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Summary 

 
This report describes the preparation and collaborative study evaluation of the replacement 3

rd
 

WHO International Standard for Hepatitis A virus (HAV) for use in the standardisation of 

nucleic amplification techniques (NAT). Two freeze dried candidates were evaluated alongside 

the current 2
nd

 WHO International Standard for HAV (NIBSC code 00/562). Both candidates are 

lyophilised preparations comprising HAV RNA positive plasma diluted in pooled human plasma 

with one batch also containing stabilizing excipients, hepes buffer and trehalose. In this 

collaborative study eleven laboratories from ten countries participated to evaluate suitability and 

potency of both candidates using their routine HAV NAT assays. Replacement candidates were 

evaluated alongside two HAV RNA positive plasma samples. Participating laboratories used a 

range of real-time PCR technology based NAT assays, the majority being commercial qualitative 

assays. Variability in reported laboratory mean estimates for samples 1-3 was higher for 

qualitative assays (SD of 0.38 to 0.51 Log10 NAT-detectable units) compared to quantitative 

assays (SD of 0.18 to 0.31 Log10 IU/mL). Agreement between laboratories improved when 

potencies were expressed relative to the 2
nd

 WHO International Standard for HAV (sample 1). 

Replacement candidate samples 2 and 3 overall mean potency estimates from qualitative and 

quantitative assays, relative to 2
nd

 WHO International Standard for HAV were 4.42 and 4.53 

Log10 IU/mL respectively. For samples 1-3 a discrepancy (of ~ 0.4 Log10) in reported laboratory 

mean estimates between qualitative and quantitative assays was observed, as with similar 

observations in previous replacement studies reasons for this remain unclear.  

 

Accelerated thermal degradation study results at 9 months indicate minimal loss in potency for 

both candidates upon storage at -20 °C (0.01%/year) however both show a trend of increasing 

loss in potency with increasing storage temperature. The data is from a limited number of time 

points and further data from extended stability studies will be necessary for more reliable 

estimates, in particular to determine stability during shipping.       

 

The results of this study indicate the suitability of the candidate 15/276 to serve as the 

replacement 3
rd

 International Standard for HAV NAT. Therefore it is proposed that candidate 

sample 2 (NIBSC code 15/276) is established as the 3
rd

 WHO International Standard for HAV 

NAT, with an assigned potency based on qualitative assay results of 30, 902 IU/mL (4.49 Log10 

IU/mL), when reconstituted in 0.5 mL nuclease free water.  

 

Introduction 

 
Hepatitis A virus liver disease causes sever to mild illness lasting weeks to months and can result 

in significant economic and social consequences. Transmission is primarily by the faecal-oral 

route, but may also be through blood and blood product transfusions. To reduce the risk of 

transmission of infection, human plasma pools used in the manufacture of blood products are 

NAT tested for HAV RNA contamination following virus inactivation treatment using assays 

that can detect 100 International Units (IU)/mL of HAV RNA [1]. A range of commercial and 

laboratory developed NAT assays are available and in use. The WHO International Standard for 

HAV was established in 2003 and is used by manufacturers of in vitro diagnostic devices (IVDs), 

blood product manufacturers, control authorities, and clinical laboratories, to calibrate secondary 

reference materials for the onward validation of HAV NAT assays.  

 

Both the 1
st
 and the 2

nd
 WHO International Standards (NIBSC code 00/560 and 00/562) were 

prepared from the same bulk formulation consisting of human plasma derived wild type isolate  
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of genotype 1A diluted in HAV negative pooled human plasma on two separate filling and 

lyophilisation runs in 2001 in accordance with published WHO recommendations [2]. These two 

batches were evaluated in an international multicenter collaborative study using a range of NAT 

based assays for HAV. In 2003 the first candidate (NIBSC code 00/560) was established as the 

1
st
 WHO International Standard for HAV with a potency of 100, 000 IU/mL [3, 4]. The 

replacement for this IS was proposed in 2013. Following the initial formulation of these two 

materials it was anticipated 00/562 would act as a replacement material following a small study 

to establish suitability and continued stability. However, monitoring through accelerated thermal 

degradation studies raised concerns over the long term stability for this product and it was 

decided that a new batch should be formulated and evaluated. This material, candidate 12/234 

was assessed in a study to replace 00/560 alongside 00/562 [5], however it was seen to lose 0.1  

Log10 IU/mL after only three months storage at +20 °C, and there was also uncertainty over 

stability at -20 °C. It was decided that despite initial concerns over the long term stability of 

00/562, the material should be established to serve as the 2
nd

 WHO International Standard for 

HAV NAT with the provision that it be shipped on dry ice and be established with a more stable 

replacement as soon as possible [5].  

 

Following the observation of loss in titre for the second HAV NAT IS during long term storage 

at NIBSC, a pilot study was designed to investigate the effects of different bulk formulations on 

thermo-stability during the lyophilisation process, storage period and following reconstitution. 

HAV positive plasma from a mini pool preparation was freeze dried in four different bulk 

formulations summarized in table 1a. Accelerated degradation studies were carried out, samples 

were stored at -20
0
C to +45

0
C and removed at set time points for testing. Three laboratories 

performing three different assays tested the samples at one, three and six month time points, 

assays are listed in table 1b. 

 

Data from this study showed no significant lost in titre in any preparation, across the assays used. 

Whilst it was hoped that one formulation would demonstrate improved stability, this was not the 

case, therefore it was decided that the replacement material should resemble as closely as 

possible a clinical material. These criteria therefore excluded the use of advanced formulations 

including multiple constituents.  

  

This report briefly describes the pilot study to determine factors affecting the stability of 

lyophilised HAV NAT and then the preparation of two new replacement candidates (NIBSC 

code 15/276 and 15/278), and the collaborative study evaluation of these materials in parallel 

with clinical samples as the replacement 3
rd 

 WHO International Standard for HAV RNA for 

NAT based assays. The two new candidates have been prepared from a different clinical isolate 

to that used for the current IS and have been sourced from a HAV subtype 1B –positive plasma 

pool. The first batch 15/276 was diluted in HAV RNA-negative pooled human plasma only and 

the second batch 15/278 was prepared with the addition of 40mM hepes buffer and 2% trehalose 

dehydrate. The proposal to  replace the 2
nd

 WHO IS was endorsed by the ECBS in October 2015.  

 

Pilot study to investigate stability of freeze-dried HAV formulations  

 

Background  

 
The WHO International Standard for Hepatitis A Virus RNA NAT has helped considerably in 

the harmonisation of HAV molecular assays. However, Picornaviruses are notoriously difficult 

to lyophilize without compromising viral integrity and as such whilst establishing a replacement 
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HAV NAT IS, the stability of the lyophilized preparation came into question. Accelerated 

thermal degradation studies have shown evidence of instability, established preparation 00/562 

showed loss in potency at elevated temperatures, a loss of potency of up to 1 Log10 upon storage 

of lyophilised material at +4 °C over 5 years. The candidate preparation, 12/234,showed 

significant loss in potency at +20 °C in a short time frame, as reported previously, as a result the 

poor thermal stability of the HAV NAT  International Standard necessitated shipment to 

customers on dry ice [5, 6].  

 

Source candidate material  

 
Four different preparations were assessed, all comprising the same pooled HAV positive plasma 

mini pool and negative human plasma materials. HAV RNA positive mini pool was sourced 

from the biorepository of the South African National Blood Service. Viral load was determined 

to be 4.43 Log10 IU/mL using the COBAS® AmpliPrep Total Nucleic Acid Isolation Kit (Roche 

Molecular Systems, Inc., Branchburg, NJ, USA) in combination with an in-house real-time PCR 

using the LC480 thermocycler. Samples where run alongside a dilution series of the 2
nd

 WHO 

International Standard for HAV NAT (00/562). 

 

The pooled negative human plasma diluent was sourced from UK NHSBT and had been tested 

and found negative for HIV antibody, HCV antibody, HBsAg and syphilis. This was also tested 

at NIBSC and found negative for B19V DNA, HAV RNA and HCV RNA by NAT. 

 

Formulation of candidate pilot study material  

 
All four formulations comprised the same HAV positive and negative plasma pool described 

above diluted to 3.00 Log10 IU/mL. Table 1a outlines each candidate formulation. Pseudo 

clinical samples were prepared by diluting different HAV positive materials into negative human 

plasma at three different concentrations, these samples were aliquoted into 2 mL Sarstedt tubes 

and were stored at -20 °C.    

