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Abstract

Purpose of Review Rapidly evolving treatment paradigms of coronavirus disease 2019 (COVID-19) introduce challenges
for clinicians to keep up with the pace of published literature and to critically appraise the voluminous data produced. This
review summarizes the clinical evidence from key studies examining the place of therapy of recommended drugs and man-
agement strategies for COVID-19.

Recent Findings The global magnitude and duration of the pandemic have resulted in a flurry of interventional treatment trials
evaluating both novel and repurposed drugs targeting various aspects of the viral life cycle. Additionally, clinical observa-
tions have documented various stages or phases of COVID-19 and underscored the importance of timing for the efficacy of
studied therapies. Since the start of the COVID-19 pandemic, many observational, retrospective, and randomized controlled
studies have been conducted to guide management of COVID-19 using drug therapies and other management strategies.
Large, randomized, or adaptive platform trials have proven the most informative to guide recommended treatments to-date.
Antimicrobial stewardship programs can play a pivotal role in ensuring appropriate use of COVID-19 therapies based on
evolving clinical data and limiting unnecessary antibiotics given low rates of co-infection.

Summary Given the rapidly evolving medical literature and treatment paradigms, it is recommended to reference continu-
ously updated, curated guidelines from national and international sources. While the drugs and management strategies men-
tioned in this review represent the current state of recommendations, many therapies are still under investigation to further
define optimal COVID-19 treatment.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the causative agent of coronavirus disease 2019
(COVID-19), was first identified in Wuhan, China, in late
2019 and since has resulted in a pandemic with over 237
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international sources such as the US National Institutes of
Health (NIH) and World Health Organization (WHO) [3e,
4e]. The following review summarizes the recommended
COVID-19 therapeutic options as of October 2021 in the
context of a clinical approach based on disease severity and
stage.

Clinical Approach to COVID-19 Management

Clinical approaches to COVID-19 have primarily catego-
rized patients according to disease severity although the
specific categories vary across guidelines and clinical
trials [3¢]. Asymptomatic or pre-symptomatic infection
includes a positive virologic test by nucleic acid ampli-
fication or antigen in the absence of symptoms. Mild
disease includes other COVID-19 symptoms without
clinical or radiographic evidence of lower respiratory

disease. Moderate disease includes clinical or radio-
graphic evidence of lower respiratory disease and an oxy-
gen saturation (SpO,) >94% on room air (RA). Severe
disease includes evidence of lower respiratory disease
and SpO, <94% on RA or other markers of respiratory
insufficiency. Critical illness includes respiratory failure,
septic shock and/or multi-organ dysfunction. Guidelines
and interventional trials have stratified patients based on
disease severity and treatment location (hospitalized vs.
non-hospitalized) with the understanding that a patient’s
clinical status may change over time.

Additionally, clinical observations have documented
various stages or phases of COVID-19 and underscored the
importance of timing for the efficacy of studied therapies
(Fig. 1) [5, 6]. Simplistically, there is a pre-exposure and
incubation period, followed by an early viral phase when
most symptoms are due to viral replication. Then, in some
individuals, they progress into a hyperinflammatory phase
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Fig.1 Clinical management approach to COVID-19 based on disease
phase and severity. Clinical observations from patients with COVID-
19 have identified various disease phases from the pre-exposure
period through a viral symptom and inflammatory phase and ending
with a recovery phase. Early phases are marked by symptoms attrib-
utable to viral replication whereas later phases appear to be driven
more by host inflammatory and immune responses in addition to a
hypercoagulable state. Determination of the disease phase and sever-
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ity of a patient may inform timing of specific COVID-19 therapies
to maximize their efficacy and minimize toxicity. CP convalescent
plasma, mAb monoclonal antibody therapy (against SARS-CoV-2),
PASC post-acute sequelae of COVID-19. Adapted from: Gandhi RT,
Lynch JB, Del Rio C. Mild or Moderate Covid-19. N Engl J Med.
2020;383(18):1757-66. doi:10.1056/NEJMcp2009249. By permis-
sion of Massachusetts Medical Society. Copyright © 2021.
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when host immune and inflammatory responses drive the
disease pathogenesis. Finally, a subset of patients, irrespec-
tive of disease severity, enter a prolonged “tail phase” now
referred to as post-acute sequelae of COVID-19 (PASC).
While this heuristic can prove useful in targeting the timing
of specific interventions, caution must be exercised since
the criteria for identifying the current stage and pace of dis-
ease evolution in a specific patient remain poorly defined.

Remdesivir

Remdesivir is a prodrug that is metabolized to a nucleo-
side triphosphate analogue to inhibit viral ribonucleic acid
(RNA) polymerase by inducing delayed chain termina-
tion. It has broad activity against RNA viruses, including
SARS-CoV-2, SARS-CoV-1, and Middle Eastern respira-
tory syndrome coronavirus (MERS-CoV) [7, 8]. Animal
studies in SARS-CoV-2 supported its efficacy in treatment
during early phases of infection, and several randomized
controlled trials (RCTs) have been conducted to evaluate
the clinical efficacy of remdesivir [7, 9].

