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Public Health Virology Validation Report for 
Sarbecovirus “Wuhan” E gene TaqMan 2020 Nucleic 

Acid Testing 

1 Purpose and Scope 
This document describes the results of validating an in vitro molecular test used by Public 
Health Virology. It is used for any molecular assays that require validation.  
 

2 Principle 
Public Health Virology is a NATA Accredited laboratory and to maintain accreditation is 
required to validate all assays.  This is performed in accordance with the NPAAC 
guidelines.  Due to availability issues regarding positive material and volume of patient 
samples, a 3 Tier Validation system has been developed.  When changes to an 
oligonucleotide primer or probe sequence, amplification kit brand, cycling condition or 
synthetic control are made to a validated test that will impact the result outcome, verification 
of the change must be performed.   
 
Tier 1 
Full validation with a minimum of 50 target-positive samples and 100 target-negative (some 
containing other related viruses, some from a relevant sample matrix, some from clinically 
similar presentation/request) and the following must be completed: 
 

 Limit of detection 

 Sensitivity 

Specificity 

Precision 

 
Tier 2 
Partial validation with fewer than 50 positive samples and the following must be completed: 
 

 Limit of detection 

 Sensitivity 

Specificity 

Precision 

 
Tier 3 
No positive samples available – validate on synthetic controls only. The following must be 
completed: 
 

 Limit of detection 

Precision 
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3 Associated Documentation 

 NPAAC Guidelines 
 NATA Standard 

 
 
4 Amendment History 

Version Date Updated By Amendments 
1 10/05/2016 Ian Mackay New document 
2 09/08/2016 Ian Mackay Added measurement uncertainty (MU), 

Appendices updated, edits of precision and 
numbering 

3 10/05/2017 Ian Mackay Edits to description, limit of detection, 
authorisation, precision and MU 

4-5 30/08/2017 Ian Mackay Edits to MU, numbering, precision 
6 11/04/2019 Ian Mackay Annual review minor edits 
7 08/10/2019 Ian Mackay Edits to amendment table, checkboxes and cycle 

number 
 

 
5 Appendices 

Appendix 1 –  
 

  Data index file  
Appendix 2 –  

 
 Cover sheet file  
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6 Validation Report  
 

1 Recommendations 
 

 Referred to in the laboratory as the  Wuhan E TaqMan 2020 (WuhanE-TM2020) 
assay, it is suitable for use as a screening assay for members of the Sarbecovirus 
subgenus of Betacoronavirus.  This includes the Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). 

 
2 Description of Assay 

 
 A real-time RT-PCR (RT-rtPCR) TaqMan assay targeting the E gene of Sarbecovirus. 
 The assay is based on a published probe and primer sequences published by 

Corman1 et al. The assay has been optimised using a different concentration of 
reverse primer and validated using both the SuperScript™ III Platinum® One-Step 
Quantitative RT-PCR (Invitrogen) and the SensiFast™ Probe Lo-ROX One-Step 
(Bioline) kits. The preferred method is the SuperScript III kits for clinical samples 
extracted using the EZ1 Virus Mini Kit v2.0 or the QIAamp One-For-All nucleic acid 
kit. Precision, sensitivity and specificity data is calculated using the SuperScript™ III 
Platinum® One-Step Quantitative RT-PCR (Invitrogen) kit. 

 The assay commences from the receipt of extracted nucleic acids. 
 Acceptable requested sample types for test and those which have been used in the 

validation process: 
o Aspirates 
o Pharynx swabs 
o Nasopharynx swab 
o Throat swabs 
o Nasal swabs 
o Nasopharyngeal swabs 
o Nasopharyngeal oropharyngeal swabs 
o Nasopharyngeal aspirates 
o Sputum 
o Bronchial washing 
o Swabs, site not stated 
o Faeces 
o Cell culture supernatant (TCS) 

 Other sample types may produce acceptable results but have not yet been included 
in the validation process. 

 The concentration of the reverse primer varies from the published method, as does 
the kit used and subsequent cycling conditions. 
 

3 Limitations 
 

 The assay may not detect levels of RNA which fall below the limit of detection of the 
assay. 

