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Summary 
 

A collaborative study was conducted with an aim to establish the 1
st
 International Standards (IS) 

for monovalent (mOPV) and bivalent Polio (bOPV) vaccines. Candidate samples for bOPV 1+3, 

mOPV1, mOPV2 and mOPV3 were made from well characterised monovalent Polio bulks.  

These candidates have been allocated the following NIBSC code numbers bOPV 1+3: 16/164, 

mOPV1: 16/196, mOPV2: 15/296, mOPV3: 16/202. 

 

The candidates were tested by a panel of global laboratories which included seven OPV 

manufacturers and seven National Control Laboratories. The bOPV 1+3, mOPV 1 and mOPV 3 

candidates were tested in duplicate in the study. For the mOPV 2 candidate, due to the raised 

containment for Polio type 2 only four participants were eligible to undertake the testing, a total 

of ten vials were tested and 3 independent assays performed.  Laboratories used both their 

validated methods for the bOPV 1+3 candidate using their in-house antisera for the 

neutralization element of the test (8 labs) and/or the NIBSC monoclonal antibodies F/D 

preparations provided (12 labs). 

 

The overall levels of within assay variation for the candidate bOPV 1+3 were 0.13 log10 TCID50 

(average r.m.s difference in log10 titres between duplicate samples tested). The within laboratory 

variation gave an average coefficient of variation of 1.72% (between log10 titre estimates of the 

sample across assays). For the mOPV 1 the within assay variation was 0.13 log10 TCID50 and the 

within laboratory variation gave a coefficient of variation of 1.52%. The mOPV 2 candidate gave 

a within assay variation of 0.09 log10 TCID50, and for the within laboratory variation the 

coefficient of variation was 2.26%.  For the mOPV3 the within assay variation was 0.15 log10 

TCID50 and the within laboratory variation gave a coefficient of variation of 1.60%. 

The figures are in line with the previous study to establish the 2
nd

 IS for Oral Polio vaccine 

02/306, so demonstrating the high level of consistency within laboratories for the testing of OPV 

This is supported by the range of values obtained between laboratories for all the candidates are 

within 0.5 log10 TCID50 of the mean, this indicates the methods are well standardised. No 

differences were observed with the NIBSC monoclonal antibodies or in-house antisera. 

 

Given the suitability of the candidates and the consistency of the study it is recommended that 

each of the candidates serve as 1
st
 International Standards with the following assigned potencies: 

 

bOPV 1+3 NIBSC code 16/164 - 7.19, 6.36 and 7.32 log10 TCID50/ml for type 1, 3 and Total 

Virus content respectively.  

 

mOPV1 NIBSC code 16/196 - 7.32 log10 TCID50/ ml 

mOPV2 NIBSC code 15/296 - 6.74 log10 TCID50/ ml 

mOPV3 NIBSC code 16/202 - 6.66 log10 TCID50/ ml 
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Introduction 
 

As the WHO Global Polio Eradication Initiative (GPEI) advances and approaches its completion 

changes in vaccination ensue. Wild type 2 poliovirus was certified as globally eradicated in 

2015. As a consequence, the WHO Expanded Programme of Immunisation (EPI) replaced the 

highly successful trivalent Oral Polio Vaccine (tOPV) for routine immunisation with a bivalent 

vaccine (bOPV) containing only poliovirus serotypes 1 and 3. Monovalent OPV versions of the 

three poliovirus serotypes (mOPV1, mOPV2 and mOPV3, respectively) are also produced and 

maintained as stockpiles, to respond to outbreaks now and in the post-eradication era. All these 

products will be required for the foreseeable future. 

 

The manufacture and control of all these vaccines must therefore be maintained to the highest 

level to ensure eradication succeeds; therefore suitable standard preparations must be available to 

ensure testing meets appropriate regulatory requirements. 

 

The 2nd International Standard (IS) for the potency estimation of OPV (NIBSC Catalogue 

number: 02/306) was established in 2004 (WHO/BS/04.1992). This trivalent OPV IS has been 

used for the calibration of regional working references (e.g. the European Pharmacopoeia 

Biological Reference Preparation - BRP) and the in-house references of a number of 

manufacturers and National Control Laboratories (NCLs). Due to the raised containment 

requirements for poliovirus type 2, this standard is no longer suitable for the testing of bOPV at 

lower containment levels. 

 

Candidate ISs for bOPV, mOPV1, mOPV2 and mOPV3 have been prepared by NIBSC with 

potencies in line with those of current vaccines. These standards will cover the testing needs for 

the final phase of the GPEI. The aim of this study was to assess the suitability of these candidate 

standards and to determine the potency to be assigned to the preparations. 

 

Aim of the study 

 
The aim of this study was to assess the suitability of a panel of candidate materials to act as 

potential standards for the testing of current Oral Polio Vaccines and to replace the 2
nd

 tOPV IS 

02/306. 