In May 2020, the US Food and Drug Administration
(FDA) approved remdesivir via emergency use authoriza-
tion (EUA) for clinical use based on the SIMPLE-Severe
trial and a preliminary report of the ACTT-1 trial. ACTT-1
was a randomized, double-blind, placebo-controlled trial
that evaluated the clinical efficacy of remdesivir for
10 days in hospitalized patients with COVID-19 [10]. In
its final report, patients who received remdesivir had a
reduced time to recovery by 5 days and were more likely to
have clinical improvement at day 15 compared to placebo
(Table S1). Reduced time to recovery was most apparent
in patients receiving low-flow oxygen and with symptom
onset of 10 days or less. In contrast, DisCoVeRy was an
open-label, multicenter, randomized controlled trial which
found no difference between standard of care with or with-
out remdesivir on improved clinical status at day 15 in
hospitalized patients requiring oxygen support who were
symptomatic for more than 7 days [11]. However, a direct
comparison of the time to clinical improvement finding
from ACTT-1 is not possible as DisCoVeRy utilized a
slightly different endpoint, ordinal scale, and had twice as
many patients who received concomitant corticosteroids.
Similarly, Wang and colleagues did not find reduced time
to recovery in a similar study involving mostly patients
requiring low-flow oxygen although the study was poten-
tially underpowered due to early termination [12]. The
SIMPLE-Severe trial found no difference in clinical effi-
cacy between 5-day and 10-day course of remdesivir in
patients with SpO, <94% on RA or supplemental oxygen,
supporting the efficacy of the shorter 5-day course [13].

Data supporting the benefit of remdesivir in hospitalized
patients not requiring oxygen are lacking. The SIMPLE-
Moderate trial demonstrated inconsistent results regarding
improved clinical status on day 11 between 5-day and 10-day
remdesivir therapies in hospitalized patients not requiring
supplemental oxygen [14]. Remdesivir also failed to dem-
onstrate statistically significant benefit in subgroup analyses
of patients on RA in both the ACTT-1 and SOLIDARITY
trials. Thus, the routine use of remdesivir is discouraged in
patients who do not require oxygen [3e, 10, 14, 15].

Progression to the use of high-flow oxygen (HFO), mechan-
ical ventilation (MV), or extracorporeal membrane oxygena-
tion (ECMO) may be indicative of underlying development
of COVID-19-associated hyperinflammatory syndrome [16].
Because hyperinflammation typically occurs later in the dis-
ease course when viral replication is waning, the role of anti-
viral agents like remdesivir at this stage is less clear [17, 18].
Interestingly, DisCoVeRy and Wang et al. both found that rem-
desivir was no better than standard of care (SOC) in reducing
measured viral loads. The median time to symptom onset in
DisCoVeRy was 9 days, which was comparable to ACTT-1
and other RCTs. This supports the theory that initiating anti-
viral therapy earlier in the disease course, potentially closer to
peak viral replication, is paramount to successfully reducing
viral burden and improving clinical outcomes. Remdesivir did
not demonstrate a difference in time to recovery in a subgroup
analysis of patients requiring HFO or non-invasive ventilation
(NIV) in ACTT-1 although the small numbers may lack power
needed to detect a difference (rate ratio for recovery 1.09 [95%
confidence interval [CI], 0.76 to 1.57]) [10]. Overall, there are
insufficient data in this patient population for definitive treat-
ment recommendations due to small subgroups, confounding
factors in disease severity, and inconsistent trends of clinical
efficacy [9, 13].

No RCTs have demonstrated a statistically significant reduc-
tion in mortality with remdesivir. The SOLIDARITY trial is the
largest published RCT among hospitalized patients and found
no difference in the rate of in-hospital mortality between 10-day
remdesivir and SOC (Table S1) [19]. Similarly, the DisCoVeRy
trial also showed no improvement in 28-day all-cause-mortal-
ity. Although criticized for their open-label designs, the mor-
tality outcome measures were unlikely to have been affected.
Additionally, no difference in length of stay or progression to
MYV was found. In ACTT-1, mortality was not significantly
different between remdesivir and placebo, and similar findings
were seen by Wang and colleagues (Table S1) [10, 12].

Remdesivir is currently FDA approved for the treatment
of COVID-19 in hospitalized patients [20]. Although rem-
desivir is the only antiviral agent which has demonstrated
clinical efficacy in the treatment of COVID-19, current data
do not definitively identify which patients would most ben-
efit. In addition, the lack of survival benefit coupled with the
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significant cost and potential for toxicity should be taken into
consideration. Remdesivir should be utilized in conjunction
with guideline recommendations when making individualized
treatment decisions.

Passive Immunity (Monoclonal Antibodies
and Convalescent Plasma)

Monoclonal Antibodies

Monoclonal antibodies (mAbs) provide passive immunity
against SARS-CoV-2 via direct administration of SARS-
CoV-2 antibodies, resulting in a more rapid viral neutrali-
zation than occurs naturally upon viral exposure. The abil-
ity to administer specific antibodies targeting clinically
significant binding sites on the spike protein makes mAbs
one of the preferred therapeutic agents.

Phase 2 trials of casirivimab/imdevimab and bam-
lanivimab/etesevimab in non-hospitalized adults demon-
strated greater decreases in SARS-CoV-2 mean viral load
change from baseline with either mAb combination com-
pared to placebo [21-23]. More importantly, Weinreich
and colleagues found that administration of a single dose
of either 2400-mg or 8000-mg of casirivimab/imdevimab
decreased medically attended visits or hospitalizations
through day 29 by 50% when compared to patients receiv-
ing placebo [21]. Similarly, Gottlieb and colleagues reported
significant reductions in hospitalizations or emergency
department (ED) visits at day 29 in the bamlanivimab/ete-
sevimab arm compared to placebo (Table S1) [22].

