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Four candidate replacements for the current WHO neuro~~irulence reference preparation 
(WO(SO+2)1TIIf were produced under normal manufacturing conditions by four commercial 
orai poliovaccine suppliers. A phase L study was initiated in which the four candidates were 
tested by hfAPREC analysis (at NIBSC) and in transgenic mouse tests in the UK at NIBSC 
(using a local TgPVR21IBx strain of mice) and in the USA at CBER (using the approved 
TgPVR2 1 mice). These studies showed that the four candidates (Vaccines #l-4) had mean 
%472C of 0.28%, 0.56%, 0.25% and 0.63% respectively. In the mouse tests. results for the 
TgPVR2 l/Bx mice showed the vaccines were ranked for neurovirulence in the order 3 > 2 > 1 
> 4 while results from the TgPVR21 mice ranked them 2 > 3> 4> 1. On the basis of these data 
and after extensive discussion between participants it was decided to take two vaccines, 
Vaccine #l  and Vaccine #2, forward into the Phase 2 of the Collaborative Study. In this phase 
further MAPREC, TgmNVT and monkey neurovirulence tests were carried out on the two 
candidates selected. MAPREC revealed that Vaccine #2 has significantly higher %472-C than 
both Vaccine #l and WHO(S0+2)1III but there was no significant difference between 
Vaccine #I and WO(SO+2)/III. The TgmNVT showed that both Vaccine # l  and Vaccine #2 
would pass in all tests against the current reference. However: overall Vaccine #I was slightly 
less neurovirulent than the current reference while Vaccine #2 was slightly more virulent. In 
the MNVT the pooled data over all tests showed that Vaccine #l  was slightly less 
neurovirulent than Vaccine #2. However, in contrast to the results with the TgmNVT, both 
vaccines appeared to be more neurovimlent than the current WO(S0+2)/III reference. After 
further discussion amongst the pmicipants Vaccine # l  was selected as the candidate 
replacement for the Type 3 Neurovimlence Reference Preparation and 1975 ampoules were 
filled from the bulks held at NIBSC. The filled product has been given the NIBSG Product 
Code 051146. A Phase 3 collaborative study was initiated to determine the titre and stability of 
051146 and it was found to have a titre of 8.2 logloCCIDjolml and a suitable stability profile 
for the expected storage conditions and use. In addition to titration of 051146 a candidate for 
the Titration Reference used in the TgmNVT for Type 3 virus was also characterized in the 
Phase 3 study. This material, NIBSC Product Code 971676, was found to have a titre of 8.7 
loglo CCIDjo/ml for use in the type 3 TgmNVT. It is therefore recommended at that 051146 be 
established as the WO(SO+2)1III Sabin Type 3 Neurovimlence Reference Preparation and 
that 971676 be accepted as the titration reference for the Type 3 TgmNVT and assigned a titre 
of 8.7 logIo CGIDso/ml. 
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INTRODUCTION 

Neurovinllence testing has been an important part of the safety testing of oral poliovaccines 
for the last 25 years. The current test in primates is desiped so that each monovalent bulk 
intended for use in OPV production is tested for neurovimlence against the appropriate 
reference preparation. Only those bulks that pass this test are used for vaccine production. For 
most OPV production, the reference used is the WNO(S0+2). Besides being using in primate 
testing the references are also used extensively in the transgenic mouse test (TgmNVT) - 
including the validation and implementation phases that laboratories need to complete prior to 
using the method for QC purposes. Once again: this test estimates the neurovimlence of each 
production Iot against the appropriate reference. The above testing therefore generates a 
constant requirement for the reference preparation. 

p The current reference materials are 2 passages on from the Sabin originals and were produced 
by Behringwerke for WHO back in the mid-1970's. While there are still reasonable quantities 
of the K%O(SO+2):I and WHO(SO+2)/II (the references for Type l and 2 respectively), the 
stocks of the reference for Type 3 (UTHO(SO+2)/III) is very low. Stocks of the Type 3 
(WHO(SO+2)/III) are lower than those for the other two serotypes as more bulks of Type 3 
are produced than of type1 and type 2 and hence there has been a greater demand on the 
reference preparation for this serotype. Current stocks of all three references have been 
consolidated at NIBSC and for the Type 3 it is estimated that at recent rates of usage there are 
sufficient stocks for around 2-3 years. 

While it is currently assumed that routine use of OPV will continue in the short term (i.e.up to 
3 years). there will remain a need for testing to maintain emergency stocks beyond that date 
and it is possible that the eradication, and hence the need for routine immunization, will take 
longer than currently envisaged. Control and release of poliovirus monovalent bulks is highly 
dependent on the availability of suitable reference materials and the WO(SO+2)/III has been 
the reference of choice for tj~pe 3 for most of the manufacturers currently pre-qualified for 
Unicef supply. This situation will continue as routine testing sufitches from the monkey to the 
transgenic mouse tests as the same reference is used for both tests. 

Given the above situation a meeting was held in early 2003 to determine the best course of 
action to establish a replacernent for the Type 3 neurovirulence reference, There %liere several 
considerations that were discussed at the meeting and a specification for the new reference 
was d r a w  up. This specification, and the reasoning behind it is outlined below 

It was concluded that the replacement for the Type 3 (WO(S0+2)1111) should be suitable for 
hture use in both the monkey and transgenic mouse neurovimlence tests and that the 
replacement reference should be made in sufficient quantities to last for at least 30 years. 
While it is not envisaged that poliovirus eradication =ill take this long, as the eradication 
campaign progresses it \%ill be more problematic to underlake work such as the production of 
new reference materials and so good stocks of a replacement need to be established now. It 
was decided that the replacement reference should consist of about 2500 ampoules - with 
additional bulk material available for possible later use should the need arise. The longer term 
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needs were also considered i.e. for the post eradication era, when it may also be necessary to 
restart OPV production and hence the need for a reference that will last f a  into the future. 

Another factor taken into account for the replacement was that in terns of its neurovimtence 
it should be as close as possible to the current reference. This decision was made against the 
background that the current Type 3 'accine has a very good safety record but that a relatively 
greater number of Type 3 bulks (compared to Type l and Type 2) fail the neurovirulence test. 
By keeping the reference as close as possible to the current reference the safety profile mould 
be maintained and the number of bulks that fail the test would not increase. For this reason 
There was considerable discussion as to h e t h e r  the replacement reference should be made 
from an RSO seed (which are currently used for most vaccine production) and would 
therefore be at RS0+6 production level, or tvhether an SO-+-2 should be used. Given that the 
current reference was an S0+2 and that an RSOJ.6 would (on all the available evidence) be 
less neurovirulent than the S o t 2  the former was chosen so that the probability of obtaining a 
replacement as close as possible to the current reference would be as high as possible. It was 
therefore decided that this new reference preparation should be produced using current 
production methods from the WO(SO+I)/III seed material held by NIBSC. Companies pre- 
qualified by WHO for OPV production for Unicef use were invited to submit 10 litre lots for 
consideration as candidate replacements for the current WHO(SO+2)/III. 

In summary? the specifications for the replacement for the WHO(S0+2)/III was: 
l )  At least 10 litres to be produced 
2) Production to be from the SO+l seeds held by NIBSC 
3) That the neurovimlence of the replacement be as close as possible to the 

WWO(S0+2)/III 

BULK MATERIALS AND PROCESSING 

Production and Receipt of Bulks 

Companies pre-qualified by WHO for OPV production for Unicef use were invited to 
participate in the study and to produce monovalent bulks of Type 3 poliovirus. These pre- 
qulaiifed companies agreed to produce monovalent bulks (minimum of 10 litres) from the 
WHO(SO+I)/III seeds held by NIBSC. Each of the companies agreed to use their normal 
production methods and production substrates. After production, the monovalent bulks were 
subjected to a an in-house QC release procedure - similar to that normally used by the 
producers with the exception that no neurovimlence test was performed on the butk. The 
monovalent bulks were rmdornly named and numbered Vaccine # l  throu& to Vaccine #4. 
ProtocoIs were provided for Vaccines # l ,  #2 and 154. 

