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Summary 

 
The aim of the collaborative study was to evaluate a panel of plasma samples containing different 

genotypes of hepatitis E virus (HEV) for use in nucleic acid amplification technique (NAT)-based 

assays. The panel of samples comprises eleven different members including genotype 1a (2 strains), 

1e, 2a, 3b, 3c, 3e, 3f, 4c, 4g as well as a human isolate related to rabbit HEV. Each laboratory 

assayed the panel members directly against the 1
st
 World Health Organization (WHO) International 

Standard (IS) for HEV RNA (6329/10). Also included in the study was a candidate Biological 

Reference Preparation (BRP) for HEV RNA prepared from an HEV 3f virus strain on behalf of the 

European Directorate for the Quality of Medicines and HealthCare (EDQM). The samples for 

evaluation were distributed to 24 laboratories from 14 different countries. The samples were assayed 

on three separate days and the data were collated and analysed at the Paul-Ehrlich-Institut (PEI). 

Data were retuned by 23 of the participating laboratories, in total 32 sets of data were returned; 17 

from quantitative assays and 15 from qualitative assays. The assays used consisted of a mixture of 

in-house developed and commercially available assays. The results showed that all samples were 

detected consistently by the majority of participants. 

It is proposed that the panel, consisting of 11 members, be established as the “1
st
 International 

Reference Panel (IRP) for all HEV genotypes for NAT-based assays” (code number 8578/13) with 

no unitage being assigned to the individual panel members. In the case of the candidate BRP, a 

unitage of 40,850 IU/ml (4.6112 log10 IU/ml) is assigned to the material after calibration against the 

WHO IS. Real-time stability studies have indicated that the panel of HEV samples and the candidate 

BRP is very stable under normal conditions of storage, i.e., at -20ºC or below, and are therefore 

suitable for long term use. On-going real-time stability studies of the panel members and the BRP 

are in progress. 

 

Introduction 

 
The 1

st
 WHO IS for HEV RNA for nucleic acid amplification technique (NAT)-based assays (code 

number 6329/10) was established in October 2011 by the WHO Expert Committee on Biological 

Standardization (ECBS). The WHO IS represents an HEV sub-genotype 3a strain from a Japanese 

blood donor diluted in negative plasma. Whilst HEV is represented by a single serotype, the virus 

can be classified into at least four main genotypes. Genotypes 1 and 2 can be found in humans, 

whilst genotypes 3 and 4 are found in both humans as well as a range of animal species, particularly 

pigs. The geographical distribution of HEV genotypes is complex. Genotype 1 consists of strains 

circulating in Africa and Asia. Genotype 2 has been found in Mexico and albeit rarely, in some 

African countries. Genotype 3 is widely distributed, mainly being reported in the USA, Europe and 

Japan. Genotype 4 tends to be restricted to India and East Asia. However, genotype 1 viruses, and 

more recently genotype 4 viruses, are also found in patients in Europe, North America and 

elsewhere after travelling to endemic areas and represent imported cases. Epidemics and sporadic 

cases of hepatitis E occur in areas of endemicity (genotypes 1, 2 and 4); more isolated clinical cases 

are diagnosed among a sizeable group of mostly asymptomatic seropositive residents in developed 

countries (mainly genotype 3). Chronic infection, almost exclusively with genotype 3 HEV, occurs 

in immunocompromised transplant patients and those with HIV infection. Given the genetic 

diversity of HEV and the importance of the epidemic strains in terms of the global disease burden of 
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hepatitis E, the PEI proposed the preparation of a genotype panel for HEV RNA; this proposal was 

endorsed by the WHO ECBS in October 2011 (WHO/BS/2011.2179). 

In the current collaborative study, a candidate WHO HEV genotype panel, representing all four 

genotypes and a range of sub-genotypes, has been evaluated alongside the WHO IS (code number 

6329/10). A further aim of the study was to calibrate, in IU/ml, a candidate BRP for HEV RNA for 

NAT testing on behalf of the Biological Standardisation Programme (BSP) of the EDQM, Council 

of Europe and the EU Commission. The calibration of the candidate BRP coincides with the 

introduction of NAT testing for HEV RNA for solvent/detergent (S/D)-treated plasma in the 

European Pharmacopoeia (Ph. Eur. monograph 1646). 

 

Preparation of bulk materials 
 

The HEV strains selected for the preparation of the candidate WHO panel and the candidate BRP 

are shown in Table 1. The strains used to prepare the panel were derived from a mixture of plasma 

and stool samples positive for HEV RNA. The samples were derived from blood/plasma donations 

or clinical samples – either plasma or stool samples. Stool samples were included to supplement the 

genotype coverage; they were of generally higher viral load than the HEV positive plasma samples. 

All samples were tested at PEI by NAT to determine viral loads and sequencing was performed in 

HEV ORF1 and ORF2 regions to confirm the (sub-)genotype; sub-genotyping was performed 

according to Lu et al., 2006. In the case of the HEV RNA-positive plasma sample stocks, the anti-

HEV status (IgM and IgG) was determined by enzyme immunoassays (Wantai, Beijing, China). 

Phylogenetic analysis of the panel strains, the BRP and the WHO IS are shown in Figure 1. 

For the preparation of the candidate materials, the HEV RNA-positive samples were diluted using 

pooled citrated human plasma which tested negative for HBV, HCV and HIV-1/2 using the Cobas 

TaqScreen MPX test (Roche Molecular Systems Inc.) and was negative for HEV RNA (testing 

described below) and anti-HEV IgM and anti-HEV IgG by enzyme immunoassays (Wantai, Beijing, 

China). All HEV RNA-positive plasma samples used in the preparation of the candidate panel and 

BRP were tested and found negative for the presence of HBV, HCV and HIV-1/2 using the Cobas 

TaqScreen MPX test. In the case of 8567/13 and 8569/13, the samples were diluted 1:500 prior to 

testing. 

 

Stool samples were diluted in Dulbecco's Modified Eagle's Medium, filtered through 1 µM and then 

0.2 µM filters and mixed with an equal volume of negative plasma (described above) and frozen at -

80°C prior to processing. The filtered samples were tested to ensure the absence of aerobic and 

anaerobic microorganisms. The stool samples were diluted in plasma, and in order to stabilize the 

respective HEV strains, trehalose and magnesium chloride were added at final concentrations of 5% 

and 150 mM, respectively. The formulation of the final matrix for the stool samples was evaluated 

using a range of PCR and transcription-based NAT assays in order to determine if there was any 

interference with the downstream amplification/detection of the HEV RNA; no evidence of 

inhibition was observed (data not shown). 

 

The candidate panel samples were lyophilized in batches between the 27
th

 August 2013 and 25
th

 of 

August 2014. Vials of the candidate BRP were lyophilized in December 2013. The filling and 

lyophilization was performed by an ISO 13485:2003 accredited Swiss company. For processing, 0.5 

ml volumes were dispensed into 4 ml screw-cap glass vials. The conditions for the lyophilization of 

the samples were as previously described (Baylis et al., 2011a). After completion of the freeze-
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drying procedure, the vacuum was broken by the introduction of nitrogen gas and the vials sealed. 

The vials were further secured with screw caps prior to storage at -20°C. 

 

The number of vials lyophilized per sample, coefficients of variation (% CV) of the respective fill 

volumes and residual moisture content are shown in Table 2. Measurements for the % CV of the 

filling process were made for 1% of the vials prepared for the panel. In the case of the BRP, 

measurements were made from 30 vials across different trays/shelves. For analysis of residual 

moisture, vials filled with 0.5 ml volumes of plasma diluent were distributed throughout the freeze-

drier. Residual moisture was determined by Karl Fischer analysis for 8 vials per lyophilisation run 

for the panel samples and 10 in the case of the BRP. 

 

Testing of the samples post-lyophilization revealed that there was an approximate drop in HEV 

RNA titre of ~0.0-0.3 log10 IU/ml for the different panel members when compared to aliquots of the 

respective bulk preparations which were stored at -80°C (data not shown). The titre of HEV RNA in 

the liquid/frozen bulk for the BRP was ~4.8 log10 IU/ml; after freeze-drying the mean titre was 

~4.51 log10 IU/ml, indicating some loss in titre during processing. Because of the candidate BRP 

was to be assigned a unitage with respect to the HEV RNA content, homogeneity of the 

filling/freeze-drying was assessed using HEV RT-PCR. The crossing threshold or cycle threshold 

(CT) values were determined for 25 vials of the BRP; the mean CT value was 28.9, with a CV of 

0.79%, indicating that the filling was of acceptable homogeneity. 

