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Summary 

 

An international collaborative study was conducted to assess the suitability of a candidate IS 

in vitro-derived Plasmodium falciparum preparation, assigned product code 16/376, for use 

as a World Health Organization (WHO) International Standard (IS) in the detection of  P. 

falciparum antigens histidine-rich protein 2 (HRP-2) and plasmodial lactate dehydrogenase 

(pLDH).  The potencies of the candidate IS and a range of P. falciparum clinical isolates 

were evaluated using commercially available Enzyme-linked immunosorbent assays (ELISA) 

and a wide variety of malaria rapid diagnostic tests (RDT).   

 

The samples for evaluation were distributed to 13 laboratories in 11 different countries.  Five 

participating laboratories carried out ELISAs and all participants performed RDTs.  The 

samples were assayed on four separate days and the data were collated and analysed by the 

National Institute of Biological Standards and Control (NIBSC).  The results demonstrated 

that HRP2 and pLDH were detected consistently in samples by the majority of participants.  

The candidate IS is stable under recommended storage conditions of -70 ℃ or below, and 

therefore suitable for long term use.  Real-time and accelerated stability studies of the 

candidate IS are ongoing.  

 

It is proposed that the lyophilised P. falciparum candidate IS preparation 16/376 be 

established as the 1
st
 WHO IS for P. falciparum antigens with 1000 International Units per 

ampoule for the evaluation of performance and sensitivity of malaria antigen detection tests.      

 

Introduction 
 

Malaria is a mosquito-borne disease endemic to 91 countries and territories.  There were an 

estimated 212 million cases of malaria worldwide in 2015, which led to 429,000 deaths, 

mainly among children under 5 in Africa [1].  Malaria is caused by protozoan Plasmodium 

parasites, with the majority of morbidity and mortality due to the species P. falciparum.       

 

In most malaria endemic regions the majority of patients presenting with “malaria-like” 

febrile illness do not have malaria.  To prevent the unnecessary use of antimalarial drugs the 

World Health Organization (WHO) recommends that all suspected cases of malaria are 

confirmed by parasitological diagnosis with microscopy or RDTs prior to the initiation of 

antimalarial chemotherapy [2].   Diagnosis by light microscopy is recommended where its 

quality can be maintained; however, the requirement for trained staff and specialised 

equipment restricts the widespread use of this method in some endemic regions. 

 

Immunochromatographic rapid diagnostic tests (RDTs) that detect Plasmodium-specific 

antigens in patient blood samples offer a convenient alternative to diagnosis by light 

microscopy. Most RDTs target one or both of two standard Plasmodium proteins. These are 

HRP-2 and the glycolytic enzyme pLDH. HRP-2 is specific to P. falciparum whereas pLDH 

is expressed in all human-infecting Plasmodium spp. and in principle allows the detection of 

all of them (pan-RDT). Species-specific isoforms of pLDH have allowed the development of 

antibodies that specifically recognise P. falciparum pLDH (Pf-pLDH) and P. vivax pLDH 

(Pv-pLDH). 

 

For RDTs to be of widespread use it is important that they are pathogen-specific, highly 

stable and sufficiently sensitive to detect all clinically relevant infections.  Large scale use of 
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RDTs in the field has revealed the performance of RDTs to be highly variable in endemic 

settings [3]–[5].  Reliable and accurate evaluation of RDT performance has a number of key 

benefits: it allows RDT product comparison thereby enabling effective procurement 

decisions, it permits effective local quality control and it promotes the development and 

testing of novel RDTs.   

 

The WHO Malaria Specimen Bank houses a set of characterised reference materials used for 

evaluating the performance of malaria RDTs.  These reference materials comprise frozen 

blood samples collected from malaria infected individuals that have been diluted to set 

parasite densities.  The collection, preparation, characterisation, and transport of these patient 

blood samples is a difficult and expensive process to sustain in the long term.  To reduce the 

need for patient-derived samples the Foundation for Innovative Diagnostics (FIND) is 

developing panels of recombinant antigens to be used as alternative reference materials.  

These recombinant HRP2 and pLDH proteins will be used to evaluate the performance of 

malaria RDTs and in positive control wells for quality control (QC) of RDTs by end users.  

 

There is currently no IS for these antigens for use as a quality control and calibrator material 

in detection assays.  It is therefore the intention of this study (a collaborative effort between 

FIND and the NIBSC) to establish the 1
st
 WHO IS for P. falciparum antigens. This IS will be 

used worldwide for the quality control and standardisation of RDTs and other malaria antigen 

detection tests such as ELISA. The IS will also facilitate the development of more sensitive 

RDTs, and permit the calibration of other reference and quality control materials such as the 

recombinant protein panels and positive wells being developed by FIND. 

 

This report describes an international collaborative study assessing the suitability of a culture-

derived P. falciparum preparation to serve as a WHO IS for use in the detection of P. 

falciparum antigens HRP2 and pLDH.  This freeze-dried candidate IS preparation, P. 

falciparum clinical isolates and panels of recombinant P. falciparum antigens, were tested for 

HRP2 and pLDH antigens by each laboratory.  The assay methods used covered a variety of 

malaria RDTs as well as ELISAs for HRP2 and pLDH.  

 

The objectives of this WHO international collaborative study were to:  

 assess the suitability of the candidate IS to serve as the 1
st
 WHO IS for P. falciparum 

antigens 

 assess the commutability of the candidate IS with native proteins in samples from 

infected individuals (clinical isolates) in a range of RDTs and ELISAs 

 assess the repeatability (within a given laboratory), and reproducibility (across 

laboratories), of HRP2 and pLDH potency estimates, in the candidate IS, clinical 

isolates and recombinant protein panels.  

Materials and Methods 

Biosamples 

Candidate International Standard – 16/376 

 

The P. falciparum laboratory strain W2 was selected for the preparation of the candidate IS 

because it expresses HRP2 type B, the most prevalent HRP2 polymorphic variant. Culture-

derived P. falciparum parasites of the W2 strain were obtained from the US Centers for 

Disease Control and Prevention (CDC). Strain W2 was cloned from the Indochina III/CDC 



WHO/BS/2017.2329 

Page 4 

 

isolate derived from a Laotian patient who had not responded to chloroquine therapy [6], [7].  

For preparation of the bulk candidate IS stock material, P. falciparum W2 cultures were 

expanded at the CDC, frozen without cryopreservant as 50% haematocrit pellets and shipped 

to the NIBSC.  As this material was frozen without any cryopreservant, the host cells are 

expected to have lysed and caused inactivation of P. falciparum.  To confirm this, a re-

growth experiment was carried out to determine whether the bulk candidate IS stock material 

was viable under standard P. falciparum in vitro culture conditions. An aliquot of the 

candidate IS bulk material, containing 2.7 x 10
7
 freeze-thawed parasites was inoculated  into 

5 mL, 2% haematocrit cultures and maintained with periodic addition of fresh red blood cells 

for a period of 2 months.  No viable parasites were observed, by light microscopy of Giemsa 

stained blood smears, in this time.  Control parasite lines recovered from cryopreserved 

stocks without freeze-thaw lysis grew normally during this period. The candidate IS material 

was therefore considered non-infectious for Plasmodium.  The human blood used by the CDC 

for parasite culture was found to be negative for Hepatitis B Virus (HBV), Hepatitis C Virus 

(HCV), Human Immunodeficiency Virus (HIV), Trypanosoma cruzi, West Nile Virus 

(WNV) and Syphilis.  Parasite pellets were stored at -80℃ until final formulation and 

lyophilisation.   

 

For lyophilisation the bulk parasite stock material was diluted 1:75 into a 10 mM Tris pH 7.4, 

5% trehalose, 1 mM EDTA solution.  Aliquots of 0.5 mL were dispensed into 3 mL 

autoclaved DIN glass ampoules using a Bausch & Strobel automated AFV5090 ampoules 

filling line whilst the bulk was continually stirred at 4℃.  Filled candidate IS ampoules, 

totaling 5,659, were assigned the NIBSC product code 16/376.  To serve as coded duplicates 

in the collaborative study, half the candidate IS study samples were labelled ‘A’ and half 

were labelled ‘B’.  The study samples were stored at -70℃ until they were shipped on dry ice 

to participants under the NIBSC dispatch reference CS595.      

Recombinant protein panels  

 

Panels of dried-down recombinant Glutathione-S-transferase (GST)-tagged P. falciparum 

HRP2-W2 (type B) and GST-tagged P. falciparum LDH were provided, as prototypes under 

development, by Microcoat Biotechnologie GmbH.  Recombinant proteins in panel wells 

were reconstituted in 100 µL distilled water to give solutions of the following protein 

concentrations: 778, 579, 488, 229, 122, 56, 0, 0 ng/mL for pLDH panels and 32, 16,8 ,4, 2, 

1, 0, 0 ng/mL for HRP2 panels.  

P. falciparum clinical isolates  

 

A total of 14 P. falciparum clinical isolates, at 2,000 parasite/µL in 50 µL, were provided by 

the WHO malaria specimen bank at the CDC for use in the collaborative study (Table 1).  

These clinical isolates were specifically selected to encompass the naturally occurring 

geographic range, pLDH and HRP2 concentrations (low, medium, high, when available), and 

HRP2 polymorphism (isoform A, B, or C) of endemic P. falciparum strains, provided a 

sufficient volume was available for the planned experiments. 

 

Participants 
 

Thirteen laboratories from 11 countries completed the study (Appendix 1).  Participants 

included ELISA and RDT manufacturers, research institutes and universities involved in the 

field of malaria diagnostics.  



WHO/BS/2017.2329 

Page 5 

 

  

Study Design and Protocol 
 

Three different assays were used in the collaborative study: 
1. One commercially available ELISA kit, Malaria Antigen (HRP2) CELISA (KM2, Cellabs), 

was used to quantify biosample HRP2 protein levels. 

2. One commercially available ELISA kit, Qualisa Malaria (Qualpro Diagnostics), was used to 

quantify biosample pLDH protein levels. 

3. Nineteen commercially available RDTs from a range of manufacturers were used to detect 

HRP2 and pLDH proteins in biosamples (Table 2).  

The final versions of the collaborative study protocols are given in Appendix 2, 3, and 4.     

 

All 13 participating laboratories performed RDT testing and five participating laboratories  

tested the samples with the two ELISA kits in addition to RDT testing. These five 

laboratories were chosen because they had extensive experience of these particular ELISAs 

and the required laboratory capacity for the additional testing.  All participants were sent sets 

of biosamples containing 3 P. falciparum clinical isolates, recombinant HRP2 and pLDH 

panels, and coded duplicate candidate IS ampoules.  Participating laboratories were asked to 

carry out four independent runs of each assay, using fresh biosamples on 4 different days. 

The candidate IS and clinical isolates were serially diluted in parasite-free whole blood, 

sourced by each participant, for all assays.  

ELISA 

 

All participants carrying out ELISAs tested samples on the same two commercially available 

ELISA kits: one detecting HRP2 and the other pLDH. For both HRP2 and pLDH ELISA, 

participants were asked to follow the standard operating protocols (SOPs) detailed in 

Appendix 2 and 3.  For HRP2 and pLDH ELISAs, all laboratories tested the same 3 P. 

falciparum isolates: SE01F09-2000, PE02F14-2000, and KH03F02-2000.  Eight 2-fold serial 

dilutions, from an initial 1:10 dilution of the 2,000 parasites/ µL clinical isolate stock 

solutions, were tested in the ELISAs.  The recombinant HRP2 panel was only tested in the 

HRP2 ELISA and likewise the recombinant pLDH panel was only tested in the pLDH 

ELISA.  HRP2 panel samples were reconstituted as directed and then transferred neat to the 

ELISA plate, whereas reconstituted pLDH panel samples were diluted 1:20 in distilled water 

prior to loading onto the ELISA plate.  For the first experimental run participants were asked 

to test seven 2-fold serial dilutions from an initial 1:2 (HRP2 ELISA) or 1:4 (pLDH ELISA) 

dilution of reconstituted candidate IS ampoules. If participants had observed multiple dilution 

points at the upper and lower asymptotes in run 1they were requested to adjust initial 

dilutions of reconstituted candidate IS ampoules to give a fuller dilution curve. The whole 

blood diluent used by each participant was included as a negative control.  

 

The ELISA protocols used in this study were developed by FIND for use in several other 

projects and deviate slightly from the manufacturer’s protocol.  For the HRP2 ELISA these 

deviations are as follows: incubation of the coated plate and enzyme conjugate was carried 

out at 37 ℃, wash steps consisted of 3 washes and the plate was developed for 10 minutes.  

For the pLDH ELISA the protocol used contained the following modifications: test 

biosamples and antibody reagent were added to - and incubated in - the ELISA plate 

sequentially, incubations of test samples and antibody reagent were at 37 ℃ with shaking at 

600 rotations per minute and the plate was developed for 10 minutes. Participants were 

requested to record raw optical densities (OD) in a datasheet they were provided with.   
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RDTs  

 

A total of 19 different RDT products were used in the study and these are listed in Table 2.  

All study participants were supplied with 3 different RDT products for testing - except RDT 

manufacturers, who only tested their own products - and each RDT product was randomly 

distributed to two or more participants.  Study participants tested in duplicate, 3 P. 

falciparum clinical isolates, the recombinant HRP2 panel, the recombinant pLDH panel and 

the coded duplicate candidate IS samples on the allocated RDTs.  Nine laboratories tested the 

same 3 clinical isolates that were tested in the two ELISAs.  Three laboratories each tested 3 

clinical isolates unique to each of the 3 laboratories.  One laboratory tested 2 clinical isolates 

unique to that laboratory in addition to 1 of the 3 clinical isolates that had been tested in the 

ELISAs.  The clinical isolates tested by each laboratory are listed in Table 3.   

 

Samples were loaded onto RDTs as specified by the manufacturer’s instructions for each 

RDT.  Each biosample dilution tested on an RDT was scored 0, 1, 2, 3 or 4 based on band 

colour intensity (Appendix 5).  Each RDT was scored independently by two readers and the 

scores recorded on the RDT results form. For the first experimental run, participants were 

asked to serially dilute clinical isolate and candidate IS samples until 3 consecutive scores of 

zero were recorded for each RDT and for each band.  For experimental runs 2, 3, and 4, 

participants were asked to only test 3 dilutions above and below the limit of detection 

established in the first
 
experimental run.  For all experimental runs, recombinant panel wells 

were only tested as reconstituted.   

Degradation Studies   

 

An accelerated degradation study has been set up in order to predict the long-term stability of 

the candidate IS.  Ampoules of the candidate IS have been placed at -70 ℃, -20 ℃, +4 ℃, 

+20 ℃, +37 ℃, +45 ℃ and +56 ℃ and have been and will be retrieved at specific time points 

to assess HRP2 and pLDH stability.  To date accelerated degradation data have been obtained 

for the 12 week time point.  Samples were reconstituted in whole blood and HRP2 and pLDH 

levels measured by quantitative ELISA.  The stability of the candidate IS was predicted using 

the Arrhenius model for accelerated degradation studies with potencies expressed relative to 

the -70 ℃ baseline sample [8], [9]. 

 

An in-use reconstitution study was set up to determine the short-term stability of HRP2 and 

pLDH in the candidate IS. Reconstituted candidate IS material was pooled and placed at -

80 ℃, -20 ℃, +4 ℃ and room temperature.  HRP2 and pLDH levels were measured by 

quantitative ELISA after 24 and 48 hours.   

Statistical analysis 

ELISA 

 

Analysis of dose-response curve data was performed using a four-parameter logistic (sigmoid 

curve) model with log10-transformed absorbance responses. Calculations were carried out 

using EDQM CombiStats Software Version 5.0 [10]. Parallelism (similarity) for a pair of 

dose-response curves was assessed using the difference in lower asymptotes, the difference in 

upper asymptotes and the ratio of slope factors for the sample pair under consideration. 
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Relative potency estimates were calculated in cases where acceptable parallelism was 

demonstrated. 

