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This report contains details of the preparation and characterization of the proposed 1
st
 

International Standard for Diphtheria Antitoxin Human (NIBSC code 10/262), and its calibration 

in terms of the IS for Diphtheria Antitoxin Equine. Calibration was performed by toxin 

neutralization test in vivo and in vitro (Vero cell assay), and potency was expressed relative to 

the equine International Standard. A total of 8 participants from 8 different countries returned 

data that was used to assign units to the proposed new standard. Results obtained suggest that 

10/262 has a diphtheria antitoxin potency of 2 International Units (IU) per ampoule. Stability 

was assessed at NIBSC using the Vero cell assay to measure the diphtheria antitoxin potency of 

samples stored at elevated temperatures for up to 12 months. There was no significant loss of 

activity and, although no prediction of long term stability could be made, these results suggest 

that the proposed new standard is likely to have satisfactory stability. Further stability testing 

will be conducted post-establishment. Based on the results obtained in this study, the preparation 

coded 10/262 is considered to be suitable for adoption  and is recommended as the 1
st
 

International Standard for Diphtheria Antitoxin Human, with an assigned potency of 2 IU per 

ampoule. 

 

A follow up study was performed to assess the impact of the proposed new standard in terms of 

results obtained in routine assays used to measure diphtheria antibodies in human serum. The 

study also allowed for an assessment of commutability. The follow up study was an external 

quality assessment (EQA), organized by Dr Christina von Hunolstein at the Istituto Superiore di 

Sanita, Rome, that was modified to include the proposed new standard. A total of 16 laboratories 

from 15 countries participated in the study and performed an in vitro serological assay for 

determination of anti-diphtheria antibody levels in a panel of 148 human serum samples. Results 

obtained suggest that the proposed new standard shows comparable behaviour to native human 

serum samples in the majority of the assays compared, and is likely to be suitable for use as a 

reference preparation in assays used to measure the level of anti-diphtheria antibodies in human 

serum. 
 

Introduction 
Immunity against diphtheria is antibody mediated, and primarily due to the presence of 

circulating anti-diphtheria toxin antibodies of the immunoglobulin G (IgG) type.  These anti-

toxin antibodies may be induced by natural infection in response to the toxin produced by 

Corynebacterium diphtheriae or by immunization with diphtheria vaccine [1]. The level of anti-

diphtheria antibodies in serum is measured in International Units (IU) per millilitre (ml) and 

form the basis of immunological correlates of protection for diphtheria vaccines.  As such, the 

measurement of anti-diphtheria antibodies is essential for evaluation of diphtheria vaccines in 

clinical trials, and for population immunity studies for the assessment of antibody persistence 

and development of booster vaccination strategies. 

 

The IU for diphtheria antitoxin is defined by the International Standard for Diphtheria Antitoxin 

Equine (DI). This standard was prepared in Copenhagen in 1934 and consists of a preparation of 

dried hyperimmune horse serum in ampoules.  The standard preparation is distributed as a 

solution of the dried serum in glycerol (66% v/v) in saline with a diphtheria antitoxin 

concentration of 10 IU/ml.  Since 1997 this standard has been prepared and distributed by the 

National Institute for Biological Standards and Control (NIBSC), Potters Bar, United Kingdom. 

This equine standard is suitable for the calibration of secondary standards and can also be used 

as the primary reference preparation in some assays, such as toxin neutralization tests (TNT), 

used for the measurement of diphtheria antitoxin in human serum samples.  However, most 

routine analysis of human serum samples is performed using immunoassays such as enzyme-

linked immunosorbent assay (ELISA) which offer advantages in terms of speed, ease of use and 
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adaptability to automation [2], and a species-specific reference preparation is required for most 

of the in vitro immunoassays in routine use. 

 

A human serum working standard for diphtheria antitoxin, produced by NIBSC has been 

available for use since approximately 1991 (NIBSC product code 91/534). This working 

standard was replaced by a second human serum standard in 2000 (NIBSC product code 00/496). 

These working standards were calibrated in IU against the equine IS (DI) at NIBSC using the 

guinea pig TNT. Stocks of the current working standard are now exhausted. The proposal for a 

new WHO standard for human diphtheria antitoxin IgG was endorsed by the WHO Expert 

Committee on Standardisation (ECBS) at its meeting held in November 2003 [3]. The proposed 

new standard was prepared using a batch of purified normal human IgG for intravenous use, 

donated by a UK blood products manufacturer. The collaborative study was organized by 

NIBSC with the aim of calibrating the proposed new standard in terms of the equine IS (DI, 

NIBSC product code 09/204). Only functional assays (TNT in guinea pigs, rabbits or in vitro 

using Vero cells) were considered for use in calibration of the proposed new standard.  A total of 

8 participants were recruited for the study, consisting of vaccine manufacturers and national 

control/regulatory laboratories from 8 different countries (China, Denmark, Egypt, France, India, 

Indonesia, UK and the USA). The participating laboratories are listed in Appendix 1 and are 

referred to throughout this report by a code number, allocated at random, and not related to the 

order of listing. 

 

In addition to the collaborative study for calibration of the proposed new standard, a follow up 

study was conducted to assess the performance of the proposed new standard in routine use. This 

follow up study consisted of an External Quality Assessment (EQA) organized by Dr Christina 

von Hunolstein at the Istituto Superiore di Sanita (ISS), Rome that was modified at the request of 

NIBSC to include the proposed new standard. The EQA was conducted as part of a programme 

coordinated by the European Diphtheria Surveillance Network and European Centre for Disease 

Prevention and Control (ECDC). The EQA had a primary aim of assessing performance of 

assays used routinely for the measurement of diphtheria antitoxin levels in human serum, details 

of which will be published elsewhere. Inclusion of the proposed new standard enabled 

performance of this reference preparation to be assessed in those same assays. A specific aim of 

this follow up study therefore was to assess commutability of the proposed new standard – in 

view of the fact that this standard was prepared using purified human IgG rather than whole 

serum. A total of 16 participants from 15 countries (Bulgaria, Cyprus, France, Germany, Greece, 

Italy, The Netherlands, Latvia, Norway, Poland, Portugal, Romania, Slovakia, Slovenia and the 

UK) were recruited for this follow up study. The participating laboratories are listed in Appendix 

1 and are referred to throughout this report by a code number (roman numerals), allocated at 

random, and not related to the order of listing. 

 

 

Bulk material and processing 
A single batch of normal human IgG for intravenous use (50 x 200 ml) was donated by a UK 

blood products manufacturer.  The bulk material was supplied with a certificate of analysis 

showing results of safety and purity tests performed by the manufacturer on the finished product, 

together with a plasma quality certificate which confirmed that the source material (human 

plasma) passed all safety tests for relevant viral markers and had been collected in accordance 

with the European Pharmacopoeia monograph on Human Plasma for Fractionation [4]. These 

documents have been archived at NIBSC. The source material was tested for diphtheria antitoxin 

potency at NIBSC using the Vero cell TNT with a toxin dose level of Lcd/100.  The potency was 

estimated at 2.1 IU/ml relative to the IS for Diphtheria Antitoxin Equine (09/204).  A summary 
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of the bulk material characteristics is shown in Table 1. The need for additional stabilization of 

the bulk material for freeze-drying was assessed using trial fills that were prepared using the bulk 

material with and without trehalose (1% or 5% w/v) as stabilizer. Results confirmed that the 

freeze-dried product was of good appearance in all three formulations and stability was 

confirmed (by accelerated degradation study) to be satisfactory for all three formulations (not 

shown). As a result, the definitive fill was prepared using bulk material without any additional 

stabilizer. The absence of need for additional stabilization was most likely due to the high 

protein content of the bulk material and presence of glycine and sorbitol as excipients.  

 

The definitive fill was performed on 10 Mar 2011. Pooling of the bulk material was performed in 

a Class II microbiological safety cabinet with aseptic technique to maintain sterility. Filling was 

performed within the Standards Processing Division of NIBSC using a Bausch & Strobel Filling 

Machine (AFV5090).  The pooled bulk was stirred constantly during filling to ensure 

homogeneity of fill and the temperature was maintained between +4–8°C. Freeze-drying was 

performed using a 4 day cycle (10–14 Mar 2011) and the finished product was coded 10/262 and 

stored in the dark at -20°C. NIBSC will act as custodian of the standard which will be stored 

under assured temperature controlled conditions within the Institute’s Centre for Biological 

Reference Materials, at the address listed in the introduction.  