 
4 Test Method Protocol 

 
A rapid RT-rtPCR employing two oligonucleotide primers and an exonuclease probe 
(“TaqMan probe”) complementary to Sarbecovirus genetic sequences. The 
validated PCR-based assay amplifies small amounts of virus-specific genetic 
material through a cyclical process of enzyme-driven copying of the genetic 
sequence spanned by two primers. The amplification process is monitored via 
detection of the fluorescence produced by release of a fluorophore during cyclical 
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destruction of a target sequence-specific probe. This capture occurs via a thermal 
cycling instrument which also provides the reaction temperatures and timing for the 
amplification process. 
 

 This is a new assay modified from a previously published assay and employs a 
newly designed pair of synthetic oligonucleotide primer and probe positive controls. 

 
4.2 Primers and Probes 

 
Sequences are described in the Cover Page. 

 
 

4.3 Mastermix preparation 

 All mastermix must be prepared in the mastermix room in a laminar flow cabinet 
 Enzymes should be kept at -20°C in a manual defrost freezer or in a lab top cooler in a 

frost-free freezer 
 All other reagents must be stored and handled according to the manufacturer’s 

instructions 
 

Master mix components are described in the Cover Page. 
 

5 Full reaction set-up 
 

1. Add 15μL of required mastermix to sufficient wells 
2. Add 5μL of nucleic acid to assigned wells of: 

a. Run Controls RNA/DNA (Probe, Primer, NTC) 
b. Extracted nucleic acids from samples 
c. Positive Extraction Control 
d. Negative Extraction Control 

  
6 Cycling Conditions 

 
For the Qiagen/Corbett Rotor-Gene thermal cyclers, the conditions are as follows: 
 

1 cycle 
50°C / 5 min 
95°C / 2 min 

50 cycles 
95°C / 3secs 
60°C / 30sec 

 
 

7 Acceptance Criteria 
 

See: 
 QIS 27340 7.2 – defining a satisfactory positive real-time PCR signal 
 QIS 27340 7.10 – use of controls 
 
Controls must give expected results.   
 

Controls Expected result 
NTC No amplification 

Primer and Probe Controls Amplification within accepted limits 
Positive Extraction Control Amplification within accepted limits 
Negative Extraction Control No amplification 
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8 Basic Local Alignment Search Tool (BLAST) nucleotide analysis of oligonucleotides 
 
Both primers and the probe are 100% match with many sequences from the Sarbecovirus 
subgenus, with small mismatches with a few SARS coronaviruses.  
 
For further details see section 2 of the Data index. 

 
Sequence Acceptable Explanation 

Forward primer unique to target Yes  
Reverse primer unique to target Yes  

Probe sequence unique to target (TaqMan test only) Yes  
 

9 Evidence of clinical or biological association 
 

Some infectious diseases are defined qualitatively, and some are defined quantitatively.  It 
is often difficult to determine if the detection of the organism is indicative of disease as both 
viable and non-viable organisms are detected using molecular methods.  Test results must 
be assessed within a clinical and epidemiological context. 
 

  
10 Reagents and consumables 

 
All reagents and consumables must: 

 be obtained from approved suppliers 
 have their Lot No. and Expiry date recorded 
 have passed internal or external quality control  
 be stored under appropriate environmental conditions 
 have records of purchase, quality control and storage conditions retained 

 
 See section 8 of Data index page for manufacturers reagent inserts. 
 

11 Equipment 
 

All equipment must: 
 Be under calibration controls where appropriate and records kept 
 Be under maintenance controls and records kept 
 Service records can be found in the following folder: EQUIPMENT 

 
12 Optimisation 

 
The latest work is summarised in herein and referred to in the Data index. 

 
13 Limit of Detection 

  
An absolute limit of detection has not yet been determined 
 

14 Precision 
 

The precision is determined after repeatability and reproducibility analyses. Mean and CV 
values are rounded to 4 significant digits. 
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Repeatability analysis amplified 10 replicates of each synthetic control using the same 
instruments, reagents, aliquots and user 
 
UBE-WuhanE-synPri 
 

 Mean of repeatability = 23.60 CT 
 CV of repeatability = 0.003154 

 
UBE-WuhanE -synPrb 
 

 Mean of repeatability = 21.60 CT 
 CV of repeatability = 0.004761 

 
See the Repeatability spreadsheet for specific values. 
 
