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VIRAL CHARACTERISTICS
• SARS-CoV-2 is a positive sense 

single stranded RNA virus
• Genome size of 26.4 to 31.7 

kilobases, one of the largest RNA 
viruses

• Lipid bilayer w/structural proteins
• Envelope, spike & membrane

• Two major types in circulation
• “L” and “S” types

https://academic.oup.com/nsr/advance-article/doi/10.1093/nsr/nwaa036/5775463

Presenter
Presentation Notes
L appears to be more frequent and possibly more aggressive. We do see regional variance 

https://academic.oup.com/nsr/advance-article/doi/10.1093/nsr/nwaa036/5775463


CORONAVIRUSES
• Four genera: alpha-, beta-, gamma-, 

delta-coronavirus

• 7 known to infect people
• Four cause mild infection (OC43, 

HKU1, 229E, NL63)
• Three high mortality (MERS, SARS, 

SARS-CoV-2)

• 33 known to infect animals
• Clinical disease varies (diarrhea, 

upper respiratory)
• Bats, beluga whales, birds, 

porcupines, mice, camels



Coronaviruses are a 
regular etiology of the 

common cold in the 
United States

https://www.cdc.gov/surveillance/nrevss/coronavirus/natl-trends.html

https://www.cdc.gov/surveillance/nrevss/coronavirus/natl-trends.html


ZOONOTIC TRANSMISSION
• Most human infectious diseases originated from animals

• Defining technical terms
• Spill-over
• Amplification
• High host plasticity
• Indeterminate vs. reservoir hosts

• Coronaviruses have co-evolved over time
• Animal-human ‘jump’

Presenter
Presentation Notes
Within live-animal markets in the Guangdong region of China, it is hypothesized that the close cohabitation of bats and palm civets allowed for subsequent cross-species transmission and amplification of bat strains in civets (9, 18). Palm civets then served as an intermediate host for the subsequent viral evolution of strains that could infect and transmit between humans viruses with high host plasticity (i.e. taxonomically and ecologically diverse host range) were more likely to amplify viral spillover by secondary human-to-human transmission and have broader geographic spread. Viruses transmitted to humans during practices that facilitate mixing of diverse animal species had significantly higher host plasticity. 



RESPIRATORY TRANSMISSION
• Droplet (when you speak, laugh, cough, sneeze)  

• Aerosol: Smaller droplets, take longer to fall to 
ground but still on trajectory (i.e. does not 
change direction and does not end up behind 
you)

• Sputum & Saliva are contributing sources of 
viral particles

• Airborne transmission: non droplet associated 
virus 

• Virus < 0.1 micron, 1 sneeze = 1 trillion viruses

Presenter
Presentation Notes
N95 masks filter 95% of particle >0.3 micron



ALTERNATIVE ROUTES
• Vertical, congenital or breastmilk transmission-Pending studies

• Fecal transmission
• Coronaviruses as a family are detected in fecal material
• Not thought that this is an important transmission mechanism
• SARS-CoV-2 viral RNA detected in half of cases 

• Viral RNA detected in feces for average 17 days

• Environmental (fomite) transmission
• SARS-CoV-2 most stable on stainless steel and plastics
• Viable virus can be recovered on surfaces hours after aerosolization; 

• Sharp decline in viral titers after 8 hours

https://www.thelancet.com/journals/langas/article/PIIS2468-1253(20)30083-2/fulltext
https://www.nejm.org/doi/full/10.1056/NEJMc2004973

Presenter
Presentation Notes
Camel milk –mersFecal transmission-(12 days after resolution in respiratory samples) 

https://www.thelancet.com/journals/langas/article/PIIS2468-1253(20)30083-2/fulltext
https://www.nejm.org/doi/full/10.1056/NEJMc2004973


TRANSMISSION DYNAMICS OF A PANDEMIC
• Basic reproduction number - R0- calculated metric that represents the infectivity 

of a pathogen AND the status of an outbreak
• R0>1 decline in cases vs. R0<1 increase in transmission
• Presented as a range: (e.g. SARS-CoV-2 R0 = 2.2 to 8.9*)