 

Materials and Methods  

 
Preparation of the candidate’s standards 

 
The candidates were produced at NIBSC from three commercially produced monovalent bulks; 

one of each poliovirus (Sabin) types 1, 2 and 3. The passage level of the virus in the bulks is: 

Sabin original (SO) + 3 for type 1, SO+3 for type 2 and a re-derived SO (RSO) +3 for type 3. All 

three bulks used in the production of this standard were produced on primary monkey cells 

(PMKC). Each of the monovalent bulks had previously been released by a National Control 
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Authority (OMCL) and can therefore be considered to be in compliance with current licensing, 

Pharmacopoeial and WHO Requirements. 

 

The bulk materials used to produce the candidates is the same as those used to produce the 3
rd

 IS 

02/306. These have been stored long term at NIBSC in a temperature controlled environment. 

The titres of the bulks were checked prior to production of the standards.  

 

bOPV 1+3 (16/164) 
The bOPV 1+3 candidate standard was prepared by blending the two polio serotypes monovalent 

bulks in MEM with 1% w/v bovine albumin and sodium bicarbonate buffer. Thermal stabilisers 

were not added to the preparation. The blended bulk was formulated to give titres of 6.0 and 5.5 

log10 TCID50/0.1ml for types 1 and 3 respectively. 

 

mOPV1, mOPV2 and mOPV3 (16/196, 15/296, 16/202) 
The monovalent candidates were each diluted to the target titre in MEM with 1% w/v bovine 

albumin and sodium bicarbonate buffer. Thermal stabilisers were not added to the preparation.  

The blended bulk was formulated to give titres of 6.0 log10 TCID50/0.1ml for each of the 

serotypes.  

 

Filling of the candidates standards 
 

The preparations were filled in the standards processing division of NIBSC. 2ml Starsted screw 

cap tubes, with an inverted reservoir to hold 0.5ml of material were used for each of the 

candidates. The tubes were ink-jet labelled before filling.  

 

The mOPV candidates were filled in a single filling session. The bOPV had to be filled over two 

days in order to produce the number of vials required. The blended  bulk material was divided 

into two vessels and stored at +4˚C until use. Candidate details are shown in the table below. 

 

                                                Fill details of Polio candidates  

     Product code Product name Date filled  Total into stock 

 

16/164 

 

WHO OPV Reference 

bOPV 1 + 3 

 

21 + 22 June 2016 

 

4953 

    

 

16/196 

 

WHO OPV Reference 

mOPV 1 

 

17 August 2016 

 

1985 

 

 

16/202 

 

WHO OPV Reference 

mOPV 3 

 

24 August 2016 

 

2000 

 

    

15/296      WHO OPV 

Reference mOPV 2 

2 March 2016 1971 

 



WHO/BS/2017.2313 

Page 5 

 

Samples from the beginning middle and end of each run were taken and these were tested by 

NIBSC prior to undertaking the study.   Five vials over 2 independent assays were performed. 

The mean values and standard deviations are detailed in the table below. The data demonstrated 

that the candidates are suitable for assessment in the collaborative study.  

 

Titre assessment details of the candidates 

 

      Product code 

 

 

Log10TCID50/0.1ml 

 

Standard deviation 

 

16/164  bOPV 1+3 

 

6.17 (T1)  5.07 (T3) 

 

0.23 (T1)  0.26 (T3) 

 

   

16/196 mOPV 1              6.51 

 

0.14 

16/202 mOPV 3 

 

6.04 0.18 

15/296 mOPV 2 

 

5.71 0.20 

 

 

 The final presentations are all stored at –70˚C at NIBSC  

 

Study Samples 

 
All study samples were stored at –70˚C prior to the study and shipped on dry ice with the 

recommendation for storage after receipt at –70˚C. The study consisted of the four candidates 

(bOPV 1+3, mOPV1, mOPV2 and mOPV3). Participants that were able to test type 2 at the 

required containment level (CL3) were provided with all four candidates, otherwise only the 

bOPV 1+3 and mOPV1 and 3 were offered for testing.  

