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Learning Objectives
ÅCompare NGS-based testing to traditional nucleic acid amplification methods 

ÅList advantages and limitations of NGS-based testing for diagnosis of 
infectious diseases

ÅIdentify clinical scenarios in which NGS-based testing should be considered

ÅIdentify strategies to improve appropriate use of NGS-based testing for 
infectious diseases
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Outline
ÅOverview of classical infectious disease (ID) testing

ÅEvolution of sequencing

oSequencing technologies 

oPractical applications for ID

ÅCurrently available NGS tests for ID

oClinical performance of metagenomicNGS (mNGS) 

oClinical impact and utility of mNGS

oDiagnostic utilization criteria for mNGS

ÅSummary 

ÅFuture prospects 
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Diagnostic techniques in the microbiology 
laboratory

Classical microbiology

Microscopic 
examination

~1hr TAT

Cultivation and 
identification:

~2-14 days

Å Enzymology,  
biochemistry or 
molecular method

Å Antibiotic 
susceptibility 
testing

Å Definitive diagnosis

Å Inflammation 
response

ÅOrganisms 

Å Presumptive 
diagnosis

CDC.org
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Molecular microbiology

Direct detect viral 
genome/genes

~1-3 day TAT

Å DNA probes
Å PCR
Å DNA sequencing
Å Definitive diagnosis

Epidemiology:
ÅOutbreak investigation
Å Newly emerged pathogen
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What is Sequencing?
The process of determining the number and order of nucleotides (adenine, guanine, cytosine, thymine) that 
make up a molecule of DNA 

ÅIdentify a microorganism

ÅAnalyze genetic mutations within genomes: antimicrobial resistant marker, virulent 
factors

ÅInvestigate an outbreak

ÅUnderstand host response 
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It starts with Sanger sequencing

Å1953Crick, Watson and Franklin discovered the structure of DNA

Å1977Fredrick Sanger developed the first DNA sequencing method: chain termination 
method

Sanger sequencing dominates the field for three decades
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Sanger sequencing: chain termination

McGovern RA 2015, DOI: 10.14288/1.0166738

DNA synthesis

ÅModified DNA replication reaction

ÅDideoxynucleosidetriphosphates 
are fluorescently labelled and 
terminates DNA extension when 
incorporated

ÅResulting DNA fragments are 
analyzed and sequences are 
determined by fluorescent signal

ÅRead-length: ~1000bp, highly 
accurate

ÅPoorly parallelizable
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Application: Targeted sequencing
Strengths
- Lowest error rate
- Long read length (~1000bp)

Limitations
- Long run time
- /ŀƴΩǘ ǊŜǎƻƭǾŜ ƳƛȄŜŘ ŘŜǘŜŎǘƛƻƴǎ

Å16S ribosomal RNA
ÅHIV polymerase gene

Virus Bacterium Fungus
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Application: Whole genome sequencing

Strengths
- Lowest error rate

Limitations
- Long run time
- Lower amount of data per 

run
- High case per base ($0.5 

per kilobase)
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Next generation sequencing (NGS)

Å2005The 454 system, first NGS platform to come to market

Å2007Illumina acquired the company Solexathat developed 
sequencing by synthesis technology and graduate became the 
NGS platform market leader to this day

Å2007SOLiDǎȅǎǘŜƳ ƛƴǘǊƻŘǳŎŜǎ άǎŜǉǳŜƴŎƛƴƎ ōȅ ƭƛƎŀǘƛƻƴέ ǘƻ ǘƘŜ 
market

Å2011Lƻƴ ¢ƻǊǊŜƴǘ ǇƭŀǘŦƻǊƳ ƛƴǘǊƻŘǳŎŜǎ άǎŜǉǳŜƴŎƛƴƎ ōȅ 
ǎȅƴǘƘŜǎƛǎέ ǘƻ ǘƘŜ ƳŀǊƪŜǘ
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Next generation sequencing: massive parallel 
sequencing

Fragmentation
Adapter ligation

1. Library preparation

Emulsion PCR Bridge PCR

2. Clonal amplification



15 © 2022 Cardinal Health. All Rights Reserved.  

