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Summary 
We report here the results of a joint WHO/EDQM collaborative study for the characterization of 
a preparation of tetanus toxoid, adsorbed, and its calibration in terms of the Third International 
Standard (IS) for Tetanus Toxoid, adsorbed, coded Preparation C (98/552, 469 IU/ampoule). 
Calibration was performed using established World Health Organisation (WHO) and European 
Pharmacopoeia (Ph Eur) in vivo protection models by challenge. Two candidate toxoid 
preparations (coded Preparation A and B) were included in the collaborative study. Preparation 
A was found to have a unitage of 489 IU/ampoule based on calibration against Preparation C 
(98/522) in guinea pig bioassays returned by 6 laboratories in 4 different countries, and was 
intended to be recommended as the 4th WHO IS. The same preparation was intended to be 
recommended as a replacement Ph Eur Biological Reference Preparation (BRP), subject to a 
separate report as part of EDQM BSP097 study. Calibration of the same preparation against 
Preparation C (98/552) in mouse challenge assays contributed by 24 laboratories was 
significantly lower with a relative potency of 0.520 (compared to 1.041 in guinea pigs). Stability 
of preparation A was assessed in vitro as part of candidate characterization and results suggest 
that, in agreement to previous preparations, the replacement standard will have satisfactory 
stability. Preparation B was found to have a unitage of 108 IU/ampoule based on calibration 
against Preparation C (98/522) in guinea pig bioassays returned by 6 laboratories in 4 different 
countries, and a higher (although not significantly different) relative potency in mouse challenge 
assays, contributed by data from 22 laboratories (relative estimates of 0.230 and 0.299 in guinea 
pig and mouse assays respectively). Stability of preparation B could not be determined from in 

vitro assay as the level of tetanus toxoid is very low and below the limit of detection in the assay 
methods used.  
 
This study also provided an opportunity to assess performance of the replacement standard in 
serological assays if available in-house. Participants were asked to test both candidate 
preparations and potency was expressed in relative terms only. Seven laboratories participated by 
performing serology in guinea pigs, with one of these also performing the mouse assay, 
according to in-house protocol. Results confirmed that comparable relative estimates were 
obtained for preparation A and B relative to preparation C in guinea pig challenge and serology 
assays. 
 

Introduction 
Tetanus is caused by the action of a highly potent neurotoxin produced by the anaerobic 
bacterium, Clostridium tetani. The disease usually occurs through infection of a penetrating 
injury with tetanus spores, and neonatal tetanus occurs through the infection of the umbilicus 
when the cord is cut with an unclean instrument or when substances contaminated with tetanus 
spores are applied to the umbilicus stump. Immunity to tetanus is induced only by vaccination 
with formaldehyde-detoxified tetanus toxin (TTx), tetanus toxoid (TTxd), and protective 
immunity is maintained by periodic re-vaccination throughout adulthood. Immunisation 
schedules introduced in the 1940’s and 1950’s have led to a drastic reduction of this disease and 
only a few cases occur sporadically in industrialised countries, but tetanus remains a problem in 
the developing world with the highest percentage of incidence occurring for vaccine preventable 
diseases (see 
http://apps.who.int/immunization_monitoring/en/globalsummary/timeseries/tsincidencette.htm). 
Introduction in the 1970’s of the World Health Organisation (WHO) Expanded Immunisation 
Programme, and its subsequent extension to prevent neonatal tetanus by the active immunisation 
of pregnant women, has proved highly successful, thus demand for a supply of effective tetanus 
vaccine to maintain a protected population will continue. 
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Good childhood vaccination coverage and appropriate booster immunization of adults is 
necessary to maintain protection against tetanus in the population, and the supply of effective 
vaccines is dependent on confirmation of vaccine potency. The WHO and Ph Eur impose 
recommendations to confirm efficacy of every new batch of tetanus vaccine manufactured. The 
specifications for tetanus vaccines are therefore dependent on the use of the IS or material 
calibrated against it, with tetanus vaccine potency expressed in IU as endorsed in WHO 
guidelines and Pharmacopoeia monographs. [1,2]. The 3rd WHO IS for Tetanus Toxoid, 
Adsorbed (coded 98/552) was established by the WHO Expert Committee on Biological 
Standardization in 2001 [6]. This material, with an assigned unitage of 469 IU/ampoule (from 
guinea pig challenge assays), was used extensively as a working reference preparation and for 
calibration of in-house reference preparations according to the intention of the WHO and Ph Eur 
Commission. The demand for this standard preparation increased significantly in the last decade 
as a result of the introduction of new combination vaccines containing tetanus toxoid. Due to a 
rapid fall in available stocks at NIBSC, and on request by the WHO, a project was initiated at 
NIBSC to calibrate and establish a replacement standard in terms of the current standard so that 
continuation of IU and traceability can be maintained among the vaccine manufacturers and 
national control authorities. Two candidate materials for the replacement standard were provided 
to NIBSC for stabilization and filling prior to freeze-drying. One of these was the same material 
as used in the preparation of the 3rd IS, and the second was provided by a Japanese manufacturer. 
Both were confirmed suitable for evaluation as a candidate replacement standard after 
preliminary studies performed at NIBSC. Collaborative study (NIBSC code CS363) was initiated 
with the primary aim of calibrating these materials in terms of the 3rd WHO IS for Tetanus 
Toxoid, Adsorbed, using established WHO/Ph Eur protection by toxin challenge methods [1, 2]. 
WHO only recognises IU when defined in guinea pig challenge assays, whereas Ph Eur BRP was 
previously also calibrated in IU from data generated in mouse assays [3].  
 
In this collaborative study 34 laboratories in 22 countries (Argentina, Australia, Belgium, 
Canada, China, Croatia, Cuba, France, Germany, Hungary, India, Indonesia, Italy, Japan, 
Mexico, The Netherlands, Norway, The Republic of Korea, The Russian Federation, South 
Africa, The United Kingdom and Vietnam) participated, 6 of these performing guinea pig 
protection assays used for calibration of the WHO replacement standard and 24 performing 
challenge assays in mice. The participating laboratories are listed in the Appendix and are 
referred to throughout this report by a code number, allocated at random, and not related to the 
order of listing. 
 
The challenge model in guinea pigs is considered the gold standard method for expression of 
potency in IU of the WHO IS [1]. Serological methods based on the measurement of antibody 
responses in vitro after immunization and bleeding of guinea pigs or mice are alternative 
methods to the direct challenge models. The WHO and Ph Eur allow the use of ELISA and ToBI 
assays to measure antibody responses after immunization and bleeding of animals [1, 2]. In each 
case, the serological response to the test vaccine is compared to that of the reference preparation 
and vaccine potency is expressed in IU. Therefore, a secondary aim of the collaborative study 
was to assess performance of the candidate replacement standards in serological assays. 
Participants were asked to test both candidate preparations according to in-house, validated 
serological assay in guinea pigs or mice (ELISA or ToBI), and potency was expressed in relative 
terms only. 
 

Bulk material and processing 
Adsorbed tetanus toxoid (Lot no. 14959), which was the same lot used in the preparation of the 
3rd WHO IS/BRP (98/552/BRP, Batch 2), was kindly provided by Swiss Serum and Vaccine 
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Institute (Berne, Switzerland). Bulk liquid material was provided with full protocol confirming 
that formulation passed requirements for purity of tetanus toxoid, identity, sterility and specific 
toxicity as specified by Ph Eur and as previously reported [3]. The second tetanus toxoid (Lot no. 
0701) was kindly provided by Kaketsuken (Kumamoto, Japan) with a statement that the material 
fully complies with WHO guidelines and Japanese Pharmacopoeia, which includes test for 
specific toxicity. Full composition details of the two candidate materials provided to NIBSC for 
stabilization and freeze-drying are summarized in Table 1. Tetanus toxoid adsorbed to 
aluminium phosphate, provided by Swiss Serum, was claimed to have a value for antigen content 
of 60 Lf/ml. Tetanus toxoid adsorbed to aluminium hydroxide, provided by Kaketsuken, was 
claimed to have a value for antigen content of 20 Lf/ml. The antigen content when measured by 
in-house capture ELISA at NIBSC gave different antigen values as reported in Table 1. Only a 
very low level of antigen was detected in the material provided by Kaketsuken. The amount of 
antigen measured in the Swiss Serum material (25.4 Lf/ml) was lower than the provided value, 
and also lower than that measured using the same method in the previous study (60-70 Lf/ml). 
The differences observed are most likely due to the different reference toxoid used in the ELISA 
in-house protocol which is of higher purity to that used when previous study was performed. The 
potency of the liquid toxoids was also determined at NIBSC using the paralysis challenge 
method in mice to provide an indication of stability after formulation and freeze-drying. Animals 
(16 per dose) were immunized with 4 dilutions of one of the candidate liquid toxoids, or the 
Third and Second International Standards for Tetanus Toxoid Adsorbed (98/552 and TEXA 
respectively) as the reference vaccines. After 28 days, animals were challenged by subcutaneous 
injection of tetanus toxin (Wellcome, AWX4664). After 96 hours, each animal was given a score 
based on the presence or absence of paralysis in the left hind limb. The challenge scores were 
transformed and used to obtain an estimate of potency for the test vaccines relative to the 
reference vaccines by parallel-line analysis [4]. The higher tetanus antigen content of the Swiss 
Serum toxoid was reflected in a higher in vivo potency of 1236 (975 – 1552) IU/ml compared to 
the Kaketsuken toxoid which had an in vivo potency of 758 (608 – 935) IU/ml (Table 1), as 
determined at NIBSC in mouse challenge assays. 
 
