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Abstract 
The fifth International Standard (IS) for rabies vaccine, coded RAV, is used in the 

standardisation of rabies vaccines in NIH mouse protection tests and in in vitro assays for 

glycoprotein content. A collaborative study was undertaken to assess the suitability of a 

candidate replacement standard which was prepared from a bulk of Vero cell derived, Pitman 

Moore strain, rabies vaccine (NIBSC code 07/162) produced by the same manufacturing process as 

the Fifth IS and to calibrate it in International Units (IU). 16 participants from 10 countries assayed 

the International Standard (RAV) and the candidate standard (in duplicate). These samples were 

assayed by the participants in 37 NIH mouse protection tests, 12 enzyme immunoassays (EIA) and 

13 single radial immunodiffusion (SRD) tests. The geometric mean potency of the candidate IS, 

07/162, was 8.22 IU /ampoule in NIH tests. The mean rabies glycoprotein antigen content of 07/162 

in EIA assays was 3.24 IU/ampoule and 3.42 IU/ampoule in SRD tests. The overall mean 

glycoprotein content in in vitro assays was 3.32 IU/ampoule. The geometric coefficient of variation 

(GCV) between all assays on the candidate standard 07/162 in NIH tests was 62% and 10.1% and 

30.4% in EIAs and SRDs respectively. 

 

Assays on ampoules stored at elevated temperatures for 6 months were assayed in NIH mouse 

protection tests and SRD assays. There was no evidence of loss of potency in SRD assays and 

although these was around 30% loss of potency after storage at +4°C for 6 months, there was no 

further loss in activity in ampoules stored at +20° and +37°C and, taking into consideration the 

inherent variability of NIH tests, this suggests that 07/162 is of adequate stability to serve as the 

International Standard. 

 

None of the invited participants offered to assay the study samples for ribonucleoprotein content. As 

this assay is not performed during routine quality control by manufacturers or as part of the batch 

release of rabies vaccines by National Regulatory Authorities, it would appear that the International 

Unit for rabies virus PM ribonucleoprotein is not required and should be discontinued. 

 

The candidate standard appears to be suitable for use in in vivo NIH mouse protection tests and 

in vitro assays for the glycoprotein antigen content of rabies vaccines. It is therefore proposed 

that 07/162 be established as the Sixth International Standard for rabies vaccine with an assigned 

potency of 8 IU /ampoule when used in NIH mouse protection tests and 3.3 IU/ampoule of rabies 

virus PM glycoprotein, when used in in vitro SRD or EIA assays. It is also proposed that the 

International Unit for rabies virus PM ribonucleoprotein is discontinued 

 

1 Introduction 
Rabies vaccines for human and veterinary use are produced in many countries and the minimum 

potency requirements are expressed in International Units. The Fifth International Standard (IS), 

coded RAV, was established in 1993 (1, 2, 3). The stocks of this standard are now depleted and a 

candidate replacement has been prepared using bulk vaccine from the same source as the 5
th

 

International Standard ie Vero cell derived vaccine containing the Pitman Moore strain of rabies 

virus. 

 

The aims of the collaborative study were to assess the suitability of this material for use in the 

assay of rabies vaccines in the NIH mouse protection test and in in vitro assays of glycoprotein 

antigen content, such as single radial immunodiffusion (SRD) and enzyme immunoassay (EIA), 

and to calibrate the candidate IS in International Units of rabies vaccine and International Units of 

rabies virus PM glycoprotein. There is no international conventional reference measurement 

procedure and this measurand is not traceable to International System of Units (SI) of quantity.  
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2 Materials 

2.1 The Candidate Standard, NIBSC code 07/162 
This is a batch of ampoules containing freeze-dried rabies vaccine coded NIBSC 07/162. This 

vaccine was from the same source as the Fifth IS and contains beta-propiolactone inactivated 

Pitman-Moore strain of virus grown in Vero cells. It was purified by sucrose gradient 

centrifugation. Human albumin was added as a stabiliser and the batch used in the production of the 

rabies bulk was produced from a plasma pool which had been tested and found negative for HBsAg, 

HCV RNA by NAT and anti-HIV 1+2.   

