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Summary 

Reference preparations of pertussis toxin (PTx) are needed for the quality control and assessment 

of pertussis vaccines. Stocks of the existing WHO 1
st
 International Standard (IS) for Pertussis 

Toxin (JNIH-5) are low and a replacement is required. One candidate material was donated by a 

vaccine manufacturer to NIBSC. It was formulated, lyophilised into sealed glass ampoules and 

coded 15/126. An international collaborative study was organized to determine the suitability of 

this material to replace JNIH-5 as the second International Standard for Pertussis Toxin and to 

assign potency values to 15/126 relative to the current IS (JNIH-5). International Units were 

estimated for the proposed 2
nd

 IS using the lethal murine histamine sensitisation assay (HIST) 

and the Chinese Hamster Ovary (CHO) cell clustering assay as these were the methods used to 

assign units to JNIH-5. Other in vitro methods for the measurement of pertussis toxin activity 

were also performed in the study and the behaviour of the material in these assays assessed. A 

total of 14 laboratories from 12 countries took part in the study. Eleven of these performed 

HIST, 14 performed CHO cell clustering assay and three performed the biochemical assays 

(which measure the enzymatic and carbohydrate binding activities of the toxin).  

 

Data from this study confirm that 15/126 shows biological activity both in HIST assays and in 

CHO cell assays. Unlike JNIH-5 it was found that the activity in HIST and CHO cell assays did 

not agree and therefore different unitage for each assay is proposed. Preparation 15/126 also 

demonstrated activity in the two biochemical assays. Accelerated degradation studies indicated 

that the material will be stable at recommended storage conditions. Stability studies following 

reconstitution also showed that the material is less stable once reconstituted, which is a 

characteristic of other PTx materials. 

 

On the basis of the results of this study it is recommended that the preparation in ampoules coded 

15/126 is established as the Second WHO International Standard for pertussis toxin for histamine 

sensitising and CHO cell assays. It is also recommended that this preparation be assigned a 

unitage of 1,881 IU/ampoule in HIST and 680 IU/ampoule in the CHO cell clustering assay. 
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Introduction 

Reference preparations of pertussis toxin (PTx) are needed for the quality control and assessment 

of pertussis vaccines. Acellular pertussis vaccines contain pertussis toxin in its detoxified form. 

Regulatory safety tests are required to ensure that residual levels of pertussis toxin activity and 

reversion to toxicity do not exceed levels that have been shown to be safe in clinical lots. This is 

usually done using the murine histamine sensitisation assay (HIST) for final formulated lots 

and/or Chinese Hamster Ovary (CHO) cell clustering assay for purified pertussis toxoids. 

Biochemical assays comprising fetuin binding ELISA and enzymatic reaction coupled to HPLC 

have also been developed to measure PTx activity in vitro. All of these assays require active PTx 

as control, upholding the need for a WHO International Standard. Stocks of the existing WHO 1
st
 

International Standard (IS) for Pertussis Toxin (JNIH-5) are low and a replacement is required.   

 

The WHO 1
st
 IS for Pertussis Toxin (JNIH-5) was established in 2003 by the WHO Expert 

Committee on Biological Standardization (ECBS) [1;2] and assigned 10,000 International Units 

(IU) per ampoule based on the results of both lethal HIST and CHO cell clustering assays in a 

collaborative study. The stocks of JNIH-5 are low and a project to replace it was endorsed at 

ECBS in 2014. A frozen preparation of PTx manufactured by the Serum Institute of India (SII) 

was kindly donated to NIBSC, where it was formulated and freeze-dried in sealed glass 

ampoules and coded 15/126.  

 

Currently only HIST and CHO cell tests are routinely used as toxicity tests to monitor residual 

PTx activity in acellular pertussis vaccines (and also in whole cell vaccines) by most 

manufacturers and control laboratories. Both methods are also included in “WHO 

Recommendations to assure the quality, safety and efficacy of acellular pertussis vaccines” [3] 

and in the European Pharmacopoeia [4].   

 

This study has been carried out to confirm the suitability of 15/126 to serve as an international 

reference preparation for HIST and CHO-cell tests and also assess the material’s performance in 

the biochemical assays. If suitable, it will be assigned IU/ampoule using HIST and CHO assays 

to maintain continuity with the 1
st
 International Standard.  

  

Aims of the study 
 

The aim of this study was to confirm the suitability, bioactivity and stability of 15/126 to act as 

an international reference preparation for pertussis toxin in lethal HIST and CHO-cell clustering 

tests, and to compare the activities of 15/126 with the activities of JNIH-5, in order to assign IU 

to 15/126. An additional aim was to compare the activities of the materials in the biochemical 

assays.  

 

Participants 

Eleven laboratories performed HIST: (ten participants performed lethal HIST, three performed 

temperature HIST, and two did both. Fourteen participants carried out CHO cell clustering tests.  

Three participants performed the biochemical assays, while one performed cAMP assay. 

Participants are listed in Table 1.  Throughout this report each participant is identified by a 

randomly assigned code number from 1 to 14, not related to the order of listing. 
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Materials and Methods 
 

Candidate International Standard 15/126: One vaccine manufacturer (Serum Institute India) 

kindly donated a portion of a production batch of PTx, provided as a frozen liquid, to be used in 

the preparation of the candidate WHO 2
nd

 IS for PTx. The formulation, dilution and freeze-

drying conditions for the definitive fill were based on the results of small scale trial fills, and on 

experience with previous formulations. For the definitive fill on 22
nd

 May 2015 the material was 

thawed and diluted to a final concentration of approx. 20 µg/ml of PTx (based on manufacturer’s 

CoA) in 0.075M potassium phosphate (pH 7.6 – 7.8), 0.5 M sodium chloride and 1% trehalose. 

Diluted PTx was dispensed in 1 ml aliquots in 5 ml DIN ampoules, lyophilised following WHO 

procedures, and coded 15/126. Filling and lyophilisation was carried out at NIBSC (Potters Bar, 

UK), where the ampoules are stored at -20
o
C. Further details of the ampouled material 15/126 

are given in Table 2. 

 

First WHO International Standard for Pertussis Toxin (JNIH-5): A freeze-dried purified 

preparation of pertussis toxin was prepared by the Biken Kanonji Institute in Japan in 1984. This 

material was reported by the manufacturer to contain 10 g pertussis toxin (by nitrogen content) 

(purity >99.9%).  Filling details are as outlined previously [5]. This preparation was examined in 

two collaborative studies where it was found to have appropriate bioactivity and was also shown 

to be stable under normal storage conditions using, in addition to samples stored at -20C, 

samples stored at 20C, 37C and 50C [1;5]. It was assigned 10,000 IU/ampoule for both the 

lethal HIST and the CHO cell clustering assays [1]. 

 

In-house reference preparations: Participants were encouraged to include their in-house 

reference preparation (IHR) if available. The majority of participants included an IHR to which 

protein content had been assigned, although the way in which this was done was not generally 

specified.   

 

Design of the study 
 

Participants were asked to carry out at least two independent HIST assays. For the in vitro assays 

participants were requested to perform at least three independent CHO cell or biochemical 

assays. Each assay was to include 15/126, JNIH-5 and in-house reference (IHR) where available.  

Participants were asked to send to NIBSC the raw data for each assay, so that all data could be 

analysed using as far as possible a common method.  

 

Assay Methods 
 

Laboratories used their in-house methodology and reagents for HIST and the biochemical assays.  

A standardised CHO cell clustering assay method has been developed for measuring PTx activity 

and this was used by all participants in this collaborative study (Annex 1) [6]. Assay details are 

described in Tables 3a to 3c. One participant also performed a CHO-based in vitro CHO-cAMP-

PTx reporter cell assay, following an in-house protocol [7]. 
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Stability Studies 
 

To determine the stability of the candidate PTx standard, three studies of the candidate material 

were undertaken: a real-time stability (freeze-dried material stored at the recommended 

temperature of -20
o
C), an accelerated degradation study (freeze-dried material stored at several 

temperatures, above the recommended storage temperature) and a stability study of the 

reconstituted material. Samples used for the monitoring of the real-time stability (stored at -

20°C) were also used as the baseline for in the accelerated degradation study. The planned time 

points for the real-time stability study were for 1, 3, 6, 12 and 24 months. Data are presented 

from stability samples stored up to 12 months. 

 

The accelerated degradation study of the candidate standards was planned at temperatures of -

20°C, +4°C, +20°C, +37°C, +45°C and +56°C, using the -20°C samples as the baseline for 1, 3, 

6, 12 and 24 months, with data presented up to 12 months. Testing was carried out immediately 

on retrieval of samples from the desired temperature and duration and were analysed in a single 

session for that time point. 

 

In the third study, the candidate standard was reconstituted in an appropriate volume of diluent 

and stored at +4°C, -20°C and -80°C for 24 hours, 1 week and 2 weeks (no further time points 

were considered due to the known unstable nature of the reconstituted product). Frozen samples 

were thawed at room temperature and analysed immediately. 

 

Evaluation of the samples was carried out using in vitro methods only. For samples evaluated by 

HPLC methods the candidate standard was reconstituted using distilled water only. For 

evaluation by carbohydrate-binding and CHO assay, samples were reconstituted with both water 

and PBS to evaluate whether different diluents affected the stability of the reconstituted sample. 

All assay methods tested the PTx reference preparations 90/518 and JNIH-5 as a comparator. 

 

Where possible the results were used to fit Arrhenius equations relating the degradation rate to 

absolute temperature assuming first-order decay and hence predict the degradation rates when 

stored at -20°C [8]. 

 

 

Reporting of data and statistical analysis 
 

Lethal HIST assays 
 

All raw data, together with assay details, were provided to NIBSC to permit centralised analysis.  

Data from all assays were analysed by probit parallel-line bioassay analysis [9] comparing 

transformed assay responses to log dose using CombiStats 5.0 software [10].  For all assays, data 

for each preparation were analysed separately against the 1
st
 IS for Pertussis Toxin (JNIH-5, 

10,000 IU/ampoule) and the resulting potency estimates are therefore based on direct pair-wise 

comparisons. 

 

 Samples where protection levels were greater than 0% at only a single dose, and samples 

where protection levels were less than 100% at only a single dose were excluded from 

further analysis. There were no assays where only extreme responses were observed with 

a negative response at the largest dose tested and a positive response at the smallest dose 

tested. 
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 Samples where protection levels at all doses were less than 25% or samples where 

protection levels were greater than 75% were also excluded from further analysis. 

 Any additional assays where the ED50 was not within the range of doses used, and 

assays where non-linearity or non-parallelism was significant at the 5% but not the 1% 

level (0.01<p<0.05) are included for information only and clearly indicated. 

 

HIST Temperature assays 
 

All raw data together with assay details were provided to NIBSC to permit centralised analysis.  