Subsequent phase 3 trials of these two agents and an addi-
tional third agent, sotrovimab, evaluated clinical outcomes
among outpatients at highest risk for progression to severe
COVID-19. The casirivimab/imdevimab study enrolled 4057
adult outpatients with COVID-19 and at least one risk factor
for severe disease [24]. Hospitalization or all-cause mortal-
ity through day 29 was significantly lower among patients
receiving 1200 mg or 2400 mg of casirivimab/imdevimab
(1.0% and 1.3%, respectively) compared to matched placebo
groups (3.2% and 4.6%; p <0.05 for both comparisons).
Similar findings were reported with an 8000-mg dose as
well; however, this arm was discontinued once phase 2 data
reported similar antiviral and clinical outcomes to the 2400-
mg dose. Likewise, the phase 3 portion of the BLAZE-1
trial evaluating bamlanivimab/etesevimab in patients with
COVID-19 at high-risk for severe disease revealed sig-
nificantly lower hospitalization or mortality rates at day 29
of 2.1% for patients receiving doses of 2800 mg/2800 mg
compared to 7.0% of patients receiving placebo (p <0.001).
Importantly, there were no deaths in patients receiving either
dose of bamlanivimab/etesevimab [25]. Lastly, interim
results from COMET-ICE, the phase 3 trial of the singular
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monoclonal antibody agent sotrovimab, demonstrated fewer
instances of hospitalization or death among adult outpatients
with at least one prespecified risk factor or comorbidity for
severe COVID-19 who received sotrovimab (1%) compared
to placebo (7%, p=0.002) [26].

Casirivimab/imdevimab has also been studied as a treat-
ment option for hospitalized patients with COVID-19 [27].
Administration of 8000-mg of casirivimab/imdevimab sig-
nificantly decreased 28-day mortality among patients who
were seronegative for SARS-CoV-2 antibodies at baseline,
but, importantly, had no impact on mortality in the overall
population. Bamlanivimab monotherapy was also studied
for this indication, similarly showing no benefit in sustained
recovery or all-cause mortality compared to placebo [28].

Casirivimab/imdevimab and bamlanivimab have also
both shown benefit in preventing symptomatic SARS-
CoV-2 infection among persons having consistent close
contact with COVID-19-infected individuals. In an evalua-
tion of seronegative and SARS-CoV-2-negative patients with
household exposure to an infected individual, O’Brien and
colleagues reported 29% of patients receiving casirivimab/
imdevimab and 42% of patients receiving placebo went on to
develop symptomatic infection (p =0.038) [29]. Cohen and
colleagues reported similar findings after administration of
bamlanivimab monotherapy to residents or staff of skilled
nursing or assisted living facilities, with 8.5% of patients
developing symptomatic infection compared to 15.2% of
patients receiving placebo (p <0.001) [30].

The spike protein mutations observed with the SARS-
CoV-2 variants have been shown to impact mAb binding
to various degrees. Casirivimab/imdevimab and sotro-
vimab retain activity against all current SARS-CoV-2 vari-
ants of concern. Conversely, bamlanivimab/etesevimab has
decreased or negligible activity against some variants but
is expected to retain activity against the Delta (B.1.617.2)
variant which is currently (as of October 2021) the most
prevalent circulating variant [31-33].

Convalescent Plasma

Convalescent plasma (CP) is collected from COVID-19
recovered patients and administered to those with active
infection. The proposed primary benefit of CP occurs via
pathogen neutralization through antibodies; however, other
mechanisms may exist as well. Based on the use of CP in
other infections, including those caused by SARS-CoV-1,
early interest in CP sparked extensive clinical use, includ-
ing establishment of a US-based registry that enrolled over
105,000 patients as of March 2021 [34]. The FDA granted
EUA for CP in August 2020 based on potential benefit and
antibody-dose response effects from an observational analy-
sis of the previously mentioned registry. A subsequent pub-
lication demonstrated a mortality benefit associated with
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transfusion of “high-titer” CP (to approximate anti-SARS-
CoV-2 immunoglobulin G [IgG] titers > 1:2560) compared
to low-titer CP in hospitalized patients not requiring MV
[35]. However, the retrospective, observational nature of the
data and lack of controls limited interpretation, and subse-
quent RCTs have failed to show consistent benefit. In Febru-
ary 2021, the EUA was updated to limit use of high-titer CP
to hospitalized patients early in their disease course or with
impaired humoral immunity [36].

The largest RCT to-date was the UK-based RECOVERY
trial. The CP arm of this study randomized hospitalized
patients (N=11,558) to receive either CP (with neutralizing
Ab titer > 1:100) plus SOC or SOC alone and found no dif-
ference in 28-day mortality, probability of hospital discharge,
or progression to MV or death in those not intubated at base-
line [37]. Similarly, a systematic review and meta-analysis
of four peer-reviewed RCTs and six other publicly available
RCT data sets (including RECOVERY) found no reduction
in all-cause mortality or other benefits from CP compared to
placebo [38]. Current NIH guidelines recommend against the
use of low-titer CP for any patients or the use of high-titer
CP for any immunocompetent patients on MV or those who
are hospitalized outside of a clinical trial [3e]. Per the guide-
lines, insufficient data exist to recommend high-titer CP in
immunocompromised patients or non-hospitalized patients.
Indeed, early high-titer (IgG > 1:1000) CP was shown to be
effective at preventing progression to severe disease in older
non-hospitalized adults with mild disease if given within 72 h
of symptom onset [39].