A minimum of three iitres of the 10 litres were then shipped to NIBSC for characterization in 
the first phase of the study and for subsequent collaborative study and eventual filling of the 
candidate selected for the reference, In the case of vaccine #3  only representative samples 
\were shipped to NIBSC, with the manufacturer retaining the majority of the butk. 
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In designing the study (and in making amendments to the design as the project progressed) it 
had to be borne in mind that the replacement reference preparation does not have a unitage. 
The reference preparation is used as a comparator to assess the consistency of production and 
as such it require neither S1 or IU units. For this reason the study is not designed to calibrate 
the replacement against the cunent reference preparation but to select a candidate of 
equivalent neuropatholog to the existing reference preparation. 

A f l o ~  diagram showing the overall design of the of the collaborative study for this project is 
shown below. The study was originally designed to have the three phases indicated with 4 
bulks entering Phase l of the Study and only I bulk entering Phases 2 and 3.  The phase 1 
study was designed so that each of the 4 bulks '~vould undergo a preliminary MAPREG 
analysis and TgmNVT (using an in-house strain of transgenic mice) at NIBSC with GBER 
also providing data on the TgrnNVT using the approved Japanese strain of mice. 

I Shipment of Bulks to NIBSG 

PHASE l 
MAPREG and TgrnNVT 

Selection of 2 Bulks 1 
MAPREC, TgmNVT and 

Selection of singIe bulk 

Following on from Phase I of the collaborative study, 2 of the four bulks were chosen for 
progression into Phase 2 of the study. In the original study design it had been mticipated that 
only a single bulk would be taken into Phase 2. Flox%ever, as there here two bulks that 
appeared to be very close to the current WHO(S0+2)iIII it was decided that it \;rould be 
prudent to take both of these bulks into Phase 2. In this Phase flirther MAPREC. TgmHVT 
(using the approved Japanese strain of transgenic mice) and MPL'VT were carried out. Five 
participants completed the MAPREC, 5 compteted the TgmKVT and 4 completed the h.T?.IVT. 
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The data from Phase 2 were analyzed and of the two remaining candidates one was selected 
for progression to Phase 3. Note, the data generated in Phase 1 were combined with the data 
from Phase 2 to decide on the bulk to take forward into Phase 3 and hence the f\rtAPEC data 
from NIBSC and the TgSWVT data from CBER were included in these analyses. 

In Phase 3 the candidate was filled into ampoules at NIBSC and then titrated in a 
collaborative study involving 4 of the participants. Data were also generated to confirm that 
the filled product had a stability profile consistent with the formulation of the reference i.e. 
with an unstabilized poliovirus monovalent bulk and with our previous experience with the 
WHO(S0I-2)iIII. 

COLLABORATIVE STUDY PHASE 1 

Participants 

Companies pre-qualified by WHO for OPV production for Unicef were invited to participate 
in the study along with NIBSC, CBER and W O .  A h11 list of the participants is attached as 
Appendix 2. 

Production and'Receipt of materials 

Four commercial producers of OPV agreed to produce monovalent bulks (minimum of 10 
litres) from the WO(SO+l)/III seeds held by NIBSC. Each of the companies agreed to use 
their normal production methods and production substrates. After production, the monovalent 
bulks were subjected to a QC release procedure - similar to that normally used by the 
producers with the exception that no neurovirulence test was performed on the bulk. The 
monovalent bulks were randomly named and numbered Vaccine # l  through to Vaccine #4. 
Protocols were provided for Vaccines #l: #2 and #4. 

A minimum of three litres of the 10 litres were then shipped to NIBSC for characterization in 
the first phase of the study and for subsequent collaborative study and eventual filling of the 
candidate selected for the reference. In the case of vaccine # 3  only representative samples 
mere shipped to NIBSC, with the manufacturer retaining the majority of the bulk. Selection of 
Vaccines # 1 and #2 for Phase 2 of the study \yere made before all of the protocols had been 
submitted. The producer of vaccine number 3 subsequently chose not to submit the protocol 
and the remainder of the bulk to NIBSC as it was not being further considered as the 
candidate replacement. 

Studp Design 

Each of the monovalent bulks received was tested by M A P E C  (Mutant. analysis by 
restriction enzyme and cleavage) and neurovimIence as specified in the current WHO 
reeommendations"~%~O, 2002). For the neurovimlence test the vaccines were tested using 
the Transgenic mouse neurovimlence test (TgmNVT) as outlined in the current W O  SOP(". 
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At NIBSC an in-house produced strain of mice (TgPVR21,Bx) were used for the test. These 
mice were originally generated from a cross kebveen the recommended TgPVR21 strain and 
BALB:c. The TgmNVT test was also performed on ail samples by Dr Eugenia Dragunsky 
(Center for BioIogics Evaluation and Research. Food and Dmg Administration, USA) using 
the TgPVR;!I strain of mice. The titration values and dilutions provided by NIBSC were used 
for the tests conducted by CBER. 

Materials 

The current IYHOtSO+l)iIII seeds and tVf-IO(SO+S)iIII reference preparations were taken 
from the stocks currently held at NIBSC. Working supplies of these materials ase maintained 
at -70°C while the bulk of the stocks are held at liquid nitrogen temperature (vapour phase 
storage). Images of samples of these materials are provided in Appendix I. 

#*Z2 
" A  **S 

Resuf ts. 

The results of the M A P E C  analysis are shown in Table 1. In addition to the analysis of the 
four vaccines the WHO(SO+l )/I11 seeds and WHO(SO+2)iIII reference preparations were 
also analyzed. 

Not all samples were assayed alongside each other during the MAPREC analysis and so the % 
472-C is shown in both absolute terns and as a relative proportion against the International 
Standard 951542. The relationship between % 472-C (measured by MAPREC) and in vivo 
neurovimlence is highly predictive and hence the greater the proportion of 472-C the greater 
the neurovimlence. On this basis the candidate vaccines can be ranked in order of 
neurovimlence #4 > #2 > # 1 # 3. 

For the TgmNVT tests the samples were tested in pairs against the WO(SO+2)/fII, In the 
first test Vaccines#I and #2 were tested alongside the reference. In the second test, Vaccines 
#3 and #4 were tested alongside the reference. 

h$%- Results for the tests carried out at CBER using the validated TgPVKZl mice are shown in 
tables 2 and 3. 

These data mere analyzed following the normal procedure in which each of the vaccines is 
compared against the WHO(SOt2)iIII against which it is tested in parallel. This inriolves 
eatcuiating the Log-odds ratio (LOR) for each sample. The Log-Odds Ratio (LOR) measures 
the increase in probability of paralysis for the test vaccine compared to the reference. In effect a 
LOR of 0.0 represents equivalence of the test and reference vaccine, a positive LOR represents 
higher paralysis in the test vaccine i.e. more neurovimlent, and a negative LOR represents lo.rver 
paralysis in the test vaccine i.e. less neurovimlent. The L1 and L2 used for pass-fail decisions 
on these tests were 0.665 and 0.940 respectively. 
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A summasy of analyses against the WHO(SOi-2)iIII for each of the buIks is shown in Table 4. 
The test of Vaccine #2 against the b%O(SO+2)IIII reference showed significant non- 
parallelism. 141rhite this is the case, it is still possible to calculate the LOR (Table 4) - which 
shows this to be the most neurovimlent of the four candidates i.e. all other candidates had 
negative LORs i.e. less neurovirulent than the reference. 

