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Abstract 
For poliovirus type 1 base changes of G to A at base position 480, and U to C at position 525 

accumulate in vivo and in vitro, and increase the neurovirulence of the virus. A MAPREC assay 

has been developed at CBER/FDA to monitor the consistency of vaccine production at these 

positions and candidate WHO reference materials have been evaluated in the study described in 

this report. The candidate International Standard, 00/418, is intended for inclusion in every 

MAPREC assay to calibrate the % 480-A, 525-C content of concurrently tested samples. Three 

candidate International Reference Preparations (00/410, 00/416 and 00/422) are intended for 

inclusion in each assay to validate each set of MAPREC determinations. 

 

A total of 4 laboratories located in 4 countries participated in the collaborative study to evaluate 

these materials. In addition to the candidate reference materials, three commercially prepared 

poliovirus type 1 (Sabin) monovalent bulks, that had previously been tested and passed the WHO 

monkey neurovirulence test were tested under code in the study.  In each laboratory, all three 

samples had estimated ratios of % 480-A, 525-C significantly lower than the candidate IS.  

 

Duplicate samples of the candidate IS (00/418 A and B) were compared within each MAPREC 

assay. There was no significant difference in the estimated % 480-A, 525-C content of the 

duplicates. The results of the study suggest that 00/418 is suitable as the 1
st
 International 

Standard for MAPREC assay of poliovirus type 1 (Sabin) and, on the basis of the mean of 4 

estimates, should be assigned a value of 2.06 % 480-A, 525-C. 

 

Two candidate virus reference materials were evaluated in the study. The overall mean ratios of 

% 480-A, 525-C for 00/422 (candidate high mutant virus reference, HMVR) compared to the 

candidate IS were, as expected, all well above 1.0. The %480-A, 525-C ratios obtained for 

00/416 (candidate low virus mutant reference, LMVR) compared to the candidate IS in 

individual assays spread were equal to or less than 1.0, with an overall mean of 0.9. Although 

this result is closer to the IS than expected this reference can still be of value in the MAPREC 

assay when used as a consistency control. The majority of assays with 00/416 and 00/422 had 

standard deviations lower than 0.3. It is recommended that laboratories should monitor the value 

of the ‘within assay’ standard deviations for these two preparations, and for the test vaccine 

samples, higher than expected standard deviations should invalidate an assay. On the basis of 

these results it is proposed that 00/422 is established as the 1
st
 International Reference 

Preparation (High Mutant Virus Reference) for MAPREC assay of poliovirus type 1 (Sabin) and, 

based on the mean of 4 estimates (20 determinations), should be assigned a value of 2.56% 480-

A, 525-C. It is also proposed that 00/416 is established as the 1
st
 International Reference 

Preparation (Low Mutant Virus Reference) for MAPREC assay of poliovirus type 1 (Sabin) and, 

on the basis of the mean of 4 estimates (20 determinations), should be assigned a value of 1.84 % 

480-A, 525-C. 

 

The final candidate reference material evaluated in the study was preparation 00/410, which was 

made from a mutant virus and contains 100 % 480-A, 525-C.  It is intended to be included in 

each assay as a control for the activity of the restriction enzymes.  The estimates of % 480-A, 

525-C obtained for 00/410 were consistently high in all laboratories and assays. The overall 

mean estimate was 85.2, with a coefficient of variation of 6%. This represents very good 

agreement between laboratories and assays. The lowest estimate obtained was 79.5% 480-A, 

525-C. On the basis of these results it is proposed that 00/410 is established as the 1
st
 

International Reference Preparation (100%% 480-A, 525-C).  Apparent % 480-A, 525-C content 

in this sample is always less than the expected 100% because of natural limitations on 

completeness of restriction enzyme digestion and quality of polyacrylamide gel separation.  
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Based on the mean of 4 estimates (20 determinations), 00/410 control should produce a value of 

85.2% % 480-A, 525-C. 

There were technical difficulties with the assay methodology, particularly with radio labelling of 

the primer. Despite the technical difficulties encountered in some laboratories, the results 

obtained for each standard were very similar when compared to the DNA reference, candidate IS 

00/418, and show that the MAPREC assay for poliovirus type 1 can be a standardised, robust 

and reliable procedure with further refinement. The availability of these reference materials will 

facilitate the widespread use of the MAPREC assay to evaluate the molecular consistency of 

production of poliovirus type 1 vaccine. WHO should further investigate the desirability of 

introducing this test as the in vitro test of preference for control of poliovirus type 1. 

 

 

The candidate standards therefore appear to be suitable for use in MAPREC assays for type 1 

oral poliovaccine (Sabin). It is therefore proposed that 00/410, 00/416, 00/418 and 00/422, be 

established as the 1st International Standards and Reference Preparations for the Type 1 

MAPREC assay. 

 

Introduction 
Neurovirulent isolates of all three serotypes of poliovirus were attenuated by serial passage in 

vivo and in vitro to produce the Sabin strains of poliovirus that make up Oral Poliovirus Vaccine 

(OPV). Although these vaccine strains are very stable, they can revert to full or partial virulence 

through point mutations in the 5’ non-coding region of the viral RNA, particularly if grown at 

temperatures greater than the optimal 35°C. These mutations differ in each of the three types of 

polio vaccine (1, 2 and 3) and are well characterised (See references). 

 

In type 3 poliovirus vaccine, the mutation of U to C at base position 472 in the viral RNA, is 

directly related to the neurovirulence of the virus in monkeys. As the proportion of C in the viral 

population increases, so does the neurovirulence, such that if the C content rises above 0.9%, the 

vaccine will fail the standard monkey neurovirulence test. The WHO Expert Committee on 

Biological Standardisation, at its 47
th

 and 48
th

 meetings, established International Standards and 

Reference Preparations to facilitate standardisation of the MAPREC assay for poliovirus type 3.  

WHO guidelines and EP monographs include requirements for the use of the MAPREC Assay 

for Type 3 

 

The relationship between mutations in the 5’ non-coding region of type 1 and 2 poliovirus, do 

not show a simple direct correlation with the monkey neurovirulence test. For poliovirus type 2 a 

base change of A to G at base position 481 accumulates in vivo and in vitro, and increases the 

neurovirulence of the virus. A MAPREC assay, using candidate reference preparations to 

monitor consistency of vaccine production at this position, was considered by ECBS at its 52
nd

 

meeting, and established the International Standards and Reference Preparations to facilitate 

standardisation of the MAPREC assay of poliovirus type 2. Requirements for the use of the 

MAPREC assay for Type 2 are included in WHO guidelines and EP monographs but without 

pass/fail criteria. 

 

In type 1 Sabin vaccine, two mutations at bases 480 and 525 are known to accumulate during 

passage and these are the bases monitored in the Type 1 MAPREC assay. Candidate reference 

materials have been prepared at CBER/FDA and NIBSC for the type 1 assay. Two candidate 

DNA reference materials were prepared. One with nominally 100% 480-A, 525-C is intended as 

a run control for the restriction enzymes used in the assay. One with nominally 2.0% 480-A, 

525-C is intended as the primary calibrant for evaluation of the % 480-A, 525-C of vaccine 
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samples. Two candidate virus reference materials were also prepared, with expected values of % 

480-A, 525-C either side of the 2.0% 480-A, 525-C DNA reference. They are intended to be 

used as run controls to validate each MAPREC determination.  A MAPREC test is considered 

valid if it correctly identifies both low- and high-mutant reference viruses. 

 

The purpose of this study is to assign values to the reference reagents (00/416, 00/422, 00/418, 

and 00/410), assess the suitability of the reagents as WHO International Standards, and determine 

the criteria to be applied to the type 1 Oral Polio Vaccine (OPV) Sabin for its release as an 

acceptable vaccine. 

This report describes the candidate reference materials and the collaborative study to assess their 

suitability. The study was approved by ECBS at its 50th meeting. 

 

Candidate Reference Materials 
The candidate reference materials and their proposed names are: 

 

1
st
 International Standard for MAPREC assay of poliovirus type 1 (Sabin); code number 00/418. 

This is material is DNA with a proposed assigned value of 2.0% 480-A, 525-C.   

