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OPEN QUESTIONS IN COVID-19 PATHOGENESIS

* Why Children and women are less affected?

« Why patients with cardiovascular/metabolic diseases are more susceptible?
 Why lymphopenia is associated with worse outcome?

« What is the cause of inflammatory immunopathology in COVID-19?

* What is the link between inflammation and vascular thrombosis?

* What is the role of secondary infections in disease outcome?

* Effect of environmental factors (humidity, temperature) on epidemiology?
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* Disease: “a pathological condition of body parts or tissues
characterized by an identifiable group of signs and
symptoms”

 Infectious Diseases: "Disease caused by an infectious
agent’

 Infection: “Occurs when an infection agent enters the
body and begins to reproduce; may not lead to disease”



To KAIVIKO paopa TnG vooou COVID-19
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2. TResistance
(Vaccines, c/steroids,
Immunomodulation)

1._¢_Vira| prolif_eration 3. 1Tolerance
(antivirals, neutralizing Abs) (Supportive care, senolytics?)



Pathogenetic events during severe COVID-19 disease

SARS-CoV-2 infects Virus infects ACE2-expressing Severe disease involves disruption
ACE2-expressing nasal type Il alveolar epithelial cells of the epithelial-endothelial barrier,
epithelial cells in the \ and patients exhibit complement deposition, and
upper respiratory tract. pneumonitis. hyperinflammation.
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MovTeAo TTaBoyEveonc vooou COVID-19

Early robust type |
interferon response

Type linterferon

T cell

response

* Viral clearance
* Normal-level T cell
and B cell responses

}

Mild disease

* Young adults
» Low levels of viral
exposure
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Delayed type | interferon
response

Viral load

Type |

interferon
ﬁibodies

T cell response

Time

* Partial viral clearance
¢ T cell lymphopenia;
robust B cell response

Severe disease

* Older adults
* Higher levels of
viral exposure

Type | interferon deficiency

Viral load

Antibodies

Typel
interferon

T cell
response

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

Severe disease

* Genetic mutations in type |
interferon pathways

*» Neutralizing antibodies to
type |l interferons
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Cell 7146, 980-991, September 16, 2011

Endothelial Cells Are Central
Orchestrators of Cytokine Amplification
during Influenza Virus Infection
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Common pathogenetic mechanisms of autoimmune
and COVID-induced vasculitis?



Potential drivers of COVID-19 immunopathology:
Neutrophil Extracellular Traps (NETS)

ARDS, mucus
accumulation

Atherosclerosis,
Aortic aneurysms

Thrombosis

J. Exp. Med. 2020 Vol. 217 No. 6
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Neurologic

Headaches
Dizziness
Encephalopathy
Guillain-Barré
Ageusia
Myalgia
Anosmia
Stroke

Thromboembolism
Deep vein thrombosis
Pulmonary embolism

Catheter-related thrombosis

Renal
Acute kidney injury
Proteinuria
Hematuria

Cardiac
Takotsubo cardiomyopathy
Myocardial injury/myocarditis
Cardiac arrhythmias
Cardiogenic shock
Myocardial ischemia
Acute cor pulmonale

Hepatic
Elevated
aminotransferases
Elevated bilirubin

(? Hyperglycemia

Gastrointestinal
Diarrhea
Nausea/vomiting
Abdominal pain
Anorexia

Endocrine

Diabetic ketoacidosis

Dermatological
Petechaie
Livedo reticularis
Erythematous rash
Urticaria
Vesicles
Pernio-like lesions




Specificity of SARS-CoV-2 induced
macrophage activation syndrome (MAS)?



