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What’s New in the Guidelines

Last Updated: October 22, 2020

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 the Introduction for additional details on the Guidelines
development process).

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

October 22, 2020

New Section of the Guidelines
Influenza and COVID-19

This new section of the Guidelines provides information for clinicians when influenza viruses and
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are cocirculating in the community. It
includes information on influenza vaccination for persons with COVID-19, influenza and SARS-CoV-2
testing in patients with acute respiratory symptoms, and treatment of influenza. Several treatment
considerations for patients hospitalized with suspected or confirmed SARS-CoV-2 and influenza virus
coinfection are also outlined in the section.

October 9, 2020

New Sections of the Guidelines

Therapeutic Management of Patients with COVID-19

This section provides recommendations for the treatment of COVID-19 based on the severity of disease.
It includes recommendations for the use of remdesivir, an antiviral agent that targets SARS-CoV-2, and
dexamethasone, a corticosteroid that reduces inflammation. A new figure (Figure 1) outlines the Panel’s
recommendations. The Panel also discusses the rationale that led to each recommendation, including
theoretical reasons for administering combination therapy in some situations.

Special Considerations in People with Human Immunodeficiency Virus

This section discusses the prevention, diagnosis, and management of COVID-19 in people with
human immunodeficiency virus (HIV). The Panel emphasizes that recommendations for the triage,
management, and treatment of COVID-19 in people with HIV are the same as those for the general
population. The Panel also recommends continuing antiretroviral therapy and prophylaxis for
opportunistic infections whenever possible in people with HIV who develop COVID-19, including in
those who require hospitalization (AIII).

COVID-19 Treatment Guidelines 4
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Key Updates to the Guidelines
Clinical Presentation of People with SARS-CoV-2 Infection

A new subsection entitled Persistent Symptoms or Illnesses After Recovery from Acute COVID-19
was added to this section to describe the emerging data on these symptoms. The Panel notes that more
research is needed to better understand the pathophysiology and clinical course of these post-infection
sequelae and to identify management strategies for patients.

General Considerations for Critically lll Patients with COVID-19

Two new subsections have been added to this section. Sedation Management in Patients with COVID-19
provides guidance to the members of the intensive care unit (ICU) team on following international
guidelines for the prevention, detection, and treatment of pain, sedation, and delirium. The other new
subsection, Post-Intensive Care Syndrome, describes a spectrum of cognitive, psychiatric, and/or
physical disabilities that affects survivors of critical illness and persists after a patient leaves the ICU.

Other Updates to the Guidelines

The following sections have been updated to include new data from clinical trials, observational cohort
studies, or case series:

* (Convalescent Plasma

* Mesenchymal Stem Cells

COVID-19 Treatment Guidelines 5
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Introduction
Last Updated: October 9, 2020

The COVID-19 Treatment Guidelines have been developed to inform clinicians how to care for
patients with COVID-19. Because clinical information about the optimal management of COVID-19 is
evolving quickly, these Guidelines will be updated frequently as published data and other authoritative
information become available.

The recommendations in these Guidelines are based on scientific evidence and expert opinion.
Each recommendation includes two ratings: a letter (A, B, or C) that indicates the strength of the
recommendation and a Roman numeral (I, II, or IIT) that indicates the quality of the evidence that
supports the recommendation (see Table 1).

Panel Composition

Members of the COVID-19 Treatment Guidelines Panel (the Panel) were appointed by the Panel
co-chairs based on their clinical experience and expertise in patient management, translational and
clinical science, and/or development of treatment guidelines. Panel members include representatives
from federal agencies, health care and 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 Emergency Physicians

* 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 this document.

The names, affiliations, and financial disclosures of the Panel members and ex officio members, as well
as members of the support team, are provided in the Panel Roster and Financial Disclosure sections of
the Guidelines.

COVID-19 Treatment 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 evolving 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 must be endorsed by a majority of Panel
members. 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 considered 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.
Aspects of the data that are considered include, but are not limited to, the source of the data, the

type of study (e.g., case series, prospective or retrospective cohorts, randomized controlled trial), the
quality and suitability of the methods, the number of participants, and the effect sizes observed. Each
recommendation is assigned two ratings according to the scheme presented in Table 1.

Table 1. Recommendation Rating Scheme

Strength of Recommendation Quality of Evidence for Recommendation
A: Strong recommendation for the statement I:  One or more randomized trials with clinical outcomes
B: Moderate recommendation for the statement and/or validated laboratory endpoints
observational cohort studies
lll: Expert opinion

To develop the recommendations in these Guidelines, the Panel uses data from the rapidly growing body
of published research on COVID-19. The Panel also relies heavily on experience with other diseases,
supplemented with evolving personal 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 from clinical trials or large cohort
studies that demonstrate clinical or virologic efficacy in patients with COVID-19, with the
potential benefits outweighing the potential risks.

* There are insufficient data for the Panel to recommend either for or against the use of
[blank] for the treatment of COVID-19 (no rating). This statement is not a recommendation; it
is used in cases when there are insufficient data to make a recommendation.

* The Panel recommends against the use of [blank] for the treatment of COVID-19, except
in a clinical trial (rating). This recommendation is 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.

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

COVID-19 Treatment Guidelines 7
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Evolving Knowledge on Treatment for COVID-19

Currently, there are no Food and Drug Administration-approved drugs for COVID-19. However, an
array of drugs approved for other indications, as well as 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 (EUAs), Emergency Investigational New Drug (EIND) applications, compassionate use
or expanded access programs with drug manufacturers, and/or oft-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 includes drugs that have been
approved or licensed for other indications. 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 such trials are still seeking guidance about whether to use these agents.

A large volume of data and publications from randomized controlled trials, observational cohorts, and
case series are emerging at a very rapid pace, some in peer-reviewed journals, others as manuscripts that
have not yet been peer reviewed, and, in some cases, press releases. The Panel continuously reviews the
available data and assesses their scientific rigor and validity. These sources of data and the 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.

COVID-19 Treatment Guidelines 8
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Overview of COVID-19: Epidemiology, Clinical
Presentation, and Transmission

Last Updated: July 17, 2020

Epidemiology

The COVID-19 pandemic has exploded since cases were first reported in China in December 2019. As of July
9, 2020, more than 12 million cases of COVID-19—caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection—have been reported globally, including more than 550,000 deaths. Cases have been
reported in more than 180 countries, including all 50 states of the United States.'

Individuals of all ages are at risk for infection and severe disease. However, the probability of serious COVID-19
disease is higher in people aged >60 years, those living in a nursing home or long-term care facility, and those
with chronic medical conditions. In a recent analysis of more than 1.3 million laboratory-confirmed cases that
were reported in the United States between January and May 2020, 14% of patients required hospitalization,

2% were admitted to the intensive care unit, and 5% died.® The percentage of patients who died was 12 times
higher (19.5% vs. 1.6%) and the percentage of patients who were hospitalized was six times higher (45.4% vs.
7.6%) in those with reported medical conditions than in those without medical conditions. The mortality rate was
highest in those aged >70 years, regardless of chronic medical conditions. Among those with available data on
health conditions, 32% had cardiovascular disease, 30% had diabetes, and 18% had chronic lung disease. Other
conditions that may lead to a high risk for severe COVID-19 include cancer, kidney disease, obesity, sickle cell
disease, transplant recipients, and other immunocompromising conditions.>**

Emerging data from the United States suggest that racial and ethnic minorities experience higher rates of
COVID-19 and subsequent hospitalization and death.!'* However, surveillance data that include race and
ethnicity are not available for most reported cases of COVID-19 in the United States.>!* Factors that contribute to
the increased burden of COVID-19 in these populations may include over-representation in work environments
that confer higher risks of exposure to COVID-19, economic inequality (which limits a person’s ability to protect
against COVID-19 exposure), neighborhood disadvantage,'® and a lack of access to health care.!® Structural
inequalities in society contribute to health disparities for racial and ethnic minority groups, including higher rates
of comorbid conditions (e.g., cardiac disease, diabetes, hypertension, obesity, pulmonary diseases), which further
increases the risk for severe illness from COVID-19.'

Clinical Presentation

The estimated incubation period for COVID-19 is up to 14 days from the time of exposure, with a median
incubation period of 4 to 5 days.*!”!® The spectrum of illness can range from asymptomatic infection to severe
pneumonia with acute respiratory distress syndrome (ARDS) and death. Among 72,314 persons with COVID-19

in China, 81% of cases were reported to be mild (defined in this study as no pneumonia or mild pneumonia), 14%
were severe (defined as dyspnea, respiratory frequency >30 breaths/min, SpO, <93%, PaO_/FiO, <300 mmHg, and/
or lung infiltrates >50% within 24 to 48 hours), and 5% were critical (defined as respiratory failure, septic shock,
and/or multiple organ dysfunction or failure)." In a report on more than 370,000 confirmed COVID-19 cases with
reported symptoms in the United States, 70% of patients experienced fever, cough, or shortness of breath, 36%

had muscle aches, and 34% reported headaches.’ Other reported symptoms have included, but are not limited to,
diarrhea, dizziness, rhinorrhea, anosmia, dysgeusia, sore throat, abdominal pain, anorexia, and vomiting.

The abnormalities seen in chest X-rays vary, but bilateral multi-focal opacities are the most common. The
abnormalities seen in computed tomography (CT) 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.”® Imaging
may be normal early in infection and can be abnormal in the absence of symptoms.?

Common laboratory findings of COVID-19 include leukopenia and lymphopenia. Other laboratory abnormalities
have included elevated levels of aminotransferase, C-reactive protein, D-dimer, ferritin, and lactate dehydrogenase.
COVID-19 Treatment Guidelines 9
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While COVID-19 is primarily a pulmonary disease, emerging data suggest that it also leads to cardiac,?!*
dermatologic,? hematological,** hepatic,” neurological,?®?” renal,?®?* and other complications. Thromboembolic
events also occur in patients with COVID-19, with the highest risk in critically ill patients.** The long-term
sequelae of COVID-19 survivors are currently unknown.

Recently, SARS-CoV-2 has been associated with a potentially severe inflammatory syndrome in children
(multisystem inflammatory syndrome in children or MIS-C).3'*? Please see Special Considerations in Children for
more information.

Routes of SARS-CoV-2 Transmission

Transmission of SARS-CoV-2 occurs primarily through respiratory secretions, and, to a lesser extent, contact with
contaminated surfaces. Most transmissions are thought to occur through droplets; covering coughs and sneezes
and maintaining a distance of six feet from others can reduce the risk of transmission. When consistent distancing
is not possible, face coverings may further reduce the spread of droplets from infectious individuals to others.
Frequent handwashing is also effective in reducing acquisition.*®* The onset and duration of viral shedding and the
period of infectiousness are not completely defined. Viral RNA may be detected in upper respiratory specimens
from asymptomatic or pre-symptomatic individuals with SARS-CoV-2.3* An increasing number of studies have
described cases where asymptomatic individuals have transmitted SARS-CoV-2.%537 The extent to which this
occurs remains unknown, but this type of transmission may be contributing to a substantial amount of community
transmission.
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Testing for SARS-CoV-2 Infection

Last Updated: June 11, 2020

Summary Recommendations

 The COVID-19 Treatment Guidelines Panel (the Panel) recommends that a molecular or antigen test for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) should be used to diagnose acute SARS-CoV-2 infection (Alll).

» The Panel recommends against the use of serologic testing as the sole basis for diagnosis of acute SARS-CoV-2
infection (AIll).

 The Panel recommends against the use of serologic testing to determine whether a person is immune to SARS-
CoV-2 infection (Alll).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials with clinical outcomes and/or validated laboratory endpoints;
Il = One or more well-designed, nonrandomized trials or observational cohort studies; Il = Expert opinion

Virologic Testing for SARS-CoV-2 Infection

Virologic testing (i.e., using a molecular diagnostic or antigen test to detect SARS-CoV-2) should be
done in all persons with a syndrome consistent with COVID-19 and in people with known high-risk
exposures to SARS-CoV-2. Ideally, virologic testing should also be performed in people likely to be at
repeated risk of exposure, such as health care workers and first responders. For more information, see
the Centers for Disease Control and Prevention (CDC) COVID-19 website.

While initial diagnostic tests for SARS-CoV-2 infection have relied on reverse transcriptase polymerase
chain reaction platforms, more recent tests have included a variety of additional platforms. A number of
diagnostic tests for SARS-CoV-2 infection have received emergency use authorizations (EUAs) issued
by the Food and Drug Administration (FDA).! Formal comparisons of the sensitivity and specificity of
these tests are in progress.

The CDC recommends that nasopharynx samples be used to detect SARS-CoV-2. Nasal swabs or
oropharyngeal swabs are acceptable alternatives.? Although lower respiratory tract samples have a higher
yield than upper tract samples, they are often not obtained because of concerns about aerosolization of
virus during sample collection procedures.

The CDC has established a priority system for diagnostic testing for SARS-CoV-2 infection based on the
availability of tests;® the CDC testing guidance is updated periodically.

The following are the current CDC priorities for COVID-19 diagnostic testing:
High Priority:
» Hospitalized patients with symptoms

» Health care facility workers, workers in congregate living settings, and first responders with
symptoms
* Residents in long-term care facilities or other congregate living settings, including prisons and
shelters, with symptoms.
Priority:
* Persons with symptoms of potential COVID-19 infection, including fever, cough, shortness of
breath, chills, muscle pain, new loss of taste or smell, vomiting or diarrhea, and/or sore throat

* Persons without symptoms who are prioritized by health departments or clinicians, for any
reason, including but not limited to public health monitoring, sentinel surveillance, or screening of
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other asymptomatic individuals according to state and local plans

Molecular diagnostic and antigen tests can yield false-negative results. In people with a high likelihood
of infection based on exposure history and/or clinical presentation, a single negative test result does not
completely exclude SARS-CoV-2 infection, and repeat testing should be considered. When a person
who is strongly suspected to have SARS-CoV-2 infection has a negative result on an initial antigen test,
repeat testing using a molecular diagnostic test may be warranted.

Serologic (or Antibody) Testing for Diagnosis of SARS-CoV-2 Infection

Unlike molecular diagnostic and antigen tests for SARS-CoV-2 that detect the presence of the virus,
serologic tests are intended to identify persons with recent or prior SARS-CoV-2 infection. Because it
may take 21 days or longer after symptom onset for seroconversion or detection of immunoglobulin
M and/or immunoglobulin G antibodies to SARS-CoV-2,*? the Panel does not recommend the use

of serologic testing as the sole basis for diagnosing acute SARS-CoV-2 infection (AIII). Given that
molecular diagnostic tests and antigen tests for SARS-CoV-2 occasionally yield false-negative results,
in some settings, serologic tests have been used as an additional diagnostic test in patients strongly
suspected to have SARS-CoV-2 infection.

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

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

» Important performance characteristics, including the sensitivity and specificity (i.e., the rate of true
positive and true negative results) of many of the commercially available serologic tests, have not
been fully characterized. Serologic assays that have FDA EUAs are preferred for public health and
clinical use. Formal comparisons of serologic tests are in progress.

» 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 Panel recommends against the use of serologic testing to determine whether a person is immune to
SARS-CoV-2 infection (AIII). If serologic tests are performed and antibody is detected, results should
be interpreted with caution for the following reasons:

It is currently unknown how long antibodies persist following infection, and

It is currently unknown whether the presence of antibody confers protective immunity against
future infection.

In communities where the prevalence of SARS-CoV-2 infection is low, the proportion of positive
tests that are false positives may be quite high. In these situations, confirmatory testing using a second
independent antibody assay, ideally one that uses a different antigenic target (e.g., the nucleocapsid
phosphoprotein if the first assay targeted the spike glycoprotein), can substantially improve the
probability that persons with a positive test result are antibody positive.

Assuming the test is reliable, serologic tests to identify recent or prior SARS-CoV-2 infection may be
used to:
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» Determine who may be eligible to donate blood to manufacture convalescent plasma.
* Measure the immune response in SARS-CoV-2 vaccine studies.

» Estimate the proportion of the population exposed to SARS-CoV-2.

Lastly, serologic tests should not be used to:

* Make decisions about the grouping of persons residing in or being admitted to congregate settings
(e.g., schools, dormitories, correctional facilities), or

* Determine whether persons should return to the workplace.
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Prevention and Prophylaxis of SARS-CoV-2 Infection

Last Updated: August 27, 2020

Summary Recommendations

* The COVID-19 Treatment Guidelines Panel (the Panel) recommends against the use of any agents for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) pre-exposure prophylaxis (PrEP), except in a clinical trial (Alll).

 The Panel recommends against the use of any agents for SARS-CoV-2 post-exposure prophylaxis (PEP), except in a
clinical trial (Al).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials with clinical outcomes and/or validated laboratory endpoints;
[l = One or more well-designed, nonrandomized trials or observational cohort studies; 11l = Expert opinion

General Prevention Measures

Most transmissions of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are thought

to occur through respiratory droplets, and the risk of transmission can be reduced by covering coughs
and sneezes and maintaining a distance of at least 6 feet from others. When consistent distancing is
not possible, face coverings may further reduce the spread of infectious droplets from individuals
with SARS-CoV-2 infection to others. Frequent handwashing is also eftective in reducing the risk of
infection.! Health care providers should follow the Centers for Disease Control and Prevention (CDC)
recommendations for infection control and appropriate use of personal protective equipment.

Vaccines

Vaccines for SARS-CoV-2 are aggressively being pursued. Vaccine development is typically a lengthy
process, often requiring multiple candidates before one proves to be safe and effective. To address

the current pandemic, several platforms are being used to develop candidate vaccines for Phase 1/2
trials; those that show promise are rapidly moving into Phase 3 trials. Several standard platforms, such
as inactivated vaccines, live-attenuated vaccines, and protein subunit vaccines, are being pursued.
Some novel approaches are being investigated, including DNA-based and RNA-based strategies

and replicating and nonreplicating vector strategies, with the hope of identifying a safe and effective
SARS-CoV-2 vaccine that can be used in the near future.**

Pre-Exposure Prophylaxis

¢ The COVID-19 Treatment Guidelines Panel (the Panel) recommends against the use of any
agents for SARS-CoV-2 pre-exposure prophylaxis (PrEP), except in a clinical trial (AILI).

Rationale

At present, there is no known agent that can be administered before exposure to SARS-CoV-2 (i.e., as
PrEP) to prevent infection. Clinical trials are investigating several agents, including emtricitabine plus
tenofovir alafenamide or tenofovir disoproxil fumarate, hydroxychloroquine, and supplements such
as zinc, vitamin C, and vitamin D. Studies of monoclonal antibodies that target SARS-CoV-2 are in
development. Please check ClinicalTrials.gov for the latest information.

Post-Exposure Prophylaxis
* The Panel recommends against the use of any agents for SARS-CoV-2 post-exposure prophylaxis
(PEP), except in a clinical trial (AIII).
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Rationale

At present, there is no known agent that can be administered after exposure to SARS-CoV-2 infection
(i.e., as PEP) to prevent infection. Potential options for PEP that are currently under investigation
include chloroquine, hydroxychloroquine, lopinavir/ritonavir, nitazoxanide, vitamin super B-complex,
and vitamin D. Other post-exposure preventive strategies that are in development include the use of
SARS-CoV-2 monoclonal antibodies and convalescent plasma. Please check ClinicalTrials.gov for the
latest information.

Clinical Trial Data
Hydroxychloroquine

Both chloroquine and hydroxychloroquine have in vitro activity against SARS-CoV and SARS-CoV-2.>¢
A small cohort study without a control group has suggested that hydroxychloroquine might reduce the
risk of SARS-CoV-2 transmission to close contacts.’

Randomized, Double-Blind, Controlled Trial of High-Risk or Moderate-Risk Occupational or
Household Exposures

A randomized, double-blind, controlled trial included 821 participants who self-enrolled in the study
using an internet-based survey. Study participants had either high or moderate risk of occupational
exposures (66% of participants) or household exposures (34% of participants). High-risk exposure was
defined as being within 6 feet of an individual with confirmed SARS-CoV-2 infection for more than
10 minutes while not wearing a face mask or eye shield (87.6% of participants), and moderate-risk
exposure was defined as the same distance and duration of exposure while wearing a face mask but no
eye shield (12.4% of participants).®

Participants were randomized to receive placebo or hydroxychloroquine sulfate given once at a
relatively high dose of 800 mg, followed by 600 mg 6 to 8 hours later, then 600 mg once daily for 4
additional days. Because enrollment was done online, study drugs were sent by overnight mail, resulting
in more than 50% of participants initiating their first dose 3 to 4 days after exposure to SARS-CoV-2.*

A total of 107 participants developed the primary outcome of symptomatic illness, confirmed either

by a SARS-CoV-2 positive molecular test or, if testing was not available, by a compatible, COVID-
19-related syndrome based on CDC criteria. Due to limited access to molecular diagnostic testing,
SARS-CoV-2 infection was confirmed in only 16 of the 107 participants (15%). There was no
statistically significant difference in the incidence of the primary outcome (symptomatic illness) between
the hydroxychloroquine group and the placebo group (11.8% vs. 14.3%, respectively; P = 0.35). There
were more adverse events in the hydroxychloroquine group; mostly nausea, loose stools, and abdominal
discomfort; with no serious adverse reactions or cardiac arrhythmias.®

This study had several important limitations, including:

* Initiation of therapy was delayed for at least 3 days after exposure to SARS-CoV-2 in most
participants.

* Only 15% of participants who reached the primary outcome had SARS-CoV-2 infection confirmed
by molecular diagnostics.

* The study population was young (with a median age of 40 years) and consisted of participants who
had a relatively low risk of severe COVID-19.

It is notable that although high doses of hydroxychloroquine were associated with an increase in the
frequency of adverse events, the reported adverse events were mostly mild, with no serious events
reported.
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Cluster-Randomized Trial of High-Risk Exposures in Spain

This study has not been peer reviewed.

An open-label, cluster-randomized trial included 2,314 asymptomatic contacts of 672 COVID-19 cases
in Spain. Study participants were health care or nursing home workers (60.3%), household contacts
(27.7%), or nursing home residents (12.7%) who were aged >18 years and documented to have spent
>15 minutes within 2 meters of a polymerase chain reaction (PCR)-positive COVID-19 case during the
7 days prior to enrollment.’

Participants who were epidemiologically linked to a PCR-positive COVID-19 case were defined as
study clusters (called rings). All contacts in a ring were simultaneously cluster-randomized 1:1 to either
usual care (the control arm) or hydroxychloroquine 800 mg once daily for 1 day followed by 400 mg
once daily for 6 days (the intervention arm). Participants were informed of their allocated study arm
after being randomized to the intervention or control arm and signing a consent form. The primary
outcome was onset of laboratory-confirmed COVID-19, defined as illness with at least one of the
following symptoms: fever, cough, difficulty breathing, myalgia, headache, sore throat, new olfactory
and taste disorders, or diarrhea; AND a positive SARS-CoV-2 PCR test. A secondary outcome was onset
of SARS-CoV-2 infection defined as either a SARS-CoV-2 PCR positive test OR the presence of any
of the symptoms compatible with COVID-19. Additional secondary outcomes were development of
serological positivity at Day 14 and safety up to 28 days from treatment initiation.

