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SUMMARY

Infectious diseases prevalentin humans and animals are caused by pathogens that once emerged from other
animal hosts. In addition to these established infections, new infectious diseases periodically emerge. In
extreme cases they may cause pandemics such as COVID-19; in other cases, dead-end infections or smaller
epidemics result. Established diseases may also re-emerge, for example by extending geographically or by
becoming more transmissible or more pathogenic. Disease emergence reflects dynamic balances and imbal-
ances, within complex globally distnbuted ecosystems comprising humans, animals, pathogens, and the
environment. Understanding these variables is a necessary step in controlling future devastating disease
emergences.

Table 1. Emerging Infectious Diseases in History

Year Name Deaths Comments

430 BCE “Plague of Athens” ~100,000 First identified trans-regional pandemic

541 Justinian plague (Yersinia pestis) 30-50 million Pandemic; killed half of world population

1340s “Black Death” (Yersinia pestis) ~50 million Pandemic; killed at least a quarter of world population
1494 Syphilis (Treponema pallidum) >50,000 Pandemic brought to Europe from the Americas

c. 1500 Tuberculosis High millions Ancient disease; became pandemic in Middle Ages
1520 Hueyzahuatl (Variola major) 3.5 million Pandemic brought to New World by Europeans
1793-1798 “The American plague” ~25,000 Yellow fever terrorized colonial America

1832 2nd cholera pandemic (Paris) 18,402 Spread from India to Europe/Western Hemisphere
1918 “Spanish” influenza ~50 million Led to additional pandemics in 1957, 1968, 2009
1976-2020 Ebola 15,258 First recognized in 1976; 29 regional epidemics to 2020
1981 Acute hemorrhagic conjunctivitis rare deaths First recognized in 1969; pandemic in 1981

1981 HIV/AIDS ~37 million First recognized 1981; ongoing pandemic

2002 SARS 813 Near-pandemic

2009 H1N1 “swine flu” 284,000 5th influenza pandemic of century

2014 Chikungunya uncommon Pandemic, mosquito-borne

2015 Zika ~1,0007" Pandemic, mosquito-borne

Selected important emerging and re-emerging infectious diseases of the past and present, 430 BCE-2020 CE. Mortality estimates are in most cases

imprecise; see text.

"Zika mortality has not been fully established. Most deaths are fetal or related to outcomes of severe congenital infections.
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24 October 2023: 771.679.618 confirmed cases, including
6.977.023 deaths, and a total of 13.534.457.273 vaccine doses
administered.
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FIGURE 1 | Phylogenetic tree of coronaviruses (CoVs) based on the nucleotide sequences of RNA dependent RNA polymerase (RdRp). The Tree, with 1,000

bootstrap values, was constructed by the maximum likelihood method using MEGA 6. The four main phylogenetic clusters correspond to genera alpha-CoV,
beta-CoV, gamma-CoV, and delta-CoV. Each CoV genus contains different subgenera. The letters in blue indicate human CoVs.
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(breve) descrizione dei CoV umani
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Coronavirus disease 2019 (COVID-19).
Up to 20th Feb, >2100 deaths

Severe acute respiratory
mortality rate 9%

Middle East respiratory syn
mortality rate >30%

rome(SARS),
Carlo Urbani

Upper and lower respiratory tract disease

Common cold

Common cold

Common cold




@ © 2015 Nature America, Inc. All rights reserved.

LETTERS

namre., .,
medicine

A SARS-like cluster of circulating bat coronaviruses
shows potential for human emergence

Vineet D Menachery!, Boyd L Yount Jr!, Kari Debbink'2, Sudhakar Agnihothram?, Lisa E Gralinski®,
Jessica A Plante!, Rachel L Graham!, Trevor Scobey!, Xing-Yi Ge*, Eric F Donaldson!, Scott H Randell>S,
Antonio Lanzavecchia’, Wayne A Marasco®9, Zhengli-Li Shi* & Ralph S Baricl,2

The emergence of severe acute respiratory syndrome
coronavirus (SARS-CoV) and Middle East respiratory

syndrome (MERS)-CoV underscores the threat of cross-species
transmission events leading to outbreaks in humans. Here we
examine the disease potential of a SARS-like virus, SHC014-
CoV, which is currently circulating in Chinese horseshoe bat
populations!. Using the SARS-CoV reverse genetics system2,
we generated and characterized a chimeric virus expressing
the spike of bat coronavirus SHCO014 in a mouse-adapted
SARS-CoV backbone. The results indicate that group 2b
viruses encoding the SHC014 spike in a wild-type backbone
can efficiently use multiple orthologs of the SARS receptor
human angiotensin converting enzyme Il (ACE2), replicate
efficiently in primary human airway cells and achieve in vitro
titers equivalent to epidemic strains of SARS-CoV. Additionally,
in vivo experiments demonstrate replication of the chimeric
virus in mouse lung with notable pathogenesis. Evaluation of
available SARS-based immune-therapeutic and prophylactic
modalities revealed poor efficacy; both monoclonal antibody
and vaccine approaches failed to neutralize and protect from
infection with CoVs using the novel spike protein. On the basis
of these findings, we synthetically re-derived an infectious
full-length SHC014 recombinant virus and demonstrate robust
viral replication both in vitro and in vive. Our work suggests a
potential risk of SARS-CoV re-emergence from viruses currently
circulating in bat populations.

The emergence of SARS-CoV heralded a new era in the cross-species
transmission of severe respiratory illness with globalization leading to
rapid spread around the world and massive economic impact*. Since
then, several strains—including influenza A strains HSN1, HIN1 and
H7N9 and MERS-CoV—have emerged from animal populations,
causing considerable disease, mortality and economic hardship for

the afflicted regions®. Although public health measures were able to
stop the SARS-CoV outbreak?, recent metagenomics studies have
identified sequences of closely related SARS-like viruses circulating
in Chinese bat populations that may pose a future threat!-6. However,
sequence data alone provides minimal insights to identify and prepare
for future prepandemic viruses. Therefore, to examine the emergence
potential (that is, the potential to infect humans) of circulating bat
CoVs, we built a chimeric virus encoding a novel, zoonotic CoV spike
protein—from the RsSHC014-CoV sequence that was isolated from
Chinese horseshoe bats! —in the context of the SARS-CoV mouse-
adapted backbone. The hybrid virus allowed us to evaluate the ability
of the novel spike protein to cause disease independently of other
necessary adaptive mutations in its natural backbone. Using this
approach, we characterized CoV infection mediated by the SHC014
spike protein in primary human airway cells and in vivo, and tested
the efficacy of available immune therapeutics against SHC014-CoV.
Together, the strategy translates metagenomics data to help predict
and prepare for future emergent viruses.

