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Two years after the start of the COVID-19 pandemic, epidemiological,
virological, and immunological situations worldwide have considerably
changed. Most of world population is no longer immunologically naive
(either because of infection or vaccination), the SARS-CoV-2 lineage that
caused the initial pandemic wave is no longer circulating in humans, while
a number of variants of concern have over time become dominant (at the
time of writing the most prevalent being the Omicron BA.2 variant). The
scientific community has responded to this pandemic by generating an
unprecedented wealth of data that have clarified many aspects of the in-
teraction of SARS-CoV-2 with the human host; however, some of the re-
search questions that emerged at the beginning of the pandemic are still
relevant today.

The impact of innate and adaptive immune responses on viral control and
disease pathogenesis, the quality and specificity of antibodies and T
cells and their relative importance in protection from infection and disease,
and the mutational landscape underlying changes in transmissibility and
pathogenicity remain key aspects that need to be further investigated for
our society to adapt to this rapidly changing pathogen. Human studies
cannot be uncoupled from the generation or refinement of animal models
faithfully recapitulating the human disease.

This issue of Current Opinion of Virology is meant to shed some light on
some of these important questions.

In two articles dedicated to the role of innate immunity in the control of
SARS-CoV-2 infection and in the pathogenesis of COVID-19, Niklas
Bjorkstrom et al. [1] and Ivan Zanoni [2] elucidate the role of natural killer
(NK) and unconventional T cells, and of type-I and type-III interferons,
respectively.

Bjorkstrom and Ponzetta cover not only the antiviral activity of NK and
unconventional T cells (i.e. mucosal-associated invariant T cells [MAI'T
cells], ¥ T cells, invariant Natural Killer T cells (NK'T), and double-ne-
gative afy T cells) — likely enhanced by their propensity to localize at sites
of SARS-CoV-2 infection (upper and lower respiratory tract) — but also
nicely summarize the different experimental evidences showing an asso-
ciation between prolonged dysfunctional NK-cell activation in the lungs
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and severe COVID-19 [1]. In particular, an increased MAIT cell activation
has been suggested to contribute to severe COVID-19 [1]. The challenge
ahead is to understand and possibly fine-tune the balance between pro-
tective and pathologic involvement of these innate immune cells. Inter-
estingly, MAI'T cells were found to be a critical determinant of adenoviral-
based vaccine efficacy [3].

A similar dichotomy between protection and damage is also evident in
“Interfering with SARS-CoV-2: are interferons friends or foes in COVID-192” [2].
Here, Ivan Zanoni elucidates how SARS-CoV-2 triggers type-I and type-I11
interferon responses and how it can partially suppress this early innate
immune-defense mechanism. The authors also discuss how the prolonged
activation of such pathways might actually be detrimental in patients with
COVID-19. The development of novel therapeutic interventions based on
type-1 and/or type-III interferons requires a better understanding of the
complexity and specificity of the different members of the interferon fa-
mily, including timing [4], dosing, location, and cellular targets.

In the review entitled “Know your enemy and know yourself — the case of
SARS-CoV-2 host factors” [5], Yaw Shin Ooi and coworkers present a de-
tailed overview of the major stages of the SARS-CoV-2 infection cycle. The
steps necessary for attachment and entry into host cells, the mechanisms of
translation and RNA replication, followed by virus assembly and virion
secretion, are described in detail. This molecular information has been and
is being used for the rational design of host-directed antiviral drugs. The
authors also highlight how the practical difficulties of studying SARS-CoV-
2 in a Biosafety Level-3 (BSL-3) containment set off the rapid im-
plementation of surrogate infection systems, while the latter have the ad-
vantage of being handled in a Biosafety Level-2 (BSL-2) environment
accessible to most laboratories, they might not recapitulate the entire
natural SARS-CoV-2 replication cycle and thus should be interpreted with
caution.

The issue of using appropriate systems to study SARS-CoV-2 infection is
not only associated with iz vitro studies. In a paper entitled “Immune re-
sponse to human respiratory coronaviruses infection in mouse models”,
Jincun Zhao and coworkers discuss how mouse models can be the ideal tool
for studying the immunobiology and the pathogenesis of different human
respiratory coronaviruses [6]. They highlight the pros and cons of studying
coronavirus pathogenesis in mouse model and how the selection of the
appropriate mouse model should be based on the study objectives, since
differences in tropism and disease progression are observed in different
mouse models [6,7].

This Viral Immunology issue of Current Opinion of Virology could not be
complete without discussing some specific aspects of humoral and cellular
immunity to SARS-CoV-2. We invited Sophie A Valkenburg and coworkers
to discuss the role of antibodies that target nonstructural proteins [8]. Not
surprisingly, most studies on antibodies focused on characterizing the
neutralizing ability of antispike antibodies. However, antibodies can have
functions that go beyond virus neutralization, such as blocking interaction
of viral structures with host proteins, directing NK cells or macrophages
toward infected cells, or even promoting infection [9]. In the paper entitled
“Antibody landscapes of SARS-CoV-2 can reveal novel vaccine and diagnostic
targers” , the authors describe all these possibilities, focusing in particular on
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the role of antibodies against nonstructural accessory
proteins of SARS-CoV-2 in diagnosis and pathogenesis.

T'he large quantity of proteins produced by SARS-CoV-2
during its replication within hosts can elicit not only
antibodies but also broad T-cell immunity. Indeed, the
multispecificity of T cells toward distinct structural and
nonstructural proteins is a hallmark of the immune re-

sponse to SARS-CoV-2 [10]. Whether T cells re-

cognizing different epitopes have, however, similar
antiviral potential, is still a matter of discussion. Here,
T'ao Dong and colleagues discuss exactly the issue of T-
cell immunodominance in SARS-CoV-2 infection [11].
They review the mechanisms that regulate the proces-
sing and presentation of different viral epitopes within
infected cells and how immunodominance is established
in infected individuals. We are still quite a long way
from understanding such rules in SARS-CoV-2 infection,
but emerging data are starting to shed light on im-
munodominant T-cell epitopes and their relation to

mutations occurring in the circulating variants
concern.

of

Indeed, in the last paper of this collection, Lucy Van
Dorp et al. describe the unprecedented scale of the in-
ternational efforts to trace the sequence of SARS-CoV-2
genomes to define such variants [12]. Their article en-
titled “COVID-19, the first pandemic in the post genomic era”
recapitulating the effort to trace the virus, provides the
evidence demonstrating the ability of SARS-CoV-2 to
accumulate mutations that lead to more transmissible
lineages and hypothesizes that immune-escaping muta-
tions will eventually emerge and that SARS-CoV-2 will
become an endemic circulating pathogen. We need to
congratulate the authors for their perfect predictions,
and for hypothesizing that changes in virulence and the
progress of vaccination could reduce morbidity and
mortality to a fraction of that experienced during the
initial phase of the pandemic. The wish is also that their
comment about the gradual, not sudden, loss of vaccine-
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induced immunity against emerging SARS-CoV-2 var-
iants, will be correct.
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