The baseline characteristics of the participants were similar between the two study arms, including
coexisting disease, number of days of exposure before enrollment and randomization, and type of
contact. A total of 138 (6%) study participants developed PCR-confirmed, symptomatic SARS-CoV-2
infection, with no statistical difference for this outcome between the control and intervention arms (6.2%
vs. 5.7%, respectively; risk ratio 0.89; 95% CI, 0.54—1.46). There was also no statistical difference
between the study arms in the incidence of either PCR-confirmed or symptomatically compatible
COVID-19, which occurred in 18.2% of participants, 17.8% in the control arm and 18.7% in the
intervention arm (risk ratio 1.04; 95% CI, 0.77—1.41). Similarly, there was no statistical difference
between the arms in the rate of positivity for SARS-CoV-2 immunoglobulin (Ig) A and/or IgG (8.7% in
the control arm and 14.3% in the intervention arm; risk ratio 1.6; 95% CI, 0.96-2.69). There were more
adverse events among the hydroxychloroquine-treated participants (51.6%) than among the controls
(5.9%), although most of the adverse events were mild, including gastrointestinal events, nervous system
disorders, myalgia, fatigue, or malaise. No serious adverse events were attributed to the study drug.

This study had several limitations, including:

It lacked a placebo comparator, which could have had an impact on safety reporting.
» Data regarding the extent of the exposure to the index cases was limited.

* For >50% of the study participants, the time from exposure to the index case to randomization was
>4 days.

References

1. Centers for Disease Control and Prevention. Coronavirus disease 2019 (COVID-19): how to protect yourself
& others. 2020. Available at: https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.
html. Accessed August 25, 2020.

2. Centers for Disease Control and Prevention. Coronavirus disease 2019 (COVID-19): infection control
guidance for healthcare professionals about coronavirus (COVID-19). 2020. Available at: https://www.cdc.
gov/coronavirus/2019-ncov/hep/infection-control.html. Accessed August 25, 2020.

COVID-19 Treatment Guidelines 18
Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 11/2/2020




. Lurie N, Saville M, Hatchett R, Halton J. Developing COVID-19 vaccines at pandemic speed. N Engl J Med.
2020;382(21):1969-1973. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32227757.

. World Health Organization. Draft landscape of COVID-19 candidate vaccines. 2020. Available at: https://
www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines. Accessed August 25, 2020.

. Yao X, Ye F, Zhang M, et al. In vitro antiviral activity and projection of optimized dosing design of
hydroxychloroquine for the treatment of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Clin
Infect Dis. 2020;71(15):732-739. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32150618.

. Vincent MJ, Bergeron E, Benjannet S, et al. Chloroquine is a potent inhibitor of SARS coronavirus infection
and spread. Virol J. 2005;2:69. Available at: https://www.ncbi.nlm.nih.gov/pubmed/16115318.

. Lee SH, Son H, Peck KR. Can post-exposure prophylaxis for COVID-19 be considered as an outbreak
response strategy in long-term care hospitals? Int J Antimicrob Agents. 2020;55(6):105988. Available at:

https://www.ncbi.nlm.nih.gov/pubmed/32305587.

. Boulware DR, Pullen MF, Bangdiwala AS, et al. A randomized trial of hydroxychloroquine as postexposure
prophylaxis for COVID-19. N Engl J Med. 2020;383(6):517-525. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32492293.

. Mitja O, Ubals M, Corbacho M, et al. A cluster-randomized trial of hydroxychloroquine as prevention
of COVID-19 transmission and disease. medRxiv. 2020:Preprint. Available at: https://www.medrxiv.org/
content/10.1101/2020.07.20.20157651v1.

COVID-19 Treatment Guidelines 19

Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 11/2/2020




Clinical Presentation of People with SARS-CoV-2 Infection
Last Updated: October 9, 2020

Patients with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection can experience
a range of clinical manifestations, from no symptoms to critical illness. This section of the Guidelines
discusses the clinical presentations of patients according to illness severity.

In general, adults with SARS-CoV-2 infection can be grouped into the following severity of illness
categories. However, the criteria for each category may overlap or vary across clinical guidelines and
clinical trials, and a patient’s clinical status may change over time.

* Asymptomatic or Presymptomatic Infection: Individuals who test positive for SARS-CoV-2
using a virologic test (i.e., a nucleic acid amplification test or an antigen test), but who have no
symptoms that are consistent with COVID-19.

* Mild Illness: Individuals who have any of the various signs and symptoms of COVID-19 (e.g.,
fever, cough, sore throat, malaise, headache, muscle pain, nausea, vomiting, diarrhea, loss of taste
and smell) but who do not have shortness of breath, dyspnea, or abnormal chest imaging.

* Moderate Illness: Individuals who show evidence of lower respiratory disease during clinical
assessment or imaging and who have saturation of oxygen (SpO,) >94% on room air at sea level.

* Severe Illness: Individuals who have SpO, <94% on room air at sea level, a ratio of arterial partial
pressure of oxygen to fraction of inspired oxygen (PaO,/FiO,) <300 mmHg, respiratory frequency
>30 breaths per minute, or lung infiltrates >50%.

* Critical Illness: Individuals who have respiratory failure, septic shock, and/or multiple organ
dysfunction.

Patients with certain underlying comorbidities are at a higher risk of progression to severe COVID-19.
Some of these comorbidities include being 65 years or older; having cardiovascular disease,

chronic lung disease, diabetes, cancer, obesity, or chronic kidney disease; and being a recipient of
immunosuppressive therapy.' Health care providers should monitor such patients closely until clinical
recovery is achieved.

The optimal pulmonary imaging technique has not yet been defined for people with symptomatic
SARS-CoV-2 infection who present to care. Initial evaluation for these patients may include chest X-ray,
ultrasound, or, if indicated, computerized tomography. An electrocardiogram should be performed

if indicated. Laboratory testing includes a complete blood count with differential and a metabolic
profile, including liver and renal function tests. While not part of standard care, measuring the levels

of inflammatory markers such as C-reactive protein (CRP), D-dimer, and ferritin may have prognostic
value.*

The definitions for the severity of illness categories listed above also apply to pregnant patients.
However, the threshold for certain interventions may be different for pregnant patients and nonpregnant
patients. For example, oxygen supplementation is recommended for pregnant patients when SpO,

falls below 95% on room air at sea level, to accommodate physiologic changes in oxygen demand
during pregnancy and to assure adequate oxygen delivery to the fetus.’ If laboratory parameters are
used for monitoring and 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 is mainly
due to neutrophilia.® D-dimer and CRP levels also increase during pregnancy and are often higher in
pregnant patients than in nonpregnant patients.” Detailed information on treating COVID-19 in pregnant
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patients can be found in Special Considerations in Pregnancy, as well as in the pregnancy considerations
subsection of each individual section of the Guidelines.

In pediatric patients, radiographic abnormalities are common and, for the most part, should not be used

as the sole criteria to define the COVID-19 illness category. Normal values for respiratory rate also vary
with age in children; thus, hypoxia should be the primary criteria used to define severe illness, especially
in younger children. In a small number of children and in some young adults, SARS-CoV-2 infection may
be followed by a severe inflammatory condition called multisystem inflammatory syndrome in children
(MIS-C).*? This syndrome is discussed in detail in Special Considerations in Children.

Asymptomatic or Presymptomatic Infection

Asymptomatic SARS-CoV-2 infection can occur, although the percentage of patients who remain truly
asymptomatic throughout the course of infection is variable and incompletely defined. It is unclear

at present what percentage of individuals who present with asymptomatic infection may progress to
clinical disease. Some asymptomatic individuals have been reported to have objective radiographic
findings that are consistent with COVID-19 pneumonia.'®!! The availability of widespread virologic
testing for SARS-CoV-2 and the development of reliable serologic assays for antibodies to the virus will
help to determine the true prevalence of asymptomatic and presymptomatic infection. See Therapeutic
Management of COVID-19 for recommendations regarding SARS-CoV-2-specific therapy.

Mild lliness

Patients with mild illness may exhibit a variety of signs and symptoms (e.g., fever, cough, sore throat,
malaise, headache, muscle pain, nausea, vomiting, diarrhea, loss of taste and smell). They do not have
shortness of breath, dyspnea on exertion, or abnormal imaging. Most mildly ill patients can be managed
in an ambulatory setting or at home through telemedicine or telephone visits. No imaging or specific
laboratory evaluations are routinely indicated in otherwise healthy patients with mild COVID-19 disease.
Older patients and those with underlying comorbidities are at higher risk of disease progression; therefore,
health care providers should monitor these patients closely until clinical recovery is achieved. See
Therapeutic Management of COVID-19 for recommendations regarding SARS-CoV-2-specific therapy.

Moderate lliness

Moderate COVID-19 illness is defined as evidence of lower respiratory disease during clinical assessment
or imaging, with SpO, >94% on room air at sea level. Given that pulmonary disease can progress rapidly
in patients with COVID-19, close monitoring of patients with moderate disease is recommended. If
bacterial pneumonia or sepsis is strongly suspected, administer empiric antibiotic treatment, re-evaluate
the patient daily, and de-escalate or stop antibiotics if there is no evidence of bacterial infection. See
Therapeutic Management of COVID-19 for recommendations regarding SARS-CoV-2-specific therapy.

Severe lliness

Patients with COVID-19 are considered to have severe illness if they have SpO, <94% on room air at

sea level, a respiratory rate of >30 breaths/min, PaO,/FiO, <300 mmHg, 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 COVID-19 for
recommendations regarding SARS-CoV-2-specific therapy. If secondary bacterial pneumonia or sepsis is
suspected, administer empiric antibiotics, re-evaluate the patient daily, and de-escalate or stop antibiotics
if there is no evidence of bacterial infection.
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Critical lliness

Severe cases of COVID-19 may be associated with acute respiratory distress syndrome, septic shock
that may represent virus-induced distributive shock, cardiac dysfunction, elevations in levels of multiple
inflammatory cytokines that provoke a cytokine storm, and/or exacerbation of underlying comorbidities.
In addition to pulmonary disease, patients with COVID-19 may also experience cardiac, hepatic, renal,
central nervous system, or thrombotic disease.

As with any patient in the intensive care unit (ICU), successful clinical management of a patient with
COVID-19 includes treating both the medical condition that initially resulted in ICU admission and other
comorbidities and nosocomial complications.

For more information, see Care of Critically Ill Patients with COVID-19.

Persistent Symptoms or llinesses After Recovery from Acute COVID-19

There have been an increasing number of reports of patients who experience persistent symptoms after
recovering from acute COVID-19. At this time, there is limited information on the prevalence, duration,
underlying causes, and effective management strategies for these lingering signs and symptoms.'? Some
of the symptoms overlap with the post-intensive care syndrome that has been described in patients
without COVID-19, but prolonged symptoms and disabilities after COVID-19 have also been reported in
patients with milder illness, including outpatients.'>!*

Some of the persistent symptoms that have been reported include fatigue, joint pain, chest pain,
palpitations, shortness of breath, and worsened quality of life.">!® One study from China found that
pulmonary function was still impaired 1 month after hospital discharge.!” A study from the United
Kingdom reported that among 100 hospitalized patients (32 received care in the ICU and 68 received care
in hospital wards only), 72% of the ICU patients and 60% of the ward patients experienced fatigue and
breathlessness at 4 to 8 weeks after hospital discharge. The authors of the study suggest that post-hospital
rehabilitation may be necessary for some of these patients.'

Neurologic and psychiatric symptoms have also been reported among patients who have recovered
from acute COVID-19. High rates of anxiety and depression have been reported in some patients using
self-report scales for psychiatric distress.!®!® Younger patients have been reported to experience more
psychiatric symptoms than patients aged >60 years.'>'¢

Patients may continue to experience headaches, vision changes, hearing loss, loss of taste or smell,
impaired mobility, numbness in extremities, tremors, myalgia, memory loss, cognitive impairment, and
mood changes for up to 3 months after diagnosis of COVID-19.'2° More research is needed to better
understand the pathophysiology and clinical course of these post-infection sequelae and to identify
management strategies for patients.
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Care of Critically lll Patients With COVID-19

Last Updated: October 9, 2020

Summary Recommendations

Infection Control:

« For health care workers who are performing aerosol-generating procedures on patients with COVID-19, the COVID-19
Treatment Guidelines Panel (the Panel) recommends using an N95 respirator (or equivalent or higher-level respirator)
rather than surgical masks, in addition to other personal protective equipment (i.e., gloves, gown, and eye protection
such as a face shield or safety goggles) (Alll).

 The Panel recommends that endotracheal intubation in patients with COVID-19 be performed by health care providers
with extensive airway management experience, if possible (Alll).

 The Panel recommends that intubation be performed using video laryngoscopy, if possible (CIII).

Hemodynamic Support:

« The Panel recommends norepinephrine as the first-choice vasopressor (All).

« For adults with COVID-19 and refractory septic shock who are not receiving corticosteroids to treat their COVID-19,
the Panel recommends using low-dose corticosteroid therapy (“shock-reversal”) over no corticosteroid therapy (BII).

Ventilatory Support:

* For adults with COVID-19 and acute hypoxemic respiratory failure despite conventional oxygen therapy, the Panel
recommends high-flow nasal cannula (HFNC) oxygen over noninvasive positive pressure ventilation (NIPPV) (BI).

* In the absence of an indication for endotracheal intubation, the Panel recommends a closely monitored trial of NIPPV
for adults with COVID-19 and acute hypoxemic respiratory failure for whom HFNC is not available (BIl).

* For adults with COVID-19 who are receiving supplemental oxygen, the Panel recommends close monitoring
for worsening respiratory status and that intubation, if it becomes necessary, be performed by an experienced
practitioner in a controlled setting (All).

* For patients with persistent hypoxemia despite increasing supplemental oxygen requirements in whom endotracheal
intubation is not otherwise indicated, the Panel recommends considering a trial of awake prone positioning to
improve oxygenation (CIII).

* The Panel recommends against using awake prone positioning as a rescue therapy for refractory hypoxemia to avoid
intubation in patients who otherwise require intubation and mechanical ventilation (Alll).

 For mechanically ventilated adults with COVID-19 and acute respiratory distress syndrome (ARDS), the Panel
recommends using low tidal volume (VT) ventilation (VT 4-8 mL/kg of predicted body weight) over higher tidal
volumes (VT >8 mL/kg) (Al).

 For mechanically ventilated adults with COVID-19 and refractory hypoxemia despite optimized ventilation, the Panel
recommends prone ventilation for 12 to 16 hours per day over no prone ventilation (BII).

 For mechanically ventilated adults with COVID-19, severe ARDS, and hypoxemia despite optimized ventilation and
other rescue strategies, the Panel recommends using an inhaled pulmonary vasodilator as a rescue therapy; if no
rapid improvement in oxygenation is observed, the treatment should be tapered off (CllI).

 There are insufficient data to recommend either for or against the routine use of extracorporeal membrane
oxygenation (ECMO) for patients with COVID-19 and refractory hypoxemia.
Acute Kidney Injury and Renal Replacement Therapy:

« For critically ill patients with COVID-19 who have acute kidney injury and who develop indications for renal
replacement therapy, the Panel recommends continuous renal replacement therapy (CRRT), if available (BIII).

« |f CRRT is not available or not possible due to limited resources, the Panel recommends prolonged intermittent renal
replacement therapy rather than intermittent hemodialysis (BII).
Pharmacologic Interventions:

» See Therapeutic Management of Patients with COVID-19 for recommendations on the use of dexamethasone and
remdesivir, either alone or in combination.
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« In patients with COVID-19 and severe or critical iliness, there are insufficient data to recommend empiric broad-
spectrum antimicrobial therapy in the absence of another indication.

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials with clinical outcomes and/or validated laboratory endpoints;
[l = One or more well-designed, nonrandomized trials or observational cohort studies; Il = Expert opinion
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General Considerations
Last Updated: October 9, 2020

Severe cases of COVID-19 may be associated with acute respiratory distress syndrome, septic shock,
cardiac dysfunction, elevations in multiple inflammatory cytokines, thromboembolic disease, and/or
exacerbation of underlying comorbidities. In addition to pulmonary disease, patients with COVID-19
may also experience cardiac, hepatic, renal, and central nervous system disease. Because patients with
critical illness are likely to undergo aerosol-generating procedures, they should be placed in airborne
infection isolation rooms, when available.

Most of the recommendations for the management of critically ill patients with COVID-19 are
extrapolated from experience with other causes of sepsis.! Currently, there is limited information to
suggest that the critical care management of patients with COVID-19 should differ substantially from
the management of other critically ill patients, although special precaution to prevent environmental
contamination by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is warranted.

As with any patient in the intensive care unit (ICU), successful clinical management of a patient with
COVID-19 depends on attention to the primary process leading to the ICU admission, but also to
underlying comorbidities and nosocomial complications.

Comorbid Conditions

Certain attributes and comorbidities, such as older age, cardiovascular disease, diabetes, chronic
obstructive pulmonary disease, cancer, renal disease, obesity, sickle cell disease, and receipt of a solid
organ transplant are associated with an increased risk of severe illness from COVID-19.2

Bacterial Superinfection of COVID-19-Associated Pneumonia

Limited information exists about the frequency and microbiology of pulmonary coinfections and
superinfections in patients with COVID-19, such as hospital-acquired pneumonia (HAP) and ventilator-
associated pneumonia (VAP). Some studies from China emphasize the lack of bacterial coinfections in
patients with COVID-19, while other studies suggest that these patients experience frequent bacterial
complications.*® There is appropriate concern about performing pulmonary diagnostic procedures such
as bronchoscopy or other airway sampling procedures that require disruption of a closed airway circuit.
Thus, while some clinicians do not routinely start empiric broad-spectrum antimicrobial therapy for
patients with severe COVID-19 disease, other experienced clinicians routinely use such therapy. For
the treatment of shock, however, empiric broad-spectrum antimicrobial therapy is the standard of care.
Antibiotic stewardship is critical to avoid reflexive or continued courses of antibiotics.

Septic Shock and the Inflammatory Response Due to COVID-19

Patients with COVID-19 may express high levels of an array of inflammatory cytokines, often in the
setting of deteriorating hemodynamic or respiratory status. This is often referred to as “cytokine release
syndrome” or “cytokine storm,” although these are imprecise terms. Intensivists need to consider the full
differential diagnosis of shock to exclude other treatable causes of shock (e.g., bacterial sepsis due to
pulmonary or extrapulmonary sources, hypovolemic shock due to a gastrointestinal hemorrhage that is
unrelated to COVID-19, cardiac dysfunction related to COVID-19 or comorbid atherosclerotic disease,
stress-related adrenal insufficiency).
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COVID-19-Induced Cardiac Dysfunction, Including Myocarditis

There is a growing body of literature relating COVID-19 to myocarditis and pericardial dysfunction in
approximately 20% of patients.*%-1? Acute cardiac injury and arrhythmias have also been described in
patients with COVID-19.

Thromboembolic Events and COVID-19

Critically 1ll patients with COVID-19 have been observed to have a prothrombotic state, which is
characterized by the elevation of certain biomarkers, and there is an apparent increase in the incidence of
venous thromboembolic disease in this population. In some studies, thromboemboli have been diagnosed
in patients who received chemical prophylaxis with heparinoids.!*!> Autopsy studies provide additional
evidence of both thromboembolic disease and microvascular thrombosis in patients with COVID-19.'¢
Some authors have called for routine surveillance of ICU patients for venous thromboembolism.'” Please
refer to Antithrombotic Therapy in Patients with COVID-19 for a more detailed discussion.

Renal and Hepatic Dysfunction Due to COVID-19

Although SARS-CoV-2 is primarily a pulmonary pathogen, renal and hepatic dysfunction are
consistently described in patients with severe COVID-19.* In one case series, continuous renal
replacement therapy was needed in more than 15% of cases of critical disease.® See Acute Kidney Injury
and Renal Replacement Therapy for a more detailed discussion.

Considerations in Children

Several large, epidemiologic studies suggest that rates of I[CU admission are substantially lower for
children with COVID-19 than for adults with the disease. However, severe disease does occur in
children.'®?* The risk factors for severe COVID-19 in children have not yet been established. Based on
data from studies of adults and extrapolation from data on other pediatric respiratory viruses, children
who are severely immunocompromised and those with underlying cardiopulmonary disease may be at
higher risk for severe disease.

A new syndrome, multisystem inflammatory syndrome in children (MIS-C), which appears to be a
postinfectious complication, has been described.?** Certain symptoms of MIS-C often require ICU-level
care, including blood pressure and inotropic support. These symptoms include severe abdominal pain,
multisystem inflammation, shock, cardiac dysfunction, and, rarely, coronary artery aneurysm. A minority
of children with MIS-C meet criteria for typical or atypical Kawasaki disease. For details on MIS-C
clinical features and the treatments that are being investigated, see Special Considerations in Children.

Interactions Between Drugs Used to Treat COVID-19 and Drugs Used to Treat
Comorbidities
All ICU patients should be routinely monitored for drug-drug interactions. The potential for drug-drug

interactions between investigational medications or medications used oft-label to treat COVID-19 and
concurrent drugs should be considered.

Sedation Management in Patients with COVID-19

International guidelines provide the multiprofessional ICU team with recommendations on the
prevention, detection, and treatment of pain, sedation, and delirium.?**” Sedation management strategies
such as maintaining a light level of sedation, when appropriate, and minimizing sedative exposure have
shortened duration of mechanical ventilation and ICU length of stay in patients without COVID-19.28%
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The Society of Critical Care Medicine’s (SCCM’s) ICU Liberation Campaign promotes the ICU
Liberation Bundle (A-F) to improve post-ICU patient outcomes. The A-F Bundle includes the following
elements:

A. Assess, prevent, and manage pain;

B. Both spontaneous awakening and breathing trials;
C. Choice of analgesia and sedation;

D. Delirium: assess, prevent, and manage;

E. Early mobility and exercise; and

F. Family engagement and empowerment.

The tool also provides frontline staff with practical application strategies for each element.*
Incorporating the A-F Bundle using an interprofessional team model helps standardize communication
among the treatment team members and improve survival and reduce long-term cognitive dysfunction
of patients.! Despite the known benefits of the A-F Bundle, its impact has not been directly assessed
in patients with COVID-19; however, use of the Bundle should be encouraged, when appropriate, to
improve ICU patient outcomes. Prolonged mechanical ventilation of COVID-19 patients, coupled
with deep sedation and potentially neuromuscular blockade, increases the workload of ICU staff.
Additionally, significant drug shortages may impede routine implementation of the PADIS Guidelines
forcing a return to older sedatives with prolonged duration of action and active metabolites, thereby
putting these patients at additional risk for ICU and post-ICU complications.

