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World Health Organization International 
Standard to Harmonize Assays for 
Detection of Hepatitis E Virus RNA 

Technical Appendix 

Technical Appendix Table 1. Assay protocols used by participating laboratories for evaluation of candidate hepatitis E virus 
standards* 

Laboratory 
code 

Assay type  Extraction method NAT method Assay 
target 

Reference 

1 Qualitative QIAamp MinElute Virus Spin kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3 1 

2 Qualitative/ 
quantitative 

QIAamp Viral RNA Mini kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2 2 

3 Qualitative/ 
quantitative 

High Pure Viral Nucleic Acid kit (Roche) Real-time RT-PCR (TaqMan) ORF2/3 1 

4 Qualitative QIAamp Viral RNA Mini kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3  

5 Qualitative/ 
quantitative 

QIAamp DNA Mini Blood kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3  

6 Quantitative QIAamp Viral RNA Mini kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3  

7 Qualitative/ 
quantitative 

QIAamp MinElute Virus Spin kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3 3 

8 Quantitative SMI-TEST EX-R&D (Medical Biological 
Laboratories Co., Ltd.) 

Real-time RT-PCR (TaqMan) ORF2/3 4 

9 Qualitative/ 
quantitative 

QIAamp Viral RNA Mini kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3  

10 Quantitative COBAS AmpliPrep Total Nucleic Acid 
Isolation kit (Roche) 

Real-time RT-PCR (TaqMan) ORF2/3 1 

11 Qualitative COBAS AmpliScreen Multiprep Specimen 
Preparation and Control kit (Roche) 

Conventional one step RT-
PCR; analysis by agarose gel 

electrophoresis 

ORF1  

12 Qualitative QIAamp MinElute Virus Spin Kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3 1 

13 Qualitative QIAamp Viral RNA Mini kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3 1 

14 Qualitative Viral DNA/RNA Isolation kit 
(GenMag Biotechnology) 

Nested RT-PCR; analysis by 
agarose gel electrophoresis 

ORF2  

15 Qualitative/ 
quantitative 

QIAamp Viral RNA Mini kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3 1 
(modified) 

16a Qualitative/ 
quantitative 

MagNA Pure LC (Roche) Real-time PCR (SYBR 
Green) 

ORF2/3 1 
(modified) 

16b Qualitative MagNA Pure LC (Roche) Nested RT-PCR; analysis by 
agarose gel electrophoresis 

ORF2 5 

17 Qualitative/qu
antitative 

 

QIAamp Virus BioRobot MDx kit 
(QIAGEN) 

Real-time RT-PCR (TaqMan) ORF2/3 3 

18 Qualitative MagNA Pure LC Total Nucleic Acid 
Isolation kit (Roche) 

Real-time RT-PCR (TaqMan) ORF2/3 1 

19 Qualitative easyMag (bioMérieux) Real-time RT-PCR (TaqMan) ORF2  

20 Quantitative QIAamp Viral RNA Mini kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3  

21 Quantitative BioRobot Universal (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3 1 

22a Qualitative QIAamp RNA Mini kit (QIAGEN) Nested RT-PCR; analysis by 
agarose gel electrophoresis 

ORF2 6 
(modified) 

22b Qualitative QIAamp RNA Mini kit Real-time RT-PCR (TaqMan) ORF2/3 
 

1 
(modified) 

23 Qualitative/ 
quantitative 

QIAamp DNA Mini Blood kit (QIAGEN) Real-time RT-PCR (TaqMan) ORF2/3 7 

*NAT, nucleic acid amplification technique; RT-PCR, reverse transcription PCR; ORF, open reading frame. 
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Technical Appendix Table 2. Mean estimates from quantitative assays (log10 copies/mL) determined for the candidate hepatitis E 
virus RNA standards* 

Laboratory 
code 

Sample 

1 2 3 4 

2 4.69 4.82 5.09 5.08 

3 5.69 5.62 5.43 5.65 

5 6.51 6.48 6.24 6.20 

6 5.75 5.80 5.77 5.83 

7 5.50 5.46 5.45 5.44 

8 5.07 4.97 5.14 5.06 

9 5.43 5.52 5.62 5.61 

10 5.18 5.22 5.30 5.39 

15 5.66 5.73 6.02 5.93 

16a 5.59 5.62 5.64 5.51 

17 5.40 5.34 5.35 5.41 

20 5.70 5.65 5.74 5.65 

21 5.25 5.23 5.25 5.23 

23 6.54 6.53 6.31 6.41 

 
 
 
Technical Appendix Table 3. Mean estimates from qualitative assays (log10 NAT detectable units/mL) determined for the candidate 
hepatitis E virus RNA standards* 

Laboratory 
code 

Sample 

1 2 3 4 

1 5.76 6.05 5.62 5.91 

2 4.42 4.85 5.49 5.02 

3 5.35 5.40 5.35 5.76 

4 6.20 6.37 6.47 6.33 

5 4.70 4.84 4.27 4.42 

7 5.34 5.62 5.62 5.34 

9 5.02 5.03 5.18 5.26 

11  4.00 3.72 4.42 

12 4.91 5.48 4.61 5.18 

13 5.51 5.66 5.71 5.44 

14 4.71 4.43 5.00 4.57 

15 6.11 6.36 7.42 6.87 

16a 5.32 5.17 5.17 5.17 

16b 4.74 4.74 4.74 4.74 

17 5.39 5.52 5.42 5.67 

18 5.13 5.13 4.98 4.76 

19 5.68 5.42 5.56 5.71 

22a 5.21 4.92 4.91 5.44 

22b 4.53 4.53 4.52 4.68 

23 5.76 5.76 5.60 5.60 
*NAT, nucleic acid amplification technique . Laboratory 11, sample 1, omitted due to 2 log10 higher cut-off. 
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Technical Appendix Table 4. Quantitative assay results for potency of samples 2, 3 and 4 relative to sample 1, the candidate WHO 
International Standard for HEV RNA for NAT-based assays* 