 

All mean results shown in this report are unweighted geometric means (GM). Variability has 

been expressed using geometric coefficients of variation (GCV = {10
s
-1}×100% where s is 

the standard deviation of the log10-transformed estimates). Individual assay estimates of 

relative potency were log10-transformed and a mixed effects model used to determine intra-

laboratory and inter-laboratory variance components (also expressed as %GCV) for each 

sample and ELISA type. 

RDT Study 

 

Analysis was performed using endpoint titres (final dilution reported as positive). All titres 

and relative potency estimates were combined as unweighted geometric means (GM) and 

variability has been expressed using geometric coefficients of variation (GCV = {10
s
-

1}×100% where s is the standard deviation of the log10-transformed estimates). Any 

exclusions due to high intra-run or inter-run variability within a laboratory are described in 

the results section of this report.   

Results and data analysis 

Stability Studies 
 

An accelerated degradation study was performed to predict the long-term stability of HRP2 

and pLDH in the candidate IS when stored at -70 ℃ (the recommended storage 
temperature) or higher temperatures.  The potencies of the candidate IS stored at the 

elevated temperatures for 12 weeks were expressed relative to the candidate IS stored at -

70 ℃ (Table 4).  These data were fitted to the Arrhenius model to predict HRP2/pLDH loss 

over time (Table 5 and 6).  There was no evidence for a reduction in HRP2 antigen potency 

after 12 weeks incubation at +56 ℃ (Table 4).  Although pLDH antigen is predicted to be 

stable when stored at -70 ℃, some antigen degradation is predicted at higher storage 

temperatures (Table 6).  Accelerated and real-time stability studies will be continued to 

ensure product integrity. For the accelerated degradation study samples will be retrieved for 

analysis after six months and one year and used to inform the choice of longer time points in 

this testing programme.   

 

Based on these data, ampoules of the candidate IS will be maintained at NIBSC at -70 ℃ and 

shipped at – 20 ℃ to minimize degradation of pLDH antigen. End users are recommended to 

store ampoules at -20 ℃ or lower and use the materials on the day of reconstitution although 

analysis by NIBSC has determined reconstituted HRP2 and pLDH antigens to be stable for 

24 hours when stored at -20 ℃ (Figure 1). 

ELISA 

Data returned for analysis 

 

All five participants performed four runs of each ELISA as requested in the study protocol.  

The codes for the biosamples tested are as follows: candidate IS ampoule A (IS-A), candidate 

IS ampoule B (IS-B), clinical isolates (A, B, C), recombinant protein panels (D – 

recombinant HRP2 for the HRP2 ELISA and recombinant pLDH for pLDH ELISA).  



WHO/BS/2017.2329 

Page 8 

 

Assay validity 

 

In the majority of cases, a four-parameter logistic (sigmoid curve) model was successfully 

fitted to the data returned by the participants. Where no convergence was achieved in the 

model-fitting process, which can occur where there are insufficient data close to the lower or 

upper asymptotes to calculate reliable estimates of these parameters, the sample was excluded 

from further analysis. All pLDH ELISA data from lab 5 were excluded from further analysis 

due to high residual error and poor model fit. 

 

Figures 2-3 show the degree of similarity in dose-response curve parameters (lower 

asymptote, upper asymptote and slope factor) for each test sample (IS-B, A, B, C, D) 

compared to that for the candidate IS (IS-A). Results for the coded duplicate candidate IS 

sample IS-B in each plot indicate the level of agreement in curve parameters that may be 

achieved for a test sample known to be parallel to the standard. Some sample-specific 

differences in parameters were evident (such as sample D in Figure 3a) and some instances of 

test samples behaving more similarly to each other than the candidate IS were observed (such 

as samples C and D in Figure 2a). Differences observed in the lower asymptotes were, as 

expected, more scattered than those observed for the upper asymptotes due the log-

transformation of assay response used in the analysis. 

 

As the limited data available from the ELISAs performed in this study are insufficient to 

derive equivalence bounds for parallelism of dose-response curves, only cases with extreme 

differences (indicated as “NP” in Appendix 5 and not shown in Figures 2-3) were excluded 

from further analysis.  

 

Potency estimates relative to candidate standard (sample IS-A) 

 

A summary of potency estimates relative to the candidate IS (sample IS-A) is shown in Table 

7 and individual assay estimates are shown in Appendix 6. HRP2 ELISA data from lab 5 

gave fewer valid results than for other labs and potency estimates were inconsistent with 

those from other labs (for example, around 5-fold less for sample A). The reasons for this are 

not clear and the HRP2 ELISA data from this lab were therefore also excluded from further 

analysis. 

 

Intra-lab (repeatability of runs in the same lab) and inter-lab (reproducibility across labs) 

variation (GCV %) was investigated both relative to the candidate IS, IS-A (Table 7) and in 

isolation as the dilution for half maximal response, ED50 (Table 8 and individual assay 

estimates are shown in Appendix 7), for each of the samples. The data show a reduction in 

the observed variation (GCV%) when relative potency is used (range 13.4 – 23.6%, Table 7) 

instead of ED50 (range 14.0 – 83.4%, Table 8), thus demonstrating value of a potency 

standard in this assay format. 

 

Potency estimates determined for samples A, B and C relative to IS-A were broadly observed 

to be repeatable within labs and reproducible between labs (n=4) for both the HRP2 and 

pLDH ELISAs (Total GCV < 20% in Table 7). Variability observed for sample D was 

slightly higher (Total GCV 23.6% and 21.0% for the HRP2 ELISA and pLDH ELISA, 

respectively). 
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The absolute HRP2 and pLDH concentrations of the clinical isolates tested in this study are 

listed in Table 1 (reference data provided by the WHO malaria specimen bank). Absolute 

HRP2 and pLDH concentrations, as well as the relative amounts of HRP2 versus pLDH 

within a given isolate, vary significantly form one P. falciparum isolate to another. Similar 

variability in HRP2 and pLDH levels is seen when comparing the relative potencies (Table 7) 

and ED50 values (Table 8) estimated from the HRP2 and pLDH ELISA data.  

 

Potency estimates relative to samples A, B, C or D as reference standards 

 

To compare each of the samples as a potential standards, potency estimates were calculated 

with A, B, C or D as the reference standard in order to compare the levels of variability to 

those observed when using IS-A as standard. Table 9 summarises the total GCV values 

determined from these potency estimates.  The total GCV% values for the clinical isolate 

samples (A, B, C) are similar to those for the candidate IS (IS-A), whereas GCV values for 

the recombinant panels are higher (D). The data demonstrate that the candidate IS performs 

as well as the current available reference materials, clinical isolates, for the derivation of 

relative potency. 

RDT Study 

Data returned for analysis 

All 13 participants performed four runs of each RDT assay. Several laboratories deviated 

slightly from the study protocol. These deviations are as follows:  

Laboratory 2 scored RDTs in increments of 0.5 rather than whole numbers – for the purpose 

of this analysis scores were rounded down to the nearest whole number. Participant 11 tested 

all samples in singlecate, not duplicate, for run 1 (tests were carried out in duplicate for runs 

2, 3, 4). Participant 13 tested the clinical isolates on separate days to testing the candidate IS 

and recombinant protein panels.  

In the analyses below codes for the biosamples tested are as follows: candidate IS ampoule A 

(IS-A), candidate IS ampoule B (IS-B), clinical isolates (A, B, C), HRP2 recombinant protein 

panel (HRP2), pLDH recombinant protein panel (pLDH).   

 

Of the 19 RDTs used in this study all contained a control band in addition to one, two, or 

three test bands. Test bands were either pan-specific, meaning that they are specific for the 

four Plasmodium species P. falciparum/P.vivax/P.malariae/P.ovale, or P. falciparum-

specific, or P. vivax-specific. All pan-specific bands were specific for pLDH. P. falciparum-

specific test bands detect either HRP2 or Pf-pLDH or both HRP2 and Pf-pLDH. P. vivax-

specific test bands detect Pv-pLDH. Of the 19 RDTs used in this study 9 contained only Pf 

test bands, 2 contained only Pan test bands, 5 contained both Pf and Pan test bands and 3 

contained Pf and Pv test bands. Of the 14 Pf test bands 2 were specific for P.falciparum LDH 

and 1 was specific for both P. falciparum LDH and HRP2. The number of test bands on each 

RDT and their antigen specificity is listed in Table 10.   

Statistical analysis of RDT study  

 
Only clinical isolates tested by multiple laboratories, namely SE01F09-2000, PE02F14-2000, and 

MBC3F2-2000, have been included in the below analysis. Nine laboratories tested SE01F09-2 and 
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MBC3F2-2000 and 10 laboratories tested PE02F14-2000. Analysis of RDT Pf and Pan bands was 

carried out separately.   

 

Intra-run and inter-run variability in titres 
 

Intra-run variability was assessed using the duplicate end-point titres obtained by an 

individual reader for each sample, on each RDT, within an assay run. Duplicate results did 

not differ by more than 2-fold in ~98% and ~93 % of cases for RDT Pf and Pan bands, 

respectively. Where duplicate results differed by more than 4-fold, no result for that sample, 

on that RDT, in that run, was used. Such exclusions were made in only ~0.5% and ~ 3% of 

cases for RDT Pf and Pan bands, respectively. Duplicate results were then combined as 

geometric mean titres to give a sample result, S1, for each laboratory, RDT, reader and run 

for further analysis. 

 

To assess the inter-run variability for each sample (for the same RDT and reader) the ratio of 

the maximum and minimum geometric mean titres across assay runs was calculated. Where 

the ratio for a sample exceeded 16, all results for that sample for that RDT and reader were 

excluded. Such exclusions were made in ~3% and 7 % of cases for RDT Pf and Pan bands, 

respectively. For both Pf (Figure 4) and Pan (Figure 5) bands higher levels of inter-run 

variability were not observed to be associated with particular samples.   

 

The geometric mean titres for each sample (for the same RDT and reader) from all runs were 

then combined as geometric mean titres to give a final sample result, S2, for each laboratory, 

RDT and reader for further analysis.  

 

Differences between readers 
 

The fold-differences between titre results obtained by different readers within each laboratory 

were also assessed. With the exception of RDT 18 when tested by laboratory 3 which showed 

up to a 50-fold difference between readers, for both Pf and Pan bands, variability was noted 

to be comparable to that observed between runs. Pf and Pan band results for RDT 18 by 

laboratory 3 were excluded from further analysis.  

 

GM titre results obtained for the study samples 
 

Results from different readers within each laboratory were then combined as geometric mean 

titres to give a final sample result, S3, for each laboratory and RDT, as summarised in Tables 

11 (Pf band) and 12 (Pan band). Where S3 results are not shown it is either because clinical 

isolates SE01F09-2000, PE02F14-2000, and MBC3F2-2000 were not tested on that RDT (NT), data 

was excluded from the analysis as it did not meet the criteria described above (NR), or no positive 

titres were reported for that sample (0).  S3 results are based on 16 RDT end-point titres per lab 

per RDT. End-point titres for different samples (both candidate IS and clinical isolate 

samples) varied significantly across RDTs.  

    

Positive HRP2 (Pf) and pLDH (pan) end-point titres of candidate IS samples (IS-A and IS-B) 

were detected by participants in all the RDTs they tested. Pf band GM titre results for the 

candidate IS (IS-A and IS-B) ranged from 6.7 (RDT 19, lab 4) to 939.0 (RDT 15, Lab 9) with 

a median value of 125.  
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HRP2 (Pf) and pLDH (pan) end-point titres of clinical isolate samples (A, B, C) were 

detected in the majority of RDTs tested by participants. Several instances of participants not 

detecting HRP2/pLDH in clinical isolates were observed, for example, lab 2 when testing 

clinical isolate A on RDT 7 Pf band (Table 11). For clinical isolates A, B and C median Pf 

band GM titre results were 16, 128, and 304.4, with minimum – maximum ranges of 1-128.8, 

4.8-6450.8, and 8.7-2248, respectively.  These data demonstrate acceptable performance of 

the candidate IS over a wide range of dilutions. 

 

Inter-lab agreement in GM titres 
 

A summary of inter-lab agreement is provided in Tables 13 (Pf band) and 14 (Pan band) 

which shows the ratios of maximum and minimum GM titres from laboratories using same 

RDT. For Pf band data these values are also summarised in Figure 6.  

Clinical Isolates unique to Laboratories 

In this study 11 clinical isolates were only tested by one participating laboratory (Table 3). 

Final sample S3 results for these clinical isolates are given in Tables 15 (Pf band) and 16 (pan 

band).   

Conclusions  
 

Current quality assurance and performance testing of malaria RDTs is underpinned by the use 

of cryopreserved clinical isolates. These clinical isolates, whilst clinically derived, are not 

ideal when it comes to serving as reference materials. First and most importantly, the quantity 

of each clinical isolate available is in limited supply. The resultant burden of having to 

collect, prepare, characterise and transport a large number of different isolates around the 

world is significant. Secondly, P. falciparum antigen levels within each clinical isolate vary. 

Given the varying sensitivity of different RDT products and lots, this means that some 

clinical isolates may not be suitable reference materials for all RDTs being tested and the 

comparability between clinical isolates is low. Using a reference material from a single 

reproducible source, such as the laboratory-derived candidate IS presented in this study, will 

help alleviate these issues with the current clinical isolate focused programme whilst 

remaining a whole organism derived standard.   

 

In this collaborative study, several assays were employed to determine the potency of the 

candidate IS for the antigens HRP2 and pLDH and to evaluate its suitability to serve as the 1
st
 

WHO IS in a range of malaria antigen detection tests.  These assays included two 

commercially available ELISA kits, one detecting HRP2 and the other pLDH, in addition to a 

wide variety of commercially available RDTs.  A number of P. falciparum clinical isolates 

were included in the study and served as a source of native parasite protein from infected 

individuals.  These clinical isolates allowed assessment of the commutability of the candidate 

IS, in addition to comparison of the candidate IS with the reference materials currently used 

for evaluating the performance of malaria antigen detection tests.   

 

Repeatability (within a given laboratory) and reproducibility (across laboratories) of HRP2 

and pLDH potency estimates from the ELISA data were similar for candidate IS and clinical 

isolate samples. The agreement of results was improved when data was expressed relative to 

either the candidate IS (sample IS-A) or to any of the 3 clinical isolates (A, B, C). These 

observations suggest that using the candidate IS as an IS will harmonize the results of malaria 
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antigen detection tests and that the level of harmonisation achieved would be similar to that 

obtained using P. falciparum clinical isolates as standards.    

 

All participating laboratories detected HRP2 and pLDH end-point titres of the candidate IS in 

all of the RDTs they tested.  HRP2 and pLDH end-point titres of clinical isolates were 

detected in the majority of, but not all, RDT assays carried out indicating that HRP2/pLDH 

could be more reliably detected in the candidate IS than in the clinical isolates tested in this 

study.  Variability of HRP2 and pLDH titres across assay runs in the same laboratory are 

broadly similar for candidate IS (IS-A, IS-B) and clinical isolate samples (A, B, C).  

 

Taken together the data presented in this study suggest that the candidate IS would serve as a 

useful IS with which to standardise the results of a wide range of malaria antigen detection 

tests.  The data support the conclusion that this proposed IS would harmonize results at least 

as well as the current clinically derived reference materials, which are in relatively short 

supply. Furthermore, the ELISA and RDT results suggest that the candidate IS is commutable 

to native P. falciparum proteins found in patient samples.  

