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Phylogeny

Order:  Nidovirales

Family: Coronaviridae

Subfamily: Orthocoronavirinae
or Coronavirinae



Coronavirus genera

• Alphacoronavirus: genera descend from bat gene pool, related to 
feline coronavirus (FCoV) and canine coronavirus (CCoV)

• Betacoronavirus: genera descend from bat gene pool, related to 
human SARS and MERS

** Both alpha and beta infect bats and can infect other species, 
including humans, camels, rabbits and others

• Gammacoronavirus: genera descends from avian and pig gene pools 

• Deltacoronavirus: genera descends from avian and pig gene pools



History of Coronavirus

• Thought to originate around 8000 BCE

• Bats (alpha and beta) and birds 
(gamma and delta) are thought to be 
prime hosts for evolution and 
dissemination of CoV

• Long history of animal-animal-human 
mutation and transmission
• Bovine and equine (1800’s), bovine and 

canine (1950’s), bovine and human 
(1890’s)

Image from China.org



Fuk-Woo Chan J, et al. 2013, Trends in Microbiology.



Zoonosis: Reservoir Host

• An organism that 
harbors a pathogen 
• No pathogenesis in the 

host

• Serves as a source of 
infection to other 
susceptible species

• A single reservoir host 
may be re-infected 
several times

Layton DS, et al. Vaccine, 2017.



History of Coronavirus in Humans

• First identified in 1950’s (coronavirus OC43)

• Hypothesis: SARS-CoV coevolves with bats, then went to several other 
host species prior to humans

• Hypothesis: MERS-CoV



COVID-19: Source and Spread 

• Likely has an animal source

• Sequencing data reveals close COVID relative in bat population (maybe 
pangolin?)

• In vitro research shows that COVID-19 can bind to ACE2 receptors in pigs, 
ferrets, cats and some non-human primates

• In vivo modeling – mice are resistant to COVID-19, currently using ferrets



What does CoV in humans look like?

• Varies greatly with the specific CoV type
• MOST are mild and asymptomatic infections

• Can range from the common cold to 30% mortality (MERS-CoV)

• Most common symptoms include: “colds” with fever, sore throat
• Primary viral pneumonia and/or bronchitis
• Secondary bacterial pneumonia and/or bronchitis

• SARS-CoV→ severe acute respiratory syndrome (SARS)
• Both upper and lower respiratory tract infections

• MERS-CoV→Middle East Respiratory Syndrome (MERS)
• Fever, cough, shortness of breath, GI (diarrhea), +/- pneumonia
• Some positive patients were asymptomatic
• Symptoms can progress to ARDS, MODS, Sepsis



Transmission

• Thought to occur from close contacts via respiratory droplets 

• Other routes of transmission includes fomites, airborne and faecal-oral

• MERS-CoV – most common unprotected healthcare workers and close 
human-to-human contact

• Incubation ranges 2-14 days

• NOTE: MERS diagnostics possible on sputum, nasopharyngeal swab, 
endotracheal aspirate, urine, faeces and blood, with viral shedding 
detected for 3+ weeks post infections.

• Co-infections with other viral and bacterial pathogens possible! If you have 
strong suspicion, unless tested negative, not ruled out



Basic Structure

• Enveloped Virus

• Positive-sense single stranded RNA genome

• Nucleocapsid – helical symmetry

• Largest genome size amongst the RNA viruses

• Name is derived from the “solar crown” of 

virions



What is the “corona” composed of?

• Viral spike (S) peplomers
• Proteins that populate the surface

• Determine host tropism

• Spike protein assembles into a trimer
• Spike protein contains a type II fusion 

machine (S2) and receptor-binding 
domain (S1)

• Receptor usage is not well conserved 
between the lineages

Scientificanimations.com



Life Cycle



Tropism

• Currently: thought to be primarily 
dependent on the Spike protein

• Epithelial cells in the respiratory and 
gastrointestinal tract are the primary 
target cells

• Viral shedding may occur via these 
systems

Hulswit RJ, et al. Adv Virus Res, 2016.
Image: University of Hong Kong.



Renin-Angiotensin System (RAS)

Brittanica.com



CoV (SARS) tropism and consequences

• Spike protein binding to receptor 
angiotensin converting enzyme 2 
(ACE2) and reduces ACE2 expression
• Induces cell shedding of receptor
• Induces TNF-a production 
• Facilitates viral entry into host cells

• Role of ACE2 – reduces angiotensin II 
levels
• This protects murine lungs from ARDS
• Mice with SARS-CoV acute lung failure 

attenuated by blocking the renin-
angiotensin pathway Haga S, et al. PNAS, 2008.