 
1

st
 International Reference Preparation High mutant virus reference (HMVR) for MAPREC assay 

of poliovirus type 1 (Sabin); code number 00/422 
 
1

st
 International Reference Preparation Low mutant virus reference (LMVR) for MAPREC assay 

of poliovirus type 1 (Sabin); code number 00/416 
 
1

st
 International Reference Preparation 100% 480-A, 525-C DNA, restriction enzyme cleavage 

control for MAPREC assay of poliovirus type 1 (Sabin); code number 00/410 
 

The candidate IS and the 100% 480-A, 525-C preparations are freeze-dried DNA materials, 

whereas the candidate high-mutant virus reference (HMVR) and low-mutant virus reference 

(LMVR) are virus suspensions that are not freeze-dried. All materials are stored at NIBSC. 

 

Preparation of the DNA reference materials. 
 CBER, FDA prepared both reference materials from cloned DNA. The DNA was suspended and 

freeze-dried in 0.1% lactose at NIBSC. When rehydrated in 0.1ml distilled water the DNA 

concentration is 0.01µg/ml.  

Details of the materials filled into vials are given in Table 1 

 

Preparation of the virus reference materials. 
Two poliovirus stocks containing100% 480-A, 525-C and 100% 480-G, 525-T were produced by 

PCR site-directed mutagenesis from cloned cDNA. This cDNA was reverse transcribed in vitro 

and transfected into Hep2c cells.  Before preparing the bulks, the stocks were mixed in different 

proportions and tested by MAPREC to determine the appropriate volumes of each stock in the 

final mixture. 

 

00/422 HMVR for MAPREC type 1.  
The high mutant virus reference was prepared with target %480-A, 525-C content just above that 

of the 00/418 candidate IS material.  

The bulk suspension was shipped frozen on dry ice to NIBSC, where it was filled into vials and 

coded as 00/422. Details of the fills are given in Table 1. 
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00/416 LMVR for MAPREC type 1. 
The low mutant virus reference was prepared with target %480-A, 525-C content just below that 

of the 00/418 candidate IS material.  

The bulk suspension was shipped frozen on dry ice to NIBSC, where it was filled into vials and 

coded as 00/416. Details of the fills are given in Table 1. 

 

Vaccine test samples included in the collaborative study. 
Three commercially prepared poliovirus type 1 (Sabin) monovalent bulks that had previously 

been assayed in the WHO monkey neurovirulence test were distributed into vials and coded at 

NIBSC. Details are given in Table 2. 
  

Study Design 
Eight laboratories were originally invited to take part in the collaborative study. Participating 

laboratories were requested to perform the Type 1 MAPREC assay, each assay comprising a set 

of five determinations, and an experimental procedure and protocol was provided (Appendices 1 

and 2). The assay was to include each of the candidate reference materials, along with three virus 

test samples.  

Laboratories were requested to perform their own analysis, to assess validity of the assay, and to 

obtain a “pass” or “fail” classification for each test vaccine sample, using the t-test approach 

described in the SOP.  Laboratories were also requested to return all raw assay data on standard 

forms. 

 

A code number, allocated at random, and not necessarily reflecting the order of listing in 

Appendix 3, refers to participating laboratories. Individual assays (sets of five determinations) 

were numbered sequentially for each laboratory, and are referred to as 1 to 4 for the four 

laboratories. 

Stability studies on the candidate preparations 
Ampoules of each freeze-dried candidate reference material, 00/410 and 00/418, were incubated 

in an accelerated degradation study. Ampoules were incubated at either + 4°C, 37°C, 45°C or 

56°C for a period of two years. The % 480-A, 525-C of the heated samples was assayed at 

NIBSC concurrently with baseline samples that had been stored continuously at -70°C. The 

results are shown in Table 3. 

Statistical Method 
For each virus sample (vaccines and candidate virus references), a pass/fail decision was based 

on the ratio of the %480-A, 525-C for the sample to the mean of the %480-A, 525-C for the 

duplicate candidate IS, 00/418 A and B. Samples which had significantly greater %480-A, 525-C 

than 00/418, using a one-sided paired t-test (5% significance level) were deemed to fail, 

otherwise samples were deemed to pass. 

 

For type 1 poliovirus, the MAPREC assay is designed as a consistency test, and the “pass” or 

“fail” result defined above does not necessarily relate directly to the neurovirulence quality of 

the vaccine. The pass/fail results are used for the purpose of this study to evaluate the candidate 

virus reference materials as assay validity controls, and to evaluate the consistency of 

laboratories performance of the MAPREC assay for the 3 vaccine test samples. 

The duplicate candidate IS samples 00/418 Aand B were compared by calculating their ratio and 

comparing this to 1 using a two-sided paired t-test (5% significance level). 
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Participants 
Five laboratories agreed to participate in the study, a list is provided in Appendix 3. 

 

Results and discussion 
 

Data Received 
MAPREC assays were performed as described in Appendices 1 (Experimental Procedure) and 2 

(Collaborative Study Protocol). The use of the reference materials is central to the method to 

reduce variation (see references). 

Four laboratories from three countries returned data as requested. The fifth laboratory 

experienced technical difficulties performing the assay and did not return any data. In one case, 

one test sample was omitted, but all of the candidate reference preparations and at least two 

vaccine samples were tested simultaneously in each assay by each participant. 

 

All of the participants reported problems radio-labelling the primers prior to quantification, in 

that the radioactivity levels of the labelled products was much less than those achieved in both 

the type 2 and type 3 MAPREC assays. 

 

The variation between sets of determinations was generally quite low. If the proposed limit on 

the standard deviation of the ratios across determinations (SD<0.3 for valid assay) is applied; 

only one set of determinations in one laboratory, for the HMRV (00/422) would have failed the 

validity criteria with an SD of 0.34. 

 

Pass/Fail Decisions 
The HMRV 00/422 failed in all assays in all laboratories. 

 

The LMRV 00/416 passed in all assays in all laboratories. 

 

The test samples 00/426, 00/428 and 00/430 all passed the MAPREC test. 

Test sample 00/428, was not analysed in laboratory 4, but was found to have the highest values 

for 480-A, 525-C in each of the other laboratories. 

 

Estimated ratios of %480-A, 525-C 
The mean ratios (to %480-A, 525-C of candidate IS 00/418) for each MAPREC assay and 

individual determinations are shown in histograms 1(a), and 2(a) for 00/416 LMRV and 1(b) and 

2(b) for 00/422 HMRV . Each box represents the ratio obtained from a single MAPREC assay 

(set of five determinations) for histograms 1(a) and 1(b) and is labelled with a code number 

representing the laboratory. The overall mean ratios, across all laboratories and assays, are 

shown in Table 4, along with the standard deviations and ranges, for the virus references and all 

the test vaccine samples. The individual determinations for each laboratory are shown in 

histograms 2(a) and 2(b) for 00/416 and 00/422 respectively. Each box represents a single 

determination and is labelled with the laboratory code. 

 

The overall mean ratios for the test vaccine samples 00/426, 00/430 and 00/430 are all between 

0.45 and 0.89 and are very consistent with very low SD (0.08, 0.15 and 0.11 respectively). 

Whilst the mean ratios obtained for 00/422 are between 1.04 and 1.49, and between laboratories 

variation of 0.14. 
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The overall mean ratios for 00/422 (HMVR) are all above 1.0. The HMVR would therefore be 

expected to give a “fail” in all assays. The spread of values between assays is similar for 00/416 

(LMVR) from figures 1(a), and 1(b), and from the standard deviations (Table 4). In percentage 

terms, variability measured by the % coefficient of variation (Table 4) is similar. 

 

The within assay variability (between five determinations) only exceeded the recommended SD 

of 0.30 in one instance. A SD of 0.34 for preparation 00/422 would have resulted in an invalid 

test, and the laboratory commented that they would normally have repeated these determinations 

in a regulatory MAPREC assay. 

 

Estimated % 480-A, 525-C 
The overall means of the absolute values of the estimated %480-A, 525-C for the candidate IS 

00/418, the candidate references 00/416 and 00/422, and the test vaccine samples 00/426, 00/428 

and 00/430 are given in table 5. The individual assay estimates of %480-A, 525-C for the 

candidate IS 00/418 are not tightly grouped between laboratories. This observation is also true 

for the estimated values of %480-A, 525-C for the LMRV (00/416) and HMRV (00/422). 