• Incubation period - time from exposure to symptom onset (SARS-CoV-2: 4-6 days)

• Infectious dose - amount of virus needed to establish an infection 

• Viral load- quantity of viral particles isolated from a human biologic sample

• Seasonal influences – external heat and humidity can impact viral viability

https://wwwnc.cdc.gov/eid/article/26/7/20-0282_article
https://www.nejm.org/doi/full/10.1056/NEJMoa2001316
https://www.journalofhospitalinfection.com/article/S0195-6701(20)30046-3/fulltext

https://wwwnc.cdc.gov/eid/article/26/7/20-0282_article
https://www.nejm.org/doi/full/10.1056/NEJMoa2001316
https://www.journalofhospitalinfection.com/article/S0195-6701(20)30046-3/fulltext


TRANSMISSION ROLE OF ASYMPTOMATICS

https://arxiv.org/ftp/arxiv/papers/2003/2003.09320.pdf
https://www.thelancet.com/pdfs/journals/laninf/PIIS1473-3099(20)30196-1.pdf

Preliminary studies suggest no difference in 
viral titers between
• severe vs. mild disease
• symptomatic vs asymptomatic
• Healthy vs. comorbid patients

Viral titers significantly increase with age

https://arxiv.org/ftp/arxiv/papers/2003/2003.09320.pdf
https://www.thelancet.com/pdfs/journals/laninf/PIIS1473-3099(20)30196-1.pdf


HIGH-RISK OCCUPATIONS/POPULATIONS
• Healthcare workers

• Nursing home and rehabilitation center workers
• First responders
• Prison officers and inmates
• Persons living in close quarters 

• university students, marginalized populations, cruise ships, military

• Store clerks and those with high population exposure



NATIONAL TRENDS
Jan 22 - first reported US case
As of May 5th - 1,152,372 cases with estimated 5.9% Case Fatality Rate

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html

Presenter
Presentation Notes
Please note case fatality rate was calculated as we assume that the majority of diagnosed and reported cases occur among symptomatic cases, and not among all presumed estimated infections

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html


SOUTH CAROLINA TRENDS

March 6th-DHEC announced PUI cases

Anticipated peak around mid-April



SOUTH CAROLINA TRENDS

Testing capacity has increased, and we are seeing a wide dispersion of 
case presentations being tested



SOUTH CAROLINA TRENDS

Hospital surge capacity peaked in mid/late-April
1/5th of ICU beds were used at peak capacity



SOUTH CAROLINA TRENDS

As of 5/4/2020 @ DHEC

6,757 confirmed cases 
41,507 estimated cases
48,264 total cases in SC
1:6 estimated Symptomatic: 
Mild/Asymptomatic Rate

283 deaths
4.2% estimated Case Fatality Rate

67,771 tests performed in SC
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UNIVERSITY OF SOUTH CAROLINA TRENDS
Majority of cases in the Midlands region

Half of cases in South Carolina
One fifth of cases in the NE U.S.

Location Number of 
Cases

Percentage 
of Cases

Columbia, SC 9 18%
USC Campus 5 10%

West Columbia 3 6%
Blythewood 1 2%

Irmo 1 2%
Lexington 1 2%

Goose Creek 1 2%
Piedmont 1 2%
Hartsville 1 2%

Greenwood 1 2%
Santee 1 2%

Rock Hill 1 2%
Hilton Head Island 1 2%

North Carolina 5 10%
Massachusetts 3 6%

New York 3 6%
New Jersey 2 4%
Delaware 1 2%

Pennsylvania 1 2%
Georgia 1 2%
Texas 2 4%

Outside of U.S.
Spain-1

France-2
New Zealand-1

4 8%

Slide courtesy of Dr. Deborah Beck



Immunity in COVID-19

Prakash Nagarkatti, Ph.D.
University of South Carolina Vice President for Research and Carolina Distinguished 

