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Therapeutics for SARS CoV2

Clinical Course
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Determinants of Clinical Course

• Comorbid conditions

– Age, cardiovascular disease, pulmonary disease, 
renal dysfunction, liver disease, obesity

• Inoculum size

• Unique aspects of viral pathogenesis

Prather KA, Wang CC, Schooley RT. 

Reducing transmission of SARS-CoV-

2 [published online ahead of print, 

2020 May 27]. Science. 

2020;eabc6197. 

doi:10.1126/science.abc6197
Masking Rationale

Reduces personal exposure load
Lower likelihood of infection
Less severe infection

Reduces aerosols in the environment

SARS CoV-2 Evades Innate Immunity

Yuen, Clin Inferct Dis, 2020



SARS CoV-2 Replicates 3.5-fold more 
Rapidly in Human Lung Explants

Yuen, Clin Inferct Dis, 2020

Chest CT Findings

Pathogenesis of SARS CoV-2 Infection

Tay, Nat Med 2020



Treatment of SARS CoV-2 Infection
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Antiviral Therapy

Immune modulators

Putative Antiviral Agents: An Abbreviated 
Summary 

• Hydroxychloroquine (with or without azithromycin)

• Maraviroc

• Lopinavir-ritonavir

• Ivermectin

• Convalescent plasma (clinical trials in progress)

• Neutralizing monoclonals

• Remdesivir
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Remdesivir and the SARS-CoV-2 
Replicative Cycle

• SARS-CoV-2 enters target cells by binding to the ACE2 receptor on the cell surface 
• Releases its RNA, translates RNA-dependent RNA polymerase (RdRp) or RNA replicase 
• Remdesivir is an RNA-dependent RNA polymerase inhibitor

Chain Termination



Remdesivir 
• Remdesivir is a broad acting nucleoside analog RNA 

polymerase inhibitor

– EC50 of 0.137 – 0.77 µM against SARS-CoV-2 in Vero cells; 
nanomolar activity in human airway epithelial cells

• RDV has broad spectrum activity against filoviruses 
(Ebola, Marburg, SARS-CoV, MERS-CoV) and 
paramyxoviruses (RSV, Nipah, and Hendra)

– Clinical and virologic efficacy against SARS-CoV-1 and SARS-
CoV-2 in mouse and primate models

• Reduces lung viral loads, lung pathology, and clinical signs of 
pulmonary dysfunction

De Wit, et al. PNAS 2020; Sheahan et al., Nature Comm 2020; Pizzorno A, et al. 
(https://www.biorxiv.org/content/10.1101/2020.03.31.017889v1); Williamson BN, et al. (https://www.biorxiv
.org/ content/ 10.1101/ 2020.04.15.043166v2); Wang M, et al. Cell Research 2020

Remdesivir
• Generally favorable safety profile based on previous 

studies of > 500 treated pts (healthy volunteers in phase 1 
studies and pts with acute Ebola disease)

– Treatment emergent AEs elevations in ALT, AST

• PK profile indicates high and persistent levels of active 
nucleoside triphosphate metabolites in PBMCs 
allows once daily dosing
– t1/2 of active metabolite in PBMCs 32-48h with Cmax > 10

µM

– Plasma t1/2 0.66-1h after infusion

• Renally excreted; CYP3A4 inhibitor but significant DDIs 
unlikely due to rapid clearance after IV administration; 
no induction of enzymes or transporters  

Gilead Investigator’s Brochure; 2020



DMID 20-0006: Adaptive COVID-19 
Treatment Trial (ACTT-1)

• Study design: Stage 1 adaptive design  randomized, 
double-blind, placebo-controlled multicenter trial 
comparing remdesivir (IV) vs placebo

• Inclusion

– Hospitalized participants confirmed PCR positive for SARS-CoV-2

– At least one of the following: 

• Radiographic infiltrates 

• RA SpO2 < 94% 

• Requiring supplemental oxygen or mechanical ventilation

• Exclusion

– ALT or AST > 5x ULN; estimated GFR < 30 ml/min; pregnancy or 
breast feeding; anticipated discharge within 72h

DMID 20-0006 Study Sites and 
Treatment Regimen

• Multicenter trial conducted at 99 sites

– United States had 60 trial sites and 13 subsites 

– 8 sites in California

• Enrollment period: 21 Feb to 19 Apr 2020 (58 days)

• Eligible participants were randomized 1:1 to receive:

– Remdesivir 200mg IV loading dose day 1 then 100mg/d 
days 2-10

– Placebo IV days 1-10

• Randomization was stratified by disease severity at 
time of enrollment

DMID 20-0006: Primary and Secondary 
Outcomes

Primary Endpoint

• Time to recovery, 
defined as the first 
day, during the 28 
days after 
enrollment, on 
which a patient 
satisfied 
categories 1, 2, or 
3

