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I. [bookmark: _Toc24621487][bookmark: _Toc27558346][bookmark: _Toc66108498]
Purpose and Principle:
Genomic sequence data can provide insight into the biology of SARS-CoV-2, the virus responsible for COVID-19.  To coordinate and support sequencing of SARS-CoV-2 at the state and local public health level, the CDC has created a SARS-CoV-2 Sequencing for Public Health Emergency Response, Epidemiology and Surveillance (SPHERES) consortium. The goal of the SPHERES consortium is to coordinate SARS-CoV-2 sequencing across the United States. Large scale sequencing of SARS-CoV-2 will allow public health experts to monitor important changes in the virus as it continues to circulate, provide insight to support contact tracing, and aide in identifying diagnostic/therapeutic targets. 

As part of the SPHERES consortium, Indiana Department of Health Laboratories (IDOHL) will use a modification of the ARTIC protocol primers manufactured by QIAGEN, followed by library preparation via the Nextera DNA Flex kit, and sequencing on the Illumina MiSeq. Assembly of the SARS-CoV-2 genome will utilize CLC Bio Genomics Workbench’s SARS-CoV-2 workflow. After a consensus sequence is obtained, the FASTA file will be uploaded to the PANGOLIN lineage assigner. 

II. [bookmark: _Toc27558348][bookmark: _Toc66108499]Experimental Overview:
For this validation, each of three analysts performed extraction, cDNA conversion, and library preparation on 15 SARS-CoV-2 specimens.  These same 15 specimens were sent to Wisconsin State Laboratory of Hygiene (WSLH) for sequencing. Currently, WSLH has not validated their lineage determination for reporting but has validated the wet bench and initial bioinformatics pipeline. As such, IDOHL received only FASTA files from WSLH and ran them through the PANGOLIN lineage assigner web tool (https://pangolin.cog-uk.io/). At IDOHL all library preparations were run on a single MiSeq cartridge. Each of the three analysts performed data analysis on a full set of 15 specimens using the SARS-CoV-2 workflow in CLC Bio Genomics Workbench.  The FASTA files of the consensus sequences created in CLC Bio Genomics Workbench were uploaded to the PANGOLIN lineage assigner to determine lineage. This result was compared to the lineage result obtained from the FASTA files received from WSLH. To validate the PANGOLIN lineage assigner, data was pulled from NCBI for 14 (all that are currently available) of the specimens submitted to CDC as part of NS3 surveillance.  This data was run through the PANGOLIN lineage assigner and the produced result was compared to the result reported by the CDC. By having each analyst perform the wet bench portion of this assay, each of the 15 specimens were run in triplicate and were used to assess reproducibility and repeatability of the assay. 
After lab work and analysis, the agreement between IDOHL and WSLH results for the wet lab component were found to be 100%. The agreement between IDOHL and CDC results for the PANGOLIN lineage assigner was 85.7%.  There were two specimens which produced discrepant results when IDOHL pulled the CDC data from NCBI and ran it through the PANGOLIN lineage assigner. Given the rate at which SARS-CoV-2 sequencing data is being produced, it was expected that some discrepancies would be observed.  A lineage is designated in the PANGOLIN lineage assigner using genome sequence data and associated epidemiological data. Therefore, as labs across the world produce data at differing rates, only a part of the picture may be available at the time the lineage is designated. According to the PANGO Lineages site (https://cov-lineages.org/FAQ.html) the PANGOLIN lineage assigner estimates give a 95.8% recall value for designated lineages, with some lineages having better values than others.  These numbers vary depending on a number of factors, including the number of sequences in that lineage, the amount of ambiguity in those sequences, and how unique the defining single nucleotide polymorphisms (SNPs) are for that lineage.  This means that a lineage designation may change as new sequences are added.  To resolve the observed discrepancies, IDOHL asked the Minnesota Department of Health (MDH) to also analyze the CDC data pulled from NCBI through the PANGOLIN Lineage Assigner.  The results obtained by MDH with the PANGOLIN Lineage Assigner showed 100% agreement with the results obtained by IDOHL. 

