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Summary 
Two freeze dried candidate preparations containing monoclonal antibodies to Bordetella 

pertussis serotype 2 coded 06/124 and serotype 3 fimbriae coded 06/128 have been prepared at 

NIBSC from concentrated tissue culture. In a collaborative study involving eleven laboratories in  

nine countries, these preparations have been assessed for their suitability to serve as WHO 

International Standards for B. pertussis serotyping, in comparison to current interim WHO 

Reference Reagents for B.pertussis serotype 2 (coded 04/154) and 3 (coded 04/156), using a 

standard strain panel and 23 in-house strains.   Rabbit polyclonal antibodies to FIM 2 (coded 

89/598) and  FIM 3 (coded 89/600) were included as control.  Microplate agglutination method 

and slide agglutination assay were carried out by the majority of participants. ELISA based 

assays were performed by four participants.  Data for these assays showed good agreement 

between laboratories using all methods included in the study. Preparations 06/124 and 06/128 

showed good specificity in all current typing methods, evidenced by >95% to 100% sensitivity 

on the corresponding strains and no cross-reaction.   Comparison of the candidate materials with 

current interim WHO Reference Reagents also showed good agreement among laboratories. 

Results from assays of the candidate materials after storage for up to 24 months  at  temperatures 

of 20°C, 37°C, 45°C and 56°C indicate that the candidate materials are sufficiently stable to 

serve as international reference reagents.  On the basis of the results of this study, it is therefore 

recommended that monoclonal antibody to fimbriae 2  (06/124) be established as the First 

International Standard for B. pertussis fimbriae 2 serotyping and monoclonal antibody to 

fimbriae 3 (06/128) be established as the First International Standard for B. pertussis fimbriae 3 

serotyping.  

  

Introduction 
WHO has recommended that whole cell Bordetella pertussis vaccines should contain strains 

expressing fimbriae 2 and fimbriae 3 (1). The identity of fimbriae 1 (agglutinogen 1)  is not known 

but it is not appropriate for discriminating between B. pertussis isolates as it does not vary (2). 

Serotype 2 and 3 epitopes were found to be associated with fimbriae, designated serotype 2 and 

serotype 3 fimbriae (Fim 2 and Fim 3). Monitoring of fimbrial expression is recommended not 

only as a simple means for detecting changes in B. pertussis populations, but also because fimbriae 

could be important protective antigens. Furthermore, inter-laboratory comparison of serotyping 

results is rendered difficult due to the different sera and assays used. The need for inter-laboratory 

comparability of B. pertussis serotyping results is recognised, and characterised reference 

preparations could provide an initial point of comparison. 

 

Polyclonal anti-agglutinogen 2 and 3 rabbit sera (89/598 and 89/600) have been used routinely in 

serotyping of B. pertussis strains by slide agglutination since 1989, but the stocks of these antisera 

are limited. In May 1999 representatives from laboratories involved in epidemiological research on 

pertussis met at the Institut Pasteur, Paris, France. The outcome of the meeting suggested that it is 

sensible to use monoclonal antibodies for typing fimbriae (3). Following the meeting, monoclonal 

antibodies (partially purified ascites) preparations to B. pertussis serotype 2 (04/154) and serotype 

3 (04/156) were prepared in 2003 at NIBSC using hybridoma cell lines (originally developed by 

Dr M Brennan and kindly donated by Dr. B. Meade, FDA, USA). Subsequently, after an 

international collaborative study (WHO/BS/04.1988), these preparations have been established as 

interim WHO Reference Reagents in 2004 (4).  These preparations are in a frozen liquid form and 

only a limited number of vials now remain.  

 

In 2006, in response to the WHO request (WHO Technical Report Series No 932, 2004), a large 

quantity of two freeze dried materials coded 06/124 (anti-FIM 2) and 06/128 (anti-FIM 3) was 

prepared at NIBSC from concentrated tissue culture medium. Results from a pilot in-house study 
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and also with help from Dr Hans Hallander’s laboratory in Sweden, indicated that the 

concentrated tissue culture medium preparations are suitable as alternatives to the ascites 

preparations. In 2008 an international collaborative study was carried out to evaluate the freeze-

dried preparations, involving 12 laboratories. The results of this study are reported here.  

 

The aims of this study 
1. To compare the candidate freeze dried materials (06/124 and 06/128) with the current interim 

WHO reference reagents (04/154 and 04/156) 

2. To compare the polyclonal NIBSC reagents 89/598 and 89/600 with the new materials. 

3. To compare results obtained with these materials across currently used serotyping methods. 

4. To test these new monoclonal materials against a range of strains of known serotype from 

different sources. 

 

Participants 
A total of twelve laboratories from nine countries, including diagnostic laboratories, government 

laboratories and vaccine manufacturers were invited to participate in this collaborative study of 

which eleven participants submitted results. These participants are listed in Table 1. Throughout 

this report the laboratories are identified by a randomly assigned code, numbered from 1 to 12.  

 

Materials 

A. Preparation of freeze dried candidate materials 

Hybridoma cells  
Hybridoma cell lines BPF2  (anti FIM 2) and BPC10 (anti FIM 3)  had been originally developed 

by Drs  Brennan, Manclark and Li, CBER/FDA, USA (5) and kindly donated by Dr B. Meade,  

FDA, USA  in Oct 2001 via a material transfer agreement between CBER/ FDA and NIBSC.  

 

Preparation of bulk material by tissue culture 
The bulk material for both candidate preparations was produced at the Large Scale Laboratory 

(LSL) facility at the National Institute for Medical Research (MRC, NIMR, Mill Hill, UK) via a 

contract between NIBSC and MRC. In brief, the hybridoma cell lines were grown in Iscove’s 

Modified Dulbecco’s Medium (IMDM, Sigma) with added sodium bicarbonate, sodium pyruvate, 

glutamine, transferrin, insulin and 2-mercaptoethanol with 10% fetal calf serum and  cultured in  

large spinner flasks (5-8 litre) in a CO2 incubator at 37°C  for approximately 7 days. The culture 

was spun down to remove the cells. Then the supernatant was passed through a 0.45µm cross flow 

membrane. The resulting supernatant was concentrated using a 10K molecular cut off membrane 

with a Sartoflow Slice system (Sartorius, UK).  

 

The concentrated materials were frozen at -20°C at LSL and subsequently transported to NIBSC 

on dry ice.  Three batches of concentrated materials for each of anti-Fim 2 and anti-Fim 3 were 

received from LSL. The batches received at NIBSC were stored at -20°C until further processing. 

 

Determination and justification of IgG concentration   
Trial batches of material for anti-Fim 2 and anti-Fim-3 were checked for their suitability as 

typing reagents by slide agglutination and by ELISA using purified mixture of fimbriae 2 and 3 

as coating antigen over a range of concentrations at 5, 7.5 and 10 mg/ml IgG as determined by 

UV at 280nm according to the method described by A. Johnstone & R. Thorpe (6).   Materials at 

IgG concentration of 10mg/ml were found to give a similar response to the ascites preparations 

(04/154 and 04/156). This was confirmed by Hans Hallander’s laboratory who kindly undertook 



WHO/BS/09.2120 

Page 4 
 

microtitre plate agglutination against the standard strain panel using 5 and 10 mg/ml IgG 

concentrations of the materials. 

 

A small aliquot from each of the three batches of concentrated tissue culture supernatant of anti-

Fim 2 and anti-Fim 3 were taken for IgG determination using above method. The results showed 

that IgG concentrations were at 28, 15 and 54 mg/ml for monoclonal antibody to serotype 2 and 

15, 25 and 48 mg/ml for serotype 3 respectively. 

 

Lyophilization 
The materials were thawed at 4ºC overnight on the day before lyophilization. IgG concentrations 

were adjusted separately to 10mg/ml with PBS, and pooled immediately before processing 

giving a total volume of approximately 8 litres for anti-serotype 2 and 6 litres for anti-serotype 3. 

 

In  the CBRM facility at NIBSC the materials were filled in one ml aliquots into DIN glass 

ampoules and then freeze dried on a five day cycle (starting shelf temperature of -50°C) after 

which the ampoules were back filled with high purity nitrogen before sealing. 

 

Two batches of ampoules containing lyophilized monoclonal antibodies were prepared at NIBSC 

as described below.  

 

Monoclonal antibody to serotype 2 (code 06/124): The monoclonal antibody was 

lyophilized as described above on 21 July 2006. This batch comprised a total of 7494 ampoules.   

 

The precision of this fill was determined by weighing 415 ampoules during processing and the 

results showed a mean of 1.0058g with a CV of 0.23%. Moisture content determination by Karl 

Fischer titration, showed a mean of 0.2% residual moisture (CV of 29%) on a dry weight of 

0.0283g (CV of 1.15%).  Oxygen content measured by Orbisphere technology is 0.15% (CV of 

12%.).   