Overall, CP appears to be relatively safe, with < 1% rates
of serious adverse events reported [40]. Transfusion or aller-
gic reactions, and theoretical deleterious immunomodula-
tory effects of autoantibodies present in CP should remain
a consideration. With the lack of RCT efficacy data and dif-
ficulty measuring neutralizing Ab titers commercially, CP
presently does not have a major role in COVID-19 manage-
ment, particularly in situations where SARS-CoV-2 mAbs
are available.

Immunomodulators (Corticosteroids,
Interleukin-6 Receptor Antagonists,
Baricitinib)

COVID-19-mediated immunomodulation and inflammatory-
mediated lung injury are potential therapeutic targets to quell
the “immune-mediated storm” elicited by the virus [41].
SARS-CoV-2 expresses proteins that inhibit type 1 interferon
production, resulting in a delayed antiviral response, rapid
viral replication, and recruitment of monocytes/macrophages
and neutrophils to lung parenchyma [42]. The recruited
inflammatory cells produce cytokines (e.g., interleukin-6

(IL-6)) via cell transduction pathways (e.g., Janus kinase
(JAK)1/JAK?2) that trigger a form of cytokine release syn-
drome (CRS), making immunomodulators attractive options
for treatment of COVID-19. However, the anti-inflammatory
effects must be balanced with potential negative effects of
enhanced viral replication, secondary infections, and adverse
drug effects.

Corticosteroids

Early in the pandemic, clinical guidelines discouraged routine
corticosteroid use based on previous studies demonstrating
associated increases in viral replication or mortality in the
treatment of other novel coronaviruses or influenza [3e, 4e].
However, a better understanding of the pathophysiology under-
lying COVID-19 and more robust clinical trial evidence have
clarified the role of corticosteroids in severe COVID-19 [41].

The corticosteroid arm of the RECOVERY trial compar-
ing dexamethasone to SOC produced the most paradigm-
shifting COVID-19 trial results to date. The study demon-
strated a mortality reduction (22.9% vs. 25.7%; age-adjusted
risk ratio 0.83 [95% CI, 0.75 to 0.93]; p<0.001), with the
most pronounced effects seen in those requiring MV or sup-
plemental oxygen at the time of randomization (Table S1).
Notably, dexamethasone did not reduce mortality in patients
not on supplemental oxygen at randomization, with a poten-
tial trend towards harm [43e].

Based on the RECOVERY trial results, several other clini-
cal trials were terminated early for ethical concerns regarding
withholding corticosteroid treatment (Table S1). However,
a preplanned, prospective meta-analysis of seven RCTs of
critically ill COVID-19 patients showed a reduction in 28-day
all-cause mortality with corticosteroids compared to SOC or
placebo, 32% vs. 40% (odds ratio [OR] 0.66 [95% CI, 0.53 to
0.82]), respectively. The RECOVERY trial contributed 57%
of the weight in the analysis, and when excluded, the OR for
the primary outcome was 0.77 (95% CI, 0.56 to 1.07) [44].

Due to heterogeneity in available trials, several questions
remain regarding the use of corticosteroids: optimal corticos-
teroid agent, dose, and duration [44]. The benefit of additional
corticosteroids for patients already on chronic corticosteroids
is unknown as these patients have been excluded or not ana-
lyzed in existing trials (Table S1). Administration of inhaled
budesonide has shown a clinical benefit for the management
of outpatients, but confirmatory studies are needed [45].
Adverse effects due to steroids, particularly increased rates of
secondary bacterial and fungal infections, remain a concern.

Interleukin-6 Receptor Antagonists
Interleukin-6 (IL-6) receptor antagonists have been investi-

gated in COVID-19 given their potential role in mitigating
the CRS that contributes to severe or critical disease. Eight
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RCTs evaluating tocilizumab in COVID-19 are published
with discordant results (Table S1) [46-53]. Only the two
largest trials, REMAP-CAP and RECOVERY, showed a
mortality reduction [52, 53]. The smaller trials may have
been underpowered to demonstrate a mortality reduction,
and those conducted earlier in the pandemic included
fewer patients on concomitant corticosteroids compared
to REMAP-CAP and RECOVERY, which may have also
impacted the study outcome (Table S1). The REMAP-CAP
and RECOVERY trials also have higher mortality rates in
the SOC arms compared to the other studies, likely indicat-
ing a sicker population at enrollment.

REMAP-CAP, a multifactorial, adaptive platform trial
comparing tocilizumab or sarilumab to a control group,
enrolled patients on HFO or cardiovascular support within
24 h of intensive care unit (ICU) admission (Table S1)
[53]. Interleukin-6 receptor antagonist was associated with
increased number of organ support-free days at 21 days and
reduced in-hospital mortality (27% vs. 36%; adjusted OR for
in-hospital survival 1.64 [95% CI, 1.25 to 2.14]).

