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The Next Generation Sequencing Quality Initiative
The Next Generation Sequencing (NGS) Quality Initiative is a collaboration among the Centers for Disease Control and Prevention (CDC), the Association of Public Health Laboratories (APHL), and state and local public health laboratories to address challenges laboratories encounter when implementing and maintaining NGS-based assays. The Initiative developed an NGS-focused quality management system (QMS) to ensure foundational quality during the development and implementation of sequencing-based tests by providing customizable, ready-to-implement tools and resources that laboratories can use to standardize and institute quality management practices and procedures. The NGS Quality Initiative has published additional tools and resources, including templates and procedures, that may assist laboratories throughout their NGS workflow(s). Please visit the following website to access these resources: https://www.cdc.gov/lab-quality/php/ngs-quality-initiative/qms-tools-resources.html
This document is intended to be used as a tool for implementing, improving, or maintaining an NGS QMS. The blue text provides examples for appropriate input and can be changed, deleted, or augmented as needed for the laboratory’s specific requirements.
These documents and tools are not controlled files; format and content must be modified to meet your laboratory’s document control, QMS, or regulatory requirements. It is the responsibility of your laboratory to take any necessary actions to ensure the information within these documents remains applicable to your laboratory. NGS Quality Initiative products undergo periodic review to ensure adherence to current standards and evolving technologies and practices. However, the evolution of NGS and associated quality system essentials may necessitate updates at more frequent intervals than cyclic review can be performed. Please consult current and relevant manufacturer and/or regulatory standards to ensure alignment with the most current practices.

Disclaimer:
[bookmark: _Hlk83494123]Use of trade names and commercial sources is for identification only and does not imply endorsement by the U.S. Department of Health and Human Services. 








	



	Insert Laboratory-Specific Name Here

	NGS Result Report
Template


NOTE: This customizable template provides useful information to include on an NGS result report. While fields specific to infectious diseases (bacterial, viral, and parasitic pathogens) are identified, this template is intended to be agnostic to NGS testing methods and should be customized according to application and audience. Laboratories should refer to their organization’s policies and procedures or contact their regulatory body regarding specific reporting requirements (e.g., patient results, clinical specimens). Existing entries in blue, italicized text are provided as examples that should be changed or deleted as needed for each laboratory’s requirements. All instructional text intended to be deleted by the laboratory is in the form of NOTE with blue text. The laboratory should customize this template to fit their organization’s formatting requirements. 


Purpose
The purpose of this result report template is to suggest standards and quality management practices for implementing, improving, or maintaining a Next Generation Sequencing (NGS) program within a quality management system (QMS) in applicable laboratories. Additionally, it serves to promote a universal understanding among laboratory customers (e.g., epidemiologists, clinicians, contact tracers, public health laboratories, etc.) for the improvement of result report interpretation.
Scope
This template applies to all laboratories that perform NGS, regardless of application (e.g., research, surveillance, diagnostic testing). This template can be used when developing a new reporting process or enhancing an existing one. Laboratories may utilize sections as examples and assess the need for additional content to improve result reporting. To meet regulatory and/or accreditation requirements (e.g., the Clinical Laboratory Improvement Amendments of 1988 [CLIA], College of American Pathologists [CAP], Clinical Laboratory Evaluation Program [CLEP], etc.), laboratories should consult with their laboratory director and respective organizations, as the use of this template does not ensure compliance. 
NOTE: CDC laboratories interested in NGS result reporting (e.g., Electronic Laboratory Information Management System [ELIMS] autogenerated reports) can contact the ELIMS team (starlims@cdc.gov) for more information regarding optimizing testing workflows and laboratory-specific configurations.


