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• COVID-19: Disease caused by SARS-Cov-2
• SARS-Cov-2 is the 7th human coronavirus

• Human coronaviruses 

•2019-nCoV, SARS-CoV, MERS- CoV, 
HCoV-229E, HCoV-OC43, HCoV-NL63 and 
HCoV-HKU1

• SARS-Cov-2 is the 3rd virus causing a severe 
clinical syndrome after SARS-CoV and Middle 
East Respiratory Syndrome (MERS)-CoV1

Wang et al, Frontiers in Microbiology, 2020

Coronaviruses Phylogeny



• HCoV-229E: medical student nasal secretions with 
respiratory disease (Hamre and Procknow, 1966)

• HCoV-NL63: infants with PNA/bronchiolitis (Fouchier et al., 
2004)

• HCoV-HKU1: 71 yo M with PNA (Woo et al., 2005)
• HCoV-OC43: patients with URI (Tyrrell and Bynoe, 1965)

HCoV- 229E and HCoV-OC43 detected in the brain 
(Arbour et al., 2000; Desforges et al., 2014).

Human Coronaviruses account for 30% of all URIs



Wang et al, Frontiers in Microbiology, 2020

•Four structural proteins (S, E, M, and N)•Six accessory proteins (3a, 6, 7a, 7b, 8, 
and 10) 

S protein: •S1 subunit, NTD, RBD, and S2 
subunit•Receptor binding and membrane 
fusion •Major antigen for protective 
neutralizing antibodies 

SARS-Cov2 Structure and Homology 
to other Coronaviruses

Ahmed et al, Viruses, 2020



Cryo-electron microscopy 
structure of 2019-nCoV S

Dr. Jason McLellan’s lab at 
the University of Texas at 
Austin

ACE2 binds to the SARS-CoV-2 receptor-binding domain with ~10- to 20-fold 
higher affinity than ACE2 binding to SARS-CoV S. 



“ 2019-nCoV has most similar genetic information with bat coronovirus and 
most similar codon usage bias with snake “



“insertions shared “uncanny 
similarity” to Human 
Immunodeficiency Virus 1 (HIV-1) 
proteins but not to other 
coronaviruses.”  



SARS CoV2 Animal Reservoirs: Bat > Snake

All four insertions are located outside the RBD, 
in contrast to the original conclusion made by 
Pradhan et al. which stated that the insertions 
are located on the interface with ACE2.  

• All four insertion fragments found in other viruses.  
• HIV-1 protein is among the top BLAST hits for only one 

of the four insertion fragments 
• Three of the four insertion fragments are found in 

bat coronavirus RaTG13. 

Intermediate Host likely 
mammal or bird 
and not snake



What is the Intermediate Host for SARS-Cov-2? 

• SARS-CoV-2 is not a laboratory construct or a purposefully manipulated virus 
• natural selection in an animal host before zoonotic transfer 
• natural selection in humans following zoonotic transfer  

Huanan market in Wuhan 

Anderson et al, Nature Medicine, 2020 

RBD and burin S1/S2 cleavage site





Patients became 
infectious days before 
onset of symptoms 



Non-Neurological Clinical Manifestations of COVID19
     Symptoms

• Fever
• Cough/SOB
• Anorexia
• Diarrhea
• Throat pain
• Abdominal pain

     Labs
• high neutrophil counts
• low lymphocyte counts
• high CRP/ddimer
• high LFTs
• abnormalities in renal fx
• high CK
• Cytokine storm: 

• high IL6, IL10, PD-1, GM-CSF 
secreting Th1-like cells and 
CD14+CD16+ monocytes 

     Imaging
• CXR: 

• Bilateral multifocal 
consolidations that may 
progress to involve entire 
lungs

• pleural effusions
• Chest CT

• Multifocal ground-glass 
opacities and 
consolidations



Neurological Clinical Manifestations of COVID19

     Symptoms
• Dizziness
• Headache
• AMS
• CVA
• Ataxia
• Seizure
• GBS
• Anosmia
• ageusia 
• Skeletal muscle injury

     Labs
• CSF with elevated 

protein, mild or no 
pleocytosis

     Imaging
• Ischemic CVA
• Hemorrhagic CVA

Poyiadji et al, COVID-19–associated Acute 
Hemorrhagic Necrotizing Encephalopathy, 
Radiology, 2020



214 COVID19 patients 

36.4% had neurologic 
manifestations



Ceccarelli  et al, European Review for Medical and Pharmacological Sciences, 2020 

SARS-CoV vs SARS-CoV-2



ACE-2 Receptor and SARS-Cov-2 Cellular Entry

Clinical Trials 
• Losartan (NCT04312009) 
• Recombinant Human Angiotensin-

converting Enzyme 2 (rhACE2) 
(NCT04287686) 

• TMPRSS2 blocker (Camostat — 
upcoming clinical trial)



ACE-2 Receptor Distribution in the Body

ACE2 Brain Distribution• Neurons (Ding et al. J. Pathol. 2004; 
Gu et al. J. Exp. Med. 2005; Xu et 
al. Clin. Infect. Dis. 2005)• Motor cortex (Doobay et al. Am. J. 
Physiol - Regul. Integr. Comp. 
Physiol. 2007)• Hypothalamus (Chappell et al. J. 
Biol. Chem. 1989)• Thalamus and brainstem (McCray, 
P. B., et al . J. Virol. 2007.)



Sex Differences in Covid-19 Epidemiology 

50.6% male, 49.4% female
Diamond Princess, 03/12/2020, Mizumoto et al.