 

0.5 ml aliquots of this bulk were filled in glass DIN ampoules and freeze dried under an atmosphere 

of nitrogen at NIBSC in May 2007 following documented procedures. This fill was 0.5g fill liquid 

weight. The mean dry weight of 6 ampoules was 0.0532 g which gives a coefficient of variation 

(CV) 1.14%. 3772 ampoules were filled and 3250 are available for issue as the International 

Standard. Residual moisture measured on 12 samples gave a mean of 0.142% with a CV of 

9.64% and oxygen headspace measured in 12 ampoules gave a mean of 0.70% with a CV of 

32.81%. Assays performed in one laboratory on the candidate standard ahead of distribution to 

participants indicated that it had a geometric mean potency of 8.8IU/ml in NIH mouse protection 

tests and 3.5 IU/ampoule in SRD tests. 

 

Ampoules are held at or below -20°C at NIBSC under controlled conditions. 

 

2.2  The 5th International Standard RAV 
The Fifth IS for Rabies Vaccine was derived from the PM virus strain grown in Vero cells. Virus 

was inactivated by means of beta-propiolactone, purified by sucrose gradient ultra-centrifugation 

and freeze-dried in ampoules after mixing with medium and stabilizer (Eagle-Earle BME with 

Human Serum Albumin and Maltose). A potency of 16 International Units of Rabies Vaccine 

(based on the immunogenicity assays) assigned to the contents of each ampoule. Each ampoule 

was also assigned a unitage of 10 IU of PM Rabies Virus Glycoprotein and 135 IU of PM Rabies 

Virus Ribonucleoprotein. 

 

3 Design of studies 
Participants were requested to store all ampoules of RAV and 07/162 at -20°C until use. Sufficient 

ampoules of 07/162 were supplied so that it could be tested in duplicate in each assay. They were 

asked to reconstitute both preparations in 1ml distilled H2O. In addition participants were asked to: 

• perform 3 independent assays on different days, preferably 1 week apart 

• prepare and test a series of dilutions from the IS, RAV, and the candidate standard 

07/162 and test concurrently 

• use a freshly opened and reconstituted ampoule for each assay. Sufficient ampoules of 

each preparation were supplied so that a fresh ampoule of the IS and the candidate IS 

could be used for each of the two doses administered in the NIH test.  

 

3.1 Assay methods 
Participants were requested to assay the study samples in the NIH mouse protection test as 

described in Laboratory Techniques in Rabies (4). Participants were also requested to assay the 

study vaccines in any in vitro assays for glycoprotein antigen which are performed routinely in their 

laboratory eg SRD and EIA. No participants offered to assay the current and candidate standards for 

ribonucleoprotein content. Two laboratories used a monoclonal antibody as capture and for  
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detection. Two laboratories used a polyclonal anti-rabies serum to capture virus and a monoclonal 

antibody for detection. 

 
Sheep anti-rabies glycoprotein sera were used in SRD tests. The method used was that described 

in Laboratory Techniques in Rabies (5) 

 

3.2  Statistical Methods 
An excel spreadsheet was provided so that all essential information could be recorded, including the 

raw data from each assay. Sheets were supplied for use in NIH tests, SRD tests and EIAs.  

 

NIH mouse protection tests 
All NIH tests were analysed by probit analysis. Potencies of the candidate standard were expressed 

relative to the 5
th
 IS, RAV, which had an assigned unitage of 16 IU/ml when reconstituted as 

directed in 1.0 ml dH2O. The usual tests for parallelism and linearity were applied.  

 

Enzyme immunoassays 
The assays were analysed at NIBSC as parallel line assays using the raw data returned by the 

participants.  Log- log transformations of response was performed and linear portions of the 

dose-response curves were chosen after visual inspection of the plotted data. Potencies of the 

candidate standard were expressed relative to the 5th IS, RAV, which had an assigned unitage of 

10 IU/ml when reconstituted as directed in 1.0 ml dH2O.  

 

Single radial immunodiffusion tests 
All participants used an assay layout with four dilutions, from neat to 1 in 4. All assays were 

analysed as slope-ratio assays. Potencies of the candidate standard were expressed relative to the 

5th IS, RAV, which had an assigned unitage of 10 IU/ml when reconstituted as directed in 1.0 ml 

dH2O.  

