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Learning Objectives

• By the end of this module, you should be able to:
• Describe the common molecular characteristics of Coronaviruses
• Compare the emergence of SARS-CoV2 to SARS-CoV and MERS-CoV
• Explain SARS-CoV replication and the role of the viral S protein and its 

cognate receptor there in.



Molecular Virology of Coronavirus

Fields Virology Sixth Edition  Volume 1 Chapter 28 Figure 28.2



• Spherical virion (125nm) and a helical nucleocapsid
• Most notable common feature is a fringe of widely 

spaced, club-shaped spikes that project from the 
surface. 

• Described as giving  the viral particle a solar corona
• Genome composition: ss (+) RNA of ~30kb
• Four main structural proteins:

• S – spike protein, mediates cell entry
• M- membrane protein
• E- Envelope
• N-nucleocapsid

Coronavirus Structure



Coronavirus History 

• Isolated in 1930’s as causative agents of 
• Bronchitis in chickens
• Gastroenteritis in pigs
• Severe hepatitis and neurological diseases in mice

• Grouped together in the 1960s based on some 
common physical characteristics

• For about 40 years the Coronavirus studies focused on 
the economically significant respiratory and 
gastrointestinal diseases in domestic animals 

• and it was recognized that Human coronavirus 
(HuCov) is responsible for a large fraction of the 
common cold.



Coronavirus 
(CoV) 
Genogroups 

• Coronaviridae is a genetically diverse family currently 
groups into four genogroups (alpha, beta, gamma and 
delta).

• The replication of viral genomic RNA is inherently 
error –prone leading to the production of many 
species.

• MERS and SARS are both part of the Beta genogroup
• Most CoV strains have restricted host range but the 

zoonotic  CoVs have the ability to jump into new host 
species by acquiring mutations



Emergence of Pathogenic 
zoonotic outbreaks of 

beta Coronaviruses



SARS-CoV
• Emergence of the severe acute respiratory syndrome (SARS) 

caused by SARS-CoV occurred in 2002
• Illness: High fever, chills and body aches; diarrhea in 10-20%; after 

2-7 days dry, nonproductive cough leading to hypoxia in 10% of 
patients. 

• A total of 8,098 probable SARS cases were reported to the World Health 
Organization (WHO) from 29 countries, November 2002-July 2003 

• 774 died (case fatality rate 9.5%) Only 8 cases of infection in the United 
states confirmed and 1 death.

• SARS related coronaviruses were detected in a variety of bats
• Transmission to humans occurred through Palm civets ( a secondary 

animal reservoir) sold at wet markets in the Guangdon province

Horseshoe bat

Palm civet



MERS-CoV
• In 2012 Middle East Respiratory Syndrome was first reported in 

Saudi Arabia, which spread to 27 other countries including the 
United States.

• This syndrome was caused by MERS-CoV .
• Illness: Fever, cough, shortness of breath

• 2494 confirmed cases, 858 deaths, approximately 35% case fatality rate 

• Secondary animal reservoir is the dromedary camel
• Dromedary camels in Africa and the Middle East appear to be the only 

host responsible for human infection
• bats and alpacas can serve as potential reservoirs for MERS-CoV

• Human to Human transmission is possible, only by close 
unprotected contact.

Taphozous perforatus bats 
from Saudi Arabia



SARS-CoV2
• In December 2019 a novel Coronavirus was identified in Wuhan 

China
• Initially called 2019-nCOV and now called SARS-COV2
• 45 initial cases where traced to people who visited wet markets in Wuhan 

or had close contact with a ill family member.
• Genetic sequence analysis supports that the most possible 

transmission chain is: from bats to pangolins to humans
• Spread quickly across the globe and as of 6/21/2020 :

• 8,926,050 cases globally & 467,611 deaths
• 2,278,588 cases in the US & 119,959 deaths

• As the virus has spread it has acquired mutations due to the 
error prone nature of the viral polymerase

• The random mutations can help to track the spread of the 
pathogen and learn about its transmission routes and dynamics.



https://nextstrain.org/ncov/global?animate=2019-12-10,2020-05-30,0,0,30000&p=full

https://nextstrain.org/ncov/global?animate=2019-12-10,2020-05-30,0,0,30000&p=full





• Full genomic sequences from 
patients suggested that SARS-Cov-
2  have 70% amino acid homology 
to SARS-CoV and 96%  homology 
to a known bat coV

Rat

Sars
-

CoV





The viral surface protein S and its cognate receptor

• Spike glycoprotein S of all coronaviruses 
facilitates entry into the cell.