 

Lyophilisation of pilot study candidates  

 
Lyophilisation was performed at NIBSC using the Viritis Advantage plus freeze dryer. For each 

trial formulation, 300 5mL screw cap vials with 14mm closures stoppers were filled with 1.1mL 

on different runs using a standard 3 day plasma protocol for formulations 1-3 and an adapted 

protocol with the addition of an annealing step for formulation 4. Freeze dried vials were 

backfilled with nitrogen and stoppered in the freeze dryer and capped. Six vials were assessed 

for quality control using non-invasive NIR method for oxygen and moisture. Remaining vials 

along with remaining liquid bulk aliquoted to 1.1mL into 2 mL Sarstedt were stored at -20 °C. 

 

Accelerated degradation of samples  
 

In total, 45 lyophilised vials from each formulation were collectively placed into -20°C, +4°C, 

+20°C, +37°C and +45°C. Vials were removed at defined intervals and viral loads were assessed 

in a small collaborative study  
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Pilot collaborative study  

 
Two laboratories, each using a different, commercially available HAV RNA assays were invited 

to participate in a small collaborative study to assess the four different lyophilised preparations 

from each temperature. Frozen liquid bulk material corresponding to each formulation and three 

pseudo clinical samples were also included. Study participants and assays used can be found in 

table 1b and appendix 2.  

 

Participants were sent sufficient lyophilised preparations and frozen liquid preparations on dry 

ice to test in their routine HAV NAT assays, using a fresh vial of material each time. As only 

quantitative assays were used in this study, participants were requested to test all vials neat.  

 

 

Statistical analysis  

 
Geometric means (GM) were calculated relative to the -20°C, GM potencies greater than 1.25 

and less than 0.80 relative to the -20 °C base line were color coded to assess differences. 

Statistical analysis using the Arrhenius equation, frequently used to predict loss of titre following 

long term storage of the lyophilised material at -20 by placing the same material are higher 

temperatures for a short period and monitoring loss. This was performed across a range of 

temperatures but for much of the data no estimate was produced due to the negligible differences 

in titre between each sample type and limited number of data points.  

 

Results – Pilot study  

 
Physical appearance of the lyophilised preparations varied, formulation 4 formed shrunken cakes 

of heterogeneous appearance. Whereas formulations 1-3 formed cakes of good  appearance. The 

mean potency reported from all participants for the analysis of the pilot study formulations 1-4 

up to three month time point are presented in table 1c. For formulation 1 there is no loss in 

geometric mean potency beyond 0.80 relative to base line -20 °C, at +4 or +20 °C for all labs 

across all time points. However at +37°C and +45°C loss was observed in all assays, indeed at 

later time points no estimates could be generated as the vials didn’t fully reconstitute and could 

not be extracted. Laboratory 3 shows an increases in GM potency beyond 1.25 relative to -20 °C 

for all formulations, interestingly on this assay Ct/Cp of vials stored at -20 °C was around 36. 

This was much later than for other assays which ranged between 28 and 33, hence the variation 

arising from low potency may be a factor in the reasons for increases seen above in GM potency 

relative to -20 °C. Formulation 2 shows no loss in geometric mean potency beyond 0.80 relative 

to base line -20 °C at +4, +20 ° or +37 for labs 1-2 up to 3 month time point, loss in potency can 

be seen at +45 °C and also at +37°C in 6 and 12 month time points. GM potency losses beyond 

0.80 relative to -20 °C for formulation 3 can be seen in one month time point for lab 1a for +4 to 

+37 °C and later at 3 month time point for lab 1 at +45 °C at the later time points months 6 and 

12 losses in potency are larger but start at +45 °C for 6 months’ time point and at +37 °C for 12 

months. Formulation 4 has shown no loss in potency beyond 0.80 relative to -20 °C base line 

reported by assay 1-2 for 1 and 3 month time point at 6 and 12 month time points loss can be 

observed at +37 and +45 °C from labs 1-2.  
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Discussion – Pilot Study  

 
We have undertaken a pilot study to investigate suitable formulations for minimizing loss in 

potency of HAV RNA upon lyophilisation and degradation in storage at elevated temperatures 

using a range of NAT assays prior to the development of the replacement HAV RNA IS.  

Formulations 1-3 lyophilised well, however formulation 4 did not, producing heterogeneous 

cakes that were crumbly in appearance. Interestingly formulation 4 appeared to show the greatest 

protective effect on thermal degradation however the lack of reproducible lyophilised cakes 

prohibited its consideration as a candidate formulation. The analysis indicated no significant 

protective differences across formulations 1-3. A possible initial protective effect was observed 

with formulation 3, containing Trehalose and Hepes buffer, whereby there was a reduced initial 

loss following lyophilisation compared to formulations 1 and 2, this extended to a protective 

effect at elevated temperatures whereby reconstitution remained possible at  37 and +45 °C . 

Formulation 2 was a commercially available preparation, however effects were minimal and 

from a cost perspective would not be viable when scaling up to a produce a main batch of 

materials for the limited effect observed.  Formulation 1 containing only human plasma, did not 

display the rate of loss previously experienced with other HAV NAT materials (namely 12/234), 

there was a greater initial loss due to the effect of lyophilisation compared to other formulations, 

however this can be compensated for during the initial production phase and does not need to 

impact on the final product. Based on the findings from this study it was decided that 

formulations 1 and 3 would form the basis of the candidate materials for the replacement 

standard, which would be assessed in direct comparison to a standard formulated in plasma only 

in a multicenter collaborative study, involving a broader range of NAT-based assays.  

 

 

Aims of the main study 

 
This study aims to evaluate the suitability and potency of two candidate freeze-dried preparations 

of HAV in parallel with the 2
nd

 WHO International Standard for HAV NAT (NIBSC code 

00/562) and two liquid-frozen HAV RNA-positive plasma samples, using a range of NAT-based 

assays. 

 

Materials 

 
Candidate standards 
Two candidate materials have been prepared, namely 15/276 (sample 2), comprising freeze-dried 

human plasma positive for HAV spiked into negative human plasma, and 15/278 (sample 3) 

comprising the same preparation however the material also contained40mM hepes buffer and 2% 

trehalose dehydrate. The HAV was sourced from a HAV subtype 1B -positive mini pool plasma. 

The pooled human plasma diluent was sourced from blood donations and had been tested and 

found negative for HIV antibody, HCV antibody, HBsAg and syphilis. It was also tested at 

NIBSC and found negative for B19V DNA, HAV RNA and HCV RNA by NAT. The two 

candidate materials were filled and lyophilised on separate occasions in 2016.  

 

Preparation of bulk materials 
The concentration of the HAV stock for the candidates was determined at the NIBSC using the 

COBAS® AmpliPrep Total Nucleic Acid Isolation Kit (Roche Molecular Systems, Inc., 

Branchburg, NJ, USA) in combination with an in-house real-time PCR assay for HAV RNA. 
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Samples were tested alongside a dilution series of the 2
nd

 WHO International Standard for HAV 

(00/562). The bulk preparation was formulated to contain approximately 54,000 IU/mL of HAV 

RNA in a final volume of 2.75 L of pooled human plasma, and mixed for a total of 20 minutes 

using a magnetic stirrer. Aliquots comprising 0.55 mL volumes of the liquid bulk were stored at 

-80 °C for evaluation against the freeze-dried product.  

 

Filling and lyophilisation of candidate standards 
The filling and lyophilisation of the bulk material was performed at the NIBSC, in March 2016. 

