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Nucleic Acid Extraction by QIAamp One-For-All Biorobot Kit 
DATE EXTRACTION RUN NUMBER: # EXTRACTION PERFORMED BY  

BHV BATCH DATE BHV EXTRACTION VALID YES  /  NO SIGN & COMMENT

BVDV BATCH DATE BVDV EXTRACTION VALID YES  /  NO SIGN & COMMENT
METHOD 

METHOD NAME TICK METHOD USED PROTEASE ADDED IF REQUIRED 
UNIVERSAL BIOROBOT - QIAAMP VIRUS PRIMARY TUBES, 140ul Sample WITHOUT PROTEASE 
MANUAL 96 WELL VACUUM EXTRACTION METHOD Q Card: 

KIT: QIAamp One-For-All Biorobot Kit. Cat.965672 
REFERENCE 

BUFFERS: 
Some buffers may need to be prepared before use.  
Check the individual bottles, handbook or follow instruction in the program for details. 
Carrier RNA: Stored reconstituted in the freezer. 
Add cRNA to AL buffer and gently invert to mix. 
DO NOT VORTEX. DO NOT FROTH THE BUFFER. 
ADD 7ul per 1ml of buffer 

Extractions Columns AL Volume cRNA Volume 
16 2 11ml 77 μl 
24 3 15ml 105 μl 
32 4 19ml 133 μl 
40 5 22ml 154 μl 
48 6 25ml 175 μl 
56 7 29ml 203 μl 
64 8 32ml 224 μl 
72 9 35ml 245 μl 
80 10 39ml 273 μl 
88 11 42ml 294 μl 
96 12 45ml 315 μl 

Store prepared AL + cRNA for 48 hours at 4°C. 

Protease 
Reconstitute in PROTEASE SOLVENT not 
Resuspension Buffer. 
Store at 4°C 

METHOD OUTLINE for Manual Vac Extraction 
Prep: 
-Turn on heating block (56oC) and add insert for S-Block to sit on.
-Set up CAS robot to pipette samples to S-Block.
-Set up extraction manifold.
Method: 
- Prepare Lysis buffer and pipette 420ul to each well of an S-Block.
- Pipette 140ul of samples to plate using CAS robot.
- Cover plate with removable seal and place into heating block at 56oC for 30 min.
- Remove seal and discard.
- Add 355ul 100% Ethanol to each well and mix.

- Pipette 880ul of lysate to appropriate well of Filter plate.
- Vacuum for 1 min.
- Pipette 830ul AW1 wash buffer to all wells.
- Vacuum for 1 min.
- Pipette 810ul AW2 wash buffer to all wells.
- Vacuum for 1 min.
- Pipette 900ul 100% Ethanol to all wells.
- Vacuum for 1 min.
- Vacuum for further 5 min to dry plate.
- Remove filter plate from manifold and place in a clean empty Biorobot tip container.
- Rinse manifold with milliQ-H2O and vacuum dry.
- Insert an ABI 7500 plate into the bottom of manifold.
- Place elution tray on top of ABI plate and reassemble manifold.
- Place filter plates into manifold making sure elution tubes are correctly situated.
- Pipette 100ul of elution buffer (AVE) to all wells.
- Sit for 5 mins to elute.
- Vacuum for 1 min.
- Remove elution tray and sealRTI R
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EZ1 NUCLEIC ACID EXTRACTION METHOD 
DATE  EXTRACTION RUN NUMBER:  # EXTRACTION PERFORMED BY  

BVDV EXTRACTION VALID YES  /  NO BHV EXTRACTION VALID  YES  /  NO SIGN & COMMENT  

RESULT FILE LOCATION  Instrument  EZ1  /   EZ1XL Virol 

KIT 
 QIAGEN EZ1 Virus Mini Kit V2.0 Cat#955134 
 Gently mix cartridges to resuspend magnetic particles. Use the magnet on the side of the EZ1. 
 Refer to EZ1 Virus Mini Handbook for more details.  

CARRIER RNA [cRNA] 
 Prepare 60μl working concentration in the clean room. Instructions are on the ordering system. 
 There is a box of aliquots in the freezer. These are ready for use and go straight on the EZ1.  
 Thaw thoroughly and pulse spin to make sure the solution is at the bottom of the tube. The EZ1 will take 50μl of the 60μl that is in the tube. 

 
SAMPLE 

 Refer to QIS 24476 for sample processing. 
 Transfer 200 l of sample, NPA, serum, tissue lysis or swab fluid, to a labeled 2ml screw 

cap tube supplied with the kit. DO NOT ADD more than 200uL as this may damage the 
instrument 

 If samples are frozen, thaw and mix by vortexing.  
 If less than 200 L is available then the difference will need to be made up with either 

Sigma water, Opti-MEM or AVE. 
 

CONTROLS 
 Run one Extraction Control on each run of the EZ1 XL. 
 Run one Extraction control on EZ1 every day or every fourth run.  
 Run a negative control on every run. 
 Make sure all cartridges have the same lot number within a run. 

 
EXTRACTION SET- UP 

 Switch on the BioRobot EZ1. Switch located on the back, left hand side of instrument 
 Follow on screen instructions, choosing 200 l sample volume, and 90 l elution volume. 
 Continue following instructions until a tube is in every slot.  
 Close door and press START. 
 Run time is approx 45 minutes. 
 When finished, label the front tubes and store in the freezer. These are your nucleic 

acid extractions. 
 Throw away everything else 
 Clean EZ1 following maintenance instructions. 

 

 
 Specimen Details  Specimen Details  Specimen Details 

1 Extraction Control Batch: 7  13  

2 Negative [Label with run number] 8  14  

3  9  15  

4  10  16  

5  11  17  

6  12  18  

 

CARTRIDGE LOT NUMBER 
 

cRNA BATCH DATE 
 

RTI R
ELE

ASERTI 1326/20

RTI 1326/20 
Page 2 of 200



MagMAX  Viral/Pathogen Nucleic Acid Isolation Kit
Manual isolation of viral nucleic acid (RNA and DNA) from biofluids and transport media

Catalog Number  A42352
Pub. No.  MAN0018072   Rev.  B.0

WARNING! 

Product description

Contents and storage

Table 1   Components of MagMAX  Viral/Pathogen Nucleic Acid
Isolation Kit (Cat. No. A42352 )

Component Amount Storage

Binding Solution 53 mL

15°C to 25°C

Wash Buffer 100 mL

Elution Solution 10 mL

Proteinase K 1 mL

Total Nucleic Acid Binding
Beads

2 mL

Required materials not supplied

Item Source

Equipment

Adjustable micropipettors MLS

Multi-channel micropipettors MLS

Vortex MLS

Magnetic Stand-96 AM10027

Compact Digital Microplate Shaker 88880023

Incubator capable of reaching 65°C with slatted shelves MLS

Consumables

Deep-well plates:

KingFisher  Deepwell 96 Plate 95040450

KingFisher  96 KF microplate 97002540

Materials

MicroAmp  Clear Adhesive Film 4306311

Conical Tubes (15 mL) AM12500

Conical Tubes (50 mL) AM12501

Reagent reservoirs MLS

Nonstick, RNase-Free Microfuge Tubes, 1.5 mL AM12450

Nonstick, RNase-Free Microfuge Tubes, 2.0 mL AM12475

Reagents

Ethanol, 100% (molecular biology grade) MLS

Nuclease-free Water AM9932

General guidelines

UUSER GUIDE

For Research Use Only. Not for use in diagnostic procedures.
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Guidelines for Binding Bead Mix

Before first use of the kit

Prepare Binding Bead Mix

1.

2.

Component Volume per well[1]

Binding Solution 530 µL

Total Nucleic Acid Magnetic
Beads

20 µL

Total volume 550 µL

[1] Use 10% Overage calculation when making a master mix for use with 
multiple samples. 

3.