Post-Intensive Care Syndrome

Patients with COVID-19 are reported to experience prolonged delirium and/or encephalopathy
associated with mechanical ventilation.** Neurological complications are associated with older age and
with underlying conditions, such as hypertension and diabetes mellitus.** Autopsy studies demonstrate
macrovascular, as well as microvascular thrombosis, with evidence of hypoxic ischemia.** Adequate
management requires careful attention to best sedation practices, and vigilance in stroke detection.

Post-intensive care syndrome (PICS) is a spectrum of cognitive, psychiatric, and/or physical disability
that affects survivors of critical illness and persists after a patient leaves the ICU.* Patients with PICS
may present with varying levels of impairment including profound muscle weakness (ICU-acquired
weakness), problems with thinking and judgment (cognitive dysfunction), and mental health problems,
such as problems sleeping, post-traumatic stress disorder (PTSD), depression, and anxiety. ICU-acquired
weakness affects 33% of all patients who receive mechanical ventilation, 50% of patients with sepsis,
and <50% of patients who remain in the ICU for >1 week.**3* Cognitive dysfunction affects 30%

to 80% of patients discharged from the ICU.****! About 50% of ICU survivors do not return to work
within 1 year after discharge.*> Although no single risk factor has been associated with PICS, there are
opportunities to minimize the risk of PICS through medication management (A-F Bundle), physical
rehabilitation, follow-up clinics, family support, and improved education about the syndrome. PICS also
affects family members who participate in the care of their loved ones. In one study, a third of family
members who had main decision-making roles experienced mental health problems, such as depression,
anxiety, and PTSD.* Early reports suggest that some patients with COVID-19 who have been treated

in the ICU express manifestations of PICS.* Although specific therapies for COVID-19-induced PICS
are not yet available, physicians should maintain a high index of suspicion for cognitive impairment and
other related problems in survivors of severe or critical COVID-19 illness.
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Other Intensive Care Unit-Related Complications

Patients who are critically ill with COVID-19 are at risk for nosocomial infections and other
complications of critical illness care, such as VAP, HAP, catheter-related bloodstream infections, and
venous thromboembolism. When treating patients with COVID-19, clinicians also need to minimize the
risk of conventional ICU complications in order to optimize the likelihood of a successful ICU outcome.

Advance Care Planning and Goals of Care

The advance care plans and the goals of care for all critically ill patients must be assessed at hospital
admission and regularly thereafter. This is an essential element of care for all patients. Information
on palliative care for patients with COVID-19 can be found at the National Coalition for Hospice and
Palliative Care website.

To guide shared decision-making in cases of serious illness, advance care planning should include
identifying existing advance directives that outline a patient’s preferences and values. Values and care
preferences should be discussed, documented, and revisited regularly for patients with or without prior
directives. Specialty palliative care teams can facilitate communication between clinicians and surrogate
decision makers, support front-line clinicians, and provide direct patient-care services when needed.

Surrogate decision makers should be identified for all critically ill patients with COVID-19 at hospital
admission. Infection-control policies for COVID-19 often present barriers to communication with
surrogate decision makers, and most surrogates will not be physically present when discussing treatment
options with clinicians. Many decision-making discussions will occur via telecommunication.
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Infection Control

Last Updated: October 9, 2020

Health care workers should follow the infection control policies and procedures issued by their health
care institutions.

Recommendation

* For health care workers who are performing aerosol-generating procedures on patients with
COVID-19, the COVID-19 Treatment Guidelines Panel (the Panel) recommends using an N95
respirator (or equivalent or higher-level respirator) rather than surgical masks, in addition to other
personal protective equipment (PPE) (i.e., gloves, gown, and eye protection such as a face shield
or safety goggles) (AIII).

» Aerosol-generating procedures include endotracheal intubation and extubation, sputum
induction, bronchoscopy, mini-bronchoalveolar lavage, open suctioning of airways, manual
ventilation, unintentional or intentional ventilator disconnections, noninvasive positive pressure
ventilation (NIPPV) (e.g., bilevel positive airway pressure [BiPAP], continuous positive airway
pressure [CPAP]), cardiopulmonary resuscitation, and, potentially, nebulizer administration and
high-flow oxygen delivery. Caution regarding aerosol generation is appropriate in situations
such as tracheostomy and proning, where ventilator disconnections are likely to occur.

Rationale

During the severe acute respiratory syndrome (SARS) epidemic, aerosol-generating procedures
increased the risk of infection among health care workers.'? N95 respirators block 95% to 99% of
aerosol particles; however, medical staff must be fit-tested for the type used.’ Surgical masks block large
particles, droplets, and sprays, but are less effective in blocking small particles (<5 pm) and aerosols.*

Recommendation

* The Panel recommends minimizing the use of aerosol-generating procedures on intensive care
unit patients with COVID-19 and carrying out any necessary aerosol-generating procedures
in a negative-pressure room, also known as an airborne infection isolation room (AIIR), when
available (AILI).
* The Panel recognizes that aerosol-generating procedures are necessary to perform in some
patients, and that such procedures can be carried out with a high degree of safety if infection
control guidelines are followed.

Rationale

AlIRs lower the risk of cross-contamination among rooms and lower the risk of infection for staff and
patients outside the room when aerosol-generating procedures are performed. AIIRs were effective

in preventing virus spread during the SARS epidemic.? If an AIIR is not available, a high-efficiency
particulate air (HEPA) filter should be used, especially for patients on high-flow nasal cannula or
noninvasive ventilation. HEPA filters reduce virus transmission in simulations.’

Recommendations

* For health care workers who are providing usual care for non-ventilated patients with COVID-19,
the Panel recommends using an N95 respirator (or equivalent or higher-level respirator) or a
surgical mask, in addition to other PPE (i.e., gloves, gown, and eye protection such as a face shield
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or safety goggles) (AII).

* For health care workers who are performing non-aerosol-generating procedures on patients with
COVID-19 who are on closed-circuit mechanical ventilation, the Panel recommends using an N95
respirator (or equivalent or higher-level respirator), in addition to other PPE (i.e., gloves, gown,
and eye protection such as a face shield or safety goggles) because ventilator circuits may become
disrupted unexpectedly (BIII).

Rationale

There is evidence from viral diseases, including SARS, that both surgical masks and N95 masks reduce
transmission of infection.® Current evidence suggests that surgical masks are probably not inferior

to NO5 respirators for preventing transmission of laboratory-confirmed, seasonal respiratory viral
infections (e.g., influenza).”® A recent systematic review and meta-analysis of randomized controlled
trials that compared the protective effect of medical masks with N95 respirators demonstrated that the
use of medical masks did not increase laboratory-confirmed viral (including coronavirus) respiratory
infection or clinical respiratory illness.’

Recommendations

* The Panel recommends that endotracheal intubation in patients with COVID-19 be performed by
health care providers with extensive airway management experience, if possible (AIII).

* The Panel recommends that intubation be performed using video laryngoscopy, if possible (CIII).

Rationale

Practices that maximize the chances of first-pass success and minimize aerosolization should be used
when intubating patients with suspected or confirmed COVID-19.'%!! Thus, the Panel recommends that
the health care worker with the most experience and skill in airway management be the first to attempt
intubation. The close facial proximity of direct laryngoscopy can expose health care providers to higher
concentrations of viral aerosols. It is also important to avoid having unnecessary staff in the room during
intubation procedures.
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Laboratory Diagnosis

Last Updated: April 21, 2020

Recommendations:

» For intubated and mechanically ventilated adults who are suspected to have COVID-19 but who
do not have a confirmed diagnosis:

* The COVID-19 Treatment Guidelines Panel (the Panel) recommends obtaining lower
respiratory tract samples to establish a diagnosis of COVID-19 over upper respiratory tract
(nasopharyngeal or oropharyngeal) samples (BII).

» The Panel recommends obtaining endotracheal aspirates over bronchial wash or
bronchoalveolar lavage (BAL) samples when obtaining lower respiratory samples to establish a
diagnosis of COVID-19 (BII).

Rationale

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) poses several diagnostic challenges,
including potentially discordant shedding of virus from the upper versus lower respiratory tract.
COVID-19 diagnosis is currently based on using a reverse transcriptase polymerase chain reaction
(RT-PCR) assay to detect viral RNA in respiratory samples. The high specificity of RT-PCR removes
the need for lower respiratory tract samples to diagnose COVID-19 when a nasopharyngeal swab is
positive for a patient with recent onset of the disease. Lower respiratory tract specimens are considered
by some experts to have higher yield, due to high viral load, consistent with what has been observed
for severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS).!” Thus,
lower respiratory tract samples should be obtained whenever possible if there is diagnostic uncertainty
regarding COVID-19.

However, BAL and sputum induction are aerosol-generating procedures and should be performed only
with careful consideration of the risk to staff of aerosol generation. Endotracheal aspirates appear to
carry a lower risk of aerosolization than BAL and are thought by some experts to have comparable
sensitivity and specificity to BAL specimens.
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Hemodynamics
Last Updated: October 9, 2020

Most of the hemodynamic recommendations below are similar to those previously published in the
Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock:

2016. Ultimately, patients with COVID-19 who require fluid resuscitation or hemodynamic management
of shock should be treated and managed identically to patients with septic shock.!

COVID-19 patients who require fluid resuscitation or hemodynamic management of shock should be
treated and managed for septic shock in accordance with other published guidelines, with the following
exceptions.

Recommendation

* For adults with COVID-19 and shock, the COVID-19 Treatment Guidelines Panel (the Panel)
recommends using dynamic parameters, skin temperature, capillary refilling time, and/or lactate
levels over static parameters to assess fluid responsiveness (BII).

Rationale

No direct evidence addresses the optimal resuscitation strategy for patients with COVID-19 and shock.
In a systematic review and meta-analysis of 13 non-COVID-19 randomized clinical trials (n = 1,652),
dynamic assessment to guide fluid therapy reduced mortality (risk ratio 0.59; 95% CI, 0.42—0.83),
intensive care unit (ICU) length of stay (weighted mean difference -1.16 days; 95% CI, -1.97 to -0.36),
and duration of mechanical ventilation (weighted mean difference -2.98 hours; 95% CI, -5.08 to -0.89).
Dynamic parameters used in these trials included stroke volume variation (SVV), pulse pressure
variation (PPV), and stroke volume change with passive leg raise or fluid challenge. Passive leg raising,
followed by PPV and SVV, appears to predict fluid responsiveness with the highest accuracy.’ The static
parameters included components of early goal-directed therapy (e.g., central venous pressure, mean
arterial pressure).

Resuscitation of non-COVID-19 patients with shock based on serum lactate levels has been summarized
in a systematic review and meta-analysis of seven randomized clinical trials (n = 1,301). Compared with
central venous oxygen saturation-guided therapy, early lactate clearance-directed therapy was associated
with a reduction in mortality (relative ratio 0.68; 95% CI, 0.56—0.82), shorter length of ICU stay (mean
difference -1.64 days; 95% CI, -3.23 to -0.05), and shorter duration of mechanical ventilation (mean
difference -10.22 hours; 95% CI, -15.94 to -4.50).*

Recommendation

* For the acute resuscitation of adults with COVID-19 and shock, the Panel recommends using
buffered/balanced crystalloids over unbalanced crystalloids (BII).

Rationale

A pragmatic randomized trial that compared balanced and unbalanced crystalloids in 15,802 critically
ill adults found that the rate of the composite outcome of death, new renal-replacement therapy, or
persistent renal dysfunction was lower in the balanced crystalloids group (OR 0.90; 95% CI, 0.82—-0.99;
P =0.04).° A secondary analysis compared outcomes in a subset of patients with sepsis (n = 1,641).
Among the sepsis patients in the balanced crystalloids group, there were fewer deaths (aOR 0.74; 95%
CI, 0.59-0.93; P=0.01), as well as fewer days requiring vasopressors and renal replacement therapy.¢
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A subsequent meta-analysis of 21 randomized controlled trials (n = 20,213) that included the pragmatic
trial cited above compared balanced crystalloids to 0.9% saline for resuscitation of critically ill adults
and children and reported nonsignificant differences in hospital mortality (OR 0.91; 95% CI, 0.83—-1.01)
and acute kidney injury (OR 0.92; 95% CI, 0.84—1.00).”

Recommendation

» For the acute resuscitation of adults with COVID-19 and shock, the Panel recommends against
the initial use of albumin for resuscitation (BI).

Rationale

A meta-analysis of 20 non-COVID-19 randomized controlled trials (n = 13,047) that compared the use
of albumin or fresh-frozen plasma to crystalloids in critically ill patients found no difference in all-cause
mortality,® whereas a meta-analysis of 17 non-COVID-19 randomized controlled trials (n = 1,977) that
compared the use of albumin to crystalloids specifically in patients with sepsis observed a reduction in
mortality (OR 0.82; 95% CI, 0.67—1.0; P = 0.047).° Given the higher cost of albumin and the lack of a
definitive clinical benefit, the Panel recommends against the routine use of albumin for initial acute
resuscitation of patients with COVID-19 and shock.

Additional Recommendations Based on General Principles of Critical Care

* The Panel recommends against using hydroxyethyl starches for intravascular volume
replacement in patients with sepsis or septic shock (AI).

* The Panel recommends norepinephrine as the first-choice vasopressor (AII). The Panel
recommends adding either vasopressin (up to 0.03 units/minute) (BII) or epinephrine (CII) to
norepinephrine to raise mean arterial pressure to target or adding vasopressin (up to 0.03 units/
minute) (CII) to decrease norepinephrine dosage.

*  When norepinephrine is available, the Panel recommends against using dopamine for patients
with COVID-19 and shock (AI).

* The Panel recommends against using low-dose dopamine for renal protection (BII).

* The Panel recommends using dobutamine in patients who show evidence of cardiac dysfunction
and persistent hypoperfusion despite adequate fluid loading and the use of vasopressor agents
(BII).

* The Panel recommends that all patients who require vasopressors have an arterial catheter placed

as soon as practical, if resources are available (BIII).

* For adults with COVID-19 and refractory septic shock who are not receiving corticosteroids to
treat their COVID-19, the Panel recommends using low-dose corticosteroid therapy (“shock-
reversal”) over no corticosteroid therapy (BII).

* A typical corticosteroid regimen in septic shock is intravenous hydrocortisone 200 mg per day
administered either as an infusion or in intermittent doses. The duration of hydrocortisone therapy
is usually a clinical decision.

» Patients who are receiving corticosteroids for COVID-19 are receiving sufficient replacement
therapy such that they do not require additional hydrocortisone.
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Oxygenation and Ventilation
Last Updated: July 17, 2020

For hypoxemic patients, the recommendations below emphasize well-described and documented
recommendations from the Surviving Sepsis Campaign Guidelines for adult sepsis, pediatric

sepsis, and COVID-19, which provide more details about management and the data that support the
recommendations.

Recommendations

* For adults with COVID-19 who are receiving supplemental oxygen, the COVID-19 Treatment
Guidelines Panel (the Panel) recommends close monitoring for worsening respiratory status
and that intubation, if it becomes necessary, be performed by an experienced practitioner in a
controlled setting (AII).

* For adults with COVID-19 and acute hypoxemic respiratory failure despite conventional oxygen
therapy, the Panel recommends high-flow nasal cannula (HFNC) oxygen over noninvasive
positive pressure ventilation (NIPPV) (BI).

 In the absence of an indication for endotracheal intubation, the Panel recommends a closely
monitored trial of NIPPV for adults with COVID-19 and acute hypoxemic respiratory failure for
whom HFNC is not available (BIII).

* For patients with persistent hypoxemia despite increasing supplemental oxygen requirements in
whom endotracheal intubation is not otherwise indicated, the Panel recommends considering a
trial of awake prone positioning to improve oxygenation (CIII).

* The Panel recommends against using awake prone positioning as a rescue therapy for refractory
hypoxemia to avoid intubation in patients who otherwise require intubation and mechanical
ventilation (AILI).

Rationale

Hypoxemia is common in hospitalized patients with COVID-19. The criteria for hospital admission,
intensive care unit (ICU) admission, and mechanical ventilation differ between countries. In some
hospitals in the United States, >25% of hospitalized patients require ICU care, mostly due to acute
respiratory failure.'”

In adults with COVID-19 and acute hypoxemic respiratory failure, conventional oxygen therapy may be
insufficient to meet the oxygen needs of the patient. Options include HFNC, NIPPV, or intubation and
invasive mechanical ventilation.

HFNC and NIPPV are preferable to conventional oxygen therapy based on data from non-COVID-19
clinical trials and meta-analyses that showed reductions in the need for therapeutic escalation and the
need for intubation in patients who received HFNC or NIPPV.%’

HFNC is preferred over NIPPV in patients with acute hypoxemic respiratory failure based on data
from an unblinded clinical trial that was performed prior to the COVID-19 pandemic. This trial found
more ventilator-free days with HFNC than with conventional oxygen therapy or NIPPV (24 days vs.
22 days vs. 19 days, respectively; P =0.02) and lower 90-day mortality with HFNC than with either
conventional oxygen therapy (hazard ratio [HR] 2.01; 95% confidence interval [CI], 1.01-3.99) or
NIPPV (HR 2.50; 95% CI, 1.31-4.78).

In the subgroup of more severely hypoxemic patients with PaO,/FiO, <200, HFNC reduced the rate
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of intubation compared to conventional oxygen therapy or NIPPV (HRs 2.07 and 2.57, respectively).
These findings were corroborated in a meta-analysis that showed a lower likelihood of intubation (odds
ratio [OR] 0.48; 95% CI, 0.31-0.73) and ICU mortality (OR 0.36; 95% CI, 0.20-0.63) with HFNC than
with NIPPV.’ In situations where the options for respiratory support are limited, reducing the need for
intubation may be particularly important.

Prone positioning improves oxygenation and patient outcomes in patients with moderate-to-severe

acute respiratory distress syndrome (ARDS) that requires mechanical ventilation.!®!! Prone positioning

is thought to improve oxygenation because it improves ventilation-perfusion matching and recruits
collapsed alveoli in the dorsal lungs.'? Two case series that were published prior to the COVID-19
pandemic reported improved oxygenation and low intubation rates after placing spontaneously breathing
patients with hypoxemia in the prone position,'*!* and several new case series reported similar results
with awake prone positioning in patients with COVID-19 pneumonia who required supplemental oxygen.

In a case series of 50 patients with COVID-19 pneumonia who required supplemental oxygen upon
presentation to a New York City emergency department (ED), awake prone positioning improved overall
median oxygen saturation. However, 13 of these patients still required intubation due to respiratory
failure within 24 hours of presentation to the ED."> Another case series from Jiangsu province used
awake prone positioning as part of a treatment strategy in nonintubated patients with COVID-19
pneumonia and reported an intubation rate of less than 1%.'° In a report of 24 patients who required
either a nasal cannula or HFNC and who had a chest computed tomography scan that was consistent
with COVID-19 pneumonia, 25% of patients tolerated prone positioning for at least 3 hours and showed
>20% improvement in the partial pressure of oxygen in arterial blood. No complications were reported
with prone positioning.!” Another case series of 15 patients with ARDS due to COVID-19 pneumonia
who received awake prone positioning while on noninvasive ventilation reported that all patients showed
improvement in their oxygen saturation during prone positioning, with 80% of patients maintaining their
improved oxygen saturation after resupination. Seven percent of patients required intubation.!®

Appropriate candidates for awake prone positioning are those who are able to adjust their position
independently and tolerate lying prone. Awake prone positioning is contraindicated in patients who

are in respiratory distress and who require immediate intubation. Awake prone positioning is also
contraindicated in hemodynamically unstable patients, patients who recently had abdominal surgery,
and patients who have an unstable spine.'” Awake prone positioning is acceptable and feasible for
pregnant patients and can be performed in the left lateral decubitus position or the fully prone position.?°

It is essential that hypoxemic patients with COVID-19 be monitored closely for signs of respiratory
decompensation. To ensure the safety of both the patient and health care workers, intubation should be
performed in a controlled setting by an experienced practitioner.

Early intubation may be particularly appropriate when patients have additional acute organ dysfunction
or chronic comorbidities, or when HFNC and NIPPV are not available. NIPPV has a high failure rate
in both patients with non-COVID-19 viral pneumonia?'2? and patients with ARDS.?** NIPPV may
generate aerosol spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and thus
increase nosocomial transmission of the infection.?? It remains unclear whether HFNC results in a
lower risk of nosocomial SARS-CoV-2 transmission.

The use of supplemental oxygen in adults with COVID-19 has not been studied, but indirect evidence
from other critical illnesses suggests the optimal oxygen target is an SpO, between 92% and 96%:

* A meta-analysis of 25 randomized controlled trials found that a liberal oxygen strategy (median
SpO, 96%) was associated with an increased risk of hospital mortality (relative risk 1.21; 95% ClI,
1.03-1.43).7
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* The LOCO2 randomized controlled trial compared a conservative oxygen strategy (target SpO,
88% to 92%) to a liberal oxygen strategy (target SpO, >96%).* The trial was stopped early due to
futility. Mortality increased among those who received the conservative oxygen therapy at Day 28
(risk difference +8%; 95% CI, -5% to +21%) and Day 90 (risk difference +14%; 95% CI, +0.7%
to +27%). These differences would be important if they were real, but the study was too small to
definitively confirm or exclude an effect.

Recommendations
For mechanically ventilated adults with COVID-19 and ARDS:

* The Panel recommends using low tidal volume (VT) ventilation (VT 4-8 mL/kg of predicted body
weight) over higher tidal volumes (VT >8 mL/kg) (AI).

* The Panel recommends targeting plateau pressures of <30 cm H,O (AII).
* The Panel recommends using a conservative fluid strategy over a liberal fluid strategy (BII).

* The Panel recommends against the routine use of inhaled nitric oxide (AI).

Rationale

Currently, there is no evidence that ventilator management of patients with ARDS due to COVID-19
should differ from the management of patients with viral pneumonia due to influenza or other
respiratory viruses.

Recommendations
For mechanically ventilated adults with COVID-19 and moderate-to-severe ARDS:

* The Panel recommends using a higher positive end-expiratory pressure (PEEP) strategy over a
lower PEEP strategy (BII).

* For mechanically ventilated adults with COVID-19 and refractory hypoxemia despite optimized
ventilation, the Panel recommends prone ventilation for 12 to 16 hours per day over no prone
ventilation (BII).