 

Calculation of mean potencies 
For all assays, a single potency estimate for the candidate standard was obtained for each assay, by 

taking the geometric mean of the duplicate samples of 07/162, where they had been included in the 

same assay. Laboratory mean potency estimates were calculated from these values as geometric 

means. Overall mean potencies were calculated as the geometric means of the laboratory means, 

along with between laboratory geometric coefficients of variation (% GCV). 

 

3.3  Participants 
16 participants from 10 countries participated in the study. Participating laboratories are listed in 

Appendix 1 were randomly assigned a laboratory code number, not necessarily in the order 

listed.  

 

4 Results and data analysis 

NIH mouse protection tests 
Thirteen laboratories performed 37 NIH mouse protection tests. 32 of the assays included the 

candidate standard in duplicate. 69 estimates of potency relative to the IS RAV which has an 

assigned potency of 16 IU/ampoule were included in the analysis. Labs 11 and 14 stated that 

RAV was pre-diluted to 1IU/ml for the test. Laboratory 5 reconstituted in 2ml, and all other 

laboratories reconstituted in 1ml, with no pre-dilution. There was significant non-parallelism  
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(p<0.01) in 2 assays from laboratory 6 (4 estimates of potency for 07/162) and this laboratory 

also gave the lowest potency estimates in its valid assay, 2.63 IU/ml.  

 

The results of individual NIH tests are given in Table 1. The results for the duplicate samples of 

the candidate standard are tabled as “Rep 1” and “Rep 2”. Where participants assayed 07/162 in 

duplicate, geometric means of the within-test duplicate samples were calculated. These values 

are plotted as a histogram, shown in Figure 1. Overall geometric means of the values from all 

assays performed by each participant are also given in Table 1. These ranged from 

approximately 3 to 15 IU. As with other in vivo challenge assays and results from previous rabies 

vaccine collaborative studies, the variability both within and between assays was high. However, 

when plotted on a log scale, the spread of results is similar to that obtained in the study to 

establish the 5
th

 IS (1) (data not shown).  

 

Enzyme immunoassays 
Four laboratories each performed 3 EIAs for glycoprotein antigen content and tested 07/162 in 

duplicate (one laboratory tested it in triplicate in one assay). Data from 25 assays of 07/162 were 

available. Potencies were calculated relative to RAV which has an assigned value of 10IU 

glycoprotein per ampoule. The results of individual EIAs are given in Table 2 along with 

geometric means for assays performed by each participant. Laboratory 8 did not return raw data 

from dilution series but submitted results in IU. 

 

Single radial immunodiffusion tests 
Four laboratories performed SRDs for glycoprotein antigen content. Laboratory 10 tested the 

same dilution series using 2 antisera and the results are designated as lab 10A and 10B. 

Glycoprotein antigen content was calculated relative to RAV which has an assigned value of 

10IU glycoprotein per ampoule. Data from 25 assays of 07/162 were available. The results of 

individual assays are given in Table 3 along with geometric means for assays performed by each 

participant. Laboratories 6 and 7 had difficulties in obtaining readable zones, with the 

concentration of the candidate IS too low for measurable zones at higher dilutions. Laboratory 10 

reconstituted 07/162 in 0.5ml, giving a more concentrated starting dilution.  Laboratory 5 only 

performed a single SRD assay, with duplicate samples of the candidate standard. The resulting 

estimated potencies from laboratories 6 and 7 had wide confidence limits, with upper limits of 

between 130% to 160% of the estimated potency for laboratory 7, and between 170% to 270% 

for laboratory 6. These compare with upper limits of under 110% for laboratory 5 and between 

115% and 140% for laboratory 10.    

 

Overall mean potencies 

NIH tests 
As laboratories performed different numbers of assays and the inclusion of replicates of 07/162 

varied, the overall geometric mean potency of all individual NIH tests excluding significantly 

non-parallel assays was calculated. As shown in Table 4, this was 8.22 IU/ampoule.  The 

between laboratory GCV is 62% which is reasonable for such an in-vivo test. The 95% 

confidence intervals in NIH tests were 6.97 – 9.69. The results are at least as reproducible between 

laboratories as in the study to establish 5
th

 IS (1).  

