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What should a 
Coronavirus 
Standards 
Working Group
do?

Assure development and availability of 
standards, controls, interlab testing, 
knowledge to support successful rollout 
& scaling of 2019-nCoV testing

Identify and develop 
critical infrastructure to 
support…

confidence in test 
results

interoperability

scale-up

long-term capacity

Identify best practices 
that should be 
institutionalized

Learn what we need 
to so next time we 
have a global 
network in place 
ready to make 
standards.



Agenda

Harmonization Study Results
• Value Assignment
• Consistency
• Plan to publish

Roadmap Manuscript
• Outline
• Recommendations
• Plan to publish



Viral RNA 
Harmonization Study 
Dashboard Complete!

• Data in from 14/14 labs

• Analysis Dashboard refined

• Unitage resolved

• Preliminary value assignment 

• Need to review anomalies, establish takeaways, develop manuscript



Harmonization 
Dashboard 
Updates

• added data tables for 
calibration panel
• calibration results
• all raw data 

• added material summary tab
• robust ”value 

assignment” estimates
• fixed unitage

• fixed 2x dilution problem with 
International Standard value



Comparison to 
nominal values

• added tab with graph of 
log results v. log nominal

• line has slope 7.7/8, 
intercept = 0
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WHO International Standard 
First WHO International Standard for SARS-CoV-2 RNA 

NIBSC code: 20/146 
Instructions for use 

(Version 2.0, Dated 05/01/2021) 
 
 

1.    INTENDED USE  
The first WHO International Standard for SARS-CoV-2 RNA for Nucleic 
acid Amplification Technique (NAT)-based assays consists of acid-heat 
inactivated England/02/2020 isolate of SARS-CoV-2. The preparation has 
been evaluated in a WHO International Collaborative study (1). The 
intended use of the International Standard is for the calibration and 
harmonisation of NAT-based assays for the detection of SARS-CoV-2 
RNA.  
 
2.    CAUTION 
This preparation is not for administration to humans or animals in 
the human food chain. 
 
The material is not of human or bovine origin.  As with all materials of 
biological origin, this preparation should be regarded as potentially 
hazardous to health.  It should be used and discarded according to 
your own laboratory's safety procedures.  Such safety procedures 
should include the wearing of protective gloves and avoiding the 
generation of aerosols.  Care should be exercised in opening 
ampoules or vials, to avoid cuts. 
 
3.    UNITAGE 
The assigned potency of the WHO International Standard for SARS-CoV-
2 RNA for NAT-based assays is 7.40 Log10 IU/ampoule. After 
reconstitution in 0.5mL of molecular grade water or PBS, the final 
concentration of the preparation is 7.70 Log10 IU/mL. 
 
4.    CONTENTS 
Country of origin of biological material: United Kingdom. 
Each vial of 20/146 contains 0.5 mL of lyophilised, non-infectious, 
England/02/2020 isolate of SARS-CoV-2. The virus has been inactivated 
by treatment with acetic acid, followed by 1 hour incubation at 60oC and 
validated for inactivation by serial blind passage on permissive cells, with 
full details provided within the study report [1]. The material is formulated 
in universal buffer comprising 10 mM Tris-HCl (pH 7.4), 0.5% human 
serum albumin and 1% D-(+)- Trehalose dehydrate and contains a 
background of 1x10^5 copies/mL of human genomic DNA. The full 
consensus sequence of the RNA is deposited under GenBank accession 
MW059036. 
 
5.    STORAGE 
The International Standard 20/146 should be stored at -20°C or below 
upon receipt. 
Please note: because of the inherent stability of lyophilized 
material, NIBSC may ship these materials at ambient temperature. 
 
6.    DIRECTIONS FOR OPENING 
DIN ampoules have an 'easy-open' coloured stress point, where the 
narrow ampoule stem joins the wider ampoule body. Various types of 
ampoule breaker are available commercially. To open the ampoule, 
tap the ampoule gently to collect material at the bottom (labelled) end 
and follow manufactures instructions provided with the ampoule 
breaker. 
  
 
7.    USE OF MATERIAL 
No attempt should be made to weigh out any portion of the freeze-dried 
material prior to reconstitution  
The material should be reconstituted in 0.5 mL of molecular grade or PBS. 
Following addition, the ampoule should be left at ambient temperature for 
20 minutes and then mixed thoroughly, avoiding generation of excess 

foam. Once reconstituted, 20/146 should be diluted in the matrix appropriate 
to the material/assay being calibrated.  
 
8.    STABILITY  
Reference materials are held at NIBSC within assured, temperature-
controlled storage facilities.  Reference Materials should be stored on 
receipt as indicated on the label. 
 