 

The shipping of study panels was undertaken by the NIBSC Despatch Department. Instructions 

for Use and Material Safety Data sheets were also provided. There were some issues with 

shipping due to permits taking longer than usual to be obtained, so some participants did not 

receive their samples within the time frame set for the study.  In one case the country 

requirements for import were complex and this made it impossible for NIBSC and the courier to 

ship the samples, hence the participant has not been able to undertake the study. For some 

geographical locations (Central America) couriers were unable to provide assurance of parcels 

arriving in good condition due to no re-ice facilities available. Again this prohibited the 

participant undertaking the study. These issues are important as they highlight some of the 

problems we will face getting standards and references into some countries where manufacturers 

of OPV are located. Providing standards to these manufacturers is essential as they are major 

providers of Polio vaccine for UN agencies.  
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Participants testing bOPV 1+3, mOPV1, mOPV2 and mOPV3 received: 

8 x 16/196 (mOPV1) 

8 x 16/202 (mOPV3) 

8 x 16/164 (bOPV 1+3) 

10 x 15/296 (mOPV2) 

 

Participants testing bOPV 1+3, mOPV1 and mOPV3 received: 

8 x 16/196 (mOPV1) 

8 x 16/202 (mOPV3) 

8 x 16/164 (bOPV 1+3) 

 

Anti – Poliovirus Antisera 

 
Mouse monoclonal anti poliovirus antibodies (freeze- dried) produced by NIBSC were also 

provided to each participant for use in the study for the testing of the bOPV sample. Participants 

were encouraged where possible to also use the NIBSC monoclonal antibodies to test the 

samples. 

 

NIBSC monoclonal antibodies supplied: 

Polio type 1 monoclonal antibody serum 05/184 (NIBSC batch number 425) 

Polio type 2 monoclonal antibody serum 05/186 (NIBSC batch number 267) 

Polio type 3 monoclonal antibody serum 05/188 (NIBSC batch number 495) 

The freeze-dried monoclonal antibodies were stored at –20˚C prior to the study and shipped on 

dry ice. Participants were asked to reconstitute one vial of each polio serotype in 1ml of assay 

media and distribute the contents in 100µl aliquots. These aliquots were to be stored at –20˚C 

until required. It was suggested that bivalent mixtures be prepared on the day of the assay. The 

monoclonal antibodies should be diluted 1:500 (working dilution for the reconstituted material). 

The NIBSC monoclonal antibodies are routinely used globally by a number of manufacturers 

and NCL’s for the assay of trivalent OPV, therefore it was important to re-evaluate the NIBSC 

stocks for use with the candidate standards. 

 

Design of Collaborative Study 
 

Participants 

 
Eighteen laboratories were invited to participate and all accepted. Three participants were unable 

to receive the study samples due to shipping issues. One participant received the samples thawed 

on delivery and it was unclear as to the overall temperature profile of the shipment, so the 

samples were destroyed. The fourteen participants included 4 OMCL’s, 3 NCL’s and 7 

manufacturers who each returned data. They are referred to by code number, allocated at 

random, and not reflecting the order of listing in Appendix 1.  
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Study time-frame 
 

The study samples were sent to participants mid-January 2017 and the study co-ordinators 

requested data to be returned by the 14
th

 April 2017. Due to some participants requiring permits, 

some study samples were sent late and so the deadline for these participants was extended. The 

majority of participants were able to return data by the deadline.  

 

Study Plan 

 
Participants were requested to: 

 Follow recommended protocols for storage. 

 Determine the titre of the samples using their in-house assay for the testing of Polio 

vaccines. 

 For bOPV 1+3, 2 vials of the candidate were tested on three separate occasions using 

their in-house potency method and in-house antisera. 

 For mOPV1 and mOPV3, 2 vials of the candidate were tested on three separate occasions 

using their in-house potency method. 

 mOPV 2, 10 vials were tested on at least three separate occasions using their in-house 

potency method. Ideally 3 vials in assay one and two and 4 vials in assay three. 

 Each assay to be conducted on a separate day ideally with a one- week interval between 

assays.  

 If possible, to also test the samples with the NIBSC monoclonal antibodies provided. 

 

 

Laboratory Methods 
 

Participants were asked to assay the samples concurrently on three separate occasions, ideally 

one week apart. Those participants intending to use their in-house antisera in addition to the 

monoclonal antibodies were asked to perform the additional assay in parallel, using a common 

titration. 

 

Participants were requested to determine the virus titre of each of the polio serotypes and the 

total virus content for each of the samples. Total virus content of each sample was the titre in the 

absence of antibody neutralisation. Laboratories used their in–house potency methods to evaluate 

the samples. Type specific monoclonal antibodies were provided by NIBSC for the neutralisation 

of one of the two polio serotypes present in the in the bOPV candidate. 

 

Table 1 details method and reagents used by participants. 

 

Documentation of Study Results 
 

Participants were requested to report their results electronically using standard forms provided by 

the coordinator. Participants provided calculated potencies using the methods shown in Table 1. 

Potencies were reported as TCID50/0.1ml. The Raw data was also requested and this was 

checked and manual calculation performed. Where discrepancies occurred the data was analysed 
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by CombiStats software at NIBSC. All subsequent analysis was based on the potencies 

calculated by the participants. 