The sequences of SHC014 and the related RsWIV1-CoV show that
these CoVs are the closest relatives to the epidemic SARS-CoV strains
(Fig. 1a,b); however, there are important differences in the 14 resi-
dues that bind human ACE2, the receptor for SARS-CoV, including
the five that are critical for host range: Y442, L472, N479, T487 and
Y491 (ref. 7). In WIV1, three of these residues vary from the epidemic
SARS-CoV Urbani strain, but they were not expected to alter binding
to ACE2 (Supplementary Fig. 1a,b and Supplementary Table 1).
This fact is confirmed by both pseudotyping experiments that meas-
ured the ability of lentiviruses encoding WIV1 spike proteins to enter
cells expressing human ACE2 (Supplementary Fig. 1) and by in vitro
replication assays of WIV1-CoV (ref. 1). In contrast, 7 of 14 ACE2-
interaction residues in SHC014 are different from those in SARS-CoV,
including all five residues critical for host range (Supplementary
Fig. 1c and Supplementary Table 1). These changes, coupled with

1Department of Epidemiology, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA. ZDepartment of Microbiology and Immunology, University
of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA. *National Center for Toxicological Research, Food and Drug Administration, Jefferson, Arkansas,
USA. 4Key Laboratory of Special Pathogens and Biosafety, Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan, China. Department of Cell Biology and
Physiology, University of North Caralina at Chapel Hill, Chapel Hill, Morth Carolina, USA. SCystic Fibrosis Center, Marsico Lung Institute, University of North Carolina
at Chapel Hill, Chapel Hill, North Carolina, USA. “Institute for Research in Biomedicine, Bellinzona Institute of Microbiclogy, Zurich, Switzerland. ®Department of
Cancer Immunology and AIDS, Dana-Farber Cancer Institute, Harvard Medical School, Boston, Massachusetts, USA. 2Department of Medicine, Harvard Medical
School, Bosion, Massachusetts, USA. Correspondence should be addressed to R.5.B. (rbaric@email.unc.edu) or V.D.M. {vineet@email.unc.edu).
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A pneumoniaoutbreak associated witha
new coronavirus of probablebat origin
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Since the outbreak of severe acute respiratory syndrome (SARS) 18 years ago, alarge
number of SARS-related coronaviruses (SARSr-CoVs) have been discoveredin their
natural reservoir host, bats'™. Previous studies have shown that some bat SARSr-CoVs
have the potential toinfect humans®”. Here we report the identification and
characterization of anew coronavirus (2019-nCoV), which caused an epidemic of
acuterespiratory syndrome in humans in Wuhan, China. The epidemic, which started
on12December 2019, had caused 2,794 laboratory-confirmed infections including 80
deaths by 26 January 2020. Full-length genome sequences were obtained from five
patients atan early stage of the outbreak. The sequences are almost identical and
share79.6% sequence identity to SARS-CoV. Furthermore, we show that 2019-nCoV is
96% identical at the whole-genome level to abat coronavirus. Pairwise protein
sequence analysis of seven conserved non-structural proteins domains show that this
virus belongs to the species of SARSr-CoV. In addition, 2019-nCoV virusisolated from
the bronchoalveolar lavage fluid of a critically ill patient could be neutralized by sera
from several patients. Notably, we confirmed that 2019-nCoV uses the same cell entry
receptor—angiotensin converting enzyme Il (ACE2)—as SARS-CoV.
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SARS-CoV-2
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MERS-CoV
* ~29.9 kilobase positive-sense RNA genome that contains as many as 29 ORFs. SARS-CoV

* Though the exact number of functional proteins remains to be established, there are at least: SARS-CoV-2
v’ 16 nonstructural proteins (nsp),

v’ 4 structural proteins, (S, E, M, N)
v’ at least 6-7 accessory proteins

Based on previous work with SARS-CoV and other CoVs, scientists have quickly identified functions for the majority of these factors, though the work is still ongoing.
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Putative functions of SARS-CoV-2 proteins

Functions

Spike full-length (~1273 a.a. in SARS-CoV-2) protein precursor is cleaved into glycosylated subunits, S1 and S2 (S2’). S1 binds to the host’s receptor, ACE2, while S2 mediates viral and host membrane fusion.

Nucleocapsid (~419 a.a. in SARS-CoV-2) binds viral genomic RNA and forms a helical ribonucleocapsid. Involved in genome protection, viral RNA replication, virion assembly, and immune evasion. Interacts with M and nsp3 proteins.

Membrane/matrix protein (~222 a.a. in SARS-CoV-2) is the most abundant structural component of the virion, and very conserved. Mediates assembly and budding of viral particles through recruitment of other structural proteins to “ER-Golgi-
intermediate compartment (ERGIC)”. Interaction with N for RNA packaging into virion. Interacts with accessory proteins 3a and 7a. Mitigation of immune response?

Envelope small membrane protein (~75 a.a. in SARS-CoV-2) is a single-pass type |l membrane protein involved in viral assembly, budding, and pathogenesis. Localizes to ERGIC. Forms a homopentameric ion channel and is a viroporin. Interacts
with M, N, 3a, and 7a.

Nonstructural protein 1 (nsp1; ~180 a.a. in SARS-CoV-2) likely inhibits host translation by interacting with 40S ribosomal subunit, leading to host mRNA degradation through cleavage near their 5’UTRs. Promotes viral gene expression and
immunoevasion in part by interfering with interferon-mediated signaling.

nsp2 (~638 a.a. in SARS-CoV-2) interacts with host factors prohibitin 1 and prohibitin 2, which are involved in many cellular processes including mitochondrial biogenesis. It appears that nsp2 may change the intracellular milieu and perturb host
intracellular signaling.

nsp3 (¥1945 a.a. in SARS-CoV-2) is a papain-like protease (PLpro) and multi-pass membrane protein that processes the viral polyprotein to release nsp1, nsp2, and nsp3. It also exhibits deubiquitinating and delSGylating activities. Interacts with
nsp4 and nsp6.

nsp4 (~500 a.a. in SARS-CoV-2) is required for viral replication by inducing (with nsp3) assembly of, and localizing to, double-membrane cytoplasmic vesicles. Multi-pass membrane protein.

nsp5 (3CLpro; ~306 a.a. in SARS-CoV-2) cleaves at 11 sites in the polyprotein to release nsp4-nsp16. It is also responsible for nsp maturation.
nsp6 (~290 a.a. in SARS-CoV-2) is a multi-pass membrane protein that induces double-membrane vesicles in infected cells with nsp 3 and nsp4. It also limits autophagosome expansion and interferes with autophagosome delivery of viral factors to
lysosomes for destruction.

nsp7 (~83 a.a. in SARS-CoV-2) forms a hexadecamer with nsp8 as a cofactor for the RNA-dependent RNA polymerase nsp12. May have processivity or RNA primase function.

nsp8 (~198 a.a. in SARS-CoV-2) forms a hexadecamer with nsp7 as a cofactor for the RNA-dependent RNA polymerase nsp12. May have processivity or RNA primase function. Mutation of certain residues in nsp8 is lethal to SARS-CoV by impacting
RNA synthesis.
nsp9 (~113 a.a. in SARS-CoV-2) functions in viral replication as a dimeric ssRNA-binding protein.

nsp10 (~139 a.a. in SARS-CoV-2) forms a dodecamer and interacts with both nsp14 and nsp16 to stimulate their respective 3’-5’ exoribonuclease and 2’-O-methyltransferase activities in the formation of the viral mRNA capping machinery.

nspl1l (~13-23 a.a., depending on the CoV species) is a ppla cleavage product at the nsp10/11 boundary. For pplab, it is a frameshift product that becomes the N-terminal of nsp12. Its function, if any, is unknown.

