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SUMMARY 

 

The 1st International Reference Reagent (IRR) of Tetanus Toxoid for Flocculation 

Test (TEFT) was established by the WHO in 1988. This reagent is essential for the 

standardisation of assays used to calculate Lf units of toxoids. The Lf unit is used in 

the control of tetanus toxoid during the production process and to confirm antigenic 

purity and content of toxoid prior to use in vaccine formulations. It can also be used 

for antigen content testing in the final products. TEFT is currently in limited supply 

and two replacement candidate materials were prepared. One candidate replacement 

material was provided by the Staten Serum Institute in Denmark and another from 

Aventis Pasteur MSD in France. Both preparations were formulated at NIBSC using 

different stabilisers and freeze-dried.  

 

An international collaborative study including 17 laboratories from 15 countries was 

carried out to examine the candidate replacement formulations. The primary aim of 

the study was to calibrate the candidate standards in Lf units and to confirm their 

suitability for use in flocculation test. The principal assay for calibration in Lf units 

and for stability testing was the WHO recommended flocculation test, but participants 

were also asked to include their in house methods, if used. Both materials were 

confirmed to be active in the flocculation test but flocculation times for 02/232 were 

significantly higher than for 04/150 and one laboratory was not able to observe 

flocculation data with 02/232. It is therefore proposed to recommend establishment of 

04/150 as replacement WHO International Standard. 

 

One laboratory performed stability studies on samples of 04/150 stored at elevated 

temperatures for up to 2 years. The predicted degradation rate was calculated as 0.57% 

loss of activity per year when stored at -20
o
C. This is higher than the recommended 

and desired degradation rate of <0.1%. It is proposed therefore that further stability 

studies are performed after 3 and 4 years to provide further assessment of stability.   

 

Tests for residual moisture, precision of fill and sterility were all satisfactory and all 

complied with WHO specifications. Analysis of the oxygen content of the sealed 

ampoules revealed high (>1%) and variable oxygen content suggesting that process of 

the stoppering and heat sealing had been sub-optimal. Whilst this is unlikely to have 

any impact on the stability of the material to serve as a WHO IS, this finding, taken 

together with the predicted degradation rate supports a requirement for further 

ongoing stability studies during the lifetime of the standard. 

 

It is proposed that 04/150 is suitable to act as the 2
nd
 International Standard of Tetanus 

Toxoid for Flocculation Test based on satisfactory performance in the flocculation 

assay and adequate stability, subject to the further stability studies post adoption. This 

was agreed and endorsed by all participants of the collaborative study.  

It is proposed to assign the value of 690 Lf/ampoule based on the results of 

flocculation tests performed in 17 laboratories using the provided antitoxin. 

In March 2007, 5,284 ampoules of 04/150 remain available at NIBSC. Based on 

current and projected needs this should to be sufficient for at least 20 years. 
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INTRODUCTION 

 

Antigenic strength and purity of tetanus toxoid as well as content of toxoid (and toxin) 

in a sample can be expressed in flocculation value (Lf units). The current WHO 

minimum requirement for antigenic purity of tetanus toxoid has been set as not less 

than 1000 Lf units per milligram of protein nitrogen for use in production of vaccines 

for human use [1]. Purified tetanus toxoid of at least or higher purity is also 

recommended for use in conjugation process in production of conjugate vaccines. 

 

All vaccine manufacturers use the original Ramon version of the flocculation test to 

express Lf units in toxoids [2,3]. The test is used as part of in process control during 

production and also to confirm antigenic purity of bulk toxoid [1].  

 

Ramon flocculation assay is an immunological binding assay in which the flocculation 

value (Lf) of a toxoid (or toxin) is determined by the number of units of antitoxin 

which, when mixed with the sample produces an optimally flocculating mixture. 

Visible flocculation is formed as a result formation of antigen-antibody complexes. 

Because calibration of antitoxins in International Units will be assay dependent, 

antitoxins used in the Ramon assay must be directly calibrated against the 

International Reference Reagent (IRR) of Tetanus toxoid for flocculation test. The 

concentration of antitoxin thus determined may be indicated in Lf-equivalents per 

milliliter (Lf-eq/ml).  

 

By definitional, 1 Lf is the quantity of toxoid (or toxin) that flocculates in the shortest 

time with 1 Lf-eq of specific antitoxin. It is suggested that the Lf-unit of toxoids can 

be defined not by a relationship to the antitoxin unit but directly by means of a 

reference toxoid, calibrated in Lf units [4]. The First International Reference Reagent 

(IRR) of Tetanus Toxoid for Flocculation Test (TEFT) was thus established by the 

WHO in 1988 [3,5]. By 2002, this material was almost depleted and at ECBS in 

November 2003 WHO endorsed the project to initiate its replacement. 

 

This report summarises the results of a collaborative study carried out to assess the 

suitability of two candidate materials to serve as replacement International Standard of 

Tetanus Toxoid for use in defining Lf units of tetanus toxoids preparations. The 

primary aim of the study was to calibrate replacement IRR and define it in Lf units 

using WHO established flocculation (Ramon) assay method. For this purpose a 

common antitoxin reagent was provided to all participants. A further aim of the 

collaborative study was to assess suitability of in house reagents and other suitable 

alternative assay methods to express toxoid content in Lf units. Alternative antigen 

detection methods have been developed which are also dependent on interaction 

between toxoid and specific antibodies. These are based on immunoprecipitation or 

immunodetection on solid surfaces by direct or capture methods or are dependent on 

the alternative more objective detection of antigen-antibody complexes, such as laser 

light-scattering [6]. Examples of several approaches have been included in the 

collaborative study to provide additional information. 
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PARTICIPANTS 

 

Seventeen laboratories representing fifteen countries (Argentina, Australia, Canada, 

China, Croatia, Denmark, Egypt, France, Hungary, India, Indonesia, Japan, Mexico, 

The Netherlands, Pakistan) participated in the study. Participating laboratories are 

listed in Appendix 1 and are referred to throughout this paper by a code number, 

allocated at random and not related to the order of listing. 

 

MATERIALS 

 

All reagents were provided to participating laboratories with instructions for use and 

conditions of storage. Information on samples provided is detailed in Table 1. 

 

1
st
 International Reference Reagent of Tetanus Toxoid for Flocculation Test (TEFT) 

 

TEFT was prepared and characterized by the Statens Serum Institute (SSI), 

Copenhagen, Denmark and in a WHO collaborative study. It was established in 1988 

as the 1st IRR for Tetanus Toxoid for Flocculation Test [3]. TEFT is prepared from a 

purified tetanus toxoid originally donated by the Connaught Laboratories, Ltd., 

Canada with recorded purity of 1100 Lf/mg protein nitrogen. The protein was supplied 

in a medium containing sucrose (5%), tryptone T (oxoid 1%) and monosodium 

glutamate (1%). This solution was distributed into ampoules and freeze-dried at SSI, 

Denmark. Each ampoule contains by definition 1000 Lf units of tetanus toxoid [3,5]. 

