In the name of God

O

. @,
LA ’M.“«Lyw"/rﬁ 2
. N "

Immune responses during COVID-19 infection
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Translational overview of COVID-19
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The immunopathology of COVID-19
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A. Lymphopenia
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B. T cell activation
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C. Lymphocyte dysfunction
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D. Abnormalities of granulocytes and monocytes

Abnormaiities of
@ granulocytes and monocytes
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E. Increased production of cytokines
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F. Increased antibodies

@ Increased antibodies

(- .7 Ay
,L']Jduu"»«_"vw;d’/r}‘nph

Yang, L, Signal Transduct Target Ther. |gG T Total antibodies T

2020 Jul 25;5(1):128



An integrated working model of COVID-19 immunology and disease severity
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An integrated working model of COVID-19 immunology and disease severity

@ B Average SARS2 infection
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An integrated working model of COVID-19 immunology and disease severity

@ & Severe SARS2 infection
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Potential mechanisms of SARS-CoV-2-induced immunopathology

a. Depletion and exhaustion of lymphocytes b. Increase of neutrophils
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A. Potential mechanisms of depletion and exhaustion of lymphocytes

@ a. Depletion and exhaustion of lymphocytes
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B. Increase of neutrophils

b. Increase of neutrophils
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C. The potential mechanisms of cytokine storm induction
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Pathophysiology of a Cytokine Storm

Initiation

microbial invasion
tissue damage

N —

Activated *°

Neutrophil
% Monocyte Perturbation of
vascular hemostasis

endothelium %

TNF
IL-1
IL-6

IL-12
IL-18

Myelopoiesis

IFN-y

. DIC

Capillary leak-

NK [ edema

GM-CSF

Organ failure
QI
° TNF ‘

Anemia

—|

A

Q/ Y YccRr2

\ Granulopoiesis |=>
Myeloid y
progenitor QPG COF

Emergency
Granulopoiesis

* f Erythrophagocytosis

+ Erythropoesis




Clinical manifestations in the cytokine storm syndrome
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Alterated mental state

Seizures
Encephalopathy
Coma

Fever

Acute respiratory
distress syndrome

Anuria/Oliguria

Hepatomegaly
Splenomegaly

Hematemesis
Rectal bleeding

Petechiae

Purpura
Ecchymoses
Epistaxis
Lymphadenopathy

Rash
Erythroderma
Edema

Clinical manifestations

Laboratory findings

Pleocytosis in cerebrospinal fluid

Elevated CRP
Decreased ESR
Increased IL-2R

Low PaO2 with decreased P/F
ratio and hypercapnia defined
by an increased PaCO2

Acute renal injury

Elevated transaminases
Elevated bilirubin
Hypoalbuminuria
Elevated ammonia
Elevated triglycerides

Leukopenia
Anemia
Thrombocytopenia
Hemophagocytosis
Hyperferritinemia

Not reported
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D. Antibody-dependent enhancement

Disease progress
Poor outcome

d. Antibody-dependent enhancement (ADE)
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Two main ADE mechanisms in viral disease

Macrophage-tropic viruses: dengue virus, FIPV
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Non-neutralizing
antibody Monocyte/macrophage Enhanced viral replication

Respiratory viruses: RSV, measles

Immune complex
formation
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Clinical implications of SARS-CoV-2-induced immunopathology

The effect of lymphopenia on The effect of elevated cytokine
microbiota infection production on severe syndromes
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Potential immunotherapeutic strategies for COVID-19
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