Tests at NISSC were carried out in identical fashion to those at CBER with the exception that 
the local strain of mice (TgPVR2liBx) was used instead of the fully validated TgPVR2I mice. 
The TgPVR21Bx are susceptible to poliovirus type 3 at the doses normally employed in the 
TgrnNVT - although they generally show reduced sensitivit;v!paralysis rates relative to the 
TgPVR2 l strain. 

Results for the tests carried out at NIBSG are shown in Tables 5 and 6 and the summary 
statistics are shown in Table 7.  

Selection of Samples for Phase 2 of the Collaborative Study 

To decide which of the candidates to take forward into the second phase of the study, the data 
from the three tests undertaken in Phase l of the study were discussed amongst those 
organizations that had contributed (see Appendix 2). Re-iterating the specifications that had 
previously been decided upon for the replacement: 

1) At least 10 litres to be produced 
2) Production to be from the SO+l seeds held by NIBSC 
3) That the neurovirulence of the replacement be as close as possible to the 

WHO(SO+2)/1II 

All of the bulks submitted had met the first 2 criteria and afier much discussion it was decided 
to take forward Vaccine # l  and Vacc#2 into Phase 2 of the study as these were the two that 
were most like the current reference in terms of their neurovirulence (see also Discussion for a 
full explanation of the reasoning behind this decision). Note the original study design had 
allowed for only one bulk to be taken forward as the candidate. However, with the agreement 
of all of the participants it was decided that as there was little to choose between Vaccine # l  
and #2 that it would be prudent to generate litrther data on both vaccines. 

PHASE 2 STUDY 

Study Design 

Of the seven collaborating organizations, 5 agreed to underrake further tests on the two 
candidate vaccines. The data from the TgmNVT (using the Japanese TgPVR2 l mice) from the 
first phase of the study was used in this phase of the study as tvas the A M P E G  data 
generated in the first phase. Overall, data from the 6 participants with laboratory facilities 
were used in the Phase 2 study. 
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It \%as decided that further testing should comprise; h U P E C ,  TgrnKVT rvith the approved 
TgPVR21 strain of mice and the monkey neurovirulence test (MNVT). All tests \.-ere 
performed as outlined in the current ?TWO specification for OPV production "). '4s even. lab 
did not have the abi1it)- to undertake every test not every test was completed 6 times. 
Participating laboratories are identified by a code number, not necessarily represented by the 
order of listing of participants in Appendix 2. Laboratories completing each of the selected 
tests are shown in Table 8. 

In addition to the above tests laboratories were also requested to titrate the materials that were 
sent and asked to provide the data to NIBSC for analysis. Laboratories #l-5 provided these 
data - laboratory ff6 did not undertake this test (dilutions for the TgmNVT this laboratory 
undertook were provided by NIBSC). 

Study Samples 
g$*/ &F 

Samples were aliquotted and dispatched from NIBSC to the participating laboratories. Each 
laboratory was supplied with sufficient material - in suitable sized aliquots - to undertake the 
required tests. The samples were recoded either as Sample A or Sample B prior to shipping. 
For convenience these letters have been decoded for the preparation of this report and are 
referred to as Vaccine #2 and Vaccine # l ,  respectively. 

In addition to the candidate reference materials laboratories were provided with the 
WHO(S0+2)IIII and the TgmNVT Type 3 titration reference (991740). All samples were 
shipped on dry ice with instructions for storage at - 7 0 ' ~  after receipt and before use. 

Analysis of Data 

Titration Data 
Each laboratory provided data on the CCIDjo for each assay calculated in loglo CCIDjolml. 
Mean estimates of titre were calculated from these data along with standard deviations. 

I Z ~ P R E C  Data: 
The data provided represented the estimated %472-C for the vaccine samples and the 
WHO(S0+2)iIII reference, along with the estimates for the concurrently tested MAPKG 
reference 951542. The arithmetic means of the absolute %472-C were calculated for each 
laboratory, along with the mean ratio 96472-G (vaccine to 951542). The ti;tio candidate 
vaccines and the WO(SO+2)iIII reference were compared in an overall Analysis of Variance 
of the ratios, allowing for possible different sensitik~ities between laboratories to be detected. 
The significance of pairwise differences was assessed after applying a Bonferroni adjustment 
for multiple comparisons. 

1\&-f7" Data: 
The data provided represented mem lesion scores for individual monkeys. Arithmetic mean 
lesion scores for each vaccine and test (laboratorq.) were cafculated. The difference in mean 
Iesion score between vaccines $1 and #2 and the concurrentfy tested WHO reference were 
calculated. The sipificance of any difference in mean lesion score (mls) behveen vaccine and 
reference was assessed using a t-test. 
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TpNP'T  Data: 
The data provided represented the clinical scoring of individual mice, form a series of 
experiments performed using the experimental design specified in the SOP"'. Each vaccine - 
reference comparison was analyzed using the standard method defined in the SOP, and with 
the standard validity criteria. Results were summarized using overall paralysis rates, and 
estimated Log Odds ratios (LORs). To obtain an overall estimated LOR for the two vaccines, 
an overall logistic model was fitted to all data, including a term to allow for different overall 
paralysis rates for each laboratory. This is not the standard approach for analysis of TgM data, 
but was applied to obtain summary overall LOR figures. As the TgmNVT in Phase l of the 
current study had included some testing on TgPVR21 mice, these data were included in the 
analysis of data from Phase 2. This was possible because Vaccines if1 and if2 had been tested 
alongside each other in Phase 1. 

Results 

Tit18ation of Candidates 
A summary of the results for the two vaccines, the WHO(SO+2)lIII and the titration reference 
991740 is shown in Table 9. 

The sample 991740 was included in the study as this is the reference against which the doses 
for the TgmNVT were originally calibrated. This reference has an assigned titre for the 
TgmNVT of 8.3 loglo CCID50/ml and titres should be adjusted accordingly (e.g. see 
Dragunsky and ~ar~inski")) .  Interestingly, laboratories 4 and 5 obtained lower titres for this 
reference than the assigned titre (outside of the acceptable limits of 7.8-8.8 loglo CCIDjolml) 
limits and its use had to be abandoned for these laboratories. In these cases the assigned titre 
of the WO(S0+2)IIII for the TgmNVT i.e. 8.7 loglo CCIDjOlml was used to adjust the titres 
of the test samples. It is also worth noting that laboratory l obtained higher than expected 
values for the titration reference - although still within the acceptable limits. However, unlike 
the low values obtained by laboratories 4 and 5 where the value for the WHO(S0+2)1111 were 
in the expected range, in laboratory l the results for the WHO(S0+2)/111 were also slightly 
higher than expected. 

-MPREC 
Vaccine 111 and if2 were subjected to h4APEC alongside the current reference 
(~iHO(SO+2)/111). The mean percentage of 472-C estimated by each laboratory is shown in 
Table 10 while the relative percentage of 472-C to the current Type 3 M A P E G  International 
Standard is shown in Table 1 1. 