 

Proposed candidate International Standard of Tetanus Toxoid for Flocculation Test, 

samples coded 04/150 

 

Source: Purified tetanus toxoid non adsorbed coded Batch 95 was donated to NIBSC 

by the Serum Statens Institute (SSI), Copenhagen, Denmark in June 2004. The 

material was provided in 6 glass bottles labeled 345678 containing 6L preparation of 

tetanus toxoid with ca. 4,380,000 Lf and with purity of > 1000Lf/mg protein nitrogen.  

 

Freeze-dried formulation: In November 2004, the bottles of the provided material 

were diluted in a medium containing 0.1 M sodium chloride and 1% trehalose. 1 ml of 

solution was filled into ampoules and freeze-dried at Standards Processing Division, 

NIBSC. Trehalose was chosen as a stabilizer for this standard because of 

demonstrated superior stability, best visual appearance post freeze-drying and superior 

performance in flocculation test, when compared to other stabilizers, including sucrose 

which was used in the formulation of previous IRR (manuscript is preparation).. 

Formation of satisfactory dry cake was observed visually taking random ampoules at 

various points of the production process. Ampoule integrity is not routinely tested at 

NIBSC but assumed by in process validation based on >10 years data. On visual 

inspection there were no obvious anomalies with the production process.  

 

Each ampoule was calculated to contain about 730 Lf units of tetanus toxoid. The 

average weight of the ampoule content was determined as 0.026 g of dry weight ± 1%. 
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Freeze-dried preparation was tested at NIBSC by SRD assays and determined to have 

about 700 Lf per ampoule.  Ampoules were therefore provisionally labeled with 700 

Lf for use in the collaborative study. 

 

A total of 5,900 freeze-dried ampoules coded 04/150 was made in November 2004, 

with 5,856 ampoules available for use. In February 2005, sufficient ampoules were 

stored for the accelerated thermal degradation test at each of the following 

temperature: -20˚C, +4˚C, +20˚C, +37˚C, +45˚C and +56˚C. All other samples were 

stored at the recommended storage temperature of -20
o
C. In March 2007, 5,284 

ampoules remain at NIBSC for donation as replacement IRR. Based on the current and 

predicted use, this is sufficient for at least 20 years. 

 

Precision of fill was determined at NIBSC as 1.01g with CV of 0.04% (n=44). This 

complies with the WHO specifications for International Standards which requires CV 

of <0.25%. 

 

Residual moisture content was determined for 6 individual ampoules using Karl 

Fischer method. Calculated value represents 0.92% moisture of total dry weight which 

complies with the WHO specifications (<1%).  

 

Atmospheric oxygen level was determined as 1.305% (n=22). This value is higher than 

WHO requirement (<1%). When looking at the data obtained with individual 

ampoules, 13 showed atmospheric oxygen level of <1% while 9 ampoules showed 

level >1%. This high variability suggests that the process of heat sealing had been sub-

optimal leading to an increase of the oxygen content for some of the ampoules. 

Therefore further on-going stability studies will be required during the life-time of the 

product to investigate if high oxygen level has any impact on the stability. 

 

Sterility: Microbiological analyses were performed on freeze dried ampoules and the 

presence of bacteria, yeast and mould was assessed. No contamination was found after 

reconstitution of freeze-dried ampoules. Sterility was therefore confirmed as 

satisfactory by microbiology control. 

 

Stability: Ampoules stored at elevated temperatures for 1.3 and 2 years were tested in 

one laboratory. A predicted degradation rate was calculated as 0.57% loss of activity 

per year when stored at -20
o
C. This result does not fully comply with WHO 

specifications and stability for 04/150 should be monitored for at least 2 more years 

post adoption to increase confidence in product stability. 

 

Proposed candidate International Standard of Tetanus Toxoid for Flocculation Test, 

samples coded 02/232 

 

Source: Purified tetanus toxoid non adsorbed coded FA082448 was donated to NIBSC 

by Aventis Pateur MSD, France in 2002. The material was provided in one glass 

bottle containing 800 ml preparation of tetanus toxoid with ca. 4,000,000 Lf and with 

purity of > 1000Lf/mg protein nitrogen.  
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Freeze-dried formulation: In November 2002, the bottle of the provided material was 

diluted at NIBSC in a medium containing 0.1 M sodium chloride and 5% glycine (50 

mg).  1 ml of solution was filled into ampoules and freeze-dried at Division of 

Standards Processing at NIBSC. . Formation of satisfactory dry cake was observed 

visually taking random ampoules at various points of the production process. 

Ampoule integrity is not routinely tested at NIBSC but assumed by in process 

validation based on >10 years data. Each ampoule was calculated to contain about 

1000 Lf units of tetanus toxoid. The average weight of the ampoule content was 

determined as 0.0631 g of dry weight ± 0.38%. Freeze-dried preparation was tested at 

NIBSC by SRD assays and found to have about 900 Lf content per ampoule. 

Ampoules were therefore provisionally labeled to contain 900 Lf for use in the 

collaborative study. 

 

A total of 4000 freeze-dried ampoules coded 02/232 were made in November 2002, 

with 3790 ampoules available for use. Sufficient ampoules were stored for accelerated 

thermal degradation test at each of the following temperature: -70˚C, -20˚C, +4˚C, 

+20˚C, +37˚C, +45˚C and +56˚C. All other samples were stored at the recommended 

storage temperature of -20oC. In March 2007, 2951 ampoules remain at NIBSC for 

donation as replacement IS. Based on the predicted use, this is sufficient for about 15 

years. 

 

Precision of fill was determined at NIBSC as 1.01g with CV of 0.06% (n=52). This 

complies with WHO specifications for International Standards which requires CV of 

<0.25%. 

 

Residual moisture content was determined for 6 individual ampoules using Karl 

Fischer method. Calculated value represents 0.26% moisture of total dry weight which 

complies with WHO specifications (<1%).  

 

Atmospheric oxygen level was determined as 0.58% (n=12) which also complies with 

WHO requirement (<1%).  

 

Sterility: Microbiological analyses were performed on freeze dried ampoules and the 

presence of bacteria, yeast and mould was assessed. While contamination was found 

positive for Corynebacterium propinquum and Staphylococcus capitis in the pre-filled 

and filled samples, no contamination was found after reconstitution of freeze-dried 

ampoules. Sterility was therefore confirmed as satisfactory by microbiology control. 

 

Stability: Ampoules stored at elevated temperatures for 4 years were tested in one 

laboratory. A predicted degradation rate was calculated as 0.003% loss of activity per 

year when stored at -20
o
C. This confirmed that candidate material is highly stable and 

fully complies with the WHO specifications. 
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Tetanus antitoxin equine for flocculation test (66/021) 

 

This material was established in 1986 by NIBSC for use in flocculation test. Each 

ampoule contains a freeze dried residue of hyperimmune horse antiserum to tetanus 

toxoid/toxin. Each ampoule contains 1,400 International Units of tetanus antitoxin as 

determined by toxin neutralization test. Material was provided as a critical reagent for 

use in the flocculation Ramon test for calibration of flocculation (Lf) of candidate 

replacement IS.  