 

 

Characterization of the freeze-dried product 10/262 
The precision of fill was determined by weighing representative ampoules after fill at 1 minute 

intervals throughout the production run. Ampoules were sealed under boil-off gas from high 

purity liquid nitrogen (99.999%) and measurement of the oxygen headspace by laser frequency 

modulated spectroscopy (FMS 760, Lighthouse Instruments, Charlottesville, VA, USA) served 

as a measure of ampoule integrity. Residual moisture content was measured using the 

coulometric Karl Fischer method with total moisture expressed as a % of the mean dry weight of 

the ampoule contents. All quality specifications were met and are summarized in Table 2. 

 

Homogeneity of fill was confirmed at NIBSC by measurement of diphtheria antitoxin potency 

using the Vero cell TNT with a toxin dose level of Lcd/100.  Five ampoules from the start, five 

from the middle and five from the end of the production run were tested and the end points in the 

assay were identical for all samples.  The potency (relative to the 1
st
 IS for Diphtheria Antitoxin 

Equine, 09/204) for all ampoules tested was 2 IU/ml which is equivalent to 2 IU/ampoule (1 

ampoule reconstituted in 1 ml sterile water). This is comparable to the potency determined for 

the bulk material and suggests negligible loss of biological activity on freeze-drying.  

Physicochemical analysis using size-exclusion high performance chromatography (SE-HPLC) 

confirmed that the profile of the freeze-dried standard 10/262 was comparable to the liquid bulk 

material with a very low percentage of aggregation or low molecular weight fragments (not 

shown). 

 

 

 

 

 

Collaborative study for the calibration of 10/262 
 

Study design and methods 
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The collaborative study was organised by NIBSC (collaborative study code CS468) with the aim 

of calibrating the proposed new standard 10/262 in terms of the 1
st
 IS for Diphtheria Antitoxin 

Equine (code 09/204).  Ampoules of 10/262 and 09/204 together with instructions for use were 

provided to all participants by NIBSC. The estimated potency for 10/262, based on the result 

obtained at NIBSC in characterization studies (2 IU/ampoule), was provided to all participants to 

assist with preparation of dilutions. Participating laboratories were selected based on their ability 

to perform in vivo and/or in vitro functional assays (TNT) to determine the potency of diphtheria 

antitoxin.   

 

Seven participants performed an in vivo TNT and six performed an in vitro TNT using Vero cells.  

Five participants returned results using both in vivo and in vitro methods. Laboratory 10 

performed assays at more than one toxin dose using the same method and is referred to with a 

suffix (e.g. 10a, 10b, 10c).  Participants were asked to perform at least 2 assays and were asked 

to include, where possible, assays using a toxin dose of Lr/100 (or equivalent) for in vivo assays 

or Lcd/100 for in vitro assays (considered to be analogous to the Lr/100 dose in vivo). The in 

vivo TNT performed by NIBSC is based on the European Pharmacopoeia monograph for 

diphtheria antitoxin [5] and is an intradermal (i.d.) challenge test in guinea pigs. The in vitro 

TNT performed by NIBSC is a Vero cell assay based on the method originally described by 

Miyamura et. al. [6] and is a modified version of the method described in the European 

Pharmacopoeia for Assay of Diphtheria Vaccine (Adsorbed) [7]. Example protocols for the 

methods used by NIBSC were provided to participants on request and are shown in Appendix 2 

and 3. Laboratory 10 performed a subcutaneous (s.c.) challenge test in guinea pigs according to 

the United States Minimum Requirements [8] and laboratory 11 performed an i.d. challenge test 

in rabbits according to the method described in the Chinese Pharmacopoeia [9]. A summary of 

the participating laboratories with details of the methods performed and toxin dose levels used is 

shown in Table 3 and 4.   

 

For Vero cell TNT assays, all samples were titrated at least in duplicate.  Titration of reference 

and test samples was performed using serial two-fold dilutions in laboratories 6, 7 and 8. 

Laboratory 8 performed an additional assay (assay 4) with a narrow dilution range (8 dilutions 

covering a 2.75 fold range for the reference antitoxin and 16 dilutions covering a 2.875 fold 

range for the test sample).  Laboratories 10 and 11 performed titrations using a 1.5 fold dilution 

series. The details of the method used by laboratory 10 have been published previously [10]. 

Laboratory 9 performed serial 2 fold dilutions but included 3 different starting dilutions of the 

test sample (within a 2 fold range). Cytotoxicity end points were determined by microscopic 

examination in laboratories 7, 8, 10 and 11. In laboratories 6 and 9, end points were determined 

after incubation of cells with a cell viability indicator either by visual inspection (lab 6) or by 

measurement of absorbance (lab 9). 

 

Stability studies 
After freeze-drying, representative samples of 10/262 were stored at +4°C, +20°C, +37°C, 

+45°C and +56°C in addition to the normal storage temperature of -20°C. Samples were put 

down on 08 April 2011 and representative samples were removed for testing after approximately 

1, 3, 6 and 12 months. Stability was assessed by measurement of diphtheria antitoxin potency at 

NIBSC using the Vero cell TNT, and potency was expressed relative to the same material stored 

at the recommended temperature of -20°C.  Assays were performed using a toxin dose of 

Lcd/100.  

 

Reporting of data and statistical analysis 
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Results from in vivo assays (where an intradermal challenge method was used) were reported as 

negative (-), positive (+) or equivocal (-/+) for each dilution injected into the shaved flank of the 

guinea pig or rabbit. Some laboratories reported results as double (++) or triple (+++) positive to 

indicate stronger reactions where the size of the erythema was large. Assay end points (for the 

reference and test antitoxin) were taken as the dilution containing the lowest amount of antitoxin 

at which the first positive erythema occurred in all animals injected with the same sample. In 

laboratory 11 the end point of the test antitoxin was taken as the dilution containing the highest 

concentration of test antitoxin showing the same reaction intensity as that seen with a single 

dilution of the reference antitoxin, according to the method described in the Chinese 

Pharmacopoeia [9]. 

 

For Vero cell assays, most laboratories returned plate layouts showing the dilutions of reference 

and test antitoxin samples and the viability of cells at each dilution. The presence or absence of 

toxicity was recorded for each dilution and in all cases end points were taken as the last dilution 

of reference or test antitoxin able to protect Vero cells against the toxic effects of diphtheria 

toxin. Where end points for duplicate samples were not the same the geometric mean of the end 

points was used to assign the end point and calculate relative potency. 

 

Assay validity was not formally assessed for in vivo or Vero cell assays. Assays were used for 

reporting results where an end point was obtained for both the reference and test antitoxin 

sample allowing a relative potency calculation to be made.  

 

Results from all assays were combined to generate unweighted geometric mean potencies for 

each laboratory and these laboratory means were used to calculate overall unweighted geometric 

mean potencies. Variability between laboratories has been expressed using geometric 

coefficients of variation (GCV = {10
s
-1}×100% where s is the standard deviation of the log10 

transformed potencies). 

 

Results and discussion (calibration and stability of 10/262) 
The results obtained in the in vivo assays and the Vero cell assays for calibration of 10/262 are 

shown in Table 5 and 6 respectively. Potency is expressed relative to the 1
st
 WHO IS for 

Diphtheria Antitoxin Equine, DI (NIBSC code 09/204). Each ampoule of 10/262 was 

reconstituted in 1 ml so results reported are equivalent to IU/ampoule. All laboratories who 

participated in the calibration of 10/262 returned results from at least 2 assays and the intra-

laboratory agreement was good (Table 5, 6). For in vivo assays the range of potency estimates 

was 1.50 – 2.67 IU/ampoule and for Vero cell assays the range of potency estimates was 1.41 – 

2.90 IU/ampoule.  

 

For in vivo assays, participants were asked to use a toxin dose level of Lr/100 (or equivalent) 

where possible. This toxin dose level was identified for calibration since it is the dose level used 

for calibration of the WHO IS for Diphtheria Antitoxin Equine, the reference antitoxin used in 

this study. Assays performed at different toxin dose levels were also included in the study 

including lethal challenge assays performed at L/+1 and L+/10 (laboratory 10a, 10b) and an 

intradermal challenge assay in rabbits performed at a toxin dose level of Lr/300 (laboratory 11). 