 

Monoclonal antibody to serotype 3 (code 06/128): The monoclonal antibody was 

lyophilized as described above on 2 August 2006. This batch comprised a total of  5265 

ampoules.  

 
The precision of this fill was determined by weighing 347 ampoules during processing and the 

results showed a mean of 1.0057g with a CV of 0.139%. Moisture content determination by Karl 

Fischer titration, showed a mean of 0.78% residual moisture (CV of 0.15.6%) on a dry weight of 

0.0269g (CV of 0.1.58%).  Oxygen content measured by Orbisphere technology is 0.21%  (CV 

of 27%). 

 

All these materials are stored in the dark at -20°C in NIBSC, UK.   

 

B.  Materials included in the collaborative study  

a) Typing reagents  
Total of six antibodies was included in this study and these antibody preparations were coded in 

pairs.  

 

Candidate materials 
Preparations 06/124 and 06/128 as described above. 
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WHO Interim Reference Reagents for B. pertussis serotype 2 (04/154) and 3 

(04/156) 
Monoclonal antibodies produced from mouse ascitic fluid: These monoclonal antibodies were 

prepared from pristine treated mice after intra-peritoneal injection with cells of hybridoma cell 

line BPF2 for serotype 2 and cell line BPC10 for serotype 3. The resulting ascitic fluid was 

partially purified by ammonium sulphate precipitation followed by dialysis against phosphate 

buffered saline (PBS) and the concentration of IgG adjusted to 4mg/ml with PBS Both 

monoclonal antibodies were dispensed into 500µl aliquots into vials and stored at -20°C in the 

dark. 

 

Polyclonal antibodies 
NIBSC catalogue materials 89/598 (anti-agglutinogen 2) and 89/600 (anti - agglutinogen 3), 

freeze dried rabbit anti-serum were  included in this study for comparison purposes. 

 

Participants 3,4,5,6 and 7 also included their own in-house typing reagents in the study. 

 

b) B. pertussis  strains 
A reference strain panel of 8 strains for Fim 2 and Fim 3, in freeze dried form, coded S1, S2, S3, 

S5, S6 S8 and S9 plus FDA 460 was kindly supplied by Dr Hans Hallander (Sweden) for the 

previous collaborative studies in 2002 (WHO/BS/04.1988) and 7 of the participants in the 

current study had retained this strain panel. Four participants who were not involved in previous 

studies were requested to use their own reference strains of known serotype 2, serotype 3 and 

serotype 2,3.  

 

The details of the panel of antibodies with their code and the strain panel as well as the in-house 

strains included in this study are presented in Tables 2a, b and c respectively. 

 

Typing methods 
The participating laboratories have been asked to perform the microtitre plate or slide 

agglutination methods for serotyping. Suggesting protocols for the slide method from NIBSC 

and for the microtitre plate method from Dr Hans Hallander’s laboratory were provided to 

participants for information.  

 

Participants were also encouraged to use their own in-house methods in parallel with the 

suggested methods.  

 

Study design 
Each participant received a set of typing reagents, coded A – F (despatched on dry ice) 

consisting  of 2 ampoules of freeze dried candidate materials, 2 vials of frozen monoclonal 

antibodies (ascites) and 2 ampoules of freeze dried polyclonal antibodies.  

 

Suggested dilution factors for these antibodies for each of suggested methods were also given in 

the study protocol. However, it was recommended that participants should perform initial 

titration on these monoclonal antibodies to optimize the working concentration for the typing 

methods of choice under their own laboratory conditions. 

 

Participants were requested that each strain is to be typed at least twice with each antibody  

using either the microplate and/or slide agglutination method.   
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Collection Data 
Completed standardised assay sheet and raw data for each assay were collected by NIBSC, as 

well as protocols for methods other than slide or microtitre plate agglutination. 

 

 Laboratories have been identified by a code in all analyses to maintain confidentiality.  

 

Results and Discussion 
Eleven of the twelve invited participants submitted their results to NIBSC.  Three main assay 

methods, namely slide agglutination, microtitre plate agglutination and whole cell ELISA were 

used by participants in the study, except laboratory 3 who used an in-house inhibition ELISA 

and laboratory 12 also included an in-house quantitative agglutination assay.  A total of 6 

laboratories (4,7,8,10,11and 12) submitted slide agglutination results and 6 laboratories 

performed microtitre plate agglutination (1,2,5,6,10 and 11), and 3 laboratories carried out whole 

cell ELISA  (1,7 and 11). Laboratories 1, 7, 10 and 12 performed two types of assay and 

laboratory 11 performed three types. A total of 7 participants used the strain panel in which 2 

laboratories also additionally included their own in-house strains (laboratory 10 with 3 and 

laboratory 12 with 1 strain respectively). Other four participants (laboratories 1, 2, 3, and 4) used 

their own in-house strains for serotyping with 8, 7, 3 and 3 strains in each laboratory 

respectively. Therefore a total of 33 strains were included in this study (where the same strain 

number was reported by different laboratories, it was referred as separated strain in the report 

due to the source and storage conditions which may be different in each laboratory). Summary of 

typing methods and strains used by each participating laboratory are given in Table 3.  

 

The majority of results were reported as positive (+) or negative (–) responses by participants. 

Where ELISA data was reported as OD values or an agglutination titre reported, a cut-off point 

was used to express the values as positive or negative in a similar format with the majority 

results.   

 

Results on strain panel by microtitre plate method 
A total 6 laboratories provided results using the microtitre plate method with a total of 624 

determinations. The dilutions of polyclonal antibodies used for the typing were 1/10 up to 1/500, 

monoclonal antibodies from ascites were from 1/50 up to 1/600 and the candidate materials were 

1/50 up to 1/800. The summary results are presented in Table 4 and details of results from each 

participant are presented in Appendix 1. In general, all results obtained by different laboratories 

showed good agreement for the panel of strains. Different dilutions used for each of the antibody 

seem not to affect the results.  

 

With the strain panel, using the monoclonal antibodies as the typing reagents, the results 

obtained from different laboratories showed very good concordance and 100 percent positive  

results for all serotype 2 strains using monoclonal antibodies C and F, and for all serotype 3 

strains using monoclonal antibodies D and E  No cross-reaction was found between preparations 

C, F and D, E. For the serotype 2,3 strain (FDA460), the candidate monoclonal antibodies E and 

F showed similar performance in comparison with the current interim references C and D.  

    

Results on strain panel by slide agglutination 
A total of 6 laboratories provided results on serotyping using the traditional slide  agglutination 

method with a total of 632 determinations. The concentrations used for typing were:  neat, 1/10, 

1/50, 1/100 and 1/200 dilution of the original solutions for monoclonal antibodies and was less 

diluted (up to 1/100) for the polyclonal antibodies. The summary results of the slide 

agglutination method are presented in Table 5 and details of results from each participant are 
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presented in Appendix 2. Again in general, all results obtained by different laboratories showed 

good agreement for the panel of strains.  

 

Seventy to eighty determinations were carried out for each strain using the slide agglutination 

method for the panel of strain. With the strain panel, the results obtained from different 

laboratories using both sets of the monoclonal antibodies from ascites and the candidates showed 

very good agreement. This has been evidenced by 100% positive results to all serotype 2 strains 

using corresponding antibodies C and F, and 96% and 93% of all serotype 3 strains using 

antibodies D and E respectively. Interestingly, all non-response results to the antibody E were 

from laboratory 8. This may indicate that it is a technical problem in that particular laboratory 

rather than the quality of the antibody. There was no cross-reaction observed for mismatched 

strains. In agreement with the results obtained by the microplate method, for the serotype 2,3 

strain (FDA460), the candidate materials E and F showed 93% positive response to both type 2 

and 3 in comparison to 100% and 72% obtained using the current interim references.  

 

Results on strain panel by whole cell ELISA 
Three laboratories submitted results using whole cell ELISA. A total of 28 determinations were 

carried out for each strain in the panel. The concentration used varied from 1/300 to 1/1000 for 

the antibody preparations. Again, the results obtained from different laboratories showed very 

good concordance and 100 per cent positive results for all serotype 2 strains using monoclonal 

antibodies C and F, and for all serotype 3 strains using monoclonal antibodies D and E.  No 

cross-reaction was found between preparations C, F and D, E for all the strains.  The summary 

results are presented in Table 6 and details of results from each participant are presented in 

Appendix 3.  

 

Results on participants own in-house strains 
Total of 23 in-house strains were included in the study. A summary of the results on these  

strains is presented in Table 7 and Appendices 6,7 and 8 and details of the results from each 

laboratory are presented in Appendix 5-6 in which 3 participants used microplate method and 3 

laboratories used the slide agglutination method.  In general, the performance of the 2 sets of 

monoclonal antibody showed good agreement with the results obtained for the strain panel 

(Figure 1) which indicate that all the in-house strains are correctly typed in individual 

laboratories. One exception was inconsistent results reported by laboratory 4 for one in-house 

strain where mismatched results were obtained.  The reason for this is unknown and therefore the 

results are omitted from all tables and figures.  

