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Summary 
 

A panel of 9 human monoclonal antibodies against human erythropoietin (EPO) with defined 

characteristics (non-neutralizing, neutralizing, various isotypes, affinities) were formulated, 

lyophilized, assessed for suitability in EPO antibody assays at NIBSC and evaluated in a multi-

centre international collaborative study involving eighteen different laboratories and different 

assay platforms. The latter included various binding and neutralization assays. The study clearly 

indicated the utility and suitability of the EPO antibody panel which represents the diverse 

repertoire of antibodies detectable in ESA treated patients as assay performance indicators to 

facilitate decision-making on assay selection for use in testing antibodies against human EPO.  

It is therefore proposed to the ECBS that this EPO antibody panel be established to enable 

selection and evaluation of the performance of appropriate EPO antibody assays for clinical use, 

for assay validation and for standardization of EPO antibody assays.  

 

Responses from study participants 
Responses were obtained from sixteen of the eighteen participants of the study. Minor comments 

were received relating to typographical errors or corrections in the description of methodologies, 

data tables, the names of participants, the cut-points and inclusion of an additional reference. All 

of these have been corrected in the report. A comment stating that the IgM antibody constructs 

may not truly reflect the affinity/activity of IgM antibodies present in vivo has been 

incorporated. Another comment requested inclusion in the panel for distribution, antibodies of all 

different classes and the use of an appropriate matrix for dilution of antibodies; the matrix 

aspects will be stated in the IFU. There was also a comment related to defining the criteria for 

how to evaluate antibody assays but this is difficult to address at the present time due to disparity 

in laboratory methods and procedures (despite use of the same assay platform) and the different 

criteria used for discriminating samples that are antibody positive from those that are antibody 

negative. All responses received were in agreement with the proposal that the EPO antibody 

panel be established.  

 

Introduction 
 

The clinical success of recombinant human erythropoietin (EPO) for treatment of anemia in 

patients with progressive kidney failure and in other related clinical settings including cancers 

(chemotherapy-related) has led to approval and marketing of several erythropoiesis stimulating 

agents (ESAs) worldwide. Despite their success, EPO products can in rare cases induce 

immunogenicity in recipients (Macdougall et al, 2014). Such immunogenicity is life threatening 

and requires serious clinical intervention. Evidence to date has shown that human EPO induces 

neutralizing antibodies which not only cross-react with all EPO products but also neutralize the 

endogenously produced protein causing antibody-mediated pure red cell aplasia (PRCA) in 

chronic kidney disease patients (Casadevall et al, 2002). This situation was associated with a 

particular EPO product (Eprex) which resulted in over 200 PRCA cases, the majority occurring 

after prolonged subcutaneous use. The reason for the increase in PRCA is still not fully 

understood but several factors including a change in formulation and leachates from the syringe 



WHO/BS/2015.2265 

Page 3 

 

have been implicated (Boven et al 2005a, 2005b). Since then, isolated PRCA cases have 

occurred with other ESA agents.   

 

In the EU, no safety issues have been reported with the biosimilar products approved (branded 

under different names in the EU) to date. In a clinical trial for subcutaneous use, treatment with a 

biosimilar which is approved only for intravenous use, led to formation of neutralizing EPO 

antibodies in two patients and clinical PRCA (Haag Webber et al 2011). The trial was terminated 

and an investigation revealed that aggregation of EPO by tungsten (used in the manufacturing of 

the barrels of pre-filled syringes) was the likely cause of immunogenicity (Seidl et al 2012).  

 

While relatively rare with products approved by stringent regulatory authorities, the 

immunogenicity of EPO and the risk to patients is nevertheless a significant concern. Currently, 

a plethora of different EPO products which vary markedly in quality are marketed worldwide 

(Schellekens 2004; Brinks et al 2011; Halim et al 2014). In many developing countries, a 

majority of available EPO products have not been assessed using the comparability approach as 

per current regulatory guidance on evaluation of similar biotherapeutic products but have been 

approved based on limited studies using a generic regulatory approach as for chemical drugs 

(EMA, USFDA, WHO). It is possible that some are of inferior quality relative to the innovator 

products but are ‘mislabelled’ as biosimilars. Therefore, it is not unexpected that treatment of 

patients with some of these non-innovator copy products has resulted in an upsurge of antibody-

mediated PRCA cases but the causative link to any product(s) remains unknown (Praditpornsilpa 

et al 2011., Shin et al 2012). It is highly likely that the antibody-mediated PRCA problem is 

more widespread than has been reported. Some sporadic reports are published (Keithi-Reddy et 

al., 2008) but it is plausible that there is an under reporting of many cases due to use of 

inappropriate and/or insensitive assay methodologies for antibody detection or due to lack of 

monitoring of the underlying cause of PRCA in some patients or a general unawareness of the 

clinical PRCA cases. In most instances, therefore, post approval pharmacovigilance activities 

may be warranted to establish the immunogenicity profile of different EPO products.  

  

Currently, there are no universally accepted methods or reference reagents for detecting and 

measuring EPO antibodies. However, several different methods which differ in the types of 

antibodies detected and in sensitivity are used to detect antibodies against EPO (Barger et al 

2011). The availability of reference standards/reagents for testing for EPO antibodies across 

different assay platforms would provide a consistent basis for detecting and measuring EPO 

antibodies to monitor the safety and efficacy of ESAs. Since previous attempts to obtain PRCA 

sera from patients for development of reference standards for standardising antibody assays 

proved to be largely unsuccessful, a panel of 9 human monoclonal antibodies (mAbs) against 

human EPO with defined characteristics (Mytych etal 2012) was obtained with the rationale of 

making these available to manufacturers and clinical laboratories for selection of appropriate 

assays, for validation and for monitoring the performance of EPO antibody assays. The antibody 

panel, appropriate for all ESAs structurally related to human EPO, contains mAbs with different 

characteristics (non-neutralizing, neutralizing, various isotypes, affinities) based on information 

derived from clinical samples from non-PRCA and PRCA patients.  

 

http://www.sciencedirect.com/science/article/pii/S0022175912001391#bb0075
http://www.sciencedirect.com/science/article/pii/S0022175912001391#bb0075
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To facilitate standardisation of EPO antibody assays, therefore, all mAbs were lyophilized, 

assessed for suitability in EPO antibody assays at NIBSC and evaluated in a multi-centre 

international collaborative study involving different laboratories and different assay platforms.  

 

The specific aims of the study were to  

1) compare a panel of EPO antibodies across available methods and assess their suitability for 

use as performance indicators and 

2) To define the minimum acceptable potency/dilution if possible for the different antibodies 

against EPO.  

 

Materials and Methods 
                                                                                                                                                                                                                                                                                                                                                     

A human mAb panel against EPO with defined characteristics representative of non-PRCA and 

antibody mediated PRCA patients was kindly donated by a manufacturer to WHO. Details on the 

development and characteristics of these fully human antibodies, generated by Xenomouse 

technology are published (Mytych et al 2012); some characteristics are provided in Table 1. 

Essentially, this panel recognizes epitopes on the erythropoietin molecule and can be classified 

into two groups; the low affinity binding, non-neutralizing antibody 9F7; and a range of low and 

high affinity, neutralizing antibodies 3A4, 8C10, 11D12 and 3F5. The complementarity 

determining regions (CDRs) of 9F7 were grafted onto an IgM and IgG2 backbone to reflect the 

pre-existing antibodies found in naïve individuals and binding non-neutralizing antibodies in non 

PRCA patients while those of 8C10, which has the highest affinity, were grafted onto IgG1, 

IgG2 and IgG4 framework. The 8C10 antibody binds EPO at the region where it interacts with 

the high affinity receptor site 1, while 3A4, which binds to EPO with a lower affinity than 8C10, 

targets the residues binding to the low affinity receptor site 2 (Philo et al 1996). Antibody 3F5 

binds to site 1, just like 11D12, but has a low affinity for EPO due to its fast off rate relative to 

the moderate affinity 11D12 antibody. As for 9F7, the CDRs of the latter were grafted onto an 

IgM and IgG2 backbone (Mytych et al 2012).  

 

As per the procedures used for biological standards (ECBS guidelines – WHO Technical report 

Series 932, 2006), trial lyophilizations of the antibodies in various formulations and a stability 

evaluation were performed and a stable formulation selected for final lyophilisation of the 

antibodies at NIBSC. All formulation solutions were prepared using nonpyrogenic water and 

depyrogenated glassware and were filtered using sterile nonpyrogenic filters (0.22M Stericup 

filter system, Millipore, USA) where appropriate. 

 

For the study, the antibodies were coded as described in Table 1. The mass content was determined 

by the manufacturer and this value has been used to determine the volume of formulated solution 

to be delivered to the ampoule to give a final predicted mass of 25 g per ampoule. For all 

preparations, a solution at a concentration predicted as 25g/ml was distributed in 1.0ml 

aliquots. Each ampoule contains 25 g of the antibody, 10mM L-Glutamic acid, 4% Mannitol, 2% 

Sucrose, 0.01% Tween 20. 

 

  



WHO/BS/2015.2265 

Page 5 

 

For each fill, a percentage of ampoules was weighed. The mean fill weights are shown in Table 

2. Each solution was lyophilized, and the ampoules were sealed under dry nitrogen by heat 

fusion of the glass and stored at –20°C in the dark. Residual moisture of each preparation, 

measured by the coulometric Karl-Fischer method (Mitsubishi CA100), is shown in Table 2. 

