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What’s New in the Guidelines
Last Updated: September 30, 2022

The Coronavirus Disease 2019 (COVID-19) Treatment Guidelines is published in an electronic format 
that can be updated in step with the rapid pace and growing volume of information regarding the 
treatment of COVID-19.

The COVID-19 Treatment Guidelines Panel (the Panel) is committed to updating this document to 
ensure that health care providers, patients, and policy experts have the most recent information regarding 
the optimal management of COVID-19 (see the Panel Roster for a list of Panel members).

New Guidelines sections and recommendations and updates to existing Guidelines sections are 
developed by working groups of Panel members. All recommendations included in the Guidelines are 
endorsed by a majority of Panel members (see Guidelines Development for additional details on the 
development process).

Major revisions to the Guidelines within the past month are as follows:

September 30, 2022

Influenza and COVID-19 
The Panel updated the background, links, and references in this section to include information on the 
2021 to 2022 influenza season and recommendations for the upcoming 2022 to 2023 season. 

Observational studies have reported greater disease severity in patients with influenza virus and 
SARS-CoV-2 coinfection than in patients with SARS-CoV-2 infection alone. The Panel notes that there 
are no clinically significant drug-drug interactions between the antiviral agents that are used to treat 
influenza and the antiviral agents or immunomodulators that are used to prevent or treat COVID-19. 
Community-acquired secondary bacterial pneumonia occurs infrequently in people with COVID-19; 
it is more common in people with influenza. Therefore, additional testing for bacterial pathogens 
is especially important for patients with influenza who have clinical signs that suggest bacterial 
superinfections, including patients who are immunocompromised or intubated. 

September 26, 2022

Clinical Spectrum of SARS-CoV-2 Infection
Oxygen saturation measured by pulse oximetry (SpO2) is commonly used in estimating blood oxygen 
levels and is a key parameter used to define disease severity in patients with COVID-19. In this 
update, the Panel discusses some important limitations of using pulse oximetry to detect hypoxemia. 
Some studies have noted that occult hypoxemia (defined as arterial oxygen saturation <88% despite 
SpO2 >92%) is more common in some patient populations, especially in patients with darker skin 
pigmentation. Because of these limitations, the Panel emphasizes that SpO2 should always be interpreted 
within the context of a patient’s clinical presentation. 

The following sections of the Guidelines were also updated with discussions about the limitations of 
pulse oximetry in accurately estimating oxygen saturation:

•	 General Management of Nonhospitalized Adults With Acute COVID-19
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•	 Oxygenation and Ventilation for Adults
•	 Oxygenation and Ventilation for Children

Therapeutic Management of Nonhospitalized Adults With COVID-19
The Panel made 2 key changes regarding the management of nonhospitalized patients discharged from 
the emergency department (ED) and patients discharged after hospitalization.

Previously, the Panel provided treatment recommendations for patients with COVID-19 who, because of 
limited hospital resources, are discharged from the ED despite having new or increasing supplemental 
oxygen requirements. Because these situations are currently quite rare, the Panel removed this case 
scenario from this section. 

The Panel also combined the recommendations for patients discharged from the hospital in stable 
condition, with or without supplemental oxygen, into a single recommendation. For these patients, 
the Panel recommends against continuing the use of remdesivir (AIIa), dexamethasone (AIIa), or 
baricitinib (AIIa) for the treatment of COVID-19 after hospital discharge.

Ritonavir-Boosted Nirmatrelvir (Paxlovid)
In this revision, the Panel notes that concerns related to SARS-CoV-2 viral rebound and the recurrence 
of COVID-19 symptoms should not be a reason to avoid the use of ritonavir-boosted nirmatrelvir. 
To date, the recurrence of symptoms following the use of ritonavir-boosted nirmatrelvir has not been 
associated with progression to severe COVID-19. Furthermore, viral rebound and symptom recurrence 
can also occur in the absence of treatment with ritonavir-boosted nirmatrelvir.

Drug-Drug Interactions Between Ritonavir-Boosted Nirmatrelvir (Paxlovid) and Concomitant 
Medications
The Panel added drugs to Box 1 and Box 2, including Janus kinase inhibitors, anti-orthopoxvirus agents, 
and conjugated monoclonal antibody products. The Panel also reviewed the updated Emergency Use 
Authorization fact sheet for ritonavir-boosted nirmatrelvir and incorporated the information into this 
section.

Molnupiravir
The Panel notes that there is a lack of definitive data regarding the benefit of molnupiravir in patients 
who are vaccinated and at high risk of progressing to severe COVID-19. Due to the fetal toxicities 
that have been reported in animal studies of molnupiravir, the Panel recommends against the use of 
molnupiravir for the treatment of COVID-19 in pregnant patients unless there are no other options and 
therapy is clearly indicated (AIII). It is not yet known how often SARS-CoV-2 viral rebound occurs 
after molnupiravir treatment.

Antithrombotic Therapy in Patients With COVID-19
The text and clinical data table for this section were updated with data from 2 randomized controlled 
trials that assessed the use of prophylactic doses of low-molecular-weight heparin (LMWH) in 
outpatients with COVID-19. Neither of these studies showed a reduction in the risk of hospitalization or 
death among patients with COVID-19 who received LMWH. 

Special Considerations in Pregnancy
This section has been revised with updated data regarding the epidemiology of COVID-19 in pregnancy, 
including obstetric and perinatal outcomes and rates of vertical transmission of SARS-CoV-2. The Panel 

Downloaded from on 10/4/2022https://www.covid19treatmentguidelines.nih.gov/



COVID-19 Treatment Guidelines	 7

also discusses the safety and efficacy of administering COVID-19 vaccines to pregnant people.

The Panel emphasizes that pregnant individuals who qualify for SARS-CoV-2 pre-exposure prophylaxis 
(PrEP) or treatment for COVID-19 should receive it, with the following exceptions:

•	 The Panel recommends against the use of molnupiravir for the treatment of COVID-19 in 
pregnant patients unless there are no other options and therapy is clearly indicated (AIII).

•	 Pregnant patients were not included in most of the clinical trials that evaluated therapeutic 
anticoagulation in the setting of COVID-19, and there is a potential for increased maternal risks 
if bleeding occurs during pregnancy. Therefore, there is insufficient evidence for the Panel to 
recommend either for or against the use of therapeutic anticoagulation in pregnant patients with 
COVID-19 who do not have evidence of venous thromboembolism.

Minor Updates to the Guidelines
Minor updates were made to the following Guidelines sections:

•	 Remdesivir
•	 Interleukin-6 Inhibitors
•	 Vitamin C
•	 Vitamin D
•	 Zinc
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Guidelines Development
Last Updated: April 29, 2022

The COVID-19 Treatment Guidelines were developed to provide clinicians with guidance on how 
to care for patients with COVID-19. Because clinical information about the optimal management of 
COVID-19 is evolving quickly, these Guidelines are updated frequently to reflect newly published data 
and other authoritative information.

Panel Composition
Members of the COVID-19 Treatment Guidelines Panel (the Panel) are appointed by the Panel co-chairs 
based on their clinical experience and expertise in patient management, translational and clinical 
science, and/or the development of treatment guidelines. Panel members include representatives from 
federal agencies, health care organizations, academic organizations, and professional societies. Federal 
agencies and professional societies represented on the Panel include:

•	 American Association of Critical-Care Nurses
•	 American Association for Respiratory Care
•	 American College of Chest Physicians
•	 American College of Clinical Pharmacy
•	 American College of Emergency Physicians
•	 American College of Obstetricians and Gynecologists
•	 American Society of Hematology
•	 American Thoracic Society
•	 Biomedical Advanced Research and Development Authority
•	 Centers for Disease Control and Prevention
•	 Department of Defense
•	 Department of Veterans Affairs
•	 Food and Drug Administration
•	 Infectious Diseases Society of America
•	 National Institutes of Health
•	 Pediatric Infectious Diseases Society
•	 Society of Critical Care Medicine
•	 Society of Infectious Diseases Pharmacists

The inclusion of representatives from professional societies does not imply that their societies have 
endorsed all elements of these Guidelines.

The names, affiliations, and financial disclosures of the Panel members and ex officio members, as well 
as members of the Guidelines support team, are provided in the Panel Roster and Financial Disclosure 
sections of the Guidelines.
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Development of the Guidelines
Each section of the Guidelines is developed by a working group of Panel members with expertise in the 
area addressed in the section. Each working group is responsible for identifying relevant information and 
published scientific literature and for conducting a systematic, comprehensive review of that information 
and literature. The working groups propose updates to the Guidelines based on the latest published 
research findings and clinical information. 

New Guidelines sections and recommendations are reviewed and voted on by the voting members of the 
Panel. To be included in the Guidelines, a recommendation statement must be endorsed by a majority 
of voting members; this applies to recommendations for and against treatments and cases where there 
is insufficient evidence to recommend either for or against treatments. Updates to existing sections that 
do not affect the rated recommendations are approved by Panel co-chairs without a Panel vote. Panel 
members are required to keep all Panel deliberations and unpublished data that are evaluated during the 
development of the Guidelines confidential.

Method of Synthesizing Data and Formulating Recommendations
The working groups critically review and synthesize the available data to develop recommendations. 
During this process, the Panel evaluates the data, including the source of the data, the type of study (e.g., 
randomized controlled trial, prospective or retrospective cohort study, case series, in vitro study), the 
quality and suitability of the methods, the number of participants, and the effect sizes observed. 

The recommendations in these Guidelines are based on scientific evidence and expert opinion. Each 
recommendation includes 2 ratings: an uppercase letter (A, B, or C) that indicates the strength of the 
recommendation and a Roman numeral with or without a lowercase letter (I, IIa, IIb, or III) that 
indicates the quality of the evidence that supports the recommendation.

Table 1. Recommendation Rating Scheme

Strength of Recommendation Quality of Evidence for Recommendation
A:	� Strong recommendation for the statement
B:	� Moderate recommendation for the statement
C:	 Weak recommendation for the statement

I:	� One or more randomized trials without major 
limitations

IIa:	� Other randomized trials or subgroup analyses of 
randomized trials

IIb: Nonrandomized trials or observational cohort studies
III:	 Expert opinion

To develop the recommendations in these Guidelines, the Panel uses data from the rapidly growing 
body of research on COVID-19. The Panel also relies heavily on experience with other diseases, 
supplemented with the members’ evolving clinical experience with COVID-19. 

In general, the recommendations in these Guidelines fall into the following categories:

•	 The Panel recommends using [blank] for the treatment of COVID-19 (rating). 
Recommendations in this category are based on evidence that the potential benefits of using this 
intervention outweigh the potential risks.

•	 There is insufficient evidence for the Panel to recommend either for or against the use of 
[blank] for the treatment of COVID-19 (no rating). This statement is used when there are 
currently not enough data to support a recommendation, or the available data are conflicting.

•	 The Panel recommends against the use of [blank] for the treatment of COVID-19, except 
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in a clinical trial (rating). This recommendation is used for an intervention that has not clearly 
demonstrated efficacy in the treatment of COVID-19 and/or has potential safety concerns. More 
clinical trials are needed to further define the role of the intervention in treating COVID-19.

•	 The Panel recommends against the use of [blank] for the treatment of COVID-19 (rating). 
This recommendation is used in cases where the available data clearly show a safety concern and/
or the data show no benefit to using this intervention for the treatment of COVID-19.

Evolving Knowledge on Treatments for COVID-19
Remdesivir, an antiviral agent, is currently the only drug that is approved by the Food and Drug 
Administration for the treatment of COVID-19. An array of drugs that are approved for other indications 
and multiple investigational agents are being studied for the treatment of COVID-19 in clinical trials 
around the globe. These trials can be accessed at ClinicalTrials.gov. In addition, providers can access 
and prescribe investigational drugs or agents that are approved or licensed for other indications through 
various mechanisms, including Emergency Use Authorizations, Emergency Investigational New Drug 
applications, compassionate use or expanded access programs with drug manufacturers, and/or off-label 
use.

Whenever possible, the Panel recommends that promising, unapproved, or unlicensed treatments for 
COVID-19 be studied in well-designed, controlled clinical trials. This recommendation also applies 
to drugs that have been approved or licensed for indications other than the treatment of COVID-19. 
The Panel recognizes the critical importance of clinical research in generating evidence to address 
unanswered questions regarding the safety and efficacy of potential treatments for COVID-19. However, 
the Panel also realizes that many patients and providers who cannot access these potential treatments via 
clinical trials still seek guidance about whether to use them.

New data on the treatment of COVID-19 are emerging at a rapid pace. Some of these data are being 
published in peer-reviewed journals, but some can be found in manuscripts that have not yet been peer 
reviewed or in press releases. The Panel continuously reviews the available data and assesses their 
scientific rigor and validity. These sources of data and the clinical experiences of the Panel members 
are used to determine whether new recommendations or changes to the current recommendations are 
warranted.

Finally, it is important to stress that the rated treatment recommendations in these Guidelines should 
not be considered mandates. The choice of what to do or not to do for an individual patient is ultimately 
decided by the patient and their provider.
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opacities are the most common. The abnormalities seen in computed tomography of the chest also 
vary, but the most common are bilateral peripheral ground-glass opacities, with areas of consolidation 
developing later in the clinical course of COVID-19.31 Imaging may be normal early in infection and can 
be abnormal in the absence of symptoms.

Common laboratory findings in patients with COVID-19 include leukopenia and lymphopenia. Other 
laboratory abnormalities have included elevated levels of aminotransferase, C-reactive protein, D-dimer, 
ferritin, and lactate dehydrogenase.

Although COVID-19 is primarily a pulmonary disease, emerging data suggest that it also leads to 
cardiac,32,33 dermatologic,34 hematologic,35 hepatic,36 neurologic,37,38 renal,39,40 and other complications. 
Thromboembolic events also occur in patients with COVID-19, with the highest risk occurring in 
critically ill patients.41 

The long-term sequelae of COVID-19 survivors are currently unknown. Persistent symptoms after 
recovery from acute COVID-19 have been described (see Clinical Spectrum of SARS-CoV-2 Infection). 
Lastly, SARS-CoV-2 infection has been associated with a potentially severe inflammatory syndrome 
in children (multisystem inflammatory syndrome in children, or MIS-C).42,43 Please see Special 
Considerations in Children for more information.
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Nucleic Acid Amplification Testing for SARS-CoV-2 Infection
Reverse transcription polymerase chain reaction (RT-PCR)-based diagnostic tests (which detect 
viral nucleic acids) are considered the gold standard for detecting current SARS-CoV-2 infection. 
More recently, NAATs have included isothermal amplification platforms (e.g., nicking endonuclease 
amplification reaction [NEAR], loop-mediated isothermal amplification [LAMP], transcription-mediated 
amplification [TMA]).4 Some NAATs have also received EUAs for use in different settings, such as 
in laboratory facilities and point-of-care settings. Laboratory-based NAATs generally have higher 
sensitivity than point-of-care tests.4 

Clinically, there may be a window period of up to 5 days after exposure before viral nucleic acids can 
be detected. Diagnostically, some NAATs may produce false negative results if a mutation occurs in 
the part of the virus’s genome that is assessed by that test.5 The FDA monitors the potential effects of 
SARS-CoV-2 genetic variations on NAAT results and issues updates when specific variations could 
affect the performance of NAATs that have received EUAs. Generally, false negative results are more 
likely to occur when using NAATs that rely on only 1 genetic target. Therefore, a single negative test 
result does not exclude the possibility of SARS-CoV-2 infection in people who have a high likelihood of 
infection based on their exposure history and/or their clinical presentation.6 

Many commercial NAATs that use RT-PCR rely on multiple targets to detect the virus, such that even if 
a mutation impacts 1 of the targets, the other RT-PCR targets will still work.7 NAATs that use multiple 
targets are less likely to be impacted by an increased prevalence of genetic variants. In fact, because 
each of these tests target multiple locations on the virus’ genome, they can be helpful in identifying new 
genetic variants before they become widespread in the population. For example, the Alpha (B.1.1.7) 
variant and the BA.1 subvariant of the Omicron (B.1.1.529) variant, both of which have been associated 
with increased transmission, carry many mutations, including a double deletion at positions 69 and 70 
on the spike protein gene (S-gene). This mutation appears to impact the detection of the S-gene but does 
not impact other genetic targets in certain NAATs. If COVID-19 is still suspected after a patient receives 
a negative test result, clinicians should consider repeating testing; ideally, they should use a NAAT with 
different genetic targets.5

SARS-CoV-2 poses several diagnostic challenges, including the potential for discordant viral shedding 
between the upper and lower respiratory tract. However, due to the high specificity of NAATs, a positive 
result on a NAAT of an upper respiratory tract sample from a patient with recent onset of SARS-CoV-
2-compatible symptoms is sufficient to diagnose COVID-19. In patients with COVID-19, severe acute 
respiratory syndrome (SARS), and Middle East respiratory syndrome (MERS), lower respiratory tract 
specimens have a higher viral load and thus a higher yield than upper respiratory tract specimens.8-14 

Nucleic Acid Amplification Testing for Individuals With a Previous Positive SARS-CoV-2 Test 
Result
NAATs can detect SARS-CoV-2 RNA in specimens obtained weeks to months after the onset of 
COVID-19 symptoms.15,16 However, the likelihood of recovering replication-competent virus >10 days 
from the onset of symptoms in those with mild disease and >20 days in those with severe disease is 
very low.17,18 Furthermore, both virologic studies and contact tracing of high-risk contacts show a low 
risk for SARS-CoV-2 transmission after these intervals.19,20 Based on these results, the Centers for 
Disease Control and Prevention (CDC) does not recommend repeating NAATs in asymptomatic persons 
within 90 days of a previous SARS-CoV-2 infection, even if the person has had a significant exposure 
to SARS-CoV-2.21 An exception to this is for health care workers who meet the specific criteria found 
in CDC guidance.22 If there are concerns that an immunocompromised health care worker may still be 
infectious >20 days from the onset of SARS-CoV-2 infection, consulting local employee health services 
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about return-to-work testing policies is advised. 