     

Comparison of various typing methods  
In this study, most participants (6) used the slide and microplate  methods and 4 participants used 

ELISA based method. Summary of combined results for the strain panel and in-house strains 

using various typing methods are given in Tables 8 and 9 respectively.  Overall results are 

presented in Table 10 and Figure 2. The results indicate that excluding the data for polyclonal 

antibodies which caused most variation, all typing methods included in the study showed good 

agreement.  The sensitivity was >95% (Slide method) up to 100% (all other method) for both 

strain panel and in-house strains.  There was no cross-reaction observed.  

 

Laboratory performance 
In general, results obtained from all laboratories were in good agreement. There was no 

particular problem trend observed on laboratory performance.  
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Polyclonal antibodies 
Rabbit polyclonal antibodies were used for comparison purposes in the present study.  The 

performance of the polyclonal antibodies were much poorer in comparison with the two sets of 

monoclonal antibodies in typing of either the strain panel or in-house strains.   In general, the 

polyclonal antibodies showed less sensitivity in typing in comparison with both sets of 

monoclonal antibodies (54-82% in comparison with approximately 100% of positive responses). 

Theses polyclonal antibodies also showed 9-11% of cross-reactivity. Overall results using all 

typing reagents with all typing methods for all strains are presented in Figure 3. 

 

Candidate monoclonal antibodies 
Both candidate preparations E and F performed very well in relation to  the corresponding type 2 

and type 3 strains with a positive response (100% and 98% respectively) and no cross-reaction 

observed. Figure 4 presents results for all strains of known serotype tested and by all methods 

using the candidate reference reagents.  

 

It is interesting to note that slightly less sensitivity was found when these preparations were used 

for typing strain FDA460 included in the strain panel (94-98% positive response) in both slide 

and microplate methods. However, this was not the case for the other 8 in-house serotype 2,3 

strains included in this study where 100% positive result was obtained using the same typing 

reagents. This may indicate that the lower sensitivity observed for this strain is likely caused by 

the particular strain rather than the typing reagents.  

 

In terms of overall sensitivity, the monoclonal antibody preparations E and F showed the best 

performance amongst all the preparations (Table 10) regardless of typing methods.  It is 

evidenced that these two candidates offer the best sensitivity to react with the corresponding 

fimbrial components effectively and they are equivalent /or superior to the current WHO frozen 

interim reference preparation C and D.  

 

Stability study  
  

Stability study was carried out at NIBSC.  
 

Thermally accelerated degradation study 
Ampoules of each candidate material which had been stored at temperatures of 4°C, 20°C,   

37°C, 45°C and 56°C were transferred at 1, 3, 6 12 months or 24 months to storage at -20°C.  

All ampoules which had been stored at the different temperatures and times were reconstituted 

and compared in the same assay with freshly reconstituted aliquots from ampoules of the same 

candidate material which had been stored continuously at -20°C (baseline). These samples have 

been assessed by both a quantitative agglutination assay and ELISA assay.  The agglutination 

assay was carried out using strains from the strain panel (S1 and S2 for preparation 06/124 and 

S3 and S5 for preparation 06/128).  A mixed fimbriae 2&3 antigen preparation (NIBSC 

catalogue No. 85/549) was used as coating antigen in ELISA assay.    
 

Samples which had been stored at 56°C, especially for longer than 6 months could not be 

readily reconstituted. Both preparations 06/124 and 06/128 which had been stored at 

temperatures of 20°C, 37°C, 45°C for 12 months and 24 months were compared with freshly 

reconstituted aliquots from ampoules of the same candidate stored at -20°C. There was no 

detectable loss of activity even at 37°C for 2 years by both assay methods (Figure 5).  It is 

interesting to note that no detectable loss of activity for both preparations at 45°C for 1 year in 

ELISA assay occurred, but approximately 50% loss in activity for preparation 06/128 was 



WHO/BS/09.2120 

Page 9 
 

observed in the quantitative agglutination assay. Since both preparations showed stable at 37°C 

for 2 years, no prediction for yearly loss activity can be given.  These data indicate that the 

candidate materials are sufficiently stable to serve as international reference reagents. 

Confirmation of the stability after 5 (and preferably within 10) years by comparison of 

ampoules stored at -20°C with ampoules stored at -70°C is suggested.  
 

In use stability study 
Ampoules of the candidate references 06/124 and 06/128  were reconstituted and aliquots were 

stored at -20°C for up to 6 months, at 4°C for up to 14 days and at room temperature for up to 7 

days.  At each time point, stored aliquots were compared with aliquots from  reconstituted 

ampoules stored at -70°C (baseline sample) of the same candidate in both quantitative 

agglutination assay and ELISA assay as above. There was no evidence of loss of activity with 

time (Figure 6).  These data suggest that aliquots of the reconstituted candidate references can 

be used if they have been suitably stored. However, since storage conditions can be different in 

an individual laboratory, it is recommended that laboratories should carry out validation under 

their own conditions. 

 

Conclusions and recommendations 
There are currently no international standards for serotyping of B. pertussis. Inter-laboratory 

comparison of serotyping results is rendered difficult due to the different sera and assays used in 

different laboratories. If new to the field, laboratories often rely on small finite amounts of materials 

supplied by other laboratories. None of these sources of control materials adequately address the need of 

materials to enable worldwide assay performance standardization.  The need for a continual supply of 

stable and reliable reference materials is recognised.  

 

Monoclonal antibody preparations 06/124 and 06/128 are produced by cell lines, therefore future 

supplies of identical materials are ensured. They will be of paramount importance for the validation of 

commercial kits and standardizing of assays used for monitoring of consistency of pertussis vaccine 

production strains; serotyping of clinical isolates; for detection of population changes; assessment 

of fimbriae antigens presented in whole cell and acellular pertussis vaccines, and for laboratories 

setting up new in-house methods or commercial techniques and for validating existing techniques after a 

change of reagents.  
 

Results from this study confirm that monoclonal antibodies produced by tissue culture method 

were effective for typing B. pertussis using different typing methods.  On the basis of the results 

of this study, it is therefore recommended, with the agreement of the participants, that 

monoclonal antibody to fimbriae 2   (06/124) be established as the First International Standard 

for serotyping B. pertussis fimbrial antigen 2 and monoclonal antibody to fimbriae 3 (06/128) be 

established as the First International Standard for serotyping B. pertussis fimbrial antigen 3.  
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Beijing  100050, 

China 

e-mail : zhangsmo@hotmail.com   
 

Dr  Qiushui He     

National Institute for Health and Welfare 

Department of  Infectious  Disease  Surveillance  and Control 

Kiinamyllynkatu 13 

20520 Turku  

Finland 

e - mail :  qiuhe@utu.fi     

 

Dr N. Guiso and Dr  Elisabeth Njamkepo 

Institut Pasteur  

Unité de Prévention et Thérapie Moléculaires des Maladies Humaines 

28 rue du Dr. Roux.  

75724    Paris  

Cedex 15 

France 

e-mail :  elisabeth.njamkepo-nguemkam@pasteur.fr 

 

Dr  Sophie Bobin - Dubreux 

Sanofi Pasteur  

Marcy l’étoile 

1541 Avenue Marcel Mérieux 

69280 Marcy l’étoile 
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e-mail  :  Sophie.Bobin-Dubreux@sanofipasteur.com 
 

Dr Marion Riffelmann * 

Institut fuer Hygiene und Labormedizin 

HELIOS Klinikum Krefeld 

Lutherplatz 40 

47805 Krefeld 

GERMANY 

e-mail -  marion.riffelmann@helios-kliniken.de 

 

Dr Frans A.G. Reubsaet and Mrs Dieneke Hoeve 

Special Reference Section for Identification of Bacteria (BBD), 

Department of Bacteriology, 

Diagnostic Laboratory for Infectious Diseases and Perinatal Screening (LIS) 

National Institute of Public Health and the Environment (RIVM) 

P.O. Box 1.   

3720  BA   Bilthoven 

The Netherlands 

e-mail : frans.reubsaet@rivm.nl 

 

Dr  Hans  Hallander and Dr  Abdolreza  Advani        

Swedish Institute for Infectious Disease Control  (SMI) 

171  82  Solna 

SWEDEN 

e-mail: hans.hallander@smi.se and reza.advani@smi.se 

 

Miss Penny Newland and Dr Dorothy Xing 

Division of Bacteriology 

National Institute for Biological Standards and Control 

Health Protection Agency 

Blanche Lane, South Mimms 

Hertfordshire 

EN6 3QG   UK 

e-mail: Penny.Newland@nibsc.hpa.org.uk 

  

Dr  Norman  K.  Fry 

Respiratory and Systemic Infection Laboratory 

Health Protection Agency 

Centre for Infections  

61 Colindale Avenue  

London   NW9 5EQ   UK 

e - mail: Norman.Fry@HPA.org.uk 

 

Dr Maria Lucia C. Tondella and Dr Kathleen M. Tatti 

Centers for Disease Control and Prevention  

1600 Clifton Road NE  

Atlanta, GA  30003 

MS-D11 

USA 

e-mail: mtondella@cdc.gov 
 

* results not submitted 
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Table 2a    Antibody sample information 
 

Antibody code Description 

A Rabbit polyclonal antibody to FIM 3 (NIBSC code 89/600),  

Freeze dried preparation. 