nsp12 (~932 a.a. in SARS-CoV-2) is the RNA-dependent RNA polymerase (RdRp) performing both replication and transcription of the viral genome. It has >95% identity to the SARS-CoV polymerase and is inhibited by the nucleoside analogue
Remdesivir.

nsp13 (~601 a.a. in SARS-CoV-2) is a multifunctional superfamily 1 helicase capable of using both dsDNA and dsRNA as substrates with 5’-3’ polarity. In addition to working with nsp12 in viral genome replication, it is also involved in viral mMRNA
capping. It associates with nucleoprotein in membranous complexes.

nspl4 (~527 a.a. in SARS-CoV-2) has both 3’-5’" exoribonuclease (proofreading during RNA replication) and N7-guanine methyltransferase (viral mRNA capping) activities. Interacts with nsp10.
nspl5 (~346 a.a. in SARS-CoV-2) is an endoribonuclease that favors cleavage of RNA at the 3’-ends of uridylates. Loss of nsp15 affects both viral replication and pathogenesis. It is also required for evasion of host cell dsRNA sensors.

nspl6 (~298 a.a. in SARS-CoV-2) interacts with and is activated by nsp10. Its 2’-O-methyltransferase activity is essential for viral MRNA capping. It may also work against host cell antiviral sensors.

ORF3a (~275 a.a. in SARS-CoV-2) is a multi-pass membrane protein that forms a homotetrameric viroporin in SARS-CoV. It interacts with accessory protein 7a, M, S and E. May be involved in viral release. Importantly, it also activates both NF-kB
and NLRP3 inflammasome and contributes to the generation of cytokine storm.

ORF6 (~61 a.a. in SARS-CoV-2) appears to be a virulence factor in SARS-CoV. It was shown to be an antagonist of type | interferons (IFNs) and is involved in viral escape from the host innate immune system.

ORF7a(~121a.a. in SARS-CoV-2) is a type | membrane protein that interacts with bone marrow stromal antigen 2 (BST-2) in SARS-CoV. BST-2 tethers virions to the host’s plasma membrane. ORF7a binding inhibits BST-2 glycosylation and interferes
with this restriction activity. ORF7a also interacts with S, M, E, and ORF3a in SARS-CoV.

ORF7b (~43 a.a. in SARS-CoV-2) is a type Il integral transmembrane protein in the Golgi apparatus. In SARS-CoV, it appears to be a viral attenuation factor.

ORF8 (~121 a.a. in SARS-CoV-2) has only 30% identity to the intact ORF8 of SARS-CoV and might be a luminal ER membrane-associated protein. It may trigger ATF6 activation and affect the unfolded protein response (UPR).

ORF9b (~97 a.a. in SARS-CoV-2) is coded for in an alternative ORF within the N gene. No function is known, though the SARS-CoV protein interacts with nsp5, nsp14, and ORF6. There is limited evidence it may bind to lipids.

ORF10 (~38 a.a. in SARS-CoV-2) has no known function but might have a regulatory role involving interaction with another factor(s).



Confronto tra I'organizzazione genomica di SARS-CoV-2, SARS-CoV e MERS-CoV
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Cell Host & Microbe

A Sequence Homology and Bioinformatic Approach
Can Predict Candidate Targets for Inmune
Responses to SARS-CoV-2

Grifoni et al., 2020, Cell Host & Microbe 27, 1-10
April 8, 2020 © 2020 Published by Elsevier Inc.
https://doi.org/10.1016/j.chom.2020.03.002

Confronto tra le sequenze genomiche di SARS-CoV-2, Bat-CoV, SARS-CoV e MERS-CoV

SARS-CoV-2 orf1ab S

Bat-SL-CoV 95% 80% -
SARS-CoV 86% 76% -
MERS-CoV 50% 35% -




Human Coronavirus Antigens

CoV Antigens

Description

Receptor binding and membrane fusion
Target for antiviral treatment and vaccines

Genome replication and cell signaling regulation
A diagnostic marker

Receptor interaction

Viral polyprotein cleavage and host innate immune response
blockage; Target for drugs development

Polypeptides cleavage and IFN signaling inhibition
Target for drugs development

Assembly and release of the virus
Vaccine candidates; Target for drugs development

Membrane and virion structure

Host Receptor of Human Coronavirus

HCoV Types Host receptors

HCoV-229E APN ( aminopeptidase N, CD13 )

LEOV—ELGS = ACEZ2 ( angiotensin-conv;er;ing enzyme 2 )
I-EOV-HKTH ; B-ac Sia 7 far—
HéoV:OC43 O-ac Sia N

MERS—COV DPP4 ( dipeptidyl peptidase 4 )

Sj.gs-CoV ierting enzyme 2 )
SARS-CoV-2 /ACE2 ( angiotensin-converting enzyme 2

ACE2 ( angiotensin-converting enzyme 2 D

SARS-CoV-2 VLP



Proteina S (Spike)

« Come tutti i Coronavirus, il SARS CoV2 ha proteine spike (S), proteine dell’envelope (E), proteine
di membrana (M) e proteine del nucleocapside (N)
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Altri attori coinvolti: TMPRSS2

SARS from 2002-2003
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Immunology of COVID-19:
Current State of the Science
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ACE2 expression
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Brain
« ACE2 has not been detected in the
brain, except in blood vessels.

Heart

+ ACE2 increased in patients with
heart failure.

* Troponin, BNP, and D-dimer
identify patients at risk for cardiac
complications.

Liver

* ACEZ2 only found in cholangiocytes.

Intestines
* ACEZ2 expression enriched on
enterocytes of the small intestine.

| Testis }

Lungs alveolar epithelial cells>bronc

» ACE2 expression higher in smokers.

« Severity of lung damage correlates
with CRP, IL-4, IL-6 and N/L.

Kidneys

« ACE2 widely expressed.

« Urine potassium possible indirect
marker for ACE2 function.

Vasculature

» Complications correlate with
elevated D-Dimer levels, PT and
aPTT prolengation, and increased
fibrin degradation products.

fount Sinai Health System

al epithelial cells




SARS-CoV-2 receptors and entry genes are expressed in the human olfactory neuroepithelium and brain

Highlights

*SARS-CoV-2 receptors ACE2 and TMPRSS2 are
expressed in olfactory neuroepithelia

*ACE2 and TMPRSS2 are co-expressed in
supporting sustentacular cells

*A subset of neuronal and non-neuronal cells in
the brain transcribe ACE2

@ TVPRSS?2

SARS-CoV-2

Fodoulian L et al , iScience, December 2020
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SARS Coronavirus
Redux

Enya Qing' and Tom Gallagher ®'~
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A hypothetical life cycle of SARS-CoV-2

Viral RNA genome

I’ ACE2

Vlral oy f New virus packaging and release
Viral RNA -) genomic &
release | (+) genome RNA Rephcatlon subgenom.c RNAs Replication (+) genome BRNA
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Viral proteins

Cell membrane

RdRp: RNA-dependent RNA polymerase
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SARS-CoV-2 lyfe cycle and generation of mutants

SARS-CoV-2

sSRNA (+ sense)

(B)

ssRNA (- sense)

~—

«—— Random errors

.P/

ssRNA (- sense)

(C)

Trends in Microbiology 2021



Naming SARS-CoV-2 variants

The established nomenclature systems for naming and tracking SARS-CoV-2 genetic lineages by GISAID, Nextstrain

SARS-CoV-2 variants

and Pango are currently and will remain in use by scientists and in scientific research. To assist with public discussions of

variants, WHO convened a group of scientists from the WHO Virus Evolution Working Group (now called the Technical
Advisory Group on Virus Evolution), the WHO COVID-19 reference laboratory network, representatives from GISAID,

Nextstrain, Pango and additional experts in virological, microbial nomenclature and communication from several
countries and agencies to consider easy-to-pronounce and non-stigmatising labels for VOI and VOC. At the present time,

this expert group convened by WHO has recommended using letters of the Greek Alphabet, i.e., Alpha, Beta, Gamma,

Delta which will be easier and more practical to be discussed by non-scientific audiences.

