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Disclosures

• Paid consultant on antiviral drugs for Sanofi

• Paid member of Steering Committee for Roche clinical trial, ongoing
CENTERSTONE: a global phase IIIb, randomised, double-blind, 
placebo-controlled clinical efficacy study of baloxavir marboxil for 
the reduction of direct transmission of influenza from otherwise 
healthy patients to household contacts 



Learning Objectives

• Distinguish between Variants of Concern and Variants of Interest

• Identify variant attributes that could affect diagnostic testing

• Summarize the latest data on variants and vaccine efficacy



A variant consumers survival guide

1. Terminology, some definitions

2. Key variants of concern

3. Diagnostics

4. Monoclonal antibodies

5. Vaccines



Terminology

• Mutation – an actual change in the nucleic acid or amino acid 
sequence (e.g. N501Y, E484K)

• Variant – two sequences that are different

• Lineage – a variant and its descendants (as in a phylogenetic tree)

• Strain – technically a variant that is phenotypically different, but 
basically a garbage term these days



Variants of concern…of interest…under investigation

outbreak.info/situation-reports



Variants and mutations of interest

outbreak.info/situation-reports

Variants
B.1.427/429 “California”
B.1.526/526.1/526.2 “New York”
B.1.617/617.1/617.3 “India”
P.2 “Brazil”

Mutations
E484K
L452R
N501Y
N501Y + E484K
S131I + L452R



Lineage B.1.1.7 (aka “the UK variant”)

• It arose as a long branch (immunocompromised host?)

• It spreads more rapidly, so is more difficult to contain 

• Does not appear to vary with age (early speculation)

• Newer data suggest that it may cause more severe disease

- Hard studies to do, lots of caveats



Lineage B.1.1.7 (aka “the UK variant”)

NERVETAG Report 12/31/2020



• It appears to spread rapidly

- Staying at low level in US thus far (can’t compete with B.1.1.7?)

• Concerns that it is less neutralizable by sera (vax, convalescent)

• E484K!

B.1.351 (aka “the South African Variant”)



P.1 (aka “the Brazilian Variant”)

• Explosive outbreaks in Manaus (reinfection?)

• Has spread fairly quickly

• Troika of mutations also in B.1351



B.1.617.2 (aka “the Indian variant”)

• Co-incident with surge in India

• Relative transmissibility is unclear

• L452R and P681R

• Other ones have E484Q



B.1.427 and B.1.429

Deng et al. medRxiv 2021



From nose to lineage

AGTCGCAGAGTGG…

AGTTGCAGAGTGG…

AGTTGCAGAGTGG…

AGTTGCAGAATGG…

AGTTGCAGAATGG…

Primary sample
200µl

Viral RNA 109 overlapping 400 bp
amplicons

Sequencing

Analysis –
1 additional day

column
or bead kits

rt then
multiplex PCR

library
prep

4 days sample
to data

7 days sample
to data

Demultiplex
to sample sequences

Mutation calls
Sample QC

Lineage call
B.1.1.7, B.1351…

Sequencing 



Validation by sequencing known mixtures

Wuhan-Hu-1 EPI_ISL_418227
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Quality control by sequencing defined templates



Many false positives with low input viral load
Quality control by sequencing defined templates



Non-sequence diagnostics

CDC.gov

ThermoFisher TaqPath
N, ORF1ab, S

“S gene target failure”



Other variants have SGTF (del 69-70)

Brito et al. and Larsen and Worobey, Virological.org



FDA Guidance



Newer primer/probe sets

IDT sets include:
Spike A570D, D80A, E484K, N501Y, S13I
W152C, L452R, 417T…N D3L



Importance of quality control

Research Gate, Menke



Key points in evaluating diagnostics

• Analytic sensitivity and specificity

- Discrimination between alternate alleles (delta Ct)

- Determine cut-off Ct, limit of detection

- Synthetic materials often more readily available, more quantitative

• High accuracy necessary when mutations/variants are rare

• Matching mutations to variants is important

Filkins et al. Clinical Chemistry 2021



Monoclonal antibodies

FDA EUA Fact Sheets
h/t Jason Pogue, Dan Kaul

Bamlanivimab

Bamlanivimab +
Etesevimab

Casirivimab +
Imdevimab



Surveillance informing empiric therapy

h/t Jason Pogue, Tejal Gandhi, Lindsay Petty
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What about vaccines?



Spike is the antigen

Wrapp et al. Science 2020



Vaccines – serological responses

Liu et al. NEJM 2021 (Pfizer)
Edara et al. Cell Host Microbe (Moderna)

See also Werner NEJM 2021 (Moderna)
Want Nature 2021 (Moderna/Pfizer)



Vaccines – serological responses

Shen et al. NEJM 2021



What serum titer is “protective”?

MacMahon et al. Nature 2020



Serology is only part of the story

A/HongKong/2014 ”cell” 1:160

A/HongKong/2014 “egg” 1:2560

A/Singapore/2016 “cell” 1:160

A/Singapore/2016 “egg” 1:5120



Vaccines – efficacy and effectiveness

Janssen, FDA filing

Pfizer, SIREN study,
Lancet

Novavax,
Press release

P.1* B.1.351

B.1.351

B.1.1.7

B.1.1.7

72% 68% 64%
(94.5% cases, variant)

89.3%
(post-hoc similar)

60.1% HIV neg
(93% cases, variant)

85%
(Dec-Feb)

* 69% cases P2, has E484K



Estimating variant-specific vaccine effectiveness



Thank You!

REUTERS/Kyle Grillot