 

The protocol for the MAPREC type 1 assay required that a proteinase K step be performed 

following restriction enzyme digestion. Laboratories 1 and 4 did not perform this step, whilst 

laboratories 2 and 3 did. Following PCR amplification and restriction enzyme digestion, excess 

protein can bind to the amplified DNA retarding its movement through the polyacrylamide gel 

during electrophoresis. Treatment with proteinase K digests the bound protein and allows the 

DNA fragments to migrate normally. The variability seen between the estimated values of 

%480-A, 525-C, could be due in part to the differences in methodology, but they appear to apply 

equally to all samples, since the normalised values expressed by the mean ratios are very close. 

Although the IS and reference preparations are assigned values for %480-A, 525-C, in practice 

these values are never used in the assay calculations which are based on the calculated 

normalised values against the IS (00/418).  

 

In laboratory 1, the overall mean of the values obtained for the LMVR 00/416 is very close to the 

candidate IS 00/418. The mean ratio value is 0.98. The other laboratories 2, 3 and 4 show mean 

ratio values of 0.90, 0.89 and 0.82 respectively. 

The value of the within test standard deviation affects the outcome of the pass/fail decision when 

the t-test statistical approach is used. The t-test gives a significance test of whether the ratio is 

significantly greater than 1.0. For assays with very little variation between determinations (low 

SD), ratios only slightly greater than 1.0 will be significant. For assays with high variability 

between determinations, ratios have to be substantially greater than 1.0 to be significant. The 

values obtained by laboratory 1 for the mean ratio between 00/418 and 00/416 (LMVR), coupled 

with the low variation between determinations, could result in the LMVR failing the MAPREC 

test when it should pass. When tested at CBER/FDA where the materials have been developed, 

as well as in the other three laboratories, the LMVR 00/416 and HMVR 00/422 consistently 

perform within expectation and can be unambiguously discriminated from the DNA reference IS 

00/418.  

Where the LMVR is close to IS 00/418 and cannot be statistically discriminated from the IS 

00/418, the LMVR 00/416 can still be used for assay validation, as long as the ratio of 00/416 

LMVR to IS 00/418 remains within an historical range determined in this particular laboratory. 

Thus instead of requiring that 00/416 to IS 00/418 ratio be less than 1.0 with 95% confidence, 

the validity should include a demonstration that the ratio is not different from an historical 

average for the laboratory, which is not necessarily less than 1.0. 
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The estimates of %480-A, 525-C for the DNA reference 00/410 were consistently high in all 

laboratories and assays. The overall mean %480-A, 525-C was 86.52, with a % coefficient of 

variation of 6. This represents good agreement between laboratories. The individual estimates 

ranged from 80.67 to 90.50. This DNA reference is intended to act as a control for the restriction 

enzyme activity. If estimates of %480-A, 525-C are obtained which are inconsistent (lower) than 

previous experience, then there is evidence of reduced enzyme activity and this should trigger an 

investigation of possible reasons. The results of this study demonstrate that it is feasible to obtain 

values above 80%, and new laboratories establishing the MAPREC procedure should optimise 

performance of the method to achieve maximum numbers for this reference. As a guide, any 

estimates below 80% would be inconsistent with the performance obtained in this collaborative 

study. 

 

Comparison of the Duplicate Samples of the Candidate IS 00/418 
The duplicate samples of the candidate IS 00/418 A and B were compared within each MAPREC 

assay. The agreement between duplicate samples was generally very good. There were no 

significant differences in estimated %480-A, 525-C between duplicates. 

 

Stability of Candidate Reference Materials 
After two years storage, there was no significant differences between the estimated %480-A, 

525-C of samples stored at elevated temperatures and baseline samples stored at -70°C, shown in 

table 3. 

 

There is no evidence of any degradation of %480-A, 525-C in either of the reference materials. 

 

Discussion 
The MAPREC method gives a result in the form of a percentage of 480-A, 525-C Such a figure 

is not traceable to an SI unit and commutability considerations do not apply. Uncertainty of 

measurement relates to the method not the reference and is discussed below. The performance of 

the MAPREC assay for poliovirus type 1 has been consistent across four laboratories for the 3 

test vaccines samples that were included in the study. Although all laboratories experienced 

some technical difficulties labelling the primers and PCR products, the normalised data is very 

consistent. The virus reference materials were originally designed with levels of %480-A, 525-C 

above and below that of the candidate IS 00/418. They are intended to act as assay validation 

controls. The results from this study indicate that high mutant reference virus 00/422 should give 

a “fail” in each test, and that any assay that does not give a “fail” should be considered as invalid.  

The low mutant virus reference 00/416 gave a consistent “pass” in this study, but has levels of 

%480-A, 525-C close enough to the candidate IS 00/418 in one laboratory, that may result in 

00/416 ‘failing ‘ some assays when it should pass. However the 00/416 reference can still be 

used in the type 1 MAPREC assay, as a consistency control, provided the laboratory is obtaining 

results for 00/416 (LMVR) that are consistent with their previous experience, the assay can be 

valid, even if a ‘fail’ result is obtained. In practice this approach would be agreed with the 

national regulatory authority. 

 

The statistical analysis of the MAPREC assay to give a pass/fail classification was originally 

developed for poliovirus type 3, where a clear relationship between elevated levels of %472-C 

and increased neurovirulence in the WHO monkey neurovirulence test had been established. A 

cut-off level of % 472 C could be set and test vaccines with levels of %472-C above this 

threshold were considered unacceptable. This pass/fail classification therefore had a 

straightforward correlation with the acceptability of the test vaccine. For poliovirus type 1 the 

position is not so straight forward. A base change of G to A at base position 480 and T to C at  



WHO/BS/09.2103 

Page 9 

 
525 accumulate in vivo and in vitro, and can increase the neurovirulence of the virus, but a 

directly proportional quantitative relationship between increased virulence and mutant content 

has not been established. The MAPREC assay for poliovirus type 1 is intended for use as a 

measure of consistency of vaccine production. The most appropriate form of statistical analysis 

should be determined after experience has been gained with the MAPREC assay for type 1. 

 

One approach would be to use a control chart for estimated %480-A, 525-C, with upper and 

lower limits calculated from a representative set of vaccine batches for an individual 

manufacturer. Consideration will need to be given to the recommended action to be taken 

following an “inconsistent” MAPREC result. The within assay variability of the MAPREC assay, 

measured by the standard deviation of ratios across determinations, should be monitored by 

laboratories. Excessive variability will undermine the performance of the MAPREC assay, and 

should lead to an assay being considered invalid. 

 

Despite some technical difficulties performing the assay and the limited number of samples, the 

values obtained for the candidate international reference preparations, after comparison with 

candidate IS 00/416 are very consistent between determinations within a laboratory and between 

laboratories. The results of this study show that the reference preparations for the MAPREC 

assay for type 1 can facilitate the development of a standardised, robust and reliable procedure.  

 

The number of vials/ampoules available for MAPREC type 1 would be sufficient for 

approximately 15 years use (based on the same demand as for type 3 MAPREC standards during 

the past five years). The availability of these reference materials will aid the widespread use of 

the MAPREC assay to evaluate the molecular consistency of production of poliovirus type 1. 

Although it is recognised that the practical methodology for the performance of these assays 

needs further refinement, it is proposed that the reference preparations 00/410, 00/418, 00/416 

and 00/422 be established as the 1
st
 International Standard and Reference Preparations for the 

type 1 MAPREC assay. WHO should further investigate the desirability of introducing this test 

as the in vitro test of preference for the control of type 1 poliovirus vaccines (Sabin). 

 

Comments from participants 
The report was circulated to all participants and a total of three submitted comments and general 

amendments to the report. One participant reiterated the need to have a technical meeting, which 

had been proposed, to exchange experiences on the technical aspects of the assay, such as the 

Proteinase K digestion, as well as on labelling efficiency and digestion efficiency which are 

major technical issues in their laboratory. Improvements for these two points will probably 

significantly reduce the inter-laboratory variability and NIBSC will hold such a meeting as soon 

as is practically possible. 
 

It was also noted that a non-radioisotope method for MAPREC Type 3 is currently undergoing 

validation and may prove to be a suitable replacement for the radio-isotope test. This test uses 

the established standards for type 3 MAPREC, as well as the same PAGE methodology and 

statistical analysis. If the test proves to be a suitable replacement for type 3 MAPREC then it will 

be a relatively easy matter to convert all the MAPREC assays to the non-radioisotope method. 