Rationale

PEEP is beneficial in patients with ARDS because it prevents alveolar collapse, improves oxygenation,
and minimizes atelectotrauma, a source of ventilator-induced lung injury. A meta-analysis of individual
patient data from the three largest trials that compared lower and higher levels of PEEP found lower
rates of ICU mortality and in-hospital mortality with higher PEEP in patients with moderate (P/F ratio of
100-200) and severe ARDS (P/F ratio <100).*’

Though there is no clear standard as to what constitutes a high level PEEP, one conventional threshold
is >10 cm H,0.% Recent reports have suggested that, in contrast to other causes of ARDS, some patients
with moderate or severe ARDS due to COVID-19 have normal static compliance; higher PEEP levels
may cause harm in this group by compromising hemodynamics and cardiovascular performance."-*
However, this finding has not been confirmed in other studies. Several observational studies reported
that patients with moderate to severe ARDS due to COVID-19 had low compliance, similar to the lung
compliance seen in patients with conventional ARDS.**3¢ In patients with ARDS due to COVID-19,
assessment for responsiveness to higher PEEP may be individualized based on oxygenation and

lung compliance. Clinicians should monitor patients for known side effects of higher PEEP, such as
barotrauma and hypotension.
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Recommendations

* The Panel recommends using, as needed, intermittent boluses of neuromuscular blocking agents
(NMBA) or continuous NMBA infusion to facilitate protective lung ventilation (BILI).

* In the event of persistent patient-ventilator dyssynchrony, which places the patient at risk for
ventilator-induced lung injury, or in cases where a patient requires ongoing deep sedation, prone
ventilation, or persistently high plateau pressures, the Panel recommends using a continuous
NMBA infusion for up to 48 hours as long as patient anxiety and pain can be adequately
monitored and controlled (BIII).

Rationale

The recommendation for intermittent boluses of NMBA or continuous infusion of NMBA to facilitate
lung protection may require a health care provider to enter the patient’s room more frequently for close
clinical monitoring. Therefore, in some situations, the risks of COVID-19 exposure and the use of
personal protective equipment for each entry may outweigh the benefit of NMBA treatment.

Recommendations

For mechanically ventilated adults with COVID-19, severe ARDS, and hypoxemia despite optimized
ventilation and other rescue strategies:

* The Panel recommends using recruitment maneuvers rather than not using recruitment maneuvers
(CID).

» Ifrecruitment maneuvers are used, the Panel recommends against using staircase (incremental
PEEP) recruitment maneuvers (AII).

* The Panel recommends using an inhaled pulmonary vasodilator as a rescue therapy; if no rapid
improvement in oxygenation is observed, the treatment should be tapered off (CIII).

References

1.

COVID-19 Treatment Guidelines

Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl J Med.
2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32109013.

Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus disease 2019
(COVID-19) outbreak in China: summary of a report of 72,314 cases from the Chinese Center for Disease
Control and Prevention. JAMA. 2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32091533.

Arentz M, Yim E, Klaff L, et al. Characteristics and outcomes of 21 critically ill patients with COVID-19 in
Washington State. JAMA. 2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32191259.

Alhazzani W, Moller MH, Arabi YM, et al. Surviving Sepsis Campaign: guidelines on the management of
critically ill adults with coronavirus disease 2019 (COVID-19). Crit Care Med. 2020. Available at: https://
www.ncbi.nlm.nih.gov/pubmed/32224769.

Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients with 2019 novel
coronavirus-infected pneumonia in Wuhan, China. JAMA. 2020. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32031570.

Xu XP, Zhang XC, Hu SL, et al. Noninvasive ventilation in acute hypoxemic nonhypercapnic respiratory
failure: a systematic review and meta-analysis. Crit Care Med. 2017;45(7):e727-¢733. Available at: https:/
www.ncbi.nlm.nih.gov/pubmed/28441237.

Zhao H, Wang H, Sun F, Lyu S, An Y. High-flow nasal cannula oxygen therapy is superior to conventional
oxygen therapy but not to noninvasive mechanical ventilation on intubation rate: a systematic review and
meta-analysis. Crit Care. 2017;21(1):184. Available at: https://www.ncbi.nlm.nih.gov/pubmed/28701227.

45
Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 11/2/2020




10.

I1.

12.

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

Frat JP, Thille AW, Mercat A, et al. High-flow oxygen through nasal cannula in acute hypoxemic
respiratory failure. N Engl J Med. 2015;372(23):2185-2196. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/25981908.

Ni YN, Luo J, Yu H, Liu D, Liang BM, Liang ZA. The effect of high-flow nasal cannula in reducing the
mortality and the rate of endotracheal intubation when used before mechanical ventilation compared
with conventional oxygen therapy and noninvasive positive pressure ventilation. A systematic review
and meta-analysis. Am J Emerg Med. 2018;36(2):226-233. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/28780231.

Guerin C, Reignier J, Richard JC, et al. Prone positioning in severe acute respiratory distress syndrome. N
Engl J Med. 2013;368(23):2159-2168. Available at: https://www.ncbi.nlm.nih.gov/pubmed/23688302.

Fan E, Del Sorbo L, Goligher EC, et al. An official American Thoracic Society/European Society of Intensive
Care Medicine/Society of Critical Care Medicine clinical practice guideline: mechanical ventilation in adult
patients with acute respiratory distress syndrome. Am J Respir Crit Care Med. 2017;195(9):1253-1263.
Available at: https://www.ncbi.nlm.nih.gov/pubmed/28459336.

Nyren S, Mure M, Jacobsson H, Larsson SA, Lindahl SG. Pulmonary perfusion is more uniform in the prone
than in the supine position: scintigraphy in healthy humans. J Appl Physiol (1985). 1999;86(4):1135-1141.
Available at: https://www.ncbi.nlm.nih.gov/pubmed/10194194.

. Scaravilli V, Grasselli G, Castagna L, et al. Prone positioning improves oxygenation in spontaneously

breathing nonintubated patients with hypoxemic acute respiratory failure: A retrospective study. J Crit Care.
2015;30(6):1390-1394. Available at: https://www.ncbi.nlm.nih.gov/pubmed/26271685.

Ding L, Wang L, Ma W, He H. Efficacy and safety of early prone positioning combined with HFNC or NIV
in moderate to severe ARDS: a multi-center prospective cohort study. Crit Care. 2020;24(1):28. Available at:

https://www.ncbi.nlm.nih.gov/pubmed/32000806.

Caputo ND, Strayer RJ, Levitan R. Early self-proning in awake, non-intubated patients in the emergency
department: a single ED’s experience during the COVID-19 pandemic. Acad Emerg Med. 2020;27(5):375-
378. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32320506.

Sun Q, Qiu H, Huang M, Yang Y. Lower mortality of COVID-19 by early recognition and intervention:
experience from Jiangsu Province. Ann Intensive Care. 2020;10(1):33. Available at: https://www.ncbi.nlm.nih.
gov/pubmed/32189136.

Elharrar X, Trigui Y, Dols AM, et al. Use of prone positioning in nonintubated patients with COVID-19
and hypoxemic acute respiratory failure. JAMA. 2020. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32412581.

Sartini C, Tresoldi M, Scarpellini P, et al. Respiratory parameters in patients with COVID-19 after using
noninvasive ventilation in the prone position outside the intensive care unit. JAMA. 2020. Available at: https://
www.ncbi.nlm.nih.gov/pubmed/32412606.

Bamford P, Bentley A, Dean J, Whitmore D, Wilson-Baig N. ICS guidance for prone positioning of the
conscious COVID patient. Intensive Care Society. 2020.Available at: https://emcrit.org/wp-content/
uploads/2020/04/2020-04-12-Guidance-for-conscious-proning.pdf. Accessed May 14, 2020.

Society for Maternal Fetal Medicine. Management Considerations for Pregnant Patients With COVID-19.
2020.Available at: https://s3.amazonaws.com/cdn.smfm.org/media/2336/SMFM_COVID_Management_of
COVID _pos_preg_patients 4-30-20_final.pdf. Accessed: May 20, 2020.

Alraddadi BM, Qushmagq I, Al-Hameed FM, et al. Noninvasive ventilation in critically ill patients with the
Middle East respiratory syndrome. Influenza Other Respir Viruses. 2019;13(4):382-390. Available at: https://
www.ncbi.nlm.nih.gov/pubmed/30884185.

Esquinas AM, Egbert Pravinkumar S, Scala R, et al. Noninvasive mechanical ventilation in high-risk
pulmonary infections: a clinical review. Eur Respir Rev. 2014;23(134):427-438. Available at: https:/www.
ncbi.nlm.nih.gov/pubmed/25445941.

COVID-19 Treatment Guidelines 46

Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 11/2/2020




23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

He H, Sun B, Liang L, et al. A multicenter RCT of noninvasive ventilation in pneumonia-induced early mild
acute respiratory distress syndrome. Crit Care. 2019;23(1):300. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/31484582.

Antonelli M, Conti G, Moro ML, et al. Predictors of failure of noninvasive positive pressure ventilation
in patients with acute hypoxemic respiratory failure: a multi-center study. /ntensive Care Med.
2001;27(11):1718-1728. Available at: https://www.ncbi.nlm.nih.gov/pubmed/11810114.

Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol generating procedures and risk of
transmission of acute respiratory infections to healthcare workers: a systematic review. PLoS One.
2012;7(4):€35797. Available at: https://www.ncbi.nlm.nih.gov/pubmed/22563403.

Yu IT, Xie ZH, Tsoi KK, et al. Why did outbreaks of severe acute respiratory syndrome occur in some hospital
wards but not in others? Clin Infect Dis. 2007;44(8):1017-1025. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/17366443.

Chu DK, Kim LH, Young PJ, et al. Mortality and morbidity in acutely ill adults treated with liberal versus
conservative oxygen therapy (I0TA): a systematic review and meta-analysis. Lancet. 2018;391(10131):1693-
1705. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29726345.

Barrot L, Asfar P, Mauny F, et al. Liberal or conservative oxygen therapy for acute respiratory distress
syndrome. N Engl J Med. 2020;382(11):999-1008. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32160661.

Briel M, Meade M, Mercat A, et al. Higher vs lower positive end-expiratory pressure in patients with
acute lung injury and acute respiratory distress syndrome: systematic review and meta-analysis. JAMA.

2010;303(9):865-873. Available at: https://www.ncbi.nlm.nih.gov/pubmed/20197533.

Alhazzani W, Moller MH, Arabi YM, et al. Surviving Sepsis Campaign: Guidelines on the Management of
Critically Ill Adults with Coronavirus Disease 2019 (COVID-19). Crit Care Med. 2020;48(6):e440-e469.

Available at: https://www.ncbi.nlm.nih.gov/pubmed/32224769.

Marini JJ, Gattinoni L. Management of COVID-19 Respiratory Distress. JAMA. 2020. Available at: https://
www.ncbi.nlm.nih.gov/pubmed/32329799.

Tsolaki V, Siempos I, Magira E, Kokkoris S, Zakynthinos GE, Zakynthinos S. PEEP levels in COVID-19
pneumonia. Crit Care. 2020;24(1):303. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32505186.

Bhatraju PK, Ghassemieh BJ, Nichols M, et al. Covid-19 in Critically Ill Patients in the Seattle Region - Case
Series. N Engl J Med. 2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32227758.

Cummings MJ, Baldwin MR, Abrams D, et al. Epidemiology, clinical course, and outcomes of critically ill
adults with COVID-19 in New York City: a prospective cohort study. Lancet. 2020;395(10239):1763-1770.
Available at: https://www.ncbi.nlm.nih.gov/pubmed/32442528.

Ziehr DR, Alladina J, Petri CR, et al. Respiratory Pathophysiology of Mechanically Ventilated Patients with
COVID-19: A Cohort Study. Am J Respir Crit Care Med. 2020;201(12):1560-1564. Available at: https://www.

ncbi.nlm.nih.gov/pubmed/32348678.

Schenck EJ, Hoffman K, Goyal P, et al. Respiratory Mechanics and Gas Exchange in COVID-19
Associated Respiratory Failure. Ann Am Thorac Soc. 2020. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32432896.

COVID-19 Treatment Guidelines 47

Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 11/2/2020




Acute Kidney Injury and Renal Replacement Therapy

Last Updated: June 11, 2020

Recommendations

» For critically ill patients with COVID-19 who have acute kidney injury (AKI) and who develop
indications for renal replacement therapy (RRT), the COVID-19 Treatment Guidelines Panel (the
Panel) recommends continuous renal replacement therapy (CRRT), if available (BIII).

» If CRRT is not available or not possible due to limited resources, the Panel recommends prolonged
intermittent renal replacement therapy (PIRRT) rather than intermittent hemodialysis (IHD)
(BII).

Rationale

AKI that requires RRT occurs in approximately 22% of patients with COVID-19 who are admitted to the
intensive care unit.! Evidence pertaining to RRT in patients with COVID-19 is scarce. Until additional
evidence is available, the Panel suggests using the same indications for RRT in patients with COVID-19
as those used for other critically ill patients.?

RRT modalities have not been compared in COVID-19 patients; the Panel’s recommendations are
motivated by the desire to minimize the risk of viral transmission to health care workers. The Panel
considers CRRT to be the preferred RRT modality. CRRT is preferable to PIRRT because medication
dosing for CRRT is more easily optimized and CRRT does not require nursing staff to enter the patient’s
room to begin and end dialysis sessions. CRRT and PIRRT are both preferable to IHD because neither
requires a dedicated hemodialysis nurse. Peritoneal dialysis has also been used during surge situations in
patients with COVID-19.

In situations where there may be insufficient CRRT machines or equipment to meet demand, the Panel
advocates performing PIRRT instead of CRRT, and then using the machine for another patient after
appropriate cleaning.
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Pharmacologic Interventions

Last Updated: October 9, 2020

Antiviral Therapy

See Therapeutic Management of Patients with COVID-19 for recommendations on the use of remdesivir
with or without corticosteroids.

Immune-Based Therapy

Several immune-based therapies that are expected to modify the course of COVID-19, including
corticosteroids, are currently under investigation or are already in use. These agents may target the virus
(e.g., convalescent plasma) or modulate the immune response (e.g., corticosteroids, interleukin [IL]-1
or IL-6 inhibitors). Recommendations regarding immune-based therapy can be found in Immune-Based
Therapy Under Evaluation for the Treatment of COVID-19.

Corticosteroids

See Therapeutic Management of Patients with COVID-19 for recommendations on the use of
dexamethasone with or without remdesivir.

Adjunctive Therapy

Recommendations regarding adjunctive therapy used in the critical care setting, including antithrombotic
therapy and vitamin C, can be found in the Adjunctive Therapy section.

Empiric Broad-Spectrum Antimicrobial Therapy

Recommendations

* In patients with COVID-19 and severe or critical illness, there are insufficient data to recommend
empiric broad-spectrum antimicrobial therapy in the absence of another indication.

» If antimicrobials are initiated, the Panel recommends that their use should be reassessed daily in
order to minimize the adverse consequences of unnecessary antimicrobial therapy (AIII).

Rationale
There are no reliable estimates of the incidence or prevalence of copathogens with severe acute
respiratory syndrome coronavirus 2 at this time.

Some experts routinely administer broad-spectrum antibiotics as empiric therapy for bacterial
pneumonia to all patients with COVID-19 and moderate or severe hypoxemia. Other experts administer
antibiotics only for specific situations, such as the presence of a lobar infiltrate on a chest X-ray,
leukocytosis, an elevated serum lactate level, microbiologic data, or shock.

Gram stain, culture, or other testing of respiratory specimens is often not available due to concerns about
aerosolization of the virus during diagnostic procedures or when processing specimens.

There are no clinical trials that have evaluated the use of empiric antimicrobial agents in patients with
COVID-19 or other severe coronavirus infections.
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Extracorporeal Membrane Oxygenation

Last Updated: April 21, 2020

Recommendation:

» There are insufficient data to recommend either for or against the routine use of extracorporeal
membrane oxygenation (ECMO) for patients with COVID-19 and refractory hypoxemia (BIII).

Rationale

While ECMO may serve as an effective short-term rescue therapy in patients with severe acute
respiratory distress syndrome and refractory hypoxemia, there is no conclusive evidence that ECMO is
responsible for better clinical outcomes in patients who received ECMO than in patients who did not
receive ECMO.'

ECMO is used by some experts, when available, for patients with refractory hypoxemia despite
optimization of ventilation strategies and adjunctive therapies. Ideally, clinicians who are interested in
using ECMO should either try to enter their patient into clinical trials or clinical registries so that more

informative data can be obtained. The following resources provide more information on the use of
ECMO in patients with COVID-19:

» Extracorporeal Life Support Organization
* Clinical trials evaluating ECMO in patients with COVID-19 on ClinicalTrials.gov.
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Therapeutic Management of Patients with COVID-19
Last Updated: October 9, 2020

A number of investigational agents and drugs that are approved for other indications are currently

being studied in clinical trials for the treatment of COVID-19 and associated complications. Data from
randomized controlled trials, prospective and retrospective observational cohorts, and case series studies
are rapidly emerging. The COVID-19 Treatment Guidelines Panel (the Panel) continues to review the
most recent clinical data to provide up-to-date treatment recommendations to clinicians who are caring
for patients with COVID-19. In this section, the Panel recommends strategies for managing patients
with different severities of disease. A comprehensive summary of clinical data for drugs that are being
investigated can be found in the Antiviral Therapy, Immune-Based Therapy, and Adjunctive Therapy
sections of these Guidelines.

Figure 1. Recommendations for Pharmacologic Management of Patients with
COVID-19 Based on Disease Severity

DISEASE SEVERITY PANEL’'S RECOMMENDATIONS

(Recommendations are listed in order of preference in each category below;
however, all options are considered acceptable.)

Not Hospitalized No specific antiviral or immunomodulatory therapy recommended

or The Panel recommends against the use of dexamethasone (Al)

Hospitalized but Does Not Require
Supplemental Oxygen

See the Remdesivir section for a discussion of the data on using
this drug in hospitalized patients with moderate COVID-19.2

Remdesivir 200 mg IV for one day, followed by remdesivir

L . 100 mg IV once daily for 4 days or until hospital discharge,
Hospitalized and Requires whichever comes first (Al)><4
Supplemental Oxygen

or
(but Does Not Require Oxygen Delivery Remdesivir (dose and duration as above) plus dexamethasone®
Through a High-Flow Device, 6 mg IV or PO for up to 10 days or until hospital discharge,
Noninvasive Ventilation, Invasive whichever comes first (BIII)

MechanicalVentiauoreiosECMO) If remdesivir cannot be used, dexamethasone® may be used

instead (BIII)

Dexamethasone® plus remdesivir at the doses and durations
discussed above (Alll)f

or

Dexamethasoned® at the dose and duration discussed above (Al)

Hospitalized and Requires Oxygen
Delivery Through a High-Flow Device
or Noninvasive Ventilation

Dexamethasone® at the dose and duration discussed above (AI)\
Hospitalized and Requires Invasive or

Mechanical Ventilation or ECMO Dexamethasone® plus remdesivir for patients who have recently
been intubated at the doses and durations discussed above (CIlI)f /

Rating of Recommendations: A = Strong; B = Moderate; C = Optional
Rating of Evidence: | = One or more randomized trials with clinical outcomes and/or validated laboratory endpoints; Il = One or more
well-designed, nonrandomized trials or observational cohort studies; Ill = Expert opinion

2 The Panel recognizes that there may be situations in which a clinician judges that remdesivir is an appropriate treatment for a hospitalized patient with
moderate COVID-19 (e.g., a patient who is at a particularly high risk for clinical deterioration). However, the Panel finds the data insufficient to recommend
either for or against using remdesivir as routine treatment for all hospitalized patients with moderate COVID-19.

b Treatment duration may be extended to up to 10 days if there is no substantial clinical improvement by Day 5.

¢ The Panel recognizes there is a theoretical rationale for initiating remdesivir plus dexamethasone in patients with rapidly progressing COVID-19.

For patients who are receiving remdesivir but progress to requiring oxygen through a high-flow device, noninvasive ventilation, invasive mechanical

ventilation, or ECMO, remdesivir should be continued until the treatment course is completed.

¢ If dexamethasone is not available, equivalent doses of other corticosteroids, such as prednisone, methylprednisolone, or hydrocortisone, may be used.
See Corticosteroids for more information.

f The combination of dexamethasone and remdesivir has not been studied in clinical trials; see text for the rationale for using this combination.

Key: ECMO = extracorporeal membrane oxygenation; IV = intravenously; PO = orally
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For Patients with COVID-19 Who Are Not Hospitalized or Who Are Hospitalized With
Moderate Disease but Do Not Require Supplemental Oxygen

Recommendations

* The Panel does not recommend any specific antiviral or immunomodulatory therapy for the
treatment of COVID-19 in these patients. Patients are considered to have moderate disease if
they have clinical or radiographic evidence of lower respiratory tract infection and a saturation of
oxygen (SpO,) >94% on room air at sea level.

* There are insufficient data for the Panel to recommend either for or against the use of remdesivir
for the treatment of COVID-19.

* The Panel recommends against the use of dexamethasone (AI) or other corticosteroids for the
treatment of COVID-19 (AIII) unless a patient has another clinical indication for corticosteroid
therapy.

Additional Considerations

» The Panel recognizes there may be situations in which a clinician judges that remdesivir is an
appropriate treatment for a hospitalized patient with moderate disease (e.g., a person who is at a
particularly high risk for clinical deterioration).

Rationale for Not Recommending Routine Use of Remdesivir in This Group of Patients

In the Adaptive COVID-19 Treatment Trial (ACTT-1), a multinational, randomized controlled trial

that compared remdesivir to placebo in hospitalized patients with COVID-19, there was no observed
benefit for remdesivir in patients with mild to moderate disease (defined as SpO, >94% on room air

or a respiratory rate <24 breaths/min without supplemental oxygen).' In a manufacturer-sponsored,
open-label, randomized trial of 596 patients with moderate COVID-19, patients who received 5 days of
remdesivir had higher odds of a better clinical status on Day 11 than those who received standard care
(OR 1.65; 95% CI, 1.09-2.48; P =0.02). However, the difference between the groups was of uncertain
clinical importance.

The Panel finds the available data insufficient to recommend either for or against routine treatment
with remdesivir for all hospitalized patients with moderate COVID-19. However, the Panel recognizes
there may be situations in which a clinician judges that remdesivir is an appropriate treatment for a
hospitalized patient with moderate disease (e.g., a person who is at a particularly high risk for clinical
deterioration).

Rationale for Recommending Against the Use of Corticosteroids in This Group of Patients

In the Randomised Evaluation of COVID-19 Therapy (RECOVERY) trial, a multicenter, open-label

trial in the United Kingdom, hospitalized patients with COVID-19 were randomized to receive
dexamethasone plus standard of care or standard of care alone (control arm).? Among participants who
did not require supplemental oxygen at enrollment, no survival benefit was observed for dexamethasone:
17.8% participants in the dexamethasone arm and 14% in the control arm died within 28 days of
enrollment (rate ratio 1.19; 95% CI, 0.91—-1.55). Based on these data, the Panel recommends against the
use of dexamethasone for the treatment of COVID-19 in this group of patients (AI).
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For Hospitalized Patients with COVID-19 Who Require Supplemental Oxygen but
Who Do Not Require Delivery of Oxygen Through a High-Flow Device, Noninvasive
Ventilation, Invasive Mechanical Ventilation, or Extracorporeal Membrane
Oxygenation

Recommendations
The options below are listed in order of preference; however, all these options are considered acceptable.
* Remdesivir 200 mg intravenously (IV) for 1 day, followed by remdesivir 100 mg IV for 4 days or
until hospital discharge, whichever comes first (Al); or

* A combination of remdesivir (dose and duration as above) plus dexamethasone 6 mg IV or orally
for up to 10 days or until hospital discharge (BIII); or

» If remdesivir cannot be used, dexamethasone may be used instead (BIII). See Remdesivir for
more information.