Data from all assays were analysed by parallel-line bioassay analysis [9] comparing assay 

responses to log dose using CombiStats 5.0 software [10]. Data points above the 75th percentile 

observed in the PBSG sample group were excluded as outliers. 

 

CHO cell assays 
 

All raw data together with assay details were provided to NIBSC to permit centralised analysis. 

The data consist of end-point titrations for each of the provided samples. Relative potency 

estimates were calculated as ratios of these end-point titrations within an assay and observer, and 

summary statistics calculated from these estimates. Acceptance criteria were assessed as 

described in the supplied protocol (Annex 1). 

 

Carbohydrate Binding assays and HPLC assays 
 

All raw data together with assay details were provided to NIBSC to permit centralised analysis. 

Relative potency estimates were calculated by fitting a parallel-line model [9] based on a linear 

section of the response range using a minimum of three dilutions for all samples. Non-linearity 

and non-parallelism were considered in the assessment of assay validity. All data were plotted 

and a visual assessment was used to confirm linearity. Parallelism was confirmed by calculation 

of the ratio of fitted slopes for the test and reference samples under consideration and checking 

that they were within 0.80 and 1.25. 

 

Summary calculations 
 

Weighted or semi-weighted geometric mean values were calculated for the laboratory means 

[11]. Overall means were calculated as unweighted geometric means of laboratory means. 

Variability between laboratories has been expressed using geometric coefficients of variation 

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

estimates). 
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Results 
 

Lethal HIST 

Data were provided for 26 HIST lethal assays (six participants provided the results from three 

independent assays while four laboratories performed two assays). Of the 26 assays the results of 

two assays (both by laboratory 3) had to be omitted due to non-linearity of JNIH-5 or 15/126, 

one assay (laboratory 9) was omitted as all responses were >75% and another assay (laboratory 

11) was omitted as the responses included only a single response less than 100%.  Another seven 

assay results were omitted due to non-linearity and non-parallelism or the dose not covering 50% 

range. Participants used four doses (except laboratory 4, five doses) of each preparation with 10 

mice per dose, except in laboratory 3 where 20 mice were used.   

 

Estimates of 15/126 activity relative to that of JNIH-5 

Estimates of the activity of 15/126 relative to that of JNIH-5 based on the lethal HIST assay are 

given in Table 4. Due to the fact this is an in vivo assay not all tests gave completely satisfactory 

linearity and parallelism or a response range covering 50% protection. Results from assays not 

meeting strict validity criteria as described in the statistical analysis section are included for 

information and clearly indicated in Table 4. Using only the results from completely satisfactory 

assays in the overall calculation of the unitage of 15/126 gave a value of 1,881 IU/ampoule for 

HIST relative to JNIH-5 with a GCV of 30% and 95% confidence limits of 1,472-2,403 (n=7). 

Calculating the geometric mean using all results shown in Table 4 gave 2,163 IU/ampoule 

relative to JNIH-5 with a GCV of 59% and 95% confidence limits of 1,517-3.084 (n=9). The 

higher result reflects the fact that two laboratories not meeting strict validity criteria (laboratories 

9 and 10; 50% protection not covered by range of dilutions tested) gave the highest mean results 

from all participants (6,250 and 3,013 IU/ampoule respectively). 

 

Temperature HIST 

Three participants also performed the temperature HIST assay. Data were provided for eight 

temperature HIST assays (two participants provided the results of three independent assays while 

one laboratory performed two assays). Of the eight assays the results of one had to be omitted 

due to significant non-linearity of 15/126 and another due to significant non-parallelism 

(p<0.05). All participants used four doses of each preparation with 10 mice per dose (Table 5).   

 

Estimates of 15/126 activity relative to that of JNIH-5 

Estimates of the activity of 15/126 relative to that of JNIH-5 based on the temperature HIST 

assay are given in Table 5. The geometric mean was found to be 1,555 IU/ampoule relative to 

JNIH-5 with a GCV of 60% and 95% confidence limits of 484-4,998 (n=3).  
 

CHO cell clustering assay 

Data were provided by 14 participants for the standardised CHO cell clustering assay. In total 43 

CHO cell assays were performed as 13 participants performed three assays and one participant 

performed four. There were no deviations from the protocol for the standard CHO cell clustering 

assay. 

 

Estimates of 15/126 activity relative to that of JNIH-5 

Estimates of the activity of 15/126 relative to that of JNIH-5 based on the standardised CHO cell 

clustering assay are given in Table 6. The geometric mean was found to be 680 IU/ampoule 

relative to JNIH-5 with a GCV of 37% and 95% confidence limits of 567 – 817 (n=14). The 
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geometric mean titres for both JNIH-5 and 15/126 for each assay by each participant are 

presented in Tables 7 and 8. 

 

Carbohydrate binding assay 

Estimates of 15/126 activity relative to that of JNIH-5 

Three laboratories performed carbohydrate binding assays. One participant performed assays 

using either monoclonal or polyclonal detection antibodies. The binding activity of 15/126 was 

approximately one fifth of the binding activity of JNIH-5 per ampoule for all four datasets (Table 

9), similar to the relative value for lethal HIST as the activity of 15/126 per ampoule is also 

approximately one fifth of JNIH-5. The polyclonal antibody used by Laboratory 5 was identical 

to that used by Laboratory 8 (sheep polyclonal anti-PTx from NIBSC (97/572)) and the 

geometric means of the relative potency of 15/126 compared to JNIH-5 were found to be 0.195 

and 0.256 respectively. 

 

Enzyme linked HPLC assay 

Estimates of 15/126 activity relative to that of JNIH-5 

Two laboratories performed the enzymatic-HPLC assay and the relative activity of 15/126 per 

ampoule to JNIH-5 was similar to that of the binding and HIST assays (Table 10).  

 
CHO-cAMP-PTx reporter cells assay 

Using the CHO-cAMP-PTx cell assay, three individual experiments showed that the activity of the 

candidate WHO 2nd International Standard (IS) for Bordetella pertussis PTx was 606, 413 and 327 

IU/mL relative to JNIH-5, with an average of 449 IU/mL. This is considerably lower than the value 

obtained from HIST and more in-line with the CHO cell clustering assay. This is expected as they are 

both cell-based assays using CHO cells.  

 

Accelerated degradation studies 
 

Accelerated degradation studies were performed by incubating ampoules of 15/126 at 4, 20, 37, 45 and 

56
o
C for one, three, six and twelve months. The activity of the PTx was determined in three in vitro 

assays and results are shown as potencies relative to samples stored at -20
 o

C in Tables 11, 12 and 13 

for CHO cell assays, carbohydrate binding assays and HPLC assays respectively. It was not possible to 

obtain predictive estimates of loss in activity for any of the assay methods due to poor model fit 

(p<0.001) or lack of convergence in the model fitting procedure.  

 

Stability following reconstitution 
 

In order to determine the stability of 15/126 following reconstitution, the activity of the material was 

assessed using binding, E-HPLC and CHO clustering assays following reconstitution and incubation at 

different temperatures. While the level of reduction of activity following reconstitution varied between 

the three assay systems, it was found that there was a marked reduction in activity once 15/126 has 

been reconstituted and therefore should always be used fresh. The binding assay indicated that there is 

an approximately 70% reduction in activity 24 hours following reconstitution regardless of the storage 

temperature (+4, -20 or -80
o
C) or whether the material has been reconstituted in water or PBS (Figure 

2). Two weeks after reconstitution 80-90% of the activity has been lost at +4 and -20
o
C but has 

remained constant at -80
o
C. Similar results were seen after three weeks but with even more loss of 

activity at +4 and -20
o
C. The same samples were analysed by the CHO cell clustering assay (Figure 3). 

The results from the CHO clustering assay corresponded to the binding results. Once again it was 

found that the activity of 15/126 reduced once reconstituted as indicated by the fact more toxin was 
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required to cause clustering. Also the loss of activity was greater for samples stored at 4
o
C. Samples 

stored at -80
o
C exhibited a lower rate of reduced activity but still had considerably less activity than 

fresh sample. Data from the sample stored at -20
o
C indicates that the toxin material may be less stable 

when reconstituted in PBS. The activity of 15/126 stored at +4
o
C following reconstitution with water 

was assessed using E-HPLC (Figure 4). The results correlated with those of binding and CHO assays. 

There was a 55% reduction in activity 24 hours after reconstitution, 60% one week after and 75% 

reduction two weeks following reconstitution. It was also found that freezing and subsequently 

thawing the material had a deleterious effect on the activity. One freeze-thaw cycle reduced the 

activity by approximately 75% and two cycles caused a loss of 85% of the activity.   

 

In-house references 
 

Participants were also asked to include their own in-house references in the HIST assays, where 

applicable. Six laboratories included IHRs and the activities of these relative to JNIH-5 were 

calculated and are presented in Table 14. Two participants used EDQM’s BRP. Laboratory 14 

obtained potencies close to the expected value of 7,500 IU/ml. Laboratory 1 seemed to have used two 

versions of the material and one of them (BRP Lot 1.2) was lower than expected. The second version 

(BRP Lot 1.3) was close to the published value for this material. Laboratory 8 used NIBSC’s 90/518, 

which has an assigned value of 2,100 IU/ampoule. The mean of two assays obtained a potency of 

3,199 IU/ml. The IHR used by Laboratories 4 and 9 have not been assigned unitage in IU. 
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Discussion 
 

The first International Standard for pertussis toxin (coded JNIH-5) was established by ECBS in 2003 

and assigned a unitage of 10,000 IU per ampoule in both the lethal HIST and CHO cell clustering 

assays [1]. By 2013 stocks of JNIH-5 were starting to become depleted and NIBSC initiated a project 

to produce a replacement. The candidate material for the second International Standard for pertussis 

toxin, coded 15/126, was prepared at NIBSC using pertussis toxin kindly donated by a vaccine 

manufacturer. The material was freeze-dried in ampoules in 2015 and preliminary characterisation 

using HIST, CHO cell clustering and biochemical assays at NIBSC indicated that the freeze-dried 

material retained its biological activity and therefore may be suitable as a replacement for JNIH-5. The 

results of this collaborative study further indicate the suitability of the candidate material, 15/126, to be 

established as the second International Standard for pertussis toxin. 

 

PTx in its detoxified form is included in all existing acellular pertussis vaccines and the current WHO 

recommendations and pharmacopeial method to confirm sufficient and stable detoxification in the final 

product is the HIST assay [3;4]. The primary use of the WHO international standard is as a control in 

this assay. The final unitage proposed for 15/126 is 1,881 IU/ampoule for the HIST assay (Table 4) 

and 680 IU/ampoule for the CHO cell clustering assay (Table 6). This material is not as potent as 

JNIH-5, which contains 10,000 IU/ampoule for both assays. For HIST and CHO assays the quantity of 

pertussis toxin required for each assay is very small and therefore there is more than enough material 

in each ampoule to enable users to calibrate their own in-house material in IU for both assays. A 

previous NIBSC pertussis toxin standard, 90/518, contained 2,100 IU/ampoule and was suitable and 

sufficient for use in HIST, CHO and other in-vitro assays such as biochemical assays [1].    