An Analysis of Variance of the ratios. allouing for overall differences in sensitivity between 
Iabs, shows that Vaccine 112 has significantly higher %472-C than both Vaccine # l  and 
WHO(SOt2),'III (p<0.000 l ), but there is no signifi cant difirence betx~een Vaccine # l  and 
WHO(S0+2)/111 @=Q. 1 886). Note, the p-vaIues calculated above used a Bonferroni 
adjustment for multiple comparisons. 
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TgnzA7F;T 
A summary of the paralysis rates obtained for each of the samples and the 'U'HO(SOT~)/I~~ 
are shown in Table 12 while a summary of the analyses of these data are shotvn in Table 13. 
Using the L1 value established through previous collaborative studies i.e. 0.645, Table 13 
shoms that both samples urould have passed the release test (i.e. the LOR 4 .645 )  in all 
laboratories where the tests were vaIid. In most of the laboratories it can also be seen that the 
LOR for Vaccine # l  was lower than that for Vaccine #2 - the only exception to this 
observation being laboratory #5. 

The high invalidity rate in the study was of some concern - although in the case of laboratory 
#4 the invalidity is hardly surprising given the lack of dose response for the WHO(SO+2)/111. 
In the other cases (Laboratory 1 and Laboratory 6) we see non-parallelism between the 
reference and Vaccine #2. There is no obvious explanation for these observations. 

The overall result as shown in Table 13 is that Vaccine #l  is slightly less neurovirulent than 
Vaccine #2. Using this as a starting point the statistical model for vaccine testing was applied 
by testing Vaccine #2 against Vaccine #l i.e. assuming that Vaccine #l  is the reference. The 
results from these tests showed the following: 

Laboratory l : LOR = 0.8178 - indicating a decision cannot be made and the vaccine 
should be retested (ie.. LOR is between L1 (0.645) and L2 (0.913). 
Laboratory 2: LOR = 0.4 153 - Pass 

* Laboratory 3: LOR = 0.4667 - Pass 
* Laboratory 5: LOR = -0.13 15 - but a retest would be needed as the test was invalid 

due to non-parallelism 
* Laboratory 6: LOR = 0.3721 - but a retest would be needed as the test was invalid due 

to non-parallelism 

,m7m 
Four laboratories completed the MNVT and the mean lesion scores (MLS) for each Vaccine 
and the VIrHO(SO+2)/III from each laboratory are shown in Table 14, The difference between 
the mean lesion score and the current reference for each laboratory and vaccine are shown in 
Table 14. 

From Table 14 rye can see that Vaccine #2 had a higher MLS than Vaccine # l  in 2 tests 
(Laboratory I and 2), the same MLS in one test (Laboratory 3) and was lower in one test 
(Laboratory 4). When compared to the reference (WO(SO+2)/1II) (Table 15) we see that in 
the majority (5/8) cases the Vaccines are more neurovirulent than the references i.e. have a 
higher MLS and the dierence in Table 1";s positive. In two of these cases (vaccine i"C2 in 
Laboratories 1 and 2) the vaccines had a sipificantly higher MLS than the reference. In three 
instance - both tests in Laboratory 3 and Vaccine #2 in Laboratory 4 - the vaccine rvas found 
to be less neurovimlent that the reference. 

Overall, the MLS for the two vaccines are both found to be higher than that of the 
WIIO(S0+2)iIII. 
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Selection of a Candidate for Phase 3 of the Collaborative Study 

To decide which of the samples to take forward as the candidate replacement for the 
WHO(SO-1)IIII and hence which sample should go into the third phase of the study, the data 
from the tests undertaken in Phase 2 of the study were discussed (along with data from Phase 
1) amongst those organizations that had contributed to the study (see Appendix 2). 

While there was much discussion of the data it was felt that it would be difficult to take 
fonvard Vaccine #2 as it had failed the monkey NVT (Nn\lVT) at laboratorq. 1. Therefore it 
was decided to take fomard Vaccine # I  into Phase 3 of the study (further discussion of the 
data generated in Phase 2 is presented in the Discussion. 

PHASE 3 STUDY 

Study Design 

Phase 3 of the study was designed to check the titre of the selected candidate after it had been 
filled into ampoules at NIBSC. As the TgmNVT also requires that titres of samples be 
calibrated against a suitable reference, the existing titration reference for the TgmNVT 
(NIBSC Code: 991740) along with a potential replacement for this reference (NIBSC Code: 
97/676) were also included in the study. Also included was the current WHO (S0+2)/III. 

Laboratories were asked to complete the assay of all 4 samples on a minimum of three 
independent occasions. Laboratories were asked to calculate their own titres for each sample 
and to return these data to NIBSC. 

Processing of Bulk Materials 

A summary of the production and QC data for Vaccine #I generated by the manufacturer is 
shown in Appendix 3. 

The selected candidate was filled into 3ml DIN ampoules at NIBSC on 20Ih October 2005. 
Prior to filling the bulk had been thawed overnight at room temperature and stored at 4OC 
prior to filling. No excipients were added to the bulk prior to filling. Filling was completed 
&am a homogenous, stirred bulk maintained at room temperature throughout the filling 
process, 

The mean mass of the fill was 1.004g with a CV of 0.21%. Filling was completed on a Bausch 
and Strobe1 AFV5090 and in-line samples and measurements for the mass of the fill taken. A 
total of 224 samples were taken for estimation of the fill volume. 



A total 
the f i l l  
labeled, 
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of 2298 ampoules were filled. 21 O of these were rejected at the end of the run when 
voIume went out of specification limits. After filIing the ampoules were sealed and 
Labels for this preparation are blue and bear the inscription: 

"%'HO(SO+'I)/III SABR-4 TYPE 3 NEUROVIRULENCE REFERENCE EAGENT3* 
051 146 

Three ampoules were broken labeling. After labeling the ampoules were frozen at -70CC; 10 
vials were taken for a liquid nitrogen baseline. Finally, 100 ampoules were removed for the 
Phase 3 collaborative study leaving a total of 1975 ampoules available to WHO. 
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Product Summav for the Candidate WHO(SO+2)fiII Neurovirulence Reference 
Reagent (OSil46) 

Presentation Amooule 
t 

Number of amrtoules available 1975 

Sterility Testing of 051146 

Ten vials of 051146 randomly selected from the filling run were opened and pooled. Total &g?e ss 
viable counts were then made after plating 1 m1 of the pooled sample onto: 

1) Tryptone Soya Agar (TSA) and incubating at +37"C for 7 days (2 plates), 
2) Sabaroud Dextrose Agar (SDA) plates and incubating at +30°C for 7 days 

(duplicate plates) . 
One m1 samples were also inoculated into 1OmI Malt Extract Broth ( (B) and incubated at 
+20° for 2 1 days and l m1 into l Oml MEB and incubated at +4OC for 21 days. 

AI1 tests were negative for growth of microorganisms. 

Distribution of Samples 

Four vials1ampoules of 991740. 971676 and 051146 were sent to participants along with 2 
ampoules of the W O  (SO+2)/III. For the W O  (SO+2)/1II participants were asked to thaw 
and aliquot 1 ampoule into lOOml lots. This was done to conserve supplies of the WHO 
(SO+2)1III which is currently at very low levels. Samples were dispatched on dry-ice with 
instructions to keep at -70°C until used. 

Stability Studies 

Samples of the candidate WO(SO+Z)iIII NeuroviruIence Reference Reagent (051146) were 
placed at -20°C, +4"C, 20°C and 37°C for periods of 2 to 40 days. After treatment samples 
were assayed alongside samples of the candidate that had been mainkined at -70°C. A11 
assays fbr these studies were perfomed at WIBSC. 

