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Day 8 of illness Day 11 of illness

• 61yo M fever and cough starting 12/20/19 presented to Jinyintan Hospital (Wuhon, China) with respiratory distress 12/27/19
• Frequent visitor to the Wuhon seafood and wet animal wholesale market 
• BAL 12/30/20: RPP Negative
• Died 01/20/20

Zhu et al. NEJM 382; 8. Feb 20,2020



Inoculation of isolated virus into human epithelial cell line

1uM

96 hours: Lack of cilium beating was seen in the 
center of the focus

Zhu et al. NEJM 382; 8. Feb 20,2020
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Coronaviruses

• Large +ss RNA enveloped virus in coronaviridae family

• Named for crown/halo appearance on EM 

• Causes common cold (HCoVs) or deadly pneumonia 
after crossing species barrier (zoonotoic epidemics)

• Alpha Coronaviruses: 
• HCoV-229E
• HCoV-NL63 

• Beta Coronaviruses: 
• HCoV-OC43
• HCoV-HKU1
• SARS-CoV
• MERS-CoV
• SARS-CoV-2

Coronavirus Study Group of the International Committee on Toxonomy of Viruses. Nature Microbiology. 2020

Alpha

Beta



Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2)

• Responsible for current COVID-19 Pandemic

• Beta Coronavirus 
• 96% genetically identical to a bat coronavirus

• 79.6% genetically identical to SARS-CoV-1

• SARS-CoV-2 spike protein binds human ACE2 receptor for entry



SARS-CoV-2 Binds to ACE-2

DAPI (Hela cell nuclei)                       ACE2–FITC (ACE2)      N–Cy3 (SARS-CoV-2 Protein)              Merge

Zhou et al, Nature Vol 579 March 2020
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Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2)

He et al. JMV Epub ahead of print. 02-27-2020 

SARS-CoV-2 S protein has 10-20x higher affinity for ACE2 
compared to SARS-CoV-1 S protein



Proposed SARS-CoV-2 Mediated Inflammatory Response

Fu et al. Virologica Sinica. Epub ahead of print. 2020
Liu et al. Cellular & Molecular Immunology (2016) 13, 3–10



SARS-CoV-2 Histological exam

Right Lung

Liver

Left Lung

Heart

Xu et al. Lancet Epub ahead of print. 2020
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Case Fatality Rate in Italy

% of cases >70yo:
China: 11.9%
Italy: 37.6% 

# cases >90yo:
China: ?
Italy: 687 (22.7% CFR)

The overall older age 
distribution in Italy relative
to that in China may explain, 
in part, the higher average
case-fatality rate in Italy.

Onder et al. JAMA. Epub ahead of print. 03/2020



Wu et al. JAMA Epub online. 02-24-2020



Timeline for SARS vs COVID-19

Timeline Day After First Case 
(SARS)

Day After First Case 
(COVID-19)

WHO notified 87 4

Virus Identified 151 11

Sequence shared internationally 160 16

Test available 180 17**

WHO Global alert 116 35

WHO declares Pandemic Never 70



Comparison to SARS and MERS CoV

1
SARS-CoV (SARS) MERS-CoV (MERS) SARS-CoV-2 (COVID-19)

Natural Virus Host Horseshoe Bats Bats Bats

Intermediate Host Masked Palm Civet Dromedary Camels Pangolins3

Median Incubation 2-10 (7d) 2-10 (5.5d) 2-14 (5.1d)

Human Cell receptor ACE2 DPP4 ACE2

Estimated R0 2-5 <1 2.72    (2.2-3.6)

Severe cases 11% 46% 18%

Countries Impacted 29 27 172

Cases world-wide 8,096 2,494 441,187

Deaths world-wide 774 858 19,784

Case Fatality Rate 9.6% 34.4% 4.5%

1. Wang et al. Qingsong Qin. 
2. Wu et al. Lancet Epub ahead of print. Online 2020
3. Tsan-Yuk et al. Identification of 2019-nCoV related coronaviruses in Malayan pangolins in southern China, 2020 