Headspace oxygen content was determined by frequency modulated spectroscopy using the 

Lighthouse FMS-760 Instrument (Lighthouse Instruments, LLC). Testing for microbial 

contamination using Total viable count method did not show any evidence of microbial 

contamination.  

 

Samples and Study Participants  

 
Samples were despatched in November 2013 to 18 laboratories in 8 different countries. Study 

participants included 3 control, 3 academics, 10 manufacturers’ and 2 contract research 

organisation laboratories and are listed in Appendix 1. 

 

Participants were sent five ampoules of each of the lyophilized preparations of 11 purified 

human monoclonal antibody samples including an antibody of irrelevant specificity; these are 

coded as in Table 1. Sample E was a coded duplicate sample of the same material (12/260). In 

addition, serum samples from EPO treated patients with PRCA (labelled S1-S3) and healthy 

control (S4) subjects were included in the study but sent to only a limited number of laboratories 

due to the small amount available. Difficulties encountered in sourcing serum samples from 

PRCA patients meant that we were able to procure limited amounts of sera from only three 

PRCA patients. 

 

Assay Methods and Study Design 
        
Participants were asked to assay all samples in all EPO antibody assay platforms in use in-house 

for evaluation of binding activity and neutralizing activity and test in parallel with applicable 

assay controls and standards (referred to as ‘in-house standards’) in at least two independent 

assays.  

 

Participants were requested to  

 create and test dilution series of each preparation using  freshly reconstituted ampoules and 

include no less than four dilutions of each preparation in the linear portion of the dose-

response curve as far as is practicable 

 continue the dilution series for each preparation until the activity reaches the lower detection 

limit of the assay  

 assay each preparation at each dose at least in duplicate in the individual assays  

Participants were also requested to return their raw assay data, using templates provided, and 

their own calculations of end-point of the study samples on the provided results data sheets and 

provide information regarding a) the method used to define the positive cut-off (for 

distinguishing antibody positive from antibody negative), b) the local in-house standard and b) 

details of the assay. 
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A summary of the assay methods used in the study is given in Table 3a. A majority of 

participants performed screening assays which are commonly used, however, the types of 

binding assays varied from the simple conventional ELISA or radioimmunoprecipitation assay to 

newer approaches such as electrochemiluminescence assays, surface plasmon resonance, 

AlphaLisa, Bioplex, Luciferase immunoprecipitation systems (LIPS) or flow cytometric assay. 

The ImmunoCAP assay was performed by 1 lab, the data for this is reported as mass units 

against a human anti-EPO IgG4 antibody standard and will not be compared with other assays. 

This assay could be considered as a characterization assay once specimen is identified as 

antibody positive for binding. 

For neutralization, bioassays using different cell-lines and read-outs in routine use in many 

laboratories were performed as shown in Table 3b. 

Statistical Analysis 
 

Endpoint dilutions reported by the participants were used for analysis, converted to represent the 

total overall dilution of an ampoule where this was not reported directly. Methods used to 

establish cut-points, as reported by participating laboratories, are shown in Appendix 2. 

Geometric mean (GM) endpoint dilutions for each sample were calculated for each laboratory 

and method combination. Where endpoint dilutions were outside the range of those tested within 

an assay, the highest or lowest dilution tested was used for calculation and the overall GM shown 

as “less than” or “greater than” as appropriate. Intra-assay variability was assessed using the 

relative endpoint dilutions obtained for coded duplicate samples E and 12/260 within the same 

assay. Inter-assay variability was assessed similarly using the minimum and maximum endpoint 

dilutions obtained for each sample within each laboratory. 

Estimates of the potency of accelerated thermal degradation samples relative to samples stored 

continuously at -20°C were calculated by fitting a parallel-line model comparing untransformed 

or log-transformed assay response to log concentration. Non-linearity and non-parallelism were 

assessed by analysis of variance at the 5% significance level. 

 

Stability Studies  
 

For stability evaluation, panel samples stored at elevated temperatures of + 37°C for nine months 

were assayed at NIBSC using the surface plasmon resonance assay. Samples were tested 

concurrently with those stored continuously at the recommended storage temperature of -20°C in 

two independent assays. 
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Results 
 

Data received 

 
Results were received from all 18 laboratories, each participating laboratory has been assigned a 

code number allocated at random, and not necessarily representing the order of listing in 

Appendix 1 to retain confidentiality in the report.  

Each participant performed at least one assay method, giving a total of 34 laboratory/method 

combinations. All samples were tested in a minimum of 2 assays, with the exception of 

laboratories 02 (Direct ELISA), 14 (TF-1), 16 (RIP) and 17 (LIPS) where a single assay was 

performed. Serum samples S1-S4 were only tested in 19 of the laboratory/method combinations.  

 

Antibody Panel  
Data from binding assays and from neutralization assays for each mAb from the panel as shown 

in Tables 4 and 5 is briefly summarized below.  

 

Sample A (negative control mAb) - Most laboratories using most assays found this mAb to 

produce the lowest signals observed and reported it usually as 0. However, 4 out of 5 direct or 

indirect ELISAs produced a very low titre positive response of 2 (indicative of 1:2 dilution). The 

laboratory conducting the Bioplex assay reported a very low positive titre of 1 (meaning neat 

sample). It was found to be non-neutralizing in all assays. 

Sample B (3F5.1, IgG1 low affinity mAb) - This mAb was found strongly positive in all 

laboratories carrying out SPR assays and the cytometric bead array assay. It was not detected by 

any of the laboratories using the bridging ELISA or ECL, the AlphaLisa, Bioplex assay and in 1 

of the RIP assays. Most of the direct or indirect ELISAs produced positive results but these were 

extremely low. It was recognised in the LIPS assay and produced a weakly positive signal in 2 

out of 3 RIP assays. It was found to be weakly neutralising, but the titre reported for this varied 

from 160 to 3.  

Sample C (9F7.1 - IgG2, low affinity mAb) - This mAb was found positive in the LIPS assay 

and by all laboratories carrying out SPR assays, but produced much lower responses than B in 

the SPR assay. It was strongly positive in the indirect ELISA, but very weak in the direct 

ELISAs and negative in 1 of the RIP assays and all bridging assays regardless of the platform 

used (ELISA,ECL, AlphaLisa). It was weakly positive in 2 of the 3 RIP assays, in the cytometric 

bead array and Bioplex assays and virtually negative (titre 9) in the AlphaLisa. It was found to be 

non-neutralizing in a majority of assays. 

Sample G (9F7.1 - IgM construct, low affinity) - An IgM construct of the same antibody clone 

as C, this antibody although positive like C showed reduced binding compared with C in the SPR 

assays.  Unlike C, however, this was detected in some (4 out of 5) of the bridging assays, both 

ELISA and ECL formats but the response was weaker in the ELISAs than the ECL, which 

showed strong binding. It was positive in the indirect ELISA and AlphaLisa and weakly positive 
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in one RIP assay, the Bioplex assay and in 3 out of 4 direct ELISAs. It was positive in the LIPS 

assay and gave the same response as antibody B but was found to be negative in 2 of the RIP 

assays, and the cytometric bead array assay. It was non-neutralizing in a majority of assays. 

Sample D (11D12, IgG2 moderate affinity mAb) - This mAb was detected in assays from all 

laboratories although titres varied depending on the assay used. The weakest response was seen 

in direct ELISAs (titres varied from 6-81) and the strongest in the AlphaLisa (5314410). It was 

strongly positive in the indirect ELISA, all bridging assays – ELISA or ECL and the Bioplex 

assay. It was clearly positive in all SPR assays, but lower than B. It was strongly positive in 2 of 

the RIP assays and moderately positive in the 3
rd

 RIP assay and the cytometric bead array assay. 

It was positive in the LIPS assay and gave the same response as C. It was found to be weakly 

neutralizing in all assays, but titres varied from 128-2. 

Sample I (11D12, IgM moderate affinity) - Originating from the same antibody clone as 

sample D, this IgM construct was detected in all assays, except for the cytometric bead array 

assay in which it was negative just like the other IgM antibody, sample G.  It was strongly 

positive in all bridging assays including the ECL assay, the indirect ELISA and the AlphaLisa. It 

was positive in RIP assays, but weakly positive in 1 laboratory and showed weaker binding in 

SPR assays than all other positive mAbs with binding activity quite similar to sample G. It was 

positive in the direct ELISAs, and borderline positive in the Bioplex assay. It was positive in the 

LIPS assay but gave the lowest response compared with other antibodies in the panel. Two 

laboratories found it very weakly neutralizing (max titre 50), but the other laboratories found it 

borderline or non-neutralizing. 

Sample E (8C10.2, IgG2 high affinity mAb) - This mAb was found to be positive in all assays 

except for bridging ELISAs from two laboratories. The titres were highly variable; the highest 

titre was seen in RIP assays where it was strongly positive and the lowest in the Bioplex assay. It 

was clearly positive in SPR assays, ECL, the AlphaLisa, the cytometric bead array and the LIPS 

assay. It was also positive in the indirect ELISA and 3 direct ELISAs but the titres were much 

lower in comparison with SPR or RIPA or in bridging assays where detected. It was found to be 

strongly neutralizing although the titres for this varied from 22627-431.  

Sample J (8C10.2, IgG1 high affinity mAb) - This mAb showed similar binding responses as 

sample E in some laboratories but not all. As for E, it was negative in bridging assays from 2 

laboratories but strongly positive in all RIP assays, 2 bridging ELISAs, the ECL bridging assay, 

the cytometric bead array assay and the AlphaLisa. It showed similar response as E in the SPR 

assays and was positive in the indirect and direct ELISAs as well as in the LIPs assay. As in the 

case of E, it was weakly positive in the Bioplex assay. It was strongly neutralizing with titres 

ranging from 16000-385. 