One of the issues with the type 1 MAPREC will be addressed because the labelling primer used 

in the assay is commercially available and does not rely on a separate radio-labelling step. 
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Figure 1 (a)  00/416 (Low Mutant Virus Reference) Mean Ratio 
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Figure 1 (b)  00/422 (High Mutant Virus Reference) Mean Ratio 
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Figure 1 (c)  00/426 (Test sample 1) Mean Ratio 
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Figure 1 (d)  00/428 (Test sample 2) Mean Ratio 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 (e)  00/430 (Test Sample 3) Mean Ratio 
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Figure 2 (a)  00/416 (Low Mutant Virus Reference) Ratios of individual determinations (to 

95/542A) 
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Figure 2 (b)   00/422 (High Mutant Virus Reference) Ratios of individual determinations (to 

95/542) 
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Figure 2 (c)  00/426 (Test sample 1) Ratios of individual determinations (to 95/542) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 2 (d)  00/428 (Test sample 2) Ratios of individual determinations. (to 95/542) 
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Figure 2 (e)  00/430 (Test Sample 3 Ratios of individual determinations (to 95/542) 
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Figure 3 (a)  Standard Deviation of Ratio 00/416 (Low Mutant Virus Reference) 
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Figure 3 (b)  Standard Deviation of Ratio 00/422 (High Mutant Virus Reference) 
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Figure 4 (a)  Mean % 480-A, 525-C 00/418 (DNA Reference) 
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Figure 4 (b) Mean % 480-A, 525-C 00/416 (Low Mutant Virus Reference) 
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Figure 4 (c) Mean % 480-A, 525-G 00/422 (High Mutant Virus Reference) 
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Table 1. Details of candidate reference materials filled into vials 

 

 

Parameter 
Candidate IS 

00/418 

Candidate 

HMVR 00/422 

Candidate 

LMVR 00/416 

Candidate 

100%480-A,525-

C 00/410 

Date ampoules 

were filled 
June 2000 July 2000 June 2000 July 2000 

Nominal fill 

volume 
1.0ml 0.5ml 0.5ml 1.0ml 

CV of fill 0.073 - - 0.107 

Type of 

ampoule 
Amp Vial Vial 

Amp 

 

Number of 

ampoules in the 

batch 

1050 1700 1700 1050 

Are 

preparations 

freeze-dried? 

Yes No No Yes 

Number of 

ampoules 

offered to WHO 

1000 1500 1500 1000 

Storage 

temperature 
-70°C -70°C -70°C -70°C 

Custodian 

laboratory 
NIBSC NIBSC NIBSC NIBSC 
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Table 2. Commercially prepared poliovirus type 1 (Sabin) samples included in the 

collaborative study 
 

Preparation Manufacturer Virus 

seed 

Pfu/ml Neurovirulence 

test result 

Cell Substrate 

00/426 A SO+3 7.3x10
7
 Pass 

 

Human diploid 

00/428 B SO+3 9.8x10
7
 Pass Primary monkey 

kidney 

00/430 A SO+3 7.2x10
7
 Pass Human diploid 
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Table 3. Stability of Candidate Reference Preparations 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Determination - corrected % 480-A, 525-C Mean % Standard 

Sample 1 2 3 4 5 

480-A, 

525-C Deviation 

00/410 -70°C 95.30 89.20 91.39 90.28 88.62 90.96 2.65 

00/410 +4°C 92.34 87.5 89.01 90.22 91.17 90.05 1.88 

00/410 +37°C 86.33 88.71 91.22 90.01 88.30 88.91 1.84 

00/410 +45°C 90.12 91.23 89.16 90.11 87.20 89.56 1.51 

00/410 +56°C 87.15 93.04 87.04 93.74 88.17 89.83 3.29 

00/418 -70°C 1.93 1.97 1.81 2.01 1.83 1.91 0.09 

00/418 +4°C 2.25 1.75 1.85 1.89 1.83 1.91 0.19 

00/418 +37°C 2.02 2.4 2.05 1.75 1.77 2.00 0.26 

00/418 +45°C 2.25 2.17 1.86 1.85 1.95 2.02 0.18 

00/418 +56°C 2.15 1.92 1.85 2.02 2.20 2.03 0.15 
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Table 4.   Overall Mean Ratios (%480-A,525-C of sample to %480-A, 525-C of candidate IS 

00/418) 
 

 

 

 

 

 

 

 

 

 

 

 

 

N= number of individual determinations 

 

 

 

 
Table 5. Overall Mean Estimates of Absolute Value of %480-A, 525-C 

 

 
 

 

 

 

 

 

 

 

 

 

Sample N Mean Min Max SD 
% 

CV 

00/416 (Low Mutant Virus Reference) 
20 0.90 0.73 1.01 0.09 10 

00/422 (High Mutant Virus Reference) 
20 1.26 1.04 1.49 0.14 11 

00/426 (Test Sample 1) 
20 0.50 0.42 0.70 0.08 16 

00/428 (Test Sample 2) 
15 0.89 0.60 1.12 0.15 17 

00/430 (Test Sample 3) 
20 0.45 0.34 0.70 0.11 24 

Sample N Mean Min Max SD %CV 

00/410 (Enzyme control) 15 85.20 79.50 90.67 4.70 6 

00/418 (DNA Reference) Candidate IS 40 2.06 1.55 2.52 0.31 15 

00/416 (Low Mutant Virus Reference) 20 1.84 1.45 2.23 0.26 14 

00/422 (High Mutant Virus Reference) 20 2.56 1.89 3.15 0.32 13 

00/426 (Test Sample 1) 20 1.03 0.71 1.50 0.21 20 

00/428 (Test Sample 2) 15 1.84 1.40 2.40 0.33 18 

00/430 (Test Sample 3) 20 0.98 0.62 1.41 0.27 28 
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Appendix 1 Type 1 MAPREC experimental procedure 
 

Introduction 
Type 1 MAPREC is a molecular biological method used to determine the proportion of single base 

mutations at a positions 480 and 525 of the viral RNA. If the calculated value of the mutations at these 

sites is greater than acceptable values (WHO requirements), the vaccine will fail the MAPREC test.  

The purpose of this study is to assign values to the reference reagents (00/416, 00/422, 00/418, 00/410), 

establish the reagents as WHO International Standards, and determine the criteria to be applied to the type 

1 Oral Polio Vaccine (OPV) for its release as an acceptable vaccine. 

 

A complete MAPREC test consists of the following steps: 

• Extraction of RNA from a test virus sample (TVS) and passed and failed viral references, 

 For type 1 poliovirus:  Low mutant virus control (LMVC) 00/416 

    High mutant virus control (HMVC) 00/422 

• Preparation of cDNAs by reverse transcription of the RNAs 

• Testing the quality of the cDNAs and determination of its optimal dose by seeding asymmetric 

PCR (excess of an antisense–polarity primer) with serial dilutions of cDNAs 

• Radiolabelling of the PCR product made with optimal cDNA dose by second–strand DNA 

synthesis using [
32

P]–labeled sense primer. 

• Digestion of the dsDNA with appropriate restriction enzymes. 

• Separation of the digested DNA by electrophoresis in PAGE. 

• Quantification of a full length DNA and a restriction fragment. 

• Calculation of revertant content. 

 

The following is a more detailed description of these steps. 

 

RNA extraction 
Test virus samples (TVS) supplied: 

00/426 

00/428 

00/430 

Passed and failed viral references for type 1 poliovirus:   

Low mutant virus control (LMVC)  00/416 

High mutant virus control (HMVC) 00/422 

 

Phenol extraction 

A 0.5 ml virus aliquot of each virus sample/standard is thawed. 0.45ml of each sample/standard is 

transferred to an appropriately labeled 1.5ml microtube. 

50 µl of 10% SDS and 500 µl of buffer–saturated phenol are added to 0.45ml of the virus suspension, 

and the mixture vortexed for 30–60 sec.  

After centrifugation for 5 minutes at 15,000 rpm at room temperature, the upper phase is collected and 

extracted once more with phenol.  

The RNA is contained in the upper phase after the second extraction is precipitated by adding 2 volumes 

of –20°C isopropanol, and is left at –20°C overnight. This alcohol suspension of RNA can be stored at –

20°C for at least 1 year. 

