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SARS-CoV-2 Viral Variants—Tackling a Moving Target
John R. Mascola, MD; Barney S. Graham, MD, PhD; Anthony S. Fauci, MD

In this issue of JAMA , Zhang and colleagues 1 report the
emergence of a novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) variant in Southern California
that accounted for 44% (37 of 85) of samples collected and
studied in January 2021.
The terminology of viral varRelated article
iation can be confusing because the media and even scientific communications often
use the terms variant, strain, and lineage interchangeably.
The terminology reflects the basic replication biology of RNA
viruses that results in the introduction of mutations throughout the viral genome. When specific mutations, or sets of mutations, are selected through numerous rounds of viral replication, a new variant can emerge. If the sequence variation
produces a virus with distinctly different phenotypic characteristics, the variant is co-termed a strain. When through genetic sequencing and phylogenetic analysis a new variant
is detected as a distinct branch on a phylogenetic tree, a new
lineage is born.
New variants become predominant through a process of
evolutionary selection that is not well understood. Once identified, several questions arise regarding the potential clinical
consequences of a new variant: Is it more readily transmitted; is it more virulent or pathogenic; and can it evade immunity induced by vaccination or prior infection? For these reasons, new viral variants are studied, leading to the terms variant
under investigation or variant of concern.
To communicate effectively about new SARS-CoV-2 variants, a common nomenclature is needed, which like the
virus, is evolving. Fortunately, the World Health Organization (WHO) is working on a systematic nomenclature that
does not require a geographic reference, since viral variants
can spread rapidly and globally. Currently, the terminology
is overlapping, as reflected in the report by Zhang et al.1 This
new variant (CAL.20C) is termed lineage 20C/S:452R in
Nextstrain nomenclature,2 referring to the parent clade 20C
and spike alteration 452R. Similarly, using a distinct PANGO
nomenclature,3 this variant derives from lineage B (B.1.429
and B.1.427). While alterations in any viral genes can have
implications for pathogenesis, those arising in the spike protein that mediates viral entry into host cells and is a key target of vaccines and monoclonal antibodies are of particular
interest. The new variant, identified in California and
termed 20C/S:452R, has 3 amino acid changes in the spike
protein, represented using the single-letter amino acid
nomenclature: S13I, W152C, and L452R. To interpret this
new set of alterations, it is useful to review what is known
about recent variants that have become predominant in
other regions of the world.
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During the early phase of the SARS-CoV-2 pandemic, there
were only modest levels of genetic evolution; however, more
recent information indicates that even a single amino acid substitution can have biological implications. Starting in April
2020, the original SARS-CoV-2 strain was replaced in many regions of the world by a variant called D614G, which was subsequently shown to increase the efficiency of viral replication in humans and was more transmissible in animal
models.4-6 The D614G strain appears to position its receptor
binding domain to interact more efficiently with the ACE2 receptor, and it is associated with higher nasopharyngeal viral
RNA loads, which may explain its rise to dominance.
In October 2020, sequencing analysis in the UK detected
an emerging variant, later termed B.1.1.7 or 20I/501Y.V1, which
is now present and rapidly spreading in many countries.7 B.1.1.7
contains 8 mutations in the spike protein and maintains the
D614G mutation. One of these, N501Y, appears to further increase the spike protein interaction with the ACE2 receptor.
Epidemiological studies indicate that the B.1.1.7/20I/501Y.V1
strain is 30% to 80% more effectively transmitted and results
in higher nasopharyngeal viral loads than the wild-type strain
of SARS-CoV. Also of concern are retrospective observational
studies suggesting an approximately 30% increased risk of
death associated with this variant.8
Another notable variant, 20H/501Y.V2 or B.1.351, was first
identified is South Africa, where it has rapidly become the predominant strain.9 Cases attributed to this strain have been detected in multiple countries outside of South Africa, including recent cases in the US. B.1.351 shares the D614G and N501Y
mutations with B.1.1.1.7; thus, it is thought to also have a high
potential for transmission. There are no data yet to suggest an
increased risk of death due to this variant. Importantly, this
constellation of mutations—9 total in the spike protein—add
yet another dimension of concern. B.1.351 strains are less effectively neutralized by convalescent plasma from patients
with coronavirus disease 2019 (COVID-19) and by sera from
those vaccinated with several vaccines in development.10-12
The decrement in neutralization can be more than 10-fold with
convalescent plasma and averages 5- to 6-fold less with sera
from vaccinated individuals. Fortunately, neutralization titers induced by vaccination are high, and even with a 6-fold
decrease, serum can still effectively neutralize the virus.
Nonetheless, these data are concerning because they indicate that viral variation can result in antigenic changes that alter antibody-mediated immunity. This is highlighted by in vitro
studies showing the B.1.351 strain to be partially or fully resistant to neutralization by certain monoclonal antibodies, including some authorized for therapeutic use in the US.12 The prevalent strains in the US appear to remain sensitive to therapeutic
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monoclonal antibodies; however, recent evolutionary history
raises the concern that the virus could be only a few mutations
away from more substantive resistance.
COVID-19 vaccine development has been an extraordinary success; however, it is unclear how effective these vaccines will be against the new variants. The interim data from
2 randomized placebo-controlled vaccine studies, the rAd26
from Janssen and a recombinant protein from Novavax, offer
some insight. The Janssen study included sites in the US,
Brazil, and South Africa with efficacy against COVID-19 at
72%, 66%, and 57%, respectively.13 Novavax reported efficacy from studies in the UK and South Africa with overall
efficacy of 89% and 60%, respectively.14 Viral sequence data
from infected patients showed that the B.1.351 strain was
responsible for the majority of infections in South Africa.
Lower vaccine efficacy in the South Africa cohort could be
related to antigenic variation or to geographic or population
differences. Despite the reduced efficacy, the rAd26 vaccine
was 85% effective overall in preventing severe COVID-19, and
protection was similar in all regions.
These data suggest that current vaccines could retain the
ability to prevent hospitalizations and deaths, even in the face
of decreased overall efficacy due to antigenic variation. It is
unclear whether changes in vaccine composition will be needed
to effectively control the COVID-19 pandemic; however, it is
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prudent to be prepared. Some companies have indicated plans
to manufacture and test vaccines based on emerging variants, and such studies will provide important information on
the potential to broaden the immune response.
The recognition of a novel emergent variant, 20C/S:
452R, in the most populous US state necessitates further
investigation for implications of enhanced transmission.
In particular, the L452R mutation in the spike protein could
affect the binding of certain therapeutic monoclonal antibodies. The emergence of this and other new variants is
likely to be a common occurrence until the spread of this
virus is reduced. This emphasizes the importance of a global
approach to surveillance, tracking, and vaccine deployment.
The approach should be systematic and include in vitro
assessment of sensitivity to neutralization by monoclonal
antibodies and vaccinee sera, vaccine protection of animals
against challenge with new strains, and field data defining
viral sequences from breakthrough infections in vaccinees.
The infrastructure and process used for tracking and updating influenza vaccines could be used to inform that process.
Finally, SARS-CoV-2 will be with the global population
for some time and has clearly shown its tendency toward
rapid antigenic variation, providing a “wake-up call” that
a sustained effort to develop a pan-SARS-CoV-2 vaccine
is warranted.
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