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Summary

The aim of the collaborative study was to evaluate candidate standards for hepatitis E virus
(HEV) RNA for use in nucleic acid amplification technology (NAT)-based assays. The candidate
standards consisted of lyophilized preparations of genotype 3a and genotype 3b HEV strains,
obtained from blood donors, diluted in human plasma. The genotype 3a HEV strain has been
developed as the candidate World Health Organization International Standard and the genotype
3b strain has been developed as the candidate Japanese National Standard. Coded duplicate
samples of the two virus strains were distributed to the participating laboratories; genotype 3a
HEV (Sample 1 and Sample 2) and genotype 3b HEV (Sample 3 and Sample 4). Each laboratory
assayed the samples on 4 separate occasions and the data were collated and analyzed at the Paul-
Ehrlich-Institut. Twenty-four laboratories from 10 countries participated in the study. Data were
returned by twenty-three laboratories using both qualitative and quantitative assays. All assays
were able to detect both candidate standards. It is proposed that the genotype 3a strain be
established as the 1% International Standard for HEV RNA with a unitage of
250,000International Units per ml. On-going real-time and accelerated stability studies of the
proposed International Standard are in progress.

Introduction

Hepatitis E virus (HEV) is a non-enveloped single stranded RNA virus belonging to the
Hepeviridae family (Purcell and Emerson, 2008; Meng, 2010). In developing countries HEV is a
major cause of acute hepatitis, transmitted by the faecal-oral route and associated with
contamination of drinking water. In industrialized countries, HEV infection is being more
frequently reported and whilst some cases are imported after travel to endemic areas,
autochthonous cases are also increasing and infection with HEV appears more prevalent than
originally believed (ljaz et al., 2009). Prospects for control of HEV infection are encouraged by
recent efforts in vaccine development (Shrestha et al., 2007; Zhu et al., 2010). Four main
genotypes, representing a single serotype, of HEV infect humans. Genotype 1 viruses are found
mainly in Africa and Asia and genotype 2 in Africa and Central America. Genotype 3 and 4
viruses are generally less pathogenic, although some exceptions have been reported, particularly
for genotype 4; these genotypes infect not only humans, but also animals including swine, wild
boar and deer. While genotype 4 strains are restricted to parts of Asia, genotype 3 viruses are
found throughout the world. Zoonotic transmission of HEV occurs, either by consumption of
contaminated meat and meat products, or by contact with infected animals (Purcell and Emerson,
2010). An alternative route of transmission is by transfusion of blood components with reports
from several different countries including, for example, the UK, France and Japan (Boxall ez al.,
2006; Colson et al., 2007; Matsubayashi et al, 2004; Matsubayashi et al., 2008). Studies in Japan
and China have identified acute HEV infections in blood donors confirmed by the detection of
HEV RNA (Guo et al., 2010; Sakata et al., 2008).

It is now recognized that, in some countries at least, HEV infection is underreported, and where
other causes of acute hepatitis have been excluded, HEV infection should be considered (Waar et
al., 2005). The diagnosis of HEV infection is based upon the detection of specific antibodies
(IgM and IgG), however there are issues concerning the sensitivity and specificity of these
assays (Bendall et al., 2010; Drobeniuc et al., 2010). Analysis of HEV RNA using nucleic acid
amplification techniques (NAT) is also used for diagnosis and can identify active infection and
help to confirm serological results (Huang et al., 2010).