Proposal  
 

Based upon the results of the collaborative study, it is proposed that the lyophilized P. 

falciparum candidate IS preparation, code number 16/376, should be established as the 1
st
 IS 

for P. falciparum antigens, with 1000 International Units per ampoule. The unitage proposed 

is arbitrary. The intended use for the candidate IS is for the standardisation, and evaluation of 

performance and sensitivity, of P. falciparum HRP2 and pLDH antigen detection tests. If P. 

falciparum antigen detection tests based on other antigens become prevalent in the future, the 

candidate IS may also be of use in their standardisation and/or development. The custodian 

laboratory is the National Institute of Biological Standards and Control.  

Comments from participants 
 

Laboratory 1 commented that they had made an error when entering the data from one run of 

the HRP2 ELISA in the results sheet. Data from this participant for this run of the HRP2 

ELISA had already been identified as an outlier, and excluded from further analysis during 

statistical analysis of the data. Laboratory 1 commented that they had recorded positive 

scores for all candidate IS and clinical isolate dilutions tested on RDT 18. They had also 

recorded positive results for this RDT when testing the negative control (blood diluent only). 

Laboratory 1 commented that they believe it is important to report that this RDT gives false 

positive results. Laboratory 3 also reported false positive results when testing this RDT. In 

light of this all data from RDT 18 has been excluded from the analysis.  

 

Laboratory 5 queried why their data had been excluded during statistical analysis of the 

HRP2 and pLDH ELISA data and commented that they thought it was important that all data 

was included in the study. We have confirmed with the participant that these data are indeed 

true outliers and have provided further clarification on why this data was excluded during the 

statistical analysis.  

 

Laboratory 11 notified us that there had been a couple of data entry errors in the RDT study 

results sheet they submitted. Corrected data has now been received from this participant and 

the results of the RDT study will be updated accordingly. We do not anticipate that these data 

entry errors will affect the conclusions of this study.  



WHO/BS/2017.2329 

Page 13 

 

 

Several participants provided minor comments that were editorial in nature and we will 

amend the report accordingly. 
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Table 1 P.falciparum clinical isolates tested in the collaborative study. Reference data 

from the WHO malaria specimen bank describing the ID, region and country of origin, HRP2 

and pLDH antigen concentration, and HRP2 isoform of the clinical isolates is provided.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ID Region  Country  pLDH 

concentration 

(ng/mL) 

HRP2 

concentration 

(ng/mL) 

HRP2 

isoform 

SE01F09-2000 Africa Senegal 52.9 36.3 A 

PE02F14-2000 America Peru 580.1 217.2 B 

KH03F02-2000 Asia Cambodia 256.4 680.6 B 

KH05F01-2000 Asia Cambodia 85.6 42.5 A 

CF01F07-2000 Africa Central African 

Republic  

335 154.1 B 

NG01F22-2000 Africa Nigeria 259.7 279 B 

PE02F02-2000 America Peru 98.7 86.6 B 

NG02F02-2000 Africa Nigeria 241.6 161.3 B 

TZ01F13-2000 Africa Tanzania 48.9 55.8 B 

CO01F18-2000 America Colombia 102.1 32.9 B 

KH03F06-2000 Asia Cambodia 171.4 187.3 C 

CF01F14-2000 Africa Central African 

Republic 

1376.5 698.3 B 

KH04F01-2000 Asia Cambodia  65.5 11.6 C 

TZ01F14-2000 Africa Tanzania  138.6 325.5 A 
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Table 2 RDT products used in the collaborative study. 

  

Product Manufacturer Product code 

 

First Response Malaria Ag 

P. falciparum (HRP2) Card 

Test 

Premier Medical Corporation Ltd. I13FRC 

Standard Diagnostics, Inc. SD BIOLINE Malaria Ag Pf 05FK50 

SD BIOLINE Malaria Ag P.f. 

(HRP2/pLDH) 

05FK90 

SD BIOLINE Malaria Ag P.f/Pan 05FK60 

SD BIOLINE Malaria Ag Pf/Pv 05FK80 

SD Bioline Malaria Ag P.f/P.f/P.vk 05FK120 

Access Bio, Inc. CareStart™ Malaria HRP2 (Pf) RMOM 

CareStart™ Malaria HRP2/pLDH Pf 

test 

RMPM 

CareStart™ Malaria pLDH (PAN) RMNM 

CareStart™ Malaria HRP2/pLDH 

(Pf/Pv) COMBO 

RMVM 

CareStart™ Malaria HRP2/pLDH 

(Pf/PAN) COMBO 

RMRM 

ARKRAY Healthcare Pvt. 

Ltd. 

ParaHIT® - f Ver. 1.0 (Device) 55IC104-25 

CTK Biotech, Inc. OnSite Pf Ag Rapid Test R0114C 

J. Mitra & Co. Pvt. Ltd. Advantage Pan Malaria card IR013025 

ADVANTAGE MALARIA 

PAN+PF CARD 

IR231025 

Orchid Biomedical Systems Paracheck® Pf-Rapid Test for 

P.falciparum Malaria Device (Ver.3) 

302030025 

RapiGEN Inc. RapiGEN BIOCREDIT Malaria Ag 

Pf (HRPII) 

C10RHA25 

Advy Chemical Private 

Limited 

EzDx™ Malaria Pan/Pf Rapid Test 

Detection kit 

RK MAL 001 

Lumiquick Diagnostics, Inc. 

 

Quick Profile Malaria Pf/Pan 

Antigen Test 

71063 
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Table 3 Distribution of study assays and clinical isolates amongst study participants. 

The different study assays carried out, and clinical isolates tested, by participants is listed. 

Lab ELISA RDT Clinical Isolates 

(common/unique) 

Clinical 

Isolate A 

Clinical 

Isolate B 

Clinical 

Isolate C 

1   Common SE01F09-

2000 

PE02F14-

2000 

MBC3F2-

2000 

2   Common SE01F09-

2000 

PE02F14-

2000 

MBC3F2-

2000 

3   Common SE01F09-

2000 

PE02F14-

2000 

MBC3F2-

2000 

4   Common SE01F09-

2000 

PE02F14-

2000 

MBC3F2-

2000 

5   Common SE01F09-

2000 

PE02F14-

2000 

MBC3F2-

2000 

6 X  Unique  TZ01F13 NG02F02 PE02F02 

7 X  1 x Common 

2 x Unique  

KH04F01-

2000 

PE02F14-

2000 

TZ01F14-

2000 

8 X  Unique CF01F14-

2000 

CO01F18-

2000 

 

KH03F06-

2000 

9 X  Unique CF01F07 KH05F01 NG01F22 

10 X  Common SE01F09-

2000 

PE02F14-

2000 

MBC3F2-

2000 

11 X  Common SE01F09-

2000 

PE02F14-

2000 

MBC3F2-

2000 

12 X  Common SE01F09-

2000 

PE02F14-

2000 

MBC3F2-

2000 

13 X  Common SE01F09-

2000 

PE02F14-

2000 

MBC3F2-

2000 
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Table 4 Thermal degradation assessment of candidate IS preparations stored for 12 

weeks at the indicated temperatures.  Potencies are expressed relative to the material stored 

at -70 ℃ (assigned a unitage of 1 for the purpose of this assessment). 

Antigen -70 ℃ -20 ℃ 4 ℃ 20 ℃ 37 ℃ 45 ℃ 56 ℃ 

HRP2 1 1.01 0.95 1.22 1.05 0.94 1.00 

pLDH 1 0.91 1.02 0.92 0.92 0.90 0.79 

 

 

Table 5 The percentage HRP2 loss per week for the candidate IS predicted using the 

Arrhenius model. 

 

Temperature (℃) % HRP2 Loss per Week 95% Upper Confidence 

Limit (% HRP2 Loss) 

-70 0 0 

-20 0 0 

4 0 0 

20 0 0 

37 0.001 0.594 

 

 

Table 6 The percentage pLDH loss per week for the candidate IS predicted using the 

Arrhenius model. 

Temperature (℃) % pLDH Loss per Week 95% Upper Confidence 

Limit (% pLDH Loss) 

-70 0 0 

-20 0.015 0.065 

4 0.093 0.273 

20 0.262 0.585 

37 0.701 1.107 
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Table 7. Results summary for potencies relative to the candidate IS (sample IS-A); lab 5 excluded from calculation of GM and GCV. 

Method Sample 
GM Overall 

GM 

Intra-lab 

GCV (%) 

Inter-lab 

GCV (%) 

Total GCV 

(%) Lab1 Lab 2 Lab 3 Lab 4 

HRP2 ELISA 

IS-B 0.98 1.08 0.94 1.04 1.01 13.7 0 13.7 

A 0.57 0.68 0.60 0.54 0.59 12.4 7.7 14.8 

B 8.11 9.08 8.50 7.84 8.37 13.3 0.9 13.4 

C 17.54 16.39 16.27 15.24 16.34 13.8 0 13.8 

D 0.63 0.45 0.45 0.44 0.48 17.3 15.0 23.6 

pLDH ELISA 

IS-B 1.02 1.05 1.07 0.93 1.02 18.9 0 18.9 

A 0.12 0.13 0.10 0.11 0.12 14.5 9.8 17.9 

B 0.96 0.95 0.88 1.04 0.95 13.4 0 13.4 

C 0.43 0.50 0.38 0.45 0.44 12.9 10.0 16.7 

D 0.05 0.04 0.04 0.05 0.05 18.8 8.6 21.0 

 

GM: Geometric Mean 

GCV: Geometric Coefficient of Variation 

  



WHO/BS/2017.2329 

Page 20 

 

 

Table 8. Results summary for ED50 estimates; lab 5 excluded from calculation of GM and GCV 
 

Method Sample 

GM 

 
Overall 

GM 

Intra-lab 

GCV (%) 

Inter-lab 

GCV (%) 

Total 

GCV (%) 
Lab 1 Lab 2 Lab 3 Lab 4 

 IS-A 31.4 

 

49.3 

 

49.8 

 

54.0 

 

45.6 

 

22.7 

 

22.8 

 

33.6 

 

HRP2 ELISA 

IS-B 31.4 47.8 40.6 52.3 42.2 25.0 19.7 33.2 

A 23.1 38.3 54.3 19.6 31.2 55.6 51.5 83.4 

B 271.7 383.2 382.1 326.2 337.5 14.8 14.7 21.5 

C 480.9 611.1 517.4 489.9 522.4 23.6 0.4 23.6 

D 15.5 13.0 14.2 12.6 13.8 17.8 2.9 18.1 

 IS-A 236.1 

 

300.2 

 

243.6 

 

262.1 

 

259.4 

 

51.1 

 
0 51.1 

 

pLDH ELISA 

IS-B 224.0 320.9 242.9 240.0 254.4 69.3 0 69.3 

A 39.1 67.4 51.9 60.3 53.6 37.2 19.2 43.6 

B 278.9 296.9 269.7 312.0 288.9 14.0 0 14.0 

C 139.5 209.1 172.4 192.8 176.5 19.4 16.4 26.2 

D 5.6 5.3 4.9 5.5 5.3 25.3 0 25.3 

 

GM: Geometric Mean 

GCV: Geometric Coefficient of Variation 
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Table 9. Variability in potencies calculated relative to samples A, B, C or D as standard; lab 5 excluded from calculations 

Method Test sample 

Total GCV (%) 

Standard sample 

IS-A A B C D 

HRP2 ELISA 

A 14.8 - 14.4 15.8 24.3 

B 13.4 14.4 - 12.8 22.8 

C 13.8 15.8 12.8 - 19.0 

D 23.6 24.3 22.8 19.0 - 

pLDH ELISA 

A 17.9 - 13.6 7.7 23.3 

B 13.4 13.6 - 11.0 15.8 

C 16.7 7.7 11.0 - 22.0 

D 21.0 23.3 15.8 22.0 - 

 

GCV: Geometric Coefficient of Variation 
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Table 10. Test bands and antigen specificity of RDTs used in the collaborative study. Each RDT used in the study contains 1, 2 or 3 test 

bands. Test bands are P. falciparum-, Pan-, or P. vivax- specific. The number of test bands on each RDT and their antigen specificity is 

indicated.   

RDT Number No. of test 

bands 

P. falciparum-specific bands 

 
Pan-specific band P. vivax-specific band 

 

 

No. of 

bands 

HRP2 Pf-pLDH No. of bands Pan pLDH No. of bands Pv-pLDH 

1 1 0   1  0  

2 1 1   0  0  

3 1 1   0  0  

4 1 1   0  0  

5 2 2   0  0  

6 1 1   0  0  

7 1 1   0  0  

8 1 1   0  0  

9 2 1   1  0  

10 2 1   0  1  

11 2 1   0  1  

12 2 1   1  0  

13 1 0   1  0  

14 3 2   0  1  

15 1 1   0  0  

16 2 1   1  0  

17 1 1   0  0  

18 2 1   1  0  

19 2 1   1  0  
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Table 11 Geometric mean endpoint titres (S3) for each laboratory and RDT (Pf band)  
 

RDT Lab 
GM 

IS-A IS-B A B C HRP2 pLDH 

2 5 94.5 94.5 12.9 145.8 317.9 21.7 NR 

2 10 256 215.3 26.9 256 304.4 26.9 0 

3 5 159.0 152.2 4.6 159.0 159.0 18.2 NR 

3 11 583.0 449.6 0 64 583.1 14.7 0 

4 6 117.4 122.6 NT NT NT 24.7 6.4 

4 11 534.7 534.7 0 117.4 583.1 20.7 0 

5 6 98.7 98.7 NT NT NT 10.4 5.7 

5 10 256 256 16 215.3 304.4 16 0 

6 6 20.7 19.9 NT NT NT 5.2 0 

6 9 53.8 49.4 NT NT NT 5.7 0 

6 12 16 16 1 16 16 4 0 

7 2 7.3 7.7 0 4.8 8.7 0 0 

7 8 25.8 32 NT NT NT 0 0 

8 2 53.8 41.5 4 51.5 64 16 0 

8 13 490.3 512 16 128 430.5 32 0 

9 2 16.7 13.5 1.2 12.3 16 2.2 0 

9 10 76.1 90.5 9.5 128 152.2 8 0 

10 7 NR 6.7 NT 8 NT 5.7 NR 

10 10 256 152.2 16 152.2 152.2 16 0 

11 7 11.3 9.5 NT 8 NT 24.7 NR 

11 11 267.3 206.1 0 79.5 346.7 17.4 0 

12 7 NR 11.3 NT 11.3 NT 19.0 NR 

12 11 245.1 215.3 0 58.7 279.2 12.9 0 

14 8 122.6 117.4 NT NT NT 16 NR 

14 10 256 256 32 512 304.4 16 0 

15 4 122.6 128 56.6 1280 2061.4 25.8 0 
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15 9 939.0 362.0 NT NT NT 32 0 

16 1 45.3 53.8 30.8 452.5 697.9 2.2 0 

16 9 128 197.4 NT NT NT 19.0 0 

17 1 173.3 173.3 128.8 1395.8 2248.0 16 0 

17 4 128 128 87.2 1225.7 2248.0 30.6 0 

18 1 * * * * * * * 

19 3 29.3 41.5 0 10.2 19.0 0 0 

19 4 6.7 10.4 0 92.4 91.1 1.5 0 

20 13 512 512 14.1 128 430.5 29.3 0 

21 13 224.8 256 16 128 430.5 26.9 0 

 

NT: Not Tested 

NR: No result 

“0” indicates no positive result at dilutions tested 

* Excluded from the analysis due to false positive results  
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Table 12. Geometric mean endpoint titres (S3) for each laboratory and RDT (Pan band) 