 

Reverse transcription of viral RNA 
0.3 ml of RNA suspension (see section 1.1) is removed to a fresh, labelled tube and centrifuged for 15 

minutes
 
at 15,000 rpm and +4°C. The supernatant is carefully removed and the RNA pellet washed with 

0.3 ml of 70% ethanol, centrifuged again, and the supernatant carefully decanted. After drying at room 
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temperature, or for 5–10 minutes in a vacuum,  the RNA pellet is reconstituted in cDNA reaction 

mixture containing RTase (see Appendix A), and incubated for 60 min at 37°C. Then the reaction 

mixture is heated for 5 minutes at 94°C to inactivate residual RTase.  

cDNA prepared in this way can either be used directly, or stored at –20°C for at least one year. 

 

Determination of optimal cDNA concentration 
 

 cDNA titration.  

The purpose of this step is to determine the activity of the cDNA preparation by seeding PCR with its 

serial dilutions and checking the pattern
 
of PCR products (see Fig 1).  

Normally, cDNA should direct PCR amplification
 
in dilutions greater than 1:100, often greater than 

1:1000. If cDNA does not stimulate PCR at dilutions higher than 1:100, reassessment of either the 

RTase reaction or the PCR itself should be performed.  

Whenever possible, undiluted cDNA should be used for the quantitation of the PCR product.  In some 

cases undiluted cDNA preparations stimulate PCR amplification of `primer-dimer’ bands, while diluted 

cDNA produces a single DNA
 
product band. Where this happens, use the lowest dilution of cDNA that 

does not produce `primer-dimer’ bands for the PCR quantitation.  

 

γγγγ[ 32 P] ATP

primer

primer 
dimer

PCR 
product

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Five-fold dilutions

Good cDNA Poor cDNAs  
 
Figure 1.  cDNA titration 

 
Primer-dimer bands can be reduced by using MMLV RTase, heating the cDNA reaction to 55°C for 10 

minutes after the 37°C incubation, and by using a ‘hot start’ PCR protocol.  

 

 

Optimal cDNA  

Optimal cDNA concentrations are determined by a preliminary "cDNA titration" experiment. A PCR 

mixture containing all the reaction components except for the template (see Appendix B) is made and 

dispensed into
 
reaction tubes.  
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For each cDNA preparation, label eight tubes.  

Add 56.25 µl of
  
PCR reaction mixture to the first tube, and 50 µl to each of seven others.  

Seed the first reaction with the cDNA (6.25µl, 1:10 total volume) and then make serial 5–fold dilutions.  

Add 6.25 µl of cDNA to the first tube, mix, and discard the pipette tip. With a new tip, transfer 12.5 µl 

of this mixture to the second tube, mix and discard the tip. Continue transferring 12.5 µl through the row 

of tubes, and finally discard 12.5 µl from the last tube.  

 

Five control reactions are also set up in this experiment, with 45 µl of PCR mixture and 5 µl of one of 

the following: 

• 100% 480-A, 525-C control (00/410 for Type 1 poliovirus) 

• 1
st
 replicate of reference DNA (00/418A for Type 1 poliovirus) 

• 2
nd

 replicate of reference DNA (00/418B for Type 1 poliovirus) 

• mock–cDNA 

• water (PCR control) 

 

Reactions are overlaid with one drop of mineral oil (if required by instructions for the thermal cycler) 

and amplified.  

For the Perkin/Elmer thermocycler model 480:- 

 40 cycles, each consisting of  

 94°C for 30 sec  

  55°C for 15
 
sec                 40 cycles 

  65°C for 3 minutes  

followed by indefinite incubation at 4°C, produced adequate results. 

 (Remember to include any steps required for a `hot start’ if you are using a hot start protocol) 

 

For Thermo Hybaid PxE:- 

 94
o
C for 10 minutes      (Hot start) 

 94
o
C for 30 seconds  

 55
o
C for 15 seconds       40 cycles 

 72
o
C for 3 minutes 

 

Other cycle programs producing similar results can also be used.  

 For instance, two-step PCR amplification consisting of melting for 15 sec @ 94°C and extension for 1 

min @ 65°C produced comparable results on Perkin/Elmer thermocycler 9600.   

When using other equipment, optimal amplification cycle should be identified according to the 

instrument's manual. 

 

Radiolabeling of primer.   
The primer that was used at a limited concentration (3µg/ml) during PCR reaction (pS-1/479 for Type 1 

poliovirus) is labeled with gamma [
32

P] ATP.  Radiolabeling is performed using T4 polynucleotide 

kinase. 10x reaction buffer is supplied with the enzyme. The reaction mixture contains: 

 

Primer pS-1/479 at 3 µg/ml   17.33 µl 

Gamma [
32

P] ATP, 10 µCi/µl (0.37MBq/µl)   4.00 µl 

10x PNK buffer     2.67 µl 

T4 PNK, 10 U/µl     2.67 µl 

Total   26.70 µl 
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After 30 minutes incubation at 37°C, 50.7µl of the dNTP mixture (see Appendix B) and 2.67µl 

AmpliTaq® DNA polymerase (5 u/µl) are added to give a total volume of 80 µl. This labeled primer can 

either be used immediately, or stored frozen for few days. 

Other Taq DNA polymerase may be used – but do not use ‘hot start’ polymerase without activating the 

enzyme first. 

 

Second–strand DNA synthesis.  

Remove 5µl of each PCR product (see section 3.2) to an appropriately labeled tube, and add 1 µl of 

radio-labeled primer (section 3.3). Incubate the mixtures for 10 minutes at 72°C. This step can be
 

performed in either 0.5 ml tubes or micro–reaction trays.  

To avoid evaporation of samples, few drops of water should be added in the micro–tray. To prevent 

condensation of water on the lid of the tray, use a heated lid on top of the micro–tray during incubation. 

 

Electrophoresis in polyacrylamide gel.  
1 µl of loading buffer with tracer dyes is added to each reaction (section 3.4), and samples are loaded 

onto 10% polyacrylamide gel (acrylamide:bis–acrylamide ratio of 20:1), and electrophoresed for 60 min 

at constant 60 watts (about 1,500 volts). 33 x 42 cm gels are made with 1 x TBE buffer, and 1 x TBE 

buffer is used in upper and lower buffer chamber. After the bromophenol blue dye has migrated
 
about 18 

cm, electrophoresis is stopped and the glass plates opened.  

The gel is transferred onto DE81 paper or Hybond N+ membrane, and dried for 10–15 min at 80°C in a 

vacuum gel dryer before exposure to X–ray film for about 1 hour. Alternatively, the
 
gel can be covered 

with plastic film and exposed to X–ray film wet.   

Direct beta-imaging equipment can be used instead of X-ray film. 

 

Evaluation of results of cDNA titrations 
Evaluation of results of cDNA titrations is performed after developing the X–ray film.  

The bands of specific PCR–amplified DNA migrate at about the same rate as xylene cyanol dye (Fig. 1). 

Unincorporated primer is located approximately at the position of bromophenol blue dye.  

No residual unincorporated primer should remain in samples where good PCR amplification occurred. 

With increased template dilutions, some primer may be left unincorporated, but that should not be 

observed in dilutions less than 1:125, often not less than 1:625. (The first tube in a row of serial cDNA 

dilutions is considered "undiluted cDNA"; the second tube is 1:5, etc.). Residual primer in dilutions less 

than 1:125 indicates either poor quality of the cDNA, or insufficient PCR amplification.
  

 In some cases an additional artifactual DNA ("primer dimer") is detected, migrating slightly ahead of 

specific DNA product. This may result from insufficient inactivation of RTase.  

Upon dilution of cDNA the primer dimer bands tend to disappear. The lowest dilution with no primer 

dimer should be chosen for MAPREC, provided that complete amplification of specific DNA is still 

detected in the PCR seeded with at least 100–fold higher cDNA dilution compared to the one selected
 

for MAPREC. 

 

 

Determination of revertant contents 
The first two or three MAPREC determinations are made with PCR products selected from the cDNA 

titration experiment. Then an additional PCR is set up using the optimal dilutions of cDNA determined 

in the first PCR, to
 
bring the total number of technically flawless determinations to five. 

