08 P11 "0 |gH £Z0EHH PIE) ZdYH 4d Y eliefepy SuaSiH 5
¥ 20 (egee g N L0 N N 000l WN 676 U] [euofieus3u| WU §Z-8J00LT 4d BUEIEIN ,,UDISISIIS 2
S 00 0 00 N £0 N N 000l YN 0'56 PY] UONeI0010]) [BIIPAIN J21wiRIg QHIELI AL PIE] (cduH) wisedidjes o BY elelely e3suodsay 1sii =
z 00 0t g€ VN 4 N N 066 YN 008  swsAs ydayolg 13 sansoubelq vss £009CHINM am xensdig (id) elefely -syansoubelp 2
S €0 (5¢2) 60 vl WN 1z VN N 000l WN 088 SWRISAS 4a101g 3 SINSOUBRIQ WSS LOOSIN M 2113558 (4d) ELE[epy -Spsoubelp 3
€ €0 (861) O'L 00 YN 00 vN YN 0'00L N 046 Sansoubelq 210)  0Z006L-TYN 1d BUEB[B 910 5
€ 00 00 00 N 00 N N 000l YN g8 P11 (Aid) yo=101g UOISIA L08A (4d BUEJEN @M3INIER) £
4 00 0¢ el YN 90 N WN 0001 WN 0'86 QU] ‘01g SS90y 18109 1591 Jd HQ1d/2dyH BlEfeN , ieISIe) 3
S 00 60 00 N 00 N N 000l YN 06 U ‘0lg SS90 17109 ((3d) TdUH BLEIBIN WHEISIED "
€ 10 0t vl N 00 N N 066 WN 658 u'3jouolg LL-619Y 113531 pidey By 4d VIdYIVIN 310NOIS g
¥ 50 (1€7) L'66 6596 VN L6 VN VN 000l WN 066 uj udg|dey 00104H (1l duH)4d eviele 110389018 g
S 00 00 00 YN L0 WN N 0'66 YN 068 Y1 0) B EIIN T 520910y iPIeD eLiEfe\ Jd abeluerpy x
g 0 (e2) L2 L5 N ¢ N W 08 YN 0€S dup'spnpoig 31Ul o000 o 4531 1d ELRJE 0315 2UQ wALI|END PRJUBADY &
4 00 0 00 N 00 N N 066 YN £T€ Py 0 (noyzbuey) wieydolg NOGY 20P-YINI (Pooig 3j0up) 321A2Q 153]. pidey Jd eliefely wNOgY s
Ajuo 4 i
voposyu  WOR suomsu uomeu ommu 2
dds wnipowsejy aanisod aAiyisod aanisod aAiyisod 3 3 3 3 2
Ai3Is0d-3s|ed ~3s] ~3s] ~3s] ~3s] 22 33X 3F B3I &
3s|e4 as|e4 as|e4 3s|e4 3 3 3 5 2
9 = ° = ° J3quinu a
punoy uua.nﬂw\._u_vg:_ soydures sojdwes Ad s3|dwes j4 sojdwes A s3jdwes Jd JaInpenUE u:mcﬁuw«au 1onpoig m
dA13ebIU-uEd|) ri/sayisesed T/sayisesed r/sayisesed ri/sayisesed =
000S 10 000 00¢ 000S 40 000 00¢ <
o
u>_«_moo\onwmwww."m«o._. (9%) sa3ed dA1yisod-3s|ey 294025 UOI1D3)3p [dued M

s3jdwes aAnebau-ues|d pue (r/saisesed) Ayisusp syisesed (0005-000¢) ybiy pue
(00T) Mo| 1& (Ad) XeAIA o pue (4d) wniedidje) 4 buiuieluod sajdwes (jeatuld) adAy-pim Jsuiebe G-z spunos ul duewloiad g-aseyd 1y eleely :gs d1qel



P.f/Pan

G-1 SANNOY AYVINNNS

(panuipuod)

1)

L'0
L'0
00
L'0
00
6l
0l
00
L'0
L'0
€0
¢0
00
00
€0
L'0
00
L0
00
00
L'0
0
00
00
€0
¢0
€0
€0
00
00
10
00
00
[40]
00
L'0
0

W MW MmMWMHOOMOMWLS MO W WL LS WL NNLLSEOSFEOHOWLWOS WS WMmWwSs ™

€0

w <

4

0/
punoy 100

€61
00
0
60
7'6€
(s61) 0L
(z€r) v0
00
(seT) €18
00
(661) G5
60
0ty
€l
0c
0
0€
(5€7) 60
50
00
901
(seT) 00
OIG
00
(s€g) €L
1T
14
(0g2) Tze
LTl
S
(661) ST
S0
70
00
70
(661) 0°€
LY
(Leg) L1
00
juo1duU|
-dds wnipowse|q4
JA1}Isod-as|e

s3|dwes
JAiebau-ues|)

(%) s34
Jayisod-3sjey [e30]

€Y
00
00
Sl
00v
(89) 00
(69) 00
00
LS€E
00
00
00
LLL
65
00
Sl
6C
vl
00
00
L'L
00
00
00
00
(951
(69) 00
LTy
1L
LS
00
00
00
'l
00
00
00
00
(69) 00
4uoI3d34ul

3d
nisod

-3s|e4

sajdwes A sajdwes §4 s3jdwes Ad

00
00
00
00
00
(¥6L) 0L
(661) 00
00
gl
00
1’8
(661) 00
00
00
00
(S61) 00
S0
(661) 00
00
00
00
00
00
00
00
00
00
00
S0
S0
00
19
00
(¥61) 00
0¢
00
(861) S0
00
00
sU0IIuI
Jd-uou

Janisod
-3s|e4

Tri/ssysesed
000§ 40 000C

€6 (66€) 50
(6€1) 00 S0
00 80
00 (16€) 00
98¢ 00
(9€1) L0 (z6g) O'L
(8€l) L0 (86€) 00
L0 €0
6Lt §ze
(seL) 00 00
6L (56€) 00
€Y (86€) 00
LSL 8T
te 00
(8el) L'S (56€) 8L
L0 S0
€Y €0
(8€1) 00 (96€) 50
00 00
00 00
9€l 00
00 00
gl €0
00 €0
(6€L) L0 €0
6T €0
00 (¥6€) 00
gee 00
4! €0
LS 00
1z gl
L0 €l
L0 gl
(6€1) L €T
L0 S0
00 00
L0 80
s (06€) 00
00 ge
juonddjul - ;uoRduL
d Jd-uou
aAaisod JAisod
-3s[e4 -3s|e4
sajdwes j4
T/sayisesed
00¢

(%) sa3e4 dAyisod-as|eq

€16 000l £'99 006

(0)0[0] 6'68 98 L9
000l 000L 126 66
00 066 6¢C ¥'69

[0)0)4 000l 9'8¢ 056
000t 0,6 (WA} 88

000t 000L 7’16 0'68
L'26 676 6C 8'6¢
LSy 0'L6 98 oLy
€98 000l 6C €€9
€16 0'00L 00 056
(WAS 0'56 6C 0’19
9’8y 0'L6 00 9YS
€98 000t 819 676
€16 086 (WA 8L
88 066 6'S 9L

€16 086 (010} 0'€6
(WAS 000l ¥'l6 006
000t 0'66 0'6L 0%8
000l 0v6 06l 00¢
9'88 096 LZL 0'£9
(WS 000l €S 0v8

0'00L 000l 819 8.8
000t 000l €vL 068
000l 000t 008 0€8

(WAS 000l 678 006
(WS 0'ooL ¥'1S 086

'6¢C 000t e 0'66
LS8 066 009 0'68
'l6 000t LS 88

000l 000l 9'88 698
000l 0'00L ¥'l6 688
0'00L 000l €16 006

(WAS 000l €16 8'e8
000l 0Y6 L'LL 0LL
000l 0'66 9'88 6'€6
(WA 0’66 L'LL 0LL
¢'88 086 00 (449
000L 0v8

0'00L 000L

ps3|dwes
M

ss9|dwes
3d

ps3|dwes
A

,s3jdwes
3d

Tri/ssysesed
00¢

r/sspsesed
000S 410 000C

21035 UOIII3P [duey

V'Z 'U931018 ON T4VS

p1] ‘puejoig

'P¥] puejolg

'd10) ABojouyda| |ed1pawiolg eSOW o4
p17 (A1d) yasisoubeiq (eI
SWASAS (ea1pawiolg JAydaz

‘P11 0D Yd3301g U0 JULQ buelfByZ
‘PITIAJ SA1S0Ub.IQ JB|NJ3|O|A XILUOUIE)
U] '90Zv

U] 'Yd3101g pariun

U] '90ZvY

“JU| S31403BJ0QET UOIUY

Hauw exnsoubelq 4nj eyds|[3s30) e BLIIQ
U] sansoubelq g

XauAsolg

TYNOILYNYILNI LII

TYNOILYNY3LNI 131

‘P17 "0 'sisewny

P17 0] |9H

P17 0] |9H

(2210y) "d40D) 32URIS [BIIP3|A] SSOA) UL
u| Apoguag

*JU| |BUOIIBUI}U| pIwiuf

'P¥] UoeI0dio)) [BIIPIIN J3IWid
("P37 SSUIRIEBA B SWNIS

Jeleyg Jo Neljiyly) [edWay) Arpy
HQwD gvivia

SWIISAS Y3019 B Sa1soubelq v¥sS

‘P17 sansoubelq 210D
(SI)py7 sa1UbIQ

P11 (Ad) Yd3101g UOISIA
U] ‘olg Sy

"dU| ‘olg SS9y

JU| ‘olg SSIY

U] ‘0lg SS0Y

‘PA] "0 sndo4 olg
"duj'ajouolg

“ONI N3oidey

NI '902V
‘P31 IAd 00 B BN T

Jainydenuep

L00-ECM-TYIN
-ON

0Ldviny
OLdVINY
ALS00-YI
LOOHATIYINAIN
§¢0z0¥0S
¢eeoe 1y
¥00ND
YeL-NMIN
L-10L-€lL-1
drel-AdIN
¢Ce-8L-eoy
L00-NETM-TYIN
0L-5€S
§TIGCS0
COTN

€0TN
SCOL-TVINY
€C6CYH
€¢8CYH
10-9%10-0C
00LOVIVIA
S¢-9010l¢
Ju49L|

L0 TVIN XY

3000¢LLZ
¥'£00L
JIMINAIN
20061 -TVIN
0Can

LLGA
L€209
LZ109
LELOD
L¢c09
cloLL
80-619Y
SCYHY0ED

4vCL-NdIN
§ZoLEzyl

Jaquinu
anbojeje)