 

Vials of the candidate WHO genotype panel are held at the Paul-Ehrlich-Institut, Paul-Ehrlich-

Straße 51-59, D-63225 Langen, Germany. The vials are kept at -20°C with continuous temperature 

monitoring. Vials of the candidate BRP are held at the EDQM in Strasbourg, France under the same 

conditions. 

 

All manufacturing records are held by PEI and are available on request by the ECBS. 

 

Collaborative Study 

 
The collaborative participants are listed in Appendix 1; 24 laboratories from 14 different countries 

agreed to participate in the study. For the purposes of data analysis, each laboratory has been 

referred to by a code number allocated at random and not representing the order of listing in 

Appendix 1. 

 
All collaborative study materials were shipped to participating laboratories on dry ice and 

participants requested to store the materials at or below -20°C until use. Participants received 

samples representing different HEV genotypes and sub-genotypes (including one strain prepared in 

two different types of matrix), the candidate BRP together with the WHO IS (Table 1). The 

approximate titres of the lyophilized materials were provided for guidance (Table 3). Sufficient 

materials were provided for three separate assay runs. Additional vials were provided for 

laboratories using larger extraction volumes. 

 

Participants were asked to test the panel of samples using their routine assay for HEV RNA using 

fresh vials of each sample for each of the three assay runs. For each assay run, a new set of samples 

were reconstituted in 0.5 ml deionised, nuclease-free, molecular biology grade water and left for a 

minimum of 20 minutes with occasional agitation before use. 
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For quantitative tests, it was proposed that participants use the WHO IS 6329/10 to create a standard 

curve (testing the IS neat and by three ten-fold dilutions i.e. 250,000 IU/ml (neat) to 250 IU/ml) and 

samples reported directly in IU/ml. Participants were requested to test the candidate WHO panel 

samples without dilution. In the case of the candidate BRP, it was recommended to test this neat, 

and in three further half-log10 dilutions. 

 

For laboratories performing qualitative assays, participants were requested to assay each sample 

alongside the IS, by a series of one log10 dilution steps, to obtain an initial estimate of an end-point. 

For the three subsequent assays, they were requested to assay half-log10 dilutions around the end-

point estimated in their first assay. It was suggested to dilute the materials as follows in the first 

assay run: 

 

 The WHO IS (6329/10) and 8577/13s: by five ten-fold dilutions (10
-2

 to 10
-6

). The WHO IS has a 

concentration of 250,000 IU/ml. 

 

 The candidate BRP and 8570/13 should be tested by five ten-fold dilutions (10
-1

 to 10
-5

). 

 

 All other samples tested neat and by four ten-fold dilutions (neat to 10
-4

), with the exception of 

sample 8567/13 which should be tested neat and by three ten-fold dilutions (neat to 10
-3

). 

 

If, in the second assay, all dilutions were positive, or all negative, then the dilution series were to be 

adjusted accordingly for the final assay run. Participants were asked to note if replicate extractions 

and replicate amplification/detection steps were performed. Results were reported as either positive 

i.e. HEV RNA detected or negative. 

 

For the preparation of dilutions, participants were requested to use their usual diluent representing 

the matrix of the normal test specimens e.g. HEV negative plasma. Participants reported diluting the 

materials using either water (Laboratory 3) or plasma (all other participants). Electronic data sheets 

and a method reporting form were provided so that all relevant information (e.g. CT values for the 

respective dilutions where real time PCR methods were used or signal to cut-off (S/Co) values - e.g. 

for transcription-mediated assays) could be reported. 

 

Statistical Methods 
 

Quantitative assays 
Potency estimates determined for each sample relative to the WHO IS (measured in log10 IU/ml) 

based on quantitative data were derived by means of a mixed linear model with random factors 

laboratory and assay run. Mean potency for the candidate BRP (relative to the WHO IS) was 

estimated using a mixed linear model with random factors laboratory, assay run and test dilution. 

 

Qualitative assays 
For qualitative data analysis, results from all assays were pooled to give the of number positives out 

of the total number tested at each dilution. If it is assumed that a single ‘detectable unit’ will give a 

positive result, and that the probability of a positive result follows a Poisson distribution, the EC63 

(the dilution at which 63% of the samples are expected to be positive) was chosen as the end-point. 
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For each dilution series, this end-point was estimated by means of a probit analysis. Within the same 

evaluation, relative potencies were also estimated. 

For assays reporting CT values, these were evaluated for both qualitative and quantitative methods 

(relative to WHO IS; quantitative data for BRP only) using a parallel line model for each laboratory 

and assay run, as well as combined for all evaluable (i.e. valid) assay runs. 

 

Qualitative sample cut-off values from lab 5 and 7 were evaluated by means of a sigmoid dose-

response model. Samples with less than 3 dose values and/ or non-linear or non-parallel behavior 

were excluded from the analysis. 

 

Parallel line and sigmoid evaluation model as well as the combination of assays were performed 

according to methods as described in chapter 5.3, “Statistical analysis of results of biological assays 

and tests”, of the Ph. Eur. The statistical analysis was performed with SAS®/STAT software, 

version 9.4, SAS System for Windows, and CombiStats, version 5.0, EDQM, Council of Europe. 

 

Data received 

 
Data were received from a total of 23 of the 24 participating laboratories. In total, 32 sets of data 

were returned; 17 from quantitative assays and 15 from qualitative assays. Some laboratories 

reported results for more than one type of assay. The types of methods used by the participants are 

listed in Table 4. The majority of assays designs are based on HEV ORF2/3. 

Laboratory 3 tested the candidate BRP once at a single dilution, and once by half log10 dilutions. 

The candidate WHO panel was tested singly in the first assay run, in duplicate in the second assay 

run; no third assay run was performed. 

 

Laboratory 6A tested the candidate BRP at a single (ten-fold) dilution in assay run 1; other assays 

were performed according to the protocol. 

 

Laboratory 6B tested the candidate BRP at a single (ten-fold) dilution in all three assay runs. 

Laboratory 8, sample 8571/13 gave an invalid test result in the second assay run. 

Laboratory 23A only reported data for a single run; not all samples were detected. 

 

Results 

 
The different HEV genotypes and sub-genotypes were detected by all participants, with a single 

exception – Laboratory 12 was unable to detect sample 8567/13 (HEV genotype 1a) in any of the 

three assay runs. In some cases, differences in the efficiency of detection were observed for some of 

the candidate panel members. Some of the other samples were inconsistently detected by Laboratory 

12. Laboratory 6 reported inhibition of some of the undiluted samples, including some of the stool-

derived materials; however this was not consistent across assay runs. Laboratory 6 used the 

Nuclisens easyMag (Biomerieux) extraction platform and other laboratories using this system did 

not report inhibition of any of the samples and it is possible that inhibition may have been due to the 

high proportion of extracted nucleic acid used in the amplification/detection reaction. 
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Quantitative Assay Results 
The individual laboratory mean estimates (log10 IU/ml) for the candidate panel samples as well as the 

candidate BRP assayed directly against the WHO IS 6329/10 are shown in Tables 5a and 5b. The 

relative variation of the individual laboratory estimates is illustrated by the box-and-whisker plots in 

Figure 2. Greater variation was observed with the genotypes 1, 2 and 4, whereas better agreement 

was observed for the genotype 3 strains, including the candidate BRP – several genotype 3 strains 

had been evaluated in previous studies (Baylis et al., 2011b; Baylis et al., 2013), these include the 

3b strain that was established as the first HEV RNA National Standard in Japan as well as the RKI 

3f strain which is the basis for the candidate BRP. In the current study, the HEV 3b strain included 

in the panel (8570/13) has been formulated at a different concentration compared to the previously 

established Japanese National Standard. 

 

The laboratory mean absolute estimates of IU/ml (log10) are shown in histogram form in Figure 3. 

For the quantitative assay results, each white box represents the mean estimate from an individual 

laboratory, and is labelled with the laboratory code number. From Figure 3, it can be seen that there 

is, in general, good agreement between the laboratories performing quantitative assays. For the 

laboratories performing quantitative assays for the calibration of the BRP, the results across the 

range of dilutions tested were in the main parallel; non-parallel data was excluded. Table 6 shows the 

laboratory mean estimates (log10 IU/ml) for quantitative assays (based on CT values) for the 

candidate BRP relative to WHO IS 6329/10. In the histograms (Figure 3 – candidate BRP), results 

based on analysis of CT values from quantitative methods are shown in the light grey boxes. 

The overall means from all laboratories for the quantitative assays are shown in Table 7. 