Infection with HEV may be particularly severe during pregnancy and in individuals with existing
liver disease. Chronic HEV infection is an emerging problem amongst solid organ transplant
recipients (Kamar et al., 2008; Legrand-Abravanel et al., 2010). In chronically infected patients,
viral loads are monitored to investigate the efficacy of antiviral treatment (Haagsma et al., 2010;
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Kamar et al, 2010a; Kamar et al., 2010b) and effects of reduction of immunosuppressive therapy
(Kamar et al., 2010c).
Several NAT assays have been reported for the detection of HEV RNA in serum and plasma or
faecal samples, including conventional reverse transcriptase polymerase chain reaction (RT-
PCR) as well as real-time RT-PCR, and reverse transcription-loop-mediated isothermal
amplification (Lan et al., 2009). The NAT tests include generic assays developed for the
detection of HEV genotypes 1-4 (Jothikumar et al., 2006; Gyarmati et al., 2007). A recent study
organized by the Paul-Ehrlich-Institut (PEI) on behalf of the World Health Organization (WHO),
investigated the performance of HEV NAT assays in an international study (Baylis et al., 2011).
Dilution panels of different HEV strains were blinded and tested by laboratories with experience
in detection of HEV RNA. The results of the study demonstrated wide variations in assay
sensitivity (100-1000 fold, for the majority of assays). The proposal by the PEI to prepare a
standard for HEV RNA for use in NAT-based assays was endorsed by the WHO Expert
Committee on Biological standardization (ECBS) in 2009 (WHO/BS/09.2126) and following the
initial study, two virus strains were selected for further development as a candidate International
Standard for the WHO and a candidate Japanese National Standard in collaboration with the
National Institute of Infectious Diseases (NIID) in Japan. The viral strains being developed as
standards are genotype 3a and 3b HEV strains, which were equally well detected in the initial
study and belong to genotype 3 which is widely distributed. The strains are both derived from
blood donors with sufficient titres of HEV RNA to prepare standards of good potency. The aim
of the present study is to establish the respective standards and demonstrate their suitability for
use, evaluate the potency and assign an internationally agreed unitage.

Preparation of bulk materials

After the initial proficiency/strain evaluation study (Baylis et al., 2011), two HEV strains were
selected for the preparation of the candidate WHO International Standard and the candidate
Japanese National Standard. The samples were kindly provided by Keiji Matsubayashi from the
Japanese Red Cross Hokkaido Blood Center. The genotype 3a HEV strain HRC-HE104 was
used to prepare the candidate WHO standard. The genotype 3b HEV strain JRC-HE3 was used
to prepare the candidate Japanese National Standard. Characterization of the virus strains is
shown in Table 1. The target concentration for the two bulk preparations was approximately 5.5
logio HEV RNA copies/ml based upon the concentrations reported in the initial study (Baylis et
al., 2011) and the concentrations determined by the Japanese Red Cross Hokkaido Blood Centre.
The two virus strains tested negative for HIV-1/2 RNA, HBV DNA and HCV RNA using the
Cobas TagScreen MPX test (Roche Molecular Systems Inc., Branchburg, USA).

For the preparation of the candidate WHO standard bulk, 131 ml of the HEV strain HRC-HE104
were mixed with 2015 ml of plasma. For the preparation of the candidate Japanese National
Standard bulk, 30 ml of the HEV strain JRC-HE3 were mixed with 1070 ml of plasma. The bulk
preparations were cooled (4-8°C) until processing (~18 hours later). The respective preparations
were diluted using pooled citrated plasma which had been used in the initial HEV collaborative
study (Baylis et al., 2011). The plasma was centrifuged and filtered twice before use. The plasma
diluent tested negative for anti-HEV IgG and IgM (Ulrich Mohn, Mikrogen GmbH, Neuried,
Germany, personal communication) and tested negative for HEV RNA (data not shown) and
HIV-1/2 RNA, HBV DNA and HCV RNA, testing was performed as described above. In
addition, the plasma was negative for HBsAg, anti-HCV, anti-HBc¢ and anti-HIV-1/2.

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. Rubber seals
were then placed on top of the filled vials before loading into the freeze drier (CHRIST Epsilon
2-25 D) for lyophilization. After freeze-drying the vials were sealed with screw caps and vials
stored at -20°C.
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For the candidate WHO standard, 4256 vials were lyophilized; the coefficient of variation of the
fill volume was 1.1%. In the case of the candidate Japanese National Standard, 2154 vials were
lyophilized; the coefficient of variation of the fill volume was 1.0%. In both cases, measurements
were made for a total of 26 vials. For analysis of residual moisture, vials filled with 0.5 ml
volumes of plasma diluent were distributed throughout the freeze-drier. Residual moisture was
0.73%, as determined by testing of 12 vials (Karl Fischer analysis). The freeze-drying process
did not affect the HEV RNA titre of the lyophilized samples when compared to aliquots of the
respective bulk preparations which were stored at -80°C (data not shown).