Key secondary    
endpoints 

• Mortality at day 14 
and day 28

• Safety

Ordinal Scale

1. Not hospitalized, no limitations

2. Not hospitalized, limitation of activities, 
requiring home O2 or both

3. Hospitalized, not requiring supplemental 
O2 and no longer requiring ongoing 
medical care (inpatient for infection 
control reasons)

------------------------------------------------------------
4. Hospitalized, not requiring supplemental 

O2, requiring ongoing medical care 
(COVID-19 or otherwise)

5. Hospitalized, supplemental O2

6. Hospitalized, receiving noninvasive 
ventilation or high-flow O2 devices

7. Hospitalized, receiving invasive 
mechanical ventilation or ECMO

8. Death



DMID 20-0006 Enrollment
• 1107 participants were screened; 1063 were 

randomized

• At the time of the analysis (based on data through April 28, 2020), 
731 pts had completed the trial, recovered or died

– 541 pts were randomized to remdesivir

• 531 received remdesivir as assigned (98.2%); 391 
completed followup through day 29 or died

• 132 had not yet recovered or completed followup

– 522 pts were randomized to placebo

• 518 received placebo as assigned (99.2%); 340 pts 
completed followup through day 29 or died

• 169 had not yet recovered or completed followup

Baseline Characteristics

Results: Primary Outcome
• Shorter time to 

recovery in the 
remdesivir group vs 
placebo

– 11 vs 15 days 

– Rate ratio for recovery 
1.32, 95% CI, 1.13 to 
1.55; p<0.001

• Outcomes similar for 
those with a duration 
of symptoms at time 
of randomization of <
10 days vs > 10 days

Beigel JH, et al. NEJM 2020



Results: Primary Outcome

Among pts with baseline ordinal 
score of 4, RR for recovery was 

1.38

For pts with baseline ordinal 
score of 5, RR for recovery was 

1.47

Results: Primary Outcome

Among pts with baseline 
ordinal score of 6, RR for 

recovery was 1.20

Among pts with baseline 
ordinal score of 7, RR for 

recovery was 0.95

Secondary Outcomes: Mortality and Day 
15 Improvement in Ordinal Score



Results: Key Subgroup Outcomes
• Recovery rate ratio was 

improved for remdesivir-

treated pts overall and 
regardless of duration of 
symptoms prior to 

randomization

• Except for baseline 

ordinal score 5 
subgroup, 95% CI 
overlapped for all other 
subgroups

• Confounding for 

indication or insufficient 
statistical power for 
higher and lower score 
subgroups?

Beigel JH, et al. NEJM 2020

Safety Outcomes
• Fewer serious adverse events occurred in pts receiving 

remdesivir compared to placebo (21.1% vs. 27%)

– Most common SAEs were respiratory failure, 
hypotension, viral pneumonia, AKI

• Grade 3 or 4 adverse events occurred less frequently in 
the remdesivir group than placebo (28.8% vs. 33%)

– Most common AEs were anemia/decreased Hgb, AKI, 
decreased eGRF/Cr clearance, increased Cr, 
hyperglycemia, increased aminotransferases

– DVTs and PEs were relatively uncommon, occurring in 
1.4% and 0.6%, respectively

• No deaths were attributed to study medications

Conclusions

• Remdesivir-treated patients had a significantly 
shorter time to recovery (11d vs. 15d) 
compared to placebo
– The effect was similar regardless of duration of 

symptoms prior to randomization

• 15d mortality was lower in the remdesivir arm 
vs. placebo (7.1% vs. 11.9%; HR 0.70; 95% CI 0.47-

1.04) but did not reach statistical significance 
(p=0.07)

• Remdesivir was associated with fewer AEs 
than placebo



Limitations and Controversies

• Preliminary results; 301 pts had not recovered 
or completed followup through day 29

– “To ensure the accuracy of the reported findings, 
we evaluated the primary outcome, key secondary 
outcomes, and mortality results based on current 
data through May 18, 2020. The results were 
similar to those reported in the Results section of 
this article.”

Limitations and Controversies

• Original primary outcome/endpoint: “difference in clinical 
status by day 15 based on 8-category ordinal score”
– Changed due to observations about the protracted course of COVID-19 

disease

– Change occurred after 72 pts enrolled; not based on interim review of 
study data

• The original primary outcome was made a key secondary 
outcome

– Odds ratio for improvement in clinical status by day 15 based on the 8-
point ordinal score was significantly better for remdesivir than placebo

Other Remdesivir Trials

Putting them into context



Remdesivir vs. Placebo in China
• Randomized, double-

blind, placebo-controlled 
multicenter trial

• 237 pts enrolled with 2:1 
randomization to 
remdesivir vs placebo

• Terminated early due to 
predetermined criteria; 
outbreak was controlled 

• Statistically 
underpowered for the 
primary endpoint of 
clinical improvement

Wang Y, et al. Lancet 2020 

Remdesivir vs. Placebo in China
• Symptoms < 10d 

median time to 
recovery was 18d for 
remdesivir vs 23d for 
placebo
– HR 1.52; 95% CI 0.9 to 