 

It was found that 42% of the lethal HIST assays performed by the participants did not meet the validity 

criteria and were omitted from the overall calculations to assign IU (Table 4). However, these validity 

criteria (ED50 covered by range of dilutions tested, no significant non-linearity or non-parallelism etc.) 

have been described in the various Pharmacopeial monographs for in vivo challenge assays. The high 

omission rate reflects the high degree of variability of HIST and the difficulties in performing the 

assay with samples of unknown potency. Also, one participant (Laboratory 9) does not routinely 

perform lethal HIST and found the recommended dilutions not suitable for their system. They also 

routinely use only female mice but used both sexes in this study and found a large degree of variability 

in male mice.   

 

Since the International Units for pertussis toxin activity were established for JNIH-5 using only the 

lethal HIST and CHO cell clustering assays, the unitages of 15/126 were calculated based on these 

assays also. Three participants did perform the temperature HIST assay in which the body temperature 

of the mice 30 minutes after the histamine challenge is measured and used to calculate potency. The 

geometric mean potency was found to be 1,555 IU/ampoule which is lower than that for lethal HIST 

(Table 5). Two participants (Laboratories 8 and 9) performed both lethal and temperature HIST in the 

same assays and on the same mice (i.e. the body temperatures were measured at 30 minutes, and the 

assays were allowed to proceed to the lethal endpoint). Laboratory 8 determined 15/126 to have a 

potency of 1,418 IU/ampoule in the lethal HIST and 1,346 IU/ampoule in temperature based HIST. 

Laboratory 9 found the potencies to be 6,250 and 2,630 IU/ampoule, respectively. The HIST 

temperature method gave larger variation between laboratories even with data from only three 

laboratories, with a GCV of 60% compared to 30% for the lethal end point assay, although it is unclear 

from  the limited data available if the results should be combined. The results have therefore not been 

used in the estimation of the proposed unitage for 15/126. 
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As mentioned previously HIST is performed in mice and has a number of disadvantages such as a 

large degree of variability and ethical concerns regarding the use of animals [12]. For these reasons a 

number of in vitro assays have been developed which may act as alternatives to the HIST, including 

biochemical assays to measure the carbohydrate binding and enzymatic activities of pertussis toxin 

[13] and the ability of active pertussis toxin to cause clustering in a cell culture of CHO cells [6]. 

Results indicate that the candidate material is suitable to be used in these assays.  The candidate 

material was found to have an activity of 680 IU/ampoule relative to JNIH-5 in the CHO cell assay 

(Table 6).  

 

JNIH-5 was endorsed as the first WHO IS with a unitage of 10,000 IU/ampoule for both HIST and 

CHO cell clustering assays, due to the fact the activity of 90/518 relative to JNIH-5 in both assays was 

comparable [1]. In the present study, however, it was found that the activities of 15/126 relative to 

JNIH-5 in the HIST and CHO assays did not match. In HIST the activity of 15/126 was approximately 

one fifth of JNIH-5 by ampoule but 1/15 the activity of JNIH-5 in the CHO cell assay. A joint study 

with EDQM (BSP145) was also organised as part of this collaborative study to calibrate the current 

Ph. Eur. Biological Reference Preparation (BRP) for PTx in the CHO cell assay only using a common 

assay protocol. Previously, BRP was found to have a unitage of 7,500 IU/ampoule relative to JNIH-5 

assigned to it by HIST only [14]. In the present study preliminary analysis of the BRP indicates that it 

has an activity of 1,322 IU/ampoule in the CHO cell assay relative to JNIH-5. This is approximately 

1/6 of its activity in HIST. The discrepancy between the HIST and CHO assays is probably due to the 

different modes of action of the two assays. The full results of the joint study with EDQM will be 

published in a separate report. 

 

Unlike the CHO cell clustering assay, agreement was observed in the relative activity of the two 

materials using the HIST and carbohydrate binding assays, with the candidate material having 

approximately one fifth of the activity relative to JNIH-5 per ampoule for three out of  the four datasets 

(Table 9). This is similar to the ratio observed in the HIST assays. However, only 11 assays were 

performed by three participants. There was good agreement between Laboratories 8 and 9 who used 

anti-PT polyclonals from sheep and rabbit respectively. Laboratory 5 also used the same polyclonal as 

Laboratory 8 but got readings slightly lower than those of Lab 8. Laboratory 5 also performed the 

assay with a monoclonal detection antibody and obtained results slightly lower than those of 

Laboratories 8 and 9.  

 

Similar agreement in relative activity of the standards was observed between HIST and the E-HPLC 

assays, although only two participants performed the method with a total of seven assays (Table 10). It 

was found that the candidate had an activity of approximately one fifth of the activity relative to JNIH-

5 per ampoule by E-HPLC.   

 

One participant also performed a CHO-cAMP-PTx assay. This assay system measures the cAMP 

controlled transcription of a luciferase reporter enzyme in CHO cells. Transcription increases in the 

presence of pertussis toxin. It was found that 15/126 has an activity of 449 IU/ampoule relative to 

JNIH-5 using this system. This is close to the value obtained in the CHO cell clustering assay. 

 

The accelerated degradation studies have indicated that the candidate material is stable at the suggested 

storage temperature of -20
o
C and is also suitable for transit at 4

o
C. This is expected as freeze-dried 

protein tends to be stable. However, further stability studies indicated that the material is not stable 

once it has been reconstituted (Figures 2, 3, 4). Even after 24 hours at 4
o
C the material has lost 

approximately 55% of its activity in the E-HPLC assay. Freezing reconstituted aliquots also proved to 

be inappropriate because upon thawing the material was found to have lost 75% of its activity. Binding 
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and CHO cell clustering assays have also demonstrated that 15/126 is unstable once reconstituted. All 

this indicates that the material should be used as soon as it’s been reconstituted. The fact that the 

material was unstable once reconstituted was not unexpected, since a loss of activity of reconstituted 

BRP was recently observed in a collaborative study [6].  

 

Conclusions and Recommendations 

Data from this study confirm that 15/126 shows biological activity both in histamine sensitising assays 

and in CHO cell assays.   

 

It is recommended, based on the results of this study, that the preparation coded 15/126 be established 

as the Second International Standard for pertussis toxin.  It is further recommended that 15/126 be 

assigned a unitage of 1,881 IU of PT per ampoule based on the results from the lethal Histamine 

sensitisation tests.  

 

It is also recommended that the preparation coded 15/126 is assigned a unitage of 680 IU/ampoule in 

the CHO cell clustering assay based on its calibration in terms of the 1
st
 International Standard for 

pertussis toxin (JNIH-5). 

 

Responses from participants 
 

After circulation of the draft report for comment, replies were received from 13 of the 14 participants. 

In terms of assigning IU for the HIST assay all were in agreement. One participant raised concerns in 

relation to assigning units for the CHO-cell clustering assay relative to JNIH-5. They were concerned 

that the CHO assays used in the established of JNIH-5 were not standardised and used the ED50 of 

JNIH-5 and 90/518 in ng of PTx material as the end-point, while the current study used a standardised 

protocol with the final dilution to cause clustering as the outcome. It was felt that we are not 

comparing the outcomes of the two studies but assigning IU to 15/126 using relative potencies based 

on the fact ECBS endorsed JNIH-5 with 10,000 IU/ampoule in the CHO assay. The JNIH-5 study 

demonstrated the relative activities of the two materials (JNIH-5 and 90/518) and the current, 

standardised CHO-cell clustering assay also incorporates relative activity and therefore it’s feasible to 

assign IU to 15/126 relative to JNIH-5 in the CHO cell clustering assay. They also questioned whether 

it was appropriate to use the CHO-cell clustering assay to assign units as it’s a limit test and stated that 

it may be more feasible to present the CHO assay calibration as the dilution factor required to reach the 

limit of the assay when the sample is reconstituted to 1 mL. It was felt that since other limit tests are 

used to assign IU (e.g. diphtheria antitoxin human IgG) and the data returned could be analysed as 

relative potency estimates calculated as ratios of these end-point titrations it’s acceptable to use the test 

to assign IU. The dilution factors from each participant to reach the limit of the assay were added. The 

majority of the comments were editorial in nature and the report has been amended accordingly. In 

some cases statistical methods and the relative activities of JNIH-5 and 15/126 based on protein 

concentration have been clarified or omitted. Other comments based on the technical aspects of the 

assays have been addressed in the main body of the report.  
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Richard Isbrucker 

Health Canada 

Biologic and Genetic Therapies Directorate 
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Sanofi Pasteur 
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M2R 3T4 
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321 avenue Jean Jaures 
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Paul-Ehrlich-Str.51-59 

63225 Langen 
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The Research Foundation For Microbial Diseases 

of Osaka University  

2-9-41, Yahata- Cho, Kanonji, Kagawa 

768-0061  

Japan 

Control (NIBSC) 

Blanche Lane 

South Mimms 

Potters Bar EN6 3QG  

UK 

 
 
 

Table 2. Physical characteristics of the freeze-dried candidate 2
nd

 IS for PT 

(15/126) 
 
 Number of ampoules 

tested 

Pertussis toxin 15/126 

Number of containers N/A 9837 

Mean fill mass g (CV) 360 1.0095 (0.1413) 

Mean dry weight g (CV) 6 0.05028 (2.3241) 

Mean residual moisture % 

(CV) 

12 0.3208 (20.67) 

Mean oxygen head space % 

(CV) 

12 0.18 (29.68) 

 
 



       

Table 3a  Histamine Assay Information 

 
 LAB CODE 1 2 3 4 7 8 

Mouse strain 

Strain/Origin 

CD1 Janvier 

Slc:ddY (Japan 

SLC, Inc., Shizuoka 

Japan) 

Charles River, Swiss 

Webster (NIH 

Strain) 

CD-1/Charles River 

Labs  

CD-1/Charles River 

Labs  NIH, Envigo, UK 

Sex Female Female Female Female Female Female 

Numer/cage 10 10/cage 5 10 5/cage 5/cage (10/group) 

Age/Wt at delivery ordered 20-22g Not stated Not stated Not stated Not stated Not stated 

Immunisation Route i.p. i.p. i.p. i.p. i.p. i.p. 