B Rabbit polyclonal antibody to FIM 2 (NIBSC code 89/598),  

Freeze dried preparation. 

C Monoclonal antibody to FIM 2 from hybridoma cell line BPF2 (F2), 

WHO Interim Reference Reagent for anti-B .pertussis fimbriae 2 code 

04/154 

Mouse ascites purified by ammonium sulphate precipitation. 

Supplied diluted to 4mg/ml in PBS, frozen without sodium azide 

D Monoclonal antibody to FIM 3 from hybridoma cell line BPC10 (F3/6), 

 WHO Interim Reference Reagent for anti-B .pertussis  fimbriae 3 code 

04/156 

Mouse  ascites  purified by ammonium  sulphate precipitation . 

Supplied diluted to 4mg/ml in PBS, frozen without sodium azide 

E Monoclonal antibody to  FIM 3 from hybridoma cell line BPC10  (F3/6),  

NIBSC code 06/128. 

Freeze dried concentrated tissue culture supernatant. 
F Monoclonal antibody to  FIM 2 from hybridoma cell line  BPF2 (F2),  

NIBSC code 06/124. 

Freeze dried  concentrated tissue culture supernatant. 
 

Table 2b  B. pertussis strain panel 
 

Strain   Serotype 

  

S1 2 

S2 2 

S3 3 

S5 3 

S6 3 

S8 3 

S9 2 

FDA 460 2, 3 
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Table 2c  Other in-house  B.  pertussis strains 
 

 Strain  Serotype 

B221 2 

B222 2 

A069 2 

BP161 2 

BP159 2 

Bd92 - 00170 2 

14-16 2 

VP17 2 

  

B201 3 

B219 3 

B218 3 

BP181 3 

Bd03- 00603 3 

BP 201 3 

15-91 3 

VP30 3 

  

B226 2,3 

D120 2,3 

BP CS 2,3 

BP125 2,3 

BP18323 from 2 lab 2,3 

W28 2,3 

14-14 2,3 

WC460 2,3 
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Table 3  Information on serotyping methods, strains and antibodies used by the participants 

 
Lab Method(s) No of  

Assays  

Strain 

Panel 

Other 

Strains  

 Other 

Abs  

 

Comments 

Whole cell ELISA 3 No Formalin or heat killed cells  

results expressed  as OD  

1* 

 

Microtitre plate 3 No 

8  

Formalin killed, U well plates ,  

results expressed  as +ve and –ve  

 

2 Microtitre plate 2 No 7  results expressed as +ve and –ve   

 

3 Inhibition ELISA 2 No 3 2 Bacteria inactivated.   

results expressed as +ve and –ve  

 

4 Slide Agg 12
 #

 No 3 2 results expressed as +ve  and –ve  

 

5 Microtitre plate 3 Yes  2  

results expressed as +ve  and –ve  

 

6 Microtitre plate 4 Yes  2  

results expressed as +ve  and –ve 

 

Slide Agg 2 Yes results expressed as +ve  and –ve 

 

7** 

 

Whole cell ELISA 2 Yes 

 2 

 

results expressed as OD   

 

Slide Agg 2 Yes results expressed as +ve and –ve  

 

8 

 

 Slide method using 

in-house  protocol 

 

2 Yes 

  

results expressed as+ve and –ve  

Slide Agg 2 Yes results expressed as+ve and –ve  

 

10 

 

Microtitre plate 2 Yes 

3 

 

 

results expressed as+ve and –ve  

 

Whole cell ELISA 2 Yes results expressed as+ve and –ve  

 

Microtitre plate 4 Yes results expressed as+ve and –ve  

 

11 

 

 

Slide Agg 2 Yes 

  

results expressed as+ve and –ve  

 

Slide 1 Yes  results expressed as+ve and –ve  

 

12 

 

Quantitative Agg 

assay 

2 Yes 

1 

 

 

Formalin killed cells. results 

expressed as Agg titre  

 
* For Lab 1 : +ve results used with a mean OD of 1.45 (range 0.60 to 2.17); -ve results used with a mean  OD of 0.2  (range 0.09 

to 0.43); **For Lab 7 : +ve results used  with a mean OD of 1.32  (range  0.75 to 1.95 ); -ve results used with a mean OD  of 

0.156  (range  0.10 to 0.27) 
#
 Large number of assays carried out to confirm results for in-house serotype 3 strain.  
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Table 4 Microtitre plate agglutination with strain panel :  Summary   

 
                                   Positive results /Total number of  tests Strain 

serotype 

Dil. 

Ab    Poly Anti- 2 

89/598 

Poly Anti-3 

89/600 

Ascites Anti- 2 

04/154 

Ascites Anti-3 

04/156 

Candidate  Anti- 2 

06/124 

Candidate  Anti-3 

06/128 

S1 (2) 1/10 4/6 1.5/6     

 1/50 0/3 0/3 1/1 0/1 1/1 0/1 

 1/100 0/3 0/3 9/9 0/9 9/9 0/9 

 1/500 0/1 0/1 1/1 0/1 1/1 0/1 

 1/600   2/2 0/2   

 1/800     2/2 0/2 

                       Overall 4/13 1.5/13 13/13 0/13 13/13 0/13 

S2 (2) 1/10 4/6 1.5/6     

 1/50 0/3 0/3 1/1 0/1 1/1 0/1 

 1/100 0/3 0/3 9/9 0/9 9/9 0/9 

 1/500 0/1 0.1 1/1 0/1 1/1 0/1 

 1/600   2/2 0/2   

 1/800     2/2 0/2 

                       Overall 4/13 1.5/13 13/13 0/13 13/13 0/13 

S3 (3) 1/10 0/6 4.5/6     

 1/50 0/3 3/3 0/1 1 /1 0/1 1/1 

 1/100 2/3 3/3 0/9 9/9 0./9 9/9 

 1/500 0/1 0/1 0/1 1/1 0/1 1/1 

 1/600   0/2 2/2   

 1/800     0/2 2/2 

                      Overall 2/13 10.5/13 0/13 13/13 0/13 13/13 

S5(3) 1/10 0/6 4.5/6     

 1/50 0/3 3/3 0/1 1/1 0/1 1/1 

 1/100 0/3 1/3 0/9 9/9 0/9 9/9 

 1/500 0/1 0/1 0/1 1/1 0/1 1/1 

 1/600   0/2 2/2   

 1/800     0/2 2/2 

                      Overall 0/13 8.5/13 0/13 13/13 0/13 13/13 

S6(3) 1/10 0/6 4/6     

 1/50 0/3 3/3 0/1 1/1 0/1 1/1 

 1/100 0/3 1/3 0/9 9/9 0/9 9/9 

 1/500 0/1 0/1 0/1 1/1 0/1 1/1 

 1/600   0/2 2/2   

 1/800     0/2 2/2 

                      Overall 0/13 8/13 0/13 13/13 0/13 13/13 

S8 (3) 1/10 0/6 4/6     

 1/50 0/3 3/3 0/1 1/1 0/1 1/1 

 1/100 2/3 1/3 0/9 9/9 0/9 9/9 

 1/500 0/1 0/1 0/1 1/1 0/1 1/1 

 1/600   0/2 2/2   

 1/800     0/2 2/2 

                      Overall 2/13 8/13 0/13 13/13 0/13 13/13 

S9(2) 1/10 3/6 1.5/6     

 1/50 0/3 0/3 1/1 0/1 1/1 0/1 

 1/100 0/3 0/3 9/9 0/9 9/9 0/9 

 1/500 0/1 0/1 1/1 0/1 1/1 0/1 

 1/600   2/2 0/2   

 1/800     2/2 0/2 

                      Overall 3/13 1.5/13 13/13 0/13 13/13 0/13 

FDA(2,3) 1/10 4/6 5/6     

 1/50 0/3 2/3 1/1 1/1 1/1 1/1 

 1/100 0/3 1 /3 9/9 7/9 9/9 7/9 

 1/500 0/1 0/1 1/1 1/1 1/1 1/1 

 1/600   2/2 2/2   

 1/800     2/2 2/2 

                       Overall 4/13 8/13 13/13 11/13 13/13 11/13 
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Table 5 Slide agglutination with strain panel:  Summary 

 
                                   Positive results /Total number of  tests Strain 

serotype 

Dil. 