 

 

ASSAY METHODS 
 

Ramon flocculation assay  

 

This immunological binding assay in solution consists of the detection of a complex 

formed between the antigen and the antibody [7]. This assay, known as Ramon assay, 

is based on the observation by naked eye of a macroscopic flocculation complex. The 

time required for the formation of this complex depends on the ratio of toxoid and 

specific antitoxin. The time in minutes for the first flocculation to occur, is called the 

Kf value. Kf depends on concentration of both antigen and antitoxin. It is assumed that 

the quality of the antigen affects the Kf. Flocculation sequence is defined by the Kf 

observed for the first, second and third flocculation to occur. The 1
st
 tube in which 

flocculation appears is used to determine the Lf value of the sample. The Lf or “Limit 

of Flocculation” is defined as the antigen content forming 1:1 ratio against 1 unit of 

antitoxin [8].  

 

Participants were provided with the original WHO methodology for the assay [2]. It 

was recommended to initiate the experiment with a series of eight concentrations of 

the tetanus antitoxin starting from 30 to 100 Lfeq./ml in Phosphate Buffer Saline pH 

7.4 and tetanus toxoids to the assumed value of 50 Lf/ml in Phosphate Buffer Saline 

pH 7.4. 

 

However, if flocculation first appeared in the first or the last tube of the series, the 

assay had to be performed again with either a different range of reference antitoxin or 

different dilution of tested toxoid. All results were to be reported for statistical 

analyses at NIBSC. 

 

Toxoid flocculation assay by laser light-scattering 

 

This new method is based on the same principles as the original Ramon assay but the 

detection of the flocculating complex, instead of using visual determination as end 

point, relies on more accurate and objective detection using laser light-scaterring 

platelet aggregometer. A laser beam is passed through the suspension and particles in 

suspension are subjected to aggregometry. Scattered light intensity and signal counts 

are recorded, which provide highly reproducible and more objective quantification 

system to determine flocculation values. Recorded data (values) reflect size and 
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number of detected particles, respectively [6]. Laser light scattering method was 

performed by one laboratory. 

 

Single Radial Diffusion (SRD) 

 

SRD immunoprecipitation method is a method of choice as a simple identity test to 

confirm presence of tetanus antigen in every final batch of vaccine. The method was 

published by Melville-Smith [9] and it is in routine use as an identity test. SRD 

method can however be used for quantitative measurement of Lf on non-adsorbed 

purified toxoid and intermediate products. A concentration gradient is established for 

the toxoid diffusing from an external source into the gel medium containing the 

antitoxin at a comparatively low concentration. When the equilibrium between the two 

components has been reached, circular precipitation ring appears, the diameter of 

which is directly proportional to the concentration of the antitoxin in the gel. The 

detection limit and liner dose response for tetanus toxoid is between 4-100 Lf/ml. 

Previous publications suggest that SRD could be used as an alternative to the 

flocculation test, because results in the two assay systems do not generally differ by 

more than 10% [10]. 

 

Capture ELISA 

 

Monoclonal Ab capture immunoassays provide addition specificity and may be useful 

tools in monitoring epitope specific integrity of toxoid [11]. This approach was used at 

NIBSC to provide additional information in support of stability and integrity of the 

candidate replacement IRRs.  

 

STUDY DESIGN 

 

Each participating laboratory was provided with both candidate replacements coded 

04/150 and 02/232 and tetanus antitoxin (66/021). Sufficient ampoules were provided 

for each flocculation to be repeated using a new ampoule on four independent 

occasions. Due to very low stock of 1st IRR, TEFT, only 4 participants (laboratories 

coded 1, 2, 3 and 5) received this material. Moreover, only 2 ampoules could be 

provided per laboratory allowing them to perform two independent experiments. 

Details of study design are shown in Table 2.  

 

The primary assay for the collaborative study was defined as the WHO flocculation 

(Ramon) test. Participants were also asked to perform the flocculation test with their 

own in-house reagents where these were available as detailed in Table 3. In addition to 

Ramon flocculation assay, participants were asked to perform suitable in house 

procedures where these were available and validated.  

 

Precise directions were given to participants to reconstitute and store the ampoules 

provided prior to use in the assay. Participants were asked to report information on 

ampoule reconstitution including date of reconstitution, dilution volume, final 

concentration and storage. Suitable forms were provided for collection of information. 
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Any deviation to sample and ampoule reconstitution was to be reported using 

appropriate forms. 

 

All raw data together with assay details were to be returned to NIBSC for analysis. All 

participants were asked to use provided data sheet to report details of results, as well 

as how dilutions were performed on each day of experiment, the date of each assay, 

the tube series and the flocculation sequence. Using the flocculation sequence, 

participants were asked to calculate the corresponding Limit of flocculation (Lf) value 

taking the initial dilution into account. 

 

STATISTICAL ANALYSIS 

 

All mean results given in this report are unweighted geometric means with 95% 

confidence limits. Variability between assays and laboratories has been expressed 

using geometric coefficients of variation (% GCV) [12]. Comparisons of results have 

been made by unpaired t-test of log values. The relative activities of the accelerated 

thermal degradation samples were used to fit an Arrhenius equation relating 

degradation rate to absolute temperature assuming first-order decay [13] and predict 

the annual degradation rates of the preparations when stored at –20
°
C. 

 

 

RESULTS AND DISCUSSION 

 

Results contributed to the study 

 

All seventeen participants performed four independent flocculation assays on samples 

04/150 and 02/232 using the provided antitoxin. A summary of results is shown in 

Table 4A. One participating laboratory (coded 3) chose to perform several 

experiments with each reconstituted ampoule of both candidate materials.  

 

Three participants (coded 1, 2 and 5) performed two independent assays with TEFT 

using provided antitoxin. One participant (coded 3) performed one assay with TEFT 

using provided antitoxin. 

 

Fourteen laboratories additionally performed four independent flocculation assays of 

04/150 and 02/232 using their own in-house tetanus antitoxin. A summary of results is 

shown in Table 4B. Specifications of in-house antitoxins used in the study are 

provided in Table 2A for information.  

 

Nine laboratories performed additional assays of their own in-house tetanus toxoids, 

details of which are provided in Table 2B. 

 

Results obtained for 1
st
 IRR, TEFT 

 

Tables 5A and 5B summarise the results (Lf/ampoule) for TEFT obtained using the 

provided and in-house antitoxins. TEFT was assigned a value of 1000 Lf/ampoule in 
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the previous collaborative study [5] where a geometric mean value of 1000 

Lf/ampoule (95% confidence limits: 963-1039; GCV 6.5%; n=13) was reported for 

Ramon test [4] using a different antitoxin. The results obtained in this study are in 

agreement with those reported previously. 

 

The time for the 1
st
 flocculation to occur, known as Kf, was reported as less than 30 

min for TEFT. 