Sample H (8C10.2, IgG4 high affinity mAb) - This mAb is from the same clone as E and J and 

showed similar responses as the other two mAbs. It was strongly positive in the RIP assays, 

bridging ELISAs from 2 laboratories, the ECL assay, the AlphaLisa and the cytometric bead 

array assay. It was clearly positive in the SPR assays and positive in both indirect and direct 

ELISAs. It was positive in the LIPS assay and gave a similar response as antibody J. It was 

weakly positive in the Bioplex assay, but negative in 2 of the bridging ELISAs. The sample was 
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also positive in the ImmunoCAP assay. It was strongly neutralizing in all assays, but titres varied 

from 22627-444. 

Sample F (3A4.1, IgG4 high affinity mAb) - This high affinity mAb was detected in all assays. 

The weak binding seen in direct ELISAs contrasted with the strong reactivity observed in 2 of 

the RIP assays, the AlphaLisa, the Bioplex assay, the indirect ELISA, the bridging ELISAs, the 

ECL/MSD bridging assay and the LIPS assay. It was clearly positive in the SPR assays and 

positive in the 3
rd

 RIP and cytometric bead array assays. The sample was positive in the 

ImmunoCAP assay. It was found to be neutralizing in all assays, but titres varied from 905-32. 

Intra-assay variability 

Relative endpoint dilutions (maximum/minimum) obtained for coded duplicate samples E and 

12/260 within the same assay are shown in Table 6. These indicate excellent intra-assay 

agreement (value = 1) in most cases (63%). The majority of values are ≤ 2 (or ≤ 3 in the case of 

SPR assays where 3-fold dilution series were used). A small number of cases (13%) gave values 

> 3.Only laboratory 13 (AlphaLISA) gave any values > 4. 

Inter-assay variability 

Inter-assay variability was assessed similarly using the minimum and maximum endpoint 

dilutions obtained for each sample within each laboratory and the relative endpoint dilutions 

(maximum/minimum) are shown in Table 7. Values were not calculated when a sample was 

negative or did not reach an endpoint. The results indicate excellent inter-assay agreement (value 

= 1) in most cases (60%). The majority of values are ≤ 2 (or ≤ 3 in the case of SPR assays where 

3-fold dilution series were used). A small number of cases (8%) gave values > 3, although only 

laboratories 13 (AlphaLISA) and 15 (TF-1) gave any values > 4. 

Serum Samples  

Due to limited availability of serum samples from PRCA patients, these were only sent to a few 

laboratories but were tested in a majority of assay systems with the exception of direct and 

indirect ELISAs, Bioplex and LIPS assays. End-point data for each of the serum samples in 

binding and neutralization assays is presented in Table 8 and briefly summarized below.  

Sample S1 (positive) - This serum was positive in all 3 RIP assays, SPR, the bridging ELISA, 

the ECL/MSD bridging assay, the cytometric bead array assay and the AlphaLisa. It was 

neutralizing in all assays tested. 

Sample S2 (positive) - This was strongly positive in all 3 RIP assays and the AlphaLisa. It was 

positive in the SPR assay, the bridging ELISA, the ECL/MSD bridging assay and the cytometric 

bead array assay. It was more strongly neutralising than S1. 

Sample S3 (positive) - This serum was strongly positive/positive in the 2 RIP assays used and 

positive in the bridging ELISA, the ECL/MSD bridging assay and the cytometric bead array 

assay. It was weakly positive in the SPR assays. It wasn’t tested in the 3
rd

 RIP assay, the 

cytometric bead array assay or the AlphaLisa. It was neutralizing in the assays tested. 

Sample S4 (negative) - This was negative in all of the assays tested. 
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Methods  

The results from this study clearly show that the different assay platforms vary in terms of their 

sensitivity and their ability to bind EPO antibodies. The recognition in ELISAs of the antibodies 

was highly dependent on the assay format. The direct ELISA produced relatively unconvincing 

results in most laboratories, particularly laboratory 4. In this assay, the negative control was 

detected as positive albeit at a very low level; a similar level of positivity was also detected with 

other samples, B, C and G, all of low affinity. This assay appeared to be less sensitive relative to 

SPR and RIPAs as the high affinity samples did not provide high titres. The indirect ELISA, in 

contrast detected all antibodies including the negative control and gave some spurious data, for 

example, high titres for low affinity samples C and G but quite low titres for high affinity 

samples, J, E and H. The bridging format failed to detect samples B and C in all four 

laboratories, G in one laboratory and J, E, H in two laboratories. Variable titres were seen for the 

samples when detected with laboratory 7 generating the highest titres.  

 

The bridging ECL assay, with the exception of B, detected all antibodies including C, which was 

weakly detected and gave results comparable to the bridging ELISA of laboratory 6, except for 

G, D and I where high titres were seen. 

 

All nine antibodies (except for the negative control), regardless of their differences in affinity 

were detected by all four participants on the SPR platform using a standard procedure as 

described. Generally, the titres were quite consistent for the different antibodies between 

laboratories but for some antibodies, particularly B, C, D, F and I, an approximate two-fold 

difference in titre is apparent among the laboratories.   

 

For the RIPAs, assay sensitivity varied among the three participants with high titres evident in at 

least two of the three laboratories. Consequently, laboratory 15 detected all nine antibodies and 

showed the highest titres among the three laboratories for all the antibodies while other 

laboratories, coded 14 and 16, detected eight and six antibodies respectively. All employed the 

published procedure using radiolabelled epoetin as the tracer and Protein G, however, 

laboratories 14 and 15 used therapeutic EPO (biosimilars) for radiolabelling in contrast to a non-

clinical grade EPO used by laboratory 16. It is not surprising therefore that the latter’s assay was 

unable to recognise some of the antibodies, B, C and G and showed the least sensitivity among 

the three laboratories. 

 

AlphaLisa, like the bridging ECL assay, detected all antibodies with the exception of B but 

showed high sensitivity and high titres for some of the antibodies in comparison with other 

methods. The spectrum of antibodies detected by Bioplex was essentially the same as AlphaLisa 

but the titres were considerably lower, particularly for the high affinity antibodies, J, E and H. 

The cytometric bead assay failed to detect the IgM antibodies, G and I but detected all other 

antibodies including the low affinity B and C. 

 

The results of the ImmunoCAP are reported as mass units against a human anti-EPO IgG4 

antibody standard and will not be compared with other assays. This assay could be considered a 

characterization assay once specimen is identified as antibody positive for binding.  
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Results from neutralizing antibody assays were mainly consistent among the different 

laboratories. Generally, antibodies C and G were recognised as non-neutralizing while those 

directed against EPO receptor binding sites 1 (E, J and H) and 2 (F) were neutralizing. The 

moderate affinity antibodies (D and I) against site 1 were weakly neutralizing in most 

laboratories. The lowest neutralization responses were seen in laboratory 3 which incidentally 

used the highest amount of EPO in the assay. 

 

 

Stability  

Panel samples stored at +37°C for 9 months were tested together with samples stored 

continuously at -20°C in two independent SPR assays. Statistically valid estimates of relative 

potency were obtained in all cases and for all panel samples the weighted geometric mean 

relative potencies indicated no significant loss in activity when stored at this elevated 

temperature for 9 months (Table 9). 

 

Discussion 

 
Immunogenicity testing of a biotherapeutic is a regulatory expectation both for approval and for 

pharmacovigilance purposes. As per guidance, the analytical testing strategy for antibodies to 

biotherapeutics requires a multi-tiered approach, shown in Figure 1, comprising a screening 

assay for detection of binding antibodies, a confirmatory step and subsequent analysis of the 

positive samples for the presence of neutralizing antibodies (EMA, FDA, WHO). Consequently, 

this approach is usually followed for the testing of ESA antibodies to clinically differentiate the 

development of antibody-mediated PRCA from other causes of PRCA. Testing for ESA 

antibodies, however, is a specialised field, no reference materials exist for this and it is difficult 

for laboratories involved in this work to determine the true performance of their assays in the 

clinical setting.  

 

An antibody panel with characteristics reflecting those prevalent in antibody-positive clinical 

samples from ESA treated patients (both PRCA and non PRCA) was therefore provided to 

NIBSC with a view to facilitate the availability of this panel across different laboratories to 

standardize appropriate EPO antibody assay(s) and enable assay validation and performance 

assessment. The selected panel comprising antibodies of high- and low-affinity with binding 

specificity to both neutralizing and non-neutralizing EPO epitopes essentially represents a) non-

neutralizing antibodies, usually pre-existing, b) early onset antibodies, typically non-neutralizing, 

IgM and IgG1, and c) those characteristic of a neutralizing antibody-mediated PRCA - IgG1, 

IgG2 and IgG4 isotypes (Mytych et al 2012). It should be noted however that the IgM antibodies 

generated by grafting of the CDR region of the IgG antibodies onto an IgM framework may not 

truly reflect the affinity/activity of IgM antibodies that arise in vivo. As such, this clinically 

relevant and highly useful antibody panel was evaluated across different assay platforms in a 

multi-centre international collaborative study including manufacturers and clinical immunology 

laboratories.  