• S protein consist of a receptor-binding 
subunit S1 and a membrane-fusion subunit 
S2

• SARS-CoV S and SARS-CoV19 S bind to 
angiotensin-converting enzyme 2 (ACE2) as 
the entry receptor.

• S must be “primed” by a cellular protease to 
allow fusion of the viral envelope with the 
host cell envelope



Processing of  SARS-COV2 Receptor S

• S1 binds to a cellular receptor while S2 facilitates fusion of the viral 
membrane with a cellular membrane protein ( Hoffman 2020).

• S is processed by a plasma membrane–associated type II 
transmembrane serine protease, TMPRSS2, before membrane fusion.



The SARS-COV2 Receptor and Targets

• cognate receptor, angiotensin-converting enzyme 2 
(ACE2) similar to the first SARS-CoV virus.

• Uses TMPRPSS2 to enter Lung cell targets and to enter 
Enterocyte targets

• TMPRSS2 is blocked by a clinically proven protease 
inhibitor

• camostat mesylate, which is active against TMPRSS2 
(Kawase et al., 2012), blocks SARS-2-S-driven entry

• Evidence suggests that Convalescent SARS patients 
exhibit a neutralizing antibody  directed against the S 
protein  and it inhibits viral entry.

• Therefore  anti-S antibodies raised against SARS-CoV2 S 
protein during infection or vaccination might be 
protective.
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Michael E. Woods, PhD
Burrell College of Osteopathic Medicine



Learning objectives

• By the end of this module, you should be able to:
• Discuss the primary pathological features of severe COVID-19 in the lungs
• List the sites of extrapulmonary involvement in COVID-19
• Describe the role of ACE2 in the pathogenesis of COVID-19



SARS-CoV-2 causes COVID-19, a 
respiratory disease with numerous 
extrapulmonary complications

• Primary signs/symptoms include cough, fever 
and shortness of breath

• Clear association with underlying co-
morbidities

• Need for mechanical ventilation associated 
with high mortality rate

Suleyman G, Fadel RA, Malette KM, et al. Clinical Characteristics and Morbidity Associated With Coronavirus 
Disease 2019 in a Series of Patients in Metropolitan Detroit. JAMA Netw Open. 2020;3(6):e2012270. 
doi:10.1001/jamanetworkopen.2020.12270



Most people who 
die from COVID-19 
exhibit findings of 

diffuse alveolar 
damage (DAD), 
consistent with 

ARDS

Martines RB, Ritter JM, Matkovic E, Gary J, Bollweg BC, Bullock H, et al.; COVID-19 Pathology Working Group. Pathology and pathogenesis of fatal COVID-
19 cases associated with SARS-CoV-2 pandemic. Emerg Infect Dis. 2020 Sep [access 23 June 2020]. https://doi.org/10.3201/eid2609.202095



The viral receptor, ACE2, is predominantly 
expressed in the kidney and GI tract

SARS-CoV-2 infects endothelial cells in 
many tissues

ACE2 Expression – The Human Protein Atlas

Varga Z, Flammer AJ, Steiger P, et al. Endothelial cell infection and endotheliitis in COVID-19. Lancet. 
2020;395(10234):1417-1418. doi:10.1016/S0140-6736(20)30937-5

• SARS-CoV-2 infects human intestinal and kidney 
organoids in vitro 

• (Lamers et al., Science 01 May 2020:eabc1669 DOI: 
10.1126/science.abc1669

• Allison, S.J. SARS-CoV-2 infection of kidney organoids prevented 
with soluble human ACE2. Nat Rev Nephrol 16, 316 (2020). 
https://doi.org/10.1038/s41581-020-0291-8

https://www.proteinatlas.org/ENSG00000130234-ACE2/tissue


Thrombosis may occur in COVID-19 
patients

Magro C, Mulvey JJ, Berlin D, et al. Complement associated microvascular injury and thrombosis in the pathogenesis of severe 
COVID-19 infection: A report of five cases. Transl Res. 2020;220:1-13. doi:10.1016/j.trsl.2020.04.007

Baseline coagulation parameters All patients 
(n = 150)