Results 

Ti fratiovt o f f  he candidate (051 136) 
A summxy of the data is presented in Table 18. It should be noted that the titre obtained for 
99!740 is much closer between all laboratories than previously found in Phase 2 of the study 
(Table 9). These results for this sample is not in line with the previous results (Table 9). 
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Stub i t l '~ ,  ofthe Candidare 105 156) 
A summary of the data is presented in table 19. Loss of activity at temperatures between - 
20°C and +20"C and for periods up to 14 days uere minimal. Even at 3°C for 35 days there 
was minima1 loss of actir-ity. However. at 37°C there were significant losses of activity after 
only 2 days with subsequent loses of around l loglo CCIDsoiml every 2 days at this 
temperature. 

These data are not amenable to analysis using the Arrhenius equation as at the temopertures 
employed in the study the samples are actually in diRerent states i.e. in a solid state below 
0°C and in a liquid state at higher temperatures. 

DISCUSSION 

a G- *** 
Phase 1 

The primary intention of the current study was to produce and characterize a suitable 
replacement for the current WHO(SO+2)/III Type 3 neurovirulence reference preparation. As 
this material is an S0+2 preparation ji.e, 2 passages away from the Sabin original 
preparations) it was decided that the new reference should be of the same origin rather than of 
a re-derived (RSO) origin as this was most likely to produce a replacement as close to the 
current reference as possible. Four companies each agreed to produce a single monovalent 
bulk from the WO(SO+I)/III seed held at NIBSC using methods as close as possible to their 
normal production methods for poliovirus monovalent bulks. 

In selecting a replacement for the WHO(SO+2)/III there is obviously a desire to have a 
preparation that is as close as possible to the current reference in terms of its neurovirulence. 
To this end it was decided that in Phase 1 of the Collaborative Study the monovalent bulks 
produced should be tested by IvlAPREC and by the TgmNVT. In the former case the samples 
were tested at NIBSC and in the latter case the testing was carried out by CBER using the 
approved strain of mice (TgPVR21). In addition to these tests, NIBSC also used an in-house 
strain of mice (TgPVR21IBx) - related to the approved strain but not approved or validated 
for the TgmNVT to provide additional data. 

In Phase 1 all four of the monovalent bulks were therefore tested along with the 
WHO(SO+2);III in the tests outlined above. These tests were completed in early 2004. At a 
meeting in April 2004 the results from the Phase I study were discussed and two of the 
monovalent bulks were nominated to take fonvard into the second phase of the study. The 
decision of which bufks to take into phase 2 was based primarily on the results from the 
MAPREC and the T p N V T  carried out at CBER. These results are summarized in Table 16 
u-here the neurovimlence rankings for each test are shown. The sum of the ranks (Total) can 
be taken as an indication of the overail measure of neurovimlence with the torvest total 
indicating the most neurovimlent samples and the highest the least neurovirulent, 

These data, when looked at in conjunction with the raw data (and the TgmNVT data from 
NIBSC - also shown in Table 16) divides the four monovalent bulks into 2 groups: two bulks 
(Vaccines # I  and $3) that are slightly less neurovimlent than the current reference and ttvo 
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bulks (Vaccines if2 and $3)  that were slightly more neurovirulent than the current reference. It 
was considered that for phase 2 of the study it would be prudent to select bulks that 
represented candidates both slightly more and sIightly less neurovimlent than the current 
reference. 

In choosing between Vaccines # l  and #3 it was considered that the results for Vaccine # I  in 
the MAPREC and TgmNVTs was slightly more consistent than that for Vaccine #3 and that 
this represented a better option for Phase 2. Likewise in choosing between Vaccines #2 and #4 
it was felt that the data for Vaccine #2 were slightly more consistent and hence provided a 
better option that Vaccine #4. 

Phase 2 

In Phase 2 of the study Vaccines # I  and #2 were characterized further by MAPREC ( 3  tests), 
TgmNVT in the approved TgPVR21 mice (5 tests) and MPdVT (4 tests). As several 
laboratories completed each of the above tests it was possible to derive overall means for a 
number of parameters that can be taken as a general measure of neurovimlence. These are 
shown in Table 17. 

The overall picture that emerges from the above data is that in most of the parameters 
estimated Vaccine #I is less neurovimlent that Vaccine #2. In the MAPREC and TgrnNVT 
Vaccine #I is also less neurovirulent than the current reference. In the case of the MAPREC 
all three of the references (the ~ O ( S O + 2 ) / I I I  and the two candidates) would pass the 
M A P E C  test as established for release purposes. Likewise, from the pooled data on the 
TgmNVT both vaccines would pass the release test. 

However, this is not the case in the MNVT where Vaccine # l ,  while less neurovimlent than 
Vaccine #2, is still more neurovirulent than the current reference (WO(SO+2)/III). However, 
one of the most significant findings during Phase 2 was that Vaccine #2 failed the MNVT in 
one of the laboratories i.e. Laboratory I (Table 15). While this laboratory reported that the 
MLS obtained for the WHO(SO+2)/III was unusually low, it was still considered that a fail at 
this stage of the study effectively eliminated vaccine #2 from further consideration. 

On the basis of the above considerations it was therefore decided that Vaccine # l  be taken 
into the 3rd phase of the Collaborative Study. 

The aims of the final phase of the collaborative study were to: 
1 )  Fill Vaccine # I  into ampoules 
2) Check the tixre of the filled product 
3) Assess the stabifil?; of the filled product. 
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Vaccine 31 was filled and sealed into ampoules at NIBSC on 2oth ~ c t o b e r  2005. The 
ampoules mere then labeled and the candidate replacement for the U"HO(SOI-2)iIII given the 
code number 05!146. The fiIting!seaIing produced 2075 ampoules of which 1975 are now 
available to 

The titre of the filled preparation was found to be 8.2 logio GCIDjoiml (Table 18) - slightly 
lower than the titre obtained prior to filling (8.3 logloCCIDjo/ml - Table 9). However, given 
the variability of the assay it is not possible to conclude if there was any loss of titre during 
the filling process. 

Stability studies showed that there were smaIl losses of activity at temperacure up to +20°C 
for periods of up to 14 days but that there filled product was unstable at +37'C even for quite 
short periods of time. The latter is not unexpected as there are no stabilizers added to the 
original bulks and so we might expect them to be relatively unstable at such elevated 

W&- 
temperatures. 

Stability studies on the candidate 051146 wiI1 continue into the foreseeable future at regular 
intenrals at NIBSC. We will also continue to monitor titres that are obtained by other users to 
further ensure that the material does not lose potency. 

Replacement of the TgmNVT Titration Reference 

Also included in Phase 3 of the study was a candidate replacement for the titration standard 
used in the TgmNVT. The TgrnNVT relies on the use of doses that can be related back to 
those used in the original collaborative studies to define the doses to be used in the test. To do 
this, titres are corrected against the titration standard - 991740 for Type 3. However, during 
the course of the study (Phase 2) several participants experienced difficulties with 99/740 and 
so a potential replacement was included in Phase 3 of this study to establish a titre for the 
proposed replacement titration reference. The candidate replacement for the titration reference, 

@$g 
971676, was included in the current study and found to have a titre of 8.6 log10 CCIDjoiml - 

*%p' much the same as when it was originally filled in 1997. 

Further investigations of the possible cause for the decline in titre of 99/740 were carried out 
in mid-2006. The assigned titre for 991740 was 8.3 loglo CCIDjo/ml when it was originally 
used as the titration reference for the TgmNVT . However, during Phase 3 of this study ure 
found that this had fallen in the hands of all paaicipmts to 7.7 loglo CCIDjo/ml. Such a drop 
had appeared to happen quite quickly as it was found by some laboratories to still be within 
specification (7.8 - 8.8 loglo CCIDjoiml during Phase 2 of the study (Table 9). 