Additional Considerations

* Remdesivir therapy may be extended to up to 10 days if no substantial clinical improvement is
seen at Day 5.

e The combination of remdesivir and dexamethasone has not been studied in clinical trials; however,
there are theoretical reasons for combining these drugs.

* The Panel recognizes there are theoretical reasons for adding dexamethasone to the drug regimen
of patients who are currently receiving remdesivir but who are clinically deteriorating.

» If dexamethasone is not available, an alternative corticosteroid such as prednisone,
methylprednisolone, or hydrocortisone can be used (BIII). See Corticosteroids for dosing
recommendations.

Rationale for the Use of Remdesivir

In the final analysis of ACTT-1, remdesivir was associated with improved time to recovery (recovery
rate ratio 1.45; 95% CI, 1.18-1.79) in a subgroup of 435 participants. In a post hoc analysis of deaths
by Day 29, remdesivir appeared to confer a substantial survival benefit (HR for death 0.30; 95% CI,
0.14-0.64).1 For more information, please see Remdesivir Clinical Data.

Rationale for the Use of Dexamethasone

In the RECOVERY trial, treatment with dexamethasone conferred a survival benefit among participants
who required supplemental oxygen but not invasive mechanical ventilation at enrollment; 23.3% of
participants in the dexamethasone group died within 28 days of enrollment compared with 26.2% in

the standard of care arm (rate ratio 0.82; 95% CI, 0.72—0.94).? The amount of supplemental oxygen that
participants were receiving and the proportions of participants who required oxygen delivery through
high-flow devices or noninvasive ventilation were not specified. For more information, please see
Corticosteroids.

The reason that routine dexamethasone monotherapy is not recommended is the theoretical concern that
corticosteroids might slow viral clearance when they are administered without an antiviral drug. The
results of an observational study suggest that delayed viral clearance may be a concern in patients with
non-severe COVID-19 who are receiving corticosteroids without antiviral drugs. Corticosteroids have
also been associated with delayed viral clearance and/or worse clinical outcomes in patients with other
viral respiratory infections.*>
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Even though the RECOVERY trial did not specifically enroll participants with characteristics that would
make them ineligible for remdesivir, based on the RECOVERY findings, the Panel recommends that
dexamethasone may be used alone if remdesivir cannot be given (BIII).

Rationale for the Use of Remdesivir Plus Dexamethasone

The safety and efficacy of using remdesivir plus dexamethasone for the treatment of COVID-19 has

not been evaluated in clinical trials. Despite the lack of clinical trial data, there is a theoretical rationale
for combining remdesivir and dexamethasone. Patients with severe COVID-19 may develop a systemic
inflammatory response that leads to lung injury and multisystem organ dysfunction. The potent anti-
inflammatory effects of corticosteroids might prevent or mitigate these hyperinflammatory effects. Thus,
combining an antiviral with an anti-inflammatory agent may treat the viral infection as well as dampen
the potentially injurious inflammatory response that is a consequence of the infection.

Based on these theoretical considerations, the Panel considers the combination of remdesivir and
dexamethasone an option for patients in this group. Some experts would give remdesivir alone initially
and limit the use of combination therapy to those who are clinically deteriorating while on remdesivir,
those who show evidence of excess inflammation (e.g., based on laboratory parameters), and/or those
who have other conditions that may confer a higher risk of disease progression.

For Hospitalized Patients with COVID-19 Who Require Delivery of Oxygen Through
a High-Flow Device or Noninvasive Ventilation but Not Invasive Mechanical
Ventilation or Extracorporeal Membrane Oxygenation

Recommendations

The options below are listed in order of preference; however, both options are considered acceptable.

* A combination of dexamethasone plus remdesivir at the doses and durations discussed above
(AIIN); or

* Dexamethasone alone at the dose and duration discussed above (AI).

Additional Considerations

* The combination of dexamethasone and remdesivir has not been studied in clinical trials. Because
there are theoretical reasons for combining these drugs, the Panel considers both the combination
of remdesivir and dexamethasone and dexamethasone alone to be acceptable options for treating
COVID-19 in this group of patients.

* Because there is uncertainty regarding whether starting remdesivir confers clinical benefit in this
group of patients, the Panel does not recommend using remdesivir alone.

» For patients who initially received remdesivir monotherapy and progressed to requiring high-flow
oxygen supplementation or noninvasive ventilation, dexamethasone should be initiated and
remdesivir should be continued until the treatment course is completed.

» If dexamethasone is not available, equivalent doses of other corticosteroids such as prednisone,
methylprednisolone, or hydrocortisone may be used (BIII). See Corticosteroids for more
information.

Rationale

In the RECOVERY Study, treatment with dexamethasone conferred a survival benefit among
participants who required supplemental oxygen but not invasive mechanical ventilation at enrollment:
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23.3% of the participants in the dexamethasone group died within 28 days of enrollment compared with
26.2% in the standard of care arm (rate ratio 0.82; 95% CI, 0.72-0.94).>

In ACTT-1, there was no observed difference in time to recovery between the remdesivir and placebo
groups (recovery rate ratio 1.09; 95% CI, 0.76—1.57) in the subgroup of participants who required
high-flow oxygen or noninvasive ventilation at enrollment (n = 193). A post hoc analysis did not show a
survival benefit at Day 29.! However, the trial was not powered to detect differences in outcomes within
subgroups. Because there is uncertainty regarding the clinical benefit of using remdesivir alone in this
subgroup, the Panel does not recommend using remdesivir monotherapy in these patients.

The combination of remdesivir and dexamethasone has not been studied in clinical trials; therefore,

the safety and efficacy of this combination is unknown. Despite the lack of clinical trial data, the Panel
recognizes that there are theoretical reasons to use dexamethasone and remdesivir in combination.

One reason for coadministering remdesivir and dexamethasone is that antiviral therapy may decrease
viral shedding or prevent the harmful clinical outcomes that have been observed in patients with other
viral infections who have received steroids. In outbreaks of other coronavirus infections (e.g., Middle
East respiratory syndrome [MERS] and severe acute respiratory syndrome [SARS]), corticosteroid

use was associated with delayed virus clearance.>* In cases of severe pneumonia caused by influenza,
corticosteroid therapy appears to worsen clinical outcomes, including secondary bacterial infection and
mortality.’

For Hospitalized Patients with COVID-19 Who Require Invasive Mechanical
Ventilation or Extracorporeal Membrane Oxygenation

Recommendations

The options below are listed in order of preference; however, both options are considered acceptable.

* Dexamethasone at the dose and duration discussed above (Al); or

* Dexamethasone plus remdesivir for patients who have recently been intubated at the doses and
durations discussed above (CIII).

Additional Considerations

* The combination of dexamethasone and remdesivir has not been studied in clinical trials. There
are theoretical reasons for coadministering these drugs in recently intubated patients.

» [f dexamethasone is not available, alternative corticosteroids such as prednisone,
methylprednisolone, or hydrocortisone can be used (BIII). See Corticosteroids for dosing
recommendations.

» For those who initially started remdesivir monotherapy and then progressed to mechanical
ventilation or extracorporeal membrane oxygenation (ECMO), dexamethasone should be started
and remdesivir should be continued to complete the treatment course.

Rationale

In the RECOVERY study, a survival benefit was seen for dexamethasone among participants who
required invasive mechanical ventilation at randomization: 29.3% of participants in the dexamethasone
group died within 28 days of enrollment compared with 41.4% in the control arm (rate ratio 0.64; 95%
CI, 0.51-0.81). After the publication of the RECOVERY study, several smaller randomized trials were
published that examined the role of corticosteroids in critically ill patients with COVID-19. A meta-
analysis of seven randomized controlled trials compared the 28-day mortality of critically ill patients
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with COVID-19 who received corticosteroids (dexamethasone, hydrocortisone, or methylprednisolone)
to those who received the usual care or placebo. In this meta-analysis, 92% of the 1,703 patients
evaluated were on invasive mechanical ventilation. Mortality was 32.7% in patients who were
randomized to receive corticosteroids and 41.4% in patients who were randomized to receive the usual
care or placebo (OR 0.66; 95% CI, 0.53—0.82). It should be noted that the RECOVERY trial accounted
for 59% of the patients in this meta-analysis.®

The reason that dexamethasone is prioritized over remdesivir monotherapy is because there is
uncertainty regarding the clinical benefit of using remdesivir in this group. In ACTT-1, there was no
observed difference in time to recovery between the remdesivir and placebo groups (recovery rate ratio
0.98; 95% CI, 0.70—-1.36) among participants who were on mechanical ventilation or ECMO at baseline
(n =285). In a post hoc analysis of deaths by Day 29, there was no evidence that remdesivir affected
the mortality rate in this subgroup (HR 1.13; 95% CI, 0.67—-1.89).! However, because the trial was not
powered to detect differences in outcomes within subgroups, there is uncertainty about the effect of
remdesivir on the course of COVID-19 in patients who are mechanically ventilated or on ECMO. There
was no information available on the duration of mechanical ventilation in the study participants.

One theoretical reason for coadministering remdesivir and dexamethasone in patients who have recently
been intubated is that antiviral therapy may prevent a steroid-related delay in viral clearance. This

delay has been reported in previous studies when corticosteroids were given in the setting of other viral
infections.** An observational study in people with non-severe COVID-19 suggested a similar delay in
viral clearance in patients who received corticosteroids,’ but these results have not been verified. Despite
the lack of clinical trial data, some Panel members would coadminister dexamethasone and remdesivir in
patients who have recently been placed on mechanical ventilation. Antivirals such as remdesivir might
not have an impact later in the disease course because the rate of viral replication may be decreasing.
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Antiviral Drugs That Are Under Evaluation for the Treatment
of COVID-19

Last Updated: October 9, 2020

Summary Recommendations

There are no Food and Drug Administration-approved drugs for the treatment of COVID-19. In this section, the
COVID-19 Treatment Guidelines Panel (the Panel) provides recommendations for using antiviral drugs to treat COVID-19
based on the available data. As in the management of any disease, treatment decisions ultimately reside with the
patient and their health care provider.

For more information on the antiviral agents that are currently being evaluated for the treatment of COVID-19, see Table 2.
Remdesivir

The Remdesivir section of the Guidelines will be updated soon. See Therapeutic Management of Patients with COVID-19
for recommendations on using remdesivir with or without corticosteroids.

Recommendation for Prioritizing Limited Supplies of Remdesivir

 Because remdesivir supplies are limited, the Panel recommends prioritizing remdesivir for use in hospitalized patients
with COVID-19 who require supplemental oxygen but who do not require oxygen delivery through a high-flow device,
noninvasive ventilation, invasive mechanical ventilation, or extracorporeal membrane oxygenation (ECMO) (BI).

Recommendation for Patients With Mild or Moderate COVID-19

* There are insufficient data for the Panel to recommend either for or against the use of remdesivir in patients with
mild or moderate COVID-19.

Recommendations for Patients with COVID-19 Who Require Supplemental Oxygen

For Patients Who Do Not Require Oxygen Delivery Through a High-Flow Device, Noninvasive Ventilation, Invasive
Mechanical Ventilation, or ECMO

¢ The Panel recommends using remdesivir for 5 days or until hospital discharge, whichever comes first (Al).

* |f a patient who is on supplemental oxygen while receiving remdesivir progresses to requiring delivery of oxygen
through a high-flow device, noninvasive ventilation, invasive mechanical ventilation, or ECMO, the course of
remdesivir should be completed.

For Patients Who Require Oxygen Delivery Through a High-Flow Device, Noninvasive Ventilation, Invasive Mechanical

Ventilation, or ECMO

» Because there is uncertainty regarding whether starting remdesivir confers clinical benefit in these groups of patients,
the Panel cannot make a recommendation either for or against starting remdesivir.

Duration of Therapy for Patients Who Have Not Shown Clinical Improvement After 5 Days of Therapy

 There are insufficient data on the optimal duration of remdesivir therapy for patients with COVID-19 who have not
shown clinical improvement after 5 days of therapy. In this group, some experts extend the total remdesivir treatment
duration to up to 10 days (CIII).

Chloroquine or Hydroxychloroquine With or Without Azithromycin
 The Panel recommends against the use of chloroquine or hydroxychloroquine with or without azithromygcin for the
treatment of COVID-19 in hospitalized patients (Al).

¢ In nonhospitalized patients, the Panel recommends against the use of chloroquine or hydroxychloroquine with or
without azithromyein for the treatment of COVID-19, except in a clinical trial (Al).

» The Panel recommends against the use of high-dose chloroquine (600 mg twice daily for 10 days) for the treatment
of COVID-19 (Al).

Lopinavir/Ritonavir and Other HIV Protease Inhibitors

» The Panel recommends against using lopinavir/ritonavir (Al) or other HIV protease inhibitors (Alll) to treat
COVID-19, except in a clinical trial.
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Ivermectin
* The Panel recommends against the use of ivermectin for the treatment of COVID-19, except in a clinical trial (Alll).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials with clinical outcomes and/or validated laboratory endpoints;
[I = One or more well-designed, nonrandomized trials or observational cohort studies; Il = Expert opinion

Antiviral Therapy

Because severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) replication leads to many of
the clinical manifestations of COVID-19, antiviral therapies are being investigated for the treatment of
COVID-19. These drugs inhibit viral entry (via the angiotensin-converting enzyme 2 [ACE2] receptor
and transmembrane serine protease 2 [TMPRSS2]), viral membrane fusion and endocytosis, or the
activity of the SARS-CoV-2 3-chymotrypsin-like protease (3CLpro) and the RNA-dependent RNA
polymerase.! Because viral replication may be particularly active early in the course of COVID-19,
antiviral therapy may have the greatest impact before the illness progresses into the hyperinflammatory
state that can characterize the later stages of disease, including critical illness.? For this reason, it is
necessary to understand the role of antivirals in treating mild, moderate, severe, and critical illness in
order to optimize treatment for people with COVID-19.

The following sections describe the underlying rationale for using different antiviral medications,
provide the Panel’s recommendations for using these medications to treat COVID-19, and summarize
the existing clinical trial data. Additional antiviral therapies will be added to this section of the
Guidelines as new evidence emerges.

References

1. Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB. Pharmacologic treatments for coronavirus disease
2019 (COVID-19): a review. JAMA. 2020;323(18):1824-1836. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32282022.

2. Siddiqi HK, Mehra MR. COVID-19 illness in native and immunosuppressed states: a clinical-therapeutic
staging proposal. J Heart Lung Transplant. 2020;39(5):405-407. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32362390.

COVID-19 Treatment Guidelines 58

Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 11/2/2020




Remdesivir
Last Updated: July 24, 2020

Remdesivir is an intravenous (I'V) investigational nucleotide prodrug of an adenosine analog.
Remdesivir binds to the viral RNA-dependent RNA polymerase, inhibiting viral replication through
premature termination of RNA transcription. It has demonstrated in vitro activity against severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).! In a rhesus macaque model of SARS-CoV-2
infection, remdesivir treatment was initiated soon after inoculation; remdesivir-treated animals had
lower virus levels in the lungs and less lung damage than the control animals.?

Remdesivir has been studied in several clinical trials for the treatment of COVID-19. The
recommendations from the COVID-19 Treatment Guidelines Panel (the Panel) are based on the results
of these studies.

Remdesivir is available through the Food and Drug Administration (FDA) Emergency Use Authorization
(EUA) for people with severe COVID-19.

Recommendation for Prioritizing Limited Supplies of Remdesivir

* Because remdesivir supplies are limited, the Panel recommends prioritizing remdesivir for
use in hospitalized patients with COVID-19 who require supplemental oxygen but who do
not require oxygen delivery through a high-flow device, noninvasive ventilation, invasive
mechanical ventilation, or extracorporeal membrane oxygenation (ECMO) (BI).

Recommendation for Patients With Mild or Moderate COVID-19

* There are insufficient data for the Panel to recommend either for or against the use of remdesivir
in patients with mild or moderate COVID-19.

Recommendations for Patients With COVID-19 Who Require Supplemental Oxygen

For Patients Who Do Not Require Oxygen Delivery Through a High-Flow Device,
Noninvasive Ventilation, Invasive Mechanical Ventilation, or ECMO

* The Panel recommends using remdesivir for 5 days or until hospital discharge, whichever comes
first (AI).

» If a patient who is on supplemental oxygen while receiving remdesivir progresses to requiring
delivery of oxygen through a high-flow device, noninvasive ventilation, invasive mechanical
ventilation, or ECMO, the course of remdesivir should be completed.

For Patients Who Require Oxygen Delivery Through a High-Flow Device, Noninvasive
Ventilation, Invasive Mechanical Ventilation, or ECMO

* Because there is uncertainty regarding whether starting remdesivir confers clinical benefit in
these groups of patients, the Panel cannot make a recommendation either for or against starting
remdesivir.

Duration of Therapy for Patients Who Have Not Shown Clinical Improvement After 5
Days of Therapy

» There are insufficient data on the optimal duration of remdesivir therapy for patients with
COVID-19 who have not shown clinical improvement after 5 days of therapy. In this group, some
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experts extend the total remdesivir treatment duration to up to 10 days (CIII).

Rationale

The recommendations for remdesivir are largely based on data from a multinational, randomized,
placebo-controlled trial (the Adaptive COVID-19 Treatment Trial [ACTT-1]). This trial included 1,063
hospitalized patients with COVID-19 and evidence of lower respiratory tract infection who received IV
remdesivir or placebo for 10 days (or until hospital discharge, whichever came first).

Participants who received remdesivir had a shorter time to clinical recovery than those who received
placebo (median recovery time was 11 days vs. 15 days, respectively).?

For Patients Who Do Not Require Supplemental Oxygen

In the preliminary subgroup analyses of ACTT-1, there was no observed benefit for remdesivir in people
with COVID-19 who did not require supplemental oxygen; however, the number of people in this
category was relatively small. Remdesivir is being evaluated in another clinical trial for the treatment of
patients with moderate COVID-19; complete data from this trial are expected soon.

For Patients Who Require Supplemental Oxygen But Do Not Require Oxygen Delivery
Through a High-Flow Device, Noninvasive Ventilation, Invasive Mechanical Ventilation, or
ECMO

The preliminary analysis of ACTT-1 also reported that the participants with the clearest evidence of
clinical benefit from starting remdesivir were those who required supplemental oxygen but who did

not require oxygen delivery through a high-flow device, noninvasive ventilation, invasive mechanical
ventilation, or ECMO at baseline (n = 421). In this subgroup, those who received remdesivir had a
shorter time to recovery than those who received placebo (recovery rate ratio 1.47; 95% CI, 1.17-1.84);
in a post-hoc analysis of deaths by Day 14, remdesivir appeared to confer a survival benefit (HR for
death 0.22; 95% CI, 0.08-0.58).

For Patients Who Require Oxygen Delivery Through a High-Flow Device or Noninvasive
Ventilation

In patients who required delivery of oxygen through a high-flow device or noninvasive ventilation at
baseline (n = 197), there was no observed difference in the time to recovery between the remdesivir

and placebo groups (recovery rate ratio 1.20; 95% CI, 0.79-1.81). In the post-hoc analysis of deaths by
Day 14, there was no evidence that remdesivir had an impact on the mortality rate in this subgroup (HR
1.12; 95% CI, 0.53-2.38). However, because the trial was not powered to detect differences in outcomes
within these subgroups, there is uncertainty as to the effect of remdesivir on the course of COVID-19 in
these patients.

For Patients Who Require Invasive Mechanical Ventilation or ECMO

In participants who were on invasive mechanical ventilation or ECMO at baseline (n = 272), there was
no observed difference in the time to recovery between the remdesivir and placebo groups (recovery rate
ratio 0.95; 95% CI, 0.64-1.42). In the post-hoc analysis of deaths by Day 14, there was no evidence that
remdesivir had an impact on the mortality rate in this subgroup (HR 1.06; 95% CI, 0.59-1.92).

Overall, a review of the final data set, which included 28-day mortality, showed that this data set was
consistent with the published preliminary data (the unpublished data was provided to the Panel by the
ACTT-1 study team [written communication, July 2020]).
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For patients with COVID-19 who required delivery of oxygen through a high-flow device, noninvasive
ventilation, invasive mechanical ventilation, or ECMO, there was no observed difference between the
remdesivir and placebo groups in the time to recovery or the mortality rate. However, because the trial
was not powered to detect differences in outcomes within these subgroups, there is uncertainty as to
whether starting remdesivir confers clinical benefit in these patients. For this reason, the Panel cannot
make a recommendation either for or against starting remdesivir in these patients. Because the supply
of remdesivir is limited, the Panel recommends prioritizing the drug for use in those for whom efficacy
has been demonstrated (i.e., in hospitalized patients who require supplemental oxygen but who do

not require oxygen delivery through a high-flow device, noninvasive ventilation, invasive mechanical
ventilation, or ECMO).

Duration of Therapy

Data from a multinational, open-label trial of hospitalized patients with severe COVID-19 showed that
remdesivir treatment for 5 or 10 days had similar clinical benefit.* The optimal duration of therapy for
patients who do not improve after 5 days of receiving remdesivir is unclear. In the absence of data, some
experts consider extending the total treatment duration of remdesivir to up to 10 days in patients who do
not improve after 5 days of remdesivir therapy.’

See Remdesivir: Selected Clinical Data for more information.

Monitoring, Adverse Effects, and Drug-Drug Interactions

Remdesivir can cause gastrointestinal symptoms (e.g., nausea, vomiting), elevated transaminase levels,
and an increase in prothrombin time (without a change in the international normalized ratio).

Clinical drug-drug interaction studies of remdesivir have not been conducted. Remdesivir levels are
unlikely to be substantially altered by cytochrome P450 (CYP) 2C8, CYP2D6, or CYP3A4 enzymes, or
by P-glycoprotein (P-gp) or organic anion-transporting polypeptide (OATP) drug transporters.

Remdesivir may be administered with weak to moderate inducers or with strong inhibitors of CYP450,
OATP, or P-gp. Strong induction may modestly reduce remdesivir levels. The clinical relevance of
lower remdesivir levels is unknown.® Based on information provided by Gilead Sciences (written
communication, July 2020), the use of remdesivir with drugs that are strong inducers (e.g., rifampin) is
not recommended.