Related Documents
	Title
	Document Control Number

	NGS Result Report Interpretation Guide
	[insert laboratory-specific document control number here]

	NGS Training Resource Repository
	[insert laboratory-specific document control number here]


Considerations for Specific Audiences
NOTE: The table below provides examples and additional considerations for the use of this template relative to specific audiences. This is not meant to be comprehensive. 
	Audience
	Considerations

	State Epidemiologists
	Reports may include multiple relevant samples from an outbreak investigation (e.g., providing additional samples that are part of a cluster). In the instance that the laboratory would like to include a large set of samples (e.g., large outbreaks), attach supplemental Excel files or insert a table(s) with all required data elements in Appendix A. 

	Clinical Laboratories
	Laboratories should follow federal, state, and regulatory standards, including, but not limited to, the Clinical Laboratory Improvement Amendments of 1988 (CLIA). Laboratories must adhere to the institution’s policies regarding the Health Insurance Portability and Accountability Act (HIPAA). 

	Genetic Counselors
	Reports may include additional information included in this template in regard to variants and their clinical interpretation (see Sequencing QC SOP on QMS Tools and Resources | Laboratory Quality | CDC). 





NGS Result Report Template
Title of the Report
Final Report Date (MM/DD/YYYY) and Time (00:00 HRS)
Laboratory Information
NOTE: Insert laboratory information below specifying the location at which the test is performed. This section is intended to be filled out by the accessioning team.
	Laboratory Name
	Name of the laboratory

	Laboratory/Facility Address
	Physical location of the laboratory with Street #, City, State, Zip Code


Patient Information
NOTE: Insert patient information below. Laboratories must adhere to the institution’s policies pertaining to personal identifiable information (PII) and HIPAA, as applicable. 
	Patient First Name
	Enter Full First Name

	Patient Last Name
	Enter Last Name

	Patient ID/Medical Record Number (MRN)
	ID #

	Date of Birth 
	(MM/DD/YYYY)

	Sex/Gender
	M/F





Clinical Specimen (Human-Derived)/Environmental Sample Details (Choose appropriate section title)
NOTE: Choose and complete the table according to the type of clinical specimen (e.g., isolates, enriched complex cultures, direct specimens) or environmental sample the laboratory is testing. This section is intended to be filled out by the accessioning team or personnel. All demographics should be documented, and all quality checks should be performed. Specimen/sample should be labeled with barcodes and received into the Laboratory Information Management System (LIMS), or according to the laboratory’s guidelines/requirements. Check the box labeled “N/A” if the specimen/sample was received as purified DNA/RNA.
Clinical Specimen Details Table
	[bookmark: _Hlk89329572]Outbreak ID number
	ID # (e.g., for an outbreak investigation report to epidemiologists)

	Genomic database ID
	e.g., NCBI (WGS ID, SRR, or SRA #)

	Accessioning specimen ID
	ID #

	Specimen source
	Specimen type (e.g., blood, tissue, saliva, hair, stool)

	Specimen source site
	e.g., arm, mouth

	Specimen type
	e.g., isolate cultured from blood or wounds

	Extracted specimen type 
	Genomic (e.g., purified DNA, RNA)

	Collection method
	e.g., swab, bronchial wash

	Treatment of specimen/ specimen preservative
	e.g., EDTA

	Transport medium
	e.g., Cary-Blair medium, Amies transport medium

	Specimen handling
	e.g., separate containers for multiple specimens, placed in a poly bag, dry ice

	Collection date and time
	MM/DD/YYYY 00:00 AM/PM

	Received date and time
	MM/DD/YYYY 00:00 AM/PM

	Originating facility 
	Name, City, State

	Submitting facility 
	Name, City, State

	Specimen acceptance* 
	Pass/Fail

	Comments 
	e.g., reason for rejection


[bookmark: _Hlk89329668]*NOTE: Laboratories should follow their established guidelines regarding specific criteria for specimen acceptance or rejection. As applicable, laboratories should insert a drop-down menu for entries with multiple options.