Inspection of the remaining vials of 991740 revealed that the frozen liquid in many of the vials 
has sublimated and recondensed around the stopper region - effectively leming the virus as 
an almost dry pellet on the bottom of the vial. Given tbe knor?rn sensitivity of pofiovims to 
IpophiIization this may well explain the loss of activitl; obsewed. M a t  is not clear at the 
present time is why the sublimation occurred so rapidly. 
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Nevertheless, given the fact that the candidate replacement (971676) is aIso filled in the same 
vials as 991730. it should only be considered as a short-term replacement for the latter, 
Towards this end it is recommended that a replacement for 97!676. sealed in ampoules, be 
sought as soon as is practicable. Studies wiII continue to monitor the titre of 97676 to ensure 
that there is no loss of activity. 

Assignment of Titres for 0511116 and 971676. 

While the current study was not designed to formally calibrate the replacement against the 
current reference preparation there is still a need to assign a titre to the replacement reference 
preparation and to the titration reference. This is because in the TgmNVT it is necessary to 
relate the titre of the test doses back to the original doses used in the validation of the test. For 
this reason, u7e note that the assigned titre for the current Behringwerke WHO(S0+2)11II for 
the TgmNVT is 8.7 log10 CCIDjolml and the titre obtained in this study is 8.6 loglo CCID501ml. 
A correction of 0.1 log10 CCIDjO:'mI is therefore applied to the estimated titres of 05'146 and 
97/676 to bring them in line with the assigned titre of WHO(S0+2)1111. We therefore suggest 
that 051146 be assigned as 8.3 loglo CCID501ml and that 97/676 be assigned a titre of 8.7 loglo 
CCIDSO/ml i.e. corrected values for the titres 8.2 and 8.6 respectively obtained in the current 
study. 

The following recommendations are made: 

1 )  That 0.9146 (WO(SO+2)1111 Sabin Type 3 Neurovirulence Reference Reagent) be 
established as the replacement for the current WO(S0+2)/111 neurovirulence 
reference reagent for use in the monkey and transgenic mouse neurovirulence tests. 

2) That 99/740 be discontinued as the titration reference for Type 3 TgmNVT studies. 
3) That a new titration reference for Type 3 TgmNVT studies be established (96/676) and 

that it be assigned a titre of 8.7 loglo CCIDjo/ml for these studies. 
4) That a replacement for 961767 be sought and that the replacement be sealed in 

ampoules as opposed to being sealed in vials. 

The previous reference preparation will be phased out over the next two years (or until stock 
levels reach 100 ampoules - whichever is the sooner) - allowing users time to validate the 
new reference preparation for the relevant neurovirulence tests. 

No formal detemination of commutability for the reference preparation has been made but 
the data presented in this report demonstrate that it is fit for the intended purpose i.e. as a 
reference for the neurovirulence testing of type 3 poliovirus vaccine bulks. 

A draft of the Instructions for use for the candidate replacement is provided in Appendix 4, 
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SCB%IC%ARY OF COMMENTS FROM PARTICIPANTS 

Laboratoy l 
A number of editorial changes'clarifications requested. No major comments on 
recommendations. Final draft revised in response to comments. 

Laboratory 2 
No comments received. 

Laboratory 3 
Replied but had no comments. 

Laboratory 4 
Replied but had no comments. 

4 s  

Laboratory 5 
A number of editorial changes/clarifications requested. No major comments on 
recommendations. Final draft revised in response to comments. 

Laboratory 6 
Some editorial changesiclarifications requested. No major comments on recommendations. 
Final draft revised in response to comments. 

m F E m N C E S  
"I W O  (2002) Recommendations for the production and control of poliomyelitis vaccines 

(oral). Vv-0 Technical Report Series, 904,3 1-93. 
") Dragunsky,E. and Karpinski, K. Standard Operating Procedure: Neurovirulence Test of 

Types 1. 2 or 3 Live Poliomyelitis Vaccines (Oral) in Transgenic Mice Susceptible to 
Poliovirus. Version 2. [Available from: Co-ordinator. Quality and Assurance and 
Safety: Biologicals, World Health Organization, 121 1 Geneva 27, Switzerland]. 

( 3 )  
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Table 1 
Results of the M P E C  analysis of Vaccines 8144 in the first phase of the collaborative 

study. 

Vaccine #2 0.56 0.06 0.62 

Test 

' l )  Indicates the order of testing and which samples were analyzed either in parallel 
(where the number is the same) or in separate tests (a unique test number). 

% 472-C 
Mean % 1 S. D. 

(2i Expressed relative to the Type 3 MAPREC International Standard 951542. 

Relative *h 

Vaccine #3 
Vaccine #4 

Table 2 
Summary Paralysis Data for Test # l  (TgPVR21 mice) conducted at CBER using the 

TgPVR2 1 validated mice. 

2 
3 

I 

0.27 
0.64 

0.25 
0.63 

0.10 
0.07 

Vaccine 

1 Vaccine # l  1 3.50 1 0.19 0.19 1 0.19 1 

WHO (S0+2) I11 

Dose 
per 501 

3.50 
4.50 

Vaccine #2 

Female 
0.06 
0.38 

4.50 
3.50 

Male Total 
0.56 
0.69 

0.3 1 
0.00 

0.31 
0.53 

0.75 
0.19 

0.53 
0.09 
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Table 3 
Surnmarq. Paralysis Data for Test $2 (TgPVW i mice) conducted at CBER using the 

TgPVR_Z, I validated mice. 
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Table 4. 
Summary statistics for TgmlVVTs conducted at CBER using the TgPVR21 validated mice. 

Vaccine 

( l )  The most neurovirulent sample is ranked 1 and the least neurovirulent is ranked 4. 

Vaccine # I 
Vaccine #2 

Table 5 
Sumrnary Paralysis Data for Test #l conducted at NIBSC using the non-validated 

TgPVR2 1/Bx mice. 

Validity 

Valid 
Invalid: Sieificant Non- 

Table 6 
Summary Paralysis Data for Test #2 conducted at NIBSC using the non-validated 

TgPVR2 l/Bx mice. 

LOR Neurovirulence 
~ a n k ( ' )  

-0.325 
0.000 

Vaccine 
WHO (S0+2) 111 

Vaccine # l  

Vaccine #2 

4 
l 

Dose 
per SDI 

3.50 
4.50 
3.50 
4.50 
3.50 
4.50 

Female 
0.06 
0.13 
0.13 
0.06 
0.13 
0.60 

Vaccine 

Male 
0.46 
0.50 
0.25 
0.44 
0.40 
0.38 

Dose 
 er 501 

Total 
0.22 
0.31 
0.19 
0.25 
0.26 
0.48 

Female Male Total 
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Table 7. 
Summary statistics for TgrnNVTs conducted at KIBSC using the nol-t-validated TgPVUlIBx 

mice. 

Vaccine 

Vaccine # 1 
Vaccine $2 

Vaccine #3 

"' The most neurovimlent sample is ranked 1 and the least neurovimlent is ranked it. 

Neurovirulence 
~ a n k " '  

VaIidiQ 

Valid 
Invalid. No significant dose or 

1 Vaccine #3 1 Valid 

Table 8. 
Tests undertaken in Phase 2 of this Collaborative Study. 

LOR 

vaccine effect . 
Valid 

-0.295 
0.592 

-0.25 1 

4 
2 

1.283 
3 

Laboratory 
Laboratory 1 
Laboratory 2 
Laboratory 3 
Laboratory 4 
Laboratory 5 
Laboratory 6 

l 

TEST 
IMAPREC 

Yes 
No 
No 
Yes 
Yes 
No 

TgrnNVT 
Yes 
Yes 
No 
Yes 
Yes 
Yes 

Monkey NVT 
Yes 
Yes 
Yes 
Yes 
No 
No 
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Table 9. 

