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Learning Objetives

* Coronavirus and human infectious disease

* General overview of the immune response

* Immune response during COVID-19 (different scenarios)

* Considerations and opportunities for treatment in severe cases
* Considerations for prevention in at risk population

* Concluding remarks



Coronavirus (CoV) virion structure

& Spike (S)
Membrane (M)

Enveloped, non segmented, positive sense

single stranded RNA virus Nucleocapsid (N)

26-32 kilobases (largest known)

4 structural proteins: N (phosphorylated),
spike proteins (S ), and transmembrane

proteins (M and E)

4 genera, although human infections are
caused by o and 3 genera (SARS-COV-2)

SARS-CoV-2 orfifab | S

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

Figure 1. Comparison of SARS-CoV-2 (Wuhan-Hu-1) Genome Structure with Its Closest Bat Relative (bat-SL-CoVZXC21), Tor2 SARS-CoV,
and HCoV-EMC MERS-CoV

Li G. 2020, Grifoni A. 2020



The infectious disease COVID-19

* Virus reproductive number R, = 3.28 (Influenza R,=2.4)

* SARS-CoV-2 use host receptor angiotensin-converting enzyme 2 (ACE2) to
enter the cells. High expression of this receptor is in human oral pharynkx,
upper airway, and type 2 pneumocytes in the lungs

* Once activated ACE2 can be cleaved and released into the circulation:
increase lung vascular permeability and directly interact with macrophages

Harapan 2020



The infectious disease COVID-19

* Clinical manifestations: fever, headache, dry cough, smell & taste disorders,
fatigue, myalgia, diarrhea, pneumonia, acute respiratory distress syndrome
(ARDS), sepsis, multiple organ failure, and death

* Risk factors for severe disease: male, >60 years old, chronic comorbidities
(hypertension, cardiovascular disease, obesity, and diabetes)

* Mortality rate 0.5-8%, depending on the availability of diagnostic testing and
capacity of the health care system

* Histopathology: inflammatory cell infiltration and edema, with pathological
changes in alveolar epithelial cells and alveolar type 2 pneumocytes, with damage

to pulmonary arteriolar walls

Mehta P, 2020



Table 2. Distribution of ACE2 and TMPRSS2 in organs, and symptoms of COVID-19 (percentage
indicate estimated frequency in COVID-19 patients).

Lymphocytes/Dendritic Cells Fever (>99%), fatigue (70%), myalgia, lymphopenia

Lung (type 2 pneumocytes, bronchial epithelium) | Dyspnea (31%), dry cough (60%), respiratory failure

GI Smooth Muscle Nausea (30%), Diarrhea

Myocardium Myocarditis, heart failure, arrhythmias

Vasculature (smoot-h m;scle)- 1 | Vasculitis, thmmT)osis,-mi:roangio;;nth-y 1

Neurons Anosmia, hypogeusia, encephalopathy, seizum—,m
Kidney Renal dysfunction

Liu, 2020
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The big picture of the immune response

* Immune responses are essential to control and eliminate viral infections
* Excessive or prolonged immune responses can lead to immunopathology
* Immunopathology in the lungs can impaire pulmonary gas exchange

* Gaining a better understanding of the interaction between CoV-2 and the
Immune system to:
* Recognize subjects at higher risk to develop severe disease (improve diagnosis)
* Reduce the inflammatory response in lungs during COVID-19 (targeted treatment)
* Prevent the infection (vaccine development)



Overview of the immune response

Innate immunity: Adaptive immunity:
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Types of immune responses
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Adaptive Immune
response

Once primed, CTL become
competent to kill virally infected
cells

HTL produce cytokines to help B
cells (antibody responses) as well
as enhance CTL function and
activation of other types of cells

B cells can undergo Isotype switch
and affinity maturation (memory
antibodies)
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dye by apoptosis and we are left
immune (memory cells &
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lmmunocompromised patients with COVID-19

* Case report of a couple of two 60 year old: patient 1 a breast cancer female
survivor with previous chemotherapy administration (immunosupressed), and
patient 2 a hypertensive (immunocompetent) male

SEOUTO!
al letto

Patient 1 recovered in 6 days Patient 2 recovered in 22 days, after ICU management

Spezanni 'V, 2020



Immunopathology in COVID-19

* HTL (CD 4+) -2 secrete cytokines for cell recruitment & inflammation (IL-1, IL-17,
IL-6, MICP1, GCSF, IP-10), to hellp B cells (IL-10, IL-4), and to activate other cells

(INF-g, IL-2)
* Innate immune cells effectively activated produce: TNF-3, IL-1 and IL-6

* |CU patients have a singificant increase of MICP1, GSCF, IP-10, IL-1, IL-6, TNF-a, IL-
10 and IL-4: CYTOKINE STORM SYNDROME & LYMPHOPENIA