 

In vitro tests – EIA and SRD 
The overall geometric mean potency of all individual EIA assays and SRD test was 3.24 IU with 

a GCV of 10.1% when assayed against RAV with an assigned glycoprotein content of 10 IU of  
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glycoprotein.  The overall geometric mean of the individual SRD assays was 3.42 IU with a 

GCV of 30.41%. The high GCV in the SRD assays was likely to have been due to difficulties in 

measuring the zones at the higher dilutions. The overall geometric mean of all in vitro assays 

was 3.32 IU with 95% confidence intervals of 3.05 – 3.61. 

 

5 Stability studies 
Ampoules of the candidate standard 07/164 were stored at +4°C, +20°C and +37°C for a period 

of 6 months. These were then assayed in NIH mouse protection tests and SRD assays for virus 

glycoprotein along with ampoules stored at the recommended storage temperature of -20°C so 

that its stability could be assessed.  

 

Single radial immunodiffusion tests  
Three SRD assays of samples stored at elevated temperatures were performed at NIBSC. Each 

assay was repeated using two different strains of anti-sera. Ampoules of vaccine stored at -70°C 

were included in the assays and the potency of all samples was calculated relative to samples 

stored at -70°C. The potencies, expressed as a percentage of the -70°C sample, are shown in 

table 5, along with the geometric mean across assays. There is no detectable degradation after 6 

months of storage at the elevated temperatures, with the +37°C sample having an observed mean 

potency greater than 100% of the -70°C sample. The differences in means between the different 

temperatures of storage are the result of assay variability.  

 

As no degradation can be detected, precise predictions of loss per year, using the usual Arrhenius 

model, are not possible. However, as the degradation rate is expected to approximately double 

with each additional 10°C of storage temperature, the absence of detectable degradation after 6 

months at +37°C implies that there will be no detectable degradation after more than 20 years at 

-20°C.  

 

NIH mouse protection tests 
Two NIH mouse protection tests were performed on samples stored at -20°C, +4°C, +20°C and 

+37°C along with RAV in one laboratory who performs a large number of assays each year. The 

potencies were calculated relative to the 5
th

 IS RAV, which was also included in each assay and 

the results in IU/ml are shown in Table 6. Potencies of the higher temperature samples are also 

expressed as a percentage of the -20°C sample.  

 

The geometric mean potency of the -20°C samples was 9.3 IU/ml, in good agreement to the 

overall results from the collaborative study (overall mean 8.2). The samples stored at 

temperatures from +4°C to +37°C show some loss of activity, with potencies around 60% – 70% 

compared to the samples stored at -20°C. These data are not amenable to the Arrhenius model of 

degradation. However, 70% of activity retained after 6 months at +37°C. 

 

Conclusions from stability studies 
There was no loss of glycoprotein content in vaccines stored at elevated temperatures although a 

loss of 30% was observed in ampoules stored at +4° were assayed in NIH tests. However, there 

was no further loss in activity in ampoules stored at +20° and +37°C and, taking into 

consideration the inherent variability of NIH tests, this suggests that 07/162 is of adequate 

stability to serve as the International Standard. 

 

Nevertheless, periodic stability studies will be undertaken to confirm these findings and to obtain 

more precise estimates of the rate of degradation. 
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Discussion and conclusions 
The overall mean potency of 07/162 in NIH tests was 8.22 which is close to 50% of RAV. 

However, as participants were asked to reconstitute ampoules in 1.0ml dH2O but only 0.5ml 

aliquots were filled, the mean potency is close to the expected value for this vaccine from this 

manufacturer.  

 

The fourth IS was the first standard for rabies vaccine to be calibrated against the previous IS in 

both in vivo and in vitro assays (1, 2). Both the third and fourth IS were prepared from PM 

human diploid cell vaccine purified by sucrose centrifugation from the same manufacturer (6, 7). 

The 4
th

 IS had a potency of 7.8IU/ampoule when assayed in NIH tests and also in in vitro assays 

for glycoprotein content. The 5th IS, RAV, was sourced from a different manufacturer and, when 

it was calibrated against the 4
th

 IS in both in vivo and in vitro assays, it had a potency of 16 

IU/ampoule in NIH tests but only 10 IU/ampoule in in vitro assays (SRD and EIA). 