There was no apparent relationship between the toxin dose level used in the assay and the 

estimated potency of the proposed new standard and it is recommended therefore that all data is 

included for calibration of the proposed new standard. The geometric mean of all lab means for 

the potency of 10/262 was 2.0 IU/ampoule for in vivo assays (GCV 16.9%, n = 8).  
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For Vero cell assays, the geometric mean of all lab means was 2.1 IU/ampoule (GCV 13.8%, n = 

8). The majority of laboratories performing the Vero cell assay used a toxin dose level of 

Lcd/100. Laboratory 10 performed the assay at 3 different toxin doses (Lcd/1, Lcd/10 and 

Lcd/100) and potency estimates for 10/262 were higher in the assay performed using a toxin 

dose of Lcd/100: 2.8 IU/ampoule at Lcd/100 compared to 1.9 and 2.0 IU/ampoule for assays at 

Lcd/1 and Lcd/10 respectively. This may reflect differences in avidity of the reference 

(hyperimmune equine serum) and test (human immunoglobulin) antitoxin samples. However, 

results from other laboratories that performed the Vero cell assay using a toxin dose of Lcd/100 

were close to the overall geometric mean estimate of 2.1 IU/ampoule. This discrepancy may be 

due to differences in the amount of toxin used in the Lcd/100 assays (range 0.007 – 0.02 Lf/ml) 

and any effect of antibody avidity on relative potency estimates may only be apparent when 

assays at different dose levels are performed under a defined set of conditions using the same 

toxin preparation.   

 

There was no significant difference in the potency estimates obtained for 10/262 using the in 

vivo assays or Vero cell assays (p = 0.52, unpaired t-test) and it is therefore recommended that 

results from all methods are combined for the final calibration of the proposed new standard. The 

combined geometric mean of all assays (in vivo and Vero cell assays) was 2.0 IU/ampoule (GCV 

15.1%, n = 16, summarized in table 7). 

 

The stability of 10/262 was assessed by measuring the diphtheria antitoxin potency of samples 

stored at elevated temperature for up to 12 months. A summary of the stability data for 10/262 is 

shown in Table 8.  No loss of potency was observed (relative to identical samples held at -20°C) 

and, although it was not possible to make a prediction of long term stability, results suggest that 

the proposed standard is likely to be extremely stable when stored at the recommended storage 

temperature. 

 

 

Follow up study for the assessment of commutability of 10/262 and 

performance in routine use 
 

Study design and methods 
The EQA organised by Dr Christina von Hunolstein at the ISS, Rome, was a follow up to a study 

conducted previously [2] and the results concerning the performance of the different assay 

methods used will be published by Dr von Hunolstein elsewhere. At the request of NIBSC, the 

EQA study design was modified to allow for an assessment of the performance of the proposed 

new standard in assays routinely used for human diphtheria serology. All participants tested a 

panel of 150 samples (coded with a number from 1 to 231) – 148 of which were native human 

serum samples. Of these, 28 were pooled samples prepared from up to 3 individual serum 

samples with comparable titre (to provide sufficient volume for all participants). The serum 

panel was prepared using sera kindly donated by blood donors from the UOC di 

Immunoematologia e Medicina Trasfusionale, Università degli Studi “La Sapienza”, Rome, Italy. 

The study was approved by the ethical committee of the ISS, Rome, Italy (CE/11/314). Panel 

samples were selected based on the results obtained in two separate assays performed using an 

in-house immunoassay (dual double-antigen time resolved fluorescence immunoassay, dDA-

DELFIA) at the ISS, Rome. The panel was prepared such that it contained multiple samples 

likely to be classified as negative, equivocal, and positive.  At the request of NIBSC, two 

additional samples were included in the panel consisting of an aliquot of reconstituted working 

standard 00/496 (coded 230) and an aliquot of the proposed new standard 10/262 (coded 231).  
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The aliquots were prepared at NIBSC by reconstitution of ampoules of 00/496 or 10/262 with 1 

ml of sterile water.  Aliquots of all panel samples were stored at -20°C and shipped by courier to 

all participants. Participants were also sent ampoules of 10/262 and asked to perform their 

routine assay with the proposed new standard in addition to the assay performed using their 

current reference preparation. 

 

The results obtained for samples 230 and 231 (in assays performed using the current or routine 

reference preparation) allowed for an assessment of the commutability of each of these reference 

preparations.  For this study the aim of the assessment of commutability was to determine the 

extent to which the proposed new standard (10/262) is suitable to serve as a reference 

preparation for quantification of diphtheria antibody levels in human serum samples, in 

commonly used serological assays, as recommended by WHO [11]. A comparison of the results 

obtained for the panel of serum samples, when expressed relative to the proposed new standard 

or current reference preparation, was also made in order to determine the effect of introduction 

of the proposed new standard on continuity of estimates in IU/ml.   

 

A total of 16 laboratories participated in this study and the assays performed included the Vero 

cell TNT, ELISA (using both in-house methods and commercial kits), MIA (Multiplex 

Immunoassay) and the dDA-DELFIA.  A summary of the participants and assays performed is 

shown in Table 9. Laboratory I performed two different methods (Vero cell assay and ELISA) 

and is referred to as I or I-E.    

 

Reporting of data and statistical analysis 
Raw data, consisting of estimates for anti-diphtheria antibody concentration in IU/ml for each 

sample in the panel, were returned to Dr von Hunolstein at the ISS and then passed on to NIBSC 

to permit independent analysis. For those laboratories reporting results for 2 or more assays for 

the same serum sample, the geometric mean was used for all subsequent analysis.  The result of a 

single assay was used in those cases where only one assay was performed or where two assays 

were performed but the result in one assay was below or above the limit of quantification. In 

some cases no estimate was obtained for one or more samples in the panel and these are 

therefore excluded from the analysis. All analysis was performed using log transformed data. 

 

To assess commutability, linear regression was performed to establish a relationship between log 

IU/ml results obtained from two different laboratories for the same samples. Analysis was 

carried out using results from routine assays performed using current reference preparations, 

excluding samples 230 (00/496) and 231 (10/262) in the assays being compared. Using the fitted 

regression line, normalised residuals for the results for sample 231 obtained in the same two 

laboratories were calculated and any values outside the range [-2, 2] were considered to be non-

commutable with native human serum samples. The range [-2, 2] represents an approximate 95% 

confidence range for materials having the same numerical relationship as native human serum 

samples. In total, 16 laboratories returned a result for sample 231, and a total of 240 separate 

pairwise comparisons were made. Laboratory XI was excluded from the assessment of 

commutability as no result was returned for sample 231. The same analysis was performed for 

the sample coded 230 (00/496) for comparison (not shown). 

 

Performance of the proposed new standard 10/262 was assessed by comparing the estimates in 

log IU/ml obtained within each laboratory using the proposed new standard to those obtained for 

the same sample using the current or routine reference serum. Results were summarized as the 

mean difference with normal tolerance limits (95% confidence, 95% coverage), anti-logged to 

show the relative value of the result obtained using the current reference to that obtained using 
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the proposed new reference. Tolerance limits were calculated to estimate where at least 95% of 

future patient sample results would lie with 95% confidence. In total, 14 laboratories tested the 

EQA panel and expressed results relative to their current reference preparation and 10/262. Data 

from laboratory X was not included in this analysis however as results reported using the 

proposed new standard (10/262) were low: <0.01 IU/ml for 93% of the samples in the panel and 

the highest result reported was 0.016 IU/ml. 

 

Results and discussion (follow up study) 

 

Assessment of commutability 
Results obtained for assessing the commutability of 10/262 are summarized in Table 10. This 

represents a summary of 240 separate pairwise comparisons and an example of the analysis 

performed for two laboratories (I-E and V) is also included (Figure 1). The results show that, 

using this approach, the sample coded 231 (proposed new standard 10/262) was considered to be 

commutable in 86% of cases. Lower variability was observed between panel samples with low 

antibody concentrations in laboratories VII and IX, suggesting that the assumptions of linearity 

and constant variance were not appropriate for these data sets. Exclusion of these two 

laboratories from the commutability analysis showed sample coded 231 to be commutable in 96% 

of cases. The same analysis was performed for sample coded 230 (aliquots of the current 

working standard 00/496) and results obtained suggest that this reference preparation was 

commutable in 88% of cases, rising to 93% of cases when laboratories VII and IX were excluded 

from the analysis (not shown). 

 

The assessment of commutability suggests that the proposed new standard 10/262 is likely to be 

commutable with native human serum samples in the assay types used in this study. The results 

of the commutability assessment for 10/262 (sample 231) are comparable to those obtained for 

the current working standard 00/496 (sample 230) which was prepared from native human serum. 

However, it is acknowledged that there are several limitations to the approach taken in this study 

for the assessment of commutability [12]: in the linear regression analysis, all variance is 

assumed to be in the y-variable only, hence the analysis was performed twice for each laboratory 

pair, treating each as the predictor variable in turn; additionally, the apparent commutability of 

any reference material can be influenced by the variability in panel sample results observed 

between laboratories. A more comprehensive review of statistical approaches to demonstrate 

commutability is currently underway, using the results from this and other studies. 