Perform total nucleic acid purification using 200–400 μL

a.

b.

Note: 

c.

Note: 

d.

e.

f.

1 Digest with Proteinase K

a.

IMPORTANT! 

b.

c.

d.

2 Wash the beads

2 MagMAX  Viral/Pathogen Nucleic Acid Isolation Kit (manual extraction) User Guide
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2 Wash the beads

(continued)

e.

IMPORTANT! 

f.

g.

h.

a.

b.

c.

d.

e.

f.

IMPORTANT! 

3 Elute the nucleic acid

Limited product warranty

Life Technologies Corporation | 2130 Woodward Street | Austin, TX 78744

For descriptions of symbols on product labels or product documents, go to tthermofisher.com/symbols-definition.

The information in this guide is subject to change without notice.

DISCLAIMER: TO THE EXTENT ALLOWED BY LAW, THERMO FISHER SCIENTIFIC INC. AND/OR ITS AFFILIATE(S) WILL NOT BE LIABLE FOR SPECIAL, INCIDENTAL, INDIRECT,
PUNITIVE, MULTIPLE, OR CONSEQUENTIAL DAMAGES IN CONNECTION WITH OR ARISING FROM THIS DOCUMENT, INCLUDING YOUR USE OF IT.

Revision history: Pub. No. MAN0018069

Revision Date Description
B.0 06 December 2019 Updated Total Nucleic Acid Binding Buffer to Binding Solution.

A.0 18 March 2019 New document.

Important Licensing Information: This product may be covered by one or more Limited Use Label Licenses. By use of this product, you accept the terms and conditions of all
applicable Limited Use Label Licenses.

©2019 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified.

thermofisher.com/support | thermofisher.com/askaquestion

thermofisher.com

6 December 2019
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Public Health Virology Validation Report for SARS-
CoV-2 CCDC-ORF1ab 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 14/07/2020 Ian Mackay Added MU data after harvesting wtRNA CTs 

5 Appendices 
Appendix 1 – 

  Data index file 

Appendix 2 –  

 Cover sheet file 
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6 Validation Report  
 

1 Recommendations 
 

 The CCDC-ORF1ab-TM2020 is a suitable assay for screening samples for Severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 

 
2 Description of Assay 

 
 A real-time RT-PCR (RT-rtPCR) TaqMan assay targeting the ORF1ab coding region 

of SARS-CoV-2. 
 The assay is based on probe and primer sequences published by the China CDC, 

with no guidance on the concentration or kits used. The assay has been (partially) 
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 kit for clinical samples extracted using the 
EZ1 Virus Mini Kit v2.0 or the QIAamp One-For-All nucleic acid 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 Swabs 
o Swab nasopharyngeal 
o Swab nasopharyngeal, oropharyngeal 
o Swab nose 
o Swab throat 
o Sputum 
o Aspirate 
o Bronchial washing 
o Nasopharyngeal aspirates 
o Faeces 
o Cell culture supernatant 

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

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 SARS-CoV-2 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 
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. 
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 This is a new assay modified from a previously published set of primers and probe 
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 (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 
50OC / 5 min 
95OC / 2 min 

50 cycles 
95OC / 3secs 
60OC / 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 

 
8 Basic Local Alignment Search Tool (BLAST) nucleotide analysis of oligonucleotides 

 

RTI R
ELE

ASE
RTI 1326/20

RTI 1326/20 
Page 9 of 200



FSS validation report for nucleic acid testing 

 

Page: 5 of 13
Document Number: 33711V7
Valid From: 14/10/2019
Approver/s: Frederick MOORE

Both forward and reverse primers, and the probe are an excellent match to currently 
available sequences. All 3 partially match SARS-CoV, and the forward primer and probe 
both partially match the coronaviruses OC43 and HKU3.  

CCDC-ORF1ab-F
SARS-CoV-2 100% coverage and identity 
SARS & OC43 (human CoV) 85% coverage, 100%identity 
HKU3 (bat SARS-like CoV) 95% coverage, 100% identity 

CCDC-ORF1ab-R

SARS-CoV-2 100% coverage and identity 
HKU1 (human CoV) 89% coverage, 100% identity 
Pangolin CoV 89% coverage, 93.75% identity 
SARS 52% coverage, 100% identity 

CCDC-ORF1ab-Prb

SARS-CoV-2 100% coverage and identity 
SARS 100% coverage, 96.43% identity 
HKU3 (bat SARS-like CoV) 100% coverage, 96.43% identity 
OC43 (human CoV) 39% coverage, 100% identity 

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. 
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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. 
 
Repeatability analysis amplified 10 replicates of each synthetic control using the same 
instruments, reagents, aliquots and user 
 
UBE-CCDC-ORF1ab-synPri 
 

 Mean of repeatability = 28.46 CT 
 CV of repeatability = 0.005660 

 
UBE-CCDC-ORF1ab-synPrb 
 

 Mean of repeatability = 25.92 CT 
 CV of repeatability = 0.002766 

 
See the Repeatability spreadsheet for specific values. 
 
Reproducibility analysis amplified 24 individual wild-type RNA results amplified separately 
using different aliquots, instruments and users. 
 
Wild-type RNA 

 Mean of reproducibility = 29.01 CT 
 CV of reproducibility = 0.02716 

 
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 7 of swab, nasopharyngeal 
o 2 of swab nasopharyngeal oropharyngeal 
o 41 of swab, site not stated 
o 1 of faeces 

 
51 of the extracts were tested with both the SuperScript III and Bioline kits. A further 7 were 
only tested with the Bioline kit. 
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: 100% 
 
From 51 previously genotyped positive nucleic acid extracts, 51 were detected. 
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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. 

 
Because this test did not have reproducibility conducted using STOs, the wild-type RNA 
results were applied to both the primer and probe control MU calculations as they test both 
components. Repeatability data were conducted using both primer and probe STOs.  
 
UBET7_CCDC_synPrim and wild-type RNA MU 

 
MeansynPri of reproducibly and repeatability: 28.84 CT 

 
synPri concentration is described in the Cover page. 
 

MUsynPri was determined to be:  0.02774 
= [(CV1)2 + (CV3)2 ] 0.5 
= [0.027162 + 0.0056602]0.5 
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 UsynPri was determined to be:  0.05660 
  = 2.04 x MUsynPri 

  
Expected assay CT range for synPri: 28-78 – X28.90 CT 

 
UBET7_ CCDC_synPro and wild-type RNA MU 

 
 
MeansynPrb of reproducibly and repeatability: XX.XX CT 

 
synPrb concentration is described in the Cover page. 
 

MUsynPrb was determined to be:  0.02730 
= [(CV2)2 + (CV4)2 ] 0.5 
= [0.027162 + 0.0027662]0.5 

 UsynPrb was determined to be:  0.05569 
  = 2.04 x MUsynPrb 

  
Expected assay CT range for synPrb: 28.04 – 28.16 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 
 
See the MU calculations sheet for data and detail.  