COVID-19 Clinical Features**
• Mean incubation period: 5.1d (1-14d; 95% by 12d) 1-2

• Median age: 49-59yo 1,3-5

• ~50% Male

• ~50% have comorbidities

• Symptoms6: 
1. Fever: 89% (65-98%)
2. Cough:72% (45-86%)
3. Myalgia: 43%(12-65%)
4. Dyspnea: 35%(16-64%)
5. Headache: 15% (9-34%)
6. Diarrhea: 10% (2-24%)

1. Li et al. NEJM 2020
2. Wang et al. JAMA 2020.
3. Chan et al. Lancet 395; 10223. 2020.
4. Chen et al. Lancet 395; 10223. 2020
5. Huang et al. Lancet 395; 10223. 2020
6. Xi et al. JMV. Epub ahead of print. 2020** Most published data on admitted patients. Very little outpatient data available.



COVID-19 Case Classifications

Classification Clinical Criteria

Mild Mild symptoms without radiographic findings

Moderate Fever, respiratory symptoms, radiographic findings

Severe Meet any of the following:
- O2 saturation ≤93% on room air
- RR>30 breaths per minute
- PaO2/FiO2<300 mmHg

Critical Meet any of the following:
- Requires mechanical ventilation
- Septic Shock
- Multi-organ failure



COVID-19 Clinical Course: 191 admitted patients

Zhou et al. Lancet. Epub online. 03-09-2020

(137) 

(54) 

SOB

SOB ICU

ICU



Wang et al. CID. Epub ahead of print 2020 



72,314 Presumed 
Cases

27,642 Not 
Tested

44,672 PCR 
Confirmed Cases

81% Mild/Mod 0% Died

14% Severe 0% Died

5% Critical 49% Died

Wu et al. JAMA Epub online. 02-24-2020

Risk Factor Case Fatality Rate (Overall 2.3%)

>80yo 14.8%

CVD 10.5%

70-79yo 8.0%

Diabetes 7.3%

COPD 6.3%

Hypertension 6.0%

Cancer 5.6%

Healthcare Workers 0.3%



Mortality Risk Factors

• 150 patients admitted to 2 
hospitals in Wuhan China:
• 68 Deaths 
• 82 Discharged survivors

• Older age 

• Comorbidities
• Cardiovascular Disease
• HTN 

• Complications:
• ARDS, AKI, 2° infections

• Labs:
• ALC, Plts, Albumin, Tbili, SCr, LDH, 

Trop, myoglobin, CRP, IL-6, ferritin

Ruan et al. Int Care Med; Epub ahead of print. Online 03/03/2020



Risk Factor Analysis for COVID-19 Death

• 191 inpatients with moderate (38%) severe (35%) or critical (28%) disease

Zhou et al. Lancet. Epub online. 03-09-2020

Univariate 
Comorbidities

Survived 
(137)

Died 
(54)

P value

Age 52 69 <0.01

Comorbidities 40% 67% <0.01

Hypertension 23% 48% <0.01

Diabetes 14% 31% <0.01

Cor. heart disease 1% 24% <0.01

COPD 1% 7% 0.05

CKD 0% 4% 0.02

Univariate Labs:
• ALC, HCT, Plts, Albumin, CK, LDH, SCr, Trop, 

PT, PTT, D-dimer, Ferritin, IL-6, PCT

Univariate Imaging:
• GGOs, consolidation

Multivariate Analysis:
• Older age (OR 1.1; p=0.004)*
• SOFA score (OR 5.7; p<0.01)*
• D-dimer >1 (OR 18.4; p=0.003)*
• Lymphocyte count (OR 0.2; p=0.13)
• Coronary Heart Disease (OR 2.1; p=0.48)



Zhou et al. Lancet. Epub online. 03-09-2020

Ferritin

Absolute lymphocyte count

LDHTroponin

IL-6

D-Dimer



Lippi and Plebani. Clin Chem Lab Med epub ahead of print. 2020



Asymptomatic COVID-19

24 close contacts who screened COVID-19+

• Age: 32.5 (5-95yo)

• 8% had HTN and DM

• 5 (21%) developed symptoms
• 29% abnormal LDH

• 17% lymphopenia

• 71% abnormal imaging

• Patients with normal CT:
• Normal labs

• Never symptoms

• Young
Hu et al. Science China; Epub ahead of print. Online 03/04/2020



COVID-19 in Children
• 1% of reported cases in China were in children <101

• Study of 731 children <16yo in China2

• Age 10yo (evenly spread out*)
• 97% mild/moderate; 2.5% severe; 0.4% critical, 0% deaths

• Severe/critical disease (when occurred) more common in younger population.