(Ha1d) Ued/id VIHYTVIA 1S31-ON

- by Ad/id euejely ubisouen

(0°€ By ued/yd eueje|y ubjsoueN

0quo) HQT1d/zdyH Dy eleje 0idiGaN

1591 (Had)ued/id eeleiy QN

Emn_tn_ elIe|e|\ 104 1S3} Eamm - NIA(QJ 4, UedSejen
1s3] pidey da)S auQ Uedid ElElel

NVd [4d euejew

(9102( 153] HATd-NYd / (Ha1d) 4d euejey

01A3( 153 U0Nd212(Q UBNUY (HATA) NYd/(1I dyH) 4d eLiefepy
PIIA3( 153] U0NI313Q UBNUY (HATA-NYd) / (Il d4H) 4d eliejepy

3 3531 (Ued/id TVIN) UabnuY Ued[id eliefely

1S9]| Ued eleeln

1531 UEG/F NIDIINY VISYIVIAl d31S INO aNI

7+ VIYYIVIA LOVINOD MJINDONNINIAI

108N0D YIYYIVIAl 1DI

11531 [enq eliefely D]

AS9] usbnuy UEJ/IJ eleB SISBWNH

pie) (HQ1d/zdyH) Adfid BY euefely suaSIH

pie) Ndfyd By elejel SUaSIH

159] pidey by UEF/Fd ele[elN gIP3uaD

by ued/id euelep,.Apoguag

(4d+ued) MaIAeied ,, UbISISIY

1S3 pJe) 0quio) ZdYH/Ha1d By elieje|\ gasuodsay 1sil
A1} U0N313Q 153 pidey Jd/ued eUeB ,X(Z3
a1asse) UEG/d elelej XIN0YIa

913955 (4d[ued) VIHYIVIN SPnsoubelp

Jd UEd eliee| ,,210)

[[enq elejej\ @MaInIE])

OQUIOD BLIEBIN @MIINIEI|D

U33.2S BlIB[BIA ,,}IBISUR)

153] aul € Ha1d elelB ,HBISIE)

(09IN0D (NVd/4d) Ha1d/zdYH BlEEN 4} EIS3IED
(90H/2dyH/HaTd) 0qwio] Adueubaid/eliejely ,,lieisied
pie) pidey NYdfid BUE[EIA ,,J20E1[0lg

1353] pidey By ued By d VWYV 3LONOIE
(Ha19/1Id4H) ued/id by euelen 114340019
FERIETgRUCTIREIE]

uabnuy (Ha1-Nvd) /(HaT) 4d/(1id4H) 4d eueley 5OZY
pie) id + ued euejep ummu:m>_u<

npoiy

(panunuod) gs 319el

)
=)
o~
(=3
(=3
S
B
b
[=4
=3
(=}
o
K
[m]
o
K]
=
k)
©
£
5
o
£
7
=]
5
=3
o
2
[sH
o
I
=
S
2
=
w
e
fa
©
€
=
=3
(2]
I
w
o
z
<
>
o
[=}
[
o
w
o
=
wn
[N}
=
=}
[
o
z
(@)
<
[m)
o
[a
<
[
<
x
<
-
<
=



P.f/Pan
P.f/Pan
P.f/Pan
P.f/Pan
Pvt.Ltd

(001)sz/Svd

4 00 127 Gl 00 L0 00 000l 000l  t6L 676 JT1 'swiaisAs ansoubelq eway AT 1531 AdHd VIYVIVIN 113SSYD VINIH e€-2-L dIdVY
g 1’0 9 6¢C S0 LS Hmmmi 0cC £°G8 olL6e (WA 0'€9 juy| muﬁmocmmﬁ_ cmqm 0S-20¥JISS  321A3( - BUE|BN XEAIA 4 pUE EENQ.G\@ d 104139} t_qmm_ NellHeied
v 00 €l 00 0¢ 00 Gl 000L  000L 000l 96/ dul ‘Y1019 1D JzLL0Y As3] pidey By Ad/id 31SUO
14 10 G€ 00 00 6l S0 000L 000l  GZE 06 U] ‘[BUOIBUIIU| XIUBWY 90-Gz-L€S 153 elelel\ (Jd'Ad) Z-¥2INDeIEd - ,3UBISUQ
S 00 /L €€ 06 9€S §lT 000L  000L  000L  OT6 P¥1"0) (Bulllag) [ealpajy-0ig SS01) ng 7SEETS {(913sse)) 153] \'d/4d euefely dais up
4 00 00 6 S0 L0 €0 000L  000L 41 868 U] UOSUSIpP3| LZLIN 04IN0D (INOA4d) Ha1d/ZdYH elielejy J0SUSIPI
2 00 00 Sl o'l 00 €0 000L  000L L'¥6 806 DU I0SUSIPA L9LIN 08I0 (Ad/4d) HA1d[cdYH BlElelN JOSURSIPA)y
& 70 (661)S'L (62) 5T §ce S (66¢€) 8'L 009 046 00 0CS P (d) elpul Y33-o1g 1eyg 0S-1VIN Nd[d BUE[BIN @UBISLRIEI
S L0 (ceg)oe (69) €7 (661) ¥'L8 (6€1) 8'G (66€) €L 000L  000L 679 08 P17 (d) Blpu| Ud31-0Ig Jeug  0S-NVd/Hd-LYIN  AS3L udbnuy aur € (od ‘Wd ‘Ad) NVd/id EHelelN @UedSL3[elN
2 00 60 00 S0 L0 80 65 66 00 80  PITIAJ SABSOUbeIQ Je[Nd3|OjA XIWOU3Y ZOOND Ad[id elefep
S ST (¢cez) 60 6 (G61) 9°€ (8€1) 59 (16€) G'L €46 0'L6 (27 0'G8  'P¥] IAd SISOUDEIQ JEINI3(OJ XILIOUAD 900ND  21A3(Q IS3] U0NIRIRQ UbRUY (HAT) Ad /(IIdHH) 4d ElElE @
€ 10 (661) 00 00 00 ¥l 00 002 0001 00 8'6L U] '90ZY APTL-AIN - 921A3Q 53] U0Nd312( Ubnuy (HTd) Ad / (1| dyH) 4d erejepy S
12 S0 (0e2) 00 ) (S6l) L€ (Gel) 00 S0 59z 66 00 T09 U] 'yd3301g pA3IUN €-10L-EL-L  301A3Q s3] U0IIRIRQ udbRuY (HA1d) Ad [ (11 d4H) Jd erejepy ®
4 00 €l Sl 50 L0 S0 000L 000l 000l 676 ] 0] 'sisewny S20L-MINY 153] uabnuy Adfyd elefepy sisewny 2
v 00 00 00 S0 00 00 41 000l §9Z/ 868 P31 0] I8H €2EEYH pJeD 0qWo) N0/ by ellelejy SUsSIH &
4 10 70 00 50 00 (16€) €0 L'v6 000l ¥6L 868 'p¥] "0 |gH €ZLEYH pieD 0qI0) A'd[sd by eliejel SUaSIH i
2 00 €L 6 00 6¢ 80 000L 000l 788 086 sjeaipawolg JAydaz G2000€0S dd/Ad BlIB[B| 10} 159 pidey -, XeA|ed =
z 10 0T 00 00 90 (66€) €0 000l 066 oSy 0'l6  SwalsAS yda301g B SAISOUDEIQ ¥SS  ZOOIDHAINM 313s5e) (4d[Ad) BUE[EI -SYA1ISOUBEIP lm
€ 0] 0t 00 00 00 €0 L'/6 000l 009 086 sonsoubelq 210)  ZZ006L-TVIN 3d[nd elele 2100 g
4 00 00 6¢C 50 L0 €0 000L  000L 413 868 duj ‘olg SS3NY L2109 (09INOD (INOA/H) Had/ZdYH eleje 4 1ie1sie) ®
12 00 00 gl 0l 00 €0 000l 000l 176 806 U ‘0lg SS3Y 19109 (09IN0D (Ad/3d) HO1d/2dYH Bliele ,,3ieISaieD £
€ 00 (082 00 (L61)GL L0 €0 000l 086 1'/6 676 duj'd30u0lg z1-619Y 1) 3s3] pidey by 'Ad BYd VIYYIVIA FLONOIG m
S 140 (Ge2) 0 00 G558 00 G591 000l 066 €vE 018 p¥] "0 [d1N3VBWIEY] NYSY M-0597INY Dy Ued/id elB[B|\ @3S3) AseF NYSY s
€ 00 00 00 00 L0 S0 000l 066 s 8/L 'P¥] IAd 0] B BAIN T Szollzyl pie) eliejely AbejueApy g
€ z0 58l €Y (z61) 18 LS (G6€) £51 LS 000l 00 698 U] 'S1INPOId 31Ul OPJL E00LLLI 1531 Sur-1] Adf4d eleely d3is auQ ,AN[EnD padueApy o
WOAJ/Ad PUe 3d =
S €0 (SeT) €1 (69) 00 (661) 50 (6€1) L0 00 €6 0'L6 LS 098 SV'S SSIDIVINI 86vCLY Ued/id by euiefe| gelIA nm
€ 00 ol 00 00 00 00 000L 000l 00 8€8 P17 "0 (noyzbuen) ya3olg NOJY 2orL-YINI IA3(Q I53] pidey Ued/yd erefe|\ Aseq ,disaing 2
€ 00 00 00 00 00 80 0'00L 6€6 L'L6 z9l “duj sasoubelq piepuels 0P>HS0 O euelep INMOIG aS =
4 8¢ (9zz) €L (£9) 00 (561) 00 (ogL) 00 (g8€) O'L 000l 000l L6 806 duj safsoubelq piepuels 99450 ued [4d OV eueleN INI10I9 aS £
S 00 00 7'l S0 L0 80 L'/6 066 716 016 duj sansoubelq piepuelS  €9X4S0/09M4S0 Tued/yd by euele INIMOIE AS E
S 00 ol LS 50 6¢ 0C 9'88 016 00f 0vL P °0) Yd2101g 1sa301g noyzbuey 2S0-NdII 9)3asse) 153 pldey Ued/yd euefel , ubiiybly ¢
S 0] 47 i (661) 00 L0 50 L'/6 0'00L (A 06 s|edipawiolg JAydaz G200LE0S d/Ued eliele| 10} 353} pldey - gU3Idsele] 3]
14 00 0L 00 00 00 00 G'/6 066 00l 09 py] sansoubelq ueds  0L-10ZDISS (pnsdip) [e30} @) |Heed Z
2 00 00 gl 00 00 80 L'v6 000L 819 §9/ ‘P sdnsoubeiq ueds  0L-€02DISS (Pusdig) 0'L J2A [E30] - LIHEeled 2
4 10 00 (£9) 0€ S0 00 €0 zl6 066 v'Z8 L+8 ‘py] sansoubeiq ueds  OL-$0ZIISS (331A2Q) O°L 43 [30] - 1|HelEd 2
€ S0 (861) 0T (69) €0 S0 00 gl 989 096 1'L6 509 peY-0ig JO UOISIAIQ \f - PAaWEl] $2001LL 1-Tvinndo o
S 0] €l i 00 00 (66€) 00 L'/6 000l = 988 098 U] 'yasjolg M1 JELL0Y Asa) pidey by ued/id 211SuQ =
€ ¥'T (S6L) LY (89) 00 (¥61) 00 (ter) 00 (e8e) v'8 000l 056 LS8 ¥'LE  "PY¥1 0] UYd)01g 04puop| noyzbueng J-95M As3) Ueg/d euelep dais auQ m
oyl L el e « . s =
du._n_tﬁﬁ%wh_mwmm aanisod 3aisod aiisod anysod 3 » m v 33 m - )
thd -as|eq -3s|eq =-as|e4 -as|e4 _«M Pﬂ = m m =) M
/o) sajdwes A s3jdwes j4 s3jdwes A s3jdwes jq - ° = ° Jaquinu =
punoy uaLHE_g:_ sa|dwes 131nENuey anbojeje) pnpoid m
JAnebau-ues) ri/sayisesed Tr/sayisesed T /sayisesed ri/sayisesed S
000§ 40 000¢ 00¢ 000§ 40 000¢C 00¢ <
[0
u>_u_mw\cuwmn_wwow."ﬁo._. (%) s33ed aA131sod-as|ey 294005 UOI1D313p [dued M

