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Covid-19 Was America's Third
Leading Cause Of Death In 2020

Number of deaths for all leading causes of death
in the U.S. in 2020

covid-19 || 345323
Unintentional
injuries - 192,176
Stroke 159,050
Chronic lower
respiratory diseases - 151,657
Alzheimer disease - 133,382

Diabetes -101,106

Source: Centers for Disease Control and Prevention
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Table 2. Epidemiological comparison of respiratory viral infection [70-73].

: . CFR . TR .
. Disease-Causing . Ro . . Incubation  Hospitalization Community  Annual Infected
Disease Basic Reproductive  Case Fatality
Pathogen Number Rate Time Rate Attack Rate Global
SARS % 3 9,6-11% 2-7 days Most cases 10=60" 8098 (in 2003)
SARS-CoV
MERS % 0.3=0.8 34.4% 6 days Most cases 4=134% 420
Flu 1.3 0.05=0.1% 1-4 days 2% 10=20r% ~1 billion
Influenza virus
COVID-19 20=25 ~3.4% 4-14 days ~19% 30=40r% N/A ongoing

SARS-CoV-2




Animal Resource of SARS

_______________________________________________ ) Intermediate host Made of transmission Final host
~~~~~~~ Close contact with mucus or fluids e '
SARS-C'o\ :
SARS viras) ' ; SARS-CoV (Civet)
Origin
(Bat) “'\'\. £ g
e 1
------------------------------------ - . { 3‘ Diet or close contact
MERS-CoV :
(MERS virus) : MERS-CoV (Camel)
ARS-CoV-2
((’?):"::(l‘;':'il'us) SARS-CoV-2 (Pangolin)

Figure 1. Animal origins of human coronaviruses (Created with BioRender.com, accessed on 1 August 2020).

Review
Overview of COVID-19 Disease: Virology, Epidemiology,
Prevention Diagnosis, Treatment, and Vaccines

Iman Salahshoori 1*, Noushin Mobaraki-Asl 2*, Ahmad Seyfaee **, Nasrin Mirzaei Nasirabad 2, Zahra Dehghan ?,
Mehrdad Faraji 500, Mina Ganjkhani 4 Aziz Babapoor 4 Seyede Zahra Shadmehr 6 and Ali Hamrang 6



Spike (S) Protein & ACE2
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Most common symptoms

z I .
Dry Cough Fever Tiredness

Less commoln symptoms

(.I . -
%
¥ | %

Nausea & Diarrhea

Gastrointestinal

Sore throat

problems Severe symptoms
S
¢ Cerebral hemorrhage
Heart attack Difficulty breathing or shortness of &

breath

Figure 5. The most minor and major symptoms of COVID-19 (Created with BioRender.com, accessed on 15 March 2021



Fig. 1. The relationship between age-
dependent changes in immune responses with
the severity of COVID-19 disease.

Differences in the immune system of children
and adults may be the reasons for clinical dif-
ferences in the severity of COVID-19. During
aging, immune responses undergo changes that
lead to more severe disease, some of which are
include: a) depletion of well-ordinated innate
immunity and regulative cytokines, b) dimin-
ished ability of the innate immune cells to
recognize PAMPs, followed by strong activation
of PRRs, influx of pathogenic immune cells and
excessive release of proinflammatory cytokines
for compensation, c) reduction ratio of naive
lymphocyte/memory lymphocyte, d) induce of
negative regulation and the predominance of
Th2 to Thl responses, e) decrement of circu-
lating plasma cells, f) increase of regulatory T
cells (CD4+ CD25+ FOXP3+) function, and g)
decrease of CTLs activity and diminish of CTL-
mediated immunity. PAMP: Pathogen associ-
ated molecular pattern; PRR: Pathogen recog-
nition receptor; Th: T helper; CTL: Cytotoxic T
lymphocyte.

’-Hrﬁl-)‘-ise‘asz Severity

—— Th2

Th1

—
Treg function

The role of dysregulated immune responses in COVID-19 pathogenesis

Tahaghoghi-Hajghorbani §*", Zafari P*", Masoumi E“*:“, Rajabinejad M*", Jafari-Shakib R"%,
Hasani B", Rafiei A™*



Adults & Children COVID-19

CTL activity
Th1, Th17
Alveolar MQ
ICAM-1
SP-A

CTL activity
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Fig. 2. The difference in immune responses in the lungs of children and adults to SARS-CoV-2 is the reason for the different clinical manifestations.
In children, SARS—COV-2 infection may be quickly eradicated due to having less mature ACE2 receptors and rapid activation of immunocompetent immune cells
(right side). In adults, the negative regulation of the immune response in the respiratory tract, late changes in the nature of the immune responses, decrease in
population of immunocompetent cells, increase of ACE2 expression, ACE2 shedding and sACE2 production, all can lead to an uncontrolled immune response,
widespread ineffective inflammation, immune dysregulation, cytokine storm and ARDS (left side). ACE2: Angiotensin—COnverting enzyme 2; SARS—COV2: severe
