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Executive Summary The pathogenesis of CO-
VID-19 infection drives treatment guidelines. 
For most non-hospitalized adults at risk for 
progression to more severe COVID-19, preferred 
treatment options are antivirals Paxlovid and 
remdesivir, with the alternative treatment of 
Bebtelovimab (a monoclonal antibody) and the 
antiviral molnupiravir in cases where neither of 
the preferred therapies are available, feasible to 
use or clinically appropriate. One important con-
cept to understand is the distinction between FDA 
approval and the designation of Emergency Use 
Authorization (EUA) since most of the available 
SARS-CoV-2 treatments are available under an 
EUA. During times of public health emergency, 
including infectious diseases such as the SARS-
CoV-2 pandemic, the EUA may be used to allow 
for the use of unapproved medical products or 
unapproved uses of approved medical products 
without full FDA approval to accelerate the 
timeline. This article provides a description of 
the FDA approval process, the use of the EUA, a 
timeline of approval for SAR-CoV-2 treatments, 
and a descriptive summary table with available 
treatments for underwriting reference.
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The Pathophysiology of COVID-19
The pathogenesis of COVID-19 infection drives treat-
ment guidelines: early in the clinical course, the rep-
lication of SARS-CoV-2 in the upper respiratory tract 
(nasopharynx, oropharynx, trachea) leads to infection 
and inflammation, triggering an immune response. 
If the virus is not cleared by innate or adaptive re-
sponses, it can spread to the lower respiratory tract 
by inhalation of the virus particles from the upper 
respiratory tract or by gradual dissemination along 
the tracheobronchial tree. Alternatively, the initial 
site of infection can be the lower respiratory tract. 
This can ultimately lead to infection of the alveoli, 
causing inflammation and limiting gas exchange,1 

resulting in pneumonia and hypoxia. 

Later in the clinical course, the disease appears to 
be driven by a dysregulated immune/inflammatory 
response to SARS-CoV-2 that leads to tissue damage.2

Shortness of breath and hypoxia can occur, leading 
to acute respiratory failure and ARDS. Other hyper-
inflammatory responses can lead to extrapulmonary 
disease, such as acute kidney failure, myocarditis, 
coagulopathy and acute liver injury. Therefore, 
therapies that directly target SARS-CoV-2 would 
have the greatest effect early in the course of the dis-
ease, while immunosuppressive/anti-inflammatory 
therapies are likely to be more beneficial in the later 
stages of COVID-19.2 Examples of immunosuppres-
sive medications are steroids such as dexamethasone 
and immunomodulatory drugs such as baricitinib 
and tocilizumab.

Clinical Treatment Guidelines
Treatment guidelines vary depending on sever-
ity of disease, age and comorbidities of the affected 
individual, as well as outpatient vs. hospitalization 
status. Disease severity is defined as mild, moderate 
and severe, with mild disease manifesting as cough, 
malaise and upper respiratory symptoms; moderate 

disease with dyspnea; and severe disease with hypox-
emia requiring oxygen or ventilatory support. Those 
with severe disease require hospitalization and/or 
intensive care unit (ICU) care. 

Per the most current recommendations of the Nation-
al Institutes of Health COVID-19 Treatment Guide-
lines Panel,2 non-hospitalized adults who are at risk 
of progressing to severe COVID-19 are those who are 
older and/or with an underlying medical condition 
such as cancer, chronic lung diseases, cardiovascular 
disease, diabetes, chronic liver disease and kidney 
disease.3 For these individuals, preferred treatment 
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options are antivirals Paxlovid and remdesivir, with 
the alternative treatment of Bebtelovimab (a mono-
clonal antibody) and the antiviral molnupiravir in 
cases where neither of the preferred therapies are 
available, feasible to use or clinically appropriate.

Treatment for hospitalized adults is stratified based 
on disease severity:2

• For those who do not require supplemental 
oxygen, if at high risk of disease progression, 
remdesivir may be appropriate.