Environmental Sample Details Table
	Genomic database ID
	e.g., NCBI (WGS ID, SRR, or SRA #)

	Accessioning sample ID
	ID #

	Sample source/type
	e.g., soil, wastewater, hospital floor/fixture

	Sample source site
	e.g., hospital (specific floors or fixtures), body of water

	Extracted sample type 
	Genomic (e.g., dsDNA, ssDNA, ssRNA, dsRNA)

	Collection method
	e.g., soil probe, pole, glass bottle

	Treatment of specimen/ specimen preservative
	e.g., cooling, acidification

	Transport medium
	e.g., Anaerobic transport medium (ATM)

	Specimen handling
	e.g., separate containers for multiple specimens, placed in a poly bag

	Collection date and time
	MM/DD/YYYY 00:00 AM/PM

	Received date and time
	MM/DD/YYYY 00:00 AM/PM

	Originating facility 
	Name, City, State

	Submitting facility 
	Name, City, State

	Sample acceptance*
	Pass/Fail

	Comments 
	e.g., reason for rejection


*NOTE: Follow laboratory guidelines regarding specific criteria for sample acceptance or rejection. If the sample is rejected, provide justification in the comments section. As applicable, laboratories should insert a drop-down menu for entries with multiple options.
Summary (Result Interpretation)
A. Insert information about the reason for creating this report and explain the importance.
[bookmark: _Hlk89333546]Example: This report outlines the relationship between a set of samples collected at a facility described by the outbreak identification (ID): [insert outbreak ID].
AND/OR
Patient ID [insert #] with a presumptive healthcare exposure at the facility under investigation.
B. Describe the relatedness in detail; include the results and their significance.
Example: Two distinct clades are visible in the phylogenetic tree. 
Top clade:
[insert accession IDs] form one clade.
[insert accession IDs] all differ by 0 single nucleotide polymorphisms (SNPs). They are all closely related, so there is strong evidence that these isolates are related.
[insert accession ID] differs from these four isolates by ~[#] SNPs.
[insert accession ID] differs from these four isolates by ~[#] SNPs.
Bottom clade:
[insert accession IDs] form the second clade. These isolates all differ by ~[#] SNPs. They are all closely related, so there is strong evidence that these isolates are related.
[insert accession ID] does not belong to either cluster.
C. Insert information about data analysis.
Example: In brief, explain quality evaluation of sequence, reference sequence used during analysis, genetic variants (variant calling, variant annotation), identification, interpretation and classification of pathogenic variants, calculations of positive and negative predictive values, as applicable.
Pathogen Identification and Related Information
NOTE: Insert name of pathogen and include information regarding subtype/genotype and/or lineage of the strain and its prevalence. Insert examples of other such strains currently in the laboratory database with their origin, as applicable.
External Samples
NOTE: Insert set of external samples used to provide context to the outbreak, as applicable. As needed, attach supplemental Excel files, or insert table(s) with all required data elements to Appendix A.
Drug Susceptibility
NOTE: Insert drug susceptibility information, as applicable.
Methods
NOTE: Insert a brief summary of the method or description of the assay. If applicable, describe improvement or how the new method differs from established testing. If publications about the methodology are available online, provide information for reference as an alternative. 
Example language: The figures shown here were generated using sequence data processed with the [insert analysis pipeline name, version, and website]. If you have questions about this report, please contact [insert email].
Exception Reporting or Reporting of Suboptimal Specimens or Data
NOTE: Laboratories should have established acceptance criteria and quality control metrics. Laboratories should follow established procedures in instances of reporting suboptimal specimens or data. In these instances, laboratories should report any limitations in assay performance (e.g., specimen extraction, library preparation, data analysis, etc.) that may affect result reporting.


