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Natural history of COVID-19

Biomed Pharmacother. 2020 Sep;129:110493.



Kinetics of COVID-19

Trends Immunol . 2021 Jan;42(1):31-44.



Inhibition of Viral response

➢ Anti-viral agent

➢ Nirmatrelvir/Ritonavir

➢ Remdesivir

➢ Molnupiravir

➢ Convalescent plasma

➢ Monoclonal antibody



Anti-viral agents

Drug Recommend Adverse events drug-drug interaction

Ritonavir-Boosted 

Nirmatrelvir (Paxlovid)

FDA, EUA

Mild to moderate

High risk+≥12yr+≥40kg

Dysgeusia, myalgia

Diarrhea, HTN

Carefully review

Remdesivir FDA

High risk+≥12yr+≥40kg

Nausea, AST/ALT, 

Hypersensitivity

Has not been established

Molnupiravir FDA, EUA

Mild to moderate

High risk + ≥18yr

Diarrhea, nausea, dizziness Has not been established

Interferon alfa/beta Not approved

Not recommended

Ivermectin Not approved

Not recommended

Nitazoxanide Not approved

Not recommended

Last Updated: February 24, 2022; https://www.covid19treatmentguidelines.nih.gov/tables/antiviral-characteristics/



Nirmatrelvir/Ritonavir

➢ Orally active form

➢ Nirmatrelvir

➢ SARS-CoV-2 main protease inhibitor

➢ Incapable of processing polyprotein precursor

➢ Ritonavir

➢ HIV-1 protease inhibitor and CYP3A inhibitor

➢ Increase the level of nirmatrelvir

➢ No activity against SARS-CoV-2 Mpro



➢ Phase 2–3 double-blind, randomized, controlled trial, 2246 patients

➢ Symptomatic, unvaccinated, non-hospitalized adults at high risk for progression to severe Covid-19

➢ Nirmatrelvir (300mg) + ritonavir (100mg) vs. placebo twice daily for 5 days

➢ Treatment began within 5 days after the onset of Covid-19 signs and symptoms.

➢ Primary outcome

➢ Covid-19 related hospitalization or death at day 28

N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJMoa2118542.



Risk factor for progression

➢ ≥ 60 years of age

➢ BMI > 25

➢ Current smoker and history of at least 100 lifetime cigarettes;

➢ Immunosuppressive disease (eg, bone marrow or organ transplantation or primary immune deficiencies) or prolonged use of 

immune-weakening medications:

• Has received corticosteroids equivalent to prednisone ≥ 20 mg daily for at least 14 consecutive days within 30 days prior to study 

• Biologics (eg, infliximab, ustekinumab), immunomodulators (eg, methotrexate, 6MP, azathioprine) or cancer chemotherapy within 

90 days prior to study 

• HIV infection with CD4 cell count < 200 mm3 and a viral load less than 400 copies/mL

➢ Chronic lung disease (if asthma, requires daily prescribed therapy);

➢ Known diagnosis of hypertension;

➢ CVD, defined as history of any of the following: myocardial infarction, stroke, TIA, HF, angina with prescribed nitroglycerin, 

CABG, PCI, carotid endarterectomy, and aortic bypass;

➢ Type 1 or Type 2 diabetes mellitus;

➢ CKD, Sickle cell disease

➢ Active cancer, other than localized skin cancer, including those requiring treatment as long as the treatment is not among the 

prohibited medications that must be administered/continued during the trial period;

N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJMoa2118542.



COVID-19 related hospitalization or death

Reduced risk of hospitalization or death by 87.8% 

N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJMoa2118542.

8 (0.77%)

66 (6.31%)



N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJMoa2118542.



Change from Baseline in Log10- Transformed Viral Load over Time 

(Modified Intention-to-Treat Population)

N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJMoa2118542.



➢ Dysgeusia (m/c 5.6%) 

➢ diarrhea (3.1%)

➢ fibrin D-dimer increase 

➢ alanine aminotransferase 

increase 

➢ headache 

➢ creatinine renal clearance 

decrease 

➢ nausea and vomiting

N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJMoa2118542.