• For those who require supplemental oxygen, 
remdesivir or a combination of remdesivir and 
dexamethasone is recommended, with the addi-
tion of an immunomodulatory drug for those with 
rapidly increasing oxygen needs and systemic 
inflammation. 

• For those who require oxygen through a high-flow 
device or non-invasive ventilation, dexametha-
sone or a combination of dexamethasone plus 
remdesivir is recommended, with the addition 
of an immunomodulatory drug for those with 
rapidly increasing oxygen needs and systemic 
inflammation.

• For those who require mechanical ventilation or 
extracorporeal membrane oxygenation (ECMO), 
dexamethasone is recommended, with an ad-
dition of immunomodulatory drug if within 24 
hours of admission to the ICU.

Management of COVID-19 in children is considered 
on a case-by-case basis, following a similar practice 
of directed antiviral treatment, adjusted for age, 
for those who are managed as outpatients, and 
immunosuppressive medications for hospitalized 
individuals. Multisystem inflammatory syndrome in 
children (MISC-C), a rare and severe manifestation of 
COVID-19 resulting in shock, cardiopulmonary, and 
neurocognitive signs and symptoms, requires a sepa-
rate consideration for treatment and management.

Therefore, these guidelines reflect the pathophysiolo-
gy of COVID-19 infection targeting the virus, in which 
early treatment and treatment of mild to moderate 
infection are composed of antiviral medications and 
monoclonal antibodies, while treatment of severe 
disease and late stages of the infection include medi-
cations that suppress the immune system to control 
a hyperactive and dysregulated immune response.  

SARS-CoV-2 Treatment
FDA Approval vs. EUA
One important concept to understand is the distinc-
tion between FDA approval and the designation of 
EUA, since most of the available SARS-CoV-2 treat-
ments are available under an EUA. The traditional 

pathway to FDA approval can take more than a de-
cade,4 which is a significant obstacle during a public 
health emergency. The process of moving a drug from 
development to FDA approval begins with preclinical 
testing in an animal model. Most drugs never make 
it out of this stage of testing. When a drug shows 
promise in the preclinical stage, the sponsor institu-
tion submits an Investigational New Drug Application 
(IND) to the FDA.5 In this application, the sponsor 
must show results of the preclinical testing and the 
plan for human testing. If both FDA and the Institu-
tional Review Boards (IRBs) from all of the involved 
institutions (drug companies, hospitals, universities) 
determine that it is safe to move forward, then Phase 
1 clinical trials can begin. 

In Phase 1, the goal is safety. Phase 1 studies are 
conducted to determine the drug’s side effects and 
metabolism. The study population is usually healthy 
adults (n<100 people). Assuming the drug is deter-
mined to be safe, then it moves to Phase 2 studies, 
with the goal of determining if the drug is effective. 
The study design in Phase 2 might compare the effect 
of the new drug in patients with the target disease to 
those taking an existing treatment or to those taking a 
placebo. Both effectiveness and safety are being evalu-
ated and the number of patients is still small (n<300 
people). If the Phase 2 data shows that the drug is 
safe and effective, then it can move on to Phase 3.5