SARS-CoV-2 reinfection has been reported in people after an initial diagnosis of infection; therefore, 
clinicians should consider using a NAAT for those who have recovered from a previous infection and 
who present with symptoms that are compatible with SARS-CoV-2 infection if there is no alternative 
diagnosis (BIII). However, a negative result on an initial NAAT followed by a positive result on 
a subsequent test does not necessarily mean a person has been reinfected, as this can occur due to 
intermittent detection of viral RNA.15 When the results for an initial and a subsequent test are positive, 
comparative viral sequence data from both tests are needed to distinguish between the persistent 
presence of viral fragments and reinfection. In the absence of viral sequence data, the cycle threshold 
(Ct) value from a positive NAAT result may provide information about whether a newly detected 
infection is related to the persistence of viral fragments or to reinfection. The Ct value is the number of 
PCR cycles at which the nucleic acid target in the sample becomes detectable. In general, the Ct value 
is inversely related to the SARS-CoV-2 viral load. Because the clinical utility of Ct values is an area of 
active investigation, an expert should be consulted if these values are used to guide clinical decisions. 

Antigen Testing for SARS-CoV-2 Infection
Antigen-based diagnostic tests (which detect viral antigens) are less sensitive than laboratory-based 
NAATs, but they have a similarly high specificity. Antigen tests perform best early in the course of 
symptomatic SARS-CoV-2 infection, when the viral load is thought to be highest. Early data suggest 
that antigen tests can detect the Omicron variant, but they may have lower sensitivity to this variant 
compared to earlier variants.23 Advantages of antigen tests include their low cost and rapid turnaround 
time. The availability of immediate results makes them an attractive option for point-of-care testing in 
high-risk congregate settings (e.g., long-term care facilities, schools, dormitories, correctional facilities) 
and community settings, where preventing transmission is critical. 

Increasingly, data are available to guide the use of antigen tests as screening tests to detect or exclude 
SARS-CoV-2 infection in asymptomatic persons, or to determine whether a person who was previously 
confirmed to have SARS-CoV-2 infection is still infectious. The CDC has developed an antigen testing 
algorithm for persons in congregate living settings and community settings who have symptoms of 
COVID-19, those who are asymptomatic and have a close contact with COVID-19, and those who are 
asymptomatic and have no known exposure to a person with COVID-19.24 The CDC testing algorithm 
recommends performing additional confirmatory testing with a laboratory-based NAAT when a 
person who is strongly suspected of having SARS-CoV-2 infection (i.e., a person who is symptomatic) 
receives a negative result and when a person in a congregate living setting is asymptomatic but receives 
a positive result. People in congregate living settings who test positive for SARS-CoV-2 infection 
may need to be isolated as a group; therefore, correct identification of these individuals is especially 
important in this setting. People who are asymptomatic and have no known exposure to a person with 
COVID-19 should also undergo additional testing with a NAAT if they receive a positive result on an 
initial test.24

Antigen tests can yield false positive results for a variety of reasons, including:

•	 Incomplete adherence to the instructions for antigen test performance (e.g., reading the results 
outside the specified time interval, storing test cartridges/cards inappropriately); 

•	 Test interference due to human antibodies (e.g., rheumatoid factor or other nonspecific antibodies); 
and

•	 Use in communities that have a low prevalence of SARS-CoV-2 infection. 
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Serologic or Antibody Testing for Diagnosis of SARS-CoV-2 Infection
Unlike NAATs and antigen tests for SARS-CoV-2 that detect the presence of the virus, serologic or 
antibody tests can detect recent or prior SARS-CoV-2 infection. Because it may take 21 days or longer 
after symptom onset for seroconversion to occur (i.e., the development of detectable immunoglobulin 
[Ig] M and/or IgG antibodies to SARS-CoV-2),25-30 the Panel does not recommend using serologic 
testing as the sole basis for diagnosing acute SARS-CoV-2 infection (AIII). Because NAATs and antigen 
tests for SARS-CoV-2 occasionally yield false negative results, serologic tests have been used in some 
settings as an additional diagnostic test for patients who are strongly suspected to have SARS-CoV-2 
infection. Using a serologic test in combination with a NAAT to detect IgG or total antibodies 3 to 4 
weeks after symptom onset maximizes the sensitivity and specificity to detect past infection.

No serologic tests for SARS-CoV-2 are approved by the FDA; some, but not all, commercially available 
serologic tests for SARS-CoV-2 have received EUAs from the FDA.31 Several professional societies and 
federal agencies, including the Infectious Diseases Society of America, the CDC, and the FDA, provide 
guidance on the use of serologic testing for SARS-CoV-2. 

Several factors should be considered when using serologic tests, including:

•	 Important performance characteristics of many of the commercially available serologic tests have 
not been fully characterized, including the sensitivity and specificity of these tests (i.e., the rates of 
true positive and true negative results). Only serologic assays that have FDA EUAs should be used 
in public health or clinical settings. Formal comparisons of serologic tests are in progress.

•	 Two types of serologic tests have received EUAs from the FDA. The first type are antibody tests 
that detect the presence of binding antibodies, which bind to a pathogen (e.g., a virus). The second 
type detects neutralizing antibodies from recent or prior SARS-CoV-2 infection. It is unknown 
whether either type of test is more clinically useful than the other. 

•	 Serologic assays may detect IgM, IgG, or IgA antibodies, or certain combinations of these 
antibodies. Some assays may also detect total antibodies. Serologic assays that detect IgG and total 
antibodies have a higher specificity to detect past infection than assays that detect IgM and/or IgA 
antibodies or a combination of IgM and IgG antibodies.

•	 False positive test results may occur due to cross-reactivity from pre-existing antibodies to other 
coronaviruses.

Serologic Testing and Immunity to SARS-CoV-2 Infection
The FDA has issued EUAs for more than 80 SARS-CoV-2 serologic tests since the start of the pandemic. 
However, these tests are not currently authorized for routine use in making individual medical decisions.31 
SARS-CoV-2 serologic tests are authorized for detecting antibodies, but their ability to predict protective 
immunity has not been validated. The majority of these tests are not standardized. Furthermore, as 
SARS-CoV-2 is not a well-conserved virus, mutations in the receptor binding domain of the virus could 
lead to decreased binding affinity between antibodies and SARS-CoV-2-specific antigens. 

There is currently insufficient evidence for the Panel to recommend either for or against the use 
of SARS-CoV-2 serologic testing to assess for immunity or to guide clinical decisions about using 
COVID-19 vaccines or anti-SARS-CoV-2 monoclonal antibodies.

If a serologic test is performed, the result should be interpreted with caution. First, it remains unclear 
how long SARS-CoV-2 antibodies persist following either infection or vaccination. A negative serologic 
test result also does not preclude prior SARS-CoV-2 infection or vaccination against COVID-19. 
Second, some people who are infected with SARS-CoV-2 or who are vaccinated against COVID-19 may 
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not develop measurable antibodies (e.g., those who are immunocompromised). It is presumed that those 
who do not have measurable antibodies after vaccination are at higher risk of SARS-CoV-2 infection 
than those who have measurable antibodies. Third, because nucleocapsid proteins are not a constituent 
of the vaccines that are currently approved by the FDA, available through EUAs, or in late-stage clinical 
trials, serologic tests that detect antibodies by recognizing nucleocapsid proteins should be used to 
distinguish between antibody responses to natural infection and vaccine-induced antibody responses to 
the SARS-CoV-2 spike protein antigen.

In communities that have a low prevalence of SARS-CoV-2 infection, the proportion of positive test 
results that are false positives may be quite high. In these situations, performing confirmatory testing 
with a different antibody assay can substantially reduce the number of false positives. Ideally, the 
confirmatory testing should be performed with an assay that uses a different antigenic target (e.g., the 
nucleocapsid phosphoprotein if the first assay targeted the spike protein). 

Assuming that the test is reliable, serologic tests that identify recent or prior SARS-CoV-2 infection may 
be used to:

•	 Determine who may be eligible to donate convalescent plasma;
•	 Define multisystem inflammatory syndrome in children (MIS-C) and multisystem inflammatory 

syndrome in adults (MIS-A); or 
•	 Estimate the proportion of the population that has been exposed to SARS-CoV-2.
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The CDC provides regular updates on selected adverse events of COVID-19 vaccines on its website.

Vaccination in Pregnant or Lactating People
Pregnant and lactating individuals were not included in the initial COVID-19 vaccine trials. However, 
the CDC, the American College of Obstetricians and Gynecologists (ACOG), and the Society for 
Maternal-Fetal Medicine recommend vaccination for pregnant and lactating people based on the 
accumulated safety and efficacy data on the use of these vaccines in pregnant people, as well as the 
increased risk of severe disease in pregnant individuals with COVID-19.12-17 These organizations also 
recommend vaccination for people who are trying to become pregnant or who may become pregnant in 
the future. The ACOG publication includes a guide for clinicians on counseling pregnant patients about 
COVID-19 vaccination.18 

Pre-Exposure Prophylaxis

Anti-SARS-CoV-2 Monoclonal Antibodies
Vaccination remains the most effective way to prevent SARS-CoV-2 infection and should be considered 
the first line of prevention. However, some individuals cannot or may not mount an adequate protective 
response to COVID-19 vaccines. Others may not have been fully vaccinated because they have a history 
of severe adverse reactions to a COVID-19 vaccine or its components. 

On the basis of results from PROVENT, a large randomized controlled trial conducted when the major 
circulating SARS-CoV-2 variants were Alpha, Beta, Delta, and Epsilon,19 the FDA issued an Emergency 
Use Authorization (EUA) for the anti-SARS-CoV-2 monoclonal antibodies (mAbs) tixagevimab plus 
cilgavimab (Evusheld).20 The EUA allows these anti-SARS-CoV-2 mAbs to be used as pre-exposure 
prophylaxis (PrEP) for certain individuals who are immunocompromised and therefore may have 
inadequate responses to COVID-19 vaccines or are unable to be fully vaccinated due to a history of 
severe adverse reactions to a COVID-19 vaccine. A modification in the fragment crystallizable (Fc) 
region gives these anti-SARS-CoV-2 mAbs prolonged half-lives, resulting in potential protection from 
SARS-CoV-2 infection for up to 6 months, depending on the variant.

The PROVENT trial used tixagevimab 150 mg plus cilgavimab 150 mg, which was the dose initially 
authorized by the FDA. However, in vitro data showed that some subvariants of the Omicron variant 
had decreased susceptibility to tixagevimab plus cilgavimab. Because of these findings, in February 
2022, the FDA revised the EUA to authorize the use of an increased dose of tixagevimab 300 mg 
plus cilgavimab 300 mg.20-23 For patients who previously received a dose of tixagevimab 150 mg plus 
cilgavimab 150 mg, the FDA EUA suggested administering an second dose; the specific dose depends 
on the amount of time that has passed since the initial dose (see below). On June 30, 2022, the FDA 
further revised the EUA to authorize repeated doses of tixagevimab 300 mg plus cilgavimab 300 mg to 
be administered every 6 months. 

When prescribing tixagevimab plus cilgavimab for SARS-CoV-2 PrEP, clinicians should be aware of the 
following: 

•	 Tixagevimab plus cilgavimab is authorized for use as PrEP in a population that was not well 
represented in the PROVENT trial (i.e., a very small proportion of the participants were 
immunocompromised).

•	 There are no clinical trial efficacy data on the use of tixagevimab 300 mg plus cilgavimab 300 mg 
for the prevention of symptomatic COVID-19, and there are no data for any repeated dose at any 
defined interval, including for the authorized schedule of repeat dosing every 6 months proposed 
in the latest EUA. This dose and the strategy of repeating the dose every 6 months are based on 
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an increased frequency of mild adverse events in the treatment group.

Post-Exposure Prophylaxis

Anti-SARS-CoV-2 Monoclonal Antibodies
•	 The Panel recommends against the use of bamlanivimab plus etesevimab and casirivimab 

plus imdevimab for post-exposure prophylaxis (PEP), as the Omicron variant and its subvariants, 
which are not susceptible to these agents, are currently the dominant SARS-CoV-2 variants 
circulating in the United States (AIII). 

Vaccination remains a highly effective way to prevent SARS-CoV-2 infection. However, despite the 
widespread availability of COVID-19 vaccines, some individuals are not fully vaccinated or cannot 
mount an adequate response to the vaccine. Some of these individuals, if infected, are at high risk of 
progressing to serious COVID-19. Bamlanivimab plus etesevimab and casirivimab plus imdevimab have 
previously received FDA EUAs for PEP; however, the Omicron variant and its subvariants are currently 
the dominant SARS-CoV-2 variants circulating in the United States. The Panel recommends against the 
use of these anti-SARS-CoV-2 mAbs because the Omicron variant and its subvariants are not susceptible 
to them (AIII).

Chloroquine and Hydroxychloroquine 
•	 The Panel recommends against the use of hydroxychloroquine for SARS-CoV-2 PEP (AI).

Both chloroquine and hydroxychloroquine have in vitro activity against SARS-CoV and SARS-CoV-
2.30,31 A small cohort study without a control group suggested that hydroxychloroquine might reduce the 
risk of SARS-CoV-2 transmission to close contacts.32 There have been several large trials to determine 
whether hydroxychloroquine can reduce the risk of infection after exposure to individuals infected with 
SARS-CoV-2. These studies used different dose schedules and targeted different at-risk populations. In 
addition, some studies were unable to confirm infection using molecular or antigen tests. None of these 
studies demonstrated any evidence of efficacy for hydroxychloroquine, and all showed a higher risk of 
generally mild adverse events in those who received the drug.33-35 

Other Drugs for Post-Exposure Prophylaxis
•	 The Panel recommends against the use of other drugs for SARS-CoV-2 PEP, except in a clinical 

trial (AIII).

A number of other agents (e.g., ivermectin, hyperimmune gamma globulin, COVID-19 convalescent 
plasma, interferons, tenofovir with or without emtricitabine, vitamin D) are currently being investigated 
for SARS-CoV-2 PEP. The latest clinical trials for SARS-CoV-2 PEP can be found at ClinicalTrials.gov. 

High concentrations of ivermectin have been shown to inhibit SARS-CoV-2 replication in vitro.36,37 
Population data indicated that countrywide, mass-use of prophylactic chemotherapy for parasitic 
infections, including the use of ivermectin, was associated with a lower incidence of COVID-19.38 At 
this time, few clinical trials have evaluated the safety and efficacy of using ivermectin for SARS-CoV-2 
PrEP or PEP.36,37 

In a descriptive, uncontrolled, interventional study of 33 contacts of patients with laboratory-confirmed 
SARS-CoV-2 infection, no cases of SARS-CoV-2 infection were identified within 21 days of initiating 
ivermectin for PEP.39 In a small case-control study in SARS-CoV-2-exposed health care workers, 186 
participants who became infected were matched with 186 uninfected controls. Of those who received 
ivermectin after exposure to SARS-CoV-2, 38 were in the infected group and 77 were in the uninfected 
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group, which led the investigators to conclude that ivermectin reduced the incidence of SARS-CoV-2 
infection.40 
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If laboratory parameters are used for monitoring pregnant patients and making decisions about 
interventions, clinicians should be aware that normal physiologic changes during pregnancy can alter 
several laboratory values. In general, leukocyte cell count increases throughout gestation and delivery 
and peaks during the immediate postpartum period. This increase is mainly due to neutrophilia.6 
D-dimer and CRP levels also increase during pregnancy and are often higher in pregnant patients than 
nonpregnant patients.7 Detailed information on treating COVID-19 in pregnant patients can be found in 
Special Considerations in Pregnancy and in the pregnancy considerations subsections in the Guidelines. 

In pediatric patients, radiographic abnormalities are common and, for the most part, should not be 
the only criteria used to determine the severity of illness. The normal values for respiratory rate also 
vary with age in children; therefore, hypoxemia should be the primary criterion used to define severe 
COVID-19, especially in younger children. In a small subset of children and young adults, SARS-CoV-2 
infection may be followed by the severe inflammatory condition multisystem inflammatory syndrome in 
children (MIS-C).8,9 This syndrome is discussed in detail in Special Considerations in Children.

Clinical Considerations for the Use of Pulse Oximetry
During the COVID-19 pandemic, the use of pulse oximetry to assess and monitor patients’ oxygenation 
status increased in hospital, outpatient health care facility, and home settings. Although pulse oximetry is 
useful for estimating blood oxygen levels, pulse oximeters may not accurately detect hypoxemia under 
certain circumstances. To avoid delays in recognizing hypoxemia, clinicians who use pulse oximetry to 
assist with clinical decisions should keep these limitations in mind.