 

Assessment of continuity 
The effect of introduction of the proposed new standard into routine use was assessed by 

comparing estimates obtained in IU/ml for serum samples tested against the current reference 

preparation and the proposed new standard 10/262. The results obtained are summarized in 

Table 11, and the results obtained for individual serum samples, using in-house or commercial 

immunoassays, is also shown in Figure 2. For the in-house immunoassays performed by 

laboratories I-E, V, VI and VII the geometric mean ratio ranged from 0.64 (i.e. estimates in 

IU/ml 1.56 x higher with 10/262 compared to the current reference) to 1.08 (i.e. estimates in 

IU/ml 0.93 x lower with 10/262 compared to the current reference). Tolerance limits for these 

assays ranged from 0.35 to 2.90. For the ELISA assays performed using a commercial kit 

(laboratories IX, XI, XII, XIII and XV) the range for the geometric mean (0.49 – 2.22) and 

tolerance limits (0.17 – 5.31) was wider than seen with the in-house immunoassays, although 

tolerance limits were within the range 0.1 – 10 for all methods used. It should be noted that the 

variability in the results expressed as a ratio was not expected to be consistent between 

laboratories (since no consistent assay design was used) and is likely to reflect variation arising 
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from samples that were tested on different plates, in different assays and by different operators in 

some cases.  

 

For the Vero cell assays performed by laboratories I, II, III and IV the range for the geometric 

mean ratio was 1.00 – 1.36 (Table 11). In laboratory I there was no difference in results obtained 

for samples above the limit of detection when calculated against the current reference or the 

proposed new standard 10/262. In laboratory III, there was no difference between results for 130 

of the samples, while for 20 of the samples, the results obtained using 10/262 were 0.71 x lower 

than the result obtained with the current reference preparation. In laboratory IV, there was no 

difference between results for 17 of the samples, while for 133 of the samples, the results 

obtained using 10/262 were 0.71 x lower than the result obtained with the current reference 

preparation. For these three laboratories (I, III and IV), calculation of tolerance limits is not 

possible. 

 

For comparisons where tolerance intervals were calculated, these intervals were below 1 in three 

cases (30%), included 1 in five cases (50%) and exceeded 1 in two cases (20%) suggesting that 

there is no consistent bias across different laboratories. The agreement between the current 

reference preparation and the proposed new standard was excellent for Vero cell assays and was 

better for in-house immunoassays than for ELISA’s performed using commercial kits. However 

it should be noted that the internal calibrators supplied with commercial kits are often lot specific 

(as well as kit specific) and that these kits are not intended for use with other reference materials 

– whereas in-house immunoassays can typically be used with different reference preparations 

interchangeably. This most likely explains the tighter range for the geometric mean and tolerance 

limits in the in-house assays compared to the commercial kit assays. However, the assessment of 

commutability demonstrates that, for the majority of comparisons where commercial kits were 

used (in one or both of the methods compared), the proposed standard 10/262 is commutable 

with native human serum samples suggesting that these commercial kits can be successfully 

modified to include internal calibrators that have been calibrated against 10/262.  

 

The classification of serum samples tested for diphtheria antibody levels typically includes a 

negative, equivocal and positive classification (to indicate no protection against disease, some or 

partial protection and full protection respectively). For functional assays such as the Vero cell 

TNT this typically covers the range <0.01 IU/ml (negative or no protection) to 0.01 – 0.1 IU/ml 

(equivocal or some/partial protection) to >0.1 IU/ml (positive or full protection) [1]. For 

ELISA’s and other immunoassays the classification levels are sometimes set 10-fold higher, 

although the distinction between the different classifications of serum samples still differ by a 

factor of 10. Tolerance limits calculated in the assessment of continuity in this study were within 

the range 0.1 – 10 for all methods used. This means that, although estimates in IU/ml obtained 

with 10/262 may differ from those obtained with the current reference preparation, this will not 

result in samples being re-classified as positive (from negative when tested against the current 

reference) or negative (from positive).  

 

 

Summary 
The proposed 1

st
 International Standard for Diphtheria Antitoxin Human was filled and freeze-

dried at NIBSC on 10 Mar 2011 (NIBSC product code 10/262). A total of 9851 ampoules were 

filled and approximately 9215 ampoules are available for use. The proposed standard is intended 

for use as a reference antitoxin in assays used to determine anti-diphtheria antibody levels in 

human serum and for calibration of secondary standards. The proposed standard replaces the 

current human serum standard (NIBSC 00/496), stocks of which are now exhausted. The human 
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serum standard 00/496 was a working standard with no official status and was therefore not used 

to calibrate and assign units to 10/262. The proposed standard is expected to be extremely stable 

when stored at the recommended temperature of -20°C and stability of the standard will be 

continuously monitored at NIBSC and will include real time stability assessment (ongoing) and 

further measurements of antitoxin potency in samples stored at elevated temperature for 

extended periods (up to 5 years from the date of storage at elevated temperature). 

 

The follow up study to assess performance of the proposed standard suggests that 10/262 is a 

commutable reference preparation likely to show comparable behaviour to native human serum 

samples in different assay methods used for routine analysis of diphtheria antibody levels in 

humans. This includes cases where commercial ELISA kits were used suggesting that such kits 

can be modified to include internal calibrators that have been calibrated against 10/262. In 

addition, the effect on continuity of estimates within laboratories that may switch from their 

current reference to the proposed new standard is likely to be acceptable as it would not result in 

a change in classification from negative to positive (or vice versa).   

 

We conclude that the proposed new standard is likely to be suitable for use in assays commonly 

used for evaluation of diphtheria immune responses in humans. Calibration of 10/262 was based 

on results obtained in toxin neutralization tests (in vivo and in vitro). The suitability of other 

serological assays (particularly ELISA) for measurement of anti-diphtheria antibodies in human 

serum (with results expressed in IU/ml) should be subject to appropriate validation including 

comparison with the TNT using representative samples where possible. Although comparison of 

assay performance was not within the scope of this collaborative study it is hoped that the 

availability of a WHO IS for Diphtheria Antitoxin Human may lead to improved harmonization 

for diphtheria sero-epidemiological studies.  

 

 

Recommendation 
It is recommended that 10/262 is established as the 1

st
 International Standard for Diphtheria 

Antitoxin Human, and assigned a potency of 2 IU/ampoule based on calibration against the 1
st
 

WHO IS for Diphtheria Antitoxin Equine (NIBSC 09/204) by in vivo and in vitro TNT. The 

units assigned to the proposed standard are therefore traceable back to the WHO IS for 

Diphtheria Antitoxin Equine. 

 

 

Comments from participants 
A final draft of this report was sent to all participants for comment. For the calibration study 6/8 

participants responded and for the follow up study 12/16 participants responded. All responders 

agreed with the conclusions of the report and any minor corrections and suggestions received 

have been addressed. 
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Tables and Figures 
 

Table 1. Source material (bulk normal human IgG) used for the production of 10/262 

 

Test/Item Source Result 

Date of manufacture Certificate of analysis 23 May 2009 

Date of expiry Certificate of analysis 30 April 2011 

Protein content Certificate of analysis 43 g/L 

Sterility Certificate of analysis Pass 

Sodium Certificate of analysis 45 mmol/L 

Chloride Certificate of analysis 42 mmol/L 

Glycine Certificate of analysis 73 mmol/L 

Sorbitol Certificate of analysis 49 mmol/L 

Acetate Certificate of analysis 20 mmol/L 

Diphtheria antitoxin potency NIBSC Vero cell assay 2.1 IU/ml 
 

 

Table 2. Summary of product characteristics for 10/262 

 

Test/Item Specification Result 

Total ampoules filled N/A 9851 

Mean fill mass g (CV%) CV ≤ 0.25%
a
 1.008 (0.115%) n = 348 

Residual moisture % (CV%) < 1%
a 

0.28% (42.88%) n = 12 

Mean oxygen headspace % (CV%) < 1%
a 

0.23% (50.32%) n = 12 

Bacterial colony count (Cfu/ml) N/A 0 

Mould / yeast colony count (Cfu/ml) N/A 0 
 

a
NIBSC specifications based on guidelines in the WHO Recommendations for the preparation, 

characterization and establishment of international and other biological reference standards 

(revised 2004) [11]; CV = coefficient of variation; Cfu = colony forming units; N/A = not 

applicable.  
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Table 3. Summary of participants and details of in vivo methods performed for the calibration of 