In Phase 3, effectiveness needs to be shown in larger 
populations of people, in different populations, at 
various doses and in combination with other drugs. 
Safety and effectiveness are still the primary goal. This 
phase may involve several thousand people. Assum-
ing everything goes well in Phase 3, the sponsor can 
submit a New Drug Application (NDA) to the FDA. 
This submission is a formal request for approval of 
the drug in the US and contains all data about the 
drug from initial development through clinical trials 
(Phases 1-3). The FDA has 60 days to decide whether 
to review the NDA. Once the NDA is filed, meaning 
the FDA review will move forward, a team of experts 
is assembled. They review the submitted study data 
in the NDA and each reviewer prepares an evaluation 
with recommendations. The FDA may also convene 
an advisory committee to provide independent opin-
ions about the drug. The drug must show clinical 
benefit to receive traditional approval. Then the drug 
will either be approved, or the sponsor will receive 
a response letter. Some drugs are given accelerated 
approval if they target a life-threatening disease or 
condition with no other available treatments. If the 
drug is approved, Phase 4, or post-marketing surveil-
lance data, is collected to look for additional safety 
issues that may emerge as a much larger population 
takes the new drug.4,5,6
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During times of public health emergency, including 
infectious diseases such as the SARS-CoV-2 pan-
demic, the EUA may be used to allow for the use of 
unapproved medical products or unapproved uses 
of approved medical products without full FDA ap-
proval, to accelerate the timeline. The Secretary of 
HHS must declare that an EUA is appropriate, which 
occurred on February 4, 2020, for SARS-CoV-2.7 The 
benefits of the drug or treatment being considered for 
the EUA still must outweigh any known risks, and 
there must not be any alternative available. EUAs 
end when the public health emergency ends, but they 
can also be terminated at any time (JHU ctr health 
security). Most of the available treatments for SARS-
CoV-2 are currently being used under an EUA. This 
has allowed accelerated movement of treatments to 
the public that show evidence of benefit but have not 
met the full criteria for FDA approval. Some of these 
treatments may go on to gather enough data to gain 
full FDA approval, as happened with remdesivir, 

which was originally authorized for use under the 
EUA and gained full FDA approval in October 2020 
(see Figure 1 below). Others may be found to be less 
effective than early data showed, and the EUA will be 
terminated, as was the case for several drugs that were 
not effective against the Omicron variant (REGEN-
COV, sotrovimab) or were found to be ineffective 
against Omicron and had additional safety concerns 
(bamlanivimab).2

Timeline of Treatment Availability for SARS-CoV-2
Figure 1 below shows a timeline of treatment approv-
als for SARS-CoV-2. The first treatments specific to 
SARS-CoV-2 became available in May 2020 under an 
EUA. Remdesvir, an antiviral with US brand name 
Veklury (Gilead Sciences, Inc.), was the first drug 
to receive full FDA approval for treatment of SARS-
CoV-2. Previously, under an EUA from May 1, 2020, 
Remdesvir had been authorized for use in a larger 
population of patients.8

Figure 1. COVID-19 Treatment Approvals

Drug/Treatment Approval Month/Year Notes
Remdesivir EUA 5/1/2020
Convalescent 
plasma

EUA 8/1/2020 2/2021 FDA narrows permitted use

Remdesivir FDA approved 10/1/2020
Paxlovid EUA 12/1/2020
Tocilizumab EUA 6/1/2021
Barictinib EUA 7/1/2021
Evusheld EUA 8/1/2021
Molnupiravir EUA 12/1/2021
Bebtelovimab EUA 2/1/2022
Barictinib FDA approved 5/1/2022
REGEN-COV EUA 11/2020-1/2022 Not effective against Omicron
Bamlanivimab EUA 11/2020-4/2021 Not effective against US variants; 

questions about safety, efficacy
Sotrovimab EUA 5/2021-4/2022 Not effective against Omicron BA.21201 15th Street, Suite 250, Washington, D.C. 20005
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Table 1 contains a summary of the available treat-
ments.9 Further discussion of the preferred treat-
ments continues below.

Table 1. Available Treatments – Summary Table
Medication Status Mechanism Administration/Population Notes/Other
Antivirals
Remdesivir Treatment

*Preferred

FDA Ap-
proved

Prevents viral 
replication by 
terminating RNA 
transcription 
prematurely.

•	 IV
•	 Age ≥12 years and ≥40 

kg.
•	 Mild to moderate cv-

19 in high-risk, non-
hospitalized or those 
hospitalized.

•	 EUA for pediatric pts 
(3.5 to 40 kg).

Needs to be 
taken early, 
with evidence 
suggesting 
benefit is 
greatest when 
drug is given 
within 10 days 
of symptom 
onset (NIH).

Paxlovid (ritonavir-
boosted nirmatrelvir)

Treatment
*Preferred

EUA

Nirmatrelvir is 
a viral protease 
inhibitor active 
against the Mpro

viral protease. 
Ritonavir is a 
cytochrome 
P450 (CYP) 
3A4 inhibitor 
that is used as a 
pharmacokinetic 
boosting agent.