Seven litres of tetanus toxoid batch 0701, and twelve litres of batch 14959, were stabilized by the 
addition of an equal volume of sterile Haemaccel® solution (3.5% w/v degraded gelatine – 
polygeline) before freeze-drying. Filling (1 ml per ampoule) was performed at +4°C with 
constant stirring within the NIBSC Standards Processing Division on 10th April 2008 
(Kaketsuken toxoid) and 9th October 2008 (Swiss Serum toxoid). The filled materials were then 
freeze-dried and stored at -20°C in the dark at NIBSC. The finished products were coded 08/102 
(Kaketsuken) and 08/218 (Swiss Serum) respectively. A total of 12,714 ampoules of Preparation 
B (08/102) were filled at NIBSC and 3000 were donated to the National Institute of Infectious 
Diseases (NIID) Japan, as per prearranged agreement. A total of 22,396 ampoules of Preparation 
A (08/218) were filled at NIBSC. 
 

Characterization of freeze-dried candidate replacement standards 
After filling and freeze-drying, the candidate toxoids were examined for appearance, residual 
moisture content, oxygen head space, total antigen content and potency (results are summarized 
in Table 2). The lyophilized product for both toxoids was of very good appearance, giving rise to 
robust and homogenous cakes. The precision of fill was determined by weighing ampoules after 
fill. Representative ampoules were weighed at 1 minute intervals throughout the production run. 
A total of 478 ampoules were weighed for 08/102 (Kaketsuken) and the mean fill mass was 1.01 
g with a coefficient of variation (CV) of 0.11%. For 08/218 (Swiss Serum) a total of 870 
ampoules were weighed and the mean fill mass was 1.01 g with a CV of 0.13%. Ampoules were 
sealed under boil-off gas from high purity liquid nitrogen (99.99%) and measurement of the 
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mean oxygen head space after sealing served as a measure of ampoule integrity. The mean 
oxygen head space was measured using an Orbisphere Pharmapack 3600 analyser. Residual 
moisture content was measured using the colorimetric Karl Fischer method with total moisture 
expressed as a percentage of the mean dry weight of the ampoule contents. The results of 
measurements of residual moisture content and oxygen headspace are summarized in Table 2. 
Both candidate preparations fulfil WHO requirements for reference preparations regarding 
precision of fill, residual moisture and oxygen head space. 
 
The tetanus potency of 08/218 (Preparation A) determined at NIBSC in mouse challenge assay, 
was 403 (273-596) IU/ml and 469 (420-523) IU/ml against 3rd and 2nd WHO ISs, respectively 
(Table 2). As a result, the recovery of biological activity after freeze-drying was estimated to be 
approximately 65% and 79% (against 3rd and 2nd WHO IS, respectively), which compares 
favourably with previous study in which 98/552 showed 75% recovery in trial fill. 
 
The tetanus potency, determined at NIBSC in mouse challenge assay, of 08/102 (Preparation B) 
freeze-dried material was 206 (116-369) IU/ml and 204 (155-268) IU/ml against 3rd and 2nd 
WHO IS, respectively (Table 2). As a result, the recovery of biological activity after freeze-
drying was estimated to be approximately 54% and 71% (against 3rd and 2nd WHO IS, 
respectively). 
 
For 08/218 (Preparation A), the tetanus antigen content of the freeze-dried material was 25.4 
(23.8-27.4) Lf/ml (Table 2), which equates to no loss of antigenic activity after freeze-drying. 
The antigen content of 08/102 (Preparation B) was not detected in capture ELISA. Considering 
that only 0.1 Lf/ml was detected in the original liquid material, it can be assumed that the freeze-
dried formulation has approximately 50% antigen as that of the original material. The 
undetectable level of tetanus toxoid in the liquid and freeze-dried preparation was also confirmed 
in SRD assay used for routine identity batch release testing, which has a limit of detection of 4 
Lf/ml. 
 

Collaborative study design and methods 
 

Calibration of candidate replacement standard 
 

Study design 
The two candidate toxoid preparations were included in an international collaborative study to 
calibrate the toxoids for tetanus potency in International Units. Assays were performed using 
established WHO/Ph Eur challenge methods in guinea pigs and mice and potency was expressed 
in terms of the 3rd IS for Tetanus Toxoid, Adsorbed. Tetanus toxoids 08/218 (Swiss Serum) and 
08/102 (Kaketsuken) were coded as Preparations A and B respectively for the collaborative 
study. The 3rd WHO IS was coded as Preparation C (defined potency 469 IU/ampoule in guinea 
pig challenge assays) [3]. The 2nd WHO IS (TEXA) was coded as Preparation D (defined 
potency 340 IU/ampoule in guinea pig challenge assay). These samples were sent to participants 
with instructions for storage and use. Potency estimates for Preparations A and B determined at 
NIBSC in mouse challenge assays (Table 2) were provided to participants to help in the 
preparation of dilutions, with warning that provided value may differ to their in-house 
experience in view that mouse assay was used. 8 laboratories from 5 different countries 
performed guinea pig protection assays used for calibration of the replacement standard. 29 
laboratories from 18 different countries performed mouse protection assays. A summary of 
participating laboratories, preparations tested and methods performed is listed in Table 3. The 
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majority of participants performed two independent challenge tests as requested. Laboratories 2 
and 21 performed 3 guinea pig assays, and laboratory 26 performed 1 guinea pig assay. 
Laboratories 3 and 20 performed 4 mouse assays, laboratories 2, 27, 28 and 31 performed 3 
mouse assays, and laboratory 32 performed 1 mouse assay. 
 

Reporting of data and statistical analysis 
All raw data together with assay details (preparation of candidate standard dilutions and 
challenge toxin) were provided to NIBSC to permit independent analysis.  Data from all assays 
were analysed by probit parallel-line bioassay analysis [4] comparing transformed assay 
responses to log vaccine dose using in-house software.  For all assays, the data for each 
candidate preparation were analysed separately against the 3rd IS for Tetanus Toxoid, Adsorbed 
(98/552, taking 469 IU/ampoule in guinea pig assays) and the resulting potency estimates are 
therefore based on direct pair-wise comparisons with the sample coded Preparation C. Potencies 
for the candidate preparations and the 3rd IS were also calculated relative to the 2nd IS (TEXA-2, 
taking 340 IU/ampoule in guinea pig assays). Because none of the WHO ISs for tetanus vaccine 
were officially assigned a value in IU for use with mouse assays results for these assays are 
reported in relative terms.  
 
Samples that gave ≤25% protection at all doses, ≥75% protection at all doses, >0% protection at 
only a single dose or <100% protection at only a single dose were excluded from further analysis. 
Any additional assays where 50% protection was not covered by the range of doses used and 
assays where non-linearity or non-parallelism was significant at the 5% level but not 1% level 
(0.01<p<0.05) are clearly indicated.  All other data were included in the analysis. 
 
Where potency estimates within individual laboratories were homogeneous, a weighted 
geometric mean was calculated for the laboratory mean.  Where estimates were significantly 
heterogeneous (p<0.05) an unweighted geometric mean was calculated for the laboratory mean. 
Overall means were calculated as the unweighted geometric mean of laboratory means. 
Variability between laboratories has been expressed using geometric coefficients of variation 
(GCV = {10s-1}×100% where s is the standard deviation of the log-transformed potency 
estimates). Any comparisons have been made by unpaired two-tailed t-test of log transformed 
potency estimates. 
 

Stability studies 
Representative samples (40 ampoules) for Preparations A and B were stored at each of +4°C, 
+20°C, +37°C, +45°C and +56°C temperatures for accelerated thermal degradation studies 
initiated after freeze-drying. After storage at the above temperatures for 1 year, samples from 
each temperature group were removed and tested at NIBSC using an in-house antigen assay (in 

vitro) to measure total antigen content of the toxoid preparation. After desorption of antigen from 
adjuvant using sodium citrate, the total antigen content was measured using a capture ELISA, 
based on previously published related protocol [12]. Antigen content was expressed in Lf/ml 
against the 2nd WHO IS for tetanus toxoid for flocculation test (NIBSC code 04/150, 690 
Lf/ampoule).  
 