Pulse oximetry results can be affected by skin pigmentation, thickness, or temperature. Poor blood 
circulation or the use of tobacco or fingernail polish also may affect results. The Food and Drug 
Administration (FDA) advises clinicians to refer to the label or manufacturer website of a pulse oximeter 
or sensor to ascertain its accuracy.10 The FDA also advises using pulse oximetry only as an estimate 
of blood oxygen saturation, because an SpO2 reading represents a range of arterial oxygen saturation 
(SaO2). For example, an SpO2 reading of 90% may represent a range of SaO2 from 86% to 94%.

Several published reports have compared measurements of SpO2 and SaO2 in patients with and without 
COVID-19. The studies demonstrated that occult hypoxemia (defined as SaO2 <88% despite SpO2 
>92%) was more common in patients with darker skin pigmentation, which may result in adverse 
consequences.11-13 The likelihood of error was greater in the lower ranges of SpO2. In 2 studies, greater 
incidences of occult hypoxemia were observed in patients who were Black, Hispanic, or Asian than in 
patients who were White.11,12 In 1 of these studies, occult hypoxemia was associated with more organ 
dysfunction and hospital mortality.13 

A 5-hospital registry study of patients evaluated in the emergency department or hospitalized for 
COVID-19 found that 24% were not identified as eligible for treatment due to overestimation of SaO2. 
The majority of patients (55%) who were not identified as eligible were Black. The study also examined 
the amount of time delay patients experienced before their treatment eligibility was identified. The 
median delay for patients who were Black was 1 hour longer than for those who were White.14 

In pulse oximetry, skin tone is an important variable, but accurately measuring oxygen saturation is a 
complex process. One observational study in adults was unable to identify a consistently predictable 
difference between SaO2 and SpO2 over time for individual patients.11 Factors other than skin 
pigmentation (e.g., peripheral perfusion, pulse oximeter sensor placement) are likely involved.

Despite the limitations of pulse oximetry, an FDA-cleared pulse oximeter for home use can contribute 
to an assessment of a patient’s overall clinical status. Practitioners should advise patients to follow the 
manufacturer’s instructions for use, place the oximeter on the index or ring finger, and ensure the hand 
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at sea level, PaO2/FiO2 <300 mm Hg, a respiratory rate >30 breaths/min, or lung infiltrates >50%. 
These patients may experience rapid clinical deterioration. Oxygen therapy should be administered 
immediately using a nasal cannula or a high-flow oxygen device. See Therapeutic Management of 
Hospitalized Adults With COVID-19 for recommendations regarding anti-SARS-CoV-2 therapies. 
If bacterial pneumonia or sepsis is suspected, administer empiric antibiotics, re-evaluate the patient 
daily, and de-escalate or stop antibiotics if further testing indicates the patient does not have a bacterial 
infection.

Critical Illness 
SARS-CoV-2 infection can cause acute respiratory distress syndrome, virus-induced distributive (septic) 
shock, cardiac shock, an exaggerated inflammatory response, thrombotic disease, and exacerbation of 
underlying comorbidities.

Successful clinical management of a patient with COVID-19, as with any patient in the intensive care 
unit (ICU), includes treating both the medical condition that initially resulted in ICU admission as 
well as other comorbidities and nosocomial complications. For more information, see Critical Care for 
Adults.

Infectious Complications in Patients With COVID-19
Some patients with COVID-19 may have additional infections when they present for care or that 
develop during the course of treatment. These coinfections may complicate treatment and recovery. 
Older patients or those with certain comorbidities or immunocompromising conditions may be at 
higher risk for these infections. The use of immunomodulators such as dexamethasone, interleukin-6 
inhibitors (e.g., tocilizumab, sarilumab), or Janus kinase inhibitors (e.g., baricitinib, tofacitinib) to treat 
COVID-19 may also be a risk factor for infectious complications; however, when these therapies are 
used appropriately, the benefits outweigh the risks. 

Infectious complications in patients with COVID-19 can be categorized as follows:

•	 Coinfections at presentation: Although most individuals present with only SARS-CoV-2 infection, 
concomitant viral infections, including influenza and other respiratory viruses, have been 
reported.22 Community-acquired bacterial pneumonia has also been reported, but it is uncommon, 
with a prevalence that ranges from 0% to 6% of people with SARS-CoV-2 infection.22,23 
Antibacterial therapy is generally not recommended unless additional evidence for bacterial 
pneumonia is present (e.g., leukocytosis, the presence of a focal infiltrate on imaging).

•	 Reactivation of latent infections: There are case reports of underlying chronic hepatitis B 
virus and latent tuberculosis infections reactivating in patients with COVID-19 who receive 
immunomodulators as treatment,24-26 although the data are currently limited. Reactivation of herpes 
simplex virus and varicella zoster virus infections have also been reported.27 Cases of severe and 
disseminated strongyloidiasis have been reported in patients with COVID-19 during treatment 
with tocilizumab and corticosteroids.28,29 Many clinicians would initiate empiric treatment (e.g., 
with the antiparasitic drug ivermectin), with or without serologic testing, in patients who are from 
areas where Strongyloides is endemic (i.e., tropical, subtropical, or warm temperate areas).30 

•	 Nosocomial infections: Hospitalized patients with COVID-19 may acquire common nosocomial 
infections, such as hospital-acquired pneumonia (including ventilator-associated pneumonia), 
line-related bacteremia or fungemia, catheter-associated urinary tract infection, and Clostridioides 
difficile–associated diarrhea. Early diagnosis and treatment of these infections are important for 
improving outcomes in these patients.
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•	 Opportunistic fungal infections: Invasive fungal infections, including aspergillosis and 
mucormycosis, have been reported in hospitalized patients with COVID-19.31-34 Although these 
infections are relatively rare, they can be fatal, and they may be seen more commonly in patients 
who are immunocompromised or receiving mechanical ventilation. The majority of mucormycosis 
cases have been reported in India and are associated with diabetes mellitus or the use of 
corticosteroids.35,36 The approach for managing these fungal infections should be the same as the 
approach for managing invasive fungal infections in other settings. 

SARS-CoV-2 Reinfection and Breakthrough Infection
As seen with other viral infections, reinfection after recovery from prior infection has been reported for 
SARS-CoV-2.37 Reinfection may occur as initial immune responses to the primary infection wane over 
time. The true prevalence of reinfection is not known and likely varies depending on the circulating 
variants. A national database study in Qatar estimated that previous infection prevented reinfection 
with the Alpha, Beta, and Delta variants of concern (VOCs), with 90%, 86%, and 92% effectiveness, 
respectively. Protection against reinfection with the Omicron VOC was about 56% effective.38 
Furthermore, an investigation of Omicron infection after Delta infection in 4 U.S. states identified 
10 cases of reinfection that occurred <90 days after a symptomatic infection (1 reinfection required 
hospitalization).39 The majority of reinfection cases (70%) occurred in people who were unvaccinated. 
Fewer patients were symptomatic during reinfection than during the initial infection. Among patients 
who were symptomatic, the median duration of symptoms was shorter with reinfection than with the 
initial infection. 

Breakthrough SARS-CoV-2 infections (i.e., infection in people who completed the primary vaccine 
series) have been reported.40 Breakthrough SARS-CoV-2 infection appears to be less likely to lead to 
severe illness than infection in people who are unvaccinated. An analysis of electronic health record data 
from a large U.S. sample of 664,722 patients seen from December 2020 to September 2021 found that 
full vaccination was associated with a 28% reduction in the risk of a breakthrough infection.40 That study 
also found that the time to breakthrough infection was shorter for patients with immunocompromising 
conditions (i.e., people with HIV or solid organ or bone marrow transplant recipients) than for those 
with no immunocompromising conditions. For information on diagnostic testing in the setting of 
suspected reinfection, see Testing for SARS-CoV-2 Infection. In addition, guidelines for the diagnosis 
and evaluation of suspected SARS-CoV-2 reinfection or breakthrough infection are provided by the 
Centers for Disease Control and Prevention (CDC). 

Although data are limited, no evidence suggests that the treatment of suspected or documented 
SARS-CoV-2 reinfection or breakthrough infection should be different from the treatment used during 
the initial infection, as outlined in Therapeutic Management of Nonhospitalized Adults With COVID-19 
and Therapeutic Management of Hospitalized Adults With COVID-19. 

Persistent Symptoms and Other Conditions After Acute COVID-19
Some patients may experience persistent symptoms or other conditions after acute COVID-19. 
Adult and pediatric data on the incidence, natural history, and etiology of these symptoms and organ 
dysfunction are emerging. However, reports on these data have several limitations, including differing 
case definitions. In addition, many reports only included patients who attended post-COVID clinics, 
and the studies often lack comparator groups. No specific treatments for persistent effects of COVID-19 
have been shown to be effective, although general management strategies have been proposed, including 
interim guidance from the CDC, the American Academy of Physical Medicine and Rehabilitation, and 
the United Kingdom’s COVID-19 rapid guideline. 

Downloaded from on 10/4/2022https://www.covid19treatmentguidelines.nih.gov/









COVID-19 Treatment Guidelines	 41

retrospective cohort study. BMJ. 2022;378:e069775. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/35793817.

13.	Wong AI, Charpignon M, Kim H, et al. Analysis of discrepancies between pulse oximetry and arterial oxygen 
saturation measurements by race and ethnicity and association with organ dysfunction and mortality. JAMA 
Netw Open. 2021;4(11):e2131674. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34730820.

14.	Fawzy A, Wu TD, Wang K, et al. Racial and ethnic discrepancy in pulse oximetry and delayed identification 
of treatment eligibility among patients with COVID-19. JAMA Intern Med. 2022;182(7):730-738. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/35639368.

15.	Luks AM, Swenson ER. Pulse oximetry for monitoring patients with COVID-19 at home. Potential pitfalls 
and practical guidance. Ann Am Thorac Soc. 2020;17(9):1040-1046. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32521167.

16.	Alboksmaty A, Beaney T, Elkin S, et al. Effectiveness and safety of pulse oximetry in remote patient 
monitoring of patients with COVID-19: a systematic review. Lancet Digit Health. 2022;4(4):e279-e289. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/35337644.

17.	Lee KC, Morgan AU, Chaiyachati KH, et al. Pulse oximetry for monitoring patients with COVID-19 at 
home—a pragmatic, randomized trial. N Engl J Med. 2022;386(19):1857-1859. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/35385625.

18.	Harskamp RE, Bekker L, Himmelreich JCL, et al. Performance of popular pulse oximeters compared with 
simultaneous arterial oxygen saturation or clinical-grade pulse oximetry: a cross-sectional validation study in 
intensive care patients. BMJ Open Respir Res. 2021;8(1):e000939. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/34489238.

19.	Lipnick MS, Feiner JR, Au P, Bernstein M, Bickler PE. The accuracy of 6 inexpensive pulse oximeters not 
cleared by the Food and Drug Administration: the possible global public health implications. Anesth Analg. 
2016;123(2):338-345. Available at: https://www.ncbi.nlm.nih.gov/pubmed/27089002.

20.	Zhang R, Ouyang H, Fu L, et al. CT features of SARS-CoV-2 pneumonia according to clinical presentation: 
a retrospective analysis of 120 consecutive patients from Wuhan city. Eur Radiol. 2020;30(8):4417-4426. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/32279115.

21.	Inui S, Fujikawa A, Jitsu M, et al. Chest CT findings in cases from the cruise ship Diamond Princess with 
coronavirus disease 2019 (COVID-19). Radiol Cardiothorac Imaging. 2020;2(2):e200110. Available at: 
https://pubmed.ncbi.nlm.nih.gov/33778566.

22.	Kim D, Quinn J, Pinsky B, Shah NH, Brown I. Rates of co-infection between SARS-CoV-2 and other 
respiratory pathogens. JAMA. 2020;323(20):2085-2086. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32293646.

23.	Kubin CJ, McConville TH, Dietz D, et al. Characterization of bacterial and fungal infections in hospitalized 
patients with coronavirus disease 2019 and factors associated with health care-associated infections. Open 
Forum Infect Dis. 2021;8(6):201. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34099978.

24.	Garg N, Lee YI. Reactivation TB with severe COVID-19. Chest. 2020;158(4):A777. Available at:  
https://journal.chestnet.org/article/S0012-3692(20)32910-X/fulltext.

25.	Rodriguez-Tajes S, Miralpeix A, Costa J, et al. Low risk of hepatitis B reactivation in patients with severe 
COVID-19 who receive immunosuppressive therapy. J Viral Hepat. 2021;28(1):89-94. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32969557.

26.	Aldhaleei WA, Alnuaimi A, Bhagavathula AS. COVID-19 induced hepatitis B virus reactivation: a novel case 
from the United Arab Emirates. Cureus. 2020;12(6):e8645. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32550096.

27.	Xu R, Zhou Y, Cai L, et al. Co-reactivation of the human herpesvirus alpha subfamily (herpes simplex virus-1 
and varicella zoster virus) in a critically ill patient with COVID-19. Br J Dermatol. 2020;183(6):1145-1147. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/32790074.

Downloaded from on 10/4/2022https://www.covid19treatmentguidelines.nih.gov/



COVID-19 Treatment Guidelines	 42

28.	Lier AJ, Tuan JJ, Davis MW, et al. Case report: disseminated strongyloidiasis in a patient with COVID-19. Am 
J Trop Med Hyg. 2020;103(4):1590-1592. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32830642.

29.	Marchese V, Crosato V, Gulletta M, et al. Strongyloides infection manifested during immunosuppressive 
therapy for SARS-CoV-2 pneumonia. Infection. 2021;49(3):539-542. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32910321.

30.	Stauffer WM, Alpern JD, Walker PF. COVID-19 and dexamethasone: a potential strategy to avoid steroid-
related Strongyloides hyperinfection. JAMA. 2020;324(7):623-624. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32761166.

31.	Salmanton-Garcia J, Sprute R, Stemler J, et al. COVID-19-associated pulmonary aspergillosis, March–August 
2020. Emerg Infect Dis. 2021;27(4):1077-1086. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33539721.

32.	Chong WH, Neu KP. Incidence, diagnosis and outcomes of COVID-19-associated pulmonary aspergillosis 
(CAPA): a systematic review. J Hosp Infect. 2021;113:115-129. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33891985.

33.	Machado M, Valerio M, Alvarez-Uria A, et al. Invasive pulmonary aspergillosis in the COVID-19 era: an 
expected new entity. Mycoses. 2021;64(2):132-143. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33210776.

34.	Yusuf E, Seghers L, Hoek RAS, et al. Aspergillus in critically ill COVID-19 patients: a scoping review. J Clin 
Med. 2021;10(11):2469. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34199528.

35.	Singh AK, Singh R, Joshi SR, Misra A. Mucormycosis in COVID-19: a systematic review of cases reported 
worldwide and in India. Diabetes Metab Syndr. 2021;15(4):102146. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/34192610.

36.	Pal R, Singh B, Bhadada SK, et al. COVID-19-associated mucormycosis: an updated systematic review of 
literature. Mycoses. 2021;64(12):1452-1459. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34133798.

37.	Cohen JI, Burbelo PD. Reinfection with SARS-CoV-2: implications for vaccines. Clin Infect Dis. 
2021;73(11):e4223-e4228. Available at: https://www.ncbi.nlm.nih.gov/pubmed/33338197.

38.	Altarawneh HN, Chemaitelly H, Hasan MR, et al. Protection against the Omicron variant from previous 
SARS-CoV-2 infection. N Engl J Med. 2022;386(13):1288-1290. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/35139269.

39.	Roskosky M, Borah BF, DeJonge PM, et al. Notes from the field: SARS-CoV-2 Omicron variant infection 
in 10 persons within 90 days of previous SARS-CoV-2 Delta variant infection—four states, October 2021–
January 2022. MMWR Morb Mortal Wkly Rep. 2022;71(14):524-526. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/35389976.

40.	Sun J, Zheng Q, Madhira V, et al. Association between immune dysfunction and COVID-19 breakthrough 
infection after SARS-CoV-2 vaccination in the US. JAMA Intern Med. 2022;182(2):153-162. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/34962505.

41.	Centers for Disease Control and Prevention. Long COVID or post-COVID conditions. 2022. Available at: 
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html. Accessed August 18, 2022.

42.	Soriano JB, Murthy S, Marshall JC, et al. A clinical case definition of post-COVID-19 condition by a Delphi 
consensus. Lancet Infect Dis. 2022;22(4):e102-e107. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/34951953.

43.	Cabrera Martimbianco AL, Pacheco RL, Bagattini AM, Riera R. Frequency, signs and symptoms, and criteria 
adopted for long COVID-19: a systematic review. Int J Clin Pract. 2021;75(10):e14357. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33977626.

44.	Groff D, Sun A, Ssentongo AE, et al. Short-term and long-term rates of postacute sequelae of SARS-CoV-2 
infection: a systematic review. JAMA Netw Open. 2021;4(10):e2128568. Available at: https://www.ncbi.nlm.
nih.gov/pubmed/34643720.