RDT Lab 
GM 

IS-A IS-B A B C HRP2 pLDH 

1 5 724.1 NR 66.8 NR 20346.6 NR 0 

1 11 608.8 756.0 0 90.5 534.6 8.7 0 

9 2 6.4 6.2 0 0 0 0 4.8 

12 7 117.4 90.5 NT 17.4 NT 0 14.7 

12 11 215.3 224.8 0 5.7 0 0 0 

13 3 56.2 58.7 0 3.5 0 0 16 

13 8 23.6 29.3 NT NT NT 0 14.7 

16 1 41.5 53.8 9.9 95.1 28.3 0 0 

16 9 128.0 107.6 NT NT NT 0 16 

18 * * * * * * * * 

18 * * * * * * * * 

19 3 29.3 41.5 0 0 0 0 16.0 

19 4 12.3 16.7 0 0 0 0 16.0 

21 13 64.0 64.0 2.2 8 7.7 0 14.1 

 

NT: Not tested 

NR: No result 

“0” indicates no positive results at dilutions tested 

* Excluded from the analysis due to false positive results  
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Table 13. Inter-lab variability summary; ratio of maximum and minimum GM titres from laboratories using same RDT (Pf band) 

RDT 
GM Ratio 

IS-A IS-B A B C HRP2 pLDH 

2 2.71 2.28 2.09 1.76 1.04 1.24 n/a 

3 3.67 2.95 +/- 2.48 3.67 1.24 n/a 

4 4.55 4.36 n/a n/a n/a 1.19 n/a 

5 2.59 2.59 n/a n/a n/a 1.54 n/a 

6 3.36 3.09 n/a n/a n/a 1.43 n/a 

7 3.53 4.16 n/a n/a n/a n/a n/a 

8 9.11 12.34 4 2.49 6.73 2 n/a 

9 4.56 6.70 7.92 10.41 9.51 3.64 n/a 

10 n/a 22.72 n/a 19.03 n/a 2.81 n/a 

11 23.65 21.69 n/a 9.94 n/a 1.42 n/a 

12 n/a 19.05 n/a 5.19 n/a 1.47 n/a 

14 2.09 2.18 n/a n/a n/a 1 n/a 

15 7.66 2.83 n/a n/a n/a 1.24 n/a 

16 2.83 3.67 n/a n/a n/a 8.64 n/a 

17 1.35 1.35 1.48 1.14 1 1.91 n/a 

19 4.37 3.99 n/a 9.06 4.79 +/- n/a 

 

n/a: no result available from one or both labs using RDT 

“+/-” indicates sample reported as positive in one lab and negative in another 
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Table 14. Inter-lab variability summary; ratio of maximum and minimum GM titres from laboratories using same RDT (Pan band) 
 
 

RDT 
GM Ratio 

IS-A IS-B A B C HRP2 pLDH 

1 1.19 n/a +/- n/a 38.06 n/a n/a 

12 1.83 2.48 n/a 3.05 n/a n/a +/- 

13 2.38 2 n/a n/a n/a n/a 1.09 

16 3.08 2 n/a n/a n/a n/a +/- 

18 * * * * * * * 

19 2.38 2.49 n/a n/a n/a n/a 1 

 

n/a: no result available from one or both labs using RDT 

“+/-” indicates sample reported as positive in one lab and negative in another 

* Excluded from the analysis due to false positive results  
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Table 15 Pf band Geometric mean endpoint titres (S3) of unique clinical isolates for each laboratory and RDT  

RDT Lab GM 

A B C 

4 6 13.5 29.3 24.7 

5 6 20.7 22.6 33.4 

6 6 4.4 11.3 6.7 

6 9 12.3 6.7 16 

7 8 86.7 5.0 38.1 

10 7 0 n/a 4.8 

11 7 0 n/a 4.8 

12 7 0 n/a 8 

14 8 189.0 28.1 133.7 

15 9 181.0 90.5 234.8 

16 9 53.8 16 50.8 

  



WHO/BS/2017.2329 

Page 29 

 

Table 16 Pan band Geometric mean endpoint titres (S3) of unique clinical isolates for each laboratory and RDT  

RDT Lab GM 

A B C 

12 7 0 17.4 9.5 

13 8 9.1 0 0 

16 9 0 4 0 

 



WHO/BS/2017.2329 

Page 30 

 

Figure 1 Post-reconstitution analysis of the candidate IS.  Potencies are expressed 

relative to reconstituted material stored at -80 ℃ (assigned a unitage of 1 for the 

purpose of this assessment).    h; hour, RT; relative potency. 
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Figure 2.  Comparison of dose-response curve parameters with values obtained for the 

candidate IS (sample IS-A) in the HRP2 ELISA;  a) difference in lower asymptotes,  b) 

difference in upper asymptotes,  c) ratio of slope factors 
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Figure 3.  Comparison of dose-response curve parameters with values obtained for the 

candidate IS (sample IS-A) in the pLDH ELISA;  a) difference in lower asymptotes,  b) 

difference in upper asymptotes,  c) ratio of slope factors 
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Figure 4.  Inter-run variability summary (Pf band) 

 

 
 

% of ratios 

 = 1 ≤ 2 ≤ 4 ≤ 8 ≤ 16 ≤ 32 ≤ 64 ≤ 128 ≤ 256 ≤ 512 

IS-A 25.0 56.9 79.2 91.7 93.1 100 100 100 100 100 

IS-B 25.4 67.6 87.3 97.2 100 100 100 100 100 100 

A 36.1 86.1 94.4 94.4 94.4 94.4 94.4 94.4 97.2 100 

B 35.3 62.7 68.6 72.5 94.1 98.0 98.0 100 100 100 

C 4.0 58.0 86.0 94.0 96.0 100 100 100 100 100 

HRP2 25.8 81.8 98.5 98.5 100 100 100 100 100 100 

pLDH 0 100 100 100 100 100 100 100 100 100 

All 

samples 
24.5 68.4 85.8 92.0 96.6 99.1 99.1 99.4 99.7 100 
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Figure 5.  Inter-run variability summary (pan band) 
 

 
 

% of ratios 
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C 9.1 36.4 54.5 72.7 100 100 100 100 100 100 100 100 

HRP2 0 100 100 100 100 100 100 100 100 100 100 100 
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All 

samples 
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Figure 6.  Inter-lab variability summary (Pf band) 
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Appendix I 

Collaborative study participants  

(In alphabetical order by Institution) 

 

Institution Country Participants 

Access Bio Inc USA Jin Suk Jung 

Jong Hoo Lee 

Arkray Healthcare Pvt. Ltd 

(AMI) 

India  Sarang Selote 

Pranav Shah 

Rajesh Pancholi 

Girish Rindani 

Cellabs Pty Ltd Australia Diane Dogcio Hall    

Neil Marshall 

Phoebe Xu                            

Hospital for Tropical 

Diseases 

UK Peter Chiodini 

Rosalynn Louise Ord 

Roxanne R. Rees-Channer 

Institute Pasteur in Cambodia Cambodia Sina Nhem 

Rathana Meth 

Didier Menard 

IS Global  Spain Alfredo G. Mayor 

Xavier Martiáñez 

Alfons Jiménez 

Microcoat Biotechnologie 

GmbH 

Germany Nadine Hertrich 

Monika Walter 

National Institute of 

Biological Standards and 

Control 

UK  Paul Bowyer 

Lynne Harris  

Ryaka Poonawala  

Premier Medical Corporation 

Ltd 

India Rajeshkumar G. Patel 

Ajay M. Magukiya 

Sandip N. Patel 

Research Institute for 

Tropical Medicine 

The Philippines Jennifer S. Luchavez 

Christian Anthony B. Luna 

Louise Dominique O. Palisoc 

Fely Insel Marie P. Veraque 

Standard Diagnostics, Inc. Republic of Korea Junseok Choi 

University of Lagos Nigeria Wellington Oyibo 

Universidad Peruana 

Cayetano Heredia 

Peru Elizabeth Villasis 

Berónica Infante 

Yovanna Maldonado 

Zenobia Choque 

Dionicia Gamboa 
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Appendix 2 Collaborative Study HRP2 ELISA Protocol 

 

First WHO International Standard for Plasmodium falciparum antigens  

Study Protocol  

 

 

1. BACKGROUND 

Currently, malaria diagnosis in endemic regions is, for the most part, based on malaria rapid 

diagnostic tests (RDTs), which are affordable and easy to use in remote areas. RDTs are 

based on the detection of two Plasmodium proteins - histidine-rich protein II (HRP2) and 

Plasmodium lactate dehydrogenase (pLDH) - which are the key antigens for the detection of 

the malaria parasite in a whole blood sample. There is currently no readily available, 

validated international reference standard for these antigens for use as a quality control and 

calibrator material in detection assays. To this end, the Foundation for Innovative New 

Diagnostics (FIND) is collaborating with the National Institute for Biological Standards and 

Control (NIBSC) to create the first World Health Organisation (WHO) International Standard 

(IS) for Plasmodium falciparum (Pf) antigens. It is intended that the development of this IS 

will provide a standardised material that can subsequently be used, not only in the quality 

control and standardisation of RDTs worldwide but also, for monitoring the development of 

more sensitive diagnostic tests, and for the calibration of other reference materials and 

controls that can then be used on a larger scale.  

 

2. AIM OF THE COLLABORATIVE STUDY 

To assess the suitability of lyophilized preparations of culture-derived Plasmodium 

falciparum parasites as the first WHO International Biological Standard for P. falciparum 

antigens. 

 

 

3. OBJECTIVES 

 

 To assess the variability of ELISA assays detecting Pf HRP2 proteins, and 

comparing lyophilized preparations (IS candidate) against native proteins in 

samples from infected individuals (clinical isolates), when performed in a number 

of different laboratories. 

 To compare the lyophilized preparations (IS candidate) with a recombinant panel 

of HRP2 well-calibrated proteins in the same ELISA assays detecting Pf HRP2 

proteins. 
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4. APPROACH 

 

The establishment of a WHO IS requires the external independent evaluation of the candidate 

IS when compared with native parasite protein according to this predefined standard protocol. 

NIBSC and FIND will distribute materials to participant laboratories where the experiments 

are to be performed. The raw data should be returned to NIBSC in the form described in the 

template associated with each protocol. The combined data from all participants will be 

analysed by NIBSC and FIND and used in the construction of a report describing all aspects 

of IS generation, of which the collaborative study forms a large part. This report will be 

submitted to the WHO Expert Committee on Biological Standardization (ECBS). A 

subsequent report for submission to a scientific journal may also be written. 

Participants are requested to measure Pf HRP2 levels in the samples provided by carrying out 

an ELISA. The ELISA study protocol detailed herein should be repeated four times with 

each repeat being carried out on a different day and starting with fresh, unopened 

sample vials. 

 

5. SAFETY CONSIDERATIONS 

Prior to initiating the study, please read this document carefully. Note all the statements 

regarding safety and that these materials are not for human use. Please note that blood 

samples pose a potential risk of infection. Use universal precautions to minimize biohazards. 

It is the responsibility of the laboratory supervisor (the person who has immediate 

responsibility for the laboratory) to ensure the development and adoption of a biosafety 

management plan and a safety operations manual. The laboratory supervisor should ensure 

that regular training in laboratory safety is provided. Personnel should be required to read the 

local standard operation procedures manual on safety and a copy of this manual should be 

available in the laboratory. 

6. STUDY END POINT 

 

 Completed statistical analyses comparing the dose-response relationships of the 

candidate IS with clinical isolates and recombinant protein panels. 

 Completed statistical analyses comparing the variability in ELISA data (optical 

densities) between and within study participant laboratories. 
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7. SOP. Cellabs HRP2 ELISA for malaria antigen in blood 

 

7.1. Purpose 

This Standard Operating Procedure (SOP) describes the materials, equipment, and procedures 

required to correctly and safely use the Cellabs malaria antigen HRP2 ELISA kit.  

 

7.2. Scope 

This SOP has been developed in the context of the collaborative study for the first WHO 

International Standard for Plasmodium falciparum antigens. This procedure is an adaptation 

of part of the methodology described in the “Methods Manual for laboratory quality control 

testing of malaria rapid diagnostic tests” (SOP 3.10, SOP 5.01 and 5.05). The protocol was 

originally designed to describe the use of this assay to assess HRP2 antigen content within 

patient blood samples. 

 

7.3. Principle of test 

Cellabs malaria antigen ELISA is suitable for the detection, in a blood sample, of the antigen 

HRP2 solely expressed in Plasmodium falciparum. HRP2 contained within the test specimen 

is bound to wells of an anti-HRP2 plate by monoclonal antibodies directed against the HRP2 

protein. Antibodies conjugated with horseradish peroxidase enzyme then bind the HRP2 

antigen at a different epitope. Unbound material is removed with a wash step, a substrate 

solution of TMB is added to the wells and the reaction product is subsequently quenched 

using an acid stop solution. The colour intensity of the resulting product is directly 

proportional to the HRP2 concentration and is measured as ΔOD 450/620 nm. 

 

7.4. Materials 

 

7.4.1. Biosamples 

Participants will be sent a set of samples (5 aliquots of each preparation) including:  

 Two candidate International Standards (IS): two different preparations of 

lyophilised Pf lysate (laboratory strain W2).  The preparations should be stored at 

-20
º
C or below upon receipt.   

 Three frozen liquid clinical isolates from different geographical regions. Each tube 

contains 50 µL with 2,000 parasites/µL.  Please store at -70
 º
C upon receipt.   

 A recombinant panel of HRP2 well-calibrated proteins (2 ELISA plates; 12x8 

strips).  Please store at 4
º
C upon receipt.   
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Participants are requested to provide parasite-free whole blood which should be used 

for the following: 

 To reconstitute  the lyophilised candidate IS materials 

 As a negative control 

 For sample dilutions  

 

The parasite-free blood should be stored at -70
 º

C prior to use in order to lyse red 

blood cells.  This avoids any clumping issues.  

The required parasite-free blood volume for the whole ELISA study in each centre is 

55 mL. 

 

7.4.2. Equipment 

 Sarstedt tubes 

 Rack for dilutions 

 Micropipettes (1-20 µL, 20 – 200 L and 100-1000 L) 

 Multichannel micropipette (50 – 250 L) 

 Pipette tips (1-20 µL, 20 – 200 L and 100-1000 L capacity) 

 Rack for samples an dilutions 

 Timer 

 Vortex 

 Anti-HRP2 coated test plate* 

 Enzyme conjugate 200x (MAPO)* 

 Conjugate diluent (MACD)* 

 Substrate chromagen 20x (TMB) (MASC)* 

 Substrate buffer (MASB)* 

 Stopping solution (MASS)* 

 1 X PBST 

 Plate lid 

 Automated plate washer 

 37 °C incubator 

 -70ºC freezer 

 +4ºC refrigerator 

 Refrigerator thermometer (range: +20ºC to +50ºC) 

 Incubator thermometer (range: 0ºC to +100ºC) 

 Spectrophotometer 

 Marker pen 

 Waste bin for biological samples 

 Gloves 
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*Contained within Cellabs HRP2 kit boxes. ELISA reagents are allowed to equilibrate to 

room temperature for 15 min before use. 

 

7.5. Procedure 

 

7.5.1. Reconstitution of candidate IS materials and dilutions of samples for 

testing 

 

A fresh vial of each biosample should be reconstituted and used for each of the four 

independent tests. For the recombinant panel, a fresh strip should be used. Dilutions 

of all preparations should be tested at the same time in order to simultaneously determine 

and compare the HRP2 content. 

 

 Remove one aliquot of each of the two international standard candidates, one aliquot 

of each of the three clinical isolates, two strips of the HRP2 recombinant panel, and 

parasite-free blood from the freezer and thaw out on the bench (room temperature). 

Samples should be used immediately once completely thawed. 

 Reconstitute each of the candidate material in 500 µL of parasite-free blood.  Allow 

the material in the vial to reconstitute for 15-20 minutes at room temperature with 

gentle agitation (e.g. a rocker platform or rotation by hand). Avoid vigorous shaking 

that can cause foaming and protein denaturation. 