 

Several immunoassay platforms are used widely to screen binding antibodies to ESAs (Thorpe 

and Swanson, 2005; Barger et al 2011). These mainly include conventional RIP assays, ELISAs 
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based on the bridging format and biosensor based SPR assays. Detailed characteristics of these 

assays in terms of specificity and sensitivity have been published (Tacey et al 2003; Gross et al 

2006; Mytych et al 2009). Importantly, all three platforms detect high concentrations of high-

affinity ESA antibodies which are the hallmark of antibody-mediated PRCA but none has been 

identified as a universal method to detect antibodies against ESAs to support clinical 

development or for safety testing post approval. Other methods have also been developed and 

therefore, standardization of antibody detection methods is urgently needed to identify 

limitations, if any, of the methods in use and to demonstrate comparability of methods. 

Importantly, since the binding assay (‘screening assay’) is the first assay in the bioanalytical 

strategy for antibody detection, it is crucial that this has the capability of capturing all antibodies 

that arise while preventing the occurrence of any false negative results as the latter may result in 

erroneous discard of antibody positive samples (Figure 1) with implications for patients in terms 

of treatment and disease management. 

 

Data from this study shows that the immunoassay methods vary in their ability to detect the 

different antibodies. It is also evident that the ELISA platform is challenged to detect low affinity 

or rapidly dissociating antibodies. This is because the procedure includes multiple wash steps 

which can wash off such antibodies with the result that they are missed or only weakly detected. 

Direct ELISAs showed spurious (for negative control antibody) and/or weak binding for the 

different antibodies in most laboratories.  Antigen immobilisation can mask reactive epitopes and 

compromise antibody detection. Consequently, in most cases, the assays do not appear to have 

adequate sensitivity and are unsuitable for screening purposes. The epitope masking problem is 

overcome in the indirect ELISA (laboratory 1) which employs streptavidin coated plates to 

anchor the biotin labelled EPO for capturing the antibodies and a peroxidase-labelled secondary 

antibody (IgG+IgM+IgA) as detector as nearly all antibodies except B are detected. However, 

the high affinity antibodies, J, E and H are recognised only weakly compared with data derived 

from other platforms, although the rapidly dissociating low affinity antibody C, and the moderate 

affinity antibody D, are detected.  

 

In bridging assays, the dual arm binding ensures high specificity and acceptable sensitivity and 

the need for a secondary antibody is obviated. Evidence from all four laboratories using this 

assay showed that the bridging ELISA is unable to detect low affinity antibodies (B and C) but 

capable of detecting IgM (G - detected in 3 of 4 laboratories and I) and IgG4 antibodies as shown 

by data for F.  Recognition of the other IgG4 antibody H varied depending on the procedure used 

for conjugation. Surprisingly, laboratories 8 and 9 did not detect the high affinity antibodies, J, E 

and H (all derived from 8C10) which were detected by all other procedures. Therefore, the 

bridging ELISA provided variable data as shown by the results of the four laboratories. Such 

variation can be at least partially explained by differences in the procedures used for biotin-

conjugation of the EPO in the different laboratories. For example, laboratories 8 and 9 used 

amine coupling for EPO biotinylation - this can cause biotinylation of the lysine residue (position 

45) within the epitope recognized by the antibodies, J, E and H (site 1) resulting in no reactivity 

(Mytych et al  2012). Therefore, the EPO biotinylation procedure needs to be modified in these 

laboratories if this assay is to be used for detection of the diverse repertoire of EPO antibodies 

present in clinical samples. The bridging ECL (MSD) which employs ruthenium labeled EPO 

instead of an enzyme conjugate (as in ELISA) and is claimed to have increased sensitivity, 

detected all antibodies, except for antibody B, although the rapidly dissociating low affinity 
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antibodyC was recognized very weakly. If the procedure incorporates wash steps as in an 

ELISA, low affinity antibodies may be washed off and not be recognized as shown here. 

Therefore, although bridging assays can recognise the IgM and IgG4 isotypes, like other ELISA 

formats, they may be challenged to detect rapidly dissociating antibodies.  

 

The SPR platform, which measures antigen-antibody binding in real time, has advantages over 

some of the other methods confirming previous observations (Mytych et al 2009; Barger et al 

2011). Besides the easy and rapid set up as described by Mytych and coworkers (2009), the SPR 

provides a detailed analysis of the antibody response including early (IgG1 and IgM) and late 

responses and those of different affinities (rapidly dissociating), as demonstrated here, which are 

likely to be missed by other platforms. Consistent with this, SPR showed recognition across 

different laboratories of all nine antibodies with varying affinities, low, moderate and high and of 

all isotypes.  

 

RIP assays,like SPR, are also capable of detecting antibodies with varying affinities and isotypes, 

as shown by data from laboratory 15. The assay from laboratory 16 was generally less sensitive 

and failed to detect all three low affinity antibodies, B, C and G. Laboratory 14 did not detect G, 

an IgM antibody which has a lower affinity than the other IgM antibody I.  This finding is not 

unexpected as the Protein G used in RIP assays binds IgG strongly but has weak binding for 

IgM, and, in some cases, may not detect it at all. However, if performed appropriately, the RIP 

assay can detect all antibodies including the IgG and IgM isotypes.   

 

Of the novel methods, LIPS, like SPR recognised all antibodies. The AlphaLisa, which does not 

have any wash steps, detected all antibodies with the exception of B just like the bridging 

ELISA/ECL assays, but showed higher sensitivity and higher titres for some of the antibodies in 

comparison with other methods. The spectrum of antibodies detected by Bioplex was the same as 

AlphaLisa but the titres were considerably lower, particularly for the high affinity antibodies J, E 

and H. The cytometric bead assay failed to detect both IgM antibodies, I and G but detected all 

other antibodies including the low affinity B and C. However, since the assays were performed 

only in one laboratory as opposed to other platforms, a definitive conclusion regarding their 

suitability cannot be made. 

 

The ability of the antibodies to neutralize EPO was assessed in different neutralization assays.  

Generally, the neutralization assays showed more consistent data than the binding assays for the 

different antibodies. The low affinity antibodies, C and G derived from 9F7 and categorised as 

non-neutralizing (Table 1) were mainly found to be non-neutralizing or very weak in all 

laboratories while the high affinity antibodies, J, E and H targeted against high affinity site 1 

receptor binding domain of EPO (Mytych et al 2012) were strongly neutralizing in all assays and 

produced comparable neutralization profiles (titres ranging from 22627 -431 for E, 16000 - 385 

for J and 22627 -444 for H).  The neutralization potential of the low affinity B and moderate 

affinity antibodies D and I varied between low to moderate. The IgM antibody I, was mainly 

non-neutralizing or borderline in most assays, but two laboratories detected it as very weakly 

neutralizing with a maximum titre of 50, while its IgG2 counterpart D was weakly neutralizing in 

all assays with titres varying from 128-2. The neutralizing ability of an antibody is dependent not 

only on the site it targets but also the sensitivity of the cell-line and the conditions used for the 

assay. For example, the UT-7 EPO assay performed by laboratory 10 clearly showed that 
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antibodies were either moderately (B,D) or weakly neutralizing (I) but this was not the case in 

laboratories 3 and 4 which used the same cell-line and showed very weak or borderline 

neutralization in all cases.  

 

Importantly, the clinical samples from PRCA patients (S1- S3) were distinguished as antibody-

positive and the healthy donor serum S4 as antibody negative across all different platforms. As 

expected, the clinical sample titres varied, as did the antibody panel titres, depending on the 

assay used. S2 showed the highest binding and was the most potent in terms of neutralization 

among the samples tested. In antibody-mediated PRCA patients, IgG antibodies, particularly 

those of the IgG1 and IgG4 subclass which are typical of a mature antibody response and in 

concentrations exceeding 1 μg/ml of antibody are documented.  On the other hand, IgG and IgM 

antibodies are prevalent in samples taken at baseline and post-treatment with EPO products, 

albeit in low concentrations. The clinical significance of these rapidly dissociating antibodies 

remains unknown but as it is thought that these may represent early responses that mature into 

antibodies which cause PRCA, the detection of an early antibody response, if present, is 

important for therapeutic intervention in ESA recipients. 

Conclusions and Proposal  

 
To conclude, this study indicates the utility of the EPO antibody panel, which represents the 

diverse repertoire of antibodies detectable in ESA treated patients, as assay performance 

indicators to facilitate decision-making on assays to use for the testing of EPO antibodies.  

 

It is therefore proposed to the ECBS that the EPO antibody panel be established to enable 

selection and evaluation of the performance of appropriate EPO antibody assays for clinical use, 

for assay validation and for standardization of EPO antibody assays.  
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http://www.who.int/entity/biologicals/publications/trs/areas/biological_therapeutics/TRS_977_Annex_2.pdf?ua=1
http://www.who.int/entity/biologicals/publications/trs/areas/biological_therapeutics/TRS_977_Annex_2.pdf?ua=1
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32. Weeraratne, D. Kuck, A., Chirmule, N. and Mytycch, D.T. Measurement of Anti-

Erythropoiesis-Stimulating Agent IgG4 Antibody as an Indicator of Antibody-Mediated 

Pure Red Cell Aplasia. 2013; 20:1. p. 46-51. 