Variants of Concern (VOC)
Working definition:

A SARS-CoV-2 variant that meets the definition of a VOI
(see below) and, through a comparative assessment, has
been demonstrated to be associated with one or more of
the following changes at a degree of global public health
significance:

= Increase in transmissibility or detrimental change in
COVID-19 epidemiology; OR

= Increase in virulence or change in clinical disease
presentation; OR

= Decrease in effectiveness of public health and social
measures or avallable diagnostics, vaccines,
therapeutics.

Currently designated Variants of Concern (VOCs):

Alpha B.11.7 GRY

Beta B.1.351 GH/501Y.v2
Gamma P GR/501Y.V3
Delta B.1.617.2 G/478K V1

+5:484K

201 (v1) +5:452R

20H (V2) +SL18F

204 (V3)  +S:681H

21A, 211,

- +5417N

United
Kingdom,
Sep-2020

South Africa,
May-2020

Brazil,
Nov-2020

India,
0Oct-2020

18-Dec-2020

18-Dec-2020

11-Jan-2021

VOI:
4-Apr-2021
VOc 1-
May-2021

*Includes all descendent lineages. See the cov-lineages org and the Pango network websites for further details.

* only found in a subset of sequences

Variant of Interest (VOI)

A variant with specific genetic markers associated with
changes to receptor binding, reduced neutralization by
Abs generated against previous infection or vaccination,
reduced efficacy of treatments, potential diagnostic
Impact, or predicted increase in transmissibility or disease
severity.

Possible attributes of a VOI:

*Specific genetic markers that are predicted to affect
transmission, diagnostics, therapeutics, or immune
escape.

*Evidence that it is the cause of an increased proportion of
cases or unique outbreak clusters.

-Limited prevalence or expansion in the US or in other
countries.

VOI might require one or more appropriate public health
actions, including enhanced sequence surveillance,
laboratory characterization, or epidemiological
investigations to assess how easily the virus spreads to
others, the severity of disease, the efficacy of therapeutics
and whether currently approved or authorized vaccines
offer protection.

gealiny

@)
World Health
Organization

WHO, 16/11/2021



Distribution of variants from January to July 2021

SARS-CoV-2 Spike Protein

3 Alpha BH Beta [ Delta [ Epsilon BEHEta [ Gamma Wl Iota WM Kappa
Bl lambda HH Zeta [ Other
7 21 1330 1192 643 748 1067
1004 —
EAEEE==
80
70
2 60-
g 50+
& 40
30+
20
104
0
January February March April May June July
Month of sample collection
January February March April May June July
Alpha 0 (4] 383(28.8%) | 632(53-0%) | 389(60:5%) | 158 (21-1%) 60 (5-6%)
Beta 0 0 2(0:2%) 5 (0-4%) 2 (0:3%) 1(0-1%) 1(0:1%)
Delta 0 0 0 7 (0-6%) 47 (7:3%) | 445 (59:5%) | 923 (86:5%)
Epsilon | 5(71-4%) | 14(667%) | 532(40-0%) | 139(11.7%) | 11(1.7%) 4 (0:5%) 0
Eta 0 0 2(0-2%) 2(0-2%) 1(0-2%) 1(0-1%) 0
Gamma 0 0 40 (3:0%) 131(11:0%) | 107 (16:6%) | 82(11-0%) 33 (3:1%)
lota 0 0 25(1-9%) 33(2:8%) 16 (2:5%) 17 (2-3%) 1(0:1%)
Kappa 0 0 1(0-1%) 1(0-1%) 0 0 0
Lambda 0 0 1(0-1%) 4(0-3%) 3(0-5%) 0 1(0-1%)
Zeta 0 0 6 (0-5%) 0 0 0 0
Other | 2(28-6%) 7(33:3%) | 338(25-4%) | 238 (20-0%) | 67(10:4%) | 40(5:3%) 48 (4-5%)
All| 7(100%) | 21(100%) | 1330 (100%) | 1192(100%) | 643 (100%) | 748 (100%) | 1067 (100%)
Failed 9/16 13/34 993/2323 882/2074 648/1291 720/1468 638/1705
sequence |  (563%) (38-2%) (42:7%) (42-5%) (50-2%) (49:0%) (37-4%)

Tartof SY, The Lancet 2021

L452R T478K

NS01Y

B.1.1.7 (Alpha)
B.1.351 (Beta)
B.1.617.2 (Delta)

Goel RR, Science 2021



D6146
(China)

.|

Variant of Concern
(country where first detected)

B.1.1.7
(United Kingdom)

.

(South Africa)

P.1
(Brazil)

-

Variants of Concern

Gamma (P.1)

Alpha (B.1.1.7) Beta (B.1.351)
Total Characteristic ~ Mutations in the S gene Possible
Mutations receptor binding domain  functional changes
« More efficient
transmission
1 8 N501 Y * Reduced antibody
binding and
immune
protection
N501Y, . Rfefduced vaccine
efficacy against
8 E484K, B1.351and P.1
K&17N
2 N501Y,
E484K

Variant of Interest

Kappa (B.1.617.1)

B.1.351 spike mutations

NSO1Y ———
RBD [me —

L18F /A &3

AL242-1244 Nk

non- DBOA “
R8D|  p215G ‘ ﬁ
D614G
AJOTY o

Ly

Garcia-Beltran WF, Cell 2021

COVID-1? vaccine recipients

BNT162b2 (Pfizer)

1 dese 2 dose | dose

mRNA-1273 (Modomc)

OB P W

Pseudovirus neutralization by vaccinee sera

Poor

Good
cross-neutralization

| dose cross-neufralization

AR

wild fype D614G B.1.1.7 B.1.1.298 B.1.1.429 P2 Pl B13S1 oY
Globdlly creutafing SARS-CoV-2 variants ! Ofher CoVs
Neutralization

B.1.351 spike mutations

&LSS‘I non-l!D

Garcia-Beltran WF, Cell 2021

Good * Poonsf*

B.1.351

sligh
aociioioa W oo

l.l .351 RID




L452R
T478K
D614G
PB81R
D950N

CD HR2TMD

Wuhan Delta >

21K <« Hu-1-p 21J

1273
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3
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latest SARS-CoV-2 S, 388 § 9 GimIEEEXEIEEE 9 ¥ ¥ 3 =
variant of concern R s IRl g HE 22

SO concerning? B

ACE2

Position of changes in the 3D structure
of the Spike/ACE2 complex based on
the CoV-RDB

Omicron (21K) Spike

ACE2

Delta Spike

C. Jung et al., JVI 2022




Mutazioni aminoacidi nella regione RBD

339 371 373 375 484 493 496 498

Beta

ik 3 %%%%

Q Parental Sequences ‘ Mutated Sequences

Fonte: https://doi.org/10.1080/07853890.2022.2031274



SARS-CoV-2 variants: not only in the spike protein!

a ORF 1a ORF 1b Spike protein ORF 3a E M ORFTa 7Tb ORF & L]

varianeatta ot CEEEEDCTIIDERIIDER@RADOER0 DI <o ey mutatons
Mutation of CTAI C ccc ¥ N T
R M AR AR AR .