Dose 0.5ml 0.5ml/mouse 0.5 ml 0.5 ml 0.5ml 0.5 ml 

Buffer/pH 
7.4 PBSG, pH7.0 pH 7.4 

PBS Gel W/O Ca & 

Mg pH 7.2 PBSG pH 7.36 PBSG 7.2 – 7.4 

Interval 
5 days 

challenge 4 days 

after immunisation 5 days 4 days 5 days 5 days 

Age/Wt at immunn 21.1-29.8g 4 weeks old 5 weeks & 18 - 21 g 5-7 weeks 24 - 26 g 10 – 12g 

Challenge 
Histamine salt 

Histamine 2HCl 

Histamine 

dihydrochloride 

Diphosphate, 

monohydrate Histamine 2HCl 

Histamine 

dihydrochloride 

diphosphate salt 

monohydrate 

Buffer/diluent 
PBS with gelatin saline 

PBS (7.4) + 0.2% 

Gelatin 

PBS W/O Ca & Mg 

pH 7.2 PBS PBS 

Concentration of base 
4mg/ml 8 mg/ml 2 mg/ml 1mg/0.2ml 4mg/ml 

2 mg histamine base 

per dose 

volume/mouse 0.5ml 0.5ml/mouse 0.5ml 0.2ml 0.5 ml 0.5 ml 

route i.p. i.p. i.p. i.v. i.p. i.p. 

Time prep - last 

35-40 mins 45 minutes 2 hours 

Solution prepared 

just before 

inoculation 2 hours not required 

IHR 

Supplier 

EDQM N/A N/A 

Internal Ref 

CWN074604 

50ug/ml N/A NIBSC 

Unitage cal vs IS y/n 
yes N/A N/A No N/A 

Yes 

2100IU/ampoule 

Determination of 

unitage 7500 IU/vial N/A N/A N/A N/A 

Calibrated against 

the 1st IS JNIH-5 

FD prep y/n yes N/A N/A No N/A Yes 

Storage conditions (°C) 
2-8 N/A N/A -20 N/A -20 

Temperature 

only 

Rectal/Dermal N/A Rectal N/A N/A N/A Dermal 

Thermometer 
N/A 

Thermofiner CTM-

303 N/A N/A N/A 

Infrared 

thermometer, Horiba 

Time from injection to 

measure N/A 30 minutes N/A N/A N/A 30 minutes 
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Table 3a  Histamine Assay Information continued 
 

  LAB CODE 1 2 3 4 7 8 

Criteria assay validity 

All mice should 

survive in the 

negative control 

group.                  

ED50/ml observed 

in the first assay 

should be in the 

middle of the dose 

range for both 

references and 

candidate 

preparation. 

No abnormality 

animals used ( 

clinical observation 

everyday) 

1. Total deaths 

negative control 

group, Not More 

Than 10% (or 2/20)                                                      

2. Chi Square 

linearity, ≤ 6.635 

Minimum 50% 

mortality for the 

positive control 

group at 90ng PT  

No mortality 

observed for the 

negative control 

group inoculated 

with PBS W/O Ca & 

Mg pH 7.2 

All mice should 

survive in the 

negative control 

group. 

i)   None of the 

negative control 

mice die following 

challenge.                                                                 

ii)  > 30% mice 

show histamine 

sensitisation in 

positive control 

group (5.25IU).                                              

iii) ≤ 70% mice 

show histamine 

sensitisation in 

positive control 

group (1.75IU). 

Criteria for P/F a batch (if diff EP) Cf EP 

HIST activity in the 

vaccine is 

0.4HSU/mL or less. 

(HSU : Histamine 

sensitizing unit) 

We do not 

manufacture 

vaccine, thus no 

internal criteria. 

However the 

Pass/Fail criteria we 

use for regulatory 

purposes are 

proprietary and 

specific to each 

manufacturer. 

According to the 

specification of the 

product, no 

mortality or no more 

than one mortality 

observed. 

Not answered 

Pass:   Death in test 

group < PT ref. 

90/518 0.58IU group                                                    

Fail:     Death in test 

group > PT ref. 

90/518 5.25IU group 
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 Table 3a  Histamine Assay Information continued 

 
 LAB CODE 9 10 11  12 14 

Mouse strain 

Strain/Origin 

NIH swiss mouse 

CD-1; Charles 

River, Sulzfeld 

Germany 

Charles River CFW 

K71, Kingston New 

York NIH/OlaHsd 

CD1, 17-22g, SPF, 

Charles River 

France 

Sex 
Half male: half 

female Female Female Male/female Female 

Numer/cage 

5 5 10/cage 

Assay 1 - 5 male/ 5 

female in different 

cage 

Assay 2 – 10 

female/ cage 5 

Age/Wt range at 

delivery Not stated 18-20 g on delivery Not stated Not stated Not stated 

Immunisation Route i.p. i.p. i.p. i.p. i.p. 

Dose 0.5 ml 1 ml 0.5ml 1.0ml 1.0ml 

Buffer/pH 
7.4 

PBS with gelatin pH 

7.1 0.2% gelatin PBS normal saline pH 7.2 pH 7.2 

Interval 5 days 5 days 5 days 5 days 5 days 

Age/Wt range at 

immunn 
14-16 g Approx.. 25g 

Assay 1&2 - 18 - 

21.9g Assay 3 - 19-

22.9g 11-13 g 5 weeks / 22-26g 

Challenge 

Histamine salt 

Histamine 

bisphosphate 

monohydrate    

Sigma H7375-5g 

Histamine 

dihydrochloride 

(Sigma) 

Histamine 

dihydrochloride 

Histamine 

dihydrochloride 

(Sigma) H7250-25g, 

lot BCBf7449V 

Histamine 

dihydrochloride 5g, 

Acros - ref 

15620050 

Buffer/diluent 
PBSG PBS pH 7.1 0.85% saline 

0.2% gelatin in 

normal saline PBS-Gelatin 0.2% 

Concentration of base 

4mg/ml 

4 mg histamine per 

ml 

(2mg/0.5ml/dose) 662mg/100ml 2mg/0.5ml/dose 6.44 mg/ml 

volume/mouse 0.5ml 0.5 ml 0.5 ml 0.5ml 0.5 ml 

route intraperitoneal i.p. i.p. i.p. i.p. 

Time prep - last 
1 hour 

1 hr - assay 1   1.25 

hour - assay2 ~1-2 hours 30 mins 1h30 

IHR Supplier NIFDC N/A N/A N/A EDQM 

Unitage cal vs IS y/n No N/A N/A N/A yes 

Determination of 

unitage 

Determine from the 

lot2, Japan, the 

unitage is HSU N/A N/A N/A 7500 IU/vial 

FD prep y/n Yes N/A N/A N/A Y 

Storage conditions (°C) -20 N/A N/A N/A -20C 
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Table 3a  Histamine Assay Information continued 

 
 LAB CODE 9 10 11 12 14 

Temperature 

only 

Rectal/Dermal Rectal N/A N/A N/A N/A 

Thermometer 

SHIBAUAA 

ELECTRONICS    

TD300       Japan N/A N/A N/A N/A 

Time from injection to 

measure 30 minutes N/A N/A N/A N/A 

Criteria assay validity 

The linearity and 

regression should be 

accepted   The mice 

of negative control 

are all alive    

Control group: no 

death 

Minimum of 10 

mice must be 

challenged from 

each group.                                            

The percentage 

mortality in the 

50ng/dose in house 

positive control 

must be >30%.            

No mice in the 

negative control 

group die. 

N/A 

No mortality in 

negative control 

group.                                   

Mortality in positive 

control group ≥ 20%                                                

(Positive control = 

dilution C (7.5 IU) 

of reference toxin 

BRP1) 

Criteria for P/F a batch (if diff EP) 

Not more than 0.8 

HSU/ml                             

The mice is all alive 

in 30 min 

Not answered Not answered 

Complies as per 

WHO.TRS 979, BP 

and EP 

 

                         



       

Table 3b   CHO  Cell  Assay  Information 
 
LAB CODE 1 2 3 4 5 6 7 

Source of 

CHO-K1 

cells 

ECCAC Sigma, CHO-

K1 cat. n°85051005, 

batch 09J019 

ECACC #85051005 ATCC CHO-K1, Cat. 

No. TIB-67 

derived from ATCC 

CCL61 

ATCC CHO-K1 Cat # 

CCL-61 

ECACC ATCC # CCL-61 

No. 

cells/well 

30 000 20000 cells/well 10,000 cells/well 20000 cells /well 12,000 cells / well 20.000 cells/well 

(80.000 cells/ml) 

6 X 104 cells 

Source and 

cat# Ham's 

F12K 

Life Technology, cat. 

n° 21127-022 

Gibco, 21127 Gibco, 21127030 Ham's F-12K 

(Kaighn's) Medium, 

Gibco, 21127022 

Wisent Bioproducts, 

F-12K Nutrient 

Mixture (Kaighn’s 

Modification)  Cat# 

312-250-CL 

Sigma #N3520 HyClone, 

SH30526.01 

Source and 

cat# FBS 

Life Technology cat. 

n° 10270106 batch 

42Q5650K 

Gibco, 26140 Tissue culture 

biologics 

not heat inactivated 

FBS from GIBCO, 

Life technologies, 

111442FD 

Gibco, Cat # 12483-

020 

#26140079 Gibco #10091 

Source and 

cat# L-

glutamine 

Life Technology, cat. 

n°25030-032 

Gibco, 25030 Gibco, 25030164 in house preparation Gibco, Cat # 25030-

081  

Sigma, #G7513 Life Technologies, 

25030 

Antibiotic 

used 

Penicillin - 

streptamycin 

Pen G 10,000 

U/mL/Strep 10,000 

µg/mL/ Amph B 25 

ug/ml 

Pen-Strep No antibiotic 100 units/mL of 

penicillin, 100 µg/mL 

of streptomycin, and 

250 ng/mL of 

Amphotericin B 

Antimycotic (Pen G 

10.000 U/ml Strep 

10.000 µg/mL Amph 

B 25 µg/mL) 100x 

Pen G 10,000 

U/mL/Strep 10,000 

µg/mL 

Source 

antibiotic 

Life Technology cat. 

n°15140-148 

Gibco, 15240 Gibco 10378016 N/A Gibco Cat # 15-240-

062 

Sigma, #A5955 Gibco #15140 

Source, cat# 

Trypsin-

EDTA 

Life Technology, cat. 

n°25300-054 

Gibco, 25200, 025% Gibco Trypsin-EDTA 

(0.05%), Phenol red # 

25300062 

Sigma, T4049-

100ML, Trypsin-

EDTA solution 

0.25%, 

0.25% Trypsin-

EDTA,  Gibco Cat # 

25200-056 

Sigma, #T4049 Gibco #25200, 0.25% 

Source and 

cat# PBS 

Life Technology, cat. 

n° 14190-086 

Gibco, 10010 Gibco PBS pH 7.4 

#10010031 

in house preparation Wisent 10X PBS Cat 

# 311-012-LL 

Gibco #10010 Gibco #20012 

Source, cat# 

and pH of 

water 

In house sterilized 

ultrapurified water 

(MilliQ) 

Gibco, A12873 HyClone water for 

injection (WFI) 

quality water, # 

SH3022117 

Lonza, BESP1066B Cape Cod Associates, 

LAL Reagent Water, 

Cat # W020P.  pH = 

7.2-7.4 

Gibco, #A12873* Invitrogen, 10977, 

pH7 
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Table 3b   CHO  Cell  Assay  Information continued 
 
LAB CODE 1 2 3 4 5 6 7 

Experience 

with CHO? 