 

Radio-labeling by second–strand DNA synthesis.  

Using the DNA synthesized via PCR from the optimal cDNA concentrations (see section 3.6), 10 µl 

aliquots are radio-labeled as well as 10 µl aliquots of control DNA products (two duplicates of reference 
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DNA’s (00/418) labelled A and B, mock–cDNA, and a water blank). The second–strand DNA synthesis 

is performed by adding 2 µl of radio-labeled pS-1/479 primer (see section 3.3).  

In the case of 100% 480-A 525-C (00/410), 15µl of PCR are labeled with 3µl of labeled primer. All the 

samples are incubated for
 
10 min at 72°C. This step can be performed in either 0.5 ml tubes or micro–

reaction trays. 

 

  

 

Digestion with 

restriction 
endonuclease.  

For Type 1 poliovirus 

use Dde I and Nci I. 

The source of 

restriction enzyme is 

important. In some 

cases the enzyme 

should be diluted 3–

fold with an 

appropriate buffer 

before addition to the 

DNA (concentrated buffer is supplied with the enzyme).  

Sometimes the Dde I restriction enzyme binds to the PCR full length product. Although dilution of the 

enzyme reduces the amount of enzyme bound to the DNA, it does not always eliminate binding 

completely, see Figure 2. 

 
 
Figure 2.  Dde I enzyme binding to DNA product 

 

2 x 5 µl aliquots are taken
 
from each sample of the above reactions, except the aliquot of 00/410 (100% 

480-A 525-G), where 3 x 5 µl aliquots are taken.  

Sample 

number Sample 

description 

Amount of PCR 

product in µl 

Amount of 

label in µl 

    

00/416 LMVC 10 2 

00/422 HMVC 10 2 

00/426 Test sample 10 2 

00/428 Test sample 10 2 

00/430 Test sample 10 2 

00/410 100% 480-A 525-C 15 3 

00/418 A Reference DNA 10 2 

00/418 B Reference DNA 10 2 

PCR control  10 2 

CDNA control  10 2 
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1 µl of both restriction enzymes Dde I and Nci I, is added to one of

 
the aliquots, while a second control 

aliquot receives no enzyme. Both aliquots are incubated at 37°C for 60 min.  

For 00/410, 1µl of Dde I is added to one 5 µl aliquot, 1 µl of Nci I is added to another 5µl aliquot, and 

the third 5µl aliquot receives no enzyme. All the tubes are incubated at 37°C for 60 min. 

This step can be performed in either 0.5 ml tubes or micro–reaction trays (see comments in the section 

3.4).  

To eliminate the DNA/restriction enzyme complex add 1µl of Proteinase K [5mg/ml] to the 

DNA/restriction enzyme digest products and incubate at 37°C for 10 minutes. 

 

Electrophoresis  

Electrophoresis is performed in 10% polyacrylamide gel (acrylamide:bis–acrylamide ratio 20:1) 

prepared in 1 x TBE. The buffer in electrode vessel is 0.5x TBE. The size of gel plates should be about 

33 x 42 cm, with spacers about 0.4 mm thick. The size and shape of the well–forming comb is important. 

For minimal between-lane interference, each well should be not less 6 mm wide, with about 4 mm walls 

between them. 1 µl of tracer dye solution (Bromophenol blue and Xylene cyanol) is added to each 

sample before loading on the gel.  

Samples should
 
be loaded in every other lane, to prevent interference between lanes and facilitate 

accurate quantification of radioactivity.  

A 30–cm–wide comb has 30–32 teeth, so the gel can accommodate 15–16 samples (or 7–8 pairs of 

samples, one untreated and the other digested with restriction enzyme). Electrophoresis
 
is performed 

using constant power ensuring moderate and uniform heating of the plate (less than 50°C). The exact 

parameters should be determined experimentally depending on the thickness and size of the glass plates, 

and the design of the gel box. For a BRL sequencing gel apparatus with 4.5–mm–thick 33 x 40 cm glass 

plates, and 0.4–mm spacers, the optimal
 
power was 60 watts. Bromophenol blue dye should migrate 

about 18 cm, and Xylene cyanol about 9.5 cm, which may take about 60 minutes. 

 

 
Figure 3. Example of loading pattern 

 

Imaging of radioactive bands   

Imaging of radioactive bands can be performed either by exposing the gel to X–ray film or with direct 

beta–imaging systems, or by both methods. The gel can be exposed wet, wrapped in plastic film, or after 
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drying on

 
DE81 DEAE–paper or Hybond N+ membrane. Drying the gel is preferable since minimizes 

diffusion of radioactive bands and better preserves separation pattern. Regular paper (e.g. 3MM paper) 

should not be used as a support for drying
 
gels, unless DNAin the gel was fixed, because some loss of 

radioactive DNA can occur. In any case, after completion of electrophoresis one glass plate is removed, 

and the gel is either wrapped in plasic film for wet exposure (avoid wrinkling of the film), or transferred 

to DE81 paper (or Hybond N+ membrane), covered with plastic film, and dried for 10–15 min at 80°C 

in a vacuum gel dryer. For Kodak XAR film the exposure time should be 1–2 hours. For the Betascope 

B603 Blot Analyzer the exposure time is 20–30 minutes. A typical pattern of DNA band separation is
 

presented on Fig. 4. 

 

Quantification of DNA bands 
Quantification of DNA bands can be performed either by cutting pieces of gel containing radioactive 

DNA and counting radioactivity in liquid scintillation counter, or by using direct beta–imaging systems. 

In the former case the gel should be carefully aligned on top of the X–ray film using a light box. To 

ensure proper alignment, it is helpful to make positioning marks with radioactive or luminescent ink on 

the gel. If a liquid scintillation method is used, wet gel slices should be placed in vials with 10 ml of 

water. If the gel has been dried before exposure,
 
pieces of gel on DE–81 paper or Hybond N+ membrane 

are cut and placed in scintillation vials with either water or any appropriate scintillation cocktail. If 

counting is performed in water (Cherenkov emission counting), the 
3
H channel is used; for scintillation 

cocktail, counting is done in the 
32

P channel. For direct beta–imaging methods, appropriate software 

supplied with the instrument should be used according to the instructions. It is important to calibrate the 

beta–imager to ensure its uniform sensitivity across the analysis area. 

 

Calculation of revertant content.  
Two lanes, one with enzyme–digested DNA (D)

 
and the other with undigested control (C), are analysed 

for each sample. In
 
each of these lanes, areas containing both the full–length (upper) DNA band (DU 

and CU) and the restriction fragment (lower) bands (DL and CL1 and CL2) are quantified (see Fig. 4). 

 
Figure 4. Appearance of the Polyacrylamide gel 
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To calculate the % of revertants: 
Add together the values for DL1 and DL2, then calculate that value as a percentage of the total 

counts within the digested sample lane: 

 

[(DL1 + DL2) / (DL1 + DL2 + DU)] 100 = %D 

 

Add together the values for CL1 and CL2, then calculate that value as a percentage of the total 

counts within the undigested sample lane: 

 

[(CL1 + CL2) / (CL1 + CL2 + CU)]100 = %C 

 

Subtract the value for the C lane from the Value for the D lane: 

 

Corrected value of 480-A 525-C = %D - %C. 

 

Enter the data into the spreadsheet provided Worksheet.xls
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Appendix A.  Reverse transcriptase (RTase) reaction 
 

Source of reagents: 

 

All components are produced by Life Technologies, although other sources can also be used. 

 

The following is a list of reaction components available from Invitrogen: 

Name      Concentration    Cat. Number 

M-MLV RTase    200 U/µl     28025-013 

5x buffer     5x      Y00146* 

DTT      0.1 M      Y00147* 

dATP      10 mM     18252-015 

dCTP      10 mM     18253-013 

dGTP      10 mM     18254-011 

dTTP      10 mM     18255-018 

Random dN6 primer   50 ng/µl     Y01203* 

*included in superscript kit 

Reaction mixture 

RTase reaction mixture without RTase can be prepared in advance and frozen at -20°C: 

Number of reactions     1  10  20  50  100 

Component 

5x buffer       4  40  80  200  400 µl 

DTT        0.2  2  4  10  20 µl 

dATP        0.25  2.5  5  12.5  25 µl 

dCTP        0.25  2.5  5  12.5  25 µl 

dGTP       0.25  2.5  5  12.5  25 µl 

dTTP        0.25  2.5  5  12.5  25 µl 

Random dN6 primer     1  10  20  50  100 µl 

Water        12.8  128  256  640  1280 µl 

RTase       1 10 20 50 100 µl 

 

Before setting up the reaction, a complete RTase reaction mixture is made by adding 1 part of 

RTase to 19 parts of the above reaction mixture. 