Figure 1 : Immunogenicity Testing Strategy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Test samples   

         Binding assay     

POSITIVE   NEGATIVE   

      Confirmatory assay   

Characterization e.g.,  titre determination,  
neutralization, isotypes, affinities etc    

  Discard   

NEGATIVE    
  

POSITIVE   



WHO/BS/2015.2265 

Page 20 

 

Table 1   Brief characteristics of the EPO antibody panel (adapted from Mytych et al; 2012) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                    Degree of binding or neutralizing activity is denoted as +++ for Strong positive, ++ for Moderate positive, + for Positive,  

                  - for negative; Mod - moderate  
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Study 

Code 
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+ 

 

+++ 
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IgG2 ++  
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Table 2: Materials used in study and their mean fill weights and residual moisture content  

 
 

Study 

code 

 

Ampoule 

code 

 

Fill  

date 

Mean 

Fill weight 

(g) 

(n) 

 

Coefficient 

of Variation 

Fill weight 

(%) 

Mean 

Residual 

Moisture

% 

(n)  

Coefficient of 

Variation 

Residual 

Moisture % 

Mean 

Headspace 

Oxygen % 

Coefficient 

of Variation 

Headspace 

Oxygen % 

No of 

Ampoules 

in Stock 

A 13/122 26/04/13 1.0087(64) 0.246 0.994(6) 48.77 0.34(6) 18.58 703 

B 12/266 03/05/13 1.0061(55) 0.13 1.672(6) 22.77 0.33(6) 0.10 716 

C 12/272 10/05/13 1.0088(36) 0.152 0.973(6) 36.88 0.29(6) 13.53 736 

D 12/268 17/05/13 1.0055(42) 0.198 1.119(6) 24.78 0.31(6) 21.9 728 

E 12/260 24/05/13 1.0072(43) 0.19 1.05(6) 40.72 0.41(6) 16.64 604 

F 12/264 24/05/13 1.0067(42) 0.15 0.87(6) 26.06 0.23(6) 23.5 723 

G 12/274 31/05/13 1.003(58) 0.189 0.690(6) 15.64 0.41(6) 16.04 727 

H 13/150 31/05/13 1.0009(54) 0.122 

 

0.951(6) 22.73 0.35(6) 24.12 739 

I 12/270 07/06/13 1.0084(45) 0.246 0.718(6) 38.24 0.3(6) 43.68 730 

J 13/158 07/06/13 1.0073(42) 0.16 1.15(12) 29.7 0.22(12) 27.74 741 

 

Custodian – NIBSC; Storage - All stored at NIBSC at a temperature of -20
0
C.  

Each ampoule contains 25 g of the antibody, 10mM L-Glutamic acid, 4% Mannitol, 2% Sucrose, 0.01% Tween 20. 

The numbers in parentheses indicate the number of determinations. Residual moisture of each preparation was measured by the 

coulometric Karl-Fischer method (Mitsubishi CA100). Headspace oxygen content was determined by frequency modulated 

spectroscopy (Lighthouse FMS-760) 
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Table 3a – Brief information on immunoassay methods contributed to the study 

 
Assay Brief Method Assay Reference  Lab Codes Comments 

 

Direct ELISA 

Antigen immobilised on bare plate and bound antibody detected 

with enzyme labelled anti-immunoglobulin and addition of enzyme 

substrate. Provides a colorimetric readout which is measured 

spectrophotometrically 

-  

2-5 

 

Except for laboratory 4, all others used a 

secondary antibody comprising different 

isotypes–IgG, IgM for detection  

 

Indirect ELISA 

Biotinylated antigen immobilised on streptavidin coated plate and 

bound antibody detected with enzyme labelled anti-

immunoglobulin and enzyme substrate. Readout as above  

-  

1 

 

Used a secondary antibody comprising different 

isotypes –IgG, IgM for detection 

 

Bridging ELISA 

Biotinylated antigen immobilised on streptavidin coated plate and 

bound antibody detected with digoxigenin  labelled antigen and 

enzyme  substrate is measured  

spectrophotometrically. 

 

Gross et al 2006 

          

6-9 

Published method used in laboratory 6 but with 

a slight modification in others. Except for 

laboratory 6 which used a biotinylated EPO 

mixture prepared using amine and carbohydrate 

coupling, laboratory 7 employed carbohydrate 

coupling for biotinylation while laboratories 8 

and 9 used amine coupling. Laboratory 7 used 

conjugated darbopoietin instead of conjugated 

EPO.  

 

Bridging electrochemilumi-

nescence (ECL) 

Same format as bridging ELISA but uses ruthenium conjugate 

instead of enzyme conjugate. An oxidation–reduction reaction of 

ruthenium ions generates ECL under appropriate voltage 

stimulation which is measured using a vendor-specific ECL Sector 

Imager (MesoScale Discovery)   

 

Mytych et al 2012 

 

10 

 

EPO biotinylated via carbohydrate coupling and 

ruthenylated using amine coupling 

Surface Plasmon Resonance 

(SPR) 

Antigen immobilised on sensor chip and the antibody antigen 

interaction detected in real time as a sensorgram by the change in 

refractive index using a dedicated surface plasmon resonance 

instrument e.g. BIacore 

 

Mytych et al 2009 

 

10-13 

 

Published method and similar format used in all 

laboratories 

 

Radioimmuno-precipitation 

assay (RIPA)  

Radiolabelled antigen is incubated with antibody in solution and 

the immune complexes precipitated using protein A/G-sepharose 

and measured using a gamma counter 

 

     Tacey et al 2003 

 

14-16 

Published method and similar format used in all 

laboratories. Laboratory 16 used non-clinical 

grade as opposed to clinical grade epoetin alpha 

as the radiolabelled tracer for detection of 

antibody complexes. 

 

Luciferase 

immunoprecipitation systems 

(LIPS) 

Instead of radiolabel, renilla luciferase-tagged antigen, as a cell 

extract is incubated with antibody in solution and the complexes 

precipitated with protein A/G- beads and luminescence measured.  

 

 

Burbelo et al 2010 

 

17 

 

 

 

Bioplex 

Biotinylated antigen coupled to streptavidin magnetic beads binds 

the antibody which is detected by phycoerythrin-labeled anti-

human IgG and measured in a Luminex system 

 

Ding et al 2011 

 

17 
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Assay 

 

Brief Method Assay Reference  Lab Codes Comments 

 

 

AlphaLisa 

EPO-conjugated AlphaLisa Acceptor beads and biotinylated EPO 

are mixed with the antibody and Streptavidin-coated-Donor beads 

added.  Binding of the analyte brings the beads into proximity and 

laser irradiation of the donor beads triggers chemical events 

resulting in a chemiluminescent signal measured using a dedicated 

reader (Perkin Elmer).  

 

 

- 

 

13 

 

 

 

ImmunoCAP® 

Epoetin alfa is biotinylated and then bound to streptavidin  coated 

caps that have extremely high binding capacity for antibodies in 

serum, including anti-EPO IgG4. Caps are washed and 

galactosidase conjugated anti-human IgG4 antibody is added and 

chemiluminescence is measured, the signal is proportional to the 

amount of human IgG4 present. 

 

 

  

  Weeraratne et al, 2013 

 

11 

 

 

Flow cytometric bead array  

Antigen coupled to beads binds the antibody which is detected by 

phycoerythrin-labeled anti-human IgG and measured using a flow 

cytometer  

 

 

Ferbas et al 2007 

18  
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Table 3b: Brief details of neutralizing antibody (NAb) assays contributed to the study 

 
Laboratory 

Code 

Nab Assay 

(Cell line/other) 

EPO concentration 

used in assay 

Assay Type Assay Readout Duration 

(hrs) 

Reference 

14 TF-1 0.10 IU/ml Proliferation Absorbance (MTT) 48 - 

15 TF-1 0.15 IU/ml Proliferation Absorbance (MTT) 72 - 

05 UT-7 0.8 IU/ml Proliferation Absorbance (MTT) 48 Shin et al 2010 

07 UT-7 0.099 IU/ml Proliferation Luminescence (Cell titer-Glo) 70 ± 2 Shin et al 2010 

01 UT-7 Epo 0.2 IU/ml Proliferation Absorbance (MTT) 44 ± 2 Kelley et al 2005 

03 UT-7 Epo 1 IU/ml Proliferation Absorbance (MTT) 72 Kelley et al 2005 

04 UT-7 Epo 0.25 IU/ml Proliferation Absorbance (MTT) 72 Kelley et al 2005 

10 UT-7 Epo 0.03 IU/ml Proliferation CPM (
3
HThymidine) 48 Kelley et al 2005, Ferguson et al 2013 

11 32D 0.119 IU/ml Proliferation CPM (
3
H Thymidine) 44±1 Wei et al 2004 

18 32D 0.0893 IU/ml Proliferation Luminescence (Cell titer-Glo) 44-48 - 

06 AS-E2 0.04 IU/ml Proliferation Luminescence (Cell titer-Glo) 95-96 - 

15 EpoRSPR
2 

1nM SPR Response units (RU) - - 

 
2
EpoRSPR : In this, sEPOR is immobilized on the SPR sensor chip surface and a fixed concentration of EPO injected (with or without 

sample). The interaction of EPO with the sEPOR is inhibited by neutralizing antibodies but remains unaffected by non-neutralizing 

antibodies present in the sample.  
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Table 4 – Geometric mean end-point dilutions for the antibody panel in different binding assays.  