 
18 References 

 
 China CDC ( http://ivdc.chinacdc.cn/kyjz/202001/t20200121_211337.html ) 
 Northill JA, Mackay IM, Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

real-time RT-PCR CCDC-ORF1ab 2020. Protocol.io 
https://dx.doi.org/10.17504/protocols.io.bgtnjwme ) 

 SARS-CoV-2 WHO In house assays May 2020 
 

19 Authorisation 
 

Authorised by Supervising Scientist: 
 

Name    
 
 

Signature    
 
 

Date   
 

 
 
Authorised by Scientific Manager: 
 

Name    
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Signature    
 
 

Date   
 

 
 

Authorised by Clinical Microbiologist: 
 

Name    
 
 

Signature    
 
 

Date  
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APPENDIX 1 
Full test name: SARS-CoV-2 CCDC-ORF1ab TaqMan 2020 
Laboratory test name: CCDC-ORF1ab 
  
Section 1: Previous validation/summary documents 

NIL 

Published reference:  
 China CDC http://ivdc.chinacdc.cn/kyjz/202001/t20200121_211337.html 
 Printout saved in references 
 SARS-CoV-2 WHO In house assays May 2020. 
 Northill JA, Mackay IM Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) real-

time RT-PCR CCDC-ORF1ab 2020. Protocols.io 
https://dx.doi.org/10.17504/protocols.io.bgtnjwme 

Previous assays: NIL 

 
Section 2: Oligonucleotide structure and specificity 

20/4/2020: Oligo structure and specificity 

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

5/3/2020: STO preparation 

23/4/2020: Control summary 

 
Section 4: Oligonucleotide data sheets 

Name Date Lot number Manufacturer 

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

UbcH58-CALFLUOR ORG 560 16/3/2020 WD8121740 Sigma 

UBE2D2_01.2 18/11/2015 1161111 Geneworks 

UBE2D2_02.2 21/2/2018 SD540971 Sigma 

CCDC-ORF1ab-F 13/3/2020 103090372 IDT 

CCDC-ORF1ab-R 13/3/2020 103090375 IDT 

CCDC-ORF1ab-Prb 13/3/2020 103090380 IDT 

UBE_CCDC1ab_synPri 5/3/2020 SD764320 Sigma 

UBE_CCDC1ab_synPrb 5/3/2020 SD764321 Sigma 

 
Section 5: Optimisation and validation documents 

13/3/2020: Initial test of the assay 

13/3/2020: Crude STO RNA titration 

13/3/2020: Primer chequerboard 

16/3/2020: Probe titration 
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16/3/2020: Check of synthetic primer control 

18/3/2020: Sensitivity 

19/3/2020: Synthetic primer control, version 2, titration 

20/3/2020: Primer chequerboard with version 2 control 

3/4/2020: Sensitivity with Bioline mix 

6/4/2020: Sensitivity with both Bioline and Superscript III kits 

7/4/2020: Sensitivity with SuperScript III kits 

8/4/2020: Sensitivity with both Bioline and SuperScript III kits 

22/4/2020: Repeatability and sensitivity 

20/4/2020: Sample type summary for sensitivity 

29/4/2020: Specificity run 1; influenza A and B 

29/4/2020: Specificity run 2; alphacoronavirus 229E and other respiratory sample extracts 

 
Section 6: Links to raw Rotor-Gene run files 

Date/short description 

13/3/2020: initial check of mix 

13/3/2020: crude titration 

13/3/2020: primer chequerboard 

16/3/2020: probe titration 

16/3/2020: sensitivity 

18/3/2020: sensitivity 

19/3/2020: synthetic primer control, version 2, titration 

20/3/2020: primer chequerboard, version 2 

3/4/2020: sensitivity 

6/4/2020: sensitivity 

7/4/2020: sensitivity 

8/4/2020: sensitivity 

22/4/2020: sensitivity and repeatability 

29/4/2020: specificity run 1 

29/4/2020 specificity run 2 
 
Section 7: Mastermix documents 

Date Filename 

19/9/2019 UBE probe control base mix 

16/1/2020 UBE probe control base mix 

5/2/2020 UBE primer control base mix 
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16/3/2020 UBE probe control base mix 

16/3/2020 UBE primer control base mix 

29/1/2020 SSIII TaqMan base mix 

30/7/2019 SSIII TaqMan base mix 

13/3/2020 SensiFast RNA TaqMan base mix -Bioline 

16/3/2020 SensiFast RNA TaqMan base mix -Bioline 

1/4/2020 Oligo mix 

3/4/2020 CCDC-ORF1ab mix -Bioline 

7/4/2020 CCDC-ORF1ab mix -SSIII 

 
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 
SARS-CoV-2 China CDC-ORF1ab TaqMan / CCDC-ORF1ab-TM2020 
LEVEL OF VALIDATION ACHIEVED 
Tier 1 
MIX COMPONENTS (per reaction) 

 
 

  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 
50 C 5min 
95 C 2min 
 
95 C 3s  50X 

 60 C 30s* 
      *Fluorescence acquisition step 
OLIGONUCLEOTIDES 

 CCDC-ORF1ab-F: CCCTGTGGGTTTTACACTTAA 
 CCDC-ORF1ab-R: ACGATTGTGCATCAGCTGA 
 CCDC-ORF1ab-Prb: 6FAM- CCGTCTGCGGTATGTGGAAAGGTTATGG -BHQ1 

 
CONTROLS 
RNA from a pair of synthetic template oligonucleotide primers and probe positive controls is used. These are 
based on UBE2D2 and SARS-CoV-2 target genetic sequences. 

 UBET7_CCDC_synPrb RNA 10-7 
 UBET7_CCDC_synPrim RNA 10-7 

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. 
 It is recommended that precision, sensitivity and specificity is determined if used at other laboratory sites. 
 Assay targets the ORF1ab gene of SARS-CoV-2 

REFERENCES 
 China CDC at http://ivdc.chinacdc.cn/kyjz/202001/t20200121_211337.html  
 SARS-CoV-2 WHO In house assays May 2020. 
 Northill JA, Mackay IM Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) real-time RT-

PCR CCDC-ORF1ab 2020. Protocols.io https://dx.doi.org/10.17504/protocols.io.bgtnjwme 

Reagent Vol ( L) / 
reaction Final concentration 

Nuclease-free water 4.43 N/A 
CCDC-ORF1ab-F 200pmol/μl 0.05 500nM 
CCDC-ORF1ab-R 200pmol/μl 0.05 500nM 
CCDC-ORF1ab-P 100pmol/μl 0.03 150nM 

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

Rox Reference Dye 25μM1 0.04 50nM 
Template 5.0 N/A 

Final volume 20 l  
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Public Health Virology Validation Report for SARS-
CoV-2 N 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  
Appendix 2 –  

 
 Cover sheet 
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6 Validation Report  

 
1 Recommendations 

 
 May be used as an additional Sarbecovirus SARS-CoV-2 test.   

 
2 Description of Assay 

 
 A real-time RT-PCR (RT-rtPCR) TaqMan assay targeting the N gene of 

Sarbecovirus, it is expected to detect SARS-CoV-2, SARS-CoV and SARS-related 
bat viruses. Referred to in the laboratory as SARS2-N-TM2020. 

 The assay was designed in this laboratory based on the first SARS-CoV-2 
sequence available from www.virological.org and updated in early March when 
further sequences were available from GISAID and GenBank. 

 Initial optimisation was with the Life Technologies Superscript™III Platinum® One-
Step Quantitative RT-PCT kit, however subsequent sensitivity and specificity 
studies were undertaken with the Bioline SensiFast™Probe Lo-ROX One-Step kit. 
The Bioline kit showed an improvement in sensitivity and is the recommended kit for 
this RT-rtPCR design. 

 This validation reports the sensitivity, specificity and limited precision data with the 
Bioline 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 swabs, site not stated 
o nasopharyngeal swabs 
o nasal swabs 
o throat swabs 
o nasopharyngeal oropharyngeal swab 
o aspirate 
o nasopharyngeal aspirates 
o sputum 
o bronchial washing 
o faeces 
o cell culture supernatant. 

 
 Other sample types may produce acceptable results but have not yet been included 

in the validation process. 
 Reproducibility is outstanding for the validation, and consequently, the MU is not 

able to be calculated 
 

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 three 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 
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sequence spanned by three primers. The amplification process is monitored via 
detection of the fluorescence produced by release of a fluorophore during cyclical 
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 design 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 
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Negative Extraction Control No amplification 
 

8 Basic Local Alignment Search Tool (BLAST) nucleotide analysis of oligonucleotides 
BLAST analysis 31/3/2020 
Wuhan-TM2020For: 100% match for SARS-CoV-2 and other Sarbecoviruses including 
SARS-related bat viruses. 
Wuhan-TM2020Probe: 100% match for SARS-CoV-2 and other Sarbecoviruses including 
SARS-related bat viruses. Partial match to some off-target sequences such as 90% 
coverage to Tetraodon nigroviridis (Green spotted puffer fish). 
SARS2-28875R-G: 100% match to 111 SARS-CoV2 sequences. 95.45% match to 
Sarbecovirus, including 5 SARS-CoV-2 sequences. 
SARS2-28875R-A: 100% match to 2 SARS-CoV-2 sequences. 95% match to 109 SARS-
CoV-2 sequences. Partial match to off-target sequences such as 95%coverage to Bos 
mutus (wild Yak). 
 