For the precision portion of the validation, the 15 specimens used for the wet lab portion of this validation were sequenced by three separate analysts. Table 9 and Table 10 include the data for the operator variance portions of this validation. Both the operator variance and result reproducibility portions of this validation produced 100% agreement.  
 

[bookmark: _Toc27558349][bookmark: _Toc66108500]Specimen Details:
In this validation study, 15 SARS-CoV-2 specimens were assessed as part of the wet lab component.  These specimens were previously tested using the ThermoFisher TaqPath COVID-19 Combo Kit and determined to be positive for SARS-CoV-2.  The Ct values for each of the markers in the TaqPath COVID-19 Combo Kit were determined using Applied Biosystems DA2 software. Specimens were chosen based on available specimen volume and Ct values. All specimens used for the wet lab component of this validation are listed in Table 1. To be deemed eligible for sequencing, a specimen must produce Ct values ≤30. For the validation of the PANGOLIN lineage assigner, data for 14 (all currently available) specimens sent to CDC as part of NS3 surveillance were downloaded from NCBI.  All specimens and corresponding NCBI numbers are listed in Table 2.

Table 1: Validation Panel Specimens for SARS-CoV-2 Sequencing
	Accession Number
	S gene CT
	N gene CT
	ORF1ab CT

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




Table 2: Validation Specimen Data for PANGOLIN Lineage Assigner

	Accession Number
	NCBI Genbank Number
	CDC Reported Lineage

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



III. [bookmark: _Toc66108501]Accuracy Experiment:

A. [bookmark: _Toc27558351][bookmark: _Toc66108502]Accuracy Data

Table 3: Validation Panel Accuracy Data for Wet Lab Component
	Accession Number
	IDOHL PANGOLIN Result (Analyst #1)
	WSHL PANGOLIN Result

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




Table 4: Validation Panel Accuracy Data for PANGOLIN Lineage Assigner
	Accession Number
	NCBI Genbank Number
	CDC Reported Lineage
	IDOH Lineage from PANGOLIN v2.2.2

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



[bookmark: _Toc27558352][bookmark: _Toc16249311]Because of the two discrepancies observed in Table 4, the data files of the 14 previously tested specimens by CDC were sent to Minnesota Department of Health (MDH) for analysis via the PANGOLIN Lineage Assigner. The results received from MDH are listed in Table 5. 

Table 5: Validation Panel Accuracy Data for PANGOLIN Lineage Assigner from MDH
	Accession Number
	CDC Reported Lineage
	IDOH Lineage from PANGOLIN v2.2.2
	MDH Lineage from PANGOLIN v2.2.2

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



B. [bookmark: _Toc24621663][bookmark: _Toc27558353][bookmark: _Toc66108503]Agreement
Table 6: Summary of Results Wet Lab
	Total Samples
	Total Matching
	Total Discrepant

	15
	15
	0






 
Table 7: Summary of Results PANGOLIN Lineage Assigner from CDC
	Total Specimens
	Total Matching
	Total Discrepant

	14
	12
	2






 
Table 8: Summary of Results PANGOLIN Lineage Assigner from MDH
	Total Samples
	Total Matching
	Total Discrepant

	14
	14
	0






 

C. [bookmark: _Toc27558354][bookmark: _Toc66108504]Sensitivity and Specificity
True Positive-SARS-CoV-2 specimen correctly identified to the correct PANGO Lineage
True Negative- Not applicable; true negatives were not part of the validation study; therefore, they did not apply in the accuracy calculation.
False Positive- SARS-CoV-2 specimen incorrectly identified or discrepant with WSLH PANGO Lineage identification.
False Negative- SARS-CoV-2 specimen which did not produce a usable sequence. 

	True Positives
	15

	False Positives
	0

	False Negatives
	0







Because true negatives were not assessed as part of this validation and a negative result is not a valid whole genome sequencing result, specificity was not calculated as part of this validation package. 