Downloaded from on 10/4/2022https://www.covid19treatmentguidelines.nih.gov/



COVID-19 Treatment Guidelines	 43

45.	Logue JK, Franko NM, McCulloch DJ, et al. Sequelae in adults at 6 months after COVID-19 infection. JAMA 
Netw Open. 2021;4(2):e210830. Available at: https://www.ncbi.nlm.nih.gov/pubmed/33606031.

46.	Huang C, Huang L, Wang Y, et al. 6-month consequences of COVID-19 in patients discharged from hospital: 
a cohort study. Lancet. 2021;397(10270):220-232. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33428867.

47.	Townsend L, Dyer AH, Jones K, et al. Persistent fatigue following SARS-CoV-2 infection is common and 
independent of severity of initial infection. PLoS One. 2020;15(11):e0240784. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33166287.

48.	Carfi A, Bernabei R, Landi F, Gemelli Against COVID-19 Post-Acute Care Study Group. Persistent symptoms 
in patients after acute COVID-19. JAMA. 2020;324(6):603-605. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32644129.

49.	Peluso MJ, Kelly JD, Lu S, et al. Persistence, magnitude, and patterns of postacute symptoms and quality of 
life following onset of SARS-CoV-2 infection: cohort description and approaches for measurement. Open 
Forum Infect Dis. 2022;9(2):640. Available at: https://www.ncbi.nlm.nih.gov/pubmed/35106317.

50.	Halpin SJ, McIvor C, Whyatt G, et al. Postdischarge symptoms and rehabilitation needs in survivors of 
COVID-19 infection: a cross-sectional evaluation. J Med Virol. 2021;93(2):1013-1022. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32729939.

51.	Cai X, Hu X, Ekumi IO, et al. Psychological distress and its correlates among COVID-19 survivors during 
early convalescence across age groups. Am J Geriatr Psychiatry. 2020;28(10):1030-1039. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32753338.

52.	Wanga V, Chevinsky JR, Dimitrov LV, et al. Long-term symptoms among adults tested for SARS-CoV-2—
United States, January 2020–April 2021. MMWR Morb Mortal Wkly Rep. 2021;70(36):1235-1241. Available 
at: https://www.ncbi.nlm.nih.gov/pubmed/34499626.

53.	Rawal G, Yadav S, Kumar R. Post-intensive care syndrome: an overview. J Transl Int Med. 2017;5(2):90-92. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/28721340.

54.	Tenforde MW, Kim SS, Lindsell CJ, et al. Symptom duration and risk factors for delayed return to usual health 
among outpatients with COVID-19 in a multistate health care systems network—United States, March–June 
2020. MMWR Morb Mortal Wkly Rep. 2020;69(30):993-998. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32730238.

55.	Antonelli M, Penfold RS, Merino J, et al. Risk factors and disease profile of post-vaccination SARS-CoV-2 
infection in UK users of the COVID Symptom Study app: a prospective, community-based, nested, case-
control study. Lancet Infect Dis. 2022;22(1):43-55. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/34480857.

56.	Kuodi P, Gorelik Y, Zayyad H, et al. Association between BNT162b2 vaccination and reported incidence of 
post-COVID-19 symptoms: cross-sectional study 2020–21, Israel. NPJ Vaccines. 2022;7(1):101. Available at: 
https://pubmed.ncbi.nlm.nih.gov/36028498.

57.	Taquet M, Dercon Q, Harrison PJ. Six-month sequelae of post-vaccination SARS-CoV-2 infection: a 
retrospective cohort study of 10,024 breakthrough infections. Brain Behav Immun. 2022;103:154-162. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/35447302.

58.	Xie Y, Xu E, Bowe B, Al-Aly Z. Long-term cardiovascular outcomes of COVID-19. Nat Med. 
2022;28(3):583-590. Available at: https://www.ncbi.nlm.nih.gov/pubmed/35132265.

59.	Iversen KK, Afzal S, Ahlstrom MG, et al. Lung function decline in relation to COVID-19 in the 
general population: a matched cohort study with prepandemic assessment of lung function. J Infect Dis. 
2022;225(8):1308-1316. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34979029.

60.	Lu Y, Li X, Geng D, et al. Cerebral micro-structural changes in COVID-19 patients—an MRI-based 
3-month follow-up study. EClinicalMedicine. 2020;25:100484. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32838240.

Downloaded from on 10/4/2022https://www.covid19treatmentguidelines.nih.gov/



COVID-19 Treatment Guidelines	 44

61.	Heneka MT, Golenbock D, Latz E, Morgan D, Brown R. Immediate and long-term consequences of 
COVID-19 infections for the development of neurological disease. Alzheimers Res Ther. 2020;12(1):69. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/32498691.

62.	Lechien JR, Chiesa-Estomba CM, Beckers E, et al. Prevalence and 6-month recovery of olfactory dysfunction: 
a multicentre study of 1363 COVID-19 patients. J Intern Med. 2021;290(2):451-461. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33403772.

63.	Weinstock LB, Brook JB, Walters AS, et al. Restless legs syndrome is associated with long-COVID in women. 
J Clin Sleep Med. 2022;18(5):1413-1418. Available at: https://www.ncbi.nlm.nih.gov/pubmed/35484639.

64.	Hampshire A, Trender W, Chamberlain SR, et al. Cognitive deficits in people who have recovered from 
COVID-19. EClinicalMedicine. 2021;39:101044. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/34316551.

65.	Taquet M, Dercon Q, Luciano S, et al. Incidence, co-occurrence, and evolution of long-COVID features: a 
6-month retrospective cohort study of 273,618 survivors of COVID-19. PLoS Med. 2021;18(9):e1003773. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/34582441.

66.	Mazza MG, De Lorenzo R, Conte C, et al. Anxiety and depression in COVID-19 survivors: role of 
inflammatory and clinical predictors. Brain Behav Immun. 2020;89:594-600. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32738287.

67.	Banerjee M, Pal R, Dutta S. Risk of incident diabetes post-COVID-19: a systematic review and meta-analysis. 
Prim Care Diabetes. 2022;16(4):591-593. Available at: https://www.ncbi.nlm.nih.gov/pubmed/35654679.

68.	Xie Y, Al-Aly Z. Risks and burdens of incident diabetes in long COVID: a cohort study. Lancet Diabetes 
Endocrinol. 2022;10(5):311-321. Available at: https://www.ncbi.nlm.nih.gov/pubmed/35325624.

69.	Barrett CE, Koyama AK, Alvarez P, et al. Risk for newly diagnosed diabetes >30 days after SARS-CoV-2 
infection among persons aged <18 Years—United States, March 1, 2020–June 28, 2021. MMWR Morb Mortal 
Wkly Rep. 2022;71(2):59-65. Available at: https://www.ncbi.nlm.nih.gov/pubmed/35025851.

70.	Afshar Y, Gaw SL, Flaherman VJ, et al. Clinical presentation of coronavirus disease 2019 (COVID-19) in 
pregnant and recently pregnant people. Obstet Gynecol. 2020;136(6):1117-1125. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33027186.

Downloaded from on 10/4/2022https://www.covid19treatmentguidelines.nih.gov/



COVID-19 Treatment Guidelines	 45

Prioritization of Anti-SARS-CoV-2 Therapies for  
the Treatment and Prevention of COVID-19  
When There Are Logistical or Supply Constraints
Last Updated: May 13, 2022

The prioritization guidance in this section should be used only when logistical or supply constraints limit 
the availability of therapies. When there are no supply or logistical constraints, the COVID-19 Treatment 
Guidelines Panel (the Panel) recommends that therapies for the prevention or treatment of SARS-CoV-2 
be prescribed for any eligible individual as recommended in these Guidelines. 

At times during the pandemic, increased cases of COVID-19 and the emergence of new variants of 
concern have resulted in logistical or supply constraints that made offering recommended therapies to all 
eligible patients impossible. In these situations, prioritization of therapy for those who will benefit the 
most becomes necessary. This section provides guidance on which individuals might receive the greatest 
benefit from anti-SARS-CoV-2 therapeutics for treatment or prevention when access is limited. 

The Panel has recommended several therapeutic agents for the treatment and prevention of SARS-CoV-2 
infection in individuals who are at high risk for progression to severe COVID-19. These anti-SARS-
CoV-2 therapeutics have the greatest proven clinical benefit for nonhospitalized patients who have risk 
factors for progression to severe COVID-19. The risks for progression are substantially higher for those 
who are not vaccinated or who are vaccinated but not expected to mount an adequate immune response 
to the vaccine.

The Food and Drug Administration provides a broad list of medical conditions or other factors as criteria 
for use of anti-SARS-CoV-2 agents as treatment or pre-exposure prophylaxis (PrEP). 

When it becomes necessary to triage patients for receipt of anti-SARS-CoV-2 therapies or preventive 
strategies, the Panel suggests prioritizing:

•	 Treatment of COVID-19 in unvaccinated or incompletely vaccinated individuals with clinical risk 
factors for severe illness and vaccinated individuals who are not expected to mount an adequate 
immune response (see Immunocompromising Conditions below)

•	 Use of tixagevimab plus cilgavimab (Evusheld) as PrEP for individuals who are severely 
immunocompromised over those who are moderately immunocompromised (see 
Immunocompromising Conditions below) 

Prioritization Strategies When There Are Logistical or Supply Constraints
When logistical or supply constraints limit the availability of anti-SARS-CoV-2 monoclonal antibodies 
(mAbs) or small-molecule antiviral agents, the Panel recommends that clinicians prioritize their use 
for patients at highest risk of clinical progression. Providers should use their clinical judgment when 
prioritizing the use of anti-SARS-CoV-2 mAbs for treatment. 

Prioritization schemes should consider how to equitably distribute scarce resources to populations that 
include individuals who may have less knowledge of or access to these therapies. The availability and 
distribution of recommended therapies should be monitored to ensure that access to products is equitable.

Patient Prioritization for Treatment
The prioritization table below should be used only when logistical or supply constraints limit the 
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Clinical Management of Adults Summary
Last Updated: September 26, 2022

Two main processes are thought to drive the pathogenesis of COVID-19. Early in the clinical course, the 
disease is primarily driven by the replication of SARS-CoV-2. 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. Based on this understanding, therapies that directly target SARS-CoV-2 are anticipated to 
have the greatest effect early in the course of the disease, while immunosuppressive/anti-inflammatory 
therapies are likely to be more beneficial in the later stages of COVID-19.

The clinical spectrum of SARS-CoV-2 infection includes asymptomatic or presymptomatic infection and 
mild, moderate, severe, and critical illness. Table 2a provides guidance for clinicians on the therapeutic 
management of nonhospitalized adult patients. This includes patients who do not require hospitalization 
or supplemental oxygen and those who have been discharged from an emergency department or a 
hospital. Table 2c provides guidance on the therapeutic management of hospitalized adult patients 
according to their disease severity and oxygen requirements. 
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a �For a list of risk factors, see the CDC webpage Underlying Medical Conditions Associated With Higher Risk for Severe 
COVID-19.

b Corticosteroids that are prescribed for an underlying condition should be continued.
c� �Evidence suggests that the bene�t of remdesivir is greatest when the drug is given early in the course of COVID-19 (e.g., 

within 10 days of symptom onset). 
d Conventional oxygen refers to oxygen supplementation that is not HFNC oxygen, NIV, MV, or ECMO.
e �If these patients progress to requiring HFNC oxygen, NIV, MV, or ECMO, the full course of remdesivir should still be 

completed.
f �If PO baricitinib and IV tocilizumab are not available or not feasible to use, PO tofacitinib can be used instead of PO 
baricitinib (BIIa), and IV sarilumab can be used instead of IV tocilizumab (BIIa).

g �Contraindications for the use of therapeutic anticoagulation in patients with COVID-19 include a platelet count <50 x 
109/L, Hgb <8 g/dL, the need for dual antiplatelet therapy, bleeding within the past 30 days that required an ED visit or 
hospitalization, a history of a bleeding disorder, or an inherited or active acquired bleeding disorder. 

h �If a JAK inhibitor or an anti-IL-6 receptor mAb is not readily available, start dexamethasone while waiting for the 
additional immunomodulator to be acquired. If neither of the other immunomodulators can be obtained, use 
dexamethasone alone.

i �Clinicians may consider adding remdesivir to 1 of the recommended immunomodulator combinations in patients who 
require HFNC oxygen or NIV, including immunocompromised patients. The Panel recommends against the use of 
remdesivir without immunomodulators in these patients (AIIa).

Key: CDC = Centers for Disease Control and Prevention; ECMO = extracorporeal membrane oxygenation; ED = 
emergency department; HFNC = high-�ow nasal cannula; Hgb = hemoglobin; ICU = intensive care unit; IL = interleukin; 
IV = intravenous; JAK = Janus kinase; mAb = monoclonal antibody; MV = mechanical ventilation; NIV = noninvasive 
ventilation; the Panel = the COVID-19 Treatment Guidelines Panel; PO = oral; ULN = upper limit of normal  
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Therapeutic Management of Nonhospitalized Adults With COVID-19). Clinicians should ensure that 
these patients receive adequate medical follow-up. The frequency and duration of follow-up will depend 
on the risk for severe disease, the severity of symptoms, and the patient’s ability to self-report worsening 
symptoms. Health care providers should determine whether a patient has access to a phone, computer, or 
tablet for telehealth; whether they have adequate transportation for clinic visits; and whether they have 
regular access to food. The clinician should also confirm that the patient has a caregiver who can assist 
with daily activities if needed. 

All patients and/or their family members or caregivers should be counseled about the warning symptoms 
that should prompt re-evaluation through a telehealth visit or an in-person evaluation in an ambulatory 
care setting or ED. These symptoms include new onset of dyspnea; worsening dyspnea (particularly 
if dyspnea occurs while resting or if it interferes with daily activities); dizziness; and mental status 
changes, such as confusion. 

Managing Adults With COVID-19 Following Discharge From the Emergency 
Department
There are no fixed criteria for admitting patients with COVID-19 to the hospital; criteria may vary by 
region and hospital facility. Patients with severe disease are typically admitted to the hospital. Rarely, 
a patient with severe disease may not be admitted due to a high prevalence of infection and limited 
hospital resources. In addition, patients who could receive appropriate care at home but are unable to be 
adequately managed in their usual residential setting are candidates for temporary shelter in supervised 
facilities, such as a COVID-19 alternative care facility.26 For example, patients who are living in 
multigenerational households or are homeless may not be able to self-isolate and should be provided 
resources such as dedicated housing units or hotel rooms, when available. Unfortunately, dedicated 
residential care facilities for patients with COVID-19 are not widely available, and community-based 
solutions for self-care and isolation should be explored. 

Treatment with an antiviral agent or anti-SARS-CoV-2 mAb is recommended for patients with mild to 
moderate COVID-19 who are not on supplemental oxygen and are at high risk of clinical progression 
(see Therapeutic Management of Nonhospitalized Adults With COVID-19).

In rare cases where institutional resources (e.g., inpatient beds, staff members) are scarce, it may 
be necessary to discharge an adult patient and provide an advanced level of home care, including 
supplemental oxygen (if indicated), pulse oximetry, and close follow-up. Although early discharge 
of patients with severe disease is not generally recommended by the Panel, it is recognized that these 
management strategies are sometimes necessary. In these situations, some institutions have provided 
frequent telemedicine follow-up visits for these patients or a hotline that allows patients to speak with 
a clinician when necessary. Home resources should be assessed before a patient is discharged from the 
ED. Outpatients should have a caregiver and access to a device suitable for telehealth. Patients and/
or their family members or caregivers should be counseled about the warning symptoms that should 
prompt re-evaluation by a health care provider. 

If a patient is not being admitted to the hospital, the Panel recommends against the use of 
anticoagulants and antiplatelet therapy in the ED for the prevention of venous thromboembolism (VTE) 
or arterial thrombosis, except in a clinical trial (AIIa). This recommendation does not apply to patients 
with other indications for antithrombotic therapy. For more information, see Antithrombotic Therapy in 
Patients With COVID-19. Patients should be encouraged to ambulate, and activity should be increased 
according to the patient’s tolerance.
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Managing Adults With COVID-19 Following Hospital Discharge
Most patients who are discharged from the hospital setting should have a follow-up visit with a health 
care provider soon after discharge. Whether an in-person or telehealth visit is most appropriate depends 
on the clinical and social situation. In some cases, adult patients are deemed to be stable for discharge 
from the inpatient setting, although they still require supplemental oxygen. Special consideration may be 
given to continuing certain therapeutics (e.g., dexamethasone) in this setting. For more information, see 
Therapeutic Management of Nonhospitalized Adults With COVID-19. When possible, these individuals 
should receive oximetry monitoring and close follow-up through telehealth visits, visiting nurse 
services, or in-person clinic visits. 

The Panel recommends against routinely continuing VTE prophylaxis after hospital discharge for 
patients with COVID-19 unless they have another indication or are participating in a clinical trial (AIII). 
For more information, see Antithrombotic Therapy in Patients With COVID-19. Patients should be 
encouraged to ambulate, and activity should be increased according to the patient’s tolerance.