Ab    Poly Anti- 2 

89/598 

Poly Anti-3 

89/600 

Ascites Anti- 2 

04/154 

Ascites Anti-3 

04/156 

Candidate  Anti- 2 

06/124 

Candidate  Anti-3 

06/128 

S1(2) Neat 9/9 0/9 1/1 0/1 1/1 0/1 

 1/10 1/1 0/1 1/1 0/3 7/7 0/7 

 1/50 1/3 0/3 9/9 0/9 5/5 0/5 

 1/100 1/1 0/1 3/3 0/1 1/1 0/1 

 1/200   1/1 0/1 1/1 0/1 

                       Overall 12/14 0/14 15/15 0/15 15/15 0/15 

 

S2 (2) Neat 9/9 0/9 1/1 0/1 1/1 0/1 

 1/10 1/1 0/1 1/1 0/3 8/8 0/7 

 1/50 1/3 0/3 9/9 0/9 3/3 0/5 

 1/100 1/1 0/1 3/3 0/1 1/1 0/1 

 1/200   1/1 0/1 1/1 0/1 

                       Overall 12/14 0/14 15/15 0/15 15/15 0/15 

 

S3(3) Neat 0/7 7/7 0/1 1/1 0/1 1/1 

 1/10 0/1 1/1 0/1 3/3 0/5 4/5 

 1/50 2/3 1/3 0/7 7/7 0/5 5/5 

 1/100 0/1 1/1 0/3 1/1 0/1 1/1 

 1/200   0/1 1/1 0/1 1/1 

                       Overall 2/12 10/12 0/13 13/13 0/13 12/13 

 

S5(3) Neat 0/6 6/6 0/1 1/1 0/1 1/1 

 1/10 0/1 1/1 0/1 3/3 0/5 5/5 

 1/50 2/3 3/3 0/6 6/6 0/4 4/4 

 1/100 0/1 0/1 0/3 1/1 0/1 1/1 

 1/200   0/1 1/1 0/1 1/1 

                       Overall 2/11 10/11 0/12 12/12 0/12 12/12 

 

S6(3) Neat 0/7 7/7 0/1 1/1 0/1 1/1 

 1/10 0/1 1/1 0/1 3/3 0/5 5/5 

 1/50 2/3 3/3 0/7 7/7 0/5 5/5 

 1/100 0/1 1/1 0/3 1/1 0/1 1/1 

 1/200   0/1 1/1 0/1 1/1 

                       Overall 2/12 12/12 0/13 13/13 0/13 13/13 

 

S8(3) Neat 0/8 8/8 0/1 1/1 0/1 1/1 

 1/10 0/1 1/1 0/1 3/3 0/7 4/7 

 1/50 1/3 1/3 0/8 6/8 0/4 4/4 

 1/100 0/1 1/1 0/3 1/1 0/1 1/1 

 1/200   0/1 1/1 0/1 1/1 

                       Overall 1/13 11/13 0/14 12/14 0/14 11/14 

 

S9(2) Neat 6/6 0/6 1/1 0/1 1/1 0/1 

 1/10 1/1 0/1 1/1 0/3 5/5 0/5 

 1/50 1/3 0/3 6/6 0/6 4/4 0/4 

 1/100 1/1 0/1 3/3 0/1 1/1 0/1 

 1/200   1/1 0/1 1/1 0/1 

                       Overall 9/11 0/11 12/12 0/12 12/12 0/12 

 

FDA(2,3) Neat 7/8 7/8 1/1 1/1 1/1 1/1 

 1/10 1/1 1/1 1/1 1/3 5/6 6/6 

 1/50 1/3 2/3 8/8 6/8 5/5 4/5 

 1/100 0/1 0/1 3/3 1/1 1/1 1/1 

 1/200   1/1 1/1 1/1 1/1 

                       Overall 9/13 10/13 14/14 10/14 13/14 13/14 
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Table 6   Whole Cell ELISA with strain panel  Summary:- 
 

                                   Positive results /Total number of  tests Strain 

serotype 

Dil. 

Ab     Poly Anti- 2 

89/598 

Poly Anti-3 

89/600 

Ascites Anti- 2 

04/154 

Ascites Anti-3 

04/156 

Candidate  Anti- 2 

06/124 

Candidate  Anti-3 

06/128 

S1(2) 1/100 2/2 2/2     

 1/300    0/2  0/2 

 1/1000   4/4 0/4 6/6 0/4 

 1/10000   2/2    

                        Overall 2/2 2/2 6/6 0/6 6/6 0/6 

 

S2(2) 1/100 2/2 2/2     

 1/300    0/2  0/2 

 1/1000   4/4 0/4 6/6 0/4 

 1/10000   2/2    

                        Overall 2/2 2/2 6/6 0/6 6/6 0/6 

 

S3(3) 1/100 0/2 2/2     

 1/300    2/2  2/2 

 1/1000   0/4 4/4 0/6 4/4 

 1/10000   0/2    

                        Overall 0/2 2/2 0/6 6/6 0/6 6/6 

 

S5(3) 1/100 0/2 2/2     

 1/300    2/2  2/2 

 1/1000   0/4 4/4 0/6 4/4 

 1/10000   0/2    

                        Overall 0/2 2/2 0/6 6/6 0/6 6/6 

 

S6(3) 1/100 0/2 2/2     

 1/300    2/2  2/2 

 1/1000   0/4 4/4 0/6 4/4 

 1/10000   0/2    

                        Overall 0/2 2/2 0/6 6/6 0/6 6/6 

 

S8(3) 1/100 0/2 2/2     

 1/300    2/2  2/2 

 1/1000   0/4 4/4 0/6 4/4 

 1/10000   0/2    

                        Overall 0/2 2/2 0/6 6/6 0/6 6/6 

 

S9(2) 1/100 2/2 2/2     

 1/300    0/2  0/2 

 1/1000   4/4 0/4 6/6 0/4 

 1/10000   2/2    

                       Overall 2/2 2/2 6/6 0/6 6/6 0/6 

 

FDA(2,3) 1/100 2/2 2/2     

 1/300    2/2  2/2 

 1/1000  2/2 4/4 4/4 6/6 4/4 

 1/10000   2/2    

                        Overall 2/2 2/2 6/6 6/6 6/6 6/6 
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Table 7.  Summary of results on in-house strains using  ELISA, Slide, Microtitre plate 

methods 
 
Strain Diln Poly Anti - 2     

89/598 

Poly Anti - 3   89/600 Ascites 

 Anti - 2 

04/154 

Ascites  

Anti - 3 

04/156 

Candidate Anti- 

2 

06/124  

Candidate Anti 

– 3 

06/128 

Neat 3/3 0/3     

1/10 0/3 0/3   3/3 0/3 

1/20     3/3 0/3 

1/40     3/3 0/3 

Serotype 2 
 

14-16 

1/50   3/3 0/3 3/3 0/3 

1/50 0/2 0/2 2/2 0/2 2/2 0/2 Bd 9200170 

 1/100 0/2 0/2 2/2 0/2 2/2 0/2 

1/50 0/1 0/1     

1/200   3/3 0/3 3/3 0/3 

B221 

 

1/1000   3/3 0/3 3/3 0/3 

1/50 0/1 0/1     

1/200   3/3 0/3 3/3 0/3 

B222 

 

1/1000   3/3 0/3 3/3 0/3 

1/50 0/1 0/1     

1/200   3/3 0/3 3/3 0/3 

A069 

 

1/1000   3/3 0/3 3/3 0/3 

1/50 2/2 0/2     BP161 

1/100   2/2 0/2 2/2 0/2 

1/50 2/2 0/2     BP159 

1/100   2/2 0/2 2/2 0/2 

1/100 1/1 0/1     VP17 

1/2000  0/2 1/80000   2/2 1/8000     0/2 1/8000   2/2 1/4000   0/2 

 Result: 8/18 0/20 30/31 0/31 40/40 0/40 

Neat 0/3 3/3     

1/10 0/3 3/3   3/3 0/3 

1/20     3/3 0/3 

1/40     3/3 0/3 

Serotype 3  

 

15-91* 

1/50   3/3 0/3 3/3 0/3 

1/50 2/2 2/2 0/2 2/2 0/2 2/2 Bd 03 00603 

1/100 2/2 2/2     

1/50 0/1 1/1     

1/200   0/3 3/3 0/3 3/3 

B219 

 

1/1000   0/3 3/3 0/3 3/3 

1/50 0/1 1/1     

1/200   0/3 3/3 0/3 3/3 

B218 

 