 

 

Calibration of candidate 2
nd
 IS, 04/150 

 

Table 6 summaries the results (Lf/ampoule) obtained for the candidate IRR 04/150 

using the provided antitoxin. An overall geometric mean of 686 Lf/ampoule (95% 

confidence limits: 642-733; GCV 13.8%; n=17) was calculated. Within-laboratory 

GCV’s ranged from 0% to 28% with an average of 5.6% indicating a smaller level of 

variability than between laboratories.  

 

Thirteen of the participants also calibrated 04/150 using their own in-house antitoxin. 

Results are shown in Table 7. An overall geometric mean of 698 Lf/ampoule (95% 

confidence limits: 653-747; GCV 12.3%; n=14) was calculated. Although this did not 

differ significantly from the mean obtained using provided antitoxin, it is proposed to 

assign the value for replacement standard using only the set of results generated with 

the common antitoxin as the two means are derived non identical populations (i.e. 17 

laboratories with provided antitoxin with 14 laboratories from in house antitoxin). 

 

The time for the 1
st
 flocculation to occur, known as Kf, was reported as less than 30 

min. and comparable to TEFT, the current IRR. 

 

Other methods  

 

One participant (coded 11) performed laser light scattering method. For this assay, one 

ampoule of 04/150 was reconstituted and the experiment was repeated three times 

with the same ampoule in order to be able to calculate the Lf value. The experiment 

was performed in presence of the in-house antitoxin. A mean value of 627 Lf/ampoule 

was obtained. This value is in agreement with the one shown in Table 7 for this 

laboratory, which suggests that comparable results can be obtained from the Ramon 

assay and laser light-scattering methods. 

 

NIBSC also performed SRD assay on 04/150 using three independent ampoules and in 

house toxoid as reference as detailed in Table 3A. Results for samples kept at the 

recommended storage temperature (-20˚C) for 2 years gave a geometric mean of 655 

Lf/ampoule (95% confidence limits: 597-712) (Table 12 B) which is in agreement and 

not statistically different with the results from the Ramon assay in other laboratories 

(Table 7).  
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Stability of 04/150 

 

Accelerated thermal degradation studies 

 

Flocculation tests were performed by one laboratory (coded 2) using their own 

antitoxin and candidate replacement IRR (04/150) previously incubated at -20˚C, 

+4˚C, +20˚C, +37˚C, +45˚C and +56˚C for 1.3 and 2 years. Data expressed in Lf limit 

and Flocculation times for these samples are shown in Table 10. A predicted 

degradation rate from these data was calculated as 0.57% loss of activity per year 

when stored at -20˚C.  

 

Samples of 04/150 stored at elevated temperature were also tested by SRD assay at 

NIBSC. Summary results are presented in Table 12. In-house tetanus toxoid (Table 

3B) was used as a reference (calibrated in Lf) with tetanus antitoxin (66/021). A 

greater loss of antigen, defined in Lf unit, is observed by SRD at some temperatures.  

 

MAb capture ELISA was also performed on samples of 04/150 stored at elevated 

temperature. In–house tetanus toxoid (Table 3B) was used as a reference calibrated in 

Lf with specific capture and detection antibody reagents. A summary of results is 

shown in Table 13. At each time point the Lf value was calculated from the mean of 3 

values indicating independent assays and expressed in Lf with 95% limits. Although 

Lf values determined in this assay are not comparable with those calibrated in 

flocculation or SRD tests, a greater loss of activity at elevated temperatures was 

observed (Figure 1). 

 

Calibration of candidate 2
nd
 IS, 02/232 

 

Table 8 summaries the results (Lf/ampoule) obtained for the candidate IS 02/232 using 

the provided antitoxin. An overall geometric mean of 800 Lf/ampoule (95% 

confidence limits: 750-855; GCV 13.6%; n=17) was calculated. Within-laboratory 

GCV’s ranged from 0% to 18.3% with an average of 7.3% indicating a smaller level 

of variability than between laboratories.  

 

Thirteen of the participants also calibrated 02/232 using their own in-house antitoxin. 

Results are shown in Table 9. An overall geometric mean of 850 Lf/ampoule (95% 

confidence limits: 748-965; GCV 23.5%; n=14) was calculated. This did not differ 

significantly from the mean obtained using provided antitoxin. 

 

The time for the 1
st
 flocculation to occur was considerably longer for 02/232 and on 

average reported to take > 1h. Moreover one laboratory (coded 5) reported that they 

could not observe flocculation even after 5 hours, in four independent trials. 

 

The concentration of glycine used as stabiliser in candidate IS coded 02/232 was 50 

mg per ampoule (5%). When the same stabiliser was used in candidate replacement 

IRR for Diphtheria toxoid (ampoules coded 02/176) this was at 13.5 mg per ampoule 

(1.35%). At this concentration there was no apparent interference in the Ramon 
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flocculation assay and all participants were able to determine Kf values within 30-50 

mins. .However, combination of factors such as type and purity of antigen as well as 

presence of other excipients on Kf values cannot be entirely ruled out. 

 

Other methods  

 

One participant (coded 11) performed laser light scattering method. For this assay, one 

ampoule of 02/232 was reconstituted and the experiment was repeated four times with 

the same ampoule in order to be able to calculate the Lf value. The experiment was 

performed in presence of the provided antitoxin. A mean value of 779 Lf/ampoule was 

obtained. This value is in agreement with the one shown in Tables 6 for this laboratory, 

which suggests that comparable results can be obtained from the Ramon assay and 

laser light-scattering methods.  

 

NIBSC also performed SRD assay on 02/232 using three independent ampoules and in 

house toxoid as reference as detailed in Table 3A. Results for samples kept at the 

recommended storage temperature (-20˚C) gave a geometric mean of 1091 

Lf/ampoule (95% confidence limits: 1012-1169) (Table 11) which is higher than the 

results from the Ramon assay (Table 8) and higher that 10% of the Ramon assay. 

 

Stability of 02/232  

 

Accelerated thermal degradation studies 

 

Flocculation tests were performed by one laboratory (coded 2) using their own 

antitoxin and candidate replacement IRR (02/232) previously incubated for four years 

at -70˚C,- 20˚C, +4˚C, +20˚C, +37˚C, +45˚C and +56˚C. However ampoules 

incubated at +37˚C, +45˚C and +56˚C for four years could not be completely 

dissolved and therefore it was not possible to use them to perform Ramon assay. Data 

expressed in Lf limit and Flocculation times for the samples incubated at -70˚C, 

+20˚C, +4˚C and +20˚C are shown in Table 10. A predicted degradation rate was 

calculated as 0.003% loss of activity per year when stored at -20oC. This result 

complies with the WHO specifications and confirms excellent stability. However, the 

flocculation time exceeds one hour for this formulation, making it unsuitable for use in 

the Ramon test. 