49.7% male, 50.2% female
Iceland, 04/22/2020, Iceland Directorate of Health

Slide Courtesy of Blaine Caslin
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Strong male bias in cases involving hospitalization, 
intensive care, and mortality

This pattern is seen in pediatric Covid-19 cases 
• 56.6% male, China, n=728 (Dong et al 2020)
• 57% male, United States, n=149,760 (CDC)

Istituto Superiore
di Sanità. 

Covid-19 mortality among Italian patients

Spanish National 
Epidemiological Surveillance 
Network, updated 04/11/2020 Slide Courtesy of Blaine Caslin



Sex Differences in Covid-19 Epidemiology 
SARS-CoV-1 also targets ACE2 and showed similar sex bias

Ovariectomy removes female protective effect 
in animal model of SARS-CoV-1 infection

Female protection retained in Rag1-/- model

Slide Courtesy of Blaine Caslin



Singh et al, International Journal of Advanced Research in Biological Sciences, 2020  

Lab Techniques 101

Sensitivity: correctly 
identify those with the 
disease 
Specificity: correctly 
identify those without the 
disease



RT-PCR Test for COVID-19
Primers to nucleocapsid 
gene (N) and RNase P (RP)

Caveats to Test interpretation
• Timing of infection
• Type of RT-PCR (ie which gene/gene region being amplified)
• Sample contamination
• Sensitivity/Specificity (currently 70-80% sensitivity)



New COVID-19 Diagnostic Tests (Acute Infection)

FDA has granted EUAs to several companies that are working on developing rapid 
testing technologies

ID NOW 
Abbot 
+ve result in 5 min

Rutgers Clinical 
Genomics Laboratory  
Saliva test

LabCorp’s RT-PCR  
Self Collection kit

CRISPR 
Mammoth Biosciences 
and UCSF: DETECTR  
Broad Institute: 
SHERLOCK 



COVID-19 Diagnostic Tests (Past Infection)

FDA has granted EUAs to four companies for serological antibody test

•120 antibody-testing developers with applications for EUA

Cellex IgM/IgG 
94% sensitivity 
96% specificity

Ortho Clinical Diagnostics 
83% sensitivity 

100% specificity

Chembio 
87% sensitivity 
93% specificity

Mount Sinai 
92.5% sensitivity 
100% specificity



Serological Testing Considerations

•>90 companies in the market without FDA approval

•Type of antigen chosen for serological test

•Sensitivity and Specificity 

•Unknowns about neutralizing antibodies for re-infection (ie 
long lasting immunity)

•Populations tested



USC-LA County Study: Early Results of 
Antibody Testing Suggest Number of 
COVID-19 Infections Far Exceeds Number 
of Confirmed Cases in Los Angeles County  
• ~4.1% (approximately 221,000 to 442,000 adults) 

tested +ve for Abs against SARS-CoV2.  
• estimate is 28 to 55 times higher than the 7,994 

confirmed cases of COVID-19

• Prevalence rate of 2.49% (95CI 1.80-3.17%) to 4.16%  
(48,000 and 81,000 ) 

• estimate is 85-fold more than the number of 
confirmed cases. 



Study Recruitment

“If you have antibodies against the virus, you are FREE from the danger of a) getting 
sick or b) spreading the virus. In China and U.K. they are asking for proof of 
immunity before returning to work. If you know any small business owners or 
employees that have been laid off, let them know -- they no longer need to 
quarantine and can return to work without fear.”



• 10,000 individuals
• Healthy volunteers over the age of 18 from anywhere in the United States
• screened over the phone with a health assessment questionnaire
• at-home blood sampling: Neoteryx

NCT04334954



Vaccine Design Considerations
• Full-length S protein

• may have enhancement of viral infection in vitro (Kam et al., 2007; 
Jaume et al., 2012)

• RBD
• critical neutralizing domain —> potent neutralizing antibodies
• But — large genetic mismatches in known structural epitopes 

targeting this domain
• S2 subunit

• epitopes less exposed
• high homology across viral strains — can induce a strong immune 

response against divergent virus strains
• S1 subunit

• alternative target for subunit vaccine
• N Protein

• highly effective short term, not effective for long term immunity

• Humoral responses 
• T cell responses against S 

and N proteins



Vaccines in clinical Trials



bacTRL-Spike

• Bifidobacterium probiotic engineered to carry DNA encoding the SARS-CoV-2 
spike protein

• Route: Oral lyophilized gel-capsules 

• “Durable multivalent antigen expression in the gastrointestinal lymphoid tissues 
initiate robust mucosal and systemic humoral and cell-mediated immunity, 
whereas expression of neutralizing nanobodies provide immediate passive 
immunity”

• Developed by Symvivo (trial to start in April 30)

1. Colonization of the gut
2. Binding to intestinal epithelial cells 
3. Replication, secretion and transport 

of plasmid DNA molecules encoding 
antigenic transgenes and 
neutralizing nanobodies

4. Immune response

Steps

(NCT04334980)

Slide Courtesy of Hector Fernandez



Clinical Trials in the US
• 178 registered studies with the National Library of 

Medicine in the US (this will change with time, remove US 
filter to see all of the studies)

Slide Courtesy of Cole Maguire



COVID19 Challenges Beyond Flattering the Curve:
What will the “new normal” look like? 

•?recurrent interval testing 

•?digital tracing 

•?intermittent quarantine 

•continued social distancing

“joint effort to enable the use of Bluetooth technology to help governments and health agencies 
reduce the spread of the virus, with user privacy and security central to the design.”
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