The RECOVERY trial, comparing the addition of toci-
lizumab versus SOC alone, is the largest randomized trial
published [52]. Hospitalized patients were included and
enrolled in a second randomization in the event of clinical
disease progression (Sa0O, <92% on RA or requiring oxygen
therapy and C-reactive protein (CRP) >75 mg/L). The study
reported a reduction in 28-day mortality with the addition
of tocilizumab (31% vs. 35%; rate ratio [RR] 0.85 [95% CI,
0.76 to 0.94]). Based on evidence from the REMAP-CAP
and RECOVERY studies, tocilizumab is recommended in
combination with corticosteroids in those recently hospi-
talized with rapidly increasing oxygen requirements and
CRP >75 mg/dL or within 24 h of ICU admission [3e].

Some areas of uncertainty remain. Limited published evi-
dence is available for sarilumab, as only 48 patients were
included in the sarilumab arm of REMAP-CAP [53]. One
RCT did not find a significant reduction in time to clinical
improvement or in mortality with sarilumab in hospitalized
patients requiring supplemental oxygen or ICU admission
[54]. Sparse data are available on the safety and efficacy of
a repeat dose of tocilizumab and the use of tocilizumab in
immunocompromised patients. Lastly, the risk of secondary
infections with tocilizumab use is unclear. Reported rates of
secondary infections with tocilizumab have been low in RCTs
although one retrospective cohort study (N=994) revealed a
higher rate of secondary infections (34.4% vs. 10.7%) [55].

Baricitinib
Baricitinib is an orally administered, reversible, selective
inhibitor of JAK1/JAK2, hypothesized to have beneficial

effects on acute respiratory distress syndrome (ARDS) and
organ damage caused by SARS-CoV-2. Baricitinib primarily
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inhibits the cytokine signaling pathways in COVID-19, but it
may also have antiviral effects by targeting host cell factors
necessary for viral entry [56].

Although several existing trials have evaluated the effi-
cacy of baricitinib, two primary RCTs have been peer-
reviewed and published. ACTT-2 compared remdesivir plus
baricitinib to remdesivir plus placebo in hospitalized adult
patients with COVID-19. The primary outcome of time to
recovery, defined as discharge from the hospital or hospital-
ized but not requiring oxygen, was lower in the intervention
group compared to the placebo group by one day (Table S1).
This benefit was most pronounced in patients with severe
COVID-19 requiring HFO or NIV, in whom the addition of
baricitinib was more likely to result in clinical recovery. No
difference in mortality was seen between groups [57].

Results from a placebo-controlled RCT, COV-BARRIER,
demonstrated a mortality benefit with baricitinib plus SOC
compared to placebo plus SOC. About 80% of enrolled patients
received a systemic corticosteroid as part of their SOC, but
only a minority received the antiviral remdesivir. The primary
outcome of disease progression at 28 days was not signifi-
cantly different between groups. However, 28-day mortality
was significantly reduced by 38% in the baricitinib arm (8% vs.
13%; hazard ratio 0.57 [95% CI1 0.41 to 0.78]; p=0.0018). This
mortality reduction was seen in all pre-specified subgroups of
baseline severity, but similar to ACTT-2, the effect was most
pronounced for patients on HFO or NIV [58e].

Based on the data from ACTT-2 and COV-BARRIER,
the NIH guideline, as of October 2021, recommends using
baricitinib in combination with (1) dexamethasone alone
or (2) dexamethasone plus remdesivir for patients who are
recently hospitalized, on HFO or NIV, have rapidly increas-
ing oxygen needs, and have increased markers of inflamma-
tion [3¢]. Based on expert opinion, additional consideration
can be made for using baricitinib in patients who are not yet
on HFO or NIV but have rapidly increasing oxygen require-
ments and increased markers of inflammation; however,
there is insufficient evidence to delineate which patients in
this subgroup would benefit the most from baricitinib. Baric-
itinib should be discontinued in hospitalized patients who
are stable enough for discharge and are no longer requiring
supplemental oxygen. Results from multiple ongoing trials
are awaited to further define the specific role of baricitinib
in COVID-19 treatment, including its efficacy compared to
or in combination with other immunomodulatory therapy.

Adjunctive Therapies (Anticoagulation
and Prone-Ventilation)

One of the most debated topics in COVID-19 management
is the role of therapeutic and intermediate-dose anticoagula-
tion. The INSPIRATION trial, a multicenter RCT comparing
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intermediate-dose (1 mg/kg subcutaneously daily) to stand-
ard dose (40 mg subcutaneously daily) enoxaparin proph-
ylaxis in ICU patients, found no reduction in the 30-day
composite rate of venous/arterial thrombosis, ECMO, or
mortality (Table S1) [59]. Limitations of the trial included
complex dosing strategies in obesity, low overall venous
thromboembolism rates, and the use of daily vs. twice-daily
dosing. Another RCT including patients with severe ill-
ness found no difference in 30-day all-cause mortality with
intermediate-dose compared to standard-dose enoxaparin
(Table S1). [60]