NGS Workflow Information
NOTE: The table below includes example methods for bacterial, viral, and parasitic pathogens and is intended to be used as a template for providing NGS information on a result report. Existing entries are intended as guidance and may be changed, deleted, or augmented as needed for the laboratory’s specific requirements.
	Methods
	e.g., DNA sequencing, RNA sequencing, *amplicon sequencing, whole-genome sequencing, target-enrichment sequencing, shotgun metagenomics

	Specimen/sample ID
	ID #

	NGS platform
	e.g., Illumina, Sanger, Oxford Nanopore Minion

	Date and time
	MM/DD/YYYY 00:00 AM/PM

	Comments
	[insert specific comments here]


*NOTE: If amplicon sequencing is performed, provide a description explaining why this sequencing method is used. This provides the customer (e.g., epidemiologist) a better understanding as to why whole-genome sequencing was not performed.
[bookmark: Sequencing]Sequencing Assay QC/Quality Evaluation of Sequence
NOTE: The information provided may be broadly applicable to certain specialties or audiences (e.g., genetic counselors). Laboratories may opt to populate the provided table or, alternatively, they may provide region-specific QC metrics in its place.
	Number of reads
	[insert total #]

	% gene/region/genome covered
	[%]

	Average read quality score*
	[Q30]

	Average sequence length
	[bp]

	Average sequencing depth
	[20x – 100x]


*NOTE: The average read quality score is specific to a given sequencing assay and has been provided as an example. Different applications use varying QC metrics; laboratories should report QC metrics in the form best suited to the NGS application. 
Data Analysis Information
NOTE: Provide a high-level overview of the bioinformatic tools, pipeline, and analysis that were used. It is essential for customers to understand SNP differences in comparison to a reference strain, as well as the position in which SNPs will cluster in evolutionary trees. Customers need to know the results of tertiary analyses. Sometimes they also need to know whether the SNPs were called against a complete genome reference or a rough draft assembly.
Example language for data analysis overview: There were [#] of isolates in the [project name]. The isolates and a representative genome from [insert name of the reference database and reference strain number] were analyzed. The isolates and a representative [insert name of reference genome] from [insert name of the reference database] share [#] genes. These shared genes were used as the core genome. The core genome was aligned via [insert the tool used for alignment]. Phylogenetic relatedness was determined with [insert name of tool] and visualized with [insert name of tool]. The SNP matrix was created with [insert name of tool].
Additional Analysis
NOTE: Insert description of any additional sequencing assay/test analysis performed, as applicable (e.g., multi-locus sequencing type [MLST], 16S/18S rRNA sequencing, antibiotic resistance/virulence gene detection). 
Relatedness
Below are examples of relatedness that can be inserted into the result report with an accompanying interpretation and/or description. Ensure an adequate explanation is provided to describe the image. 
Examples include the following:
· Charts
Insert description of chart (e.g., what kind of information is being provided, which criteria are being compared). Different charts will provide different information.
· Line charts are used to determine the relationship of data with time. 
· Pie charts are used as data visualization models.
· Other examples of charts include bar charts, stacked column charts, bubble charts, etc. 
· SNP Matrices
Insert visual representation with color legend of the map (e.g., choropleth map, dot map, heatmap, flow map) to give users an ‘at-a-glance’ overview of the relatedness of the samples described in the SNP matrix. Provide a description of the goal and functionality of each map. Include information on the variations, correlations, intensities, pattern changes, and their relationship to various geographical areas, as applicable.
Example language: The number of SNPs within each sample is shown on the heatmap below [insert the figure]. Incorporation of clinical and epidemiological data with genotypic results is recommended. Look for the patterns in the data between the SNP data and [insert other examples of relatedness]. The samples are ordered based on the [insert the criteria used] between each sample.
Example language: There is no threshold for how many SNPs are required for a microorganism to be part of an outbreak. This is due to many factors, including how many genes are used for a comparison (with more genes correlated with more SNPs), which genes are used (some genes acquire SNPs more readily), the timespan (longer outbreaks have SNPs that are acquired over time), the strain of the pathogen (some pathogens acquire SNPs at higher or lower rates), the permissiveness of the environment, presence of mutagens, etc. Identification of resistance genes has not been compared with phenotypic susceptibility testing; therefore, correlation has not been determined.
· Phylogenetic Tree/Cluster Dendrogram
Insert a visual representation of the phylogenetic tree. Insert basis for phylogenetic tree (e.g., [#] core genes identified and [#] total genes identified).
Example language: The core-genome phylogenetic tree examines the genetic diversity across the core set of genes shared across all samples in the analysis. Related samples generally share a recent common ancestor and a small amount of horizontal distance on the tree. The number of core genes provides an indication of how diverse the sample is. A low number of core genes suggests the dataset is genetically diverse or that an outlier is present in the dataset. 
· Lineages 
Insert description of lineage (e.g., NextClade, Pango lineages) with complete data from start to finish, including any transformations or changes that took place during the data process. Indicate the reasons for these changes as well. If the lineage is widespread, include detailed information regarding patterns and determinants, as applicable, or a large-scale overview of the clades.
Example: The lineage and clade information related to SARS-CoV-2 helps to monitor its transformations into new variants, changing characteristics of the virus, and its impact on public health.
· Color Theory
Insert description of what each color represents; include the meanings and associated details. Insert the images and include a legend.
Example: Red color represents high intensity, while yellow color represents low intensity of given information.
· Others
Insert image to give a visual representation; include a description of any other methodology used for relatedness. 
Gene Summary
Insert gene summary information here, as applicable (e.g., antibiotic resistance gene summary, main resistance genes identified).
Example language: This table shows a summary of all genes detected using the NCBI AMRFinderPlus detection tool, indicating sample, gene, coverage, and identity.