 

 

CONCLUSIONS 

 

Based on results of the collaborative study it is proposed to recommend sample coded 

04/150 as replacement International Standard of Tetanus Toxoid for use in the 

Flocculation test. It is recommended to assign a value of 690 Lf/ampoule based on 

flocculation test data generated by 17 laboratories with provided antitoxin. These 

recommendations were agreed and confirmed satisfactory by all participants of the 

collaborative study. 
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All 17 laboratories were able to use material 04/150 in the flocculation test with an 

acceptable flocculation time of around 30 min or less, and comparable to previous 

WHO IRR (TEFT). Compared to 04/150, sample coded 02/232 was less suitable as 

observed flocculation times were on average >1 h and some laboratories could not 

obtain the values within 4 hrs or more. Toxoid material could be of poorer antigen 

quality but interference by glycine at 50 mg per ampoule (5%) used as stabiliser in 

02/232, cannot be ruled out together with other factors. 

 

Furthermore, highly comparable values were determined for 04/150 using either 

Ramon assays with different antitoxins, light scattering or SRD immunodiffusion tests. 

Results for calibration of 02/232 were more variable. 

 

Results with SRD confirm previous studies that quantitative Lf values which are 

within 10% of those generated by flocculation test are obtained making this suitable 

alternative test. However, on samples stored at elevated temperature faster rate of 

degradation were observed with SRD, compared to flocculation test. Capture MAb 

ELISA provided values that were different to flocculation and SRD and faster rate of 

degradation were observed. 

 

Ampoules codes 04/150 and 02/232 were tested and confirmed to comply with WHO 

recommendations for moisture content, had acceptable precision of fill and were 

confirmed to comply with sterility test.  Higher stability of samples coded 02/232 was 

predicted than for 04/150 because values after four years were used in calculation of 

predicted degradation rates. Degradation rate for sample coded 04/150 did not fully 

comply with the WHO requirement of <1%, but determined value of 0.5% loss per 

year at -20˚C was predicted using data after only two years. Further stability 

monitoring will therefore be performed after 3 and 4 years to provide more accurate 

predictions of stability. 

 

Analysis of the 22 ampoules coded 04/150 for atmospheric oxygen revealed on 

average high (>1%) and variable oxygen content. These results suggested that process 

of stoppering and heat sealing may have been sub-optimal. Whilst this is unlikely to 

have any impact on the suitability of the material to serve as a WHO IRR at the time 

of establishment, this finding together with slightly sub-optimal predictions of stability 

warrants further stability studies during life-time of the standard. 

 

In order to investigate possible impact of oxygen content on stability it is proposed to 

use non-invasive oxygen testing method to identify and separate population of 

samples showing high and low oxygen levels. Samples already placed in accelerated 

temperature degradation studies will be tested for oxygen levels before further 

analyses for residual activity. In event that insufficient samples are identified with 

high oxygen, among the samples already placed for stability, new suitable samples 

will be identified for the study.  

 

Samples coded 02/232 although not suitable for use in the flocculation test, have 

shown satisfactory performance in SRD assay. The material will therefore continue to 
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be used as positive control in identity test presence of tetanus toxoid needs to be 

confirmed.  

 

NIBSC antitoxin (66/021) was used in a collaborative study and is recommended to 

use in the flocculation assay, but it is not an essential reagent. Calibration values 

obtained with in-house antitoxins were not statistically different from calibration value 

obtained with the provided antitoxin. Laboratories are advised however to periodically 

calibrate in house antitoxins using IS for toxoid.  

 

A total of 5,284 ampoules of sample coded 04/150 remain available for use. With a 

predicted turnover of around 100 per year this would be sufficient for at least 20 years. 

 

 

PROPOSAL 

 

It is proposed to recommend samples coded 04/150 as replacement International 

Standard of Tetanus Toxoid for use in Flocculation test with assign value of 690 

Lf/ampoule.  

 

 

COMMENTS FROM PARTICIPANTS 

 

All 17 participating laboratories confirmed that they agreed with results of the study, 

they agreed on how their own data was interpreted and with conclusions and 

recommendations made. 

 

There were few comments and suggestions from few participants and summary of 

these are included for information. 

 

1. It was suggested that material should have been tested by Ramon method 

rather than SRD prior to collaborative study. Both candidate materials were 

tested in Ramon assay in one laboratory prior to collaborative study and 

preliminary values assigned from SRD were within 10% of the consensus 

value confirmed by the Ramon test. 

 

2. It was suggested that further stability studies after reconstitution are useful and 

could be provided in information for use leaflet if sufficient data was available 

to make recommendations.  

 

3. It was suggested that it might be considered to average estimates for 

calibration using values generated with in-house antitoxin, in view that 

statistically comparable data was obtained.  This approach was not used as not 

all laboratories contributed data with in-house anti-toxins. 

 

4.  It was suggested that Kf values are indicated with different preparations. This 

was included where information was available. 
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5. One participating laboratory question role of glycine in delaying Kf values in 

flocculation test.  Longer Kf values were observed with preparation with 

higher glycine concentration per ampoule but it was mentioned in the report 

that other factors cannot be ruled out, such as choice of anti-toxin standard.  

 

6. It was pointed out that based on experience gained from this study further 

recommendations could be made about use of suitable stabilisers. This was in 

fact addressed during trial formulations and forms part of separate publication 

(in process of submission to Biologicals) but further data will be generated 

post adoption and in planned stability studies. . 

 

7. One participating laboratory suggested that moisture content and oxygen levels 

be taken into account for post adoption stability studies. This was in fact 

pointed out in the recommendations.  

 

8. One participating laboratory questioned hypothesis of relationship between Kf 

times and purity of antigen. This statement was deleted in final version as no 

evidence is available in support of this statement. 
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Table 1.  Reagents provided by NIBSC to the participants 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* based on preliminary data from one laboratory 

Provided Reagents Code Concentration Formulation and 

characteristics 

Toxoids    

Tetanus Toxoid for 

Flocculation test 1
st
 

International Reference 

Reagent 

TEFT 1000 Lf/ampoule Freeze-dried 

Sucrose 5%, tryptone 1%, 

 monosodium glutamate 1% 

Tetanus toxoid (not 

adsorbed)  

Candidate replacement  

International Reference 

Reagent for 

Flocculation test 

04/150 Approx 700* 

Lf/ampoule 

Freeze-dried 

trehalose 1% 

>1000Lf/mgPN 

Tetanus toxoid (not 

adsorbed)  

Candidate replacement  

International Reference 

Reagent for 

Flocculation test 

02/232 Approx 900* 

Lf/ampoule 

Freeze-dried 

50mg glycine 

>1000Lf/mgPN 

Antitoxins    

Tetanus Antitoxin 

Equine for 

Flocculation Test 

 

66/021 1400 IU/ampoule Freeze-dried 

Horse serum 
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Table 2.  Study design 

 

 Antitoxins Toxoids 

 

1
st
 assay 

 

66/021    � TEFT* 

� 02/176 

� 04/150 

    � In-house T-toxoid* 

 

In-house antitoxin*  � TEFT* 

    � 02/232 

    � 04/150 

    � In-house T-toxoid* 

 

 

2
nd
 assay 

 

66/021    � TEFT* 

� 02/232 

� 04/150 

    � In-house T-toxoid* 

 

In-house antitoxin*  � TEFT* 

    � 02/232 

    � 04/150 

    � In-house T-toxoid* 

 

 

3
rd
 assay 

 