The dried pellet of RNA is reconstituted in 20µl of the complete RTase mixture, and incubated 

for 1 hour at 37°C. 

After completion of the cDNA reaction, any residual RTase is inactivated by heating for 5 min at 

94°C 

 



WHO/BS/09.2103 

Page 31 

 

Appendix B.  PCR mixture 
Source of reagents: 

All components are produced by Roche plc. 

Other sources can also be used.   

 

A list of reaction components available from Roche: 

Name       Concentration   Cat. Number 

*AmpliTaq® DNA polymerase     5 U/µl     11647679001 

10x buffer      10x     11699121001 

dNTP kit      10 mM    11969064001 

 

Note: 10x reaction buffer contains: 100 mM Tris-HCl (pH 8.3), 500 mM KCl, 5 mM MgCl 2, 

0.01% (w/v) gelatin. 

 

Pre-mixed stock solutions. dNTPs and 10x buffer can be mixed in advance, aliquoted and stored 

frozen at -20°C until used. 

 

dNTP mixture recipe 

Number of reactions     1   100   500 

Name of component 
10x buffer       4.5 µl   450 µl   2250 µl 

dATP        1 µl   100 µl   500 µl 

dCTP        1 µl   100 µl   500 µl 

dGTP        1 µl   100 µl   500 µl 

dTTP        1 µl   100 µl   500 µl 

Water        26.3 µl  2630 µl  13150µl 

Total volume       34.8 µl  3480 µl  17400 µl 

 

This dNTP mixture is then mixed with primers and Taq DNA polymerase, dispensed into 

reaction tubes, and cDNA or other template is added (1:10 of the final volume). 

Final PCR mixture recipe 

Number of reactions    1   10   20   50 

Component 

dNTP mixture (above)  34.8 µl  348 µl   696 µl             1740 µl 

pS-1/445  primer, 30 µg/ml   5 µl   50 µl   100 µl   250 µl 

pA-1/526 primer, 3 µg/ml   5 µl   50 µl   100 µl   250 µl 

*AmpliTaq® DNA polymerase  0.2 µl   2 µl   4 µl   10 µl 

 

This PCR mixture is ready for DNA amplification. 1 part (5 µl) of DNA template (cDNA, 

Reference DNA) should be added to 9 parts (45 µl) of the mixture. 

 

*AmpliTaq® Fast start enzyme (#12032902001) can be used as a hot start protocol. 
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Appendix C.  Statistical analysis of MAPREC data 

Data from five valid determinations are used for making a decision on sample acceptability. The 

sample is considered ‘failed’ if its revertant content exceeds that of Reference DNA with 95% 

confidence. 

Otherwise the sample is deemed acceptable. Analysis is performed ratiometrically, i.e. after 

normalising the revertants content in test and reference samples by content of the mutants in 

Reference DNA. Ratios of % revertants in samples to % revertants in Reference DNA are 

calculated separately for each determination, and then a mean ratio is calculated. Therefore the 

sample is acceptable if the mean ratio to Reference DNA is less than 1. 

In certain cases the mean ratio can exceed 1 by a narrow margin which is not statistically 

significant to fail the sample. A number of statistical tests can be used to make the decision on 

the sample failure. The simplest one is a t–test, in which t is calculated using a formula: 

t = (mean ratio – 1) * SQRT (N) / (standard deviation of ratio) where N is a number of 

determination in a test (normally 5). In this case the ratio is calculated by dividing the revertant 

content in a sample by the average of the two Reference DNA’s 00/418 A and B. Based on t 

value probability (P) can be determined (e.g. using statistical tables). If the mean ratio exceeds 1 

and P is less than 0.05, the sample is rejected, otherwise it is acceptable. 

In most cases this simple statistical treatment of MAPREC data is more than adequate, because 

most current vaccines contain by far less revertants than the Reference DNA (by more than 5 

sigmas). 

However, if the level of mutants is closer to the one in Reference DNA e, the more powerful and 

discriminating algorithm is preferable. It uses prior knowledge of typical data variability for 

Reference DNA, determined in at least 20 preliminary experiments. Mean ratio for a sample is 

compared to the upper fiducial limit of the ratio, and if it exceeds this fiducial limit, the sample is 

rejected. 

Upper fiducial limit of the ratio is calculated based on the known variability of ratios of Ref 

DNA–B to Ref DNA–A, determined in a sufficient number of prior tests: 

FUL = 1 + Z * S.D. ÷ SQRT (N) 

where Z is the normal deviate value for one–sided confidence limit, S.D. is the standard 

deviation of Ref DNA–B/Ref DNA–A ratio determined in prior tests, and N is the number of 

determinations in the current test. For 5 tests and 95% confidence limit, Z=1.645, so that 

FUL = 1 + 0.7357 * S.D. 

If the ratio of % revertants in a test sample to % of revertants in Ref DNA–A is greater than FUL, 

the sample is rejected, otherwise it is accepted. This latter statistical treatment proved to be very 

robust, but it only can be applied if an extensive database of prior determinations is available. In 

addition, if the source of reagents of particulars of experimental procedure have changed, it 

might be necessary to re–establish a new consistency database, which limits applicability of the 

approach. When using the t–test, one should pay special attention to cases when the sample 

passes with ratio exceeding 1. If this is caused by data variability being greater than normal, the 

test should be repeated. 

However, the high-mutant viral control (HMVC 00/422) guards against excessive data 

variability causing false acceptance of a sample. Should excessive data variability allow HMVC 

to pass, the entire test will be invalidated and repeated after appropriate troubleshooting to bring 

variability under control. 

 



WHO/BS/09.2103 

Page 33 

 

Appendix 2  

 
Protocol for a WHO Collaborative Study of candidate virus reference 

materials for the MAPREC test of poliovirus type 1 
 

G. Dunn and A. Heath 

 

National Institute for Biological Standards and Control 

Blanche Lane, South Mimms, Potters Bar, 

Hertfordshire, EN6 3QG, UK. 

 

Tel: +44 1707 641000 

Fax: +44 1707 646730 

 

e-mail: gdunn@nibsc.ac.uk  Telephone: +44 1707 641401 

   aheath@nibsc.ac.uk  Telephone: +44 1707 641288 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Version 2        8
th

 February 2008 



WHO/BS/09.2103 

Page 34 

 

Introduction 
Collaborative studies have shown that the type 3 and type 2 MAPREC assays are sensitive, 

robust and standardised molecular biological assays, suitable for use by manufacturers and 

national control laboratories for the quality control of OPV. 

 

International standard and International reference reagents have been established by WHO for 

calibration and validation respectively, of the MAPREC assay for poliovirus type 2 and 3. 

 

The establishment of satisfactory type 2 and 3 assays has lead to the prospect of establishing 

suitable MAPREC assays and standards for type 1 polio vaccine.  

The candidate reference materials have now been prepared at CBER/FDA and NIBSC for a type 

1 MAPREC assay.  This study is designed to assess suitability of these reagents. 

 

The type 3 MAPREC assay is based on the propensity of some loci in poliovirus genome to 

change from vaccine to non-vaccine bases.  In type 3 poliovirus, the change is at nucleotide 472, 

which rapidly reverts from U to C upon virus growth in vivo and in vitro.  Similarly, the 

nucleotide 481 in type 2 vaccines reverts from the vaccine form A, to the non-vaccine form G.  

These bases are used as vaccine production consistency markers. 

 

In the type 1 vaccine, nucleotides 480 and 525 have both been found to change in vivo, although 

both changes do not have to be present. Both mutations have been implicated in increased 

neurovirulence in virus mutant studies. These two bases are to be monitored to ensure 

consistency of production and are measured in a single MAPREC assay. If either of the bases 

exceeds an established ‘normal’ value, the vaccine will fail the test. 

