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Discovery of Human Coronaviruses

• Coronaviruses constitute a large group of viruses that circulate in domestic and wild mammals (cat, dog, pig, mouse,
rat, bat, cattle, deer, giraffe, llma, sheep, elk, and caribou) and birds.
• Seven of them have made their way into humans
Kupferschmidt, K. (2020) Science, 368 (6490), 462-465

Coronavirus Epidemic/Pandemic
• First epidemic in 2002 by Severe Acute Respiratory Syndrome Coronavirus (SARS CoV)
• 10% fatality, poor transmission
• Second epidemic in 2012/2013 by Middle East Respiratory Syndrome Coronavirus (MERS CoV)
• 34% fatality- one of the highest fatality rates among viral diseases, poor transmission..
• Third epidemic/pandemic in 2019/2020 by Severe Acute Respiratory Syndrome Coronavirus-2 (SARS CoV-2).
Disease- coronavirus disease -2019 (COVID-19)
• High rate of transmission, lower fatality (1.5%)
• Originated from the wet/live animal market at Wuhan, China where bats, snakes, raccoon dogs, palm
civets, and other animals are sold, and rapidly spread worldwide
• Bat is believed to be the reservoir and pangolin as a likely intermediate through which it was introduced
into human
• 80% of infected people either show no symptoms or mild symptoms
• 15% of infected people develop severe pneumonia; 5% develop acute respiratory distress syndrome
(ARDS), septic shock and/or multiple organ failure
• Spreads through airborne droplets generated by coughing, sneezing, laughing and talking
• The point of entry: mouth, nose and eyes

Coronavirus- Structure of Particles and Life Cycle
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•
•
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•
•

Enveloped, linear single-stranded RNA (+) genome
Average size of virus particles: 80-120 nm
Largest RNA genome: 26-32 kb
Encodes 16 non-structural proteins and four structural proteins
Particles decorated with Spike (S) proteins- “corona”
S proteins interact with the receptor on susceptible human cellsAngiotensin Converting Enzyme-2 (ACE2)

Flint, J., Racaniello, JR, Rall, GF, Skalka, AM, and Enquist, LW. 2015. Principles of Virology. ASM Press, Washington, DC

SARS-CoV-2 Genome and Proteome
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Effect of SARS CoV-2 Infection on Lungs
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SARS CoV-2 Rampage
1 Lungs
Damage by the virus and the immune system
diminishes oxygen uptake leading, in severe cases,
to ARDS.

2 Heart and blood vessels
Many cardiac cells are rich in ACE2 receptors.
Causes blood clots, heart attacks, and cardiac
inflammation.

3 Brain
Strokes, seizures, confusion, and brain
inflammation. MOA not understood.

4 Eyes
Conjunctivitis, is more common in the
sickest patients.

Science (2020) 368, 356-360

5 Nose
Some patients lose their sense of smell.
The virus may move up the nose’s nerve
endings and damage cells.

6 Liver
Liver damage believed to be due to the
immune system and drugs.

7 Kidneys
Kidney damage is common in severe
cases.

8 Intestines
The virus can infect the lower
gastrointestinal tract, which is rich in ACE2
receptors. Some 20% or more of patients
have diarrhea.

Cytokine Release Syndrome (CRS)
• Sometime also referred to as “cytokine storm”
• First observed in response to polyclonal T-cell activation by
“superantigens” such as Staphylococcal enterotoxin B
• Involved in SARS and MERS pathophysiology
• A striking feature of cancer immunotherapy by chimeric antigen
receptor (CAR) as well as checkpoint inhibitors
• Coronaviruses infect macrophages, monocytes and dendritic cells
and stimulate secretion of IL-6, the most powerful cytokine
• IL-6 in turn stimulates release of powerful cytokines by
lymphocytes and endothelial cells and cause potent tissue damage
ultimately leading to multi-organ failure