Limitations
NOTE: Describe any limitations (e.g., conditions that might influence test results, clinical signs and symptoms, patient history) in detail and their potential impact on the test and the results. Indicate the need for additional testing and alternative protocols that might be more sensitive or more specific, as applicable.
Disclaimer
Insert laboratory disclaimer. If this is a laboratory-developed test and not an FDA-approved test, indicate here.
Example language: The information included in this report should only be used to support infection prevention measures. This report should not be used to guide treatment decisions, nor should it be included in the patient record. NGS analysis is a rapidly evolving technology. NGS and SNP analyses will continue to be adjusted and refined over time due to the varied nature of bacterial genomes, limitations of available reference genomes, and continual assessment of the inclusion of mobile genetic elements in these analyses. These results represent the most advanced method currently available for genome comparisons.
Authorization
Please follow laboratory guidelines regarding specific requirements for authorization.
	Signature
	[insert signature here]

	Print Name
	First and Last

	Position
	e.g., Lab Supervisor, Principal Investigator

	Date
	(MM/DD/YYYY)


Addendum/Result Updates
NOTE: Insert descriptions of any changes/updates from the initial report. (Some systems allow users to go back and re-analyze the data. This is recommended in the context of newly acquired data, because the system will only compare a new analysis based on whatever is currently in the database. Over time, the database becomes more enriched; therefore, the information would be slightly different upon new analysis. Ensure that your partners know that, and if that is a concern for them, they should re-run the data.)
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Appendices
3.0 [bookmark: _Ref100651035]
4.0 
5.0 
6.0 
6.1 Appendix A – Additional Sample Data
Revision History 
	Rev #
	DCR #
	Change Summary
	Date

	[insert laboratory-specific revision number here]
	[insert laboratory-specific document change request number here]
	[insert change summary here]
	[insert revision date here]


Approval
Approved By:  [image: ]   Date:  [image: ]
		Author
		
		Print Name and Title

Approved By:  [image: ]   Date: [image: ]
		Team Lead/Supervisor
		[image: ]
		Print Name and Title

Approved By:   [image: ]  Date: [image: ]
		Quality Manager
		[image: ]
		Print Name



Appendix A – Additional Sample Data
NOTE: Laboratory reports with multiple samples may use this area to include supplemental Excel files or to insert table(s) with all required data elements. Laboratories must adhere to the institution’s policies regarding PII.
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