10/262 

 

Lab 
code 

Method  Method 
identifier 

Toxin dose level (Lf/dose) No. 
Assays 

2 Guinea pig  
i.d. challenge 

NIBSC/EP [5] Lr/100 (0.02) 4 

4 Guinea pig  
i.d. challenge 

In-house Lr/125 (Not reported) 2 

6 Guinea pig  
i.d. challenge 

NIBSC/EP [5] Lr/100 (0.01) 2 

8 Guinea pig  
i.d. challenge 

NIBSC/EP [5] Lr/100 (0.0425) 2 

9 Guinea pig  
i.d. challenge 

NIBSC/EP [5] Lr/100 (0.0087) 3 

10a Guinea pig  
s.c. challenge 

NIH [8] L+/1 (1.77) 2 
 

10b Guinea pig  
s.c. challenge 

NIH [8] L+/10 (0.17 assay 1 and 0.21 assay 2) 2 

11 Rabbit 
 i.d. challenge 

CP [9] Lr/300 (0.0055) 5 

 

EP = European Pharmacopoeia; NIH = National Institutes of Health; CP = Chinese 

Pharmacopoeia 

 

Table 4. Summary of participants and details of in vitro methods performed for the calibration of 

10/262 

 

Lab 
code 

Method Method identifier Toxin dose level (Lf/ml) No. 
Assays 

6 Vero cell TNT NIBSC Lcd/100 (0.01) 2 

7 Vero cell TNT In-house Lcd/100  
(0.02 assay 1,2 and 0.015 assay 3,4) 

4 

8 Vero cell TNT NIBSC and in-house Lcd/100 (0.01) 4a 

9 Vero cell TNT NIBSC Lcd/100 (0.01) 3 

10a Vero cell TNT In-house [10] Lcd/1 (0.9) 2 

10b Vero cell TNT In-house [10] Lcd/10 (0.09) 5 

10c Vero cell TNT In-house [10] Lcd/100 (0.007) 2 

11 Vero cell TNT In-house Lcd/100 (0.0125) 3 
 

a
assays 1,2,3 performed according to method provided by NIBSC and assay 4 performed 

according to an in-house method using a narrow dilution range 
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Table 5. Results for the calibration of 10/262 (in vivo assays) 

 

Lab code  
(dose level) 

Method Assay 1 Assay 2 Assay 3 Assay 4 Assay 5 Lab GM 

2 (Lr/100) Guinea pig i.d. 2.00 2.00 2.00 2.00  2.0 

4 (Lr/125) Guinea pig i.d. 2.00 2.25    2.1 

6 (Lr/100) Guinea pig i.d. 2.67 2.67    2.7 

8 (Lr/100) Guinea pig i.d. 2.00 2.00    2.0 

9 (Lr/100) Guinea pig i.d. 2.00 2.00 2.00   2.0 

10 (L+/1) Guinea pig s.c. 1.68 1.62    1.6 

10a (L+/10) Guinea pig s.c. 1.50 1.80    1.6 

11 (Lr/300) Rabbit i.d. 1.70 1.80 1.80 1.90 1.80 1.8 
 

Data are the diphtheria antitoxin potency (IU/ampoule) for 10/262 expressed relative to the 

WHO IS for Diphtheria Antitoxin Equine (NIBSC code 09/204) 

 

 

Table 6. Results for the calibration of 10/262 (in vitro Vero cell assays) 

 

Lab code  
(dose level) 

Method Assay 1 Assay 2 Assay 3 Assay 4 Assay 5 Lab 
GM 

6 (Lcd/100) Vero cell TNT 2.00 2.00    2.0 

7 (Lcd/100) Vero cell TNT 2.00 1.41 2.83 2.00  2.0 

8 (Lcd/100) Vero cell TNT 2.00 2.00 2.00 1.96  2.0 

9 (Lcd/100) Vero cell TNT 2.00 1.85    1.9 

10 (Lcd/1) Vero cell TNT 1.94 1.92    1.9 

10a (Lcd/10) Vero cell TNT 1.94 1.92 1.98 2.00 1.98 2.0 

10b (Lcd/100) Vero cell TNT 2.76 2.90    2.8 

11 (Lcd/100) Vero cell TNT 1.97 1.97 1.97   2.0 
 

Data are the diphtheria antitoxin potency (IU/ampoule) for 10/262 expressed relative to the 

WHO IS for Diphtheria Antitoxin Equine (NIBSC code 09/204) 

 

 

Table 7. Summary of calibration data for 10/262 

 

Method in vivo TNT Vero cell TNT Combined 

Geometric mean of all lab means 2.0 2.1 2.0 

GCV 16.9% 13.8% 15.1% 

n 8 8 16 
 

Data are the diphtheria antitoxin potency (IU/ampoule) for 10/262 expressed relative to the 

WHO IS for Diphtheria Antitoxin Equine (NIBSC code 09/204) 
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Table 8. Summary of stability data for 10/262 (accelerated degradation study) 

 

Storage time  
(months) 

Storage temperature (°C) n 
(plates) +4 +20 +37 +45 +56 

1 1.00 1.00 1.00 1.00 1.00 1 

3 1.00 1.00 0.50 1.00 1.00 1 

6 1.00 
1.00 
1.00  

1.00 
1.00 
1.00  

1.00 
1.00 
1.00  

1.00 
1.00 
1.00  

1.00 
1.00 
1.00  

3 

12 1.00 
1.00 
1.00 

1.00 
1.00 
1.00 

1.00 
1.26 
1.00 

1.00 
1.00 
0.79 

ND 3 

 

Data are the potency estimates (per plate) for 10/262 stored at elevated temperature expressed 

relative to samples of the same standard stored at the recommended storage temperature of -20°C. 

Potency was determined by Vero cell TNT using a toxin dose of Lcd/100. Samples were tested at 

a single dilution at month 1, 3 and 6 and at 3 different starting dilutions at month 12. For month 

12, data shown for each replicate is the geometric mean relative potency of the result obtained at 

each of the 3 different dilutions. ND = not determined due to incomplete solubility of 

reconstituted material. 
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Table 9. Summary of participants and methods performed for the follow up study to assess 

commutability and performance of 10/262 in human serology assays 

 

Lab 
Code 

Method Details of current  
reference 

No. Assays  
(vs. current 
reference) 

No. Assays 
(vs. 
10/262) 

I 
I-E 

Vero cell TNT 
ELISA (in-house)a 

NIBSC 00/496 (human) 
NIBSC 00/496 (human) 

1 
2 

1 
2 

II Vero cell TNT NIBSC 66/153 (equine) 2 2 

III Vero cell TNT WHO IS, DI (equine) 2 2 

IV Vero cell TNT NIBSC 66/153 (equine) 2 2 

V dDA-DELFIAa WHO IS, DI (equine) 3 1 

VI Multiplex Immunoassay 
(in-house)c 

In-house reference serum 
(human) calibrated against 
WHO IS, DI (equine) 

2 2 

VII ELISA  
(in-house)a 

In-house reference serum 
(human) 

2 2 

VIII ELISA  
(Binding Site Kit)a 

NIBSC 00/496 (human)d 1 ND 

IX ELISA  
(Virotech Kit)a 

NIBSC 00/496 (human)d 2 2 

X ELISA  
(Siemens Novagnost Kit)b 

NIBSC 91/534 (human)d 2 2e 

XI ELISA  
(NovaLisa Kit)a 

NIBSC 00/496 (human)d 2 1 

XII ELISA  
(Serion Kit) 

WHO IS, DI (equine)d 2 2 

XIII ELISA  
(IBL Kit)a 

NIBSC 00/496 (human)d 2 2 

XIV ELISA  
(Virotech Kit) 

NIBSC 00/496 (human)d 2 ND 

XV ELISA  
(Euroimmn Kit)a 

NIBSC 00/496 (human)d 2 2 

XVI ELISA  
(Novagnost Kit)b 

NIBSC 91/534 (human)d 2 ND 

 

a
ELISA plates coated with diphtheria toxoid; 

b
ELISA plates coated with diphtheria toxin; 

c
Microspheres conjugated with diphtheria toxoid; 

d
ELISA kits contain internal calibrators 

(human serum) calibrated against the standard shown in the table; 
e
data from laboratory X not 

included in assessment of continuity (see text for details) 
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Table 10. Normalised residuals for commutability assessment of sample 231 (10/262) 

 