Vials of the candidate WHO standard are held at the Paul-Ehrlich-Institut, Paul-Ehrlich-Strafie
51-59, D-63225 Langen, Germany. The vials are kept at -20°C with continuous temperature
monitoring.

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

Collaborative study

The collaborative study comprised 24 laboratories from 10 countries. The participants in the
collaborative study who returned data are listed in Appendix 1.

The samples analysed in the study were labelled as Sample 1, Sample 2, Sample 3 and Sample 4.
Sample 1 and Sample 2 were replicates of the candidate WHO standard; and Sample 3 and
Sample 4 were replicates of the candidate Japanese National Standard. The collaborative study
materials were shipped to participants at ambient temperature.

Participants were asked to test the panel using their routine assay for HEV RNA, testing the
samples in four separate assay runs, using fresh vials of each sample for each run. Where
laboratories performed quantitative tests, they were requested to report results in copies/ml,
testing samples in the linear range of the assay. In the case of qualitative assays, participants
were requested to assay each sample by a series of one logio dilution steps, to obtain an initial
estimate of an end-point. For the three subsequent assays, they were requested to assay half-logio
dilutions around the end-point estimated in their first assay. Participants reported diluting the
materials using plasma, water or phosphate buffered saline. Data sheets and a method form were
provided so that all relevant information could be recorded.

Statistical Methods

Quantitative Assays

Evaluation of quantitative assays was restricted to dilutions in the range between 0.0 logio and -
2.5 logyo where the assays of most participants seem to produce comparable data. For
comparison of laboratories, the replicate results of each laboratory, corrected for the dilution
factor, were combined as arithmetic mean of log; copies/ml. Furthermore these estimates were
combined to obtain an overall estimation for each sample by means of a mixed linear model with
laboratory and (log) dilution as random factors.

Qualitative Assays

The data from all assays were pooled to give series of number positive out of number tested at
each dilution. For each participant, these pooled results were evaluated by means of probit
analysis to estimate the EC50 i.e. the concentration at which 50% of the samples tested were
positive (for assays where the change from complete negative to complete positive results
occurred in two or fewer dilution steps , the Spearman-Kaerber method was applied for EC50
estimation). The calculated end-point was used to give estimates expressed in log;o NAT-
detectable units/ml after correcting for the equivalent volume of the test sample.
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Relative potencies
Potencies of Samples 2, 3 and 4, for the quantitative assays, were estimated relative to Sample 1
using parallel line analysis of log transformed data. In the case of the qualitative assays, the
relative potencies were determined using parallel line analysis of probit transformed data.

The statistical analysis was performed with SAS®/STAT software, version 9.2, SAS System for
Windows. Estimation of end-point dilution and relative potencies were done with CombiStats
Software, version 4.0, from EDQM/Council of Europe.

Stability studies

Stability of the candidate WHO standard is under continuous assessment, through both real-time
and accelerated thermal degradation stability studies. Vials of the candidate WHO standard 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 have been incubated at +4°C, +20°C, +37°C and +45°C for up to 4 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 (Jothikumar et al., 2006).

Data Received

Data were received from a total of 23 participating laboratories; one laboratory failed to
complete the study within the specified time frame. Data from 20 qualitative and 14 quantitative
assays were reported. The types of assays used by participants are listed in Table 2; all assays
were developed in-house. The assays used by participants were mainly based upon real-time
PCR, although some conventional PCR methods were also used.

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. Where a laboratory
performed more than one assay method, the results from the different methods were analyzed
independently, as if from separate laboratories, and coded, for example, laboratory 16a and
laboratory 16b. In the case of 9 assays, quantitative values were reported covering the linear
range of the respective assays; in addition, further dilutions have been performed allowing end-
point determination. These data have been analysed separately and the number of estimates
therefore exceeds the number of assay sets returned by the participants.