 

Qualitative Assay Results 
The individual laboratory relative potency estimates (log10 IU/ml), for the candidate panel samples as 

well as the candidate BRP, assayed in parallel against the WHO IS 6329/10 are shown in Tables 8a and 

8b; the data are based upon end-point dilution analysis. The overall means from all laboratories for the 

qualitative end-point dilution assays are shown in Table 9. In addition, mean estimates were also 

evaluated by analysis of CT and S/Co values for the qualitative assays (Tables 10a and 10b). The 

relative variation of the individual laboratory estimates for the qualitative assays is illustrated by the 

box-and-whisker plots in Figure 4. The overall means from all laboratories for the analysis of CT 

and S/Co values for the qualitative assays are shown in Table 11. 
 

The qualitative assays are much more variable than the quantitative assays, reflecting the different 

sensitivities of the different assays. This observation is not unexpected and is in keeping with 

previous studies. The potencies of the candidate panel samples and the candidate BRP for the 

qualitative assay results are shown in Figure 3, each dark grey box represents the mean estimate 

from an individual laboratory, and is labelled with the laboratory code number – these data represent 

the end-point dilution analysis; values determined by analysis of the CT values are shown in the 

black boxes. In general, the results from the qualitative assay are in good agreement with those of 

the quantitative assays, although they are more variable, as expected (Figure 3). 
 

Determination of Overall Laboratory Means – Combined Qualitative and 

Quantitative Results 
The overall mean values for the candidate panel samples and the candidate BRP are shown in Table 

12. The respective overall means are a combination of the quantitative data (IU/ml), the qualitative 

data (based on end-point dilution); potencies determined by analysis of reported CT values or S/Co 
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values from the qualitative assays for the candidate panel samples and BRP relative to the WHO IS; 

and, for the candidate BRP potencies determined by analysis of reported CT values relative to the 

WHO IS for the quantitative assays. 

In general, the overall means are in line with the expected results (Table 3). There will be no unitage 

assigned to the candidate panel samples; nevertheless, the data will be informative for users of the 

panel in the future. The candidate BRP is assigned a potency of 40,850 IU/ml (4.6112 log10 IU/ml). 

 

Stability Studies 

 
Stability of the candidate panel samples is under continuous assessment, through both real-time and 

accelerated thermal degradation stability studies. Vials of the candidate panel samples have been 

stored at -20°C (the normal storage temperature) and -80°C (to provide a baseline if there is any 

suggestion of instability at higher temperatures). For the accelerated thermal degradation, vials were 

incubated at +4°C, +20°C, +37°C and +45°C for up to 6 months. After incubation at the respective 

temperatures, the contents of the vials were reconstituted in 0.5 ml of nuclease free water and 

analysed by real-time PCR as previously described (Baylis et al., 2013). 

 

Results of Stability Studies 

 
Preliminary studies demonstrated that in general the plasma-derived viruses showed good stability 

comparable to that of the WHO IS. However, it was noticed that dilution of the genotype 2 HEV 

stool-derived virus strain into pooled plasma and then lyophilized resulted in a very unstable 

preparation and after overnight incubation at +37°C there was a 2-3 log10 drop in titres and after 1 

week of storage at +37°C or higher, HEV RNA was no longer detectable. No loss of signal was 

observed under normal storage conditions i.e. -20°C or below (data not shown). 

 

Despite containing higher levels of residual moisture, the plasma matrix prepared with the 

stabilizing agents, gave not only improved levels of stability of HEV RNA for all three HEV stool 

samples, but also resulted in improved solubility of the cake after incubation at +45°C for 6 months 

compared to the diluted HEV-positive plasma samples diluted in the same pooled plasma matrix.  

In line with the study to establish the WHO IS (Baylis et al., 2011a), it is expected that the panel of 

samples will show good long term stability. After 3 years and 1 month storage at -20°C, +4°C, 

+20°C, the titre of the WHO IS was 5.44, 5.50 and 5.13 log10 IU/ml, respectively; the assigned 

concentration of the WHO IS is 5.40 log10. The samples were compared to baseline samples of the 

IS stored at -80°C. In the case of the candidate BRP, there was a 0.3 log10 IU/ml drop in titre after 

storage at 20°C for 6 months, in the case of the individual panel members there was a drop of 

between 0.0-0.3 log10 IU/ml (Tables 11a and 11b); it is difficult to compare stability at higher 

temperatures with the WHO IS because of problems encountered in reconstituting vials of the IS 

after prolonged incubation similar to other IS preparations formulated in plasma. 

 

Conclusions 

 
In this study, a wide range of quantitative and qualitative assay formats were used to evaluate the 

candidate HEV RNA genotype panel of samples as well as the candidate BRP in parallel with the 

WHO IS. Approximately half of the assays were developed in-house with the rest being 
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commercially available, this is in contrast to the initial study to evaluate laboratory performance 

where a single commercial assay was included (Baylis et al., 2011b) and the study to establish the 

WHO IS where all assays were developed in-house (Baylis et al., 2011a; Baylis et al., 2013). 

With a single exception, all participants were able to detect the different HEV genotypes and sub-

genotypes included in the panel as well as the candidate BRP. One in-house assay, used by a single 

laboratory, failed to detect 8567/13, genotype 1a HEV representing the sample with the lowest titre 

in the panel, and may be due to a lack of assay sensitivity or possibly due to primer design. There 

were noticeable differences in the potencies for some of the samples – particularly genotype 2 for 

which there are very few reported sequences, with only a single full length sequence determined. In 

contrast the potencies reported for the genotype 3 strains were less variable and reflect the 

availability of a large number of sequences and evaluation of several of these strains in previous 

studies (Baylis et al., 2011b; Baylis et al., 2013). 

 

The sample 8577/13 (HEV genotype 2a) was included as a matrix control. Because of the instability 

of 8577/13 at ambient temperature, the formulation of the sample was revised to include stabilizers 

(8577/13s). There was no evidence of inhibition of this revised matrix, either in testing prior to the 

collaborative study or during the collaborative study itself. In the final panel composition, sample 

8577/13 will be excluded due to its instability at elevated temperatures. 

 

In accordance with WHO policy, no unitage will be assigned to the panel members, although the 

potencies and range, determined in the collaborative study will be included in the Instructions for 

Use (Appendix 3) in order to inform users of the panel performance. It is anticipated that the panel 

will be used by laboratories to ensure that the detection of different HEV genotypes and sub-

genotypes is adequate. 

 

The other aim of the study was to establish a potency of the candidate BRP in IU/ml, combining all 

the data (quantitative and qualitative (end-point dilution, analysis of CT values as well as S/Co 

values) the overall mean potency was 40,850 (4.6112 log10 IU/ml). The characterization of the 

candidate BRP will be reviewed separately by the EDQM BSP Steering Committee. 

 

Real-time stability studies have indicated that the panel of HEV samples are very stable under 

normal conditions of storage, i.e., at -20ºC or below for 6 months and are therefore suitable for long 

term use. The assessment of the stability of the HEV genotype panel is on-going. Similarly, the 

stability analysis of the BRP has not indicated loss of titre after storage at -20ºC or below. Each vial 

of the panel contains 0.5 ml of lyophilized material. The draft “Instructions for Use” for the panel, 

include details for storage and reconstitution of the individual panel members (Appendix 3); each 

sample vial contains the dried residue of 0.5 ml of HEV-containing plasma and should be 

reconstituted in 0.5 ml of water.  

 

Recommendations 

 
Based upon the results of the collaborative study, it is proposed that the panel should be established 

as the 1
st
 International Reference Panel for Hepatitis E Virus RNA Genotypes (code number 

8578/13). The custodian laboratory is the Paul-Ehrlich-Institut. The panel is not intended to replace 

the WHO IS for HEV RNA. No unitage is assigned to the individual panel members, however, 

potencies and the minimum and maximum ranges for each panel member are to be provided, for 

information only.  
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Responses from participants 

 
After circulation of the draft report for comment, replies were received from twenty-two 

participants; all were in agreement with the conclusions of the report. The majority of the comments 

were editorial in nature and the report has been amended accordingly. 
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Table 1 Details of HEV strains evaluated in the study 

 
 

Code Genotype Origin Sample Type 
Anti-HEV 

IgM/IgG 

8567/13 1a India Plasma n.d. 

8568/13s 1a India Stool n.a. 

8569/13 1e Sudan Plasma +/- 

8570/13* 3b Japan Plasma -/- 

8571/13* 3c Sweden Plasma -/- 

8572/13* 3e Germany Plasma -/- 

8573/13* 3f Sweden Plasma -/- 

8574/13s 3 (rabbit) France Stool n.a. 

8575/13* 4c Japan Plasma -/- 

8576/13* 4g Japan Plasma -/- 

8577/13 2 Mexico Stool n.a. 