Considerations in Pregnancy
Managing pregnant outpatients with COVID-19 is similar to managing nonpregnant patients (see 
Special Considerations in Pregnancy). Clinicians should offer supportive care and therapeutics as 
indicated, take steps to reduce the risk of SARS-CoV-2 transmission, and provide guidance on when 
to seek an in-person evaluation. The American College of Obstetricians and Gynecologists (ACOG) 
has published recommendations on how to use telehealth for prenatal care and how to modify routine 
prenatal care when necessary to decrease the risk of SARS-CoV-2 transmission to patients, caregivers, 
and staff.27 

In pregnant patients, SpO2 should be maintained at 95% or above on room air at sea level; therefore, 
the threshold for monitoring pregnant patients in an inpatient setting may be lower than in nonpregnant 
patients. At this time, there are no changes to fetal monitoring recommendations in the outpatient setting, 
and fetal surveillance and management should be similar to the fetal surveillance and management used 
for pregnant patients with medical illness.28,29 However, these monitoring strategies can be discussed on 
a case-by-case basis with an obstetrician. Pregnant and lactating patients should be given the opportunity 
to participate in clinical trials of outpatients with COVID-19 to help inform decision-making in this 
population. 
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Molnupiravir has been evaluated in 2 in vivo rodent mutagenicity assays. One study produced equivocal 
results; in the other study, there was no evidence for mutagenicity. The FDA concluded that, based on 
the available genotoxicity data and the 5-day duration of treatment, molnupiravir has a low risk for 
genotoxicity.33 In addition, there have been concerns about the potential effects of molnupiravir on 
SARS-CoV-2 mutation rates. The FDA has required that the manufacturer monitor genomic databases 
for the emergence of SARS-CoV-2 variants.

Recommendations
•	 The Panel recommends using molnupiravir 800 mg PO twice daily for 5 days as an alternative 

therapy in nonhospitalized adults with mild to moderate COVID-19 who are at high risk of 
disease progression ONLY when ritonavir-boosted nirmatrelvir (Paxlovid) and remdesivir are 
not available, feasible to use, or clinically appropriate; treatment should be initiated as soon as 
possible and within 5 days of symptom onset (CIIa). 

•	 The Panel recommends against the use of molnupiravir for the treatment of COVID-19 in 
pregnant patients unless there are no other options and therapy is clearly indicated (AIII).

•	 People who engage in sexual activity that may result in conception should use effective 
contraception during and following treatment with molnupiravir. For more details, see 
Molnupiravir.

The MOVe-OUT trial enrolled nonhospitalized adults who were unvaccinated and at high risk of 
progression to severe disease in the pre-Omicron era and reported that molnupiravir reduced the rate 
of hospitalization or death by 31% compared to placebo.11,33 In a secondary analysis of MOVe-OUT 
trial data, patients who received molnupiravir and progressed to hospitalization were less likely to 
need respiratory interventions when compared with patients who received placebo and progressed to 
hospitalization.34 Although the different COVID-19 treatment options have not been directly compared 
in clinical trials, the Panel recommends using molnupiravir only when ritonavir-boosted nirmatrelvir 
and remdesivir are not available, feasible to use, or clinically appropriate, because molnupiravir appears 
to have lower efficacy than these other options. It is not yet known how often viral rebound occurs after 
treatment with molnupiravir.

The Panel recommends against the use of molnupiravir for the treatment of COVID-19 in pregnant 
patients unless there are no other options and therapy is clearly indicated (AIII). Fetal toxicity has 
been reported in animal studies of molnupiravir.33 However, when other therapies are not available, 
pregnant patients with COVID-19 who are at high risk of progressing to severe disease may reasonably 
choose molnupiravir after being fully informed of the risks, particularly if they are beyond the time 
of embryogenesis (i.e., >10 weeks’ gestation). See Special Considerations in Pregnancy for more 
information.

Immunomodulators 
For Nonhospitalized Patients With Mild to Moderate COVID-19
The Panel recommends against the use of dexamethasone or other systemic glucocorticoids to 
treat outpatients with mild to moderate COVID-19 who do not require hospitalization or supplemental 
oxygen (AIIb). However, patients who are receiving dexamethasone or another corticosteroid for 
other indications should continue therapy for their underlying conditions as directed by their health care 
providers (AIII). 

Medicare and FDA data show a significant increase in the number of prescriptions for systemic 
corticosteroids among nonhospitalized patients with COVID-1935 despite a lack of safety and efficacy 
data on the use of systemic corticosteroids in this setting. Systemic glucocorticoids may cause 
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harm in nonhospitalized patients with COVID-19. Results from 1 randomized controlled trial and 1 
observational cohort study did not demonstrate a clinical benefit of dexamethasone among hospitalized 
patients who did not require supplemental oxygen,36 and dexamethasone may potentially cause harm in 
these patients.37 In the RECOVERY trial, the use of dexamethasone had no effect on mortality among 
hospitalized patients with COVID-19 who did not require supplemental oxygen (rate ratio 1.19; 95% CI, 
0.91–1.55).36 A large observational study of patients at Veterans Affairs hospitals reported no survival 
benefit for dexamethasone among patients with COVID-19 who did not require supplemental oxygen. 
Instead, these patients had an increased risk of 90-day mortality (HR 1.76; 95% CI, 1.47–2.12).37 
However, hospitalized patients with COVID-19 are likely to have an increased risk of mortality 
compared to nonhospitalized patients, which is a limitation of observational trial data. 

For Patients Who Are Discharged From the Hospital, Even if Receiving Supplemental Oxygen
During the RECOVERY trial, dexamethasone was stopped at the time of hospital discharge. 
For hospitalized patients with COVID-19, the Panel recommends against the continuation of 
dexamethasone after discharge (AIIa). The use of corticosteroids can lead to adverse events (e.g., 
hyperglycemia, neuropsychiatric symptoms, secondary infections), which may be difficult to detect and 
monitor in an outpatient setting. 

In the randomized controlled trials that evaluated the efficacy of baricitinib in hospitalized patients (i.e., 
RECOVERY, COV-BARRIER, ACTT-2, ACTT-4), baricitinib was discontinued at the time of hospital 
discharge. For hospitalized patients with COVID-19, the Panel recommends against the continuation of 
baricitinib after discharge (AIIa). 

Other Agents That Have Been Studied or Are Under Investigation 
•	 The Panel recommends against the use of chloroquine or hydroxychloroquine with or without 

azithromycin (AIIa), lopinavir/ritonavir, and other HIV protease inhibitors (AIII) for the 
outpatient treatment of COVID-19. 

•	 The Panel recommends against the use of antibacterial therapy (e.g., azithromycin, 
doxycycline) for the outpatient treatment of COVID-19 in the absence of another indication 
(AIII).

•	 Other agents have undergone or are currently undergoing investigation in the outpatient setting. 
For more information, please refer to the sections of the Guidelines that address:
•	 COVID-19 convalescent plasma
•	 Miscellaneous drugs, such as colchicine, fluvoxamine, ivermectin, and inhaled corticosteroids
•	 Supplements, such as vitamin C, vitamin D, and zinc

•	 The Panel recommends against the use of anticoagulants and antiplatelet therapy for the 
prevention of venous thromboembolism or arterial thrombosis unless the patient has other 
indications for the therapy or is participating in a clinical trial (AIIa). For more information, see 
Antithrombotic Therapy in Patients With COVID-19.

Concomitant Medication Management
In general, a patient’s usual medication and/or supplement regimen should be continued after the 
diagnosis of COVID-19 (see Considerations for Using Concomitant Medications in Patients With 
COVID-19). Angiotensin-converting enzyme inhibitors, statin therapy, nonsteroidal anti-inflammatory 
drugs, and oral, inhaled, and intranasal corticosteroids that are prescribed for comorbid conditions 
should be continued as directed (AIII). Patients should be advised to avoid the use of nebulized 
medications in the presence of others to avoid potential aerosolization of SARS-CoV-2.38 In patients 
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with HIV, antiretroviral therapy should not be switched or adjusted for the purpose of preventing or 
treating SARS-CoV-2 infection (AIII). For more information, see Special Considerations in People With 
HIV.

When a patient is receiving an immunomodulating medication, the prescribing clinician or an expert 
in the subspecialty should be consulted about the risks and benefits associated with a temporary dose 
reduction or discontinuation. These risks and benefits will depend on the medication’s indication 
and the severity of the underlying condition (see Special Considerations in People Who Are 
Immunocompromised).

Use of Concomitant Medications With Ritonavir-Boosted Nirmatrelvir (Paxlovid)
Ritonavir-boosted nirmatrelvir has the potential for significant and complex drug-drug interactions 
with concomitant medications, primarily due to the ritonavir component of the combination. 
Boosting with ritonavir, a strong CYP3A inhibitor, is required to increase the exposure of nirmatrelvir 
to a concentration that is effective against SARS-CoV-2. However, ritonavir may also increase 
concentrations of certain concomitant medications, thereby increasing the potential for serious and 
sometimes life-threatening drug toxicities. Additionally, ritonavir is an inhibitor, inducer, and substrate 
of various other drug-metabolizing enzymes and/or drug transporters. 

Before prescribing ritonavir-boosted nirmatrelvir, clinicians should carefully review the patient’s 
concomitant medications, including over-the-counter medicines, herbal supplements, and recreational 
drugs. Clinicians should refer to resources such as the Liverpool COVID-19 Drug Interactions 
website, Drug-Drug Interactions Between Ritonavir-Boosted Nirmatrelvir (Paxlovid) and Concomitant 
Medications, and the FDA EUA fact sheet for ritonavir-boosted nirmatrelvir for guidance regarding 
potential drug-drug interactions. 
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Rating of Recommendations: A = Strong; B = Moderate; C = Weak 
Rating of Evidence: I = One or more randomized trials without major limitations; IIa = Other randomized trials or subgroup 
analyses of randomized trials; IIb = Nonrandomized trials or observational cohort studies; III = Expert opinion 

 
a �For a list of risk factors, see the CDC webpage Underlying Medical Conditions Associated With Higher Risk for Severe 

COVID-19.
b Corticosteroids that are prescribed for an underlying condition should be continued.
c� �Evidence suggests that the bene�t of remdesivir is greatest when the drug is given early in the course of COVID-19 (e.g., 

within 10 days of symptom onset). 
d Conventional oxygen refers to oxygen supplementation that is not HFNC oxygen, NIV, MV, or ECMO.
e �If these patients progress to requiring HFNC oxygen, NIV, MV, or ECMO, the full course of remdesivir should still be 

completed.
f �If PO baricitinib and IV tocilizumab are not available or not feasible to use, PO tofacitinib can be used instead of PO 
baricitinib (BIIa), and IV sarilumab can be used instead of IV tocilizumab (BIIa).

g �Contraindications for the use of therapeutic anticoagulation in patients with COVID-19 include a platelet count <50 x 
109/L, Hgb <8 g/dL, the need for dual antiplatelet therapy, bleeding within the past 30 days that required an ED visit or 
hospitalization, a history of a bleeding disorder, or an inherited or active acquired bleeding disorder. 

h �If a JAK inhibitor or an anti-IL-6 receptor mAb is not readily available, start dexamethasone while waiting for the 
additional immunomodulator to be acquired. If neither of the other immunomodulators can be obtained, use 
dexamethasone alone.

i �Clinicians may consider adding remdesivir to 1 of the recommended immunomodulator combinations in patients who 
require HFNC oxygen or NIV, including immunocompromised patients. The Panel recommends against the use of 
remdesivir without immunomodulators in these patients (AIIa).

Key: CDC = Centers for Disease Control and Prevention; ECMO = extracorporeal membrane oxygenation; ED = 
emergency department; HFNC = high-�ow nasal cannula; Hgb = hemoglobin; ICU = intensive care unit; IL = interleukin; 
IV = intravenous; JAK = Janus kinase; mAb = monoclonal antibody; MV = mechanical ventilation; NIV = noninvasive 
ventilation; the Panel = the COVID-19 Treatment Guidelines Panel; PO = oral; ULN = upper limit of normal  

Two main processes are thought to drive the pathogenesis of COVID-19. Early in the clinical course, 
the disease is primarily driven by the replication of SARS-CoV-2. Later in the clinical course, the 
disease appears to be also driven by a dysregulated immune/inflammatory response to SARS-CoV-2 
infection that may lead to further tissue damage and thrombosis. Based on this understanding, therapies 
that directly target SARS-CoV-2 are anticipated to have the greatest effect early in the course of the 
disease, whereas immunosuppressive, anti-inflammatory, and antithrombotic therapies are likely to be 
more beneficial after COVID-19 has progressed to stages characterized by hypoxemia and endothelial 
dysfunction. 

Below is a summary of the rationale for the COVID-19 Treatment Guidelines Panel’s (the Panel) 
recommendations on the therapeutic management of hospitalized patients with COVID-19. For dosing 
information for each of the recommended drugs, please refer to Table 2d below. For detailed information 
regarding the therapies and evidence from clinical trials that support the Panel’s recommendations, 
please refer to the specific drug pages and clinical data tables.

Patients Who Are Hospitalized for Reasons Other Than COVID-19 and Who Do Not 
Require Supplemental Oxygen
Hospitalized patients with COVID-19 who do not require supplemental oxygen are a heterogeneous 
population. Some patients may be hospitalized for reasons other than COVID-19 but may also have mild 
to moderate COVID-19 (see Clinical Spectrum of SARS-CoV-2 Infection). In these cases, patients who 
are at high risk of progressing to severe COVID-19 may benefit from antiviral therapy. 
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Patients Who Require Conventional Oxygen 
Patients with COVID-19 who require conventional oxygen (i.e., those who do not require high-flow 
nasal cannula [HFNC] oxygen, noninvasive ventilation [NIV], or mechanical ventilation) are a 
heterogeneous population. Although the oxygen requirement qualifies all these patients as having severe 
disease, some of these patients will improve after a short period with or without treatment; others will 
develop progressive disease. There is no consensus on which clinical or laboratory parameters should be 
used to determine a patient’s risk of progression and guide therapy. 

Recommendation
•	 For patients with COVID-19 who only require minimal conventional oxygen, the Panel 

recommends using remdesivir without dexamethasone (BIIa).

In these patients, the hyperinflammatory state for which corticosteroids might be most beneficial 
may not yet be present or fully developed. In a subgroup analysis during the ACTT-1 trial, remdesivir 
significantly reduced the time to clinical recovery and significantly reduced mortality among the subset 
of patients who were receiving conventional oxygen at enrollment.4 Evidence from ACTT-1 suggests 
that remdesivir will have its greatest benefit when administered early in the clinical course of COVID-19 
(e.g., within 10 days of symptom onset). See Table 4a for more information.

Recommendations
•	 For most patients with COVID-19 who require conventional oxygen, the Panel recommends using 

dexamethasone plus remdesivir (BIIa).
•	 If dexamethasone is not available, an equivalent dose of another corticosteroid (e.g., prednisone, 

methylprednisolone, or hydrocortisone) may be used (BIII).

The results of several studies suggest that the use of remdesivir plus dexamethasone improves clinical 
outcomes among hospitalized patients with COVID-19. In the CATCO trial, in which 87% of patients 
received corticosteroids and 54% were on conventional oxygen, remdesivir significantly reduced the 
need for mechanical ventilation among the subset of patients who did not require mechanical ventilation 
at enrollment, when compared with standard of care.5 In the Solidarity trial, in which approximately 
two-thirds of the patients received corticosteroids, remdesivir significantly reduced mortality among the 
subset of patients who were receiving conventional or HFNC oxygen at enrollment.6 See Table 4a for 
more information.

Recommendation
•	 If remdesivir is not available, the Panel recommends using dexamethasone alone in patients with 

COVID-19 who require conventional oxygen (BI).

In the RECOVERY trial, dexamethasone significantly reduced mortality among the subset of patients 
who were receiving oxygen (defined as receiving oxygen supplementation but not mechanical 
ventilation or extracorporeal membrane oxygenation [ECMO]) at enrollment.2 Remdesivir was 
administered to <1% of the study participants. Results for patients who were only receiving conventional 
oxygen at enrollment were not available. See Table 6a for more information.

Recommendation
•	 The Panel recommends adding a second immunomodulatory drug (e.g., baricitinib or 

tocilizumab) to dexamethasone in patients who have rapidly increasing oxygen needs and 
systemic inflammation (BIIa).
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Several large randomized trials evaluated the use of interleukin (IL)-6 inhibitors (e.g., tocilizumab, 
sarilumab) or Janus kinase (JAK) inhibitors (e.g., baricitinib, tofacitinib) with or without corticosteroids 
in patients with COVID-19.7-11 These studies included some patients who required conventional oxygen 
only, as well as those with increasing oxygen needs and/or elevated levels of inflammatory markers. 
Subgroup analyses in these trials have not clearly defined which patients in this heterogeneous group 
are most likely to benefit from adding another immunomodulator to their corticosteroid regimens. 
Nonetheless, some trials suggest that adding a second immunomodulator to dexamethasone provides 
benefits to patients who require conventional oxygen, especially those with rapidly increasing oxygen 
requirements and systemic inflammation. Because there are no studies that directly compare the use 
of baricitinib and tocilizumab as treatments for COVID-19, the Panel has insufficient evidence to 
recommend 1 drug over the other. 

Use of Anticoagulants 
•	 The Panel recommends using a therapeutic dose of heparin for nonpregnant patients with 

D-dimer levels above the upper limit of normal who require conventional oxygen and who do not 
have an increased bleeding risk (CIIa).