The antigen content of Preparation B was below detection limit in capture ELISA  (<0.01 Lf/ml) 
and SRD (<4 Lf/ml) assays so that determination of stability by available in vitro methods was 
not possible for this material. It is possible that different reagents could be used in a similar assay 
set up, but further studies are required. 
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Stability on reconstituted samples was not performed as the material is recommended to be used 
within a day of preparation and it is not recommended to keep the sample stored for longer.  
 

Serological assays 
 

Study design 
For serology studies, participants were asked to perform a serological assay in guinea pigs or 
mice according to in-house protocols. Participants were asked to test both candidate preparations 
(Preparations A and B) and potency was expressed in relative terms only. Potency estimates for 
Preparations A and B determined at NIBSC in mouse challenge assay (Table 2) were provided to 
participants to help in the preparation of dilutions. 8 laboratories participated by performing 
serology in guinea pigs, and only 1 laboratory performed serology in mice. The majority of 
laboratories performed two independent serology assays in vivo. Laboratory 31 performed 3 
serology assays in guinea pigs, and laboratories 20 and 30 performed a single serology assay in 
guinea pigs. For the guinea pig serology assays, 6 laboratories performed analysis using ELISA, 
1 laboratory performed analysis using ToBI, and 1 laboratory performed analysis using TNT (see 
Table 4 for a summary of assays performed and analysis methods used). 
 

Reporting of data and statistical analysis 
All raw data together with assay details (preparation of candidate standard dilutions and 
challenge toxin) were provided to NIBSC to permit independent analysis.  Data from all assays 
were analysed by parallel-line bioassay analysis [4] comparing log-transformed assay responses 
to log vaccine dose using in-house software. For all assays the data for each candidate 
preparation were analysed separately against the 3rd IS for Tetanus Toxoid, Adsorbed (98/552) 
and the resulting potency estimates are therefore based on direct pair-wise comparisons with the 
sample coded Preparation C. Potencies for the 3rd IS were also calculated relative to the 2nd IS 
(TEXA-2). Any assays where non-linearity or non-parallelism was significant at the 5% level but 
not 1% level (0.01<p<0.05) are clearly indicated. 
 
Where potency estimates within individual laboratories were homogeneous, a weighted 
geometric mean was calculated for the laboratory mean.  Where estimates were significantly 
heterogeneous (p<0.05) an unweighted geometric mean was calculated for the laboratory mean. 
Overall means were calculated as the unweighted geometric mean of laboratory means. 
Variability between laboratories has been expressed using geometric coefficients of variation 
(GCV = {10s-1}×100% where s is the standard deviation of the log-transformed potency 
estimates). 
 

Results and discussion 
 

Calibration of replacement standard 
 

Assay validity 
In general, the challenge tests satisfied the requirements for validity as set out in the Ph Eur 
monograph for tetanus vaccine adsorbed [5]. Any assays where a potency estimate was 
calculated but 50% protection was not covered by the range of doses used are clearly indicated, 
as are assays where non-linearity or non-parallelism was significant at the 5% level but not 1% 
level (0.01<p<0.05). These assays were not used in the calculation of mean estimates. 
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For some assays no potency estimates have been calculated due to significant non-linearity or 
non-parallelism (p<0.01): in assay 2 by laboratory 2 (mouse lethal method) sample C was non-
linear, in assay 1 by laboratory 13 sample C was non-linear, in assay 1 by laboratory 28 sample 
A was non-linear, in assay 2 by laboratory 12 samples B and C were not parallel, in assay 1 by 
laboratory 33 samples B and C were not parallel, and in assay 1 by laboratory 31 samples C and 
D were not parallel. 
 
In assay 3 by laboratory 2 (guinea pig lethal method), only a single non-extreme response was 
observed for samples A, B and C and relative potencies have been calculated as the ratio of 
Spearman-Karber ED50 estimates. 
 

Potency of Preparation A 
Relative potency estimates for Preparation A calculated relative to preparation C (WHO IS 
98/552) are summarized in Tables 5 and 10, and are shown in Figure 1. The unweighted 
geometric mean potency estimates (with 95% confidence limits) were 1.041 (0.755 – 1.436) in 
guinea pig assays (n=6) and 0.520 (0.445 – 0.608) in mouse assays (n=24). The between 
laboratory geometric coefficient of variation (GCV) was 35.8% for guinea pig assays and 44.8% 
for mouse assays. Relative potency estimates obtained in mouse assays were significantly lower 
than those obtained in guinea pig assays (p<0.001). Taking the defined potency of 98/552 as 469 
IU/ampoule [3], the potency of Preparation A in guinea pig assays is 489 (354 – 674) 
IU/ampoule (Table 11). Before the relative potency of 0.520 determined against WHO IS 98/552 
in mouse challenge assays can be converted to IU, consensus needs to be made on the most 
suitable activity to be assigned to 98/552, and previous ISs TEXA-1 and TEXA-2. A summary of 
results is presented for discussion in Table 12. 
 

Potency of Preparation B 
Relative potency estimates for Preparation B calculated relative to preparation C (WHO IS 
98/552) are summarized in Tables 6 and 10, and are shown in Figure 2. The unweighted 
geometric mean potency estimates (with 95% confidence limits) were 0.230 (0.137 – 0.387) in 
guinea pig assays (n=6) and 0.299 (0.253 – 0.352) in mouse assays (n=23). The between 
laboratory geometric coefficient of variation (GCV) was 64.3% for guinea pig assays and 46.4% 
for mouse assays. Relative potency estimates obtained in mouse assays did not differ 
significantly to those obtained in guinea pig assays (p=0.171). Taking the defined potency of 
98/552 as 469 IU/ampoule, the potency of Preparation B in guinea pig assays is 108 (64 – 182) 
IU/ampoule (Table 11). Before the relative potency of 0.299 determined against WHO IS 98/552 
in mouse challenge assays can be converted to IU, consensus needs to be made on the most 
suitable activity to be assigned to 98/552, and previous ISs TEXA-1 and TEXA-2. A summary of 
results is presented for discussion in Table 12. 
 

Potency of the 3
rd

 WHO IS (98/552) calculated relative to the 2
nd

 WHO IS 

(TEXA-2) 
Potency estimates for Preparation C (3rd WHO IS, coded 98/552) calculated relative to 
preparation D (2nd WHO IS, coded TEXA-2) are summarized in Tables 7 and 10, and are shown 
in Figure 3. The unweighted geometric mean relative potency estimates (with 95% confidence 
limits) were 0.920 (0.565 - 1.498) in guinea pig assays (n=6) and 3.492 (2.862 – 4.260) in mouse 
assays (n=20). In the previous study [6], during establishment of the 3rd WHO IS/Ph Eur BRP, 
the corresponding mean relative potency estimates were 1.379 (1.209 – 1.579) in guinea pig 
assays and 2.918 (2.618 – 3.259) in mouse assays, Although the current study gave a lower 
estimate in guinea pig assays and a higher estimate in mouse assays, no significant difference 
was noted between the two studies (p=0.068 and p=0.084 for guinea pig and mouse assays 
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respectively). Relative potency estimates obtained in mouse assays in this study were, however, 
significantly higher than those obtained in guinea pig assays (p<0.001) which is consistent with 
the previous study. The between laboratory geometric coefficient of variation (GCV) in this 
study was 59.1% for guinea pig assays and 53.0% for mouse assays. 
 

Potency of Preparations A and B relative to 2
nd

 WHO IS (TEXA-2) 
Additional analysis was performed to calculate relative potency estimates for Preparations A and 
B relative to preparation D (2nd WHO IS, coded TEXA-2) and these are summarized in Tables 8, 
9 and 10. The unweighted geometric mean potency estimates (with 95% confidence limits) were 
0.943 (0.562 – 1.582) in guinea pig assays (n=4) and 1.823 (1.600 – 2.077) in mouse assays 
(n=22) for A and 0.243 (0.104 – 0.570) in guinea pig assays (n=5) and 1.155 (0.953 – 1.399) in 
mouse assays (n=18) for B. The between laboratory geometric coefficients of variation (GCV) 
were 38.4% in guinea pig assays / 34.2% in mouse assays for A and 98.8% in guinea pig assays / 
47.1% in mouse assays for B. Relative potency estimates obtained in mouse assays were 
significantly higher than those obtained in guinea pig assays (p<0.001) for both A and B. Taking 
the defined potency of TEXA-2 as 340 IU/ampoule [3], the potencies of Preparations A and B in 
guinea pig assays are  320.6 (191.1 – 537.8) IU/ampoule and 82.6 (35.2 – 193.9) IU/ampoule 
respectively (Table 11). 
 

Stability studies 
 

In vitro antigen assay 
The results for antigen content obtained for samples of Preparation A stored at elevated 
temperature for one year were compared to those obtained for identical samples of the 
preparation stored at -20°C so that a prediction of stability could be made [7]. Results are 
summarised in Table 13. A predicted loss of toxoid antigen content of 0.004% per year when 
stored at -20°C was obtained for Preparation A, confirming that the material is likely to have 
high stability, which agrees with the high stability predicted for the same material in the previous 
study [3]. The same approach was adopted for replacement diphtheria WHO IS [8] as no 
prediction of stability was possible from in vivo data, due to no observed loss of activity. 
 