 

Statistical methods 
 

Variation between duplicate samples was assessed by calculating root mean square (r.m.s.) 

difference in log10 titres. This is calculated by taking the difference in titre between vials within 

each assay, taking the square, taking the mean of the square across assays, and taking the square 

root, to give an average difference in units of log10 titre. The r.m.s. values were calculated for 

each laboratory and polio type separately. 

 

Variation between assays was assessed by calculating the percentage coefficient of variation (cv) 

of the log10 titre estimates across the three assays for each of the laboratories, polio types and 

study samples. Mean values for individual laboratories, polio types and an overall mean were 

also calculated. 

 

Variation between laboratories was assessed graphically using histograms of laboratory mean 

titres and using between assay coefficient of variation.  

 

Stability Studies 

 
Samples of the candidates were stored at:  -70˚C, -20˚C, 4˚C and 20˚C and tested at a number of 

time points (Tables 2 and 3). Samples were also placed at 45˚C and 37˚C for up to one month 

and the TCID50/0.1ml were determined. Samples were also placed at -150˚C for long term 

storage. After exposure the samples were refrozen at -70˚C until they were assayed.  Two 

independent assays were used for each temperature/exposure time combination. Assays were 

conducted at NIBSC using the NIBSC monoclonal antibodies for neutralisation. 

 

Results 
 

Stability 

 
The candidate standards were prepared in the same manner as the current IS 02/306 in as much 

as they were produced from monovalent polio bulks without the addition of thermal stabilisers. 

The expectation would therefore be that under long-term storage it would behave in a very 

similar manner to the current IS 02/306. The presentation of these candidate standards differs 

from that of the IS 02/306 (0.8ml in 3ml glass ampoule v’s 0.5ml in 2ml plastic starsted) and 

therefore the stability profile over time might be affected therefore  NIBSC will continue to 

annually monitor the potency of the candidates . NIBSC has experience of storing Polio bulks 

long term at -70˚C in various presentations and have not seen any evidence to suggest that the 

presentation used for the candidates would comprise the long term stability.  
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bOPV 1+3 (16/164) 
 

The real-time data currently available for the bOPV 16/164 is summarised in Table 2 along with 

the accelerated thermostability test data at 4˚C, 20˚C, 37˚C and 45˚C.  

The data shows that there is good stability at -70˚C. A short excursion at 4˚C would be 

acceptable as the data suggests that < 1 month storage at this temperature there is no detectable  

loss. 

 

mOPV 1, 2 and 3 (16/196, 15/296, 16/202) 
 

Data for the mOPV 1 (16/196), mOPV 2 (15/296) and mOPV 3 (16/202) can be found in Table 3  

along with the accelerated thermostability test data at 4˚C, 20˚C, 37˚C and 45˚C. The real time 

data for each of the monovalent candidates shows good stability at -70˚C. The data also suggests 

that the material is stable for 1 month at 4˚C. We will continue to annually monitor the potency 

of these candidates at NIBSC. 

 

The recommended shipping and storage requirements for these Polio standards will be Dry–ice 

and -70˚C, and this will be reflected in the Instructions for Use.  

 

Results of Collaborative study 
 

Study data returned 

 
Data was received from 14 participants who calculated TCID50/0.1ml estimates for all the 

samples tested using their in-house methods.  The raw data reported was well presented and there 

were few issues with achieving the estimates. In most cases the assay was repeated and a valid 

result obtained. This indicated that the assays methods were suitable to test the candidate 

samples. The only variation from the study protocol observed was that a laboratory tested one 

vial of the bOPV candidate with in-house antisera and the second with NIBSC monoclonal. 

 

bOPV data 
 

Twelve laboratories returned results from three assays performed using the NIBSC MAb’s. In 

addition, eight laboratories performed the study using their own in-house antisera. Laboratory 3 

tested one vial with the NIBSC MAb’s and the second with their in-house. In both cases three 

assays were performed and reported.  

 

NIBSC Monoclonal antibodies (F/D) 
 

Laboratory 4 reported 1 invalid result for type 3 (assay 2, vial 1), the assay was repeated and 

three valid assays were reported. Laboratory 10 had 1 invalid result for type 3 due to the dilution 

range not giving 0-100% response. The assay was repeated and 3 valid assays were reported. 

Laboratory 11 had an invalid result for type 3 due to the precision of the titration being outside of 

the criteria of <0.3. The assay was repeated and 3 valid assays reported. Laboratory 13 had 2 

results for Total Virus where the 0-100% was not achieved and these results were excluded.  
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In-house antisera 
 

No issues reported. 

 

mOPV data  
 

Laboratory 5 did not test the type 3 candidate. Laboratories 1, 4, 7 and 14 tested the type 2 

candidate 15/296. 