(panuiauo3) sajdwes aAzebau-ue3|d pue (ri/sayisesed) Ayisuap ayisesed (0005-0002) ybiy pue
(002) MO 1& (Ad) XBAIA o pue (4d) wnieddje) 4 buiurejuod sajdwes (jediud) adA}-pjim Jsuiebe G—g spunou ul duewogiad g-aseyd gy eueely :gS d|qel



P.f/Pan
P.f/Panj
P.f/VOM
Pvt.Ltd

G-1 SANNOY AYVINNNS

50}
N
3
8
¥1Zl=U'g punoy (OFL=U"g punoJi9gL=U "y Punoi :QyL=u'g punol 09| =u m
1Z6LL=U "y punoJ y0gl=Uu '¢ punoJ !oygl=U 'z punoJ $G6=u 'L punoy 'Z punoJ {0g=u "L puNoI) UOIJUI WNIDAI3ID) o SAHSO-3s|e) & S3edIpul 3ARISOd ull 4d Rw
's110daJ ||n4 Y3 Ul SIXIUUE PUE SI|QE) Y3 0} JaJa1 S){Nsau d11dads-ul| 353} Jo4 “(HQ1d (00%=U"g punoJ ZeE=U "y PUNOJ }96E=U '€ PUNOI :00F=U ‘Z PUNOJ 19 €=U | PUNOI) UONIJUI K]
-1d 10 ZdyH-4d J3y113) 31| 1591 1d 3ARISOd B U0 Paseq SI 3[qe) Y3 Ul P1UIsId SAd winodidjoj o uou aniIsod-asiey e sayedtpul aRIsod ‘Ajuo ‘aul| Ad 4 Ued ‘S)S3) UOIEUIQUI0d J0] 5 =2
1S 9] 0 J3JaY "S}NS3 GE=U 'S punoJ 'y€=U "y PunoJ 'Gg=U "¢ PUNOJ '0y=U 'z PUNOJ !0z=u'L punoy , m
snoinaid 3e(dau BUIIS) JO PUNOJ JUIII ISOW WOJ4 SHNSA ‘UOISSIUQNSAI JINPOIY [ 00L=U'G punoJ :gg=U 't puNOJ :gE=u ‘g punoJ :0QL=u ‘g punoJi g/=u'| punoy , ﬂma
9£7=U"'g pUNOJ ZEZ=U "y PUNOJ '00Z=U '€ PUNOJ '00Z=U 'z PUNOJ ‘g9 =u"L punoy , U320 3AEYIOU P|NOYS}I UYM PJesauab Sem Elie|eLu 104 3NSai SAISOd B LU JO JqUINU (B0} Y] q W
P1ONPUO2 81530005 = 1ed pliEAul (0£=U G PUNOJ 'g9=U ' PUNOI '0/=U '€ PUNOJ ‘0g=U 'z punoJ JA13Isod 2Je 'Jwi} bulpeas paidads wnwiuiw e m
0001 > SaAIIBHAU-UBI|I Jsulehe Sajel aA1ISs0d-3s|eq 0b=U | PUNOI) UONOR}UI WNIDAJO]D) o SNNISOT-DS[e) e s1evipu aANISOd Ul I 'UBIDIUYD3]Y 3511 Y3 AQ PE3J 10| Y10q WO S| Y |[e 41 AjuO pa1d31ap paJapisuod si3jdwesy e
005/ 2 s3jdwes T11/00Z Ad PUE Jd 404 1035 UONIP [SUBd (00T=U"S punos '96=u "y punos ; . J01I0JDW u:,m 3/DA0 xa\,% wnipowsojd Eo,>n_ .m
el «:uEu\_:uoE 2INSE3W IDULLLIOLIG '861=U'g punoJ '00z=U 'z punoJ 86 =u"] U:jo: uoIIYUI EEDEU\E J-uou S31930S WNIPOWSD/4 ‘Ue XDAIA WNIPOWSDIJ 'Nd  Wnibajido) wnipowsold '}d =
OHM Papuswiwiod3y 9AI31S0d-35|ey € S33BdIpUl 3A1ISOd 'AjUO 'SUl| Ad 4O UBd 'SI1S3} UOIIBUIQUIOD 104 § 31qedidde jou YN 2
=
¢ 00 ol VN ol YN €0 000l VN §C6 VN QU] 'sdnsoubelq piepuels 043450 Ad by eLejey INITOIE AS m
Ajuo ag 2
€ 0 50 VN VN VN WN 000L 606 679 TLL SWR)SAS [eaIpawiolg JAYdaz S20L0E0S (Ued BlIEB|\ 10} 153) pidey - 1A, uBqeIed =
]
z 0 ST VN VN vN WN 000L 096 S/L 0ce QU] '[BUOIIBUIIU| XIUBWY 40-52-6£5 153] ele[e|\ (UBd) U33JdSUE] - ,3ybISUQ m
4 ¢0 ST VN VN VN VYN 000l 048 58 (0014 “QU| [BUOIBUISIU| pawiluf G¢-90 ¥0lC 153] BLIE[B) (Ued) YI3YJ U] - ,, UDISISII 3
C 00 00 VN VN VN VN 000l 086 §76 ole ‘P uoneiodio] [EdIpAJ JlLUd 0€J44ClL] H@1d Dy elejely gasuodsay il )
€ €0 00 VN VN VN VYN 000l 66 €S 9l SWRJSAS Y23101g 1 SaNSoubelq ¥SS  €L00LIGMNAIN 23355 (Ued) VIYYTVIN SYasouberp e
§ . . . § . (suopneaouu| <<
€ S0 el VN VYN VN VN 000l 066 LS8 818 ED1pa\ SSaUIRAU) “Pr] SA1UIBIQ §20¥880L Ha1d eleje eMalnIea)) W
S 00 00 VN VN VN VN L'L6 066 9'88 0v8 U] ‘0lg SS30Y LLLOD ((NVd) Ha1d evejeny ,1eisie) ?
¥ 4 44 VN VN VN VYN 695 66 0 19 NI '902v ¥Cl-1dN 0IN3(] 359 U013 BHEIBN HIY HOZY i
S 00 0 VN VN VN VYN 000L 086 000L 0LL P37 INd 0] B BN T GZOELOYI 4B BlIBJB|\ UE] Sbejuenpy W
m 1%
Juo ueg o
C L0 (861) 0'LE 00 (661) 00 (651) 00 (96€) 00 000l 000L (044 0'€6 sledipawolg JAydaz §¢00¢€0S (931A3p) 4d[Ad[ued elele] 10} Is3] pidey €-Xeuwleled 8]
C 1'0 S¥e 00 00 ST (66€) 00 000L 000L (044 068 Ul [eUOlBUIRIU| pawIUn G2-90 €0LT 153] BLEIBJ (Jd+Ad+UE]) E-MAIABIE] - ,, UDIS)SII] 5
€ [ (661) 01 (69) 6C (961) 00 (6e1) 00 (68€) 00 €76 066 ¥LL 6€6 Sw)sAS yd3301g B Sd1IS0UBEIQ YSS  §'Z00LIAANAIN 211355 (4d/Ad[ued) VIYVTVIN S¥ansoubelp b4
€ ol (86l) g€ Pl (,6l) 00 (el) 00 (L6E) €0 €6 066 7l 6'C6 sonsoubelq 210)  92006L-TVIN 3d[nd[ued BUBIBIN w310) m
ued pue Ad 'J4 M
S 1’0 L' 6T gl 6¢ (66€) 5L 1°L6 086 98¢ 078  'P¥1°0D Yyd3301g 04puop noyzbueng J-950M 153] poojg OYM Ad/+d ELEE 01 UQ @OIPUOM o
4 S0 (Leg) oze (£9) v'6L (¥61) 09L (sel) v'Le €€l 000l 066 78e 888 “QU| S3140}eI0QET UOAIY ¢Te-cl-eoy 159} Wdfyd uabnuy euejel ,Aisniy &
C 4 55 00 (661) 00 (651) 00 00 000l 000L 056 096 U] ‘sansoubeiq piepuelS  £83450/083450 Adf4d By euele INITOIE 05 m
14 00 44 00 S0 00 €0 000l 000L L'L6 696 du| sansoubelq plepuels 00LY4S0 sd [4d [4d BY eueley INITOIE OS <
4UOIIJUI  GUODJUI  ,UODUL ;U0 Ul s
PO 3d 4d-uou 4 dd-uou g g g g
S WnIpowseld — 5aj50d aaisod aanisod angisod 3 3, 3 3
anIsod-3s|e4 -3s|e -3s|e = = =3 T -5 52 T
184 184 3s|ed 95|84 " 1 o I3
(%) d Ad s3jdwes 4 s3jdwes Ag s3jdwes g = - = - Jaquinu
(% sajdwes
PUnoy  51e; pijeAu| s3|dwes 34nEnuey anbojeje) pnpoid
JAiebau-ues|) ri/sayisesed T/sayisesed Tr/sayisesed ri/sayisesed
000S 10 0002 00¢ 000S 40 0002 00¢
mo\o amuwm._ ?\ov S3jed Al Oe_|0w_mn_ £9402S UOI3I3}3p |dued

anyisod-3sjey |e3o)
(panunuod) gs 319el




S 008 000t 002 00 00 00 000l 000l 000l 00 00 00 P3N OO B EAIN T Seoleedl ePIE] |B| 6ejuenpy