Golan D. and Medvedev P. Bioinformatics 2013

SOLiDplatform:
Sequencing by ligation

The 454 system:
Pyrosequencing

Illumina:
Reversible terminator 

sequencing

Ion Torrent:
Proton detection 

sequencing 

3. Sequencing and data acquisition

4. Data analysis and assembly

Next generation sequencing: massive parallel 
sequencing
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Application: Targeted NGS (tNGS)

Selection and enrichment 
by PCR or probe 

Individual genomic regions

Library preparation, 
Sequencing and 
alignment

ÅMicroorganism identification 
direct from clinical specimen

ÅDetect viral resistance in clinical 
sample  

Chui CY and Miller SA. Nature Reviews 2019

Strengths
- Direct from clinical specimen without 

requirement of isolation
- Can resolve mixed detections
- High sensitivity

Limitations
- Long run time
- Relatively expensive 
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Application: Whole genome NGS

ÅNovel microorganism 
identification

ÅBacterial typing and viral typing 
for outbreak investigation

ÅAntimicrobial resistance and 
virulence gene

Fragmentation

Sequencing and 
alignment

Individual genome

Strengths
- Relatively inexpensive ($2-

10 per megabase)
- Relatively quick TAT

Limitations
- Uncultivable organism
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Application: MetagenomicNGS (mNGS)
One technology for all

Chui CY and Miller SA. Nature Reviews 2019

Strengths
- Unbiased detection
- Detects rare pathogens
- Relatively quick turnaround

Limitations
- Low sensitivity
- Complicated result 

interpretation
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Third generation sequencing

Å2011Pacific Biosciences introduces single molecular sequencing 
technology

Å2012Oxford Nanoporetechnologies launches portable system for 
RNA and DNA sequencing
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Single molecule sequencing

McGovern RA 2015, DOI: 10.14288/1.0166738

ÅSingle molecules are sequenced. No 
requirement of DNA amplification

ÅLong reads: 10kb, allows for the 
resolution of large structural features

ÅReal-time base-calling and data 
assessment
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Comparison of molecular infectious disease 
methods

Real-time PCR Sanger sequencing tNGS mNGS

Prior knowledge of the 
target

Yes Yes*
bacteria vs. fungus

Yes*
bacteria vs. fungus

No

Enrichment of the target Yes Yes Yes No

Availability
Turnaround time

Most clinical labs
<8h

Most clinical labs
<8h

Large academic/Reference labs
1-7 days

Large academic/Reference labs
1-7 days

Advantage Å Quick TAT
Å High sensitivity

Å Low error rate
Å Longread

Å Highly sensitive
Å Detect a group of pathogen 

simultaneously

Å Unbiased pathogen 
detection

Example of clinical 
application

SA/MRSA PCR 16S rRNA sequencing of 
unknown isolate

UniversalPCR from clinical sample mNGSPathogen detectionfrom 
clinical sample
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FDA-approved

ÅSentosaSQ HIV Genotyping Assay
o Targeted NGS technology to detect HIV drug resistance

Available NGS tests for Infectious Disease

Emergency Use Authorization (EUA)

ÅClear DX SARS-CoV-2 Test

ÅIllumina COVIDSeqTest

ÅSARS-CoV-2 NGS Assay

ÅUCLA SwabSeqCOVID-19 Diagnostic Platform

ÅHelix COVID-19 NGS Test
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CLIA-certified lab offerings

Available NGS tests for Infectious Disease
Test Name Sampletype Targeted Unbiased Regulatory class

ARUP Bacterial strain typing Bacterialisolate X Diagnostic LDT

HIV drug resistance Blood- plasma X

Day Zero Diagnostics epiXactstrain typing Bacterialisolate X Diagnostic LDT

Mayo ClinicLaboratory Broad range bacterial sequencing Normally sterile body 
fluid/tissue 

X Diagnostic LDT

Bacterial strain typing Bacterialisolate X

CMV drug resistance Blood-plasma X

MTBCdrug resistance Bacterialisolate X

MicroGenDX qPCR + NGS DNADX Varies X Diagnostic LDT

UWMedicine Molecular Microbiology Broad range PCR + NGS (bacteria, fungi, AFB)Tissue, non-blood
body fluids

X Diagnostic LDT

Bacterial strain typing by WGS Bacterial isolate X

UCSF mNGSPathogen Dx CSF X Diagnostic LDT

Karius TheKariusTest Blood- plasma X Diagnostic LDT
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Study Design

ÅProspective, multi-center study investigating usefulness of mNGSof CSF for diagnosis 
of meningitis and encephalitis

ÅInclusion criteria: idiopathic meningitis, encephalitis, or myelitis without diagnosis at 
enrollment

ÅReference: composite reference standard of conventional testing and orthogonal 
confirmatory testing of mNGSpositive only samples

Performance of UCSF mNGSPathogen Dxfor 
diagnosis of infectious meningitis and encephalitis

Wilson MR & Sample K et al., N EnglJ Med 2019;380:2327-40. DOI: 10.1056/NEJMoa1803396