Moore and June (2020) Science, 368 (6490), 473-474

“Contagion” – The Reel vs Real Life
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Uncanny similarity with the current pandemic
Epidemic started by a fictional virus MEV-1
MEV-1- a respiratory virus
Zoonotic origin of MEV-1 in a live/wet animal
market in China
Bat dropped a piece of banana that was consumed
by a pig
Chef cooking the pig shook hands with a woman
(Gwyneth Paltro)- Patient zero (index case)
Bat a reservoir and pig an intermediate host
MEV-1 spreads by sneezing, coughing, etc and
fomite
Similar symptoms
Forsythia (aka chloroquine of Contagion!)
Movie ends with the development of a vaccine
Consultants: Dr. Ian Lipkin (Columbia Univ.) and
Laurie Garrett (author of "The Coming Plague“)
R0 - an epidemiological concept

•
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•
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•

Reproductive number, R0 (R naught) – average number of new
infections that result from a single infected person
• If R0 <1, it is impossible to sustain an epidemic
• If R0 >1, an epidemic is possible
• If R0 >>1, an epidemic/pandemic is almost certain
R0 value for SARS (2003) is 2.75
R0 value for MERS (2012) is 0.8
R0 value for SARS (COVID-19) is 2 (?)
Virulence and transmissibility are inversely related
Fatality rates: SARS CoV- 10%, MERS- 34%, COVID-4%

Rapid Spread of SARS CoV and the Role of Superspreaders

Knipe, DM and Howley, PM. (Eds). 2013. Fields Virology. Lippincott Williams and Wilkins, Philadelphia, PA

Phylogenetic Tree of Coronaviruses

Shereen, et al., (2020) J Adv Res, 24, 91-98

Evolutionary Timeline for the Emergence of HCoVs

HCoV-OC43 likely responsible for 1889/1890 pandemic
that killed one million people

Forne, et al., (2017) Trends Microbiol, 25(1), 35-48

Transmission of Human SARS Viruses

Abd El-Aziz and Stockand (2020) Infect Genet Evol, 83, 104327

Zoonotic Origins of Human Coronaviruses

Ye et al. (2020) Int J Biol Sci, 16(10): 1686 - 1697

Emerging Infections
Crossing the Species Barrier

Owen, Punt and Stranford. 2013. Kuby Immunology. WH Freeman & Company, New York, NY

History of Epidemics
and Pandemics

SARS: 770
MERS: 850
COVID-19: 343,000+

Fatality rate of COVID-19: likely inaccurate considering a highly uncertain denominator

Virus Evolution and Adaptation
• Viruses evolve much faster than other organisms (RNA viruses >> DNA viruses)
• Fidelity of genome replication
• Proofreading function (3’-5’ exonuclease) of the genome polymerase
• RNA polymerases lack proofreading function (exception- coronaviruses!)
• Genome reassortment (e.g., influenza viruses)
• Recombination (homologous or heterologous)
• Darwinian principle of virus evolution
• Virus populations are highly diverse- continuous generation of variants
• Natural selection of variants- survival and heritability
• Most interspecies transmission results in abortive or dead-end infection
• Rare successful event followed by adaptation in humans
• Immune system exerts pressure for natural selection
• Gradual loss of virulence and concomitant increase in transmission
• Equilibrium- well-adapted viruses that cause only mild infection

Immunology of SARS CoV-2
• Vaccine strategy depends on the understanding of immunology
• We do not know the key elements of a protective immune response
• The nature of immune response
• Humoral (antibody) vs cell-mediated immune response
• Neutralizing antibodies
• Innate immune response
• Short-term vs long-term immunity
• The role of memory cells (B/T cells)
• Antigens, B-cell and T-cell epitopes
• It has been very difficult to develop a vaccine for certain infectious diseases
• Malaria, tuberculosis, HIV, HCV; no universal influenza virus vaccine
• Vaccines against SARS and MERS have worked in experimental animal models