The bulk was stirred constantly during the filling process and was dispensed in 0.5 mL volumes 

into 5 mL screw-cap glass vials (Adelphi Tubes, Haywards Heath, UK). The homogeneity of the 

fill was determined by performing check-weighing of approximately every fiftieth vial, with 

vials outside the defined specification being discarded. Filled vials were partially stoppered, 

lyophilized and then fully stoppered in the freeze dryer. A total of 5071 and 5045 vials were 

prepared for 15/276 and 15/278 respectively. The percentage coefficient of variation (%CV) for 

the fill weights were 0.53 and 0.58. The sealed vials were placed into storage at -20 °C under 

continuous temperature monitoring for the lifetime of the product. Evaluation of multiple 

aliquots of 15/276 and 15/278 (n=20) at the NIBSC indicated that the HAV RNA content was 

homogeneous (SD % of mean 0.41 and 0.85% respectively). Comparison of the liquid bulk 

versus the freeze-dried product indicated that there was a minimal loss in potency of 

approximately 0.05 and 0.00 Log10 IU/mL respectively upon freeze-drying. Residual moisture 

was measured non-invasively using near infra-red reflectance spectroscopy, NIR (Process 

Sensors Ltd, Corby, UK) calibrating against a non-infectious calibration standard of identical 

excipient formulation, measured by colorimetric Karl Fischer titration. Headspace oxygen levels 

were determined   non-invasively using frequency modulated laser infra-red spectroscopy at 

760nm (FMS 760, Lighthouse Instruments, Charlotte, VA, USA) against oxygen standards 

prepared in identical sealed containers and traceable to NIST-certified gases. Assessments of 

residual moisture and oxygen content, as an indicator of vial integrity after sealing, were 

determined for 12 vials of 15/276 and 15/278 as previously described [7], and were 0.25% w/w 

(Karl Fischer, 0.00 NIR units, CV=802) and 0.30% w/w (-0.23 NIR units, CV=33.5) respectively. 

 

Lyophilisation of candidate 15/276 was as previously described [6]. For candidate 15/278 filled 

vials ( nominally 5ml volume screw capped type I glass vials,  internal diameter  16mm )  were 

partially stoppered with 14 mm diameter halobutyl lyophilisation stoppers and lyophilized in 

SPD freeze dryer CS-150  freezer dryer  (Serail, Le Coudray Saint Germer, France) . Vials were 

loaded onto the shelves at 20 °C and the shelves were held at 4 °C for 20 mins. The freeze dryer 

was then cooled to -50°C, over 1.5 hrs, and held at this temperature for a further 2 hrs. A vacuum 

was applied to 100µbar over 1 hr and held for 1 hour. The shelf temperature was raised to -15 °C 

over 1 hr 20 mins, and a 100µbar chamber pressure maintained for 30 hrs for primary drying. 

For the secondary drying shelf temperature was then ramped to 25 °C, over 10 hrs, with a 

chamber pressure of 20 mTorr, and held for a further 21 hrs before releasing the vacuum and 

back-filling the vials with nitrogen. The vials were then stoppered in the dryer, removed and 

screw-capped within a negative pressure isolator, before decontaminating with formaldehyde 

vapor. 

 

Post-fill testing 
Assessments of residual moisture and oxygen content, as an indicator of vial integrity after 

sealing, were determined for 12 vials of product of each candidate 15/276 and 15/278. Residual 

moisture was determined by non-invasive near-infrared (NIR) spectroscopy (MCT 600P, Process 

Sensors, Corby, UK). NIR results were then correlated to Karl Fischer (using calibration samples 

of human plasma excipient, measured using both NIR and Karl Fischer methods) to give % w/w 
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moisture readings. Oxygen content was measured using a Lighthouse Infra-Red Analyzer (FMS-

750, Lighthouse Instruments, Charlottesville, USA). Details are shown in table 2. 

 

Samples of the liquid bulk (n=5) and freeze-dried product (n=5) were tested by HAV NAT assay 

using the COBAS® TaqScreen DPX Test (Roche Molecular Systems, Inc., Branchburg, NJ, 

USA), alongside a dilution series of the 2
nd

 WHO International Standard for HAV (00/562), in 

order to determine any potential loss of titre of material upon lyophilisation. 

 

Stability of the freeze-dried candidates  
Accelerated thermal degradation studies are underway at NIBSC in order to predict the stability 

of 15/276 and 15/278 when stored at the recommended temperature of -20 °C. Vials of freeze-

dried product are being held at -20 °C, +4 °C, +20 °C, +37 °C, and +45 °C. At specified time 

points during the life of the product, vials will be removed from storage at each temperature and 

HAV RNA quantified by NAT (as described for post-fill testing).  

 

Study samples 
The freeze-dried candidates 15/276 (sample 2) and 15/278 (sample 3) and their liquid bulk 

equivalents (sample 5 and 6) were evaluated alongside the 2
nd

 WHO International Standard for 

HAV (00/562), a freeze dried low titre reference preparation 15/156 (sample 4) and two HAV 

RNA-positive plasma samples (study samples 7 and 8). Both samples were plasma donations 

sourced from South African blood donors. The concentration of HAV RNA in samples 7 and 8 

was determined by NAT (as described for preparation of bulk materials). Samples 7 and 8 were 

aliquoted in 1.5 mL volumes into 2 mL Sarstedt screw cap tubes and stored at -80 °C prior to 

shipping to participants. 

 

Study samples shipped to participants were coded as samples 1-8 and were as follows: 

– Sample 1 (S1) - Lyophilized preparation 00/562 in a 3 mL screw cap glass vial.  

– Sample 2 (S2) - Lyophilized preparation 15/276 in a 3 mL crimp cap glass vial. 

– Sample 3 (S3) - Lyophilized preparation 15/278 in a 3 mL crimp cap glass vial. 

– Sample 4 (S4) - Lyophilized preparation 15/156 in a 3 mL crimp cap glass vial. 

– Sample 5 (S5) - Liquid frozen preparation 15/276 in a 2 mL Sarstedt tube.  

– Sample 6 (S6) - Liquid frozen preparation 15/278 in a 2 mL Sarstedt tube. 

– Sample 7 (S7) - Liquid frozen HAV positive clinical sample in a 2 mL Sarstedt tube. 

– Sample 8 (S8) - Liquid frozen HAV positive clinical sample in a 2 mL Sarstedt tube. 

 

Study design  

 
The aim of this collaborative study was to evaluate the potency of the two candidate lyophilised 

preparations in parallel with the 2
nd

 WHO International Standard for HAV (00/562), and two 

liquid-frozen HAV RNA-positive plasma samples, using a range of NAT-based assays. Study 

samples were sent to participating laboratories by courier on dry ice, with specific instructions 

for storage and reconstitution. 

 

Study protocol 
Participants were requested to test dilutions of each sample using their routine HAV NAT-based 

assay on three separate occasions, using a fresh vial of each sample in each independent assay. In 

accordance with the study protocol (Appendix 3). The lyophilised samples 1-3 were to be 

reconstituted with 0.5 mL and sample 4 with 1.0 mL of deionized, nuclease-free molecular-grade 
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water and left for a minimum of 20 minutes with occasional agitation before use. Samples 5-8 

were to be tested neat. 

 

For quantitative assays, participants were requested to test samples 1-8 neat and to test samples 

1-6 at a minimum of two serial ten-fold dilutions (10
-1

 and 10
-2

). For qualitative assays, 

participants were requested to test samples 1-6, at half-Log10 serial dilutions around the 

theoretical assay end-point to determine the actual end point and for the remaining assays, 

participants are requested to test the dilution at the assay end-point (limit of detection) 

determined in assay 1, and a minimum of two half-Log10 serial dilutions either side of the pre-

determined end-point. Participants were requested to perform dilutions using the sample matrix 

specific to their individual assay (e.g. HAV RNA-negative human plasma), and to extract 

samples prior to HAV RNA measurement. 

 

Participants were requested to report the concentration of each sample in IU/mL 

(positive/negative for qualitative assays) for each dilution of each sample and return results, 

including details of methodology used, to NIBSC for analysis. 

 

Participants 
Study samples were sent to 13 participants representing 10 countries (Appendix 2); two 

laboratories were unable to return data. Participants were selected for their experience in HAV 

NAT and geographic distribution. They represented IVD manufacturers, control and contract 

testing laboratories, and plasma manufacturers. All participating laboratories are referred to by a 

code number, allocated at random, and not representing the order of listing in Appendix 2. 

Where a laboratory returned data using different assay methods, the results were analysed 

separately, as if from different laboratories, and are referred to as, for example, laboratory 02A, 

02B, etc. 

 

Statistical methods  
Qualitative and quantitative assay results were evaluated separately. In the case of qualitative 

assays, for each laboratory and assay method, data from all assays were pooled to give a number 

positive out of number tested at each dilution step. A single ‘end-point’ for each dilution series 

was calculated, to give an estimate of ‘log10 NAT detectable units/mL. It should be noted that 

these estimates are not necessarily directly equivalent to a genuine genome equivalent 

number/mL [8].  