Further dilutions after initial reconstitution of the candidate material and thawed 

clinical isolates should be done in parasite-free blood. Human blood that has been 

frozen and thawed is used as a diluent for the IS candidate and clinical isolates, as 

well as a negative control. Keep all dilutions on ice until the end of the experiment. 

 Prepare an initial 1:10 dilution of the clinical isolates, followed by seven (7) 2- fold 

serial dilutions, to obtain a total of eight (8) dilution points (see Table 1). Samples 

should be pipetted up and down at least three times and mixed on a vortex before 

transferring to the next tube. A fresh pipette tip should be used for each transfer. 

Table 1. Dilution of the clinical isolates 

Dilution 

stock  

1 

(1:10) 
1/2 1/4 1/8 1/16 1/32 1/64 1/128 

Working 

stock 

Stock 

vial 
1 1/2 1/4 1/8 1/16 1/32 1/64 

Volume 

stock (L) 
50* 250 250 250 250 250 250 250 

Volume 

diluent 

(L) 

450 250 250 250 250 250 250 250 

Total 

volume 
500   500   500   500   500   500   500   500 
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(L) 

*Please, notice that there could be a slight variation in the volume between aliquots of the 

original clinical isolates. Please, take all the volume available in the vial and record and bias 

 

 Prepare six (6) 2-fold, serial dilutions for the two candidate IS samples, to obtain a 

total of seven (7) dilution points, as detailed in Table 2. Please, refer to the IS data 

sheet to check if an intermediate dilution is required. Samples should be pipetted 

up and down at least three times and mixed on a vortex before transferring to the next 

tube. A fresh pipette tip should be used for each transfer. 

 

Table 2. Dilution of the candidate IS materials   

Dilution 

stock  
1 1/2 1/4 1/8 1/16 1/32 1/64 

Working 

stock 

Stock 

vial 

Stock 

vial 
1/2 1/4 1/8 1/16 1/32 

Volume 

stock (L) 
200* 250 250 250 250 250 250 

Volume 

diluent 

(L) 

0 250 250 250 250 250 250 

Total 

volume 

(L) 

0   500   500   500   500   500   500 

*Please, refer to the IS data sheet to check if an intermediate dilution is required. 

 

 Reconstitute two 8-well strips of the recombinant panels of HRP2 by adding 100 µL 

of distilled water to each well of one strip. After resuspension, the following antigen 

concentration will be obtained: 32, 16, 8, 4, 2, 0 ng/mL. Pipet up and down at least 

three times to mix the contents. 

 Sample aliquots and dilutions should be used only once (do not re-freeze unused 

and/or left-over samples). Discard left-over samples according to standard laboratory 

safety procedures. 

 

 

7.5.2. Preparation of the coated plate 

Add 100 L of each of the 8 pre-prepared dilutions in duplicates into the wells using a 

standard micropipette. The locations of the samples should be randomised for each of 

the 4 runs as shown in figure 1, runs 1-4. 
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When all samples have been added to the coated plate, cover the plate with a plastic 

lid and leave the plate for 1 hour at 37ºC. 

Figure 1.  ELISA sample layout (example) 

Run 1 

 1 2 3 4 5 6 7 8 9 10 11 12 

A ISA1 ISA1 A1 A1 B1 B1 C1 C1 D1 D1 ISB1 ISB1 

B ISA2 ISA2 A2 A2 B2 B2 C2 C2 D2 D2 ISB2 ISB2 

C ISA3 ISA3 A3 A3 B3 B3 C3 C3 D3 D3 ISB3 ISB3 

D ISA4 ISA4 A4 A4 B4 B4 C4 C4 D4 D4 ISB4 ISB4 

E ISA5  ISA5  A5 A5 B5 B5 C5 C5 D5 D5 ISB5  ISB5  

F ISA6  ISA6  A6 A6 B6 B6 C6 C6 D6 D6 ISB6  ISB6  

G ISA7  ISA7  A7 A7 B7 B7 C7 C7 D7 D7 ISB7  ISB7  

H Neg 

CTL 

Neg 

CTL  
A8 A8 B8 B8 C8 C8 D8 D8 

Neg 

CTL 

Neg 

CTL  

 

Run 2 

 1 2 3 4 5 6 7 8 9 10 11 12 

A ISB1 ISB1 ISA1 IS1 A1 A1 B1 B1 C1 C1 D1 D1 

B ISB2 ISB2 ISA2 IS2 A2 A2 B2 B2 C2 C2 D2 D2 

C ISB3 ISB3 ISA3 IS3 A3 A3 B3 B3 C3 C3 D3 D3 

D ISB4 ISB4 ISA4 IS4 A4 A4 B4 B4 C4 C4 D4 D4 

E ISB5  ISB5  ISA5  IS5  A5 A5 B5 B5 C5 C5 D5 D5 

F ISB6  ISB6  ISA6  IS6  A6 A6 B6 B6 C6 C6 D6 D6 

G ISB7  ISB7  ISA7  IS7  A7 A7 B7 B7 C7 C7 D7 D7 

H Neg 

CTL 

Neg 

CTL  

Neg 

CTL 

Neg 

CTL  
A8 A8 B8 B8 C8 C8 D8 D8 

 

 

Run 3 

 1 2 3 4 5 6 7 8 9 10 11 12 

A D1 D1 ISB1 ISB1 ISA1 ISA1 A1 A1 B1 B1 C1 C1 

B D2 D2 ISB2 ISB2 ISA2 ISA2 A2 A2 B2 B2 C2 C2 

C D3 D3 ISB3 ISB3 ISA3 ISA3 A3 A3 B3 B3 C3 C3 

D D4 D4 ISB4 ISB4 ISA4 ISA4 A4 A4 B4 B4 C4 C4 

E D5 D5 ISB5  ISB5  ISA5  ISA5  A5 A5 B5 B5 C5 C5 

F D6 D6 ISB6  ISB6  ISA6  ISA6  A6 A6 B6 B6 C6 C6 

G D7 D7 ISB7  ISB7  ISA7  ISA7  A7 A7 B7 B7 C7 C7 

H 
D8 D8 

Neg 

CTL 

Neg 

CTL  

Neg 

CTL 

Neg 

CTL  
A8 A8 B8 B8 C8 C8 
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Run 4 

 1 2 3 4 5 6 7 8 9 10 11 12 

A C1 C1 D1 D1 ISB1 ISB1 ISA1 ISA1 A1 A1 B1 B1 

B C2 C2 D2 D2 ISB2 ISB2 ISA2 ISA2 A2 A2 B2 B2 

C C3 C3 D3 D3 ISB3 ISB3 ISA3 ISA3 A3 A3 B3 B3 

D C4 C4 D4 D4 ISB4 ISB4 ISA4 ISA4 A4 A4 B4 B4 

E C5 C5 D5 D5 ISB5  ISB5  ISA5  ISA5  A5 A5 B5 B5 

F C6 C6 D6 D6 ISB6  ISB6  ISA6  ISA6  A6 A6 B6 B6 

G C7 C7 D7 D7 ISB7  ISB7  ISA7  ISA7  A7 A7 B7 B7 

H 
C8 C8 D8 D8 

Neg 

CTL 

Neg 

CTL  

Neg 

CTL 

Neg 

CTL  
A8 A8 B8 B8 

 

ISA and ISB: candidate international standard materials. 

Neg. CTL: negative control, consisting of 100 µL of malaria-free blood A, B, C: clinical 

isolates 

D: recombinant panel (HRP2b) 

 

7.5.3.   Wash steps and preparation of enzyme conjugate 

The wash solution contained within the assay kit is 20x PBST. A 1 Litre stock of 1 X PBST 

should be made up and used to wash the wells of the coated plate 3x with an automatic plate 

washer set to fill the wells with 300 L solution. 

Working strength enzyme conjugate should be made up fresh. Per plate, 55 μL enzyme 

conjugate 200x should be diluted in 11 mL conjugate diluent and mixed thoroughly. Using a 

multichannel pipette, 100 μL working strength enzyme conjugate should be dispensed to all 

test wells. The plate should then be covered with a plastic lid and incubated for 1 hour at 37 

ºC. 

7.5.4. Wash steps and development of substrate 

Wash the ELISA plate again as detailed in section 8.5.3 above.  

Working strength substrate should be made up fresh.  Per plate, 550 μL substrate chromagen 

should be diluted in 11 mL substrate buffer. Using a multichannel pipette, 100 μL of working 

substrate should then be dispensed into all test wells. The plate should then be covered with a 

plastic lid and incubated at room temperature for 10 mins in the dark.  

The assay should then be quenched by dispensing 50 L of stopping solution into all test 

wells. The endpoint absorbance of the wells should be read at 450 nm with a reference 
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wavelength 620 nm. The plates should be read as soon as possible (within 10 mins) of adding 

stop solution. 

Repeat the procedure in order to perform a total of FOUR independent tests on separate 

days. 

 

7.6. Information to be supplied and presentation of results 

An excel template is provided (“Result form_ELISA_CELISA”) so that all relevant 

information can be recorded as indicated. A separate data table should be completed for each 

independent run. Please, PROVIDE ALL RAW DATA to enable consistent handling and 

analysis of data from all participants. Also use the excel file to give brief information 

regarding: 

 dilutions used (stock and working solutions) 

 assay (type, when it was performed, results) 

 Malaria-free blood used 

Participants should follow the protocol. ALL protocol deviations, however minor, must 

be recorded in the additional comments/relevant information section of the excel 

template for each run. 

Participants are requested to return all data and any information relating to the assays 

electronically in the requested format. 

 

7.7. Health and safety 

 

7.7.1. Hazardous reagents 

Table 3.   Hazardous chemicals used in the Cellabs malaria antigen HRP2 ELISA 

Product Fire hazard Health hazard Toxicity 
Storage 

requirements 

Hydrogen 

peroxide 

(TMB) 

Explosive 

under heat 

Irritant to 

eyes/skin/nasal 

passage 

Moderately 

toxic 

Easily decomposes 

2-8 
0
C 

Hydrochloric 

acid (stop 

solution) 

Flammable 

Irritating to 

eyes/skin. Burns. 

Harmful by 

ingestion. 

Toxic 
Keep in a locked 

store 

TMB Flammable 

Harmful 

swallowed/inhaled/a

bsorbed by skin 

Toxic 

 

Store solutions in 

light proof 

container at 4 -8 °C 
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7.7.2. Safety precautions 

Disposable latex or nitrile gloves must be worn while handling samples and reagents. All 

components containing blood must be autoclaved before disposal. The assay stop solution 

contains hydrochloric acid, a corrosive and hazardous substance. Avoid eye and skin contact 

by wearing protective clothing and eye protection. 

Hands must be washed once work has been completed. 

7.7.3.   Technical precautions 

 Components must not be used after their expiry date.  

 Different batches/lots of reagents should never be interchanged. 

 Storage of reagents must be at the recommended conditions. 

 Contamination of reagents should be avoided by changing pipette tips where 

necessary. 

 

 

8. FINAL REPORTING  

A draft report will be prepared and circulated to all participants for comment prior to 

submission to the WHO Expert Committee on Biological Standardization. In the report, 

participating laboratories will be identified by a laboratory number only and any request to 

treat information in confidence will be respected. The report will contain the following 

sections: 

 Summary 

 Introduction 

 Collaborative Study (Aims of study; Participants; Organisation of the collaborative 

study) 

 Materials 

 Study design and assay methods 

 Stability studies (Accelerated degradation study; In use stability after reconstitution) 

 Statistical Analysis  

 Results (Data received; Stability Studies) 

 Discussion 

 Proposal 

 

NOTE: Participants in the collaborative study are asked to note that: 

 They participate in the study with the understanding that they agree not to publish or 

circulate information concerning the materials sent to them without the prior consent 

of the organizers; and 

 Their results may be shared anonymously with not-for-profit public health bodies in 

the interests of global harmonization. 
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COLLABORATIVE STUDY PROTOCOL 

First WHO International Standard for Plasmodium falciparum antigens 

HRP2 ELISA (CELISA) 

Addendum to Version 1.3  

Date: 24
th

 May 2017 

 

Section 8.5.1 refers the user to the candidate International Standard (IS) data sheet to check if 

an intermediate dilution of reconstituted candidate standard ampoules is required prior to 

carrying out the serial dilution outlined in Section 8.5.1 Table 2.  An intermediate dilution of 

reconstituted candidate standard ampoules is required and instructions of how to carry out 

this dilution are outlined below.  

 

 Prepare a 1:2 dilution of the two candidate IS samples (A and B) by mixing 250 µL of 
reconsituted candidate IS with 250 µL of parasite-free blood. 

 From this initial dilution prepare six (6) 2-fold, serial dilutions for the two candidate IS 
samples, to obtain a total of seven (7) dilution points, as detailed in the updated version of 
Table 2 below. 

 

Updated Table 2. Dilution of the candidate IS materials   

Dilution 

stock  

1 

(1:2) 
1/2 1/4 1/8 1/16 1/32 1/64 

Working 

stock 

Stock 

vial 
1 1/2 1/4 1/8 1/16 1/32 

Volume 

stock (L) 
250 250 250 250 250 250 250 

Volume 

diluent (L) 
250 250 250 250 250 250 250 

Total 

volume (L) 
500   500   500   500   500   500   500 

 
 

 

 

 

 

 

 

 

 

 

 

 



WHO/BS/2017.2329 

Page 51 

 

    
 

 

COLLABORATIVE STUDY PROTOCOL 

First WHO International Standard for Plasmodium falciparum antigens 

pLDH ELISA (QUALISA) 

HRP2 ELISA (CELISA) 

 

Addendum to Protocol Version 1.3  

Date: 1
st
 June 2017 

 

Initial dilutions of candidate IS samples A and B  

 

For the statistical analysis of this ELISA data it is important that as full a dilution curve as 

possible is achieved for candidate IS samples A and B.  For the first run of the HRP2/pLDH 

ELISA please use the starting dilution of candidate IS samples A and B detailed in the study 

protocol (1/2 and 1/4 for CELISA and QUALISA, respectively).  If the candidate IS data 

from the first run gives multiple dilution points at the upper or lower asymptotes then please 

adjust your starting dilution for runs 2, 3 and 4 to give a fuller dilution curve.  For example, 

if you observe saturation for the highest dilution of candidate IS samples in the first run then 

please start from one dilution below that for runs 2, 3 and 4.  Please note that: 

 

 any change in the starting dilution of the candidate IS should be the same for both the 

candidate IS samples A and B. 

 any change in the starting dilution of the candidate IS should be the same for runs 2, 3 

and 4.   

 no changes should be made to the starting dilution of the clinical isolate or 

recombinant panels.  

 it is possible that a change to the starting dilution of candidate IS samples for runs 2, 3 

and 4 may be required for one of the types of ELISA e.g. QUALISA but not for the 

other e.g. CELISA.  

 

If in doubt please send us the results of the first ELISA runs so that we can confirm how 

best to proceed. 
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Appendix 3 pLDH ELISA (QUALISA) Protocol 

 

 

First WHO International Standard for Plasmodium falciparum antigens  

Study Protocol  

 

 

9. BACKGROUND 

Currently, malaria diagnosis in endemic regions is, for the most part, based on malaria rapid 

diagnostic tests (RDTs), which are affordable and easy to use in remote areas. RDTs are based 

on the detection of two Plasmodium proteins - histidine-rich protein II (HRP2) and Plasmodium 

lactate dehydrogenase (pLDH) - which are the key antigens for the detection of the malaria 

parasite in a whole blood sample. There is currently no readily available, validated international 

reference standard for these antigens for use as a quality control and calibrator material in 

detection assays. To this end, the Foundation for Innovative New Diagnostics (FIND) is 

collaborating with the National Institute for Biological Standards and Control (NIBSC) to create 

the first World Health Organisation (WHO) International Standard (IS) for Plasmodium 

falciparum (Pf) antigens. It is intended that the development of this IS will provide a 

standardised material that can subsequently be used, not only in the quality control and 

standardisation of RDTs worldwide but also, for monitoring the development of more sensitive 

diagnostic tests, and for the calibration of other reference materials and controls that can then be 

used on a larger scale.  