Results

Quantitative Assay Results

Initially evaluation of quantitative assays was performed without removing any outlying data;
subsequently the data was restricted to a range between 0.0 logjo and -2.5 log;o where
reproducible results were obtained across dilutions. The laboratory mean estimates in copies/ml
(log1o) are shown in histogram form in Figure 1. Each box represents the mean estimate from an
individual laboratory, and is labelled with the laboratory code number. The individual laboratory
means are given in Table 3. The relative variation of the individual laboratory estimates is
illustrated by the box-and-whisker plots in Figure 2.

Qualitative Assay Results

The NAT-detectable units/ml (logio) for the qualitative assays are shown in histogram form in
Figure 3. Each box represents the mean estimate from an individual laboratory and is labelled
with the laboratory code number. The individual laboratory means are given in Table 4. From
Figure 3, it can be seen that the estimates of NAT detectable units/ml (logo) from the qualitative
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assays are more variable than the quantitative assays, reflecting the different sensitivities of the
various assays. This observation is not unexpected and is in line with other studies.

Determination of Overall Laboratory Means

The overall means for the laboratories performing quantitative assays are shown in Table 5a. The
means for both Sample 1 and Sample 2, replicates for the candidate WHO standard, are 5.58
logo and 5.60 log;o copies/ml HEV RNA respectively, which demonstrates excellent agreement
between the replicate samples. The candidate Japanese National Standard showed identical mean
results of 5.66 logo copies/ml HEV RNA for replicate Samples 3 and 4. The combined mean
values for the replicate samples are shown in Table 5b.

The overall means for the qualitative assays are shown in Table 6a; there is good agreement
between the duplicate samples as seen previously for the quantitative assays. The combined
mean values for the replicate samples are shown in Table 6b. The qualitative assays show 0.3
logio lower mean estimates than the quantitative assays.

Relative Potencies

Based upon the data from both qualitative and quantitative assays, the candidate WHO standard
was estimated to have a potency of 5.39 logo units/ml (95% confidence limits 5.15 — 5.63). This
value was estimated with a combined end-point evaluation of qualitative and quantitative
(restricted to dilutions in the range of 0.0 logyo to - 2.5 logjo) data by means of a mixed linear
model.

The potencies of Samples 2, 3 and 4 were calculated relative to Sample 1, taking the value of
Sample 1 as 5.39 log;o units/ml. The relative potencies are shown in Tables 7 and 8 for the
quantitative and qualitative assays, respectively. For the quantitative data from laboratory 9, no
potency was estimable since there was only one dilution tested for each sample. The data is
plotted in histogram form (Figures 4-6). The data demonstrate that expressing the results as
potencies relative to Sample 1, as a standard with an assumed unitage of 5.39 logio units/ml
gives a marked improvement in the agreement between the majority of methods and laboratories.
These data provide some evidence for commutability of the candidate standard for evaluation of
HEV from infected individuals, since Samples 1 and 2 represent a different strain of HEV
compared to Samples 3 and 4.

Results of Stability Studies

Vials of the candidate WHO standard were incubated at +4°C, +20°C, +37°C and +45°C for up
to four months and tested by real-time PCR for HEV RNA. The heat-treated vials were assayed
concurrently with vials that had been stored at -20°C and at -80°C. All samples were tested in
duplicate and were compared to a standard curve prepared using vials of the candidate WHO
standard stored at -80°C.

There was no evidence of instability of the samples stored at -20°C when compared to samples
stored at -80°C. After 4 months incubation at +20°C a small loss of titre was observed.The
observed drop in titre at higher temperatures (+37°C and +45°C) may be related to problems
with reconstitution of the samples rather that actual degradation and has previously been
observed for some other preparations, particularly for RNA viruses formulated in pooled plasma.
The potency of the reconstituted material, after freezing and thawing, has not been investigated.
Further stability studies (both real-time and accelerated) are on-going and will be communicated
to the WHO.

All raw data for the collaborative study and stability analysis are held by PEI and are available
on request by the ECBS.
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