Lab I I-E II III IV V VI VII VIII IX X XII XIII XIV XV XVI 

I  
-0.14 0.01 -0.16 1.58 -0.41 0.00 1.88 0.01 2.53 -0.22 -0.40 -0.16 1.20 1.02 0.79 

I-E 0.97 
 

0.71 0.87 1.73 0.52 0.89 2.18 0.16 3.09 0.53 -0.57 -0.15 1.65 1.31 1.39 

II 0.52 0.13 
 

0.07 1.75 -0.01 0.39 2.16 0.31 2.99 0.08 -0.48 0.17 1.77 1.46 1.52 

III 0.90 0.27 1.02 
 

1.51 0.16 0.49 1.98 0.19 2.27 0.16 0.39 0.84 1.27 1.24 0.93 

IV -1.19 -0.94 -1.11 -0.94 
 

-0.95 -0.82 1.55 -0.54 1.94 -0.90 -1.05 -1.12 0.49 0.51 -0.07 

V 1.50 0.62 1.52 0.91 1.76 
 

0.99 2.24 0.35 2.75 0.56 0.80 1.01 1.72 1.43 1.36 

VI 0.68 -0.15 0.47 0.41 1.40 -0.31 
 

2.01 -0.25 2.67 -0.10 -0.39 -0.38 1.32 1.04 0.94 

VII -0.16 -0.59 -0.23 -0.49 -0.31 -0.74 -0.64 
 

-0.26 0.52 -0.91 -0.09 NR -0.22 0.06 -0.44 

VIII 1.66 1.49 1.31 1.71 2.13 1.48 1.73 2.58 
 

3.70 1.53 0.97 0.57 2.25 1.75 1.08 

IX -1.63 -2.22 -2.03 -1.11 -1.10 -1.68 -1.81 0.29 -2.62 
 

-1.46 -3.32 -2.73 -1.37 -1.16 -1.58 

X 1.35 0.41 1.12 1.02 1.80 0.54 0.97 2.39 0.35 2.67 
 

0.33 1.00 1.79 1.69 1.64 

XII 1.38 1.16 1.44 0.91 2.04 0.51 1.18 2.31 0.32 4.07 0.74 
 

0.05 2.28 1.78 1.87 

XIII 1.47 1.46 1.37 0.85 2.20 0.21 1.34 NR 1.09 3.70 0.86 1.20 
 

2.45 1.98 2.13 

XIV 1.03 0.09 -0.92 -0.24 1.50 -0.79 0.63 2.23 0.15 2.49 1.30 -0.09 0.68 
 

1.47 1.28 

XV 0.42 0.15 -0.06 0.40 0.80 0.18 0.33 1.59 0.04 2.02 0.00 -0.42 -0.37 0.90 
 

0.50 

XVI 0.03 -0.63 -0.69 0.11 0.73 -0.45 -0.32 1.75 -0.55 2.37 -0.85 -0.95 -1.07 0.83 0.66 
 

                 

 

  Non-commutable: outside range [-2, 2] 

 

 NR Regression not significant (p>0.05) 
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Figure 1. Commutability assessment: example of the pairwise comparison for Lab I-E and Lab V)
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Upper panel shows linear regression plot for all panel samples for which a result was returned by 

laboratories I-E and V (excluding samples 230, 00/496 and 231, 10/262). Lower panel shows 

normalised residuals calculated from the fitted regression line, including samples 230 and 231. 
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Table 11. Summary of continuity data (grouped by method type).  

 

Lab Method 
rC/rN  

n GM LTL UTL Fig. 

I Vero cell assay 135 1.00 n/a n/a Not shown 

II Vero cell assay 118 1.02 1.00 1.04 

III Vero cell assay 150 1.05 n/a n/a 

IV Vero cell assay 150 1.36 n/a n/a 

      
 

I-E ELISA (in-house) 150 0.64 0.60 0.67 2 

V dDA-DELFIA (in-house) 149 1.08 0.40 2.90 

VI Multiplex Immunoassay (in-house) 150 0.70 0.54 0.92 

VII ELISA (in-house) 150 0.88 0.35 2.19 

      
 

IX ELISA (Virotech kit) 148 1.19 1.12 1.26 2 

XI ELISA (NovaLisa kit) 64 0.49 0.17 1.45 

XII ELISA (Serion kit) 112 0.91 0.85 0.98 

XIII ELISA (IBL kit) 71 2.22 1.04 4.72 

XV ELISA (Euroimmune kit) 80 1.19 0.27 5.31 

 

Data represents the comparison of panel sample result obtained using current standard (rC) with 

result obtained using the proposed new standard 10/262 (rN), expressed as a ratio (rC/rN); n = 

number of panel samples with reported result using both standards; GM = Geometric Mean; LTL 

= Normal Lower Tolerance Limit (95% confidence, 95% coverage); UTL = Normal Upper 

Tolerance Limit (95% confidence, 95% coverage) 
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Figure 2. Summary of continuity data. 
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Figure shows the ratio (rC/rN) of panel sample result (rC) obtained using current standard to the 

result (rN) obtained using the proposed new standard 10/262, plotted against the geometric mean 

(GM) of the two results. Results from in-house immunoassays (Laboratories I-E, V, VI, VII) are 

shown in the upper panel and results from commercial ELISA kits (laboratories IX, XI, XII, XIII, 

XV) are shown in the lower panel. Reference lines indicate where results obtained using the 

proposed new standard and current reference differ by a factor of 2 (at ratio = 0.5 and 2) or 10 (at 

ratio 0.1 and 10). 
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Appendix 1: List of participants (alphabetical order by country) 

 

Collaborative study for the calibration of 10/262 
P.R. CHINA Dr Xiao Ma & Dr Huajie Zhang 

National Institutes for Food and Drug Control (NIFDC) 
No. 2, Tiantan Xili 
Beijing 100050 
 

DENMARK Charlotte Sørensen 
IPV Control, Quality Control Department 
Division of Vaccine. B.351/108 
Statens Serum Institut 
Ørestads Boulevard 5 
DK 2300 Copenhagen S 
 

EGYPT Dr Manal Elkashef 
Quality Division Director 
EGYVAC – VACSERA 
51 Wezaret El Zeraa St. 
Agouza, Cairo 
 

FRANCE Dr Sonia Prieur & Dr Dominique Garcia 
Bacterial Vaccines Control Unit 
ANSM (formerly Afssaps) 
321 Avenue Jean Jaures 
69007 Lyon 
 

INDIA Dr Sunil Gairola 
Director – Quality Control 
Serum Institute of India Ltd. 
212/2 Hadapsar 
Pune-411028 
 

INDONESIA Dr Iin Susanti 
Bio Farma 
Pasteur 28 
Bandung 40161 
 

UNITED KINGDOM Dr Paul Stickings & Rob Tierney 
National Institute for Biological Standards and Control 
Division of Bacteriology 
Blanche Lane, South Mimms 
Potters Bar, Hertfordshire 
EN6 3QG 
 

USA Dr Rajesh K Gupta 
US Department of Health and Human Services 
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Food and Drug Administration 
Nicholson Lane Research Center 
5516 Nicholson Lane 
Kensington MD 20895 
 

 

Follow up study for assessment of commutability and continuity 
BULGARIA Dr. Antoaneta Detcheva & Rosen Alexiev 
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Appendix 2: Example protocol for in vivo assay (intradermal 

challenge in guinea pigs at Lr/100) 
 

This protocol describes an assay used to determine the potency of diphtheria antitoxin by in vivo 

titration in guinea pigs (using intradermal challenge).  The method described here is based on the 

European Pharmacopoeia Monograph 0086, and is divided into two parts: 

 

Part 1: titration of diphtheria toxin against the reference antitoxin (09/204) to determine the 

Lr/100 test dose 

 

Part 2: titration of diphtheria antitoxin to determine antitoxin potency 

 

The following materials and reagents are required for this assay: 

 

Guinea pigs weighing approximately 350 – 450 g (2 per group) 

Sterile saline* 

Diphtheria toxin (in-house) 

Reference diphtheria antitoxin (09/204) – provided by NIBSC 

Test diphtheria antitoxin (10/262) – provided by NIBSC (for part 2 only)  

 

*At NIBSC, sterile saline for this assay consists of (in 1 L): 

Sodium Chloride 8.0 g 

Potassium chloride 0.4 g 

Glucose 1.0 g 

 

Other buffers are likely to be suitable.   

 

Part 1. Determination of the test dose (Lr/100) of diphtheria toxin 

 

1. Two guinea pigs with shaved flanks are required for this part of the test 

2. Note that for both parts of the test, preparation of stock solutions of diphtheria antitoxin 

and diphtheria toxin require a minimum volume of 6 ml (prepare at least 10 ml to provide 

sufficient volume). 