acute respiratory syndrome coronavirus 2; ARDS: Acute respiratory distress syndrome.
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The role of dysregulated immune responses in COVID-19 pathogenesis
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COVID-19-associated Hyper-inflammation

Neutrophilia

Pro inflammatory
Cytokines (e.g, IFN-y)

4% SARS-COV-2

PlasmaCells Thl/Thl7
B cells



CYTOKINE STORM & ARDS
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Figure 6. A cytokine storm in the lungs due to COVID-19 disease: (1) infection, (2) Cytokine
production, (3) Creating a cycle of inflammation in lung cells, (4) Fibrin formation and (5) Filling of
the lung cavities (Reprinted from “Cytokine Storm”, by BioRender.com, accessed on 3 July 2020) [38].



COVID-19: immunopathogenesis and Immunotherapeutics
Yang et al.
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_ Clinical implications of SARS-CoV-2-induced immunopathology

| }
The effect of lymphopenia on The effect of elevated cytokine
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ACE2 Expression in Most Organs

ACE2 expression
I High
[ Intermediate
Minar
1 Nonafindatarminate

Brain
= ACEZ2 has not been detected in the
brain, except in blood vessels.

Heart

» ACEZ increazed in patients with
heart failure.

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

Lungs

« ACE2 expression higher in smokers.

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

Liver

= ACEZ only found in cholangiocytes.

Intestines
« ACEZ expression enriched on
enterocytes of the small intestine,

Te !

stis

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 increasad
fibrin degradation products.

Figure 5. ACE2 Expression in Organs and
Systems Most Frequentily Implicated in
COVID-19 Complications

The gastrointestinal tract, kidneys, and testis have
the highest ACE2 expressions. In some organs,
different cell types have remarkably distinct ex-
pressions; e.g., in the lungs, alveolar epithelial cells
have higher ACE2 expression levels than bronchial
epithelial cells; in the liver, ACE2 is not expressed
in hepatocytes, Kupffer cells, or endothelial cells
but is detected in cholangiocytes, which can
explain liver injury to some extent. Furthermore,
ACE? expression is enriched on enterocytes of the
small intestine compared to the colon.

ACEZ, angiotensin-converting enzyme 2; BNP, B-
type natriuretic peptide; CRP, C-reactive protein;
IL, interleukin; N/L, neutrophil-to-lymphocyte ratio;
PT, prothrombin time; aPTT, activated partial
thromboplastin time.

of similarities between different virus
replication mechanisms, some antivirals
can be repurposed against various viral
infections. Currently, most of the available



Multi-Organ Failure due to COVID-19

Acute cerebrovascular

disease, brain inflammation
encephalitis, seizure, ataxia,

impaired consciousness,

dizziness, headache, skeletal
muscle injury, loss of smell,
taste and visual impairment.

oesophageal bleeding,
haemorrhagic colitis,

Anorexia. nausea,
diarrhoea,

Conjunctivitis,
epiphora,

chemosis and
increased =
secretions

EFFECT OF SARS-

BRAIN CoV-2 ON

15%-53% cases
show intensive
hepatic damage

, DIFFERENT ORGANS

Pneumonia, alveoli choked

C<I>|0n damage and == & with WBCs, dead lung cells,
ulcers / mucus and fluids

CARDIOVASCULAR
SYSTEM

Cardiac insufficiency, myocarditis,
toxicity and arrhythmia..
Haematological manifestations
like arterial and venous
thromboembolism, PT and aPTT
prolongation, increase in fibrin
degradation products,
thrombocytopenia and
disseminated intravascular
coagulation

LIVER
KIDNEY

Acute kidney
damage, hematuria,
albuminuria and
proteinuria. High
blood urea nitrogen
and creatinine

Multiple lesions in toes, fingers, soles
and heels. Urticariform rash,
inflammatory lesions, cold urticaria,
chicken-pox like vesicles, exanthema,
vascular lesions, necrotic and non-
necrotic purpura, chilblain lesions
and eruptive cherry angioma




Chronic Comorbidities Among 3335
Deceased COVID-19 Patients in Italy

454 F. Mai et al./Journal of Cardiology 76 (2020) 453-458

763

1000

179 203

| m 116
[’3; U &

Fig. 1. Chronic comorbidities among 3335 deceased COVID-19 patients in Italy as of June 4th, 2020. (A) Comorbidities by gender. (B) Proportion of patients with 0,1, 2, or at
least 3 comorbidities: 4.1%, 14.8%, 21.5%, and 59.7%, respectively. HTN, hypertension; DM2, diabetes mellitus type 2; IHD, ischemic heart disease; AF, atrial fibrillation; CKD,
chronic kidney disease; COPD, chronic obstructive pulmonary disease; HF, heart failure.