* Immunosenescence: immune changes associated to age and chronic
inflammation; decreased naive T and B cells = inhability to coordinate immune
responses to new pathogens with misscommunication between innate and
adaptive and failure to produce protective antibodies, and inflammaging

*Monocyte chemoatractant protein Qin, 2020; Nikolich-Zugich, 2020



Considerations for treatment of severe cases

* Management is mostly supportive and under research

* Immunosupressive drugs (corticosteroids, anti-IL1, anti-IL6,
choloroquine and hydroxicloroquine (2 RCT), azythromicin (4 RCT)
anti-TNF, JAK inhibition)

* Intravenous immunoglobulin from recovered patients (15 days after)
(2 case series)

* Antivirals: Oseltamivir, Remdesivir, Lopinavir/Ritonavir
* Interferon-a and Interferon-b
* |Icatibant (Bradikinin receptor blocker)

van de Veerdonk, 2020; Bhimraj A, 2020



Considerations for prevention

* Currently, no vaccine is available

* Several vaccination strategies including live- attenuated virus, viral
vectors, inactivated virus, subunit vaccines, recombinant DNA, and
proteins vaccines

e Studies are in progress, but it requires months to years to develop the
vaccines for SARS-CoV-2

* Stop the chain of transmission: Strict quarantine of suspected people
and their close contacts
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1 - Notyet  Study of TJ003234 (Anti-GM-CSF Monoclonal Antibody) in e Coronavirus ¢ Drug: TJO03234 ¢ OSF Healthcare Saint Francis Medical Center
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recruiting (COVID-19) in Hospitalized Patients e Drug: Hydroxychloroquine sulfate Halifax, Nova Scotia, Canada
m ¢ Drug: Baricitinib (janus kinase
inhibitor)
¢ Drug: Sarilumab (anti-IL-6
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Worsening related to

Progression of increased inflammation Damage due to
disease (either seroconversion-  uncontrolled inflammation
Before Start of (CT scan lesions, el o e and/or ventilation
disease disease fever and dyspnea) inflammatory trigger) Progressing to fibrosis

—

Vaccination Antivirals Antivirals Antivirals Antivirals
(note of caution on +/- - +
anti-S-I1gG) B1R/B2R inhibition B1R/B2R inhibition B1R/B2R inhibition
Depending on + +
o severity anti-inflammatory anti-inflammatory agents
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° tocilizumab, +
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van de Veerdonk F. 2020



The BCG hypothesis

* Publications (without peer review) looked at the association between COVID-19 mortality
onh one hand and countries’ policies with respect to BCG vaccination on the other

* Hypothesis: differences in rates of infection in countries where BCG vaccination is
mandatory compared to countries without it

* The “known immunological benefits” of BCG vaccination may be behind the biological
mechanism of such observation

* Results from two studies: Booster to improve influenza vaccine responses and increased

viral clearance in yellow fever vaccine associated viremia (innate immune memory or
priming)

* |IM or priming is short-lived, not enough for an effective immune response to develop,
and could result in the opposite (tolerance)



s there a true causal relationship?

* No biological mechanism to explain a protection against CoV-2

* Other potential confounders: ethnicity, rates of chronic diseases, time
from community spread start date, major public policy decisions
(underreport of cases), and income levels

* A study used data on average population age per country and number
of infections (Wikipedia) and BCG immunization rates (WHO website)

* Kirov found that population age is a very significant confounding factor
that explains the rates of infections much better and has a solid
biology mechanism which explains this correlation

Kirov, 2020



Factors associated to mortality across
countries

Correlation between normalized infections per country and the median age(years) o Aft ar | | near re g ress | on. t h e most
g~ )

Cases per million, log transformed

signhificant factor was income level,

 BCG vaccination has no causal link to COVID-19 infection rates
* Two RCT are underway to prove if BCG can boost the IR before infection
with CoV-2 in at risk population (healthcare workers)
 BCG administration in already infected persons might be deleterious,
specially if they are at highest risk for a serious disease

0 Kirov, 2020
Median Age



CONCLUSIONS

* SARS-2 has emerged as an exceptionally hardy and contagious virus
* Fever and pulmunary symptoms predominate

* CoV are recognized by TLR7, RIG-I/MDA and result in early IFN-I response, necessary fro
appropiate control of infection

* Neutralizing antiodies agains S and N protein are likely key to protection

* |Individuals for the highest burden of severe disease are older adults, and patients with chronic
inflammatory conditions (immunosenescence)

e Patients with severe diasease my succumb to ARDS, supportive care is the mainstay of therapy

* Current successful anti-pandemic measures have included extensive testing, contact tracking, and
strict quarantining

* Prevention is the most important strategy for older adults
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