66/021    � 02/232 

    � 04/150 

    � In-house T-toxoid* 

 

In-house antitoxin*  � 02/232 

    � 04/150 

    � In-house DT-toxoid* 

 

 

4
th
 assay 

 

66/021    � 02/232 

    � 04/150 

    � In-house T-toxoid* 

 

In-house antitoxin*  � 02/232 

    � 04/150 

    � In-house T-toxoid* 

 

 

* where available 



 

 

 

Table 3.  List of reagents used by participants 

 

A- ANTITOXINS Code Supplier Concentration 

Tetanus Antitoxins    

National Tetanus Antitoxin Standard (China) 

Tetanus Antitoxin National Reference Standard B(India) 

National Reference Preparation for Flocculation test (Japan) 

Suero Antitetanico Floculante (Argentina) 

Tetanus Antitoxin Reference (Denmark) 

Tetanus Flocculation serum (Croatia) 

Tetanus Antitoxin standard (Croatia) 

Tetanus Antitoxin Reference (Indonesia) 

Tetanus Antitoxin ( Egypt ) 

Antitoxina Tetanis (Mexico) 

Tetanus Antitoxin for Flocculation test (India) 

Tetanus Antitoxin (Canada) 

Tetanus Reference Serum (The Netherlands) 

Tetanus Flocculating Antiserum Standard (Australia) 

Lot021 

NRS/TAT (f)1/2006 

Lot.1 

 

K 1/67 

757/1 

Nº2 

271192-02 

TA TFL 

EAT-05/INH 

ATS:1/04-F 

609B 15 

432/3 

SS873  

NICPBP 

Central Drugs Laboratory 

NIID 

Lab. Central de Salud Publica 

Statens Serum Institute 

Institute of Immunology 

Institute of Immunology 

Bio Farma 

VACSERA 

Lab. de Biologicos y Reactivos de Mexico  

Serum Institute of India Ltd 

Sanofi Pasteur 

Nederlands Vaccin Instituut 

CSL Ltd 

900Lfeq./ml 

740Lfeq./vial 

1100Lfeq./ampoule 

500Lfeq./ml 

96Lfeq./ml 

1490Lfeq./ml 

5300Lfeq./ampoule 

1150IU/ml  

1850Lfeq./ml 

714.28Lfeq./ml 

500IU/ml 

48Lfeq./ml 

200IU/ml 

226Lfeq./ml 

 

B- TOXOIDS    

Tetanus toxoids (not adsorbed)     

Tetanus toxoid bulk (China) 

Toxoide Tetanico Fluido (Argentina) 

Tetanus Toxoid (Denmark) 

Tetanus Toxoid (Hungary) 

Tetanus Toxoid standard (Croatia) 

Tetanus Toxoid Reference ( Indonesia ) 

Tetanus Toxoid ( Egypt) 

Tetanus Toxoid for Flocculation test (India) 

Tetanus Toxoid Concentrate (Canada) 

Tetanus Toxoid (United Kingdom) 

Lot406 

Lot TAS228 MC 

Te99 

ATTOFPA077 

Nº1 

T0613 

201 

1/97-F-TT 

TAS328M 

S208 

Chengdu Biological Institute 

Lab.Temis Lostalo 

Statens Serum Institute 

GSK Biologicals 

Institute of Immunology 

Bio Farma 

VACSERA 

Serum Institute of India Ltd 

Sanofi Pasteur 

Wellcome 

750Lf/ml 

2200Lf/ml 

1024Lf/ml 

3550Lf/ml 

2100Lf/ml 

230Lf/ml  

380Lf/ml 

925Lf/ml 

2548Lf/ml 

2567Lf/ml W
H
O
 B
S
/0
7
.2
0
6
1
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Table 4.  Summary of results returned by participating laboratories 
 

 

 

A: Assays performed with provided antitoxins 
 

 

 1
st
 ASSAY (Lf/ml) 

Laboratory code 1 2 3 5 6 8 9 10 18 4 11 12 13 14 15 16 17 

TEFT 1000 1000 1020 1000 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

02/232 720 900 966* 720 720 720 720 900 720 1008 720 900 600 900 720 900 720 

04/150 630 700 681* 700 700 630 700 700 560 1372 560 700 700 700 700 560 700 

In house toxoid 2100 1024 1050 2200 230 647.5 3550 2250 380 N/A N/A N/A N/A N/A N/A N/A N/A 

 2
nd
 ASSAY (Lf/ml) 

TEFT 1000 1000 ND 1000 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

02/232 720 900 954* 720 720 720 720 720 720 1008 720 900 700 1080 720 900 900 

04/150 700 700 691* 700 700 560 700 700 700 1176 560 700 700 700 700 560 700 

In house toxoid 1680 1024 1050 2200 230 647.5 3550 2250 380 N/A N/A N/A N/A N/A N/A N/A N/A 

 3
rd
 ASSAY (Lf/ml) 

02/232 900 720 924* 720 720 630 720 900 900 1080 720 720 900 1080 720 900 720 

04/150 700 700 675* 700 700 560 700 700 560 840 630 700 700 840 700 560 560 

In house toxoid 2520 1024 ND 2200 230 647.5 3550 2250 456 N/A N/A N/A N/A N/A N/A N/A N/A 

 4
th
 ASSAY (Lf/ml) 

02/232 900 720 936* 900 720 720 720 720 720 1080 720 720 700 1080 720 900 720 

04/150 700 700 672* 700 700 630 700 700 700 840 630 700 700 700 700 560 700 

In house toxoid 2100 1024 ND 2200 230 647.5 3550 2250 380 N/A N/A N/A N/A N/A N/A N/A N/A 
 

W
H
O
 B
S
/0
7
.2
0
6
1
 

P
a
g
e
 | 2

0
 



 

 

 

 

B: Assays performed with in-house antitoxins 
 

 1
st
 ASSAY (Lf/ml) 

Laboratory code 1 2 3 5 6 8 9 10 18 4 11 12 13 14 15 16 17 

TEFT 1000 960 ND 1000 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

02/232 1080 864 936* Ø 900 900 900 720 900 1260 720 900 500 900 N/A N/A N/A 

04/150 700 672 672* 700 840 700 700 700 700 840 560 700 560 700 N/A N/A N/A 

In house toxoid 2100 983 750 2200 230 832.5 3550 3000 380 N/A N/A N/A N/A N/A N/A N/A N/A 

 2
nd
 ASSAY (Lf/ml) 

TEFT 1200 960 ND 1000 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

02/232 1080 864 ND Ø 900 810 900 720 900 1260 720 900 500 1080 N/A N/A N/A 

04/150 700 672 ND 560 840 700 700 700 700 840 560 700 560 840 N/A N/A N/A 

In house toxoid 2100 983 ND 2200 230 832.5 3550 3000 456 N/A N/A N/A N/A N/A N/A N/A N/A 

 3
rd
 ASSAY (Lf/ml) 