Together, all 3 should be an acceptable test for members of the sub-genus Sarbecovirus, 
including SARS-CoV-2. 
 
For further details see section 2 of the Data index. 

 
Sequence Acceptable Explanation 

Forward primer unique to target Y  
Reverse primer unique to target Y  

Probe sequence unique to target (TaqMan test only) Y  
 

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. 
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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. 
 
Repeatability analysis amplified 10 replicates of each synthetic control using the same 
instruments, reagents, aliquots and user 
 
WuhanTM2020 -synPri 
 

 Mean of repeatability = 25.35 CT 
 CV of repeatability = 0.004923 

 
WuhanTM2020 -synPrb 
 

 Mean of repeatability = 23.86 CT 
 CV of repeatability = 0.003210 

 
See the Repeatability spreadsheet for specific values. 
 
Reproducibility analysis amplifies 13 duplicates of each synthetic control on separate days 
using different aliquots, instruments and users. 
 
Reproducibility has not been performed due to restrictive supplies of consumables.  
 

15 Sensitivity 
 

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

 43 of swab, site not stated 
 1 of nose swab 
 10 of nasopharyngeal swab 
 2 of nasopharyngeal oropharyngeal swab 
 1 of faeces 
 1 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: 98.3% 
 
From 58 previously genotyped positive nucleic acid extracts, 57 were detected. 
The extract not detected was faeces extract and it should be noted that the concentration of 
the reverse primers had not been optimised when tested. 
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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 swab 
o 7 of nasopharyngeal aspirates 
o 10 of nasal swabs 
o 2 of throat swabs 
o 1 of aspirate 
o 2 of sputum 
o 1 of bronchial washing 
o 51 of swabs, site not stated 

 
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 extracts included the following detected viruses 

 23 with influenza A (H1) 
 17 with influenza A (H3) 
 20 with influenza B 
 2 with alphacoronavirus 229E 

 
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. 

 
 
MU has not been calculated due to insufficient data.  

 
18 References 

 J.Northill, D&V, 2020 
 Northill. J, Mackay.I, Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) real-

time RT-PCR N gene 2020. Protocols.io https://dx.doi.org/10.17504/protocols.io.bhpwj5pe 
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19 Authorisation 
 

Authorised by Supervising Scientist: 
 

Name    
 
 

Signature    
 
 

Date   
 

 
 
Authorised by Scientific Manager: 
 

Name    
 
 

Signature    
 
 

Date   
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APPENDIX 1 
Full test name: Sarbecovirus SARS-CoV-2 N gene TaqMan 2020 
Laboratory test name: SARS2-N-TM2020 
  
Section 1: Previous validation/summary documents 

NIL 

Published reference:  

Northill. J, Mackay. I, Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) real-time RT-
PCR N gene 2020. Protocols.io https://dx.doi.org/10.17504/protocols.io.bhpwj5pe  

Previous assays: Wuhan N TaqMan 2020 (Wuhan-TM2020), not fully validated. 

 
Section 2: Oligonucleotide structure and specificity 

11/1/2020: Initial design and structure 

11/3/2020: Re-evaluate design and update 

31/3/2020: Updated design, oligo structure and specificity 

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

14/1/2020: Synthetic control design 

20/1/2020: Synthetic control production 

 
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 

Wuhan-TM2020For 20/1/2020 102905648 IDT 

Wuhan-TM2020Prb 20/1/2020 102905650 IDT 

Wuhan-TM2020Rev 20/1/2020 102905649 IDT 

SARS2-28875R-A 17/3/2020 103149146 IDT 

SARS2-28875R-G 17/3/2020 103149145 IDT 

 
Section 5: Optimisation and validation documents 

21/1/2020: Initial run before optimisation (Wuhan-TM2020 mix) 

23/1/2020: Titration of STO RNA (Wuhan-TM2020 mix) 

23/1/2020: Optimisation of the forward primer (Wuhan-TM2020 mix) 

18/2/2020: Summary of TCS (Wuhan-TM2020 mix) 

17/3/2020: Initial run with the replacement reverse primers for SARS2-N-TM2020 

18/3/2020: Further check of sensitivity before optimisation 

23/3/2020: Optimisation of reverse primers 
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23/3/2020: Probe titration with STO RNA 

24/3/2020: Probe titration with natural RNA 

24/3/2020: Bioline recommended RT time and temperature 

3/4/2020: Sensitivity (Bioline kit) 

7/4/2020: Sensitivity (SSIII kit) 

8/4/2020: Sensitivity (Bioline and SSIII kit) 

22/4/2020: Repeatability with STO RNA 

29/4/2020: Specificity with influenza extracts from clinical samples 

29/4/2020: Specificity with respiratory sample extracts; also, alphacoronavirus 229E 

15/5/2020: Verification of reproducibility mix before use 

 
Section 6: Links to raw Rotor-Gene run files 

Date/short description 

20200121 Initial run 

20200123 crude control titration 

20200123 Wuhan0TM2020 primer chequerboard 

2020-02-12-AP cell culture 

20200317 SARS2 N & E with extns 

20200318 SARS-CoV-2 various 

20200323 SARS2N probe titration 

20200323 SARS2N reverse primer chequerboard 

20200324 SARS2N probe titration 2 

20200324 SARS2N different RT time&temp 

20200403 SARS2-N & CCDC-ORF1ab sensitivity 

20200407 SARS2-N & CCDC-ORF1ab sensitivity 

20200408 SARS2-N & CCDC-ORF1ab sensitivity 

20200408 SARS2-N sensitivity 

20200422 SARS2-N & CCDC-ORF1ab 

20200429 SARS2-N specificity1 

20200429 SARS2-N specificity2 

20200515 WuhanORF1ab sensitivity – verification of reproducibility mix 

 

 
Section 7: Mastermix documents 

Date Filename 

11/6/2019 UBE control base mix 

16/1/2020 UBE control base mix 

5/2/2020 UBE primer control base mix 
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16/3/2020 UBE primer control base mix 

16/3/2020 UBE Probe control base mix 

30/7/2019 Superscript TaqMan base mix- Invitrogen 

29/1/2020 Superscript TaqMan base mix- Invitrogen 

13/3/2020 SensiFast RNA TaqMan base mix- Bioline 

16/3/2020 SensiFast RNA TaqMan base mix- Bioline 

1/4/2020 Oligo mix SARS2-N-TM2020 

21/1/2020 Oligo dilutions and mix (WuhanN-TM2020) 

29/1/2020 WuhanN-TM2020 mix 

3/4/2020 SARS2-N-TM2020 mix – Bioline 

7/4/2020 SARS2-N-TM2020 mix – SuperScript III 

8/4/2020 SARS2-N-TM2020 mix – SuperScript III and Bioline 

12/5/2020 SARS2-N-TM2020 mix – Bioline 

 
Section 8: Reagents used during validation 

Manufacturer Item Part number 
Life Technologies SuperScript™III Platinum®  One-Step QRT-PCR 500 11732088 
Bioline SensiFast™ Probe Lo-ROX kit BIO-84005  
Bioline SensiFast™ Probe Lo-ROX One-Step Kit BIO-78005 
G-Biosciences Molecular grade water, 1l 16574 
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APPENDIX 2 
FULL TEST NAME / LABORATORY TEST NAME 
Sarbecovirus SARS-CoV-2 N gene TaqMan 2020 / SARS-N-TM2020 
LEVEL OF VALIDATION ACHIEVED 
1 
MIX COMPONENTS (per reaction) 
 