Results from an international, multiplatform, RCT
(REMAP-CAP, ACTIV-4a, ATTACC) were recently pub-
lished. In this study, enrollment was halted for the ICU
cohort when an interim analysis revealed statistical criteria
for futility was met (Table S1) [61]. Therapeutic anticoagu-
lation (with unfractionated [UFH] or low molecular weight
heparin (LMWH)) compared to thromboprophylaxis did not
improve median organ support-free days through day 21.
Results from the interim analysis of the non-ICU, moder-
ately ill cohort (N=2219) revealed an increase in median
organ support free days through day 21 with therapeutic
anticoagulation (adjusted OR 1.27; [95% CI, 1.03 to 1.58])
(Table S1) [62]. In January 2021, enrollment was also halted
in this cohort based on the data. In contrast, results of the
ACTION trial did not show any benefit with therapeutic
anticoagulation in a composite endpoint of mortality, dura-
tion of hospitalization, or oxygen support at 30 days [63].
This RCT included 615 predominantly moderately ill hos-
pitalized patients. Results from the RAPID trial showed no
difference with therapeutic versus prophylactic dose UFH
or LMWH in the composite endpoint of death, invasive or
non-invasive mechanical ventilation, or ICU admission in
moderately ill patients with an elevated D-dimer (Table S1).
[64] However, therapeutic compared with prophylactic dose
UFH or LMWH in this study revealed a reduction in 28-day
mortality. These results suggest that initiating therapeutic
anticoagulation in ICU patients requiring organ support may
be too late to impact disease pathology. However, initiating
early anticoagulation in moderately ill hospitalized patients
may impact survival.

Aspirin is being evaluated in large RCTs in hospitalized
COVID-19 patients, including REMAP-CAP and RECOV-
ERY [65]. Results from pre-publication for the RECOVERY
trial show aspirin (vs. usual care) provides no significant
reduction in 28-day mortality (17% vs. 17%; RR 0.96 [95%
CI, 0.89 to 1.04]; p=0.35) [66]. Results from RCTs in out-
patients are awaited to determine aspirin’s optimal place in
therapy [65].

The use of 12 to 16 h of prone ventilation is recom-
mended for COVID-19 patients with moderate-to-severe
ARDS requiring MV (BIla) [3e, 67]. A systematic review
and meta-analysis of five trials revealed a mortality benefit

with 12 h or more of prone ventilation in non-COVID-19
moderate-to-severe ARDS patients requiring MV (RR
0.74 [95% CI, 0.56 to 0.99]) [68, 69]. There is limited evi-
dence on outcomes with awake prone positioning in non-
intubated patients. Observational studies in COVID-19 and
non-COVID-19 non-intubated patients have shown it may
improve oxygenation [70]. A trial of awake prone position-
ing to improve oxygenation is recommended in COVID-19
patients with increasing oxygen requirements without an
indication for intubation (CIIa) [3e]. The role of adjunctive
COVID-19 therapies continues to be debated, and the results
of several large RCTs are expected to further elucidate the
role of anticoagulation and antiplatelet medications.

Drugs with Unproven Efficacy or Still Under
Investigation

Since the start of the COVID-19 pandemic, many other
novel and repurposed drugs have received attention and been
studied in clinical trials of various quality and rigor. Many of
these drugs have either not proven to have benefit based on
the available data in COVID-19 patients or insufficient data
to draw conclusions. Table 1 describes proposed mechanism
of actions (against SARS-CoV-2) and data from select clini-
cal trials evaluating their role in COVID-19 treatment.

Stewardship Considerations

Antimicrobial stewardship programs (ASPs) strive to opti-
mize antimicrobial use to curb untoward effects, such as
development of multi-drug resistant organisms (MDROs)
or Clostridioides difficile infections [71]. Already well-posi-
tioned to guide and review appropriateness of antimicrobial
use, many ASPs contributed to COVID-19 response efforts
in numerous ways: ensuring appropriate use of COVID-19
specific therapies based on evolving clinical data, develop-
ment of local COVID-19 management guidelines, and allo-
cation protocols for experimental agents (e.g., EUA, com-
passionate use, or expanded access) [72].

With the sudden arrival of the COVID-19 pandemic,
many traditional ASP efforts were diverted to the aforemen-
tioned COVID-19 response. In addition, initial uncertain-
ties in COVID-19 management posed serious challenges to
frontline providers in judiciously evaluating and administer-
ing therapies including antimicrobials. Data now suggest
that, unlike with influenza, bacterial co-infections with ini-
tial COVID-19 presentation are relatively uncommon (<4%)
[73-75]. However, antibiotic use was disproportionately
high with studies suggesting over two-thirds of hospitalized
COVID-19 patients before mid-April 2020 received antibiot-
ics [74]. Unfortunately, this overuse of antibiotics appear to
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Table 1 Proposed mechanism of action and clinical data for drugs still under investigation or of unproven efficacy for COVID-19

Atovaquone Unknown mechanism of action but hypothesized to exert antiviral activ-
ity through binding of SARS-CoV-2 spike protein [90] and potential
modulation of cellular nucleotide pools, thus disrupting viral replica-
tion [91]. Identified as a potential candidate with activity against
SARS-CoV-2 via computational molecular docking simulations due to
its capability for spike protein binding [90]. A double-blind, RCT has
been completed evaluating (atovaquone plus SOC) vs. (placebo plus
SOC) with results pending (NCT04456153)