Professor in the UofSC School of Medicine Columbia, Department of Pathology, 
Microbiology and Immunology



COVID-19
FIGHTING CORONAVIRUS WITH A 

DOUBLE-EDGED SWORD
Prakash Nagarkatti



COVID-19

IgM

ACE-2

IgG
IgA

Spike
protein

Neutralizing Ab



COVID-19

IgM

80-90%

IgG
IgA

10-20%

Immunocompromised

Severe infection

Cytokines



ACE-2 WIDELY EXPRESSED IN THE BODY

Killer T cells 



COVID-19
Severe 
inflammation:
Cytokine storm
Killer T cells
ARDSChanges in microbiota

Pneumonia



COVID-19 (TESTS)
1. Nucleic acid test:  

2. RT-PCR Live virus 
3. Very Sensitive.  
4. Needs special equipment, reagents, takes long time, 
5. Person can be symptomless but +ve.  
6. Helps isolate patients.

Dr. Mullis
Nobel Laureate



COVID-19 (TESTS)

1. Antigen test: 
2. Detects spike antigen, 
3. Simple, can be tested at home like pregnancy test, fast 
4. Less sensitive. 
5. Helps isolate patients.



COVID-19 (ANTIBODY TEST)
1. Antibody test:  IgM or IgG, 1-2 weeks to develop Abs
2. 12 approved by FDA and >100 not approved 
3. Blood draw
4. Lab test or strip test
5. Helps to know if you are/were infected. Immune to reinfection? 
6. Helps survey how many are infected, reinfection rate.  
7. Certificate to join workforce? 
8. Plasma transfer (neutralizing Abs)
9. Herd Immunity:  Immunity at population level.  By promoting 

infection; OR vaccination.  Will immunity last?  



APPEARANCE OF VIRUS, ANTIBODIES

Memory 
Response 

IgG remains 
for long time



COVID-19:  VACCINATION

1. >100 vaccines 
2. Should trigger neutralizing 

Abs, T cells 
1. Likely to be successful
2. Will virus mutate? Not much
3. Why it takes long time?

Killer T cells



MONOCLONAL ANTIBODIES
Neutralizing 
Antibody

Can replace plasmapheresis

Identical



IMMUNE RESPONSE:  DOUBLE-EDGED 
SWORD

Cytokine storm
ARDS, Multi-organ 
failure 

Boost Immunity:
BCG vaccine
Polio Vaccine

Immunosuppressive 
drugs
Block cytokines   

ACE-2

80-90%

10-20%



Clinical and Treatment Aspects of COVID-19

Helmut Albrecht, M.D.
Chair, Department of Internal Medicine Prisma Health Midlands/University of South 

Carolina and Heyward Gibbes Distinguished Professor of Internal Medicine



AGENDA
• Symptomatology
• Clinical Course
• Treatment



SYMPTOMS
In hospitalized patients 
• Sensitive

• Cough, SoB, Fever (each over 75%)
• Nothing else >50% but myriad of presentations
• Chills, repeated shaking chills, muscle pain, headache, sore throat

• Specific?
• New loss of taste & smell?

• Non-hospitalized 
• > 45% asymptomatic?
• 25% non typical symptoms (back pain, fatigue)



ASYMPTOMATIC INFECTION
• Cruise ship 46.5% MMWR 3/27/20

• Germany 45% Verbal 
(+20%) communication

• Theodore 60% Reuters 
Roosevelt

• Pregnant 85% NEJM 4/21/20
Women in NY

• Serosurveys 90 - >99% Multiple sources



SUMMARY
SARS CoV2

Clinical Incubation Period 4.8d - 5.2d published (range 2-14d)

Symptom onset to presentation Another 5 – 9 days

Asymptomatic infection Yes (45%+?)