1/1000   0/3 3/3 0/3 3/3 

1/50 0/1 1/1     

1/200   0/3 3/3 0/3 3/3 

B201 

1/1000   0/3 3/3 0/3 3/3 

1/50 0/2 2/2     BP 201 

1/100   0/2 2/2 0/2 2/2 

1/50 0/2 2/2     BP181 

 1/100   0/2 2/2 0/2 2/2 

1/100 0/1 1/1     VP30 

 1/2000  2/2 1/80000   0/2 1/8000   2/2 1/8000   0/2 1/4000  2/2 

 Result: 4/12 14/14 0/28 28/28 0/28 28/28 

Neat 3/3 3/3     

1/10 0/3 3/3   3/3 3/3 

1/20     3/3 3/3 

1/40     3/3 3/3 

Serotype 2,3 

 
14-14 

 

1/50   3/3 3/3 3/3 3/3 

1/50 2/2 2/2 2/2 2/2 2/2 2/2 W28 

1/100 0/2 0/2 2/2 2/2 2/2 2/2 

Neat 1/1 1/1 1/1 1/1 1/1 1/1 

1/10 1/1 1/1 1/1 1/1 1/1 1/1 

1/50 1/1 1/1 1/1 1/1 1/1 1/1 

1/100 0/1 0/1 1/1 1/1 1/1 1/1 

18323 

 

1/200 0/1 0/1 1/1 1/1 1/1 1/1 

1/50 2/2 2/2     BP18323 

1/100   2/2 2/2 2/2 2/2 

1/50 2/2 2/2     BP CS 

 1/100   2/2 2/2 2/2 2/2 

1/50 0/1 1/1     

1/200   3/3 3/3 3/3 3/3 

B226 

1/1000   3/3 3/3 3/3 3/3 

1/50 0/1 1/1     

1/200   3/3 3/3 3/3 3/3 

D120 

1/1000   3/3 3/3 3/3 3/3 

1/50 2/2 2/2     BP125 

1/100   2/2 2/2 2/2 2/2 

1/100 1/1 1/1     WC460 

1/2000  2/2 1/80000   2/2 1/8000    2/2 1/8000   2/2 1/4000   2/2 

 Result: 15/24 22/26 32/32 32/32 41/41 41/41 

 
 * results on strain 15-91 excluded. 
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Table 8. Comparison of Results for Various Typing Methods and  Reagents Using the Strain Panel   
              

Method  Strain 

 Serotype 

    Poly Anti- 2 

89/598 

Poly Anti-3 

89/600 

Ascites Anti- 2 

04/154 

Ascites Anti-3 

04/156 

Candidate  Anti-2 

06/124 

Candidate  Anti-3 

06/128 

No. of positive 

result/Total number 

of tests for corresp. 

serotype                     

No. of  false positive 

result/Total No. of  

tests for non-corresp. 

Serotype 

 

2 33/39 0/39 

 

42/42 

 

0/42 

 

42/42 0/42  117/123 

 

    0/123 

3 7/48 

 

43/48 0/52 

 

50/52 

 

0/52 48/52 144/152 

 

   4//152 

Slide Agg 

2, 3 9/13 

 

10/13 

 

14/14 

 

10/14 13/14 13/14  69/82     

2 11/39 4.5/39 39/39 0/39 39/39 0/39 

 

89/117 

 

   4.5/117 

3 4/52 35/52 0/52 52/52 0/52 52/52 

 

141/156     2/156 

Microplate 

2,3 4/13 8/13 13/13 11/13 13/13 11/13 

 

60/78  

2 6/6 6/6 18/18 0/18 18/18 0/18 

 

42  /42    6/42 

3 0/8 8/8 0/24 24/24 0/24 24/24 

 

56/56    0/56 

Whole cell 

ELISA    

2,3 2/2 2/2 6/6 6/6 6/6 6/6 

 

28/28  

2 0/9 0/9 12/12 0/12 12/12 0/12 

 

24/33    0/33 

3 0/12 12/12 0/16 16/16 0/16 16/16 

 

44/44    0/44 

Quantitative 

Agg assay 

2,3 0/3 3/3 4/4 4/4 4/4 4/4 

 

19/22  

Comparison of typing reagents 

performance  

 

       

          

   2 50/93 10.5/93 111/111 0/111 111/111 0/111   

 3 11/120 98/120 0/144 142/144 0/144 140/144   

 2,3 15/31 23/31 37/37 31/37 36/37 33/37   

 



WHO/BS/09.2120 

Page 21 
 

Table 9.   Comparison of Results for Various Typing Methods and  Reagents using  participants  in-house  strains of known  serotype   
 

Method  Strain 

 Serotype 

    Poly Anti- 2 

89/598 

Poly Anti-3 

89/600 

Ascites Anti- 2 

04/154 

Ascites Anti-3 

04/156 

Candidate  Anti-2 

06/124 

Candidate  Anti-3 

06/128 

No. of positive 

result/Total number 

of tests for corresp. 

serotype            

No. of false positive 

result/Total No. of  

tests for non-corresp. 

Serotype 

 

2 3/8 0/8 4/5 0/5 14/14 0/14 21/27 0/27 

 

3 2/2 2/2 0/2 2/2 0/2 2/2   6/6 2/6 

 

Slide Agg. 

2,3 8/13 11/13 10/10 10/10 19/19 19/19 71/78  

 

2 4/9 0/9 15/15 0/15 15/15 0/15 34/39 0/39 

 

3 2/9 9/9 0/15 15/15 0/15 15/15 39/39 2/39 

 

Microplate 

2,3 6/10 8/10 14/14 14/14 14/14 14/14 70/76 

 

 

2   9/9 0/9 9/9 0/9 18/18 0/18 

 

3   0/9 9/9 0/9 9/9 18/18 0/18 

 

ELISA  

(whole cell) 

2,3   6/6 6/6 6/6 6/6 24/24 

 

 

2 1/1 0/3 2/2 0/2 2/2 0/2 5/5 0/7 

 

3 0/1 3/3 0/2 2/2 0/2 2/2 7/7 0/7 

 

Inhibition 

ELISA 

2,3 1/1 3/3 2/2 2/2 2/2 2/2 12/12 

 

 

Comparison of typing reagents 

performance  

 

       

 2 8/18 0/20 30/31 0/31 40/40 0/40   
 3 4/12 14/14 0/28 28/28 0/28 28/28   

 2,3 15/24 22/26 32/32 32/32 41/41 41/41   
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  Table 10. Overall Summary on Combined results for all  serotyping  methods and all strains  

 
Strain   

Serotype 

Poly anti- 2 

89/598 

Poly  anti- 3 

89/600 

Ascites  anti-2 

04/154 

Ascites  anti-3 

04/156 

Candidate anti -2 

06/124 

 Candidate anti -3 

06/128 

2 58/111 

 

(52%) 

10.5/113 

 

(9%) 

141/142 

 

(99%) 

0/142 

 

(0%) 

151/151 

 

(100%) 

0/151 

 

(0%) 

 

3 15/132 

 

112/134 0/172 170/172 0/172 168/172 

 

 (11%) (83%) (0%) (99%) (0%) (98%) 

 

2,3 30/55 45/57 69/69 63/69 77/78 74/78 

 (54%) (80%) (100%) (91%) (99%) (95%) 

 

Figure 1. Results on strain panel and in-house strains 
 

 
 

 
*Excluding results for one in-house type 3 strain in Lab 4 where correct results obtained using poly Abs 

but opposite results using both sets of Mabs.  
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Figure 2. Comparison of typing methods 
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Figure 3. Overall results with all typing methods for all strains   
 

 
 
N=798  for serotype  2 
N=954  for serotype  3* 
N=394  for serotype  2,3 
 
*Excluding results for one in-house type 3 strain in Lab 4 where correct results obtained using poly Abs but opposite results using both sets of 

Mabs  
 

Figure 4.   Performance of candidate Materials  
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Figure 5. Stability Study-Thermally accelerated degradation study 
 

06/124 (by quantitative agglutination assay) 

 
 
06/128 (by quantitative agglutination assay) 

 
 
by ELISA assay 

 
 
*for 2 years
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Figure 6. Stability Study-In use stability study 

 

06/124 (by quantitative agglutination assay) 

 

 
 

06/128 (by quantitative agglutination assay) 

 
     By ELISA assay 

 



WHO/BS/09.2120 

Page 27 
 

 

 

 

 

 

     

 

Draft 

Candidate WHO  International Standard Monoclonal Antibody 

 for Serotyping Bordetella pertussis Fimbrial Antigen 2 

NIBSC code : 06/124 

Instructions for use 

(Version 1.0, dated 25/06/2009) 

 

1. INTENDED USE 
This material is not for in vitro diagnostic use. 

This reagent coded 06/124  is a monoclonal antibody which reacts to B. pertussis  fimbriae  

serotype 2.  

 

2 CAUTION 
THIS PREPARATION IS NOT FOR ADMINISTRATION TO HUMANS. 

 

The material is of bovine origin. The material is certified to be obtained from animals taken from a 

closed herd in the female line since 1980, in which no animal has been clinically suspected of having  

BSE & which has not been fed rations containing ruminant derived protein during that period. As 

with all materials of biological origin, this preparation should be regarded as potentially  hazardous 

to health.  It should be used and discarded according to your own laboratory's safety procedures.  