 

Results analysis 

 
bOPV 

Within assay variation 

The average root mean square (r.m.s) difference between the log10 titres of the two vials were 

used as a measure of within assay variation. The r.m.s difference was 0.13 log10 TCID50 when 

averaged across polio type 1+3 and total virus content and across all laboratories (Table 4). The 

range of results for individual laboratories was 0.04 – 0.42 log10 TCID50 (data not shown). 

 

Within laboratory variation 

The coefficient of variation (cv) of the titre difference in the three assays performed averaged 

over each samples and across all polio types and total virus was 1.72 % (Table 5). All 

laboratories had cv’s below 2.50% for polio types 1, 3 and total virus (data not shown). 

 

Comparison of Antisera 

Mean values, standard deviations and coefficient of variation were calculated for each of the 

candidates, polio types and total virus for both in-house and the NIBSC monoclonal antibodies 

(Tables 6-7). The results show there is good agreement between the titres obtained when either 

the NIBSC MAb’s or the in-house antisera are used across the two vials tested.  

 

Titre estimates for samples 

The laboratory data for the assays performed can be found in Tables 6 – 7 for the bOPV 

candidate 16/164. Mean titre estimates for each of the two vials tested, overall means, standard 

deviations and % cv are also detailed. The distribution by laboratory of these mean estimates is 

shown in Figure 1. These data shows that overall the estimates of titre obtained between 

laboratories were very consistent across polio serotypes, for total virus and across antibody 

source. There were two results for type 3 (1 for vial 1 and 1 for vial 2) from the same laboratory 

that were noticeably lower than the other estimates. Overall mean titre for laboratory 3 type 1 

was also lower than other reported estimates.  

 

mOPV 1, 2 and 3 

 
Within assay variation 

The average root mean square (r.m.s) difference between the log10 titres of the two vials were 

used as a measure of within assay variation for mOPV 1 and 3. Due to the small number of 
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laboratories able to work with type 2 at CL3 containment 3-4 vials were tested per assay in order 

to generate sufficient data to assess the within assay and within laboratory variation. 

 

For mOPV 1 the r.m.s difference was 0.13 log10 TCID50 when averaged across polio types 1 and 

across all laboratories. The range of results for individual laboratories was 0.04-0.24 log10 

TCID50 (data not shown). 

 

mOPV 2 the r.m.s difference was 0.09 log10 TCID50 when averaged across polio type 2 and 

across all laboratories. The range of results for individual laboratories was 0.05-0.16 log10 

TCID50 (data not shown). 

 

For mOPV 3 the r.m.s difference was 0.15 log10 TCID50 when averaged across polio types 3 and 

across all laboratories. The range of results for individual laboratories was 0.10-0.26 log10 

TCID50 (data not shown). 

 

Table 8 details the r.m.s values for each candidate.  

 

Within laboratory variation 

The coefficient of variation (CV) of the titre difference in the three assays performed for the two 

samples were averaged: 

 mOPV1 - 1.52%,  mOPV2 - 2.26%,  mOPV3 – 1.60%  (Table 9). 

 All laboratories also had cv’s below 3.0 % for each of the polio serotypes they tested (data not 

shown).  

 

Titre estimates for samples 

The Laboratory data for the assays performed for the monovalent candidate standards 16/196, 

15/296, 16/202 can be found in Tables 10-12. Mean titre estimates for each of the vials tested, 

overall means, standard deviations and % cv are also detailed. The distribution by laboratory of 

these mean estimates is shown in Figure 2. The data shows that for the mOPV1, mOPV2 and  

mOPV3 candidates, overall there was very good agreement in estimates between laboratories. 

There were only two results from the same laboratory that were noticeably lower than the other 

estimates; this was for the mOPV 1 candidate.  

 

 

DISCUSSION 
 

The primary aim of this study was to assess the suitability of a panel of candidate OPV 

references to serve the current eradication requirements for the testing of OPV in monovalent 

and bivalent presentations. The real-time stability tests indicate that the candidates have stability 

profiles that are suitable for OPV references. In the collaborative study the candidates (bOPV 

1+3, mOPV1 and mOPV3) were tested in duplicate. Due to the smaller number of laboratories 

able to test the mOPV2 candidate under containment conditions the participants were asked to 

test 3-4 vials per assay. Eight of the participating laboratories tested the bOPV 1+3 candidate 

with their in-house antisera and 12 used the NIBSC monoclonal antibodies provided.  
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The results obtained for all of the candidates (monovalent and bivalent) gave very comparable 

mean titres, low standard deviations and cv’s; and for the bOPV 1+3 across the range of antibody 

sources used.  The data also demonstrates that the candidates can be successfully used across the 

current range of methods (Table 1) employed to Quality Control the production and release of 

OPV.  Overall this data supports the suitability of the candidates to serve as International 

Standards for OPV. The study data also supports the continued use of the NIBSC monoclonal 

antibodies (freeze-dried preparations) for the control testing of OPV.  