Mean estimates of titre of vaccines: ~WO(SO+2)ilII and 99!740 in log10 GCIDSO/rn1. Standard 
deviations are shown in brackets. 

(0.16) (0.18) 
h )  n = number of titrations performed I 
(2' Values for laboratories 4 and 5 not included. 

(0.21) (0.24) 
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TabIe 10. 
Mean %372-C by Laboratoq and Vaccine: 

* Vaccine # l  and #2 tested in separate run from WHO: so 96472-C 
not 
directly comparable for the three samples 

Table 11. 
Mean Ratio (%472-C of sample as ratio of the Type 3 MAPREC Intemational Standard 

951542) shown by Laboratory and Vaccine: 

Table 12. 
Summary of Paralysis Rates in the TgrnNVTs carried out as part of the current study. 

WHO(S0+2)1III 
0.505 
0.374 
0.298 
0.392 

Laboratory 
1 
4 
5 

Mean 

Vaccine #l 
0.3 13 
0.363 
0.352 
0.343 

Vaccine #2 
0.622 
0.544 
0.489 
0.551 
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Table 13. 
Sunlrnary of analysis of the TgrnNVTs performed in the current study. The decision model for 
the test was applied for each of the candidates against the WXO(SO+2)iIII - L values were as 

specified in the current SOP"'. The values of the paralysis rates from all tests (including 
invalid tests) were used to calculate the Total LOR. 

I Vaccine taboratorv 1 ValidiMDecision 1 LOR 1 

1 Parallelism (=0.0237). RETEST I 1 
Vaccine # 1 
Vaccine #2 

1 
1 

Vaccine # 1 
Vaccine ff2 

I Parallelism (p=0.0166). RETEST / 
Vaccine #2 

Valid. PASS 
Invalid: Significant Non- 

2 
2 

-1.165 
-0.084 

Vaccine # I 

4 

Vaccine if l 
Vaccine #2 

Valid. PASS 
Valid. PASS 

4 1 Invalid: Significant Non- 1 0.000 

Vaccine # l 
Vaccine #2 

'" The standard validity criteria for individual. tests are not directly a plicable to the overall 
analysis. There were sl lficant lnteract~on terms between la orator and vaccine, F' E 
laborator and dqse, an between a11 three. There was also .a signi&ant difference r between aborator~es.overall c0.01 In all cases). T h ~ s  can be Interpreted as s~ 
d~fference In aralysis rates, S 9 opes of dose-res onse, and degree of parallelism r etween ficant 
laboratories. Phe overall LOR should on1 l!e taken as a summary of the relative 
neurovirulence of the vaccines relative to the ]Iv H 0  reference. 

0.22 1 
0.609 

Parallelism (p=0.0344). RETEST 
Invalid: Significant Non- 

5 
5 

L I 

0.459 

6 
6 

Vaccine # l  
Vaccine #2 

Valid. PASS 
Valid. PASS 

0.159 
0.000 

Valid. PASS 
Invalid: Significant Non- 
0 

TOTAL 
TOTAL 

-0.325 
0.000 

ND"' 
ND"' 

-0.190 
0.188 



WHOiBSf06.2043 
Page 27 

Table 14. 
Mean Lesion Scores (number of vatid animals) in the Monkey Neurot-irulence Test shown by 

Laboratory and Vaccine. 

Table 15. 
Difference in Mean Lesion Score in the Monkey Neurovimlence Test between vaccine and 

the current reference (WHO(S0+2)/111). 

** Vaccine #2 significantly higher than 'WHO (p=0.00 12) 
* Vaccine #2 significantly higher than WHO (p=0.0122) 

Laboratory 
l 
2 
3 
4 

Decision 
Vaccine #l 

PASS 
PAS S 
PASS 
PASS 

Vaccine #l 
0.155 
0.094 

-0.106 
0.000 

Vaccine #2 
FAIL 
PASS 
PASS 
PASS 

Vaccine #2 
0.606** 
0.365* 

-0.106 
-0.035 
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Table 16. 
Neurovirulence of candidates as revealed by assays carried out in Phase 1 of this collaborative 

study. The vaccines were ranked in terms of their neurovimlence as indicated in each of the 
tests underlaken; I is the most neurovimlent and 4 the least neurovimlent. 

* Does not include data from the NIBSG TgmNVT. 
** Includes data from the NIBSC T ~ N V T  

Table 17, 
Summary of neurovirulence parameters estimated in Phase 2 of the current study. TgmNVT 

data are only from the validated Japanese mice (TgPVR2 1). 

Test 
MAPREC 

I MNVT / MLS 0.828 0,999 0,792 1 

, TlrmNVT 1 Paralysis at 3.5 Dose 1 14.5 1 25.9 1 24.5 

Parameter 
Mean Ratio %472-C 

'd 

1 

- 

59.4 
0,188 

TgmNVT 
TgmNVT 

Vaccine #l 
0.343 

- - -- 
53.5 
ND 

Paralysis at 4.5 Dose 
LOR 

Vaccine #2 
0,551 

56.6 
-0.190 

WHO(S0+2)/III 
0,392 
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Table 18 
Mean estin~ates of titre of candidate jVHO(S0+2f,'TTI NVT reference reagent (05:0146). 

current %%O(S0+2)iIII, 97/676 and 991740 and in loglo CCIDia/rnl. Standasd 
deviations are shown in brackets. 

Table 19 
Mean estimates of titre of candidate WHO(S0+2)AII in logio CCIDjo/ml after exposure at 

different temperatures for different periods of time. Standard deviations are shown 
in brackets. Loss of titre is expressed relative to the -70°C baseline. 

Temperature Time ,cif Titre Loss of Titre 
-70°C - 3 8.2 

(0.2 1) 
-20°C 35 days 5 8. 1 0.1 

(0.15) 
+4"C 35 days 3 7.9 0.3 

(0.15) 
+20°C 7 days 3 7.9 0.2 

(0.15) 
+20°C 14 days 3 7.9 0.2 

(0.15) 
+37"C 4 days 3 6.1 2.0 

i0.78) 'I n = n m b r r  of titrationr performed 
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APPENDIX l 
Images (from the top down) of ampoules of the I )  %XO(SO+I)~III, 2 )  UTIO(SOi2)~III and the candidate 

replacement 05 146. 
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APPENDIX 2 

STUDY PARTICIPANTS 

Dr Olivier van Loocke, Dr Blaise Descampes Dr Luigi Perini. Dr Tommaso Pasquali and 
m d  Dr Isabelle Ernest, Dr Pjoemi Caro 

GSK Biologicafs Chiron Vaccines 
Rue de I'institut, 89 BSttiment 32.180 Via Fiorentina 1 
B- 1330 Rixensart 53100 Siena, 
BELGIUM ITALY 

Dr Frangois Pelloquin, 
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APPEKDIX 3 

S u r n m a ~  of QC Testing undertaken on the candidate replacement. 

( Observation 1 No CPE. 

Volume of primary culture 
Volume of secondary culture 
Volume used for control cells 
Antibiotics 

- 

( Test for haemadsorbing agents I No evidence of haemadsorbing agents 

350 m1 
6,800 m1 
2,700ml 
100 0girnI Kmamycin sulphate 
100 U g/ml Neornycin sulphate 

Tests for extraneous agents (non- 
haemadsorbing) 
Cercopithecus kidney cells 
Macaca kidney cells 
BSc-1 

Test on Control Cells 

No cytopathic effect 
No cytopathic effect 
No cytopathic effect 
No cytopathic effect 

I Test for mvcoulasma on 1 su~ernatant I Sterile 

Rabbit Kidney 
Sterilty on 1 supernatant 

Test for mycoplasma on 2nd supernatant I Sterile 
Production Details 

Virus infectivitvicell ratio 1 2 m.0.i. 