Reproducibility analysis amplified 10* duplicates of each synthetic control on separate days 
using different aliquots, instruments and users.  
(*NOTE: the number of data points was reduced due to the restrictive supply of conductive 
tips) 
 
UBE-WuhanE-synPri 

 Mean of reproducibility = 23.95 CT 
 CV of reproducibility = 0.03163 

 
UBE-WuhanE-synPrb 

 Mean of reproducibility = 23.18 CT 
 CV of reproducibility = 0.02701 

 
 See the Reproducibility spreadsheet for specific values. 
 

15 Sensitivity 
 

Sample extracts or samples that had previously tested positive were tested or re-extracted 
and tested again using this assay. These included: 

o 40 of swabs (sited not stated) 
o 9 of nasopharyngeal swabs 
o 2 of nasopharyngeal oropharyngeal swab 
o 1 of nose swab 
o 1 of aspirate 
o 1 of pharyngeal swab 
o 1 of nasopharynx swab 
o 1 of sputum 
o 1 of faeces 
o 2 of cell culture supernatant (TCS) 

 
Sensitivity is the ability of the assay to detect true positives in samples of the same type as 
those listed in section 6.2. These samples must contain organism variants of the type 
targeted by this assay. The formula below is used to determine the sensitivity. Values are 
rounded to 3 significant digits. 

 
Sensitivity = [True Positive / (True Positive + False Negative)] X 100% 

 
The ability of the assay to detect true positives was determined to be: 98.4% 
 
From 60 previously genotyped positive nucleic acid extracts, 59 were detected.  
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(It should be noted that the extract not detected was from a previously SARS-CoV-2 
diagnosed patient and only one of the 2 extracts from the sample was detected in this 
assay. Only one of the extracts was available for validation purposes.) 
 
See section 5 of Data index for detail.  

 
16 Specificity 

 
Sample extracts or samples that had not previously tested positive for the target virus were 
tested or re-extracted and tested again using this assay. These included: 

o 30 of nasopharyngeal swabs 
o 7 of nasopharyngeal aspirates 
o 10 of nasal swabs 
o 2 of throat swabs 
o 51 swabs, site not stated 
o 2 sputum 
o 1 aspirate 
o 1 bronchial washing 

 
Specificity is the ability of the assay to detect true negatives in samples of the same type as 
those listed in section 6.2. Some samples should contain organisms with similar taxonomy 
to, found in the same sample type as, or producing a clinical disease similar to that caused 
by, the organism this assay targets.  Specify which organisms and/or disease states have 
been selected with rationale. The following formula is used to determine the specificity. 
Values are rounded to 3 significant digits. 
 

Specificity = [True Negative / (True Negative + False Positive)] X 100% 
 
The ability of the assay to detect only the target was determined to be: 100% 
 
From 104 extracts tested, 0 produced a signal that suggested nonspecific amplification. 

 These included extracts previously detected for 
o Alphacoronavirus 229E 
o Influenza A (H1) 
o Influenza A (H3) 
o Influenza B 

 
See section 5 of Data index for detail.  

 
 

17 Measurement uncertainty (MU) 
 
The extended measurement uncertainty (U) is a parameter that characterises the 
dispersion of values reasonably attributed to the measurand (STO). Values are rounded to 
4 significant digits and presented as the expected range around the mean value for a fixed 
STO concentration. 

 
UBE-WuhanE-synPri MU 

 
MeansynPri of reproducibly and repeatability: 23.83 CT 

 
UBE-WuhanE-synPri concentration is described in the Cover Page. 
 

MUsynPri was determined to be:  0.03179 
= [(CV1)2 + (CV3)2] 0.5 
= [0.031632 + 0.0031542]0.5 
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 UsynPri was determined to be:  0.06548 
  = 2.06 x MUsynPri 

  
Expected assay CT range for synPri: 23.76 – 23.90 CT 

 
UBE-WuhanE-synPri MU 

 
MeansynPrb of reproducibly and repeatability: 22.65 CT 

 
synPrb concentration is described in the Cover Page. 
 

MUsynPrb was determined to be:  0.02743 
= [(CV2)2 + (CV4)2] 0.5 
= [0.027012 + 0.0047612]0.5 

 UsynPrb was determined to be:  0.05650 
  = 2.06 x MUsynPrb 

  
Expected assay CT range for synPrb: 22.59 – 22.71 CT 

 
Where CV1 = coefficient of variation (CV) of synPri reproducibility rounded to 4 significant 
digits; CV2 = CV of synPrb reproducibility rounded to 4 significant digits; CV3 = CV of 
synPri repeatability rounded to 4 significant digits; CV4 = CV of synPrb repeatability 
rounded to 4 significant digits; 
 
See the MU calculations sheet for data and detail.  