 

10. AIM OF THE COLLABORATIVE STUDY 

To assess the suitability of lyophilized preparations of culture-derived Plasmodium falciparum 

parasites as the first WHO International Biological Standard for P. falciparum antigens. 

 

 

11. OBJECTIVES 

 

 To assess the variability of ELISA assays detecting Pf pLDH proteins, and comparing 

lyophilized preparations (IS candidate) against native proteins in samples from 

infected individuals (clinical isolates), when performed in a number of different 

laboratories. 

 To compare the lyophilized preparations (IS candidate) with a recombinant panel of 

pLDH well-calibrated proteins in the same ELISA assays detecting Pf pLDH proteins. 



WHO/BS/2017.2329 

Page 53 

 

 

 

 

 

 

12. APPROACH 

 

The establishment of a WHO IS requires the external independent evaluation of the candidate IS 

when compared with native parasite protein according to this predefined standard protocol. 

NIBSC and FIND will distribute materials to participant laboratories where the experiments are 

to be performed. The raw data should be returned to NIBSC in the form described in the template 

associated with each protocol. The combined data from all participants will be analysed by 

NIBSC and FIND and used in the construction of a report describing all aspects of IS generation, 

of which the collaborative study forms a large part. This report will be submitted to the WHO 

Expert Committee on Biological Standardization (ECBS). A subsequent report for submission to 

a scientific journal may also be written. 

Participants are requested to measure Pf pLDH levels in the samples provided by carrying out an 

ELISA. The ELISA study protocol detailed herein should be repeated four times with each 

repeat being carried out on a different day and starting with fresh, unopened sample vials. 

 

 

13. SAFETY CONSIDERATIONS 

Prior to initiating the study, please read this document carefully. Note all the statements 

regarding safety and that these materials are not for human use. Please, note that blood samples 

pose a potential risk of infection. Use universal precautions to minimize biohazards. 

It is the responsibility of the laboratory supervisor (the person who has immediate responsibility 

for the laboratory) to ensure the development and adoption of a biosafety management plan and a 

safety operations manual. The laboratory supervisor should ensure that regular training in 

laboratory safety is provided. Personnel should be required to read the local standard operation 

procedures manual on safety and a copy of this manual should be available in the laboratory. 

 

14. STUDY ENDPOINTS 

 

 Completed statistical analyses comparing the dose-response relationships of the 

candidate IS with clinical isolates and recombinant protein panels. 
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 Completed statistical analyses comparing the variability in ELISA data (optical 

densities) between and within study participant laboratories. 

 

 

 

 

15. SOP. QUALISA pLDH ELISA for malaria antigen in blood 

 

15.1. Purpose 

This SOP describes the materials, equipment, and procedures required to correctly and safely use 

the Qualpro Diagnostics Qualisa malaria antigen pLDH ELISA kit.  

 

15.2. Scope 

This SOP has been developed in the context of the collaborative study for the first WHO 

International Standard for Plasmodium falciparum antigens. This procedure is an adaptation of 

part of the methodology described in the “Methods Manual for laboratory quality control testing 

of malaria rapid diagnostic tests” (SOP 3.10 and SOP 5.01), as well as the SOP used at Hospital 

for Tropical Diseases for the training of laboratory personnel using the Qualisa malaria antigen 

pLDH ELISA kit for malaria in research settings. The protocol was originally designed to 

describe the use of this assay to assess pLDH antigen content within patient blood samples. 

15.3. Principle of test 

Qualisa malaria antigen ELISA is suitable for the detection, in a blood sample, of the four 

species of malaria infecting humans. After whole blood is lysed, pLDH in the blood specimen is 

bound to immobilised Pan-specific monoclonal antibodies. Unbound material is then removed 

with a rigorous wash step and bound pLDH recognised by addition of a biotinylated antibody 

Pan-specific for pLDH. After removal of unbound biotinylated antibody with additional rigorous 

washing, streptavidin-peroxidase is added. Peroxidase activity is measured using a substrate 

solution of TMB and the reaction product is subsequently quenched using an acid stop solution. 

The colour intensity of the resulting product is directly proportional to the pLDH concentration 

and is measured as ΔOD 450/620 nm. 
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15.4. Materials 

 

15.4.1. Biosamples 

Participants will be sent a set of samples (5 aliquots of each preparation) including:  

 Two candidate International Standards (IS): two different preparations of lyophilised 

Pf lysate (laboratory strain W2).  The preparations should be stored at -20
º
C or below 

upon receipt.   

 Three frozen liquid clinical isolates from different geographical regions. Each tube 

contains 50 µL with 2,000 parasites/µL.  Please store at -70
 º
C upon receipt.   

 A recombinant panel of pLDH well-calibrated proteins (2 ELISA plates; 12x8 strips).  

Please store at 4
º
C or below upon receipt.   

   

Participants are requested to provide parasite-free whole blood which should be used for 

the following: 

 To reconstitute the lyophilised candidate IS materials 

 As a negative control 

 For sample dilutions  

 

The parasite-free blood should be stored at -70
 º
C prior to use in order to lyse red blood 

cells.  This avoids any clumping issues.  

The required parasite-free blood volume for the whole ELISA study in each centre is 55 

mL. 

 

 

15.4.2. Equipment 

 Sarstedt tubes 

 Rack for dilutions 

 Micropipettes (1-20 µL, 20 – 200 L and 100-1000 L) 

 Multichannel micropipette (50 – 250 L) 

 Pipette tips (1-20 µL, 20 – 200 L and 100-1000 L capacity) 

 Rack for samples an dilutions 

 Timer 

 Vortex 

 Anti-pLDH coated test plate* 

 Sample diluent* 
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 Antibody reagent* 

 Enzyme conjugate* 

 Conjugate diluent* 

 TMB substrate solution* 

 Stop solution* 

 1 X PBST 

 Plate lid 

 Automated plate washer 

 37 °C incubator 

 -70ºC freezer 

 +4ºC refrigerator 

 Refrigerator thermometer (range: +20ºC to +50ºC) 

 Incubator thermometer (range: 0ºC to +100ºC) 

 Spectrophotometer 

 Marker pen 

 Waste bin for biological samples 

 Gloves 

*Contained within individual Qualisa pLDH kit boxes. ELISA reagents are allowed to 

equilibrate to room temperature for 15 min before used. 

15.5. Procedure 

 

15.5.1. Reconstitution of candidate IS materials and dilutions of samples for testing 

 

A fresh vial of each biosample should be reconstituted and used for each of the four 

independent tests. For the recombinant panel, a fresh strip should be used. Dilutions of 

all preparations should be tested at the same time in order to simultaneously determine and 

compare the pLDH content. 

 

 Remove one aliquot of each of the two international standard candidates, one aliquot of 

each of the three clinical isolates, two strips of the pLDH recombinant panel, and 

parasite-free blood from the freezer and thaw out on the bench (room temperature). 

Samples should be used immediately once completely thawed. 

 Reconstitute each of the candidate materials in 500 µL of parasite-free blood.  Allow the 

material in the vial to reconstitute for 15-20 minutes at room temperature with gentle 

agitation (e.g. a rocker platform or rotation by hand). Avoid vigorous shaking that can 

cause foaming and protein denaturation. 
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 Further dilutions after initial reconstitution of the candidate material and thawed clinical 

isolates should be done in parasite-free blood. Human blood that has been frozen and 

thawed is used as a diluent for the IS candidate and clinical isolates, as well as a negative 

control. Keep all dilutions on ice until the end of the experiment. 

 Prepare an initial 1:10 dilution of the clinical isolates, followed by seven (7) 2- fold 

serial dilutions to obtain a total of eight (8) dilution points (see Table 1). Samples should 

be pipetted up and down at least three times and mixed on a vortex before transferring to 

the next tube. A fresh pipette tip should be used for each transfer.  

 Table 1. Dilution of the clinical isolates 

Dilution 

stock  
1 (1:10) 1/2 1/4 1/8 1/16 1/32 1/64 1/128 

Working 

stock 

Stock 

vial 
1 1/2 1/4 1/8 1/16 1/32 1/64 

Volume stock 

(L) 20 100 100 100 100 100 100 100 

Volume 

diluent (L) 180 100 100 100 100 100 100 100 

Total volume 

(L) 200 
200 200 200 200 200 200 200 

 

 Prepare six (6) 2-fold, serial dilutions for the two candidate IS samples, to obtain a total 

of seven (7) dilution points as detailed in Table 2.  Please, refer to the IS data sheet to 

check if an intermediate dilution is required. Samples should be pipetted up and down 

at least three times and mixed on a vortex before transferring to the next tube. A fresh 

pipette tip should be used for each transfer. 

Table 2. Dilution of the candidate IS materials  

Dilution 

stock  
1  1/2 1/4 1/8 1/16 1/32 1/64 

Working 

stock 

Stock 

vial 
1 1/2 1/4 1/8 1/16 1/32 

Volume stock 

(L) 50* 100 100 100 100 100 100 

Volume 

diluent (L) 0 100 100 100 100 100 100 

Total volume 

(L) 0 
200 200 200 200 200 200 
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*Please, refer to the IS data sheet to check if an intermediate dilution is required. 

 

 Reconstitute two 8-well strips of the recombinant panels of pLDH by adding 100 µL of 

distilled water in each well of one strip. After resuspension, the following antigen 

concentration will be obtained: 778, 579, 488, 229, 122, 56, 0 ng/mL. Pipet up and down 

several times to mix the content. Please, refer to the IS data sheet to check if an 

intermediate dilution is required. 

 Sample aliquots and dilutions should be used only once (do not re-freeze unused and/or 

left-over samples). Discard left-over samples according to standard laboratory safety 

procedures. 

 

 

15.5.2. Preparation of the coated plate 

Take out the required number of well strips from packaging and fix into the plate carcass. 

Using a multichannel pipette, add 100 L sample diluent to all wells of the anti-pLDH coated 

microplate. 

Add 25 L of each of the 8 pre-prepared dilutions in duplicate into the wells using a standard 

micropipette. The locations of the samples should be randomised for each of the 4 runs as shown 

in figure 1, runs 1-4. 

When all samples have been added to the coated plate, cover the plate with a plastic lid and 

incubate at 37C with agitation at 600rpm for 30 mins. 

Figure 1.  ELISA sample layout (example) 

Run 1 

 1 2 3 4 5 6 7 8 9 10 11 12 

A ISA1 ISA1 A1 A1 B1 B1 C1 C1 D1 D1 ISB1 ISB1 

B ISA2 ISA2 A2 A2 B2 B2 C2 C2 D2 D2 ISB2 ISB2 

C ISA3 ISA3 A3 A3 B3 B3 C3 C3 D3 D3 ISB3 ISB3 

D ISA4 ISA4 A4 A4 B4 B4 C4 C4 D4 D4 ISB4 ISB4 

E ISA5  ISA5  A5 A5 B5 B5 C5 C5 D5 D5 ISB5  ISB5  

F ISA6  ISA6  A6 A6 B6 B6 C6 C6 D6 D6 ISB6  ISB6  

G ISA7  ISA7  A7 A7 B7 B7 C7 C7 D7 D7 ISB7  ISB7  

H Neg 

CTL 

Neg 

CTL  
A8 A8 B8 B8 C8 C8 D8 D8 

Neg 

CTL 

Neg 

CTL  
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Run 2 

 1 2 3 4 5 6 7 8 9 10 11 12 

A ISB1 ISB1 ISA1 IS1 A1 A1 B1 B1 C1 C1 D1 D1 

B ISB2 ISB2 ISA2 IS2 A2 A2 B2 B2 C2 C2 D2 D2 

C ISB3 ISB3 ISA3 IS3 A3 A3 B3 B3 C3 C3 D3 D3 

D ISB4 ISB4 ISA4 IS4 A4 A4 B4 B4 C4 C4 D4 D4 

E ISB5  ISB5  ISA5  IS5  A5 A5 B5 B5 C5 C5 D5 D5 

F ISB6  ISB6  ISA6  IS6  A6 A6 B6 B6 C6 C6 D6 D6 

G ISB7  ISB7  ISA7  IS7  A7 A7 B7 B7 C7 C7 D7 D7 

H Neg 

CTL 

Neg 

CTL  

Neg 

CTL 

Neg 

CTL  
A8 A8 B8 B8 C8 C8 D8 D8 

 

 

Run 3 

 1 2 3 4 5 6 7 8 9 10 11 12 

A D1 D1 ISB1 ISB1 ISA1 ISA1 A1 A1 B1 B1 C1 C1 

B D2 D2 ISB2 ISB2 ISA2 ISA2 A2 A2 B2 B2 C2 C2 

C D3 D3 ISB3 ISB3 ISA3 ISA3 A3 A3 B3 B3 C3 C3 

D D4 D4 ISB4 ISB4 ISA4 ISA4 A4 A4 B4 B4 C4 C4 

E D5 D5 ISB5  ISB5  ISA5  ISA5  A5 A5 B5 B5 C5 C5 

F D6 D6 ISB6  ISB6  ISA6  ISA6  A6 A6 B6 B6 C6 C6 

G D7 D7 ISB7  ISB7  ISA7  ISA7  A7 A7 B7 B7 C7 C7 

H 
D8 D8 

Neg 

CTL 

Neg 

CTL  

Neg 

CTL 

Neg 

CTL  
A8 A8 B8 B8 C8 C8 

 

Run 4 

 1 2 3 4 5 6 7 8 9 10 11 12 

A C1 C1 D1 D1 ISB1 ISB1 ISA1 ISA1 A1 A1 B1 B1 

B C2 C2 D2 D2 ISB2 ISB2 ISA2 ISA2 A2 A2 B2 B2 

C C3 C3 D3 D3 ISB3 ISB3 ISA3 ISA3 A3 A3 B3 B3 

D C4 C4 D4 D4 ISB4 ISB4 ISA4 ISA4 A4 A4 B4 B4 

E C5 C5 D5 D5 ISB5  ISB5  ISA5  ISA5  A5 A5 B5 B5 

F C6 C6 D6 D6 ISB6  ISB6  ISA6  ISA6  A6 A6 B6 B6 

G C7 C7 D7 D7 ISB7  ISB7  ISA7  ISA7  A7 A7 B7 B7 

H 
C8 C8 D8 D8 

Neg 

CTL 

Neg 

CTL  

Neg 

CTL 

Neg 

CTL  
A8 A8 B8 B8 
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ISA and ISB: candidate international standard materials. 

Neg. CTL: negative control, consisting of 100 µL of malaria-free blood.  

A, B, C: clinical isolates 

D: recombinant panel (pLDH) 

 

15.5.3.  Wash steps  

The wash solution contained within the assay kit is 20x PBST. A 1 Litre stock of 1x PBST 

should be made up and used to wash the wells of the coated plate x 6 with an automatic plate 

washer set to fill the wells with 350 L solution.  

 

15.5.4. Addition of detection antibody 

Working strength antibody reagent should be made up fresh. For each plate, 220 μL antibody 

reagent stock solution (50x) should be diluted in 11 mL conjugate diluent and mixed thoroughly. 

Using a multichannel pipette, 100 μL working strength antibody reagent should be dispensed 

into all test wells. The plate should be covered with a plastic lid and incubated with agitation at 

600rpm for 30 mins at 37 ºC. 

Plates should then be washed rigorously again as described in 8.5.3. 