The antigen content of Preparation B was below the detection limit in capture ELISA  (<0.01 
Lf/ml) and SRD (<4 Lf/ml) assays and so determination of stability by available in vitro methods 
was not possible for this material. It is possible that different reagents could be used in a similar 
assay set up, but further studies are required. 
 
Stability on reconstituted samples was not performed as the material is recommended to be used 
within a day of preparation and it is not recommended to keep the sample stored for longer.  
 

Serological assays 
 

Assay validity 
In general, the serology tests satisfied the requirements for validity as set out in the Ph Eur 
monograph for tetanus vaccine adsorbed [5]. Potency estimates calculated where non-linearity or 
non-parallelism was significant at the 5% level but not 1% level (0.01<p<0.05) are clearly 
indicated, but were not used in the calculation of mean estimates. 
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For two guinea pig assays no potency estimates have been calculated due to significant non-
linearity or non-parallelism (p<0.01): in assay 2 by laboratory 21 samples B and C were non-
parallel and in assay 1 by laboratory 22 sample B was non-linear. 
 

Potency of Preparations A and B 
Potency estimates for Preparations A and B, calculated relative to preparation C (WHO IS, 
coded 98/552), are summarized in Tables 11, 12 and 14. The unweighted geometric mean 
potency estimates (with 95% confidence limits) from guinea pig serology assays were 0.878 
(0.644  – 1.198) for A (n=7) and 0.192 (0.017 – 2.169) for B (n=3). The mean results show good 
agreement with those obtained from guinea pig challenge assays. Only one data set from mouse 
serology assays was provided for consideration and thus no further statistical evaluation was 
performed. 
 

Conclusions 
Two candidate standards were included in the collaborative study. Ampoules coded Preparation 
A and Preparation B were stabilized with fragmented gelatine (Haemaccel®), rather than 
trehalose which was used in formulation of the 3rd WHO IS and Ph Eur BRP, batch 2. This 
approach was comparable to the formulation of the 2nd WHO IS (TEXA-2). The appearance of 
the product formulated with this stabilizer was confirmed to be superior. In addition, the same 
stabilizer was successfully used in the preparation of replacement WHO IS and Ph Eur BRP for 
Diphtheria Toxoid (Adsorbed) [8]. 
 
Based on all information, it is proposed to recommend Preparation A (coded 08/218) as a 
suitable replacement WHO International Standard for Tetanus Toxoid (Adsorbed) for use in 
established protective potency assays and for calibration of national and product-specific 
reference standards. Ampoules of Preparation A were tested and confirmed to fully comply with 
WHO recommendations for precision of fill, residual moisture and integrity. A total of 22,396 
ampoules of Preparation A (coded 08/218) were filled at NIBSC so that sufficient material can 
be proposed as replacement WHO IS and replacement Ph Eur BRP. After collaborative study, in-
house measurements and accelerated degradation studies, 20,996 ampoules of 08/218 remain 
available for use. Based on the recommended potency and current use, it can be predicted that 
this will be sufficient for at least 30 years. 
 
Preparation A was deemed the most suitable replacement WHO IS for a number of reasons: it 
has a higher potency in vivo than Preparation B; between-laboratory GCV (%) for all assays was 
lower for Preparation A than for Preparation B, and it was formulated from an identical lot of 
tetanus vaccine as 3rd WHO IS and BRP- Batch 2. In addition, tetanus antigen content of 
Preparation B was below the detection limit in standard methods and thus no prediction of 
stability can be made in vitro. Stability of Preparation A was confirmed satisfactory with a 
predicted loss of activity based on 1 year data estimated at 0.004% per year when stored at -20°C. 
Preparation B, however, of which ca. 9,000 ampoules remain at NIBSC, returned comparable 
(but more variable) relative potency estimates in guinea pigs and mice challenge assays.  
 
It is proposed to continue monitoring stability of Preparation A, post-adoption, as part of use, 
and rely on the in vitro method to monitor integrity of antigen on a yearly basis and under 
recommended storage. Additional studies in vivo will only be performed in the case of observed 
changes in vitro.  
 
Preparation A has been considered for adoption by the European Pharmacopoeia Commission as 
a replacement Ph Eur BRP for tetanus vaccine in view that the material is comparable to 
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previous WHO IS and Ph Eur BRP, Batch 2, and because a sufficient amount of material was 
prepared for both purposes. A separate report will be prepared in support of replacement of Ph 
Eur BRP (BSP 097 study). 10,000 ampoules of preparation A have been donated to EDQM.  
 
Potency estimates for Preparations A and B were calculated against material coded Preparation C, 
which is the 3rd WHO IS for tetanus toxoid adsorbed with defined activity of 469 IU/ampoule 
[6] . Mean estimates of 489 (354 - 674) IU/ampoule and 108 (64-182) IU/ampoule were 
calculated from challenge assays in guinea pigs for A and B respectively.  
 
For continuation of IU, and in agreement to previous practice, the recommended value for 
potency estimation of replacement WHO IS should be based on data presented from challenge 
assays in guinea pigs. However, it must be noted that where 13 labs provided data in support of 
calibration of the 3rd WHO IS, only 6 laboratories provided valid potency estimates in guinea pig 
challenge assays in this study, showing an approximate 50% reduction in data. This may cause a 
problem in assigning units to future reference preparations in view that fewer laboratories 
maintain the capacity to perform challenge assays in guinea pigs. 
 
In agreement to several previous studies, potency estimates determined in mouse assays for 
preparation A were significantly different to estimates determined in guinea pig challenge assays 
and appear to be formulation dependent. The relative potency of Preparation A is thus 
significantly lower in mice in this study, but in the previous study the same toxoid, formulated in 
3rd WHO IS with trehalose rather than Haemaccel®, gave a higher relative potency in mice than 
in guinea pigs. This data highlight the problem previously observed where different relative 
potencies of tetanus vaccines could be obtained in guinea pigs and mice. One way to solve this 
problem and ensure transferability of IU when potency assays are performed in mice is to use a 
strain of mice which will provide comparable data as for guinea pigs or to propose a defined 
conversion factor. Another strategy is to use product-specific standards calibrated in IU in guinea 
pigs, when performing assays in mice. Alternatively, separate units could be assigned to the 
standard for use in mouse assays, subject to review of specifications. Preparation B in this study 
returned potency estimates relative to WHO IS 98/552 which are comparable in mice and guinea 
pigs (Table 10). However, as summarised in Table 12, the value assigned to preparation B will 
be dependent on the consensus of what value should be assigned to WHO IS 98/522 (and 
consequently TEXA-1 and TEXA-2) in mouse assays.  
 
Seven laboratories performed additional serological studies in guinea pigs following in-house 
protocols and experience. Results expressed as relative potencies between preparations A, B and 
3rd WHO IS (coded 98/552) confirm that potency values determined in serology assays are 
comparable with those from challenge assays and support previous collaborative validation 
studies [13]. 
 

Recommendation 
Based on the results from this collaborative study, the material coded Preparation A (NIBSC 
catalogue no. 08/218) can be recommended as the 4th WHO IS for Tetanus Vaccine (Adsorbed), 
with potency of 489 IU/ampoule based on the results of challenge assays in guinea pigs. 
 
The WHO ECBS should review the options if a separate value needs to be assigned for this 
standard or another candidate standard for use in mouse assays.  
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Comments from participants 
Of the 34 participants that contributed data to this collaborative study, 27 (~80%) agreed on the 
content and recommendations made.  
 

Assignment of IU for use in mouse assays 
Seven participating laboratories (~20%), all from European manufacturers and OMCLs 
(laboratories coded 6, 10, 11, 13, 27, 28 and 33), did not agree on the proposal that IU should 
only be assigned to the WHO replacement standard from assays in a guinea pig challenge model.  
It should be emphasised that the purpose of the collaborative study was two-fold and aimed to 
replace both the WHO IS and Ph Eur BRP for tetanus vaccine adsorbed. This report only 
considers replacement of the WHO IS and in view that WHO does not have an agreed assigned 
IU in the mouse assay it is not possible to make recommendations on this in the absence of 
international consensus. The data from which it is possible to place a value to the same standard 
from the mouse assays is available from 24 laboratories in this study and presented in relative 
terms in Table 10 and as calculated potencies in table at the end of this section.  This data will  
also be presented as part of a separate EDQM (BSP097 study) report. However, this report 
clearly shows that the value proposed to the same standard in the mouse assays (around 259 
IU/ampoule if the potency of 98/552 is taken to be 496 IU/ampoule) will be significantly lower 
(p<0.001), an observation not inconsistent with previous similar collaborative studies [3,9]. For 
preparation B the potency relative to WHO IS 98/522 in mouse assays was higher than in guinea 
pig assays, although the difference is not significant. Whereas value of 108 IU/ampoule is 
determined for preparation B in guinea pig assays, in mouse assays it would be 148 IU/ampoule 
(if the potency of 98/552 is taken to be 496 IU/ampoule), (summary table in this section). The 
impact of calibration in mouse assays and subsequent use of the proposed standard in the mouse 
assay is not known and further studies may need to be performed within the EU with several 
currently licensed products. Nevertheless, the data presented in this report should provide an 
opportunity to discuss the issue during the ECBS meeting with a view to harmonizing 
agreements. The advantages and limitations should be carefully considered before adopting IU 
for tetanus vaccines. 
 