Sample 
Laboratory 

code 
Relative potency (log10 

copies/ml) 

95% Confidence interval 

Minimum Maximum 

2 2 5.54 5.29 5.78 

3 5.45 5.15 5.74 

5 5.39 5.15 5.63 

6 5.45 5.20 5.71 

7 5.38 5.28 5.47 

8 5.31 5.17 5.45 

9    

10 5.47 5.34 5.59 

15 5.53 5.46 5.60 

16a 5.40 5.22 5.59 

17 5.36 5.29 5.43 

20 5.36 5.26 5.46 

21 5.39 5.35 5.44 

23 5.41 5.29 5.53 

3 2 5.74 5.50 5.97 

3 5.36 5.07 5.65 

5 5.21 4.97 5.46 

6 5.48 5.21 5.75 

7 5.38 5.29 5.47 

8 5.55 5.41 5.69 

9    

10 5.55 5.43 5.68 

15 5.83 5.76 5.90 

16a 5.55 5.36 5.73 

17 5.39 5.31 5.46 

20 5.52 5.42 5.62 

21 5.46 5.41 5.50 

23 5.20 5.09 5.32 

4 2 5.90 5.66 6.15 

3 5.45 5.17 5.74 

5 5.17 4.93 5.42 

6 5.54 5.29 5.80 

7 5.37 5.28 5.46 

8 5.46 5.32 5.60 

9    

10 5.63 5.50 5.76 

15 5.75 5.68 5.83 

16a 5.35 5.17 5.53 

17 5.44 5.37 5.52 

20 5.43 5.33 5.52 

21 5.44 5.39 5.48 

23 5.27 5.16 5.39 
*It was not possible to estimate the relative potency for laboratory 9 since there were only two assay runs performed, each at a different dilution. WHO, 
World Health Organization; HEV, hepatitis E virus; NAT, nucleic acid amplification technique. 
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Technical Appendix Table 5. Qualitative assay results for potency of samples 2, 3 and 4 relative to sample 1, the candidate WHO 
International Standard for HEV RNA for NAT-based assays* 

Sample 
Laboratory 

code 
Relative potency (log10 

NAT detectable units/ml) 

95% Confidence interval 

Minimum Maximum 

2 1 5.68 5.10 6.27 

2 5.82 5.26 6.38 

3 5.44 4.81 6.08 

4 5.56 4.90 6.22 

5 5.53 5.09 5.97 

7 5.68 5.16 6.23 

9 5.40 5.15 5.66 

12 5.96 5.35 6.51 

13 5.54 5.14 5.91 

14 5.11 4.71 5.50 

15 5.65 4.90 6.40 

16a 5.24 4.85 5.64 

16b 5.39 4.77 6.01 

17 5.52 4.96 6.08 

18 5.39 4.88 5.90 

19 5.13 4.71 5.56 

22a 5.10 4.57 5.63 

22b 5.39 4.79 5.99 

23 5.39 4.74 6.04 

3 1 5.25 4.67 5.81 

2 6.46 5.90 7.14 

3 5.39 4.76 6.02 

4 5.66 5.00 6.32 

5 4.96 4.53 5.39 

7 5.68 5.16 6.23 

9 5.55 5.30 5.80 

11 5.11 4.52 5.69 

12 5.09 4.51 5.64 

13 5.59 5.19 5.96 

14 5.67 5.27 6.08 

15 6.67 5.90 7.44 

16a 5.24 4.85 5.64 

16b 5.39 4.77 6.01 

17 5.43 4.87 5.98 

18 5.24 4.73 5.75 

19 5.28 4.85 5.70 

22a 5.10 4.56 5.63 

22b 5.38 4.78 5.97 

23 5.24 4.59 5.89 

4 1 5.54 4.96 6.12 

2 5.99 5.43 6.55 

3 5.80 5.15 6.48 

4 5.52 4.86 6.18 

5 5.11 4.70 5.51 

7 5.39 4.87 5.92 

9 5.64 5.38 5.90 

11 5.81 5.23 6.40 

12 5.65 5.07 6.20 

13 5.32 4.93 5.71 

14 5.24 4.85 5.64 

15 6.13 5.39 6.88 

16a 5.24 4.85 5.64 

16b 5.39 4.77 6.01 

17 5.68 5.12 6.23 

18 5.02 4.51 5.52 

19 5.43 5.00 5.87 

22a 5.62 5.08 6.18 

22b 5.54 4.94 6.17 

23 5.24 4.59 5.89 
*Relative potency from laboratory 11 was estimated relative to sample 2 (sample 1 had a cut-off 2 log10 dilutions higher). WHO, World Health 
Organization; HEV, hepatitis E virus; NAT, nucleic acid amplification technique. 
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