Such safety procedures probably will include the wearing of protective gloves and avoiding the 

generation of aerosols.  Care should be exercised in opening ampoules or vials, to avoid cuts. 

 

3  UNITAGE 

No unitage is assigned to this material. 

 

4  CONTENTS 

Country of origin of biological material : United Kingdom 

Each ampoule of 06/124 contains the freeze dried powder from 1ml of concentrated cell culture 

supernatant, adjusted with phosphate buffered saline to give a concentration of 10mg/ml IgG 

as determined by UV at 480nm. 

 

  5  STORAGE 

Unopened ampoules should be stored at -20°C 

 

6 DIRECTIONS FOR OPENING 

DIN ampoules have an ‘easy-open’ colored stress point, where the narrow ampoule stem joins the 

wider ampoule body. 

  

Tap the ampoule gently to collect the material at the bottom (labelled) end. Ensure that the 

disposable ampoule safety breaker provided is pushed down on the stem of the ampoule and against 

the shoulder of the ampoule body. Hold the body of the ampoule in one hand and the disposable 

ampoule breaker covering the ampoule stem between the thumb and first finger of the other hand. 

Apply a bending force to open the ampoule at the colored stress point, primarily using the hand 

holding the plastic collar.  

 

Care should be taken to avoid cuts and projectile glass fragments that might enter the eyes, for 

example, by the use of suitable gloves and an eye shield. Take care that no material is lost from the 
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ampoule and no glass falls into the ampoule. Within the ampoule is dry nitrogen gas at slightly less 

than atmospheric pressure. A new disposable ampoule breaker is provided with each DIN ampoule.  

 

7 USE OF MATERIAL 

No attempt should be made to weigh out any portion of the freeze dried powder prior 

to reconstitution. 

The ampoule contents should be reconstituted with 1ml of saline, dispensed into suitable aliquots and 

stored at -20°C until needed. Repeat freeze thawing should be avoided. Data from an in- use 

  stability study suggests that the reconstituted  material can be used if it have been suitably stored, but 

this  should be validated under individual laboratory conditions. 

        Suggested working dilutions, these may vary under different laboratory conditions:- 

      
For slide agglutination: Dilutions in the range 1/10 to 1/50  

For microplate assay:   Dilutions in the range 1/100 to 1/800        

For whole cell ELISA: Dilutions in the range 1/100 to 1/1000   

 

Preparation of ampoules  
The hybridoma cell line BPF2, for the production of this monoclonal antibody, was originally 

developed by  Drs Brennan, Manclarke, and Li, CBER/FDA USA (1) and was used to produce a 

large volume of cell culture supernatant which was subsequently concentrated and freeze dried. 

 

Collaborative Study 
In a collaborative study involving eleven laboratories in nine countries, preparations 06/124 and 

06/128 have been assessed for their suitability to serve as WHO International Standard Monoclonal 

Antibodies for B. pertussis serotyping, in comparison to current WHO Interim Reference Reagents 

for B.pertussis fimbriae 2 (coded 04/154) and 3 (coded 04/156), using a standard strain panel and 23 

in-house strains. Microplate agglutination method, slide agglutination assay and ELISA based assays 

were performed by participants.  Data for these assays showed good agreement between laboratories 

using all methods included in the study. Preparations 06/124 and 06/128 showed good specificity in 

all current typing methods, evidenced by >95% sensitivity on the corresponding strains and no cross-

reaction.   Comparison of the candidate materials with current WHO Interim Reference Reagents 

also showed good agreement among laboratories.  

 

8 STABILITY 
Materials are held at NIBSC within assured, temperature controlled storage facilities. These 

materials should be stored on receipt as indicated on the label.The freeze dried material was found to 

be stable, with no detectable loss of activity by ELISA and  functionalassay after 2 years storage at 

37°C 

NIBSC follows the policy of WHO with respect to its reference materials. 

 

9 REFERENCES 

 

1) Li et al. Inf. Immun. 56 (12) : 3184 – 3188  

 

2)  D. Xing, P. Newland  and M. Corbel 

     Evaluation of purified monoclonal antibodies to Bordetella pertussis  fimbriae  type 2 and 

      3. 

  WHO/BS/04 1998 

  

3) D. Xing, P. Newland  and M. Corbel 

   International collaborative study: Evaluation of proposed international reference reagents    

    for  monoclonal antibodies to Bordetella pertussis serotype 2 and serotype 3. 

   WHO/BS/09 
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10   ACKNOWLEDGEMENTS 

 Grateful acknowledgements are due to Dr B. Meade, FDA, USA for the kind transfer of the  

  hybridoma cell line BPF2 for the production of this monoclonal antibody and to the Large Scale 

Laboratory (NIMR, MRC, UK) for preparation of the raw material. 

 We would like to express our thanks to Dr Paul Matejtschuk (NIBSC) for assistance in the 

determination of freeze drying conditions and for moisture and oxygen determinations of the 

ampouled material and the staff of CBRM for assistance with the filling procedure. We also thank all 
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11   FURTHER INFORMATION 
Further information can be obtained as follows: 

  This material enquiries@nibsc.ac.uk 

WHO Biological Standards:Http://www.who.int/biological/en/ 

Derivation of International Units: 

Http://www.nibsc.ac.uk/products/faq.asp 

Ordering standards from NIBSC 

Http://www.nibsc.ac.uk/products/faq.asp 

NIBSC Terms and Conditions:Http://www.nibsc.ac.uk/terms.html 

 

12      CUSTOMER FEEDBACK 
Customers are encouraged to provide feedback on the suitability or use of the material provided or 

other aspects of our service. Please send any comments to enquiries@nibsc.ac.uk 

 

13       CITATION 
In all publications, including data sheets, in which this material is referenced, it is important  that the 

title of the preparation’s title, its status, the NIBSC code number, and the name and address of 

NIBSC are cited and cited correctly. 
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 14   MATERIAL SAFETY SHEET 

 

Physical and Chemical properties  

Physical appearance: 

Coloured freeze dried powder 

Corrosive:                 No 

Stable:             Yes Oxidising:  No 

Hygroscopic:  No Irritant:                        No 

Flammable:  No Handling:        See caution, section 2 

Other (specify): Contains material of biological origin 

Toxicological properties 

Effects of inhalation:   Not established, avoid inhalation 

Effects of ingestion:   Not established, avoid ingestion 

Effects of skin absorption:  Not established, avoid contact with skin 

Suggested First Aid 

Inhalation             Seek medical advice 

Ingestion             Seek medical advice 

Contact with eyes        Wash with copious amounts of water. Seek medical advice. 

Contact with skin         Wash thoroughly with water. 

Action on Spillage and Method of Disposal 

Spillage of ampoule contents should be taken up with absorbent material wetted 

with an appropriate disinfectant. Rinse area with an appropriate disinfectant 

followed by water 

Absorbent materials used to treat spillage should be treated as biologically waste.  
 

15    LIABILITY AND LOSS 

 
Information provided by the Institute is given after the exercise of all reasonable care and skill in 

its compilation, preparation and issue, but it is provided without liability to the Recipient in its 

application and use.  

It is the responsibility of the Recipient to determine the appropriateness of the materials supplied 

by the Institute to the Recipient (“the Goods”) for the proposed application and ensure that it has 

the necessary technical skills to determine that they are appropriate. Results obtained from the 

Goods are likely to be dependant on conditions of use by the Recipient and the variability of 

materials beyond the control of the Institute. 

 

All warranties are excluded to the fullest extent permitted by law, including without limitation that 

the Goods are free from infectious agents or that the supply of Goods will not infringe any rights of 

any third party. 

 

 The Institute shall not be liable to the Recipient for any economic loss whether direct or indirect, 

which arise in connection with this agreement.  

 The total liability of the Institute in connection with this agreement, whether for negligence or 

breach of agreement or otherwise, shall in no event exceed 120% of any price paid or payable by 

the Recipient for the supply of the Goods. 
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 If any of the Goods supplied by the Institute should prove not to meet their specification when 

stored and used correctly (and provided that the Recipient has returned the Goods together with 

written notification of such alleged defect within seven days of the time when the recipient 

discovers or ought to have discovered the defect), the Institute shall either replace the Goods or, at 

its sole option , refund the handling charge provided that performance of either one of the above 

options shall constitute an entire discharge of the Institute’s liability under this Condition. 
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Draft 

Candidate WHO  International Standard Monoclonal Antibody 

 for Serotyping Bordetella pertussis Fimbrial Antigen 3  

NIBSC code : 06/128 

Instructions for use 

(Version 1.0, dated 25/06/2009) 

 

1  INTENDED USE 

This material is not for in vitro diagnostic use. 

This reagent coded 06/128 is a monoclonal antibody which reacts to B. pertussis  fimbriae 

serotype 3.  