S 008 000L 00L 00 00 00 000L 0001 000l 0001 £'96 £98 U] 's}aNpold 3] u| S00LLdll (ued/id) 3531 euele|y pidey ,AyijenD paduenpy
S 00€ 006 00L 00 00l €€ 000L 000L 000L 00L £EeL £€8 I\d (e1pul) sansoubeig E&-%%_ SZ J9YIN 153] UbIUY Ued/}d YIYVIVIA d31S INO I4YINIIY
00 00 00 00 00 00 0001 0001 0001 0'00L 0'00L 0001 P17 0] (noyzbuep) wieydoig NOGY TOPL-YINI  (POOIg 3J0UAn) 331A3( 3] pideYy UE/Id elielelN snid wNOEY
€ 00 00 00 00 00 00 0'00L 000L 000L 006 008 0'00L ‘P31 °0Q (noyzbuey) wieydolg NOGY ova-vINI 31N3( 153 pidey yd/ued elelejy NOgy
ued pue 34
14 WN WN WN WN VN VN 000L 000L 000l 0'00L £'96 000L  "P¥] 0D Yd330lg 04puUO) noyzbueng JLEM £159] J'd BUe[e|\ d31S 3uQ 0JpUOp
S WN WN WN VN YN VN 0°00L 000l 0'00L 0'00L 0001 0'00L P11 (Aid) yaszolg uoIsIp LOgA 4d BUE[EJ\ UOISIA
14 VN WN WN YN VN VN 000L 000L 000l 195 0001 0001 “U| S3lI0}eIOQET UOIMY  ZZE-L0-E0Y 153} 'Jd uabnuy euejepy ,Aisnip
S VN WN WN WN VN VN 0'00L 0001 0001 0'00L 0'00L 0001 U 'sdlysoubelq piepuelS £54450/053450 eJd DV ELEIEIN INITOIE AS =
€ VN M\ VN WN VN VN 0'00L 000L 000L 0'0oL 0'00L 0'00L du| sdnsoubelq piepuels 063450 D:._m:Q\NnEI_ Jd by eueey INI0IE aS 5]
8 A\ VN W\ VN VN A\ 000L 000L 000L £99 000l 0'00L "p¥] sdnsoubelq ueds 0S-€0L2ISS (tonsdiq) 4- elIHeIEed m
€ WN WN WN VN VN YN 006 000L 000l 0'00L £'96 0'00L P sansoubelq ueds 0S-¥0LJISS (32113Q) 4 - @LIHEIEd s
14 VN VN A\ A\ VN VN 000l 000l 000L 0'00L £96 000l SWISAS [31paWIolg PIYdI0 GZ00Y0Z0E (€43 Yonsdq euee|y wniedidje) 4 1043s3] pidey-jd ed3ydeled -
14 VN VN A\ W\ VN VN 000l 000l 0'00L 0'00L 000l 000l SWISAS [31pawiolg PIYdI0 GZ00EOZOE ((EU9A) 32IAI(Q BLIEIB wnuediajey 4 104353 pldey-id A2Ydeied .m
€ VN WN WN WN VN VN 000L 000L 000l 0'00L 0'00L L'96 Ul 'yd301g H1J JtLL0Y ¢353] pidey by Jd 3nsuQ €
@ A\ A\ W\ VN VN VN 099 000L 000L 006 056 0'00L U] ‘[eUClIBUIRIU| XIUIBWY 4a-9¢-1LS 153 4d elefep - ,3ubISUo m
14 VN M\ VN W\ VN VN 0'00L 000L 000L 0'00L 0'00L 0'00L P11 "0 (Buifiag) [edIpaj-0ig SS0. An|g CSECCS ¢(313355€0) 3531 4 Ble[e| d3iS 3uQ nma
€ WN WN WN VN VN N 000L 000L 0'00L 0'00L 000L £'96 p1] ‘puejoig oL4vINY by Jd eleley ubisoueN &
14 VN VN VN VN VN W\ 0'00L 000l 0'00L 0'00L 000l 000l 'PY7 (93d) Elpul yd3]-olg 1eyg 0S-4d-1VIN 159] USBRUY Jd BLEBIBN @ UBISL3[EIA £
S VN VN W\ A\ VN VN 000l 000l 000L 0'00L 000l 000l Py1"0) Bunaauibua-o1g enyay leybueys 0¢-90-4-HX 153 pidey 44 by eueleN ogH W
14 W\ W\ WN VN VN VN 000l 000l 000L 198 0'00L 000l “du sansoubelg gn| LL-GES 4d NIOILNY VI4VIVIN 431S INO aNI m
S W\ M\ M\ ¥N VN VN 0'00L 0'00L 000L 000l 0'00L 0'00L xauhsolg G2 2050 swniedidje) YIYYIvIA @XJINDONNIAINI m
© A\ M\ M\ WN VN VN 0'00L 000L 000L 0’0ol 0'00L 0'00L xauhsolg SCI6150 wnuedjdje) 1I¥INOD YJINDONNINIAL m
€ WN WN WN WN VN VN 000L 000L 000l 0'00L 0'00L 0'00L [euoneusaIu| 19| LOTA e¥d elE[ep Sdlsoubelq || 2
(4 VN VN VN W\ VN W\ 000L 000L 000L 0'00L 0'00L 0001l ‘P71 "0Q 19H €20EYH pie) ZdyH 4d DY eliefejy SUSIH 2
14 WN WN WN YN VN VN 0'00L 000L 000l 0001 0001 0'00L U] [BUOREUIIU| paLIUN §2-9000L¢ 4d BlEB ,, UDISISIIY w
S VN VN M\ W\ VN VN 000l 000l 0'00L 000L 000l 0'00L "P¥] uonesodio) [BdIP3 J3IWld J44€L| 23531 PIe) (TdYH) wniedidje) 4 by elee @3suodsay isiy 2
4 VN VN VN VN VN VN 000L 000L 000l 0°00L 0°00L 0°00L SWa3SAS yaaj01g B sansoubelq vss L009QHINM am 1nsdiq (4d) erelely -spRsoubelp 3
S VN A\ M\ N VN VN 0'00L 000L 000L 0'0oL 000L 000l SWa3SAS yaa301g B sansoubelq vss LO09D4 NN M 9135SED (4d) ELE[E| -SdlIsoubelp W
€ WN WN WN VN VN VN 000L 000L 000l 196 000L 0'00L sonsoubelq2i0)  02006L-TVIN 1d Blefe 210 £
€ WN WN WN WN VN VN 000L 000L 000l 0'00L 0'00L 0'00L p¥1 (Ad) ydaa301g UOISIA LOgA e'¥d BUB[E\ @MaINIBI[) m
14 VN WN WN VN VN VN 000L 000L 0001 0001 0'00L 0'00L U] ‘olg Sy 18109 1533 4d HA1d/2dYH EUeleN ,,}ieISaIeD W
S VN WN WN WN VN VN 0'00L 000L 000l 0'00L 0'00L 0001 U] ‘olg S0y L7109 el#d) TdYH elelel ,,1eISIED) g
€ W\ M\ W\ VN VN VN 008 006 000L 198 0'00L 000l "duj'ajouolg LL-619Y 1y 3591 pidey By 4d VIYVIvIN LONOIG Wn
14 A\ A\ M\ VN VN VN 0'00L 000L 000l 0'00L 0'00L 0'00L dul uagidey 00LOYH (Il d4H)4d eLieey 11a34d019 o
S WN WN WN WN VN VN 000L 000L 000L 0'00L 0'00L 0'00L 'PY] A "0Q B BN T GZ09LOY| ePJe] BLIBJE|\ Jd dbejueApy m
S N N N N YN YN 0'00L 0001 0'00L 006 96 £€6 U] '51npold 3| :uaooww %m_ I3 4d BUE[EIN 015 3UQ ,AVEND PIdUBADY o
=
14 WN WN WN WN VN VN 000L 000L 000l 0/l 0§1L 0§l P17 0] (noyzbuen) wieydoig NOGY 20v-YINI (poo|g 3j0ypn) 2143 153 pidey ¥d elieey ,NOgY ]
Auo 34 N
pauiqwiod g pue | s}o] paulquiod Z pue | s}o7 paulquwiod g pue | S}o] pauIqwiod Z pue | s}o7 w
JA1yisod s3s33 Jo Jaquiny JA1yisod s3s33 Jo Jaquiny JA1yisod s3s93 Jo Jaquiny aAiyisod s3s33 Jo Jaquiny m
2.5V J.GE duleseg ). SP J.GE€ dulpseg ). S J.GE dulpeseg ). SP J.G€ uljeseg 12quinu m
punoy Jainydejnuepy e 19npo.id T
Tri/sapsesed 000z M/saysesed 00z ri/sapsesed 000z M/sapsesed 00z L] [21) <
(3ul] ued) (su1] ued) (3u1] 3d) (3uI] 4d) m
wniedpje) 4 10} synsai wnaedidjey 4 10} synsai wniedje) 4 10} synsai wniedd|e) 4 10y s}nsai <
3533 aA1psod abejuaduzg 3533 A1psod abejuIdIg 1533 3A3Isod 3bejuadIzyg 3533 aA1psod abejudIdg m

J. G pue J, GE 18 uoneqnaul ,sAep 09 13148 pue uljaseq e el AJIA1LISod
*(/sausesed) Ayisuap ayisesed (000z) ybiy pue (00z) Mo e djdwies wniedidje) 4 PInNNd e UO S}NSaJ A}1|IQels 3.3y G—g SpunoJ ] gy elefel €S 3[qel