Reagent Vol (μL) / 
reaction Final concentration 

Nuclease-free water 4.2 N/A 
Wuhan-TM2020For 200pmol/μl 0.05 500nM 

SARS2-28875-G 200pmol/μl 0.05 500nM 
SARS2-28875-A 200pmol/μl 0.09 900nM 

Wuhan-TM2020Probe 100pmol/μl 0.01 50nM 
2X SensiFast Probe Lo-ROX One-Step mix 1 10.0 1X 

RiboSafe RNase Inhibitor 1 0.4  
Reverse transcriptase 0.2  

Template 5.0  

Final volume 20 l  
  1 SensiFast™ Probe Lo-ROX One-Step Kit, Cat No. BIO-78005 
 
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 

 Wuhan-TM2020For: TCGTGCTACAACTTCCTCAAG 
 SARS2-28875R-G: CTGCCTGGAGTTGAATTTCTTG 
 SARS2-28875R-A: CTGCCTGGAGTTGAATTTCTTA 
 Wuhan-TM2020Probe: 6FAM-CCGCCTCTGCTCCCTTCTGC-BHQ1 

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

 UBET7_WuhanTM2020_synPrb RNA 10-6 
 UBET7_WuhanTM2020_synPrim RNA 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. 

 
REFERENCES 

 J.Northill, D&V, 2020 
 Northill. J, Mackay. I, Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) real-time 

RT-PCR N gene 2020. Protocols.io https://dx.doi.org/10.17504/protocols.io.bhpwj5peJ Northill, 
D&V, 2020 
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Public Health Virology Validation Report for Severe 
acute respiratory syndrome coronavirus 2 US CDC N1 

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 16/06/2020 Ian Mackay First version 
2 14/07/2020 Ian Mackay Added MU data from harvested wtRNA CTs 
    
    
    
    

 
 

5 Appendices 
Appendix 1 – Data index 
Appendix 2 – Cover page
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6 Validation Report  

 
1 Recommendations 

 
 The assay is for use principally as a screening test for suspected severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) infection but not infection by other 
SARS-related CoVs (SARS-rCoVs) or other virus species.   

 
2 Description of Assay 

 A real-time RT-PCR (RT-rtPCR) for the detection of SARS-CoV-2 viruses, but not other 
virus species 

 This assay is a new optimisation and validation of a previously United States CDC 
published assay targeting the nucleocapsid phosphoprotein (N) gene using the 
SuperScript™ III Platinum® One-Step Quantitative RT-PCR (Invitrogen) using clinical 
sample nucleic acids extracted with the EZ1 Virus Mini Kit v2.0 or the QIAamp One-For-
All nucleic acid 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 Swabs 
o Nasopharyngeal swab  
o Nasopharyngeal/oropharyngeal swabs 
o Nasal swab 
o Throat swab 
o Sputum 
o Nasopharyngeal aspirates 
o Faeces 
o Cell culture supernatant 

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

 
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 SARS-CoV-2 N gene 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 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 modified version of a published assay, that 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. 
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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, no-template control [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 
50OC / 5 min 
95OC / 2 min 

50 cycles 
95OC / 3secs 
60OC / 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 

 
8 Basic Local Alignment Search Tool (BLAST) nucleotide analysis of oligonucleotides 

 
Both forward and reverse primers, and the probe are a good match to currently available SARS-
CoV-2 sequences. There is a mutation that affectes a Reverse primer and probe also match 
SARS-rCoVs to varying degrees but the entire assay is expected to specifically detect SARS-CoV-
2. 
 

Primer name Summary 
2019-nCoV_N1-F SARS-CoV-2 returned all of the top 100 matches (100% identity and coverage, E-

score 0.48). When SARS-CoV-2 was excluded, thrip, fungus, pistachio nut, snake 
(pit viper) were among the next nearest matches (100% identity, ≤90% coverage, 

RTI R
ELE

ASE
RTI 1326/20

RTI 1326/20 
Page 34 of 200



FSS validation report for nucleic acid testing 
 

 

 

Page: 5 of 13 
Document Number: 33711V7 
Valid From: 14/10/2019 
Approver/s: Frederick MOORE 

E-score 30). 
CONCLUSION: Good specificity is predicted. 

2019-nCoV_N1-R SARS-CoV-2 returned all of the top 100 matches (100% identity and coverage, E-
score 0.004). When SARS-CoV-2 was excluded, pangolin CoV, cotton, mouse, 
bird, pistachio nut, drosophila and trout were among the next nearest matches 
(100% identity, ≤90% coverage, E-score 0.061-59). 

CONCLUSION: Good specificity is predicted. 
2019-nCoV_N1-P SARS-CoV-2 returned all of the top 100 matches (100% identity and coverage, E-

score 0.004). When SARS-CoV-2 was excluded, SARS-CoV, pangolin CoV, bat 
RaTG13 and other SARS-rCoVs were among the next nearest matches (95.7-
100% identity, ≥90% coverage, E-score 0.004-3.8). 

CONCLUSION: Specificity for sarbecoviruses viruses. 
 
For further details see section 2 of the Data index. 

 
Sequence Acceptable Explanation 

Forward primer unique to target Yes Will detect SARS-CoV-2 
Reverse primer unique to target Yes Will detect SARS-CoV-2 

Probe sequence unique to target (TaqMan test only) Yes Will detect SARS-CoV-2 
 

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. 

 

RTI R
ELE

ASE
RTI 1326/20

RTI 1326/20 
Page 35 of 200



FSS validation report for nucleic acid testing 
 

 

 

Page: 6 of 13 
Document Number: 33711V7 
Valid From: 14/10/2019 
Approver/s: Frederick MOORE 

14 Precision 
 

The precision is determined after repeatability and reproducibility analyses. Mean and CV 
values are rounded to 4 significant digits. 
 
Repeatability analysis amplified 10 replicates of each synthetic control using the same 
instruments, reagents, aliquots and user 
 
UBET7_HCoV-N1_synPri 
 

 Mean of repeatability = 23.67 CT 
 CV of repeatability = 0.01797 

 
UBET7_HCoV-N1_synPrb 
 

 Mean of repeatability = 20.95 CT 
 CV of repeatability = 0.005587 

 
See the Repeatability spreadsheet for specific values. 
 
Reproducibility analysis amplified 24 individual wild-type RNA results amplified separately 
using different aliquots, instruments and users. 
 
Wild-type RNA 

 Mean of reproducibility = 28.03 CT 
 CV of reproducibility = 0.03515 

 
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 26 of swab (unspecified) 
o 20 of nasopharyngeal swab  nasopharyngeal aspirate 
o 2 of faeces 
o 2 of nasal swab 
o 2 of nasopharyngeal/oropharyngeal swab 
o 2 of sputum 
o 1 of nose/throat swab 
o 1 of throat swab 

 
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: 98.21% 
 
From 55 previously confirmed positive nucleic acid extracts, 54  were detected. One 
sample tested positive using the Sarbeco_E test (CT34), but was not detected by the 
Wuhan-N (FSS), CCDC-ORF1ab and SARS-M tests (FSS). 
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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 50 of swab (unspecified)  
o 35 of nasopharyngeal swab 
o 9 of cultured virus extract 
o 8 of nasal swab 
o 8 of faeces 
o 6 of nasopharyngeal aspirate 
o 6 of blood 
o 5 of sputum 
o 2 of urine 
o 2 of aspirate (unspecified) 
o 1 of throat swab 
o 1 of bronchoalveolar lavage 
o 1 of tissue 

 
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: 100.0% 
 
From 134 extracts tested, 0 produced a signal that suggested nonspecific amplification. 
 