Minimal to no reduction in remdesivir exposure is expected when remdesivir is coadministered with
dexamethasone, according to information provided by Gilead Sciences (written communication,
July 2020). Chloroquine or hydroxychloroquine may decrease the antiviral activity of remdesivir;
coadministration of these drugs is not recommended.’

Because the remdesivir formulation contains renally cleared sulfobutylether-beta-cyclodextrin sodium,
patients with an estimated glomerular filtration rate (¢GFR) of <50 mL/min are excluded from some
clinical trials (some trials have an eGFR cutoff of <30 mL/min).

Considerations in Pregnancy

+ Use remdesivir in pregnant patients only when the potential benefit justifies the potential risk to
the mother and the fetus.’

* The safety and effectiveness of remdesivir for the treatment of COVID-19 have not been evaluated
in pregnant patients. Remdesivir should not be withheld from pregnant patients if it is otherwise
indicated.
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* Remdesivir is available through the FDA EUA for adults and children and through compassionate
use programs for pregnant women and children with COVID-19.

* Ninety-eight female participants received remdesivir as part of a randomized controlled trial for
the treatment of Ebola virus infection; six of these participants had a positive pregnancy test. The
obstetric and neonatal outcomes were not reported in the study.®

Considerations in Children

* The safety and effectiveness of remdesivir for the treatment of COVID-19 have not been evaluated
in pediatric patients.

» Remdesivir is available through an FDA EUA for adults and children and through compassionate
use programs for children with COVID-19. A clinical trial is currently evaluating the
pharmacokinetics of remdesivir in children (ClinicalTrials.gov identifier NCT04431453).

* In the same randomized controlled trial for the treatment of Ebola virus infection discussed above,
41 pediatric patients received remdesivir. These patients included neonates and children aged <18
years.® The safety and clinical outcomes for children were not reported separately in the published
results for the trial. One neonate received remdesivir for the treatment of vertically transmitted
Ebola virus infection and recovered.’

Clinical Trials

Multiple clinical trials that are evaluating remdesivir are currently underway or in development. Please
check ClinicalTrials.gov for the latest information.
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Remdesivir: Selected Clinical Data
Last Updated: July 24, 2020

Remdesivir is an investigational antiviral agent. It is not approved by the Food and Drug Administration,
but it is available by Emergency Use Authorization for the treatment of hospitalized patients with severe
COVID-19.

The information presented in this section may include data from preprints or articles that have not
been peer reviewed. This section will be updated as new information becomes available. Please see
ClinicalTrials.gov for more information on clinical trials that are evaluating remdesivir.

Multinational Randomized Controlled Trial of Remdesivir Versus Placebo in
Hospitalized Patients

The Adaptive COVID-19 Treatment Trial (ACTT-1) is a National Institutes of Health-sponsored,
multinational, randomized, double-blind, placebo-controlled trial.! The primary study endpoint was
time to clinical recovery. Severity of illness at baseline and at Day 15 was assessed using an eight-point
ordinal scale:

. Not hospitalized, no limitations

. Not hospitalized, with limitations

. Hospitalized, no active medical problems

. Hospitalized, not on oxygen

. Hospitalized, on oxygen

. Hospitalized, on high-flow oxygen or noninvasive mechanical ventilation

. Hospitalized, on mechanical ventilation or extracorporeal membrane oxygenation (ECMO)

. Death

0 N N U AW N

Study Population

» The study population consisted of hospitalized patients aged >18 years with laboratory-confirmed
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Patients were enrolled
if they met at least one of the following conditions:

» The patient had pulmonary infiltrates, as determined by radiographic imaging;
« Saturation of oxygen (SpO,) was <94% on room air;
* The patient required supplemental oxygen;
» The patient was on mechanical ventilation; or
» The patient was on ECMO.
* The study excluded individuals who had alanine transaminase (ALT) or aspartate transaminase

(AST) levels >5 times the upper limit of normal (ULN), those who had an estimated glomerular
filtration rate <30 mL/min, and those who were pregnant or breastfeeding.

Preliminary Results
* Of 1,063 enrolled participants, 1,059 had preliminary results available for analysis.

* The median time from symptom onset to randomization was 9 days (IQR 6—12 days).
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* Remdesivir significantly reduced the time to recovery compared to placebo (median time to
recovery was 11 days vs. 15 days; recovery rate ratio 1.32; 95% CI, 1.12-1.55; P <0.001).

* Clinical improvement based on the ordinal scale outlined above was significantly higher at Day
15 in patients who received remdesivir than in those who received placebo (OR 1.50; 95% (I,
1.18-1.91, P <0.001).

* The benefit of remdesivir for reducing time to recovery was clearest in the subgroup of
hospitalized patients who required supplemental oxygenation at study enrollment (ordinal scale
5, n=421; recovery rate ratio 1.47; 95% CI, 1.17-1.84). In a post-hoc analysis of deaths by Day
14, remdesivir appeared to confer a survival benefit in this subgroup (HR for death 0.22; 95% CI,
0.08-0.58).

 In patients who required high-flow oxygen or noninvasive ventilation at study enrollment (ordinal
scale 6, n = 197), there was no observed difference in time to recovery between the remdesivir and
placebo groups (recovery rate ratio 1.20, 95% CI, 0.79—1.81). In a post-hoc analysis of deaths by
Day 14, there was no evidence that remdesivir had an impact on the mortality rate in this subgroup
(HR 1.12; 95% CI, 0.53-2.38).

* Among the patients who were on mechanical ventilation or ECMO at study enrollment (ordinal
scale 7, n = 272), there was no observed difference in time to recovery between the remdesivir and
placebo groups (recovery rate ratio 0.95; 95% CI, 0.64—1.42). In a post-hoc analysis of deaths by
Day 14, there was no evidence that remdesivir had an impact on the mortality rate in this subgroup
(HR 1.06; 95% CI, 0.59-1.92).

* Among patients who were classified as having mild to moderate disease at enrollment, there was
no difference in the median time to recovery between the remdesivir and placebo groups. Mild to
moderate disease was defined as SpO, >94% on room air and a respiratory rate of <24 breaths/min
without supplemental oxygen.

* The mortality estimate by Day 14 was lower in the remdesivir arm than in the placebo arm (7.1%
vs. 11.9%), but the difference was not statistically significant (HR 0.70; 95% CI, 0.47-1.04).

* The use of remdesivir was associated with shorter time to recovery, regardless of the duration of
symptoms prior to randomization (<10 days vs. >10 days).

» The percentages of participants with serious adverse effects (AEs) were similar in the remdesivir
and placebo groups (21.1% vs. 27.0%).

» Transaminase elevations occurred in 4.1% of remdesivir recipients and 5.9% of placebo recipients.

Limitations

At the time of publication, the full dataset was not available for analysis. This summary will be updated
when the final analyses are published.

Interpretation

In patients with severe COVID-19, remdesivir reduced the time to clinical recovery. The benefit of
remdesivir was most apparent in hospitalized patients who only required supplemental oxygen. There
was no observed benefit of remdesivir in those who were on high-flow oxygen, noninvasive ventilation,
mechanical ventilation, or ECMO, but the study was not powered to detect differences within subgroups.
There was no observed benefit of remdesivir in patients with mild or moderate COVID-19, but the
number of participants in these categories was relatively small.
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Multinational, Randomized Trial of Different Durations of Remdesivir Treatment in
Hospitalized Patients

This was a manufacturer-sponsored, multinational, randomized, open-label trial in hospitalized
adolescents and adults with COVID-19. Participants were randomized 1:1 to receive either 5 days or 10
days of intravenous (IV) remdesivir. The primary study endpoint was clinical status at Day 14, which
was assessed using a seven-point ordinal scale:?

1. Death

2. Hospitalized, on invasive mechanical ventilation or ECMO

3. Hospitalized, on noninvasive ventilation or high-flow oxygen devices

4. Hospitalized, requiring low-flow supplemental oxygen

5. Hospitalized, not requiring supplemental oxygen, but requiring ongoing medical care for
COVID-19 or for other reasons

6. Hospitalized, not requiring supplemental oxygen or ongoing medical care (other than the care that
was specified in the protocol for remdesivir administration)

7. Not hospitalized

Study Population

* The study enrolled hospitalized patients aged >12 years with confirmed SARS-CoV-2 infection
and radiographic evidence of pulmonary infiltrates.

* Patients in this study had either SpO, <94% on room air or were receiving supplemental oxygen.
The study excluded patients who were receiving mechanical ventilation or ECMO or who had
multiorgan failure, an ALT or AST level >5 times ULN, or an estimated creatinine clearance <50
mL/min.

Results

* 0Of 402 randomized participants, 397 began 5 days (n = 200) or 10 days (n = 197) of remdesivir
treatment.

* At baseline, participants in the 10-day group had worse clinical status (based on ordinal scale
distribution) than those in the 5-day group (P = 0.02).

» After adjusting for imbalances in the baseline clinical status, the Day 14 distribution in clinical
status on the ordinal scale was similar in the 5-day and 10-day groups (P = 0.14)

* The time to clinical improvement of at least two levels on the ordinal scale (median day of 50%
cumulative incidence) was similar in the 5-day and 10-day groups (10 days vs. 11 days).

* The median durations of hospitalization among patients who were discharged on or before Day
14 were similar in the 5-day group (7 days; IQR 6-10 days) and 10-day group (8 days; IQR 5-10
days).

» Serious AEs were more common in the 10-day group (35%) than in the 5-day group (21%). Four
percent of patients in the 5-day group and 10% of patients in the 10-day group stopped treatment
because of AEs.

Limitations

COVID-19 Treatment Guidelines

This was an open-label trial without a placebo control group, so the clinical benefit of remdesivir
could not be assessed.
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* There were baseline imbalances in the clinical status of participants in the 5-day and 10-day
groups.

Interpretation

In hospitalized patients with COVID-19 who were not on mechanical ventilation or ECMO, remdesivir
treatment for 5 or 10 days had similar clinical benefit. Because this trial excluded patients who were on
mechanical ventilation, the appropriate duration of remdesivir treatment for critically ill patients is still
unclear.

Randomized Controlled Trial of Remdesivir Versus Placebo for Severe COVID-19 in
China

This was a multicenter, double-blind, randomized, placebo-controlled trial that evaluated patients
with severe COVID-19 in China. Patients were randomized 2:1 to receive IV remdesivir or normal
saline placebo for 10 days. The primary study endpoint was time to clinical improvement, defined
as improvement on an ordinal scale or discharged alive from the hospital, whichever came first. The
planned sample size was 453 patients.’

Study Population

 This study enrolled hospitalized adults with laboratory-confirmed COVID-19 whose time from
symptom onset to randomization was <12 days. These patients had SpO, <94% on room air or
PaO,/Fi0, <300 mm Hg and radiographically confirmed pneumonia.

Results

* In this study, 237 patients were randomized to receive remdesivir (n = 158) or placebo (n = 79).
The study was stopped before target enrollment was reached due to control of the COVID-19
outbreak in China.

* The median time from symptom onset to randomization was 9 days for the remdesivir group and
10 days for the placebo group.

+ Sixty-five percent of the participants in the remdesivir group and 68% of the participants in the
placebo group received corticosteroids.

» Twenty-eight percent of the participants in the remdesivir group and 29% of the participants in the
placebo group received lopinavir/ritonavir.

» Twenty-nine percent of the participants in the remdesivir arm and 38% of the participants in the
placebo arm received interferon alfa-2b.

Study Endpoints

* There was no difference in the time to clinical improvement between the remdesivir and placebo
groups (median time to clinical improvement was 21 days vs. 23 days; HR 1.23; 95% CI,
0.87-1.75).

» For patients who started remdesivir or placebo within 10 days of symptom onset, a faster time to
clinical improvement was seen in the remdesivir arm than in the placebo arm (median of 18 days
vs. 23 days; HR 1.52; 95% CI, 0.95-2.43); however, this was not statistically significant.

» The 28-day mortality was similar for the two study arms (14% of participants in the remdesivir
arm vs. 13% in the placebo arm).

* There was no difference between the groups in SARS-CoV-2 viral load at baseline, and the rate of
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decline over time was similar between the two groups.

* The number of participants who experienced AEs was similar between the two groups (66% of
participants in the remdesivir arm vs. 64% in the placebo arm).

* More participants in the remdesivir arm discontinued therapy due to AEs (12% of participants in
the remdesivir arm vs. 5% in the placebo arm).

Limitations

* The study was terminated early because it did not reach its target enrollment; as a result, the
sample size did not have sufficient power to detect differences in clinical outcomes.

* The use of concomitant medications (i.e., corticosteroids, lopinavir/ritonavir, interferons) may
have obscured the effects of remdesivir.

Interpretation

There was no difference in time to clinical improvement, 28-day mortality, or rate of SARS-CoV-2
clearance between remdesivir-treated and placebo-treated patients; however, the study was
underpowered to detect differences in these outcomes between the two groups.

References

1. Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the treatment of COVID-19——preliminary report. N
Engl J Med. 2020. Available at: https://pubmed.ncbi.nlm.nih.gov/32445440.

2. Goldman JD, Lye DCB, Hui DS, et al. Remdesivir for 5 or 10 days in patients with severe COVID-19. N Engl
J Med. 2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32459919.

3. WangY, Zhang D, Du G, et al. Remdesivir in adults with severe COVID-19: a randomised, double-blind,
placebo-controlled, multicentre trial. Lancet. 2020;395(10236):1569-1578. Available at: https://pubmed.ncbi.
nlm.nih.gov/32423584.

COVID-19 Treatment Guidelines 67
Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 11/2/2020




Chloroquine or Hydroxychloroquine With or Without
Azithromycin
Last Updated: October 9, 2020

Chloroquine is an antimalarial drug that was developed in 1934. Hydroxychloroquine, an analogue of
chloroquine, was developed in 1946. Hydroxychloroquine is used to treat autoimmune diseases, such
as systemic lupus erythematosus (SLE) and rheumatoid arthritis, in addition to malaria. In general,
hydroxychloroquine has fewer and less severe toxicities (including less propensity to prolong the QTc
interval) and fewer drug-drug interactions than chloroquine.

Both chloroquine and hydroxychloroquine increase the endosomal pH, inhibiting fusion of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and the host cell membranes.! Chloroquine inhibits
glycosylation of the cellular angiotensin-converting enzyme 2 receptor, which may interfere with
binding of severe acute respiratory syndrome-associated coronavirus (SARS-CoV) to the cell receptor.?
In vitro studies have suggested that both chloroquine and hydroxychloroquine may block the transport
of SARS-CoV-2 from early endosomes to endolysosomes, possibly preventing the release of the viral
genome.? Both chloroquine and hydroxychloroquine also have immunomodulatory effects. It has been
hypothesized that these effects are other potential mechanisms of action for the treatment of COVID-19.
However, despite demonstrating antiviral activity in some in vitro systems, hydroxychloroquine with or
without azithromycin did not reduce upper or lower respiratory tract viral loads or demonstrate clinical
efficacy in a rhesus macaque model.*

Chloroquine and hydroxychloroquine, with or without azithromycin, have been studied in multiple
clinical trials for the treatment of COVID-19. The recommendations below are based on an assessment
of the collective evidence from these studies.

Recommendations

e The COVID-19 Treatment Guidelines Panel (the Panel) recommends against the use of
chloroquine or hydroxychloroquine with or without azithromycin for the treatment of
COVID-19 in hospitalized patients (Al).

* In nonhospitalized patients, the Panel recommends against the use of chloroquine or
hydroxychloroquine with or without azithromycin for the treatment of COVID-19, except in a
clinical trial (AI).

* The Panel recommends against the use of high-dose chloroquine (600 mg twice daily for 10
days) for the treatment of COVID-19 (AI).

Rationale

The safety and efficacy of chloroquine and hydroxychloroquine with or without azithromycin have
been evaluated in randomized clinical trials, observational studies, and single-arm studies. Please see
Chloroquine or Hydroxychloroquine With or Without Azithromycin: Selected Clinical Data for more
information.

In a large randomized controlled trial of hospitalized patients in the United Kingdom,
hydroxychloroquine did not decrease 28-day mortality when compared to the usual standard of care.
Participants who were randomized to receive hydroxychloroquine had a longer median hospital stay
than those who received the standard of care. In addition, among patients who were not on invasive
mechanical ventilation at the time of randomization, those who received hydroxychloroquine were
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more likely to subsequently require intubation or die during hospitalization than those who received the
standard of care.’

In another randomized controlled trial that was conducted in Brazil, neither hydroxychloroquine alone
nor hydroxychloroquine plus azithromycin improved clinical outcomes among hospitalized patients
with mild to moderate COVID-19. More adverse events occurred among patients who received
hydroxychloroquine or hydroxychloroquine plus azithromycin than among those who received the
standard of care.® Data from another randomized study of hospitalized patients with severe COVID-19
do not support using hydroxychloroquine plus azithromycin over hydroxychloroquine alone.’

In addition to these randomized trials, data from large retrospective observational studies do not
consistently show evidence of a benefit for hydroxychloroquine with or without azithromycin in
hospitalized patients with COVID-19. For example, in a large retrospective observational study of
patients who were hospitalized with COVID-19, hydroxychloroquine use was not associated with a
reduced risk of death or mechanical ventilation.® Another multicenter retrospective observational study
evaluated the use of hydroxychloroquine with and without azithromycin in a random sample of a large
cohort of hospitalized patients with COVID-19.° Patients who received hydroxychloroquine with or
without azithromycin did not have a decreased risk of in-hospital mortality when compared to those who
received neither hydroxychloroquine nor azithromycin.

Conversely, a large retrospective cohort study reported a survival benefit among hospitalized patients
who received either hydroxychloroquine alone or hydroxychloroquine plus azithromycin, compared
to those who received neither drug.'® However, patients who did not receive hydroxychloroquine had
a lower rate of admission to the intensive care unit, which suggests that patients in this group may
have received less-aggressive care. Furthermore, a substantially higher percentage of patients in the
hydroxychloroquine arms also received corticosteroids (77.1% of patients in the hydroxychloroquine
arms vs. 36.5% of patients in the control arm). Given that the Randomised Evaluation of COVID-19
Therapy (RECOVERY) trial showed that corticosteroids improve the survival rate of patients with
COVID-19 (see Corticosteroids), it is possible that the findings in this study were confounded by this
imbalance in corticosteroid use.!' These and other observational and single-arm studies are summarized
in Chloroquine or Hydroxychloroquine With or Without Azithromycin: Selected Clinical Data.

Many of the observational studies that have evaluated the use of chloroquine or hydroxychloroquine in
patients with COVID-19 have attempted to control for confounding variables. However, study arms may
be unbalanced in some of these studies, and some studies may not account for all potential confounding
factors. These factors limit the ability to interpret and generalize the results from observational studies;
therefore, results from these studies are not as definitive as those from large randomized trials. Given
the lack of a benefit seen in the randomized clinical trials and the potential for toxicity, the Panel
recommends against using hydroxychloroquine or chloroquine with or without azithromycin to treat
COVID-19 in hospitalized patients (Al).

The Panel also recommends against using high-dose chloroquine to treat COVID-19 (AI). High-dose
chloroquine (600 mg twice daily for 10 days) has been associated with more severe toxicities than
lower-dose chloroquine (450 mg twice daily for 1 day, followed by 450 mg once daily for 4 days).

A randomized clinical trial compared the use of high-dose chloroquine and low-dose chloroquine in
hospitalized patients with severe COVID-19. In addition, all participants received azithromycin, and
89% of the participants received oseltamivir. The study was discontinued early when preliminary results
showed higher rates of mortality and QTc prolongation in the high-dose chloroquine group.'?

Several randomized trials have not shown a clinical benefit for hydroxychloroquine in nonhospitalized
patients with COVID-19. However, other clinical trials are still ongoing.'*'* In nonhospitalized
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patients, the Panel recommends against the use of chloroquine or hydroxychloroquine with or without
azithromycin for the treatment of COVID-19, except in a clinical trial (AI).

The combination of hydroxychloroquine and azithromycin is associated with QTc prolongation

in patients with COVID-19. Given the long half-lives of both azithromycin (up to 72 hours) and
hydroxychloroquine (up to 40 days), caution is warranted even when the two drugs are used sequentially
instead of concomitantly.'

Please see Chloroquine or Hydroxychloroquine With or Without Azithromycin: Selected Clinical Data
for additional details.

Adverse Effects

Chloroquine and hydroxychloroquine have a similar toxicity profile, although hydroxychloroquine is
better tolerated and has a lower incidence of toxicity than chloroquine.

Cardiac Adverse Effects

» QTc prolongation, Torsade de Pointes, ventricular arrythmia, and cardiac deaths.'® If chloroquine
or hydroxychloroquine is used, clinicians should monitor the patient for adverse events, especially
prolonged QTc interval (AIII).

* The risk of QTc prolongation is greater for chloroquine than for hydroxychloroquine.

* Concomitant medications that pose a moderate to high risk for QTc prolongation (e.g.,
antiarrhythmics, antipsychotics, antifungals, macrolides [including azithromycin],'®
fluoroquinolone antibiotics)'” should be used only if necessary. Consider using doxycycline rather
than azithromycin as empiric therapy for atypical pneumonia.

» Multiple studies have demonstrated that concomitant use of hydroxychloroquine and azithromycin
can prolong the QTc interval;'®2° in an observational study, the use of hydroxychloroquine plus
azithromycin was associated with increased odds of cardiac arrest.” The use of this combination
warrants careful monitoring.

* Baseline and follow-up electrocardiograms are recommended when there are potential drug
interactions with concomitant medications (e.g., azithromycin) or underlying cardiac diseases.?'

» The risk-benefit ratio should be assessed for patients with cardiac disease, a history of ventricular
arrhythmia, bradycardia (<50 bpm), or uncorrected hypokalemia and/or hypomagnesemia.

Other Adverse Effects
* Hypoglycemia, rash, and nausea. Divided doses may reduce nausea.

» Retinopathy. Bone marrow suppression may occur with long-term use, but this is not likely with
short-term use.

Drug-Drug Interactions

Chloroquine and hydroxychloroquine are moderate inhibitors of cytochrome P450 (CYP) 2D6, and
these drugs are also P-glycoprotein (P-gp) inhibitors. Use caution when administering these drugs with
medications that are metabolized by CYP2D6 (e.g., certain antipsychotics, beta-blockers, selective
serotonin reuptake inhibitors, methadone) or transported by P-gp (e.g., certain direct-acting oral
anticoagulants, digoxin).?> Chloroquine and hydroxychloroquine may decrease the antiviral activity of
remdesivir; coadministration of these drugs is not recommended.*
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Considerations in Pregnancy

* Antirheumatic doses of chloroquine and hydroxychloroquine have been used safely in pregnant
women with SLE.

» Hydroxychloroquine exposure has not been associated with adverse pregnancy outcomes in >300
human pregnancies.

* A lower dose of chloroquine (500 mg once a week) is used for malaria prophylaxis during
pregnancy.

* No dose changes are necessary for chloroquine or hydroxychloroquine during pregnancy.