 

In the case of quantitative assays, the reported values (log IU or log cp) have been presented 

using data from neat samples only, relative potencies were estimated using a parallel line model 

with untransformed or log transformed Ct values as responses [9]. Calculations were performed 

using the EDQM software CombiStats Version 5.0 [10]. Model fit was assessed visually and 

non-parallelism was assessed by calculation of the ratio of fitted slopes for the test and reference 

samples under consideration. The samples were concluded to be non-parallel when the slope 

ratio was outside of the range 0.80 – 1.25 and no estimates are reported in these cases. Potency 

estimates were expressed as log10 IU/mL and these estimates from all valid assays were 

combined to generate an arithmetic mean in log10 IU/mL for each laboratory and assay type. 

Overall results are also reported based on the results supplied by the participants for neat sample 

only, reported as copies/mL or IU/mL. For each assay run, a single estimate of log10 copies/mL 

or IU/mL was obtained for each sample by taking the value from the neat dilution. A single 

estimate for the laboratory and assay method was then calculated as the mean of the log10 

estimates of these values across assay runs. 
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Overall analysis was based on the log10 estimates of copies/mL or IU/mL or ‘log10 NAT 

detectable units/mL’, as required. Overall mean estimates were calculated as the means of all 

individual laboratories. Variation between laboratories (inter-laboratory) was expressed as 

standard deviations (SD) of the log10 estimates and % geometric coefficient of variation (GCV = 

{10
s
-1}×100% where s is the standard deviation of the log10 transformed estimates) of the actual 

estimates. Variation within laboratories and between assays (intra-laboratory) was expressed as 

standard deviations of the log10 estimates and %GCVs of the individual assay mean estimates. 

 

Relative potencies were calculated as the difference in estimated Log10 ‘units per mL’ (test 

sample – standard), plus an assigned value in International Units/mL (IU/mL) for the standard 

where appropriate. 

 

Results and data analysis 

 
Validation of study samples and stability assessment 
Candidate standard samples 2 (15/276) and 3 (15/278) production data summary in table 2 shows 

fill mass mean coefficient of variance (CV) and mean residual moisture are within the required 

acceptable limits for WHO International Standards [2]. Residual oxygen content for both 

candidates was within NIBSC working limit of 1.1%. Heterogeneity evaluation of multiple vials 

(n=20) indicated the HAV RNA content was homogenous, the Log10 IU/mL potency variance 

between vials for 15/276 and 15/278 was 0.0003 and 0.0019 SD as a percentage of mean was 

0.41 and 0.85% respectively. Liquid bulk comparison with freeze dried product indicated a loss 

in potency of 0.05 Log10 IU/mL for 15/276 and no loss for 15/278. 

 

For accelerated degradation studies of candidate standard 15/276 and 15/278, samples stored in 

elevated temperatures of +4, +20, +37 and +45 °C were evaluated in parallel with baseline 

samples stored at -20 °C. 3 vials of each sample were tested following 3 and 9 months of storage 

at each temperature, vials of 15/276 stored for 9 months and beyond at +37 and +45 °C failed to 

reconstitute and were not evaluated. Vials of 15/278 stored at these temperatures did not fully 

reconstitute and resultant material was of lower volume and more viscous. Mean Log10 IU/mL 

potencies, difference relative to -20 °C baseline, Arrhenius model based predicted percentage 

potency loss per year and per month are summarized in table 3a and 3b, negative values 

indicating a loss in potency relative to the baseline. Results show minimal predicted loss in 

potency for both candidates upon storage at -20 °C (0.004 %/year for 15/276 and 0.026 %/year 

for 15/278), not surprising there is a trend of increasing loss in potency with increasing storage 

temperature.     

 

Candidate material stability post reconstitution has not been determined and it is recommended 

that reconstituted material is for single use only. 

 

Data received 

Data were received from 11 participating laboratories. A variety of different assay methods were 

used by the participants, one laboratory used two different assay methods. Of the 12 data sets 

received 8 were from qualitative assays and 4 were from quantitative assays.  

 

Summary of assay methodologies 
Assay methodologies used by participants are summarized in table 4. For the preparation of 

dilutions majority of laboratories used negative human plasma, laboratory 8 reported to have 

used phosphate buffered saline.  
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Estimated IU/mL or ‘NAT detectable units/mL’ 
Mean estimates from laboratories reporting potencies using qualitative (Log10 NAT detectable 

units) and quantitative (Log10 IU/mL) assays from neat samples only are shown in tables 5 and 6 

respectively. Laboratory mean estimates are shown in histograms in figure 1a to 1c, with each 

box representing a mean estimate from the laboratory labelled with the corresponding laboratory 

code. NAT detectable and IU/mL units are not interchangeable and boxes representing 

qualitative assays results are shaded in grey to distinguish from quantitative assays. For clinical 

samples 7 and 8 only potency estimates from quantitative assays are shown as data generated 

from qualitative assays showed poor dilution linearity and dose response across all assays and 

did not allow for extrapolation to assign potency. In line with experience from previous studies, 

quantitative assays are in better agreement compared to qualitative assays which are more 

variable. The range for mean laboratory potencies for the current and candidate International 

Standards is lower for quantitative assays 0.57 Log10 IU/mL compared to qualitative assays 1.31 

Log10 NAT detectable units/mL.   

  

Overall mean estimates with minimum and maximum reported potencies and standard deviations 

are shown in table 7 for quantitative assays and table 8 for quantitative assays. Standard 

deviation values show the increased inter-laboratory variability in qualitative assays, for the 

current and candidate International Standards laboratory means SD’s range for quantitative 

assays is far lower 0.18 to 0.31 Log10 IU/mL compared to that from qualitative assays  0.38 to 

0.51 Log10 IU/mL. Overall mean estimate from quantitative assays for the current HAV 

International Standard sample 1 (00/562) is 4.68 Log10 IU/mL close to the assigned value of 4.73 

Log10 IU/mL. Overall mean estimates for the candidate standards sample 2 (15/276) and 3 

(15/278) are 4.31 and 4.36 Log10 IU/mL respectively. The overall mean estimates for the current 

International Standard 00/562 from qualitative assays is 5.01 Log10 NAT detectable units/mL, 

this is in good agreement with the previous collaborative study where the corresponding figure 

was 5.03 Log10 NAT detectable units/mL. Overall mean estimates from qualitative assays for 

candidate replacements 15/276 and 15/278 are 4.76 and 4.90 Log10 NAT detectable units/mL 

respectively. The overall mean estimates for the replacement candidates from qualitative assays 

is ~0.5 Log10 higher compared to quantitative assays. In the previous collaborative study overall 

mean estimate differences of ~0.4 Log10 from quantitative and qualitative assays for replacement 

candidate 12/234 were also observed, the cause for this discrepancy remains unclear.  

 

Potencies relative to the 2
nd

 WHO International Standard for HAV (Sample 1) 
Individual laboratory relative mean potency estimates from all assays are shown in table 9a from 

quantitative assays and 9b from qualitative assays and units for both assay types expressed in 

Log10 IU/mL. Laboratory mean potency estimates for candidate samples 2 and 3 by direct 

comparison relative to the current International Standard (sample 1) with an assigned potency of 

4.73 Log10 IU/mL as described in statistical methods section are expressed in IU. The results are 

shown in histogram form in Figures 2a – 2c.Overall mean potency estimates and inter-laboratory 

variability are shown in Table 10 for quantitative assays, Table 11 for qualitative assays and 

Table 12 for all assays combined.   

 

Tables 10-12 and Figures 2a – 2c show an improvement in the agreement between laboratories in 

calculating potencies relative to sample 1 the current International Standard. For the qualitative 

assays the SD between laboratories for candidate samples 2 and 3 reduced from 0.51 to 0.27 and 

0.38 to 0.17 respectively. For quantitative assays the SD between laboratories for candidate 

samples 2 and 3 reduced from 0.18 to 0.11 and 0.28 to 0.15 respectively. This reduction in SD 

between laboratories was also observed for the candidate liquid bulk samples 5 and 6 which for 
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quantitative assays reduced from 0.60 to 0.46 and 0.67 to 0.52 and for quantitative assays 

reduced from 0.72 to 0.29 and 0.59 to 0.26 respectively. As the quantitative assays are in good 

agreement for reported values a smaller improvement in agreement is observed compared to that 

for qualitative assays. The overall mean relative potency estimates from all assays combined for 

the candidate samples 2 (15/276) and 3 (15/278) are 4.42 and 4.53 Log10 IU/mL respectively. 