Our laboratory has 

experience in the 

quantification of 

Pertussis Toxin in 

whole cell pertussis 

vaccines with direct 

method using 96 

wells, 5000 cells per 

well, ethanol fixation 

and coloration with 

Giemsa 

Yes, we examine the 

safety of pertussis 

vaccine. 

Yes Yes, direct method 

with CHO cells is 

performed at QC. This 

method is applied to 

the bulk step for 

Pertussis vaccines.  

Yes Yes, we perform the 

CHO cell clustering 

assay for experimental 

purposes. 

Yes 

Comments For assay n°1, plates 

have been read by 

only one observer 

None None 1). Confluence of 

cells between 

different subpassages: 

after 4 days of 

incubation, 

confluence of cells 

was at 90% and not 

100%                                                                                                                                                                                                                 

2) Trypsinisation 

protocol for cells: 

trypsinisation was 

performed for 2-3 min 

and trypsin was not 

removed. Then, the 

medium was directly 

added and cells were 

counted.  

None * We cannot find the 

pH of the water in the 

information sheet 

provided by the 

manufacturer. 

However, since this 

was one of the 

suppliers 

recommended in the 

protocol of the 

collaborative study, 

you might know what 

the pH is. If not, let us 

known and we will 

measure the pH. 

None 
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Table 3b   CHO  Cell  Assay  Information continued 
 
LAB CODE 8 9 10 11 12 13 14 

Source of 

CHO-K1 

cells 

ECACC General Cell 

Collection: CHO-K1  

ATCC ECACC #85051005 CHO-K1, ATCC 

CCL-61. 61262645 

stock maintained in 

LN 

CHO-K1, ATCC 

CCL-61. 

ATCC 

No. cells/well 8 X 104 cells/ml 10000 2x 104 / 500 µL 

volume 

20,000 cells per well 6x104cells/ml 

suspension - 

250ul/well 

In assay 1 and 3: 

12.500, In assay 2: 

15.000. 

50 000 cells/well 

Source and 

cat# Ham's 

F12K 

Life Technologies 

#21127 

Gibco    21127-022 Sigma #N8641 Gibco Life 

Technologies, 

21127022 

Sigma N3520-10L lot. 

SLBQ7914V 

ThermoFisher 

SCIENTIFIC, Gibco 

by Life Technologies, 

# 

21765029/21765037, 

Lot: 1737595 

Gibco, 2117-022 

Source and 

cat# FBS 

Life Technologies # 

10500-064 

Gibco    10099-141 Sigma #F7524 Sigma-Aldrich, 

F4125-100ml 

Moregate (New 

Zealand) batch 

B6827103 

ThermoFisher 

SCIENTIFIC, Life 

Technologies Europa 

BV, 10270106, Lot: 

42Q3754K  

Gibco, 10270-106 

Source and 

cat# L-

glutamine 

Life Technologies 

#25030 

Gibco    10378-016 Sigma #G7513 Gibco Life 

Technologies, 

25030081 

Sigma G7513-100ml 

lot. RNBF2231 

SSI Diagnostica, 

24152, Lot: 

241520986 

Gibco, 25030-024 

Antibiotic 

used 

antibiotic-antimycotic 

(penicillin/streptomyci

n/Amph B 

Yes None 100x Antibiotic 

antimycotic solution 

(10,000 units of 

Penicillin, 10mg of 

streptomycin and 25ug 

Amphotericin B per 

ml 

Antibiotic-antimycotic 

solution stabilised 

100x Sigma 

Gentamicin 2 mg/mL penicillin, 

streptomycin, 

Amphotericin B 

Source 

antibiotic 

Invitrogen #15240 Gibco 15240-062 n/a Sigma-Aldrich, 

A5955-100ml 

Sigma lot. 

105M4823V 

SSI Diagnostica, 

24180, Lot: 

241800986 

Gibco, 15240-062 

Source, cat# 

and 

concentratio

n Trypsin-

EDTA 

Invitrogen #25200 

0.25% 

Gibco    25200-056     

0.25% 

Sigma #T4049 

(0.25%) 

Gibco Life 

Technologies, 

25200056, 0.25% 

Trypsin-EDTA 

Lab preparation batch 

T/16/01, 0.25gm/L 

(trypsin) 

SSI Diagnostica, 

24242, Lot. 

242420896 

Gibco, 25200-056 
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Table 3b   CHO  Cell  Assay  Information continued 
 
LAB CODE 8 9 10 11 12 13 14 

Source and 

cat# PBS 

Gibco #10010 Gibco    10010-023 inhouse (PBS w/o Ca, 

Mg, pH 7.1) 

Gibco Life 

Technologies, 

14190144, Dulbecco 

Phosphate Buffered 

Saline (DPBS) 

Lab preparation batch: 

PBS/25/16 

DPBS, calcium, 

magnesium, 

ThermoFisher 

SCIENTIFIC, Gibco 

by Life Technologies, 

14040091, Lot. 

1708205 

Gibco, 20012-019 

Source, cat# 

and pH of 

water 

In house sterilized 

ultrapurified water 

(MilliQ) 

Gibco    A12873-01 Calbiochem Omnipur 

# 4.86505.0500 (pH 

4.8), Sterile Purified 

Water (EDQM 

Sample Code 55513) 

OmniPur, 7732-18-

5/4.86505 

SII batch: 0675460017 Statens Serum Institut, 

FM046, Lot: 371530, 

pH: 6,07 

Gibco, A1273-01 
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Table 3b   CHO  Cell  Assay  Information continued 
 
LAB CODE 8 9 10 11 12 13 14 

Experience 

with CHO? 

Yes Yes yes (participation in 

BSP114 phase 2 

study;  assay currently 

under development for 

routine use in vaccine 

batch release)  

Yes Yes The lab where the 

analysis have been 

performed, does not 

have any previous 

experience with a 

CHO clustering assay.  

Yes, BSP114 and 

validation of routine 

test 

Comments None None None Deviations to culture 

reagents (Table 1. 

CHO Clustering 

Protocol p. 4.                                                                                                                        

1. FBS provider - 

Sigma # F4135                                                                                                                                                                                            

2. Use of Dulbecco 

Phosphate Buffer 

Saline - Gibco Life 

Technologies, 

14190144                                                                                         

Deviations to Methods 

(Section 4.2.1, CHO 

Clustering Protocol)                                                                                                                                   

1. Cells grown in 

10ml of CGM in T75 

flask (refer to section 

4.2.1, p.5 and p. 6).                                                                                                      

2. 1 ml of Trypsin-

EDTA used to 

trypsinise cells (refer 

to section 4.2.1, p.5). 

None  None 
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Table 3c   Binding Assay  Information 
 

Lab 

Coating 

protein 

source/cat 

# 

Coating 

buffer & 

pH 

Wash 

buffer 

Diluent/blo

cking 

buffer 

BSA 

source/typ

e/cat# 

Detection 

Ab 

Conjugate/

2 Ab 

(source/typ

e/cat#) 

Substrate 

(source/typ

e/cat#) 

Substrate 

buffer & 

pH 

Microtitre 

plate 

(source/typ

e/cat#) 

Microplate 

reader & 

wavelength 

Plate 

reader 

software 

5 

(polyclonal

) 

Sigma-

Aldrich 

F3004 (10 

ug/ml 

carbonate 

buffer) 

Carbonate 

buffer pH 

9.6 

1X PBS 

+0.05 % 

Tween 

3% BSA in 

Wash 

buffer 

Fraction V 

(protease 

free); 

Sigma-

Aldrich 

cat# 05479 

NIBSC 

97/572; 

Sheep 

polyclonal 

anti-PTx 

HRP-

Donkey 

anti-sheep;  

Sigma-

Aldrich 

A3415 

KPL Inc. 

TMB 

Microwell 

Peroxidate 

substrate 

System 

cat# 50-76-

00 

As per 

manufactur

er’s 

instructions 

(1:1 

substrate A 

and 

peroxidase 

solution) 

Thermo 

Nunc cat 

#442404  

MaxiSorp 

surface 

BioTek 

Synergy 2, 

450 nm Gen5 

5 

(monoclon

al) 

Sigma-

Aldrich 

F3004 (5 

ug/ml 

carbonate 

buffer) 

Carbonate 

buffer pH 

9.6 

1X PBS 

+0.05 % 

Tween 

Wash 

buffer used 

as antibody 

diluent; no 

blocking 

step used in 

this assay N/A 

Anti-PT-

S4-7F2 

mAb 

(generated 

in-house 

from 

hybridoma 

purchased 

from Riken 

Cell Bank 

Cat # 

RCB1229) 

HRP-Goat 

Anti-

mouse; 

Jackson 

Research 

Labs Cat # 

115-036-

071 

KPL Inc. 

TMB 

Microwell 

Peroxidate 

substrate 

System 

cat# 50-76-

00 

As per 

manufactur

er’s 

instructions 

(1:1 

substrate A 

and 

peroxidase 

solution) 

Thermo 

Nunc cat 

#442404  

MaxiSorp 

surface 

BioTek 

Synergy 2, 

450 nm Gen5 

8 

Fetuin 

Sigma : 

F3004 

0.05M 

carbonate 

bicarbonate 

buffer pH 

9.6 

PBS/0.05% 

Tween 20 

(PBST) 

3% BSA 

(Fraction 

V)/PBST 

BSA 

fraction V 

Sigma # 

A7030 

Anti PT 

sheep 

polyclonal 

(NIBSC, 

97/572) 

Donkey 

anti sheep-

HRP 

(Sigma, 

A3415) 

Azino-

bis(3-

ethylbenzot

hiazoline-6-

sulfonic 

acid 

(ABTS) 

(Sigma, 

A9941) 

0.05M 

Citric Acid, 

pH4.0 

NUNC F96 

Maxisorp 

Microtiter 

plates 

product # 

442404 405nm Genesis 

9 

Sigma/F30

04-1G 

0.05M 

Carbonate-

Bicarbonate 

buffer pH 

9.6 

PBS/0.05% 

Tween 20 

(PBST) 

3% BSA 

(Fraction 

V)/PBST 

MP/021805

4991 

Anti PT 

rabbit 

polyclonal 

(NIFDC) 

Goat anti  

Rabbit-

HRP 

(Bethyl/A1

20-101P) 

TMB 

Microwell 

Peroxidase 

Substrate 

System(KP

L/50-76-

01) 

TMB 

Microwell 

Peroxidase 

Substrate 

System(KP

L/50-76-

01) 

Microplate,

96 well 

(greiner 

bio-

one/655081

) 

SPECTRA 

MAX 

PLUS 

,450nm 

SoftMax 

Pro 

software 

 



WHO/BS/2017.2315 

Page 25 

 

       

 

Lab Supplier 
[PT] (ng/ml or 

ng/vial) 

Freeze dried (y/n) & 

storage 
Criteria for assay validity Comments/Deviations 

5 (polyclonal) 

No in-house 

reference used N/A N/A 

Blank values must be ≤ 0.1 

abs          JNIH-5 curves 

match historical values from 

this lab for same assay 

conducted under the same 

condition. 