 

The overall levels of within assay variation for the bOPV 1+3 were 0.13 log10 TCID50 (average 

r.m.s difference in log10 titres between duplicate samples tested). The within laboratory variation 

gave an average coefficient of variation of 1.72 % (between log10 titre estimates of the sample 

across assays). For the mOPV 1 the within assay variation was 0.13 log10 TCID50 and the within-

laboratory coefficient of variation was 1.52%; for the mOPV 2 the within assay variation was 

0.09 log10 TCID50 and the within-laboratory coefficient of variation was 2.26%; and for the 

mOPV3 the within assay variation was 0.15 log10 TCID50 and the within-laboratory coefficient 

of variation was 1.60%. 

 

Given the suitability of the candidates and the consistency of the study, the next aim was to 

assign potency to each of them.  Based on all of the titres obtained for the candidates in the study 

the following virus titres can be assigned (expressed as log10 TCID50/1ml as it is convention):-  

 

bOPV NIBSC code 16/164 - 7.19, 6.36 and 7.32  log10 TCID50/ml for type 1, 3 and Total Virus 

content respectively  

 

mOPV1 NIBSC code 16/196 - 7.32 log10 TCID50/ ml 

 

mOPV2 NIBSC code 15/296 - 6.74 log10 TCID50/ ml 

 

mOPV3 NIBSC code 16/202 - 6.66 log10 TCID50/ ml 

 

 

RECOMMENDATIONS 
 

The candidate bOPV 1+3 NIBSC code 16/164 should be established as the 1
st 

 IS for the potency 

testing of bivalent OPV. The recommended potency for this preparation should be set at:  

7.19, 6.36 and 7.32 log10 TCID50/ml for type 1, 3 and Total Virus content respectively. 

 

The candidate mOPV 1 NIBSC code 16/196 should be established as the 1st IS for the potency 

testing of monovalent type 1 OPV. The recommended potency for this preparation should be set 

at: 7.32 log10 TCID50/ ml. 

 

The candidate mOPV 2 NIBSC code 15/296 should be established as the 1st IS for the potency 

testing of monovalent type 2 OPV. The recommended potency for this preparation should be set 

at: 6.74 log10 TCID50/ ml. 
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The candidate mOPV 3 NIBSC code 16/202 should be established as the 1st IS for the potency 

testing of monovalent type 3 OPV. The recommended potency for this preparation should be set  

6.66 log10 TCID50/ ml. 

 

Additional real-time stability data will be continued to be generated to confirm the expected 

stability at the storage temperature and, unless indications of instability are found, will be 

reported to the committee in a further 5 years’ time. 
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Table 1 

Details of assay methods used in each laboratory participating in the study 

 
 

Laboratory 

 

In-house 

Antiserum used for 

bOPV assay 

 

bOPV 

Neutralisation 

Step (
0
C/hrs) 

 

Dilution 

Series 

(log10) 

 

Inoculation 

Volume (l) 

bOPV/mOPV 

 

No well 

inoculated per 

dilution 

bOPV/mOPV 

 

End point 

Of assay 

 

Cell line 

 

Calculation 

Method 

1 Rabbit polyclonal 37/1.10 
1.0 

 
50 10 100% Hep 2C Probit 

2 Type 1+3 Horse 36/3.00 0.5 50 8 7
th

 day Hep 2C 
Spearman 

Karber 

3 In house 37/3.00 0.5 50 8 7
th 

day Hep 2C 
Spearman 

Karber 

4 In house 37/1.00 0.6 50/100 10 7
th

 day Hep 2C Reed-Munch 

5 
Type 1+3 Horse 

 
36/3.00 0.5 50 8 CPE Hep 2C 

Spearman 

Karber 

6 
NIBSC 

monoclonals 
36/3.00 0.5 50 8 7

th
 day Hep 2C 

Spearman 

Karber 

7 
NIBSC 

monoclonals 
37/1.00 0.6 50 10 CPE Hep 2C 

Spearman 

Karber 

8 
NIBSC 

monoclonals 
37/1.00 0.5 100 8 n/a Hep 2C Probit 

9 
Type 1+3 Horse 

 
36/3.00 0.5 50 8 CPE Hep 2C 

Spearman 

Karber 

10 
NIBSC 

monoclonals 
36/3.00 0.5 50 8 

50% CPE 

 
Hep 2C 

Spearman 

Karber 

11 In house 37/1.00 0.6 50 10 7
th

/8
th

 day Hep 2C OLS 

12 Type 1+3 Horse 37/3.00 0.5 50/100 10  CPE Hep 2C 
Spearman 

Karber 

13 
NIBSC 

monoclonals 
36/3.00 0.5 50 8 100% Hep 2C 

Spearman 

Karber 

14 
NIBSC 

monoclonals 
35/3.00 0.5 50/100 8/10 50 % CPE Hep 2C Probit 
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  Table 2 