Asymptomatic shedding Yes

Postsymptomatic shedding Yes

Mortality Age dependent

Mortality 30-80% Ventilator
15% ICU
4% hospitalized patients

<1% of symptomatic infection



Normal Abnormal Very abnormal



Normal

Abnormal



PROGNOSTICALLY 
IMPORTANT
• Cytokine storm
• Multi-organ failure
• Progression to scarring of the lung (ARDS) 
• Cardiac involvement (myocarditis?)
• Neurological involvement (very diverse)
• “Bizarre” blood clotting disorders 

• Large vessels (stroke, heart attack, leg arteries)
• “Localized DIC”



SUMMARY
SARS CoV2

Clinical Incubation Period 4.8d - 5.2d published (range 2-14d)

Symptom onset to presentation 5 – 9 days

Asymptomatic infection Yes (45%?)

Asymptomatic shedding Yes

Postsymptomatic shedding Yes

Mortality Age dependent

Mortality 30-80% Ventilator
15% ICU
4-6% hospitalized patients
2-3% of tested patients 

<1% (?) of all symptomatic infection
<0.1% (?) of all asymptomatic infections







TREATMENT



TOP 4 (OF >50 REGISTERED IN TRIALS)

• Remdesivir

• Biologics
• Tocilizumab and all others

• Chloroquine/Hydroxychloroquine
• The plural of anecdote is anecdotes not science
• Not effective as per USC study

• Convalescent plasma
• FDA IND/Mayo 
• 20k registered 1st weekend



• We participated (and still are participating) in all 3 trials 
available in the US 

• Randomized partial study in China showed no effect 
• 5 day vs. 10 day study no difference
• First standard of care controlled study in US showed 

improvement on average 11 vs. 15 days and non significant 
mortality benefit (8% vs. 11.6%, p>0.05)

• Dr. Anthony Fauci: “This is the new standard of Care”



REMDESIVIR
• Promising
• We predict that it will have an effect but that the effect will be 

limited and likely greater in not desperately ill patients
• Not yet enough patients enrolled locally in the 3 studies Prisma 

Health/USC is participating in to have a good feel how large that 
effect will be in different stages of infection

• Additional information should be available within weeks
• Currently medication available through federal expanded access 

and studies that we are still participating in 



TOP 4 (OF >50 REGISTERED IN TRIALS)

• Remdesivir
• Antiviral – for Ebola

• Biologics
• Tocilizumab and all others

• Chloroquine/Hydroxychloroquine
• The plural of anecdote is anecdotes not science
• Not effective as per USC study

• Convalescent plasma
• FDA IND/Mayo 
• 20k registered 1st weekend



TOCILIZUMAB: 
A LOCAL CASE SERIES (N=19)

April 22, 2020

Julie Ann Justo, PharmD, MS, BCPS-AQ ID
Associate Professor, University of South Carolina College of Pharmacy

Infectious Diseases Clinical Pharmacist, Prisma Health Richland Hospital
justoj@cop.sc.edu

Sharon Weissman, MD
Chief, Infectious Diseases Division

Program Director, Infectious Diseases Fellowship
University of South Carolina School of Medicine

Prisma Health Richland Hospital
sharon.weissman@uscmed.sc.edu

mailto:justoj@sccp.sc.edu
mailto:Sharon.Weissman@uscmed.sc.edu


CLINICAL OUTCOMES

IN-HOSPITAL 
MORTALITY 

42%
(8/19)

TRANSITION TO 
HOSPICE

21%
(4/19)

INTUBATION 
POST-

TOCILIZUMAB 

30%
(3/10)

RENAL 
REPLACEMENT 
THERAPY (RRT)

POST-
TOCILIZUMAB

47%
(9/19)



BIOLOGICS
• Too little, too late, expensive, dangerous?
• Like a hammer into a Swiss watch
• Innovative approaches needed

• Earlier therapy (what marker?)
• Combination therapy?
• Combine with plasmapheresis (Upstate study)?