 

Platform Assay format Code A B C G F J E H D I 12/260 

ELISA 

Indirect 01 2 2 4096 1290 5161 256 161 256 10321 10321 161 

Direct 02 2 8 4 - 64 32 64 32 32 8 32 

Direct 03 < 3 < 2 < 2 5 64 323 256 203 81 128 256 

Direct 04 < 2 2 2 2 3 8 4 5 6 32 16 

Direct 05 - - - 6 23 91 45 32 6 362 64 

Bridging 06 - - - 80 12800 6400 6400 6400 6400 12800 9051 

Bridging 07 
- - - - 1448155 > 362039 256000 

> 

512000 
128000 > 1024000 > 512000 

Bridging 08 - - - 45 3125 - - - 12500 25000 - 

Bridging 09 - - - 8 11585 - - - 1024 1448 - 

ECL Bridging 10 - - < 2.5 608 14881 8591 8591 8591 14881 > 57633 8591 

SPR 

  10 - 701 78 45 405 405 405 405 234 45 405 

  11 - 2916 324 108 1684 972 972 972 972 62 972 

  12 - 1458 94 54 486 486 486 281 281 18 486 

  13 - 810 156 52 468 468 468 468 468 30 270 

RIP 

  14 - 20 80 - 81920 463410 327680 231705 40960 5120 926819 

  15 - 181 362 91 370728 370728 524288 524288 262144 11585 370728 

  16 - - - - 128 10000 10000 10000 512 16 10000 

Other$ 

AlphaLisa 13 - - 9 7290 27614484 340920 113640 590490 5314410 47829690 1022759 

Immunocap 11 - - - - 14 - - 16 - - - 

Bioplex 17a  1 1 50 10 250 7.1 5 7 250 < 1.3 5 

LIPS 17b - 1000 10000 1000 100000 100000 1000000 100000 10000 200 1000000 

Cytometric 18 - > 80000 3536 - 14142 20000 10000 40000 7071 - 10000 

- indicates negative; for immunocap, values given are in mass units (µg/ml) and not in end-point dilutions 
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Table 5 –Geometric mean end-point dilutions of the antibody panel in different neutralizing activity assays. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- indicates negative 

 

 

 

 

 

 

Platform 

Cell-line 

/Other 
Lab Code A B C G  F J E     H D I 12/260   

Cell-

Based 

TF-1 14   100     600 12800 12800 6400 100 50 12800   

TF-1 15   11 < 1 < 1 128 1024 2048 1448 16 6 1024   

UT-7 05   8     256 1024 1024 1024 128   1024   

UT-7 07   151 < 8   238 1191 4800 4762 24 < 8 6000   

UT-7 EPO 01   45 < 3 < 2 366 8661 9300 4142 21 21 12606   

UT-7 EPO 03   < 3     32 385 431 444 2 < 1 496   

UT-7 EPO 04   5     42 778 743 542 3 < 3 532   

UT-7 EPO 10   160     905 16000 22627 22627 128 45 22627   

32D 11   40     120 3240 3240 1080 20 20 3240   

32D 18   80     320 5120 5120 5120 80 20 5120   

AS-E2 06   < 8     < 50 781 781 781 <8 < 3 781   

Non-cell 

based EpoR SPR 15 
  100     50 1000 1000 1000        1000   
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Table 6 -Relative endpoint dilutions (maximum/minimum) obtained for coded duplicate 

samples E and 12/260 

Platform Assay format 
Lab Code 

E:12/260 

(Assay 1) 

E:12/260 

(Assay 2) 

E:12/260 

(Assay 3) 

ELISA 

Indirect  01 1.0 1.0 1.0 

Direct  02
1 2.0     

Direct 03 1.0 1.0 1.0 

Direct 04 4.0 4.0 4.0 

Direct 05 2.0 1.0  

Bridging  06 2.0 1.0  

Bridging 07 1.0 *  

Bridging  08 1.0 1.0  

Bridging  09 1.0 1.0  

ECL Bridging 10 1.0 1.0   

SPR 

  10 1.0 1.0   

  11 1.0 1.0   

  12 1.0 1.0   

  13 3.0 1.0   

RIP 

  14 2.0 4.0   

  15 1.0 2.0   

  16
1 1.0     

Other 

AlphaLisa 13 9.0 9.0   

ImmunoCAP 11 1.0 1.0   

Bioplex 17a 1.0 1.0  

LIPS 17b
1
 1.0   

Cytometric  18 1.0 1.0   

Cell-Based 

TF-1 14
1
 1.0     

TF-1 15 1.0 4.0   

UT-7 05 1.0 1.0   

UT-7 07 1.3 1.3 1.3 

UT-7 EPO 01 2.5 1.3 1.2 

UT-7 EPO 03 1.1 1.3 1.0 

UT-7 EPO 04 1.2 1.5 1.5 

UT-7 EPO 10 1.0 1.0   

32D 11 1.0 1.0   

32D 18 1.0 1.0   

AS-E2 06 1.0 1.0   

Non-cell 

based EpoR SPR 15 
1.0 1.0   

 

* where an assay did not reach an endpoint, no ratio was calculated, 
1
 – single  

assay performed so no data for assay 2 
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Table 7a:  Ratios of maximum to minimum endpoint dilutions obtained for each sample within each laboratory 
 

Platform Assay format Lab Code A B C D E F G H I J 12/260 S1 S2 S3 S4 

ELISA 

Indirect  01 1.0 1.0 1.0 2.0 4.0 2.0 2.0 4.0 2.0 4.0 4.0 
    

Direct  02^ 
               

Direct 03 # # # 4.0 1.0 4.0 2.0 2.0 1.0 2.0 1.0 
    

Direct 04 # 1.0 1.0 2.0 1.0 2.0 1.0 4.0 1.0 1.0 1.0 
    

Direct 05 - - - 2.0 2.0 2.0 2.0 1.0 2.0 2.0 1.0 
    

Bridging Elisa 06 - - - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0 4.0 1.0 1.0 - 

Bridging Elisa 07 - - - 1.0 1.0 2.0 - * * * * 
    

Bridging Elisa 08 - - - 1.0 - 1.0 2.0 - 1.0 - - 
    

Bridging Elisa 09 - - - 1.0 - 2.0 1.0 - 2.0 - - 
    

ECL Bridging 10 - - # 1.5 2.0 1.5 1.0 2.0 * 2.0 2.0 1.0 1.0 1.0 - 

SPR 
 

10 - 3.0 3.0 3.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0 2.0 - 

 

11 - 1.0 1.0 1.0 1.0 3.0 1.0 1.0 3.0 1.0 1.0 1.0 1.0 
 

- 

 

12 - 1.0 3.0 3.0 1.0 1.0 1.0 3.0 1.0 1.0 1.0 1.0 1.0 3.0 - 

 

13 - 1.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 3.0 1.0 1.0 1.0 
 

- 

RIP  

14 - 1.0 1.0 1.0 1.0 1.0 - 2.0 1.0 2.0 2.0 2.0 1.0 1.0 - 

 

15 - 2.0 2.0 1.0 1.0 1.0 2.0 1.0 2.0 2.0 2.0 2.0 1.0 1.0 - 

 

16^ 
               

Other 

AlphaLisa 13 - - 10.0 1.0 3.0 27.0 9.0 9.0 81.0 3.0 3.0 3.0 * 
 

- 

ImmunoCAP 11 - - - - - 1.0 - 1.0 - - - 1.0 1.0 
 

- 

Bioplex 17a 1.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0 # 2.0 1.0 
   

- 

LIPS 17b^ 
               

Cytometric 18 - * 2.0 2.0 1.0 2.0 - 1.0 - 1.0 1.0 1.0 1.0 
 

- 

* where an assay did not reach an endpoint, no ratio was calculated 

# where an assay was negative, no ratio was calculated 

^ single assay performed so ratio cannot be determined; - indicates antibody negative;  Hatched area indicates sample not sent/tested;  
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Table 7b:  Ratios of maximum to minimum endpoint dilutions obtained for each sample within each laboratory 
 

Platform Assay format Lab Code A B C D E F G H I J 12/260 S1 S2 S3 S4 

Cell-

Based 

TF-1   14^        
       

- 

TF-1 15 - 2.0 # 4.0 1.0 1.0 # 2.0 2.0 4.0 4.0 8.0 4.0 1.0 - 

UT-7 05 - 1.0 - 1.0 1.0 1.0 - 1.0 - 1.0 1.0 
    

UT-7 07 - 2.0 # 2.0 1.0 2.0 - 2.0 # 2.0 1.0 
    

UT-7 EPO 01 - 2.0 # 1.4 1.8 1.2 # 1.9 1.7 1.5 1.7 
    

UT-7 EPO 03 - # - 2.2 1.1 1.4 - 1.1 # 1.3 1.2 
    

UT-7 EPO 04 - 1.9 - 1.2 1.3 1.7 - 1.9 # 1.7 1.2 
    

UT-7 EPO 10 - 1.0 - 4.0 2.0 2.0 - 2.0 2.0 1.0 2.0 1.0 1.0 2.0 - 

32D 11 - 1.0 - 1.0 1.0 1.0 - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 - 

32D 18 - 1.0 - 1.0 1.0 1.0 - 1.0 1.0 1.0 1.0 1.0 1.0 
 

- 

AS-E2 06 - # - # 1.0 # - 1.0 # 1.0 1.0 2.0 1.0 1.0 - 

Non-cell 

based EpoR SPR* 15 
- 1.0 - - 1.0 1.0 - 1.0 - 1.0 1.0 

   
- 

# where an assay was negative, no ratio was calculated 

^ single assay performed so ratio cannot be determined; - indicates antibody negative,* S1 and S2 were tested in 2 assays at a single dilution so 

end-point dilution not derived;  Hatched area indicates sample not sent/tested;  
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Table 8 – Geometric mean end-point dilutions obtained with serum samples (S1-S4) in 

different binding and neutralization assays  

 

Platform Assay format Lab Code S1 S2 S3 S4 

ELISA 

Indirect  01     

Direct  02     

Direct 03     

Direct 04     

Direct 05     

Bridging Elisa 06 8 64 16   

Bridging Elisa 07     

Bridging Elisa 08     

Bridging Elisa 09     
ECL Bridging 10 40 640 80   

SPR 

  10 128 91 23   

  11 324 324 108   

  12 162 162 31   

  13 81 81 
 

- 

RIP 

  14 14482 81920 81920   

  15 5793 16384 4096   

  16 128 1000 
 

  

Other 

AlphaLisa 13 140 > 19683  
  

ImmunoCAP 11 0.35 1.65 
 

  

Bioplex 17a    
  

LIPS 17b 10000 100000 
 

  

Cytometric  18 2700 2052 
 

  

Cell-Based 

TF-1 14 100 800 100   

TF-1 15 11 128 32   

UT-7 05     

UT-7 07     

UT-7 EPO 01     

UT-7 EPO 03     

UT-7 EPO 04     

UT-7 EPO 10 80 3200 453   

32D 11 40 360 40   

32D 18 20 320 
 

  

AS-E2 06 10 98 16   

Non-cell based EpoR SPR 15    
  

 

For immunocap, values given are in mass units (µg/ml) and not in end-point dilutions. 