8577/13s 2 Mexico Stool n.a. 

Candidate BRP* 3f Germany Plasma +/+ 

n.d. not determined 

n.a. not applicable 

*Samples obtained from blood/plasma donors 
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Table 2 Characterization of the filled and lyophilized materials 

 
 

Code 
Number of vials 

filled 
% CV 

Residual 

moisture % 

8567/13 1013 1.1 1.1 

8568/13s 1048 1.1 2.8 

8569/13 1020 1.1 1.1 

8570/13 1012 1.1 1.1 

8571/13 1025 1.1 1.1 

8572/13 995 1.0 1.6 

8573/13 1025 1.0 1.6 

8574/13s 1050 1.1 2.8 

8575/13 1020 1.0 1.6 

8576/13 1023 1.0 1.6 

8577/13 1059 0.7 0.6 

8577/13s 1050 1.1 2.8 

Candidate BRP 6061 1.0 0.6 
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Table 3 Collaborative study materials – approximate expected concentrations 

 
 

Code number/ 

Name of preparation 

Nominal concentration 

(log10 IU/ml) 

Status 

6329/10* 5.4 WHO IS 

BRP ~4.5 Candidate BRP 

8567/13 ~2.5-3.0 

Candidate WHO panel and 

control sample 

8568/13s ~4.0 

8569/13 ~3.0-3.5 

8570/13 ~4.0 

8571/13 ~3.0-3.5 

8572/13 ~3.5 

8573/13 ~3.5 

8574/13s ~4.5-5.0 

8575/13 ~4.0 

8576/13 ~3.5 

8577/13s ~5.0-5.5 

8577/13 ~3.5-4.0 

*250,000 IU/ml upon reconstitution in 0.5 ml water 
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Table 4 Assay protocols used by participants 

 
 

Laboratory 

code 

Assay type* Extraction method NAT method Reference 

1 Quant. High Pure Viral Nucleic 

Acid Kit Large Volume 

(Roche) 

Real-time RT-PCR (RealStar® 

HEV RT-PCR Kit 1.0, altona 

Diagnostics) 

 

2 Quant. QIAamp Viral RNA 

Mini Kit (Qiagen) 

Real-time RT-PCR (RealStar® 

HEV RT-PCR Kit 1.0, altona 

Diagnostics) 

 

3A/3B Quant./Qual. NucliSENS® easyMag® 

(bioMérieux) 

Real-time RT-PCR 

(HepatitisE@ceeramTools™) 

 

4 Quant. EZ1 Virus Mini Kit v2.0 

(Qiagen) 

Real-time RT-PCR (TaqMan) Wenzel et al., 

2011 

5 Qual. Automated proprietary 

magnetic target capture 

method – Procleix 

Panther System 

Transcription mediated 

amplification and hybridization 

protection assay (Procleix HEV 

Assay, Hologic Inc.) 

 

6A/B Quant./Qual. NucliSENS® easyMag® 

(bioMérieux) 

Real-time RT-PCR (RealStar® 

HEV RT-PCR Kit 1.0, altona 

Diagnostics) 

 

6C/D Quant./Qual. chemagic Viral 

DNA/RNA Kit 

(PerkinElmer) 

Real-time RT-PCR (RealStar® 

HEV RT-PCR Kit 1.0, altona 

Diagnostics) 

 

6E Qual. NucliSENS® easyMag® 

(bioMérieux) 

ampliCube HEV 2.0 (Mikrogen 

GmbH) 

 

6F Qual. chemagic Viral 

DNA/RNA Kit 

(PerkinElmer) 

ampliCube HEV 2.0 (Mikrogen 

GmbH) 

 

7 Qual. Automated proprietary 

magnetic target capture 

method – Procleix 

Panther System 

Transcription mediated 

amplification and hybridization 

protection assay (Procleix HEV 

Assay; Hologic Inc.) 

 

8 Qual. QIAamp MinElute Virus 

Spin Kit/QIAcube 

(Qiagen) 

Real-time RT-PCR (RealStar® 

HEV RT-PCR Kit 1.0, altona 

Diagnostics) 

 

9 Quant. QIAsymphony DSP 

Virus/Pathogen Mini Kit 

(Qiagen) 

Real-time RT-PCR (TaqMan)  

10 Quant. QIAamp MinElute Virus 

Spin Kit (Qiagen) 

Real-time RT-PCR (TaqMan) Matsubayashi et 

al., 2008 

11 Qual. QIAamp Viral RNA 

Mini Kit (Qiagen) 

Real-time RT-PCR (RealStar® 

HEV RT-PCR Kit 1.0, altona 

Diagnostics) 

 

12 Quant. SMI-TEST EX-R&D 

(Medical Biological 

Laboratories Co., Ltd.) 

Real-time RT-PCR (TaqMan) Tanaka et al. 

2007 

13 Qual. QIAamp Viral RNA 

Mini Kit (Qiagen) 

Real-time RT-PCR (TaqMan)  

14 Qual. Roche cobas® 

6800/8800 

Real-time RT-PCR (cobas® 

HEV, Roche Molecular 

Systems) 

 

15 Quant. QIAamp MinElute Virus 

Spin Kit/QIAcube 

(Qiagen) 

Real-time RT-PCR (TaqMan)  

http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.biomerieux-usa.com%2Fclinical%2Fnuclisens-easymag&ei=AuFAVfupKo3d7Qac14CIDg&usg=AFQjCNHhspubM9Q7lU8wc8MCCMDmXY7sfg&bvm=bv.91665533,d.bGg
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.biomerieux-usa.com%2Fclinical%2Fnuclisens-easymag&ei=AuFAVfupKo3d7Qac14CIDg&usg=AFQjCNHhspubM9Q7lU8wc8MCCMDmXY7sfg&bvm=bv.91665533,d.bGg
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.biomerieux-usa.com%2Fclinical%2Fnuclisens-easymag&ei=AuFAVfupKo3d7Qac14CIDg&usg=AFQjCNHhspubM9Q7lU8wc8MCCMDmXY7sfg&bvm=bv.91665533,d.bGg
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.biomerieux-usa.com%2Fclinical%2Fnuclisens-easymag&ei=AuFAVfupKo3d7Qac14CIDg&usg=AFQjCNHhspubM9Q7lU8wc8MCCMDmXY7sfg&bvm=bv.91665533,d.bGg
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.biomerieux-usa.com%2Fclinical%2Fnuclisens-easymag&ei=AuFAVfupKo3d7Qac14CIDg&usg=AFQjCNHhspubM9Q7lU8wc8MCCMDmXY7sfg&bvm=bv.91665533,d.bGg
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.biomerieux-usa.com%2Fclinical%2Fnuclisens-easymag&ei=AuFAVfupKo3d7Qac14CIDg&usg=AFQjCNHhspubM9Q7lU8wc8MCCMDmXY7sfg&bvm=bv.91665533,d.bGg


WHO/BS/2015.2264 

Page 16 

 
16 Quant. MagNA Pure 96 Viral 

NA Large Volume Kit 

(Roche) 

Real-time RT-PCR (TaqMan) Abravanel et al., 

2012 

17 Quant. MagNA Pure LC 

(Roche) 

Real-time RT-PCR (SYBR 

Green) 

Jothikumar et al. 

2006 

18 Quant. MagNA Pure 96 Viral 

NA Large Volume Kit 

(Roche) 

Real-time RT-PCR (TaqMan) Jothikumar et al. 

2006; Garson et 

al., 2012 

19A/B Quant./Qual. NucliSENS® easyMag® 

(bioMérieux) 

Real-time RT-PCR (TaqMan) Zhao et al., 2007 

20 Qual. NucliSENS® easyMag® 

(bioMérieux) 

Real-time RT-PCR (TaqMan)  

21A/B Quant./Qual. GenMag Viral 

DNA/RNA Kit 

(GenMagBio) 

Real-time RT-PCR (TaqMan) Jothikumar et al. 

2006 

22 Qual. QIAamp Viral RNA 

Mini Kit (Qiagen) 

Real-time RT-PCR (Diagnostic 

kit hepatitis E virus RNA, 

Beijing Kinghawk 

Pharmaceutical Co., Ltd.) 

Zhao et al., 2007 

23A Quant. High Pure Viral Nucleic 

Acid Kit (Roche) 

Real-time RT-PCR (RealStar® 

HEV RT-PCR Kit 1.0, altona 

Diagnostics) 

 

23C Quant. High Pure Viral Nucleic 

Acid Kit (Roche) 

Real-time RT-PCR (TaqMan) Jothikumar et al. 