Imai Y, et al. Exp Physiol, 2008.
Wang D, et al. Pulm Pharm & Ther, 2019.
Glowacka I, et al. Virus-Cell Interactions, 2009.



RAS in ARDS

Khan A, et al. Crit Care, 2017.



Role of ACE2 in Diabetes

Battle D, et al. Diabetes, 2010.



TMPRSS2 (Cellular Protease)

• COVID-19 uses the ACE2 receptor for entry 
and the cellular protease TMPRSS2 for 
COVID-19-S priming

• TMPRSS2; Transmembrane protease, serine 
2

• Type II transmembrane domain, a receptor 
class A domain, a scavenger receptor 
cysteine-rich domain and a protease domain

• Inhibitors to this protease do exist (in Japan) 
and patients with Ab against COVID-19 are 
shown to neutralize this target

• This protease is also involved in other viral 
infections – such as HCV in the liver

• Present in Type II pneumocytes

Wen Shen L, et al. Biochimie, 2017.
Esumi M, et al. Hepatology, 2014.
Hoffmann M, et al. BioRxiv, 2020.



SARS-CoV-2 pathophysiology

• SARS-CoV-2 also infects host cells through ACE2 
receptor

• May result in COVID-19-related pneumonia, acute 
myocardial injury and chronic damage to 
cardiovascular system

• Infection symptoms are more severe in patients with 
CV disease

• ACE2 is involved in heart function and development of 
hypertension and diabetes mellitus

• ACE2 levels can be increased by the use of RAS 
inhibitors

• Need to consider the possible safety effects of the use 
of antihypertension therapy with ACE inhibitors or 
angiotensin-receptor blockers
• Whether to change therapy is controversial – not enough 

information Hofmann H, et al. Biochemical and Biophysical Research 
Communications, 2004.
Ravid M. Diabetes Care, 2009.



Questions posed re. ACE2…..

• ACE2 is shown to be in the lungs, but also in the heart and kidney

• Reduction of ACE2 results in pathophysiology in the lungs
• How does this effect/perpetuate other symptoms in compromised/ill patients
• Blood pressure, renal function, aldosterone-dependent

• Could bad infection also result in and perpetuate:
• Hypotension (hypertension in cardiac patients?)
• Blood potassium levels
• Renal function
• Blood sugar dysregulation

• Current treatment thoughts extend to the administration of 
angiotensin receptor blockers (such as losartan) in place of inhibitors

.
Gurwitz D. Drug Dev Res, 2020.



COVID-19 Myocardial injury

• Increase in cardiac troponin (>28 pg/mL)

• ICU admission

• Significantly higher blood pressure (145 mm Hg)

• Increase in Creatinine Kinase

• Some patients have FIRST symptom as CV 
presentation
• Heart palpitations and/or tightness in the chest, with 

no respiratory symptoms

• Possible relation to ACE2
• Also cytokine storm, respiratory dysfunction and 

hypoxaemia
.Zheng YY, et al. Nature Reviews Cardiology, 2020.



COVID-19 – pre-existing CVD

• Elderly patients with hypertension, coronary 
heart disease or diabetes at higher risk
• About 58% hypertension, 25% heart disease, 44% 

arrhythmia

• > 60 years old 

• Patients with CVD more likely to develop 
more severe symptoms

• Acute coronary syndrome with infection have 
poor prognosis

• Particular care with antiviral medications – as 
many of them can cause cardiac insufficiency, 
arrhythmia or other CV disorders .Zheng YY, et al. Nature Reviews Cardiology, 2020.

Carter P et al. JACC, 2019.



Ai T, et al. Radiology, 2020.