 

The mean glycoprotein antigen content of the candidate standard 07/162 assayed in SRD and 

EIA assays are very close. They are lower than the potencies determined in NIH tests, as was the 

case in the collaborative study in which RAV was assessed. The reconstitution of 07/162 in 1ml, 

when used in SRD assays, resulted in fewer measurable zones at higher dilutions. The potencies 

in EIA assays are also lower than the potencies of some vaccines. It would therefore be advisable 

to recommend that the candidate IS be reconstituted in 0.5ml if it is to be used in in vitro assays. 

 

6 Proposal 
It is proposed that the candidate standard 07/162 be established with an assigned unitage of 8 

IU/ampoule when assayed in in vivo NIH mouse protection tests.  

 

It is proposed that the candidate standard 07/162 be established with an assigned unitage of 3.3 

IU glycoprotein antigen content per ampoule when assayed in in vitro assays.  

 

The proposed unitage does not carry an uncertainty associated with its calibration. The only 

uncertainty is therefore derived from the variability of the dry fill weight of the ampoule content 

which had a coefficient of variation of 1.14% 

 

The volume of distilled water recommended for reconstitution of 07/162 for use in in vivo NIH 

tests will be 1ml ie 8 IU/ml and for use in in vitro assays such as EIA and SRD will be 0.5ml ie 

6.6 IU/ml.  

 

It is proposed that the International Unit for rabies virus PM ribonucleoprotein be discontinued as 

none of the invited participants offered to assay the study samples for ribonucleoprotein content and 

this assay is not performed during routine quality control by manufacturers or as part of the batch 

release of rabies vaccines by National Regulatory Authorities.  

 

The proposed Instructions for Use for this material are given in Appendix 2 
 

7 Summary of comments from participants 
9 of the 16 participants responded to the request for comments on the draft study report. All 

agreed with the proposal for establishment of 07/162 as the 6
th

 International Standard for rabies 

vaccine.  
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Three participants submitted more detailed comments on the report and these have been 

considered and the report amended as considered necessary. 

 

1 One requested clarification of the source of strain, cell line and method of 

manufacture of RAV and 07/162.  

2 One requested additional detail on the EIA methods, clarification of the 

transformation used in the statistical analysis and the recommendation for 

reconstitution volume.  

3 One participant, who reported potencies among the higher range, was concerned that 

the assigned value would result in low potencies for some vaccines.  
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Figure legend 
Figure 1 Histogram of the individual NIH potency estimates in IU/ml. Individual boxes 

represent the potency estimate obtained from each NIH test. Where 07/162 was tested in 

duplicate, the geometric mean was taken to give a single estimate for each NIH test 
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Table 1 Potency of 07/162 relative to 5
th

 IS RAV (contains 16IU/ampoule) in 

individual NIH tests in IU/ml 
 

 Assay 1 Assay 2 Assay 3 Laboratory 

means 

Lab Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2  

1 7.54 4.53 8.46 3.65 8.45 5.86 6.11 

3 9.84  12.61  6.05  9.09 

4 4.56 9.07 5.62 5.09 5.52 13.28 6.65 

5 10.46 11.46 5.50 6.29 4.54 6.94 7.12 

6 4.13 1.68 5.02* 2.02* 2.70* 1.09* 2.63* 

8 15.60 15.22 17.94 14.37 12.99 12.02 14.57 

9 14.30 10.16 9.94 11.70 9.57 12.53 11.25 

11 5.48 13.75 3.34 4.48   5.79 

12 4.67 10.77 22.35 17.60 6.27 7.73 9.93 

13 10.77 16.61 20.26 7.50 9.54 2.59 9.36 

14 4.32  20.70  7.00 17.07 9.92 

15 4.42 3.25 11.31 5.12   5.37 

16 4.91 13.41 7.82 9.52 10.86 7.79 8.64 

 

*  Significant non-parallelism (p<0.01) 

 

Table 2 Glycoprotein antigen content of 07/162 relative to 5
th

 IS RAV (contains 

10IU/ampoule) in individual EIA tests in IU/ml 
 

 

 