P.f/Pan

G-1 SANNOY AYVINNNS

(panunuod)
€ 000L 008 00L €EeL £9€ 00 0001 000L 000L L9t gel L9Y 'p¥] 0D Yd3301g 0JpUOM Noyzbueng 2-95M €13 UEJ/Fd elejely dals auQ
S 000L 000L 000L 00 L9 00 0001 000L 000L 0001 0'00L 0'00L 'Y'Z'y23101g ON 14YS  100-EZM-TVA-ON (Ha1d) ued/id VIHYIVIN 3S21-ON ()
€ 00 00 00 00 00 00 00 00 00z 00 00 00 P ‘puejoig oLavINY by Ad/id elele|y ubisouen S
4 000L 000L 000L 00 00 00 0001 0001 000L 0'00L 0'00L 0001 ‘P¥] puejolg OLdvINY 20°€ Dy ued/jd eueje|y ubisouen S
14 00 00 00 00 00 00 0'00L 000L 000L £96 L96 0'00L "dio) ABojouyda) |edipawiolg esowiod ALS00-4I 0quio) Ha1d/zdYH by euelel 0idiaaN ﬂ
S 000L 000L 000L 00 00 00 000L 000L 000L 0'00L 000L 000L P17 (Ad) Yoa1soubeiq [BIP3PN LOOHATIVINGIN 153) (Ha1d)ued/id eueley g b
€ 000L 000L 000L L9 00 00 000L 000L 000L 196 0'00L L'96 SwaisAS |eaipawolg JAydaz G2020Y0S eUEd[}d ELB[BJN 104 359} pidey - 30IA3Q , UBdSE[BIN 3
S 000L 006 000L 00 00 00 000L 006 000L 196 0'00L 000L  "p¥] 0] yda101g 2uap JuauQ buelldyz 7T20T 14 153] pidey da1s auQ Uedid eLelepy =
v 00S 006 009 00 00 00 0001 000L 0001 19T €€ £95 PITIA] S213S0UDEI(Q JE[NI3|O|A XIUIOUID 700D NVd [4d elefely m
S 0001 000L 009 0'00L €€6 €L 0001 0001 0'00L £99 £95 L9y Ul 'D0ZY yTL-MIN B 201N 353] H@1d-NVd / (Ha1d) 4 evejepy ¥l
12 00S 00% 006 00 00 991 000L 000L 000l £'96 L'96 0'00L U] ‘'yasz0lg paiun L-LOL-€L-L  91A3(Q I53] U01RQ uabnuy (Ha1d) Nvd/(Il dHH) Jd eueley =
€ 00 00 00 00 00 00 000L 000L 000L 0'00L 0'00L 000L Ul 'D0ZY HPTL-AdIN eD1A3Q 1S3 U0IRI333Q UabRuY (HATd-Nvd) / (Il dyH) 4d eueely £
S 006 000L 000L 00 €€ 00l 000L 000L 0'00L 00 L9 00l “dU| $3103RI0QET UOIMY  ZZE-8L-E0V 113159 (Ued/id TVIN) Uabnuy ued/id euelepy m
€ 00 009 00l 00f €€ €l 006 000L 000L €€C €ee 009 Haw exnsoubelq Jny Leuyds|[s39 e eWI  LOO-NEZM-TVIN 153 Ued eliefejy 3
v 0001 000L 000L €Eee €€ 00z 0001 000L 000L 000l 0'00L 0001 du| sansoubelqg anl 0L-5€S 1531 UBd/Fd NDIINY YI9VIVIN d3LS INO aNI b
€ 0001 005 008 00 00 00 0001 000L 000l 000l 0001 0001 xauhsolg §235¢S0 7+ VIYYIVIN LOVINOD MJINDONNNIAL 2
4 00L 00S 0001 €EL 00z €€ 0001 000L 000L €€6 £'96 L'96 |EuOnEUIRIU] 1D 201N 08IN0D YIYVIVIN 1DI W
S 006 006 006 00 00 00 0'00L 000L 000L 000l 0'00L 0'00L |euonewiayu| 19| 01N e¥S9] [eNnQ BUBBIN (D] W
S 000L 000L 000L 00 00 00 000L 000L 000L 0'00L 0'00L 000l P¥] 0D 'sisewny S2OL-TVINY AS3) uabnuy UE/7d elele|\ Sisewny 5
14 000L 000L 000L 056 0'00L 000L 000L 000L 000l 0'00L 0'00L 000L ‘P10 IgH €26CYH pied (Ha1d/zdHH) Ad/4d DV elejel SUSSIH =
14 00 00 0GE 00 00 00 000L 000L 0001 0§ 00 0Ge P11"0Q IgH €78TYH pie) Ad/yd By elieje}y SUaSIH 8
S 00 00 00 €EL 00 €€ 0001 0001 000L €ey 0'00L 0001 (e210%) d10D) U [€IIP3JA SSOI) UAIH 10-9+10-02 153 pidey by UEJ/7d BlE[B|\ gBIP3U39 2
S 00l 000L 008 00 00 00 0001 000L 000L €6 0'00L 0'00L “du| Apoguag 00LOVIVIN Dy uedyd eliejey,,Apoguagn e
4 000L 000L 000L €EL 00 00 000L 000L 000L 0'00L 0'00L L'96 U [BUOIIBUISIU| PWIUn §¢-g0l0le e(Jd+Ued) MaIAeIEd ,,UDISISIH 3
S 000L 000L 000L 00 00l 00 000L 000L 000L 0'00L 0'00L 000L "P¥] uoieI0dio) (P3N J3IWld 244911 ¢}S3] pie) 0QUI0) ZdYH/HQTd Dy euele|y gasuodsay Isiiy "
. 5 . . . . . . 5 . . . A P17 SAUIDJBA B SWNJIS d m
S 0001 0001 0001 €€ 00 00 0001 0001 0001 0001 0'00L 0001 Teseug Jo elfy) sy Ay 00 YA el U0NI13(Q 153 pidey Jd/ued eLeely ,XZ3 e
S 008 000L 000L 00 00 00 000L 000L 000L 196 0'00L 000L Hawo gv1vid 30002117 23sseD UE/Id elieleN YINDVIA =
€ 006 006 000L 00 00 00 000L 000L 000L 196 0'00L 000L SWa1SAS Yaa101g B sansoubelq vSS /001 JGMINDIN 2113558 (4d/Ued) VIYVIVIN SRisoubelp P
2 000L 000L 0'00L €8 008 192 000L 000l 0001 0'00L 0001 000L ‘P sdnsoubelq 210y  $Z006L-TYIN Jd UEd BlE[E| ,,210) o
S 000L 006 006 €€ 00l 00 000L 0001 000l 0001 0'00L 000L (S)p¥1 sa1u3bIQ 0Zan [EnQ BLE[EN @MaINIED]) 5
€ 00 00t 006 00 00 00 0001 000L 000l 0001 0001 0001 p¥] (Ad) yd3301g UOISIA LLEA EOQUIOD BLIE[EJ\ @MIINIED]) =
€ 0'00L 0'00L 0001 €6 0'00L 0'00L 0'00L 0001 0'00L €6 0'00L 0001 U ‘0ig SS90y 1£209 U3210S eliefe|\ ,HeISIe) o
€ 0'00L 0'00L 0001 0'00L 0'00L 0'00L 0'00L 0'00L 0001 0'00L 0'00L 0'00L U] ‘olg 5539y 12109 132Ul € Ha1d eveley  HeIse) &
S 000L 000L 000L €S 198 £€6 000L 000L 000L 196 0'00L 0'00L U ‘oig SSNY LELOD 209N0D (NVdf4d) HO19/dHH euele ,1esaie) z
€ 000L 000L 0001 0001 000L 000L 000L 000L 0'00L 0'00L 000L 000L du| 01g SSAY 12209 (92H/zdYH/HQTd) 0quioD Adueubaid/elelel ,1ielsaie) <
S 000L 0001 000l 199 00 00 0001 000L 0001 006 £'96 000L ‘P¥] "0 Snao4 oig zL0LL pie] pidey NVd/fid BUEIE ,,J32BI]0Ig M
€ 006 000L 0001 00 00 00 000L 000L 000l 196 0'00L 0001 “duj'd30u0lg 80-619Y 1) 153 pidey by ued Bd VIYYIVIA FIONOIE o
S 0'00L 0'00L 006 00 €S 00 0'00L 0'00L 006 £96 0'00L 0001 ONINFOIdeY  SZVHYOED (H@19/lid¥H) Uedj3d OV eLeleiy 11a3HI0Ig m
g . . . . . . . . . . . AN 221N U091 =
2 00 00 00z 00 00 €€ 000L 000L 000L 000l £'96 £96 ONI '90Zv 4rTL-MIN usBRUY (HAT-NVd) /(HAT) E\H__&_._PQ eLRIEN D0ZY m
S 0'00L 0'00L 0001 L9t €6 008 0'00L 0'00L 0001 0'00L 0'00L 0001 P IAd 09 B AN T S20LETy| PIeD 4d + Ued eLieel abeyuenpy <
paulqwod Z pue | sjoq pauiqwod z pue | s}oq pauIqwod g pue | sjoq pauIquod Z pue | s}oq
aAiyisod s3s33 Jo Jaquiny JA1yisod s3s33 Jo Jaquiny JA1yisod s3s33 Jo Jaquiny aAiyisod s3s33 Jo Jaquiny
.G J.GE€ duljeseg . S¥ J.G€ duljeseg ). S J.GE€ duljeseg . S J.GE  duljsseg Jaquinu
punoy Jainjaeynuelp e Janpoiy
Jri/sapsesed 000z M/saysesed 00z Jri/sapsesed 000z M/sansesed 0oz SOUOIEIEY
(Sun ued) (Su1) ued) (3u1] 3d) (du!1 3d)
wniedidje) 4 10} synsai wniedid|e) f 10} s} sl wniedidje) 4 10} synsai wnJiedidje) 4 10} s} Nsai
3593 aAipsod abejuadung 3533 aA1sod abeIuIRg 1533 aAiIsod abeuadIdy 3533 aA1sod abe3uIRg

(panunuod) €S d1qe]