The difference between the relative potencies from quantitative and qualitative assays for 

samples 2 and 3 is 0.21 and 0.26 Log10 IU/mL respectively. As calculated mean values may be 

biased by outliers or over-representation of particular assay methods, these were also calculated 

as Huber’s robust mean as well as weighted by assay method. The values shown in Table 13 

demonstrate the minimal effect of the alternative calculation methods. None of them is more than 

0.04 Log10 IU/mL different to the proposed value. 

 

Potencies of samples 7 and 8 relative to samples 2 and 3 
Reported laboratory mean potency estimates (Log10 IU/mL) for samples 7 and 8, their mean 

potency estimates relative to the current HAV International Standard sample 1 (00/562) and 

candidate standards sample 2 (15/276) and sample 3 (15/278) using overall means from all 

assays. Inter-laboratory agreement was then assessed by comparing Standard deviation of the 

estimated mean potencies reported and relative to the samples 1-3 summarized in Table 14. Only 

data from quantitative assays was used.   

 

The results show a marginal improvement in in inter-laboratory agreement for the higher titre 

sample 8 when potency is estimated relative to any of the lyophilised samples 1-3. For the lower 

titre sample 7 potency estimates relative to only the current HAV International Standard sample 

1 (00/562) shows a slight improvement in inter-laboratory agreement. As these comparisons are 

from only four quantitative assays which were in good agreement initially it is difficult to gauge 

improvements in variability.  

 

Inter and intra-laboratory variation 
Inter assay variation is shown in tables 10, 11 and 12 showing quantitative, qualitative and 

combined values respectively. SD values are higher than those observed for intra laboratory 

differences across the samples, values for the current standard and candidate materials are lower 

than those observed for the liquid bulk material and the clinical samples. 

 

Intra assay variation is shown in tables 15a-d for each laboratory performing a quantitative assay. 

The data suggests good repeatability between assays for all laboratories; overall SD’s and GCV 

values were very low across all samples. GCV’s were <40% in all but two cases. Laboratory 6 

reported a GCV of 207% for sample 7 and laboratory 8 reported a high GCV for sample 5. 
 

There is no comparable analysis of intra-assay variation for qualitative assays as the estimates 

for NAT detectable units were obtained from pooling all assay data to give a single number 

positive out of number tested for each dilution. 

 

Discussion and conclusions 

 
In the collaborative study candidate standards 15/276 (sample 2) and 15/278 (sample 3) were 

evaluated alongside the 2
nd

 WHO International Standard for HAV 00/562 (sample 1), the 

candidate liquid bulk materials (samples 5 and 6), two clinical samples (samples 7 and 8) and a 

working reagent (sample 4) with the aim of evaluating the suitability and determine the potency 

of the candidate replacement standards for the 3
rd

 HAV International Standard. The new 

candidate standards were prepared from a different virus stock and subtype (genotype 1B) from 
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the current HAV International Standard 00/562 ( genotype 1A) but were diluted in a similar way 

in pooled negative human plasma, with the second candidate (15/278) havening additional 

components, trehalose and hepes buffer, in order to evaluate their long term stabilizing effects. 

Both candidates (15/276 and 15/278) were lyophilised to ensure long term stability, production 

data indicates the materials are homogeneous.  

 

Comparison of raw estimates for liquid candidate material vs lyophilised reveal an increase in 

titre in the lyophilised material of on average 0.09 and 0.30 ^ (Sample 5 and 6 respectively) 

Log10 NAT detectable units/ml in the qualitative data. Average differences in titre are reduced in 

the quantitative data with an increase in titre in the lyophilised material of 0.06 in sample 5 and 

0.02 in sample 6. Interestingly from the quantitative assays, only lab 8 which used Abbott RNA 

extraction kit with Kingfisher Flex instrument and an in-house NAT assay showed an increase of 

0.86 and 0.47 Log10 IU/ml, all other qualitative assays showed a loss in titre of on average 0.21 

and 0.13 Log10 IU/ml (Samples 5 and 6 respectively). An apparent increase in titre between 

liquid and lyophilised HAV materials has been experienced before however cannot be currently 

explained and requires further studies for clarification. Clearly in this example there is better 

agreement with the quantitative data, however, this is possibly due a limited number of 

laboratories reporting data in this format and inherent variability introduced through multiple end 

point dilutions in qualitative data. Interestingly the reverse is seen with the qualitative data when 

expressing data as a relative potency to the current IS, a reduction in titre of -0.22 and -0.16 

Log10 IU/ml respectively for sample 5 and sample 6.  

 

Assays reporting in a qualitative format provide values for samples 1-6 that are 0.27 to 0.55 

Log10 IU/ml higher than those that are reporting in a quantitative format. This has also been 

observed in previous studies [5] but the scientific rational for this remains unknown. Three 

laboratories consistently provided data that were an exception to this observation, laboratories 3, 

5 and 12 using the AltoStar® Purification Kit 1.5 and AltoStar Automation System AM16, 

COBAS®AmpliPrep/ COBAS®TaqScreen DPX Test and an in house assay respectively. Where 

an assay has been performed by only one laboratory, as is the case with the AltoStar® and the in 

house assay, it is not possible to draw any intra assay conclusions, the data set supplied may be a 

‘true’ reflection of the assay performance or may be biased in some way by laboratory execution 

but this can’t be determined. In the case of the COBAS®TaqScreen DPX, three other 

laboratories have also reported data from this assay and it is observed that they report raw 

estimates 0.63 to 1.32 Log10 higher than lab 5. These differences across all three 

COBAS®TaqScreen DPX assays are less pronounced when anlaysing the relative potency 

compared to the current standard (00/562). However it is still observed that the qualitative assays 

are giving potency values up to 0.5 Log10 higher than ^ quantitative assays, this is particularly 

evident for candidate 3, NIBSC code 15/278. The reason for the higher potency estimates from 

qualitative assays remains unclear. 

 

A slight improvement in the agreement between laboratories can be seen for samples 2-8 when 

potency was expressed relative to the current International Standard (sample 1). Relative potency 

from across qualitative and quantitative assays for candidate standards sample 2 (15/276) and 

sample 3 (15/278) was 4.42 and 4.53 Log10 IU/mL respectively. Relative potency estimates from 

qualitative assays only are proposed to be used to assign potency as majority of testing reports 

were received in qualitative format. There is a difference in potency between the two batches this 

may be due to the additional stabilizing excipients in the formulation for the second candidate 

sample 3 (15/278). 

 

Accelerated thermal degradation study results at 12 months indicate minimal loss in potency for 

both candidates upon storage at -20 and +4 °C. Elevated temperature assessments and transport 
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studies suggest that shipments to customers can be made at ambient temperatures and countries 

with high ambient temperatures should complete shipping in <1 month.  Since the candidate 

15/276 is formulated in the same was to the current International Standard we would propose 

that this material is most appropriate as the replacement. 

 

It remains unknown why the stability of previous HAV candidate material (12/234) has been 

seen to be unsuitable as this has not been observed in this study. One possibility could be the 

conditions surrounding preparation for the lyophilisation process, this was carried out by an 

external contractor and it has not been possible to ascertain whether there was any aspect of this 

that caused detriment to previous products. 

 

Due to the limited number of clinical samples that could be included in this study a complete 

assessment of commutability of the candidate standards to HAV-positive samples was not 

possible. An improvement in the agreement between laboratories was observed when the high 

titre clinical sample (sample 8) was expressed relative to each candidate compared to reported 

results. Expressing potencies of clinical samples (samples 7 and 8) relative to the current 

International Standard improved agreement between laboratories.  The inclusion of small 

number of patients sample does limit the conclusions that can be drawn; to understand 

commutability further a larger study with multiple clinical samples would be needed. A 

pragmatic approach to commutability assessment must be undertaken when designing studies to 

evaluate a new or replacement international standard. Participating laboratories volunteer to take 

part; no financial compensation can be offered, therefore to present the laboratory with large 

numbers of samples to test would not be practical. In addition the sourcing of multiple clinical 

samples also presents a problem, samples must either be of sufficient volume to aliquot directly, 

this is the most ideal scenario as it remains a ‘true’ patient material, alternatively a high titre 

material of limited volume can be spiked into negative human plasma, although the manipulation 

of the sample causes deviation away from the original patient material. Ethical consideration 

must be adhered to in both scenarios. Thus, whilst it is desirable to include 50-100 clinical 

samples in a commutability study in practice this is very difficult.  

