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Objectives

• Describe the current and future regulatory landscape 

of NGS-based diagnostics in academics

• Evaluate the pros & cons of regulation of NGS assays



NGS Applications for Infectious Diseases

A. Whole Genome 

Sequencing

B. Targeted NGS 

(tNGS)
C. Metagenomic NGS 

(mNGS; aka clinical 

metagenomics)

Many methodologic variants!
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Where Do We Stand with Regulation of NGS Tests 

for Infectious Disease Diagnostics?

• At this point and time:

– There are no United States Food and Drug Administration 

(FDA) cleared/approved, Conformité Européene (CE) 

marked and/or Health-Canada approved assays to date

– All are considered laboratory-developed tests (LDT) & 

require validation prior to implementation for clinical use

– No current comprehensive guidance on best approaches



Regulation of Diagnostic Devices in the US

• 2 main branches of government in the US that oversees 

diagnostic tests for human use in the US

– Centers for Medicare and Medicaid Services (CMS) 

• Upholds the Clinical Laboratory Improvement Amendments (CLIA) law which 

defines quality standards for all laboratory testing

• Laboratory-developed tests (LDTs) require validation but CMS does not 

dictate the number of samples required

– US Food and Drug Administration (FDA)

• FDA has oversight of diagnostic devices sold and used in the US

• Very strict requirements for tests are considered for FDA clearance or 

approval

• At this time the FDA does not set any requirement for LDTs

Academics

Industry



What Do We Have in Terms of Guidance for 

Regulation of NGS-Based Diagnostics?

• Molecular standards & guidelines

– ISO guidelines (ISO15189)

– Clinical and Laboratory Standards Institute 
(CLSI; Various MM-03 to MM-24 documents)

• Accreditation bodies

– College of American Pathologists (CAP) 
Microbiology & Molecular Pathology Checklists

– New York State guidance

• Guidance from our peers

– Peer-reviewed literature

– Call a friend ☺



Validation of NGS Tests for Infectious Diseases

• Require validation

• Establishment of the performance characteristics

– Precision

– Accuracy

– Reportable Range

– Reference Range

– Analytical Sensitivity

– Analytical Specificity

– Other factors that affect the test: specimen stability, inferring substances, etc

– PARR AS AS definitions are fairly straight-forward, the ways to establish PARR AS AS are more 

open to interpretation

– Ultimately it is up to the laboratory director to decide how test performance characteristics are 

established 

• Following traditional molecular testing guidance (ISO & CLSI)

PARR – AS AS



Methods-Based & Risk-Based Approach

• Traditional target based approach is not feasible for most 

metagenomic or large targeted NGS assay validations

– Take a methods-based approach

– Critical workflow steps are defined, and their risk of generating an 

incorrect result is assessed

– Using this risk-based approach, representative pathogen types (eg, 

DNA viruses, RNA viruses, gram-positive bacteria, gram-negative 

bacteria, yeast, etc.) may be selected for testing of the entire 

workflow

• Specimens (remnant, spiked with whole organism or simulated specimens)

• In silico data



What Does CAP Have to Say About Validation?

Wet Bench Component Dry Bench Component



NGS- Specific Guidance

https://www.wadsworth.org/sites/default/files/WebDoc/ID_

WGS_NGS_Molecular_Guidance_update_032223.pdfComité Français d’Accréditation



Turning to Our Peers…

13
Schlaberg et al, Arch Pathol Lab Med, 2017 (PMID: 28169558).

“2 separate validation 

studies are provided 

for steps from assay 

design, and validation 

of wet bench and 

bioinformatics 

protocols, to quality 

controls and 

assurance”



Other Peer-Reviewed Examples of Validations



Other Requirements to Consider

• Validation outline & summary

• Standard operating procedures

• Quality management plan

• QC requirements & established 

thresholds

• Competency assessment

• Proficiency testing

• Sample/Data retention policies



AN EXAMPLE OF THE SUCCESSES



Optimization & Development of mNGS

• Started in January, 2016

– Hired a full-time Clinical 

Laboratory Specialist

– Complex multi-step process 

with little data available in the 

literature on methods

• Locked down our method 

for validation in April, 2019

• Went live October, 2020

Specimen 
Processing

Host 
Depletion

Extraction DNA & RNA
Library 

Preparation
Sequencing Analysis Interpretation

Heather 

Miller



How Does mNGS Perform Compared to SOC?