• Study of 171 children <16yo in Wuhan3

• Age 6yo (evenly spread out)
• Cough 49%, Pharyngeal erythema 46%, Fever 41%, diarrhea 9%
• Mild illness (Lymphopenia 3.5%, only 65% pneumonia, 1.8% ICU, 0% Deaths)

• Multi-site review of 31 pediatric cases4

• Age 7yo
• Fever 65%, Cough 45%, Fatigue 10%, Diarrhea 9%
• 6% lymphopenia, 10% CRP elevation, 15% ESR elevation
• No severe or critical illness 1. Wu et al. JAMA Epub online. 02-24-2020

2. Dong et al. Pediatrics. Epub ahead of print. 03-16-2020
3. Lu et al. NEJM. Epub ahead of print 03-18-2020
4. Zhi et al. Chinese CDC. Epub 2020.



Treatment

1. Supprortive Care

2. Chloroquine and hydroxychloroquine

3. Remdesivir

4. Lopinivir/ritonavir

5. Tocilizumab



1. Therapeutic options for severe acute respiratory 
distress syndrome related to COVID-19

Matthay et al. Lancet Respiratory Medicine. Epub ahead of print. 03/2020



Targeted Therapy? Clinical Trials Underway!

• 38 clinical trials in China 

• 6 clinical in USA

• More

Zhang et al. JMV. 2020; Epub ahead of print. 03/2020



Targeted Treatment for COVID-19

• 01-25-20 (18d*) Publication in Cell Research

• In Vitro study of 7 candidate drugs

• Ribavirin and penciclovir required toxic doses

• Favipiravir required high doses

• Nafamostat and nitozoxanide inhibited virus

• Chloroquine and Remdesivir had potent 
antiviral effect at low micromolar doses 

M Wang et al. Cell Research 30: 269-271. 2020



M Wang et al. Cell Research 30: 269-271. 2020



2. Chloroquine and Hydroxychloroquine for SARS-CoV-2

Rationale:

• Both are known to have immunomodulatory effects

• Hydroxychloroquine is an analog of chloroquine with fewer drug-drug interactions

• Hydroxychloroquine demonstrated activity against SARS-CoV-1 in in vitro1

Proposed Mechanism of Action2:

• Alters pH at the cell membrane surface inhibiting virus-membrane fusion

• Inhibits viral life cycle (replication, glycosylation, assembly, transport…)

• Immunomodulation

1. Biot et al. JMEdChem 2006.
2. Yao et al. CID. Epub ahead of print. 2020



Chloroquine & Hydroxychloroquine in vitro

Yao et al. CID. Epub ahead of print. 2020



Chloroquine & Hydroxychloroquine in vitro

Treatment EC50: 
• Hydroxychloroquine: 0.72uM

• Chloroquine: 5.47uM

Prophylaxis EC50: 
• Hydroxychloroquine: 5.85uM

• Chloroquine: 18.01uM

Hydroxychloroquine:

• Superior anti-viral and prophylactic activity

Yao et al. CID. Epub ahead of print. 2020



Chloroquine & Hydroxychloroquine Clinical Trials

• French study of 42 (non-randomized) COVID-19 patients evaluating 
for viral clearance for NP swabs

Gautret et al. IJAA. Epub ahead of print. 3-17-2020

42 

COVID-19 Patients

26 
Hydroxychloroquine

36 
Hydroxychloroquine

6 

Excluded 

due to ICU or Death

16 

Standard of Care 
Controls



Chloroquine & Hydroxychloroquine Clinical Trials 
(French study continued)