COVID-19
Vaccine Strategies
DNA vaccines
Inovio/Beijing Advaccine
Biotech
Applied DNA Sciences
Takis Biotech/Evvivax
Zydus Cadila

Codagenix/SII

New strategy: RNA vaccines
Moderna/NIAID
CureVac
ICL
Arcturus/Duke/NUS
BioNTech/Pfizer

SinoVac/Dynavax

Non-replicating viral vectors
CanSino (Ad5)
J&J/BARDA (Ad26)
Univ. of Oxford (ChAdOx1)

Tonix Pharma/Southern
Research; Altimmune;
Greffex; Vaxart; Zydus
Cadila; Institute Pasteur
GeoVax Labs/BravoVax
Medicago

Adapted and modified from: Flint, J., Racaniello, JR, Rall, GF, Skalka, AM, and
Enquist, LW. 2015. Principles of Virology. ASM Press, Washington, DC

Subunit vaccine
Clover Biopharm/GSK
Novavax
Baylor/UTMB/NYBC/Fudan
Vaxart
UQ/GSK/Dynavax
Generex
Generex/EpiVax
ExpreS2ion
Sanofi Pasteur
Vaxil Bio
Walter Reed/USAMRIID
EpiVax/UGeorgia
iBio/CC-Pharming

Current Pipeline of COVID-19 Vaccine

Current count: 8 in Phase I and >110 in exploratory phase
Le et al. (2020) Nature Review Drug Discovery, 19, 305-306

Therapeutic Intervention Strategies
• Binding to the receptor
• Monoclonal antibodies and small molecule inhibitors
• Convalescent plasma of patients recovered from COVID-19
• nAbs reconstructed from B-cells of convalescent patient blood
• Focus on repurposing of drugs
• Entry in the cell and fusion
• Camostat mesylate: inhibits TMPRSS2 protease
• Fusion inhibitors: CLQ/CLQ-OH- Approved by FDA under EUA
• Viral protease inhibitors
• Lopinavir/ritonavir (Kaletra)- did not show any beneficial effect
• Viral RNA replication: RNA polymerase inhibitors (Remdesivir)
• IL-6 receptor antagonists to stem “cytokine release syndrome”
• Monoclonal antibodies and small molecules
• Kevzara (Sanofi/Regeneron): Phase III only for advanced cases
• Interferon- one study showed it upregulates ACE2 expression
• Anti-inflammatory drugs
Kupferschmidt and Cohen (2020) Science, 367 (6485), 1412-1413

Abbot, Roche, Cepheid, Bio-Rad, Thermo Fisher, Quest, LabCorp, PerkinElmer, Qiagen, and others

Now What?
• Viruses with animal reservoir- highly challenging to develop vaccines
• Smallpox virus- the only virus that has been eradicated completely (1977)
• No animal reservoir, low rate of mutations and recombination, elicits a strong and enduring
protective immune response, no vector-based transmission
• Bats harbor more than 200 distinct coronaviruses that are non-pathogenic to bats
• Bats are the second most common mammal after rodents, making up nearly 20% of all species of
mammals - there are more than 1,300 species of bat and some can live up to 40 years.
• Bats also harbor many other viruses- Nipah virus, Hendra virus, Ebola virus, Rabies virus
• Many intermediate mammalian hosts
• No guarantee that a new coronavirus won’t evolve and cross the species boundary to trigger a
new epidemic/pandemic
• Trafficking in wild animals (meat, trophy, medicine)
• Wild/wet animal markets
• Close proximity to wildlife
• Deforestation (agriculture, commercial exploitation, residential/commercial)
• High density human population
• Loss of habitats (fire, deforestation, climate change) of wildlife

Thank You!
Q&A

Youtube video on COVID-19 by Ninja Nerds:
https://www.youtube.com/watch?v=rdoN_XsHWBI

Fareed Zakaria- China’s Deadly Secret airs today on CNN at 9 pm