2006 

*Assay type:Qualitative (Qual.) and quantitative (Quant.) assays  

http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.biomerieux-usa.com%2Fclinical%2Fnuclisens-easymag&ei=AuFAVfupKo3d7Qac14CIDg&usg=AFQjCNHhspubM9Q7lU8wc8MCCMDmXY7sfg&bvm=bv.91665533,d.bGg
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.biomerieux-usa.com%2Fclinical%2Fnuclisens-easymag&ei=AuFAVfupKo3d7Qac14CIDg&usg=AFQjCNHhspubM9Q7lU8wc8MCCMDmXY7sfg&bvm=bv.91665533,d.bGg
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.biomerieux-usa.com%2Fclinical%2Fnuclisens-easymag&ei=AuFAVfupKo3d7Qac14CIDg&usg=AFQjCNHhspubM9Q7lU8wc8MCCMDmXY7sfg&bvm=bv.91665533,d.bGg
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.biomerieux-usa.com%2Fclinical%2Fnuclisens-easymag&ei=AuFAVfupKo3d7Qac14CIDg&usg=AFQjCNHhspubM9Q7lU8wc8MCCMDmXY7sfg&bvm=bv.91665533,d.bGg
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Table 5a Laboratory mean estimates (log10 IU/ml) for quantitative assays relative to WHO IS 

6329/10; mean for different assay runs and dilutions for samples 8567/13, 8568/13s, 8569/13, 

8570/13, 8571/13, 8572/13 
 

Laboratory Sample 

 8567/13 8568/13s 8569/13 8570/13 8571/13 8572/13 

1 2.67 4.74 3.21 4.32 3.26 3.60 

2 1.97 4.27 3.19 4.12 3.29 3.42 

3A 1.96 4.22 3.00 4.18 3.40 3.50 

4 2.54 4.10 2.93 4.11 3.52 3.12 

6A 2.68 4.66 3.50 4.38 3.63 3.54 

6C 2.60 4.25 3.07 4.21 3.44 3.60 

9 2.23 3.67 2.82 4.21 3.80 3.40 

10 1.82 3.62 2.64 3.99 3.49 3.16 

12  4.29 3.10 4.39 3.60 3.62 

15 2.71 4.40 3.36 4.33 3.32 3.54 

16 2.79 4.57 3.57 4.17 3.47 3.55 

17 2.51 4.04 2.61 3.95 3.00 3.30 

18 2.69 4.23 3.02 4.16 3.49 3.38 

19A 2.72 4.73 3.43 4.21 3.22 3.77 

21A 3.87 5.37 4.59 4.28 3.34 3.77 

23A       

23C 3.91 4.81 3.97 4.22 3.27 3.81 

It was not possible to calculate mean values for some of the samples for Laboratories12 and 23A 

 

Table 5b Laboratory mean estimates (log10 IU/ml) for quantitative assays relative to WHO IS 

6329/10; mean for different assay runs and dilutions for samples 8573/13, 8574/13s, 8575/13, 

8576/13, 8577/13s and the candidate BRP (cBRP) 
 

Laboratory Sample 

 8573/13 8574/13s 8575/13 8576/13 8577/13s 8577/13 cBRP 

1 3.96 5.29 4.07 3.61 5.58 3.93 4.51 

2 3.63 4.67 3.79 3.43 5.22 3.54 4.44 

3A 3.50 4.96 3.71 3.48 5.43 3.49 4.65 

4 3.60 5.15 3.93 3.47 5.23 3.26 4.68 

6A 3.72 4.97 4.17 3.86 5.57 3.91 4.85 

6C 3.77 4.72 4.00 3.75 5.43 3.71 4.58 

9 3.73 4.49 3.88 3.68 4.60 3.46 5.03 

10 3.55 4.74 3.68 3.37 4.58 3.00 4.49 

12 3.84 5.26 4.09 3.81 5.31 3.40 4.85 

15 3.72 5.09 4.01 3.65 5.57 4.04 4.46 

16 3.80 4.96 4.03 3.68 5.69 3.57 4.61 

17 3.81 6.10 3.93 4.04 5.51 2.66 4.46 

18 3.61 5.05 3.98 3.57 5.31 3.36 4.53 

19A 4.14 4.93 4.34 3.72 5.78 3.36 4.49 

21A 5.03 4.60 5.27 5.02 5.83 5.23 4.71 

23A 2.40 4.35 3.03 4.18 3.27 3.59 3.47 

23C 4.48 4.71 4.60 4.23 5.81 3.27 4.33 

*Candidate BRP potency estimates, accounted for dilution effect 
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Table 6 Laboratory mean estimates (log10 IU/ml) for quantitative assays (based on CT values) 

for the candidate BRP relative to WHO IS 6329/10 

 
 

Laboratory 

Mean 

(log10 IU/ml) 

95% Confidence 

Interval 

1 4.44 4.32 4.56 

2 4.49 4.42 4.55 

3A 4.70 4.63 4.76 

4 4.58 4.52 4.63 

6A 5.07 4.68 5.46 

6C 4.55 4.43 4.67 

9 5.03 4.96 5.10 

10 4.40 4.38 4.42 

12 4.81 4.75 4.87 

15 4.49 4.42 4.55 

16 4.61 4.58 4.64 

17 4.38 4.25 4.51 

18 4.57 4.46 4.69 

19A 4.76 4.65 4.87 

21A 4.68 4.58 4.78 

23C 4.38 4.19 4.57 

Data have been evaluated in IU/ml for quantitative assays (Table 5b). 
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Table 7 Overall mean estimates from quantitative assays (log10 IU/ml) 

 
 

Sample Estimate
*
 95% CI

**
 Median Std Min Max Range 

#8567/13 2.64 2.22 3.06 2.64 0.60 1.44 4.10 2.66 

#8568/13s 4.25 3.87 4.63 4.33 0.43 3.55 5.46 1.91 

#8569/13 3.25 2.91 3.59 3.25 0.51 2.40 4.81 2.41 

#8570/13 4.20 4.12 4.28 4.19 0.18 3.80 4.57 0.78 

#8571/13 3.40 3.27 3.53 3.43 0.22 2.80 3.88 1.08 

#8572/13 3.50 3.36 3.64 3.50 0.22 2.99 4.02 1.04 

#8573/13 3.84 3.60 4.07 3.76 0.41 2.40 5.14 2.74 

#8574/13s 4.98 4.73 5.24 4.98 0.38 4.35 6.88 2.52 

#8575/13 4.07 3.82 4.31 3.97 0.38 3.03 5.37 2.34 

#8576/13 3.77 3.49 4.04 3.70 0.38 3.13 5.05 1.92 

#8577/13s 5.42 5.10 5.74 5.47 0.49 3.27 6.10 2.83 

#8577/13 3.57 3.18 3.95 3.53 0.55 2.40 5.29 2.89 

cBRP 4.61 4.44 4.78 4.53 0.33 3.47 5.03 1.55 
*Estimated mean accounting for laboratory and number of performed assays 

**95% Confidence interval 

Std Standard deviation  
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Table 8a Laboratory relative potency estimates (log10 IU/ml) for qualitative assays (end-point) 

relative to WHO IS 6329/10 for samples 8567/13, 8568/13s, 8569/13, 8570/13, 8571/13, 8572/13 

 
 

Laboratory Sample 

 8567/13 8568/13s 8569/13 8570/13 8571/13 8572/13 

3B 2.57 4.43 3.29 4.41 3.18 3.73 

5 2.19 4.14 2.93 4.41 3.34 3.41 

6B 2.53 4.18 2.96 4.17 3.35 3.96 

6D 1.47 3.64 3.25 3.47 2.83 3.04 

6E 1.8 3.36 2.58 3.36 2.36 3.21 

6F 2.16 4.13 3.13 4.16 3.33 3.54 

7 2.14 4.88 3.27 5.05 2.77 3.79 

8 2.97 3.23 3.39 3.97 3.68 3.22 

11 2 3.79 2.4 4.4 3.4 3.05 

13 2.1 4.6 3.31 4.1 3.29 3.38 

14 1.97 3.39 2.64 4.15 3.18 3.56 

19B 2.67 4.4 3.47 4.47 3.4 3.9 

20 3.19 4.17 2.98 4.79 4.17 3.19 

21B 3.56 4.9 4.23 4.06 3.4 3.56 

22 2.15 4.65 2.81 4.65 3.15 3.65 

 

 

Table 8b Laboratory relative potency estimates (log10 IU/ml) for qualitative assays (end-point) 

relative to WHO IS 6329/10 for samples 8573/13, 8574/13s, 8575/13, 8576/13, 8577/13s and the 

candidate BRP (cBRP) 