Considerations in Children

* Chloroquine and hydroxychloroquine have been routinely used in pediatric populations for the
treatment and prevention of malaria and for rheumatologic conditions.

Drug Availability

» Hydroxychloroquine, chloroquine, and azithromycin are not approved by the Food and Drug
Administration (FDA) for the treatment of COVID-19.

* Hydroxychloroquine is approved by the FDA for the treatment of malaria, lupus erythematosus,
and rheumatoid arthritis. Chloroquine is approved for the treatment of malaria and extraintestinal
amebiasis. Azithromycin is commonly used for the treatment and/or prevention of nontuberculous
mycobacterial infection, various sexually transmitted infections, and various bacterial infections.
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Chloroquine or Hydroxychloroquine With or Without
Azithromycin: Selected Clinical Data
Last Updated: October 9, 2020

Chloroquine is approved by the Food and Drug Administration (FDA) for the treatment and prevention of
malaria and for the treatment of extraintestinal amebiasis. Hydroxychloroquine is approved by the FDA
for the treatment of lupus erythematosus, malaria, and rheumatoid arthritis. Azithromycin is commonly
used for the treatment and/or prevention of mycobacterial (nontuberculous) infection, sexually transmitted
infections, and various bacterial infections. Azithromycin has primarily been studied for the treatment

of COVID-19 when it is used in combination with hydroxychloroquine. The Randomised Evaluation of
COVID-19 Therapy (RECOVERY) trial includes an azithromycin monotherapy arm, which is currently
enrolling.

The information presented in this section may include data from preprints or articles that have not
been peer reviewed. This section will be updated as new information becomes available. Please
see ClinicalTrials.gov for more information on clinical trials that are evaluating chloroquine,
hydroxychloroquine, and azithromycin.

Randomized Controlled Trials

The Effect of Hydroxychloroquine in Hospitalized Patients with COVID-19: Preliminary
Results from a Multicenter, Randomized Controlled Trial

This study has not been peer reviewed.

RECOVERY is an ongoing, open-label, randomized controlled trial with multiple arms, including a
control arm; in one arm, participants received hydroxychloroquine. The trial was conducted across

176 hospitals in the United Kingdom and enrolled hospitalized patients with clinically suspected or
laboratory-confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Patients
with prolonged QTc intervals were excluded from the hydroxychloroquine arm.

Patients were randomized in a 2:1 ratio to receive either the usual standard of care only or the usual
standard of care plus hydroxychloroquine or one of the other treatments in the platform trial. Patients in
the hydroxychloroquine arm received a loading dose of hydroxychloroquine 800 mg at entry and at 6
hours, followed by hydroxychloroquine 400 mg every 12 hours for the next 9 days or until discharge. The
primary outcome was all-cause mortality at Day 28 after randomization.

The trial enrollment ended early on June 5, 2020, after an independent data-monitoring committee
recommended reviewing the unblinded data, and the investigators and trial-steering committee concluded
that the data showed no beneficial effect of hydroxychloroquine.!

Patient Characteristics

* Of'the 7,513 participants who were eligible for hydroxychloroquine, 1,561 were randomized to
receive hydroxychloroquine and 3,155 were randomized to receive standard of care. The remaining
participants were randomized to other treatment arms in the study.

* In both the hydroxychloroquine arm and the standard of care arm, the mean ages were 65 years;
41% of the participants were aged >70 years.

» Ninety percent of patients had laboratory-confirmed SARS-CoV-2 infection.

» Comorbidities were common; 57% of patients had at least one major comorbidity. Diabetes mellitus
was present in 27% of patients, heart disease in 26%, and chronic lung disease in 22%.
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+ At randomization, 17% of patients were receiving invasive mechanical ventilation or
extracorporeal membrane oxygenation, 60% were receiving oxygen only (with or without
noninvasive ventilation), and 24% were receiving neither.

* The use of azithromycin or another macrolide during the follow-up period was similar in both
arms (17% vs. 19%), as was the use of dexamethasone (8% vs. 9%).

Results

* There was no significant difference in the primary outcome of 28-day mortality between the
two arms; 418 patients (26.8%) in the hydroxychloroquine arm and 788 patients (25.0%) in the
standard of care arm had died by Day 28 (rate ratio 1.09; 95% CI, 0.96—-1.23; P =0.18).

* A similar 28-day mortality for hydroxychloroquine patients was reported during the post hoc
exploratory analysis that was restricted to the 4,234 participants (90%) who had a positive
SARS-CoV-2 test result.

» Participants in the hydroxychloroquine arm were less likely to survive hospitalization and had a
longer median time to discharge than patients in the standard of care arm. In addition, participants
who were randomized to receive hydroxychloroquine and who were not on invasive mechanical
ventilation at baseline had an increased risk of requiring intubation and an increased risk of death.

+ At the beginning of the study, the researchers did not record whether a patient developed a major
cardiac arrhythmia after study enrollment; however, these data were later collected for 698 patients
(44.7%) in the hydroxychloroquine arm and 1,357 patients (43.0%) in the standard of care arm.
There were no differences between the arms in the frequency of supraventricular tachycardia,
ventricular tachycardia or fibrillation, or instances of atrioventricular block that required
intervention.

Limitations
* The study was not blinded.

* Information on the occurrence of new major cardiac arrythmia was not collected throughout the
entire trial period.

Interpretation

Hydroxychloroquine does not decrease 28-day all-cause mortality when compared to the usual standard
of care in hospitalized persons with clinically suspected or laboratory-confirmed SARS-CoV-2 infection.
Participants who were randomized to receive hydroxychloroquine had a longer median length of hospital
stay, and those who were not on invasive mechanical ventilation at the time of randomization were more
likely to require intubation or die during hospitalization if they received hydroxychloroquine.

Randomized Controlled Trial of Hydroxychloroquine and Hydroxychloroquine Plus
Azithromycin Among Hospitalized Patients with Mild or Moderate COVID-19 in Brazil

This study was an open-label, three-arm, randomized controlled trial that was conducted in Brazil.
The study enrolled hospitalized patients aged >18 years with suspected or confirmed cases of mild or
moderate COVID-19 and duration of symptoms <14 days.

Patients received either standard of care alone, hydroxychloroquine 400 mg twice daily for 7 days (plus
standard of care), or hydroxychloroquine 400 mg twice daily plus azithromycin 500 mg daily for 7 days
(plus standard of care). The primary outcome was clinical status at Day 15, as assessed by a seven-point
ordinal scale among the patients with confirmed COVID-19 (modified intention to treat analysis).
Exclusion criteria included the need for >4 L of supplemental oxygen or >40% FiO, by face mask, a
history of ventricular tachycardia, or a QT interval >480 ms. Steroids, other immunomodulators, and
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antiviral agents were allowed; 23.3% to 23.9% of patients received oseltamivir.?

Patient Characteristics
* The analysis included 504 patients with confirmed COVID-19.
* The mean patient age was 50 years, and 58% of patients were men.

» At baseline, 58.2% of patients were ordinal level 3 (hospitalized without oxygen), and 41.8% were
ordinal level 4 (hospitalized with oxygen).

* The median time from symptom onset to randomization was 7 days.

Results

» There was no significant difference between the odds of worse clinical status at Day 15 for patients
in the hydroxychloroquine group (OR 1.21; 95% CI, 0.69-2.11; P = 1.00) and patients in the
hydroxychloroquine plus azithromycin group (OR 0.99; 95% CI, 0.57-1.73; P = 1.00).

* There were no significant differences in the secondary outcomes of the three arms, including
progression to mechanical ventilation during the first 15 days and mean number of days “alive and
free of respiratory support.”

» A greater proportion of patients who received hydroxychloroquine plus azithromycin (39.3%) or
hydroxychloroquine alone (33.7%) experienced adverse events than those who received standard of
care (22.6%).

* QT prolongation was more common in patients who received hydroxychloroquine plus
azithromycin or hydroxychloroquine alone than in patients who received standard of care alone,
but fewer patients in the standard of care alone group had serial electrocardiographic studies
performed during the follow-up period.

Limitations
* The study was not blinded.

* The follow-up period was restricted to 15 days.

Interpretation

Neither hydroxychloroquine alone nor hydroxychloroquine plus azithromycin improved clinical
outcomes at Day 15 after randomization among hospitalized patients with mild or moderate COVID-19.

Randomized Controlled Trial of Hydroxychloroquine Versus Standard of Care for Mild or
Moderate COVID-19

This multicenter, randomized, open-label trial compared hydroxychloroquine 1,200 mg once daily for
3 days followed by hydroxychloroquine 800 mg once daily for the rest of the treatment duration (which
was 2 weeks for patients with mild or moderate COVID-19 [99% of the patients] and 3 weeks for two
patients with severe disease) to standard of care.?

Results

» Each study arm enrolled 75 patients. Patients were randomized at a mean of 16.6 days after
symptom onset.

* The hydroxychloroquine arm and the standard of care arm had similar negative polymerase chain
reaction (PCR) conversion rates within 28 days (85.4% of participants vs. 81.3% of participants)
and similar times to negative PCR conversion (median of 8 days vs. 7 days).

» There was no difference in the probability of symptom alleviation between the groups in the
intention-to-treat analysis.
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Limitations
It is unclear how the overall rate of symptom alleviation was calculated.

* The study did not reach the target sample size.

Interpretation

This study demonstrated no difference in the rate of viral clearance between hydroxychloroquine and
standard of care.

High-Dose Chloroquine Versus Low-Dose Chloroquine

A randomized, double-blind, Phase 2b study compared two different chloroquine regimens, chloroquine
600 mg twice daily for 10 days (high dose) and chloroquine 450 mg twice daily for 1 day followed by
450 mg for 4 days (low dose), in hospitalized adults with suspected cases of severe COVID-19. All
patients also received ceftriaxone plus azithromycin; 89.6% of patients received oseltamivir.*

The planned study sample size was 440 participants. The study was stopped by the study’s data safety
monitoring board after 81 patients were enrolled.

Results
» Forty-one patients were randomized into the high-dose arm and 40 patients were randomized into
the low-dose arm.
* The overall fatality rate was 27.2%.

* Mortality by Day 13 was higher in the high-dose arm than in the low-dose arm (death occurred in
16 of 41 patients [39%] vs. in six of 40 patients [15%]; P = 0.03). This difference was no longer
significant after controlling for age (OR 2.8; 95% CI, 0.9-8.5).

* Overall, QTcF >500 ms occurred more frequently in the high-dose arm (18.9% of patients) than in
the low-dose arm (11.1% of patients).

* Two patients in the high-dose arm experienced ventricular tachycardia before death.

Limitations

More older patients and more patients with a history of heart disease were randomized into the
high-dose arm than into the low-dose arm.

Interpretation

Despite the small number of patients enrolled, this study raises concerns about an increased risk of
mortality when high-dose chloroquine (600 mg twice daily) is administered in combination with
azithromycin and oseltamivir.

Randomized Placebo-Controlled Trial of Hydroxychloroquine in Nonhospitalized Adults with
Early COVID-19

This randomized, placebo-controlled trial in the United States and Canada enrolled participants with <4
days of symptoms that were compatible with COVID-19 and either laboratory-confirmed SARS-CoV-2
infection or high-risk exposure within the previous 14 days. Participants were recruited through internet-
based surveys. They were randomized to receive hydroxychloroquine (800 mg once, followed by 600
mg in 68 hours, and then 600 mg daily for 4 days) or placebo (with the same dosing frequency).

The planned primary endpoint was ordinal outcome by Day 14 in four categories: not hospitalized,
hospitalized, intensive care unit (ICU) stay, or death. Due to lower than expected event rates, a new
primary endpoint was defined: change in overall symptom severity over 14 days (assessed on a 10-point,
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self-reported, visual analog scale). A longitudinal mixed model that was adjusted for baseline severity
score was used for the anaylsis.’

Patient Characteristics

Data were collected from 423 participants (212 in the hydroxychloroquine arm and 211 in the
placebo arm) for the primary end point.

Of the 423 participants, 241 were exposed to people with COVID-19 through their position as
health care workers (57%), 106 were exposed through household contacts (25%), and 76 had other
types of exposure (18%).

The median age was 40 years, and 56% of patients were women. Only 3% of patients were Black.
Very few patients had comorbidities: 11% had hypertension, 4% had diabetes, and 68% had no
chronic medical conditions.

Fifty-six percent of patients were enrolled on Day 1 of symptom onset.

In this study, 341 participants (81%) had either a positive PCR result or a high-risk exposure to a
PCR-positive contact.

Results

Compared to the placebo recipients, hydroxychloroquine recipients had a nonsignificant 12%
difference in improvement in symptoms between baseline and Day 14 (-2.60 vs. -2.33 points; P =
0.117).

Ongoing symptoms were reported by 24% of those on hydroxychloroquine and 30% of those in
the placebo group at Day 14 (P = 0.21).

There was no difference in the incidence of hospitalization (four patients in the
hydroxychloroquine group vs. 10 patients in the placebo group). Two of the 10 placebo
participants were hospitalized for reasons that were unrelated to COVID-19.

A higher percentage of patients who received hydroxychloroquine experienced adverse events
(mostly gastrointestinal) than patients who received placebo (43% vs. 22%; P <0.001).

Limitations

» This study enrolled a highly heterogenous participant population. Only 227 of the 423 participants

(53.7%) were confirmed PCR-positive for SARS-CoV-2.

Changing the primary endpoint during the study without a new power calculation makes it
difficult to assess whether the study is powered to detect differences in outcomes between the
study arms.

This study used surveys for screening, symptom assessment, and adherence reporting.

The visual analog scale has not been commonly used, and its ability to assess acute viral
respiratory infections in clinical trials has not been validated.

Interpretation

The study has some limitations, and it did not find evidence that early administration of
hydroxychloroquine reduced symptom severity in patients with mild COVID-19.

Open-Label Randomized Controlled Trial of Hydroxychloroquine in Nonhospitalized Adults
with Mild COVID-19

This open-label randomized controlled trial in Spain enrolled nonhospitalized adults with laboratory-
confirmed SARS-CoV-2 infection and <5 days of mild COVID-19 symptoms. Participants were mostly
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health care workers. They were randomized to receive hydroxychloroquine (800 mg on Day 1, followed
by 400 mg once daily for 6 days) or no antiviral treatment (control group). The primary endpoint was
reduction in SARS-CoV-2 viral load, which was assessed using nasopharyngeal swabs on Days 3 and

7. Secondary endpoints were disease progression up to Day 28 and time to complete resolution of
symptoms.°

Patient Characteristics

Of 353 participants who were randomized into the hydroxychloroquine group or the control
group, 60 were excluded from the intention to treat analysis because of negative baseline reverse
transcription-PCR (RT-PCR), missing RT-PCR at all follow-up visits, or consent withdrawal.

The intention to treat analysis included 293 patients (157 in the control group and 139 in the
hydroxychloroquine group). Mean age was 41.6 years, and 67% of patients were women.

The majority of patients were healthcare workers (87%), and 53% reported chronic health
conditions.

The median time from symptom onset to enrollment was 3 days (IQR 2—4 days). The most
commonly reported COVID-19 symptoms were fever, cough, and sudden olfactory loss.

Results

There was no significant difference in viral load reduction between the control group and
hydroxychloroquine group at Day 3 (-1.41 vs. -1.41 log,, copies/mL; difference of 0.01; 95% CI,
-0.28 t0 0.29), or at Day 7 (-3.37 vs. -3.44 log , copies/mL; difference of -0.07; 95% CI, -0.44 to
0.29).

There was no difference in the risk of hospitalization between the two groups: 7.1% vs. 5.9% (risk
ratio 0.75; 95% CI, 0.32—1.77).

There was no difference in the median time from randomization to the resolution of COVID-19
symptoms between the two groups (12.0 days in the control arm vs. 10.0 days in the
hydroxychloroquine arm; P = 0.38).

A higher percentage of participants in the hydroxychloroquine arm than in the control arm
experienced adverse events during the 28-day follow-up period (72% vs. 9%). The most common
adverse events were gastrointestinal disorders and “nervous system disorders.”

Serious adverse events were reported in 12 patients in the control group and in eight patients
in the hydroxychloroquine group. The serious adverse events that occurred among the
hydroxychloroquine patients were not deemed to be related to the drug.

Limitations

This was an open-label, non-placebo-controlled trial. The study design allowed for the possibility
of drop-outs in the control arm and over-reporting of adverse events in the hydroxychloroquine
arm.

There was a change in the intervention during the study; the authors initially planned to include a
combination of hydroxychloroquine and darunavir/cobicistat.

The majority of the participants were relatively young health care workers.

Interpretation

Early administration of hydroxychloroquine to patients with mild COVID-19 disease did not result in
improvement in virologic clearance, a lower risk of disease progression, or a reduced time to symptom
improvement.
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Observational Studies

New York Department of Health Study on Hydroxychloroquine With or Without Azithromycin
A retrospective, multicenter, observational study evaluated the use of hydroxychloroquine with

and without azithromycin in a random sample of 1,438 inpatients with COVID-19. Patients were
categorized into four treatment groups: hydroxychloroquine plus azithromycin, hydroxychloroquine
alone, azithromycin alone, or neither drug. The primary outcome measure was in-hospital mortality,

and the secondary outcome measure was cardiac arrest and arrhythmia or QT prolongation on an
electrocardiogram.’

Results

 Patients in the three treatment groups had more severe disease at baseline than those who received
neither drug.

* In adjusted analyses, patients who received one of the three treatment regimens did not show a
decreased in-hospital mortality rate when compared with those who received neither drug.

» Patients who received hydroxychloroquine plus azithromycin had a greater risk of cardiac arrest
than patients who received neither drug (OR 2.13; 95% CI, 1.12-4.05).
Limitations

Despite the large size of this study, it has the inherent limitations of an observational study. These
include residual confounding from confounding variables that were unrecognized and/or unavailable for
analysis.

Interpretation

Despite the limitations discussed above, these findings suggest that although hydroxychloroquine
and azithromycin are not associated with an increased risk of in-hospital death, the combination of
hydroxychloroquine and azithromycin may be associated with an increased risk of cardiac arrest.

Observational Study of Hydroxychloroquine at a Large Medical Center in New York City

This observational study evaluated 1,376 consecutive adults hospitalized with COVID-19. The study
assessed the time from study baseline (24 hours after patients arrived at the emergency department)
to intubation or death based on whether the patient received hydroxychloroquine at baseline or
during follow-up. Patients who received hydroxychloroquine were prescribed a twice-daily dose of
hydroxychloroquine 600 mg on the first day followed by 400 mg daily for 4 additional days; this was
based on a clinical guidance protocol for the hospital.?

Results

* In this study, 811 patients (58.9%) received hydroxychloroquine and 565 (41.1%) did not.

* Hydroxychloroquine recipients were more severely ill at baseline than those who did not receive
hydroxychloroquine.

+ Using propensity scores to adjust for major predictors of respiratory failure and inverse probability
weighting, the study demonstrated that hydroxychloroquine use was not associated with intubation
or death (HR 1.04; 95% CI, 0.82—1.32).

* There was also no association between concomitant use of azithromycin and the composite
endpoint of intubation or death (HR 1.03; 95% CI, 0.81-1.31).

Limitations
Despite the large size of this study, it has the inherent limitations of an observational study. These
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include residual confounding from confounding variables that were unrecognized and/or unavailable for
analysis.

Interpretation

The use of hydroxychloroquine for treatment of COVID-19 was not associated with harm or benefit in a
large observational study.

Observational Cohort of Hydroxychloroquine Versus No Hydroxychloroquine

This retrospective observational cohort study analyzed data for adult patients who were hospitalized for
severe COVID-19 pneumonia at four French tertiary care centers. The primary outcome was survival
without transfer to the ICU at Day 21. An inverse probability of treatment weighting approach was used
to “emulate” randomization.’

Results

+ Of'the 181 patients who were eligible for the analysis, 84 participants received
hydroxychloroquine within 48 hours, eight received hydroxychloroquine beyond 48 hours, and 89
did not receive hydroxychloroquine.

* In the hydroxychloroquine group, 18% of the patients received concomitant azithromycin.

+ In the inverse probability of treatment-weighted analysis, there was no difference in survival rates
without ICU transfer at Day 21 between the hydroxychloroquine group (76% of participants)
and the non-hydroxychloroquine group (75% of participants). Similarly, there was no difference
between the groups in the secondary outcomes of survival rate and survival rate without acute
respiratory distress syndrome at Day 21.

Limitations

This was a retrospective, nonrandomized study.

Interpretation

In this retrospective study, there was no difference in the rates of clinically important outcomes between
patients who received hydroxychloroquine within 48 hours of hospital admission and those who did not.

Retrospective Cohort Study that Compared Hydroxychloroquine to No Hydroxychloroquine
in a Health Care System in Detroit, Michigan

A comparative, retrospective cohort study assessed the outcomes for all consecutive patients who were
hospitalized for COVID-19 (which was defined as a positive SARS-CoV-2 PCR from a nasopharyngeal
sample) from March 10 to May 2, 2020, in the Henry Ford Health System in Michigan."

The primary outcome was in-hospital mortality. The study compared outcomes for patients who received
hydroxychloroquine alone, hydroxychloroquine plus azithromycin, azithromycin alone, or neither drug.

An interdisciplinary task force of the health system established a COVID-19 treatment protocol

that incorporated the use of hydroxychloroquine alone or in combination with azithromycin. The
hydroxychloroquine dose was 400 mg twice daily for 1 day, then 200 mg twice daily for 4 days. If
azithromycin was used, the dose was azithromycin 500 mg for 1 day, then 250 mg daily for 4 days. The
combination of hydroxychloroquine and azithromycin was reserved for patients with severe COVID-19
and minimal cardiac risks. The clinical treatment protocol allowed for the use of tocilizumab and
corticosteroids in some patients; however, the criteria for their use were not specified in the report.
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Study Population

The analysis included 2,541 consecutive patients.

The median patient age was 64 years (IQR 53-76 years); 51% of patients were men, 56% were
African American, and 52% had a BMI >30.

The median time to follow-up was 28.5 days (IQR 3-53 days).

The modified sequential organ failure assessment (mSOFA) score was not available for 25% of
patients.

Corticosteroids were given to 79% of patients in the hydroxychloroquine alone group, 74% of
patients in the hydroxychloroquine plus azithromycin group, and 35.7% of those on neither drug.

Mortality

Overall, crude mortality was 18.1%. When broken down by the different groups, the mortality was
13.5% in hydroxychloroquine alone group, 20.1% in the hydroxychloroquine plus azithromycin
group, 22.4% in the azithromycin alone group, and 26.4% in the group that received neither drug
(P <0.001).

Mortality HRs were analyzed using a multivariable Cox regression model; the group that received
neither drug was used as the reference. Hydroxychloroquine alone decreased the mortality HR by
66% (P < 0.001). Hydroxychloroquine plus azithromycin decreased the mortality HR by 71% (P <
0.001).