These included samples known to contain nucleic acids from the following viruses: 45 
influenza B virus, 8 FluA/H1N1, 8 FluA/H3N2, 8 FluA/H5N1, 8 norovirus, 3 enterovirus, 1 
human coronavirus 229E and 52 with no known virus present.  

 
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. 
 
Because this test did not have reproducibility conducted using STOs, the wild-type RNA 
results were applied to both the primer and probe control MU calculations as they test both 
components. Repeatability data were conducted using both primer and probe STOs.  
 
UBET7_HCoV-N1_synPri MU and wild-type RNA 

 
MeansynPri of reproducibly and repeatability: 26.74 CT 

 
synPri concentration is described in the Cover page. 
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MUsynPri was determined to be:  0.03948 

= [(CV1)2 + (CV3)2 ] 0.5 
= [0.035152 + 0.017972]0.5 

 UsynPri was determined to be:  0.08053 
  = 2.04 x MUsynPri 

  
Expected assay CT range for synPri: 26.66 – 26.82 CT 

 
UBET7_HCoV-N1_synPrb MU 

 
MeansynPrb of reproducibly and repeatability: 25.95 CT 

 
synPrb concentration is described in the Cover page. 
 

MUsynPrb was determined to be:  0.0.3559 
= [(CV2)2 + (CV4)2 ] 0.5 
= [0.035152 + 0.0055872]0.5 

 UsynPrb was determined to be:  0.07261 
  = 2.04 x MUsynPrb 

  
Expected assay CT range for synPrb: 25.88 – 26.02 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.  

 
 

19 Authorisation 
 

Authorised by Supervising Scientist: 
 

Name    
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Signature    
 
 

Date   
 
 
Authorised by Clinical Microbiologist: 
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Signature    
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APPENDIX 1 
Full test name: Severe acute respiratory syndrome coronavirus 2 US CDC N1 TaqMan 2020 
Laboratory test name: SARSCoV2-N1-TM2020 
 
Section 1: Previous validation/summary documents 

This is validation of a new test which targets the nucleocapsid (N) protein-coding region of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

Published reference: None. 

Previous assays: None. 

 

Section 2: Oligonucleotide structure and specificity 

Oligo design check, interactions and structures 

 

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

Preparation of STO ivtRNA - 05/05/2020 

LOD, RNA and DNA content of synPri STO ivtRNA – 13/05/2020 

Control summary 

 

Section 4: Oligonucleotide data sheets 

Name Date Lot number Manufacturer 

2019-nCoV_N1-F 16/03/2020 103157335 IDT 

2019-nCoV_N1-R 16/03/2020 103157336 IDT 

2019-nCoV_N1-P 30/03/2020 7236788 Applied Biosystems 

UBET7_HCoV19-N1_synPri 29/04/2020 409594B01 Invitrogen 

UBET7_HCoV19-N1_synPrb 29/04/2020 409594B02 Invitrogen 

UbcH5B-CALFLUOR ORG 560 19/09/2017 WD06594715 Sigma  

UBE2D2_01.2 12/11/2015 1161111 Geneworks 

UBE2D2_02.2 21/02/2018 SD00540971 Sigma 

UbcH5B-CALFLUOR ORG 560 26/06/2019 WD08121740 Sigma 

 

Section 5: Optimization and validation documents 

Chequerboard of primers using ivtRNA – 18/05/2020 

Titration of probe using ivtRNA – 25/06/2020 

Preliminary, streamlined rapid evaluation of optimised SARS-CoV-2 tests – 26/05/2020  

Sensitivity testing I – 09/06/2020 

Sensitivity testing II – 10/06/2020 
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Sensitivity testing III – 15/06/2020 

Specificity testing IV – 10/06/2020 

Repeatability – 09/06/2020 

Reproducibility – TBC 

Method uncertainty - TBC 

Sensitivity tabulation 

Specificity tabulation 

 

Section 6: Links to raw Rotor-Gene run files 

Date/short description Date/short description 

Crude LOD, RNA STO – 13/05/2020 Specificity II testing – 10/06/2020 

Crude LOD, DNA STO – 13/05/2020 Specificity III testing – 15/11/2020 

Chequerboard – 18/05/2019 Sensitivity II & Specificity IV testing – 10/06/2020 

Probe titration – 25/06/2019 Sensitivity III testing – 15/06/2020 

Streamlined comparison – 26/05/2020  Repeatability – 09/06/2020 

Sensitivity I & Specificity I testing – 09/06/2020  

 

Section 7: Mastermix documents 

Date Filename 

09/04/2020 SSIII-TaqMan RNA base mix [Batch 23] 

29/01/2020 SSIII-TaqMan RNA base mix [Batch 19] 

13/05/2018 SSIII-TaqMan RNA base mix [Batch 17] 

01/05/2020 Receive reconstituted oligos (in TE buffer) 

06/05/2020 nCoV-N1 crude working mix 

18/05/2020 Individual primers dilutions for CHEQUERBOARD 

18/05/2020 Individual oligoprobe dilutions 

26/05/2020 nCoV-N1 working oligo mix 

15/11/2019 UBE2D2 primer and oligoprobe mixes 

19/05/2020 UBE2D2 oligoprobe mix 

21/05/2020 UBE2D2 primer mix 

 

Section 8: Reagents used during validation 

Manufacturer Item Part number 

Life Technologies SuperscriptTM III One-Step Quantitaive RT-PCR 500 11732088 
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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 
Severe acute respiratory syndrome coronavirus 2 US CDC N1 TaqMan 2020 / SARSCoV2-N1-TM2020 
 
LEVEL OF VALIDATION ACHIEVED 
Tier 1 
 
MIX COMPONENTS (per reaction) 
 

Reagent Vol ( L) / reaction Final concentration 
Nuclease free water 4.27 N/A 

2019-nCoV_N1-F 100pmol/μl 0.14 700nM 
2019-nCoV_N1-R 100pmol/μl 0.14 700nM 
2019-nCoV_N1-P 100pmol/μl 0.01 50nM 

2X Reaction Mix1 10.0 1X 
ROX Reference Dye 25mM1 0.04 50nM 

SuperScript® III/Platinum® Taq Mix1 0.4 1X 
Template 5 N/A 

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

RT-PCR 
50 C 5min 
95 C 2min 
 
95 C 3s  40X 
60 C 30s* 

      *Florescence acquisition step 
 
OLIGONUCLEOTIDES 

2019-nCoV_N1-F:  GACCCCAAAATCAGCGAAAT 
2019-nCoV_N1-R:  TCTGGTTACTGCCAGTTGAATCTG 
2019-nCoV_N1-P: FAM/ZEN – ACCCCGCATTACGTTTGGTGGACC- IBFQ 
 
https://sg.idtdna.com/pages/landing/coronavirus-research-reagents/cdc-assays Shipped as CDC kit with all oligos at 100μM (IBFQ-IowaBlackTM 

fluorescent quencher) 

CONTROLS 
A pair of synthetic oligonucleotide primer and probe positive controls is used incorporating viral target and human 
UBE2D2 gene sequence. 

 UBET7_HCoV19-N1_synPri 10-5 
 UBET7_HCoV19-N1_synPrb 10-6 

 
NOTES 

 This is a summary cover page only. Full details of this PEHV validated method are available upon 
request. 

 This assay has been optimized using synthetic positive control templates. 
 It is recommended that precision, sensitivity and specificity be determined at other laboratory sites. 

 
REFERENCES 

 US CDC design, IDT panel 
 https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-panel-primer-probes.html 
 https://sg.idtdna.com/pages/landing/coronavirus-research-reagents/cdc-assays 
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Public Health Virology Validation Report for SARS-
CoV-2 WuhanORF1ab 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 

 
 May be used as an additional Severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) test.   
 