Laboratory Sample 

 8573/13 8574/13s 8575/13 8576/13 8577/13s 8577/13 cBRP 

3B 3.76 5.09 4.25 3.91 6.2 3.27 5.07 

5 3.47 4.43 3.62 3.38 5.39 3.69 4.72 

6B 2.96 4.79 3.76 3.96 4.64 3.17 4.4 

6D 3.22 4.25 3.43 3.25 4.25 2.83 4.25 

6E 2.58 4.37 3 2.37 4.17 2.37 3.8 

6F 2.93 4.49 3.49 3.27 4.94 3.37 4.36 

7 3.11 4.18 3.92 3.33 4.94 3.23 5.27 

8 3.18 5.02 3.33 3.18 5.23 3.81 4.39 

11 3.4 4.41 3.71 3.4 3.92 2.14 4.9 

13 3.28 4.8 3.6 3.21 5.29 3.31 4.49 

14 3.9 2.4 3.38 3.4 4.34 2 4.97 

19B 3.9 5.4 4.06 3.9 5.64 3.32 4.71 

20 4.17 5.17 4.19 3.79 5.40 3.79 5.17 

21B 5.06 4.4 5.06 4.56 5.73 4.56 4.56 

22 3.81 4.65 3.98 3.65 5.15 3.65 5.15 
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Table 9 Overall mean estimates from qualitative (end-point) assays (log10 IU/ml) 

 
 

Sample Estimate* 95% CI** Median Std Min. Max. Range 

#8567/13 2.37 2.06 2.67 2.16 0.55 1.47 3.56 2.10 

#8568/13s 4.12 3.82 4.42 4.17 0.54 3.23 4.90 1.67 

#8569/13 3.11 2.86 3.36 3.13 0.44 2.40 4.23 1.83 

#8570/13 4.24 4.00 4.49 4.17 0.44 3.36 5.05 1.69 

#8571/13 3.25 3.03 3.48 3.33 0.41 2.36 4.17 1.81 

#8572/13 3.48 3.32 3.65 3.54 0.30 3.04 3.96 0.93 

#8573/13 3.52 3.18 3.85 3.40 0.61 2.58 5.06 2.48 

#8574/13s 4.52 4.14 4.91 4.49 0.69 2.40 5.40 3.00 

#8575/13 3.79 3.51 4.06 3.71 0.49 3.00 5.06 2.07 

#8576/13 3.50 3.23 3.78 3.40 0.49 2.37 4.56 2.19 

#8577/13s 5.01 4.66 5.37 5.15 0.65 3.92 6.20 2.28 

#8577/13 3.24 2.86 3.61 3.31 0.68 2.00 4.56 2.56 

Candidate BRP 4.68 4.45 4.91 4.71 0.41 3.80 5.27 1.47 
*Estimated mean accounting for laboratory and number of performed assays 

**95% Confidence interval 

Std Standard deviation 
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Table 10a Laboratory mean estimates (log10 IU/ml) for qualitative assays relative to WHO IS 

6329/10 – data based upon analysis of CT and S/Co values; mean for different assay runs and 

dilutions for samples 8567/13, 8568/13s, 8569/13, 8570/13, 8571/13, 8572/13 

 
 

Laboratory Sample 

 8567/13 8568/13s 8569/13 8570/13 8571/13 8572/13 

3B 2.61 4.04 3.08 4.21 3.38 3.63 

5  5.56 4.14 4.14 3.36 3.3 

6B 2.77 4.51 3.64 4.34 3.6 3.55 

6D 2.88 4.15 3.57 3.71 3.25 3.71 

6E 2.26 3.62 2.48 4.01 3.44 3.44 

6F 2.67 3.98 3.69 4.47 3.48 3.54 

7 2.86 4.82 4.31 5.49 2.57 2.91 

8 3.71 3.46 3.94 4.57 3.86 3.02 

11 2.06 3.95 2.65 4.16 2.96 3.19 

13  4.38 3.14 4.26 3.56 3.41 

14 2.4 3.49 2.45 4.14 2.75 3.78 

19B 3.03 4.7 3.65 4.31 3.54 3.59 

20 1.93 3.73 2.46 4.13 2.92 3 

21B 3.82 5.45 4.66 4.37 3.2 3.67 

22 2.49 4.54 3.11 4.37 3.45 3.74 
It was not possible to determine the end-point data from sample 8567/13 (Laboratories 5 and 13) 
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Table 10b Laboratory mean estimates (log10 IU/ml) for qualitative assays relative to WHO IS 

6329/10 – data based upon analysis of CT and S/Co values; mean for different assay runs and 

dilutions for samples 8573/13, 8574/13s, 8575/13, 8576/13, 8577/13s and the candidate BRP 

(cBRP) 

 
 

Laboratory Sample 

 8573/13 8574/13s 8575/13 8576/13 8577/13s 8577/13 cBRP 

3B 3.56 4.99 3.9 3.34 5.63 3.72 4.72 

5 4.21 4.8 4.14 3.83 6.69 4.69 4.71 

6B 4.05 4.79 4.23 4.12 5.34 3.97 4.65 

6D 3.51 4.36 4.08 3.88 5.37 3.48 4.67 

6E 3.36 4.24 3.58 3.07 4.99 3.06 4.32 

6F 3.47 4.61 3.86  5.11 3.77 4.37 

7 3.42 3.91 3.71  4.5 5.9 4.98 

8 3.7 4.75 4.2 3.74 5.66 3.79 4.19 

11 3.6 4.63 3.66 3.29 3.25 1.02 4.49 

13 3.41 4.79 3.43 3.29 5.14 3.78 4.69 

14 3.73 2.8 4.07 3.72 4.77 3.09 5.26 

19B 4.28 4.91 4.55 3.94 6.5  4.68 

20 3.36 4.55 3.68 3.27 4.35 2.5 4.43 

21B 5.14 4.56 5.34 5.06 6.11 5.14 4.65 

22 3.94 4.86 4.02 3.62 5.33 3.8 5.09 
It was not possible to determine the end-point data from sample 8576/13 (Laboratories 6F and 7) and for 

sample 8577/13 (Laboratory 19B). S/Co values - Laboratories 5 and 7, all other means based on CT values 
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Table 11 Overall mean estimates from qualitative assays analysed by CT and S/Co values (log10 

IU/ml) 

 
 

Sample Estimate* 95% CI** Median Std Min. Max. Range 

#8567/13 2.78 2.51 3.04 2.66 0.59 1.93 3.91 1.99 

#8568/13s 4.35 4.11 4.60 4.33 0.67 2.75 5.56 2.81 

#8569/13 3.40 3.09 3.70 3.30 0.79 2.24 5.39 3.15 

#8570/13 4.30 4.14 4.47 4.28 0.47 2.76 5.65 2.89 

#8571/13 3.31 3.15 3.46 3.40 0.43 2.29 4.12 1.84 

#8572/13 3.48 3.37 3.60 3.51 0.32 2.69 4.07 1.38 

#8573/13 3.86 3.65 4.07 3.81 0.59 2.51 5.31 2.80 

#8574/13s 4.51 4.28 4.73 4.68 0.66 2.73 5.54 2.81 

#8575/13 4.09 3.88 4.29 4.04 0.56 3.12 5.51 2.39 

#8576/13 3.74 3.53 3.95 3.69 0.55 2.86 5.07 2.22 

#8577/13s 3.76 3.39 4.14 3.84 0.92 1.02 5.24 4.22 

#8577/13 5.47 5.16 5.77 5.37 0.80 3.25 6.87 3.62 

Candidate 

BRP 
4.72 4.60 4.85 4.64 0.35 4.23 5.70 1.46 

*Estimated mean accounting for laboratory and number of performed assays 

**95% Confidence interval 

Std Standard deviation 
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Table12 Overall laboratory means – combined qualitative and quantitative results (log10 

IU/ml) 

 
 