Other predictors of mortality were age >65 years (HR 2.6; 95% CI, 1.9-3.3); White race (HR
1.7; 95% ClI, 1.4-2.1); chronic kidney disease (HR 1.7; 95% CI, 1.4-2.1); reduced O, saturation
level on admission (HR 1.6; 95% CI, 1.1-2.2); and ventilator use at admission (HR 2.2; 95% CI,
1.4-3.0).

A propensity-matched Cox regression result suggested a mortality HR of 0.487 for patients who
received hydroxychloroquine (95% CI, 0.285-0.832, P = 0.009).

Limitations

 This retrospective observational study evaluated one health care system with an institutional

protocol for hydroxychloroquine and azithromycin use.

Because the study was not randomized and not blinded, there is a possibility of residual
confounding

There was a lower rate of ICU admission among patients who did not receive hydroxychloroquine,
which suggests that this group may have received less-aggressive care.

A substantially higher percentage of patients in the hydroxychloroquine arms also received
corticosteroids compared to the control arm (77.1% vs. 35.7%). Given that the RECOVERY trial
showed that dexamethasone use conferred a survival benefit (see Corticosteroids), it is possible
that the findings were confounded by this imbalance in corticosteroid use.'!

Interpretation

This retrospective, propensity-matched cohort study reported a mortality benefit in hospitalized
patients with COVID-19 who received either hydroxychloroquine alone or hydroxychloroquine plus
azithromycin compared to receiving neither drug. However, there were substantial imbalances in
corticosteroid use between the groups, which may have affected mortality. Moreover, because the study
was retrospective and observational, it cannot control for other and unknown confounders.
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Other Reviewed Studies

The COVID-19 Treatment Guidelines Panel (the Panel) has reviewed other clinical studies of
hydroxychloroquine with or without azithromycin and studies of chloroquine for the treatment of
COVID-19."222 These studies have limitations (e.g., the potential for residual confounding, small sample
sizes, incomplete reporting, a lack of comparison groups) that make them less definitive and informative
than large randomized clinical trials. The Panel’s summaries and interpretations of some of those studies
are available in the archived versions of the COVID-19 Treatment Guidelines.
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lvermectin
Last Updated: August 27, 2020

Ivermectin is a Food and Drug Administration (FDA)-approved antiparasitic drug that is used to treat
several neglected tropical diseases, including onchocerciasis, helminthiases, and scabies.! It is also
being evaluated for its potential to reduce the rate of malaria transmission by killing mosquitoes that
feed on treated humans and livestock.? For these indications, ivermectin has been widely used and has
demonstrated an excellent safety profile.!

Proposed Mechanism of Action and Rationale for Use in Patients With COVID-19

Ivermectin acts by inhibiting the host importin alpha/beta-1 nuclear transport proteins, which are part
of a key intracellular transport process that viruses hijack to enhance infection by suppressing the host
antiviral response.® Ivermectin is therefore a host-directed agent, which is likely the basis for its broad-
spectrum activity in vitro against the viruses that cause dengue, Zika, HIV, and yellow fever.>*

Recommendation

* The COVID-19 Treatment Guidelines Panel recommends against the use of ivermectin for the
treatment of COVID-19, except in a clinical trial (AILI).

Rationale

Ivermectin has been shown to inhibit the replication of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) in cell cultures.” However, pharmacokinetic and pharmacodynamic studies suggest
that achieving the plasma concentrations necessary for the antiviral efficacy detected in vitro would
require administration of doses up to 100-fold higher than those approved for use in humans.®® Even
though ivermectin appears to accumulate in the lung tissue, predicted systemic plasma and lung tissue
concentrations are much lower than 2 pM, the half-maximal inhibitory concentration (IC,) against
SARS-CoV-2 in vitro."*!"!

Ivermectin is not approved for the treatment of any viral infection, including SARS-CoV-2 infection.
The FDA issued a warning in April 2020 that ivermectin intended for use in animals should not be used
to treat COVID-19 in humans.

Clinical Data in Patients With COVID-19

The available clinical data on the use of ivermectin to treat COVID-19 are limited.

Retrospective Analysis of Using Ivermectin in Patients With COVID-19

This study has not been peer reviewed.

This retrospective analysis of consecutive patients with confirmed SARS-CoV-2 infection (27% with
severe COVID-19) who were admitted to four Florida hospitals compared patients who received at least
one dose of ivermectin (n = 173) to those who received “usual care” (n = 103). The primary outcome
was all-cause, in-hospital mortality. The secondary outcomes included mortality in patients with severe

disease (defined as “need for either Fi0, >50% or noninvasive or invasive mechanical ventilation™) and
extubation rates in those who were mechanically ventilated.'

Results
* Ivermectin administration was reportedly consistent with hospital guidelines: a single dose
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of 200 pg/kg, with repeat dosing on Day 7 if the patient was still hospitalized (13 patients
received a second dose). Ninety percent of the ivermectin group and 97% of the usual care group
received hydroxychloroquine (the majority received hydroxychloroquine in conjunction with
azithromycin).

» All-cause mortality was lower among the patients in the ivermectin group than among patients

in the usual care group (OR 0.27; P = 0.03). The mortality benefit appeared to be limited to the
subgroup of patients with severe disease.

» There was no difference between the groups for the median length of hospital stay (7 days in both
groups) or the proportion of mechanically ventilated patients who were successfully extubated
(36% in the ivermectin group vs. 15% in the usual care group; P = 0.07).

Limitations

» This was a retrospective analysis.

* The study included little or no information on oxygen saturation or radiographic findings. It was
also unclear whether therapeutic interventions other than hydroxychloroquine, such as remdesivir
or dexamethasone, were used in the study.

* The timing of therapeutic interventions was not standardized; if the timing is not accounted for, it
can bias the survival comparison.

* The analyses of the durations of ventilation and hospitalization do not appear to account for death
as a competing risk.

» No virologic assessments were performed.

Interpretation

The limitations of this retrospective analysis make it difficult to draw conclusions about the efficacy of
using ivermectin to treat patients with COVID-19.

References

1.

COVID-19 Treatment Guidelines

Omura S, Crump A. Ivermectin: panacea for resource-poor communities? Trends Parasitol. 2014;30(9):445-
455. Available at: https://www.ncbi.nlm.nih.gov/pubmed/25130507.

Fritz ML, Siegert PY, Walker ED, Bayoh MN, Vulule JR, Miller JR. Toxicity of bloodmeals from ivermectin-
treated cattle to Anopheles gambiae s.1. Ann Trop Med Parasitol. 2009;103(6):539-547. Available at: https://
www.ncbi.nlm.nih.gov/pubmed/19695159.

Yang SNY, Atkinson SC, Wang C, et al. The broad spectrum antiviral ivermectin targets the host nuclear

transport importin alpha/betal heterodimer. Antiviral Res. 2020;177:104760. Available at: https://www.ncbi.
nlm.nih.gov/pubmed/32135219.

Tay MY, Fraser JE, Chan WK, et al. Nuclear localization of dengue virus (DENV) 1-4 non-structural protein
5; protection against all 4 DENV serotypes by the inhibitor ivermectin. Antiviral Res. 2013;99(3):301-306.
Available at: https://www.ncbi.nlm.nih.gov/pubmed/23769930.

Wagstaft KM, Sivakumaran H, Heaton SM, Harrich D, Jans DA. Ivermectin is a specific inhibitor of importin
alpha/beta-mediated nuclear import able to inhibit replication of HIV-1 and dengue virus. Biochem J.
2012;443(3):851-856. Available at: https://www.ncbi.nlm.nih.gov/pubmed/22417684.

Barrows NJ, Campos RK, Powell ST, et al. A screen of FDA-approved drugs for inhibitors of Zika
virus infection. Cell Host Microbe. 2016;20(2):259-270. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/27476412.

Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-approved drug ivermectin inhibits the

85
Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 11/2/2020




10.

I1.

12.

COVID-19 Treatment Guidelines

replication of SARS-CoV-2 in vitro. Antiviral Res. 2020;178:104787. Available at: https://www.ncbi.nlm.nih.
gov/pubmed/32251768.

Chaccour C, Hammann F, Ramon-Garcia S, Rabinovich NR. Ivermectin and COVID-19: keeping rigor in
times of urgency. Am J Trop Med Hyg. 2020;102(6):1156-1157. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32314704.

Guzzo CA, Furtek CI, Porras AG, et al. Safety, tolerability, and pharmacokinetics of escalating high doses of
ivermectin in healthy adult subjects. J Clin Pharmacol. 2002;42(10):1122-1133. Available at: https://www.
ncbi.nlm.nih.gov/pubmed/12362927.

Arshad U, Pertinez H, Box H, et al. Prioritization of anti-SARS-CoV-2 drug repurposing opportunities
based on plasma and target site concentrations derived from their established human pharmacokinetics. Clin
Pharmacol Ther. 2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32438446.

Bray M, Rayner C, Noel F, Jans D, Wagstaff K. [vermectin and COVID-19: a report in Antiviral Research,
widespread interest, an FDA warning, two letters to the editor and the authors’ responses. Antiviral Res.
2020;178:104805. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32330482.

Cepelowicz Rajter J, Sherman M, Fatteh N, Vogel F, Sacks J, Rajter J. ICON (ivermectin in COVID nineteen)
study: use of ivermectin is associated with lower mortality in hospitalized patients with COVID19. medRxiv.
2020. Available at: https://www.medrxiv.org/content/10.1101/2020.06.06.20124461v2.

86
Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 11/2/2020




Lopinavir/Ritonavir and Other HIV Protease Inhibitors
Last Updated: July 17, 2020
Lopinavir/ritonavir and darunavir/cobicistat have been studied in patients with COVID-19.

The replication of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) depends on the
cleavage of polyproteins into an RNA-dependent RNA polymerase and a helicase.! Two proteases are
responsible for this cleavage: 3-chymotrypsin-like protease (3CLpro) and papain-like protease (PLpro).

Lopinavir/ritonavir is an inhibitor of severe acute respiratory syndrome-associated coronavirus
(SARS-CoV) 3CLpro in vitro, and this protease appears to be highly conserved in SARS-CoV-2.%3
Although lopinavir/ritonavir has in vitro activity against SARS-CoV, it is thought to have a poor
selectivity index, indicating that higher than tolerable levels of the drug might be required to achieve
meaningful inhibition in vivo.* Lopinavir is excreted in the gastrointestinal tract; therefore, coronavirus-
infected enterocytes might be exposed to higher concentrations of the drug.’

Darunavir inhibits the 3CLpro enzyme of SARS-CoV-2 and possibly also inhibits the PLpro enzyme.
However, in an in vitro study, darunavir did not show activity against SARS-CoV-2.
Recommendation
* The COVID-19 Treatment Guidelines Panel recommends against using lopinavir/ritonavir (Al)
or other HIV protease inhibitors (AIII) for the treatment of COVID-19, except in a clinical trial.
Rationale

The pharmacodynamics of lopinavir/ritonavir raise concerns about whether it is possible to achieve drug
concentrations that can inhibit the SARS-CoV-2 proteases. In addition, lopinavir/ritonavir did not show
efficacy in a moderately sized randomized controlled trial in patients with COVID-19.

Adverse Effects
The adverse effects for lopinavir/ritonavir include:
* Nausea, vomiting, diarrhea (common)

* QTec prolongation
* Hepatotoxicity

Drug-Drug Interactions

Lopinavir/ritonavir is a potent inhibitor of cytochrome P450 3A. Coadministering lopinavir/ritonavir
with medications that are metabolized by this enzyme may increase the concentrations of those
medications, resulting in concentration-related toxicities. Please refer to the Guidelines for the Use of
Antiretroviral Agents in Adults and Adolescents with HIV for a list of potential drug interactions.

Considerations in Pregnancy

» There is extensive experience with the use of lopinavir/ritonavir in pregnant women with HIV, and
the drug has a good safety profile.

* There is no evidence of human teratogenicity (a 1.5-fold increase in overall birth defects can be
ruled out).

» Lopinavir has low placental transfer to the fetus. Please refer to the Recommendations for the
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Use of Antiretroviral Drugs in Pregnant Women with HIV Infection and Interventions to Reduce

Perinatal HIV Transmission in the United States for more information.

* Lopinavir/ritonavir oral solution contains 42.4% (volume/volume) alcohol and 15.3% (weight/
volume) propylene glycol and is not recommended for use during pregnancy. Please refer to the
Recommendations for the Use of Antiretroviral Drugs in Pregnant Women with HIV Infection and

Interventions to Reduce Perinatal HIV Transmission in the United States for more information.

* The use of once-daily dosing for lopinavir/ritonavir is not recommended during pregnancy.

Considerations in Children

* Lopinavir/ritonavir is approved for the treatment of HIV in infants, children, and adolescents.

* There are no data on the efficacy of using lopinavir/ritonavir to treat COVID-19 in pediatric
patients.

Clinical Data for COVID-19

* The plasma drug concentrations achieved using typical doses of lopinavir/ritonavir are far below
the levels that may be needed to inhibit SARS-CoV-2 replication.’

* A moderately sized randomized trial failed to find a virologic or clinical benefit of lopinavir/
ritonavir over standard of care.®

¢ Results from a small randomized controlled trial showed that darunavir/cobicistat was not
effective for the treatment of COVID-19.°

* There are no data from clinical trials that support using other HIV protease inhibitors to treat
COVID-19.

* Please see Lopinavir/Ritonavir: Selected Clinical Data for more information.
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Lopinavir/Ritonavir: Selected Clinical Data
Last Updated: July 17, 2020

The information presented in this section may include data from preprints or articles that have not
been peer reviewed. This section will be updated as new information becomes available. Please see
ClinicalTrials.gov for more information on clinical trials that are evaluating lopinavir/ritonavir.

Randomized Controlled Trial of Lopinavir/Ritonavir Versus Standard of Care

In a clinical trial that randomized 199 patients to receive lopinavir 400 mg/ritonavir 100 mg orally twice
daily for 14 days or standard of care, patients who were randomized to the lopinavir/ritonavir arm did
not have a shorter time to clinical improvement.'

Results

» There was a lower, but not statistically significant, mortality rate for the lopinavir/ritonavir group
(19.2%) than for the standard of care group (25.0%), and a shorter median intensive care unit stay
for those in the lopinavir/ritonavir group than for those in the standard of care group (6 days vs. 11
days; 95% CI, -9 to 0 days).

* There was no difference in the median duration of hospital stay and the median time to clearance
of viral RNA from respiratory tract samples between the two arms.

» Nausea, vomiting, and diarrhea were all more frequent among patients in the lopinavir/ritonavir-
treated group.

Limitations
* The study was not blinded, which may have affected the assessments of clinical improvement.

* The study was underpowered to show small effects.

Interpretation

A moderately sized, randomized trial failed to find a virologic or clinical benefit of lopinavir/ritonavir
over standard of care.

Lopinavir/Ritonavir Plus Interferon Beta-1b Plus Ribavirin in Patients with COVID-19

Also see Interferons for a description of this trial and its results.

An open-label, Phase 2 clinical trial randomized 127 participants with COVID-19 2:1 to receive either
a 14-day course of a combination therapy that included interferon beta-1b 8 million international units
administered subcutaneously on alternating days (1-3 doses, depending on time from symptom onset)
plus lopinavir 400 mg/ritonavir 100 mg orally every 12 hours and ribavirin 400 mg orally every 12
hours, or a 14-day course of lopinavir/ritonavir 400 mg/100 mg every 12 hours alone.?

In the combination therapy group, those who were admitted <7 days after symptom onset (n = 52)
received triple-drug therapy; however, interferon beta-1b was not included in the regimen for those who
were admitted >7 days after symptom onset (n = 34) because of concerns regarding its potential for
inflammatory effects. The study population consisted of patients who were hospitalized in Hong Kong;
the median age was 52 years and the median time from symptom onset to enrollment was 5 days. Only
12% to 14% of participants were on supplemental oxygen, and only one participant was mechanically
ventilated.
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Results

Patients in the combination therapy group showed faster viral clearance and more rapid clinical
improvement than those in the control group.

Limitations

» Participants in both arms received lopinavir/ritonavir, so it is impossible to determine whether
lopinavir/ritonavir contributed to the observed treatment effects. However, the possibility that
lopinavir/ritonavir may have contributed to the effectiveness of the combination therapy also
cannot be ruled out.

* The positive clinical impact of the combination therapy was limited to those who were
hospitalized <7 days from symptom onset.

* Most participants in this study had mild illness, and only slightly more than 10% were on
supplemental oxygen. For this reason, the study has limited applicability to hospitalized patients in
the United States.

Interpretation

This study neither supports nor refutes the use of lopinavir/ritonavir with or without ribavirin in patients
with COVID-19. See the Interferons section for further discussion.

Lopinavir/Ritonavir Versus Umifenovir Versus Standard of Care

In a trial of 86 hospitalized patients with mild to moderate COVID-19, 34 patients were randomized to
receive lopinavir/ritonavir, 35 patients received the broad-spectrum antiviral umifenovir (trade name
Arbidol; not available in the United States), and 17 patients received standard of care.?

Results (Comparison of Lopinavir/Ritonavir to Standard of Care)

* The time to a negative severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) nucleic
acid pharyngeal swab was similar for patients who received lopinavir/ritonavir (mean duration 9.0

days; SD + 5.0 days) and for those who received standard of care (mean duration 9.3 days; SD +
5.2 days).

* Progression to severe illness occurred among six patients (18%) in the lopinavir/ritonavir arm and
two patients (12%) who received standard of care.

* Two patients became critically ill; both were randomized to receive lopinavir/ritonavir.

Limitations
* The trial had a small sample size.
* The study was not blinded.

* The effectiveness of umifenovir in treating COVID-19 is unknown.

Interpretation

The small sample size of this trial limits its usefulness.

Lopinavir/Ritonavir Pharmacokinetics in Patients With COVID-19

In a case series, eight patients with COVID-19 were treated with lopinavir 400 mg/ritonavir 100

mg orally twice daily and had plasma trough levels of lopinavir drawn and assayed by liquid
chromatography-tandem mass spectrometry.*
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Results

* The median plasma lopinavir concentration was 13.6 pg/mL.

» After correcting for protein binding, trough levels would need to be approximately 60-fold
to 120-fold higher to achieve the in vitro half-maximal effective concentration (EC, ) for
SARS-CoV-2.

Limitations

* Only the trough levels of lopinavir were quantified.

* The concentration of lopinavir required to effectively inhibit SARS-CoV-2 replication in vivo is
currently unknown.

Interpretation

The plasma drug concentrations that were achieved using typical doses of lopinavir/ritonavir are far
below the levels that may be needed to inhibit SARS-CoV-2 replication.
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Table 2. Characteristics of Antiviral Agents That Are Under Evaluation for the
Treatment of COVID-19

Last Updated: October 9, 2020

The information in this table is derived from data on the use of these drugs for FDA-approved indications or in investigational trials,
and it is supplemented with data from patients with COVID-19, when available.

There are limited or no data on dose modifications for patients with organ failure or those who require extracorporeal devices. Please
refer to product labels, when available.

Treatment-related AEs in patients with COVID-19 are not well defined; the validity of extrapolation between patient populations (i.e.,
FDA-approved use vs. COVID-19 use) is unknown, especially in critically ill patients. Reported AEs of these drugs that are associated
with long-term therapy (i.e., months to years) are not included in this table, because treatment for COVID-19 is not long term. Please
refer to product labels, when available.

There are currently not enough data to determine whether certain medications can be safely coadministered with therapies for the
treatment of COVID-19. When using concomitant medications with similar toxicity profiles, consider performing additional safety
monitoring.

The potential additive, antagonistic, or synergistic effects and the safety of using combination therapies for the treatment of COVID-19
are unknown. Clinicians are encouraged to report AEs to the FDA Medwatch program.

For drug interaction information, please refer to product labels and visit the Liverpool COVID-19 Drug Interactions website.

For information on drugs that prolong the QTc interval, please visit CredibleMeds.org.

Dosing Regimens
Panel’s Recommendations,

There are no approved doses for the P d
Drug Name treatment of COVID-19. The doses listed Adverse Effects g‘:::li'::rgs Int eraI::rtl;gnD;I;?enti o Comments, and Links to
here are for approved indications or from Clinical Trials
reported experiences or clinical trials.
Chloroquine Dose Previously Suggested in an EUA | Prolonged QTc interval, |e CBC, hepatic panel, | Additive effect with |e The Panel recommends
for Adults and Adolescents Weighing Torsades de Pointes, blood glucose, other drugs that against the use of CQ with
=50 kg: AV block, ventricular SCr, potassium, prolong the QTc or without AZM for the

treatment of COVID-19 in

*CQ 1 g PO once on Day 1, then CQ 500
mg PO once daily for 4-7 days of total

arrhythmia
e Gastrointestinal effects

magnesium
* Baseline ECG

interval (including
AZM) or that cause

hospitalized patients (Al).

treatment. Treatment duration should (e.g., nausea, vomiting, |« Follow-up ECG if hypoglycemia * In nonhospitalized patients,
be based on clinical evaluation. diarrhea) CQis given with * CYP2D6 inhibitor the Panel recommends
« Hepatitis QTc-prolonging (moderate) against the use of CQ with
« Hypoglycemia drugs or if the * P-gp inhibitor or without AZM for the
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https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program
http://www.covid19-druginteractions.org/
http://www.crediblemeds.org/

Dosing Regimens
There are no approved doses for the

Panel’s Recommendations,

Drug Name treatment of COVID-19. The doses listed Adverse Effects Monttoring Drt!g-Drug . Comments, and Links to
L Parameters Interaction Potential . .
here are for approved indications or from Clinical Trials
reported experiences or clinical trials.
Chloroquine, * Hemolysis (especially patient has treatment of COVID-19,
continued in patients with G6PD underlying cardiac except in a clinical trial (Al).

deficiency)
* Myopathy
e Rash

* Given the risk of heart
rhythm problems, the
FDA cautions against
using CQ to treat
COVID-19 outside of
a hospital or a clinical
trial.!

disease

e The Panel recommends
against using high-dose CQ
(600 mg twice daily for 10
days) for the treatment of
COVID-19 (Al).

* Dose-dependent toxicity

e A list of clinical trials is
available here: Chloroquine

Hydroxychloroquine

Adults:

* Various loading and maintenance doses
have been reported in studies or in
clinical care.

Dose Previously Suggested in an EUA
for Hospitalized Adults and Adolescents
Weighing =50 kg:

* HCQ 800 mg PO once on Day 1, then
HCQ 400 mg PO once daily for 4-7
days of total treatment. Treatment
duration should be based on clinical
evaluation.

* Prolonged QTc interval,
Torsades de Pointes,
AV block, ventricular
arrhythmia

e Gastrointestinal effects
(e.g., nausea, vomiting,
diarrhea)

* Hepatitis

* Hypoglycemia

* Myopathy

* Anxiety, agitation,
hallucinations, psychosis

* A