 

Description of the candidate reference materials 
DNA reference materials 

• 00/410 is nominally 100%  480-A, 100% 525-T 

• 00/418 is nominally 0.625% 480-A, 0.65% 525-T 

 

Virus Reference materials 

• 00/422 High-mutant virus reference for MAPREC type 1 

• 00/416 Low-mutant virus reference for MAPREC type 1 

 

The high and low virus references have been prepared with 480-A and 525-T contents which fall 

on either side of 00/418 DNA reference material.  Candidate material 00/422  

 
should be correctly identified as having more, and 00/416 as having less, 480-A and 525-T than 

00/418 DNA reference to validate a set of determinations. 

 

The % 480-A and 525-T content of the candidate reference materials were chosen such that the 

biological variation inherent in the MAPREC method would lead to an invalid result in only 

about 1 in 100 determinations.  The calculation was based on the assay being the same in each 

laboratory.  In the collaborative studies for type 3 MAPREC assays, variance levels differed 

between laboratories; therefore it is necessary to test the candidate reference materials to 

establish that the materials behave as expected. 

 

Aims of the study 
To determine the % 480-A and 525-T content of the 00/418 DNA reference material. 
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To determine whether the candidate Low-mutant reference virus, 00/416, is correctly identified 

as such in different laboratories. 

To determine whether the candidate High-mutant reference virus, 00/422, is correctly identified 

as such in different laboratories. 

To determine whether the proportion of invalid results is in the expected range and whether this 

varies between laboratories. 

To determine the % 480-A and 525-T content in a number of coded type 1 OPV samples and 

determine their rank according to the ratio of 480-A and 525-T content to 00/418 DNA reference 

material. 

To identify vaccine sample(s) that is (are) not consistent with the rest in the group. 

 

Materials Supplied 
8 x00/418; candidate WHO International Standard DNA reagent for the MAPREC type 1 test. 

Label 4 vials ‘00/418A’ and 4 vials ‘00/418B’.   

Rehydrate each in 100µl of distilled water.  Aliquot into 10µl volumes and store at -70°C. 

 

4 x00/410; 100% 480-A and 525-T control DNA. 

Rehydrate in 100µl of distilled water, aliquot in 10µl volumes and store at -70°C. 

4 x00/416; candidate low mutant virus reference material. 

Approximately 500µl per vial.  Store at -70°C. 

 

4 x00/422; candidate high mutant virus reference material. 

Approximately 500µl per vial.  Store at -70°C. 

 

3 x poliovirus type 1  sample 1. 

Approximately 500µl Per vial.  Store at -70°C. 

 

3 x  poliovirus type 1 sample 2. 

Approximately 500µl Per vial.  Store at -70°C. 

 

3 x poliovirus type 1 sample 3. 

Approximately 500µl Per vial.  Store at -70°C. 

 

3 x vials of pS1-455 primer (3µg/ml), approximately 500µl per vial. Store at -20°C. 

 

2 x vials of pA1-526 primer (30µg/ml), approximately 500µl per vial.  Store at -20°C. 

 

1 x vial of Proteinase K (20µg/ml) approximately 1ml per vial. Thaw and aliquot into smaller 

volumes, to prevent repeated freeze thawing. 

 

Samples 3 to 7 should be frozen on receipt.  If not, immediately request new samples from 

Glynis Dunn.  Contact telephone and fax numbers are given on the title page of the protocol. 

 

Study Design 
Use the experimental method described in the ‘Type 1 MAPREC Experimental Procedure’. You 

may also want to refer to the SOP "Mutant analysis by PCR and Restriction Enzyme Cleavage 

(MAPREC), Standard Operating Procedure", version (3.2). 

 

Extract RNA, prepare and optimize cDNA concentration for one ampoule of 00/422, 00/416 and 

samples 1, 2 and 3 as described in steps 1 to 3 of the experimental procedure. 
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Determine the content of 480-A and 525-T in all samples as described in section 4 of the 

experimental procedure, with the additional proteinase K digestion step following the restriction 

enzyme digest.  

 Each individual determination must contain 00/410, cDNA blank, water (PCR control), 00/418A, 

00/418B, 00/422, 00/416 and as many of the coded samples provided, that can comfortably be 

carried out in a single determination.   

A total of 5 technically flawless individual determinations are required to give a set of 

determinations.  

 

Criteria for validation of the individual determinations are given in section 2 to 4 of the 

experimental procedure. 

 

Use the accumulated data to apply criteria for validation of each set of five determinations as 

described in section 4 of the experimental procedure. 

 

Use the t-test procedure described in Appendix C of the experimental procedure to decide if 

samples 00/422 and 00/416 give expected results compared to the DNA Reference 00/418.   The 

t-test approach is suggested for the limited purpose of this study only and analysis of MAPREC 

data in routine use will be discussed more fully when results of this study are available. 

 

Calculate the ratios of 480–A and 525-T content in each test vaccine sample to that in DNA 

Reference 00/418,  

 

Record your results on the standard reporting forms and send to Glynis Dunn at NIBSC. Contact 

details are given on the title page of this protocol.  E-mail submissions would be appreciated. 

 

Autoradiographs from the study should be retained by each participant and may be requested by 

the study organizers if troubleshooting is indicated. 

 
Table 1 Scheme for testing samples 

 

Reference materials and control samples to be included in 

each individual determination 

Test virus samples to be tested 

 

00/410,  

cDNA blank,  

water (PCR control)  

00/418A,  

00/418B  

00/416 

00/422 

 

 

100% DNA control 

 

 

DNA Reference 

DNA Reference 

Low mutant virus 

High mutant virus 

 

Sample 1 

Sample 2 

Sample 3 

 

Timetable 

1. Receipt of samples: by FEBRUARY 2008. 

 

2. Completion of practical work and return standard report forms: by 1
st
 MAY 2008 

 

3. Data analysis and preparation of report by NIBSC: by 1
st
 JUNE 2008 
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4. Comments on report: by 21
ST

 JUNE 2008 

 

5. Finalisation of report and submission to WHO ECBS: 1
ST

  JULY 2008* 

 

 

 *Revised to July 2009 
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Appendix 3 List of Participants 
 

1 Dr Isabelle Ernest 

Parc De La Noire Epine, 

Rue Fleming 20 

B -1300 Wavre 

Belgium 

  

2 Dr Noemi Caro 

Dr Lucia Ginanneschi,   

Novartis Vaccines 

Via Fiorentina 1 

53100 Siena, Italy 

 

  

3 Dr L Mallet 

Dr Valerie Detrez, 

Sanofi Pasteur  

1541 ave. Marcel Merieux 

69280 Marcy L'Etoile 

France 

 

  

4 Dr Anna Laura Salvati 

Dr Marialuisa Casella, 

Instituto Superiore di Sanita 

299 Viale Regina Elena 

00161 Roma 

Italy 

 

  

5 Glynis Dunn, 

Jackie O’Brien 

Virology Division, 

NIBSC –HPA, 

Blanche Lane, 

South Mimms, 

Potters Bar, 

Hertfordshire. 

EN6 3QG. 

UK 
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Appendix 4 MAPREC Type 1 Primers and Fragments 
 

 

Type 1 MAPREC primers 
 

pS1- 445     5’ CTC CGG CCC CTG AAT GCG GCT AAT CCA AAC CTC TG   (35 bp) 

 

pA1- 526    5’  AAC ACG GAC ACC CAA AGT AGT CGG TTC CGC TCC GG   (35 bp) 

 

 

 

Type 1 MAPREC Fragments 
     Dde I 

   C’TNAG 

CTCCGGCCCCTGAATGCGGCTAATCCAAACCTC TGAGCAGGTG 

CTCCGGCCCCTGAATGCGGCTAATCCCAACCTC GGGGCAGGTG 

 

                                                                                   Nci I   

                                                                                                  CC’CGG 
GTCACAAACCAGTGATTGGCCTGTCGTAACGCGCAAGCCCGGA 

GTCACAAACCAGTGATTGGCCTGTCGTAACGCGCAAGTC CGTG  

 

 

GCGGAACCGATACTTTGGGTGTCCGTGTT 

GCGGAACCGATACTTTGGGTGTCCGTGTT 

 

Fragments generated: 
    Base Pairs 

 

Full length  =  115 

 

pS +Dde I  =  33 

 

pS + Nci I  =  82 
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Appendix 5.  Draft Instructions for use 
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