D. [bookmark: _Toc27558355][bookmark: _Toc66108505]Accuracy Summary
After lab work and analysis, the agreement between IDOHL and WSLH results for the wet lab component were found to be 100%. The agreement between IDOHL and CDC results for the PANGOLIN lineage assigner was 85.7%.  There were two specimens which produced discrepant results when IDOHL pulled the CDC data from NCBI and ran it through the PANGOLIN lineage assigner. To resolve the observed discrepancies, IDOHL asked the Minnesota Department of Health (MDH) to also analyze the CDC data pulled from NCBI through the PANGOLIN Lineage Assigner.  The results obtained by MDH with the PANGOLIN Lineage Assigner showed 100% agreement with the results obtained by IDOHL. 

[bookmark: _Toc24621670][bookmark: _Toc24621671][bookmark: _Toc24621672][bookmark: _Toc27558356][bookmark: _Toc66108506]

IV. Precision Experiment
A. [bookmark: _Toc66108507]Limit of Detection
N/A.

B. [bookmark: _Toc66108508]Result Reproducibility 
Table 9: Result Reproducibility Data
	Accession Number
	IDOHL PANGOLIN Result (Analyst AK)
	IDOHL PANGOLIN Result (Analyst MH)
	IDOHL PANGOLIN Result (Analyst KTB)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



C. [bookmark: _Toc66108509]Operator Variance 

Table 10: Operator Variance Data
	Accession Number
	IDOHL PANGOLIN Result (Analyst AK)
	IDOHL PANGOLIN Result (Analyst MH)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



D. [bookmark: _Toc27558357][bookmark: _Toc66108510]Precision Data Summary
For the precision portion of the validation, the 15 specimens used for the wet lab portion of this validation were sequenced by three separate analysts. Table 9 and Table 10 include the data for the operator variance portions of this validation. Both the operator variance and result reproducibility portions of this validation produced 100% agreement.  

[bookmark: _Toc66108511]V. Assay Requirements

A. [bookmark: _Toc27558358][bookmark: _Toc66108512]Reportable Ranges
At the time of validation, this assay will not be considered reportable (non-CLIA) and will only be used for surveillance and epidemiological purposes. 

B. [bookmark: _Toc27558359][bookmark: _Toc66108513]Proficiency/External QA
At the time of validation, this assay will not be considered reportable (non-CLIA) and will only be used for surveillance and epidemiological purposes. Therefore, this assay is not required to perform proficiency testing. 

C. [bookmark: _Toc27558360][bookmark: _Toc66108514]Safety
Standard precautions should be followed and strict adherence to the ISDH Laboratory Manual must occur in the handling of all materials and assay reagents.  Gloves should be worn at all times.  Refer to suspected organism specific SOPs for guidance on use of a BSC.
Minimum Personal Protective Equipment (PPE) to be worn while performing the procedure:
1. Lab gown/coat
2. Gloves
Specific Safety Rules:
1. Hand/Arm Protection
a. When working with potentially harmful or hazardous material, latex or nitrile gloves are required.
b. When using the liquid nitrogen or -70±5⁰C freezer, temperature resistant gloves are required.
2. Body Protection
a. When working in the laboratory, a lab coat is required.  Full length disposable or cloth lab coats may be worn.

[bookmark: _Toc66108515]VI. Conclusion
Based on the performance of the assay outlined in this validation, it is recommended that whole genome sequencing of SARS-CoV-2 be implemented at IDHOL for the surveillance of SARS-CoV-2 for epidemiological purposes. 

[bookmark: _Toc27558361][bookmark: _Toc66108516]VII. References
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Appendix 1: Full data set received from MDH
As part of their data analysis MDH ran the provided NCBI data through multiple versions of the PANGLIN Lineage Assigner.  Using this data, it can be estimated that the version of PANGOLIN that the CDC used during the analysis of the IDOHL specimens was the version released on 1/20/2021.

	
	
	
	Pangolin version

	specimen_id
	genbank
	gisaid
	12/17/2020
	1/6/2021
	1/20/2021
	2/1/2021
	2/6/2021
	2/12/2021
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The three highlighted lineage numbers indicate where a change in lineage identification occurred due to PANGOLIN software updates. 