MAS Is induced upon systemic administration of
sequential viral and bacterial ligands
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Metabolic reprogramming of macrophages in response to
viral-like illness induces HLH disease in mice
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Mx1 reveals innate pathways to antiviral
resistance and lethal influenza disease
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COVID-19 disease severity
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H TTapouadia €I0IKWV AVTICWHATWY OEV 0ONVYEl TTAVTA
g€ TTPOCTACIA EVAVTI PIAC AoiNweNGg
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O TITAOGC TWV ECOVDETEPWTIKWY AVTICWHATWYV EXEI TTPOYVWOTIKN
acia yia Tn cofapdoTtnra tng vooou COVID-19

H copBapn véoog COVID-19
OXETICETAI HE UWNAO TiTAO
avTiowpatwy évavti SARS-CoV-2

anti-RBD IgG (U/mL)
anti-RBD IgPC
neutralization potency
index (NT50/IgPC)

Garcia-Beltran, W.F., Cell (2021)
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[Tapouadia eVIOYXUTIKWYV YIa TN ACIHWEN QVTIOWUATWY O€
aoBeveic ye oofapn vooo COVID-19
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AlQpKEIO avoaiag EVavTlI KOPOVOIWV TNG KoIVOTNTOC
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OEPATTEUTIKEC EQPAPPOYEC

1. VIRAL PROLIFERATION: 2. RESISTANCE (HOST DEFENSE): 3. TISSUE TOLERANCE:

Prevention (vaccination), Reducing inflammation, promoting virus- Supportive Care, Limit tissue
inhibition of viral proliferation specific immunity (vaccination) damage, regeneration?

CLINICAL PHASE 1 CLINICAL PHASE 2 CLINICAL PHASE 3

Viral cytopathic effects and RNAemia or viremia ARDS and pulmonary fibrosis
* Bacterial or fungal superinfection

Day 0, Symptoms
SARS-CoV-2 and initial
exposure presentation

Incubation Period g Inflammatory syndrome

Recovery

N ENGLJ MED 383;12 NEJM.ORG SEPTEMBER 17, 2020

Adaptive
immune
response

SARS-CoV-2
load |

Innate
immune
response

Activity Level

O1 aoBeveic ue oofapr) vooo BpiokovTal HETALU KAIVIKOU oTadiou 2 Kai 3



Immunomodulatory therapies in COVID-19

Immune-based agents

BTK inhibitors (acalabruti- FDA-approved for some hematologic cancers
nib, ibrutinib, rilzabru-
tinib)
Convalescent plasma Investigational; FDA single-patient emergency IND;

expanded-access program for persons ineligible
for or unable to participate in clinical trials

Glucocorticoids FDA-approved for multiple indications

Interleukin-1 inhibitors FDA-approved for some autoimmune diseases
(anakinra, canakinumab)

Interleukin-6 inhibitors FDA-approved for some autoimmune diseases and
(sarilumab, siltuximab, cytokine release syndrome (tocilizumab)
tocilizumab)

JAK inhibitors (baricitinib, =~ FDA-approved for rheumatoid arthritis (baricitinib)
ruxolitinib) and myelofibrosis and polycythemia vera (rux-
olitinib)

Immunomodulation-targeting
cytokines

Use in other viral illnesses,
including HIN1 influenza,
SARS, and MERS

Broad immunomodulation

Immunomeodulation; activity
in macrophage activation
syndrome

Immunomeodulation; activity in
cytokine release syndrome

Broad immunomodulation

Clinical trials in progress

Limited: small, uncontrolled cohort studies suggested benefit,
but confirmation required***’; randomized, controlled trials in
progress

Limited: retrospective, nonrandomized cohort study showed as-
sociation with lower mortality among patients with severe
Covid-19 and ARDS,*® but concern for survivor treatment bias;
randomized clinical trials involving patients with influenza,
MERS, or SARS did not show benefit and suggested possible
harm (increased viral shedding and increased mortality)*%°

Clinical trials in progress

Limited: in a small cohort study, a majority of patients who received
siltuximab had an improved or stabilized condition®; random-
ized, controlled trials in progress