Whereas both guinea pig and mouse challenge models can be used for assessing tetanus vaccine 
potency [1,2], previous and current studies imply that different potency values may be obtained 
with the same standards depending on the assay model used. It is therefore not acceptable (or 
possible) to define minimum requirements as a product could pass in one method and fail in 
another. 
 
The original minimum requirements for tetanus vaccines were based on human responses in 
clinical studies and have been correlated to antibody responses in guinea pigs [14]. Guinea pigs 
were therefore considered to be a suitable animal model for predicting vaccine effectiveness in a 
clinical setting and are also used in the USP minimum potency test for tetanus vaccines [15]. 
More recent studies including complex combined vaccines with tetanus administered together 
with tetanus toxoid conjugated Hib vaccines appear to support the relevance of a guinea pig 
model [10,13]. However, demonstration of consistency of an effective vaccine is possible in a 
mouse model, which is a preferred model for some laboratories during batch release and as part 
of post-licensing testing. In view of this, a consensus needs to be reached to make it possible to 
use mouse challenge potency tests and achieve the same conclusion as if the guinea pig assay 
was used. This problem was solved in Japan and adopted in other countries by using a particular 
strain of mice (ddY) which provided comparable potency values to guinea pigs for replacement 
Japanese standard and a range of local products [11]. However, it is not known or confirmed that 
such comparisons are possible for all products and may not apply for complex combinations. 
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Japanese investigators observed inconsistent data when using a DTP standard for control of a 
DTaP product and reverted back to a monovalent reference preparation (personal 
correspondence). Further to this, an identical strain of mice cannot realistically be used 
worldwide and effect of local conditions on same strain cannot be excluded.  
 
In order to ensure comparable data in both assays (i.e. confirmation that tetanus vaccines comply 
with minimum requirements) the logical strategy would be to use IU as assigned in the guinea 
pig challenge model to calculate relative potency in a mouse model, an approach already 
confirmed satisfactory in several non-EU laboratories. In such cases the guinea pig model will 
remain for calibration of replacement standards or for assigning activity to product-specific 
reference preparations. The problem here is that fewer laboratories have the capacity and 
experience to perform the challenge assay in guinea pigs and in the future the numbers could 
decline further. 
 
An alternative solution to this problem would be to assign units to a reference standard from 
mouse assays, but to use the value only for consistency testing and as International Reference 
Units. Such units can only be product specific. This approach is already adopted for several 
vaccines where International Standards are not available. Such an approach ensures that relevant 
limits can be set for each product and allows monitoring of the product, but cannot define 
minimum requirements across all products unless a suitable conversion factor is proposed and 
agreed upon. Confirmation of trends or loss of activity relative to samples confirmed to be 
effective in clinical trials can be achieved. 
 
Alternatively, guinea pig serology can be used instead of guinea pig challenge and this is 
particularly attractive for testing of combined vaccines allowing more than one antigen to be 
evaluated at the same time and on same set of animals. However, this approach is only useful for 
routine testing and replacement standards or product-specific references must still be calibrated 
in IU in challenge assays, unless confirmed otherwise.  A collaborative validation study with a 
range of vaccines supports the guinea pig serology as suitable alternative to challenge in guinea 
pigs [13]. 
 
Summary of potency estimates obtained in mouse challenge assays. All results are IU/ampoule with between-
laboratory GCV, 95% confidence limits and sample size. Potency of 98/552 taken to be 496 IU/ampoule. Potency of 
TEXA-2 taken to be 170 IU/ampoule. Excludes assays where non-linearity or non-parallelism was significant at the 
5% level (0.01<p<0.05) and assays where 50% response was not covered by the range of dilutions used. 

 

 
A relative 

to 98/552 

B relative 

to 98/552 

98/552 relative  

to TEXA-2 

A relative 

to TEXA-2 

B relative 

to TEXA-2 

258.8 (44.8%) 148.0 (48.3%) 598.2 (51.2%) 309.9 (34.2%) 196.4 (47.1%) 

(220.5 – 301.4) (124.3 – 176.3) (492.9 – 726.0) (272.0  – 353.1) (162.0  – 237.8) 

GM (GCV) 
95% C.I. 

n 
n = 24 n = 22 n = 20 n = 22 n = 22 

 
 

Specific comments from participants related to assignment of IU for use in 

mouse assays 
Participant coded 6 wrongly assumed that the 3rd WHO IS has an assigned value of 496 
IU/ampoule for use in mouse assays. It is only the EDQM BRP that was assigned this value from 
the mouse assays as reported in the publication of the previous collaborative study [3]. 
 
Participant coded 11 requested more information on possible reasons for lower activity in mouse 
assays for preparation A. Due to our own trending data and results obtained in guinea pigs, we 
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excluded the possibility of a loss in potency, but cannot rule out the possibility that fragmented 
gelatine (used as a stabiliser) contributed to lower tetanus potency in the mouse assays only. This 
stabiliser did not appear to affect potency in guinea pigs and we did not elaborate on this point in 
view of focusing on replacement of the WHO IS. As presented in Table 10 (and summary table 
at the end of this section), the 3rd WHO IS was significantly more potent (3.4 times higher) in 
mouse assays than TEXA-2, the 2nd WHO IS, which was also stabilised with fragmented gelatine. 
Preparation A is approximately 1.8 times more potent than TEXA-2 in the mouse assays. Table 
12 has been included in the document to address this point.  
 
Participants coded 11, 27 and 33 expressed concerns in view that different estimates could be 
obtained in mouse and guinea pig assays if the calibration units applied are model-specific. This 
requires further investigation but we do not agree that mouse model will necessarily provide 
clinically relevant data when returning a lower potency for any particular product. The current 
study did not address the impact in mouse assays on product testing and, in line to previous 
practices during establishment of Ph Eur BRP [3], an extended collaborative study may need to 
be performed including a range of currently licensed products. 
 
Participants coded 11, 13 and 20 also suggested calibration of preparation A against 2nd WHO IS 
(TEXA-2) in mouse assays. We conclude that relative to TEXA-2, preparation A would be 
approximately 1.8 times more potent, as discussed in earlier section. Table 12 has been included 
in the document to address this point.  
  
Participants coded 27 and 33 questioned the continuation of WHO IS for tetanus vaccine only 
from the guinea pig challenge assays in view of limited and variable data. In addition, they 
claimed that the calibrated value obtained from guinea pig assays is less accurate than in mouse 
assays as it is based on a smaller number of estimates. The variability of estimates obtained in 
guinea pig assays was the same as that recorded in the previous collaborative study (GCV 36%) 
[3], and comparable to the variability in mouse assays. We do not agree with the suggestion that 
different relative activities obtained for the replacement standard in the two assay models had 
anything to do with technique or selection of mouse strain in the assay, relative to the 2004 study, 
as suggested by participant coded 33. 
 

Specific other issues raised by participants 
Participant coded 25 commented on the suitability of the replacement standard for use in guinea 
pig serology assays in view that comparable data was obtained for preparation A in both guinea 
pig challenge and guinea pig serology assays. Although comparable values were obtained in both 
methods in this study and in previous collaborative validation study [13] it is not possible to 
make firm recommendations on use of this standard with all licensed products. The study did 
however establish that a suitable dose response curve can be obtained in guinea pig serology.  
 
Participant coded 22 commented on the suitability of the developed capture ELISA assay to 
detect adsorbed toxoids in view that the calculated Lf values were different to the reported Lf 
values. We explained this point more clearly in previously published work [12], where we state 
that the values obtained in the antigen assays are product-specific and reagent-specific. In view 
of this it would be unrealistic to expect an NIBSC version of the method to provide identical 
information to the reported value. We do not agree with the statement that the method is not 
capable of detecting tetanus toxoid in adsorbed vaccine formulations. We were, however, 
surprised to see very low levels of tetanus toxoid in preparation B. The low levels (below 
detection limit) of tetanus toxoid in this preparation were also confirmed by our standardized 
SRD assay which utilizes different polyclonal antibodies and is used in batch release evaluation 
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as an identity test. As we were not intending to recommend preparation B as a replacement 
standard we decided not to elaborate further on the reasons for low tetanus toxoid content in this 
preparation.  
 