COVID-19 Radiological Findings

• PCR testing sensitivity may be as low 
as 60-70%

• Patient may have pneumonia and CT 
abnormalities but be initially PCR 
negative

• Early course: peripheral focal or 
multifocal ground-glass opacities 
affecting both lungs (up to 75% 
patients)

• With progression, paving and 
consolidation peaks at 9-13 days with 
slow clearing at 1 month

Ai T, et al. Radiology, 2020.
Yang W, et al. Radiology, 2020.
Kanne JP, et al. Radiology, 2020.
Image: https://www.itnonline.com/article/ct-imaging-2019-novel-
coronavirus-2019-ncov-pneumonia 



Reality check

• Ground glass opacity causes
• Normal expiration

• Partial filling of air spaces

• Partial alveolar collapse

• Interstitial thickening

• Inflammation

• Edema

• Fibrosis

• Neoplasm

• Ground glass opacity differentials
• Infection

• Pneumocytisis, cytomegalovirus, herpes 
simplex, RSV, COVID-19, MERS, SARS

• Chronic interstitial disease
• Eosinophilic pneumonia, interstitial 

pneumonia, bronchiolitis, etc

• Acute alveolar disease
• Cardiogenic pulmonary edema, ARDS, non-

cardiogenic pulmonary edema, 
hypersensitivity pneumonitis

• Other causes
• Neoplasm, drug toxicity, traumatic lung 

injury, cryptococcus, acute PE
Radiopaedia.com



Presentations flying under the radar

•Cardiac presentation 

(without respiratory 
symptoms)

.Zheng YY, et al. Nature Reviews Cardiology, 2020.



Presentations flying under the radar

• Conjunctiva is an alleged route of 
exposure
• Viral conjunctivitis is usually caused by 

adenovirus
• COVID-19 may cause ocular signs

• Photophobia, irritation, conjunctival 
injection and watery discharge

• Ocular discharge and tears are potential 
source of contamination

• Prevalence – about 1-2%?
• CAUTION WITH OCULAR DISCHARGE 

TRANSMISSION? American Optometric Association, 2020.
Jianha Xia MM, et al. Journal of Medical Virology, 2020. 



Presentations flying under the radar

• Gastrointestinal
• Reported as a primary symptom in one child with 

COVID-19
• Now isolated from feces of multiple patients (in 

china)
• Prior to respiratory symptoms – many patients 

reported diarrhea, nausea, vomiting and abdominal 
discomfort

• Immunofluorescent studies show ACE2 receptors 
in glandular cells of gastric, duodenal and rectal 
epithelia

• Of 73 patients, 39 tested positive in the stool (10-
78 years of age)
• Duration of positive stool was 1-12 days
• 17 patients remained positive in the stool even after 

negative respiratory samples

• ACE2 found colocalized with TMPRSS2 in 
absorptive enterocytes and upper epithelial cells 
of esophagus (in addition to the lungs)

• CAUTION WITH FECAL-ORAL TRANSMISSION? Gu J, et al and Xiao F et al. Gastroenterology, 2020.
CDC, 2020.



Presentations flying under the radar

• First US Confirmed Case
• 2 day history of nausea and vomiting 

and dry cough

• Loose BM on hospital day 2 with 
abdominal discomfort

• Viral nucleic acids of loose stool and 
respiratory specimens tested positive

KKW et al. Clin Infect Dis, 2020.
Image: wonemshealth.mag



Presentations flying under the radar

• Sequence also detected in saliva (not 
nasopharyngeal)

• POSSIBILITY OF SALIVARY GLAND 
TRANSMISSION?

• Digestive system is a likely route of infection in 
addition to respiratory

KKW et al. Clin Infect Dis, 2020.
Image: Brigham and Womens Fulkner.



Presentations flying under the radar

• Hepatobiliary System
• Based on RNA studies…

• Enrichment of ACE2 expression 
in cholangiocytes

• Proposed to potentially lead to 
direct damage of intrahepatic 
bile ducts

• Now suggesting to look at 
digestive symptoms for early 
detection, diagnosis and 
isolation/intervention

Gu J, et al and Xiao F et al. Gastroenterology, 2020.
CDC, 2020.



Presentations flying under the radar

• Mild to moderate liver injury reported in 
COVID-19 patients
• Elevated aminotransferases, hypoproteinemia and 

prothrombin time prolongation
• Up to 60% of patients with SARS had liver 

impairment
• SARS associated liver toxicity suspected to be due 

to antiviral medications, antibiotics, steroids, and 
immune system (SIRS, other)

• SARS-associated viral hepatitis
• Viral DNA present in liver tissue
• Pathogenesis never quite worked-out
• All speculative

Chau TN, et al. Hepatology, 2004.



Presentations flying under the radar

• ACE2 receptor present in the oral mucosa

• Highly enriched in epithelial cells of the tongue

• Suggests potential high risk of infectious susceptibility of the oral 
cavity?