P.f/Pan
P.f/Pan
P.f/Pan
P.f/Pan
Pvt.Ltd
P.f/Pan

S wN wN WN WN WN WN 0001 0001 0'00L £€6 196 000l "P¥]°0D Yd3}0Ig 0pUOA Noyzbuens J-950M 153 POO|g 3OUM Ad/¥d BlE[E 0315 3UQ @OIPUOM
4 wN wN WN WN WN N 000L 0'00L 0'00L L9€ 0'00L 0'00L DU S3I0JRIOQET UOILY  ZZE-TL-E0V 3533 Nd[4d usbnuy euefel ,Aisnip
z N N N WN WN WN 056 0'00L 000l 0'00L 0'00L 0'00L du| 'sapsoubelq piepuels €8)450/08)450 Ad/id By eleepy INIOIE AS
% N wN N WN VN WN 0'00L 0'00L 000L £'96 0'00L 000L QU] sdnsoubelq piepuels 00L3HS0 oM [4d [4d DY eLelEN INITOIE aS
¥ N N N N N N 000l 000l 000L 000l  ©0OOL 00O 71 'swaishs dnsoubelq ewap aﬁwﬁw\m 1531 Ad/d VISYIYIN FLIISSYD YINTH e€-2-L IdVH
S N N N WN VN N 006 0'00L 000L £'96 £96 0'00L ‘P11 sonsoubelq uedS  0S-Z0FDISS IASQ - BUBIBIN XEAIA o PUB WwinJedioje) o 1043533 pidey AelIHesed
4 WN wN WN WN WN WN 0001 000L 000L 006 0'00L 0'00L U] ‘yda301g 1D JTLL0Y ¢353] pidey By Ad/id 31U
[4 wN WN WN WN WN wN 068 000L 0'00L 0'00L 0'00L 0'00L U] ‘|leuoneulaiu| Xiusbwy 4Q-52-L€S 153] BLIB[EIA (3d'd) T-DINDBIEG - ,,3YDISUQ
S WN wN wN WN WN VN 0001 0'00L 000l 0'00L 0'00L 0001 P¥1"0] (Buifiog) [EJIp3|\-0ig SSOI) AN|g 75€e€Ts ¢(311355€D) 353 A\d/4d ElElE d91S 2uQ
% N WN WN WN WN wN 0'00L 000l 0'00L 0'00L 000l 000l duj UOSU3SIP3N LLLIN 04IN0D (INOA/4d) Ha1d/2dYH BlElE JOSURSIPII
v N N WN WN WN N 0'00L 000l 0'00L 0'00L 0'00L 000l duj UoSuasIpaN L9LIN 04N0J (Adf4d) HO1d/2dHH elele| Josuasipajy
4 WN WN WN VN VN YN 066 006 000l 00€ 009 0'00L P11 (d) elpuU| Yd3]-0Ig 1eyg 0S-1VIN Nd[id BUE[EI\ @UBISLIS[EI
g YN YN VN VN wN WN 000L 0'00L 0'00L 000L 000L 0'00L PY1 (d) BIpu| 4231-0lg 1eyg 0S-NVdHd-LYW  1S3L usbiuy aur € (od ‘Wid ‘Ad) Nd/id eleleln eUedstiajely 3
4 wN wN WN WN WN WN 0001 000L 000l 00 £ee 00y PITIA SASOUDEIQ JEINI3|O| XIUIOUID ZOOWD AdJid euelep S
S WN wN WN WN WN WN 00L 006 000l €8 006 €€8  'P¥]IAd SaIsoubeIq Jend3|o|\ XIWOUY 900N 3DIA3( IS3] UONIRIRQ UBNUY (HATd) Ad /(IIdHH) 4d ELEleN @2
€ YN W\ W\ YN VN VN 000L 000l 0'00L L'96 0'00L 000L U] '90ZY AYTL-MIN - 39113 3S9] U031 URbRUY (HaTd) Ad / (I d4H) Jd euejepy B
% N N N WN WN N 0'00L 000l 006 0'00L 0'00L 000l U] 'yajolg paun €-10L-EL-L  32IA3Q s3] U0RdIR(Q ubRUY (HTd) Ad / (1l dyH) 4d elejepy 2
14 WN WN WN VN VN YN 000L 000L 000l 0'00L 000L 0'00L P¥] 0D 'sisewnh S20L-MINY 153 UabnUY A'd/d elele| Sisewny K
12 VN VN VN VN VN VN 000l 000l 000l 0'00L 0'00L 0'00L ‘P11 0D I9H €2EEYH pieD 0quio) WOA/ DV ele[el SUSSIH E
4 wN WN WN WN WN WN 0001 000L 000l 0'00L 0'00L 0'00L 'P¥1 "0 |gH €ZLEYH pie) 0quio) Ad/¥d Dy elele|y SUaSIH <
4 WN wN WN WN WN WN 0'00L 0001 0001 000l 0'00L 0001 s|eaipawolg JAydaz §2000€05 eJd/Nd BUE[E 104 353} pidey -, XBAID[eq E
14 wN wN WN WN WN WN 066 000l 0'00L 056 056 0'00L SWa)SAS ydaj01g B SasoubeIq ¥SS  ZO09DIAINN 3)3sSe) (4d/Ad) eliEle| -SYdnsoubelp 5
€ N N N WN WN N 0'00L 0'00L 0'00L 0'00L 0'00L 0'00L sdnsoubelq 210)  ZZ006L-1VIN 3d/Ad elB[BN 210D £
% WN WN WN W\ VN VN 000L 000L 000l 0'00L 000L 0'00L U ‘oig SSNY 12109 <090 (INOA4d) HaTd/2dHH BleBN ,HEISIE) 2
% N wN WN WN VN WN 0'00L 0'00L 000L 0'00L 0'00L 0'00L duj 'olg SS9y 19109 208IN0D (Adf4d) HOTd/2dYH elelep , ieIsaie) E
€ WN WN WN WN N WN 000l 0'00L 0'00L 0'00L 196 000L “u|'j0u01g z1-619Y 1) 3531 pidey by Ad B¥d VIHVIVIN ILONOIG m
S WN WN WN WN wN wN 000L 0001 0'00L £€9 196 0001 py¥] 0] [BN3DEWIEYG NYSY M-0597INY by Ued/id elelelN @¥s3] Ase3 NYSY =)
€ wN WN WN WN WN wN 000L 0'00L 0'00L £96 £96 000l PYT I 0 B BIIN T szoLLzyl pie) elle(e|\ dbejueApy =
€ wN N WN WN WN wN 000L 000l 0'00L 0'00L 000L £96 UJ 'SNPoId 331Ul OFJL €00LLALI 1S3] ul-1| Ad/f¥d euelelN d2)S auQ wAMEND PaduEADY @
wong/ad pue 4d 3
S 00 009 009 00 00 00 0'00L 000l 0'00L 196 £'96 0'00L SV'S SSIDIVII 66vCLY Ued[id bY eliejely gelIA =
3 00 00 00 00 00 00 0'00L 0'00L 0'00L 0'00L 0'00L 0'00L "P¥1°0Q (noyzbueH) yd3301g NOJY Z0PL-YINI 3IN3(Q 153 pldey ued/id euele|y Ase3 ,, disaing g
3 006 00z 008 00 00 00 006 008 000L 00 00 00 du] sdnsoubelq piepuels 0PM4S0 <DV BLE[EIN INIT0IE aS E
2 000l 0'00L 006 00 00l 991 0'00L 000L 006 0'00L £'96 £'96 U] sdpsoubelq piepuelS 993450 ued /44 by euefely INIOIG AS T
S 0'00L 0'00L 0001 00 00 00 0'00L 0'00L 000l 0'00L 0'00L 0'00L DUl sdnsoubelq piepuels €9x450/09%450 EUEF/Td by eueep INITOIE AS o
S 0'00L 009 000l 0'00L 002 00 0'00L 0'00L 0'00L 0'00L 000L 0'00L ‘pI] "0) Yd3101g 1531019 noyzbuey 2S-NdII a)asse) 153 pidey ued/4d elejep ,, ubiSybly =
g 0'00L 0'00L 000l cel et 00l 0'00L 0'00L 000l 0'00L 0'00L 0'00L s|eaipawolg JAydaz GZ00LEOS eJd/UEd ELIE[B} 10} 153) pidey - gUadIdseseq =
z 00L oSt 005 00 00 00l 0'56 000L 0'00L 0’55 058 0’55 py] sansoubeq ueds  0L-10ZJISS (onsdip) [e103 gl|HEIEd ®
2 00 006 0'00L 00 00 005 009 000l 0'00L L9y £€6 0'00L ‘py1 sansoubeig ueds  0L-€0ZDISS (P1sdI) 0L 43 (8301 - Heled o
2 000l 0'00L 000l 00 00 00 000l 000l 0'00L 0'00L 0'00L 000l ‘py1 sansoubeig ueds  0L-p0ZIISS (331130) O'L 49A [€30] - [|HEEd =
€ 00 006 000l 00 00 00 00 006 000l 00 00 00 peY-01g JO UOISIAIQ i/ - PRWEIQ #200LL 1-1vinndo il
S 0'00L 0'00L 006 €€ 00 00 0'00L 0'00L 000l 0'00L 0'00L 0'00L U] ‘yd101g H1J JELLOY £153] pidey by Uedfjd aHSUQ m
pauIqwod Z pue | s}o7 pauIqQWod g pue | S307 pauIqwod Z pue | s}o7 pauIqWIod g pue | S307 w
JAnisod s3s3) Jo Jquiny JAnnisod s3s31 Jo J3quinp JAnyisod s3s3) Jo Jquinp annisod s3s3) Jo quiny m
4 J.G€ Luljeseg . S J.G€ duljeseg ). S J.GE€ Luljsseg . S J.GE duljsseg Jaquinu M
punoy Jainydejnuely Fae Pnpoid T
Jri/sapsesed 000z ri/saysesed 00z Jri/sapsesed 000z M/sapsesed 0oz RINCIEIEY 2
(Su1) ued) (Su] ued) (3u11 3d) (u1 3d) =
wniedidje) 4 10} synsai wniedid|ey f 10} s} nsai wniedid|e) 4 10} s}nsai wnJedid|e) 4 104 s} Nsai <
1S9} u>_u_._mon umm«:uu._u.“_ 1S3} u>_u_._mon_ ummu:uu‘_u.“_ 39} u>_u,_mon_ ummu.:uu._Un_ 1S3} u>_u_moa_ vmnu:uu‘_u.“_ Wn

(panunuod) ), G pue ), GE 1 uoijeqndul SAep 09 J31je pue dulaseq Je dled AAIISOd
*(/sausesed) Ayisuap ayisesed (000z) ybiy pue (00zZ) Mo e 3jdwies wniedidje) 4 PAINNd B UO S}NSAJ A}I|IQels 1By G—g SpunoJ | gy eLe[el €S 3[qe]



P.f/Pana
P.f/VOM
Pvt.Ltd

G-1 SANNOY AYVINNNS

12 WN YN YN WN WN WN 000L 000L 000l £t £e L9t du| sapsoubelq piepuels 00150 (ull (Ha1d)4d) - Ad f4d [+ BY elefelN INITOIE AS
4 YN YN YN WN YN YN 0001 000L 0001 196 0001 000L “du| sansoubelq piepuels 001450 (Ul (zdtH)4d) - Ad [4d 4d By eelely ANMTOIE S
% 00 00 00z 00 00 P> 005 0oL 008 19 > €€l NI '902Y EARNI (ul (HQ1d)3d) - 22140 Uon13g
uabnuy (HQ1-Nvd) /(HaT) 4d/(11d4H) 4d eueley 50zy