TI DT T TTT = ¥

-«—D
-
- -
r-<g
- «—1Wn

i

LRI ER IR R IR, !

Variante gamma  B.1.1.28.1
(P1)

LR 2 R

amino acids
. Zhou W, Sign Transd and Target Therapy, 2021
3D models of B.1.1.7, B.1.351 and P.1 strains

0 -
D «+—X
X <—m
o T

FNSYSTHY Y

RBD: Receptor binding domain
NTD: N-terminal domain

Unknown resistance profile

moderna



SARS-CoV-2 mutations and escape from immune control
B

Phylogenetic analysis of representative
SARS-CoV-2 isolates scaled according
to their divergence compared to the
Wuhan Hu-1 sequence

k" Omicron
2000—o0—2

Gamma

[Jpetta Naga

BA.1 .Omicron 21K
BA.2 .Omicron 21L

- Alpha
0 20 40 \kilations 60 80 100
C Omicron Delta
@ s P
\ ) 20 e § o —= 18— § .. S
Types of single nucleotide % 154 = g £ -

. . . - 4 & 10- ° . .
substitutions in SARS-CoV-2 § " % 5 § - N of isolates= 475 (Delta); 77 (Omicron)
Omicron and Delta VOCs g & ° g

= 24 5 -
compared to Wuhan Hu-1 E 5- 3 £ 3 2-
N c
reference strain o g . © | g "
352553252566 355235252305 3325550652652 38502035205
substitution substitution substitution substitution

C. Jung et al., JVI 2022



Varianti di SARS-CoV-2 (marzo 2020-giugno 2022)

B Ancestral DE14G M Alpha W Lambda M Beta W Mu W Gamma W Epsilon W lota Eta M Kappa HEMR1 M Deha
C.1.2 W Omicron BA.1 B Omicron BA.1.1 M Omicron BA.2 W Omicron BAZ.12.1 B Omicron BA4 [ Omicron BA.S

A Global: 11,494,650 Sequences

300,000~

200,000~

Counts

Fraction

Sampling Date




OMS: "sottovarianti di Omicron sotto monitoragfai

"CENTAURUS" (BA.2.75) "GRYPHON (XBB)"
India - maggio 2022

Si & diffusa in altri Paesi: Regno Unito, Si tratta di una variante
USA, Germania, Giappone, Canada ricombinante di BA.2.10.1 e BA.2.75
Nepal, Indonesia, Nuova Zelanda. E stata segnalata in 35 Paesi, fra
cui I'ltalia (in particolare, i primi due
E considerata una variante della casi sono stati segnalati in Abruzzo

. sottovariante Omicron 2 (BA.2) e in Frivli Venezia Giulia).




Varianti di SARS-CoV-2 (9 marzo 2023)

Variants of Concern (VOC) As of 3 March 2023, ECDC has de-escalated BA.2, BA.4 and BA.5 from its list of
SARS-CoV-2 VOC, as these parental lineages are no longer circulating. ECDC will continue to categorize and
report on specific SARS-CoV-2 sub-lineages in circulation that are relevant to the epidemiological situation

Variants of Interest (VOI)

Spike Year and
Lineage+ Countryfirst mutations month Impact
WHO additional detected of first Impact on Impact on on Transmission
label mutations (community) interest detected transmissibility immunity severity in EU/EEA
Omicron BA.2.7 India (v) May Unclear (9) Similar to No Community
5 (x) 2022 Baseline evidence
(10-12)
Omicron BQ.1 n/a K444T, n/a Baseline (13) Baseline (10, Baseline Dominant
N460K 11,14-16)  (17)
Omicron XBB (z) n/a N460K, n/a Similar to Increased (v) No Community
F4905 Baseline (10,11, 15, evidence
(13,18) 19)
Omicron XBB.1.5 United N460K, n/a Increased (13,  Increased (v) Similar  Community
States S486P 20) (13,21) to @
F490S Baseline 6 C

rzz" URGPEAN CENTRE FOR
ASE PREVENTION
CONTROL


https://www.ecdc.europa.eu/en/news-events/ecdc-de-escalates-ba2-ba4-and-ba5-its-list-variants-concern

g

Lineage
Pecs

Pl wsa
R

| L

B e 116
B xee.1191
B ee1s
e rsi0
B es s

B ee191
.wm

:

2000

o.l

Num. of sequences

L] . . . L} L] . L] L] . . . . L .
. ~ ~ - w o ~ « -3 o - ~ -~ bcd w
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~m ~ ~ ~N ~

$ £ ¥ ¥ £ 2 £ 2 £ 2 2 2 2 % 3
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R R R R R R R R R R R R R R R

Date

Distribution of the SARS-CoV-2 lineages assigned within XBB.1.5-like + F456L, per sample collection week (globally) as of 4 September 2023




De-escalated variants
These additional variants of SARS-CoV-2 have been de-escalated based on at least one the following criteria: (1) the variant is no longer
circulating, (2) the variant has been circulating for a long time without any impact on the overall epidemiological situation, (3) scientific
evidence demonstrates that the variant is not associated with any concerning properties.

Omicron

Omicron

Omicron

BA.2

EA4

BA.5

South Africa

South Africa

South Africa

L452R,
F486V,
R493Q

L452R,
F486V,
R493Q

November
2021

January
2022

February
2022

Increased (v)

(1.2)

No evidence

No evidence

Increased Reduced

(v) (3)

Increased

(6.7)

Increased

(6.7)

(v) (4. 5)

No
evidence

Unclear

(&)

the EU/EEA

Parental
lineages are
no longer
circulating,
ECDC
monitoring
sub-
lineages in
circulation

Parental
lineages are
no longer
circulating,
ECDC
monitoring
sub-
lineages in
circulation

Parental
lineages are
no longer
circulating,
ECDC
monitoring
sub-
lineages in
circulation

W Ancestral D614G
Cl2 M OmicronBAl M Omicron BA.LL

Alpha W lambda M Beta W Mu M Gamma Epsion Mllota © Eta M Keppa M R1 M Dela

Omicron BA.2 W Omicron BA.2.12.1 1 Omicron BA4 W Omicron BAS

A Global: 11,494,650 Sequences
300,000
8 200,000
€
S

a
]
100,000

Fraction

D614G
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] o ] =l o " v s o s
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SARS-Cov-2 e risposta immunitaria:

Immunita innata, inflammazione, IFN,
linfociti T e B...
e la malattia



SARS-Cov-2 e risposta immunitaria:

Immunita innata, inflammazione, IFN,

lintociti T e B...
e la malattia



COVID-19 Disease Course

SARS-CoV-2 Viral Load

/\

FF] G

Typical

5.1 days (median) 5-10 days Days - weeks

Acute Mild Phase * ARDS/Pro-inflammatory Phase Recovery

Incubation Period

t t

Symptom onset Hallmarks: dyspnea, tachypnea, hypoxemia

By hrrd Fodajnant=r v

* Acute Mild Phase: nonspecific symptoms. Most
J 2 commonly fevers, cough, myalgias, fatigue. Nausea,
S S fnfintion e gt et diarrhea reported <50% of the time

wWang Jabkda 2020 2ol L0 1001 jama. 2020, 1585

Siddigi JHLT 2020 doi:10.1016/]. healun_2020.03.012

in Lamcet [0 2020 hitps://dol.org/10.1016/51473-3099{20)30113 -4

Lou NEIRY 2020 DOH: 101056/ NEIMo 2001 F37
dhou Lancet 2020 nttps:/ydolorgs 0. LOL6 30140-6 /36 030506~
MEIR 2000 Dal: 1001056/ MEIMoa UL S]E



Semin Immunopathol (2017) 39:529-539 @ CrossMark

DOI 10.1007/500281-017-0629-x

REVIEW

Pathogenic human coronavirus infections: causes
and consequences of cytokine storm and immunopathology

Rudragouda C}mmmpp&ma\ﬁu‘l « Stanley Perlman’

Inflammatory Response to Virus Infections

Pathogenic/dysregulated inflammation ‘ ‘ Protective;'regullated inflammation

Causes:

Robust virus replication
Delayed IFN response

TTTT Inflammatory monocyte-macrophage
and neutrophil infiltration

TTTT Proinflammatory cytokines and chemaokines

Consequences:

Enhanced epithelial and endothelial cell apoptosis
Increased vascular leakage
Sub-optimal T cell and antibody responses

Impaired virus clearance

v

ALl

¥

ARDS

v

Death

Outcome:

Nan-robust virus replication
Early IFN response

Inflammatory monocyte-macrophage
TT and neutrophil infiltration

TT Proinflammatory cytokines and chemokines

Minimal epithelial and endothelial cell apoptosis
Reduced vascular leakage
Optimal T cell and antibody responses

Effective virus clearance

y

Protective
immunity

L 4
Host
Survival

Infezioni da CoVs
(2017!)



COVID-19 E COMORBIDITA

Numero di patologie nei pazienti
deceduti e positivi a SARS-CoV-2 .' - 11,5 %

675% Report dell’Istituto Superiore di Sanita del 5 ottobre 2021

»  Numero di decessi per Covid-19: 130.468

@0 @®1 2 ©30+

>  Eta media: 80 anni

»  Campione: 7.910 persone decedute positive al Covid-19

Bellotti Azevedo et al. Journal of Human Hypertension, 2021

Report prodotto dal Gruppo della Sorveglianza dei Decessi SARS-CoV-2: Luigi Palmieri et al.



COVID-19 E COMORBIDITA

Concausa: malattia o circostanza esterna
in grado di avviare sequenze di eventi morbosi indipendenti tra loro
che contribuiscono al decesso

\4

Covid-19 principale causa di morte nel’'89% dei casi

\4

Comorbidita piu frequenti: cardiopatie ipertensive (18%),
diabete mellito (16%), cardiopatie ischemiche (13%) e tumori
(12%)

Percentuale sul totale

25,0

20,0

15,0

-
o
o

dei decessi

o
o

0:

o

II iIIIHIIII

Concause presenti nelle cartelle di morte

m Uomini
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m Totale
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Analisi ISTAT di 4.942 schede di morte di pazienti positivi al 25 maggio 2020

Il ruolo delle patologie croniche pregresse nella prognosi dei pazienti COVID-19. Maria Masocco et al.
https://www.epicentro.iss.it/coronavirus/sars-cov-2-flussi-dati-confronto-patologie-croniche-pregresse

Elaborazione Istat su dati Iss: IMPATTO DELL’EPIDEMIA COVID-19 SULLA MORTALITA: CAUSE DI MORTE NEI
DECEDUTI POSITIVI A SARS-COV-2



https://www.istat.it/it/files/2020/07/Report_ISS_Istat_Cause-di-morte-Covid.pdf
https://www.epicentro.iss.it/coronavirus/sars-cov-2-flussi-dati-confronto-patologie-croniche-pregresse

Risposta immunitaria, inflammazione e spettro dei sintomi clinici da infezione con SARS-CoV-2
Exposure to
SARS-CoV-2

[ Symptomatic ]

A 4

Frontiers Immunol, 2020




Uninfected individual

Pulmonary epithelium

CD4* CD8*

. . Tcell Tcell
Circulation

Moderate COVID-19

Damaged ‘ S‘:S'CO‘V-Z ‘ ‘ ‘

epithelial cell i

Macrophage ‘

& @ @

{ / /

. ° @ |L-
® .TNF-a ° .IL—6 ® .IL 10

} Cytokine levels

IFN-y—expressing
CD4* T cell

s

&)
s

&

RS —

No symptoms

Fever, cough, fatigue, myalgia

dIL-6

t Lymphocytes, CD4* T cells, CD8"* T cells

Severe COVID-19

e 0,0 0

o

L'immunopatologia:
una visione d’insieme

el — e —— i ——_ —

Fever, cough, fatigue, myalgia, dyspnea,
ARDS, respiratory failure

$4iL-6
{ LDH, D-dimer, procalcitonin, CRP, ferritin,
soluble IL-2R, IL-10, TNF-a

1t Lymphocytes, CD4* T cells, CD8"* T cells
v IFN-y—expressing CD4"* T cells, NK cells
s WBC

JCI The Journal of Clinical Investigation

SARS-CoV-2: A Storm is Raging
Savannah F. Pedersen, Ya-Chi Ho

J Ciin Invest. 2020, htps:/idoi.ong/10.1172/JC11 37647,



Cinetica della carica virale, IFN-I, e le citochine infiammatorie

N ible (<65 Id bidity)
Asymptomatic [ IFNo/p
Inﬂammatory /
Paucisymptomatic Viral load cytokines
Mild
Severe

e s rsrrs -y .-.-.--nql.

Treatments Pro-lFNa/B
Antn-TGFﬂ

Trends in Immunology

Please cite this article as: V. Feuillet, B. Canard and A. Trautmann. Combining Antivirals
and Immunomodulators to Fight COVID-19, Trends in Immunology (2020),



SARS-Cov-2 e risposta immunitaria:

Immunita innata, intlammazione, IFN,

(1)

IJ —_— r)

lintociti T e B...