TOP 4 (OF >50 REGISTERED IN TRIALS)

• Remdesivir
• Antiviral – for Ebola

• Biologics
• Tocilizumab and all others

• Chloroquine/Hydroxychloroquine
• The plural of anecdote is anecdotes not science

• Convalescent plasma
• FDA IND/Mayo 
• 20k registered 1st weekend



CHLOROQUINE/HYDROXYCHLOROQUINE

• Very different drugs
• Chloroquine = Antimalarial
• Hydroxychloroquine = Immunosuppressant

• Act on infected cell, not on virus
• Ionophores, not directly acting antivirals



High dose not safe, not effective in severe disease

“In this study, we found no evidence that use of hydroxychloroquine, 
either with or without azithromycin, reduced the risk of mechanical 
ventilation in patients hospitalized with Covid-19. 
An association of increased overall mortality was identified in 
patients treated with hydroxychloroquine alone (2.6x higher)”



TOP 4 (OF >50 REGISTERED IN TRIALS)

• Remdesivir
• Antiviral – for Ebola

• Biologics
• Tocilizumab and all others

• Chloroquine/Hydroxychloroquine
• The plural of anecdote is anecdotes not science
• Not effective as per USC study

• Convalescent plasma
• FDA IND/Mayo 





A TALE OF FIRSTS
• First to give convalescent plasma in SC
• First to recruit donor for plasma in SC

• Retested at USC SoP research lab to clear him early to donate
• First to organize plasma drive in SC
• USC Student Health today became collection site for 

convalescent plasma for recovered patients



LISA H, RN AT PRISMA HEALTH
“Dear Drs. Rainer and Albrecht,
My name is Lisa ……. and I am the first COVID-19 patient in S.C. to 
receive the Convalescent plasma/antibody therapy
I was hospitalized at Prisma Health Richland on 04/10/2020 due to 
complications from the COVID-19 virus.
I was found to have developed bilateral viral pneumonia and was 
desperately sick. 
I had a high fever that was not responding to medications and I 
was so short of breath and just could not get air into my lungs no 
matter how hard I tried.



I received my plasma transfusion on 04/13 and I cannot explain to 
you the changes that miraculously started to happen inside of my 
body. I felt like there was a battle going on in my body, but this 
time, I was winning!
I fell into a hard and fast sleep after receiving the antibodies and 
when I woke up, I could not believe the energy I felt already.
I also had lost my sense of taste and smell as a first symptom of 
the virus; That morning, they brought me breakfast, and to my 
amazement, I could taste and smell the coffee!
All during that day, the nurses slowly began to wean my oxygen 
and I tolerated it without any desaturation ! I could breathe again, 
and the fever was gone! My doctors and nurses were amazed, but 
no one was more amazed than me!



I was told I was the first patient in S.C. to receive the 
convalescent plasma, and I KNOW it saved my 
life. As I stated above, I knew I was losing the fight!
I am now at home and getting stronger each day!

You put it so perfectly in the article I read, stating 
that by donating plasma, the donor is giving the gift 
of life! 

I don’t know if I will be able to be a donor, but if 
can, I will be the first in line! I again thank everyone 
involved in this life saving endeavor and if I can be 
of any help to you, please do not hesitate to contact 
me!

Sincerely
Lisa …., R.N.



THE SECOND PATIENT
56 yo in multi-organ failure
• On dialysis, on ventilator requiring large amounts of 

oxygen and blood pressure support (medications to 
stabilize blood pressure i.e. heart affected). 

• Excessively high inflammatory and coagulation 
markers (“cytokine storm”). 

• Considered desperately ill, dying
• Day after transfusion some inflammation markers 

normalized (!) and he was extubated only 3 days later 
now breathing on his own



SYMPTOMATIC THERAPY

• Critical care is critically important
• When and when not to intubate
• APRV
• Plasmapheresis / Plasma exchange
• Treatment of multi-organ failure

• Mental Health Care
• Palliative care



COVID-19 PHASES OF ILLNESS



Understanding COVID-19 Virtual Town Hall
An Office of the Vice President for Research Event

Audience
Q&A



Understanding COVID-19 Virtual Town Hall
An Office of the Vice President for Research Event

Thank you for joining us
sc.edu/vpresearch
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