Several participating laboratories noted that the time period for observation of mice reported on 
page 3 as 72 hours is not consistent with the wording in the Ph Eur monograph. This is an error 
as we can confirm that all participants, including NIBSC, report an observation period of at least 
4 days (96 hours) for calculation of potency in the mouse challenge assays. This error was 
corrected in revised version. 
 
Several participants suggested additional improvements and minor comments which were all 
taken into consideration and incorporated into the revised version. 
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Table 1.  Summary of candidate tetanus vaccines – bulk material 
 

 Candidate 1 (Preparation B) Candidate 2 (Preparation A) 

Toxoid Manufacturer Kaketsuken Swiss Serum 

Lot No. 0701 14959 

Tetanus Toxoid Content 
(Manufacturer) 

20 Lf/ml 60 Lf/ml 

Adjuvant 
 

Aluminium hydroxide 
1.45 mg/ml (aluminium) 

Aluminium phosphate 
9 mg/ml 

Buffer 
 
 
 

Na2HPO4 (0.69 mg/ml) 
NaH2PO4.2H2O (0.39 mg/ml) 

NaCl (7 mg/ml) 
Glucose (0.7 mg/ml) 

NaCl 
 
 
 

Inactivator Formaldehyde (0.002 mg/ml) Formaldehyde (0.002 mg/ml) 

Tetanus Toxoid Content (NIBSC 
ELISA) 0.10 (0.08-0.12) Lf/ml 26.4 (23.6-29.6) Lf/ml 

Potency (NIBSC) against 98/552 3rd 
IS 758 (608-935) IU/ml 1236 (975-1552) IU/ml 

Potency (NIBSC) against TEXA 2nd 
IS 573 (419-802) IU/ml 1182 (910-1533) IU/ml 

 
 

Table 2.  Summary of stabilised, freeze-dried candidate replacement standards 
 

 Candidate 1 (Preparation B) Candidate 2 (Preparation A) 

Toxoid Manufacturer Kaketsuken Swiss Serum 

NIBSC Code 08/102 08/218 

No. Ampoules Filled 12,714 22,396 

Appearance Robust homogenous cake Robust homogenous cake 

Antigen content (NIBSC ELISA) Not detected 25.4 (23.8-27.4) Lf/ml 

Potency (NIBSC mouse challenge) 
(Against 98/552 3rd IS) 

206 (116-369) IU/ml 
(n=2) 

403 (273-596) IU/ml 
(n=2) 

Potency (NIBSC mouse challenge) 
(Against TEXA 2nd IS) 

204 (155-268) IU/ml 
(n=1) 

469 (420-523) IU/ml 
(n=2) 

Mean fill mass 1.01g (CV 0.11%) (n=478) 1.01 (CV 0.13%) (n=870) 

Mean dry weight 0.03g (CV 2.98%) (n=6) 0.03g (CV 3.28%) (n=6) 

Mean residual moisture 0.90% (CV 11.45%) (n=12) 0.71% (CV 13.18%) (n=12) 

Mean oxygen head space 0.38% (CV 19.82%) (n=12) 0.24% (CV 44.24%) (n=12) 
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Table 3. Summary of challenge methods 
 

Lab  

Code 

Preparations 

Tested 

Challenge 

Method 

No. of 

Assays 

No. Vaccine 

Dilutions 

No. Animals 

Per Dilution 

26 A,C Guinea pig paralysis 1 4 12 

      
2 A,B,C,D Guinea pig lethal 3 3 and 4 10 (5 in assay 1) 

4 A,B,C,D Guinea pig lethal 2 3 10 (12 in assay 2) 

16 A,B,C,D Guinea pig lethal 2 3 and 4 10 

17 A,B,C,D Guinea pig lethal 2 3 and 4 10 

18 A,B,C,D Guinea pig lethal 1 3 10 

21 A,B,C,D Guinea pig lethal 3 4 12 

23 A,B,C,D Guinea pig lethal 2 3 16 

30 A,B,C,D Guinea pig lethal 2 3 16 

      
7 A,C Mouse paralysis 2 5 16 

9 A,B,C,D Mouse paralysis 2 4 16 

10 A,B,C,D Mouse paralysis 2 4 12 

11 A,B,C,D Mouse paralysis 2 4 16 

31 A,B,C,D Mouse paralysis 3 4 16 

      
1 A,B,C,D Mouse lethal 2 3 16 

2 A,B,C,D Mouse lethal 3 5 (A), 4 (B,C,D) (assay 1) 

3 (assays 2and 3) 

10 

3 A,B,C,D Mouse lethal 2 (A,B,C) 

2 (A,B,D) 

4 12 

6 A,B,C,D Mouse lethal 2 4 12 

8 A,B,C,D Mouse lethal 2 3 20 

9 A,B,C,D Mouse lethal 2 4 16 

12 A,B,C,D Mouse lethal 2 4 20 

13 A,B,C,D Mouse lethal 2 4 16 

14 A,B,C,D Mouse lethal 2 4 20 

15 A,B,C,D Mouse lethal 2 4 10 

16 A,B,C,D Mouse lethal 2 3 10 

17 A,B,C,D Mouse lethal 2 3 10 

18 A,B,C,D Mouse lethal 1 3 10 

19  A,B,C,D Mouse lethal 2 3 10 

20 A,B,C,D Mouse lethal 4 4 16 

22 A,B,C Mouse lethal 2 4 12 

23 A,B,C,D Mouse lethal 2 3 16 

24 A,B,C,D Mouse lethal 2 3 10 

27 A,B,C Mouse lethal 3 4 16 

28 A,B,C Mouse lethal 3 4 16 

29 A,B,C Mouse lethal 2 4 15 

32 A,B,C,D Mouse lethal 1 3 (A), 4 (B,C,D) 16 

33 A,B,C,D Mouse lethal 2 4 16 

34 A,B,C,D Mouse lethal 2 4 16 
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Table 4. Summary of serological methods 

 

Lab  

Code 

Preparations 

Tested 

Species No. of 

Assays 

No. Vaccine 

Dilutions 

No. Animals 

Per Dilution 

Serology Method 

20 A,B,C,D Guinea pig 1 1 8 TNT 

21 A,B,C,D Guinea pig 2 3 10 ELISA 

22 A,B,C Guinea pig 2 4 8 ToBI 

25 A,C Guinea pig 2 3 10 ELISA 

26 A,C Guinea pig 2 4 12 ELISA 

27 A,B,C Guinea pig 2 4 10 ELISA 

30 A,B,C,D Guinea pig 1 3 10 ELISA 

31 A,B,C Guinea pig 3 3 8 ELISA 

       
22 A,B,C Mouse 2 4 8 ToBI 
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Table 5. Potency estimates for Preparation A relative to Preparation C (IS 98/552) 
 

Lab Challenge Method Assay 1 Assay 2 Assay 3 GM GM (IU/amp) 

26 Guinea Pig Paralysis 1.116   1.116 523.5 

       
2 Guinea Pig Lethal Invalid 0.615 0.760 0.684 320.7 

4 Guinea Pig Lethal 1.353 0.962  1.113 522.1 

16 Guinea Pig Lethal 0.838$ 0.890$  n/a n/a 

17 Guinea Pig Lethal Invalid 1.719  1.719 806.4 

18 Guinea Pig Lethal Invalid   n/a n/a 

21 Guinea Pig Lethal Invalid 0.482$ Invalid n/a n/a 

23 Guinea Pig Lethal 1.018 0.975  0.995 466.8 

30 Guinea Pig Lethal 0.856 0.906  0.878 411.6 

       
7 Mouse Paralysis 0.574 0.504*  0.574 - 

9 Mouse Paralysis 0.473 0.491  0.482 - 

10 Mouse Paralysis Invalid Invalid  n/a - 

11 Mouse Paralysis 0.431 0.495  0.464 - 

31 Mouse Paralysis 1.021 0.636  0.806 - 

       
1 Mouse Lethal 0.319 0.325  0.322 - 

2 Mouse Lethal 0.661 Invalid Invalid 0.661 - 

3 Mouse Lethal 0.534 0.998 Invalid 0.769 - 

6 Mouse Lethal 0.655 0.453*  0.655 - 

8 Mouse Lethal 0.415 0.430  0.422 - 

9 Mouse Lethal 0.409 0.371  0.388 - 

12 Mouse Lethal 0.355 0.627#  0.355 - 

13 Mouse Lethal Invalid 0.280#  n/a - 

14 Mouse Lethal 0.517 0.445  0.481 - 

15 Mouse Lethal 0.410 0.309  0.338 - 

16 Mouse Lethal Invalid Invalid  n/a - 

17 Mouse Lethal 0.446 0.386  0.413 - 

18 Mouse Lethal 0.356$   n/a - 

19 Mouse Lethal 0.637 0.621  0.630 - 

20 Mouse Lethal 0.339 0.896*  0.339 - 

22 Mouse Lethal 0.299 0.421  0.348 - 

23 Mouse Lethal 1.064 1.060  1.062 - 

24 Mouse Lethal 0.874 0.649  0.764 - 

27 Mouse Lethal 0.460 0.395  0.436 - 

28 Mouse Lethal Invalid Invalid Invalid n/a - 

29 Mouse Lethal 0.686 0.571  0.644 - 

32 Mouse Lethal 0.920   0.920 - 

33 Mouse Lethal 0.831 0.663  0.764 - 

34 Mouse Lethal 0.238 0.361  0.293 - 

 
* denotes non-linearity (0.01<p<0.05) 
# denotes non-parallelism (0.01<p<0.05) 
$ denotes 50% response not covered by range of dilutions used 
 