 

15.5.5. Addition of enzyme conjugate 

Working strength enzyme conjugate should be made up fresh. For each plate, 220 μL enzyme 

conjugate stock solution (50x) should be diluted in 11 mL conjugate diluent and mixed 

thoroughly. Using a multichannel pipette, 100 μL working strength antibody reagent should be 

dispensed into all test wells. The plate should be covered with a plastic lid and incubated for 30 

mins at room temperature. 

Plates should then be washed rigorously again as described in 8.5.3. 

15.5.6. Development of substrate 

The TMB substrate contained within the kits is already at working strength and 100 L of 

working substrate should be dispensed into each well using the multichannel pipette. 
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The plate should then be covered with a plastic lid and incubated at room temperature for 10 

mins in the dark.  

The acid stop solution is contained within the assay kit and 100L should be then dispensed in 

all wells. The endpoint absorbance of the wells should be read at 450 nm with a reference 

wavelength of 620 nm within 10 mins of adding stop solution. 

Repeat the procedure in order to perform a total of FOUR independent tests on separate days. 

15.6. Information to be supplied and presentation of results 

An excel template (“Result form_ELISA_QUALISA”) is provided so that all relevant 

information can be recorded as indicated. A separate data table should be completed for each 

independent run. Please PROVIDE ALL RAW DATA to enable consistent handling and 

analysis of data from all participants. Also use the excel file to give brief information regarding: 

 dilutions used (stock and working solutions) 

 assay (type, when it was performed, results) 

 Malaria-free blood used 

Participants should follow the protocol. ALL protocol deviations, however minor, must be 

recorded in the additional comments/relevant information section of the excel template for 

each run. 

 

Participants are requested to return all data and any information relating to the assays 

electronically in the requested format. 

 

15.7. Health and safety 

15.7.1. Hazardous reagents 

Table 3.   Hazardous chemicals used in the QUALISA malaria antigen pLDH ELISA 

Product Fire hazard Health hazard Toxicity 
Storage 

requirements 

Hydrogen 

peroxide 

(TMB) 

Explosive 

under heat 

Irritant to 

eyes/skin/nasal 

passage 

Moderately 

toxic 

Easily decomposes 

2-8 
0
C 

Sulphuric acid 

(stop solution) 
Flammable 

Irritating to 

eyes/skin. Burns. 

Harmful by 

ingestion. 

Toxic 
Keep in a locked 

store 

TMB Flammable Harmful Toxic Store solutions in 
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swallowed/inhaled/a

bsorbed by skin 

 light proof 

container at 4 -8 °C 

 

 

15.7.2. Safety precautions 

Disposable latex or nitrile gloves must be worn while handling clinical specimens and reagents. 

All clinical material i.e. all components containing blood must be autoclaved before disposal. 

The assay stop solution contains sulphuric acid a corrosive and hazardous substance. Avoid eye 

and skin contact by wearing protective clothing and eye protection. 

Hands must be washed once work has been completed. 

 

15.7.3.   Technical precautions 

 

 Components must not be used after their expiry date.  

 Different batches/lots of reagents should never be interchanged. 

 Storage of reagents must be at the recommended conditions. 

 Contamination of reagents should be avoided by changing pipette tips where 

necessary.  

 

16. FINAL REPORTING  

A draft report will be prepared and circulated to all participants for comment prior to submission 

to the WHO Expert Committee on Biological Standardization. In the report, participating 

laboratories will be identified by a laboratory number only and any request to treat information 

in confidence will be respected. The report will contain the following sections: 

 Summary 

 Introduction 

 Collaborative Study (Aims of study; Participants; Organisation of the collaborative study) 

 Materials 

 Study design and assay methods 

 Stability studies (Accelerated degradation study; In use stability after reconstitution) 

 Statistical Analysis  

 Results (Data received; Stability Studies) 
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 Discussion 

 Proposal 

 

NOTE: Participants in the collaborative study are asked to note that: 

 They participate in the study with the understanding that they agree not to publish or 

circulate information concerning the materials sent to them without the prior consent of 

the organizers; and 

 Their results may be shared anonymously with not-for-profit public health bodies in the 

interests of global harmonization. 
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COLLABORATIVE STUDY PROTOCOL 

First WHO International Standard for Plasmodium falciparum antigens 

pLDH ELISA (QUALISA) 

Addendum to Version 1.3  

Date: 24
th

 May 2017 

 

1.  Intermediate dilution of candidate International Standard samples A and B 

 

Section 8.5.1 refers the user to the candidate International Standard (IS) data sheet to check if an 

intermediate dilution of reconstituted candidate standard ampoules is required prior to carrying 

out the serial dilution outlined in Section 8.5.1 Table 2.  An intermediate dilution of 

reconstituted candidate standard ampoules is required and instructions of how to carry out this 

dilution are outlined below.  

 

 Prepare a 1:4 dilution of the two candidate IS samples (A and B) by mixing 50 µL 

reconsituted candidate IS with 150 µL parasite-free blood. 

 From this initial dilution prepare six (6) 2-fold, serial dilutions for the two candidate IS 

samples, to obtain a total of seven (7) dilution points, as detailed in the updated version 

of Table 2 below. 

 

Updated Table 2. Dilution of the candidate IS materials   

Dilution 

stock  

1 

(1:4)   
1/2 1/4 1/8 1/16 1/32 1/64 

Working 

stock 

Stock 

vial 
1 1/2 1/4 1/8 1/16 1/32 

Volume stock 

(L) 50 100 100 100 100 100 100 

Volume 

diluent (L) 
150 100 100 100 100 100 100 

Total volume 

(L) 
200 200 200 200 200 200 200 

 

2.  Intermediate dilution of recombinant pLDH panels 

 

Section 8.5.1 refers the user to the candidate IS data sheet to check if an intermediate dilution of 

the recombinant pLDH panels is required.  An intermediate dilution of reconstituted recombinant 

pLDH panel wells is required and instructions of how to carry out these dilutions are outlined 

below. 
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 Reconstitute recombinant pLDH panel wells as outlined in section 8.5.1 of the 

collaborative study qualisa protocol. 

 Prepare a 1:20 dilution of reconstituted wells by mixing 5 µL of each reconstituted 

recombinant pLDH panel well with 95 µL distilled water. 
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COLLABORATIVE STUDY PROTOCOL 

First WHO International Standard for Plasmodium falciparum antigens 

pLDH ELISA (QUALISA) 

HRP2 ELISA (CELISA) 

 

Addendum to Protocol Version 1.3  

Date: 1
st
 June 2017 

 

Initial dilutions of candidate IS samples A and B  

 

For the statistical analysis of this ELISA data it is important that as full a dilution curve as 

possible is achieved for candidate IS samples A and B.  For the first run of the HRP2/pLDH 

ELISA please use the starting dilution of candidate IS samples A and B detailed in the study 

protocol (1/2 and 1/4 for CELISA and QUALISA, respectively).  If the candidate IS data from 

the first run gives multiple dilution points at the upper or lower asymptotes then please adjust 

your starting dilution for runs 2, 3 and 4 to give a fuller dilution curve.  For example, if you 

observe saturation for the highest dilution of candidate IS samples in the first run then please 

start from one dilution below that for runs 2, 3 and 4.  Please note that: 

 

 any change in the starting dilution of the candidate IS should be the same for both the 

candidate IS samples A and B. 

 any change in the starting dilution of the candidate IS should be the same for runs 2, 3 

and 4.   

 no changes should be made to the starting dilution of the clinical isolate or recombinant 

panels.  

 it is possible that a change to the starting dilution of candidate IS samples for runs 2, 3 

and 4 may be required for one of the types of ELISA e.g. QUALISA but not for the other 

e.g. CELISA.  

 

If in doubt please send us the results of the first ELISA runs so that we can confirm how 

best to proceed. 
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Appendix 4 Rapid Diagnostic Tests Protocol 

 

 

First WHO International Standard for Plasmodium falciparum antigens  

Study Protocol  

 

 

17. BACKGROUND 

Currently, malaria diagnosis in endemic regions is, for the most part, based on malaria rapid 

diagnostic tests (RDTs), which are affordable and easy to use in remote areas. RDTs are based 

on the detection of two Plasmodium proteins - histidine-rich protein II (HRP2) and Plasmodium 

lactate dehydrogenase (pLDH) - which are the key antigens for the detection of the malaria 

parasite in a whole blood sample. There is currently no readily available, validated international 

reference standard for these antigens for use as a quality control and calibrator material in 

detection assays. To this end, the Foundation for Innovative New Diagnostics (FIND) is 

collaborating with the National Institute for Biological Standards and Control (NIBSC) to create 

the first World Health Organisation (WHO) International Standard (IS) for Plasmodium 

falciparum (Pf) antigens. It is intended that the development of this IS will provide a 

standardised material that can subsequently be used, not only in the quality control and 

standardisation of RDTs worldwide, but also for monitoring the development of more sensitive 

diagnostic tests, and for the calibration of other reference materials and controls that can then be 

used on a larger scale.  

 

18. AIM OF THE COLLABORATIVE STUDY 

To assess the suitability of lyophilized preparations of culture-derived Plasmodium falciparum 

parasites as the first WHO International Biological Standard for P. falciparum antigens. 

 

19. OBJECTIVES 

 

 To assess the commutability of the lyophilized preparations (candidate international 

standards) with native proteins in samples from infected individuals (clinical isolates) 

in a range of RDTs detecting Pf HRP2 and pLDH proteins. 

 To compare the lyophilized preparation with recombinant panels of HRP2 and pLDH 

well-calibrated proteins. 
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20. APPROACH 

 

The establishment of a WHO IS requires the external independent evaluation of the candidate IS 

when compared with native parasite protein according to this predefined standard protocol. 

NIBSC and FIND will distribute materials to participant laboratories where the experiments are 

to be performed. The raw data should be returned to NIBSC in the form described in the template 

associated with each protocol. The combined data from all participants will be analysed by 

NIBSC and FIND and used in the construction of a report describing all aspects of IS generation, 

of which the collaborative study forms a large part. This report will be submitted to the WHO 

Expert Committee on Biological Standardization (ECBS). A subsequent report for submission to 

a scientific journal may also be written. 

Participants are requested to detect Pf HRP2 and pLDH in the samples provided. The RDT 

study protocol detailed herein should be repeated four times with each repeat being carried 

out on a different day and starting with fresh unopened sample vials. The first run will be 

used to determine a preliminary end-point of the RDT. The three, subsequent runs will test a 

limited number of dilutions on either side of the preliminary end-point to obtain an accurate end-

point for the RDT. 

 

21. SAFETY CONSIDERATIONS 

Prior to initiating the study, please read this document carefully. Note all the statements 

regarding safety and that these materials are not for human use. Please note that blood samples 

pose a potential risk of infection. Use universal precautions to minimize biohazards. 

It is the responsibility of the laboratory supervisor (the person who has immediate responsibility 

for the laboratory) to ensure the development and adoption of a biosafety management plan and a 

safety operations manual. The laboratory supervisor should ensure that regular training in 

laboratory safety is provided. Personnel should be required to read the local standard operation 

procedures manual on safety and a copy of this manual should be available in the laboratory. 

22. STUDY ENDPOINTS 

 Complete assessment of the commutability between the international standard candidate 

and clinical isolates. 

 Assignment of international units for quantification of HRP2 and pLDH antigens in 

reference standard materials. 
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23. SOP. RDT testing 

 

23.1. Purpose 

This SOP describes the procedure (including materials) for performing RDTs, using the 

international standard (IS) candidate, clinical isolates and recombinant proteins. 

23.2. Scope 

This SOP has been developed in the context of the collaborative study for the first WHO IS for 

Plasmodium falciparum antigens. This procedure is an adaptation of part of the methodology 

described in the “Methods Manual for laboratory quality control testing of malaria rapid 

diagnostic tests” (SOP 2.02, SOP 2.04, SOP 2.05, SOP 3.12, SOP 3.10 and 5.05). 

 

23.3. Materials 

 

23.3.1. Biosamples 

Participants will be sent a set of samples (5 aliquots of each preparation) including:  

 Two International Standard (IS) candidates: two different preparations of lyophilised 

Pf lysate (laboratory strain W2).  The preparations should be stored at -20
º
C or below 

upon receipt.   

 Three frozen liquid clinical isolates from different geographical regions. Each tube 

contains 50 µL with 2,000 parasites/µL.  Please store at -70
 º
C upon receipt.   

 A recombinant panel of HRP2 well-calibrated proteins (2 ELISA plates; 12x8 strips).  

Please store at 4
º
C upon receipt.   

 A recombinant panel of pLDH well-calibrated proteins (2 ELISA plates; 12x8 strips).  

Please store at 4
º
C upon receipt. 

Participants are requested to provide parasite-free whole blood which should be used for 

the following: 

 To reconstitute the lyophilised IS materials 

 As a negative control 

 For sample dilutions  

The parasite-free blood should be stored frozen at -70
 º
C prior to use in order to lyse red 

blood cells.  This avoids any clumping issues.  
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The required volume of parasite-free blood for the whole RDT study in each centre is 25 

mL. 

 

 

23.3.2. Equipment 

 

 Sarstedt tubes 

 Micropipettes (1-20 µL, 20 – 200 L and 100-1000 L) 

 Pipette tips (1-20 µL, 20 – 200 L and 100-1000 L capacity) 

 Rack for samples an dilutions 

 RDTs for testing (see Appendix 1) 

 Timer 

 Vortex mixer 

 -70ºC freezer 

 +4ºC refrigerator 

 Incubator (range: +20ºC to +50ºC) 

 Refrigerator thermometer (range: +20ºC to +50ºC) 

 Incubator thermometer (range: 0ºC to +100ºC) 

 Marker pen 

 Waste bin for biological samples 

 Gloves 

Upon receipt please store RDTs according to the manufacturer’s instructions. Label all 

RDT boxes with the date of receipt. Inspect the RDT boxes (damage, traces of humidity, 

etc.) and include any relevant information in the excel file provided (“Result 

form_RDT”). 

 

23.4. Procedure 

 

23.4.1. Reconstitution of candidate IS materials and dilutions of samples for testing 

A fresh vial of each biosample should be reconstituted and used for each of the four 

independent tests. For the recombinant panel, a fresh strip should be used. Dilutions of 

all preparations should be tested at the same time in all RDTs in order to simultaneously 

determine and compare the HRP2 and pLDH content. Please, note that one independent test 

constitutes testing all the biosamples (and resulting dilutions) in all 3 RDT products. 

 Remove one aliquot of each of the two international standard candidates, one aliquot of 

each of the three clinical isolates, one strip of the HRP2 and pLDH recombinant panel, 
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and parasite-free blood from the freezer and thaw out on the bench (room temperature). 

Samples should be used immediately once completely thawed. 

 Reconstitute each of the candidate materials in 500 µL of parasite-free blood.  Allow the 

material in the vial to reconstitute for 15-20 minutes at room temperature with gentle 

agitation (e.g. a rocker platform or rotation by hand). Avoid vigorous shaking which can 

cause foaming and protein denaturation. 

 Further dilutions after initial reconstitution of the candidate materials and thawed clinical 

isolates should be done in parasite-free blood. Human blood that has been frozen and 

thawed is used as a diluent for the IS candidate and clinical isolates, as well as a negative 

control. Keep all dilutions on ice until the end of the experiment. 

 For the first experimental run, make an initial 1:10 for each of the clinical isolates 

followed by 2- fold serial dilutions until three (3) consecutive no-band readings are 

observed in each RDT and for each band (see example in Table 1). Keep all samples 

and dilution vials on ice, in case further dilutions need to be prepared and tested in order 

to obtain three (3), consecutive non-band readings. Samples should be pipetted up and 

down at least three times and mixed on a vortex before transferring to the next tube. A 

fresh pipette tip should be used for each transfer. 