Colourimetric detection was done using TMB substrate as opposed to 

ABTS.  The reaction was stopped after 15 minutes with the addition of 

2N H2SO4                                                                                                   

Blocking time:  1 hour 

Binding time: 2 hours 

Detection antibody time:  1.5 hours 

Secondary antibody time:  1.5 hours 

5 (monoclonal) 

No in-house 

reference used N/A N/A 

Blank values must be ≤ 0.1 

abs          JNIH-5 curves 

match historical values from 

this lab for same assay 

conducted under the same 

condition. 

Method performed as per Isbrucker et al (2010) Vaccine 28(15):2687-

2692 Coating time:  overnight                                                                                       

Blocking time:  no blocking                                                                                  

Binding time: 1 hour                                                                                              

Detection antibody time:  1 hour                                                                       

Secondary antibody time:  1 hour                                                                       

Colour development time:  15 minutes                                                               

Colour reaction stopped with the addition of 2N  H2SO4                                     

All incubations done at room temperature                                                             

8 NIBSC 90/518 250ng/vial Yes n/a 

Data has been taken from the evaluation of the definitive fill for 

15/126. Other sample data has been removed. 

9 NIFDC 60000ng/vial Yes -20°C 

Comments for PT reference 

included under the assay 

criteria section have been 

moved to comments. No 

details of assay validity 

included. 

Reconstitute a vial of freeze-dried in house  PT Reference (60µg /vial) 

in 1ml PBS to give 60µg/ml.To dilute the stock to 125ng/ml as follows:                                          

20ul in house  PT Reference at  60µg/ml + 1180ul PBS = 1µg/ml                           

125ul in house  PT Reference at  1µg/ml + 875ul PBS = 125ng/ml                         

Dilute the anti Rabbit  polyclonal detection antibody(NIFDC) to 

1µg/ml.                    Anti-Rabbit  conjugate antibody by making a 

1/5000 dilution in PBST-3% BSA.        Do substrate reaction by TMB 

Microwell Peroxidase Substrate System(KPL/50-76-01)                                                                                                                    

No deviations from suggested plate layout noted in report forms 



       

Table 4: Lethal HIST assays, estimated potency of 15/126 relative to JNIH-5 in 

IU/ampoule 

 
Lab Assay 1 Assay 2 Assay 3 Geometric 

Mean* 

Geometric 

Mean** 

1 1178
1
 3178 1867 2396 2064 

3 n/a
5
 n/a

4
    

4 1919
2
 2002 1982 1995 1967 

7 2698 972  1527 1527 

8 911 1163 2818 1418 1418 

9 6508
6
 4626

6
 n/a

7
  6250 

10 7839
6
 1240

6
   3013 

11 2109
3
 1511 2368 1916 1971 

12 1352 1552  1470 1470 

14 3084 15243 2605 2855 2160 

  Geometric Mean 1881 2163 

  95% Confidence Limits 1472 – 2403 1517 – 3084 

  GCV 30% 59% 
1
 Non-parallel 0.01<p<0.05 

2
 Non-linear reference 0.01<p<0.05 

3
 Non-linear test sample 0.01<p<0.05 

4
 Non-linear reference p<0.01 

5
 Non-linear test sample p<0.01 

6
 Responses do not cover 50% response 

7
 All responses exceed 75%  

8
 Only a single response <100% 

*Assays meeting strict validity criteria only (see text) 

**Includes all results shown 

 

 

Table 5: Histamine Temperature assays, estimated potency of 15/126 

estimates relative to JNIH-5 in IU/ampoule 

 
Lab Assay 1 Assay 2 Assay 3 Geometric Mean 

2 954 1097  1063 

8 n/a
1
 6310 1342 1346 

9 2789 n/a
2
 2445 2630 

  Geometric Mean 1555 

  95% Confidence Limits 484 – 4998 

  GCV 60% 
1
 Non-parallel p<0.05 

2
 Non-linear test sample p<0.001 
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Table 6: CHO cell assays, estimated potency of 15/126 relative to JNIH-5, in 

IU/ampoule  

 
Lab Preliminary Assay 1 Assay 2 Assay 3 Geometric 

Mean 

1  508 640 570 570 

2  718 806 640 718 

3  718 1016 640 776 

4  570 806 718 691 

5  718 640 640 665 

6  905 403 453 549 

7  718 806 403 616 

8  508 905 640 665 

9  403 640 640 549 

10  905 1016 1280 1056 

11 1140 1280 1280 1280 1244 

12  640 508 508 549 

13  905 806 1280 978 

14  160 403 718 359 

   Geometric Mean 680 

   95% Confidence Limits 567 – 817 

   GCV 37% 

  

 

Table 7: CHO cell assays, geometric mean titres by assay for JNIH-5 
 

Lab Preliminary Assay 1 Assay 2 Assay 3 
Geometric 

Mean 

1  12599210 10000000 20000000 13607900 

2  10000000 6299605 5612310 7071068 

3  5000000 11224620 12599210 8908987 

4  5612310 5000000 5612310 5400299 

5  7937005 14142136 15874011 12123261 

6  5612310 11224620 14142136 9622238 

7  15874011 11224620 17817974 14697345 

8  12599210 11224620 5612310 9258747 

9  8908987 10000000 7071068 8572440 

10  11224620 12599210 15874011 13093846 

11 2806155 2500000 2500000 2500000 2573256 

12  5000000 6299605 7937005 6299605 

13  6299605 7071068 5000000 6061630 

14  40000000 12599210 11224620 17817974 
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Table 8: CHO cell assays, geometric mean titres by assay for 15/126 
 

Lab Preliminary Assay 1 Assay 2 Assay 3 
Geometric 

Mean 

1  640000 640000 1140350 775889 

2  718376 507968 359188 507968 

3  359188 1140350 806349 691238 

4  320000 403175 403175 373289 

5  570175 905097 1015937 806349 

6  507968 452548 640000 527911 

7  1140350 905097 718376 905097 

8  640000 1015937 359188 615823 

9  359188 640000 452548 470315 

10  1015937 1280000 2031873 1382476 

11 320000 320000 320000 320000 320000 

12  320000 320000 403175 345619 

13  570175 570175 640000 592560 

14  640000 507968 806349 640000 
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Figure 1.  Histogram showing the distribution of individual assays potency 

estimates for 15/126 relative to JNIH-5 (numbers in boxes indicate laboratory 

code) 
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Table 9: Carbohydrate binding assays, estimated activity of 15/126 relative to 

JNIH-5  

 
Lab Assay 1 Assay 2 Assay 3 Assay 4 Geometric 

Mean 

5 (monoclonal) 0.138 0.169 0.158  0.154 

5 (polyclonal) 0.183 0.161
 

0.253
 

0.470
1
 0.195 

8 0.290 0.253 0.228  0.256 

9 0.286    0.286 
1
 Results from this assay are not valid as JNIH-5 data are outside of historical results  

 

Table 10: E-HPLC assays, estimated activity of 15/126 relative to JNIH-5  

 
Lab Assay 1 Assay 2 Assay 3 Assay 4 Geometric 

Mean 

5 0.189 n/a
1
 0.310 n/a

1
 0.242 

8 0.195 0.197 0.143  0.180 
1
Reference and test responses not in the same range 

 

 

Table 11: CHO cell assay results for accelerated degradation samples, potencies 

calculated relative to sample stored at -20°C 

 
Time (Months) Temperature (°C) Relative Potency 

1 4 0.75 

1 20 0.75 

1 37 0.75 

1 45 0.75 

1 56 0.75 

3 4 0.75 

3 20 1.00 

3 37 1.50 

3 45 1.00 

3 56 1.00 

6 4 0.50 

6 20 0.50 

6 37 0.50 

6 45 0.50 

6 56 0.55 

12 4 1.00 

12 20 1.00 

12 37 1.00 

12 45 0.67 

12 56 0.67 
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Table 12: Carbohydrate binding assay results for accelerated degradation samples, 

potencies calculated relative to sample stored at -20°C 
 
Time (Months) Temperature (°C) Relative Potency 95% Confidence Limits 

1 4 1.05 1.01 – 1.09 

1 20 0.97 0.94 – 1.00 

1 37 1.01 0.96 – 1.06 

1 45 1.01 0.99 – 1.04 

1 56 0.83 0.80 – 0.85 

3 4 0.99 0.95 – 1.04 

3 20 0.96 0.93 – 0.99 

3 37 0.89 0.86 – 0.92 

3 45 0.99 0.96 – 1.02 

3 56 0.79 0.77 – 0.81 

6 4 0.86 0.82 – 0.91 

6 20 0.95 0.90 – 1.00 

6 37 0.85 0.83 – 0.87 

6 45 0.89 0.87 – 0.92 

6 56 0.78 0.76 – 0.79 

12 4 0.97 0.88 – 1.06 

12 20 1.18 1.09 – 1.27 

12 37 0.86 0.79 – 0.93 

12 45 0.86 0.81 – 0.93 

12 56 0.73 0.68 – 0.79 

 
 

Table 13: HPLC assay results for accelerated degradation samples, potencies 

calculated relative to sample stored at -20°C 
 
Time (Months) Temperature (°C) Relative Potency 95% Confidence Limits 

1 4 1.09 1.01 – 1.18 

1 20 0.98 0.92 – 1.06 

1 37 0.98 0.91 – 1.05 

1 45 1.01 0.93 – 1.09 

3 4 0.97 0.90 – 1.04 

3 20 1.05 0.97 – 1.12 

3 37 1.08 1.00 – 1.15 

3 45 1.08 1.00 – 1.16 

3 56 1.09 1.01 – 1.16 

6 4 1.11 1.04 – 1.19 

6 20 0.90 0.84 – 0.97 

6 37 1.18 1.10 – 1.26 

6 45 0.77 0.72 – 0.82 

6 56 1.02 0.95 – 1.09 
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Figure 2. Binding activity of 15/126 following reconstitution with either water or PBS at various 

storage temperatures and time points. 
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Figure 3. Concentration of 15/126 required to cause CHO cell clustering following reconstitution 

with either water or PBS at various storage temperatures and time points. 
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Figure 4. Enzymatic activity of 15/126 following reconstitution with water and stored at +4

o
C or 

frozen at -20
o
C. 
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Table 12.   In House Reference preparations potency estimates used in HIST 