 

Taking into consideration the observed difference in reporting of qualitative and quantitative 

assays, combined with the most common application of the HAV test – used in the blood 

fractionation industry to exclude HAV positive plasma donations prior to the manufacturer of 

therapeutic products, there is a view that the qualitative data set only should be used for the 

potency assignment of the replacement candidate. If this were the case, the assigned potency 

would be 4.49 Log10 IU/mL; it is this case which will be proposed to the WHO Expert 

Committee on Biological Standardisation in October 2017. However should the combined 

quantitative and qualitative data sets are agreed to be used the assigned potency would be 4.42 

Log10 IU/mL. 

 

Proposal 

 
It is proposed that the candidate standard, NIBSC code 15/276 is established as the 3

rd
 WHO 

International Standard for HAV for use in NAT based assays, with an assigned potency based on 

either qualitative assay results of 30, 902 IU/mL (4.49 Log10 IU/mL) or combined results 4.42 

when reconstituted in 0.5mL of nuclease free water, with an uncertainty of 0.53% derived from 

variance of the fill. It is also proposed this standard should be shipped to customer at ambient 

with instructions for storage at -20 °C.  
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Comments from participants 

 
This report has been circulated to all participants of the study for comment; five participant’s 

responded with 3 participants having no comment one participant commented on correct 

application of the Arrhenius equation with respect to phase transition and another participant 

commented on potency changes of candidate materials from liquid to lyophilised and the use of 

parallel line analysis to determine potency of candidate from both qualitative and quantitative 

assays, following clarification from the Statistics group, text has been amended to clearly outline 

the statistical methods used in potency assignment.  Comments, corrections and minor editorial 

changes received by 16
th

 June 2017 were all addressed, implemented and included in this report.  
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Table 1a. Summary of the four different bulk formulations prepared for stability pilot study. 

 

Formulation Components added to HAV positive mini pool 

1 Negative plasma only 

2 Negative plasma with 10% Biomolecule stabiliser 

3 Negative plasma with hepes buffer (40mM) and trehalose (5%) in 

deionized molecular grade water 

4 Negative plasma with sorbitol (1%), urea (1%), sodium sulphate 

(10mM), hepes buffer (40mM) and trehalose (5%) in deionized 

molecular grade water. 

 

Table 1b. Pilot study assay methods and codes. 

 

Lab code Extraction Assay Amplification assay 

Lab 1 QIAGEN QiaAmp viral RNA     

Lot: 151012535 

input volume 140µl 

output volume 60µl 

BioRad Cycler 

RealStar® HAV RT-PCR Kit 1.0  

Lot: 2410K1420 

Lab 1a SIEMENS  

Lot: BOX37XA1/2 

input volume 475 µl 

output volume 70µl 

BioRad Cycler 

RealStar® HAV RT-PCR Kit 1.0  

Lot: 2410K1502 

Lab 2 Roche Ampliprep 

TNAi kit 

In house assay RT PCR assay 

Lab 3 QIAamp DSP Virus Kit,  

Lot : 151012807  

input volume 500 ul 

output volume 60 µl 

Artus HAV LC RT-PCR Kit,  

Lot: 148052359 
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Table 1c.  Combined pilot study data. 

 

Lab Time Formulation 

GM potency relative to -20 

4 20 37 45 

Lab 1 1 1 0.968 0.833 0.761 0.713 

Lab 1a 1 1 0.962 0.918 0.820 0.844 

Lab 2 1 1 1.014 0.976 0.814 0.576 

Lab 3 1 1 1.753 1.309 0.683 1.070 

Lab 1 3 1 1.068 1.008 1.005 0.278 

Lab 1a 3 1 1.079 1.084 0.786 0.694 

Lab 2 3 1 0.894 0.813 0.837 0.726 

Lab 3 3 1 2.068 1.265 0.290 0.452 

Lab 1 6 1 0.814 0.885 0.578 NE 

Lab 1a 6 1 0.972 0.944 NE NE 

Lab 2 6 1 0.972 0.878 0.784 NE 

Lab 2 12 1 1.000 1.037 NE NE 

Lab 1 1 2 0.889 0.962 0.875 0.700 

Lab 1a 1 2 0.982 1.014 0.964 0.841 

Lab 2 1 2 1.113 1.036 1.036 1.024 

Lab 3 1 2 1.313 0.768 3.202 2.220 

Lab 1 3 2 1.065 1.158 1.049 0.940 

Lab 1a 3 2 0.954 0.944 0.939 0.677 

Lab 2 3 2 1.076 0.954 0.968 0.819 

Lab 3 3 2 19.487 14.292 15.541 17.012 

Lab 1 6 2 1.161 1.226 1.035 0.108 

Lab 1a 6 2 0.956 0.833 0.670 0.285 

Lab 2 6 2 1.032 0.995 0.926 0.578 

Lab 2 12 2 0.887 1.011 0.615 0.439 

Lab 1 1 3 1.043 1.215 0.955 1.101 

Lab 1a 1 3 0.697 0.660 0.727 0.805 

Lab 2 1 3 1.059 1.046 1.030 1.106 

Lab 3 1 3 0.968 1.501 2.059 0.530 

Lab 1 3 3 1.029 0.978 0.866 0.784 

Lab 1a 3 3 0.937 1.005 0.966 0.835 

Lab 2 3 3 1.104 0.974 1.074 0.877 

Lab 1 6 3 0.799 1.052 1.109 0.908 

Lab 1a 6 3 0.926 0.994 0.997 0.662 

Lab 2 6 3 1.004 1.013 0.991 0.676 

Lab 2 12 3 0.888 0.895 0.699 0.434 

Lab 1 1 4 0.916 0.902 1.005 0.956 

Lab 1a 1 4 0.975 1.021 1.029 0.853 

Lab 2 1 4 1.064 0.952 0.964 0.951 

Lab 3 1 4 0.987 0.592 1.177 1.672 

Lab 1 3 4 0.981 1.064 1.000 0.832 

Lab 1a 3 4 1.046 1.140 1.030 0.880 
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Lab 2 3 4 0.885 0.971 0.930 0.876 

Lab 3 3 4   0.181 0.808 1.020 

Lab 1 6 4 1.177 1.123 1.151 0.648 

Lab 1a 6 4 0.974 0.953 0.792 0.432 

Lab 2 6 4 0.905 1.059 0.933 0.572 

Lab 2 12 4 0.910 0.909 0.625 0.233 

       

       xx GM potency > 1.25 

    xx GM potency < 0.80 

    NE No Estimate 

     

 

Table 2. Production summary for the candidate standards (S2: 15/276 and S3: 15/278). 

 

NIBSC code 15/276 15/278 

Product name Hepatitis A virus Hepatitis A virus 

Dates of production 7 March 2016 14 March 2016 

Presentation Freeze-dried preparation in 3 

mL screw-cap glass vial 

Freeze-dried preparation in 

3 mL crimp-cap glass vial 

Appearance Robust opaque cake Robust opaque cake 

No. of vials filled 5071 5045 

Mean fill weight (g) 0.514 (n=171) 0.513 (n=170) 

CV of fill weight (%) 0.53 0.58 

Mean residual moisture (%) 0.25 (n=12) 0.30 (n=12) 

CV of residual moisture (%) 802 (0.00 NIR units) -33.5 (-0.23 NIR units) 

Mean oxygen content (%) 0.82 (n=12) 0.92 (n=12) 

CV of oxygen content (%) 14.38 9.94 

No. of vials available to WHO 4987 4947 
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Table 3a. Stability of 15/276 at 1, 9 and 12 months.  
     