All CSF mNGS

Positive Negative

SOC Positive 45 5

Negative 0 31

Limits of detection: 

• 1 CFU/ml for molds

• 1 CFU/ml for acid-fast bacilli

• 1 organism/ml for parasites

• 10 CFU/ml for yeast

• 10 CFU/ml for gram-negative bacteria

• 100 CFU/ml for gram-positive bacteria

• 100 genomes/ml for RNA viruses

• 104 genomes/ml for DNA viruses

Apply using a diagnostic stewardship approach where mNGS serves 

as an adjunct test to standard-of-care methods – for rare, atypical or 

unsuspected cases

Agreement: 93.8%

PPA: 90.9%

PNA: 100%

SOC: standard-of-care; PPA: positive percent agreement; NPA: negative percent agreement



The Power of mNGS

• Women in her late 40’s originally from Cameron 

who presented to neurology clinic due to prolonged 

history of headaches and fatigues

• During her workup she was found to have multiple 

abnormal autoimmune and infectious disease 

serologies (Lyme EIA & Western Blot IgM, 

Quantiferon & T-spot positive)

• Treated for Systemic Lupus Erythematosus and 

cryoglobulinemia with immunosuppressive drugs 

and Retuximab

• She continued to experience progressing 

symptoms, including hearing loss and the 

development of skin rashes

New T2 Flair 

hyperintensity of 

right anterior 

internal capsule & 

striatum

Initial MRI

CSF #1

WBC: 48 cells/uL

Protein 58 mg/dL

Concerns for PML

JCV PCR negative

CSF # 2

WBC: 196/230 cells/uL

Protein 84 mg/dL

Microbiologic Workup (-)

CSF mNGS requested

Simner, Pardo et al, manuscript in preparation.



A High Volume CSF Sample Revealed…

Giemsa stain; 1000x 

magnification with oil

Video: 1000x magnification with oil



Trypanosome brucei genome coverage

mNGS Yielded a Diagnosis of 

Human African Trypanosomiasis (HAT)

Parasitic protozoan hemoflagellate
• Usually fatal if left untreated

• Treatment involves toxic agents & requires 

IND from the FDA (nifurtimox & efluornithine)

Confirmed by targeted PCR

mNGS yielded a diagnosis resulting in appropriate 

therapy and near complete resolution of the patients 

symptoms



AND SOME CHALLENGES
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Lack of Standardization

• Differences in validation processes

• Lack of standardization in definitions, 

methods & reporting

– Clinical care teams may not                       

understand the methodologies &                             

how to appropriately interpret results

– Results listing all organisms detected 

without interpretation nor with 

understanding of the clinical context

– Antimicrobial resistance gene reports

• No association to the organism

• Interpreting associations vs true predictions

Name

Reads 

per 

Million

Homo sapiens 846,722

synthetic construct 122,426

Rothia dentocariosa 414

Corynebacterium matruchotii 215

Lautropia mirabilis 198

Streptococcus mitis 118

Alloprevotella sp. E39 75

Gemella haemolysans 74

Rothia mucilaginosa 58

Veillonella parvula 50

Streptococcus oralis 46

Abiotrophia defectiva 39

Actinomyces sp. oral taxon 171 38

Ralstonia pickettii 37

Streptococcus gordonii 37

Streptococcus sanguinis 35

Ralstonia insidiosa 29

Haemophilus parainfluenzae 27

Streptococcus mutans 26

Actinomyces sp. oral taxon 169 25

Streptococcus pneumoniae 21
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tNGS

mNGS

Examples of normal respiratory microbiota



Further Regulation of LDTs 

https://www.federalregister.gov/documents/2023/10/03/20

23-21662/medical-devices-laboratory-developed-tests

New FDA Proposed Rule

• Phase out enforcement discretion of LDTs
EU- IVDR



Pros of Regulating NGS-Based Diagnostics

Standardized review of all 

NGS-based diagnostics in 

a particular setting/country

Assure appropriate 

reporting practices based 

on the intended use of the 

assay

Potential to drive market 

pressures to prioritize 

regulatory approval by 

commercial entities



Cons of Regulating NGS-Based Diagnostics

Regulation of NGS as LDTs 

exist in some capacity in 

clinical labs

Decrease innovation & 

leave diagnostics gaps

Delay the understanding of 

the value of NGS-based (e.g. 

appropriate timing of testing, patient 

populations & clinical syndromes) 

Increase dependence on 

reference labs 

Impact on Clinical & Public Health Labs Impact on Advancing Patient Care

Potential for significant 

burden to laboratories 

(infrastructure, costs, 

resources)



IDEALLY, WE WOULD HAVE BEST 

PRACTICE OR CONSENSUS 

STANDARDS TO GUIDE US



Summary

• There are no United States Food and Drug Administration 

(FDA) cleared/approved, Conformité Européene (CE) marked 

and/or Health Canada approved assays to date

• All NGS-based assays are viewed as laboratory-developed 

tests with little to no defined guidance on validation 

requirements

• Pros and cons to further regulation → stifle innovation

• Encourage the development of consensus guidelines created 

by an internationally group to help fill the gap
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