Sample Mean* 95% CI** Median Std Min. Max. Range 

#8567/13 2.57 2.37 2.78 2.57 0.58 1.47 3.91 2.45 

#8568/13s 4.28 4.09 4.48 4.24 0.55 3.23 5.56 2.34 

#8569/13 3.25 3.05 3.45 3.16 0.56 2.40 4.66 2.26 

#8570/13 4.24 4.13 4.36 4.21 0.34 3.36 5.49 2.13 

#8571/13 3.32 3.22 3.43 3.36 0.33 2.36 4.17 1.81 

#8572/13 3.47 3.39 3.56 3.54 0.26 2.91 3.96 1.06 

#8573/13 3.69 3.50 3.88 3.67 0.54 2.40 5.14 2.74 

#8574/13s 4.73 4.52 4.94 4.73 0.57 2.40 6.10 3.70 

#8575/13 3.96 3.80 4.13 3.93 0.47 3.00 5.34 2.34 

#8576/13 3.68 3.51 3.85 3.65 0.48 2.37 5.06 2.69 

#8577/13s 5.22 4.98 5.47 5.33 0.71 3.25 6.69 3.45 

#8577/13 3.48 3.22 3.74 3.48 0.75 1.02 5.23 4.21 

Candidate 

BRP 
4.61 4.50 4.72 4.61 0.31 3.47 5.27 1.79 

*Estimated mean accounting for laboratory and number of performed assays 

**95% Confidence Interval 

Std Standard deviation 
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Table 13a Stability analysis of panel samples 8567/13, 8568/13s, 8569/13, 8570/13, 8571/13, 

8572/13 – titres log10 IU/ml 

 
 

Temp. Time 8567/13 8568/13s 8569/13 8570/13 8571/13 8572/13 

-20°C 3 mo. 2.74 4.19 3.39 4.06 3.22 3.48 

6 mo. 2.56 4.19 3.21 4.15 3.39 3.41 

+4°C 3 mo. 2.67 4.12 3.20 4.16 3.26 3.31 

6 mo. 2.57 4.20 3.10 4.26 3.21 3.41 

+20°C 3 mo. 2.04 3.89 2.90 3.96 2.88 3.24 

6 mo. 2.27 4.09 2.82 4.03 3.03 3.28 

+37°C 3 mo. 2.00 3.82 2.16 3.29 2.43 2.18 

6 mo. 0.00 4.06 1.95 2.67 2.07 1.41 

+45°C 3 mo. - 3.82 - 2.68 - - 

6 mo. - 3.95 - - - - 

- Resuspension of samples was not possible 

 

 

 

Table 13b Stability analysis of panel samples 8573/13, 8574/13s, 8575/13, 8576/13, 8577/13s and 

the candidate BRP (cBRP) – titres log10 IU/ml 

 
 

Temp. Time 8573/13 8574/13s 8575/13 8576/13 8577/13s cBRP 

-20°C 3 mo. 3.68 4.43 3.86 3.56 5.11 4.55 

6 mo. 3.60 4.49 3.71 3.56 5.32 4.52 

+4°C 3 mo. 3.61 4.74 3.71 3.41 5.35 4.53 

6 mo. 3.65 4.62 3.92 3.46 5.33 4.43 

+20°C 3 mo. 3.46 4.13 3.74 3.42 4.92 4.43 

6 mo. 3.56 4.55 3.66 3.34 5.02 4.19 

+37°C 3 mo. 2.52 4.38 3.02 2.89 4.83 3.91 

6 mo. 1.66 4.81 2.76 2.01 5.06 3.50 

+45°C 3 mo. - 3.34 2.51 2.61 4.96 3.73 

6 mo. - 4.67 - - 4.98 2.74 

- Resuspension of samples was not possible 
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Figure 1. Phylogenetic analysis  

 HQ389543 3 England

 AF060668 3a USA

 AB089824 3a Japan

 WHO IS AB630970 3a Japan

 AB074918 3a Japan

 AB074920 3a Japan

 AB291962 3b Japan

 AB246676 3b Japan

 8570/13 AB630971 3b Japan

 JQ034516 3c Germany

 8571/13 JN995569 3c Sweden

 JQ034514 3c Germany

 FJ705359 3c Germany boar

 8574/13s 3 France

 JQ013792 3 France rabbit

 GU937805 3 China rabbit

 FJ906896 3 China rabbit

 FJ906895 3 China rabbit

 8572/13 JN995564 3e Germany

 JQ953665 3e France pig

 8573/13 JN995573 3f Sweden

 BRP FJ956757 3f Germany

 EU495148 3f France

 AB369687 3f Japan

 AB291961 3f Japan

 FJ610232 4d China pig

 AY594199 4g China pig

 AB108537 4g China

 8576/13 4g Japan

 AB091395 4c Japan

 AB097812 4c Japan

 AB074915 4c Japan

 8575/13 4c Japan

 AB291959 4c Japan

 AB161717 4c Japan

 M74506 2a Mexico

 8577/13s 2a Mexico

 AY204877 1e Chad

 8569/13 1e Sudan

 AY230202 1d Morocco

 L25595 1b China

 M80581 1b Pakistan

 L08816 1b China

 D11092 1b China

 X99441 1a India

 AF051830 1a Nepal

 M73218 1a Myanmar

 AF185822 1a Pakistan

 8567/13 1a India

 FJ457024 1a India

 8568/13s 1a India

 AY535004 avian

94

100

100

100

42

89

100

61

60

99

89

88

65

77

40

99

88

71

36

53

20

93

69

92

99

99

88

61

84

81

40

60

97

94

73

50

85

48

79

35

68

48

92

90

69

84

86

49

0.02

Genotype 3 

Genotype 4 

Genotype 2 

Genotype 1 

3a 

3b 

3c 

3 

3e 

3f 

4g 

4c 

2a 

1e 

1a 



WHO/BS/2015.2264 

Page 28 

 

Figure 1. Phylogenetic analysis of HEV strains evaluated in the study. The code numbers of the 

candidate WHO panel are indicated; the sequences from the WHO IS and candidate BRP as also 

included (shown boxed). All strains represent human isolates unless otherwise indicated. The 

sequences are based upon analysis of part of the RdRp region of the HEV genome. Phylogeny was 

conducted using MEGA5 (www.megasoftware.net) using the neighbour-joining algorithm with 

bootstrap re-sampling (1000 replicates). Scale bar indicates genetic distance. 

N.B. Full length sequence data is available for the WHO IS genotype 3a strain (AB630970), 

genotype 3b strain (AB630971) as well as the 3f strain representing the candidate BRP (FJ956757). 

Accession numbers are shown for partial sequences for ORF2 for some of the remaining panel 

members. Partial sequences from all panel members for the HEV RpRd RNA polymerase are shown 

in Appendix 2. Sequencing was performed according to Drexler et al., 2012. Sequencing in ORF2 

confirmed the genotyping analysis as well as the sub-genotyping analysis for the genotype 3 strains 

(data not shown). 

  

http://www.megasoftware.net/
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Figure 2 Quantitative results (log10 IU/ml) shown as as Box-and-Whisker-Plot 
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Figure 3 Potency Comparison for all samples by participant and assay type 
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Potency in log10 IU/ml based on quantitative methods (white boxes); potency based on analysis of 

CT values from qualitative methods (black boxes); potency based on qualitative, end-point dilution 

analysis (dark grey boxes); potency based on analysis of CT values from quantitative methods (light 

grey boxes – candidate BRP only). 

Values determined by Laboratory 23A were based on a single assay run, the samples were 

inconsistently detected. 
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Figure 4 Qualitative results (log10 IU/ml) shown as as Box-and-Whisker-Plot; data are based upon 

end-point dilution analysis 
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Appendix 2  

Sequences obtained for the RpRD region of HEV ORF1 
 

>WHO_IS_AB630970_3a_Japan 

CCGCGCTATAGAAAAAGAGATATTGGCCCTGCTCCCGCCTAATATCTTTTATGGCGACGCTTATGAAGAGTCAGTGTTTG

CTGCCGCTGTGTCTGGGGCGGGGTCATGTATGGTATTTGAAAATGATTTTTCGGAATTTGACAGTACTCAGAATAACTTC

TCTCTCGGCCTTGAGTGTGTGGTCATGGAGGAGTGCGGCATGCCCCAGTGGTTGATTAGGTTGTACCACCTGGTTCGGTC

GGCCTGGATTTTGCAGGCGCCGAAGGAGTCTCTTAAGGGTTTTTGGAAGAAGCACTCTGGTGAGCCTGGTACCCTTCTCT

GGAAC 

 

>BRP_FJ956757_3f_Germany 

CCGTGCCATTGAGAAGGAGATTTTGGCCCTGCTCCCACCTAACGTCTTTTATGGCGATGCCTATGAGGAATCAGTGTTTT

CTGCAGCCATTTCTGGCGCTGGTTCCAGTATGGTTTTTGAGAATGATTTTTCTGAGTTTGATAGCACCCAAAACAACTTT

TCTCTCGGCCTTGAGTGTGTCATCATGGAGGAGTGTGGCATGCCTCAGTGGCTTATTCGATTGTACCACTTGGTTAGATC

AGCCTGGACCCTGCAAGCCCCGAAAGAGTCTTTGAAAGGGTTTTGGAAGAAGCATTCCGGCGAGCCTGGCACTCTCCTTT

GGAAC 

 