•	 Paxlovid – orally twice 
daily for 5 days, within 5 
days of symptom onset.

•	 Non-hospitalized 
patients, mild to 
moderate cv-19, age ≥12, 
weight ≥40 kg at high 
risk for progression.

EPIC-HR trial: 
reduced risk 
of hospitaliza-
tion or death 
through 28 
days by 89% 
compared to 
placebo.
*Has signifi-
cant drug-drug 
interactions 
(NIH).

Molnupiravir Treatment
2nd tier

EUA

Molnupiravir is a 
mutagenic ribo-
nucleoside with 
broad antiviral 
activity against 
RNA viruses. 
Through uptake 
by viral RNA-
dependent RNA-
polymerases, it 
leads to viral mu-
tations and lethal 
mutagenesis.

•	 Non-hospitalized adults 
w/ mild to moderate 
COVID-19 within 5 days 
of symptom onset at high 
risk of progression to 
severe disease OR

•	 Alternative antiviral 
therapies inaccessible or 
inappropriate.

•	 800 mg PO twice daily 
for 5 days.

MOVe-OUT 
trial: reduced 
rate of hospi-
talization or 
death by 30% 
compared to 
placebo.
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Monoclonal Antibodies
Bebtelovimab 2nd tier

EUA

Anti-SARS-
CoV-2 monoclo-
nal antibodies 
(mAbs) are labo-
ratory-produced 
antibodies that 
target the viral 
spike protein.

•	 Patients age ≥12 only 
when Paxlovid and 
remdesivir are not  
available, feasible and/or 
appropriate.

•	 Patients with mild to 
moderate cv-19 who 
are hospitalized for 
another reason or non-
hospitalized patients 
with mild to moderate 
cv-19 who are at high 
risk of progression to 
severe disease.

•	 175 mg IV injection 
within 7 days of 
symptom onset.

BLAZE-4 study 
(phase 2) 

•	 Bamlanivimab plus 
etesevimab

•	 Casirivimab plus 
imdevimab

•	 Sotrovimab

2nd tier

EUA

Treatment; post-
exposure pro-
phylaxis.

•	 Not recommended now 
that the Omicron variant 
is dominant.

Evusheld (tixagevimab 
300 mg plus cilgavimab 
300 mg)

EUA Pre-exposure 
prophylaxis.

•	 Two 3 mL IM injections.
•	 People age ≥12 and 

weight ≥40 kg without 
cv-19 infection, not 
recently exposed AND

•	 Moderately to severely 
immunocompromised 
or inadequate immune 
response to vaccine OR

•	 Unable to be fully 
vaccinated due to 
history of severe adverse 
reactions.

Immunomodulators
•	 Dexamethasone 

(corticosteroid)
•	 Tocilizumab 

or sarilumab 
interleukin-6 
inhibitors)

•	 Baricitinib or 
tofacitinib (JAK 
inhibitors)

Used for the hy-
peractive inflam-
matory response 
that is part of the 
pathogenesis of 
cv-19. 

Recommended for use in 
hospitalized patients.

Not Recommended Status/Rationale

Chloroquine or hy-
droxychloroquine and/
azithromycin

Clinical trials have failed to show a benefit.

Interferons Have not demonstrated efficacy; potential for harm shown in clinical trials.
Ivermectin No clinical benefit shown in trials; not recommended for use outside clinical 

trials.
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Lopinavir/ritonavir and 
other HIV pprotease 
inhibitors

Failed to show efficacy in clinical trials.

Nitazoxanide Not recommended outside clinical trials; failed to show significant clinical 
benefit.

COVID-19 convalescent 
plasma

Emergence of Omicron as dominant variant means that previous trial evidence 
may not apply so not currently recommended.

Anti-SARS CoV-2-spe-
cific immunoglobulins

Insufficient evidence to recommend – no clinical data available.

