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Assessing the human immune response to
SARS-CoV-2 variants

To the Editor—After a successful spillover,
a virus would greatly benefit from better
adaptation to the new host. This may be the
case for SARS-CoV-2, which only recently
became a human virus. After nearly a year in
tens of millions of human hosts, important
variants of SARS-CoV-2 that are more fit
have emerged, and in some places have
already become the dominant strain’, as

an evolutionary advantage is provided to
the virus by the combined action of poor
accuracy of its RNA genome replication and
Darwinian selection of the mutations.

In the first period after a spillover,
when the number of recovered (and thus
immune) people is negligible, the major
advantage is achieved by strains that are
being transmitted more efficiently, as has
already been demonstrated for at least two
SARS-CoV-2 variants"’. Subsequently, when
the infection spreads and the number of
immune people increases, the virus also
benefits from evading naturally induced
immunity and thus gaining the chance of
infecting the same patient twice (or more
times). These variants are of concern in
the context of vaccination efficacy, as the
virus—dodging natural immunity—can
also evade some of the vaccine-induced
immunity. Eventually, when the majority of
the susceptible population is vaccinated with
effective vaccines, the variant better suited
for survival in the new host will be one that
has the ability to evade the vaccine-induced
immunity. This would be a major problem,
as such a variant could decrease, and even
abolish, the beneficial effects of a broad
immunization program.

However, the emergence of a variant that
is able to escape vaccine-induced immunity
may not necessarily occur. First, not all
viruses are equally able to evade the immune
response of the host. In order to achieve this
goal, the virus must have evolved regions
that are required to be very immunogenic
and also easily modifiable without loss of
viral fitness’. Many RNA viruses, despite
their great potential variability, have been
unsuccessful in escaping vaccine immunity,
as they were unable to generate a mutant
fit to both replicate and escape from the
vaccine-induced immune response (e.g.,
measles, rubella and many others)*’. In
such examples, the vaccines retain their full
activity decades after their introduction into
the population. On the other hand, some
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viruses are better equipped for evading
vaccine- or disease-induced immunity, as
they have evolved immunogenic regions
that can be easily mutated without loss

of viral replication capacity. As a result,
these pathogens can successfully evade the
host’s immune response. This is the case

for influenza A, in which the ‘head’ of its
hemagglutinin protein is immunodominant
and even a small number of mutations

can allow the virus to evade pre-existing
immunity (induced by previous infection or
vaccination) without any loss of fitness®.

Therefore, even if SARS-CoV-2 were able
to generate a variant that escapes vaccine
immunity, it should not be taken for granted
that this variant would be able to replicate
with a fitness similar to that of the initial
viral variant from which it was generated.
Human immunodeficiency virus (HIV) is
the champion of ‘variation without loss of
fitness™, but this is true only for the regions
of the virus that have evolved to escape
the immune response. When selective
pressure against HIV is imposed on reverse
transcriptase or on viral protease through
the use of antiviral drugs, the virus is able
to generate a drug-resistant mutant, but at a
price of a reduced replication capacity that
results—in appropriately treated patients—
in improvement of the clinical outcome as
well as a reduction in viral transmission’.
SARS-CoV-2 variants able to escape
vaccine-induced immunity could replicate
less, with a possible reduction in virulence
and therefore in disease severity.

However, we cannot rule out the
possibility that a SARS-CoV-2 mutant
will escape vaccine immunity and retain
its fitness and pathogenicity. This is the
reason that genomic surveillance of the
new variants is crucial and will be even
more important once a large part of the
population is vaccinated.

Although genomic surveillance has
provided evidence that supports the
hypothesis that particular mutations
increase transmission or inhibit the immune
response, study of a virus with engineered
point mutations is not optimal. It has been
shown that gene-gene interactions are
critical to a change in the phenotype of the
virus, so study of the variant itself is the best
way to determine its immune response®.

Understandably, researchers should be
able to quickly and efficiently detect escape

variants; this can be done in an initial
phase by sequencing, but once a variant is
identified as being ‘of concern;, a PCR-based
assay should be quickly designed, developed,
validated and made available worldwide

for more-efficient real-time tracking of

the spread of the variant itself. Beyond

this critical step, efforts should be made

to isolate such variants in cell-culture
settings, particularly when these variants
are infecting vaccinated people. Isolates of
viral variants will thus allow evaluation of
whether these can be neutralized by serum
derived from a vaccinated population. Such
screening would be necessary for immediate
assessment of whether the infection of a
vaccinated patient is due to failure of the
antiviral immune response in the host or
failure of the vaccination-induced immune
response due to an escape variant. For this
purpose, the pseudovirus model is quick
and convenient, but a plaque-reduction
neutralization assay of ‘street isolates’ is still
the gold standard that should be used in
such a critical situation®. Furthermore, data
provided by the neutralization assay would
also provide preliminary information of
paramount importance about the in vitro
replication of the mutant strain. For this
purpose, a large panel of serum samples
from vaccinated people representing
different populations (different age, sex,
etc.) should be readily available to various
reference laboratories for quick and precise
evaluation of the neutralizing capacity of
the vaccine-induced immune response to
the new isolate. In addition, where possible,
more in-depth T cell immunity assessments
should be included in the analysis.

In taking the data thus collected into
account, it should be remembered that
lack of neutralization does not necessarily
mean lack of protection from disease. Even
a minimal amount of antibodies could
provide protection from infection in some
instances, and the incubation time of
COVID-19 gives the immune system the
time that is needed for an immunity boost
that cannot be evaluated for its protective
efficacy in vitro’. In fact, for some diseases
(e.g., rubella), reinfection can occur but
may not be clinically important if it is not
accompanied by symptoms, does not make
the patient infectious and only results
in an immunity boost that is beneficial
to the patient’. Furthermore, for many
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respiratory viruses that cause diseases
that do not provide lifetime immunity
after recovery (e.g., RSV, parainfluenza
viruses and others), reinfections are less
severe (and less infectious) than the initial
disease from the first encounter with the
virus'®'". All these observations support
the proposal of careful clinical observation
of the disease that may eventually affect
vaccinated patients, including monitoring
selected at-risk people for asymptomatic
infection and infectivity. Ultimately, the
most information about immune escape
is learned in the clinic, when there is a
variant-specific drop-off of efficacy, along
with a propensity for reinfection as a
function of particular variants. The in vitro
assays are expected to correlate with the
clinical findings, as surrogate metrics to
indicate what will be expected to manifest
in patients.

Finally, should SARS-CoV-2 be able to
perfectly escape vaccine-induced immunity,
rapid modification of mRNA vaccines could

provide an immunity boost likely to provide
protection against the new viral strains as
well. However, it is important to be aware
of the existence of and the sequence of such
variants in the shortest possible time frame
in order to mitigate risk and control the
consequences.

The Italian word for concern is
‘preoccupazione’, which comes from
‘occupazione’ (‘take care’) and ‘pre’ (‘in
advance’). Simply put, this is what needs
to be done. Concern about SARS-CoV-2
variants should not cause panic but instead
should prompt efforts to ensure that all
the necessary steps for mitigating variant
impact are taken in advance through
the development of tools that detect and
characterize these new strains in a timely
and standard manner. a
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