Chloroquine (CQ) or hydroxychloroquine (HCQ) + azithromycin Chloroquine, hydroxychloroquine (hydroxyl analog of chloroquine) and
azithromycin have shown in vitro activity against SARS-CoV-2 in
infected Vero E6 cell [92, 93]. Also believed to have immunomodula-
tory activity which could theoretically benefit patients with COVID-
19. Multiple large retrospective studies and RCTs have shown no
convincing benefit of CQ or HCQ in treatment [94-96] or prophylaxis
[97, 98] of COVID-19. Similarly, benefit was not demonstrated in out-
patients with COVID-19 [99, 100]. The combination of CQ/HCQ with
azithromycin is also associated with increased risk for cardiovascular
toxicity (e.g., QTc prolongation)

Famotidine Famotidine is a H2-receptor antagonist hypothesized to inhibit replica-
tion of SARS-CoV-2 by binding to its papain-like protease [101].
However, no in vitro antiviral activities were shown in SARS-CoV-2
infected Vero E6 cells [102]. A meta-analysis of five retrospec-
tive studies showed no significant protective effect of famotidine in
decreasing the rates of severe illness, intubation, or death in patients
with COVID-19 [103]

Favipiravir Favipiravir is an RNA-dependent RNA polymerase inhibitor. Not avail-
able in the USA. In an open-label, non-randomized clinical trial in
China, favipiravir was associated with reduced duration of viral shed-
ding and time to improvement of chest imaging compared to lopinavir/
ritonavir [104]. In other RCTs, favipiravir showed no significant pro-
tective effect in viral clearance [105] or time to clinical recovery [106]

Fluvoxamine Selective serotonin re-uptake inhibitor (SSRI) with several hypothesized
mechanisms of action including anti-inflammatory cytokine regulation
via inactivation of sigma-1 receptor activity, interference of lyso-
somal trafficking of SARS-CoV-2, and decreased platelet aggrega-
tion [107]. One RCT (N=152) found a lower likelihood of clinical
deterioration in adult outpatients with symptomatic COVID-19 treated
with fluvoxamine 100 mg three times daily for 15 days compared to
placebo [108]. Observational data have shown that other SSRIs (e.g.,
escitalopram and fluoxetine) were associated with decreased risk of
intubation or death [109]. Additional studies are needed to determine
fluvoxamine’s place in therapy as an antiviral or adjunct treatment for
minimizing inflammatory or procoagulant effects of COVID-19

Interferons (IFNs) Interferons upregulate the body’s natural immune system which theo-
retically can benefit patients with viral infections. IFN alpha and beta
have shown in vitro activity against SARS-CoV-2, and IFN beta seems
to produce a stronger effect on SARS-CoV-2 than on SAR-CoV-1
[110, 111]. Clinical trial data that specifically evaluates interferon
therapy in COVID-19 infection are lacking. Available trials evaluated
IFNs as a component of a combination therapy. An open-label RCT
showed that the combination therapy of IFN beta-1b, ribavirin, plus
LPV/RTV was more effective than LPV/RTV monotherapy in short-
ening the time to negative SARS-CoV-2 polymerase chain reaction
(PCR) results and symptom resolution in patients who had <7 days
of symptoms [112]. Another open-label RCT in Iran among patients
with severe COVID-19 illness showed significantly reduced 28-day
mortality with subcutaneous interferon 1a compared to the control
group [113]
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Table 1 (continued)

Ivermectin

Lopinavir with ritonavir (LPV/RTV)

Molnupiravir

Nitazoxanide

Conflicting in vitro evidence of activity against SARS-CoV-2. Several
retrospective cohort studies and small RCTs have shown mixed
outcomes with ivermectin. An RCT Iraq (N=118) with mild to severe
COVID-19 patients showed that ivermectin plus doxycycline was
associated with reduced time to recovery [114], and another study
conducted in Bangladesh (N=72) among patients with mild COVID-
19 showed a faster viral clearance with ivermectin monotherapy
without similar effect on clinical symptoms [115]. However, a larger
RCT in Colombia among hospitalized patients with mild COVID-19,
5-day ivermectin therapy did not improve median time to resolution of
symptoms compared with placebo [116]. Furthermore, the high risk
of bias, lack of blinding, wide heterogeneity, and some concerns over
data veracity among available RCTs with ivermectin means definitive
interpretation of ivermectin’s role in COVID-19 awaits larger, RCTs
[117]

Lopinavir is proposed to block the main protease of SARS-CoV-1 and
inhibit viral replication. An open-label RCT from China early in the
pandemic suggested that LPV/RTV treatment given within 12 days
from symptom onset was associated with faster recovery and lower
mortality than those in the standard-of-care (SOC) group [118]. How-
ever, subsequent RCTs, including two large open-label RCTs among
hospitalized patients with COVID-19, LPV/RTV was not effective in
reducing the time to mortality, hospital discharge, and risk for progres-
sion to mechanical ventilation [19, 119]

Prodrug of ribonucleoside analog beta-d-N4-hydroxycytidine which
competes as a substrate for viral ribonucleic acid (RNA) polymer-
ases, causing viral error catastrophe due to increased viral mutation
beyond a biologically tolerable threshold, impairment of viral fitness
[120]. In vivo data demonstrated significantly decreased SARS-CoV-2
transmission in ferret models and potent antiviral effect in human
epithelial cells (half maximal inhibitory concentration [ICs,] 0.15 uM)
[121, 122]. Phase 1 and 2 data showed potential efficacy and safety in
humans [120]. A phase 3 study evaluating molnupiravir for the outpa-
tient management of COVID-19 was stopped early at interim analysis
due to favorable reduction in risk of hospitalization or death, but the
full results have not been peer-reviewed or published (NCT04575597)
[123]. Manufacturer terminated the phase 3 portion of its study evalu-
ating molnupiravir for hospitalized patients with COVID-19 due to
lack of perceived clinical benefit [124]