Hatched area indicates sample not sent/tested; - indicates antibody negative 
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Table 9: Potency of accelerated thermal degradation samples stored at +37°C for 9 months 

relative to samples stored continuously at -20°C 
 

 

Sample 

Code 

Weighted Geometric Mean from 2 

assays 

Estimate 95% Confidence 

Limits 

B 0.90 0.75 - 1.08 

C 1.03 0.84 - 1.26 

D 0.93 0.83 - 1.04 

E 0.96 0.76 - 1.21 

F 0.95 0.88 - 1.03 

G 0.96 0.79 - 1.18 

H 0.98 0.85 - 1.12 

I 0.99 0.84 - 1.17 

J 0.97 0.87 - 1.09 
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Appendix 1 

 
The following participants contributed data to the study. In this report, each laboratory has been 

identified by a number from 1 to 18 that is not related to this order of listing. 

 

 Wei Chen and Yong Zhou, National Institutes for Food and Drug Control (NIFDC), 2 

Tiantan Xili, Beijing 100050, P.R.China 

 Vera Koppenburg,  Sandoz Biopharmaceuticals, HEXAL AG, Keltenring 1 + 3, D-

82041 Oberhaching, Germany 

 Martin Schafer and Maria Viert, Roche Diagnostics GmbH, G231/R375, Nonnenwald 

2, 82377 Penzberg, Germany 

 Daniel T. Mytych, Amgen, 1 Amgen Center Drive, Thousand Oaks, CA 91320, USA 

 Deborah Wrona, Amgen, 1201 Amgen Court West, Seattle, WA 98119-3105, USA 

 Chris Bird and Paula Dilger, Cytokines and Growth Factors Section, Biotherapeutics 

Group, NIBSC, South Mimms,Herts, EN6 3QG, UK 

 

 David Peritt, Hospira Inc., 275 Northfield Drive, Lake Forest, Illinois, IL600405, 

USA 

 Arno Kromminga, IPM Biotech, Lademannbogen 6122339 Hamburg, Germany 

 Meihua Yang, Xiamen Amoytop Biotech Co Ltd, No. 330, Wengjiao Road, Haicang, 

Xiamen, Fujian, P.R.China, 361022 

 

 Marcus Richardson, PPD, 2244 Dabney Road, Richmond, Virginia, 23230 USA 

 Jack Ragheb, FDA, Room 2311, Building 71, 10903 New Hampshire Ave, Silver 

Spring, MD 20993 USA; Peter Burbelo, Dental Research Core, Bldg 10, Rm 5N106, 

10 Center Drive, NIDCR, NIH, Bethesda, MD 20892,USA; Sarah K. Browne and 

Bianca Martinez, NIAID, NIH, Room B3-141, Bethesda, MD 20892 

 Kearkiat Praditpornsilpa, 1873 Rama IV, Kasikornthai buiding, Division of 

Nephrology, Department of Internal Medicine, King Chulalongkorn Memorial 

Hospital, Bangkok, Thailand 10330 

 Akiko Ishii-Watabe, Kazuko Nishimura, National Institute of Health Sciences, 1-18-

1, Kamiyoga, Setagaya-ku, Tokyo 158-8501, JAPAN 

 Baozhu Shao, Xufeng Hou, Shenyang Sunshine Pharmaceutical Co., Ltd., No.3A1,  

Road 10, Shenyang Economy& Technology Development Zone, Shenyang 110027, P. 

R. China 
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 Harish Shandilya, Intas Pharmaceuticals Ltd., Plot No. 423/P/A, Sarkhej-Bavla 

Highway, Village-Moraiya, Taluka – Sanand, Ahmedabad, Pin-382213, Gujarat, India 

 Yanzhuo Wu and Xu Ke, Technology Center, Beijing SL Pharmaceutical Co.,Ltd, 

No.69, Fushi Road, Haidian District, Beijing, China 

 Sridevi Khambhampaty, Vikas Kumar, Biologics Development Centre, Dr Reddy’s 

Laboratories Ltd, Survey No: 47, Bachupally, Qutubullapur, R R Dist 500090, 

Telangana, India 

 

 Tae-Hwe Heo, Sug-Kyun Shin, NP512, Lab of Pharmacoimmunology, College of 

Pharmacy, The Catholic University of Korea, 43 Jibong-ro, Wonmi-gu, Bucheon-si, 

Gyeonggi-do, 420-743, Republic of Korea; Ilsan Hospital, National Health Insurance 

Cooperation, Goyang, Republic of Korea 

 Umesh Shaligram, Serum Institute of India, 212/2, off Soli Poonawala road, 

Hadapsar, Pune 411028, Ind 
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Appendix 2 – Information on cut-point used  
 

Platform 
Assay 

format 

Lab 

Code 
Cut-point 

ELISA 

Indirect  01 95
th

 percentile OD value determined using sera from 80 untreated individuals 

Direct  02 Not provided 

Direct 03 2.1 x mean blank OD on plate 

Direct 04 1.205 x mean negative control OD on plate 

Direct 05 
2.1 x mean negative control OD on plate (OD corrected for mean blank OD on 

plate) 

Bridging  06 2 x mean negative control OD on plate 

Bridging  07 

The Mean (ratio of OD of individual human serum sample to the OD of pooled 

human serum sample) + 6xSD = 1.214 (cut off value). 

 

Bridging  08 Mean OD + 1.65 SD for anti-EPO spiked samples [32 ng/ml] 

Bridging  09 99
th

 percentile [ng/ml] of negative reference group (n=143) 

ECL Bridging 10 2 x mean negative control 

SPR 

 
10 2 x mean of negatives (6 points) 

 
11 

Upper bound of a one-sided 95% prediction interval for RU values from 80 

healthy donors 

 
12 

Upper bound of a one-sided 95% prediction interval for RU values from 80 

healthy donors 

 
13 

Mean negative control RU in assay + Normalization factor determined using 50 

healthy human sera 

 

RIP 

 
14 Mean signal (% cpm) + 1.645 SD from 50+ normal healthy blood donors 

 
15 

1.29 x %B/T value of the negative pool in assay where %B/T is (signal cpm/total 

count)x100 

 
16 0.9% cpm of total count with 1:20 dilution 

Other 

AlphaLis

a 
13 

Normalization factor determined using 50 healthy human sera 

x mean negative control in each assay plate 

(Logarithmic transformation is used) 

Immuno 

CAP 
11 Not provided 

Bioplex 17a mean + 4SD of 46 human samples 

LIPS 17b Mean + 3 SD from 220 human samples  

Cytometr

ic 
18 

95th percentile signal-to-noise ratio from 54 healthy human samples and greater 

than 50% inhibition 

 

 

 

 

 

 

 

Cell-Based 

 

 

 

 

 

 

TF-1 14 25.3% inhibition 

TF-1 15 29% neutralization (mean + 3.09 x SD based on 40 healthy human samples) 

UT-7 05 
25% neutralization; % neutralization = [(OD of EPO alone−OD of EPO with 

sample)/(OD of EPO alone−OD without EPO)]×100 

UT-7 07 0.66 (cutpoint = Mean – 2.33 SD based on 48 healthy individual sera)  

UT-7 

EPO 
01 N/a - ND50 reported 

UT-7 

EPO 
03 N/a - ND50 reported 

UT-7 

EPO 
04 N/a - ND50 reported 

UT-7 

EPO 
10 20% neutralization 
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Assay 

format 

 

Lab 

Code 
Cut-point 

32D 11 
EMAX / 2 where EMAX is the sum of the average counts of the negative control 

(cells alone) and the maximum control (cells + EPO) 

32D 18 
EMAX / 2 where EMAX is the sum of the average counts of the negative control 

(cells alone) and the maximum control (cells + EPO) 

AS-E2 06 

0.742 x % Proliferation (plate specific) 

 

Non-cell 

based 

EpoR 

SPR 
15 

22% neutralization 

(99.9
th

 percentile based on 21 individual serum samples from treatment naïve pre-

dialysis or dialysis patients) and 40 individual human serum samples 

from healthy donors) 
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Appendix 3 

 
COLLABORATIVE STUDY FOR THE EVALUATION OF REFERENCE PANEL OF 
HUMAN MONOCLONAL ANTIBODIES AGAINST ERYTHROPOIETIN (EPO) 
 

Study Protocol  
 
1. BACKGROUND  

 
A small proportion of chronic kidney disease patients treated with recombinant 
erythropoietin (EPO) develop antibodies against EPO. These antibodies neutralize all 
EPO products and the endogenous EPO and cause pure red cell aplasia in affected 
individuals. This is life threatening and requires serious clinical intervention. Although 
relatively rare, this problem raises significant concern because of the different EPO 
products that are now being marketed worldwide.  Therefore, it is important to test 
patients for antibodies against EPO during treatment if clinically indicated. 
Currently, there are no universally accepted methods to detect a repertoire of binding 
and neutralizing EPO antibodies. A number of different methods that differ in sensitivity 
and types of antibodies detected are in use by manufacturers and clinical laboratories. 
There has also been a lack of antibody reference reagents and no consistent basis for 
detecting and measuring antibodies against EPO.  
 
