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Labcorp: Leading Laboratory Service Provider

•Large scale national molecular 
testing

•PIXEL at home collection kits 
expand reach

•National laboratory information 
system

•Specimen tracking

•Sample meta data attached to 
each sample
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SARS-CoV-2 RT-PCR Test Development Timeline
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LabCorp COVID-19 RT-PCR Test

• A high throughput implementation of the CDC RT-PCR 
Test

• Development 
• Extraction:

• Roche MagnaPure – 96 samples per hour
• ThermoFisher KingFisher MagMax– 96 samples per hour
• Hamilton MagEx – 192 samples per hour

• Detection
• QuantStudio 7 384-well 

• Multiplex Assay (384 samples, 1 rxn per sample) ~ 
6,000 samples/instrument/day
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LabCorp COVID-19 RT-PCR Test

• Assay Multiplex Development began in 
February

• Launched on manual SinglePlex because of quick access 
to reagents

• Assay Multiplexed by changing Fluorescent dyes
• N1 – FAM
• N2 – Yakima Yellow
• RP – Cy5

• Automated on Hamilton Star Liquid Handlers
• 1,152 rxns/instrument/hr

• More than half of Labcorp SARS-CoV-2 testing 
is performed on the Labcorp COVID-19 RT-PCR 
Test

• >40M tests performed since March 2020

Image: https://www.aatbio.com/fluorescence-excitation-emission-spectrum-graph-viewer/

https://www.aatbio.com/fluorescence-excitation-emission-spectrum-graph-viewer/
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Supply Chain Constraints DEFINED the Pandemic

• Swabs
• Cotton Swabs (qTips)
• Foam Swabs
• 3D Printed Swabs

• Transport Media
• UTM
• Saline

• Extraction Methods
• 1-Step RT Enzymes
• Heat/Quick Extraction
• Saliva Collection
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LabCorp Total Unique RT-PCR Positives

Cumulative Weekly
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PCR Testing vs Genome Sequencing

•Our PCR testing detects 2 locations in the 
SARS-CoV-2 Genome

•Both are in the N protein, or Nucleocapsid 
Protein
-Resides inside of the viral particle and 
protects the Viral genome

•Genome Sequencing determines the 
genetic code of the entire virus

Image: AAT Bioquest

Image: https://www.scientificanimations.com, CC BY-SA 4.0
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Molecular RT-PCR Testing Workflow Enables Viral Genome Surveillance

Raw Sample Automated Extraction 96 well Extracted 
Total Nucleic Acid Real Time RT-PCR
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Sequencing and Analysis Pipeline

Condensed Plate of Positive 
High Value Samples

SARS-CoV-2 Genome

Whole Genome Tiled Amplification
(2 Pools of Overlapping 1.2kb Amplicons) PacBio Sequel II
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Reads

Amplicons

Coverage

Alignment and Variant Calling
Phylogenetic Assignment

(Family Tree)



11For Internal Use Only – Not For Distribution

What’s a viral genome?

•Viruses evolve within the host

•New mutations arising continuously

•A host has a population of viruses, many of 
which can have distinct genetic differences
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What’s a viral genome?

•Viruses evolve within the host

•New mutations arising continuously

•A host has a population of viruses, many of 
which can have distinct genetic differences

? ?
? ???

?

Short Read Sequencing (Illumina)

Long Read Sequencing (PacBio)
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Large Variant Detection and Phasing

1200 bp amplicons

400 bp amplicons

1200bp amplicons

400 bp amplicons

Images: Liz Tseng, PacBio
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Sequencing Library Protocol

1st PCR: Two Parallel Multiplex 
PCR Reactions using Target-
Specific Primers Tailed with 

M13 Sequences 

Pool Barcoded Amplicons

2nd PCR: Asymmetric 
Barcoded M13 Primers (F/R)

SMRTbell Library Construction

SMRT Sequencing

cDNA Preparation  

Freed, et al, 2020 – DOI: 10.1093/biomethods/bpaa014

Labcorp optimized protocol is available on the PacBio website
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Analysis Pipeline
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Pilot Surveillance Study

•70,000 SARS-CoV-2 positive samples banked 
from March, 2020 – Dec, 2020

•Initial pilot study of 10,000 early pandemic 
samples (March 15, 2020 - May 21, 2020 )

•Developed a model for national viral genome 
surveillance

Dec 7, 2020
ASM Presentation of Pilot Study Data

Feb 23, 2020
Sequencing Project Begins

Mar 15, 2020
Pilot Study Sample Collection

Dec 27, 2020
Awarded CDC Sequencing Contract
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SARS-CoV-2 Mutations Over Time
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S:D614G Spread During the Early Pandemic When Few Were Looking
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New Variants of Concern

•B.1.1.7 lineage (20I/501Y.V1)
-Emerged in the UK September 2020
-Likely has increased transmissibility
-Detected in the US Dec 29,2020

•P.1 lineage (20J/501Y.V3) 
-Brazilian origin
-Likely increased transmissibility and antibody resistance
-Detected in the US Jan 25, 2020

•B.1.351 lineage (20H/501Y.V2)
-South African origin
-Likely increased transmissibility and antibody resistance
-Detected in the US Jan 28, 2020

Huang et al, 2020, https://doi.org/10.1038/s41401-020-0485-4

Image: https://www.scientificanimations.com, CC BY-SA 4.0
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Spike Mutations Can Reduce Immunity to the Virus

Wang et al, 2021, https://doi.org/10.1101/2021.01.25.428137 

Vaccine Plasma 
(Immunity from vaccination)

Convalescent Plasma 
(Immunity from viral infection)
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Overview of Current CDC Sequencing Results

•Sampling from ~3,500 samples every week
-CDC Baseline Study
-Minimum of 10 per state

•~60% Full genomes, +~30% Lineage typed
-Results reported weekly on CDC SPHERES calls 

•Share Summary statistics, CCS BAMs and FASTA consensus

•Tracking individual mutations and viral lineages

•Aiding in CDC response and national action planning for containment of new mutants
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CDC Sequencing by Week
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CDC Clade Distribution
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Overview of Current CDC Sequencing Results

•Sampling from ~10,000 samples every week
-CDC Baseline Study
-Minimum of 10 per state

•~60% Full genomes, +~30% Lineage typed
-Results reported weekly on CDC SPHERES calls 

•Share Summary statistics, CCS BAMs and FASTA consensus

•Tracking individual mutations and viral lineages

•Aiding in CDC response and national action planning for containment of new variants
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Geographic Focused Surveillance
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Geographic Focused Surveillance
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Overview of Current CDC Sequencing Results

•Sampling from ~3,500 samples every week
-CDC Baseline Study
-Minimum of 10 per state

•~60% Full genomes, +~30% Lineage typed
-Results reported weekly on CDC SPHERES calls 

•Share Summary statistics, CCS BAMs and FASTA consensus

•Tracking individual mutations and viral lineages

•Aiding in CDC response and national action planning for containment of new variants
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Variants of Concern
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Variants of Concern – B.1.526 E484K
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A Change in the Clade Distribution?
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B.1.1.7 Cases Are Increasing, Total Cases Have Plateaued
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Pandemic Genomic Surveillance is Key to Our Response

•Labcorp has developed a nationwide process for collecting and sequencing positive 
SARS-CoV-2 samples

•Scalable to tens of thousands of samples per week

•Proven success in capturing novel variants

•Pacific Biosciences based amplicon process delivers high quality genomes and 
genotypes

•Labcorp and CDC have deposited over 30,000 sequences in GISAID since the 
beginning of January 2021
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