CYP450 3A4 strong inducer



Clinical Trials for Nirmatrelvir/Ritonavir 

Protocol Population Primary endpoint Major eligibility

EPIC-HR

NCT04960202 

(final n=2246)

Non-hospitalized 

symptomatic SARS-CoV-2 

positive* 

(High risk population)

Proportion of participants 

with COVID-19 related 

hospitalization or death 

from any cause through Day 

28

• ≥ 18 years of age 

• At least one risk factor for severe COVID-19 infection

• No previous SARS-CoV-2 infection or hospitalization to treat COVID-19 infection

• No prior or planned convalescent COVID-19 plasma

• No prior or planned SARS-CoV-2 vaccine before study the Day 34 visit

• Oxygen saturation of  ≥ 92% on room air within 24 hours prior to randomization

• Adequate liver function

EPIC-SR

NCT05011513 

(N=1140)

Non-hospitalized 

symptomatic SARS-CoV-2 

positive* 

(Standard risk population)

Time (days) to sustained 

alleviation of all targeted 

COVID-19 sign / symptoms 

through Day 28

• ≥ 18 years of age 

• No risk factors for severe COVID-19 infection; or with risk factors plus vaccinated

• No previous SARS-CoV-2 infection or hospitalization to treat COVID-19 infection

• No prior or planned convalescent COVID-19 plasma or monoclonal antibodies

• Oxygen saturation of  ≥ 92% on room air within 24 hours prior to randomization

• Adequate renal and liver function

EPIC-PEP

NCT05047601  

(N=2634)

Household contacts of 

individuals infected with 

SARS-CoV-2

Proportion of participants 

who symptomatic, RT-PCR 

confirmed SARS-CoV-2 

infection (Day 1–14)

• ≥18 years of age

• Asymptomatic household contacts with exposure to an individual who is symptomatic and 

recently tested positive for SARS-CoV-2 (index case)

• Randomized within 96 hours of collection of the index case’s first positive SARS-CoV-2 

test

• No prior laboratory-confirmed SARS-CoV-2 infection

• No measured fever or signs or symptoms consistent with COVID-19

• No known exposure to individual with positive SARS-CoV-2 or suspected COVID-19 

infection, except for the index case, within 1 month before screening

Overview of Pfizer’s Protease Inhibitor for COVID-19 Treatment from Pfizer



EPIC-SR

➢ Double-blind, randomized, placebo-controlled trial, from September 2020 to April 2021, 584 patients

➢ Unvaccinated patients without conditions indicative for progression to severe disease or patients who 

are at high risk for progression to severe disease and are fully vaccinated.

➢ Onset of symptoms and confirmation of SARS-CoV-2 infection as determined by RT-PCR or RAT

- Within 5 days prior to randomization

➢ At least 1 COVID-19 signs/symptoms

➢ Primary outcome

• Time to sustained alleviation of all targeted COVID-19 sign/symptoms through day 28 in the mITT cohort          

(≤ 3 days since symptom onset)

Pfizer



EPIC-SR: Analysis of Time to Symptom Alleviation

Abbreviations: PAX = PAXLOVID; PBO = placebo

mITT = Modified Intent to Treat Population (≤3 days since symptom onset) 

mITT1 = Modified Intent to Treat Population (≤5 days since symptom onset)

Pfizer



EPIC-SR: Hospitalization and Death through Day 28 mITT1 Population 

(≤5 days since symptom onset)

Pfizer



➢ Double-blind, randomized, placebo-controlled trial, from September 2020 to April 2021, 584 patients

➢ Non-hospitalized and risk factor ≥ 1 for severe  Covid-19

➢ Treatment started within 7 days after the onset of sings and symptoms

➢ Remdesivir (200mg on day 1 followed by 100mg on days 2 and 3) vs. placebo for 3 days

➢ Primary outcome

➢ Incidence hospitalization or death at day 29

N Engl J Med 2022; 386:305-315.



Covid 19 related hospitalization or death

N Engl J Med 2022; 386:305-315.



N Engl J Med 2022; 386:305-315.



Remdesivir : ACTT-1 study



N Engl J Med 2021;384:497-511.



Remdesivir : DisCoVeRy study

➢ phase 3, open-label, adaptive, multicenter RCT, from March 2020 to Jan 2021, 857 patients

➢ Hospitalized, SpO2 < 94%, requirement of supplemental oxygen, HFOT, NIV or MV

➢ Remdesivir (n=429) vs. placebo (n=428) up to 10 days

➢ Primary outcome

➢ Clinical status at day 15 as measured on the seven-point ordinal scale of the WHO Master Protocol

Lancet Infect Dis 2022;22: 209–21



Time to Recovery

➢ Days to improvement of 2 catergories of the 7-point 

ordinal scale or hospital discharge within day 29

Lancet Infect Dis 2022;22: 209–21



Lancet Infect Dis 2022;22: 209–21



Molnupiravir

➢ Orally active form

➢ A prodrug of β-d-N4-hydroxycytidine(NHC)

➢ Developed to treat hepatitis and influenza

➢ Introduce copying errors during viral RNA replication

➢ No dose adjustment in renal and liver dysfuction

➢ No drug interaction



Mechanism of Molnupiravir

Nat Struct Mol Biol. 2021 Sep;28(9):740-746.