Clinical trials in progress



The dark side of SMKIs

Clinical Infectious Diseases

Call for Action: Invasive Fungal Infections Associated
With Ibrutinib and Other Small Molecule Kinase
Inhibitors Targeting Immune Signaling Pathways

Georgios Chamilos,"? Michail S. Lionakis,? and Dimitrios P. Kontoyiannis*

'Departrfert of Clinical Microbiology and Microbial Pathogenesis, University of Crete, and “Institute of Molecular Biology and Biotechnalogy, Foundation for Research and Technology, Crete,
Greece; “Fungal Pathogenesis Unit, Laboratory of Clinical Infectious Diseases, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland; and
‘Department of Infectious Diseases, The University of Texas MD Anderson Cancer Center, Houston

Opportunistic infections caused by Pneumocystis jirovecii, Cryptococcus neoformans, and ubiquitous airborne filamentous fungi have
been recently reported in patients with hematological cancers historically considered at low risk for invasive fungal infections (IFIs),
after receipt of the Bruton tyrosine kinase inhibitor ibrutinib. The spectrum and severity of IFIs often observed in these patients
implies the presence of a complex immunodeficiency that may not be solely attributed to mere inhibition of Bruton tyrosine kinase.
In view of the surge in development of small molecule kinase inhibitors for treatment of malignant and autoimmune diseases, it is
possible that there would be an emergence of [Fls associated with the effects of these molecules on the immune system. Preclinical
assessment of the immunosuppressive effects of kinase inhibitors and human studies aimed at improving patient risk stratification
for development of IFIs could lead to prevention, earlier diagnosis, and better outcomes in affected patients.
Keywords. ibrutinib; small molecule tyrosine kinase inhibitors; invasive fungal infections; opportunistic infections.




\ MEK, Syk inhibitors, Tosilizumab /
Multi-kinase inhibitors (Src/Lyn/BCR-
abl, PDGFRa/b, VEGF)
\ PI3K3 and FLT3 inhibitors /
\ JAK/STAT inhibitors /
BTK
inhibitors

Zarakas MA et al., Curr Fungal Infect Rep. 2019 Sep;13(3):86-98

< Risk for development of IMIs



COVID-19 induced immunoparalysis-CAPA

Fatal Invasive Aspergillosis and Coronavirus
Disease in an Immunocompetent Patient

Prevalence of putative
invasive pulmonary
aspergillosis in critically
W, ill patients with
- e COVID-19

/ ‘ Probable IPAs were diagnosed in one

patient (4%) and putative IPAs were
diagnosed in eight patients (30%;

www.thelancet.com/respiratory Vol 8 June 2020



I\/Iué'orm‘ycosis: The 'black fungus'
maiming Covid patients in India




IL-6 signaling orchestrates phagosome responses

Akoumianaki et al., Cell Host Microbe 2021



Synergistic inhibition of phagosome responses drives
Immunoparalysis in sepsis

Tocilizumab ,
(IL-6 inhibitor)

)

Phagocytosis
@e

e/ ———  Corticosteroids

JAK2 inhibitors AW

MEK inhibitors



Risk factors and outcome of pulmonary aspergillosis in critically ill coronavirus disease
2019 patients— a multinational observational study by the European Confederation of

Medical Mycology Prattes J et al., Clin Microbiol Infect. 2021 Aug 25:S1198-743X(21)00474-2

Clinical predictors of COVID-19 Associated

Pulmonary Aspergillosis (CAPA)

Variable Multivariable 95%CI P- value
Hazard Ratio

Age per year 1.04 1.02-1.06 <0.001

Any invasive respiratory support 3.40 1.84-6.25 <0.001

Tocilizumab 245 1.41-4.25 <0.001




Lesions from COVID-19

Need to understand disease mechanisms to design effective

therapies
Need to treat the “disease” rather than the “pathogen”

Need for targeted immunomodulatory therapies tailored to the

individual patient

Opportunity for host-directed therapies for other infectious diseases
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