Mesenchymal stem cells Should not be used outside of an FDA-approved clinical trial.
Immunomodulators:
•	 Anakinra
•	 Fuvoxamine,
•	 Granulocyte-

macrophage colony 
stimulating factor 
inhibitors

•	 Inhaled 
corticosteroids

Insufficient evidence to recommend for or against these drugs.

Immunomodulators:
•	 Baricitinib + 

tocilizumab
•	 Canakinumab
•	 Colchicine
•	 IV immunoglobulins
•	 Bruton’s tyrosine 

kinase inhibitors
•	 Other JAK 

inhibitors not listed 
above

•	 Siltuximab

Recommended against other than use in clinical trials.

Review of Major Clinical Trials for Preferred Treat-
ments
Remdesivir
Remdesivir, the antiviral with brand name Veklury 
and study drug name GS-5734, was evaluated in three 
clinical trials. In a Phase 3, open-label, randomized 
trial (Study 5773), hospitalized patients (n=397) 
with confirmed COVID-19, oxygen saturation ≤94% 
breathing ambient air (not requiring mechanical 
ventilation) and pneumonia were randomly assigned 
to receive remdesivir treatment for 5 or 10 days. The 
goal of the trial was to determine if a 5-day course of 
treatment would be as safe and effective as a 10-day 
course of treatment in patients with severe COVID-19. 
Patients receiving 10 days of treatment were not 
significantly different in clinical status compared to 
those receiving 5 days of treatment at the conclusion 
of the trial (p=0.14).10,11

In another Phase 3, randomized, open-label trial, 
hospitalized patients with moderate COVID-19 were 

randomized to a 5-day or 10-day course of treat-
ment with remdesivir. The goal of this trial was to 
determine if 5 days of treatment was as effective as 
10 days in those with moderate COVID-19, defined as 
hospitalized individuals with a confirmed COVID-19 
diagnosis, pneumonia and oxygen saturation >94% 
on room air. The 596 patients were randomized to 
receive standard of care or the 5 or 10-day treatment 
with remdesivir. At the end of the trial, those receiving 
5 days of treatment showed improvement compared 
to those in the standard of care group (p-0.02), while 
those in the 10-day treatment group did not show a 
statistically significant difference in clinical status 
(p=0.18).10,12

Finally, the ACTT-1 study was a randomized, double-
blind, placebo-controlled trial with 1,062 patients. 
Adults hospitalized with COVID-19 showing evidence 
of lower respiratory tract infection were randomly 
assigned to receive either remdesivir (n=541) or pla-
cebo (n=521). Those in the remdesivir group had a 
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median recovery time of 10 days compared to those 
in the placebo group, with a median recovery time of 
15 days (p<0.001).10,13

Paxlovid
For Paxlovid, also known as nirmatrelvir plus rito-
navir, the main data come from the EPIC-HR trial. 
This Phase 2/3, randomized, double-blind, placebo-
controlled study was designed to evaluate safety and 
efficacy of nirmatrelvir plus ritonavir in non-hospi-
talized adults with mild to moderate COVID-19 who 
were at risk of progression to more severe disease. 
Patients (n=2,246) were randomized to receive either 
nirmatrelvir plus ritonavir or placebo within 3 days 
of symptom onset over a 5-day period. The outcomes 
measured were hospitalization and all-cause mortal-
ity. At the conclusion of the trial, day 28, the incidence 
of hospitalization was lower in the treatment group 
compared to the placebo group (p<0.001), and there 
were zero deaths in the treatment group compared to 
7% mortality in the placebo group. Paxlovid is avail-
able under an EUA.14,15,16

Conclusion
Clinical treatment guidelines of COVID-19 reflect the 
pathophysiology of the disease process. Research and 
development for new therapies for SARS-CoV-19 are 
ongoing as are clinical trials of existing medications, 
many of which have shown promise. As described, 
the process of moving a potential treatment from 
the laboratory to the clinic is a long one, even under 
accelerated approval and EUA. As additional data is 
gathered on the existing treatments, some may move 
to full FDA approval while others may prove not to 
be as effective as initially hoped.
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