See text for details of invalid tests 
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Figure 1. Potency estimates for Preparation A relative to Preparation C (IS 98/552) 
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Table 6. Potency estimates for Preparation B relative to Preparation C (IS 98/552) 
 

Lab Challenge Method Assay 1 Assay 2 Assay 3 GM GM (IU/amp) 

2 Guinea Pig Lethal 0.198 0.177 0.204 0.193 90.3 

4 Guinea Pig Lethal Invalid Invalid  n/a n/a 

16 Guinea Pig Lethal 0.165 0.193  0.181 84.9 

17 Guinea Pig Lethal Invalid 0.287  0.287 134.6 

18 Guinea Pig Lethal Invalid   n/a n/a 

21 Guinea Pig Lethal Invalid 0.192* 0.123 0.123 57.8 

23 Guinea Pig Lethal 0.562 0.498  0.532 249.7 

30 Guinea Pig Lethal 0.213 0.248  0.226 106.2 

       
9 Mouse Paralysis 0.489 0.471  0.477 - 

10 Mouse Paralysis 0.263$ Invalid  n/a - 

11 Mouse Paralysis 0.244$ 0.289  0.289 - 

31 Mouse Paralysis 0.553 0.278  0.392 - 

       
1 Mouse Lethal 0.143 0.178  0.159 - 

2 Mouse Lethal 0.218 Invalid 0.409 0.297 - 

3 Mouse Lethal 0.296 0.478# 0.304 0.299 - 

6 Mouse Lethal 0.381 0.378*  0.381 - 

8 Mouse Lethal 0.234 0.300  0.264 - 

9 Mouse Lethal 0.345 0.350  0.348 - 

12 Mouse Lethal 0.286 Invalid  0.286 - 

13 Mouse Lethal Invalid 0.148  0.148 - 

14 Mouse Lethal 0.241 0.398  0.310 - 

15 Mouse Lethal 0.300$ 0.206$  n/a - 

16 Mouse Lethal Invalid Invalid  n/a - 

17 Mouse Lethal 0.238 Invalid  0.238 - 

18 Mouse Lethal Invalid   n/a - 

19 Mouse Lethal 0.279 0.459*  0.279 - 

20 Mouse Lethal 0.340 0.721  0.495 - 

22 Mouse Lethal Invalid 0.219  0.219 - 

23 Mouse Lethal 0.587# 0.596  0.596 - 

24 Mouse Lethal 0.485 0.389  0.446 - 

27 Mouse Lethal Invalid 0.243  0.243 - 

28 Mouse Lethal 0.336$ 0.429$ Invalid n/a - 

29 Mouse Lethal 0.154 0.227  0.191 - 

32 Mouse Lethal 0.538   0.538 - 

33 Mouse Lethal Invalid 0.292  0.292 - 

34 Mouse Lethal 0.153 0.201  0.175 - 

 
* denotes non-linearity (0.01<p<0.05) 
# denotes non-parallelism (0.01<p<0.05) 
$ denotes 50% response not covered by range of dilutions used 
  
See text for details of invalid tests 
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Figure 2. Potency estimates for Preparation B relative to Preparation C (IS 98/552) 
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Table 7. Potency estimates for Preparation C (3rd IS 98/552) relative to Preparation D (2nd IS 
TEXA-2) 
 

Lab Challenge Method Assay 1 Assay 2 Assay 3 GM GM (IU/amp) 

2 Guinea Pig Lethal 1.209 0.804  0.972 330.6 

4 Guinea Pig Lethal 0.583 0.753  0.661 224.8 

16 Guinea Pig Lethal 1.183$ Invalid  n/a n/a 

17 Guinea Pig Lethal Invalid 0.427  0.427 145.2 

18 Guinea Pig Lethal Invalid   n/a n/a 

21 Guinea Pig Lethal 1.226 0.812* 1.408 1.326 450.8 

23 Guinea Pig Lethal 1.374 1.438  1.407 478.4 

30 Guinea Pig Lethal 1.203 1.161  1.184 402.7 

       
9 Mouse Paralysis 3.315 3.312  3.313 - 

10 Mouse Paralysis 3.222 2.869  3.020 - 

11 Mouse Paralysis 4.379 3.166  3.650 - 

31 Mouse Paralysis Invalid 2.855 3.964 3.321 - 

       
1 Mouse Lethal 7.344 6.288  6.762 - 

2 Mouse Lethal 2.959 Invalid 1.646 2.374 - 

6 Mouse Lethal 2.257 2.265*#  2.257 - 

8 Mouse Lethal 4.228 4.280  4.253 - 

9 Mouse Lethal 5.857 5.320  5.525 - 

12 Mouse Lethal 7.668 6.249  7.090 - 

13 Mouse Lethal Invalid 4.103  4.103 - 

14 Mouse Lethal 4.291 2.808  3.471 - 

15 Mouse Lethal 4.753# 4.492  4.492 - 

16 Mouse Lethal Invalid Invalid  n/a - 

17 Mouse Lethal 3.166 3.883  3.517 - 

18 Mouse Lethal 4.268$ Invalid  n/a - 

19 Mouse Lethal 1.794 2.979$  1.794 - 

23 Mouse Lethal 1.463 1.446  1.453 - 

24 Mouse Lethal Invalid 2.268  2.268 - 

32 Mouse Lethal 2.744   2.744 - 

33 Mouse Lethal 4.804 4.881  4.838 - 

34 Mouse Lethal 6.964 4.529  5.616 - 

 
* denotes non-linearity (0.01<p<0.05) 
# denotes non-parallelism (0.01<p<0.05) 
$ denotes 50% response not covered by range of dilutions used 
 
See text for details of invalid tests 
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Figure 3. Potency estimates for Preparation C (3rd IS 98/552) relative to Preparation D (2nd IS 
TEXA-2) 
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Table 8. Potency estimates for Preparation A relative to Preparation D (2nd IS TEXA-2) 
 

Lab Challenge 

Method 

Assay 1 Assay 2 Assay 3 
GM 

GM (IU/amp) 

2 Guinea Pig Lethal 0.757 0.614  0.690 234.6 

4 Guinea Pig Lethal 0.762 0.752$  0.762 259.1 

16 Guinea Pig Lethal 1.022$ 0.971$  n/a - 

17 Guinea Pig Lethal 1.584$ 0.854$  n/a - 

18 Guinea Pig Lethal Invalid   n/a - 

21 Guinea Pig Lethal Invalid 0.365*$ Invalid n/a - 

23 Guinea Pig Lethal 1.402 1.406  1.404 477.4 

30 Guinea Pig Lethal 1.059 1.084  1.070 363.7 

       
9 Mouse Paralysis 1.636 1.695  1.668 - 

10 Mouse Paralysis Invalid Invalid  n/a - 

11 Mouse Paralysis 1.806 1.616  1.681 - 

31 Mouse Paralysis 2.893 2.612  2.748 - 

       
1 Mouse Lethal 2.390 2.054  2.233 - 

2 Mouse Lethal 1.981 2.664$ 4.606$ 1.981 - 

3 Mouse Lethal 1.636 3.207 2.904 2.561 - 

6 Mouse Lethal 1.488 Invalid  1.488 - 

8 Mouse Lethal 1.648 1.727  1.686 - 

9 Mouse Lethal 2.335 1.914  2.114 - 

12 Mouse Lethal 2.741 3.662$  2.741 - 

13 Mouse Lethal 1.470# 1.115  1.115 - 

14 Mouse Lethal 2.229 1.239  1.662 - 

15 Mouse Lethal 1.937 1.336  1.660 - 

16 Mouse Lethal Invalid Invalid  n/a - 

17 Mouse Lethal 1.432* 1.467  1.467 - 

18 Mouse Lethal 1.505   1.505 - 

19 Mouse Lethal 1.148 1.881$  1.148 - 

20 Mouse Lethal 1.176 2.111  1.576 - 

23 Mouse Lethal 1.546 1.532  1.539 - 

24 Mouse Lethal Invalid 1.472  1.472 - 

32 Mouse Lethal 2.538   2.538 - 

33 Mouse Lethal 4.020 3.235  3.620 - 

34 Mouse Lethal 1.737 1.649  1.687 - 

 
* denotes non-linearity (0.01<p<0.05) 
# denotes non-parallelism (0.01<p<0.05) 
$ denotes 50% response not covered by range of dilutions used 
 