02/232 1080 691 ND Ø 900 810 900 720 720 1080 720 720 500 1080 N/A N/A N/A 

04/150 700 806 ND 560 840 700 700 700 700 840 630 700 560 840 N/A N/A N/A 

In house toxoid 2100 983 ND 2200 230 832.5 3550 3000 380 N/A N/A N/A N/A N/A N/A N/A N/A 

 4
th
 ASSAY (Lf/ml) 

02/232 1080 864 N/D Ø 900 810 900 720 900 1080 720 900 500 900 N/A N/A N/A 

04/150 700 672 ND 700 840 700 700 700 700 840 630 700 560 840 N/A N/A N/A 

In house toxoid 2100 983 ND 2200 230 832.5 3550 3000 380 N/A N/A N/A N/A N/A N/A N/A N/A 

N/A: Not Applicable  * Mutiple assays were performed with one ampoule. Results are the mean of the obtained data  

Ø no flocculation was observed

W
H
O
 B
S
/0
7
.2
0
6
1
 

P
a
g
e
 | 2

1
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Table 5.  TEFT results (Lf/ampoule) 

 

 

A:  Using provided antitoxins 
 

Lab Assay 1 Assay 2 Kf  

(ca min) 

1 1000 1000 20-30 

2 1000 1000 23-24 

3 1020 ND - 

5 1000 1000 - 

 

 

B:  Using in-house antitoxins 
 

Lab Assay 1 Assay 2 Kf  

(ca. min) 

1 1000 1200 18 

2 960 960 19-20 

3 ND ND. - 

4 1000 1000 - 

 

ND: Not done 
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Table 6.  04/150 results (Lf/ampoule) using provided antitoxins 

 

Lab Assay 1 Assay 2 Assay 3 Assay 4 Geometric mean GCV (%) Kf 

(ca. min) 

1 630 700 700 700 682 5.4 20-30 

2 700 700 700 700 700 0.0 24-28 

3 681 691 675 672 680 1.2 6 

4 1372 1176 840 840 1033 28.0 - 

5 700 700 700 700 700 0.0 - 

6 700 700 700 700 700 0.0 - 

8 630 560 560 630 594 7.0 28 

9 700 700 700 700 700 0.0 27-31 

10 700 700 700 700 700 0.0 - 

11 560 560 630 630 594 7.0 44-47 

12 700 700 700 700 700 0.0 25 

13 700 700 700 700 700 0.0 - 

14 700 700 840 700 733 9.5 14-17 

15 700 700 700 700 700 0.0 - 

16 560 560 560 560 560 0.0 - 

17 700 700 560 700 662 11.8 20-27 

18 560 700 560 700 626 13.8 - 

Geometric mean 

95% confidence limits 

GCV 

686 

(642 – 733) 

13.8% 
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Table 7.  04/150 results (Lf/ampoule) using in-house antitoxins 

 

Lab Assay 1 Assay 2 Assay 3 Assay 4 Geometric mean GCV 

(%) 

Kf 

(ca min) 

1 700 700 700 700 700 0.0 26-34 

2 672 672 806 672 703 9.5 15-18 

3 672 . . . 672 . 6 

4 840 840 840 840 840 0.0 - 

5 700 560 560 700 626 13.8 - 

6 840 840 840 840 840 0.0 - 

8 700 700 700 700 700 0.0 3.3 

9 700 700 700 700 700 0.0 14-16 

10 700 700 700 700 700 0.0 - 

11 560 560 630 630 594 7.0 40 

12 700 700 700 700 700 0.0 25 

13 560 560 560 560 560 0.0 - 

14 700 840 840 840 803 9.5 2-4 

15 . . . . . . - 

16 . . . . . . - 

17 . . . . . . - 

18 700 700 700 700 700 0.0 - 

Geometric mean 

95% confidence limits 

GCV 

698 

(653 - 747) 

12.3% 
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Table 8.  02/232 results (Lf/ampoule) using provided antitoxins 

 

Lab Assay 1 Assay 2 Assay 3 Assay 4 Geometric mean GCV (%) Kf 

(ca. min) 

1 720 720 900 900 805 13.8 120-140 

2 900 900 720 720 805 13.8 114-123 

3 966 954 924 936 945 2.0 16-20 

4 1008 1008 1080 1080 1043 4.1 - 

5 720 720 720 900 761 11.8 - 

6 720 720 720 720 720 0.0 - 

8 720 720 630 720 696 6.9 126 

9 720 720 720 720 720 0.0 115-125 

10 900 720 900 720 805 13.8 - 

11 720 720 720 720 720 0.0 >3 hrs 

12 900 900 720 720 805 13.8 >2 hrs 

13 600 700 900 700 717 18.3 - 

14 

900 1080 1080 1080 1032 9.5 

30 (not 

clear) 

15 720 720 720 720 720 0.0 - 

16 900 900 900 900 900 0.0 - 

17 720 900 720 720 761 11.8 80-108 

18 720 720 900 720 761 11.8 - 

Geometric mean 

95% confidence limits 

GCV 

800 

(750 - 855) 

13.6% 
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Table 9.  02/232 results (Lf/ampoule) using in-house antitoxins 

 

Lab Assay 1 Assay 2 Assay 3 Assay 4 Geometric mean GCV (%) Kf 

(ca. min) 

1 1080 1080 1080 1080 1080 0.0 57 

2 864 864 691 864 817 11.8 70-80 

3 936 . . . 936 . 16 

4 1260 1260 1080 1080 1167 9.3 >4 hrs 

5 . . . . . . - 

6 900 900 900 900 900 0.0 - 

8 900 810 810 810 832 5.4 13 

9 900 900 900 900 900 0.0 60-66 

10 720 720 720 720 720 0.0 - 

11 720 720 720 720 720 0.0 >3 hrs 

12 900 900 720 900 851 11.8 120 

13 500 500 500 500 500 0.0 - 

14 

900 1080 1080 900 986 11.1 

12 (not 

clear) 

15 . . . . . . - 

16 . . . . . . - 

17 . . . . . . - 

18 900 900 720 900 851 11.8 - 

Geometric mean 

95% confidence limits 

GCV 

850 

(748 - 965) 

23.5% 
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Table 10.  Stability studies of 04/150 (laboratory 2 data) 

 

A: After 1.3 years storage 
 

Limit of flocculation: 

 Lf/ml Lf/ml Lf/ml Lf/ml Lf/ml Lf/ml 

 -20ºC +4ºC +20ºC +37ºC +45ºC +56ºC 

ampoule 1 735 718 718 700 683 648 

ampoule 2 753 735 700 683 683 656 

ampoule 3 753 718 683 683 683 665 

Geometric Mean 

(95% Limits) 

747 

(735-759) 

724  

(713-735) 

700 

(680-720) 

689 

(678-700) 

683 

 
656 

(647-666) 
 

Flocculation time: 

 Kf (min) Kf (min) Kf (min) Kf (min) Kf (min) Kf (min) 

 -20ºC +4ºC +20ºC +37ºC +45ºC +56ºC 

ampoule 1 20.5 20.5 22 21 22 22 

ampoule 2 21.5 20.5 20 20 20 20.5 

ampoule 3 20.5 20.5 21.5 20.5 20.5 20.5 

 