2.43

• Symptoms > 10d 
median time to 
recovery was 23d vs 
24d
– HR 1.07; 95% CI 0.63 to 

1.83

Wang Y, et al. Lancet 2020

Remdesivir for 5 vs 10 Days Duration for 
Severe COVID-19

• Randomized, open-
label, phase 3 trial in 
397 hospitalized pts 
with SARS-CoV-2 
pneumonia, RA O2 sat 
< 94%

– Pts randomized to 
10d significantly 
worse baseline 
clinical status 
(p=0.02)

• Clinical improvement 
of > 2 points on the 
ordinal scale in 64% 
in 5d group vs 54% in 
10d group (p=0.14)

Goldman JD, et al. NEJM 2020



Putative Immunomodulatory Agents: 
An Abbreviated Summary 

• IL-6 Blockers

– Tocilizumab, Sarilumab

• Janus-Associated Kinase (JAK) Inhibitors

– Baricitinib, ruxolinitimib

• Leronlimab

• Corticosteroids 

– dexamethasone

x

x

x

RECOVERY Trial: Dexamethasone 
Results

• Study Design: Randomized, open-label, adaptive 
platform trial comparing different possible 
treatments with “usual care” in hospitalized pts 
with Covid-19 
– 176 National Health Service hospitals in UK

– Eligibility: Clinically suspected or lab confirmed SARS-
CoV-2 infection

– Treatment: 2,104 pts randomly allocated to 
dexamethasone 6 mg/d for up to 10d vs. 4,321 
concurrently allocated to usual care

– Primary endpoint: 28d mortality

medRxiv preprint doi: https://doi.org/10.1101/2020.06.22.20137273; June 22, 2020

RECOVERY: Randomization and 
Procedures

• 2:1 randomization 

• Web-based CRF 
– Entry: demographics, level of respiratory support, 

major comorbidities, treatment available at each site

– Single on-line followup form at discharge, death or 
day 28 (adherence to allocated treatment, receipt of other 
treatment, duration of adm, respiratory or renal support status, 
vital status)

– Primary endpoint  all-cause mortality within 28d

– Secondary outcomes  time to discharge, receipt of 
mechanical ventilation, ECMO, duration of ventilation, 
cause-specific mortality

https://doi.org/10.1101/2020.06.22.20137273


RECOVERY: Results

• Mean age 66.1 yrs; 36% women

– DM 24%

– CVD 27%

– Chronic lung disease 21%

– At randomization 56% had > 1 comorbidity; 82% 

confirmed SARS-CoV-2, 16% on MV/ECMO, 60% on O2

• Median duration of dexamethasone 6d (7% of the 

usual care group also received dexamethasone)

– Few pts in this group received HCQ, LPV/r, IL-6 

antagonists or remdesivir (data not available; unclear what 

proportion of pts in this group received other corticosteroids)

RECOVERY: Primary Outcome Results

• 28d mortality 21.6% in dexamethasone arm vs. 24.6% usual 

care (RR 0.83; 95% CI, 0.74-0.92; P < 0.001)

• Greatest benefit among those receiving mechanical 
ventilation at randomization

– 35% reduction in mortality; RR 0.65 [95% CI, 0.51, 0.82]; P < 

0.001

RECOVERY: Results by Subgroup

Dexamethasone reduced 28d mortality by ~33% in those on MV; ~20% for those on O2

without MV; benefit primarily observed in pts more than 7d after symptom onset; no 
benefit and possible harm in those not receiving O2



28-Day Mortality: ACTT-1 vs 
RECOVERY

Vaccines for SARS CoV-2

Vaccines: Opportunities and 
Challenges

• Multiple vaccine platforms
– Protein, mRNA, DNA, chimeric viruses, attenuated 

viruses, non-replicating viral vectors

• Clear demonstration of immunogenicity in man in 
Phase 2 studies

• Challenges:
– What are the correlates of immunity?

– Will vaccines induce durable immunity?

– Will they be immunogenic in the most vulnerable 
populations



Symptomatic People Make More 

Vigorous Immune Responses

Long, et. al., Nature Medicine 2020

Coronavirus Immunity is Fleeting

Long, et. al., Nature Medicine 2020

Coronavirus Vaccine Immunity is  Also 

Fleeting

Zhu, et. al. Lancet VOLUME 395, ISSUE 10240, P1845

https://www.thelancet.com/journals/lancet/issue/vol395no10240/PIIS0140-6736(20)X0024-9


Conclusions

• Remdesivir is effective in reducing time to 
recovery and improving survival in select 
subgroups and should be considered in those 
with moderate to severe Covid-19 (SpO2 < 94% on RA 
or requiring oxygen)

• Dexamethasone appears to improve survival for 
those with severe Covid-19 disease (mechanical 
ventilation or requiring O2)

• Multiple vaccines are under active development
– As in HIV-1, the pathway to an effective coronavirus 

vaccine is highly likely to be a long and winding road
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Thank You!

To Be Continued in Microbiology 
Lab…