See text for details of invalid tests 
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Table 9. Potency estimates for Preparation B relative to Preparation D (2nd IS TEXA-2) 
 

Lab Challenge 

Method 

Assay 1 Assay 2 Assay 3 
GM 

GM (IU/amp) 

2 Guinea Pig Lethal 0.212 0.165  0.184 62.4 

4 Guinea Pig Lethal Invalid Invalid  n/a - 

16 Guinea Pig Lethal 0.193$ Invalid  n/a - 

17 Guinea Pig Lethal 0.128 0.157$  0.128 43.7 

18 Guinea Pig Lethal Invalid   n/a - 

21 Guinea Pig Lethal Invalid 0.139* 0.174 0.174 59.1 

23 Guinea Pig Lethal 0.774 0.726  0.751 255.5 

30 Guinea Pig Lethal 0.261 0.298  0.275 93.6 

       
9 Mouse Paralysis 1.677 1.560  1.596 - 

10 Mouse Paralysis 0.891$ Invalid  n/a - 

11 Mouse Paralysis 1.046$ 0.940  0.940 - 

31 Mouse Paralysis 1.211 1.202  1.206 - 

       
1 Mouse Lethal 1.043 1.118  1.073 - 

2 Mouse Lethal 0.620 0.778 0.742 0.706 - 

3 Mouse Lethal 1.494 1.740 1.883 1.747 - 

6 Mouse Lethal 0.889 0.849#  0.889 - 

8 Mouse Lethal 0.958 1.282  1.102 - 

9 Mouse Lethal 2.016 1.851  1.914 - 

12 Mouse Lethal 2.259 2.109$  2.259 - 

13 Mouse Lethal 0.578* 0.590  0.590 - 

14 Mouse Lethal 1.057 1.115  1.087 - 

15 Mouse Lethal 1.186$ 1.054$  n/a - 

16 Mouse Lethal Invalid Invalid  n/a - 

17 Mouse Lethal 0.816 Invalid  0.816 - 

18 Mouse Lethal Invalid   n/a - 

19 Mouse Lethal 0.505# 1.737$  n/a - 

20 Mouse Lethal 1.031# 1.747*  n/a - 

23 Mouse Lethal 0.859 0.860  0.859 - 

24 Mouse Lethal Invalid 0.924  0.924 - 

32 Mouse Lethal 1.484   1.484 - 

33 Mouse Lethal 2.626 1.832  2.157 - 

34 Mouse Lethal 1.072 0.911  0.990 - 

 
* denotes non-linearity (0.01<p<0.05) 
# denotes non-parallelism (0.01<p<0.05) 
$ denotes 50% response not covered by range of dilutions used 
 
See text for details of invalid tests 
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Table 10. Summary of mean relative potency estimates with between-laboratory GCV, 95% 
confidence limits and sample size. Excludes all assays where non-linearity or non-parallelism 
was significant at the 5% level (p<0.05) and assays where 50% response was not covered by the 
range of dilutions used. 
 

 
A relative 

to 98/552 

B relative 

to 98/552 

98/552 relative  

to TEXA-2 

A relative 

to TEXA-2 

B relative 

to TEXA-2 

Guinea Pig      

1.041 (35.8%) 0.230 (64.3%) 0.920 (59.1%)  0.943 (38.4%) 0.243 (98.8%) 

(0.755 - 1.436) (0.137 - 0.387) (0.565 – 1.498) (0.562 – 1.582) (0.104 – 0.570) 
GM (GCV) 

95% C.I. 
n n = 6 n = 6 n = 6 n = 4 n = 5 

Mouse      

0.520 (44.8%) 0.299 (46.4%) 3.492 (53.0%) 1.823 (34.2 %) 1.155 (47.1%) 

(0.445 - 0.608) (0.253 - 0.352) (2.862 – 4.260) (1.600 – 2.077) (0.953 – 1.399) 
GM (GCV) 

95% C.I. 
n n = 24 n = 23 n = 20 n = 22 n =  18 

      

p <0.001 0.171 <0.001 <0.001 <0.001 

 
 

Table 11. Summary of potency estimates obtained in guinea pig challenge assays. All results are 
IU/ampoule with between-laboratory GCV, 95% confidence limits and sample size. Potency of 
98/552 taken to be 469 IU/ampoule. Potency of TEXA-2 taken to be 340 IU/ampoule. Excludes 
assays where non-linearity or non-parallelism was significant at the 5% level (0.01<p<0.05) and 
assays where 50% response was not covered by the range of dilutions used. 
 

 
A relative 

to 98/552 

B relative 

to 98/552 

98/552 relative  

to TEXA-2 

A relative 

to TEXA-2 

B relative 

to TEXA-2 

488.5 (35.8%) 107.9 (64.3%) 312.8 (59.1%) 320.6 (38.4%) 82.6 (98.8%) 

(354.2 - 673.6) (64.1 - 181.7) (192.1 - 509.4) (191.1 – 537.8) (35.2 – 193.9) 

GM (GCV) 
95% C.I. 

n 
n = 6 n = 6 n = 6 n =  4 n = 5 
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Table 12. Summary of mean potency estimates obtained for tetanus toxoid International 
Standards at time of establishment 
 

 Potency (IU/ampoule) Potency relative to 1
st
 IS TEXA-1 

 Guinea pig Mouse
1
 Mouse

2
 Guinea pig Mouse

1
 Mouse

2
 

1st IS, 
TEXA-1 

120 120 120 1.00 1.00 1.00 

2nd IS, 
TEXA-2 

340 170 130 2.83 1.42 1.08 

3rd IS, 
98/552 

469 496 379 3.91 4.13 3.16 

Preparation A 
08/218 

489 259 198 4.08 2.16 1.65 

Preparation B 
08/102 

108 148 113 0.90 1.23 0.94 

 
1Potency of TEXA-2 calculated as weighted geometric mean of mouse assays by single lab (n=16) 
2Potency of TEXA-2 calculated as unweighted geometric mean of labs performing mouse assays (n=4) 
 

 

Table 13. Results of in vitro stability assay for Preparation A 
 

Total antigen (Lf/ml) Preparation Storage 

temperature Ampoule 1 Ampoule 2 Ampoule 3 

Geometric mean 

relative content 

A -20°C 32 23 25 - 

A +4°C 27 26 25 0.99 

A +20°C 27 26 27 1.02 

A +37°C 19 24 24 0.84 

A +45°C 24 25 24 0.92 

A +56°C 19 18 21 0.72 
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Table 14. Potency estimates for Preparation A relative to Preparation C (IS 98/552) in serology 
assays 
 

Lab Method Assay 1 Assay 2 Assay 3 GM 

21 Guinea Pig Serology 0.991 0.808  0.895 

22 Guinea Pig Serology 0.811 0.546#  0.811 

25 Guinea Pig Serology 0.684* 0.913  0.913 

26 Guinea Pig Serology 0.809 0.955*  0.809 

27 Guinea Pig Serology 0.504 0.436  0.469 

30 Guinea Pig Serology 1.330   1.330 

31 Guinea Pig Serology Invalid 1.188 Invalid 1.188 

      
22 Mouse Serology 0.432 0.842  0.603 

 

* denotes non-linearity (0.01<p<0.05) 
# denotes non-parallelism (0.01<p<0.05) 
 
 

Table 15. Potency estimates for Preparation B relative to Preparation C (IS 98/552) in serology 
assays 

 

Lab Method Assay 1 Assay 2 Assay 3 GM 

21 Guinea Pig Serology 0.303# Invalid  n/a 

22 Guinea Pig Serology Invalid 0.068  0.068 

27 Guinea Pig Serology 0.251 0.171  0.219 

30 Guinea Pig Serology 0.470*   n/a 

31 Guinea Pig Serology Invalid 0.473 Invalid 0.473 

      
22 Mouse Serology 0.202* 0.163  0.163 

 

* denotes non-linearity (0.01<p<0.05) 
# denotes non-parallelism (0.01<p<0.05) 
 
 

Table 16. Potency estimates for Preparation C (3rd IS 98/552) relative to Preparation D (2nd IS 
TEXA-2) in serology assays 
 

Lab Method Assay 1 Assay 2 GM 

21 Guinea Pig Serology 0.521 0.702# 0.521 

30 Guinea Pig Serology 1.135  1.135 
 

* denotes non-linearity (0.01<p<0.05) 
# denotes non-parallelism (0.01<p<0.05) 
 
 

Table 17. Summary of mean relative potency estimates for guinea pig serology assays, with 
between-laboratory GCV, 95% confidence limits and sample size. Excludes assays where non-
linearity or non-parallelism was significant at the 5% level (0.01<p<0.05) and assays where 50% 
response was not covered by the range of dilutions used. 
 

 A relative to 98/552 B relative to 98/552 

0.878 (39.8%) 0.192 (165.6%) 

(0.644 - 1.198) (0.017 - 2.169) 

GM (GCV) 
95% C.I. 

n 
n = 7 n = 3 

= = = 