 

B: After 2 years storage 
 

Limit of flocculation: 

 Lf/ml Lf/ml Lf/ml Lf/ml Lf/ml Lf/ml 

 -20ºC +4ºC +20ºC +37ºC +45ºC +56ºC 

ampoule 1 753 735 727 683 648 587 

ampoule 2 735 727 683 683 665 630 

ampoule 3 744 735 735 683 665 622 

Geometric Mean 

(95% Limits) 

744 

(734-754) 

732 

(727-738) 

715 

(683-746) 

683 

 

659 

(648-670) 

613 

(587-639) 
 

Flocculation time: 

 Kf (min) Kf (min) Kf (min) Kf (min) Kf (min) Kf (min) 

 -20ºC +4ºC +20ºC +37ºC +45ºC +56ºC 

ampoule 1 23 25.5 25.5 26 28.5 30 

ampoule 2 22.5 23.5 24 26 30.5 30.5 

ampoule 3 23.5 25 27.5 28 28 30.5 
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Table 11.  Stability studies of 02/232 ( laboratory 2 data) 

 

Limit of flocculation: 

 

 

 

 

 Lf/ml Lf/ml Lf/ml Lf/ml 

 

4 years 

-70ºC 

4 years 

-20ºC 

4 years 

+4ºC 

4 years 

+20ºC 

ampoule 1 819 819 735  

ampoule 2  819  672 

ampoule 3 819 819 735 693 

Geometric Mean 

(95% Limits) 

819 

 

819 

 

735 

 

682 

(662-703) 

 

Flocculation time: 

 

02/232 Kf (min) Kf (min) Kf (min) Kf (min) 

 

4 years 

-70ºC 

4 years 

-20ºC 

4 years 

+4ºC 

4 years 

+20ºC 

ampoule 1 67/68 66/68 71/72  

ampoule 2  67/67  63/63 

ampoule 3 65/66 67/67 71/72 61/62 

 

Ampoules incubated at +37 ºC, +45 ºC and +56 ºC were impossible to dissolve completely. 

 

 



 

 

 

Table 12.  Accelerated temperature degradation in SRD on sample coded 04/150 (NIBSC) 

 

A: After 1.3 years storage 

 

 

B: After 2 years storage 

 

 

Incubation Temperatures -20ºC +4ºC +20ºC +37ºC +45ºC 

Geometric Mean in Lf/ml 

(95% Limits) 

539 (520-558) 

(n=3) 
539 (524-554) 

(n=3) 
480 (478-509) 

(n=3) 
359 (206-513) 

(n=3) 
473 (420-526) 

(n=3) 

Incubation Temperatures -20ºC +4ºC +20ºC +37ºC +45ºC 

Geometric Mean in Lf/ml 

(95% Limits) 

655 (597-712) 

(n=3) 
638 (632-645) 

(n=3) 
626 (603-649) 

(n=3) 
386 (125-647) 

(n=3) 
211 (0-558) 

(n=3) 
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Table 13. Accelerated temperature degradation in MAb Capture ELISA on sample coded 04/150 after 1 year storage (NIBSC) 
 

 

Figure 1. Accelerated thermal degradation data obtained with in MAb Capture ELISA for candidate replacement IRR(04/150) 

 

 

Incubation Temperatures -20ºC +4ºC +20ºC +37ºC +45ºC +56ºC 

Geometric Mean in Lf/ml 

(95% Limits) 

4313 (4304-5270) 

(n=3) 
4726 (4214-5238) 

(n=3) 
3920 (3324-4516) 

(n=3) 
2415 (518-4312) 

(n=3) 
3336 (3235-3436) 

(n=3) 
3613 (2282-4344) 

(n=3) 
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Appendix 1.  List of participating laboratories  

 

 

ARGENTINA   Dr Maria Luisa BRERO 

Administracion Nacional de Laboratorios 

Integrados de Salud (ANLIS) 

563 Avenida Velez Sarsfield 

1281 Ciudad Autonoma de Buenos Aeres 

 

AUSTRALIA   Dr Rajiv JAYASENA 

CSL Limited 

45 Poplar road 

Parkville, Victoria, ACT 3052 

 

CANADA   Dr Don KEMP 

D.V.M, Sanofi Pasteur Ltd. 

1755 Steels Avenue West 

Toronto, Ontario M2R 3T4 

 

CANADA   Dr Sushama SONTAKKE 

Health Canada Building #6 

Tunney's Pasture 

ON K1A 0L2 

Ottawa A/L 0603C2 

 

CHINA   Dr Shumin ZHANG 

NICPBP 

State Food and Drug Administration 

Temple of Heaven, Beijing 

 

CROATIA   Dr Marko FRESL 

Institute of Immunology 

10 Rockefellerova 

Zagreb CRO 10 000 

 

DENMARK   Dr Ellen SLOTH WILHELMSEN 

Statens Serum Institut 

QC-Bacterial vaccines 

5 Artillerivej 

Copenhagen DK 2300 

 

EGYPT   Dr Hoda GAMAL EL-DIN 

Bacteriology Lab 

VACSERA 

51 Wezaret El-Zeraa St., 

Agoza Giza 
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FRANCE    Dr Florence BRUNEL 

Sanofipasteur, Campus Merieux 

1541 Avenue M. Merieux, Bat F4 

69280 Marcy l’Etoile 

 

HUNGARY   Zsuzsa CSETRINE HARI 

GSK Biologicals 

Tancsics M.street 82 

Gödöllő 2100 

 

INDIA    Dr A.K. TAHLAN 

Joint Director & Head 

Central Drugs Laboratory 

C.R.I. Kasauli (H.P.)-173204 

 

INDIA    Dr Suresh JADHAV 

Serum Institute of India Ltd 

212/2 Hadaapsar Pune 

Maharashtra 411028 

 

INDONESIA   Dr Yenni CHAERANI 

PT. Bio Farma 

JL. Pasteur No28 

Bandung 40161 

 

JAPAN   Dr Motohide TAKAHASHI 

National Institute of Infectious Diseases 

4-7-1 Gakuen Musashimurayame-SHI 

Tokyo 208-0011 

 

MEXICO   QFB. G. Angelica LOPEZ SOTELO 

Laboratorios de Biologicos y Reactivos de Mexico S.A. de C.V 

Mariano Escobedo No.20 

Col. Popotla, C.P.11400 

Mexico DF 

 

PAKISTAN   Dr Naveed Ahmed KHAN 

Amson Vaccines & Pharma Pvt Ltd. 

55-A Civil Lines, Mayo Roas, 

Rawalpindi 

 

THE NETHERLANDS Dr Johan Van der GUN 

Netherlands Vaccine Institute (NVI) 

11 Antonie van Leeuwenhoeklaan 

457 PO Box, Bilthoven 3720 AL 
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UNITED KINGDOM  Dr Dorothea SESARDIC 

    National Institute fro Biological Standards and Contol (NIBSC) 

Division of Bacteriology 

Blanche Lane, South Mimms 

EN6 3QG Potters Bar 

Hertfordshire 
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