A reference panel to standardize the testing for EPO antibodies across different assay 
platforms would provide a consistent basis for detecting and measuring EPO antibodies. 
A panel of purified human monoclonal antibodies against EPO has been prepared and 
lyophilized. This panel includes antibodies of different characteristics – high, moderate 
and low affinity, neutralizing and non-neutralizing and includes different human Ig 
classes and subclasses, e.g., IgG1, IgG2, IgG4 and IgM. The results of this study should 
allow us to establish for each antibody a minimum dilution at which most laboratories 
would be expected to detect the antibody in their respective assays.  
 

 
2. AIM 

 
The aim of this study is to evaluate the panel of antibodies against EPO together with 
serum samples to determine the following: 
 
3) Compare the antibodies across available methods and assess their suitability for use 

as performance indicators.  
 

4) To defining the minimum acceptable potency/dilution for the different antibodies 
against EPO.  

 
 

3. MATERIALS PROVIDED   
 
The panel contains lyophilized preparations of 11 purified human monoclonal antibodies 
including an antibody of irrelevant specificity; these are coded as in Table 1.  
 
5 ampoules of each of the antibodies in the EPO antibody panel are provided. Each 

ampoule contains 25 g of antibody.  
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In addition, serum samples from EPO treated patients and healthy control subjects are 
provided; these are coded as in Table 1. Please note that due to limited availability of 
samples, participants may not receive all the serum samples listed in Table 1. 

 

       Table 1  
 

NIBSC CODE 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

1 Unlabelled ampoule 

Serum S1 

Serum S2 

Serum S3 

Serum S4 

 

 

 

4. RECONSTITUTION AND STORAGE OF PREPARATIONS 

 
Prior to initiating the study, please read the Instructions for Use provided with the 
study materials and note information relating to reconstitution and storage.  

 
Please note the statements regarding safety and that these preparations are not for 
human use. Please note that all preparations including sera should be regarded as 
potentially hazardous to health. They should be used and discarded according to your 
own laboratory’s safety procedures. 
 

 
Store ampoules at –20oC or below until reconstitution and/or use. Store serum 
samples at –20oC or below until use. 
  
 
Reconstitution – All antibody preparations should be reconstituted with 1ml of sterile 
distilled water. Following reconstitution, the preparations can be aliquoted and stored at 
–20oC or below until use. Materials should not be frozen and thawed more than once if 
possible. 

 
5. TESTS 
 

The antibody preparations should be tested in all anti-EPO antibody assay platforms in 
use for evaluation of binding activity and neutralizing activity and tested in parallel with 
applicable assay controls and standards (referred to as ‘in-house standards’ in this 
document). 
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For each assay method used, participants are asked to carry out at least two 
independent assays  each including all of the preparations to be tested and their own 
in-house standard(s).  For this study, assays are considered independent if new 
ampoules are used and if, where practicable, fresh batches of reagents are used and the 
assays carried out on different occasions. 
 

 
Participants are requested to  
 

 create and test dilution series of each preparation.  

 include no less than four dilutions of each preparation in the linear portion 
of the dose-response curve as far as is practicable 

 continue the dilution series for each preparation until the activity reaches 
the lower detection limit of the assay  

 include each preparation at least in duplicate in the individual assays. 
 
 

i. Pilot Assay 
 

Reconstitute 1 ampoule of each antibody. and test these in parallel with in-house 
standard(s), if available, in the EPO antibody assay. 

  
Prepare a dose response curve of each of the reconstituted antibody according to the 
dilution scheme listed in the Example Worksheet 1. Use drug naïve pooled normal 
human serum that is negative for EPO antibodies. Use a serum dilution which is routinely 
used in your method for testing patient sera and does not show any matrix effects or 
interference in assay. 
 
If doing more than 1 assay, a frozen aliquot should be used for another pilot assay; e.g. 
the samples for pilot SPR binding assay can be used for pilot neutralizing antibody assay 
or for pilot ELISA assay. 
 
Based on results obtained, select the most appropriate dose range and suitable dilution 
series (ten-fold, five-fold or two-fold dilution) for evaluation in further assays. If dose 
range and dilution series used in pilot assay is appropriate, use this in further assays.  

 
ii. Assay 1 

 
Reconstitute 1 fresh ampoule of each antibody and test using a selected dose range 
(established from pilot assay) and appropriate dilution series. Do not use frozen aliquots. 
Include 2 replicates at each dose for each antibody in the assay. Include a dilution series 
of in house standard(s) in the assay if available. Record data for each antibody as 
indicated on the results sheets provided.  
 

iii. Assay 2  
 

Reconstitute 1 fresh ampoule of each antibody and test as for Assay 1. Do not use 
frozen aliquots. 
 
Repeat the above steps from 5 (i) to 5 (iii) for each assay platform. 
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6. RESULTS AND DATA PRESENTATION  

            
      Participants must supply all raw data electronically, as clearly annotated as possible 
 

a.  using one of the data sheet formats provided or 
 
       b.   as an assay printout (from the plate reader), but annotated to  
             provide information as indicated on the example data sheets provided. 
   
 

Example result sheets are provided. These can be copied or modified according to the 
dilutions or assay conducted for inclusion of data as required. A 96-well plate format can 
be used if appropriate. An example of a microtiter plate format assay is provided to 
illustrate the assay format and for presenting the results. 
 
IT IS VITAL TO INDICATE THE FINAL DILUTIONS OF THE PREPARATIONS IN THE 
ASSAY. 
 
Please let us know, as clearly as possible, how the assay was carried out, how the 
antibody preparations were diluted and the dilutions included in the assay (and at what 
positions, if microtiter plates were used).   
 
Please provide information regarding a) the method used to define the positive cut-off, b) 
your local in-house standard and b) your assay.  
 
 
Return all results sheets and questionnaires to: 
 
 
Meenu.Wadhwa@nibsc.org 
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International Collaborative Study for evaluation of EPO antibody reference panel 

 
Laboratory identification…… 

 
Local standard information 

 
 

1. What is the nature of your local positive control standard? 
 
Species    …………..                            
 
Is it a serum standard or an affinity purified preparation?  
 
…………………………………… 
 

2. How did you obtain the standard?  
 

  Bought    ____                       Source    _____________ 
 
  Made in-house    ____       (please give reference if available) 
 
 3. What units do you use with the standard? 
 
                           Mass                              ________ 
                           
                           Dilution                         ________ 
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International Collaborative Study for evaluation of EPO antibody reference panel 

 

Laboratory identification…… 

 

Assay information 

 

Outline the assay methods used (provide full protocol on separate sheets if available):
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International Collaborative Study for evaluation of EPO antibody reference panel 
EXAMPLE RESULTS SHEET 1 (please copy this sheet as necessary) 
 
Name………………………………………… Laboratory………………………………………… 
Date……………………………………………… 
 
Method/Platform 
Used …………………………………………………………………………Units*………………………………………………… 
                
                              

 
Designated Code Replicate 

Dilution$ End-
point***  1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512 

Assay 
1 

e.g.  A 

1          

2          

Score**          

Assay 
2 

 

1          

2          

Score**          

 
*   Indicate the units of measurement, e.g. Biacore results should be expressed as RU, ELISA results as OD, ECL as light units etc. 

 
** Please use the following scoring scheme (option 1 or 2) which is most relevant to your routine use ;  
 
 Option 1  -    0 = Negative;  1 = Borderline;  2 = Weakly positive;  3 = Moderately Positive;   4 = Strong positive OR 
 

            Option 2  -                  (OR 0 = Negative; 1 = Borderline; 2 = positive (if you do not routinely distinguish the strength of the  
positive results) , *** the last dilution giving a positive signal   

 
Please include information on how the positive and borderline cut-off values are determined ……………………………………………. 

 
$ Please alter dilutions as appropriate  
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International Collaborative Study for evaluation of EPO antibody reference panel 

EXAMPLE RESULTS SHEET 2  (please copy this sheet as necessary) 
 

Name………………………………………… Laboratory………………………………………… 
Date……………………………………………… 

 
Method/Platform Used ………………………………………………………………………… Plate 
Number………………………………………. 

                

               
Sample Layout: please indicate positions of samples on plate. 

              

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

 A                         
 B                         
 C                         
 D                         
 E                         
 F                         
 G                         
 H                         
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On plate concentration of antibodies/samples e.g. µg/ml or dilution (reciprocal e.g. 2 for 1/2, 4 for 1/4,  10 for 1/10 etc) 
 

 

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

 A                         
 B                         
 C                         
 D                         
 E                         
 F                         
 G                         
 H                         
  

 
             Responses e.g. cpm/OD: (In duplicate)  

              

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

 A                         
 B                         
 C                         
 D                         
 E                         
 F                         
 G                         
 H                         
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Appendix 4 : Instructions for Use 
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