Assay 1 Assay 2 Assay 3 Laboratory 

means 

Lab Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 1 Rep 2  

2 2.86 2.89  3.14 2.58 3.06 3.01 2.92 

3 3.44 3.69 3.39 3.76 3.63 3.40 3.47 3.54 

5 3.09 2.98  3.19 3.20 2.97 2.91 3.05 

8 3.46 3.35  3.38 3.41 3.64 3.83 3.51 

 

 

Table 3 Glycoprotein antigen content of 07/162 relative to 5
th

 IS RAV (contains 

10IU/ampoule) in individual SRD tests in IU/ml 
 

 Assay 1 Assay 2 Assay 3 Laboratory 

means 

Lab Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2  

5 4.58 4.73     4.65 

6  4.15 3.36 3.22 3.08 2.94 3.45 

7 4.51 3.29 4.68 5.23 3.34 3.71 4.06 

10A  2.76 2.40 3.13 2.86 2.15 2.07 

10B 2.96 2.54 3.25 3.16 2.14 1.89 

2.57 
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Table 4 Overall Geometric Mean Potencies (IU/ml) in NIH, EIA and SRD tests 
 

Laboratory NIH EIA SRD 

Overall geometric mean 

of individual assays 

8.22 3.24 3.42 

GCV (% ) 61.6 10.1 30.4 

95% Confidence 

Interval 

6.97 – 9.69 3.05 – 3.61 

 

Table 5  Glycoprotein antigen content measured in SRD of samples of 07/162 stored 

at various temperatures expressed as a percentage of the -70°C sample 
 

 Assay 

 1 2 3 

Sample H26 H65 H26 H65 H26 H65 

Overall 

Geometric 

Mean 

-20 86.83 100.17 92.99 102.43 91.17 102.99 95.90 

+4 97.58 101.93 85.90 92.18 105.86 110.12 98.59 

+20 98.87 102.21 99.23 109.20 89.21 100.39 99.68 

+37 100.47 113.18 107.05 111.21 97.02 124.50 108.54 

RCC5 121.70 146.50 146.10 145.36 130.89 144.18 138.78 

 

 

Table 6 NIH test potencies of 07/162 stored at various temperatures in IU/ml and 

expressed as a the percentage of ampoules stored at -20° 
 

 IU/ml Percentage activity of sample stored at -20°C 

Temp Test 1 Test 2 Geometric 

Mean 

Test 1 Test 2 Geometric 

Mean 

-20°C 7.70 11.23 9.30    

+4°C 5.30 6.30 5.78 68.8 56.1 62.13 

+20°C 5.12 8.80 6.71 66.5 78.3 72.18 

+37°C 4.62 8.98 6.44 60.1 79.9 69.28 
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Figure 1 Histogram of the individual NIH potency estimates in IU/ml 
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Appendix 1  Participants  
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Blanche Lane 

South Mimms 

Herts 

EN6 3QG, UK 
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AFSSA site de Nancy, LERRPAS 

Technople Agricole et Veterinaire,  

BP 40009 

54220 Malzeville 

France 

Dr Wlamir Correa de Moura 

INCQS- Fiocruz 

Av. Brasil, 4365  

Manguinhos 

Rio de Janeiro,  

RJ CEP 21045-900, Brazil 

Dr Guanmu Dong 

National Institute for the Control of 

Pharmaceutical and Biological Products 

Tiantan xili 2,  

Beijing, 100050, China. 

Dr S. Gairola 

Serum Institute of India Ltd.,  

212/2 Hadapsar 

Pune 411 028, India 

Dr Richard Gibert/Dr S Morgeaux 

AFSSAPS 

321 Avenue Jean Jaures 

69007 Lyon cedex, France 

Dr Rajesh Gupta  

Division of Product Quality  

OVRR/CBER 

Nicholson Lane Research Center  

5516 Nicholson Lane  

Kensington, Maryland, 20892, USA, 

Dr Ludolf Hoffmann/Dr Antje Schaefer  

Novartis Vaccines  

Department of Quality Control 

Building H21 

Emil-von-Behring-Str. 76 

35041 Marburg, Germany . 

Mrs Teeranart Jivapaisarnpong 

Division of Biological Products, Department 

of Medical Sciences 

Ministry of Public Health, Amphur Muang, 
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