Stability Studies for Candidate bOPV 1+3 (16/164) Log10 TCID50/0.1ml 

 

 

Temperature 

 

Exposure 

Time 

 

 

Type 1 

 

Type 3 

 

Total Virus 

-70
0
C 0 days 5.80 5.00 6.00 

 6 months  6.18 5.52 6.36 

4
0
C 1 month  5.69 4.80 5.94 

3 months  5.56 4.50 5.88 

20
0
C 21 days  < 2.5 < 2.5 <2.5 

37
0
C 21 days  < 2.5 <2.5 <2.5 

45
0
C 21 days  <2.5 <2.5 <2.5  

 

Table 3 

Stability Studies for Candidate mOPV 1 (16/196), mOPV 2 (15/296), mOPV 3 (16/202) 

Log10 TCID50/0.1ml 

 

 

Temperature 

 

Exposure 

Time 

 

 

mOPV 1 

 

mOPV 2  

 

mOPV 3 

-70
0
C 0 days 6.10 5.50 5.60 

 6 months  6.47 5.88 5.78 

4
0
C 1 month  6.15 5.50 5.00 

3 months  4.75 5.15 < 2.5 

20
0
C 21 days  < 2.5 < 2.5 < 2.5 

37
0
C 21 days  < 2.5 < 2.5 <2.5 

45
0
C 21 days  <2.5 <2.5 <2.5 
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Table 4 

Within assay variation assessed as the root mean squared (r.m.s.) difference between 

duplicates samples for bOPV candidate 16/164 

 

Laboratory Average  r.m.s. difference between 2 vials tested per 

assay log10 TCID50 

 

 Type 1 Type 3 Total Virus Overall 

All 

Laboratories 

0.15 0.13 0.12 0.13 

 

Table 5 

Within laboratory variation as measured using the coefficient of variation between assay 

Laboratory cv
(1)

  

 Type 1 Type 3 Total Virus Overall 

All 

Laboratories 

1.46 2.10 1.60 1.72 

(1) % Coefficient of variation (cv) of the titres between assays averaged across assays. 
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Table 6 

Laboratory mean estimates, overall means for each antibody source and overall mean, 

between-laboratory standard deviation and % coefficient of variation for bOPV 1+3 

(16/164) vial 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1) Overall mean, standard deviation (SD) percentage coefficient of variation (cv) are based on pooled values 

from both antisera.   

bOPV 16/164   Titre TCID50/0.1ml (vial 1) 

Laboratory NIBSC F/D monoclonal        

antibodies 

In –house antisera 

Polio Type Polio type 

1 3 TV 1 3 TV 

1 6.10 5.10 6.30 6.20 5.07 6.20 

2 6.26 5.45 6.43 6.26 5.41 6.43 

3 n/d n/d n/d 5.74 5.01 5.97 

4 6.30 5.63 6.43 6.30 5.80 6.53 

5 n/d n/d n/d 6.22 5.82 6.43 

6 5.78 4.91 6.05 n/d n/d n/d 

7 6.10 5.20 6.13 n/d n/d n/d 

8 6.35 5.67 6.49 n/d n/d n/d 

9 n/d n/d n/d 6.30 5.30 6.51 

10 6.52 5.38 6.41 n/d n/d n/d 

11 6.28 5.48 6.50 6.40 5.57 6.50 

12 5.93 5.18 6.33 5.92 5.07 6.05 

13 6.30 5.18 6.24 n/d n/d n/d 

14 6.18 5.24 6.26 n/d n/d n/d 

Mean 6.20 5.31 6.31 6.17 5.34 6.33 

Overall 

Mean
(1)

 

6.19 5.36 6.32    

SD
(1)

 0.20 0.26 0.18    

%cv
(1)

 3.2 4.9 2.8    
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Table 7 

 

Laboratory mean estimates, overall means for each antibody source and overall mean, 

between-laboratory standard deviation and % coefficient of variation for bOPV 1+3 

(16/164) vial 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1) Overall mean, standard deviation (SD) percentage coefficient of variation (cv) are based on pooled values 

from both antisera. 