>8567/13_1a_India 

CCGTGCTATTGAGAAGGCTATTCTGGCCCTGCTCCCTCAGGGTGTGTTCTACGGCGATGCCTATGATGACACCGTCTTCT

CGGCGGCTGTGGCTGCAGCAAAGGCATCCATGGTGTTTGAGAATGACTTTTCTGAATTTGACTCCACCCAGAATAATTTC

TCTCTAGGCCTTGAGTGTGCTATTATGGAGGAGTGCGGGATGCCGCAGTGGCTCATCCGTTTGTATCACCTTATAAGGTC

TGCGTGGATCTTGCAGGCCCCGAAGGAGTCTCTGCGGGGGTTT 

 

>8568/13s_1a_India 

CCGTGCTATTGAGAAGGCTATTCTGGCCCTGCTCCCTCAGGGTGTGTTTTATGGTGATGCCTATGATGACACCGTCTTCT

CGGCGGCTGTGGCTGCAGCGAAGGCATCCATGGTGTTTGAGAATGACTTCTCTGAGTTTGACTCCACCCAGAATAATTTC

TCTCTAGGCCTAGAGTGTGCTATTATGGAGGAGTGCGGGATGCCGCAGTGGCTCATCCGTTTGTATCACCTTATAAGGTC

TGCGTGGATCCTGCAGGCCCCGAAGGAGTCTCTGCGAGGGTTTTGGAAGAAACACTCCGGTGAGCCCGGCACTCTTCTA 

 

>8569/13_1e_Sudan 

CCGTGCTATTGAGAAGGCCATCTTGGCTTTGCTCCCCCAGGGTGTATTCTATGGGGACGCTTTTGACGACACTGTCTTTT

CTGCGGCTGTGGCCGCTGCGAGGACATCCATGGTGTTTGAGAATGATTTCTCAGAGTTTGATTCCACCCAGAATAATTTT

TCCTTGGGCCTTGAGTGTGCTATTATGGAGGAGTGCGGGATGCCGCAGTGGCTCATCCGCCTGTACCACCTTGTAAGGTC

CGCATGGATTCTGCAGGCCCCGAAGGAATCCCTGCGCGGGTTCTGGAAGAAACACTCCGGTGAGCCTGGCACTCTCTTA 

 

>8570/13_AB630971_3b_Japan 

TCGCGCCATTGAAAAAGAAATACTCGCCCTGCTCCCGCCTAATATCTTCTACGGCGACGCCTATGAGGAGTCGGTGTTTG

CTGCGGCCGTGTCTGGGGCGGGGTCCTGCATGGTATTTGAAAATGACTTTTCCGAGTTTGATAGCACTCAGAACAATTTT

TCTCTTGGCCTTGAGTGTGTGGTTATGGAAGAGTGCGGCATGCCTCAATGGTTAATCAGGTTGTACCATCTGGTCCGGTC

AGCCTGGATTCTGCAGGCACCGAAGGAGTCTCTTAAAGGTTTCTGGAAGAAGCACTCTGGTGAGCCTGGCACCCTTCTTT

GGAAT 

 

>8571/13_JN995569_3c_Sweden 

TCGTGCTATTGAAAAAGAAATACTAGCCCTGCTTCCGCCTAATATTTTCTACGGTGACGCATACGAGGAGTCTGTGTTTG

CCGCCGCTGTGTCAGGGGCAGGTTCAAGCATGGTATTTGAGAATGATTTTTCAGAGTTTGATAGCACCCAAAATAACTTC

TCCCTTGGTCTCGAGTGCGTAGTCATGGAGGAATGTGGCATGCCCCAGTGGCTAATCCGGTTGTACCATTTGGTTCGGTC

GGCCTGGATCCTACAGGCACCGAAGGAGTCTCTTAAGGGATTTTGGAAGAAGCATTCTGGTGAGCCAGGCACCCTCCTT 

 

>8572/13_JN995564_3e_Germany 

CCGTGCCATTGAAAAGGAGATCTTAGCCCTACTCCCACCTAATATCTTCTATGGTGATGCTTTTGAAGAGTCAGTGTTCT

CTGCAGCCATTTCAGGGGCAGGCTCTAGTATGGTCTTTGAGAATGATTTCTCTGAGTTTGATAGCACCCAAAACAATTTC

TCCCTTGGTCTCGAGTGTGTTATTATGGAAGAATGTGGCATGCCCCAGTGGCTTATTCGGCTATACCATCTAGTTAGGTC

GGCTTGGACTTTGCAGGCTCCGAAGGAATCCCTGAAAGGCTTTTGGAAGAAGCACTCTGGCGAGCCTGGTACACTCCTT 
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>8573/13_JN995573_3f_Sweden 

TCGCGCTATTGAGAAAGAGATCTTAGCTTTGCTCCCGCCCAACATATTTTACGGCGACGCCTATGAAGAATCAGTGTTCT

CTGCGGCCATTTCTGGAGCTGGCTCCAGTATGGTCTTTGAAAATGACTTTTCTGAGTTTGATAGTACCCAGAACAACTTT

TCCCTTGGTCTTGAGTGTGTCATTATGGAAGAGTGTGGCATGCCCCAGTGGCTTATCCGATTGTATCATTTGGTTAGATC

GGCCTGGACCCTGCAGGCCCCGAAAGAGTCTCTGAAAGGTTTTTGGAAGAAACACTCTGGCGAACCTGGCACCCTTCTC 

 

>8574/13s_3_France 

CCGAGCCATTGAGAAGCAGATACTGGCTCTATTACCGCCTAATATCTTCTATGGTGACGCCTATGAAGATTCTGTATTTT

CGGCGGCTGTCACTGGTGCGGTGTCAAGCATGGTCTTTGAGAATGACTTCTCAGAGTTTGATAGTACACAAAACAATTTC

TCACTAGGCCTTGAGTGTGTGATCATGGAAGAGTGTGGTATGCCACAGTGGCTAATTAAGCTATATCATCTAGTACGGTC

GGCCTGGATCTTACAGGCCCCGAAGGAGTCTTTGAAAGGTTTTTGGAAGAAGCACTCCGGCGAGCCCGGCACGCTGCTC 

 

>8575/13_4c_Japan 

CCGCGCCATTGAGAAGGAGATCCTTGCTGTACTTGCTCCCAATGTATTCTATGGTGATGCATACGAAGATACAGTTCTGG

CCGCCGCAGTCGCCGGAGCCCCTGGTTGCAAGGTTTTCGAGAATGATTTCTCAGAGTTTGATAGCACTCAAAATAATTTC

TCACTTGGGCTGGAGTGTATAATCATGGAGGAGTGCGGCATGCCGCAGTGGATGATCCGGCTTTATCACCTTGTTCGCTC

TGCTTGGGTTTTGCAAGCTCCAAAGGAGTCTCTGCGGGGTTTCTGGAAGAAGCACTCAGGCGAGCCTGGTACCTTGCTT 

 

>8576/13_4g_Japan 

TCGTGCCATTGAGAAAGAAATCCTGGCGGTGCTTGCACCCAATGTATTTTATGGTGATGCATATGAGGATACAGTCTTAG

CCGCTGCCGTTGCGGGAGCCTCCGGTTGTAATGTTTTTGAAAATGATTTCTCTGAGTTTGATAGTACTCAAAATAACTTC

TCGCTCGGTCTGGAGTGTATAATTATGGAGGAGTGCGGCATGCCGCAATGGATGATTCGGCTTTATCATCTTGTCCGCTC

TGCTTGGGTCCTCCAGGCCCCGAAAGAGTCCCTGCGGGGGTTTTGGAAGAAGCACTCTGGTGAGCCCGGTACCCTGCTG 

 

>8577/13s_2a_Mexico 

CCGTGCGATTGAGAAGGCTATTCTATCCCTTTTACCACAAGCTGTGTTCTACGGGGATGCTTATGACGACTCAGTATTCT

CTGCTGCCGTGGCTGGCGCCAGCCATGCCATGGTGTTTGAAAATGATTTTTCTGAGTTTGACTCGACTCAGAATAACTTT

TCCCTAGGTCTTGAGTGCGCCATTATGGAAGAGTGTGGTATGCCCCAGTGGCTTGTCAGGTTGTACCATGCCGTCCGGTC

GGCGTGGATCCTGCAGGCCCCAAAAGAGTCTTTGAGAGGGTTCTGGAAGAAGCATTCTGGTGAGCCGGGCACGTTGCTC 
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Appendix 3 

Draft Instructions for Use for the 1
st
 IRP for HEV Genotypes for NAT-based Assays 
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