•	 Patients who do not meet the criteria for therapeutic heparin noted above, including pregnant 
individuals, should receive a prophylactic dose of heparin, unless this drug is contraindicated 
(AI); (BIII) for pregnant patients.

The Panel’s recommendations for the use of heparin are based on data from 3 open-label randomized 
controlled trials that compared the use of therapeutic doses of heparin to prophylactic or intermediate 
doses of heparin in hospitalized patients who did not require intensive care unit (ICU)-level care. 
The multiplatform ATTACC/ACTIV-4a/REMAP-CAP trial reported more organ support-free days 
for patients in the therapeutic heparin arm than in the usual care arm, but there was no difference 
between the arms in mortality or length of hospitalization.12 The RAPID trial compared a therapeutic 
dose of heparin to a prophylactic dose in hospitalized patients with moderate COVID-19. There was 
no statistically significant difference between the arms in the occurrence of the primary endpoint 
(which was a composite endpoint of ICU admission and initiation of NIV or mechanical ventilation), 
but the therapeutic dose of heparin reduced 28-day mortality.13 In the HEP-COVID trial, venous 
thromboembolism (VTE), arterial thromboembolism, and death by Day 30 occurred significantly 
less frequently in patients who received a therapeutic dose of heparin than in those who received a 
prophylactic dose of heparin, but there was no difference in mortality by Day 30 between the arms.14

Patients Who Require High-Flow Nasal Cannula Oxygen or Noninvasive Ventilation 
In these patients, systemic inflammation contributes to hypoxemia as the predominant clinical feature, 
and patients benefit from a second immunomodulator in addition to dexamethasone. There is no 
consensus on which clinical or laboratory parameters reliably predict the risk of death or progression to 
mechanical ventilation.

The available evidence suggests that the benefits of adding baricitinib or tocilizumab to dexamethasone 
treatment outweigh the potential risks in patients with COVID-19 who require HFNC oxygen, NIV, 
mechanical ventilation, or ECMO. Although the combination of dexamethasone and secondary 
immunomodulating medications may increase the risk of opportunistic infections or the risk of 
reactivating latent infections, there are insufficient data to make recommendations about initiating 
prophylaxis against these infections. 
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Recommendation
•	 The Panel recommends using dexamethasone alone if baricitinib, tofacitinib, tocilizumab, or 

sarilumab cannot be obtained (AI).

Significant effort should be made to obtain baricitinib, tofacitinib, tocilizumab, or sarilumab. 
Dexamethasone should be initiated immediately, without waiting until the second immunomodulator can 
be acquired. Dexamethasone was used as a single-agent immunomodulatory strategy in the RECOVERY 
trial and demonstrated a survival benefit among patients who required supplemental oxygen.2 At the 
time of the trial, the treatment effect for dexamethasone could not be evaluated separately for those who 
required conventional oxygen and those who required HFNC oxygen or NIV (see Corticosteroids). 

Recommendation
•	 For hospitalized patients who require HFNC oxygen or NIV and have certain medical conditions, 

the Panel recommends adding remdesivir to 1 of the recommended immunomodulator 
combinations (CIIa).

Although clinical trial data have not established a clear benefit of using remdesivir in patients who 
require HFNC oxygen or NIV, the Panel’s recommendation reflects the balance of 2 factors. First, given 
that these patients are routinely treated with 2 immunomodulators to prevent or mitigate inflammatory-
mediated injury, these treatments may impair the patient’s antiviral response, and directly treating the 
virus with remdesivir may help improve outcomes. In this context, some Panel members would add 
remdesivir to treatments for immunocompromised patients who require HFNC oxygen or NIV. In 
addition, clinicians may extend the course of remdesivir beyond 5 days in this population based on 
clinical response. In the Solidarity trial, remdesivir had a modest but statistically significant effect on 
reducing the risk of death or progression to mechanical ventilation; however, these effects could not be 
evaluated separately for patients who required conventional oxygen supplementation and those who 
required HFNC oxygen or NIV.18 See Table 4a for more information.

Recommendation
•	 The Panel recommends against the use of remdesivir without immunomodulators in hospitalized 

patients who require HFNC oxygen or NIV (AIIa).

In the ACTT-1 trial, hospitalized patients with COVID-19 received remdesivir or placebo without 
immunomodulators. In the subgroup of 193 patients who required high-flow oxygen or NIV at 
enrollment, there was no difference in time to recovery between patients in the remdesivir arm and 
patients in the placebo arm (recovery rate ratio 1.09; 95% CI, 0.76–1.57). A post hoc analysis did not 
show a survival benefit for remdesivir at Day 29 (HR 1.02; 95% CI, 0.54–1.91).4 

The Panel recommends against using remdesivir without immunomodulators in patients who require 
HFNC oxygen or NIV because there is uncertainty regarding whether using remdesivir by itself confers 
a clinical benefit in this subgroup. Patients who are taking remdesivir and then progress to requiring 
HFNC oxygen or NIV should complete the course of remdesivir. If these patients are not already 
receiving 1 of the recommended immunomodulator combinations as part of their treatment, they should 
initiate immunomodulatory therapy.

Use of Anticoagulants 
•	 For patients without an indication for therapeutic anticoagulation, the Panel recommends using a 

prophylactic dose of heparin as VTE prophylaxis, unless a contraindication exists (AI); (BIII) 
for pregnant patients.
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•	 For patients who are started on a therapeutic dose of heparin in a non-ICU setting for the 
management of COVID-19 and then transferred to the ICU, the Panel recommends switching from 
the therapeutic dose to a prophylactic dose of heparin, unless VTE is confirmed (BIII). 

•	 The Panel recommends against the use of an intermediate dose (e.g., enoxaparin 1 mg/kg once 
daily) or a therapeutic dose of anticoagulation for VTE prophylaxis, except in a clinical trial 
(BI).

The INSPIRATION trial compared the use of intermediate doses of anticoagulation to prophylactic doses 
in adults who were admitted to the ICU with COVID-19. There was no difference between the arms in 
the incidence of VTE, the incidence of arterial thrombosis, the need for ECMO, or all-cause mortality.19 
The multiplatform randomized controlled trial REMAP-CAP/ACTIV-4a/ATTACC compared the 
effectiveness of a therapeutic dose of heparin to standard care in critically ill patients with COVID-19. 
The study did not show an increase in the number of organ support-free days or the probability of 
survival to hospital discharge among patients who received therapeutic doses of anticoagulation.20 See 
Antithrombotic Therapy in Patients With COVID-19 for more information. 

Patients Who Require Mechanical Ventilation or Extracorporeal Membrane 
Oxygenation

Recommendation
•	 The Panel recommends initiating dexamethasone plus PO baricitinib (BIIa) or dexamethasone 

plus IV tocilizumab (BIIa) if not already initiated in patients with COVID-19 who require 
mechanical ventilation or ECMO. 

Clinical trials that have evaluated combining IL-6 inhibitors and JAK inhibitors with corticosteroids 
for the treatment of patients with COVID-19 provide the most robust evidence for the Panel’s 
recommendations. 

Clinical trials of tocilizumab have reported an overall survival benefit in patients with hypoxemia and 
signs of systemic inflammation (RECOVERY)7 and in patients who are critically ill and require organ 
support (REMAP-CAP).16 Although these studies included patients who were receiving mechanical 
ventilation at randomization, the studies were not specifically powered to assess the effectiveness of IL-6 
inhibitors in these patients. Other studies of tocilizumab in critically ill patients did not find a survival 
benefit, although the time between initiation of organ support in the ICU and study enrollment differed 
across the studies (see Table 6c).21,22 The use of corticosteroids also varied across the studies.

An extension of the COV-BARRIER trial compared the efficacy of baricitinib to placebo in 101 
critically ill patients with COVID-19. The study reported significant reductions in mortality (relative 
reduction of 46% at 28 days and 44% at 60 days) and no major adverse events among patients who 
received baricitinib.23 Systematic reviews of JAK inhibitors confirm the efficacy of using baricitinib in 
hospitalized patients with COVID-19 who require oxygen support. There is a lower certainty of evidence 
for patients who were receiving mechanical ventilation or ECMO, and baricitinib may have modestly 
attenuated efficacy in this group.24 Baricitinib or tocilizumab should only be administered in combination 
with dexamethasone or another corticosteroid.

Regarding the use of tofacitinib and sarilumab if baricitinib and tocilizumab are not available or feasible 
to use, please refer to the rationale for patients who require HFNC oxygen or NIV.

Recommendation
•	 The Panel recommends using dexamethasone alone for the treatment of patients with COVID-19 
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who require mechanical ventilation or ECMO if baricitinib, tofacitinib, tocilizumab, or sarilumab 
cannot be obtained (AI). 

Dexamethasone was shown to reduce mortality in critically ill patients with COVID-19 in a meta-
analysis that aggregated 7 randomized trials and included data on 1,703 critically ill patients. The 
largest trial in the meta-analysis was the RECOVERY trial, which included a subgroup of patients who 
were receiving mechanical ventilation (see Corticosteroids and Table 6a).2 However, as noted above, 
subsequent studies of immunomodulator therapy suggest that using a combination of dexamethasone 
and another immunomodulator is more effective in patients with COVID-19 who require mechanical 
ventilation or ECMO.

Considerations for the Use of Remdesivir
Remdesivir is most effective against COVID-19 in patients who are earlier in the course of the disease 
and who do not require mechanical ventilation or ECMO. However, in the Solidarity trial, among 
patients who were receiving mechanical ventilation or ECMO, there was a trend toward an increase in 
mortality for patients treated with remdesivir.6 For patients who started on remdesivir and progressed to 
requiring mechanical ventilation or ECMO, the Panel suggests continuing remdesivir until the treatment 
course is completed. 

Subgroup analyses from 2 randomized trials suggest there is no clinical benefit to using a combination 
of remdesivir and dexamethasone in patients who are receiving mechanical ventilation or ECMO.5,15 
The data are inconclusive on whether corticosteroid therapy may delay viral clearance in patients with 
COVID-19.25-29 Given the conflicting results from observational studies and the lack of clinical trial data, 
some Panel members would add remdesivir to dexamethasone and a second immunomodulator only in 
patients who have recently been placed on mechanical ventilation. 

Use of Anticoagulants 
•	 The Panel recommends using a prophylactic dose of heparin as VTE prophylaxis, unless a 

contraindication exists (AI); (BIII) for pregnant patients.
•	 For patients who are started on a therapeutic dose of heparin in a non-ICU setting for the 

management of COVID-19 and then transferred to the ICU, the Panel recommends switching 
from the therapeutic dose to a prophylactic dose of heparin, unless there is another indication for 
therapeutic anticoagulation (BIII). 

•	 The Panel recommends against the use of an intermediate dose (e.g., enoxaparin 1 mg/kg daily) 
and a therapeutic dose of anticoagulation for VTE prophylaxis in critically ill patients with 
COVID-19, except in a clinical trial (BI).

Patients who required mechanical ventilation or ECMO were included in the multiplatform 
REMAP-CAP/ACTIV-4a/ATTACC and INSPIRATION trials that studied therapeutic doses and 
intermediate doses of heparin, respectively.19,20 Because these studies reported no benefits to using 
intermediate or therapeutic doses of heparin, the recommendations for using prophylactic doses of 
heparin in hospitalized patients who require mechanical ventilation or ECMO are the same as those for 
patients who require HFNC oxygen or NIV.
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conditions that are risk factors for severe COVID-19.

Having multiple comorbidities increases the risk of severe COVID-19 in children. A meta-analysis of 
data from children hospitalized with COVID-19 found that the risk of ICU admission was greater for 
children with 1 chronic condition than for those with no comorbid conditions, and the risk increased 
substantially as the number of comorbidities increased.29 

COVID-19 Vaccination Status
Vaccination remains the most effective way to prevent SARS-CoV-2 infection and should be considered 
the first line of prevention. Most children hospitalized for COVID-19 were not fully vaccinated or were 
not eligible to receive COVID-19 vaccination because of their age.16,18,28,35 With the wider availability 
of COVID-19 vaccines for younger children, the number of COVID-19 cases among children may 
decrease over time.

Mortality
Death from COVID-19 is uncommon in children. Risk factors for death include having chronic 
conditions, such as neurologic or cardiac disease, and having multiple comorbidities. Among children 
aged <21 years in the United States, deaths associated with COVID-19 have been higher for children 
aged 10 to 20 years, especially for young adults aged 18 to 20 years, and for those who identify as 
Hispanic, Black, or American Indian/Alaskan Native.36,37 

A systematic review and meta-analysis reported that neurologic or cardiac comorbidities were associated 
with the greatest increase in risk of death among hospitalized children with COVID-19.29 In the same 
study, an individual patient data meta-analysis reported that the risk of COVID-19-related death was 
greater for children with 1 chronic condition than for those with no comorbid conditions, and the risk 
increased substantially as the number of comorbidities increased.

Vertical Transmission and Infants Born to People With SARS-CoV-2 Infection
A systematic review and meta-analysis reported that confirmed vertical transmission of SARS-CoV-2 
appears to be rare, and severe maternal COVID-19 has been associated with SARS-CoV-2 infection 
in babies.38 In two large, combined cohorts of pregnant individuals from the United States and United 
Kingdom, SARS-CoV-2 infection was reported in 1.8% and 2% of the babies born to people with 
SARS-CoV-2 infection.39 

Case reports have described intrauterine fetal demise during the third trimester of pregnancy in 
individuals with mild COVID-19 due to infection with the Delta VOC.40,41 These individuals had 
evidence of placental SARS-CoV-2 infection, placental malperfusion, and placental inflammation. One 
case report described a person with asymptomatic SARS-CoV-2 infection and severe preeclampsia who 
gave birth at 25 weeks of gestation by emergency cesarean delivery. The neonate died on Day 4, and 
evidence of SARS-CoV-2 infection was found in placental tissues and in the infant’s lungs and vascular 
endothelium at autopsy.42 Evidence of placental SARS-CoV-2 infection was reported in 5 stillbirths and 
for 1 live-born neonate in Sweden.43 

A systematic review of neonatal SARS-CoV-2 infections reported that 70% were due to postpartum 
transmission, and 30% were due to vertical transmission from an infected birth parent.44 Another 
systematic review reported that newborn infants rooming-in with the birth parent did not have an 
increased risk of SARS-CoV-2 transmission when compared with newborns who were isolated from the 
birth parent.45 

Detection of SARS-CoV-2 RNA in the breast milk of individuals with confirmed cases of COVID-19 is 
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Additional research is needed to define the incidence, spectrum, and severity of post-COVID conditions 
in children and to identify optimal strategies for prevention, diagnosis, and treatment of those conditions.
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Therapeutic Management of Nonhospitalized  
Children With COVID-19
Last Updated: August 8, 2022

This section outlines the COVID-19 Treatment Guidelines Panel’s (the Panel) recommendations for 
the therapeutic management of nonhospitalized children (i.e., pediatric patients aged <18 years) with 
mild to moderate COVID-19. These recommendations are also for children who have mild to moderate 
COVID-19 and are hospitalized for reasons other than COVID-19. For patients aged <18 years, see 
Therapeutic Management of Nonhospitalized Adults With COVID-19. Throughout this section, the term 
“COVID-19” refers to the acute, primarily respiratory illness due to infection with SARS-CoV-2, which 
is in contrast to multisystem inflammatory syndrome in children (MIS-C), a postinfectious inflammatory 
condition. 

Treatment Considerations for Children With COVID-19
Currently, no results from pediatric clinical trials that evaluated the treatment of COVID-19 have been 
published. Data evaluating the use of pharmacologic therapy in children with COVID-19 are limited 
largely to descriptive reports.1,2 Therefore, more high-quality randomized trials, observational studies, 
and pharmacokinetic studies are urgently needed. Whenever possible, clinical trials of therapeutics and 
multicenter observational cohorts should enroll children with COVID-19. 

Published guidance documents on the treatment of COVID-19 in children have been mostly extrapolated 
from recommendations for adults with COVID-19, recommendations for children with other viral 
infections, and expert opinion.3-5 Applying adult data from COVID-19 trials to children is a unique 
challenge because most children experience a mild course of illness with COVID-19. Relative to adults, 
children with COVID-19 have substantially lower mortality and less need for hospitalization. Because 
of these differences in epidemiology and disease severity, the effect sizes for children are likely to be 
smaller than those observed in adults; therefore, to produce a beneficial outcome, the number needed 
to treat is higher. Collectively, these factors influence the risk versus benefit balance for pharmacologic 
therapies in children. 

Other challenges are the uncertainty about which comorbid conditions place children at the highest 
risk of severe COVID-19 and the uncertainty about the absolute magnitude of the increased risk from 
those comorbid conditions. For children with COVID-19, the number and severity of their comorbid 
conditions influence decisions about pharmacologic treatment. For more information on risk factors for 
children with COVID-19, see Special Considerations in Children.

Recommendations
In the absence of sufficient clinical trial data on the treatment of children with COVID-19, the Panel’s 
recommendations for the therapeutic management of nonhospitalized children are based largely on adult 
safety and efficacy data from clinical trials (see Table 3a). No pediatric comparative studies have been 
published; therefore, all quality of evidence ratings for the Panel’s recommendations in this section are 
based on expert opinion (i.e., a III rating).