Study group Day of illness at time of 
enrollment

Controls 2.8

HCQ 3.4

HCQ+Azithro 4.3

Limitations:
1. Very small sample size (6 for azithro)
2. Non-randomized
3. Location/Center Bias
4. Exclusion of ill patients
5. Outcome based on day of enrollment 

not day of illness



Chloroquine & Hydroxychloroquine Clinical Trials

• Multiple clinical randomized controlled trials ongoing in china and 
elsewhere evaluating clinical impact of chloroquine or 
hydroxychloroquine

• Gao et al. “Breakthrough: Chloroquine phosphate has shown 
apparent efficacy in treatment of COVID-19 associated pneumonia in 
clinical studies”
• “Thus far, results from more than 100 patients have demonstrated that 

chloroquine phosphate is superior to the control treatment in inhibiting the 
exacerbation of pneumonia, improving lung imaging findings, promoting a 
virus-negative conversion, and shortening the disease course according”. 

Gao et al. BioScience Trends. Epub ahead of print. 2020



Chloroquine & Hydroxychloroquine Evidence

• Scientific rationale behind possible use with known mechanism of action 
and activity vs SARS in vitro

• Compelling in vitro evidence for hydroxychlorqouine activity against SARS-
CoV-2

• Limited clinical data suggests hydroxychloroquine is better than standard of 
care treatment

• This is a well known drug with limited side effects, drug-drug interation, 
and minimal risk when prescribed in short courses



3. Remdesivir for SARS-CoV-2

Rationale:

• Experimental non-FDA approved antiviral just synthesized by Gilead in 2017

• Mechanism of action 

• Demonstrated activity against Ebola in in vitro1 and in vivo2 (macaque)

• Demonstrated superior anti MERS-CoV activity compared to 
lopinavir/ritonavir3

• Demonstrated efficacy in vivo vs MERS-CoV in macaque model4

Proposed Mechanism of Action:

• Obscures viral RNA polymerase, evades viral exonucleases, decreasing viral 
RNA production

• Adenosine analog leading to chain termination of nascent viral RNA

1.Warren et al. Nature. 2016, 531. 
2. Warren et al, OFID 2015; 2. 
3. Sheahan et al. Nature communications. 2020: 11:222.
4. De Wit et al. PNAS. Epub ahead of print. Feb 2020.



Remdesivir SARS-CoV-2 in vitro data

• See prior slides



Remdesivir Clinical Data (One case report) 

Holshue et al. NEJM. Epub Ahead of print 03-05-2020

- 35yo M travelled from China to Washington. 
- Presented to clinic with mild resp sx (HR 115, O2sat 96%/ra)
- COVID-19 Swab positive and admitted. 
- Progressed to Pneumonia day 9
- Remdesivir compassionate use administered day 9
- Patient recovered and was discharged



Remdesivir Evidence

• Scientific rationale behind possible use with known mechanism of 
action and activity vs MERS in vitro

• Evidence of potent in vitro activity against SARS-CoV-2

• Limited clinical evidence though multiple RCTs ongoing

• Compassionate use is no longer available. 



4. Lopinavir/ritonavir for SARS-CoV-2

Rationale:

• Experimental non-FDA approved antiviral just synthesized by Gilead in 2017

• Mechanism of action 

• Demonstrated activity vs SARS in vitro1

• For SARS, Lopinavir/ritonavir + ribavirin reduced risk of adverse clinical outcomes 
compared to ribavirin alone1 (non-randomized, not controlled) 

• Demonstrated efficacy in vitro vs MERS-CoV 2

• Case reports of MERS-CoV patients having virological clearance and survival when 
combined with ribavirin or interferon3

• Widely available and safe with extensive clinical experience in use with HIV

Proposed Mechanism of Action:

• Antiviral protease inhibitor cleaving viral 3CL protease. 

• Combination with ritonavir increases drug bioavailability
1. Chu et al. Thorax 2004. 59-252-6. 
2. Kim et al. Antiviral Ther 2016. 31. 455-9.
3. Min et al. Sci rep 2016; 6 25359.