 
 
NIBSC follows the policy of WHO with respect to its reference materials. 
 
9.    REFERENCES 
(1) Bentley et al., Collaborative Study for the Establishment of a WHO 
International Standard for SARS-CoV-2 RNA. 2020, WHO Expert Committee 
on Biological Standardization. WHO/BS/2020.2402 
  
 
10.    ACKNOWLEDGEMENTS 
We express our thanks to Public Health England (PHE) for provision of the 
England/02/2020 isolate of SARS-CoV-2. We gratefully acknowledge the 
important contributions of the collaborative study participants, particularly in 
meeting the tight timeframes of this study. We would also like to thank 
NIBSC Standards Production and Development staff for the formulation and 
distribution of materials.  
 
11.    FURTHER INFORMATION 
Further information can be obtained as follows; 
This material: enquiries@nibsc.org 
WHO Biological Standards:  
http://www.who.int/biologicals/en/ 
JCTLM Higher order reference materials: 
http://www.bipm.org/en/committees/jc/jctlm/ 
Derivation of International Units: 
http://www.nibsc.org/standardisation/international_standards.aspx 
Ordering standards from NIBSC: 
http://www.nibsc.org/products/ordering.aspx 
NIBSC Terms & Conditions: 
http://www.nibsc.org/terms_and_conditions.aspx 
 
 
12.    CUSTOMER FEEDBACK 
Customers are encouraged to provide feedback on the suitability or use 
of the material provided or other aspects of our service. Please send any 
comments to enquiries@nibsc.org  
 
 
13.    CITATION  
In all publications, including data sheets, in which this material is 
referenced, it is important that the preparation's title, its status, the NIBSC 
code number, and the name and address of NIBSC are cited and cited 
correctly. 
 
14.    MATERIAL SAFETY SHEET   
Classification in accordance with Directive 2000/54/EC, Regulation (EC) 

No 1272/2008: Not applicable or not classified 

Physical and Chemical properties 

Physical appearance:  
freeze-dried 

Corrosive: No 

Stable: Yes Oxidising: No 
Hygroscopic: No Irritant: No 
Flammable: No Handling:See caution, Section 2 
Other (specify):  material of human origin.  

Toxicological properties 

Effects of inhalation: Not established, avoid inhalation 
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Collaborative Study for the Establishment of a WHO International Standard 

for SARS-CoV-2 RNA  
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NOTE:  
This document has been prepared for the purpose of inviting comments and suggestions on the 
proposals contained therein, which will then be considered by the Expert Committee on 
Biological Standardization (ECBS). Comments MUST be received by 3 December 2020 and 
should be addressed to the World Health Organization, 1211 Geneva 27, Switzerland, attention: 
Technologies, Standards and Specifications (TSS). Comments may also be submitted 
electronically to the Responsible Officer:  Dr Ivana Knezevic at email: knezevici@who.int. 

© World Health Organization 2020 

 
 
All rights reserved.  
 
This draft is intended for a restricted audience only, i.e. the individuals and organizations having received this draft. The draft 
may not be reviewed, abstracted, quoted, reproduced, transmitted, distributed, translated or adapted, in part or in whole, in any 
form or by any means outside these individuals and organizations (including the organizations' concerned staff and  member 
organizations) without the permission of the World Health Organization. The draft should not be displayed on any website. 
 
Please send any request for permission to:  
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provided in full within Appendix 3. Briefly, the virus culture was incubated for 15minutes with 
3% v/v acetic acid and neutralised by the addition of sodium hydroxide before subsequent 
incubation for 1hour at 60°C. The inactivated virus culture was then purified by using Amicon® 
Ultra 10K centrifugal filter columns.  

Inactivation of the virus culture was validated by serial blind passage of 10% of the inactivated 
stock across 3 replicates on permissive Vero-E6 target cells for a period of 3 weeks, alongside a 
positive and negative control. Cells were monitored for signs of cytopathic effect and culture 
media tested for any quantifiable increase in viral RNA by real-time RT-PCR. No viable virus 
was detected. The inactivation procedure was approved by the NIBSC Biological Safety 
committee.  

To prepare the bulk material, quantification of the SARS-CoV-2 genome copies within the 
inactivated material was determined relative to a plasmid standard curve by in-house real-time 
RT-PCR using primer/probe targeting the E-gene [9]. The material was prepared to contain 
1x108 genomes per mL and as with the chimeric LVP, was formulated in universal buffer 
containing a background of 1x105 copies/mL of human genomic DNA. 