 
 

18 References 
1. Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu DK, et al. Detection of 

2019 novel coronavirus (2019-nCoV) by real-time RT-PCR. Eurosurveillance. 
2020;25(3):2000045 

2. Northill JA, Mackay IM. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) real-time RT-PCR E gene 2020. Protocols.io 
dx.doi.org/10.17504/protocols.io.bcv9iw96 

 
 

19 Authorisation 
 

Authorised by Supervising Scientist: 
 

Name    
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Date   
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Date  
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APPENDIX 1 
Full test name: Sarbecovirus “Wuhan” E gene TaqMan 2020 
Laboratory test name: WuhanE-TM2020 
  
Section 1: Previous validation/summary documents 

NIL 

Published reference:  

Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu DK, et al. Detection of 2019 novel 
coronavirus (2019-nCoV) by real-time RT-PCR. Eurosurveillance. 2020;25(3):2000045 

Northill JA, Mackay IM. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) real-time 
RT-PCR E gene 2020. Protocols.io dx.doi.org/10.17504/protocols.io.bcv9iw96 
 

Previous assays: NIL 

 
Section 2: Oligonucleotide structure and specificity 

9/3/2020: Oligo structure and specificity 

 
Section 3: Preparation of synthetic template oligonucleotide (STO) controls 

3/2/2020: Synthetic control production 

4/2/2020: Crude titration of the synthetic RNA controls 

4/2/2020: Batch of working controls 

24/4/2020: Control summary 

 
Section 4: Oligonucleotide data sheets 

Name Date Lot number Manufacturer 

UbcH58-CALFLUOR ORG 560 22/3/2019 WD7307408 Sigma 

UBE2D2_01.2 18/11/2015 1161111 Geneworks 

UBE2D2_02.2 21/2/2018 SD540971 Sigma 

E_Sarbeco_P1 3/2/2020 102921593 IDT 

E_Sarbeco_F1 3/2/2020 102921594 IDT 

E_Sarbeco_F1 1/4/2020 102981021 IDT 

E_Sarbeco_R2 3/2/2020 102921595 IDT 

E_Sarbeco_R2 1/4/2020 102981023 IDT 

UBET7WuhanEsynPrim 3/2/2020 SD753329 Sigma 

UBET7WuhanEsynPrb 3/2/2020 SD753328 Sigma 
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Section 5: Optimisation and validation documents 

3/2/2020: Initial check of the synthetic RNA controls 

4/2/2020: Primer chequerboard with synthetic RNA 

4/2/2020: Probe chequerboard with synthetic RNA 

5/2/2020: Clinical extract titration 

5/2/2020: Primer chequerboard with sample RNA 

6/2/2020: Repeatability 

6/2/2020: Sensitivity run 1 using SSIII kit 

12/2/2020: Check of TCS extract supplied for validation purposes 

18/2/2020: Summary of TCS tested by TaqMan 

27/2/2020: Kit comparison using TCS extract dilutions 

27/2/2020: Kit comparison using synthetic RNA dilutions 

28/2/2020: Kit comparison using clinical extracts 

3/4/2020: Sensitivity using clinical extracts and Bioline kit 

7/4/2020: Sensitivity using clinical extracts and SSIII kit 

8/4/2020: Sensitivity using clinical extracts and both SSIII & Bioline kits 

29/4/2020: Specificity using Influenza clinical extracts 

29/4/2020: Specificity using clinical respiratory sample extracts and alphacoronavirus 229E 

 
Section 6: Links to raw Rotor-Gene run files 

Date/short description 

20200203 WuhanE-TM2020 RNA check 

20200204 WuhanE-TM2020 crude syn RNA titration 

20200204 WuhanE-TM2020 primer chequerboard 

20200204 WuhanE-TM2020 probe titration 

20200205 WuhanE-TM2020 sample RNA titration 

20200205 WuhanE-TM2020 primer chequerboard2 

20200206 WuhanE-TM2020 repeatability 

20200206 WuhanORF1ab and E sensitivity 

2020-02-10-AP TCS check 

2020-02-12-AP TCS check 

20200212 WuhanE-TM2020 RNA check of TCS supplied for validation 

20200227 WuhanE SSIII run 4 kit comparison with synthetic RNA 

20200227 WuhanE Bioline run 3 kit comparison with synthetic RNA 

20200227 Qiagen mix run 2 kit comparison with synthetic RNA 
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20200227 Qiagen mix run 1 kit comparison with TCS RNA 