➢ Phase 3, double-blind, randomized, placebo-controlled trial

➢ Non-hospitalized, unvaccinated adults with mild to moderate and risk factor ≥ 1 for severe  Covid-19

➢ Treatment started within 5 days after the onset of sings and symptoms

➢ Molnupiravir (800mg) vs. placebo twice daily for 5 days

➢ Primary outcome

➢ incidence hospitalization or death at day 29

N Engl J Med 2022;386:509-20.



6.8%

9.7%

(hazard ratio, 0.69; 95% CI, 0.48 to 1.01)

N Engl J Med 2022;386:509-20.



N Engl J Med 2022;386:509-20.



N Engl J Med 2022;386:509-20.



Summary of Antiviral drug

Remdesivir Molnupiravir Nirmatrelvir

Target Inhibitor of RNA dependent 

RNA polymerase

Mutagenesis of RNA

replication
MPRO protease inhibitor

Vaccination history No vaccination No vaccination No vaccination

Duration of Symptoms 7 days 5 days 5 days

Age > 60 yrs 30% 17.2% 13%

Risk factors DM (61.6%)

Obesity (55.2%)

Hypertension (47.7%)

Obesity (75.1%)

Age > 60 yr (17.2%)

DM (15.9%)

Obesity (BMI > 25) (80.5%)

Current smoking (39.0%)

Hypertension (32.9%)

Hospitalization or death 0.77% vs. 7.01% 6.3% vs. 9.2% 0.72% vs. 6.53%

Drug interaction - - +



Monoclonal Antibodies in mild or moderate COVID-19

Study Patients Intervention outcomes

BLAZE-1

•Aged ≥12 years 

•Within 3 days after SARS-CoV-2 

diagnosis

•At high risk for severe COVID-19 

or hospitalization

•Bamlanivimab 2800mg + 

etesevimab 2800mg single 

infusion vs. placebo

•COVID-19-related hospitalizations or all-cause deaths by Day 29: 

11 (2.1%) in BAM plus ETE arm vs. 36 (7.0%) in placebo arm; 

relative risk difference: 70% (P < 0.001).

•All-cause deaths by Day 29: 0 in BAM plus ETE arm vs. 10 

(1.9%) in placebo arm.

REGN-

COV2

•Aged ≥18 years 

•Within 7 days after symptom onset

•At high risk for severe COVID-19 

or hospitalization

•Casirivimab 600mg + 

Imdevimab 600mg (n=736) 

vs. placebo (n=748)

•Casirivimab 1200mg + 

Imdevimab 1200 (n=1355) 

vs. placebo(n=1341)

• COVID-19-related hospitalizations or all-cause deaths through 

Day 29:

• 7 (1.0%) in CAS 600 mg plus IMD 600 mg arm vs. 24 (3.2%) 

in placebo arm (P = 0.002).

• 18 (1.3%) in CAS 1,200 mg plus IMD 1,200 mg arm vs. 62 

(4.6%) in placebo arm (P < 0.001)

COMET-

ICE

•Aged ≥18 years with ≥ 1 

comorbidity or aged  ≥ 55 years 

•Symptom onset ≤ 5 days before 

enrollment

•SOT 500 mg IV (n = 291) 

vs. placebo (n = 292)

•Hospitalizations or all-cause deaths by Day 29

•3 (1%) in SOT arm vs. 21 (7%) in placebo arm (P = 0.002).



Neutralization of Omicron VOC by monoclonal antibodies

tixagevimab cilgavimab CasirivimabImdevimab

RegdanvimabSotrovimabBamlanivimab Etesevimab

Nat Med. 2022 Mar;28(3):490-495.



Neutralization of Omicron/BA.2 by monoclonal antibodies

NEJM DOI: 10.1056/NEJMc2201933



Immunomodulators in COVID-19

➢ Immunotherapies targeting immune mediators of host defense.

• Corticosteroids

• Kinase inhibitors – JAK inhibitor

• Anti-cytokine treatment – Anti-IL-6 Antibody

• Anti-complement therapies

• Stimulators of antiviral defense



RECOVERY trial

N Engl J Med 2021;384:693-704.



N Engl J Med 2021;384:693-704.



➢ Multicenter, blinded, randomized clinical trial

➢ 1000 patients requiring at least 10 L/min of oxygen, NIV, MV

➢ 12mg/d of IV dexamethasone (n=503) vs. 6mg/d of IV dexamethasone (n=497) for up to 10 days

➢ Primary outcome

➢ the number of days alive without life support at 28 days

JAMA. 2021;326(18):1807-1817.