2 |a malatti



La famiglia degli IFN puo essere classificata in 3 tipi principali di citochine

Number of

aminoacids

Molecular weight
(kilodaltons)

Area of
expression

| IFN-ac* IFNR-1/IFNR2
IFN-B IFNR-1/IFNR2
IFN-£ IFNR-1/IFNR2
IFN-x IFNR-1/IFNR2?
IFN-w IFNR-1/IFNR2

I IFN-y IFNGR-1/1FNGR2

1 IFN-11(IL-29) IL-28RavIL-10Rp
IFN-A2 (TL-28 A)L-28RovIL-10R

IFN-A3(IL-28B)IL-28Ro/IL-10R2

9p21

9p21

9p21
9p21

9p21
12g24.1

19q13.13

19q13.13

19q13.13

165-166

166

208
180

172
146

200

200

196

15-23

15-23

244
245

20-23
34

20-33

22

22

Ubiquitously
expressed

Ubiquitously
expressed

Uterus, ovary

Skin
keratinocytes

Leukocytes

NK cells

Epithelial cells
Some leukocytes

* 13 subtypes



Interferon biological activities

1. Antiviral

2. Antiproliferative

3. Immunomodulatory

4. Proapoptotic

5. Proinflammatory



3 main functions of type | IFNs

» Induction of cell-intrinsic antimicrobial states in infected
and neighbouring cells that limit the spread of infectious
agents, particularly viral pathogens.

» Modulation of innate immune responses in a balanced
manner that promotes antigen presentation and
NK cell functions while restraining pro-inflammatory
pathways and cytokine production.

» Activation of the adaptive immune system, thus
promoting the development of high-affinity antigen-

specific T and B cell responses and immunological
memory.

Type | IFNs can be produced by almost every cell type



Attivita antivirale e immunoregolatoria dell’IFN di tipo |
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Immunita innata e immunoevasione da parte dei Coronavirus
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a Early robust type |
interferon response
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b Delayed type | interferon
response
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e Viral clearance
* Normal-level T cell
and B cell responses

e Partial viral clearance
e T cell lymphopenia;
robust B cell response

* Uncontrolled viral replication
e T cell lymphopenia;
compensatory B cell response

e Rapid viral clearance
* Reduced T cell and
B cell responses

{

Severe disease Severe disease

* Young adults
* Low levels of viral
exposure

e Older adults
¢ Higher levels of
viral exposure

* Genetic mutations in type |
interferon pathways

* Neutralizing antibodies to
type |l interferons

Early treatment with
recombinant type | interferon




Inborn errors of TLR3- and IRF7-dependent type | IFN production and amplification
underlie life-threatening COVID-19 pneumonia
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Neutralizing auto-Abs to type | IFNs underlie life-threatening COVID-19 pneumonia
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The NEW ENGLAND JOURNAL of MEDICINE

La genetica:

ORIGINAL ARTICLE ||

associazioni tra geni e COVID-19

Genomewide Association Study of Severe
Covid-19 with Respiratory Failure

The Severe Covid-19 GWAS Group*
M EMGL) MED 383;16 HE|M.ORG OCTOBER 15, 2020 GWAS OF SEVERE COVID-19 WITH RESPIRATORY FAILURKE

The red dashed line indicates the genomewide significance threshold of a P value less than 5x107%.
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Figure 2. GWAS Summary [Manhattan) Plot of the Meta-analysis Association Statistics Highlighting Two Susceptibility Loci with Genomewide
Significance for Severe Covid-19 with Respiratory Failure.

Shown is a Manhattan plot of the association statistics from the main meta-analysis [controlled for potential population stratification).
The red dashed line indicates the genomewide significance threshold of a P value less than 5x10~%. Figure 56 in Supplementary Appen-
dix 1 shows Manhattan plots that include hits passing a suggestive significance threshold of a P value less than 1x10~° (total of 24 addi-

tional suggestive genomic lodi) (see the Supplementary Methods section and Supplementary Appendix 4).

CONCLUSIONS
We identified a 3p21.31 gene cluster as a genetic susceptibility locus in patients
with Covid-19 with respiratory failure and confirmed a potential involvement of the
ABO blood-group system. (Funded by Stein Erik Hagen and others.)



W ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE ||

Genomewide Association Study of Severe
Covid-19 with Respiratory Failure
The Severe Covid-19 GWAS Group
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Anastassopoulou et al. Human Genomics (2020)

La genetica:
associazioni tra geni e COVID-19

Gene(s) Polymorphism(s) Chromosome Reported COVID-19 associations
location

ABO rs657152 9q34.2 Higher risk of infection for blood group A vs. non-A (OR 145, 95% Cl
1.20-175, P = 148 x 107" and lower risk of infection for blood grouf
O vs. non-O (OR 065, 95% Cl 053-0.79, P=1.06 x 107)

ACE2 p.Arg514-Gly Xp22.2 Cardiovascular and pulmonary conditions in the African/
African-American population by altering AGT-ACE2 pathway

ApoE rs429358-C-C (eded) 19g13.32 Severe disease independently of pre-existing dementia,
cardiovascular disease, and type 2 diabetes

HLA B*46:01 and B*15:03 6p21.33 Vulnerable to disease for HLA-B*46:01 and cross-protective T
cell-based immunity for HLA-B%15:03

IFITM3 rs12252-C/C 11p155 Mild-to-moderate disease requiring hospitalization

SLC6AZ0, rs11385942-GA 3p21.31 Severe disease (respiratory failure) (OR 1.77, 95% Cl 1.48-2.11,

LZTFL1, CCRY, P=115%x10""9

FYCO1, CXCR6,

XCR1

TLR7 g.12905756_12905759del and Xp22.2 Severe disease

g.12906010G>T

TMEM189- rs6020298-A 20g13.13 Severe disease

UBE2VT

TMPRSS2 p.Val160Met (rs12329760) 219223 Increased susceptibility to disease and for risk factors, e.g, cancer




Article

The major geneticrisk factor for severe
COVID-19isinherited fromNeanderthals

https://doi.org/10.1038/s41586-020-2818-3 Hugo Zeberg'?~ & Svante Pasbo?™
Received: 3 July 2020

Accepted: 22 September 2020 Arecent geneticassociation study' identified a gene cluster on chromosome 3as arisk
Published online: 30 September 2020 locus for respiratory failure after infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). A separate study (COVID-19 Host Genetics Initiative)®
comprising 3,199 hospitalized patients with coronavirus disease 2019 (COVID-19) and
controlindividuals showed that this cluster is the major geneticrisk factor for severe
symptoms after SARS-CoV-2 infection and hospitalization. Here we show that the risk
is conferred by a genomic segment of around 50 kilobases insize that is inherited from
Neanderthalsand is carried by around 50% of people in south Asia and around 16% of
peoplein Europe.
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W) Check for updates

A Neanderthal OAS1 isoform protects individuals
of European ancestry against COVID-19
susceptibility and severity

Sirui Zhou'?*%, Guillaume Butler-Laporte %23, Tomoko Nakanishi®34523 David R. Morrison®’,
Jonathan Afilalo"?¢, Marc Afilalo"’, Laetitia Laurent’, Maik Pietzner?, Nicola Kerrison?,

Kaiqiong Zhao'?, Elsa Brunet-Ratnasingham®°°, Danielle Henry', Nofar Kimchi', Zaman Afrasiabi®’,
Nardin Rezk®', Meriem Bouab’, Louis Petitjean®?, Charlotte Guzman®', Xiaoqging Xue',

Chris Tselios', Branka Vulesevic', Olumide Adeleye’, Tala Abdullah', Noor Almamlouk’,

Yiheng Chen'?, Michaél Chassé’®, Madeleine Durand®, Clare Paterson”, Johan Normark™,

Robert Frithiof ©®%, Miklés Lipcsey*, Michael Hultstrom ©™15, Celia M. T. Greenwood "2,