COVID-19 and cardiovascular diseases

Francesca Mai (MD)', Rita Del Pinto (MD, PhD)’, Claudio Ferri (MD)*



Mechanisms of Myocardial Injury
in COVID-19 patients

SARS-CoV-2
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Giustino, G. et al. J Am Coll Cardiol. 2020:76(17):2011-23.




Mechanisms of Endothelial Dysfunction
in COVID-19

SARS-CoV-2

Pulmonary and systemic
inflammation ; :
. | Angiotensin |

Reduced ACE2 expression after
ACE2-mediated endocytosis

Angiotensin Il

Increased ROS
after cellular
infection

Immune reaction L

Cytokine release Hydrolysis of

Angll to Ang(1-7)

Cytokine

receptors /

Endothelial cell

Vasoconstriction
Inflammation
Coagulation

Endothelial dysfunction in COVID-19: Current findings and
therapeutic implications

Matthias P. Nagele, Bernhard Haubner, Felix C. Tanner, Frank Ruschitzka, Andreas J. Flammer



Immune Response
to SARS-CoV-2



SARS-CoV-2
infection
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Not just antibodies: B cells and T cells
mediate immunity to COVID-19

Rebecca J. Cox'™= and Karl A. Brokstad?

b
Innate immune Induction of Immune memory —— Virus/antigen
response to virus adaptive immunity to SARS-CoV-27 T Specific antibodies
Cvioki =] —— Memory B cells
okine c — ;
— @ pry;duction © Memory T cell ‘% Specific T cells
e Regulation of ; E
inflammation g o
c
DC activation — @ Killing of Memory B cell 2
and uptake of infected cells §
viral antigens Induction of s
antibodies T
d‘_' @’}?} A T Weeks Months Years
Bcell Plasma cell L=t Timeline

Fig. 1| T cells and B cells in immunity to SARS-CoV-2. a| Infection with SARS-CoV-2 leads to activation of innate
immunity and dendritic cells (DCs), which will drive the induction of virus-specific T cell and B cell responses. Little is
currently known concerning the memory response to SARS-CoV-2, but this will be important for developing an effective
vaccine. b | A predicted time-course of adaptive immunity to SARS-CoV-2. CTL, cytotoxic T lymphocyte; T, T follicular
helper cell; T,,, T helper cell; T, regulatory T cell.




Immunity after SARS-CoV-2 infections
NATURE IMMUNOLOGY | VOL 22 | MAY 2021| 537-544

www.nature.com/natureimmunology
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Fig. 1| Correlations between SARS-CoV-2-specific T cell responses, disease severity and peak antibody
response. Zuo et al. measured SARS-CoV-2-specific T cell responses in 100 individuals six months

after infection. SARS5-CoV-2-specific T cell responses were measured by IFN-y ELISpot and intracellular
cytokine staining and correlated with both initial symptoms and the peak antibody response.




Antibody Response in COVID-19

e — Disease > i< Convalescence ——»
g s
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Figure 4. Time kinetics of antibody response in coronavirus disease 2019 (COVID-19). The illustration
demonstrates the relative levels of host immunoglobulins (IgM, IgG, IgA) and SARS-CoV-2 viral load
at different stages of COVID-19. Antibody-specific seroconversion occurs when the antibody reaches
a detectable level in blood. Disclaimer: This graphic is for illustrative purposes only and does not
represent actual levels of each antibody.

Review

COVID-19 Serological Tests: How Well Do They
Actually Perform?



Laboratory Diagnosis of
COVID-19

* Molecular Assays (PCR)
 Immunologic Assays (ELISA)



Threshold

Negative

T

Copies per reaction (Ct) @:

Figure 9. The protocol template COVID-19 diagnostic testing through real-time RT-PCR: (1) Nasopharyngeal swab,
(2) Collected specimen, (3) RNA extraction, (4) purified RNA and (5) Test results real-time (Adopted from “COVID-19
Diagnostic Test through RT-PCR”, by BioRender.com, accessed on 9 April 2020) [98].




Immunologic Assays (ELISA)
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Ab response
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Substrate

SARS-CoV-2

S,
ddddall =

4) ACE2 Neutralizing Antibody ACE2 Competition ELISA

Limited blocking activity High blocking activity

Substrate Substrate
anti-mFc Ab HRP | \j i i
patient anti-RBD

\ non-blocking Ab
|

4——— ACE2-mFc L

\ patient anti-RBD

\ B /«

blockingAbgr ——¥ z\\\\
-
DODODW. ‘/,.

RBD

https://www.news-medical.net



¥ Y=oyl g g £59955L 0 1ad Cledl g (L gnle sk cucal
ol gt DYMBT LY o yiere Sl (o Sglgigenl Clpess

A3l Wlgthe Spatuns (Gilogt S 5 Cond (o |pasio VimsygsS (6 oy
bl )3 Slgie poalighil (6 SMoe CYMB] 5 (SLgleS1sS Gareg igigenl S
ABl andly olis 256 Y eSiwlggnn, I8 slas low

S it Elgl b g Cunl Copliy 4 9) V0955 Sujglgisenl slo s