 

2 CAUTION 
THIS PREPARATION IS NOT FOR ADMINISTRATION TO HUMANS. 

 

 The material is of bovine origin. The material is certified to be obtained from animals taken from 

a closed herd in the female line since1980, in which no animal has been clinically suspected of 

having  BSE & which has not been fed rations containing ruminant derived protein during that 

period. As with all materials of biological origin, this preparation should be regarded as 

potentially    hazardous to health.  It should be used and discarded according to your own 

laboratory's safety procedures.  Such safety procedures probably will include the wearing of 

protective gloves and avoiding the generation of aerosols.  Care should be exercised in opening 

ampoules or vials, to avoid cuts. 

 

3  UNITAGE 

 No unitage is assigned to this material. 

 

4  CONTENTS 

Country of origin of biological material : United Kingdom 

Each ampoule of 06/128 contains the freeze dried powder from 1ml of concentrated cell culture 

supernatant, adjusted with phosphate buffered saline to give a concentration of 10mg/ml IgG as 

determined by UV at 480nm 

 

  5  STORAGE 

Unopened ampoules should be stored at -20°C 

 

6 DIRECTIONS FOR OPENING 

 DIN ampoules have an ‘easy-open’ colored stress point, where the narrow ampoule stem joins the 

wider ampoule body. 

 Tap the ampoule gently to collect the material at the bottom (labelled) end. Ensure that the 

 disposable ampoule safety breaker provided is pushed down on the stem of the ampoule and 

 against the shoulder of the ampoule body. Hold the body of the ampoule in one hand and the 

 disposable ampoule breaker covering the ampoule stem between the thumb and first finger of 
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 the other hand. Apply a bending force to open the ampoule at the colored stress point, 

 primarily using the hand holding the plastic collar.  

 

Care should be taken to avoid cuts and projectile glass fragments that might enter the eyes, for 

example, by the use of suitable gloves and an eye shield. Take care that no material is lost from 

the ampoule and no glass falls into the ampoule. Within the ampoule is dry nitrogen gas at 

slightly less than atmospheric pressure. A new disposable ampoule breaker is provided with each 

DIN ampoule.  

 

7  USE OF MATERIAL 
 No attempt should be made to weigh out any portion of the freeze dried powder prior 

 to reconstitution. 

 The ampoule contents should be reconstituted with 1ml of saline, dispensed into suitable aliquots  

and stored at -20°C until needed. Repeat freeze thawing should be avoided. Data from an in- use 

stability study suggests that the reconstituted  material can be used if it have been suitably stored, 

but this  should be validated under individual laboratory conditions. 

 Suggested working dilutions, these may vary under different laboratory conditions:- 

      
   For slide agglutination: Dilutions in the range 1/10 to 1/50  

   For microplate assay:   Dilutions in the range 1/100 to 1/800        

For whole cell ELISA: Dilutions in the range 1/100 to 1/1000   

  

Preparation of ampoules  
The hybridoma cell line BPC10, for the production of this monoclonal antibody, was originally 

developed by  Drs Brennan, Manclarke, and Li, CBER/FDA USA (1) and was used to produce a 

large volume of cell culture supernatant which was subsequently concentrated and freeze dried. 

  

Collaborative Study 

In a collaborative study involving eleven laboratories in nine countries, preparations 06/124 and 

06/128 have been assessed for their suitability to serve as WHO Reference Reagents for B. 

pertussis serotyping, in comparison to current WHO Interim Reference Reagents for B.pertussis  

fimbriae 2 (coded 04/154)  and 3 (coded 04/156), using a standard strain panel and 23 in-house 

strains. Microplate agglutination method, slide agglutination assay and ELISA based assays 

were performed by participants.  Data for these assays showed good agreement between 

laboratories using all methods included in the study. Preparations 06/124 and 06/128 showed 

good specificity in all current typing methods, evidenced by >95% sensitivity on the 

corresponding strains and no cross-reaction. Comparison of the candidate materials with current 

WHO Interim Reference Reagents also showed good agreement among laboratories.  

 

8   STABILITY 
 Materials are held at NIBSC within assured, temperature controlled storage facilities.  These 

materials should be stored on receipt as indicated on the label. The freeze dried material was found 

to be stable, with no detectable loss of activity by ELISA  and functional assay after  2 years 

storage at 37°C 

NIBSC follows the policy of WHO with respect to its reference materials. 

 

  9   REFERENCES 
 

1) Li et al. Inf. Immun. 56 (12) : 3184 – 3188  

 

2)   D. Xing, P. Newland  and M. Corbel 

 Evaluation of purified monoclonal antibodies to Bordetella pertussis  fimbriae  type  2        

and 3 

  WHO/BS/04 1998 
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3) D. Xing, P. Newland  and M. Corbel 

   International collaborative study: Evaluation of proposed international reference reagents for  

monoclonal antibodies to Bordetella pertussis serotype 2 and serotype 3. 

 WHO/BS/09 

  

10  ACKNOWLEDGEMENTS 

 
 Grateful acknowledgements are due to Dr B. Meade, FDA, USA for the kind transfer of the  

hybridoma cell line BPC10 for the production of this monoclonal antibody and to the Large Scale 

Laboratory (NIMR, MRC, UK) for preparation of the raw material. 

 We would like to express our thanks to Dr Paul Matejtschuk (NIBSC) for assistance in the 

determination of freeze drying conditions and for moisture and oxygen determinations of the 

ampouled material and the staff of CBRM for assistance with the filling procedure. We also thank 

all the participants for their helpful contribution to the study.  

  

11   FURTHER INFORMATION 

Further information can be obtained as follows: 

This material enquiries@nibsc.ac.uk 

WHO Biological Standards:Http://www.who.int/biological/en/ 

Derivation of International Units: 

Http://www.nibsc.ac.uk/products/faq.asp 

Ordering standards from NIBSC: 

Http://www.nibsc.ac.uk/products/faq.asp 

NIBSC Terms and Conditions:Http://www.nibsc.ac.uk/terms.html 

 

12 CUSTOMER FEEDBACK 
Customers are encouraged to provide feedback on the suitability or use of the material provided 

or  other aspects of our service. Please send any comments to enquiries@nibsc.ac.uk 

 

13  CITATION 
In all publications, including data sheets, in which this material is referenced, it is important that 

the title of the preparation’s title, its status, the NIBSC code number, and the name and address of 

 NIBSC are cited and cited correctly. 
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 14  MATERIAL SAFETY SHEET 

 

Physical and Chemical properties  

Physical appearance: 

Coloured freeze dried powder 

Corrosive:                 No 

Stable:             Yes Oxidising:  No 

Hygroscopic:  No Irritant:                        No 

Flammable:  No Handling:        See caution, section 2 

Other (specify): Contains material of biological origin 

Toxicological properties 

Effects of inhalation:   Not established, avoid inhalation 

Effects of ingestion:   Not established, avoid ingestion 

Effects of skin absorption:  Not established, avoid contact with skin 

Suggested First Aid 

Inhalation             Seek medical advice 

Ingestion             Seek medical advice 

Contact with eyes        Wash with copious amounts of water. Seek medical advice. 

Contact with skin         Wash thoroughly with water. 

Action on Spillage and Method of Disposal 

Spillage of ampoule contents should be taken up with absorbent material wetted 

with an appropriate disinfectant. Rinse area with an appropriate disinfectant 

followed by water 

Absorbent materials used to treat spillage should be treated as biologically waste.  
 

15 LIABILITY AND LOSS 

 
Information provided by the Institute is given after the exercise of all reasonable care and skill in 

its compilation, preparation and issue, but it is provided without liability to the Recipient in its 

application and use.  

It is the responsibility of the Recipient to determine the appropriateness of the materials supplied 

by the Institute to the Recipient (“the Goods”) for the proposed application and ensure that it has 

the necessary technical skills to determine that they are appropriate. Results obtained from the 

Goods are likely to be dependant on conditions of use by the Recipient and the variability of 

materials beyond the control of the Institute. 

All warranties are excluded to the fullest extent permitted by law, including without limitation 

that the Goods are free from infectious agents or that the supply of Goods will not infringe any 

rights of any third party. 

The Institute shall not be liable to the Recipient for any economic loss whether direct or indirect, 

which arise in connection with this agreement.  

The total liability of the Institute in connection with this agreement, whether for negligence or 

breach of agreement or otherwise, shall in no event exceed 120% of any price paid or payable by 

the Recipient for the supply of the Goods. 

If any of the Goods supplied by the Institute should prove not to meet their specification when 

stored and used correctly (and provided that the Recipient has returned the Goods together with a 
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written notification of such alleged defect within seven days of the time when the recipient 

discovers or ought to have discovered the defect), the Institute shall either replace the Goods or, 

at its sole option , refund the handling charge provided that performance of either one of the 

above options shall constitute an entire discharge of the Institute’s liability under this Condition. 