20200227 WuhanE SSIII & Bioline run 1 kit comparison with TCS RNA 

20200228 Qiagen mix run 4 kit comparison with clinical RNA 

20200228 Wuhan E kit comparison with clinical RNA 

20200403 WuhanE & ORF1ab sensitivity 

20200407 WuhanE-TM2020 sensitivity 

20200408 WuhanE sensitivity 

20200429 WuhanE-TM2020 specificity1 

20200429 WuhanE specificity2 

 
Section 7: Mastermix documents 

Date Filename 

19/9/2019 UBE probe control base mix 

16/1/2020 UBE probe control base mix  

16/1/2020 UBE primer control base mix  

5/2/2020 UBE primer control base mix 

16/3/2020 UBE probe control base mix 

16/3/2020 UBE primer control base mix 

30/7/2020 SSIII TaqMan base mix 

29/1/2020 SSIII TaqMan base mix 

13/3/2020 SensiFast RNA TaqMan base mix (Bioline) 

16/3/2020 SensiFast RNA TaqMan base mix (Bioline) 

3/2/2020 WuhanE-TM2020 mix (RNA & DNA mix) 

6/2/2020 WuhanE-TM2020 mix SSIII mix 

21/2/2020 WuhanE-TM2020 kit comparison mix 

28/2/2020 WuhanE-TM2020 Bioline mix 

1/4/2020 Oligo mix 

3/4/2020 WuhanE-TM2020 Bioline mix 

7/4/2020 WuhanE-TM2020 SSIII mix 

 
Section 8: Reagents used during validation 

Manufacturer Item Part number 
Life Technologies SuperScript™ III Platinum® One-Step Quantitative RT-PCR 11732088 
Bioline SensiFast™ Probe Lo-ROX kit BIO-84005  
G-Biosciences Molecular grade water, 1l 16574 
Bioline SensiFast™ Probe Lo-ROX One-Step Kit BIO-78005 
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APPENDIX 2 
FULL TEST NAME / LABORATORY TEST NAME 
Sarbecovirus “Wuhan” E gene TaqMan 2020 / WuhanE-TM2020 
 
LEVEL OF VALIDATION ACHIEVED 
1 
 
MIX COMPONENTS (per reaction) 
 

Reagent Vol ( L) / reaction Final concentration 
Nuclease-free water 4.39  

E_Sarbeco_F1 200pmol/μl 0.04 400nM 
E_Sarbeco_R2 200pmol/μl 0.09 900nM 
E_Sarbeco_P1 100pmol/μl 0.04 200nM 

2X Reaction Mix 1 10.0 1X 
SuperScript® III/Platinum® Taq Mix 1 0.4  

Rox Reference Dye 25mM 0.04 50nM 
Template 5.0  

Final volume 20 l  
  1 SuperScript® III Platinum® One-Step qRT-PCR Kit, Cat No. 11732088 
 
CYCLING CONDITIONS 
This assay has been optimised and validated for use with a Rotor-Gene 6000 or Rotor-Gene Q thermal cycler 
 

RT-PCR / PCR 
50 C 5min 
95 C 2min 
 
95 C 3s  50X 

 60 C 30s* 
      *Fluorescence acquisition step 
 
OLIGONUCLEOTIDES 

E_Sarbeco_F1: ACAGGTACGTTAATAGTTAATAGCGT 
E_Sarbeco_R2: ATATTGCAGCAGTACGCACACA 
E_Sarbeco_P1: 6FAM-ACACTAGCCATCCTTACTGCGCTTCG-BHQ1 

 
CONTROLS 
RNA is produced from a pair of synthetic oligonucleotide primer and probe positive controls based on UBE2D2 
and target genetic sequences. 
 

 UBET7-WuhanE synthetic probe control 10-6 
 UBET7-WuhanE synthetic primer control 10-6 

 
NOTES 

 This is a summary cover page only. Full details of this PEHV method are available upon request. 
 This assay has been optimised using synthetic positive control templates. 
 Precision, sensitivity and specificity should be determined if used by another laboratory sites. 
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