The majority of children with mild to moderate COVID-19 will not progress to more severe illness; 
therefore, the Panel recommends managing these patients with supportive care alone (AIII). The risks 
and benefits of therapy should be assessed based on COVID-19 disease severity, age, vaccination status, 
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Rationale for the Panel’s Framework for Assessing the Risk of Progression to 
Severe COVID-19
Although mortality associated with COVID-19 in children is low overall, severe disease can occur, 
especially in those with risk factors.6 Risk stratification for severe disease in children remains 
challenging. Imprecise definitions of comorbid conditions, insufficient granularity for differentiating 
the severity of comorbidities (e.g., mild vs. severe lung disease, poorly controlled vs. well-controlled 
diabetes), and small sample sizes limit the conclusions that can be drawn from individual studies and 
make comparing findings across studies difficult. 

Further, asymptomatic SARS-CoV-2 infection detected during admission screening for children who 
are hospitalized for reasons other than COVID-19 may affect the estimated risk of severe COVID-19, 
particularly for patient groups that may have protocolized admissions (e.g., children with febrile 
neutropenia, infants aged <90 days with fever). In addition, published data evaluating these associations 
in children are limited largely to case series without control groups and observational studies with 
methodologic limitations. 

Despite these challenges, a risk-stratification framework needs to be developed that identifies the patient 
groups likely to benefit from receiving treatment and prioritizes patients who are most likely to benefit 
when supplies are limited. Both the Pediatric Infectious Diseases Society and the American Academy of 
Pediatrics advocate for a risk-stratified approach toward identifying the patients who are at the highest 
risk of progression to severe COVID-19 among those eligible for therapies under Food and Drug 
Administration (FDA) Emergency Use Authorizations (EUAs).5,7 

The Panel’s approach to risk stratification and prioritization considers COVID-19 vaccination status, 
immune function, clinical risk factors, the strength of evidence demonstrating an association between 
each clinical risk factor and severe disease, and expert opinion.6,8-21 See Special Considerations in 
Children for more information on clinical risk factors. Table 3b provides the Panel’s framework for this 
risk stratification. The Panel suggests that decisions regarding treatment be individualized, particularly 
for patients in the intermediate risk category. The number and severity of comorbid conditions and a 
child’s vaccination status, including the time since vaccination, should be considered. 

Comorbid conditions associated with severe COVID-19 are separated into the following categories in 
Table 3b:

•	 Strong or Consistent Association With Progression to Severe COVID-19: Comorbid conditions for 
which the published literature most consistently supports an increased risk of severe COVID-19. 
Patients in this category are moderately or severely immunocompromised, at risk of severe 
COVID-19, and not expected to develop an adequate immune response to COVID-19 vaccination. 

•	 Moderate or Inconsistent Association With Progression to Severe COVID-19: Comorbid 
conditions and ages for which the published literature supports an association with severe 
COVID-19, but the data that support that association may be moderate or inconsistent. In addition, 
the absolute risk of progression to severe disease or death is likely modest for any of the patients 
in this category. 

•	 Weak or Unknown Association With Progression to Severe COVID-19: Comorbid conditions 
for which the data suggesting an association with severe COVID-19 are weak or for which an 
association is unknown. Patients with no comorbidities are included in this category.

Vaccination Status
Because COVID-19 vaccines are highly effective in preventing severe disease, individuals who are not 
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Therapeutic Management of Hospitalized  
Children With COVID-19
Last Updated: August 8, 2022

This section outlines the COVID-19 Treatment Guidelines Panel’s (the Panel) recommendations for the 
therapeutic management of children (i.e., pediatric patients aged <18 years) who are hospitalized for 
COVID-19. Throughout this section, the term “COVID-19” refers to the acute, primarily respiratory 
illness due to infection with SARS-CoV-2. Multisystem inflammatory syndrome in children (MIS-C) 
refers to the postinfectious inflammatory condition. 

Treatment Considerations for Children With COVID-19
Currently, no pediatric clinical trial results evaluating the treatment of COVID-19 have been published. 
Data evaluating pharmacologic therapy in children with COVID-19 are limited largely to descriptive 
reports.1,2 Therefore, more high-quality randomized trials, observational studies, and pharmacokinetic 
studies are urgently needed. Whenever possible, clinical trials of therapeutics and multicenter 
observational cohorts should enroll children with COVID-19. 

Published guidance documents on the treatment of COVID-19 in children have been mostly extrapolated 
from recommendations for adults with COVID-19, recommendations for children with other viral 
infections, and expert opinion.3-5 Applying adult data from COVID-19 trials to children is a unique 
challenge because most children experience a mild course of illness with COVID-19. Relative to adults, 
children with COVID-19 have substantially lower mortality and less need for hospitalization. Because 
of these differences in epidemiology and disease severity, the effect sizes for children are likely to be 
smaller than those observed in adults; therefore, to produce a beneficial outcome, the number needed 
to treat is higher. Collectively, these factors influence the risk versus benefit balance for pharmacologic 
therapies in children. 

Other challenges are the uncertainty about which comorbid conditions place children at the highest 
risk of severe COVID-19 and the uncertainty about the absolute magnitude of the increased risk from 
those comorbid conditions. For children with COVID-19, the number and severity of their comorbid 
conditions influence decisions about pharmacologic treatment. For more information on risk factors for 
children with COVID-19, see Special Considerations in Children.

Recommendations
In the absence of sufficient clinical trial data on the treatment of children with COVID-19, the Panel’s 
recommendations for the therapeutic management of hospitalized children are based largely on 
adult safety and efficacy data from clinical trials, the child’s risk of disease progression, and expert 
opinion (see Table 3c). For the Panel’s recommendations for adults, see Therapeutic Management of 
Hospitalized Adults With COVID-19.

In general, adult data are most applicable to older children with severe COVID-19 and predominantly 
lower respiratory tract disease. Extrapolation of adult data to children with SARS-CoV-2 infection who 
present with clinical syndromes common to other respiratory viruses (e.g., bronchiolitis, croup, asthma) 
is challenging. No evidence indicates that these syndromes should be managed differently when caused 
by SARS-CoV-2 infection. Clinical judgment is needed when applying these recommendations to 
patients, particularly young children. 

Downloaded from on 10/4/2022https://www.covid19treatmentguidelines.nih.gov/















COVID-19 Treatment Guidelines	 115

References
1.	 Schuster JE, Halasa NB, Nakamura M, et al. A description of COVID-19-directed therapy in children admitted 

to US intensive care units 2020. J Pediatric Infect Dis Soc. 2022;11(5):191-198. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/35022779.

2.	 Goldman DL, Aldrich ML, Hagmann SHF, et al. Compassionate use of remdesivir in children with severe 
COVID-19. Pediatrics. 2021;147(5):e202004780. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33883243.

3.	 Chiotos K, Hayes M, Kimberlin DW, et al. Multicenter initial guidance on use of antivirals for children 
with coronavirus disease 2019/severe acute respiratory syndrome coronavirus 2. J Pediatric Infect Dis Soc. 
2020;9(6):701-715. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32318706.

4.	 Dulek DE, Fuhlbrigge RC, Tribble AC, et al. Multidisciplinary guidance regarding the use of 
immunomodulatory therapies for acute coronavirus disease 2019 in pediatric patients. J Pediatric Infect Dis 
Soc. 2020;9(6):716-737. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32808988.

5.	 Wolf J, Abzug MJ, Anosike BI, et al. Updated guidance on use and prioritization of monoclonal antibody 
therapy for treatment of COVID-19 in adolescents. J Pediatric Infect Dis Soc. 2022;11(5):177-185. Available 
at: https://www.ncbi.nlm.nih.gov/pubmed/35107571.

6.	 Remdesivir (Veklury) [package insert]. Food and Drug Administration. 2022. Available at:  
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/214787Orig1s015lbl.pdf.

7.	 Vangeel L, Chiu W, De Jonghe S, et al. Remdesivir, molnupiravir and nirmatrelvir remain active against 
SARS-CoV-2 Omicron and other variants of concern. Antiviral Res. 2022;198:105252. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/35085683.

8.	 Spinner CD, Gottlieb RL, Criner GJ, et al. Effect of remdesivir vs standard care on clinical status at 11 days in 
patients with moderate COVID-19: a randomized clinical trial. JAMA. 2020;324(11):1048-1057. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/32821939.

9.	 Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the treatment of COVID-19—final report. N Engl J 
Med. 2020;383(19):1813-1826. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32445440.

10.	WHO Solidarity Trial Consortium. Remdesivir and three other drugs for hospitalised patients with 
COVID-19: final results of the WHO Solidarity randomised trial and updated meta-analyses. Lancet. 
2022;399(10339):1941-1953. Available at: https://www.ncbi.nlm.nih.gov/pubmed/35512728.

11.	Ader F, Bouscambert-Duchamp M, Hites M, et al. Remdesivir plus standard of care versus standard of care 
alone for the treatment of patients admitted to hospital with COVID-19 (DisCoVeRy): a Phase 3, randomised, 
controlled, open-label trial. Lancet Infect Dis. 2022;22(2):209-221. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/34534511.

12.	Ali K, Azher T, Baqi M, et al. Remdesivir for the treatment of patients in hospital with COVID-19 in Canada: 
a randomized controlled trial. CMAJ. 2022;194(7):E242-E251. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/35045989.

13.	Ahmed A, Rojo P, Agwu A, et al. Remdesivir treatment for COVID-19 in hospitalized children: CARAVAN 
interim results. 2022. Available at: https://www.croiconference.org/abstract/remdesivir-treatment-for-covid-19-
in-hospitalized-children-caravan-interim-results/. Accessed July 7, 2022.

14.	Gottlieb RL, Vaca CE, Paredes R, et al. Early remdesivir to prevent progression to severe COVID-19 in 
outpatients. N Engl J Med. 2022;386(4):305-315. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/34937145.

15.	RECOVERY Collaborative Group, Horby P, Lim WS, et al. Dexamethasone in hospitalized patients 
with COVID-19. N Engl J Med. 2021;384(8):693-704. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32678530.

16.	Ralston SL, Lieberthal AS, Meissner HC, et al. Clinical practice guideline: the diagnosis, management, and 
prevention of bronchiolitis. Pediatrics. 2014;134(5):e1474-e1502. Available at: https://www.ncbi.nlm.nih.gov/

Downloaded from on 10/4/2022https://www.covid19treatmentguidelines.nih.gov/



COVID-19 Treatment Guidelines	 116

pubmed/25349312.
17.	Food and Drug Administration. Fact sheet for healthcare providers: emergency use authorization (EUA) of 

baricitinib. 2022. Available at: https://www.fda.gov/media/143823/download.
18.	Kalil AC, Patterson TF, Mehta AK, et al. Baricitinib plus remdesivir for hospitalized adults with COVID-19. N 

Engl J Med. 2021;384(9):795-807. Available at: https://www.ncbi.nlm.nih.gov/pubmed/33306283.
19.	Wolfe CR, Tomashek KM, Patterson TF, et al. Baricitinib versus dexamethasone for adults hospitalised with 

COVID-19 (ACTT-4): a randomised, double-blind, double placebo-controlled trial. Lancet Respir Med. 
2022;Published online ahead of print. Available at: https://www.ncbi.nlm.nih.gov/pubmed/35617986.

20.	RECOVERY Collaborative Group. Baricitinib in patients admitted to hospital with COVID-19 
(RECOVERY): a randomised, controlled, open-label, platform trial and updated meta-analysis. Lancet. 
2022;400(10349):359-368. Available at: https://pubmed.ncbi.nlm.nih.gov/35908569/.

21.	Sanchez GAM, Reinhardt A, Ramsey S, et al. JAK1/2 inhibition with baricitinib in the treatment of 
autoinflammatory interferonopathies. J Clin Invest. 2018;128(7):3041-3052. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/29649002.

22.	Kim H, Dill S, O’Brien M, et al. Janus kinase (JAK) inhibition with baricitinib in refractory juvenile 
dermatomyositis. Ann Rheum Dis. 2021;80(3):406-408. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32843325.

23.	Vanderver A, Adang L, Gavazzi F, et al. Janus kinase inhibition in the Aicardi-Goutieres syndrome. N Engl J 
Med. 2020;383(10):986-989. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32877590.

24.	Kim H, Brooks KM, Tang CC, et al. Pharmacokinetics, pharmacodynamics, and proposed dosing of the 
oral JAK1 and JAK2 inhibitor baricitinib in pediatric and young adult CANDLE and SAVI patients. Clin 
Pharmacol Ther. 2018;104(2):364-373. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29134648.

25.	Guimaraes PO, Quirk D, Furtado RH, et al. Tofacitinib in patients hospitalized with COVID-19 pneumonia. N 
Engl J Med. 2021;385(5):406-415. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34133856.

26.	Ruperto N, Brunner HI, Zuber Z, et al. Pharmacokinetic and safety profile of tofacitinib in children with 
polyarticular course juvenile idiopathic arthritis: results of a Phase 1, open-label, multicenter study. Pediatr 
Rheumatol Online J. 2017;15(1):86. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29282090.

27.	Ruperto N, Brunner HI, Synoverska O, et al. Tofacitinib in juvenile idiopathic arthritis: a double-blind, 
placebo-controlled, withdrawal Phase 3 randomised trial. Lancet. 2021;398(10315):1984-1996. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/34767764.

28.	Food and Drug Administration. Fact sheet for healthcare providers: emergency use authorization for Actemra 
(tocilizumab). 2021. Available at: https://www.fda.gov/media/150321/download.

29.	RECOVERY Collaborative Group. Tocilizumab in patients admitted to hospital with COVID-19 
(RECOVERY): a randomised, controlled, open-label, platform trial. Lancet. 2021;397(10285):1637-1645. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/33933206.

30.	REMAP-CAP Investigators, Gordon AC, Mouncey PR, et al. Interleukin-6 receptor antagonists in critically ill 
patients with COVID-19. N Engl J Med. 2021;384(16):1491-1502. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33631065.

31.	Brunner HI, Ruperto N, Zuber Z, et al. Efficacy and safety of tocilizumab in patients with polyarticular-course 
juvenile idiopathic arthritis: results from a Phase 3, randomised, double-blind withdrawal trial. Ann Rheum 
Dis. 2015;74(6):1110-1117. Available at: https://www.ncbi.nlm.nih.gov/pubmed/24834925.

32.	Brunner HI, Ruperto N, Zuber Z, et al. Efficacy and safety of tocilizumab for polyarticular-course 
juvenile idiopathic arthritis in the open-label two-year extension of a Phase III trial. Arthritis Rheumatol. 
2021;73(3):530-541. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32951358.

33.	De Benedetti F, Brunner HI, Ruperto N, et al. Randomized trial of tocilizumab in systemic juvenile idiopathic 
arthritis. N Engl J Med. 2012;367(25):2385-2395. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/23252525.

Downloaded from on 10/4/2022https://www.covid19treatmentguidelines.nih.gov/



COVID-19 Treatment Guidelines	 117

34.	DeWitt EM, Kimura Y, Beukelman T, et al. Consensus treatment plans for new-onset systemic juvenile 
idiopathic arthritis. Arthritis Care Res (Hoboken). 2012;64(7):1001-1010. Available at: https://www.ncbi.nlm.
nih.gov/pubmed/22290637.

35.	Horneff G, Schulz AC, Klotsche J, et al. Experience with etanercept, tocilizumab and interleukin-1 
inhibitors in systemic onset juvenile idiopathic arthritis patients from the BIKER registry. Arthritis Res Ther. 
2017;19(1):256. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29166924.

36.	Kotch C, Barrett D, Teachey DT. Tocilizumab for the treatment of chimeric antigen receptor T cell-induced 
cytokine release syndrome. Expert Rev Clin Immunol. 2019;15(8):813-822. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/31219357.

37.	Derespina KR, Kaushik S, Plichta A, et al. Clinical manifestations and outcomes of critically ill children and 
adolescents with coronavirus disease 2019 in New York City. J Pediatr. 2020;226:55-63. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32681989.

38.	Shekerdemian LS, Mahmood NR, Wolfe KK, et al. Characteristics and outcomes of children with coronavirus 
disease 2019 (COVID-19) infection admitted to US and Canadian pediatric intensive care units. JAMA 
Pediatr. 2020;174(9):868-873. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32392288.

39.	Gotzinger F, Santiago-Garcia B, Noguera-Julian A, et al. COVID-19 in children and adolescents in Europe: a 
multinational, multicentre cohort study. Lancet Child Adolesc Health. 2020;4(9):653-661. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32593339.

40.	Whitworth H, Sartain SE, Kumar R, et al. Rate of thrombosis in children and adolescents hospitalized 
with COVID-19 or MIS-C. Blood. 2021;138(2):190-198. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/33895804.