12 00 00 007 00 00 €€ 000l 000L 000L 000L 196 £96 NI '90ZY JHTL-MIN (3ul {edyHid) - 23uraq L0212
usbnuy (HQ1-Nvd) /(HaT) 49/(11d4H) 4d eueley 50zy

<z <z <z <z <z <z <z £ee £€e €68 00 00 00 U] sansoubelq pJepuess 06%450 (oull (Ha19)4d) ~(Ha1d/zdyH) +d by eueley INMOIE AS
0001 000L 0001 0001 000L 0001 U] sasoubelq pJepuels 06450 (aull (¢d¥H)4d) - (Ha19/zdyH) ¥d By euejely INMOIE AS

:3]qe) Buimoj|o) 3y} Ul pa1U3saId S| Saul| 153 [ENPIAIPUI JO AlI[IQEIS UO Paseq $YNSaY “(HATd-4d 10 Zd¥H-Jd Jay1ia) aul] 153} Jd B JO AlI[Iqels U paseq 3Je 3|qe) Yy Ul pajuasald s)Nsay q
'1S 9|Qe] 03 4343y 'SHNSaJ snoiAdid 3de|das BuIIS3} JO PUNOJ JUIIDJ ISOW WOIY SHNS 'UOISSIWIQNS3I JINPOIY ¢
©113}14D JUSWINI0.d PIPUIWIWOII OHM |18 333W Jey} SdNPOId 350U} 10} S}NSAI S3EdIPU|

2D1ID[DW PUE 3JDAO XDAIA WNIPOWSD)4 'WOAJ  S3133dS Wwnipowispjd ‘ued  XDAIA WNIPOWSDId 'Ad  Wnipdd[oy Wnipowsnld 'Jd
3|gedrdde Jou 'yN

4 WN N WN YN YN YN WN WN YN YN YN YN QU] 'sansoubelq pJepuels 0LHS0 Ad by eueey INIMOIE AS
€ 000l 000L 006 00 00 00 WN WN YN YN YN WN Swia1sAS [ealpauolg JAydaz S20L0€05 oUEd BLIE[BJ 104353} pideY - 39IA3Q ,Hueqeled
4 000L 000L 000L 051 05e 0§ vN YN wN YN WN WN U] ‘leuoieuldiu| xiusbwy  90-52-6€5 153 BlLI|e} (Ued) UDIISUE - ,,3YBISUQ
4 000L 0001 000L 0oL 0 05 VN YN YN YN YN WN dU| [BUOIEUIIIU| PAWIUN  GZ-8D $0LT 153] BLB[E} (Ued) %03yJued - ,,UDISISIY
4 000l 000L 0'00L 0SS 008 00 WN vN YN WN N WN Py uoielodio) [edIP3Y Ja1WRid 0€JYT LI H@1d by eueley gesuodsay isily
€ 008 000l 008 00 00 00 WN vN N YN YN WN SWASAS ya3101g B sonsoubelq ¥SS  €£00LIGMNJIN anasse) (ued) VIYYIVIA SHisoubelp
g 000l 000l  000L 000  €%6 196 N N N N N W ey ssoussnul um__@_ﬂo&ﬁ 520v880L SHTd eLielely oManEa))
5 000l 000l 000L 000L 0001 000l WN WN YN YN YN VN U] ‘oig SS00y LLL0D e(NVd) HQ1d euejepy ,1e1saie)
% 000L 000L 0'00L 0001 000l 000l WN wN wN YN N WN NI 'D0ZY vTL-1dIN DIAIQ 3$3] UOAI3IQ BLE[EIN DIY DOZY
5 006 000L 000L 009 £99 L9 WN WN wN YN YN WN "P¥1 I ) B BIIN T S20EL0Y| ePJe) EliE|E} UE] AbEIUEADY
z 0001 056 0001 00¢ 05e 000l 000L 000L 000L 000l 000l 000l s|edipawolg JAydaz $Z002£0S (331A3p) d/Ad/ued BLIE[BN 10} 353 pidey g-Xeweled
4 000l 006 000L 051 00 009 000l 000L 000L 000L 000l 000l dU] [BUOIBUIAIU| PAWIUA  §2-8D €0LT 153] BLIBE| (Jd+Ad+UBd) E-MalNBIE] - ,,UBISISIY
€ 005 00 00L 00 00 00 000l 000l 000l £€6 0'00L 196 SwsAS Y1019 B SdMsoubelq ¥SS  §Z00LIAANIN A13sse) (Jd/Ad[ued) VIYYTVIN Syansoubelp
€ 00L 005 008 00 00 00 000l 006 0'00L 000L 000l 000l sansoubelq 210 9z006L-TVI Jd/Nd[ued BLE[E| ,210)

3
[=1
S
w
)
2
=3
o
o
=
[m]
o
©
k)
©
<
S
=
£
o
2
C
E]
3
e
a
o
I
=
k)
2
=
2
o
fal
@©
=
1S
5
(%)
I
L
o
=
<<
=
o
o
g
@
i
a
=
0
[NE)
[
<)
=
)
o
=z
5]
<
[=)
=)
o
<
@
<
@
<
<<
=

(panunuod) €S 319eL




2. REFERENCES

1. World Malaria Report 2013. Geneva: World Health 9. Parasitological confirmation of malaria diagnosis. Report
Organization; 2013. of a WHO technical consultation. Geneva, 6-8 October

2. Guidelines for the treatment of malaria. 2nd Ed. 2009. Geneva: World Health Organization; 2010.

Geneva: World Health Organization; 2010. 10. Gamboa D, Ho MF, Bendezu J, 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.

11. Kumar N, Pande V, Bhatt RM, Shah NK, Mishra N,
Srivastava B, Valecha N, Anvikar AR: Genetic deletion
of HRP2 and HRP3 in Indian Plasmodium falciparum
population and false negative malaria rapid diagnostic

5. Malaria rapid diagnostic test performance: results test. Acta Trop 2013, 125(1):119-121.
of WHO product testing of malaria RDTs: round 3
(2010-11). Geneva: World Health Organization; 2011.

3. Malaria rapid diagnostic test performance: results of
WHO product testing of malaria RDTs: round 1 (2008).
Geneva: World Health Organization; 2009.

4. Malaria rapid diagnostic test performance: results of
WHO product testing of malaria RDTs: round 2 (2009).
Geneva: World Health Organization; 2010.

12. Malaria RDT interactive quide. http://www.finddiag-
nostics.org/programs/malaria-afs/malaria/rdt _quality

6. Malaria rapid diagnostic test performance: results of control/product_testing/interactive-guide/index.jsp.
WHO product testing of malaria RDTs: round 4 (2012).
Geneva: World Health Organization; 2012.

13. Good practices for selecting and procuring rapid
diagnostic tests for malaria. Geneva: World Health
7. Informal consultation on laboratory methods for Organization; 2011.
quality assurance of malaria rapid diagnostic tests.
Manila: WHO Regional Office for the Western Pacific;
2004 (RS/2004/GE/26(PHL).

14. Universal access to malaria diagnostic testing: an opera-
tional manual. Geneva: World Health Organization; 2011.

8. Prequalification of in vitro diagnostics. Geneva: World
Health Organization (http://www.who.int/diagnostics
laboratory/evaluations/en/, accessed 16 May 2014).

MALARIA RAPID DIAGNOSTIC TEST PERFORMANCE - Summary results of WHO product testing of malaria RDTs: Round 1-5 (2008-2013)


http://www.who.int/diagnostics_laboratory/evaluations/en
http://www.who.int/diagnostics_laboratory/evaluations/en
http://www.finddiagnostics.org/programs/malaria-afs/malaria/rdt_quality_control/product_testing/interactive-guide/index.jsp
http://www.finddiagnostics.org/programs/malaria-afs/malaria/rdt_quality_control/product_testing/interactive-guide/index.jsp
http://www.finddiagnostics.org/programs/malaria-afs/malaria/rdt_quality_control/product_testing/interactive-guide/index.jsp

ANNEXES

ANNEXES

MALARIA RAPID DIAGNOSTIC TEST PERFORMANCE - Summary results of WHO product testing of malaria RDTs: Round 1-5 (2008-2013)




Annex S1: Characteristics of
evaluation panels used in rounds
1-5 of WHO malaria RDT product
testing, 2008-2013

Currently, the basis for diagnosing malaria with antigen-
detecting RDTs is the detection in a patient's blood of one or
more target malaria antigens, including HRP2 (P. falciparum
only), pLDH (Plasmodium spp.(pan-pLDH), P. falciparum
(Pf-pLDH), non-falciparum (Pv-pLDH, Pvom-pLDH) and
aldolase (all Plasmodium spp). The antigen concentration in
samples with the same parasite density varies. Therefore,
the concentrations of malaria antigens in the samples that
comprise evaluation panels must be consistent in successive
rounds of WHO malaria RDT product testing to ensure that
the results of each round are highly comparable (statistically
equivalent).

Therefore, antigen concentrations were quantified in triplicate
in all panel samples, including dilution pairs of 200 and
2000 parasites/uL, by quantitative ELISA. Only results that
were consistent in the triplicate runs and showed a value
factor between the 200 and the 2000 parasites/uL dilutions
close to 10 were considered acceptable and eligible for the
performance evaluation panel. In some instances, the antigen
concentration was below the detection limit of the ELISA,
particularly for aldolase, which is present in malaria parasite
samples at much lower concentrations than the other two
antigens. Samples that gave inconsistent results for more
than one of the three antigens were excluded from the panel.

Despite careful standardization of procedures, the tables and
figures below show a wide variation in antigen concentra-
tions for the same parasite density. There are a number of
possible explanations, including differences in the level of
antigen expression by isolates; different durations of infection
(accumulating antigens); different parasite growth stages at
the time of collection (expressing different levels of antigen);
the presence of circulating HRP2 from previous growth
cycles; and HRP2 produced by parasites sequestered in the
host's vascular tissues that cannot be accounted for in the
estimate of parasite density on the blood slide.

Before each round of WHO malaria RDT product testing, the
distribution of HRP2, pLDH and aldolase concentrations at
200 parasites/uL dilution of the wild-type P. falciparum and
wild-type P. vivax samples selected for the phase-2 panels
were systematically compared with those in the previous
round to ensure there was no statistically significant differ-
ence. The figures and tables below show the distribution of
antigen concentrations in all five performance evaluation
panels. No statistically significant differences were seen
(Kruskal-Wallis test; p > 0.15), confirming that the results
of each new round are additive (and comparable) to the
previous ones. In the following box and whisker plots, the
end of whiskers represent minimum and maximum values;
the box represents middle 50% of data and the line through
box represents median values; the crosses represent the
mean values.