Hugo Zeberg”, Claudia Langenberg®28'8, Elin Thysell'®, Michael Pollak"?°, Vincent Mooser?,

Vincenzo Forgetta', Daniel E. Kaufmann®°?' and J. Brent Richards ® 2322

To identify circulating proteins influencing Coronavirus Disease 2019 (COVID-19) susceptibility and severity, we undertook a
two-sample Mendelian randomization (MR) study, rapidly scanning hundreds of circulating proteins while reducing bias due to
reverse causation and confounding. In up to 14,134 cases and 1.2 million controls, we found that an s.d. increase in OAS1 levels
was associated with reduced COVID-19 death or ventilation (odds ratio (OR) = 0.54, P=7 x 10~8), hospitalization (OR = 0.61,
P=8x10%) and susceptibility (OR=0.78, P=8 x 10-°). Measuring OAS1 levels in 504 individuals, we found that higher
plasma OAS1 levels in a non-infectious state were associated with reduced COVID-19 susceptibility and severity. Further analy-
ses suggested that a Neanderthal isoform of OAS1 in individuals of European ancestry affords this protection. Thus, evidence
from MR and a case-control study support a protective role for OAS1in COVID-19 adverse outcomes. Available pharmacologi-
cal agents that increase OAS1 levels could be prioritized for drug development.

OAS1lison Chr 12 Published online: 25 February 2021



SARS-Cov-2 e risposta immunitaria:
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Phenotype and kinetics of SARS-Cov-2-specific T cell responses after natural infection
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Immunology of COVID-19:
Current State of the Science
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Table 1. Spike-specific immune responses detected in 25-ug mRNA-1273 vaccinees. ELISA,
enzyme-linked immunosorbent assay; AIM, activation-induced markers; ICS, intracellular cytokine staining.

Days after vaccination
1 15 + 2 43+ 2 209 +7

AntispikelgG ELUSA 0 8% 100% _  100%
Anti-RBDIGG .. ELSA 3% ..9A% . .100% 100%
Neutralizing ... .Neutralization O 2% _ 100% _  88%
Spike-specific CD4™ T cells AM ~49% 97% 100% 97%
o
e
e e e
e
S e

Component Assay

*Antigen-specific T cells using AIM were measured as a percentage CD4™ T expressing OX40°CD137" and CD&™ T cells
expressing CD69"CD137" after stimulation of PBMC with spike overlapping peptides spanning the entire protein. tAntigen-
specific T cells using ICS were measured as a percentage CD4" T expressing CD40L or producing IFNy, TNFa, IL-2, or GzB;
and CD8™ T cells producing IFNy, TNFa, IL-2, or GzB after stimulation of PBMC with spike overlapping peptides spanning
the entire protein. 1The overall spike-specific T cell response was calculated on the basis of the AIM and ICS results
per donor and time point. Mateus J et al. Science 2021



Highlights

* T cells of vaccinees
recognize SARS-CoV-2
variants, including Omicron.
* RBD memory B cells’
recognition of Omicron is
reduced

* A median of 11 CD4 and 10
CD8 spike epitopes are
recognized in vaccinees.

» Average preservation > 80%
for Omicron at the epitope
level.

In brief:

Human memory T cells
induced by SARSCoV-

2 vaccines maintain the ability
to recognize viral variants,
including the Omicron variant.

Not so good...
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Sequence conservation of
SARS-CoV-2 T cell
epitopes in variants

Che impatto hanno le varianti sulle risposte mediate dai linfociti T?

o SARS-CoV-2 »
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Impact of Omicron and

SARS-CoV-2 variant:

COVID-19 vaccine:

. A 1DE *hkk *kk*k *kkk B 102 *kkk hhkkk Khkhkkk Kkhkkk A|pha (B"] 1 ?) o mRNA-1273
other variants on . o mmm  Beta (B.1.351) V BNT162b2
£
memory T cell and B 55 3 5 = camma )
" s @ 14 @ M 14 Al
cell recognition L' e WY e o s e o — Kappa (B.1.617.1)
SO SK B, | = Delta(B16172)
| v mm | ambda (C.37)
0.1 0.1 m== R
’ 0.80 0.83 0.79 Fc ’ 096 063 083 042 rc mm Mu (81621)
=19 n=19 mmm  Omicron (B.1.1.529)
C 105 =« * * D
-2 o
[< ) @]
o © [0}
c 3 <
%9 3
& % N
01 0.81 081 088 095 10 088 094 095 094 084 FC 084 080 089 094 10 085 095 082 087 093 FC
n=17 n=19
E 105 * * * F 10
] o
]
5 v 5 O o
S o+ °
& %o %8100\;,'%0?0%3:":!.:
$ 5 % judpemasm O%F g oo
£z $f loweme te b et
< g ] o e ©
@]
0.1 083 073 09 097 10 086 092 082 079 085 FC 0.1 0.64 062 072 067 10 084 11 11 080 11 FC
n=12 n=38 Tarke, ...Sette, Cell 2022



Mechanisms of action of monoclonal antibodies in a viral infection
and antibody-dependent enhancement (ADE)
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Taylor PC, Nat Rev Imm, 2021



SARS-Cov-2 e risposta immunitaria:

conclusioni
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L'immunopatologia:
una visione d’insieme
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Fever, cough, fatigue, myalgia, dyspnea,
ARDS, respiratory failure
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JCI The Journal of Clinical Investigation

SARS-CoV-2: A Storm is Raging
Savannah F. Pedersen, Ya-Chi Ho

J Ciin Invest. 2020, htps:/idoi.ong/10.1172/JC11 37647,
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L'immunopatologia:
una visione d’insieme

1. Infezione delle cellule ACE2/TMPRSS2+

2. Soppressione IFN-I e aumento replicazione
virale

3. PAMPs/DAMPs attivano cellule epiteliali,
endoteliali e macrofagi

4. Rilascio citochine

5. Tempesta citochinica

6. Richiamo leucociti dal sangue e
amplificazione tempesta citochinica (feedback
positivo)

7. Danno da cellule inflammatorie e da
anticorpi non-neutralizzanti (Antibody-
Dependent Enhancement, ADE)

8. Danno multi-organo (nei polmoni: ARDS)




L'immunopatologia
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a. Depletion and exhaustion of lymphocytes b. Increase of neutrophils
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d. Antibody-dependent enhancement (ADE)
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c. Cytokine storm

L'immunopatologia:
| meccanismi
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Clinical implications of SARS-CoV-2-induced immunopathology L'immunopatologia:

| le implicazioni cliniche
| l
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microbiota infection production on severe syndromes
T cell 1 - IL-6, IL-10, IL-1B
NK cell o O © O OO o etc.
O g 9 O |Cytokine storm
Lymphopenial o O OO0 OO
00 00 0°

U Y U X

Lung Liver Kidney Heart
ARDS ALT o oK
. . Respiratory ASTT ) T
Microbial infection T
wilure. | (et 1] [F52t0e] ] [iLDH

Signal Transduction and Targeted Therapy (2020)5:128
REVIEW ARTICLE OPEN
COVID-19: immunopathogenesis and Immunotherapeutics

Li Yang', Shasha Liu', Jinyan Liu’, Zhixin Zhang?, Xiaochun Wan?, Bo Huang®, Youhai Chen® and Yi Zhang ('