 
        

Temper

ature 

(°C) 

Mean       

Log10 

IU/mL 

1 

month 

Difference 

in Log10 

IU/mL 

from -

20 °C 

baseline 

sample  

Mean        

Log10 

IU/mL 

9 

months 

Difference 

in Log10 

IU/mL 

from -

20 °C 

baseline 

sample  

Mean        

Log10 

IU/mL 

12 

months 

Difference 

in Log10 

IU/mL 

from -

20 °C 

baseline 

sample  

Predicted 

percentage loss           

per 

year 

per 

month 

-20 4.882 - 4.765 - 4.737   0.004 <0.000 

4 4.880 -0.002 4.787 0.023 4.710 -0.027 0.568 0.047 

20 4.868 -0.014 4.734 -0.031 4.711 -0.026 8.922 0.776 

37 4.800 -0.082 - - - - 73.563 10.494 

45 4.737 -0.145 - - - - - - 

 
        

 
        Table 3b. Stability of 15/278 at 1, 9 and 12 months.  

    
 

        

Temper

ature 

(°C) 

Mean       

Log10 

IU/mL 

1 

month 

Difference 

in Log10 

IU/mL 

from -

20 °C 

baseline 

sample  

Mean        

Log10 

IU/mL 

9 

months 

Difference 

in Log10 

IU/mL 

from -

20 °C 

baseline 

sample  

Mean        

Log10 

IU/mL 

12 

months 

Difference 

in Log10 

IU/mL 

from -

20 °C 

baseline 

sample  

Predicted 

percentage loss           

 

per 

year 

per 

month 

-20 4.940 - 4.863 - 4.843   0.026 0.002 

4 4.936 -0.004 4.866 0.003 4.850 0.007 1.189 0.100 

20 4.950 0.010 4.859 -0.004 4.811 -0.032 10.239 0.896 

37 4.885 -0.055 4.600 -0.263 4.446 -0.397 58.222 7.015 

45 4.868 -0.071 4.172 -0.692 3.903 -0.940 - - 
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Table 4. Collaborative study assay methods and assay codes. 

 

Sample extraction method NAT method Assay code No. of data 

sets 

Quantitative assays 

SMI-Test EX-R&D (Medical 

Biological Laboratories, Co., 

Ltd), manual 

In house Alan Houde et al., 

2006. Taqman RT-PCR, 

Quantitect probe RT-PCR kit 

(Qiagen) HAV gene target: the 

polymerase coding region, using 

7500 Fast real time PCR system 

(ABI) 

LD 1 

Magnetic bead technology. 

Abbott RNA extraction kit 

using Kingfisher Flex 

instrument. 

In House Hande et al 2007 J 

Virol Meth 140 p80-89 

LD 1 

Boom-like extraction 

(Biomérieux Easymag®) 

In house Real-time PCR using 

Taqman probes. Molenaar-de 

Backer MW et al,. 2016 

Transfusion. 56:440-448. 

LD 1 

High pure viral nucleic acid kit 

(Roche) 

Artus® HAV TM RT-PCR Kit 

v2.0 (Qiagen), LightCycler® 

480 Real-Time PCR System 

(Roche) 

ART 1 

Qualitative assays 

Cobas® Ampliprep 

 

 

 

cobas® AmpliPrep/cobas® 

TaqScreen DPX Test for use on 

the cobas s201 (Roche 

Molecular Systems, Inc.) 

CTS 4 

Cobas® DPX 6800/8800 

systems 

cobas® DPX, Duplex HAV & 

parvovirus B19 nucleic acid test 

for use on the cobas® 

6800/8800 systems (Roche 

Molecular Systems, Inc.) 

C68 1 

AltoStar® Purification Kit 1.5 

and AltoStar Automation 

System AM16 (altona 

Diagnostics GmbH; currently 

not commercially available, in 

in house verification) 

RealStar® HAV RT PCR Kit 

1.0 (altona Diagnostics GmbH) 

using the CFX96TM Real-time 

System (BioRAD) 

ALT 1 

Procleix® Parvo/HAV assay, 

instrument: Procleix Tigris 

system 

Procleix® Parvo/HAV assay, 

instrument: Procleix Tigris 

system 

PRO 1 

NucliSens easyMAG® 

 

Inhouse real-time PCR gene 

target 5’ – UTR. One step RT-

PCR using Light cycler 2.0 

LD 1 
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Table 5. Laboratory mean estimates from quantitative assays (Log10 IU/mL) reported neat only.  

 

Lab Assay Sample 

S1 S2 S3 S4 S5 S6 S7 S8 

6 LD 4.72 4.44 4.59 3.28 4.81 4.81 2.63 5.12 

8 LD 4.30 4.05 3.95 2.48 3.19 3.48 1.48 3.66 

14 LD 5.05 4.42 4.46 2.83 4.47 4.59 2.76 4.91 

15 ART 4.66 4.33 4.42 2.95 4.54 4.47 2.19 3.65 

 

 

Table 6. Laboratory mean estimates from qualitative assays (Log10 ‘NAT detectable units/mL’).  

 

Lab Assay Sample 

S1 S2 S3 S4 S5 S6 

1a CTS 5.47 5.04 5.11 2.77 4.83 4.87 

1b C68 5.22 4.97 5.04 3.39 5.05 4.88 

3 ALT 4.57 4.32 4.55 2.89 4.57 4.78 

5 CTS 4.46 4.69 4.54 3.19 4.75 4.28 

9 CTS 5.09 4.76 4.98 3.51 4.47 4.89 

11 PRO 5.14 5.18 5.23 3.93 5.22 5.20 

12 LD 4.48 3.85 4.40 2.38 3.39 3.08 

13 CTS 5.78 5.46 5.46 3.51 5.25 4.92 

 

 

Table 7. Overall mean estimates and inter-laboratory variation (Log10 IU/mL) for quantitative 

assays reported neat only. 

 

Sample No. of data sets Mean Min Max SD 

S1: 00/562 4 4.68 4.3 5.05 0.31 

S2: 15/276 4 4.31 4.05 4.44 0.18 

S3: 15/278 4 4.36 3.95 4.59 0.28 

S4: 15/156 4 2.89 2.48 3.28 0.33 

S5: liquid bulk 15/276  4 4.25 3.19 4.81 0.72 

S6: liquid bulk 15/278 4 4.34 3.48 4.81 0.59 

S7: Clinical samples 1 4 2.27 1.48 2.76 0.58 

S8: Clinical samples 2 4 4.34 3.65 5.12 0.79 
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Table 8. Overall mean estimates and inter-laboratory variation (NAT detectable units/mL) for 

qualitative assays only.  

 

Sample No. of data sets Mean Min Max SD 

S1: 00/562 8 5.01 4.46 5.78 0.49 

S2: 15/276 8 4.76 3.85 5.46 0.51 

S3: 15/278 8 4.90 4.40 5.46 0.38 

S4: 15/156 8 3.16 2.38 3.93 0.49 

S5: liquid bulk 15/276  8 4.65 3.39 5.25 0.60 

S6: liquid bulk 15/278 8 4.56 3.08 5.20 0.67 

 

 

Table 9a. Laboratory estimates of potency relative to the 2nd WHO International Standard for 

HAV, 00/562 (sample 1) from quantitative, Units are (Log10 IU/ml) from parallel line analysis 

based on assigned unitage of the International Standard of 54,000 (4.73 Log10) IU/mL.  

 

Lab Assay Sample 

S2 S3 S4 S5 S6 S7 S8 

6 LD 4.39 4.54 3.09 4.81 4.79 2.34 5.19 

8 LD 4.33 4.29 2.81 n/a n/a 1.36 3.91 

14 LD 4.13 4.19 2.83 4.24 4.27 2.66 4.63 

15 ART 4.27 4.40 2.86 4.52 4.49 2.11 3.68 

 

 

Table 9b. Laboratory estimates of potency relative to the 2nd WHO International Standard for 

HAV, 00/562 (sample 1) from qualitative assays, Units are (Log10 IU/ml) from parallel line 

analysis based on assigned unitage of the International Standard of 54,000 (4.73 Log10) IU/mL. 

 

Lab Assay Sample 

S2 S3 S4 S5 S6 

01a CTS 4.30 4.37 2.03 4.09 4.13 

01b C68 4.48 4.55 2.90 4.56 4.39 

3 ALT 4.48 4.71 3.05 4.73 4.94 

5 CTS 4.96 4.81 3.46 5.02 4.55 

9 CTS 4.40 4.62 3.15 4.11 4.53 

11 PRO 4.77 4.82 3.52 4.81 4.79 

12 LD 4.10 4.65 2.63 3.64 3.33 

13 CTS 4.41 4.41 2.46 4.20 3.87 
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Table 10. Overall mean estimates and inter-laboratory variation for potency relative to the 2nd 

WHO International Standard for HAV 00/562 (sample 1), from quantitative assays. Units are 

Log10 IU/ml from parallel line analysis, based on assigned unitage of the International Standard 

of of 54,000 (4.73 Log10) IU/mL (quantitative assays only). 