 

 

 

 

 

bOPV 16/164   Titre TCID50/0.1ml (vial 2) 

Laboratory NIBSC F/D monoclonal        

antibodies 

In –house antisera 

Polio Type Polio type 

1 3 TV 1 3 TV 

1 6.00 5.10 6.40 5.97 5.03 6.20 

2 6.32 5.45 6.45 6.24 5.45 6.41 

3 5.68 5.12 6.05 n/d n/d n/d 

4 6.23 5.60 6.48 6.30 5.93 6.57 

5 n/d n/d n/d 6.28 5.82 6.45 

6 5.80 4.91 5.88 n/d n/d n/d 

7 6.10 5.23 6.10 n/d n/d n/d 

8 6.36 5.38 6.31 n/d n/d n/d 

9 n/d n/d n/d 6.34 5.53 6.45 

10 6.41 5.46 6.49 n/d n/d n/d 

11 6.37 5.46 6.55 6.49 5.45 6.46 

12 5.98 5.10 6.10 5.93 5.08 6.08 

13 6.09 5.20 6.37 n/d n/d n/d 

14 6.32 5.52 6.35 n/d n/d n/d 

Mean 6.14 5.30 6.29 6.22 5.48 6.37 

Overall 

mean 

6.18 5.36 6.32    

SD 0.21 0.27 0.19    

%cv 3.3 5.0 3.0    
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Table 8 

 

Within assay variation assessed as the root mean squared (r.m.s.) difference between 

duplicates samples for mOPV 1 (16/196), mOPV 2 (15/296), mOPV 3 (16/202) 

 

Laboratory Average  r.m.s. difference between 2 vials tested per assay 

 log10 TCID50 

 mOPV 1 mOPV    2 mOPV 3  

All Laboratories 0.13 0.09 0.15 

    

                                              CV
(1)

 

All Laboratories  1.52 2.26                  1.60  

(1) % Coefficient of variation (cv) of the titres between assays averaged across assays. 

 

Table 9 

Laboratory mean estimates, overall mean, between-laboratory standard deviation and % 

coefficient of variation for mOPV 1 (16/196) across vials tested. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(1) Overall mean, standard deviation (SD) percentage coefficient of variation (cv) are based on pooled values.  

 mOPV 1       Titre TCID50/0.1ml 

Laboratory Vial 1 Vial 2 

1 6.23 6.23 

2 6.26 6.32 

3 6.17 6.07 

4 6.43 6.53 

5 6.34 6.28 

6 5.84 5.92 

7 6.17 6.17 

8 6.38 6.40 

9 6.43 6.45 

10 6.68 6.53 

11 6.52 6.55 

12 6.05 6.10 

13 6.44 6.36 

14 6.47 6.59 

mean 6.32 6.32 

Overall Mean (1) 6.32  

SD (1) 0.21  

%cv 3.3  
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Table 10 

 

Laboratory mean estimates, overall mean, between-laboratory standard deviation and % 

coefficient of variation for mOPV 2 (15/296) across vials tested. 

 

 

 

 

 

 

 
(1) Overall mean, standard deviation (SD) percentage coefficient of variation (cv) are based on pooled 

values. 

 

Table 11 

 

Laboratory mean estimates, overall mean, between-laboratory standard deviation and % 

coefficient of variation for mOPV 3 (16/202) across vials tested. 

 

 

 

 

 

 

 

 

 

 

 

 
(1) Overall mean, standard deviation (SD) percentage coefficient of variation (cv) are based on pooled values. 

 

Laboratory mOPV 2     Titre TCID50/0.1ml 

Vial 1 Vial 2 Vial 3 Vial 4 

1 5.69 5.76 5.69 5.50 

4 5.83 5.69 5.69 5.90 

7 5.63 5.46 5.56 5.50 

14 6.16 5.82 5.92 5.96 

Mean 5.82 5.68 5.72 5.71 

Overall Mean 
(1)

 5.74    

SD 
(1)

 0.19    

%cv 
(1)

 3.3    

Laboratory mOPV 3     Titre TCID50/0.1ml 

Vial 1 Vial 2 

1 5.27 5.30 

2 5.70 5.79 

3 5.59 5.44 

4 5.89 6.06 

6 5.63 5.54 

7 5.66 5.59 

8 5.72 5.66 

9 5.61 5.72 

10 5.77 5.70 

11 5.90 5.90 

12 5.36 5.38 

13 5.73 5.79 

14 5.73 5.75 

Mean  5.66 5.66 

Overall mean 
(1)

 5.66  

SD 
(1)

 0.20  

%cv 
(1)

 3.5  
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Figure legends for bOPV samples 

 

Distribution of laboratory mean titres estimates for each laboratory and virus type. 

Laboratory code numbers are given in the boxes. 

 

Assays with In-house antisera   

 

Assays with NIBSC monoclonal antibodies 
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Figure legends for mOPV samples 

Distribution of laboratory mean titres estimates for each laboratory and virus type. 

Laboratory code numbers are given in the boxes. 

 

Vial 1   

 

Vial 2 

 

Vial 3 

 

Vial 4 
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Appendix 1 

 

Participants List for WHO International Collaborative Study to assess the suitability of 

International Standards for potency assays of Oral Polio Vaccines 2017 
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Bharat Biotech International Ltd 

Hyderabad, India 

Dr Emmanuelle Adam 
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