Xu H, et al. IJOS, 2020.



Xu H, et al. IJOS, 2020.



Coagulation and CoV
• Coagulation Factor Xa and IIa (thrombin) shown 

to cleave and activate the S protein into S1 and 
S2 – promoting infectivity into cells

• Factor Xa has also been shown to be essential in 
replication of other viruses (in vitro)

• Heparin has been used in plaque formation 
assays with SARS 
• Decrease of plaques by 50%

• Recently, AI has identified dabigatran as a 
possible therapeutic for COVID-19 

• Recent publication shows possible benefit of 
dipyridamole (anticoagulant) for COVID-19

• Additional research needed to evaluate whether 
FXa and FIIa inhibitors or other anticoagulants 
could reduce viral infectivity

Vicenzi E, et al. Emerging Infectious Disease, 2004.
Du L, et al. Biochem Biohys Res Commun, 2007.
Kanade GD, et al. J Virol, 2018.
Wu C, et al. Acta Parmaceutica Sinica B, 2020.
Liu W, et al. MedRXiv, 2020.



Epidemiology and Spread

• We are missing information for accurate modeling and prediction
• Minimal infectious dose 

• No known information available? 
• Animal models may not be reflective of human infection
• Likely lower infectious dose needed for high-risk populations

• Route of transmissions
• Looks like all possible body fluids from all orifices?
• Also from mucosal surfaces?

• Incubation time
• Up to 14 days?

• Time of infectious shedding
• Up to 3 weeks after detection???? 

Greig JD. Food Safety and Education. 2010.



Super-Spreaders
• An unusually contagious organism infected with a disease

• More likely to infect others compared to typical infected person

• If super-spreaders exist – there is a general 80/20 rule
• 20% infected individuals are responsible for 80% of transmissions

• In epidemics with super-spreaders, the majority of individuals infect 
relatively few secondary contacts

• Factors
• Herd immunity
• Nosocomial infection
• Virulence
• Viral Load
• Misdiagnosis
• Airflow
• Immune Suppression
• Co-infections CDC.gov



The role of children (and animals)

• Children
• Studies confirm less severe symptoms
• BUT also confirm that have same risk of infection
• Should be considered “silent” carriers/spreaders?

• Animals
• Current “low viral” infection of dog in japan
• Was housed with COVID-19 infected human
• Not impossible that this is actual infection, but at low detection, likely not causing 

disease
• More likely that animal serves as fomite
• AVMA currently recommending for sick individuals to not take care of their pets 

directly if other family can, otherwise to wear a mask and wash hands around animal
• This is mostly to protect spread as a fomite, NOT because of current fear of human-

animal transmission

Bi Q, et al. MedRxiv, 2020.
AVMA, COVID-19.



Mutations

• Drift
• Antigenic drift
• Small changes (mutations) that can lead to surface protein changes

• Shift
• Antigenic shift is an abrupt, major change in a virus resulting in new surface proteins
• Shift can result in new subtypes

• Currently two types of COVID-19 detected (L and S)
• L suspected to have higher mortality
• S suspected to currently be more prevalent

• Human behavior can influence selection of virus types
• Whether by changing survival or by increased detection of more severe disease
• All currently fairly biased due to surveillance issues

• This creates a “moving target” for treatments such as vaccines
• Very similar to influenza detection, treatment and vaccination

Tan X, et al. NSR, 2020.



Minimum Infectious Dose: Reality check

• A typical “low infectious dose” virus 
can be about 10-100 virus particles

• SARS
• Plasma – 190 copies/mL
• Sputum – 63,000 copies/mL

• Dependent on material and 
condition – virus can remain 
infectious 2 hours-9 days

• Between 4-39 F, can remain viable 
for up to 28 days
• MERS up to 48 hours on steel at 20C, 

however TGEV up to 28 days
• 2 strains of SARS on paper – one lasted 

4-5 days, one lasted 3 hours
Chang L, et al. Transfusion Medicine Reviews, 2020.
Newman T. Medical News Today, 2020.
Image from OSHA



Herd Health: Additional Lessons from 
Veterinary Medicine
• Remove organic 

material/debris BEFORE 
disinfecting. 

• Think about your 
footwear!

• Other fomites!

Stull JW, et al. AVMA, 2018.
Morley PS, et al. JAVMA, 2005.
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