 

Sample No. of data sets Mean Min Max SD 

S2: 15/276 4 4.28 4.13 4.39 0.11 

S3: 15/278 4 4.36 4.19 4.54 0.15 

S4: 15/156 4 2.90 2.81 3.09 0.13 

S5: liquid bulk 15/276  3 4.52 4.24 4.81 0.29 

S6: liquid bulk 15/278 3 4.52 4.27 4.79 0.26 

S7: Clinical samples 1 4 2.12 1.36 2.66 0.56 

S8: Clinical samples 2 4 4.35 3.68 5.19 0.69 

 

 

Table 11. Overall mean estimates and inter-laboratory variation for potency relative to the 2nd 

WHO International Standard for HAV 00/562 (sample 1), from qualitative assays.  Units are 

Log10 IU/ml, based on assigned unitage of the International Standard of of 54,000 (4.73 Log10) 

IU/mL (qualitative assays only).  

 

Sample No. of data sets Mean Min Max SD 

S2: 15/276 8 4.49 4.10 4.96 0.27 

S3: 15/278 8 4.62 4.37 4.82 0.17 

S4: 15/156 8 2.90 2.03 3.52 0.51 

S5: liquid bulk 15/276  8 4.40 3.64 5.02 0.46 

S6: liquid bulk 15/278 8 4.32 3.33 4.94 0.52 

 

 

Table 12. Overall mean estimates and inter-laboratory variation for potency relative to the 2nd 

WHO International Standard for HAV, 00/562 (sample 1),combined                                                                                                                                                                                                                                        

qualitative and quantitative assays.  Units are Log10 IU/ml from parallel line analysis, based on 

assigned unitage of the International Standard of 54,000 (4.73 Log10) IU/mL. 

 

Sample No. of data sets Mean Min Max SD 

S2: 15/276 12 4.42 4.10 4.96 0.24 

S3: 15/278 12 4.53 4.19 4.82 0.20 

S4: 15/156 12 2.90 2.03 3.52 0.41 

S5: liquid bulk 15/276  11 4.43 3.64 5.02 0.41 

S6: liquid bulk 15/278 11 4.37 3.33 4.94 0.46 

S7: Clinical samples 1 4 2.12 1.36 2.66 0.56 

S8: Clinical samples 2 4 4.35 3.68 5.19 0.69 
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Table 13. Alternative Means 

 

Study 
Quant / 

Qual 

Mean of 

labs 

Robust 

Mean 

Mean of 

methods 

Robust 

Mean of 

Methods 

HAV 
Both 4.42 4.4 4.39 4.38 

Qual 4.49 4.49 4.46 4.47 

 

 

Table 14. Summary of inter-laboratory variability for samples 7 and 8, uncorrected and 

relative to samples 1-3 (SD and GCV in Log10 IU/mL) (quantitative assays only). 

 

  S7: Clinical samples 1 

 

S8: Clinical samples 2 

SD GCV SD GCV 

Uncorrected Estimates 0.58 278% 0.79 516% 

Potency vs. S1: 00/562 0.55 257% 0.69 389% 

Potency vs. S2: 15/276 0.66 360% 0.70 407% 

Potency vs. S3: 15/278 0.75 467% 0.61 306% 

 

 

Tables 15a-d. Intra-laboratory variation (Log10 IU/mL) for quantitative assays  

 

A; Lab 6 

 

Mean SD GCV 

Sample 1 4.72 0.11 28% 

Sample 2 4.44 0.09 23% 

Sample 3 4.59 0.06 15% 

Sample 4 3.28 0.10 26% 

Sample 5 4.81 0.04 9% 

Sample 6 4.81 0.03 7% 

Sample 7 2.63 0.49 207% 

Sample 8 5.12 0.08 21% 

 

B; Lab 8 

 

Mean SD GCV 

Sample 1 4.30 0.06 16% 

Sample 2 4.05 0.10 25% 

Sample 3 3.95 0.08 20% 

Sample 4 2.48 0.09 22% 

Sample 5 3.19 0.67 365% 

Sample 6 3.48 0.14 39% 

Sample 7 1.48 0.11 28% 

Sample 8 3.66 0.09 22% 
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C; Lab 14 

 

Mean SD GCV 

Sample 1 5.05 0.09 23% 

Sample 2 4.42 0.05 11% 

Sample 3 4.46 0.07 18% 

Sample 4 2.83 0.05 13% 

Sample 5 4.47 0.12 31% 

Sample 6 4.59 0.03 6% 

Sample 7 2.76 0.06 15% 

Sample 8 4.91 0.02 5% 

 

D; Lab 15 

 

Mean SD GCV 

Sample 1 4.66 0.13 36% 

Sample 2 4.33 0.12 32% 

Sample 3 4.42 0.07 17% 

Sample 4 2.95 0.11 28% 

Sample 5 4.54 0.12 31% 

Sample 6 4.47 0.05 12% 

Sample 7 2.19 0.13 35% 

Sample 8 3.65 0.18 52% 
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Figures 1a, b and c. Laboratory reported mean estimates (Log10 IU/mL or Log10 

NAT-detectable units for qualitative assays) of samples 1-3 from quantitative and 

qualitative assays. Each box labeled with a laboratory and assay code and 

represents a reported mean estimate from that laboratory. Results from qualitative 

assays are colored red.   
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b. Sample 2: 15/276 Candidate standard 
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c. Sample 3: 15/278 Candidate standard 
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Figures 2a and b.  Laboratory mean estimate for samples 1-3 calculated relative to 

the current International Standard (samples 1) from quantitative and qualitative 

assay. Units are Log10 IU/mL or Log10 NAT-detectable units for qualitative assays. 

Each box is labelled with a laboratory and assay code and represents mean relative 

potency from that laboratory. 
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Sample 2: 15/276 relative to 00/562 
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Sample 3: 15/278 relative to 00/562 
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Appendix 1 

 

Pilot study participants 
(In alphabetical order by country) 

 

Participant Laboratory Country 

Dr. Karin Rottengatter Altona Diagnostics GmbH, Hamburg Germany 

Dr. Michael Chudy Paul-Ehrlich-Institute, Langen Germany 

Mr Rehan Minhas NIBSC UK 

 

Appendix 2 
 

Main collaborative study participants  
(In alphabetical order by country) 

 

Name Laboratory Country 

Dr. Agnieszka Dryla 

Dr. Maurice Mogg 

Baxter AG, Plasma Analytics, Vienna Austria 

Dr. Alke Heitmann 

Aylin Kosar 

Altona Diagnostics GmbH, Hamburg Germany 

Dr. Andrea  Buzzigoli 

Dr. Simona Zanotti 

Dr. Barbara Pacini 

Kedrion Biopharma, Bolognana-Gallicano Italy 

Dr. Giulio Pisani 

Dr. Francesco Marino 

Biologicals Unit, National Center for 

Immunobiologicals Research and Evaluation 

(CRIVIB), Istituto Superiore Di Sanita, Rome 

Italy 

Dr. Saeko Mizusawa 

Dr. Yoshiaki Okada 

 

Dept. of Safety Research on Blood and Biological 

Products, National Institute of Infectious Diseases, 

Tokyo  

Japan 

Dr. Dennis York 

Leigh-Anne Edwards 

Molecular Diagnostic Services (Pty) Ltd., Westville
 

South Africa 

Dr. Dolors Xairó 

Dr. Cristina Alemany 

BIOMAT, S.A. (GRIFOLS), Barcelona
  

Spain 

Dr. Mats Olsson 

Dr. Anders Olofsson 

Octapharma AB, Stockholm Sweden 

Dr. Yi-Chen Yang  

Dr. Hwei-Fang Cheng 

Food and Drug Administration, Taipei Taiwan 

Dr. Boris Hogema 

Maarten Koot 

Sanquin Diagnostic Service, Amsterdam The Netherlands 

Dr. Zhuang Wang 

Dr. Hong Wang 

Roche Molecular Systems, Branchburg USA 
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Appendix 3 
 

Study protocol 
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Appendix 4: Proposed IFU for established 

Material
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