Mortality assays, in IU/ampoule, relative to JNIH-5 as calculated by NIBSC 

 
Lab Reference Assay 1 Assay 2 Assay 3 

1 BRP Lot 1.2 4626
2
 2546

1
  

1 BRP Lot 1.3 7048   

4 CWN074604 2783
2
 9370  

8 90/518 n/a
5
 1567 4831

6
 

9 In-house 829
6,8

 360
6
 734

7,8
 

14 BRP Batch 1 7965 7702
2
 5374 

1
 Non-parallel 0.01<p<0.05 

2
 Non-linear reference 0.01<p<0.05 

3
 Non-linear test sample 0.01<p<0.05 

4
 Non-linear reference p<0.01 

5
 Non-linear test sample p<0.01 

6
 Responses do not cover 50% range 

7
 Responses do not cover 75% range 

8
 Responses included only a single response <100% 
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Annex 1. Standardised CHO cell clustering SOP 

Joint International Collaborative Study for the Calibration of the WHO 2
nd

 IS for Pertussis 

Toxin (15/126) and for the Calibration of the Pertussis Toxin BRP Batch 1 for CHO 

Clustering Assay (BSP145) 

CHO CLUSTERING ASSAY PROTOCOL 

DRAFT 

Project leader: Dr. Kevin MARKEY, NIBSC
1
 

Statistician: Peter Rigsby, NIBSC
1 

EDQM study coordinator: Angèle COSTANZO, EDQM
2
 

INTRODUCTION 

In 1983, Hewlett et al. [1] reported that pertussis toxin (PTx) induces morphological changes to 

cultures of the Chinese hamster ovary cell line, CHO-K1.  Following 48 hours exposure to PTx, the 

cells appear in compact cluster formations not normally observed in sub-confluent cultures.  This 

effect is very sensitive, and a microplate assay was subsequently developed for use in measuring PTx 

or PTx-neutralizing antibodies [2]. 

PTx reference standards are currently calibrated using the murine histamine sensitization test (HIST), 

an assay that can be technically challenging and has a high intra- and inter-laboratory variability.  At 

an international workshop on alternatives to HIST held in 2013 it was recommended that a CHO-K1 

cell assay be considered as a potential alternative to the HIST for calibration of PTx reference 

standards [3].  Although the use of this assay had been attempted in the past for calibration purposes 

[4], it proved to have greater variability than the in vivo method.  However, significant differences in 

the methods used between participating laboratories were believed to be the cause of the high 

variability.  Therefore, the use of a standardized protocol to minimize inter-laboratory variability was 

suggested [3]. 

Although there is no ‘correct’ method by which to do a CHO-K1 cell clustering assay, variations in the 

protocol can produce different sensitivities of the assay.  Cell origin, serum concentration, media type, 

and incubation time can all significantly impact the concentration of PTx detectable.  For this reason, a 

standardized method was recently elaborated by an international working group to reduce inter-

laboratory variability.  In a recent collaborative study (BSP114 Phase 2) organised by European 

                                                 
1
 K. Markey : National Institute for Biological Standards and Control (NIBSC), Blanche Lane, South Mimms, Potters Bar, 

Herts, EN6 3QG, UK 

 
2
 A. Costanzo: European Directorate for the Quality of Medicines and HealthCare (EDQM), 7 allee Kastner, CS 30026, F - 

67081 STRASBOURG CEDEX 
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Directorate for the Quality of Medicines and HealthCare (EDQM), the standardized method was found 

to show good inter-laboratory reproducibility and has been proposed for inclusion in the calibration of 

future PTx reference preparations (manuscript in preparation). 

The CHO-K1 cell clustering method provided below is the same as that used for the BSP114 Phase 2 

collaborative study.  Briefly, cells are transferred to 24-well cell culture plates at a concentration low 

enough to ensure the culture will remain subconfluent throughout the assay incubation period.  The 

PTx is diluted serially in CHO-K1 culture media, added to the cells, and the assay plate incubated for 

48 hours. When the incubation time is complete, the assay is scored by microscopy for the presence of 

distinct cluster formations.  Regardless of the well size, a score of 10 or more clusters is considered 

positive, whereas less than 10 clusters is assigned a negative score.   

Important notes: 

 Prior to commencing the cell-based calibration study, it is important to be familiar with 

identifying CHO-K1 cell clustering morphology and ensure that this standardized assay is 

working correctly in your laboratory. A collaborative study conducted by EDQM found that the 

standardized CHO clustering assay showed a limit of sensitivity equivalent to a 1:1.2x10
6
 

dilution of the PTx biological reference preparation (BRP) when reconstituted and assayed as 

described hereunder. It is recommended that participants verify the sensitivity of their CHO-K1 

cell clustering assay using the BRP provided.   

 Please contact the organizers for assistance if you are uncertain of the identification of CHO-

K1 cell clusters, or if a dilution of 1:300,000 of the BRP does not induce clustering. 

AIMS 

The aims of this study are to calibrate the candidate WHO 2
nd

 International Standard (IS) for 

Bordetella Pertussis Toxin, as well as the Ph. Eur. PTx BRP batch 1, in relation to the WHO 1
st
 

International Standard for PTx (JNIH-5), using the in vitro CHO clustering assay. 

PARTICIPANTS 

Fourteen participants have accepted to take part in the study. They are listed in section 6 in 

alphabetical order by country.  

MATERIALS, METHODS AND STUDY DESIGN 

Prior to commencing this study, participants are requested to test their culture system in at least one 

preliminary assay to verify the sensitivity of the cells using the BRP provided and to ensure they are 

familiar with the protocol. The instructions for testing the BRP are indicated in section 4.2.2.1.  A 

positive score (10 or more cell clusters/well) should be found at least in the first 3 dilutions (i.e. 1:150 

000 to 1:600 000 dilutions). If a positive score is not observed in any well containing BRP, or if the 

lowest positive concentration is in the first 2 dilutions, please contact the Project Leader or Study 

Coordinator. No clusters should be observed in the negative control wells. 
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If the preliminary assay results are satisfactory, participants are requested to perform 3 additional 

independent assays, preferably on different days. Samples are to be tested in triplicates on 3 identical 

plates following the plate layouts described in Annex 2 i.e. 3 identical plates are needed for each 

independent assay. Scoring must be conducted by 2 individuals trained in observing CHO cell clusters 

induced by PTx. Participants are asked to report the results from each observer independently in the 

appropriate reporting sheets (see section 5). 

Materials 

Participating laboratories will be provided with 3 PTx preparations: JNIH-5, the PTx BRP, and the 

WHO candidate 2nd IS. These materials should be stored at -20°C upon receipt and until use, and 

handled as safety regulations require for your laboratory. The number of samples provided is sufficient 

to carry out the study according to the assay design described below. If the methods or assay design 

are not clear, please contact the project leader or study coordinator. In case of invalid assays, 

additional samples may be provided on request to perform supplementary assays. 

WHO 1
st
 International Standard (IS), JNIH-5 

JNIH-5 is a freeze-dried preparation of purified PTx. It was generated in 1986 and was established 

through a collaborative study in 2003. As the first reference standard for PTx, it was assigned an 

arbitrary activity 10,000 IU/ampoule for both the CHO clustering assay and the HIST. JNIH-5 should 

be reconstituted just before use as per the instructions in section 4.2.2. The enclosed Instructions for 

Use (see Annex) contain additional information and safety handling instructions. 

The European Pharmacopoeia Pertussis Toxin BRP Batch 1 (Y0000021) 

The European Pharmacopoeia  (Ph. Eur.) BRP for PTx is a lyophilized preparation of purified PTx. It 

was established in 2001 and re-calibrated by HIST in terms of the JNIH-5 in International Units (IU) 

in 2009. For reconstitution, just before use, please follow the instructions in section 4.2.2. The leaflet 

appended in annex contains additional information and safety handling instructions. Participants will 

be provided by the EDQM with a sufficient number of vials to perform the preliminary assay and 3 

independent calibration assays. 

Candidate WHO 2
nd

 IS for Bordetella Pertussis Toxin (15/126) 

The candidate WHO 2
nd

 IS for Bordetella Pertussis Toxin, NIBSC code 15/126, was prepared in 2015. 

It is a freeze-dried preparation and should be reconstituted just before use as per the instructions in 

section 4.2.2. The enclosed leaflet contains additional information and safety handling instructions. 

CHO-K1 Cells 

The CHO-K1 cell line is to be used in the clustering assay. Cells can be sourced from the American 

Type Culture Collection (ATCC catalogue # CCL-61), the European Collection of Cell Cultures 

(ECACC catalogue # 85051005), or other source whose CHO-K1 cell origins are derived from the 

ATCC (# CCL-61) master culture. Composition of the complete culture medium for CHO-K1 cells is 

given in Table 1. 
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Table 1. CHO-K1 cell medium ingredients and additional culture reagents.  

Providers are suggestions only and other suppliers may be used provided a comparable grade of purity 

is ensured and the final composition of the medium is identical. 

Component 
Suggested Provider 

 Catalogue number 
Volume (mL) 

Ham’s F-12K medium (Kaighn’s 

modified Ham’s  F-12 medium) 

Life Technologies, 21127 

Sigma, N3520 

ATCC, 30-2004 

Wisent, 312-250 

HyClone, SH30526.01 

440 

Fetal Bovine Serum 

not heat inactivated: 

Gibco/Life Technologies #26040 

Invitrogen #12483 

or heat inactivated: 

Tissue Culture Biologics 

#TCB101HI 

50                                                    

(final concentration: 10%) 

L-Glutamine (200 mM) 

Life Technologies, 25030 

Sigma, G7513 

ATCC, 30-2214 

Wisent, 609-065-EL 

HyClone,  SH30034.01 

5 

Antibiotic-Antimycotic* 

(Pen G 10,000 U/mL/Strep 10,000 

µg/mL/ Amph B 25 µg/mL) 100X 

 

Invitrogen # 15240 

Sigma # A5955 

5 

 

Additional reagents Suggested Provider, Cat. number Concentration 

Trypsin-EDTA 
Invitrogen # 25200 

Sigma # T4049 
0.25% 

Trypan blue 
Invitrogen # 15250-061 

Sigma # T8154 
 

Phosphate-Buffered Saline (PBS) 

pH 7.4 
Gibco #10010 1 X 

Water for Injection 

Gibco # A12873 

EMD Millipore, 4.86505 

Corning, 25-055 

 

* The use of antibiotic-antimycotic is optional based on your standard cell culture practices. 
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Equipment and supplies 

Regular cell culture equipment such as Class II Biological safety cabinet, refrigerator, freezer, inverted 

microscope, water bath, as well as cell-culture material e.g. cell culture flasks, 24-well flat-bottom 

tissue culture plates (e.g. Corning/Costar # 3524), low protein binding polypropylene microtubes etc., 

must be available in the laboratory.   