 
Filling and Lyophilisation of Candidate Materials 
The filling and lyophilisation of each candidate material, 20/138 and 20/146, was performed by 
the Standards Processing Division at NIBSC under ISO9001 between 12-15th and 25-28th June 
2020, respectively. Material was dispensed in 0.5mL volumes into 2.5mL glass DIN ampoules at 
4°C on an AVF5090 filling line (Bausch & Stroebel, Ilshofen, Germany).  The homogeneity of 
the fill was maintained by on-line check-weighing of a proportion of the filled ampoules. Filled 
ampoules were partially stoppered with halobutyl 13mm diameter igloo closures and lyophilised 
in the CS100 freeze dryer. Ampoules were loaded onto the shelves at 4°C and primary freezing 
was performed to -50°C over 1.5 hours. Primary drying was performed at -30°C for 40 hours at 
30μb vacuum, then raising the shelf temperature to 25°C and holding vacuum in secondary 
drying for at least 15 hours, before releasing the vacuum and back-filling the vials with nitrogen. 
Ampoules were flame sealed on the same filling line. The sealed vials are stored at -20°C under 
continuous temperature monitoring for the lifetime of the product.  

Assessments of residual moisture and oxygen content, as indicators of freeze-drying completion 
and vial integrity after sealing, were determined for twelve vials of freeze-dried product. 
Residual moisture was measured destructively using colorimetric Karl Fischer (CA-200, 
Mitsubishi Instruments obtained through A1-Envirosciences Ltd, Blyth, UK) operated within a 
dry box and checking performance before analysis using a Aquamicron Check P water standard 
(A1 Envirosciences) to give % w/w moisture readings. Oxygen content was measured non-
invasively by frequency modulated infra-red spectroscopy using a FMS-760 Oxygen Headspace 
Analyzer (Lighthouse Instruments, Charlottesville, VA, USA).  

 
Next Generation Sequencing (NGS) of Candidate Materials 
NGS was performed to verify sequences contained within each of the candidate materials, 
20/138 and 20/146. In each case RNA was extracted using the QIAmp viral RNA Mini Spin Kit 
(Qiagen) according to the method of the manufacturer, except for the omission of carrier RNA. 

Conversion from copies/mL to IU/mL



Next steps on Viral RNA Harmonization Study

review anomalies identify trends in results

extraction effects from different 
labs?

develop key conclusions 
and takeaways

disseminate values

suggest preprint publication

plan to publish 
manuscript

build a team to develop
•need a lead to do Methods 
section



Tim and Marc’s recent review is 
on the cover of this month’s 
Nature Reviews Genetics

• bringing the band back together again to lead 
development of the CSWG Roadmap paper



“A roadmap to 
better COVID-19 
testing from 
the Coronavirus 
Standards 
Working Group”

Introduction

Standards needed for COVID-19 testing
• Reference materials
• Proficiency testing schemes
• Information standards
• Are we missing anything?
• Stories, studies, findings specific to COVID-19 pandemic.

The COVID-19 testing process.
• Molecular testing
• Antigen testing
• Serology testing
• What standards are needed used to measure vaccine performance, immune protection 

in population? - needed for safe recovery

Genome surveillance
• What standards are needed for genome surveillance of SARS-
• Foresee new standards for the future?

Concluding recommendations.
• What did we get right? What did we get wrong?
• What can we improve testing/standards now? In the future? The next pandemic?
• We want bold, fair and thoughtful recommendations.



Develop 
consensus on 
draft 
recommendations

• bring attention to developing standards that underpin reliability of tests
• “X-Prize for Pandemic Pathogen Standards”

• scalable distribution of widely-available calibration materials, controls, and 
standards of trusted quality

• rapid studies to establish traceability to International Unit
• recommend EUA for Standards
• EUAs for Tests should be comparable by using comparable standards to 

calibrate

Materials

• establish/identify coordinating body for EQA schemes
• recommend ongoing demonstration of EUA test comparability with EQA

• address limitation of EUA by demonstrating field performance of 
authorized tests

Proficiency Tests/EQA 

• about a control – standardize information on how to use this control 
accurately

• about a test – standardize information about a test and how to use and 
interpret results accurately

Minimum Information Standards



Develop 
consensus 

recommendations
• Scalable distribution of widely-available calibration materials, 

controls, and standards for tests
• oversight/evaluation/authorization of these standards

• this could be an “EUA” for standards
• calibration of these standards against the International 

Standard when it becomes available from WHO

• EUAs for tests should be calibrated with standards that have a 
provenance
• standards that can be compared across EUAs
• this would be a way to make EUAs comparable



Next steps

• share draft today
• contributions by 26 July

Timeline

• shared Word Doc
• shared Google Doc

Protocol for 
contributions

• Name, Contributions, 
Affiliation(s), COI

Google sheet 
for 

authorship



Discussion