Platelet count (109/L)—normal range: 150–400.109/L 200 [152; 267]
aPTT—normal range: 0.7–1.2 1.2 [1.1; 1.3]
PT (%)—normal range: > 70% 84 [73; 91]
INR—normal range: 1.00–1.15 1.12 [1.05; 1.25]
D-dimers (mg/L)—normal range: < 0.5 mg/L 2.27 [1.16; 20]
Fibrinogen (g/L)—normal range: 2–4 g/L 6.99 [6.08; 7.73]
Antithrombin activity (%)—normal range: 50–150% 91 [78; 102]
Factor V (%)—normal range: > 70% 136 [115; 150]
Factor VIII (%)—normal range: 60–150% 341 [258; 416]
vWF activity (%) 328 [212; 342]
vWF antigen (%)—normal range: 50–150% 455 [350; 521]

Lupus anticoagulanta—n (%) 50/57 (87.7)
Screen patient (s) 68.6 [59.5; 85.4]
Screen ratio—normal range: < 1.2 1.63 [1.43; 2.04]
Confirm patient (s) 43.9 [40.9; 48.4]
Confirm ratio—normal range: < 1.2 1.25 [1.13; 1.46]
Screen/confirm ratio—normal range: < 1.2 1.4 [1.25; 1.48]

Helms J, Tacquard C, Severac F, et al. High risk of thrombosis in patients with severe 
SARS-CoV-2 infection: a multicenter prospective cohort study. Intensive Care Med. 
2020;46(6):1089-1098. doi:10.1007/s00134-020-06062-x



Thrombosis in COVID-19 is associated with 
systemic inflammation

Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort 
study [published correction appears in Lancet. 2020 Mar 28;395(10229):1038] [published correction appears in Lancet. 2020 Mar
28;395(10229):1038]. Lancet. 2020;395(10229):1054-1062. doi:10.1016/S0140-6736(20)30566-3



Abnormal 
blood clots 

during 
infection are 

not a new 
phenomenon

Wright AE, Knapp HH. A Note on the Causation and Treatment of Thrombosis occurring in connection with Typhoid 
Fever. Med Chir Trans. 1903;86:1-19.



Proposed model for pro-thrombotic state in COVID-19
Magro et al., “Complement associated microvascular injury and thrombosis in the pathogenesis of severe COVID-19 infection: A report of five cases,” 

Translational Research, June 2020, Vol. 220, pp. 1-13, doi: 10.1016/j.trsl.2020.04.007

• Angiotensin I and angiotensin II have been 
associated with inflammation, oxidative stress, and 
fibrosis, and ACE2 is involved in their deactivation

• Downregulation of ACE2 due to overwhelming 
coronavirus infection could interfere with ACE2 
activity

• Resulting increases in angiotensin II could lead to 
reactive oxygen species formation and interference 
with antioxidant and vasodilatory signals such as 
NOX2 and eNOS, with further complement 
activation. 

• The potential loss of auto-vasoconstriction and 
regulation of lung blood flow through injured 
vascular segments would also lead to increased 
shunting and severe hypoxemia. 



There appears to be 
an underlying genetic 
susceptibility to 
COVID-19 respiratory 
failure

• Genome wide association studies identified two genetic loci associated with COVID-19 
respiratory failure. 

• At locus 3p21.31, the association signal spanned the genes SLC6A20, LZTFL1, CCR9, FYCO1, 
CXCR6 and XCR1. 

• The association signal at locus 9q34.2 coincided with the ABO blood group locus; in this 
cohort, a blood-group–specific analysis showed a higher risk in blood group A than in other 
blood groups (odds ratio, 1.45; 95% CI, 1.20 to 1.75; P=1.48×10−4) and a protective effect 
in blood group O as compared with other blood groups (odds ratio, 0.65; 95% CI, 0.53 to 
0.79; P=1.06×10−5).

Genomewide Association Study of Severe Covid-19 With Respiratory Failure. N Engl J Med 2020;Jun 17:[Epub ahead of print]



Asymptomatic infections are 
a major contributor to spread

• Patients may still suffer lung damage

• Long, Q., Tang, X., Shi, Q. et al. Clinical and 
immunological assessment of asymptomatic 
SARS-CoV-2 infections. Nat Med (2020). 
https://doi.org/10.1038/s41591-020-0965-6



Acquired immunity is less 
robust in asymptomatic 
patients; wanes in any case

• Long, Q., Tang, X., Shi, Q. et al. Clinical and 
immunological assessment of asymptomatic 
SARS-CoV-2 infections. Nat Med (2020). 
https://doi.org/10.1038/s41591-020-0965-6
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