Number of days alive without life support at 28 days

JAMA. 2021;326(18):1807-1817.



All cause mortality at 90 d

JAMA. 2021;326(18):1807-1817.



JAMA. 2021;326(18):1807-1817.





Pathogenic Host Response to SARS-CoV-2 and Pathways to 

Cytokine Release Syndrome (CRS)

Front. Pharmacol. 13:825749.



Meta-analysis of mortality in randomised, controlled trials of tocilizumab in 

patients hospitalised with COVID-19

Lancet 2021; 397: 1637-45



➢ Multifactorial, adaptive platform trial 

➢ Within 24 hours after starting organ support in ICU

• Respiratory organ support : invasive MV or NIV or HFNC (≥ 30L/min and ≥ 0.4)

• Cardiovascular organ support : IV infusion of any vasopressor or inotrope

➢ HFNC(29%), NIV(42%), IMV(29%)

➢ IV tocilizumab (8mg/kg) or Sarilumab (400mg) vs. Placebo

➢ Primary outcome

• The number of respiratory and cardiovascular organ support–free days up to 21 days

N Engl J Med 2021;384:1491-502.



The number of organ support free days

N Engl J Med 2021;384:1491-502.



Time to survival and ICU and hospital discharge

N Engl J Med 2021;384:1491-502.



➢ Randomized, controlled, open-label, platform trial, 4116 patients

➢ Hospitalized patients with progressive COVID-19 (SaO2 < 92% at RA, CRP ≥75 mg/L)

➢ IMV(14%), NIV(41%), O2 supply(45%)

➢ Corticosteroids (82%)

➢ IV tocilizumab (weight based) vs. Placebo

➢ Primary outcome

• All cause mortality at 28 days

Lancet 2021; 397: 1637-45



Effect of tocilizumab on 28-day mortality and hospital discharge

Lancet 2021; 397: 1637-45

35%

31%

50%

%



Lancet 2021; 397: 1637-45



Comparison RCT of Tocilizumab

BACC Bay COVACTA EMBACTA REMAP-

CAP

RECOVER

Y

Age 59.8 60.9 55 61.4 63

Respiratory

support

No O2 supply 16% 9%

O2 only 80% 30% 64% <1% 46%

NIV 4% 30% 26% 61% 41%

IMV 38% 29% 14%

Symptoms onset 9 12 8 9

Glucocorticoids 0% 25% 78% 93% 82%

C-reactive protein 110 170 136 136 143

➢ REMAP-CAP : within 24hr after ICU admission

➢ RECOVERY : progressive COVID-19



➢ Janus kinase inhibitor – Jak1 & Jak 2

➢ Anti-cytokine properties and a potential anti-viral mechanism

➢ Used in auto-immune disease such as Rheumatoid arthritis

Baricitinib – Janus kinase inhibitor



➢ Phase 3, randomized, double-blind, placebo-controlled trial, from June 2020, to January 2021

➢ hospitalized with Covid-19 pneumonia & NIAID-OS 4-6

• Bilateral pulmonary infiltrates

• At least 1 elevated inflammatory marker (CRP, D-dimer, LDH or ferritin)

➢ SoC : antiviral treatment (18.9%), systemic glucocorticoids (79.3%)

➢ Baricitinib 4mg (n=764) + SoC vs. Placebo (n=761) + SoC up to 14 days

➢ Primary outcome

• The proportion who progressed to high-flow oxygen, non-invasive ventilation, invasive mechanical ventilation, 

or death by day 28

Lancet Respir Med 2021; 9: 1407–18.



Lancet Respir Med 2021; 9: 1407–18.



Lancet Respir Med 2021; 9: 1407–18.



➢ Expiratory, randomized, double-blind, placebo-controlled trial, from December 2020, to April 2021

➢ hospitalized with invasive MV or ECMO

➢ SoC : systemic glucocorticoids (86%)

➢ Baricitinib 4mg (n=51) + SoC vs. Placebo (n=50) + SoC up to 14 days

➢ Primary outcome

• All cause mortality at day 28 and day 60

Lancet Respir Med 2022



HR 0.54 (95% CI 0.31-0.96); p=0.030 HR 0.56 (95% CI 0.33-0.97); p=0.027



Summary

➢ Natural history of COVID-19

➢ Early – viral response

• Antiviral agent, Convalescent plasma, Monoclonal antibody

• As soon as possible  – within 5-7 days after symptom and signs

➢ Late – host immune response

• Corticosteroids, Tocilizumab, Baricitinib




