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Clinical course and outcome of viral infections mostly depends on
the adequate orchestration of both innate and adaptive immune
response to the viral noxa. The loss of this balance emerged to be crit-
ical during SARS-CoV-2 infection, in which an unleashed cytokine
response (the so called “cytokine storm”) has been implicated as the
main cause of morbidity and mortality in COVID-19 cases [1]. There-
fore, disrupting the escalation of molecular events that lead to severe
COVID-19 is an urgent - and still unmet- medical need.

By interrogating over 45,000 transcriptomic datasets of viral
pandemics (SARS-CoV-1, MERS, swine flu, bird flu, influenza A/B,
Ebola, Zika, HIV, HCV), in this issue of EBioMedicine, Sahoo and
colleagues [2]| progressively shortlist candidate transcripts
involved in aberrant host immune response to viral infections,
describing an invariant 166-gene signature highly conserved
among respiratory viral pandemics (named Viral Pandemic, ViP
signature). Within the ViP signature, the authors further identify
a 20-gene subset associated with severe/fatal disease (severe-ViP
signature), eventually pointing out the IL15-IL15RA axis as the
major player in immune response derangement, triggering NK
cells exhaustion, senescence and apoptosis.

The ViP and severe ViP-signatures clearly unveil: (i) a paradigmatic
host response to infectious noxa, including viral, bacterial and fungal;
(ii) a paradigmatic host response derangement associated to a worse
clinical course and outcome, centered on IL15-IL15RA cytokine sys-
tem and its effects on NK cells, eventually providing a mechanistic
model of severe COVID-19 in which the prolonged exposure of NK
cells to a IL15-storm (originating in the lung) significantly hampers
their function, leading to an exhausted phenotype which facilitates
virus spread to other organs.

IL-15 is the most important cytokine for NK cell development, acti-
vation and function [3,4]. However, it has been shown that chronic
NKG2C receptor stimulation on adaptive NK cells in combination with
IL-15 exposure, leads to robust proliferation and functional cell
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exhaustion, supported by genome-wide changes in DNA methylation
that mimics T CD8+ cell molecular program of exhaustion [5].

In line with these findings, Liu and co-workers [6] identified time-
dependent cell-type-specific signatures associated with COVID-19
severity, represented by gene expression profiles of increased fatty
acid-metabolisms and attenuated inflammation in CD56%™CD16Msh
NK cells, reflecting an exhaustion-like state. Consistently with the
study by Sahoo et al. [2], this NK profile is positively correlated with
high circulating IL15 levels.

In COVID-19, NK cell function is therefore shaping as key element
in the switch from an effective to a harmful immune response, criti-
cally balancing the direct anti-viral responses— by Kkilling infected
cells — and the systemic inflammatory response [2]. Indeed, a grow-
ing body of evidence is supporting the concept that NK cells are
clearly at the crossroad of divergent immune responses leading to
distinct disease course and outcomes: when prolongedly exposed to
high levels of IL-15, NK cell gene expression profile, phenotype and
function shift toward an exhausted state, which in turn predicts
severe disease with potentially fatal outcome [6].

At this point one question still remains unanswered: if the host
gene expression signature (including IL15-driven NK cell exhaustion
derangement in severe/fatal cases) is highly-conserved not only
across different viral pandemics but also — and more in general —
across different infectious agents, how can we explain the unprece-
dented morbidity and mortality of COVID-19?

A possible hint may derive from moving our focus from the tran-
script to the gene. The COVID Human Genetic Effort (https://www.cov
idhge.com/) seeks to understand the genetic requirements for immune
control of SARS-CoV-2, in order to identify host genetic variants causal
for the severe COVID-19 phenotype [8]. The first results emerging from
this joint effort demonstrated that monogenic inborn errors of Type I
IFN immunity are associated with life-threatening COVID-19 pneumo-
nia. These inborn errors disrupt TLR3- and IRF7-dependent immune
response, leading to impaired Type I IFN production [9].

Indeed, INF and IFN-induced cytokines program immune cells to
mount responses that promote viral control. A type I-INF-rich inflam-
matory milieu is critical for IL15-driven NK cell activation and
function [10]. Therefore, we can envision a model of immunopatho-
genesis of severe COVID-19 in which a “overzealous” IL15 production
arising in a host genetic background of defective type I-INF produc-
tion, may lead to a NK-mediated derangement of the host immune
response, potentially resulting in fatal disease.

2352-3964/© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebiom.2021.103458&domain=pdf
https://www.covidhge.com/
https://www.covidhge.com/
http://dx.doi.org/10.1016/j.ebiom.2021.103390
mailto:marco.vitale@unipr.it
https://doi.org/10.1016/j.ebiom.2021.103458
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ebiom.2021.103458
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ebiom

2 E. Masselli and M. Vitale / EBioMedicine 69 (2021) 103458

Declaration of Competing Interest

The authors declare no conflict of interest

References

[1] LiuJ, Li S, Liu J, et al. Longitudinal characteristics of lymphocyte responses and
cytokine profiles in the peripheral blood of SARS-CoV-2 infected patients. EBio-
Medicine 2020;55:102763.

[2] Sahoo D, Katkar GD, Khandelwal S, et al. Al-guided discovery of the invariant host
response to viral pandemics. EBioMedicine; 2021. doi: 10.1016/j.ebiom.2021
.103390.

[3] Wang X, Zhao XY. Transcription Factors Associated With IL-15 Cytokine Signaling
During NK Cell Development. Front Immunol 2021;12:610789.

[4] Rodella L, Zamai L, Rezzani R, et al. Interleukin 2 and interleukin 15 differentially
predispose natural Killer cells to apoptosis mediated by endothelial and tumour
cells. Br ] Haematol 2001;115(2):442-50.

[5] Merino A, Zhang B, Dougherty P, et al. Chronic stimulation drives human NK cell
dysfunction and epigenetic reprograming. ] Clin Invest 2019;129(9):3770-85.

[6] Liu C, Martins AJ, Lau WW, et al. Time-resolved systems immunology reveals a
late juncture linked to fatal COVID-19. Cell 2021;184(7):1836-57 e22.

[7] Masselli E, Vaccarezza M, Carubbi C, et al. NK cells: A double edge sword against
SARS-CoV-2. Adv Biol Regul 2020;77:100737.

[8] Casanova JL, Su HC, Effort CHG. A Global Effort to Define the Human Genetics of
Protective Immunity to SARS-CoV-2 Infection. Cell 2020;181(6):1194-9.

[9] Zhang Q, Bastard P, Bolze A, et al. Life-Threatening COVID-19: Defective Interfer-
ons Unleash Excessive Inflammation. Med (N Y) 2020;1(1):14-20.

[10] Baranek T, Manh TP, Alexandre Y, et al. Differential responses of immune cells to
type l interferon contribute to host resistance to viral infection. Cell Host Microbe
2012;12(4):571-84.


http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0001
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0001
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0001
https://doi.org/10.1016/j.ebiom.2021<?A3B2 re3j?>.103390
https://doi.org/10.1016/j.ebiom.2021<?A3B2 re3j?>.103390
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0003
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0003
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0004
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0004
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0004
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0005
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0005
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0006
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0006
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0007
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0007
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0008
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0008
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0009
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0009
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0010
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0010
http://refhub.elsevier.com/S2352-3964(21)00251-6/sbref0010

	NK cells on the ViP stage of COVID-19
	Declaration of Competing Interest
	References