Figure AS1.1: Box-and-whisker plot of distribution of
P. falciparum HRP2 concentration (ng/mL) in product
testing phase 2 (wildtype) panels.
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Figure AS1.2: Box-and-whisker plot of distribution of
P. falciparum pLDH concentration (ng/mL) in product
testing phase 2 (wildtype) panels.
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Figure AS1.3: Box-and-whisker plot of distribution of
P. vivax pLDH concentration (ng/mL) in product testing
phase 2 (wild-type) panels.
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Figure AS1.4: Box-and-whisker plot of distribution of
P. falciparum aldolase concentration (ng/mL) in product
testing phase 2 (wild-type) panels.
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Figure AS1.5: Box-and-whisker plot of distribution
of P.vivax aldolase concentration (ng/mL) in product
testing phase 2 (wild-type) panels.
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Table AS1.1: Statistics for P. falciparum HRP2 concentration (ng/mL) in product testing phase 2 (wild-type) panels.

Round 1 Round 2 Round 3 Round 4 Round 5

Number of values®? 78 99 99 98 99

Minimum 0.80 0.62 0.62 0.62 0.62
25% percentile 2.90 1.90 2.10 297 3.00
Median G587 6.76 6.83 6.98 7.05
75% percentile 18.94 16.91 17.37 15.65 15.31
Maximum 73.70 73.70 66.70 62.48 62.48
Mean 15.28 12.70 12.77 12.72 11.74
Std. Deviation 16.98 15.75 15.19 14.72 13.20

@ The number of values is the number of samples for which consistent ELISA results were obtained.

Table AS1.2: Statistics for P. falciparum pLDH concentration (ng/mL) in product testing phase 2 (wild-type) panels.

Round 1 Round 2 Round 3 Round 4 Round 5

Number of values®? 74 93 92 92 94

Minimum 0.71 0.19 0.19 0.19 0.19
25% percentile 6.68 6.27 6.23 6.20 6.90
Median 11.95 10.31 11.18 10.92 12.24
75% percentile 23.75 20.10 22.70 21.28 23.05
Maximum 47.15 47.15 47.15 53,53 43.02
Mean 15.31 13.71 15.08 14.97 15.53
Std. Deviation 11.47 10.90 11.72 11.98 11.43

@ The number of values is the number of samples for which consistent ELISA results were obtained.

Table AS1.3: Statistics for P. vivax pLDH concentration (ng/mL) in wildtype product testing phase 2 (wild-type) panels.

Round 1 Round 2 Round 3 Round 4 Round 5

Number of values®? 20 37 33 32 34

Minimum 5.10 1.64 1.64 1.64 1.64
25% percentile 8.10 8.40 7.30 6.96 6.26
Median 12.65 17.00 19.78 17.50 13.22
75% percentile 27.40 29.69 31.89 29.84 23.42
Maximum 44.40 47.90 47.90 47.90 47.90
Mean 17.38 20.24 20.99 20.00 16.84
Std. Deviation 11.57 13.27 13.55 13.00 12.59

@ The number of values is the number of samples for which consistent ELISA results were obtained.
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Table AS1.4: Statistics for P. falciparum aldolase concentration (ng/mL) in product testing phase 2 (wild-type) panels.

Round 1 Round 2 Round 3 Round 4 Round 5

Number of values? 77 98 o) 98 %)

Minimum 0.00 0.00 0.00 0.00 0.00
25% percentile 0.84 0.74 0.67 0.63 0.52
Median 1.61 1.49 1.40 1.25 1.17
75% percentile 2.25 2.25 2.23 2.25 2.07
Maximum 9.90 9.90 9.90 9.08 7.74
Mean 1.93 1.79 1.76 1.72 11452
Std. Deviation 1.73 1.66 1.69 1.68 1.52

@ The number of values is the number of samples for which consistent ELISA results were obtained.

Table AS1.5: Statistics for P. vivax aldolase concentration (ng/mL) in product testing phase 2 (wild-type) panels.

Round 1 Round 2 Round 3 Round 4 Round 5

Number of values? 20 40 34 33 35

Minimum 3.21 1.70 1.70 1.70 3.21
25% Percentile 4.02 41 4.07 4.41 5,619
Median 6.33 6.15 6.10 6.16 6.86
75% Percentile 8.47 8.47 8.32 9.10 9.43
Maximum 13.15 13.40 13.30 15.00 15.00
Mean 6.73 6.81 6.45 6.86 7.78
Std. Deviation 2.89 3.15 2.90 3.23 3.30

@ The number of values is the number of samples for which consistent ELISA results were obtained.
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Annex S2: Malaria RDT field assessment and anomalies

The purpose of this assessment, on a limited number of RDTs, is to assess aspects of packaging, safety and ease-of-use and
not to evaluate diagnostic accuracy.

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.

Table AS2.1: Field assessment of RDT packaging, safety and ease-of-use to guide product selection

Date of assessment
Commercial name
Catalogue number
Lot number(s)

ANNEXES

Yes No NA Problems /Comments
Packaging and accessories
The RDT box is in good condition
RDTs are in individual sealed pouches
The correctly indicated number of RDTs are in the box
A desiccant is included in each individual RDT pouch
An expiry date is visible on each RDT pouch

All required accessories are included in the correct quantities If no, what is not included:
(RDT, buffer, blood transfer device, alcohol swab,
lancet, gloves, test tubes (for dipsticks, only)

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

The instructions include figures displaying
all possible interpretations of the RDT results

The text and figures are accurate and consistent
(specifically order of test lines and results interpretation)

Preparation and procedure
The test pouch is easy to open
It is easy to write on the test device
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 or ampoule

The buffer bottle or ampoules have sufficient volume
for testing all RDTs in the box

The buffer bottle or ampoule 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 and sample flow well along 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 min
Two or fewer timed steps

Was one or more of the last 10 tests
you performed invalid (no control line)?

If YES, how many?
Safety
Are there mixing wells (risk of blood splash)?
Retractable needle for finger prick?
Is the RDT in a cassette format (unexposed strip)?

Have waste disposal safety concerns been addressed?
(If no, please describe)
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Figure AS2.1 illustrates examples of RDT observations/anomalies encountered and routinely recorded during Round 5 of
WHO Malaria RDT Product Testing at the CDC. 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.

An expanded list of notable observations concerning RDT packaging, kit accessories (buffer vials, desiccants) and instruc-
tions for use, is under development for use in both product testing and lot testing activities of the WHO-FIND Malaria RDT
Evaluation Programme.

Figure AS2.1: Malaria RDT anomalies encountered in production lots

a) Observations on the test strip

Red background Background staining is relatively common.
In this example, the result is positive as test
lines are positive; however, a more intense
red background may obscure weak positive

test lines, giving false-negative results

Incomplete clearing Poor clearing of blood may obscure weak
positive test lines, giving false-negative
results.

In this example, the result is positive as

the test line is visible

b) Observations of flow problems

Failure to flow Blood and buffer did not run the length

of the strip

Irregular migration that
obscures test line(s)

One portion of the nitrocellulose near the
test band was not absorptive and remained
dry during wicking, creating irreqular migra-
tion of blood/buffer with red background
that may obscure test line.

Irregular migration One portion of the nitrocellulose near the
test band was not absorptive and remained
dry during wicking, creating irregular migra-
tion of blood/buffer with red background.
In this example, the result is positive, as the

test line is clearly visible.
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c) Observations on test lines

Ghost test lines White lines on a stained background. In this
example, the result is negative, as the test

line is not dark and is thus not visible.

Patchy broken test
line(s)

The test line is visible but interrupted
(broken).

Diffuse test line(s) Test line wider than control, without

clearly defined edge.

d) RDT structural problems

Strip misplaced in the
cassette

Strip can be seen only partially in the
results window.

Specimen pad not seen Normally, the colour of the conjugated

in sample window C T T2 N antibody can be seen in the sample
D window (commonly purple, pink or blue).
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Annex S3: Selection of an appropriate RDT

Figure AS3.1: How to select of an appropriate RDT

Step 1.1 What? target parasite species and antigen?

Define setting of use Pf-only or mixed Pf and non-Pf infections (single species)®: | P. vivax, only:
Pf/non-Pf infections: - HRP2, aldolase; HRP2, pLDH-pan - aldolase
- HRP2 - HRP2, pLDH-Pv; HRP2, pLDH-Pvom - pLDH-pan
- pLDH-Pf; pLDH-pan - HRP2, pLDH-pan; pLDH-Pv - pLDH-Pv

- pLDH-Pf, pLDH-pan; pLDH-Pf, pLDH-Pv
- pLDH-Pf, pLDH-Pvom

**Pf without HRP2 - Do not use HRP2-based RDTs¢

Where? Exposure to high temperature e.g. tropical environment
OR
temperature-controlled environment, including during
transport and storage

Who? Laboratory personnel
OR
health workers outside laboratories

Y

Step 1.2 WHO RDT product testing resultsd and apply WHO recommended RDT selection
Review RDT performance criteria®

- Panel detection score

- False-positivity rate

- Invalid rate

- Ease-of-use

- Thermal stability

Sensitivity and specificity based on high-quality
— ficld studies in relevant populations

Generate short-list of RDTs

Step 1.3 National malaria treatment guidelines

Apply national guidelines
and experience in use of RDTs .
In-country experience, ease-of-use assessments (Annex 5),

availability of training materials

Step 1.4 - Price
Other considerations - Manufacturer: production capacity, lead times, heat stability data
- Delivery schedules (e.g. staggered deliveries), box size, shelf life
- Registration requirements of national regulatory authorities
- Product lot testing results
- Overall budget requirements (Annex 5)

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

b Tests with a P, falciparum-specific line and pan-specific line will not distinguish P. falciparum-only infections from mixed P. falciparum infections. Distinguishing
P. falciparum from mixed P. falciparum-vivax infections is important only 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. malariae and P. ovale if a test has only P. falciparum- and P. vivax-specific lines. Inclusion of further test lines
(e.g. Pf-Pv-pan-pLDH) to detect these increases the complexity of test interpretation. A programme should prioritize these various advantages and disadvantages
according to local conditions in the initial stage of making procurement decisions.

¢ P falciparum parasites lacking HRP2 +/- HRP3 genes have been identified with high frequency in parts of South America (10).

d See references (3-6).

€WHO RDT procurement criteria : http://www.who.int/malaria/publications/atoz/rdt_selection_criteria/en/ (accessed 26 June 2014).

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 reference (13).
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