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Towards the end of 2020, a number of new severe acute
respiratory syndrome-related coronavirus 2 (SARS-CoV-2) variants
were detected through genomic surveillance programs in different
regions of the world. Three in particular have subsequently been
designated as key variants of concern (VOC) by the World Health
Organization due to multiple mutations in the spike glycoprotein,
some of which are common between the three VOCs. These are
501Y.V1 (PANGO lineage B.1.1.7) first detected in the United
Kingdom [1], 501Y.V2 (B.1.351) first detected in South Africa [2],
and 501Y.V3 (P.1) first detected in Japan but originating in Brazil
[3]. The concern with these variants related to the potential
biological significance of the constellation of mutations and the
association with changing SARS-CoV-2 epidemiology. All three
have spread around the world—as of the 16th of April 2021,
501Y.V1, 501Y.V2 and 501Y.V3 have been reported in 110, 70 and
36 countries respectively [4]. Since detection of these variants, the
scientific community has worked at speed to understand the
significance of these variants and their potential impact on the
pandemic. So where do we stand with our understanding, and
what are the key clinical and public health implications?

Evidence from a number of different analyses suggest an
increase in transmissibility of 501Y.V1 in the UK in the region of
40-80% [5,6]. Preliminary estimates from mathematical models
are consistent with similar increases in transmissibility for
501Y.V2 and 501Y.V3 [7,8]. The exact mechanism for the increased
transmissibility of 501Y.V1/B.1.1.7 is not yet clear, although
modelling has suggested this could be most likely attributable to
an increased risk of virus transmission per contact [6]. This may be
a consequence of the N501Y mutation in the spike receptor-
binding domain (RBD), common to all three VOCs, which enhances
the binding affinity of spike to the human angiotensin-converting
enzyme 2 (hACE2) receptor [9], but could also be linked to the
P681H mutation adjacent to the S1/S2 furin cleavage site
[10]. Some initial data suggested that infection with 501Y.V1
may be associated with higher viral load [11,12], but this has not
been a consistent finding across different analyses and early data
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may have been confounded by underlying epidemic dynamics
[13]. It could also be that the virus can more easily establish
infection upon exposure (with a lower infectious dose) but there
are no empirical data at present to support that. While we await
further research to identify the mechanism for the increased
transmissibility, it’s important to remember that the underlying
physics of SARS-CoV-2 transmission remain the same, and existing
transmission prevention measures remain appropriate.

The mechanism for the transmission advantage of 501Y.V2 and
501Y.V3 may be more complicated, as the evidence suggests that
both have the ability to evade neutralising antibodies (NAbs)
elicited by prior infection, primarily as a result of mutations in the
RBD at positions E484 and K417 and, particularly in the case of
501Y.V2, mutations in the N-terminal domain of spike [ 14-16]. Both
these variants emerged in locations that had high attack rates in the
first wave of the epidemic, which may have created the conditions
for the selection of these variants, and the capacity to cause re-
infection then may have contributed to the transmissibility of these
variants. Models have suggested that these two variants could
evade 20% or more of population immunity elicited by previously
circulating lineages [7,8]. However, determining the true extent of
re-infections has been difficult, particularly given the pressure that
public health systems have been under and the likely under-
detection of asymptomatic or mild infections. There was some
preliminary clinical data from South Africa, from the placebo arm of
a vaccine trial, that prior infection seemed to offer no protection
against re-infection (at a time when 501Y.V2 was the dominant
circulating variant) [17], but updated results suggest this may not
be so clear cut [18]. Better understanding of the rate of re-infection
with these variants and the clinical features of re-infection cases is
still required.

In terms of severity of disease, there is now consistent evidence
from the United Kingdom that 501Y.V1 is associated with an
increased risk of hospitalisation and death [19-22]. These studies
provide similar estimates that mortality may be increased by
around 60%. The evidence suggests that this increased risk is
consistent across age groups, and that there is no disproportionate
effect in any age group [20,21]. The evidence around severity
associated with 501Y.V2 and 501Y.V3 is still emerging and is less
clear cut. Understanding whether increased mortality is due to a
biological effect of the variant or related to the pressures on the
health system from the intensity of transmission is particularly
challenging. One analysis from South Africa estimated that
mortality in the second wave was around 20% higher than in
the first wave, even after adjusting for the intensity of admissions
and other factors, which could be consistent with an effect of
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501Y.V2 [23]. Modelling from Brazil suggests a 20-90% higher risk
of mortality following the emergence of P.1, but the direct effect of
the variant of mortality again cannot be distinguished from a
broader effect of a rapid increase in cases and health system
pressure [8].

What impact do these variants have on diagnostics, therapeu-
tics and vaccines? In terms of diagnostics, all of the three VOCs are
still detectable by polymerase chain reaction (PCR) assays and
rapid antigen tests. 501Y.V1 does cause S-gene target failure,
which affects one target of some PCR assays, but as all assays detect
multiple gene targets, this does not affect the performance of the
assay. The main impact on therapeutics is likely to be for
monoclonal antibodies (mAbs) and other immune-based therapies
such as convalescent plasma. 501Y.V2 and 501Y.V3 demonstrate
significant resistance to single antibodies such as casirivimab
(REGN10933) and bamlanivimab (LY-CoV555), although may still
be susceptible to mAb cocktails such as REGN-CoV2 [24]. Unders-
tanding the effect on vaccines has been complicated by different
trial designs, study populations, efficacy endpoints, and timing in
relation to the emergence of VOCs. There is evidence to suggest
that 501Y.V2 does affect the efficacy of certain vaccines [17,25],
although most of the evidence is around mild to moderate
symptomatic disease. There is reason to believe that protection
against severe diseases may be less attenuated, and preliminary
data from some vaccine trials to support this [18,26], but this
remains a key question for ongoing clinical trials and for
effectiveness analyses embedded in national roll-out programs.

As we surpass 3 million global deaths from COVID-19, the
emergence and spread of variants associated with increased
transmissibility, increased severity of disease and capacity for
immune evasion has provided additional challenges for the global
public health response. High levels of transmission in many parts
of the world and inequitable vaccine distribution will unfortuna-
tely heighten the risk of further virus evolution with unknown
consequences. The fundamentals of the public health response
have not changed—but we must act with increasing urgency and
global solidarity for that response to be effective.
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