3. Prepare a solution of the reference antitoxin to contain 0.1 IU/ml. 

4. Prepare a solution of the diphtheria toxin at 0.2 Lf/ml** 

5. Prepare a series of 6 tubes containing mixtures of the antitoxin and toxin solutions such 

that each tube contains 1.0 ml of the reference antitoxin (0.1 IU/ml), one of a graded 

series of volumes of the diphtheria toxin solution and sufficient buffer to bring the total 

volume to 2.0 ml (see example in Table A1). 

6. To prepare the 6 dilutions, add buffer first, followed by diphtheria toxin and finally add 

the fixed volume of diphtheria antitoxin. 

7. Allow the mixtures to stand at room temperature (protected from light) for 30-45 min. 

8. On each guinea pig, inject 0.2 ml of each of the 6 mixtures into the shaved flank.  The 

injections should be suitably spaced so that 3 are injected on each side (6 in total). 

9. After 48 h, record the incidence of specific erythema at the site of injection for all 6 sites.  

Any weal’s (areas of inflammation) larger than 5 mm are recorded as positive (+).  Sites 

free from reaction are recorded as negative (-). 

10. The test dose Lr/100 of diphtheria toxin is the quantity in 0.2 ml of the mixture made 

with the smallest amount of toxin that causes a specific erythema at the site of injection. 
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11. In the example shown in Table A1, the smallest amount of toxin causing an erythema is 

in dilution 4.  This dilution contains 0.01 Lf of diphtheria toxin in the 0.2 ml injection 

dose.  Therefore the test dose Lr/100 in this example is 0.01 Lf.  

 

**Note: the concentration of toxin shown here is an example and may need to be changed 

depending on the toxin preparation being used.  As a guide, 1 IU of antitoxin should neutralise 

approximately 1 Lf of diphtheria toxin. 

 

Table A1. Dilutions for Part 1 (determine test dose Lr/100 of diphtheria toxin) 

 

 Dilution  

1 

Dilution  

2 

Dilution  

3 

Dilution  

4 

Dilution  

5 

Dilution  

6 

Volume reference antitoxin 

(0.1 IU/ml) 

1.0 1.0 1.0 1.0 1.0 1.0 

Volume 

Diphtheria toxin 

0.2 0.3 0.4 0.5 0.6 0.7 

Volume 

Buffer 

0.8 0.7 0.6 0.5 0.4 0.3 

Total volume 2.0 2.0 2.0 2.0 2.0 2.0 

Diphtheria toxin  

(Lf/0.2 ml dose)
1
 

0.004 0.006 0.008 0.01 0.012 0.014 

Example Erythema - - - + + + 
1
assuming a stock concentration of 0.2 Lf/ml 

 

Part 2. Determination of the potency of diphtheria antitoxin 

 

1. Two guinea pigs with shaved flanks are required for each antitoxin sample for this part of 

the test (4 in total) 

2. Prepare a solution of the reference antitoxin to contain 0.125 IU/ml. 

3. Prepare a solution of diphtheria toxin to contain 12.5 x test dose /ml (in this example = 

12.5 x 0.01 = 0.125 Lf/ml) 

4. For the reference antitoxin, prepare a series of 6 tubes containing mixtures of the 

antitoxin and toxin such that each tube contains 0.8 ml of the diphtheria toxin solution, 

one of a graded series of volumes of antitoxin and sufficient buffer to bring the total 

volume to 2.0 ml (see example in Table A2). 

5. To prepare the 6 dilutions, add buffer first followed by diphtheria antitoxin and finally 

add the fixed volume of diphtheria toxin. 

6. Note that the series of dilutions should be centred on the mixture containing 0.01 IU of 

reference antitoxin in the 0.2 ml dose (dilution 3 in the example in Table A2). 

7. Prepare a dilution of the test antitoxin sample to give an estimated concentration of 0.125 

IU/ml (i.e. the same as the reference antitoxin). 

8. Prepare a series of 6 tubes containing mixtures of the test antitoxin, diphtheria toxin and 

buffer exactly as described for the reference antitoxin (see Table A3 for an example) - 

add buffer first followed by diphtheria antitoxin and finally add the fixed volume of 

diphtheria toxin. 

9. Allow the mixtures to stand at room temperature (protected from light) for 30-45 min. 

10. Using 2 guinea pigs for each series of dilutions, inject 0.2 ml of each of the 6 mixtures 

into the shaved flank.  The injections should be suitably spaced so that 3 are injected on 

each side (6 in total). 
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11. After 48 h, record the incidence of specific erythema at the site of injection for all 6 sites.  

Any weal’s (areas of inflammation) larger than 5 mm are recorded as positive (+).  Sites 

free from reaction are recorded as negative (-). 

12. For the test antitoxin, the dilution containing the largest volume of antitoxin that fails to 

protect the guinea pigs from erythema contains 0.1 IU in the total volume of 2 ml.  This 

quantity is used to calculate the antitoxin potency as follows: 

13. In the example in Table A3, the largest volume of antitoxin failing to protect guinea pigs 

is in dilution 5.  This dilution contains 0.4 ml of the antitoxin dilution.  Therefore, 0.4 ml 

contains 0.1 IU and 1 ml contains 0.25 IU antitoxin.  This figure is multiplied by the 

dilution factor of the original stock solution – in this example = 1/16 so 0.25 x 16 = 4 

IU/ml. 

 

Table A2. Dilutions for Part 2 – preparation of reference antitoxin samples (all volumes in ml) 

 

 Dilution  

1 

Dilution  

2 

Dilution  

3 

Dilution  

4 

Dilution  

5 

Dilution  

6 

Volume reference antitoxin 

(0.125 IU/ml) 

1.2 1.0 0.8 0.6 0.4 0.2 

Volume 

Diphtheria toxin  

(12.5 x test dose /ml) 

0.8 0.8 0.8 0.8 0.8 0.8 

Volume 

Buffer 

0.0 0.2 0.4 0.6 0.8 1.0 

Total volume 2.0 2.0 2.0 2.0 2.0 2.0 

Antitoxin IU/0.2 ml dose 0.015 0.0125 0.010 0.0075 0.005 0.0025 

Example Erythema - - + + + + 

 

 

Table A3. Dilutions for Part 2 – preparation of test antitoxin samples (all volumes in ml) 

 

 Dilution  

1 

Dilution  

2 

Dilution 

 3 

Dilution  

4 

Dilution  

5 

Dilution  

6 

Volume test antitoxin 

(example diluted 1/16) 

1.2 1.0 0.8 0.6 0.4 0.2 

Volume 

Diphtheria toxin  

(12.5 x test dose /ml) 

0.8 0.8 0.8 0.8 0.8 0.8 

Volume 

Buffer 

0.0 0.2 0.4 0.6 0.8 1.0 

Total volume 2.0 2.0 2.0 2.0 2.0 2.0 

Example Erythema - - - - + + 
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Appendix 3: Example protocol for in vitro assay (Vero cell toxin 

neutralization test at Lcd/100) 

 

This protocol describes an assay used to determine the potency of diphtheria antitoxin by in vitro 

titration using Vero cells, and is divided into two parts: 

 

Part 1: titration of diphtheria toxin against the reference antitoxin (09/204) to determine the 

Lcd/100 test dose (Lcd/100 refers to the smallest amount of toxin neutralized by 0.01 IU of 

reference antitoxin) – this must be done before Part 2 is started. 

 

Part 2: titration of diphtheria antitoxin to determine antitoxin potency 

 

The following materials and reagents are required for this assay: 

 

Vero cells 

Complete cell culture medium (abbreviated to CCM) 

96 well flat bottom tissue culture microplate with lid 

Diphtheria toxin (in-house) 

Reference diphtheria antitoxin (09/204) – provided by NIBSC 

Test diphtheria antitoxin (10/262) – provided by NIBSC (for part 2 only) 

Phosphate Buffered Saline pH 7.4 

Thiazolyl Blue Tetrazolium Bromide (MTT, Sigma M2128) 

MTT extraction buffer (10% w/v SDS in 50% v/v dimethylformamide) 

Multichannel pipettes 

 

Part 1. Determination of the test dose (Lcd/100) of diphtheria toxin 

 

1. Prepare a dilution of the reference antitoxin (09/204) in CCM to give a stock solution of 

0.01 IU/ml (prepare at least 10 ml per plate). 

2. Prepare a dilution of diphtheria toxin in CCM to give a stock solution of 0.16 Lf/ml 

(approximately 1 ml per plate is required). 