Antiprotozoal drug with in vitro activity against a range of viruses (e.g.,
respiratory syncytial virus [RSV], hepatitis B virus [HBV], hepatitis
C virus [HCV]). It is hypothesized that nitazoxanide affects SARS-
CoV-2 entry and fusion into host cells, disrupts viral genome synthe-
sis and translation, packaging and release of virions [125]. In vitro
evidence suggests similar efficacy against SARS-CoV-2 replication
in cell culture assays (ECs, 2.12 uM) compared to remdesivir (ECs,
0.77uM) and chloroquine (ECs; 1.13uM) [92]. One RCT (N=465)
found nitazoxanide 500 mg three times daily for 5 days for mild
COVID-19 significantly reduced the viral load but showed no differ-
ence in symptom resolution compared to placebo [126]. Majority of
clinical data are observational or retrospective with high risk of bias.
A placebo-controlled RCT in preprint also found a significant decline
in viral load in mild or moderate COVID-19 with nitazoxanide but no
clinical outcomes were measured [127]

@ Springer



28 Page 100f 15

Current Infectious Disease Reports (2021) 23: 28

Table 1 (continued)

Nitric oxide (NO)

Ribavirin

Ruxolitinib

Vitamin D

Although studied in non-COVD-19 patients with acute respiratory
distress syndrome (ARDS), inhaled NO has limited evidence in
COVID-19. It is recommended as a rescue therapy for severe ARDS
in COVID-19 patients where other options fail to improve oxygenation
(weak recommendation, CIII) [3®, 67]. A Cochrane review of 13 trials
in non-COVID-19 ARDS patients did not show a mortality benefit
(38.2% vs. 37.5%, RR=1.04; 95% CI, 0.9 to 1.19) and only a transient
improvement in oxygenation [128]

Ribavirin was not found to be effective against SARS-CoV-1 in vitro
[129], and the combination of ribavirin with interferon-alpha against
MERS-CoV did not reduce mortality in a multicenter observational
study [130]

Janus-associated kinase (JAK) 1 and 2 inhibitor capable of suppress-
ing cytokine signaling responsible for hyperinflammatory response
and organ damage in moderate to severe COVID-19 [131]. One RCT
(N=43) comparing ruxolitinib to placebo found no statistical dif-
ference any clinical outcome but numerically favored ruxolitinib for
faster median time to clinical improvement (12 vs. 15 days), improve-
ment on imaging at 14 days (90% vs. 61.9%), and 28-day mortality
(0% vs. 14.3%) [132]. Similar mechanism to baricitinib so the lack of
statistical difference in the RCT may be due to small sample size

Hypothesized to play a role in ARDS [133]; Vitamin D deficiency
(defined as serum 25-hydroxyvitamin D concentration <20 ng/mL)
may be associated with higher risk of developing several infec-
tions [134]; In an open-label RCT among hospitalized patients with
COVID-19 pneumonia (N=76), vitamin D supplementation was asso-
ciated with reduced rate of ICU admissions (vitamin D vs. SOC; 50%
vs. 2%; p<0.001) [135]. In another double-blind, placebo-controlled
RCT among hospitalized adults with moderate to severe COVID-19
(N=240), vitamin D supplementation increased serum 25-hydroxy-
vitamin D concentrations but failed to improve clinical outcomes
compared to placebo [136]

have persisted through to the latter half of 2020 with a high
number deemed unnecessary and inappropriate. [76]

It is worth noting that patients with prolonged COVID-
19 hospitalizations and receipt of immunomodulatory
treatments remain at risk for bacterial secondary infec-
tions, including from MDROs. Fungal secondary infec-
tions with Aspergillus or Zygomycetes have also been
described in case series and observational cohort studies
especially in severely ill, mechanically ventilated COVID-
19 patients. A wide range of incidence rates were reported
(4-20%) [77-79], warranting careful consideration of
potential invasive mold infections in certain COVID-19
patients.

The inevitable diversion of ASP efforts to COVID-19
response, coupled with increases in empiric antibiotic use,
may contribute to potential increases in MDROs in the
future and will require a renewed focus on judicious antimi-
crobial prescribing [80]. However, the tremendous efforts of
many ASPs during the pandemic deserve acknowledgment
and further solidify their importance in healthcare systems.

@ Springer

Conclusions

This review has summarized the current state of COVID-
19 therapeutic management based on available clinical tri-
als and guidelines as of October 2021. While an extensive
amount of research has already been conducted related to
the treatment of this global threat, many therapies remain
under investigation to define optimal COVID-19 manage-
ment strategies. The most important strategy for ending
the COVID-19 pandemic is the global active vaccination
campaign, which is beyond the scope of this review. How-
ever, given the massive scope and challenges inherent in a
global vaccination effort, clinicians must remain prepared
to manage ongoing COVID-19 cases with the latest, up-
to-date therapies guided by the rapidly evolving treatment
landscape.
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