2 Description of Assay 
 

 A real-time RT-PCR (RT-rtPCR) TaqMan assay targeting the ORF1ab coding region 
of SARS-CoV-2. Referred to in the laboratory as WuhanORF1ab TaqMan 2020 
(WuhanORF1ab-TM2020) 

 The assay spans 112nt between 5336 to 5447 of the reference sequence 
NC_045512.2 from GenBank. 

 Assay was designed in this laboratory based on the first 6 sequences available on 
the GISAID platform. 

 Initial validation was with the Life Technologies Superscript™III Platinum® One-
Step Quantitative RT-PCT kit, however subsequent sensitivity and specificity 
studies were undertaken with the Bioline SensiFast™Probe Lo-ROX One-Step kit. 
The Bioline kit showed an improvement in sensitivity and is the recommended kit for 
this RT-rtPCR design. 

 This validation reports the sensitivity and specificity with the Bioline kit. All other 
optimisation and precision data were generated from the Life Technologies 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 swabs, site not stated 
o nasopharyngeal swabs 
o nasal swabs 
o throat swabs 
o nasopharynx swab 
o nasopharyngeal oropharyngeal swab 
o throat and nose swab 
o pharyngeal swab 
o aspirate 
o nasopharyngeal aspirates 
o sputum 
o bronchial washing 
o faeces 
o cell culture supernatant (TCS) 

 
 Other sample types may produce acceptable results but have not yet been included 

in the validation process. 
 Reproducibility is outstanding for the validation, and consequently, the MU is not 

able to be calculated 
 

3 Limitations 
 

 The assay may not detect levels of RNA which fall below the limit of detection of the 
assay 
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4 Test Method Protocol 
 

 A rapid RT-rtPCR employing two oligonucleotide primers and an exonuclease probe 
(“TaqMan probe”) complementary to SARS-CoV-2 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 
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 design 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 
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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 

 
8 Basic Local Alignment Search Tool (BLAST) nucleotide analysis of oligonucleotides 

 
BLAST (10/3/2020) shows each of the oligos are 100% match to available SARS-CoV-2 sequences.  
Partial matches are described as follows: 
 
WuhanORF1ab-F: 81% coverage and 100% identity to predicted protein from an, Rousettus 
aegyptiacus (Egyptian fruit bat). 
 
WuhanORF1ab-R: 100% coverage and identity to 2 bat SARS-like CoV, MG772934 and MG772933. 
82% coverage and 100% identity to 2 other bat coronaviruses, DQ648857 and DQ412043. 
 
WuhanORF1ab-P: 90% coverage and 100% identity to a predicted protein from Phoca vituline 
(Harbour seal). 
 
Together all three are currently (10/3/2020) specific to SARS-CoV-2. 
 
For further details see section 2 of the Data index. 

 
Sequence Acceptable Explanation 

Forward primer unique to target y  
Reverse primer unique to target y  

Probe sequence unique to target (TaqMan test only) y  
 

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 
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 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. 
 
Repeatability analysis amplified 10 replicates of each synthetic control using the same 
instruments, reagents, aliquots and user 
 
WuhanORF1ab synPri 
 

 Mean of repeatability = 27.33 CT 
 CV of repeatability = 0.01982 

 
WuhanORF1ab synPrb 
 

 Mean of repeatability = 26.67 CT 
 CV of repeatability = 0.003522 

 
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: Due to the restrictive supply of conducting tips, the number of reproducibility data 
points is reduced to 10) 
 
WuhanORF1ab synPri 

 Mean of reproducibility = 27.59 CT 
 CV of reproducibility = 0.01613 

 
WuhanORF1ab synPrb 

 Mean of reproducibility = 27.72 CT 
 CV of reproducibility = 0.01678 

 
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 28 of swabs, site not stated 
o 16 of nasopharyngeal swabs 
o 1 of nasopharynx swab 
o 1 of nasal swab 
o 2 of nasopharyngeal oropharyngeal swab 
o 2 of sputum 

RTI R
ELE

ASE
RTI 1326/20

RTI 1326/20 
Page 49 of 200



FSS validation report for nucleic acid testing 
 

 

 

Page: 7 of 13 
Document Number: 33711V7 
Valid From: 14/10/2019 
Approver/s: Frederick MOORE 

o 1 of faeces 
o 1 of cell culture supernatant (TCS) 
o 1 of pharyngeal swab 
o 1 of aspirate 
o 1 of throat and nose swab 

 
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: 96.5% 
 
From 55 previously genotyped positive nucleic acid extracts, 53 were detected.  

The 2 not detected extracts were 1 where the Sarbecovirus “Wuhan” E gene and 
SARSCoV2-N1-TM2020 was also not detected, the second was an extract not detected by 
the CCDC-ORF1ab but was detected by the Sarbecovirus “Wuhan” E gene (36CT) and the 
SARS-CoV-2 N gene 2020 TaqMan (37CT). 
 
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 37 of swabs, site not stated 
o 51 of nasopharyngeal swabs 
o 8 of nasal swabs 
o 1 of throat swabs 
o 3 of nasopharyngeal aspirates 
o 1 of aspirates 
o 1 of sputum 
o 1 of 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 103 extracts tested, 0* produced a signal that suggested nonspecific amplification. 
These 103 extracts included: 

 22 influenza A (H1) detected 
 3 influenza A (H3) detected 
 20 influenza B detected 
 1 alphacoronavirus 229E detected. 
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*NOTE: 1 extract was detected but repeated testing was not detected. Further testing with 
other assays for SARS-CoV-2 RT-rtPCR’s were also not detected. 

 
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. 

 
WuhanORF1ab synPri MU 

 
MeansynPri of reproducibly and repeatability: 27.50 CT 

 
synPri concentration is described in the Cover Page. 
 

MUsynPri was determined to be:  0.02556 
= [(CV1)2 + (CV3)2] 0.5 
= [0.016132 + 0.0198222]0.5 

 UsynPri was determined to be:  0.05264 
  = 2.06 x MUsynPri 

  
Expected assay CT range for synPri: 27.45 – 27.55CT 

 
WuhanORF1ab synPrb MU 

 
MeansynPrb of reproducibly and repeatability: 27.39 CT 

 
synPrb concentration is described in the Cover Page. 
 

MUsynPrb was determined to be:  0.01715 
= [(CV2)2 + (CV4)2] 0.5 
= [0.016782 + 0.0035222]0.5 

 UsynPrb was determined to be:  0.03532 
  = 2.06 x MUsynPrb 

  
Expected assay CT range for synPrb: 27.35 –27.43 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. Northill J, Mackay I. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) real-time 
RT-PCR ORF1ab 2020. Protocols.io 2020 dx.doi.org/10.17504/protocols.io.bgtmjwk6 
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19 Authorisation 
 

Authorised by Supervising Scientist: 
 

Name    
 
 

Signature    
 
 

Date   
 

 
 
Authorised by Scientific Manager: 
 

Name    
 
 

Signature    
 
 

Date   
 
 
Authorised by Clinical Microbiologist: 
 

Name    
 
 

Signature    
 
 

Date   
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APPENDIX 1 
Full test name: SARS-CoV-2 WuhanORF1ab TaqMan 2020 
Laboratory test name: WuhanORF1ab 
  
Section 1: Previous validation/summary documents 

NIL 

Published reference: Northill J, Mackay I. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
real-time RT-PCR ORF1ab 2020. Protocols.io 2020 dx.doi.org/10.17504/protocols.io.bgtmjwk6 

 
Previous assays: NIL 

 
Section 2: Oligonucleotide structure and specificity 

14/1/2020: Assay design notes 

26/2/2020: Oligo structure and specificity 

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

20/1/2020: WuhanORF1ab synthetic RNA controls 

23/1/2020: Crude titration of RNA controls 

9/6/2020: WuhanORF1ab synthetic RNA controls 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 