3. Prepare a flat bottom 96 well tissue culture microplate by marking the columns for 

samples and controls as shown in the example Figure A1. 

4. Add 150 µl of CCM to all blank control wells; add 100 µl CCM to all cell control wells 

5. Add 50 µl CCM to all sample wells – EXCEPT for the top row (A) which remains empty. 

6. Add 100 µl of diluted diphtheria toxin stock to the appropriate wells in row A.  Titrate 

down the plate (serial two fold dilutions of 50 µl volumes) and discard 50 µl from row H. 

7. Add 50 µl of diluted diphtheria antitoxin stock (0.01 IU/ml) to all sample wells.  These 

wells now contain a total volume of 100 µl.  Shake the plate gently by hand, cover with a 

lid and leave at room temperature for 1h to allow neutralization to occur. 

8. Meanwhile, prepare a suspension of Vero cells in CCM at a density of approximately 4 x 

10
5
 cells per ml. 

9. Add 50 µl of the Vero cell suspension to all sample wells and the cell control wells.  All 

wells now contain a total volume of 150 µl. 

10. Cover with a lid, shake the plates gently by hand and incubate in a 5% CO2 incubator at 

+37 °C for 6 days.  A plate sealer (pressure film) may be added to seal the plate before 

incubation if required. 

11. After 6 days, perform the MTT viability assay to determine assay end points. 

12. Prepare a solution of MTT at 5 mg/ml in PBS – pass though a 0.2 µM filter. 
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13. Add 10 µl of this MTT solution to all wells in the plate (including controls); return the 

plate to the incubator for approximately 4 h. 

14. Remove the supernatant from all wells using a multichannel pipette set to >150 µl. 

15. Add 100 µl of MTT extraction buffer to all wells and return the plate to the incubator 

overnight to allow complete extraction of the formazan product to occur. 

16. Read the absorbance at ~570 nm. 

 

Figure A1. Example of the plate layout for determining the Lcd/100 test dose of diphtheria toxin. 

 

Note: in this example the toxin is titrated in duplicate.  More replicates should be included where 

possible.  In addition, duplicate plates can be prepared if necessary. 

 

Calculation of results and determination of assay end points 

An example of the results obtained in shown in Figure A2. The average (or geometric mean) 

OD570 for the cell control (column 11) is calculated and divided by 2 to give a cut-off value 

which defines the assay end point. Note that end points can also be determined visually using 

colour change or microscopic examination of wells. 

 

In this example, the OD geometric mean for the cell control = 1.34; therefore the 50% control 

OD is 1.34 / 2 = 0.67. 

 

The Lcd/100 is defined as the lowest concentration of diphtheria toxin that causes cytotoxicity in 

the presence of 0.01 IU/ml of reference diphtheria antitoxin.  In the example shown in Figure A2, 

cytotoxicity is defined as an OD <0.67 and dilutions 1-5 are all toxic.  The lowest concentration 

of toxin is in dilution 5 (0.01 Lf/ml) so the Lcd/100 = 0.01 Lf/ml. 

  

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

A 

Blank 

Control 

Spare Spare Spare 

Toxin 

0.16 

Lf/ml 

Toxin 

0.16 

Lf/ml 

Spare Spare Spare Spare 

Cell 

Control 

Blank 

Control 

B    0.08 0.08     

C    0.04 0.04     

D    0.02 0.02     

E    0.01 0.01     

F    0.005 0.005     

G    0.0025 0.0025     

H    0.00125 0.00125     
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Figure A2. Example of results obtained in the Vero cell assay (determination of Lcd/100) 

 

 

Part 2. Determination of the potency of diphtheria antitoxin 

 

1. Prepare a dilution of the reference antitoxin (09/204) in CCM to give a stock solution of 

0.16 IU/ml (prepare at least 1 ml per plate). 

2. Prepare a dilution of the test antitoxin sample in CCM to give a stock solution with an 

estimated concentration equivalent to that of the reference antitoxin (so for 10/262 which 

has an estimated potency of 2 IU/ml, dilute 1/12.5 – prepare at least 1 ml per plate) 

3. Prepare a dilution of diphtheria toxin in CCM to contain the Lcd/100 test dose per ml 

(using the example from Part 1, the stock solution will contain 0.01 Lf/ml) – prepare at 

least 10 ml per plate. 

4. Prepare the 96 well plate according to the number of samples being tested (an example is 

shown in Figure A3).  The reference antitoxin and test antitoxin should be tested at least 

in duplicate on each plate.  Replicate plates may also be included where necessary. 

5. Add 150 µl CCM to all blank control wells; add 100 µl CCM to all cell control wells 

(column 11). 

6. Add 50 µl CCM to all sample wells – EXCEPT for the top row (A) which remains empty. 

7. Add 100 µl of diluted reference antitoxin or test antitoxin to the appropriate wells in row 

A.  Titrate down the plate (serial two fold dilutions of 50 µl volumes) and discard 50 µl 

from row H. 

8. Add 50 µl of diluted diphtheria toxin stock to all wells containing reference or test 

antitoxin. Shake the plate gently by hand, cover with a lid and leave at room temperature 

for 1h to allow neutralization to occur 

9. Meanwhile, prepare a suspension of Vero cells in CCM at a density of approximately 4 x 

10
5
 cells per ml. 

10. Add 50 µl of the Vero cell suspension to all sample wells and the cell control wells.  All 

wells now contain a total volume of 150 µl. 

11. Cover with a lid, shake the plates gently by hand and incubate in a 5% CO2 incubator at 

+37 °C for 6 days.  A plate sealer (pressure film) may be added to seal the plate before 

incubation if required. 

Plate 

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

A 0.046    0.047 0.046     1.247 0.046 

B 0.045    0.049 0.046     1.332 0.045 

C 0.044    0.049 0.049     1.308 0.044 

D 0.047    0.048 0.049     1.301 0.047 

E 0.046    0.053 0.055     1.275 0.046 

F 0.045    0.962 0.993     1.331 0.045 

G 0.044    1.166 1.133     1.437 0.044 

H 0.047    1.311 1.340     1.528 0.047 
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12. After 6 days, perform the MTT viability assay to determine assay end points as described 

in part 1. 

 

Figure A3. Example of plate layout to determine the potency of diphtheria antitoxin 

 

 

Calculation of results and determination of assay end points 

An example of the results obtained in shown in Figure A4. The average (or geometric mean) 

OD570 for the cell control (column 11) is calculated and divided by 2 to give a cut-off value 

which defines the assay end point. Note that end points can also be determined visually using 

colour change or microscopic examination of wells. 

 

In this example, the OD geometric mean for the cell control = 1.28; therefore the 50% control 

OD is 1.28 / 2 = 0.64. 

 

The end point of the assay is the last dilution of antitoxin at which cells are protected from the 

toxic effects of the diphtheria toxin (i.e. OD > 0.64).  In the example shown in Figures A3 and 

A4, the end point for the reference antitoxin is at 0.02 IU/ml.  The end point for the test antitoxin 

is at 1/100.  Therefore the potency of the test antitoxin is 100 x 0.02 = 2 IU/ml.   

 

  

Plate 

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

A 

Blank 

Control 

Spare 

Ref 

09/204 

0.16 

Ref 

09/204 

0.16 

Test 

ATx 

1/12.5 

Test 

ATx 

1/12.5 

Spare Spare Spare Spare 

Cell 

Control 

Blank 

Control 

B  0.08 0.08 1/25 1/25     

C  0.04 0.04 1/50 1/50     

D  0.02 0.02 1/100 1/100     

E  0.01 0.01 1/200 1/200     

F  0.005 0.005 1/400 1/400     

G  0.0025 0.0025 1/800 1/800     

H  0.00125 0.00125 1/1600 1/1600     
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Figure A4. Example of results obtained in the Vero cell assay (potency of diphtheria antitoxin) 

 

 

 
  

Plate 

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

A 0.046  1.182 1.188 1.168 1.158     1.391 0.046 

B 0.045  1.245 1.219 1.265 1.238     1.213 0.045 

C 0.044  1.201 1.168 1.264 1.221     1.205 0.044 

D 0.047  1.055 1.139 1.185 1.166     1.211 0.047 

E 0.046  0.047 0.049 0.046 0.047     1.278 0.046 

F 0.045  0.043 0.045 0.047 0.047     1.247 0.045 

G 0.044  0.047 0.049 0.046 0.049     1.313 0.044 

H 0.047  0.045 0.043 0.045 0.045     1.425 0.047 
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Appendix 2 Draft Instructions for Use 
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