Table 1. Dilution of the clinical isolates 

Dilution 

stock  

1 

(1:10

) 

1/2 1/4 1/8  1/16 
1/3

2 

1/6

4 

1/12

8 

1/25

6 

1/51

2 

1/102

4 

Workin

g stock 

Stock 

vial 
1 1/2 1/4 1/8 

1/1

6 

1/3

2 
1/64 

1/12

8 

1/25

6 
1/512 

Volume 

stock 

(L) 

15 75 75 75 75 75 75 75 75 75 75 

Volume 

diluent 

(L) 

135 75 75 75 75 75 75 75 75 75 75 

Total 

volume 

(L) 

150 150 150 150 150 150 150 150 150 150 150 

Scoring 4 4 3 3 2 2 1 1 0 0 0 

NB: If the last three dilutions also give a positive score, prepare further 2-fold dilutions from the 

1/1024 (the last dilution) until three (3), consecutive no-band readings are observed. If the RDT 

have more than one line, these will apply for all of them. 
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 For the first experimental run of the international standard materials, prepare 2- fold 

serial dilutions from this initial dilution until three (3) consecutive no-band readings 

are observed in each RDT and for each band (see example in Table 2). Keep all 

samples and dilution vials on ice, in case further dilutions need to be prepared and tested 

in order to obtain three (3), consecutive non-band readings.  

 Samples should be pipetted up and down at least three times and mixed on a vortex 

before transferring to the next tube. A fresh pipette tip should be used for each transfer. 

 

Table 2. Dilution of the candidate IS materials  

Dilution 

stock  
1 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512 1/1024 1/2048 

Working 

stock 

Stock 

vial 

Stock 

vial 
1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512 1/1024 

Volume 

stock 

(L) 

60 75 75 75 75 75 75 75 75 75 75 75 

Volume 

diluent 

(L) 

0 75 75 75 75 75 75 75 75 75 75 75 

Total 

volume 

(L) 

500 150 150 150 150 150 150 150 150 150 150 150 

Scoring 4 4 4 3 3 3 2 1 1 0 0 0 

 

NB: If the last three dilutions also give a positive score, prepare further 2-fold dilutions from the 

1/1024 (the last dilution) until 3, consecutive no-band readings are observed. If the RDT have 

more than one line, these will apply for all of them. 

 

 

 For the next three test runs, only three dilutions above and below the limit of 

detection established in the first run (dilutions 1/128 and 1/256 in the example 

provided in tables 1 and 2 respectively) for the biosamples and candidate IS 

materials should be tested. 

 

 Reconstitute one 8-well strip of the recombinant panels (HRP2 and pLDH) by adding 100 

µL of distilled water in each well of one strip. After resuspension, the following antigen 
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concentration will be obtained: 32, 16, 8, 4, 2, 0 ng/mL. Pipet up and down at least three 

times to mix the contents. 

 Sample aliquots and dilutions should be used only once (do not re-freeze unused and/or 

left-over samples). Discard left-over samples according to standard laboratory safety 

procedures. 

 

23.4.2. RDT testing 

 Before performing the RDT testing, study the RDT manufacturer’s instruction sheet. 

 Approximately 30 minutes before testing, bring RDTs to room temperature (~25ºC) 

BEFORE OPENING the package. This applies only to RDTs stored under different 

conditions than room temperature (e.g. incubator, fridge).  

 Remove the RDT packaging.  

 Check integrity of RDT packaging when opening. If signs of moisture are present, DO 

NOT use the RDT.  

 Check desiccant for any colour changes (e.g. blue to white). If present, discard RDT and 

use another kit for testing.  

 Take out the required number of RDTs and label them. Note that in each run dilutions 

should be tested in DUPLICATE. 

 Label the RDT with sample ID (e.g. A), dilution (e.g. ½), and date of test (DD/MM/YY), 

using a marker pen.  

 Mix the sample dilution vigorously (flick or use vortex) prior to opening and pipetting the 

blood.  

 Test the RDTs with the sample as per the manufacturer’s instructions, BUT use a 

micropipette to transfer the specified blood volume to the RDT.  

 Change the pipette tip for testing of each sample and each dilution.  

 Use a timer to record all steps exactly as per the manufacturer’s instructions.  

 Read RDT results within the manufacturer recommended time. Results should be read by 

TWO independent raters. 

 Refer to the standard colour chart provided by WHO-FIND for rating the band intensity 

from 0 (negative) to 4+.  

 Record the results as well as any relevant information in the results excel sheet as 

explained in section 7.5 below. 

 If needed, perform further dilution of the biosamples until 3 consecutive no-band 

readings are observed in each RDT (see section 8.4.1), and continue with the RDT 

testing. 

 Discard left-over samples according to standard laboratory safety procedures.  

Repeat the procedure in order to perform a total of FOUR independent tests on separate days. 
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23.5. Information to be supplied and presentation of results 

An excel template is provided (“Result form_RDT”) so that all relevant information can be 

recorded as indicated. A separate data sheet should be completed for each independent run. 

Please, PROVIDE ALL RAW DATA to enable consistent handling and analysis of data from 

all participants. Also use the excel file to give brief information regarding: 

 dilutions used (stock and working solutions) 

 assay (type, when it was performed, results) 

 Malaria-free blood used 

Participants should follow the protocol. ALL protocol deviations, however minor, must be 

recorded in the Additional comments/relevant information section of the excel template for 

each run. 

Participants are requested to return all data and any information relating to the assays 

electronically in the requested format. 

 

24. FINAL REPORTING  

A draft report will be prepared and circulated to all participants for comment prior to submission 

to the WHO Expert Committee on Biological Standardization. In the report, participating 

laboratories will be identified by a laboratory number only and any request to treat information 

in confidence will be respected. The report will contain the following sections: 

 Summary 

 Introduction 

 Collaborative Study (Aims of study; Participants; Organisation of the collaborative study) 

 Materials 

 Study design and assay methods 

 Stability studies (Accelerated degradation study; In use stability after reconstitution) 

 Statistical Analysis  

 Results (Data received; Stability Studies) 

 Discussion 

 Proposal 

 

NOTE: Participants in the collaborative study are asked to note that: 

 They participate in the study with the understanding that they agree not to publish or 

circulate information concerning the materials sent to them without the prior consent of 

the organizers; and 

 Their results may be shared anonymously with not-for-profit public health bodies in the 

interests of global harmonization. 
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Appendix 5. RDT Intensity Rating Chart 
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Appendix 6.  Individual assay estimates for potencies relative to candidate standard (sample IS-A) 

 

Method Lab Sample 
Run 

GM GCV (%) 
1 2 3 4 

HRP2 ELISA 1 IS-B 0.85 1.05 NC 1.06 0.98 13.3 

HRP2 ELISA 1 A 0.53 0.53 NC 0.66 0.57 12.9 

HRP2 ELISA 1 B 7.45 7.79 0.47* 9.18 8.11 11.6 

HRP2 ELISA 1 C 16.20 17.60 8.46* 18.93 17.54 8.1 

HRP2 ELISA 1 D 0.57 0.63 1.59* 0.68 0.63 9.9 

HRP2 ELISA 2 IS-B 1.09 1.05 0.97 1.20 1.08 9.2 

HRP2 ELISA 2 A 0.67 0.65 0.76 0.63 0.68 8.6 

HRP2 ELISA 2 B 8.60 7.28 9.56 11.35 9.08 20.5 

HRP2 ELISA 2 C 16.95 13.87 17.94 17.12 16.39 12.1 

HRP2 ELISA 2 D 0.43 0.41 NC 0.51 0.45 11.4 

HRP2 ELISA 3 IS-B 1.18 0.88 0.79 0.95 0.94 18.3 

HRP2 ELISA 3 A 0.60 0.59 0.55 0.64 0.60 6.3 

HRP2 ELISA 3 B 9.00 8.11 7.46 9.59 8.50 11.7 

HRP2 ELISA 3 C 14.53 14.75 16.07 20.36 16.27 16.9 

HRP2 ELISA 3 D 0.54 0.44 0.33 0.52 0.45 25.4 

HRP2 ELISA 4 IS-B 0.94 1.14 0.95 1.17 1.04 12.7 

HRP2 ELISA 4 A 0.68 0.45 0.55 0.52 0.54 18.7 

HRP2 ELISA 4 B 8.31 7.62 7.49 7.94 7.84 4.8 

HRP2 ELISA 4 C 16.30 13.67 13.47 17.96 15.24 15.0 

HRP2 ELISA 4 D 0.50 0.36 0.44 0.47 0.44 15.1 

HRP2 ELISA 5 IS-B 1.21 1.22 1.00 NP 1.14 11.7 

HRP2 ELISA 5 A 0.14 NP NC 0.10 0.12 n/c 

HRP2 ELISA 5 B 5.43 3.93 3.89 16.15 6.05 95.9 

HRP2 ELISA 5 C 11.61 7.71 NC NR 9.46 n/c 

HRP2 ELISA 5 D 0.67 0.41 0.43 0.20 0.39 66.1 



WHO/BS/2017.2329 

Page 77 

 

 

pLDH ELISA 1 IS-B 1.00 0.98 0.90 1.21 1.02 13.0 

pLDH ELISA 1 A 0.13 0.12 0.13 0.11 0.12 6.6 

pLDH ELISA 1 B 1.01 0.95 0.94 0.93 0.96 4.0 

pLDH ELISA 1 C 0.46 0.41 0.47 0.39 0.43 9.1 

pLDH ELISA 1 D 0.06 0.05 0.05 0.04 0.05 22.0 

pLDH ELISA 2 IS-B 1.03 1.14 1.08 0.97 1.05 7.0 

pLDH ELISA 2 A 0.15 0.14 0.12 0.11 0.13 13.5 

pLDH ELISA 2 B 0.95 1.06 0.96 0.83 0.95 10.6 

pLDH ELISA 2 C 0.52 0.53 0.51 0.44 0.50 8.9 

pLDH ELISA 2 D 0.05 0.04 0.04 NC 0.04 16.9 

pLDH ELISA 3 IS-B 1.04 0.84 1.58 0.95 1.07 31.9 

pLDH ELISA 3 A 0.11 0.08 0.13 0.08 0.10 25.5 

pLDH ELISA 3 B 0.91 0.72 1.16 0.79 0.88 22.8 

pLDH ELISA 3 C 0.40 0.31 0.49 0.33 0.38 23.0 

pLDH ELISA 3 D 0.04 0.03 0.06 0.04 0.04 23.9 

pLDH ELISA 4 IS-B 1.04 1.09 0.84 0.80 0.93 16.7 

pLDH ELISA 4 A 0.12 0.11 0.11 0.11 0.11 4.7 

pLDH ELISA 4 B 1.00 1.13 NC 0.99 1.04 7.8 

pLDH ELISA 4 C 0.45 0.47 0.43 0.44 0.45 3.9 

pLDH ELISA 4 D 0.05 0.06 0.05 0.05 0.05 8.6 

 

GM: Geometric Mean 

GCV: Geometric Coefficient of Variation 

NC: No convergence when fitting model 

NR: No significant regression 

NP: Non-parallel 

n/c: Not calculated 

*excluded as inconsistent with estimates from other assay runs 
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Appendix 7.  Individual sample ED50 estimates 

 

Method Lab Sample 
Run 

GM GCV (%) 
1 2 3 4 

HRP2 ELISA 1 IS-B 29.7 31.8 NC 32.6 31.4 4.9 

HRP2 ELISA 1 A 23.4 25.3 NC 20.8 23.1 10.3 

HRP2 ELISA 1 B 287.7 238.8 14.7* 292.1 271.7 11.9 

HRP2 ELISA 1 C 479.7 471.3 307.3* 491.9 480.9 2.2 

HRP2 ELISA 1 D 13.2 15.7 21.3* 18.0 15.5 16.7 

HRP2 ELISA 2 IS-B 41.2 46.5 45.2 60.4 47.8 17.9 

HRP2 ELISA 2 A 45.7 40.6 47.6 24.4 38.3 36.0 

HRP2 ELISA 2 B 351.1 343.9 352.6 506.6 383.2 20.5 

HRP2 ELISA 2 C 485.5 579.2 503.5 984.7 611.1 38.7 

HRP2 ELISA 2 D 11.8 17.4 NC 10.8 13.0 29.0 

HRP2 ELISA 3 IS-B 40.5 44.1 32.3 47.0 40.6 17.8 

HRP2 ELISA 3 A 40.1 49.5 59.7 73.3 54.3 29.4 

HRP2 ELISA 3 B 345.3 349.3 386.1 457.9 382.1 13.9 

HRP2 ELISA 3 C 418.8 610.8 432.9 647.2 517.4 25.4 

HRP2 ELISA 3 D 13.8 15.9 11.9 15.8 14.2 14.8 

HRP2 ELISA 4 IS-B 31.4 53.6 63.2 70.1 52.3 42.8 

HRP2 ELISA 4 A 10.8 33.6 10.0 41.1 19.6 109.9 

HRP2 ELISA 4 B 292.3 365.8 309.4 342.2 326.2 10.6 

HRP2 ELISA 4 C 499.2 544.5 457.1 463.5 489.9 8.4 

HRP2 ELISA 4 D 11.4 12.4 12.2 14.6 12.6 11.0 

HRP2 ELISA 5 IS-B 38.7 40.7 366.4 NP 83.3 260.8 

HRP2 ELISA 5 A 60.1 NP NC 85.5 71.7 n/c 

HRP2 ELISA 5 B 248.1 171.3 240.9 197.0 211.9 19.1 

HRP2 ELISA 5 C 284.5 272.4 NC NR 278.4 n/c 

HRP2 ELISA 5 D 11.9 13.7 15.9 10.3 12.8 20.4 
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pLDH ELISA 1 IS-B 135.3 236.3 250.8 313.9 224.0 43.0 

pLDH ELISA 1 A 36.0 34.5 38.3 48.9 39.1 16.9 

pLDH ELISA 1 B 252.8 251.6 337.5 281.8 278.9 14.8 

pLDH ELISA 1 C 127.2 120.5 155.8 158.5 139.5 15.0 

pLDH ELISA 1 D 6.1 5.4 5.4 5.3 5.6 6.6 

pLDH ELISA 2 IS-B 127.9 667.0 362.9 342.5 320.9 98.0 

pLDH ELISA 2 A 43.5 78.6 68.6 88.0 67.4 36.2 

pLDH ELISA 2 B 316.4 361.6 286.3 237.2 296.9 19.4 

pLDH ELISA 2 C 198.8 194.7 223.1 221.4 209.1 7.4 

pLDH ELISA 2 D 3.5 4.6 9.1 NC 5.3 63.3 

pLDH ELISA 3 IS-B 112.0 341.1 314.2 289.9 242.9 68.3 

pLDH ELISA 3 A 47.2 79.3 62.1 31.2 51.9 49.2 

pLDH ELISA 3 B 258.8 274.3 290.3 256.6 269.7 5.9 

pLDH ELISA 3 C 153.2 189.0 207.7 147.2 172.4 18.0 

pLDH ELISA 3 D 4.4 5.0 4.8 5.3 4.9 7.9 

pLDH ELISA 4 IS-B 116.7 270.2 351.7 298.9 240.0 63.6 

pLDH ELISA 4 A 43.6 50.9 97.0 61.5 60.3 41.5 

pLDH ELISA 4 B 327.1 273.6 NC 339.1 312.0 12.2 

pLDH ELISA 4 C 150.1 156.9 260.6 225.1 192.8 31.1 

pLDH ELISA 4 D 4.8 6.4 5.0 5.7 5.5 13.9 

 

GM: Geometric Mean 

GCV: Geometric Coefficient of Variation 

NC: No convergence when fitting model 

NR: No significant regression 

NP: Non-parallel 

n/c: Not calculated 

*excluded as inconsistent with estimates from other assay runs 
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