UBET7WuhORFsynPrim 20/1/2020 SD751427 Sigma 

UBET7WuhORFsynPrb 20/1/2020 SD751426 Sigma 

WuhanORF1ab-F 21/1/2020 102911494 IDT 

WuhanORF1ab-R 21/1/2020 102911495 IDT 

WuhanORF1ab-P 21/1/2020 102911496 IDT 

WuhanORF1ab-F 27/2/2020 103042045 IDT 

WuhanORF1ab-R 27/2/2020 103042046 IDT 

    

 
Section 5: Optimisation and validation documents 

21/1/2020: Initial test run of WuhanORF1ab 

23/1/2020: Primer chequerboard 

23/1/2020: Probe chequerboard 
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24/1/2020: Repeatability 

28/1/2020: Specificity run 1 

18/2/2020: Sensitivity run 1 

18/2/2020: Titration of clinical extract 

18/2/2020: Summary of TCS tested 

27/2/2020: Clinical extracts with the Bioline kit 

27/2/2020: Kit comparison with TCS RNA 

27/2/2020: Kit comparison with synthetic RNA  

3/4/2020: Sensitivity with Bioline kit 

1/5/2020: Specificity with SSIII kit 

15/5/2020: Sensitivity with Bioline and SSIII kit 

22/5/2020: Sensitivity and specificity with Bioline kit 

22/5/2020: Specificity with Bioline kit. 

26/5/2020: Summary of sample types used for sensitivity and specificity 

 
Section 6: Links to raw Rotor-Gene run files 

Date/short description Date/short description 

20200121 Wuhan run 1 20200227 WuhanORF1ab SSIII & Bioline run 2 
20200123 WuhanORF1ab-TM2020 primer 
chequerboard 20200227 Qiagen mix run 1 

20200123 WuhanORF1ab-TM2020 probe 
chequerboard 

20200227 Qiagen mix run 3 

20200124 WuhanORF1a-TM2020 repeatability 20200403 WuhanE & ORF1ab sensitivity 

20200128 WuhanORF1ab-TM2020 specificity 1 20200501 WuhanORF1ab-TM2020 specificity 

2020-02-10-AP 20200515 WuhanORF1ab sensitivity 

2020-02-12-AP 20200522 WuhanORF1ab sensitivity & specificity 

20200218 WuhanOrf1ab-TM2020 sensitivity 20200522 WuhanORF1ab specificity 

20200218 WuhanORF1ab-TM2020 RNA titration 20200522 SARS-CoV-2 various mixes 

20200227 WuhanORF1ab SSIII & Bioline run 5 200522 Scotch B 

  

 
Section 7: Mastermix documents 

Date Filename 

19/9/2019 UBE probe control base mix 

16/1/2020 UBE control base mix 

5/2/2020 UBE primer control base mix 

21/1/2020 WuhanORF1ab-TM2020 mix 
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24/1/2020 WuhanORF1ab-TM2020 mix 

7/2/2020 WuhanORF1ab-TM2020 mix 

18/2/2020 WuhanORF1ab-TM2020 mix 

27/2/2020 WuhanORF1ab-TM2020 kit comparison mix 

3/4/2020 WuhanORF1ab-TM2020 mix (Bioline) 

22/5/2020 WuhanORF1ab-TM2020 mix (Bioline) 

30/7/2019 TaqMan base mix (SuperScript III) 

29/1/2020 TaqMan base mix (SuperScript III) 

9/4/2020 TaqMan base mix (SuperScript III) 

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

1/4/2020 WuhanORF1ab oligo mix 

22/5/2020 WuhanORF1ab oligo 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 
SARS-CoV-2 WuhanORF1ab TaqMan: WuhanORF1ab-TM2020 
LEVEL OF VALIDATION ACHIEVED 
1 
MIX COMPONENTS (per reaction) 
 
 

  1 SensiFast™ Probe Lo-ROX One-Step Kit, Cat No. BIO-78005 
 
CYCLING CONDITIONS 
This assay has been optimised and validated for use with a Rotor-Gene 6000 or Rotor-Gene Q thermal cycler 

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

 60 C 30s* 
      *Fluorescence acquisition step 
OLIGONUCLEOTIDES 

 WuhanORF1ab-F: AATCCACCTGCTCTACAAGATG 
 WuhanORF1ab-R: CATCACCTAACTCACCTACTGTC 
 WuhanORF1ab-P: 6FAM-AGCTTCACCAGCCCTTGCTCT-BHQ1 

 
CONTROLS 
RNA from a pair of synthetic template oligonucleotide primers and probe positive controls is used. These are 
based on UBE2D2 and Wuhan coronavirus target genetic sequences. 

 UBET7_WuhanORF1ab_synPrb RNA 10-6 
 UBET7_WuhanORF1ab_synPrim RNA 10-7 

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. 
 It is recommended that precision, sensitivity and specificity is determined if used at other laboratory sites. 
 Assay targets the ORF1ab of Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

REFERENCES 
 Judy Northill, D&V 2020 
 Northill J, Mackay I. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) real-time RT-PCR 

ORF1ab 2020. Protocols.io 2020 dx.doi.org/10.17504/protocols.io.bgtmjwk6 
 

Reagent Vol ( L) / reaction Final concentration 
Nuclease-free water 4.21 N/A 

WuhanORF1ab-F 200pmol/μl 0.07 700nM 
WuhanORF1ab-R 200pmol/μl 0.09 900nM 
WuhanORF1ab-P 100pmol/μl 0.03 150nM 

2X SensiFast Probe Lo-ROX One-Step mix 1 10.0 1X 
RiboSafe RNase Inhibitor 1 0.4  

Reverse transcriptase1 0.2  
Template 5.0 N/A 

Final volume 20 l  
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TaqMan method for DNA & RNA 
Date: ______________    Prepared By: ____________    

For tests covered by this method refer to G:\VirologyCommon\MOLECULAR\Quality\Current 
molecular test list

1. PROGRAM Rotor-gene 6000, Rotor-gene Q : 
 
Tick appropriate run type in table below: 

□ Slow 
Chemistry RNA 

1 cycle 
48 C / 30 minutes 
95 C / 10 minutes 

40  cycles 
___ cycles 

95 C / 15secs 
60 C / 1min 

□ Fast 
Chemistry RNA 

1 cycle 
50OC / 5 min 
95OC / 2 min 

40 cycles 
___ cycles 

95OC / 3secs 
60OC / 30sec 

□ Slow 
Chemistry DNA 

1 cycle 
50 C / 2 minutes 
95 C / 10 minutes 

40  cycles 
___ cycles 

95 C / 15secs 
60 C / 1 min 

□ 

Other 

   

 
 
 

2. RUN SAVED AS: 
 
          File Name: 
          _________________________________________ 

 
3. CHECK RING AND ANALYSE 

 
Results Analysed By______ 

 
Ring checked                                    Y  /   N 
 
 
4. CONTROL DATA:  

Control data saved in QC database?   Y / N      By______ 

Daily Stats recorded?                  Y / N 

Comments:…………………………………………………………

……..………..…………………………………………..…….……

….………...………………………………………. 
Signature:_______________               
 
Date:______/_____/______ 

Note: Analysis and sign off must be by different people.

Tests performed with synthetic probe and primer controls: 

 

Test Name Sample 
Mix Batch 

Neg 
Control 

OK? 

No 
Template 
Control(s) 

OK? 

Probe 
Control 
Batch 

Probe Control 
Threshold / ct 

OK? 

Primer 
Control 
Batch 

Primer Control 
Threshold / ct 

OK? 
Run 
OK? 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 

  Y  /  N Y  /  N  / 
Y  /  N 

 / 
Y  /  N Y  /  N 
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Extraction Controls and tests using virus controls 

Test Name or Extraction Control Details Sample 
Mix Batch 

Negative 
Control 

OK? 

Positive 
Control 
Batch 

Positive Control 
Threshold / ct OK? Run OK? 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  / 
Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 

  Y  /  N  Y  /  N Y  /  N 
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