Lopinavir/Ritonavir SARS-CoV-2 Clinical data

• Retrospective Case Series of 33 patients with mild/moderate infection
• Arbidol + Lopinavir/ritonavir: 16

• RT-PCR Negative at day 7: 75%

• RT-PCR Negative at day 14: 94%

• CT improved by day 7: 69%

• Lopinavir/ritonavir: 17
• RT-PCR Negative at day 7: 35%

• RT-PCR Negative at day 14: 53%

• CT improved by day 7: 29% 

P<0.05

P<0.05

P<0.05

Limitations:
1. Very small sample size 
2. We don’t have arbidol in US
3. Non-randomized
4. Monotherapy group had more steroids**

Of note:
50% pf monotherapy group on steroids** P=0.04



Lopinavir/Ritonavir SARS-CoV-2 Clinical data

China RCT of 199 COVID patients 
- Lopinavir/ritonavir vs standard of care
- Primary Outcome: Time to clinical improvement

Both groups:
16d (ns)



Lopinavir/Ritonavir NEJM RCT Continued

• Mortality at 28 days:
• Lopinavir/ritonavir: 19.2%

• Standard of Care: 25%

• % of Patients with detectable SARS-CoV-2 RNA at various time points 
were similar

Diff-5.8%; 95% CI (-17.3-5.7)



Lopinavir/ritonavir Evidence

• Scientific rationale behind possible use with known anti-viral 
mechanism of action

• In vitro and in vivo evidence is much better when administered with 
other antiviral (ribavirin, interferon, arbidol…)

• Only drug with robust clinical trial data, however did not show a 
difference. 

• Multiple RCTs ongoing with and without combination antiviral. 



5. Tocilizumab for SARS-CoV-2

Rationale:
• SARS, MERS, and COVID-19 are known to cause a cytokine storm resulting in 

fulminant end-organ damage. 
• IL-6 levels (along with other cytokine markers) are elevated in critically ill 

patients with COVID-19
• Patients with similar presentation following CAR T Cell therapy are routinely 

administered tocilizumab during cytokine storm with improved outcomes

Proposed Mechanism of Action:
• Tocilizumab is recombinant humanized anti-human-IL6 receptor monoclonal 

antibody
• Tocilizumab binds sIL-6R inhibiting signal transduction slowing inflammatory 

response

1. Chu et al. Thorax 2004. 59-252-6. 
2. Kim et al. Antiviral Ther 2016. 31. 455-9.
3. Min et al. Sci rep 2016; 6 25359.



Tocilizumab clinical data

• Retrospective case series of 21 severely 
ill COVID-19 patients in China.

• No comparator group

• Within a few days of infusion:
• 75% had lowered O2 requirement

• 91% had improved CT scan findings

• 53% Lymphocyte count returned to normal 

• 84% CRP decreased significantly

• No adverse reaction observed

• 91% discharged on 13.5d following tx



Tocilizumab Evidence

• Scientific rationale behind possible use in critically ill patients with 
cytokine storm. No antiviral effect.

• Limited clinical evidence is promising

• Supply is limited, expensive, side effects unclear (TB, HBV)

• Needs clinical trial data







Conclusion

• Wash your hands!

• Treatment protocol:
• Internal: https://inside.uams.edu/coronavirus/wp-content/uploads/sites/44/2020/03/UAMS-Targeted-Treatment-

Considerations-for-Patients-Admitted_032420.pdf

• External: https://uamshealth.com/coronavirus/wp-content/uploads/sites/13/2020/03/UAMS-Targeted-Treatment-
Considerations-for-Patients-Admitted_032420.pdf

https://inside.uams.edu/coronavirus/wp-content/uploads/sites/44/2020/03/UAMS-Targeted-Treatment-Considerations-for-Patients-Admitted_032420.pdf
https://uamshealth.com/coronavirus/wp-content/uploads/sites/13/2020/03/UAMS-Targeted-Treatment-Considerations-for-Patients-Admitted_032420.pdf