Methods 

Culture and propagation of CHO-K1 cells 

Complete CHO cell culture medium 

The complete CHO cell culture medium (referred as “CHO medium” hereinafter) consists of Kaighn’s 

modified Ham’s F-12K, 10% FBS, 2 mM L-Glutamine, and an optional antibiotic-antimycotic solution 

(see Table 1). Aseptically combine all ingredients and label appropriately.  

The CHO medium can be stored at +2-8°C for up to 3 weeks, protected from light. 

CHO-K1 cell culture 

Please follow the protocol as closely as possible and use the cell line recommended above. CHO-K1 

cells require proline for growth; the Kaighn’s modified Ham’s F12 (F12-K) media includes 0.6 mM 

proline.  Some CHO-K1 subtypes can grow in the absence of proline but their sensitivity to PTx may 

be reduced. 

Report details and any deviation in the appropriate reporting sheet. Use only flasks and plates that have 

been shown to be appropriate for the culture of adherent cells. Operate under aseptic conditions in a 

sterile safety cabinet, with sterile material and reagents.  

Thaw 1 vial of CHO-K1 frozen stock according to standard institutional protocols for adherent 

mammalian cells (refer to provider’s instructions).  Dilute the thawed cells to 10 mL with CHO 

medium and centrifuge at 100 x g for 10 minutes.  Resuspend the cell pellet in CHO medium, transfer 

to a 75 cm
2
 (T75) flask and bring the volume to 20 mL with CHO medium. 

Cells must be passaged every 2-4 days, or as they approach confluence, at a split ratio of 1:5 to 1:20, 

depending on their rate of growth. The cells should be used between passage #3 to passage #15 after 

thawing.  Pre-warm all reagents to room temperature (RT) or 37°C before use. To passage the cells: 

1. Remove the CHO medium by aspiration. Wash the cell layer gently with 2-3 brief rinses 

with PBS. Remove the final PBS before proceeding to the next step. 

2. Add 2 mL of Trypsin-EDTA solution to the flask and let it cover the cell monolayer for 20 

seconds. Remove the Trypsin-EDTA by aspiration.  
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3. Immediately start to observe the culture by phase-contrast microscopy. When the cells 

begin to contract and become round, knock the culture flask firmly on the side to dislodge 

the cells from the flask 

4. As soon as the cells are mostly detached from the flask, add 10 mL of CHO medium to stop 

the trypsin digestion 

5. Use an automated cell counter or haemocytometer to determine cell number and viability.  

6. Transfer 0.5 – 1.0 x 10
6
 cells to a fresh 75 cm

2
 flask. Add CHO medium to bring the 

volume to 20 mL. 

7. Incubate the cells at 37°C in a humidified 5% CO2 incubator. 

8. Allow cells to grow at least 48 hours prior to use in the clustering assay. 

Note: The CHO-K1 cell culture must be above 95% viability to continue with the collaborative study. 

It is important to keep the trypsinization of the cells to a minimum to avoid cleavage of either 

receptors to PTx or cell adherence proteins. If the cells do not start to detach from the flask 

within a minute of exposing to the trypsin, the culture can be warmed briefly in an incubator; 

however, the digestion process must be watched carefully to avoid over-digestion. 

Preparation of cell suspension for assay 

For each assay, prepare 20 mL of CHO-K1 cell suspension at 4 x10
4
 to 8x10

4
 cells/mL (total of 

0.8x10
6
 to 1.6x10

6
 cells) using the trypsinization method described in Section 4.2.1.2.  Transfer 250 

µL of the cell suspension per well (10 000 to 20,000 cells/well) in 24-well cell culture plates (e.g. 

Corning/Costar # 3524). Three identical plates are needed for each independent assay. Label the assay 

plates appropriately. 

The assay plates with cells should be stored in an incubator during the preparation of the PTx dilutions. 

Note:  Due to the differences between cell counters, and because the growth rate of the CHO-K1 cells 

can vary between laboratories, the number of cells/well may need to be adjusted so that the 

culture remains sub-confluent within the wells after 48 hours, thereby allowing for the 

identification of cell cluster formations. An over-crowding of clusters can hinder their 

identification. The range of 4 x10
4
 to 8x10

4
 cells/mL should be adequate for most laboratories. 

Preparation of reference and test samples 

For each assay, reconstitute 1 vial of the BRP, JNIH-5 and the candidate 2
nd

 IS with 1 mL each of 

sterile water for injection. The reconstituted JNIH-5 has a concentration of 10,000 IU/mL.  

Once reconstituted, the PTx stock solutions should be kept on ice and used as soon as possible (< 1 

hour after reconstitution). The PTx preparations should be reconstituted fresh for each assay, and any 

unused stock solutions are to be discarded at the end of the assay. 

Note:  All further dilutions of the resuspended PTx preparations must be done in CHO-K1 culture 

media. The PTx concentrations in Tubes 1-7 will be twice that in the assay plate due to dilution 

with the cells. 
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BRP 

Pre-dilution 1/375: transfer 20 µL of the BRP stock solution into 7.5 mL of CHO-K1 culture media. 

Invert gently several times to mix the contents.  Label this tube as BRP-A. 

Serial dilutions:  

1. Label 7 tubes with the numbers BRP-1 to BRP-7. Add 2 mL of CHO-K1 culture media to tube 

BRP-1 and 1 mL of CHO-K1 culture media to tubes BRP-2 to BRP-7. 

2. Transfer 10 µL from tube BRP-A into tube BRP-1; invert gently several times to mix the 

contents. Tube BRP-1 has a dilution of 1:75 000 from the original stock vial. 

3. Continue the serial dilution by transferring 1 mL from tube BRP-1 into tube BRP-2, mixing by 

inversion, and then transferring 1 mL into tube BRP-3, and continuing the serial dilution to 

tube BRP-7. 

JNIH-5 Reference Preparation 

Pre-dilution 1/1000: transfer 10 µL of the JNIH-5 stock solution into 10 mL of CHO-K1 culture 

media. Invert gently several times to mix the contents. Label this tube as J-A. 

Serial dilutions:  

1. Label 7 tubes with the numbers J-1 to J-7. Add 10 mL of CHO-K1 culture media to tube J-1, 

and 1 mL of CHO-K1 culture media to tubes J-2 to J-7. 

2. Transfer 16 µL from tube J-A into tube J-1; invert gently several times to mix the contents. 

Tube J-1 has a dilution of 1:625,000 from the original stock vial.  

3. Continue the serial dilution by transferring 1 mL from tube J-1 into tube J-2, mixing by 

inversion, and then transferring 1 mL into tube J-3, and continuing the serial dilution to tube J-

7. 

Candidate WHO 2nd IS for Bordetella Pertussis Toxin 

Pre-dilution 1/1000: transfer 10 µL of the candidate stock solution into 10 mL of CHO-K1 culture 

media. Invert gently several times to mix the contents. Label this tube as C-A. 

Serial dilutions:  

1. Label 7 tubes with the numbers C-1 to C-7. Add 1.95 mL of CHO-K1 culture media to tube C-

1, and 1 mL of CHO-K1 culture media to tubes C-2 to C-7. 

2. Transfer 50 µL from tube C-A into tube C-1; invert gently several times to mix the contents. 

Tube C-1 has a dilution of 1:40,000 from the original stock vial. 

3. Continue the serial dilution by transferring 1 mL from tube C-1 into tube C-2, mixing by 

inversion, and then transferring 1 mL into tube C-3, and continuing the serial dilution to tube 

C-7. 
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Stimulation of CHO cells 

- Please note the plate lay outs for each assay is fixed and outlined in Annex 2. Also, each assay 

comprises three plates with identical lay outs. 

- Transfer 250 µL from each tube into the appropriate well of the cell culture plates following the 

plate layouts given in Annex 2. Each plate layout should be performed in triplicate for each 

assay. Gently pipette the contents of each well 2 or 3 times up and down to mix. Change tip 

between tubes. 

- Transfer 250 µL of CHO-K1 medium into negative control wells of all assay plates. 

- Return the assay plates to a humidified 37°C, 5% CO2 incubator for 48 hours. 

- Score the assay plate as per section 5.  There is no need to remove any of the culture media or 

fix the cells.  Report the scores (+ or -) in the worksheet provided. 

SCORING AND RESULTS SUBMISSION 

Scoring 

Use phase-contrast microscopy to observe the clustering in each well. A positive score is marked when 

10 or more clearly evident clusters are counted within a single well. Wells having less than 10 clearly 

evident clusters are assigned a negative score.     

Scoring of each plate must be conducted by 2 individuals trained in observing CHO cell clusters 

induced by PTx. To minimise contraction of cells due to cooler room temperatures, assay plates should 

be stored in a 37°C incubator if not being observed under the microscope. Participants are asked to 

report the results from each observer independently in the reporting sheets. 

Acceptance criteria 

The negative control wells should have no evident clusters. Wells containing BRP at the first 3 

dilutions (1:150,000 to 1:600,000) should be clearly positive (i.e. contain at least 10 clusters/well). 

If these criteria are not met, please contact the PL or the study coordinator. 

Submission of results 

Assay methodology, scoring results and calculated end-point dilutions should be returned 

electronically, using the standard reporting sheets provided with the study protocol, to Kevin Markey, 

NIBSC (kevin.markey@nibsc.org) and Sally Woodward (sally.woodward@edqm.eu) as soon as they 

are available or by 30 September 2016 at the latest. In addition, a signed authorised copy of the 

standard reporting sheets is to be sent to the Sally Woodward for quality assurance reasons. 
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Annexes 

Annex 1: Leaflets 
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Annex 2: Plate layouts: 

Assay 1.  Values are final dilutions of PTx in each well. Repeat this layout on 3 plates. 

 

 

 

1 2 3 4 5 6 

A 

B 

C 

D 

BRP 
1:150,000 

BRP 

1:300,000 

BRP 

1:600,000 

BRP 

1:1,200,000 

BRP 

1:2,400,000 

BRP 
1:4,800,000 

BRP 

1:9,600,000 

Negative 

Control 

JNIH-5 

1:1,250,000 

JNIH-5 
1:2,500,000 

JNIH-5 

1:5,000,000 

JNIH-5 

1:10,000,000 

JNIH-5 

1:20,000,000 

JNIH-5 
1:40,000,000 

JNIH-5 

1:80,000,000 

Negative 

Control 

Candidate 
1:80,000 

Candidate 
1:160,000 

Candidate 

1:320,000 

Candidate 

1:640,000 

Candidate 
1:1,280,000 

Candidate 
1:2,560,000 

Candidate 

1:5,120,000 

Negative 

Control 



WHO/BS/2017.2315 

Page 53 

 

    

   

 

Assay 2: Values are final dilutions of PTx in each well. Repeat this layout on 3 plates. 
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Assay 3: Values are final dilutions of PTx in each well. Repeat this layout on 3 plates. 

 

 
 

= = = 
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