Downloaded from on 10/4/2022https://www.covid19treatmentguidelines.nih.gov/



COVID-19 Treatment Guidelines	 118

Therapeutic Management of Hospitalized  
Pediatric Patients With Multisystem Inflammatory  
Syndrome in Children (MIS-C) (With Discussion on 
Multisystem Inflammatory Syndrome in Adults [MIS-A])
Last Updated: February 24, 2022

This section outlines the COVID-19 Treatment Guidelines Panel’s (the Panel) recommendations for 
the therapeutic management of pediatric patients with multisystem inflammatory syndrome in children 
(MIS-C). The Centers for Disease Control and Prevention’s (CDC) case definition for MIS-C includes 
“an individual aged <21 years.”1 The recommendations in this section encompass this age group. There 
are no randomized controlled trials that compare treatment approaches for MIS-C. However, data from 
descriptive and observational comparative effectiveness studies are available to guide treatment for 
MIS-C. For information on the clinical manifestations of MIS-C, see Special Considerations in Children.

Multisystem Inflammatory Syndrome in Adults
It should be noted that adults can present with a syndrome similar to MIS-C, termed multisystem 
inflammatory syndrome in adults (MIS-A).2 The published literature on MIS-A is restricted to small 
case series that provide little data to guide treatment decisions for patients with MIS-A.3 Although Panel 
members extrapolate from MIS-C data to aid in the management of individuals with MIS-A, it should be 
emphasized that this approach to managing MIS-A has not been studied.
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Table 3e. Dosing Regimens for the Drugs Recommended for the Treatment of MIS-C

Drug Name

Dosing Regimens
For infants, children, and adolescents unless 
otherwise speci�ed. The doses listed are for 
FDA-approved indications for other diseases or 
from reported experiences or clinical trials.

Adverse Events Monitoring Parameters

Intravenous 
Immunoglobulin

� �IVIG 2 g/kg IBW/dose (up to a maximum total 
dose of 100 g) IV for 1 dose

� �In the event of cardiac dysfunction or �uid 
overload, consider administering IVIG in 
divided doses (1 g/kg IBW/dose IV every 24 
hours for 2 doses).

� �Hypersensitivity
� �Fever
� �Chills
� �Flushing
� �Hemolytic anemia

� �Renal function
� �Urine output
� �CBC with differential
� �Infusion or injection-

related AE
� �Anaphylaxis
� �Signs and symptoms 

of hemolysis
Methyl-
prednisolone

� �Methylprednisolone 1 to 2 mg/kg/dose IV 
every 12 hours

� �If the patient with MIS-C does not respond 
to 1�2 mg/kg/dose IV every 12 hours, 
increase the dose to 10�30 mg/kg/day (up 
to maximum of 1,000 mg/day) IV for 1 to 3 
days.

� �Adrenal suppression
� �Hyperglycemia
� �Sodium retention
� �Fluid retention
� �Leukocytosis
� �Immune suppression

� �Blood pressure
� �CBC with differential
� �BMP

Anakinra Anakinra 5�10 mg/kg/day IV (preferred) or 
SUBQ in 1 to 4 divided doses

� �Headache
� �Fever
� �Hypersensitivity
� �Immune suppression
� �Transaminitis

� �CBC with differential
� �LFTs
� �Scr

In�iximab In�iximab 5�10 mg/kg/dose IV for 1 dose � �Infusion-related 
reaction

� �Headache
� �Immune suppression

� �Monitor vital signs 
every 2�10 minutes 
during infusion

� �CBC with differential

Aspirin Aspirin 3�5 mg/kg/dose (up to maximum of 81 
mg/dose) PO once daily 

� �Gastrointestinal ulcers
� �Hypersensitivity
� �Renal dysfunction

� �Signs or symptoms of 
bleeding

� �Renal function 

Enoxaparin Enoxaparin Prophylaxis
Aged >2 Months to <18 Years: 
� �0.5 mg/kg/dose (up to maximum of 30 mg/

dose) SUBQ every 12 hours

Enoxaparin Treatment
Aged >2 Months to <18 Years: 
� �1 mg/kg/dose SUBQ every 12 hours
� �Monitor antifactor Xa activity (treatment goal: 

0.5 to 1).

� �Increased risk of 
bleeding

� �Thrombocytopenia

� �CBC with differential
� �Renal function

Key: AE = adverse effect; BMP = blood mineral panel; CBC = complete blood count; FDA = Food and Drug Administration; 
IBW = ideal body weight; IV = intravenous; IVIG = intravenous immunoglobulin; LFT = liver function test; MIS-C = 
multisystem in�ammatory syndrome in children; PO = orally; Scr = serum creatinine; SUBQ = subcutaneously
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Treatment Considerations for Children With MIS-C

Initial Immunomodulatory Therapy for MIS-C
The Panel recommends consultation with a multidisciplinary team when managing immunomodulating 
therapy for children with MIS-C (AIII). The multidisciplinary team may include experts in cardiology, 
hematology, infectious disease, intensive care, and rheumatology. MIS-C is defined by multiorgan 
dysfunction, and input from other pediatric subspecialists may be needed depending on the presentation 
of the individual patient. Thus, children with MIS-C should be cared for at centers with access to these 
pediatric specialists.

Intravenous immunoglobulin (IVIG) and glucocorticoids are the most commonly used 
immunomodulatory medications in reported cohorts of children with MIS-C.4-12 The American 
College of Rheumatology has outlined initial diagnostic and treatment considerations in MIS-C and 
recommends IVIG in combination with glucocorticoids as first-tier therapy for most hospitalized 
children with MIS-C.13 Multiple nonrandomized studies suggest that front-line IVIG in combination 
with glucocorticoids is associated with less treatment failure, faster recovery of cardiac function, shorter 
intensive care unit (ICU) stay, and decreased requirement for treatment escalation compared to IVIG 
monotherapy.5,14-17 Based on these data, the Panel recommends using IVIG in combination with low-to-
moderate-dose glucocorticoids for children hospitalized with MIS-C (AIIb). The Panel recommends 
against the routine use of IVIG monotherapy for the treatment of MIS-C unless glucocorticoid use is 
contraindicated (AIIb).

IVIG should be given at a dose of 2 g/kg of ideal body weight up to a maximum dose of 100 grams. The 
patient’s cardiac function and fluid status should be monitored carefully during the IVIG infusion. IVIG 
can be given in divided doses of 1 g/kg of ideal body weight over 2 days if there is a concern about the 
patient’s fluid status. Methylprednisolone 1 to 2 mg/kg/day, or another glucocorticoid at an equivalent 
dose, is considered low-to-moderate glucocorticoid dosing. Once there is clinical improvement (i.e., the 
child is afebrile, end organ dysfunction resolves, and inflammatory markers are trending downward), 
a steroid taper should be initiated. Typically, the taper lasts for several weeks to avoid rebound 
inflammation and is guided by the clinical status of the patient.

There remains uncertainty regarding the use of glucocorticoid monotherapy versus IVIG plus 
glucocorticoids as initial therapy for MIS-C because comparative studies evaluating these 2 treatment 
approaches have not been conducted. There are limited published data on long-term outcomes in 
children with MIS-C who were treated with initial glucocorticoid monotherapy. Due to the risk of 
coronary artery aneurysms in patients with MIS-C, and the proven benefit of IVIG in reducing the 
frequency of coronary artery aneurysms in patients with Kawasaki disease, many clinicians continue to 
incorporate IVIG into the treatment regimen for MIS-C.12,18 Currently, there is insufficient evidence for 
the Panel to recommend either for or against the use of glucocorticoid monotherapy for MIS-C.

Summary of Published Data on Initial Immunomodulatory Therapy for MIS-C
Intravenous Immunoglobulin in Combination With Glucocorticoids
No randomized clinical trials evaluating IVIG plus glucocorticoids for the treatment of MIS-C have been 
completed. The comparative benefit of adding steroids to IVIG for MIS-C treatment has been estimated 
in observational cohorts using statistical techniques to adjust for confounders. The first of these studies 
employed observation data from a national surveillance system cohort in France and used propensity 
matching to compare short-term outcomes in children with MIS-C who were treated initially with IVIG 
(2 gm/kg) alone or IVIG and methylprednisolone (most patients received 1.6–2 mg/kg/day for 5 days).14 
The study team observed a lower risk of treatment failure (defined as persistence of fever 2 days after 
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treatment or recurrent fever within 7 days), lesser requirement for hemodynamic support, less severe left 
ventricular dysfunction, and shorter ICU stays among the children initially treated with the combination 
therapy.14 This was a small study, and only 32 patients treated with IVIG and methylprednisolone and 64 
patients treated with IVIG alone could be matched based on propensity score.

A larger study in the United States analyzed data from the Overcoming COVID-19 surveillance registry 
to evaluate immunomodulatory therapy for MIS-C. Initial treatment with IVIG plus glucocorticoids 
(n = 103) was associated with a lower risk of cardiovascular dysfunction (measured using a composite 
outcome of left ventricular ejection fraction of <55% or vasopressor use) on or after Day 2 compared 
to treatment with IVIG alone in an equal number of propensity score-matched patients. The composite 
outcome occurred in 17% of the patients in the IVIG plus glucocorticoids group versus 31% of the 
patients in the IVIG alone group (risk ratio 0.56; 95% CI, 0.34–0.94).15 In addition, patients treated with 
the combination of IVIG and glucocorticoids were less likely to require adjunctive immunomodulatory 
therapy than those treated with IVIG alone. Methylprednisolone, the most prescribed glucocorticoid, 
was administered to 353 patients (68% of the patients, including nonpropensity matched patients, in the 
entire cohort). Among these patients, the dosing of methylprednisolone ranged from 2 mg/kg/day in 284 
patients (80%) to 10 to 30 mg/kg/day in 69 patients (20%). 

A third study, the international and pragmatic BATS study, compared patients with MIS-C who received 
IVIG alone (n = 246) to those who received IVIG and glucocorticoids (n = 208). This study found 
similar rates for the composite outcome of inotropic support or mechanical ventilation by Day 2 or later 
or death in both treatment arms. The outcome occurred in 44 of 221 participants (21%) in the IVIG 
alone arm versus 56 of 180 participants (31%) in the IVIG plus glucocorticoids arm (OR 0.77; 95% CI, 
0.33–1.82). However, escalation of immunomodulatory treatment was less common among the patients 
who received IVIG plus glucocorticoids than among those who received IVIG alone (OR 0.18; 95% 
CI; 0.10–0.33). This study was notable for including patients with suspected MIS-C (i.e., patients who 
did not meet CDC or World Health Organization [WHO] criteria for MIS-C) and voluntary reporting of 
included cases by pediatricians. This multicenter study included sites from 34 counties with potential for 
more variability in supportive care. In addition, the overall percentage of patients with abnormal cardiac 
findings (12% of the 538 patients) was lower than in other cohorts.16 

Intravenous Immunoglobulin Monotherapy
The use of IVIG is long established for Kawasaki disease, a syndrome that has overlapping 
manifestations with MIS-C, and thus the product’s safety profile is well understood. In Kawasaki 
disease, IVIG prevents the development of coronary artery aneurysms,18,19 a complication also observed 
in some patients with MIS-C. IVIG is the most frequently used therapy for MIS-C. In a national survey 
of U.S. institutional protocols for managing MIS-C, IVIG was the first-line therapy in 98% of 40 
participating centers.20 

Data on the efficacy of IVIG in MIS-C is extrapolated from case series that show mostly favorable 
outcomes. In a series of 539 MIS-C cases, 77% of the children received IVIG. A sizeable proportion of 
these children had reduced left ventricular ejection fraction at admission (172 of 503 evaluable patients 
[34.2%]); the symptom resolved by Day 30 in 156 of the children (90.7%). Although these studies have 
not described the occurrence of specific adverse events related to IVIG use, the dosing used (IVIG 2 g/
kg) has a well-established safety profile when used for Kawasaki disease.12

A limitation of all published studies on IVIG use for MIS-C is the frequent and often rapid 
sequential addition of other immunomodulatory therapies, such as corticosteroids. In addition, there 
is accumulating evidence that glucocorticoids given in combination with IVIG are more effective 
as treatment for MIS-C (see discussion above). However, IVIG monotherapy may be a reasonable 
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treatment option for a small subset of patients with MIS-C who are stable (i.e., not in shock or with 
organ-threatening disease) and have contraindications to glucocorticoid therapy. Such contraindications 
may include concern about the impact on diagnostic evaluation or on the underlying medical condition.

Glucocorticoid Monotherapy
The BATS study described above also evaluated initial treatment with IVIG (n = 246) compared to 
glucocorticoids (n = 99) and found no differences in primary or secondary outcomes between these 
2 cohorts.16 However, in a subgroup analysis of patients who met the WHO criteria for MIS-C, the 
glucocorticoid alone group (n = 78) had significantly fewer patients who required respiratory support by 
Day 2 or later or who died than the IVIG alone group (n = 192). 

The BATS study has several limitations. The length of follow-up in this study was not clearly defined, 
and most outcome measures were evaluated around Day 2 of treatment. Rates of coronary artery 
aneurysms and myocardial dysfunction and scarring as long-term outcomes were not reported. Further, 
many patients received additional immunomodulatory agents after Day 1, including 47 patients in the 
initial glucocorticoids alone group who also received IVIG. This study did not compare initial therapy 
with glucocorticoids alone versus IVIG in combination with glucocorticoids. Further studies are needed 
to replicate these findings and to evaluate the long-term outcomes in patients with MIS-C treated with 
glucocorticoids alone.

Intensification Immunomodulatory Therapy for MIS-C
Children with MIS-C typically respond briskly to immunomodulatory therapy and show clinical 
improvements within the first 24 hours of treatment. Treatment response is characterized by resolution 
of fever, improvement of organ function, and reduced levels of inflammatory markers, particularly 
C-reactive protein. By contrast, refractory disease is often accompanied by persistent fever, worsening 
organ dysfunction, and increasing levels of inflammatory markers. Intensification therapy is 
recommended for children with refractory MIS-C who do not improve within 24 hours of initial 
immunomodulatory therapy (AIII). Children with uncontrolled MIS-C despite treatment with IVIG and 
low-to-moderate-dose glucocorticoids will often continue to deteriorate without further intervention, and 
this decline in clinical status can be quite rapid. 

There are no comparative studies evaluating intensification therapies for MIS-C. Available data 
on this topic are limited to results from cohort studies in patients with MIS-C, expert opinion, and 
experience in treating other hyperinflammatory syndromes in children, such as Kawasaki disease and 
macrophage activation syndrome. For children with refractory MIS-C, the Panel recommends additional 
immunomodulatory therapy (in alphabetical order) with anakinra (BIIb), higher-dose glucocorticoids 
(BIIb), or infliximab (BIIb). Currently, there is insufficient evidence to determine which of these agents is 
most effective for intensification therapy in patients with refractory MIS-C. In certain patients with severe 
illness, intensification therapy may include dual therapy with higher-dose glucocorticoids and anakinra 
(BIII) or higher-dose glucocorticoids and infliximab (BIII). Anakinra and infliximab should not be 
used in combination. A second dose of IVIG is not commonly reported in the literature as a strategy for 
intensification therapy in MIS-C. This may be due to the high rates of IVIG resistance, the rapid pace of 
disease escalation, and the risk for fluid overload in MIS-C patients.8 Therefore, the Panel recommends 
against a second dose of IVIG for intensification therapy in patients with refractory MIS-C (BIII). 

Patients with MIS-C who receive multiple immunomodulatory agents are at risk for infection and need 
to be monitored carefully. Most children with MIS-C were previously healthy. In patients who have an 
immune disorder or are taking immunosuppression therapy, the risk of infection is greater. The risks and 
benefits of treating immunocompromised MIS-C patients with immunomodulatory agents need to be 
evaluated on a case-by-case basis.
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and moderate-to-severe left ventricular dysfunction should receive therapeutic anticoagulation, unless 
contraindicated due to bleeding risk factors (AIII). 

There is less consensus on the use of either prophylactic or therapeutic anticoagulation in patients with 
MIS-C who do not have large coronary artery aneurysms and/or moderate-to-severe left ventricular 
dysfunction. Children with MIS-C have marked elevations in D-dimer levels and other abnormalities of 
coagulation, which suggests that they may be at increased risk for thrombosis.31 In 1 study of children 
with acute COVID-19 and MIS-C, indwelling catheters, older age (>12 years), malignancy, admission 
to the ICU, and elevated D-dimer levels were all independent risk factors for thrombosis.32 There is 
less known about the risk of bleeding in children with MIS-C who are treated with anticoagulation. 
Major bleeding events have been reported in MIS-C patients treated with anticoagulation.32 Given 
the uncertainty regarding the benefit of anticoagulation for MIS-C, prophylactic or therapeutic 
anticoagulation for children with MIS-C who do not have large coronary artery aneurysms or moderate-
to-severe left ventricular dysfunction should be considered on a case-by-case basis, taking into account 
the risk factors for thrombosis.

Antiviral Therapy in MIS-C
The role of antiviral therapy in treating MIS-C has not been systematically studied; however, it is not 
expected to be beneficial because MIS-C is considered an immune-mediated phenomenon that occurs 
weeks after a primary SARS-CoV-2 infection. Therefore, the Panel recommends against the use of 
remdesivir for patients with MIS-C (AIII).

Critical Care Management
Shock occurs in approximately 50% of patients with MIS-C, and may include elements of distributive, 
cardiogenic, or hypovolemic shock.12,33,34 In general, clinicians should manage shock in patients with 
MIS-C per the usual critical care standards as outlined in the Pediatric Surviving Sepsis Campaign 
Guidelines.35 
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