Sterile 

Cer~opithecus kidney cells No cqqopathic effect 
Macaca kidney cetls No c)%opathie effect 

No cq~opathic effect 

Period of incubation 
Temperature of incubation 

3 8-3 8 hours 
34°C + 0.5OC 
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APPENDIX 4 

PROPOSED INSTRUCTIONS FOR USE 

ORAL POLIO VACCINES SABIN STRAINS TYPE 111: 
NEUROVIRULEIVCE REFEWNCE PmPARATZON 

NIBSC Code: 051146: WHO(SO+2)fiII Sabin Type 3 Neurovirulence Reference Reagent 

1. CAUTION 

THESE MATERIALS A= NOT FOR riv vrrm DIAGNOSTIC USE OR FOR 
ADMINISTRATION TO HUMANS 

2, BACKGROUND 
The WI-IO(S0+2)/1II Sabin Type 3 Neurovirulence Reference Reagent (NIBSC code 051146) 
was prepared in 2006 as a replacement for the previous reference reagent - WHO(SO+2)/111 
that had been made by Behringwerke in 1976. Each ampoule contains 1 m1 of sample. Their 
primary use is as reference preparations for the monkey neurovirulence and mouse 
neurovirulence tests as outlined in the W O  "Recommendations for production and control of 
poliomyelitis vaccine (oral)" (2002). 

NIBSC distributes the material for WHO but requests for supply should be directed to the 
Coordinator, Quality Assurance and Safety: Biologicals, World Health Organization, Geneva, 
Switzerland. Unless specifically indicated otherwise these materials are provided as 
reference materials only. 

Further details can be obtained from: 

Dr Peter ChristianiA/ls Gillian Cooper 
Division of Virology 
NIBSC 
Blanche Lane 
South Nimms 
Herts EN6 3QG 
UNITED KINGDOM 

3,GONTENTS AND USE 
3.1 Contents 

Each ampoule contains I m1 of sample which is pale orange when frozen at liquid-70°C and 
becomes a pink liquid open thawing. 
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3.2 Preparation of Standard 

The reference preparation was filled into 3ml DIN ampoules at NIBSC on z O ' ~  October 2001. 
Prior to filling the bulk had been thawed overnight at room temperature and stored at 4°C 
prior to filling. The mean mass of the fill was 1.004% with a CV of 0.21%. Filling was 
completed on a Bausch and Strobe1 AFV5090 and in-line samples and measurements for the 
mass of the fill taken. A total of 224 samples were taken for estimation of the fill volume. 

After filling the ampoules were sealed and labeled. Labels for this preparation are blue and 
bear the inscription: 

"WHO(SO+2)1IlI SABIN TYPE 3 NEUROVIRULENCE REFEENCE REAGENT'" 
051 146 

g& 
After labeling the ampoules mere frozen at -70°C. 

Product Summary for the Candidate WHO(S0t-2)fiII Neurovirulence Reference 
Reagent (051146) 

Presentation 
Excipientsladditives 
Mean Mass of fill 
Coefficient of variation of the liquid fill 

3.3 Use in the Transgenic Mouse Neurovirulenee Test (TgmNVT) 
If the sample is to be used in the Transgenic Mouse Neurovirulence Test (TgmNVT) #$S 
following the W O  Standard Operating Procedure then you should contact Dr Peter Christian 
or MS Gillian Cooper at NIBSC for details and samples of the titration reference (971676) that 
should be used in conjunction with the current reference for this test. 

Ampoule 
None 
1.004g 
0.21% 

Residual Moisture 
Nominal Titre 
Storage Temperature 

N/A 
8.2 loglo GCIDjolml 

-70°C 
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It is the policy of K-O not to assign an expiry date to their reference materials. They remain 
valid until withdrawn or amended. 

Reference materials are held at NIBSC with assured. temperature-controlled storage facilities. 
Reference Materials should be stored on receipt as indicated on the label i.e. kept at or below 
- 7 0 ' ~  until use. Once removed from the recommended storage tempertaure, diluted or 
aliquoted, users should determine the stability of the material according to their own method 
of preparation. storage and use. 

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

Users who have data supporting any deterioration in the characteristics of any reference 
preparation are encouraged to contact NIBSC. 

5. CITATION 

In all publications in which this preparation is used as a reference preparation, it is important 
that name and address of NIBSC are cited correctly. 

6. PRODUCT LIABILITY 

6.1 Information emanating from NIBSC is given after the exercise of all reasonable care 
and skill in it compilation, preparation and issue, but is provided without liability in its 
application and use. 

6.2 This product is intended for use as a standard or reference material in laboratory work in 
relation to biological research, manufacturing or quality control testing of biological 
products or in the field of i r ~  vitro diagnostics. It is the responsibility of the user to 
ensure that helshe has the necessary technical skills to determine the appropriateness of 
this product for the proposed application. Results obtained from this product are likely 
to be dependent on conditions of use and the variability of materials beyond the control 
of NIBSC. 

NlBSC accepts no liability \%-hatsoever for any loss or damage arising from the use of 
this product, whether loss of profits, or indirect or consequential loss or other wise, 
including, but not limited to, personal injury other than as caused by the negligence of 
'PY'IBSC. In particular, NlBSC accepts no IiabiIity whatsoever for: 

a) results obtained from this product; and or 
b) non delivery of goods or for damages in transit. 
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6.3 In the event of any replacement of goods folfowing toss or damage, a customer accepts 
as a condition of receipt of a replacement product, acceptance of the fact that the 
replacement is not to be construed as an admission of liability on NfBSC's behalf. 

'7. DImCTIONS FOR OPENING THE DIN AMPOULE 

DIN ampoules have an "easy-open' coloured 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 coloured 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. 

WHO (2002). Recommendations for production and control of poliomyelitis vaccine (oral). 
WHOP Technical Report Series, 904 pp3 1-92. 

WHO Standard Operating Procedure: Neurovirulence Test of Types 1, 2 or 3 Live 
Poliomyelitis Vaccines (Oral) in Transgenic Mice Susceptible to Poliovirus. Written by 
Dr E. Dragunsky and Dr K. Karpinski. Version 2. [Available from: Co-ordinator, 
Quality and Assurance and Safety: Biologicals, World Health Organization, 1211 
Geneva 27, Switzerland]. 
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ORAL POLIO VAGCINES SABIN STMINS TYPE I, I1 and 111: 
SO+2 SEEDS/NEll'ROVIRULENCE REFEmNCE P m P A U T I O K S  

MATERIAL SAFETY SHEET 

Toxicological properties 
Effects of inhalation: Not established 
Effects of ingestion: Not established 
Effects of skin absorption: ATot established 

Chemical properties 

Suggested First Aid 
Inhalation Seek medical advice 
Ingestion Seek medical advice 
Contact with eyes Wash with copious amounts of water. Seek medical advice. 

Stable Yes 
Hygroscopic No 
Flammable No 

Action on Spillage and Method of Disposal 
Spillage ofan?poule contents should be taken up with absorbent material wetted with a 
1.irucida1 ager-zt. Rinse area .rvith a virucidal agentfollo~~~ed by water. 

Absorbent materials used 10 treat spillage should be treated as biologically hazardous waste. 

Corrosive: No 
Oxidising: No 
Irritant: No 

I Compiled by: P. Christian/G Cooper Date January 2004 1 

Other (specify) None 
Handling: For in vitro use only, not for administmtion to humans. 


